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Preface 

Synthetic Organic Chemistry i s  desigred to  summarize in a single 
volume methods of organic syntheses most Leplendy employed in the 
preparation of mono- and di-functional compounds. The methods are col- 
lected in chapters each of which i s  &voted to the formation of compounds 
containing a particular functional group or related groups. In order to 
present a wide coverage of organic chemisuy, detailed discussions were 
omitted; however, frequent references to the original literature a s  well as 
to other bmks  and r n i e w  articles are given. An effort bas  been made to 
include among these references examples of the better preparative pro- 
cedures. Tables supplement the t e n  in recording additional references 
and other examples. Moreover, the tabular material stands alone a s  a 
handy in&r to the literature for the preparation of starting materials of 
relatively simple structure. 

In the selection of compounds for the tables, the original literature was 
read for clarity of directions along with statements of yield and physical 
constants, With few exceptions, a compound i s  listed in the tables only 
if i ts  preparation appears adequately desaibed. Also, the compound had 
to fit into an arbitrarily chosen scheme of structure simplicity. The reader 
will find that this scheme is quite liberal. Some compounds and their 
preparatmns serve a s  models in testing the generality of a particular 
method; hence, these substances are included even though they may be 
available commercially. 

The following books and journals from 1919 w 1950 inclusive have 
been reviewed page by page: 

Annulen der Chemie 
Annales de rhimie 
Arcbiu der Phannn 'e  
Berichte der deurschen 

cbernischen Gesellscbafi 
Bulletin de la  sociltd 

chimique de France 
Chemical Reviews 
Chemische Bericbte 
Helvetica Cbimica Acta 
Industrial m d  Engineering 

Chmistry 

lournal o/ Biological 
Chemistry 

Journal o/ Chemical Education 
lournal o/ tbe Chemical 

Society of London 
Journal of Organic Chemistry 
lournal f ir  prak.tische Chemie 
Journal of the Society o/ 

Chemical Industry (London) 
Monatshe/te /GI Chemie 
Organic Reactions 
Organic Syntheses 
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Numerous o t h a  books and anicles have also been examined . Although 

the survey i s  not complete. an attempt has been ma& to include those 
journals most readily accessible and m o r  frequently consulted . 

Because the methods and compounds have been arranged in a system- 
atic manner already familiar to chemists. information cooceming the f o m e  
tion of a particular functional compound may be found rapidly by consult- 
ing the table of contents. rbe individual chapter contents. or the tables . 
m e  index bas been prepared with particular emphasis on the reactions of 
organic compounds . In the interest of economy the compounds listed in 
the tables are not repeated in the index . 

We acknowledge with gratitude the assistance of Dr . James A . Moore. 
who has read the entire manuscript and had given many helpful sugges- 
tions . We are grateful to Elizabeth F . Wagner and Margaret H . Zook for 
their valuable assistance in the pr+ation of the manuscdpt . 
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Explanation of Tables 

Arrangement. The compounds are classif ied according to functional 
groups and are arranged with respect to their carbon content. For con- 
venience, the larger c l a s ses  are subdivided into aliphatic, alicyclic, 
aromatic, and heterocyclic series. 

Nomenclature. For the most part, compounds are l isted under the name 
used in the original literature; hence, they can readily be found in the  
articles cited and the inconvenience of seeking a compound under a new 
name is avoided. Since common names are used to a large extent in the 
literature, the compounds can be found in the tables under the appropriate 
series arranged according to the carbon content. , 

Method. Each number l isted under this heading refers to  a particular 
method which is discussed in the accompanying text and is described in 
the reference cited. The methods are numbered consecutively throughout 
the  text. Certain methods, not general enough to warrant description, are 
designated a s  miscellaneous by a dash. 

Yield.  The yield is stated for a single-step process (final step) unless 
a dagger ( 1  ) is attached; then it i s  based on a multiple-step process. 

Reference. The references are listed a s  superscripts to  the  number of 
the chapter in which they appear. The page on which the description of 
the compound appears i s  cited, unless more than one compound is se- 
lected from the article, in which case  the initial page of the article is 
cited. 

Physical Constants. The data are taken from the literature reference 
cited unless an asterisk (*) is attached; the asterisk indicates that they 
have been obtained from another source. Boiling points (B.p./mm.) are 
given in O C  and are at  "atmospheric pressure" unless  the investigator 
has  been specific in  recording the actual pressure (millimeters of mercury). 
Melting points (M.p.) are given in OC and are enclosed in parentheses to  
s e t  them off from boiling points. Decomposition points are indicated by 
the abbreviation "d." Indices of refraction ( n D )  are for sodium light and 
at 20°C unless a superscript denotes another temperature. 

Derivatives. Melting-point data for the derivatives are taken from the 
cited reference unless marked by an asterisk (*), which indicates that 
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cellent works on this subject.lS5 A review of the properties of alkylben- 
zenes is worthy of mention.' 

1. Alkylation of Hydrocarbons (Friedel-Crafts) 

Alkylation of aromatic hydrocarbons h a s  been accomplished by a vari- 
ety of reagents including alkyl halides, alcohols, olefins, e t h e r ~ , 9 * ' ~ * ~ ~  
 ester^,""^ and alkyl Catalysts  for the reaction are those 
which tend to  produce carbonium ions (R+) from the alkylating agen t sa7  
Isomeritation frequently occurs within the alkyl group.'"3 Thus, s-alkyl 
derivatives are obtained when n-alkyl halides or primary alcohols are em- 
ployed as alkylating agents. Similarly, isobutyl halides give t-butyl com- 
pounds. The reaction, therefore, cannot be  used to prepare pure n-alkyl- 
substituted aromatic hydrocarbons containing more than two carbon atoms 
in the s ide  chain. An exception is the formation of n-propylbenzene from 
cyclopropane, benzene, and aluminum ~ h l o r i d e ~ ~ * " ~ ' ~  Racemization of 
the s-butyl radical occurs to the extent of 95% in the boron trifluoride- 
catalyzed alkylation of benzene by optically active s-butyl 

Alkyl halides are common alkylating agents in th is  reaction. Benzene 
is converted to  toluene a t  atmospheric pressure by methyl chloride in the 
presence of aluminum ~ h l o r i d e . ' ~  Nitroparaffins have been used as sol- 
vents for.the aluminum chloride c a t a l y s d 0  An amalgamated aluminum 
catalyst  is more effective than aluminum chloride in certain alkylations 
by alkyl  chloride^.'^ Boron trifluoride must be accompanied by water, 
alcohol, or some other polar compound in order to  be effective in similar 

. a lky la t i~ns . ' ~  Hydrogen ch1oride,l9 hydrogen fluoride,44 ferric ~ h l o r i d e , ~ '  
and beryllium chloride42 a l so  have been used as catalysts. 

Alkylation of benzene by an olefin occurs when the olefin is stirred 
with a cold mixture of benzene and sulfuric acid.' The type of product 
formed depends upon the concentration of sulfuric acid; high concentra- 
tions (90-96%) are required for alkylations." Alkylation by olefins is 
a lso  catalyzed by aluminum chloride,"*50 ferric chloride: silicophos- 
phoric acid,'48 and hydrogen The l a s t  catalyst  i s  the best 

of four studied for the preparation of phenylcycloheptane from benzene 
and ~ ~ c l o h e ~ t e n e . ~ '  

Acetylene adds two molecules of benzene or other aromatic hydrocarbon 
in the presence of sulfuric acid and a l i t t le  mercuric sulfate to  give 1,l- 
diary lethanes." 

Benzene has  been alkylated by several ser ies  of secondary and tertiary 
alcohols in the presence of aluminum chloride."" Ferric chloride i s .  
recommended over aluminum chloride for alkylation by t-butyl alcoh01.'~ 

METHOD 2 3 

n- and s-Butyl alcohols are not condensed with benzene by this  catalyst. 
Primary alcohols serve as alkylating agents when boron trifluoride is 
used with "assistants" such as phosphorus pentoxide o r  sulfuric acid.I9 
The products, however, are secondary-alkyl benzenes formed by isomer- 
itation of the alkyl radical. Benzylation of aromatic compounds may be  
accomplished by refluxing with benzyl alcohol and p-toluenesulfonic acid 
in an apparatus equipped with a water separator: 

The alkylations are reversible. Alkyl groups can  be transferred from 
one position to another on the aromatic nucleus''~'6*'7~48 or from one mole- 
cule to ,t-Butylbenzene is formed in 85% yield from benzene 
and p-di-t-butylbenzene in the presence of ferric ~h lo r ide .~ '  

Many di- and poly-alkylated benzenes have been prepared by the Friedel- 
Crafts reaction. Alkyl groups on the nucleus do not exert a strong direc- 
tive influence upon the orientation, nor do they greatly affect the  rate of 
further alkylat ioaM The composition of the alkylated product varies 
widely, depending upon the conditions of the reaction. Appreciable quan- 
tities of m-dialkylated4'p49 and sym-trialkylatedZ5 products are obtained 
under vigorous conditions. The  composition of many products is in doubt, 
a s  has  been shown by later, more accurate analyses.'O hlethylation of 
xylene gives 1,2,4,5-tetramethylbenzene (durene), pentamethylbenzene, 
and h e ~ a m e t h ~ l b e n z e n e . ~  

Alkylation of naphthalene gives both a- and P-monoalkyl products, the 
P-compound usually p r e d ~ m i n a t i n ~ . " ~ ' ~  

Excellent reviews of the alkylation of aromatic hydrocarbons have been 
published.'7. 34947 The production of paraffins by the  alkylacion of iso- 
paraffins by olefins is important industrially 50*5' but i s  not common on a 
laboratory sca l e  for the preparation of pure hydrocarbons. 

Alkylation of aryl halides (method 76) and phenols (method 106) is dis-  
cussed  elsewhere as i s  the application of the Friedel-Crafts reaction to 
the synthesis  of ketones (method 178) and carboxylic ac ids  (method 273). 
Nitro and alkoxy groups a l so  have been present on the aromatic nucleus 
during a lky la t i~ns . ' ~  

2. Aromatic Hydrocarbons by Dehydrogenation 

Saturated and partially saturated al icyclic compounds having six- 
membered rings are readily converted to the corresponding aromatic com- 
pounds by several dehydrogenation procedures. The more nearly saturated 
compounds are the most difficult to  dehydrogenate. Alicyclic rings con- 
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taining more than six carbon atoms undergo ring contraction to six- 
membered aromatic rings.24' Compounds containing quaternary carbon 
atoms in the ring such a s  compounds with angular methyl groups or gem- 
dialkyl groups are aromatized with difficulty. The reaction proceeds, 
however, at high temperatures by elimination or migration of an alkyl 
group. 601 67 '7' Other carbon-skeleton changes are described in a critical 
review of the dehydrogenation techniques.'43 

The usual hydrogenation catalysts may be used to effect dehydrogena- 
tion. The reaction i s  carried out in the liquid phase by heating the sub- 
stance with the catalyst until evolution of hydrogen ceases  or in the vapor 
phase by passing the substance through the catalyst heated to a suitable 
temperature. Mechanical disturbances caused by boiling (ebullition) are 
de~irable .~ '  Benzene is an effective hydrogen acceptor for liquid-phase 
dehydr~~ena t ion .~ '*~ '  Platinum and palladium catalysts have been widely 
used for the preparation of alkylbenzenes from ~ ~ c l o h e x a n e s ~ ~  and alkyl- 
naphthalenes from di-, tetra-, octa-, and deca-hydro deri~atives.'~~'~~~'*~~*''' 
Nickel catalysts have a lso  been used.6' Thiophene or diphenyl sulfide are 
necessary promoters for nickel catalysts.6' A comparison of platinum and 
nickel catalysts on various supports has been made; the most active is 
nickel on chromium oxide.64 Ten metallic oxide catalysts have been 
studied in the dehydrogenation of acenaphthene to acenaphthylene (9%):' 
The use  of steam a s  a diluent in the acenaphthene vapor is beneficial. 
Chromia-alumina catalysts at 450-470' have proved valuable in the prepa- 
ration of large quantities of pure di- and tri-alkylbenzenes from the cor- 
responding ~ ~ c l o h e x e n e s . ~ '  At higher temperatures (600-650') alkyl- 
benzenes are dehydrogenated to styrenes5' and polynuclear h ~ d r o c a r b o n d ~ ~  
over catalysts of this type. 

Among the better non-catalytic procedures are dehydrogenations by sul- 
fur or selenium. The hydrogen is removed a s  hydrogen sulfide or hydrogen 
selenide. Dehydrogenation by heating a mixture of the alicyclic hydro- 
carbon and sulfur to 210-270' is described for 1-phenylnaphthalene (34%)57 
and 2-ethylbiphenyl (42%):' Sulfur dehydrogenation is superior to dehydro- 
genation over a palladium catalyst for the conversion of 1,3-dimethyl- 
tetralin to 1,3-dimethylnaphthalene (98%);' Isoamyl disulfide dehydro- 
genates tetralin to naphthalene at 250-260' F6 Higher temperatures 
(300-350') are required when selenium is used in place of sulfur. Phe- 
nanthrene has been synthesized from 3,4dihydronaphthalene-1,2dicar- 
boxylic anhydride and butadiene by a Piels-Alder reaction followed by 
decarboxylation and finally dehydrogenation of the resulting hydrophe- 
nanthrenes by s e l e n i ~ m . 6 ~  

Low-temperaturedehydrogenation techniques have been described. 
Biphenyl and terphenyl compounds have been made by dehydrogenations 
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with chloroanil in refluxing ~ ~ l e n e . ' ~  Bromination-dehydrobromination 
with N-bromosuccinimide in boiling carbon tetrachloride has been used 
successfully to make naphthalene, anthracene, and phenanthrene.6' 

Cyclic nuclei containing hydroxyl, alkoxyl, keto, carboxyl, and ester 
groups have been dehydrogenated.6'*6417017'173 Secondary and tertiary hy- 
droxyl groups are often eliminated a s  Cyclic ketones are 
converted to phenols (method 108). 

3. Reduction of Aldehydes and Ketones 

RCOR 'a RCH,R ' 

Three common procedures are available for the transformation of alde- 
hydes and ketones to hydrocarbons: (1) reduction by zinc and hydrochloric 
acid (Clemmensen), (2) reduction by hydrazine in the presence of a base 
(Wolff-Kishner), and (3) catalytic hydrogenation. In view of the compli- 
cated mixtures obtained by the polyalkylation of benzene by the Friedel- 
Crafts reaction (method I), reduction of alkyl aryl ketones is the most re- 
liable method for the preparation of di- and poly-alkylbenzenes. 

The Clemmensen reduction is carried out by refluxing the carbonyl com- 
pound for a long period of time with a large excess of amalgamated zinc 
and hydrochloric acid. Solvents both miscible and immiscible with the 
aqueous phase have been used to advantage. hlany of the yields recorded 
in Table 1 have been obtained by Clernmensen's original procedure"6 and 
very likely could be improved by the use of s ~ l v e n t s . " ~  The yields of 
paraffins and alicyclic hydrocarbons are poor, and the products are fre- 
quently contaminated with ole fin^.'^'^'^^'^^^^^^ Acyl derivatives of ben- 
zene,'s'.'47 t o l ~ e n e , ' ' ~  naphthal ene,lS4* tetralin,59 and polyalkylated 
aromatic hydrocarbons are reduced in somewhat better yields (40-90%). 
Benzophenone and p-halo derivatives undergo bimolecular reduction to 
pinacols, whereas the p-methyl and p-hydroxy derivatives are reduced 
normally to the corresponding diarylmethanes." The method has been 
used extensively in the preparation of polynuclear hydrocarbons by reduc- 
tion of cyclic ketones obtained by internal Friedel-Gafts reactions of Y- 
arylbutyryl chlorides.''*"' A review of the Clemmensen reduction with 
476 references has been published."' 

It has been known for some time that hydrazones or semicarbazones of 
aldehydes and ketones are decomposed by alkali to give nitrogen g a s  and 
hydrocarbons corresponding to  the carbonyl compounds. 

KOH 
RR%= NNH, - RCH,R ' + N, 

Several modified procedures have been described whereby excellent 
yields of paraffins, alkylbenzenes, and alicyclic hydrocarbons have been 
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obtained."8-'40,'58 In one improved procedure the carbonyl compound is 

merely refluxed with 85% aqueous hydrazine hydrate and potassium hy- 
droxide in triethylene glycol solution, distilling excess water and hydra- 
zine hydrate to a temperature of 180-200~."~ The reaction has been re- 
viewed.lS6 

Catalytic hydrogenation of alkyl aryl ketones and diary1 ketones to 
hydrocarbons is most convenient provided that high-pressure apparatus is 
available. Copper-alumina and copper-chromium oxide catalysts have 
been used. At 100-130° alcohols are formed, but at 180-250° excellent 
yields of the corresponding hydrocarbons are ~btained.'~'-'~' 

Various groups on the aromatic nucleus including h a l ~ , " ~ ' ' ~ ~ ' ' ~  h Y‘ 
d r o ~ y l , L ' ~ * ' ' ~ ~ ' ~ ~  alkoxyl,"' and amino's7 groups are stable during reduction 
of the carbonyl group by one or more of the above procedures. The Clem- 
mensen reduction of keto acids i s  treated in method 269. 

4. Reduction of the Aromatic Nucleus 

Benzene and alkylbenzenes are quantitatively converted to cyclo- 
hexanes by catalytic hydrogenation. Modern procedures employ liquid- 
phase hydrogenation over nickel catalysts at ~ O O - ~ O O ~ ~ ~ * " ' * ~ '  or over 
platinum catalysts a t  room temperature~5'8' Nickel catalysts are poisoned 
by traces of thiophene and water." Small quantities of hydrogen halide 
increase the effectiveness of platinum c a t a l y ~ t s . ~ ~ '  Isomerization occurs 

during the reduction of benzene over nickel at 170°; the cyclohexane 
formed is probably contaminated with methylcyclopentane~7 Partial re- 
duction of benzene to 1,4-dihydrobenzene is accomplished by sodium in 
liquid ammonia a t  - 4 ~ ~ . ' '  

Naphthalene is reduced to 1,4-dihydronaphthalene by sodium and al- 
cohol." Isomerization of this product to 3,4-dihydronaphthalene occurs 
with sodamide in liquid ammonia. Tetrahydronaphthalene (tetralin) i s  
formed from naphthalene by sodium in amyl alcohol or by reduction with 
nickel-aluminum alloy and aqueous alkalig2 Catalytic hydrogenation of 
naphthalene can be stopped at the tetralin stage over copper ~hromite ,~ '  
Raney nickel,6' or alkali metal 84 catalysts. cis-Decah~dronaphthalene i s  
produced by high-pressure hydrogenation of tetralin over Adams catalyst, 
whereas a mixture of cis- and trans-decalins is obtained from naphthalene 
under the same ~ o n d i t i o n s . ~ ' ' ~ ~  

Anthracene and phenanthrene may be partly or completely reduced by 
the above procedures. Sodium in either amyl alcoholee or ammonia9' con- 

METHOD 5 7 

verts anthracene to i t s  9,lGdihydro derivative. Catalytic hydrogenation 
over copper chromite catalyst can be stopped at the dihydro or tetrahydro 
stages." Octahydroanthracene is formed over nickel catalysts." Copper 
chromite catalyst is best for the preparation of 9,lGdihydrophenan- 
threne."6*'9 Raney nickel is preferred for further reduction to the tetra- 
hydro, octahydro, and dodecahydro derivatives.86sg1 

Reductions of aromatic nuclei containing hydroxyl (method 86), carboxyl 
(method 270), ester (method 304), and amino (method 430) groups are dis- 
cussed elsewhere. Hydrogenation of 2-methoxynaphthalene over Raney 
nickel occurs in the ring containing the methoxyl group.9' 

5. Reduction of Olefinic Compounds 

Most paraffin hydrocarbons are best prepared by catalytic hydrogenation 
of olefins. The preparation of catalysts and the procedure for hydrogena- 
tion are well described." Platinum oxide catalyst effects hydrogenation 
at room temperature and low p r e s ~ u r e . ' ~ ~ ~ ' ~ ~  ~ickel-on-kiesel~uhr'~~*'~~ or 
Raney nickel catalysts are l e s s  expensive but require high-pressure 
equipment. Temperatures required for hydrogenation with these catalysts 
vary from 25O to 250°. In general the yields are quantitative, although a 
second hydrogenation w e r  fresh catalyst i s  sometimes required to remove 
last  traces of olefin. Simultaneous dehydration and hydrogenation of al- 
cohols over activated alumina and nickel oxide has  been d e ~ c r i b e d " ~  
(method 6). 

This reaction is valuable for the preparation of certain pure alkyl- 
benzenes which cannot be made by direct alkylation (method 1). Thus, 
p-s-butyltoluene i s  obtained from p-bromotoluene and methyl ethyl ketone 
via the Grignard reagent, tertiary carbinol, and 01efin.l~~ Other examples 
of the introduction of an alkyl group into the benzene ring by this proce- 
dure include the preparations of various alkylbiphenylsa49 and alkylbromo- 
benzenes.lo2 In the selective hydrogenation of the double bond of 11- 
phenyl-10-heneicosene, it i s  necessary to purify the olefin by passage 
through sil ica gel and to  use a very active Raney nickel ~a ta lys t . '~ '  

Studies have been made on the influence of various groups on the rate 
of hydrogenation of the double bond.'97 Reductions of olefinic alcohols 
(method 85), olefinic aldehydes (method 161), olefinic ketones (method 
196), olefinic acids (method 267), olefinic esters (method 303), olefinic 
cyanides (method 394), and olefinic amines (method 460) are treated 
separately. 
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6. Reduction of Alcohols and Phenols 

(CH,),CHC(CH3)2CH,CH A (CH,)2CHC(CH3)3 
Catalyst 

This  method shows much promise for the direct conversion of alcohols 
to hydrocarbons. In the above example, triptane i s  prepared without re- 
arrangement from an alcohol which would undergo carbon-skeleton change 
by the ordinary dehydration-hydrogenation route (method 19). The hydro- 
genolysis i s  effected at 300° over a cobalt-on-alumina catalyst.'77 Simi- 
lar reductions have been carried out over vanadium pentoxide-aluminum 
oxide catalyst.'79 Hydrogenation over nickel catalysts converts straight- 
chain primary alcohols to paraffins having one l e s s  carbon atom.'7' 

Hydroxyl groups atpha to the aromatic nucleus are reduced by sodium 
in liquid ammonia1" or by catalytic hydrogenation as in the reduction of 
2,3-dimethylbenzyl dcohol  to  hemimellitene (92%):" 6-Isopropyltetralin 
i s  prepared in a similar manner from the corresponding tertiary carbin01.'~ 
Phosphorus and iodine have been used for reduction of alkylarylcarbinols 
and diarylcarbinols containing stable nuclear halogen a t ~ m s . " ~ ~ ' ~ '  

The reduction of phenols by dry distillation with zinc dust i s  illus- 
trated by the conversion of Fphenanthrol to phenanthrene (72%)p2 The 
reaction i s  seldom of preparative value. 

7. Reduction of Halides 

Most reducing agents which yield nascent hydrogen have been used to 
effect elimination of halogen from organic halides. Zinc i s  probably the 
most common metal employed. It i s  used with acetic acid saturated with 
hydrogen chloride in the reduction of cetyl iodide,'07 with hydrogen chlo- 
ride alone in the reduction of tertiary aliphatic iodides,"' and with aque- 
ous  sodium hydroxide for the preparation of durene from the corresponding 
chloromethyl compound.'" 5-Chloromethylindane i s  reduced catalytically 
over palladium t o  5-methylindane (90%)."' Lithium aluminum hy dride 
readily reduces alkyl bromides in refluxing tetrahydrofuran solution.257 

Lithium hydride can be substituted for most of the lithium aluminum hy- 
dride.Ia6 Aryl halogen atoms have been successfully removed in certain 
cases  by magnesium and methan01,'~~ sodium and amyl alcohol,"' and 
nickel-aluminum alloy in aqueous alkali.'90 

METHODS 8-9 

8. Hydrolysis of Organometallic Compounds 

This method furnishes an indirect route for the conversion of an organic 
halide to  a hydrocarbon. The reaction is  general, and the yields of hydro- 
carbons are usually excellent. The chloromethylation of naphthalene 
fallowed by the formation and hydrolysis of 1-naphthylcarbinylmagnesium 
chloride gives 1-methylnaphthalene (80%).201 An aryl bromine atom i s  re- 
moved in the preparation of p-cymene (73%).'99 The Grignard reagent is 
prepared in dibutyl ether when the products are low-boiling hydrocarbons 
such a s  n-pentaneZo0 o r  cyc lob~ tane . '~~  n-Butyl alcohol has been used t o  
decompose the Grignard reagent in the c a s e  of cyclobutane. n-Octane 
prepared from n-octyl bromide by this procedure contains some octene 
formed by elimination of hydrogen bromide from the halide during the f o r  
mation of the Grignard reagent. Pure n-octane may be obtained by hydro- 
genation of the crude product. 

9. Coupling of Organometallic Compounds with Halides 

R,CX + R'M 4 R3CR' + MX 

This  reaction i s  valuable in the preparation of certain monoalkyl aro- 
matic hydrocarbons and aliphatic hydrocarbons having quaternary carbon 
atoms. The organometallic reagents most frequently used are Grignard 
reagents, zinc alkyls, and alkali-metal alkyls. 

Primary Grignard reagents couple with tertiary alkyl halides in low 
yields (30-50%).~~ This reaction represents the best  laboratory prepare 
tion for highly branched hydrocarbons such a s  n e ~ p e n t a n e , ' ~  neohexane,'03 
and he~amethylethane,'~' The yields of paraffins are no better when 
dialkylzinc compounds are substituted for the Grignard reagents.95e9~'0s 
Dimethylzinc i s  superior to methylmagnesium iodide, however, for the 
conversion of I-chloro-l,3-dimethylcyclopentane to 1,1,3-trimethylcyclo- 
pentane (35%)." Aryl Grignard reagents such a s  9-anthryl- and Pphe-  
nanthryl-magnesium bromides couple in moderate yields with pfimary alkyl 
halides to give the corresponding Palkyl  derivative^.^^^'^^*^" B enzyl 
halides are extremely active in the coupling reaction. Benzyl chloriden7 
a d  a-phenylethyl chloride'07 are readily converted to the corresponding 
Grignard reagents which couple with the original halide in each case  to 
give the symmetrical diphenylethane. Highly substituted benzenes are 
made from chloromethylpolyalkylbenzenes by this method. Alkyl groups 
in the ortho position to the chloromethyl radical do not hinder the 
coupling !I9 
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The Wurrz or Wurtz-Fittig synthesis i s  usually thought of as a coupling 
reaction of two molecules of a halide or different halides by metallic 
sodium. In the liquid phase, a s  the reaction is generally carried out, 
alkylsodium compounds are intermediates and the coupling stage or sec- 
ond step is comparable to the reactions discussed above."O 

RX + 2Na 4 RNa t NaX 
RX + RNa 4 RR t NaX 

Olefins and paraffins corresponding to the alkyl halide are formed a s  
by-products by dehydrohalogenation of the halide by the basic organo- 
sodium corn pound^."^*^^^ The synthesis has little value a s  a preparative 
method and has been used infrequently. The factors influencing the yield 
of n-octane from n-butyl bromide have been studied."' Although pepara- 
tions of several alkylbenzenes from mixtures of alkyl halides and phenyl 
bromide are d e s ~ r i b e d , ' ~ ~ * " ~ ' ~ ~ ~  good yields of pure products are difficult 
t o  ~ b t a i n . ~  The reaction has been used with some success  to prepare 
a,w -diphenylparaffins from a,w dibromides, phenyl bromide, and 
sodium.lla With ethylene bromide, only ethylene and biphenyl are formed. 
Arylalkali compounds have been used in the preparation of polyphenyl- 
paraffins. Potassium triphenylmethide reacts with methyl iodide to give 
l,l,l-triphenylethane (94%)."' The formation of tetraphenylmethane from 
this potassium alkyl and phenyl chloride is catalyzed by alkali amides."' 

Halogen-metal interconversion sometimes occurs prior to 'the coupling 
rea~tion.'~' Thus, phenyllithium and benzyl bromide react to give bromo- 
benzene and bibenzyl rather than diphenylmethane.lls 

The action of metals on 1,3-dihalides is an important method of ring 
closure for cyclopropanes. Cyclopropane is made by the action of zinc 
dust at 125O on an acetamide solution of 1,3-dichloropropane. A small 

amount of sodium iodide is used a s  a catalyst, and sodium carbonate is 
added to regenerate iodide ions from the precipitated zinc iodide.la4 Zinc 
dust in aqueous ethanol is employed in the preparation of 1,l-dialkyl- 
cyclopropanes from the corresponding 1,3-dibromide~~~ and spiropentane 
from pentaerythrityl tetrabr~mide.~" 

METHOD 10 11 

The closing of a sixmembered ring by this process is possible when 
favored by structural rigidity of the molecule a s  in the preparation of 
9,lOdihydrophenanrhrene from phenyllithium and 2,2'-di-(bromomethy1)- 
biphenyl ."' 

Under the proper conditions, two molecules of 1,6dibromohexane are 
coupled by magnesium to give 1,12-dibromodode~ane.'~~ 

Few functional groups are stable during the above coupling reactions. 
Ether linkages are occasional except i~ns. '~~~" '  

10. 'Action of Organometallic Compounds on Alkyl Sulfates and Sulfonates 

Dimethyl and diethyl sulfates have been widely employed in the synthe- 
sis of alkyIbenzenes and alkylnaphthalenes 127s131 from aryl- and 
benzyl-type organometaIlic reagents. The final methyl groups of isodu- 
rene'" and pseudoc~mene"~ are introduced in this manner. The reaction 
is superior to  the Wurtz synthesis (method 9) for the preparation of o- and 
p-diethylbenzenes.lD' n-Propylbenzene obtained from benzylmagnesium 
chloride and diethyl sulfate'30 i s  contaminated with a "rearranged" prod- 
uct, ~ - e t h y l t ~ l u e n e . ~ ' ~  

Alkyl esters of arylsulfonic acids react similarly with Grignard reagents 
to give hydrocarbons.'2' Some of the arylsulfonic ester is converted to an 
alkyl halide by a simultaneous reaction. 

RMgX + ArS0,R' --+ RR' + ArS0,MgX 

Accordingly, the yield of hydrocarbon i s  increased when two moles of 
ester are used for each moleof organometallic compound. Alkyl esters 
of p-toluenesulfonic acid are generally employed. The yield of n-amyl- 
benzene from benzylmagnesium chloride and n-butyl p-toluenesulfonate i s  
5 '  For the preparation of alkylbenzenes, the phenyl group must be a 
part of the Grignard reagent since aryl esters of sulfonic acids give sul- 
fones and phenols by this reaction. 
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11. Coupling of Aryl Halides 

2ArMgX + CuX, -4 Ar- Ar + ZMgX, + Cu 

The coupling of two aryl radicals i s  effected by treating an  arylmagne- 
sium halide with a n  equimolar quantity of cupric ~hloride,"~*'~* silver bro- 
mide,"' or other metallic halide.'n Certain halides, e.g., cobalt and 
nickel chlorides, are required in catalytic amounts only, provided that a 
quantity of an organic bromide equivalent to  the Grignard reagent is pres- 
ent. In these reactions, organocobalt compounds are formed which decom- 
pose to  biaryls, and the bromide serves t o  regenerate the catalyst.163 

2ArCoCl-+ Ar-Ar + 2CoCIm 

CoCI0+  RBr -+ CoClBr + R . 
The fa te  of the free radical, R e ,  depends upon i t s  nature. It i s  frequently 
stabilized by coupling, disproportionation, or reaction with the solvent. 

A related reaction is the coupling of two molecules of aryl halide by 
metallic copper a t  temperatures above 100' (Ullmann). Activated copper 
bronze or freshly precipitated copper is used. The order of activity of 
the aryl halides i s  I > Br > C1. Both symmetrically and unsymmetrically 
substituted biaryls may be prepared in fair yields. An excellent review 
of the.literature t o  1945 has  been made. Most functional groups do not 
interfere; hydroxyl, carboxyl, amino, and acetamino groups are ex- 
c e p t i o n ~ . ' ~ ~  

Additional procedures which produce biaryls from aryl halides include 
catalytic hydrogenation,'67 the action of the binary mixture magnesium- 
magnesium iodidet6' and the use of powdered iron in hydroxylated 
media .' 

12. Biaryls by Coupling of Diazo Compounds with Aromatic Nuclei 

AKN,+x- + Ar'H + NaOH -+ ArAr' + N, + NaX + H,O 

Biaryls are produced in low yields by several related coupling reactions. 
When benzenediazonium chloride is treated with aqueous sodium hy- 
droxide in the presence of benzene, nitrogen is eliminated and biphenyl 
is formed in 22% yield."5 Better results  are sometimes obtained when 
the sodium hydroxide is replaced by sodium acetatea1 or when stabilized 
diazonium sa l t s  are employed."6 In the former modification the aryl- 
diazoacetate, ArN=NOCOCH,, is an intermediate product. The tauto- 
meric forms of the aryldiazoacetates are N-nitrosoamides, ArN(NO)COCH,, 
which are  obtained by the action of nitrous fumes or nitrosyl chloride on 

METHOD 13 13 
acetyl derivatives of arylamines. The nitroso compounds couple in a 
similar manner with aromatic compounds to produce biaryls."7~2z2 

ArN(NO)COCH, + Af H -+ ArAr' + N, + CH3C02H 

The two coupling reactions appear to have a common free-radical inter- 
mediate. Functional groups already in the aromatic compound, AX%, 
orient ottho-para regardless of their nature. The reactions are most valu- 
able for the preparation of biaryls of unequivocal structure when the hydro- 
carbon, Ar'H, i s  unsubstituted. Good directions are given for the synthe- 
sis of P-bromobiphenyl (35%),"' and the literature of the reaction has been 
reviewed."' Among the hydrocarbons prepared in this way are a- and 
~-phenylnaphthalenes~'6*a'7 o-, m-, and P-methylbiphenyls2'* and m- and 
p- terphenyls.aao*aza Thiophene and pyridine nuclei a lso  have been aryl- 
ated."l*"D 

A related reaction for the production of symmetrical biaryls in low 
yields involves reduction of the diazonium sal t  with various metals, 
metallic ions, or simple organic  compound^?"*"^ 

Intramolecular arylation i s  an important s tep  in the Pschorr synthesis 
of phenanthrene from cis-o-aminostilbene."' 

13. Decarboxylation of Carboxylic Acids 

cu ArC0,H - ArH + CO, 
Qulnollne 

Several polynuclear aromatic hydrocarbons may be synthesized by pro- 
cedures involving d e c a r b ~ x ~ l a t i o n . ~ ~ ' ~ "  The dry distillation of 3-phe- 
nanthrylacetic acid and powdered soda lime furnishes the best  method of 
synthesis of 3-methylphenanthrene (84%):'' Heating aryl carboxylic 
acids with copper powder or copper oxide in quinoline or quinaldine is 
a l so  an effective method of d e c a r b o ~ ~ l a t i o n . ~ " * ~ ~ ~  

The decarboxylation of simple aliphatic ac ids  by fusion of their sodium 
sa l t s  with sodium hydroxide does not give puce hydrocarbons?" By heat- 
ing the barium sa l t s  of I-phenylcycloalkane-1-carboxylic acids  with dry 
sodium methoxide, I-phenylcycloalkanes are obtained in 6-64% yields, the 
yield increasing with the s i ze  of the alicyclic ring.''" The coupling of the 
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organic radicals sometimes occurs during the electrolysis of alkali s a l t s  
of carboxylic acids (Kolbe, cf. method 3 17).240*2sD 

2RCO; + R-R + 2C02 + 2e 

However, the reaction is not general. 

14. Replacement of the Diazonium Group by Hydrogen 

ArNatx- + H,POa + H20 -+ ArH + H,PO, + HX + N2 

The successful removal of the diazonium group from the aromatic nu- 
c leus  is an important s tep  in many indirect syntheses of aromatic com- 
pounds which cannot be made by direct substitution reactions. Substitu- 
ents are introduced into the nucleus under the directive influence of an  
acetamido or ammonium grouping. The former orients to the ortho and 
para positions, whereas the latter i s  strongly meta directing. Both groups 
are readily formed from and reconverted to  the amino group. Since diazo- 
tization of most arylamines can be effected in excellent yield, there re- 
mains the problem of removal of the diazonium group from the ring. 

The c lass ica l  reagent for this  reduction i s  ethyl alcohol, which i s  oxi- 
dized to  acetaldehyde in the reaction. This reagent i s  unsatisfactory for 
the preparation of hydrocarbons; a simultaneous reaction occurs to  give 
ethyl aryl ethers. 

Satisfactory procedures are described, however, for the deamination when 
halo, nitro, or carboxyl groups are on the n ~ c l e u s ? ~ '  Metals or metallic 
oxides are sometimes added a s  ~ a t a l ~ s t s ? ~ ' * ~ ' ~  

The best  general reagent for the reductive elimination of the diazonium 
group i s  hypophosphorus acid?24v2a7 Red uction proceeds readily a t  0-5' 
with an  aqueous solution of the reagent. The yields of hydrocarbons are 
in the range of 60-85%. Hydrochloric acid i s  recommended for the diazo- 
tization except in certain c a s e s  in which nuclear halogenation occurs a s  
a s ide  reaction when this acid i s  used. 

Several other reducing agents have been employed in this reaction. 
Alkaline formaldehyde converts aromatic diazonium s a l t s  to  the corre- 
sponding hydrocarbons in 60-80% yields?a6 The preparation of pxylene  
from pxylidene by reduction of the corresponding diazonium chloride by 
sodium stannite i s  described in 67% over-all yield?2p These procedures 

involving alkaline media suffer from the danger of hydrolytic cleavage of 
halo, nitro, alkoxyl, and sulfonic acid groups if these substituents are 
present on the aromatic nucleus?a' 

METHODS IF17 15 

Aromatic amino groups are selectively diazotized below a pH of 3 in 
the presence of aliphatic amino groups. Reduction of the aminodiazonium 
sal t  by hypophosphorus acid then completes the selective removal of the 
aryl amino group?3i The amino group can a l so  be removed from an aro- 
matic ring containing a dimethylamino group?32 

15. Replacement of the Sulfonic Acid Group by Hydrogen 

H + 
ArS0,H + HaO ArH + H2S04 

Sulfonation of the aromatic nucleus (method 540) i s  a reversible re- 
action. The removal of a sulfonic acid grbup i s  important in the prepara- 
tion of alkylated benzenes by the Jacobsen reaction (method 16).'6' Ortho- 
disubstituted benzenes are  sometimes prepared by using the sulfonic acid 

group t o  block the para position?" The removal of the sulfonic acid 

I group i s  usually effected by heating the arylsulfonic acid with aqueous 
sulfuric acid. 

I 16. Rearrangements of Polyalkylarylsulfonic Acids (Jacobsen) 

\cH3Haso3c~30 ~ " ~ 0  0 CH, 
- 

CH3 CH3 / CH, CH3 / CH, 
CH3 CH3 

The formation of prehnitene from durene (above) illustrates the general 
tendency of alkyl groups to  rearrange to vicinal orientation when poly- 
methyl- and polyethyl-benzenes are heated with concentrated sulfuric 
acid. IntermolecuIar migration a l s o  occurs leading t o  1,2,4-trimethyl-, 
pentamethyl-, and hexamethyl-benzenes. sym-Octahydroanthracene re- 

arranges to  sym-o~tah~drophenanthrene.~~~ T o  date the reaction i s  im- 
portant for the syntheses of vicinal derivatives of benzene where only 
methyl, ethyl, and halo groups are Detailed reviews of 
the reacc'ion have been madei6' a s  well a s  a study of i ts  extension to the 
rearrangement of 6 ,7-dia lkyl te t ra l in~.~~ 

f 17. Cyclodehydration of Aromatic Alcohols and Ketones 
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Certain phenylated alcohols are dehydrated with ring closure to alkyl- 
tetralins. Considerable variation in the structure of the reacting alcohols 
is possible. Thus, 1-methyltetralin is  formed from 2-, 3-, 4-, or 5-hydroxy- 
1-phenylpentane a s  well a s  from 5-phenyl-l-pentene? Branching on the 
third carbon from the phenyl group leads partly to indane formation (five- 
membered ring closure). Phosphorus pentoxide i s  used for the cyclode- 
hydration of 2-,b-phenylethylcyclohexanol and related alcohols to as- 
octahydrophenanthrenes. An angular methyl group has been introduced 
into the phenanthrene nucleus a t  position 12 by this reactionFO 

Many completely aromatic polynuclear hydrocarbons are readily formed 
by cyclization of aryl-substituted aldehydes, ketones, or related com- 
pounds. The simplest case  is the formation of naphthalene by refluxing 
,b-styrylacetaldehyde, C6H,CH=CHCH2CH0, with hydrobromic acid- 
acetic acid mixture?04 The ring closure has found extensive use in the 
synthesis of Palkyl- and 9-aryl-anthracenes and phenanthrenes. 

'07,aOP 

Cyclodehydration of diary1 ketones through an ortho methyl or methylene 
group by pyrolysis a t  400-450' gives low yields of certain substituted 
anthracenes and their benzologs (Elbs rea~ t ion)?~ '  

18. pAlkylfluorenes by Alkylation of 9-Formylfluorene a'4 

CbH4 C H R CbH4 
KOH; I >cHcHo- RX I 6  '>.( 2% 1 'cHn + HcoJ 

C6H4 CHO CbH4 
/ 

c6H4 
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TABLE 1. PARAFFINIC, NAPHTHENIC. AND AROMAnC HYDROCARBONS 

c, Compound (%) Chapteflef. B.p./mm., nb, (M.P.). Deriv. 

Aliphatic Hydrocarbons 

C,  Methane 7 100 lM -161. 
Cs ~ P e n t a n e  8 53 1'"' 36, 1.3576. 

Tetramethylmethane 9 50 1" 9/760 
(neopentane) 

C6 n-Hexane 5 50 t 1"' 69/760, 1.3748 
2-Methylpentane 5 .... 1'" 60, 1.3718 
2.2-Dimethylbutane 5 .... IiP4 50, 1.3692 

(neohexane) 9 . 45 1'' 50,1.3675 

9 39 1'"' 50/740, 1.3688 
2,3-Dimethylbutane 5 .... 1'" 58,1.3750 

C,  octane 3 75 llR 125, 1.401" 
5 6 0 t  119' 126/760,1.3975 
7 96 1'" 125, 1.3975 
9 70 1'02 125, 1.3961 

2.2-Dimethylbexane 9 36 19' 107, 1.3931 
3,3-Dimethylbexane 9 24 19' 112, 1.3998 
2,3,3-Trimethylpentane 3 72 1'" 113, 1.4074 
3-Methyl-3-etbylpentane 9 31 1'' 118/760,1.4081 
Hexamethylethane 9 38 11°' 106/760, (101) 

C9 2,4-Dimethylheptane 3 36 l U O  80, 1.3815 
C 16 ~Hexadecane  7 85 lin 157/14. (17) 
C, ~ E i c o s a n e  3 73 1'" 153A.8, (37.5) 
C21 ~Hene icosane  3 30 172/3, (41) 

Alicyclic Hydrocarbons 

C J  Cyclopropane 9 80 1 -33 
C4 Cyclobutane 
-- 8 . 63 1'"' 11/760 

For explanations and symbols see pages xi-xii. 
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TABLE 1. (cvnfimccd) 

t 
cn Compound 

Method ~ h a ~ t e s e f .  B.p./mm..nD. (M.P.), Deriv. 
(%) 

Alicyclic Hydrocarbons (cadi-d) 

Cs Cyclopentane 3 50 1'" 51, 1.4064. 

1.1-Dimethylcycle 9 96 lW 211760.1.3668 

propane 

Ethylcyclopropane 3 60 11* 36, 1.3784 

3 72 lU1 36, 1.3786 

Spiropentane 9 26 1'" 39/760, 1.4122 

C Cyclohexane 3 80 
lU8 81, 1.4245'' 

4 95 . 1" 79/752, 1.4242 
4 85 1" 1.4264 

Merhylcyclopentane 3 60 lU1 72*, 1.4098. 

C , Methylcyclohexane 3 60 1'" 1001750, 1.4232 
4 92 1 '  1001742, 1.4198 

l,).Dimethylcyclopentane 5 60 t li9' 911760. 1.4095 

Ethylcyclopentane 5 75 119' 1041760, 1.4196 

1.1-Diethylcyclopropane 9 92 1% 891760, 1.4042 
~ ~ 

C8 Ethylcyclohexane 4 93 
1" 1311740, 1.4332' 

cis- and trans-1.3-Di- 4 92 1 119/747, 1.4230" 

penfane 

CQ 1,3,5-Trimethylcycle 4 92 1" 1371740 

hexane 
1-Ethyl-1-butylcycl~ 

propane 

lene (cis-decalin) 
tr-Decabydxonaphtha- .... 

lene 

threne 
C Tri~~clohexylmethane 4 90 1 165/3. (59) 

Aromatic Hydrocarbons 

C, Benzene 14 60 11% 80*, 1.5012. 

C, Toluene 1 58 1" 1111760, 1.4968. 

3 46 I*' 111 
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TABLE 1. (continued) 

c, Compound Method chapterref. B.p./mm.. nb, (M.p.), Derir. 
(%) 

Aromatic Hydrocarbons ( m i m o d )  

C8 Ethylbenzene 1 50 1 135 
1 76 1 1331732, 1.4953 
3 83 1'U 
3 38 1"' 1361765, 1.4960 

crXy lene 19 61 1'" 142, 1.5054*, 264Te 

mxylene 2 88 l Y  1391760. 1.4972 
pXylene 14 67 1 119 1381760, (13) 

Cp ~Propylbenzene 1 25 1" 1571760. 1.4921 

3 82 1'" 160-163. 1.4908'$ 
10 75 11= 155-160, 1.4919 * 

Isopropyl benzene 1 71 1" 1511759, 1.4913. 

1 75 1 151 
1 83 1 1511740, 1.4918 
1 91 1" 153, 1.4930 , 

Phenylcyclopropane 13 6 1 80/37, 1.5285 
~ E t h ~ l t o l u e n e  19 71 1 '" 1611738, 1.5010" 
mEthyltoluene 2 82 1 161/760, 1.4965 
p-Ethyltoluene 3 80 1110 1611748 

3 91 1''' 
3 95 1" 162, 1.4943 

1,2,fTrimethylbenzene 6 92 1 1721741, 1.5085" 
(hemimellitene) 

2 79 1" 1761760, 1.5138 
1,2,CTrimethylbenzene 10 37 lU' 68/22, 1.5048 
1,3,5-Trimethylbenzene 1 63 1lS 165. 1.4991 

(mesitylene) 
17 15 1"' 163-167 

C, n-Butylbenzene 3 74 1 183 *, 1.4880 
5 25 t 1'" 1831'760, 1.4900 
9 70 1IM I81/750 

Isobutylbenzene 5 3 5 t  I'9' 173/760, 1.4865 
rButylbenzene 1 81 1" 1711759. 1.4900. 
t-Butylbenzene 1 75 1 '  1691731, 1.4934 

1 70 1' 1691740 
1 89 l U  168.1.4%0 

Phenylcyclobutane 13 28 1 '  102/41, 1.5277 
P-Isopropyltoluene 8 73 178/760, 1.4888as 

(0- cymene) 
crDiethylbenzene 10 49 l o o  184/760, 1.5034 
trrDiethylbenzene 1 30 le 181, 1.4955 
p-Dietbylbenzene 3 73 1 179 

10 58 ]loo 1841760, 1.4950 
1,2,3.4-Tetramethyl- 16 88 1"' 98/25, 1.5201 * 

benzene (prebni tene) - 
For explanations and symbols see pages xi-xii. 
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TABLE 1. (Conti-d) 

t 
c, Compound chap tese f .  B.p./mm.. n ~ ,  (Map.), Deriv. 

(%) 

Aromatic Hy&ocarbons (continued) 

C , 1,2,3,FTetrametbyl- 10  6 0  lU' 86/18. 1.5134' 
benzene (isodurene) 

1,2,4,FTeuarnethyE 1 25 l7 (80) 
benzene (durene) 

7 45 lm  (80) 

Naphthalene 

1,4Dihy&onaphthalene 
1,2,3,4Tetr&ydronaph- 

thalene 

CI1 ~ A m y l b e n z e n e  
Neopentylbenzene 
Phenylcyclopentme 
prrButyl toluene 
p-Isobutyltoluene 
p-scButyltoluene 
Pentamethylbenzene 
1-Methylnaphthalene 

C ~ H e x y l b e n z e n e  
Isohexylbenzene 
synrTriethylbenzene 
Hexamethylbenzene 

Biphenyl 

Phenylcyclohexane 

T A B L E  I. HYDROCARBONS 

TABLE 1. (continued) 

(4, Compound Method (%) chapterref- B.p./mm., n b .  (M.P.), Deriv. 

Aromatic Hydrocarbons (continued) 

C 11 I-Ethyltetralin 17  6 5  1 238, 1.5388. 
GEthylcetralin 3 84  l a  121-125/20 
Acenaphthene 3 35 1 2 7 9 * , ( 9 6 ) * , 1 6 2 P i *  
Acenaphthylene 2 9 3  l a  95/2, (93)*, 202Pi0 

C13 ~ H e p t y l b e n z e n e  9 6 2  I '  245, 1.4860 
Phenylcycloheptane 1 7 1  lU 108/7, 1.5280 
2-Methylbiphenyl 2 32 lug 255/760, 1.5914 

2 72 1 133/27* 
>Methylbiphenyl 12 28 1 268 
CMethylbiphenyl 12  22 1 'I4 268, (48) 

Diphenylmethane 1 78 i9 
1 6 0  l U  (26) 
1 53 l a  (25) 
3 8 3  l a  149/29, 1.5752" 
3 100 1 I" 

l-n-Propylnaphthalene 3 45 l m  276, 92Pi  
2-Isopropylnaphthalene 2 70 1" 128/10, 1.5730, 94Pi  
6-n-Propyltetralin 3 9 2  1'" 124/10, 1.5253= 
CrIsopropyltetralin 6 8 6  1" 122/12, 1.524629 

C 14 1,l-Diphenylethane 1 45 1" 270, 1.562". 
1 25 1" 148/15 

1,2-Diphenylethane 3 100 1" 
5 9 5  1 (53) 
9 8 2  1117 158/10, (51) 

2-Ethylbiphenyl 2 42 1" 9413, 1.5808 
10 42 1- 266/760, 1.5805 

2,2 ~ ~ i m e t h ~ l b i p h e n ~ l  1 1  75 1'" 255, (18) 
4,4'b~imethylbiphenyl 11 9 5  (118). 
t-Butylnaphthalene 1 41 113 145/15, 1.5795 
9-Methylfluorene 1 8  75 1 '- (45) 
Phenanthrene 2 8 6  1" (97) 

6 72 1 (100) 
19 100 1 (97). 144Pi 

9,lO-Dihydrophenanthrene 4 67  1" 154/8, (33) 
9 8 6  1 U0 174/17, (35) 

1,2,3,4Tetrahydrophenan- 3 68  1 (33). l l l P i  
threne 

4 40 l a  170/10 
s-Octahydrophenanthrene 4 85  1 180/20, 1.5669" 

4 94 l a 6  173/20, (17). 1.564OZ5 
as-Octahydrophenan- 4 29 l M  150/13, 1.552815 

threne 
17 8 5  1"' 147/10 

For explanations and symbols see  paees  xi-xii. 
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TABLE 1. (co&inued 

% Compound Method chapterref- B.p./mm.. nb. (M.P.). Deriv. 
(%) 

Aromatic Hydrocarbons (continued) 

C 9,lO-Dibydroanthracene 4 76 190 (105) 
4 84 1"" (109) 

1,2,3,4-Tetrahydro- 4 43 1'" (101), 117Pi 
anthracene 

Octahydroanthracene 4 .... l 7  (73) 

C u 1.2-Diphenylpropane 
l,3-Dipbenylpropane 
2-n-Propylbiphenyl 
9-Ethylfluorene 
1-Methy lphenanthrene 
3- Mecbylphenanthrene 
4-Metbylphenanthrene 
PMethylphenanthrene 

naphthalene 
1-Ethylphenanthrene 2 90 1 (64). llOPi 
PEthylphenanthrene 17 54 l m  (63), 124Pi 

PEthylanthracene 17 69 1'" (59) 

phenylbenzene) 
12  60 1'- (211) 

l-n-Buwlphenanthrene 2 59 lU6 (42). lOOPi 

T A B L E  I. HYDROCARBONS 

I TABLE 1. (continued) 

Compound Method ~hapter re f .  B.p./mm., nfD, (M.p.), Daiv.  
(7.) 

I 

Aromatic Hydrocarbons fcowtinued) 

C ID Ttipbenylmethane 1 84  1' (92) 
C, 1,1,l-Triphenylethane 9 9 4  I'U (95) 

1.1.2-Triphenylethane 5 9 5  1 "  210. (55) 
1-Pbenylphenanthrene 2 9 4  1 (SO), l l 8 P i  
9-Pbenylanthracene 17 75 lm (155) 

19 70 llm (153) 

C Quaterphenyl 13 31 lU7 (312) 
Cs Teuapbenylmethane 9 45 l L U  (285) 
C* 1,1.2.2-Teuaphenyl- 5 9 5  1'" (209) 

ethane 9 90 ins ((208) 

For explanations and symbols see  pages xi-xii. 
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In this  chapter are brought together twenty-four reactions for the inuo- 
duction of a double bond into an  organic compound . Olefinic hydrocar- 
bons prepared by these methods are listed in Tables 2 and 3 . Olefinic 
compounds containing an additional functional group but prepared by 
these methods are found in tables in the following chapters . 
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19. Dehydration of Hydroxy Compounds 

The formation of olefins by removal of the elements of water from sim- 
ple aliphatic alcohols i s  not always a straightforward process. Dehydra- 
tion of n-butyl alcohol by heating with aqueous sulfuric or phosphoric 
acids gives both 1- and 2-butenes.16 Certain alcohols with branching on 
the a-carbon atoms exhibit extensive carbon-skeleton rearrangement upon 
dehydration with acid catalysts .  For example, methyl-t-butylcarbinol 
gives a mixture of tetramethylethylene and unsym-methylisopropylethy- 
lene rather than t - b ~ t ~ l e r h ~ l e n e ? ~  "' 

Fission of the carbon chain sometimes occurs during dehydration. Thus, 
di-t-butylcarbinol gives trimethylethylene and isobutylene when heated to 
180" with chloronaphthalenesu1fonic acid.33 

- H,0 
(CH, ),CCHOHC (CH, ), + (CH3),C= CHCH, + (CHI)& = CH, 

These  isomerizations, rearrangements, and cleavages are bes t  explained 
by a carbonium-ion  mechanism^" Vapor-phase dehydration of alcohols 
over aluminum oxide greatly reduces the tendency for isomerization and 
rearrangement. The alcohol vapors are passed over the catalyst  a t  300- 
420". In this manner, pure 1-butene i s  prepared from n-butyl a l ~ o h o l ' ~  
and t-butylethylene i s  obtained from methyl-t-butylcarbinol (54%)." The 
relative rates of dehydration of the simpler alcohols over alumina have 
been studied." The main side reaction i s  dehydration to  ethers 
(method 118). 

Tertiary alcohols are more eas i ly  dehydrated than primary or secondary 
alcohols. The action of heat and a trace of iodine i s  usually suffi- 
cient.,, 25, 37 Other catalysts  for this purpose include 15% sulfuric acid,'4 

formic acid:' oxalic acid,'' 36' and zinc chloride." When the carbinol 

contains different alkyl radicals, a mixture of isomeric olefins i s  usually 
obtained. Studies to determine the e a s e  with which the simple alkyl radi- 
cals  donate a hydrogen atom to form water have been Ve 'Y 

often, pure olefins can be obtained from the isomeric mixtures by modern 
methods of fractional d i s t i l l a t i ~ n ? ~ ~  

Symmetrical secondary or tertiary alicyclic alcohols are readily dehy- 
drated to only one olefin in each case.  Examples include cyclopentene 
from cyclopentanol and phosphoric cyclohexene from cyclohex- 
an01 over cycloheptene from cycloheptanol and P-naphthalene- 
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sulfonic acid," and various alkylcyclohexenes from the corresponding 
tertiary ~ a r b i n o l s . ~ ' ~  426 

Styrenes are available by dehydration of either a-arylethyl or P-aryl- 
ethyl alcohols. The procedures were reviewed in 1949."' P-phenylethyl 
alcohol loses water a t  140' over a mixture of molten sodium and potas- 
sium hydroxides to give styrene, C,H, CH=CH,, in 57% yield.49 The 
2,4-dimethyl derivative has  been prepared in a similar manner from the 
primary al~ohol. '~' Many substituted styrenes have been made by dehy- 
dration of methylarylcarbinols with potassium hydrogen s ~ l f a t e ~ ~ * ~ ' *  
phosphorus pento~ide,?*'~ '  or activated a I ~ m i n a . ~ ' ~ ~ ~ * ' ~ ~  1 ,l-DiphenyI- 
ethyleneL4 and 2-phenyl-2-butene 427 are easi ly obtained by boiling the 
corresponding tertiary alcohols with dilute sulfuric acid. 

Preparation of dienes i s  accomplished by dehydration of diols or ole- 
finic alcohols. Pinacol, (CH,&COHCOH(CH,&, i s  converted to 2 ,3d i -  
methyl-l,3-butadiene by heating with 48% hydrobromic acid4' or by pass- 
ing the vapors over activated alumina a t  420-470°.- Yields of the diene 
are 60% and 86%, respectively. Aniline hydrobromide i s  used a s  a cata-  
lyst  in the dehydration of 3-methyl-2,4-pentanediol to 3-methyl-1,3-penta- 
diene (42%).54 An excellent laboratory preparation of isoprene from ace- 
tone in 65% over-all yield has been described. The l a s t  s t ep  involves 
catalytic dehydration of dirnethylvinylcarbinol over aluminum oxide a t  
300" to give isoprene in 88% yield." 

N a C s C H  H A124 
CH3COCH3 (CH, IaCOHC ECH 2 (CH, &COHCH= CH, ----, 

Olefinic tertiary alcohols obtained by the action of Grignard reagents on 
mes ityl oxide, (CH,),C = CHCOCH,, have been dehydrated over iodine 46 

or potassium hydrogen sulfate 48 and by distilling with phthalic anhy- 
dride? The yields of dienes are in the range of 58-65%. The  product 
from the addition of methylmagnesium chloride to crotonaldehyde i s  the 
ether, CH3CH= CHCH(CH,)- 0- CH(CH3 )CH= CHCH,, formed from two 
molecules of the expected 2-penten-4-01. By passing the vapors of this 
ether over alumina a t  280-290°, 1,3-pentadiene i s  obtained in 72% yield.*D 

Dehydration of P,Y- and y , 6  -01efinic alcohols does not always lead to 
large amounts of the expected conjugated d i e n e ~ . ~ " ' ~ ~  Treatment of di- 
methylallylcacbinol with hydrobromic acid gives a 37% yield of the non- 
conjugated diene, H,C= C(CH,)CH,CH= CH,, along with 43% of the two 
possible conjugated isomers.s5 Oftentimes, ketones are formed by iso- 
merization of the olefinic alcohols under the conditions of the dehydra- 
tion. In the dehydration of 2-ethyl-3-hydroxy-1-butene, 
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by potassium hydrogen sulfate, some methyl s-butyl ketone is formed!67 
The diene obtained from this alcohol is 3-methyl-1,3-pentadiene rather 
than the expected 2-ethyl-1,3-butadiene !" 

Olefinic acetylenes are made by the dehydration of acetylenic car- 
binols."' ' 4'6 

Several olefinic halides containing aliphatic halogen are prepared by 
dehydration of halo alcohols. For example, 3,3,3-trichloropropene, 
CI,CCH==CH,, is made by heating the corresponding secondary alcohol 
with a 10% excess of phosphorus pentoxide; the yield is 84%.'7 Other un- 
saturated halogen compounds prepared by this method are P - c h l o r ~ s t ~ r e n e ,  
C6H, CH=CHCl, from styrene chlorohydrin and phosphoric acid on silica 
gel a t  400° (63%)60 and various nuclear halogenated styrenes by dehydra- 
tion of the corresponding arylmethylcarbinols.6"4'7~466 

Few olefinic alcohols or olefinic ethers have been made by this method. 
The procedure for the dehydration and reduction of glycerol to ally1 alco- 
hol" by heating with formic acid has  been applied to  the preparation of 
viny lg lycol, H,C = CHCHOHCH,OH, from erythritol (35%he6 a-Hydr oxy 
ethers of the type R,C(OH)CH(OC,H, )R' are dehydrated to a,p-olefinic 
ethers, R,C-C(OC,H, )R', by refluxing with phosphorus pentoxide in 
pyridine!'""' Dehydration by oxalic acid produces ketones of the type 
R,CHCOR'(method 202). 3-Methoxystyrene and 4phenoxystyrene are.pre- 
pared by passing the vapors of the corresponding primary carbinols over 
potassium hydroxide pellets heated to 250° in stainless-steel a copper 
tubes .'46 

a,P-0lefinic aldehydes are made by treatment of P-hydroxy acetals 
with acidic reagents .4'P' 440 Th e dehydration of P-hydroxy aldehydes and 
ketones from the aldol condensation is discussed in method 36. 

Olefinic acids and olefinic esters are prepared by dehydration of hy- 
droxy acids and esters. Cis- and trans-a-methylcrotonic acids have been 
made in small yields by pyrolysis of the corresponding a-hydroxy acids." 
Certain halogen atoms are stable during the dehydration, a s  in the prep- 
aration of ethyl 3-chlorocrotonate by dehydration of the chlorohydrin, 
CH,CHCICHOHCO,C,H, Pa A vinyl group may be formed on the benzene 
ring in the presence of an ester group by dehydration of the hydroxyethyl 
group with potassium hydrogen sulfate?"97 

The condensation of aldehydes and ketones with a-halo esters may 
lead directly to olefinic acids and esters by dehydration of the inter- 
mediate P-hydroxy compounds ( R e f o r m a t ~ k y ) . ~ ~ ~ '  40' More often, the hy- 
droxy esters are isolated and purified prior to dehydration (method 103). 
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When an alkyl substituent is present on the P-carbon atom, a mixture of 
a,& and P,Y-olefink compounds is produced, the ratio depending on the 
nature of the alkyl group and the dehydrating agent:'lg4 This tendency 
for the formation of appreciable amounts of the nonronjugated P,y-ole- 
finic ester is often not fully appreciated. The best work along these lines 
indicates that efficient fractionation is necessary to insure a pure prod- 
uct. Even when both R groups on the P-carbon atom are methyl groups, 
(CH,hCOHCHRC0,CaH6, considerable dehydration to  the non-conjugated 
P,y-olefinic ester occurs:4s 4'0 It was formerly believed that this struc- 
ture gave only a8-olef inic  esters.07 Also, the tertiary hydroxyl group in 
this compound is surprisingly stable. Neither iodine nor hydrochloric 
acid is an effective catalyst for dehydration, although phosphorus pent- 
oxide has proved satisfactory. 

The mode of dehydration can sometimes be controlled from a practical 
s~andpoint . '~ '~  4'7-*'9 Thus, ethyl 1-hydroxycyclohexylacetate is con- 
verted to  l-cyclohexeneacetic acid in 80% yield by anhydrous hydrogel, 
chloride, whereas dehydration by acetic anhydride followed by saponifi- 
cation leads to cyclohexylidenacetic acid (68%)p6 

A wide variety of dehydrating agents have been employed. In addition 
to those already mentioned are sulfuric acid:'' 4'' potassium bisul- 
fate,4'8s 42: formic acid,"' thionyl ~ h l o r i d e ~ ' ~ "  iodine,4" acetic anhy- 
&ide,4'81 419 phosphorus oxychloride,41'* 416' "' and phosphorus pent- 

oxide ?4s 4a0 It should be noted that the free olefinic acids are sometimes 
decarboxylated under conditions similar to those described for certain of 
these dehydrations (cf. method 27). 

P-Hydroxy es ters  are a lso  obtained by reduction of P-keto esters and 
may be dehydrated over phosphorus p e n t o ~ i d e . ~ '  

Dehydration of cyanohydrins to a,P-olefinic nitriles has been accom- 
plished by thionyl c h l ~ r i d e ~ ' ~ ' ~ " ~ '  phosphorus pentoxide,"' or anhydrous 
potassium carbonate:' A typical example i s  the preparation of l-cyano- 
1-cyclopentene from cyclopentanone cyanohydrin (75%):' Aluminum 
powder is the best  of many catalysts studied for the dehydration of 
ethylene cyanohydrin to acrylonitrile, H,C I C H C N  (80%).ua 

The amino group on the benzene ring is unaffected by catalytic dehy- 
dration with iodine of the tertiary alcohol, dimethyl-(oaminopheny1)- 
carbinol, to  2-(0-aminopheny1)-1-propene (87%):" 

The direct dehydration of aliphatic P-nitro alcohols to  nitro olefins is 
usually u n s a t i s f a c t ~ r ~ . ~  The latter compounds are obtained by method 
24 or by treating the nitro alcohols with thionyl chloride and pyridine."' 

20. Dehydrohalogenation of Halogen Compounds 
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The formation of a double bond by removal of the elements of hydrogen 
halide is a very general method. Basic reagents such a s  alkali hydroxides 
and alkoxides or a variety of amines are usually employed. The reaction 
i s  of limited application for the preparation of simple olefins, however, 
since the alcohols are usually more readily available and in most cases  
yield the same olefins by dehydtation. 

In general, primary halides show a greater tendency to react meta- 
thetically with most bases than to undergo the elimination reaction. 
Treatment of isoamyl chloride with alcoholic potassium hydroxide gives 
only an 11% yield of 3-methyl-l-butene, the remainder appearing a s  ethyl 
isoamyl e the rp6  On the other hand, a 90% yield of 2-pentene is obtained 
by adding the secondary halide, 3-bromopentane, to  a concentrated meth- 
anolic solution of potassium hydtoxide a t  115O.''* The ratio of dehydro- 
halogenation to metathesis has  been studied for many aliphatic and ali- 
cyclic halides in the presence of a variety of bases such a s  pi~eridine, '~ '  
pyridine,'16 sodium a l k o ~ i d e s , ' ~ ~  potassium c re~o la te , "~  and inorganic 
hydroxides .Ia7- 'la The catalytic dehydr~halo~enat ion of dodecyl chloride 
over alumina a t  250° gives a l l  six possible isomeric straight-chain 
dodecenes ."' 

The dehydtohalogenation of a P-chl~roalk~lbenzene is readily accom- 
plished by refluxing with excess aqueous methanolic potassium hydroxide. 
Substituted aalkyls tyrenes  which are difficult to  obtain by other methods 
are prkpared in this way by a two-step process involving catalytic con- 
densation of aromatic compounds with aliphatic chlorohydrins followed 
by removal of hydrogen halide from the resulting haloalkylated 
derivatives ."' 

RCHOHCHICl KOH 
ArH - ArCHRCHICl - ArC(R)= CH, 

BF3 CHIOH 

A bromine atom in the alpha position of the side chain is removed by 
quinoline a t  lGOO in the preparation of I-@naphthyl>l-butene (81%):~~ 
Dehydr~halo~enat ion of halides to  styrenes has been r e v i e ~ e d . 4 ~ '  

Several conjugated diolelins have been made by heating bromo olefins 
with solid potassium hydroxideiZ3 or excess quinoline!14 In the latter 
case,  the bromo olefins were made available by allylic bromination of 
olefins with N-bromosuccinimide. P-phenylbutadiene is obtained in 46% 
yield by the action of pyridine on the corresponding secondary chloride.s18 
Chlorination of n-butyl chloride gives an isomeric mixture of dichlorides 
from which low yields (1840%) of butadiene are obtained by passing the 
vapors over soda lime at about 7000."~ 

Certain olefinic halogen compounds are best prepared by this method. 
Isobutylene bromide i s  dehydr~halo~enated by hot potassium hydroxide 
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solution to  give isobutenyl bromide. (CH,XC=CHBr (27%).'48 A primary 
halogen atom of 1,2,3-trichloropropane or 1,2,3-tribromopropane is re- 
moved in preference to the secondary halogen atom upon treatment with 
alkali hydroxides. Yields of 2,3-dibrornopr0pene'~' and 2,3-dichloropro- 
penei3'l "' are 8047%). 1 ,I-Dichlorocyclohexane prepared from cyclo- 
hexanone and phosphorus pentachloride loses hydrogen chloride upon 
distillation to give I-chloro-I-cyclohexene (4C%).'36 Nuclear halogenated 
styrenes have been made by dehydrohalogenation of either a- or P-chloro- 
alkylhalobenzenes .6'p '"* '37 

Two techniques are commonly used in the preparation of olelinic 
ethers from halo ethers. The first involves heating a P-halo ether with 
fused or powdered potassium hydroxide.'ss This method i s  typified by 
the conversion of P-phenoxyethyl bromide to phenyl vinyl ether (63%)'43 
and P , ~ d i c h l o r o d i e t h y  1 ether to divinyl ether (61%).'4' In the latter 
case,  yields are improved in the presence of ammonia gas. In the second 
procedure, an aliphatic'44 or a r ~ n a t i c ' ~ ' " ~ ~  chloro ether i s  heated with 
pyridine to 115O. This method is of value in the preparation of several 
methoxystyrenes. Chloroalkylation of the aromatic ether i s  followed by 
dehydrohalogenation. 

(334 OCH, OCH, 0-0~0 
CHCICH, CH - CH, 

The elimination of a molecule of halogen acid from halo acetals of 
acetaldehyde with powdered potassium hydroxide gives ketene a ~ e t a l s . ~ ' ~  
However, the a-bromo acetals of the homologs of acetaldehyde on similar 
treatment with potassium hydroxide or potassium t-butoxide are converted 
into a,P-ole/inic a c e t a l ~ . ~ ' ~  

1Cyclohexenealdehyde is prepared from the saturated aldehyde by 
bromination in the presence of finely powdered calcium carbonate followed 
by dehydrohalogenation of the resulting bromo aldehyde by diethylani- 
line .'" 

a,p-olelinic ketones result from the loss of hydrogen halide from either 
a-  or P-halo ketones. 2,4-Dinitrophenylhydrazine shows promise a s  a re- 
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agent for the dehydr~ha lo~ena t ion  of a-halo   ketone^.^' Alcoholic PO- 

tassium hydroxide, sodium carbonate:" sodium acetate,'" and tertiary 
amineS '49 , 160 have been used t o  remove hydrogen halide from 1 -ha lo  

ketones. In the acylation of olefins by acyl  chlorides (method 178), de- 
hydrohalogenation sometimes occurs spontaneously t o  give olefinic ke- 
tones. An alcoholic solution of P-chloropropiophenone containing an  
equivalent amount of potassium acetate i s  used in synthetic work in place 
of the readily polymerizable phenyl vinyl ketone. The  olefinic ketone 
may be  isolated in 787. yield by a chloroform extraction of this solution?*' 

A variety of bases  have been used t o  effect dehydrohalogenation of 
halo ac ids  and halo esters.  a-Rromo es ters  or a-bromo acyl halides give 
a , p d e f i n i c  ac ids  with alcoholic potassium hydroxide!u*1s6 Yields are 
poor with the higher-molecular-weight a-bromo acids;  other products are 
those formed by substitution of the halogen atom by the basic anions. 
Ethyl a-methyl- and a-ethyl-crotonates are prepared in 80% yields by re- 
fluxing the corresponding a-bromo esters with dimethylaniline.lBB P ~ h l o r o  
es ters  in which the chlorine atom i s  tertiary readily lose hydrogen chloride 
upon heatinga6' or upon treatment with alcoholic ammonia. By the latter 
procedure a ser ies  of ~ , ~ - d i a l k y l a c r y l i c  e s t e r s  have been prepared in 
80-96% yield!sq a-Haloacrylic acids and e s t e r s  are made in good yield 
from a , ~ d i h a l o p r o p i o n i c  es ters  and bases  such a s  barium hydroxide:" 
sodium ethoxide :64 and quinoline!6a Excess  sodium alkoxide replaces 
the a'-bromine atom in the product by an  alkoxyl y-Halocrotonic 

esters are prepared in 60-65% ~ i e l d s  by the dehydrohalogenation of P,Y- 
dihalobutyric esters!60 

Certain olefinic nitriles are readily available from a - c h l o r ~ - ~ ~ l ~ r o -  
pionitriles obtained by the addition of diazonium s a l t s  to  acryloniuile. 
Dehydrohalogenation is effected by boiling with diethylaniline."' 

+ - 
N2cl  

HIC- CHCN CsH5 CHICHCICN 4 C6Hl CH= CHCN 

21. Elimination of Halo and Alkoxyl Groups (Boord) 

RCH,CHO 
C2W OH r RCH,CHCIOC,Hs 3 RCHBLHBrOC,Hs 

HC I 1 R ' MgBr 
KOH 

RCHB~CR'B~OC~H, Z RCH= CR~OGH, - R C H B L H R ~ O C ~ H ~  C,& OH I - - 

R C H B ~ C R ' R ~ O C ~ H ,  % RCH= CRY 

L zn 
RCH - CHR' 

This  combination of reactions represents the bes t  general method for 
the preparation of olefins of unequivocal structure. Many r n ~ n o - ~ ~ ~ " ~ ~  
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di_,l38, 189, 146 and tri-substituteda" ethylenes have been made by various 
modifications of this  procedure. Typical examples include various hex- 
enes,"' h e p t e n e ~ , ? ~ ~  1-hexadecene (63%),14' and styrene (8%)?47 The 
formation of a-chloro and a,p-dibromo ethers from aldehydes i s  treated 
elsewhere (methods 117 and 65). When used for the preparation of olefins 
these  compounds are not isolated or purified?44 In coupling with the 
Grignard reagent, advantage i s  taken of the inert nature of halogen atoms 
in the beta position of ethers. An excess  of 10-3% of organomagnesium 
compound i s  recommended."' Coupling in the alpha position takes place 
readily a t  0°?46 In order to  introduce a second alkyl group, hydrogen 
bromide is eliminated (cf. method 20) and the resulting olefinic ether i s  
treated with bromine a t  0" followed by coupling of the dibromide with 
another Grignard reagent. 

- 

I Elimination of bromine and ethoxyl groups with zinc is much the same 
a s  the elimination of two adjacent halogen atoms. The P-bromo ether i s  
heated with a stirred suspension of powdered zinc1"* 144s246 or zinc-copper 
couple"9* 147 in 90-95% ethanol,'''* 244* n-propyl alcohol,"' or isopropyl 
a lcoh01. l~~ The preparation of 3-octene fai ls  in n-propyl alcohol?46 In 
several  c a s e s  the products have been shown to  be mixtures of cis and 
trans i s ~ m e r s ? ~ ~ * ~ "  The yields for the first two s teps  of the synthesis  
are 70-90%. The coupling of the a,P-dibromo ethers with primary G r i g  
nard reagents takes place in 50-8% yields, whereas with secondary Grig- 
nard reagents only 30-55% yields are obtained. 

The method has  been adapted to  the synthesis  of 1,4-dolefins by 
coupling the bromo ethers with allylmagnesium bromide. Yields vary 
from 42% to  67% for C, C, c o m p o u n d s . " ' ~  n-Propyl and n-butyl alcohols 
a s  solvents are preferred for the decomposition of the P-bromo ethers. 

Olefinic acetylenes of the general formula RCH=CHC= CR' are pre- 
pared by coupling the a,p-dibromo ethers with an acetylenic Grignard 
reagent followed by elimination of halogen and alkoxyl groups. Overa l l  
yields are approximately 60%?49* '" 

The action of zinc and alcohol on dibromo acetals ,  CHBr,CH(ORX, 
gives olefinic halo ethers, BrCH=CHOR (50-78%):" A similar elimina- 
tion from a-halo ortho es ters  by means of sodium sand in boiling benzene 
leads t o  ketene acetals  . 

I RCHBrC(OCzH5 X + Na -+ RCH=C(OC2Hs ), + NaBr + CaH6 ONa 

I 
The method has  been applied widely, and the yields are good (65-9%)?'O 

22. Dehalogenation of Dihalides 

RCHBrCH,Br 2 RCH- CH, 
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This  reaction i s  sometimes an important s t e p  in the purification of 
olefinic compounds prepared by other methods or for the protection of the 
double bond during oxidation of some other functional group in the mole- 
cule. The  dihalides are usually unavailable except from the reaction of 
halogens with olefinic compounds (method 74). The  reagent most com- 
monly used for the regeneration of the double bond is zinc dust in 95% 
ethan01."'~ "' The reaction is carried out a t  the boiling point of the 
solution or a t  lower temperatures if possible. No isomerization or carbon- 
skeleton rearrangement takes place in the regeneration of simple olefins. 
Other reagents are magnesium in ether and sodium iodide in acetone. 
Certain bases in non-alcoholic solvents cause debromination rather than 
dehydr~ha lo~ena t ion  of chalcone d ibromide~"~ and stilbene dibromides 
(cf. method 13). 

An isolated halogen atom is unaffected by zinc under the conditions 
of the reaction. Thus, 1,2,5-tribromopentane gives the halo ole fin, 5- 
bromo-1-pentene (71%)?66 

A mixture of magnesium and magnesium iodide in ether is used to pre- 
pare the cyclic olefinic ethers, dioxene and dioxadiene, from the cor- 
responding dichloro- and tetrachloro-dioxanes, r e s p e ~ t i v e l ~ ? ~ '  

The  allenes, RC=C=CR', are readily prepared by this method from 
tetrahalides and dihalo olefins. Typical procedures are given for methyl- 
al lene (72%)'" and I-phenyl-l,2-butadiene (77%)?64 A convenient route 
to  the al lenes from ally1 halides is  a s   follow^:'^' 

KOH Zn 
RCH= CHCH'Br % RCHBrCHBrCH,Br - RCHBrC(Br)= C& - 

1 OW. 70-807. CaHY OH 

23. Elimination of Alcohol from Ethers and Acetals 

The elimination of a molecule of alcohol from an ether has not been 
developed a s  a laboratory synthesis  of simple olefins, although several  
olefinic compounds are conveniently made by this method. 1,3-Pentadiene 
i s  obtained in 72% yield by passing the ether of 2-penten-4-01 over alu- 
mina a t  290°." A series of a,p-olefinic es ters  has been made by heating 
alkyl a-alkoxyisobutyrates with phosphorus pentoxide a t  60-100°. The 
yields range from 85% to  

Loss  of alcohol from aceta ls  occurs upon catalytic thermal decom- 
position5" or when these compounds are heated to  140-170° with phos- 
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I 

?horus pentoxide and quinoline or with phthalic anhydride."' a ,p-ole-  
I Finic ethers including several  alkoxy styrenes are formed in widely vary- 
I ing yields (36-86%). 
S 

I RCH2CH(OR'X + R'OH + RCH= CHOR' 
I 

1 4  platinum-on-asbestos catalyst  a t  290° i s  used in the conversion of 
t liethyl ace ta l  to  ethyl vinyl ether (42%):" Ketals of the type 

IC(OCH,XCH, are readily spli t  by heating with a small amount of p- 
r :oluenesulfonic acid to yield substituted vinyl ethers of the type 
t RC(OCH,)=CH, (92%). In the presence of excess  of a higher alcohol, 

?'OH, the olefinic ether corresponding to  this alcohol, RC(OR')=CH,, 
is formed in high yield."06 Similarly, treatment of alkoxy ketals with acid 

4 zatalysts gives alkoxy dienes and dialkoxy 01efins."~ 

24. Pyrolysis of Esters 

R,CCH(OCOR')CH~R Heaf- R,CCH= CHR + R'COOH 
1 
1 Vapor-phase pyrolysis or destructive distillation of e s t e r s  i s  of value 
1 b r  the preparation of simple olef ins in c a s e s  where direct dehydration of 

he alcohol leads to extensive isomerization or carbon-skeleton rear- 
angement (cf. method 19). The  older literature has  been reviewed, and 
he reaction has  been applied to  the preparation of nine straight-chain 

' ~ n d  branched olefins ranging in complexity from 1-butene to 2,2,4-tri- 
nethyl-2-pentene (75%):" Acetates of primary and secondary alcohols 

%re generally used, although es ters  of boric acid are reportedly more 
tasily ~ ~ r o l ~ z e d . ' ~ ~  Pure t-butylethylene i s  obtained by the pyrolysis of 

1 he aceta te  of pinacolyl alcohol a t  300-400'. Yields vary from 35% to  
]30%, depending upon the temperature and time of heating."' '', The 
j lroduct contains no rearranged olefins. Pyrolysis of ethyl-t-but~lcarbinol 
:ives 7% rearranged olefins along with 4,4dimethyl-2-pentene (77%)F4 
-1igher-molecular-weight l-alkenes have been obtained in good yields by 

: lyrolysis of the palmitates or stearates of the corresponding primary 
~lcohols~"*" '  Most products have been straight-chain olefins, e.g., 
L-hexadecene (63%):'6 although a few branched compounds have been 
nade in this way, e.g., 3,7-dimethyl-1-octene (84%):'' Several styrenes 
lave been made by pyrolysis of the corresponding a-phenethyl ace- 

f  ate^."^* "' 
t Both conjugated and n o n ~ o n j u g a t e d  dienes have been made by this 
, nethod from the ace ta tes  of diols and olefinic alcohols. A pyrolysis 

emperature of 575O i s  required for the conversion of 1,5-pentanediol 
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diacetate to  1,4-pentadiene (91%)."0 2-Alkyl-1,3+utadienes are best 
made by this  method!67"" Direct dehydration of the olefinic alcohols 
gives extensive rearrangement. 

Pyrolysis of the acetate of benzyl-o-chlorophenylcarbinol a t  300° gives 
the unsaturated halide, oshlorosti lbene.  Th i s  carbinol i s  resistant to  
direct dehydration by potassium hydrogen sulfate a t  180°?" This method 
is a l so  superior for the preparation of the olefinic aldehyde, a-isopropyl- 
acrolein (50%):67 and the olefinic ketone, methyl isopropenyl ketone 
(98%):" 

P- acto ones formed by the addition of ketene or ketene dimer to alde- 
hydes are decarboxyIated to  a,P-olefinic methyl ketones (50-65%). The 
over-all process is carried out by passing ketene into the aldehyde a t  
room temperature .'" 

Esters  of acrylic acid are made by pyrolytic decomposition of a- 
acetoxypropionates.Y""~'236 Direct dehydration of the a-hydroxy es ters  
fails. 

Methoxyl, cyano, and nitro groups may a l s o  be  present  in the molecule 
during pyrolysis. Examples are 7-methoxycrotononitrile (83%)? acryl- 
onitrile (64%);" 1-cyano-1,3-butadiene (7%);" and a series of con- 
jugated nitroalkenes. The  es ters  of &nitro alcohols are pyrolyzed a t  
19°'40 or merely refluxed with sodium bicarbonate in dilute aqueous 
methanol. By the latter procedure the yields of conjugated nitro alkenes 
are .90-95%?41 Direct dehydration by heating the nitro alcohols to 180° 
with phthalic anhydride has  a l s o  been used.44' 

25. Pyrolysis of Methyl Xanthates (Chugaev) 

Thermal decomposition of methyl xanthates is similar t o  the pyrolysis 
of ace ta tes  for the formation of the double bond. Olefins are obtained 
from primary,w' secondary, and tertiary170 alcohols without extensive 
isomerization or structural rearrangement. ' The other products of the 
pyrolysis of the methyl xanthates are methyl mercaptan and carbon oxy- 
sulfide. The xanthates prepared from primary alcohols are more difficult 
to decompose than those prepared from secondary and tertiary alcohols. 
Overa l l  yields of 2 2 4 1 %  have been obtained for a number of tertiary 
alkyl derivatives of ethylene.16' Originally the xanthates were made by 
success ive  treatment of the alcohoI with sodium or potassium, carbon di- 
sulfide, and methyl iodide. In a modification of this procedure sodium 
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hydroxide is used in place of the metal.14' A study of the stereochemistry 
of the reaction supports the view that the mechanism involves intra- 
molecular bonding of a P-hydrogen atom with a sulfur atom in quasi six- 
membered ring formation.'a79 469 

26. Pyrolysis  of Substituted Amines and Ammonium Salts  

Thermal decomposition of quaternary ammonium sa l t s  and bases is 
most valuable in structural investigations of amines, particularly hetero- 
cyclic secondary amines (Hofmann exhaustive methylation)?'' The course 
of the elimination (A or B )  i s  determined by the nature of the four alkyl 
groups on the nitrogen atom."' The reaction has found little u se  in the 
synthesis  of pure olefins. The yields are low even when three of the 
alkyl groups are  methyl radicals. Carbon-skeleton rearrangement does 
not occur. Thus, the only olefin obtained by pyrolysis of pinacolyltri- 

t - 
methylammonium hydroxide, (CH,&CCH(CH,)N(CH,& OH, i s  t-butylethylene 
(50%)Y9 

Pyrolysis i s  accomplished by concentrating an  aqueous solution of the 
quaternary hydroxide a t  temperatures ranging from 30° to  200°. Thermal 
decomposition on a platinum catalyst  a t  an optimum temperature of 
325 has been studied in detai l  in the preparation of cyclopropene (45%).''" 

Mannich bases  formed by dialkylaminomethylation of various co~npounds 
containing a n  active hydrogen atom are  useful intermediates in the syn- 
thesis  of certain olefinic compounds. The tertiary amine group of the 
Mannich base i s  eliminated upon steam distillation or low-temperature 
pyrolysis (120° ) of the hydrochloride. The over-all reaction i s  illustrated 
by the following preparation of an a,P-olefinic ketone?" 

HC HO 
RCOCH2R - RCKHRCH,NR'2 .HCI -+ RCOC(R) = CH, 

R ~ N H  -HCI 

The methylene group of methyl ethyl ketone i s  active in the condensation 
to give, upon pyrolysis, only methyl isopropenyl ketone (92%):'' Ole finic 
aldehydes,'67 acids:" esters?O6 and nitro compoundsa84 have been pre- 
pared in a similar manner. The literature of the Mannich reaction has  
been reviewed?" 



44 OLEFINIC COMPOUNDS a. 2 

27. Decarboxylation of Olefinic Acids 

Quinoline 
ArCH =CHCO,H A rCH = CH, 

Cu powder 

As a preparative method the direct decarboxylation of olefinic acids i s  
almost limited to the formation of styrenes and stilbenes from substituted 
cinnamic acids.  Thermal decomposition of cinnamic acid gives styrene 
(41%).'52 The yield is nearly quantitative if the reaction is  carried out in 
quinoline a t  220° in the presence of a copper catalyst.'" The yields of 
substituted styrenes where the aryl radical contains halo, methoxyl, 
aldehydeT3 cyano, and nitro groups are in the range of 30-76%?s*258 
cis-Stilbene and cis-p-nitrostilbene are prepared in this way from the cor- 
responding a-phenylcinnamic acids (65%). 2s4*219 One aliphatic compound 
worthy of mention i s  2-ethoxypropene, prepared by heating P-ethoxycro- 
tonic acid a t  165O (91% yield).'40 The mechanism of acid-catalyzed de- 
carboxylations of this type has  been ~ tud ied .4~ '  Isomerization of the 
double bond from the a,P- to the P , ~ - ~ o s i t i o n  before decarboxylation very 
likely occurs in many instances?" 

A related reaction i s  the dehydr~ha lo~ena t ion  and decarboxylation of 
P-halo acids to olefins. 

D e c a r b ~ x ~ l a t i o n  precedes dehydr~ha lo~ena t ion ,  however, a s  noted by 
analysis of the gas  formed in the preparation of 2-butene. Decarboxyla- 
tion occurs a t  20-30° in sodium carbonate solution. Butene i s  then 
evolved a t  higher temperatures.8s The reaction i s  important in the prepa- 
ration of cis-  and trans-2alkenes from cis-  and trans-alkylacrylic acids,  
RCH= CR'CO,H, respectively :s*84* Either the P-iodo or P-bromo 

acids prepared by the addition of hydrogen halide are suitable sources. 

a , p - ~ i b r o m o  and a,p,p-tribromo acids give bmmo and dibromo oleiins, 
respectively. A study of the influence of structure upon yield has been 
made?6' Best  yields are obtained when two alkyl groups are in the beta 
position or when two bromine atoms are in the alpha position. Decomposi- 
tion to  the bromo olefins i s  effected by refluxing the bromo acids  with 
aqueous sodium carbonate solution or pyridine. P - ~ r o m o s t ~ r e n e s ,  
ArCH=CHBr and ArCH=CRBr, are similarly prepared from substituted 
cinnamic acid dibromides by heating with alcoholic sodium acetate 
s o l u t i ~ n . ' ~ ~  
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28. Coupling of Olefinic Acids and Diazonium Compounds 

NaOAc 
ArCH=CHCO,H + Ar'N,X ArCII=CHAr'+ N, + CO, + (HX) 

CuC12 

This  relatively new synthesis uses  readily available materials and, 
although the yields are low, i s  preferred for obtaining certain stilbenes. 
A cooled solution of the diazonium sal t  i s  treated with sodium acetate 
and an acetone solution of the cinnamic acid. Then aqueous cupric 
chloride i s  added and the mixture i s  stirred a t  room temperature. The 
aryl radical may carry alkyl, halo, ether, ester, or nitro groups?"'l'n'2ns477 

The synthesis has been extended to the preparation of substituted 1,4- 
diphenylbutadienes 13'* 274* "' and t r iaryle thylene~"~ by the use of cin- 
namalacetic acid, C,H,CH=CHCH=CHCO,H, and diarylacrylic acids,  
Ar,C= CHCO,H, respectively. 

In the above reactions the aryl group adds to the a- rather than to  the 
P-carbon atom of the a,P-olefinic acid. The reverse addition occurs in 
the conversion of acrylonitrile to cinnamonitrile (33%)""cf. method 20). 

29. Coupling of Organometallic Compounds with Halogen Compounds 

RMgX + CH,=CHCH,X -+ RCH,CH=CH, + MgX, 

This reaction affords an excellent method for the preparation of 1- 
allcenes. The halogen compound must be of the allylic or some other 
active type. The double bond i s  sometimes contained in the organometal- 
lic compound!90' "' The reaction is  exothermic and takes place readily 
a t  room temperature. Short periods of heating are sometimes required to  
complete the coupling. For the preparation of the lower olefins, butyl 
ether i s  employed a s  the solvent for the Grignard reagentn8 or most of 
the ethyl ether is removed before the addition of the unsaturated halide.177 
In certain cases  the olefins have been purified through the corresponding 
dibromides !"* "O 

Ally1 bromide has been used to prepare allylbenzene (82%),"' allyl- 
cyclopentane (71%),"* and neopentylethylene (85%):" Coupling with 
methallyl halides, CH, = C(CH3 )C&X, gives branched  structure^,"^'^^' 
and the use of 3-chlorocyclopentene leads to 3-substituted cyclopentenes 
such a s  3-cyclopentylcyclopentene (73%):" Coupling of the latter halo- 
gen compound i s  catalyzed by copper vesse ls  ."' Crotyl chloride, 
CH,CH=CHCH,CI, undergoes an allylic-type rearrangement during 
coupling.'g7 However, since the allylic system in 4-bromo-2-pentene, 
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CH,CH===CHCHBrCH,, is symmetrically substituted, certain 2-alkenes 
may be prepared from this compound in good yields." 

The relatively inactive vinyl halides have been employed with some 
success  in this reaction. a-Thienylmagnesium bromide is coupled with 
vinyl chloride in the presence of cobaltous chloride to give a-vinylthio- 
phene (29%).'ss Also, the coupling of vinyl and allyl bromides by mag- 
nesium-copper alloy produces the diolefin, 1,4-pentadiene, in 15% yield.'9P 

Other diolefins have been prepared by this method. n*'" Biallyl is 
made in a one-step process from allyl chloride and magnesium (65%).'94 
Either crotyl or methylvinylcarbinyl chloride gives 3-methyl-1,5-hepta- 
diene, CH,= CHCH(CH,)CH,CH- CHCH,, when the Grignard reagent i s  
coupled with an excess of the ~hloride.'~' 

Olefinic acetylenes are prepared by the use of acetylenic Grignard re- 
agents. This coupling is catalyzed by copper salts."' 2,3-Dibromopro- 
pene, BrCH,C(Br)-CH,, gives olefinic halides of the type 
RCH,C(Br )= CH, (4 5-65%).'06* '00-101 Th e remaining vinyl-type halogen 
atom i s  not affected. Coupling reactions of the homologs of 2,3dibromo- 
propene are complicated by allylic-type rearrangements.'s9 Olefinic ethers 
may be prepared when the ether group is in either the halide or the G r i g  
nard reagent.'9'*'91 The olefinic amine, 5-diethylamino-1-pentene, is ob- 
tained in 85% yield by refluxing a suspension of allylmagnesium chloride 
with diethylaminoethyl ~hlor ide ."~ 

30. Partial Reduction of Ace tylenic Compounds 

An acetylene may be reduced to an olefin by sodium in liquid am- 
monia,zo4. '06 by electrolytic reduction a t  a spongy nickel cathode:0s or 

by partial hydrogenation over metal catalysts. Catalysts for the hydro- 
genation include n i ~ k e l : ~ ~ * ~ ~ '  iron:O8 colloidal palladium:09 and pal- 
ladium on barium sulfate1" or calcium ~arbonate .""~ '~  P ure trans ole- 
fins are obtained from dialkylacetylenes by reduction with sodium in 
liquid ammonia. The yields are better than 90%. Catalytic hydrogenation 
leads to mixtutes of c i s  and trans olefins in which the c i s  isomers pre- 
d ~ m i n a t e . l ~ ~ * ' ~ ~  Mono- and di-arylacetylenes have a lso  been 
reduced.aOs. 2 0 7 ~ 2 a 0  

Diolefins have been prepared from diacetylenes and olefinic acety- 
lenes; "' for example, reduction of 2,7-nonadiyne by sodium and liquid 
ammonia gives trans, trans-2,7-nonadiene (729.)?04 

O/efinic alcohols,213* "'9 ethers,216* ' I 7  and a~ids""'"~* 46' have been 

prepared by this method. The nitro group i s  reduced to the amino group 
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a s  in the formation of symmetrical diaminostilbenes from the correspond- 
ing d i n i t r o t o l a n e ~ ? ~ ~ ~  '" 
31. Isomerization of Olefinic Compounds 

Migrations of the double bond and carbon-skeleton rearrangements are 
important in the preparation of several olefinic compounds. A number of 
alkyl cyclopentenes are available in quantities suitable for synthetic 
work by the isomerization of cyclohexene and i t s  homologs over alumina 
at 470-480°?0' 0-Allylphenol i s  isomerized by methanolic potassium 
hydroxide a t  110' to 0-propenylphenol (75%)?09 Several P,y-olefinic 
acids are conveniently obtained from the corresponding a&-isomers by 
equilibration in basic media. The two isomeric acids are readily sepa- 
rated by partial esterification of the resulting mixtures since the P,Y- 
isomers are more easily esterifiedFO 

32. Symmetrical Diarylethylenes from Thiocarbonyl Compounds 

Thiobenzaldehyde trimer, (C6HsCHS),, is decomposed a t  230' by freshly 
reduced copper powder to give stilbene, C6H, CHI CHC,H, (45%):'' 
Several benzologs and alkoxyl derivatives of stilbene have been pre- 
pared by this method in low yields. The aimers of the thioaldehydes are 
readily prepared from their oxy analogs, hydrochloric acid, and hydrogen 
sulfide. 

A similar condensation of thioacetophenone fails with copper powder 
but i s  accomplished over Raney nickel.aa8 Copper bronze, however, i s  
~uccess fu l ly  used in the preparation of tetraphenylethylene from thio- 
benzophenone .aa9 
33. Condensation of Halides by Sodium Amide 

Ally1 and methallyl chlorides have been condensed to trienes in 30% 
yields by adding sodium amide to a liquid ammonia solution of the 
halide .168s .. . The low yields are due partly to dimerization of the products. 
Under the same conditions, a-chloroethylbenzene gives cis-a,a'-dimethyl- 
~ t i l b e n e  (40%).176 
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34. Additions to Conjugated Dienes (Diels-Alder) 

Ch. 2 

R 
I 

CH CHR HC CHR 
I + I I  -+ II I 
CH CHZ 
\ 

CHR CH I 
R 

Th i s  reaction furnishes the best means of preparation of hundreds of 
cyclic olefinic compounds, most of which are  beyond the scope of th is  
book. In i t s  simplest form, the reaction may be looked upon a s  a 1,4- 
addition of an olefinic compound to a conjugated diene. The  scope of 
the reaction is inadequately represented by the above equation. The  
diene system may be a part of an  aromatic or heterocyclic nuclev. such 
a s  a-vinylnaphthalene or furan, or the double bonds may be parts of two 
independent molecules. The olefinic compound (dienophile) usually con- 
tains one or more groups (Z) which a c t i w t e  the double bond,502 although 
this i s  not necessary; e.g., ethylene i s  condensed with butadiene a t  200' 
to give cycloherene (18%).'@@ Triple bonds may replace double bonds in 
both the diene and dienophile. Excellent reviews of the reaction have 
been published?96 Cis addition of the dienophile to  the diene occurs, 
and several  of the reactions have been shown to be truly reversible?00 
Butadiene i s  conveniently prepared in the laboratory by passing the 
vapors of cyclohexene over a hot 

A related reaction i s  the substituting addition shown by acceptors such 
a s  maleic anhydride with simple olefins ."' 

H,C = CHC H2CHC0 

CH,CH= CH, + 
CHCO 

1 :O 
cyco 

35. Condensation of Acetylenes with Compounds Containing Active 
Hydrogen (Vinylation) 

HCECH H,C = CHC CH 

H,C=CHCl 

HC=CH H,C = CHOR 

RCOIH H,C = CH0,CR 
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Acetylene i s  condensed to vinylacetylene and divinylacetylene by 
cuprous chloride and ammonium ~ h l o r i d e . ~ '  Similar additions of other 
compounds containing an active hydrogen atom occur in the presence of 
various catalysts. Mercury s a l t s  are most effective in the vapor-phase 
reaction of acetylene with hydrogen chloride to  give vinyl chloride 
( ~ O O % ) . ' ~ ~  Basic  catalysts  such as potassium hydroxide, potassium 
ethoxide, or zinc oxide are used for the vinylation of alcohols, glycols, 
amines, and acids."' Most of these  reactions involve the use  of acetylene 
under pressure, and few have been described a s  simple laboratory pro- 
cedures. Chloroacetic acid,  however, reacts  with acetylene a t  atmos- 
pheric pressure in the presence of mercuric oxide to  yield vinyl chloro- 
acetate (4%)."' 

36. Aldoi Condensation 

Olefinic aldehydes and ketones result  from the dehydration of the cor- 
responding P-hydroxy compounds. The  availability of olefinic compounds 
by this  method is subject to the limitations of the aldoI condensation 
(method 102) and the mode of dehydration. The  tendency for dehydration 
to  a conjugated system (a,P-olefinic compounds) i s  not a s  pronounced 
a s  i s  generally believed. 

Many aldols dehydrate spontaneously a t  room temperature or upon 
acidification by acetic acid. Thus,  the condensation of benzaldehyde 
with propionaldehyde or butyraldehyde gives the a-alkylcinnamaldehydes 
directly (58-67%)."2s "' 

C,H, CHO + RCH,CHO -+ C6H, CH= CRCHO + H,O 

However, direct dehydration of the aldol i s  inferior to  pyrolysis of i t s  
benzoate (method 24) in the preparation of a-isopr~pylacrolein.'~' 

The 7-hydrogen atom of crotonaldehyde i s  involved in i t s  self-con- 
densation and in i ts  condensation with benzaldehyde,"' acetaldehyde,"' 
Or ~innarnaldeh~de.''' The linear olefinic aldehydes, 

CH,CH= CHCH= CHCH = CHCHO, C6H, CH= CHCH= CNCHO, 

CH,CH= CHCH= CHCHO, and C,H, CH= CHCH=CHCH= CHCHO, 

are obtained directly in low yields. In the presence of dibutylamine 
Crotonaldehyde condenses to dihydro-o-tolyIaldehyde (75%).481 
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P - H ~ ~ ~ o x ~  ketones obtained by the condensation of ketones or by the 
crossed condensation of aldehydes with ketones are important sources of 
olefinic ketones. Dehydration i s  effected by warming the ketols with 
oxalic acid," dilute sulfuric acid," hydrobromic acid," phosphoric acid?' 
or a trace of iodine:" 70* " A typical example i s  the dehydration of di- 
acetone alcohol obtained from the self-condensation of acetone. The 
product i s  an equilibrium mixture of the conjugated and unconjugated 
isomers, (CH3),C=CHCOCH3 and CH,=C(CH,)CH,COCH,, in a ratio 

' 

of 91 t o  9, respectively?'~ " 

The condensation of methyl ketones and subsequent dehydration to 
olefinic ketones i s  frequently accomplished without isolation of the 
ketol. The course of the condensation of methyl n-alkyl ketones depends 
upon the nature of the reagent. The methyl group i s  involved when a 
basic catalyst  such a s  aluminum t-butoxide i s  employed. The  unsaturated 
ketones are obtained in 70-80% yields; branched ketones give somewhat 
lower yields .'" 

An acidic reagent such a s  hydrogen chloride causes  condensation on 
the higher alkyl group of the ketone. f i ~ h l o r o  ketones are formed which 
are dehydrohalogenated by the action of heat or by treatment with 
bases?v0s320* '" Thus, the condensation of methyl ethyl ketone in acid 
media leads to C,Hs C(CH,)=C(CH,)COCH,, whereas, with bas ic  cata- 
lysts ,  condensation gives C,Hs C(CH,)= CHCOCIKs . These  condensa- 
tions are further complicated by the equilibria between the conjugated 
and non-conjugated forms of the olefinic ketones a s  well a s  by cis-trans 
isomerism.l*"l 322, 4" 

Methyl aryl ketones are converted smoothly t o  the olefinic ketones by 
aluminum t-butoxide. This  reagent has the added advantage of removing 
the water formed by the dehydration of the ketols. The condensations are  
carried out a t  60-140°, with the distillation of t-butyl alcohol from the 
reaction mixture if necessary. An example i s  the preparation of dypnone, 
C6H5 C(CH,)= CHCOC6Hs , from acetophenone in 82% yield.'2' 

The crossed condensation of an  aromatic aldehyde with a ketone usually 
gives a high yield of the unsaturated ketone directly. Acetone i s  con- 
densed with either one or two molecules of benzaldehyde to  give ben- 
zalacetone (68%)a94 or dibenzalacetone (94%);'' respectively. Alkyl 
styryl ketones, C6Hs CH=C(R)COR, have been prepared from benzalde- 
hyde and higher ketones in the presence of hydrochloric acidso4 or alkali  
hydroxide.'a0' Substituents on the phenyl group include methyl,fo2 
hydroxyl,'** me th~x~l , '~" '**  and nitro3" groups. A survey of condensa- 
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tions of substituted benzaldehydes and methyl ethyl ketone has been 
made.'* The reaction with acetophenone leads to  phenyl styryl ketones, 
the simplest of which i s  benzalacetophenone or chalcone, 
C6H5 CH= CHCOC,H5 (85%).a*5 Many substituted chalcones have been 
prepared with substituents on one or both of the phenyl groups.'00~30's'05 
~ u f u r a l , " '  5-methylfurfural,''0 and 2-thiophenealdehyde4" condense with 
ketones in good yields. Examples are  furfuralacetone (66%),'07 furfual- 
acetophenone (9%),'08 and furfuralacetofuran (8%)30* from acetone, 
acetophenone, and acetylfuran, respectively. 

Substituted cyclopentenones are formed by internal aldol condensation 
of 7-diketones in the presence of basic catalysts.  

1 The methyl group on the carbonyl carbon atom does not take part in 
the condensation. The single product i s  a 1-methyl-2-alkyl-l-cyclopenten- 
3-one. The yields are excellent except for the simplest y-diketone, . 1 acetonylacetone. A similar condensation of a s c  yllevulinates, 
CH3COCHaCH(COR)COaCH3, leads t o  4-carbomethoxy derivatives which 
are readily decarboxylated to  cy~lopentenones."~ 

Certain substituted cyclohexenones are made by an analogous internal 
aldol condensation and decarboxylation of bis-esters resulting from con- 
densation of aldehydes with acetoacetic ester .  

The R group may be aliphatic or aromatic."'** "' The use of formalde- 
hyde in the initial condensation gives compounds without the 5 s l k y l  
group .'" 

Cyclic ketones may be converted to  olefinic cyclic ketones containing 
one additional ring. The sodium enolate of the ketone i s  treated with a 
hannich base such a s  1-diethylamino-3-butanone. The last  substance i s  
a source of methyl vinyl ketone, which condenses with the cyclic ketone 
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enolate by the usual Michael addition. Subsequent cyclization of this 
1,5-diketone yields the new dicyclic ketone.'13 

CH, c 
\ /\ i0 

CH, CH 

The reaction has been extended with certain improvements to the syn- 
thesis of higher polycyclic olefinic ketones ."' 

37. Condensation of Carbonyl Compounds with Compounds Containing an 
Active Methylene Group (Knoevenagel) * 

The active methylene group of malonic acid readily takes part in con- 
densations with aldehydes. The reaction i s  catalyzed by ammonia and 
various amines?" Decarboxylation occurs a t  room temperature or upon 
heating to 100' to give, in most cases ,  a mixture of a,/?- and /?,y*lefinic 

* The confusion resulting from the association of the name of a scientist with 
a reaction i s  deplorable. The Knoevenagel reaction has been stated to include 
the condensation of compounds containing an active hydrogen atom with a variety 
of carbonyl compounds in the presence of  nitrogen bases.'" The Doebner reac- 
tion usually signifies the use  of pyridine a s  a catalyst, althou& this base was 
first used in this manner by Verley.'" The Perkin reaction (method 38) i s  some- 
times extended to include these and other named reactions. In this chapter the 
following arbiuary division has  been made. When the active meth~lene group i s  
part of a simple aldehyde or ketone, the condensation i s  discussed a s  an aldol 
condensation (method 36), and when it i s  part of a simple anhydride, the conden- 
sation i s  discussed a s  a Perkin reaction (method 38). All other condensations of 
this type are treated here (method 37) regardless of the nature of the catalyst. 
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acids. The use of pyridine a s  a solvent leads to  good yields of a,& 
olefinic acids from most low-molecular-weight aliphatic, alicyclic, and 
aromatic aldehydes. The small amount of P,y-olefinic acid present i s  
best  removed by distillation and crystallization."* When acetaldehyde i s  
used, the resulting crotonic acid i s  the trans form?13 The bes t  examples 
are found in the preparations of 2-hexenoic acid (64%)326 and 2-nonenoic 
acid (85%):" although a,P-olefinic acids a s  high a s  2-heptadecenoic 
acid have been made.'34 Triethanolamine i s  the bes t  catalyst  for the 
preparation of P,y-olefinic acids such a s  3-hexenoic acid ( 4 ~ % ) " ~  and 
/?-cyclohexylidenepropionic acid (36%):)' 

Substituted benzaldehydes and malonic acid give cinnamic acids in 
excellent yields. Among the common nuclear substituents are  methyl,"' 
halo,a55. 341. 348 hydroxyl,'35~36' methoayl,~5~s 341. 346. 367 cyano,"' nitro,"3* '" 
and diethylaminoass groups. Other P-arylacrylic acids have been made 
by the use of a-naphthaldehyde,"' ~ h e n a n t h r a l d e h ~ d e s y  and furf~ral.'~' 
Phenyl-substituted aliphatic aldehydes have a l so  been used in this con- 
densation.'*O. 3491 350 

Conjugated olefinic acids containing more than one double bond are 
prepared from olefinic aldehydes. Thus, acrolein and crotonaldehyde with 
malonic acid yield vinylacrylic acid (60%)336 and sorbic acid,  (32%Iaa7 
respectively. In this manner, the completely conjugated 2,4,6,8,10,12- 
teuadecahexaenoic acid, CH,(CH=CH),CO,H, has been made.'39 

Olefinic es ters  may be obtained directly by the Knoevenagel reaction. 
Alkyl hydrogen malonates are used in place of malonic acid. Decarboxy- 
lation then gives the ester directly a s  in the preparation of ethyl 2- 
heptenoate (78%y6' and methyl m-nitrocinnamate (87%)."' Alkyl hydrogen 
malonates are readily available by partial hydrolysis of dialkyl malo- 
nates."' The use  of malonic ester  in the condensation leads to olefinic 
diesters, namely, alkylidenemalonates such a s  ethyl heptylidenernaIonate 
(68%). '" A small amount of organic acid i s  added to  the amine catalyst3s7 
since the s a l t s  rather than the free amines have been shown to be  the 
catalysts in condensations of this Various catalysts have 
been studied in the preparation of diethyl methylenemalonate. Increased 
yields are obtained in the presence of copper salts.'60 Trimethylacetalde- 
hyde and malonic ester are condensed by acetic anhydride and zinc 

Acetic anhydride i s  a l s o  used for the condensation of fur- 
f u a l  and malonic ester  to  furfurylidenemalonic ester  (82%).406 

Certain aromatic and heterocyclic olefinic es ters  are bes t  prepared by 
condensation of ethyl acetate and aromatic aldehydes by sodium sand 
(Claisen). Benzaldehyde in this reaction gives ethyl cinnamate, 
CKH, CH= CHCOaC,Hs (74%).'94 p - M e t h y l b e n ~ a l d e h ~ d e y  furfural,'06 
fur~lacrolein, '~~ and 2-thiophenecarboxaldehyde "' have been condensed 
in a similar manner. 
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Ketones do  not condense readily with malonic ester. The condensation 
of acetone and diethyl malonate is brought about by heating for 24 hours 
with acetic anhydride and zinc chloride. The yield of diethyl isopropyl- 
idenemalonate is 52%?" Under similar conditions methyl ethyl ketone 
condenses t o  the extent of only 1%.'05 

Olefinic dibasic ac ids  with the carboxyl groups farther apart are pre- 
pared from aldehyde es ters ,  C2H5 O,C(CH,),CHO, malonic acid, and 
pyridine.SS9 

Ketones are condensed with diethyl succinate,  

by a variety of bas ic  reagents (Stobbe c o n d e n s a t i ~ n ) . ~ ' ~  Acetone, sodium 
ethoxide, and succinic es ter  give diethyl isopropylidenesuccinate, 
(CH,),C = C(CO,C,H, )CH,CO,C,H, (4 I%).'" Cyclohexanone has been 
similarly ~ o n d e n s e d ? ~ '  Potassium t-butoxide and sodium hydride are 
excellent ca ta lys ts  for condensations involving aryl  ketone^?^' Here, 
acid es ters  are formed which are readily decarbethoxylated to  a tautomeric 
mixture of olefinic acid and lactone. The  over-all process combined with 
reduction of the lactones or olefinic acids is a method of introduction of 
a propionic acid residue a t  the s i t e  of a carbonyl group of a ketone. 

Various modifications of this  process have been used with moderate suc- 
c e s s  to  make P,y-olefinic acids (pyrolysis of paraconic acids). 

329.373 

Acetoacetic es ter  condenses with aldehydes a t  5-10' in the presence 
of piperidine, piperidine acetate,  or acetamide. Several olefinic P-keto 
es ters  have been made in this  way: for example, ethyl butylideneaceto- 
acetate (81%).'71 

The methyl group of pyruvic acid, CH,COCO,H, undergoes condensa- 
tion with aldehydes to  give olefinic a-keto acids. Directions for improved 
yields are given for benzalpyruvic acid, C6H5CH=CHCOC02H (80%)y7 
Aromatic aldehydes containing alky1375 and a l k o ~ ~ l ~ ~ ~  groups, as  well a s  
olefinic aliphatic  aldehyde^'^' and furfural:06 have been condensed. 

The reaction of aliphatic, alicyclic, and aromatic aldehydes and ke- 
tones with cyanoacetic ester ,  NCCH2C02C2H5 , i s  general. The  products 
are a,,&lefinic cyanoacetates. The aldehydes are  condensed with the 

350, 868, 369 
ester  in the presence of amines or with sodium cyanoacetate in 

the presence of sodium Similarly, cyanoacetic ester  i s  

condensed with ketones by catalysts  such a s  acetamide or the acetates 

~ METHODS 37-38 

of ammonia or amines .SW* 36'* '6s* The  reaction i s  reversible and i s  
carried to  completion by removal of water?63 

Excellent yields of alkylidenemalononitriles, RR'c=C(CNX, are  ob- 
tained by condensation of aldehydes and ketones with mal~nonitr i le?~"- '~ '  
The ca ta lys ts  are piperidine and benzylamine for aldehydes and am- 
monium acetate for ketones. 

Olefinic cyanides are a l so  produced by condensation of aldehydes or 
ketones '86* "" with benzyl cyanide, C6H5 CH2CN. The yields from alde- 
hydes are in the range of 36-91% when sodium ethoxide is  used as the 
condensing agent.'79* "" '" Condensations involving a l l  types of cyano 
compounds containing active methylene groups were reviewed in 1947.'9' 

Olefinic nitro compounds are made by condensation of aldehydes and 
ketones with nitro compounds containing an  active hydrogen atom. 

Base RCHO + R'CH,NO, ---+ RCH = CR'NO, 

Nitro alcohols are  usually isolated (method 102) but are sometimes dehy- 
drated directly to  olefinic nitro compounds a s  in the preparation of w -  
nitro-2-vinylthiophene from nitromethane, thiophenecarboxaldehyde, and 
sodium hydroxide (78% yield)?s' Many substituted &nitrostyrenes have 
been obtained by condensation of nitromethane or n i t r ~ e t h a n e ' ~ ~  with 
substituted benzaldehydes .'"* '09 A methyl group on the benzene ring i s  
sufficiently activated by nitro groups in the ortho or para position to 
cause  condensation with aldehydes. A ser ies  of nitrostilbenes has been 
made in this way from substituted ben~aldeh~des . '~ '  

38. Condensation of Aromatic Aldehydes with Anhydrides and Acid Sal t s  
(Perkin) 

This  condensation is essential ly an aldol-type reaction of an  aldehyde 
with the methylene group of an anhydride. The  sodium sa l t  may be re- 
placed by other basic catalysts  such a s  potassium carbonate or tertiary 
amines.S9' If the acid residue in the anhydride is not the same a s  that in 
the sodium sa l t ,  an  equilibrium between these substances may occur 
before condensation. Thus, a mixture of ace t ic  anhydride and sodium 
butyrate or a mixture of butyric anhydride and sodium acetate gives cin- 
namic acid and a-ethylcinnamic acid in the same ratio.'99 

A review of the literature of this  reaction to 1941 has  been made."' 
The condensation i s  most valuable for the preparation of substituted cin- 
namic acids,  particularly those containing halo, methyl, and nitro 
groups .3861 3871 400 Furfural has been condensed in good yields with acetic 

anhydride,'90 butyric anhydride,"' and sodium phenylacetate in the 
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presence of acetic anhydride.'" Homologs of acetic anhydride give a- 
substituted cinnamic acids,  ArCH=C(R)CO,H, where R i s  methyl (70%),'M 
phenyl, (56%)'" and vinyl (40%):" Sodium sal ts  of arylacetic acids,  
AtCHaCOaNa, may be used with acetic anhydride for this purpose, the aryl 
group appearing on the a-carbon atom of the prod~ct.'~'*'~' 

The reaction is usually carried out be heating equimolar quantities of 
the aldehyde and sa l t  with excess of the anhydride for 8 hours at 170- 
180'. Lower temperatures are  often employed when potassium acetate 
or trialkylamines 06' '"* are used a s  condensing agents. Continuous 
removal of acetic acid during the reaction was found t o  have no effect on 
the yield of cinnamic acid.'" Substitution of diacetimide for acetic anhy- 
dride gives cinnamide (77%).'95 

Highly conjugated diphenylpolyenes, C6H, (CH= CHInC6H,, are ob- 
tained directly from the condensation of olefinic aldehydes such a s  cin- 
namaldehyde, C6H, CH=CHCHO, with sodium sa l t s  of phenylacetic or 
succinic acids in the presence of lead oxide and acetic 
The unsaturated acids  first formed are decarboxylated under the condi- 
tions of the condensation. 

39. Cleavage of Substituted a-Ketolactones 

RCH = C(Br)CORB + (COOKX 

Several a-bromoa ,P-olefinic ketones and esters have been prepared 
by an interesting cleavage of P-acyl or P-carbethoxy-a-ketolactones. It 
is unnecessary to  isolate the bromolactone. Bromination and cleavage 
take place readily a t  0-20°; overa l l  yields are 60-85%:'' The P-acyl 
and P-carbethoxy-a-ketolactones are prepared by aldol-type condensa- 
tions of aldehydes with the active methylene groups of ethyl fl-acetyl- 
pyruvate, CH3COCH,COCOaC,H, , and ethyl oxalacetate. 
CaHS 02CCOCHaC0,C,Hs, respectively. 

40. Stilbenes by Pyrolysis of Ethylene SulfonesSaa 

SO Heat 
2ArRC =NNHa % 2ArRCN2 -3 A r R C - C  RAr - ArRC= CRAr 

\ / 
so1 

4l.Allenes by Reduction of Acetylenic Halidessas 

METHOD 42 5 7 

42. Vinylacetylenes from Sulfonates of Acetylenic Alcohols 'I7 

ArSO CI RCHOHCHaC CH ArSO,CHRCH,C 3 CH % 

RCH=CHC=CH (91%) 



OLEFINIC COMPOUNDS Ch. 2 

TABLE 2. OLEFINS 

c, Compound (%) chaptefef .  B.p./mm., nh. (M.P.), Deriv. 

A l i ~ h a t i c  Olef ins  

C ,  Ethylene 
C.  P r o ~ e n e  ' 

22 .... 227 
24 .... 2'" 

29 40 2 ln 

cis- and tr-2-Butene 19 80 2" 
2-Butene 19 48 2 l6 

cis-2-Butene 27 65 20' 
trans-2-Butene 27 84 2 
Isobutene 19 100 2 34 

19 82 2 l7 

C s  1-Pentene 21 6 5  21U 
24 84 z*' 
29 54 2 178 

2-Pentene 19 80 2 is 
19 90 2 
20 90 2 114 

24 71 2'" 

TABLE 2. OLEFINS 

TABLE 2. (continued) 

c, Compound Method chapterref. B.p./mm., nb, (M.p.), Deriv. 
(X) 

Aliphatic Olefins (continued) 

Tetramethylethylene 

C 7  1-Heptene 

1 For explanauons and symbols s e e  pp. xi-xii. 
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TABLE 2. (continued) 

% Compound Method ~ h a ~ t e c ' e f .  B.p./mm., n 6 ,  (M.p.), Deriv. 
(%) 

Aliphatic Olefins (continued) 

C 7  3-Ethyl-2-pentene 19 96 2" 97/737, 1.4142 
19 95 2'7 97 
19 8 4  2" 96 
21 69  214 95/760, 1.4120 

2,3-Dimethyl-2-pentene 19 54 217 95 
2,4-Dimethyl-2-pentene 19 9 1  2 '  8 3  

19 49 2' 83/760, 1.4018" 
24 88 2'" 83, 1.4042 

3,dDimethyl-2-pentene 21  60 2'- 86/760, 1.4052 
4,4-Dimethy 1-2-pentene 24 7 1  Z m 4  77. 1.3983 

25 73 216' 75/739, 1.3986 
2-Ethyl-3-methyl-1- 21 8 4  2'" 89/760, 1.4120 

butene 
2,3,3-Trimethyl-1-butene 19 67 2' 78, 1.4029 

19 95 2" 78 

C, 1-Octene 24 77 2*' 121, 1.4094 
24 70 2*' 122/760, 1.4087 
29 .... 2 4 122/765, 1.4088 
30 90 2"" 121/760, 1.4088 

b o c t e n e  (mostly cis) 30 .... 2 126/760, 1.4150 

trans-2-Octene 30 8 1  2'04 125/760, 1.4132 
3-Octene 21  70 2* 122/760, 1.4136 
trans-3-Octene 30 9 8  2'04 123/760, 1.4129 
cis-4-Oc tene 30 80 2'- 72/150, 1.4139 
truns-4-Octene 30 99  2'04 122/760, 1.4122 
4-Methyl-2-heptene 29 27 2 114, 1.41OOz 
2-Ethy 1- 1-hexene 24 79 2= 119, 1.4155 
2,2-Dimethyl-3-hexene 25 6 3  2 '  100/760, 1.4068 
4,4-Dimethyl-2-hexene 25 55 216' 104/739,1.4120 
2,4,4-Trimethyl- 1- 19 78 2- 103/742, 1.4086 

pentene 
2,2,4-Trimethyl-2- 24 75 2'" 105, 1.4160 

pentene 
2,2,3- Trimethy 1-3 19 52 2' 111, 1.4220 

pentene 

C9 I-Nonene 24 74 2*' 147/760, 1.4157 
&Methyl-2-octene 29 28 2 138, 1.4158" 
4,GDimethyl-2-heptene 29 36 2 130, 1.4135" 

C lo 3,4-Diethyl-3-hexene 19 85 2 " 158/758. 1.4338 
C ,, 4-Methyl-1-decene 29 7 1  21P0 72/12, 1.4241" 
C 1' 1-Dodecene 24 70 2 117 93/13 
C ,, 1-Tridecene 29 77 2"' 103/10. 1.4328" 

TABLE 2. OLEFINS 61 

TABLE 2. (continued) 

% Compound Method 
(%) 

chapterref. B.p./mm., n h  , (M.p.), Deriv. 

Aliphatic Olefins (contirered) 

c 16 I-Hexadecene 21 63 2IU 122/3, 1.4410 
29 47 2 189 

C m  3-Ethyloctadecene 19 100 2" 147/1.3 

Alicyclic Olefins 

C3  Cyclopropene 26 45 2'* -361744 
C s  Cyclopentene 19 , 8 3  2" 44/760, 1.4223 

19 90 243' 45 
Methyleaecyclobutane 22 70 2476 42 

C 6  Cyclohexene 19 8 9  213 8 2  
19 73 2" 83  

I - 19 73 219 
34 18 24W 83/758, 1.4461 

I 1-Methyl-1-cyclopentene 19 84 21M 75, 1.4335- 

19 8 9  2'" 75, 1.4325 
31 34 2wa 75, 1.4300'' 

3-Methylcyclopentene 29 24 t 2'" 65/760, 1.4207 
1-Methyl-2-cyclopentene 3 1 14 2 '  65, 1.4198" 
Methylenecyclopentane 27 8 1  24m 74/745, 1.4354 
Isopropenylcyclopropane 19 8 0  2Im 70.4/760, 1.4254 

C 7 Cycloheptene 19 .... 2'' 115/756, 1.4576 
19 8 0  218 114/760, 1.4580 

1-Methylcyclohexene 19 8 0  2'' 110, 1.4498 
Methylenecyclohexane 24 72 2'' 102/738 
3-Ethylcyclopentene 29 48 t 2 I" 98/760, 1.4321 
1.2-Dimethyl-1-cycle 19 87 218 105 

pentene 
1,2-Dimethyl-2-cycle 31 16 2- ' 92, 1.4265" 

pentene 

C, 1-Ethyl- I-cyclohexene 19 58 2" 135/747 
19 80 2 31 136, 1.4583 

1. 1-Dimethyl-1-cyclo- 19 81  2'' 124/752, 1.447416 
hexene 

1,2-Dimethylcyclohexene 34 50 2 138/760,1.4612 
3-n-Pr~p~lcyclopentene 29 48 t 2 126/760, 1.4359 
3-Isopropylcyclopentene 29 2 8 t  2 121/760,1.4380 
A l l y l ~ ~ c l o p e n t a n e  29 7 5  2''' 126/739,1.4410 

C9 l-n-Propylcyclohexene 19 80 2 157, 1.4578 
1-Isopropylcyclohexene 19 8 0  2" 154, 1.4594 
1-Ethyl-Cmethylcycle 19 89 2U9 149, 1.4526 

hexene 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 2. (contirared) 

Ch. 2 

-- - 

Gz Compound Method chapterref. B.p./mm., nL, (M.p.), Deriv. 
(%) 

Alicyclic Olefins (continued) 

C lo 1-Cyclopentyl-2-cyclo- 29 73 2 1 9 V 8 6 / 7 6 0 ,  1.4760 
pentene 

C ,, 1-Cyclohexylcyclohexene .... 8 5  2'lJ 104/12, 1.493, 127Di 

Aryl-Substituted Olefins 

C ,  Styrene 19 90 2 ' 3 4  
19 57 2@ 67/60, 1.5470 
21 8 9  21d7 146/760, 1.5463 
27 41 2 45/40 

C 9  Allylbenzene 29 82 2 154/725 
1-Phenyl-1-propene 19 60 24' 62/11 

30 50 2* 167/746, 1.5420 
a-Methylstyrene 19 7 1  2UJ 

19 90 2 1621'752, 1.5370" 
20 77 2'" 72/30, 1.5350" 

p-Methylstyrene 19 8 3  2 66/18, 1.5402" 

C , cip2-Phenyl-2-butene 19 59 zu7 94/30, 1.5393'~ 
trans-2-Phenyl-2-butene 19 14 2U7 77/30, 1.5192 
o-Allyltoluene 29 70 2"' 181/750, 1.517114 
p-Allyltoluene 29 75 2 181/750, 1.5082 
m-Ethylstyrene 19 93  2166 74/14, 1.5315" 
p-Ethylstyrene 19 83 2l" 68/16, 1.5350U 
2,CDimethylstyrene 19 8 5  2"" 79/12, 1.539 

19 71 2" 90/25, 1.5423 
2,FDimethylstyrene 19 88  Zn 83/23, 1.5395 
3,dDimethylstyrene 19 8 0  2" 96/26, 1.5463 
3,FDimethylstyrene 19 87 2" 58/4, 1.5382 
a.4-Dimethylstyrene 20 60 2 111 77/19, 15290" 
1,dDihydronaphthalene 22 67 2 171 (25) 

C m-Allylethylbenzene 29 65 2 88/18 
C , m-~Buty ls ty rene  19 61 2" 98/15, 1.5246 

nrt-Butylstyrene 19 61 2IJ 100/17, 1.5234 
p-t-Butyl sty rene 19 76 2l" 100/14. 1.5245" 
3, FDiethy lstyrene 19 83  2l" 107/15. 1.5280U 
a-Vinylnaphthalene 19 57 2'" 87/2.0, 1.6436'' 
PVinylnaphthalene 19 75 2l" 79/2.5, (66) 

C13 a-Allylnaphthalene 29 81  2 128/8, 1.6089'" 
C 1,l-Diphenylethylene 19 70 t 214 113/2 

cis-Stilbene (isostilbene) 27 65 2'- 134/10 
30 80 2m5 145/18, 1.6265 

trans-Stilbene 19 57 2'' (124) 

T A B L E  3. DIOLEFINS 

TABLE 2. (continued) 

Compound Method 
Yield 

c n  (%) B . P . / ~ . ,  n h ,  (M.P.), Deriv. 

Aryl-Substituted Olefins (continued) 

C 1,l-Diphenyl-1-propene 19 70 2l" 
o-Methylstilbene 28 12 2'" 125/0.15, 159Di 
rn-Methylstilbene 28 14 2 (48), 176Di 
p-Methy lstilbene 28 32 2 (120), 188Dib 
2-Viny lfluorene 19 28 2'" (134) 

C,O Triphenylethylene 19 59 2"' (69) 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 3. DIOLEFINS 

Compound Method chapterref. B.p./mm., n;, (M.p.), Deriv. 
(%) 

Aliphatic Diolefinic Hydrocarbons 

C3 Allene 22 .... 
C4 Methylallene 22 72 

1 , s  Butadiene 20 30 
22 90 
34 75 

Cs 1.2-Pentadiene 22 70 
(ethylallene) 

1,3-Pentadiene 19 .... 
23 72 
24 65 

1,CPentadiene 21 75 
21 53 
24 91 
29 15 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 3. (continued) 

c, 
1 

Compound Method chapterref. B.p./mm., nD, (M.P.), Deriv. 

Aliphatic Diolefinic Hydrocarbons (continued) 

Cs 2-Methyl-1.3-butadiene 19 .... 26 
(isoprene) 19 88 2 47 

34 58 2 "1 

C6 1,EHexadiene (n- 22 70 2'" 
propylallene) 

40 71 2=' 
1,4-Hexadiene 21 67 2 '" 

24 34 2 "' 
1,5-Hexadiene (biallyl) 29 65 2 194 

2,CHexadiene 24 66 2 229 

1,3,5-Hexatriene 19 64 2 17s 
33 30 2'" 

CMethyl-1,bpentadiene 22 70 2 '" 
(isopropylallene) 

2-Methyl-l,+pentadiene 19 .... 26 
3-Methyl-1,3-pentadiene 19 64  2" 

19 .... 2" 
19 42 2 

CMethyl-l,+pentadiene 19 23 2- 
20 .... 26 

2-Ethylbutadiene 24 23 2 173 

' 2,3-Dimethyl-1.3- 19 72 2" 
butadiene 

19 8 6  2U 
19 6 0  2" 
24 8 5  2'= 

C 7  1,bHeptadiene (71- 22 70 2'" 
butylallene) 

1,4-Heptadiene 21 42 2'" 
24 80 24' 

l,&Heptadiene 30 61 2nu 
5-Methyl-1.2-hexadiene 22 70 2 '" 

( i s ~ b u t ~ l a l l e n e )  
4-Methyl-l,+hexadiene 19 88 2 12s 

2-Methyl-2,4-hexadiene 20 68 2 114 

2,CDimethyl-l,3-penta- 19 60 f 2' 
diene 

2-Isopropyl-l,+butadiene 24 54 2 171 

1,1,3-Trimethyl-l,3- 19 5 8 t  2" 
butadiene 19 65 2" 

T A B L E  3. DIOLEFINS 

TABLE 3. (continued) 
- 

c, Compound t Method chapterref- B.p./mm., nD. (M.p.), Derir. 
(%) 

Aliphatic Diolefinic Hydrocarbons (continued) 

c8 1,4-Octadiene 24 57 2 119/746,1.4322" 
2,4-Octadiene 19 33 2" 134, 1.4542" 
2,4,&Octatriene 19 43 2% 45/11 
4-Methyl-1,Fheptadiene 29 49 2Q 111, 1.4213" 
2.2-Dimethyl-3.4-hexadiene 19 19 2" 108, 1.4425" 
2,FDimethyl-1,s 29 80 2m 137/760 

hexadiene 
2,5-Dimethylhexauiene 33 27 2" 90/200, 1.5150" 

C9 trmstrms-2,7-Nonadiene 30 79 2'04 150060,  1.4358 
2,5.S-Trimethyl-1,s 19 27 t 2s 128032 ,  1.4489 

hexadiene 
2-n-Amyl-1,3-butadiene 24 43 217' 69/65, 1.4450 

C, 4.5-Dimethyl-2,& 29 38 2" 154, 1.4375" 
o ctadiene 

1,l-Dimethyl-3-t-butyl- 19 64 2" 59/32 
1.3-butadiene 

Alicyclic Diolefinic Hydrocarbons 

C s  Cyclopentadiene 34 70 2"6 41/772 
C6 1,3-Cyclohexadiene 20 90 2'=4 

Cyclohexadiene 23 57 2"6 80/757, 1.4740 
1.4-Dihydrobenzene 4 65 t 2"' 89 

C 7 Cycloheptadiene 26 9 0  2" 1 2 1 0 5 8  
Cycloheptatriene 20 6G 2" 115/760,1.5243 
1-Vinyl-1-cyclopentene 19 88  25 114 

C, I-Vinyl-1-cyclohexene 30 44 Z a U  145, 1.4911i4 
CIO 1-(3-Buteny1)-1-cyclo- 19 70 2O 62/10, 1.4745" 

hexene 

Aromatic Diolefinic Hydrocarbons 

C IO 1-Phenyl-1.2-butadiene 22 77 2'" 77/10. 1.571614 
t rms l -Phenyl - I ,+  19 75 2'01 78-81/8, 1.6090 

butadiene 
(3-~henylbutadiene 20 4 6 t  2n8 67/13 
p-Divinylbenzene 19 8 3  2lu 46/1, (31) 

27 45 249' (31) 

2,3-Diphenylbutadiene 19 80 2 518 (51) - 
For explanations and symbols s e e  pp. xi-xii. 
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43. Dehydrohalogenation of Halides 

RCX-CH, RCECH + (HX) 

A triple bond may be formed by dehydrohalogenation of dihalides and 
olefinic halides of the general types RCX s C H , ,  RCH =CHX, RCH -=CXR', 
RCHXCH2X, RCHXCHXR', RCH,CHX,, and RCX,CH,R'." The  choice of 
a base  depends somewhat on the  position desired for t he  triple bond in  
the  product. Sodium amide tends to rearrange the triple bond toward the 
end of the chain,'a and potassium hydroxide favors reverse isomerization 
toward the  center of the   hai in.",^','^ Although neither rearrangement is 
dependable from a synthetic standpoint, i t  i s  bes t  t o  choose the base  
favoring the  desired product. 

A suspension of sodium amide in  mineral 0 i l 34~4  4 1 ~ 4 6  or sodium amide 
in liquid ammonia2a h a s  been used t o  prepare 1-alkynes of various types 
in 45-96% yields. The  acetylenes are liberated from their sodium s a l t s  
by dilute acid. It is important that the sodium amide be  of good quality 
and that moisture be excluded from the reaction mixture.34 

Suspensions of potassium hydroxide in mineral oil,'5 molten potassium 
hydroxide,31 and alcoholic potassium hydroxide3% 3 6 ~  give consistently 
better yields (60-88%) of 1- and 2-alkynes. Most of the  I-alkynes pre- 
pared in th is  way are incapable of isomerization: e.g., propyne, phenyl- 
acetylene, and t-butylacetylene. Alcoholic potassium hydroxide dehydro- 
halogenates st i lbene dibromide to  diphenylacetylene (tolane), 
C,H, C = CC611, (85%),19 whereas sodium amide in liquid ammonia causes  
dehalogenation t o  stilbene, C6Hs CH =CHC6HI (86%).34 A se r i e s  of 
alkylphenylacetylenes, C,H, C =  CR, h a s  been prepared directly from 
a-alkylcinnamic acid dibromides, C,H, CHBrCRBrCO,H, by dehydro- 
halogenation and decarboxylation with alcoholic potassium hydroxide.3g 

An interesting rearrangement of a n  aryl group occurs in the dehydro- 
halogenation of unsym-diarylhaloethylenes t o  diarylacetylenes. 

Ar,C =CHX + KNH, -+ A r c  =CAr + KX + NH3 

The relative positions of groups on the  nucleus are  not changed during 
the  migration. The  yields of tolanes a r e  generally 80-90%.6a 

Many acetylenic ac ids  have been made by the dehydrohalogenation of 
the dibromo derivatives of olefinic acids. Aliphatic a$-acetylenic ac ids  
are often decarboxylated under the  conditions of t he  reaction." However, 
phenylpropiolic acid,5a C6H, C =  CCO,H, and acetylenedicarboxylic acid,s1 
HO,CC= CCO,H, are prepared in th is  way a s  well a s  acids having the  
triple bond in the Ay-, y,6-, and more remote positions in the  aliphatic 
chain. 

Other functional groups may be present in the molecule during dehydro- 
halogenation. Dichloroacetylene i s  obtained by passing trichloroethylene 
over solid potassium hydroxide a t  130° .4g AryI halogen atoms are  stable 
during d e h y d r o h a l ~ g e n a t i o n . ~ ~  Aqueous sodium hydroxide removes hydro- 
gen chloride from 3-chloro-2-buten-1-01 t o  g ive  2-butyn-1-01 (40%).44 
Powdered potassium hydroxide a t  100' is used with bromides of the 
general type ROCH=CHBr for the  preparation of alkoxy- and phenoxy- 
acetylenes (34-80%).4a~s7 Ethylene glycol i s  the solvent for  potassium 
hydroxide in a preparation of methyl propargyl ether, CH30CH,C=CH,, 
from 2,3-dibromo-I-methoxypropane." The aldehyde group i s  protected a s  
the ace ta l  in the  preparation of phenylpropargyl aldehyde (81%)." Sodium 
amide in  liquid ammonia removes hydrogen bromide from l-diethylamino-2- 
bromo-~-~ropene ,  (C,H, ),NCH,C(Br) =CH,, t o  give l-diethylamino-2- 
propyne (82%).rs 0- and p-Nitro groups have been present in a ser ies  of 
diphenylacetylenes prepared from the corresponding st i lbene dihalides 
and alcoholic potassium h y d r ~ x i d e . ' ~  A modification involves a one-step 
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process of coupling and dehydrohalogenation of a substituted benzal 
chloride by sodium in alcohol.s6 

Ne 
ArCHCI, Arc = CAr 

qb O H  

44. Alkylation of Acetylenic Compounds 

RCH,CH,X + HCE CNa -+ RCH,CH,C= CH + NaX 

Mono- and di-alkylacetylenes are prepared from sodium alkydes and 
primary alkyl halides which lack branching on the second carbon atom. 
The branched primary halides a s  well a s  secondary and tertiary halides 
undergo dehydrohalogenation to olefins by the basic alkyde. The alkydes 
are best prepared from the acetylenes and sodium amide in liquid 
arnm0nia.1~,6~ The yields of 1-alkynes are frequently 70-90% when alkyl 
bromides are employed a s  alkylating  agent^.^^^*"^^^ Dialkylacetylenes 
are formed in somewhat lower yields (30-70%), which decrease rapidly 
with increasing chain length of the alkyl bromides above n-amyl 
br0mide.'.8,9,~~,'~ Alkyl sulfates and alkyl sulfonates are a lso  used as  
alkylating agents to give mono- and di-alkylacetylenes in yields of 
60-83%.1,s*4,'*" Symmetrical dialkylacetylenes may be prepared by a one- 
step process from sodium a c e t ~ l i d e ,  sodium amide, and an alkyl halide or 
sulfate in liquid ammonia.'g6*' 

Acetylenic Grignard reagents are less  active than sodium alkydes but 
are readily alkylated by benzyl halides a s  well a s  by alkyl sulfates and 
s ~ l f o n a t e s . l . ~ ~ . l ~ ~ ~ ~  The Grignatd reagents are conveniently prepared from 
the acetylenes and ethylmagnesium bromide in ether solution. 

Several critical reviews of the alkylation reaction have been made in 
which the best experimental procedures are i n d i ~ a t e d . @ * ~ * ' ~  High- 
efficiency fractionation i s  necessary to obtain pure acetylenes free from 
halides and 01efins.~ I-Alkynes are sometimes ~ur i f i ed  through their 
silver salts." 

An additional functional group may be present in one of the reactants. 
Alkylation of vinylacetylene gives low yields of I-alken-3-ynes.l9 Cuprous 
halide catalyst i s  required for alkylations by ally1 bromide; the yields of 
l-alke11-4-~nes are about 88%.'? Both halogen atoms of dibromides can be 
induced to take part in alkylation if the halogens are not on the same or 
adjacent carbon atoms. The yields of diynes are 46-85%.9 Diynes in 
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which the triple bonds are closer together have been made by the action 
of substituted propargyl bromides, RC= CCH,Br, on sodium alkydes or 
by the coupling of two propargyl residues by magnesium" (method 45). 
polymethylene ~ h l o r o b r o m i d e s ~ ~ ~ ~  and i o d o ~ h l o r i d e s ~ ~ ~ ~ ~  when used a s  
alkylating agents lead to w-chloroacetylenes. The las t  compounds may 
also be prepared by alkylation with w-haloalkyl sulf0nates1~" (cf. 
method 10). Alkylations have been effected with both a- and P-halo 
ethers to give acetylenic e t h e ~ s . ' ~ l ' ~  The amino acetylene, Z-diethylamino- 
1-propyne, has  been alkylated by the sodium amide procedure with a 
series of primary halides including ally1 bromide. Average yields are 
better than 60%.55 

I 45. Coupling of Grignard Reagents with Haloacetylenes 

R'MgX -* RC CCRaR' 
RC= CCXR. -A 

Acetylenic hydrocarbons are prepared in 60-74% yields by the coupling 
of Grignard reagents and substituted propargyl halides. Allenes are also 
formed by an allylic-type rearrangement of the halogen atom.18~2@~63 
1,5-Diynes are available by this reaction in 50-60% yields by coupling 
two molecules of substituted propargyl halide by magnesium." 

Organomagnesium compounds react with dichloroacetylene to give 
40-70% yields of myl- and alkyl-I-chloroace~ylenes.69 

46. Diacetylenes by Oxidation of Metallic Acetylides 

Oxidation of cuprous acetylides by air or potassium ferricyanide brings 
about the union of two acetylenic groupings a s  in the preparation of 
dimethyldiacetylene (42%).7*38 The reaction has been applied to the 
synthesis of diynediols from acetylenic ~arb ino l s .~ '  

47. DecarboxyIation of Acetylenic Acids 

Arc= CC0,H -+ Arc r CH + CO, 

Arylpropiolic acids lose carbon dioxide when refluxed with water"#?' 
or a solution of sodium bicarbonate and cupric chloride.?' Yields of 
phenylacetylenes containing nuclear halo, alkoxyl, and nitro groups are in 
the range of 40-67%. Alkylphenylacetylenes, C6H,C= CR, may be made 
directly from a-alkylcinnamic acid dibromides, C6H, CHBrCRBrCO,H, 
by dehydrohalogenation and decarboxylation.39 
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48. T o l a n e s  by Oxidat ion of Hydrazones of Diketonesb6 

A r c  = NNH, lHgO 

I ArC=CAr + 2Hg + 2Ha0 + 2N, 

A r c  = NNH, 

49. Isomecization of Allenese8 
N.NH2 -0 

RCH -C -CH, A RCH,C CNa ARCH,CE H+ C H  

50. Coupling of Acetylenic  Grignacd Reagents  with Cyanogen C h l a i d e o 7  

R C  G CMgX + ClCN -4 R C  = CCN 

TABLE 4. ACETYLENES 

TABLE 4. ACETYLENES 

c n  Compound Method (X) ~ h a p t e r r e t -  B.p./mm., n b ,  (M.P.) 

Aliphatic and Alicyclic Acetylenic Hydrocarbons 

C Propyne (methylacetylene) 43 60 338 -23/760 
43 85 3= - 23/760 
44 75 3 

C, 1-Butyne (ethylacetylene) 43 40 3" 11 
44 60 33 8.5 

2-Butyne (dimethylacetylene) 44 41 3, 27/754, 1.3920 

C 5  1-Pentyne (n-propylacetylene) 44 50 316 40, 1.3850 
44 85 3' 40/760. 1.3852 

2-Pentyne (methylethylacetylene) 43 56 33' 55, 1.4050 
44 41 31a 56/755, 1.4035 

C , 1-Hexyne (~butylacetylene) 44 89 3' 71/760, 1.3990 
44 77 316 72, 1.3987 

3-Hexyne (diethylacetylene) 44 47 3' 82/744, 1.4115 
Methylisopropylacetylene 44 36 316 72, 1.407819 
3,3-Dimethyl-1-butyne 

(I- butyla cetylene) 43 81 336 37/768 

C ,  1-Heptyne (tz-amylacetylene) 43 88 335 
44 52 38 100/760. 1.4088 
44 75 3" 98, 1 A088 

2-Heptyne 44 48 3'4 111, 1,4192'5 
5-Methyl-1-hexyne 44 75 3', 92. 1.4M0 
4,4-Dimethyl- 1-pentyne 43 45 3" 74,1.4028 

Ca 1-Octyne (tz-berylacetylene) 44 65 
44 72 

2-Octyne (methyl-~amylacetylene) 44 36 
3-Octyne (ethyl-n-butylacetylene) 44 64 

44 70 
4-Octyne (di-~propylacetylene) 44 66 
1-Cyclopentyl-1-propyne 44 50 
3-Cyclopentyl-1-propyne 43 65 

C Di-i- butylacetylene 9 55 3 m  112/746. (19), 1.4055 

Aryl-substituted Acetylenes 

Ca Phenylacetylene 43 67 331 143 
43 52 318 74/80 

C9 Phenylmethylacetylene 44 50 3" 113/84, 1.5650 
44 66 315 73/15, 1.565 

Benzylacetylene 43 52 341 4&58/5 
pTolylacetylene 

~- 43  48 33' 81/32 

For explanations and symbols see  pp. xi-xii. 
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TABLE 4 (continued) 

C n Compound Method yt;y ~haptc r"L  B.p./mrn., ~ b ,  map.) 

Aryl-substituted Acetylenes (continued) 

C 14 Diphenylacet~lene (tolane) 43 6 9 t  3" (61) 
48 75 366 (59) 

- 

For explanations and symbols see  pp. xi-xii. 

TABLE 5. DIACETYLENES 

c n  Compound Method (%) chaprefref. B.p./mrn., n b ,  (I4.p.) 

C 4  1,3-Butadiyne (diacetylene) 46 . . .  33' 10/760 
C b  2.4-Hexadiyne (dimethyldi- 

acetylene) 46 42 3 (64) 
1,3,5-Hexatriyne (triacetylene) 43 1 0 t  3=' 

C 7  l,6-Ileptadiyne 44 46 3 112/760, 1.4423 
C g  1,8-Nonadiyne 44 85 39 162/760, 1.4490 

2,7-Nonadiyne 44 76 3 180/760, 1 . 4 7 4  
- 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 6. OLEFINIC ACETYLENES 

t 
C n Compound Method (3 chapterref. B.p./mrn.. n ~ .  (M.p.) 

C Vinylacetylene 

C 1-Penten- j-yne (methy lviny l- 
acetylene) 

2-Penten-4-yne 
2-Methyl- 1-buten-3-yne 

C,  1-Hexen-3-yne (ethylvinyl- 
acetylene) 

Divinylacetylene 
3-Methyl-3-penten-1-yne 

C,  1-tlepten-f yne 
1-Ethynylcyclopentene 

- .- - - -- - - / - 

TABLE 6. OLEFINIC ACETYLENES 

TABLE 6 (ca t inued)  

c n Compound Method ~ h a ~ t e r ' e f -  1 
(%) B.p./mrn., RD. (M.P.) 

C , 1-Octen-3-yne 21 73 2 249 62/60, 1.450525 
1-Ethynyl-1-cyclohexene 19 34 2 110 53/30, 1.4934" 

19 40 21T4 39/12. 1.4970 
42 40 2517 34-37/14, 1.496217 

C ,  1-Nonen-3-yne 21 76 2 "9 28/4, 1.4487" 
1-Nonen-4-yne 2 9  88 21a 58/22, 1.4413" 
2-Nonen-Cyne 21 70 2 149 70/29, 1 .459015 
1-Ethynylcycloheptene 19 52 2"' 78/35, 1.4980 
2-Methyl-1-ethynyl-1-cyclohexene 19 54 2*' 68/35, 1.489013 
2-Methyl-1-ethynyl-1-cyclohexene 19 62 2*' 72/40, 1.4836'' 

For explanations and symbols s e e  pp. xi-xii. 
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In this chapter are gathered twenty-eight methods for introducing the 
halogen atom into organic substances. These methods are grouped in 
accordance with some general type of reaction such a s  replacement re- 
actions (methods 51-63), halogenation reactions (methods 64-72), and 
addition reactions (methods 73-78). 

In the tables are collected a number of halogenated compounds, which 
have been prepared by these methods and, a s  such, serve a s  examples. 

Special works on summarizing information concerning halogen com- 
pounds are noteworthy. Outstanding is the compilation of data on organic 
chlorine compounds, which presents their preparation, properties, chemical 
behavior, and i d e n t i f i c a t i ~ n . ~ ~ '  The chemistry of fluorine compounds has  
been reviewed in several excellent works.686 

51. Action of Hydrogen Halides on Hydroxy Compounds 

ROH + HBr -+ RBr + H,O 

A general method for the preparation of primary alkyl bromides of the 
type RCH,CH,Br consists in the treatment of the alcohol with excess 
aqueous hydrobromic acid together with sulfuric acid (90-95%).l The 
hydrobromic acid i s  readily prepared from bromine and sulfur dioxide. 
The use  of sodium bromide, sulfuric acid, and water is satisfactory in 
the preparation of low-molecular-weight compounds such a s  n-butyl bro- 
mide and trimethylene bromide, but this procedure leads to comparatively 
low yields of high-molecular-weight bromides. The higher primary bro- 
mides are prepared more conveniently by saturating the alcohol a t  100- 
120' with dry hydrogen bromide.' 

Primary alkyl chlorides are formed by the action of zinc chloride and 
hydrochloric acid." The original procedure has  been modified so  that 
the time of action of the hot reagents h a s  been shortened; the yields are 
higher (70-90%).le Long contact time of the halide with the hot reagent 
causes the formation of isomeric halides.la Efforts have been made to 
avoid possible isomeric changes by using cold ZnC1,-HCI reagent and 
long reaction p e r i o d ~ . ~ * ~ s ~ '  Thionyl chloride is a more satisfactory rea- 
gent for the preparation of primary alkyl chlorides (method 53). 

Highly branched primary halides, RROR"CCH,X, cannot be made from 
the corresponding alcohols except in small yields; the main product i s  
a tertiary halide formed by the rearrangement of one of the alkyl groups. 
Similarly, secondary carbinols (RR'CHCHOHR '? having a tertiary hydro- 
gen atom alpha to the carbinol group give tertiary halides even under the 
mildest conditions on treatment with halogen acids.9 Primary halides of 
the type RR'CHCH,X can be obtained best using phosphorus tribromide 
or thionyl chloride in pyridine; other reagents cause rearrangement." 
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Secondary chlorides of propane and butane can be made without side 
reactions from isopropyl alcohol and s-butyl alcohol by treatment with 
HCI and ZnC1, in the cold; however, treatment of the next higher homolog 
3-pentanol under the same conditions gives a mixture of chloropentanes. 
The 2- and 3-chloropentanes are best obtained by the SOC1,-pyridine 
procedure." The corresponding bromo derivatives have been obtained 
using hydrogen bromide at a low temperature;' however, care must be 
taken to avoid isomerization. 

Tertiary halides, RR'RMCX, are formed easily by reaction of the 
alcohol and aqueous hydrogen halide.ls~"," Acetyl chloride or bromide 
has also been used a s  the halogenating agent, a s  illustrated by the 
synthesis of triphenylchloromethane and i t s   derivative^.^^.^^' 

Alkyl iodides are obtained from primary, secondary, and tertiary alcohols 
in 88-9575 yields by the action of potassium or sodium iodide and phos- 
phoric acid a t  reflux temperatures. 

Reflux 
ROH + KI + H,P04 - RI + KH,P04 + H,O 

Extensive reduction of the sensitive iodide, usually encountered with 
hydrogen iodide, i s  avoided. In the conversion of 2-methyl-I-propanol, 
(CH,),CHCH,OH, apparently no isomerization to the tertiary halide occurs. 

The physical properties of alkyl monohalides prepared by various rea- 
gents have been compared.'' 

Improved directions for the preparation of dihalides by this method have 
been described." Since a-acetoxyamyl chloride is readily available by 
the ring opening of tetrahydropyran with acetyl chloride, an attractive 
route for making pentamethylene chlorobromide i s  afforded by reaction of 
this ester with hydrobromic acid (82%).566 Other diesters have been 
cleaved to furnish dihalides, the procedure being particularly valuable 
for obtaining sterically pure a - d i b r o m i d e ~ . ~ . ' ~ ~  

Other difunctional compounds have been made. A few examples are 
noteworthy. Olefinic carbinols of the types RCH =CHCH,OH and 
RCHOHCH=CH, on treatment with dry hydrogen bromide or chloride 
undergo allylic rearrangements to yield equilibrium mixtures of isomeric 
unsaturated halides.47. 4 9 ~  Acetylenic carbinols prepared from sodium 

acetylide and aldehydes or ketones" can be convened to their chlorides 
by means of anhydrous hydrogen chloride a t  -5°C.54 However, i t  should 
be noted that, in the reaction of dimethylethynylcarbinol, 
(CH,),C(OH)C = CH, with hydrochloric acid, extensive production of 
2-chloro-3-methyl-1,3-butadiene, HaC = C(CH,)C(Cl) =CH,, occurs in- 
stead of the expected metathesis product.'7' m-hlethoxybenzyl alcohol 
has been converted to the corresponding halide in 90% yield without 
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cleavage of the ether linkage.6' &Bromoethylamine hydrobromide i s  
synthesized from ethanolamine and hydrobromic acid in 83% yield.'O 

52. Action of Phosphorus Halides on Hydroxy Compounds 

Pyrldine 
3 ROH + PX, - 3 RX + H,PO, 

This method is superior to the hydrobromic-sulfruic acid method in the 
preparation of certain low-molecular-weight alkyl  bromide^.'^ It has  been 
applied in the preparation of a large number of primary and secondary 
bromides without any apparent isornerizati~n.'~ Thus, primary bromides 
of the type RR'CHCH,Br are best obtained using phosphorus tribromide 
in pyridine; other reagents cause rearrangements." The presence of 
pyridine helps to retard isomeric changes. In the preparation of tetra- 
hydrofurfuryl bromide, this combination gives markedly improved yields 
(61 %).9*s O 9  Alkyl iodides are conveniently prepared by bringing the 
alcohol in contact with phosphorus and i ~ d i n e . ' ~ ~ ' ~  Phosphorus penta- 
chloride has been used for the formation of alkyl ~h lo r ides ,~6  although 
thionyl chloride is more satisfactory. Certain phenolic groups are re- 
placed by halogen by the action of phosphorus tribromide9' or phosphorus 
p e n t a b r ~ m i d e . ~ ~  

The method has  been extended to the preparation of difunctional com- 
pounds. Dihalides including the mixed variety are formed in 90 to 98% 
yields.104*10'~109 Primary unsaturated bromides of the type 
RCH=CHCH,Br have been formed from the corresponding alcohols by 
the action of phosphorus tribromide and pyridine a t  a low temperature 
without any apparent rea~-rangement.~~t"' However, the corresponding 
secondary-carbinol system, RCHOHCH=CH,, i s  very susceptible to 
allylic isomeri~ation.'?'~ The formation of a,P-acetylenic bromides from 
acetylenic alcohols and phosphorus tribromide i s  common (40-70%).11e1a1 
An acetylenic-allenic isomerization has  been o b s e r ~ e d ~ " * ~ ' ~  viz., 
RC= CCHJ -+ RCX =C =CH,. P,Y- and 7,s -Acetylenic alcohols can 
be transformed to the halides in better yields by an alternative procedure, 
which consists in their esterification with p-toluenesulfonyl chloride and 
subsequent cleavage of the ester by the action of sodium iodide, lithium 
chloride, or calcium bromide in an appropriate solvent (60-90%).'" Halo 
ethers are prepared by the action of phosphorus tribromide on hydroxy 
ethers, a s  in the preparation of P-ethoxyethyl bromide (66%).la1 In a 
similar manner, Pha lo  esters have been prepared without appreciable 
dehydration of the ,B-hydroxy ester (40-60%).ma The reaction of cyan* 
hydrins leads to a-halo nitriles.140 Treatment of 2-nitro- 1-propanol with 
phosphorus pentachloride gives I-chloro-2-nitropropane (47%).5a0 
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53. Action of Thionyl Chloride on Hydroxy Compounds 

C5 H5 N 
ROH + SOCI, RCI + SO, + C, H, N. HCI 

Alcohols on treatment with thionyl chloride in the presence of pyridine 
are converted in good yields to chlorides. This  method has  been success- 
ful where other methods have given poor results'4' or have led to isomeric 
products (cf. methods 51 and 5 2 ) . " ~ ~ ~  

Only a small amount of pyridine or i t s  hydrochloride i s  required for the 
decomposition of the intermediate alkyl chlor~sulfinate.~~~~~~~~" Often- 
times, in the absence of pyridine, the reaction takes other courses.1s1 
On the other hand, certain aromatic and heterocyclic alcohols react 
normally without the hydrogen chloride acceptor, a s  in the preparation 
of a-naphthylmethyl chloride (79%)14' and y-(a-tetrahydrofuryl>propyl 
chloride (83%).14' 

The method has  been used for the preparation of dihalides, e.g., 
1,9-dichlorononane (93%);154 unsaturated halides, e.g., 11-undecylenyl 
chloride (83%);lS6 halo ethers, e.g., P-ethoxyethyl chloride (80%);lS9 
halo ketones, e.g., desyl chloride (79%);la1 halo esters, e.g., methyl 
a-chloropropionate (71%);169 halo cyanides, e.g., phenylchloroacetonitrile 
(80%);"9 and aminoalkyl An interesting isomeritation has  

been observed in liberating 2-diethylamino-I-chloropropane from i t s  hydro- 
chloride salt; 1-diethylamino-2-chloropropane is f~rmed.~"  

54. Cleavage of Ethers 

The cleavage of alkyl aryl ethers i s  more important a s  a preparative 
method for phenols than for alkyl halides (method 97). The procedure 
has  been employed a s  the final step in a synthesis proposed a s  a means 
for increasing the carbon chain of an alkyl halide, ~ i z . , ~ ' ~  

Mg CICYOCH, HX 
RX-+ RMgX RCH,OCH,--, RCH,X 

It should be mentioned that the formation of methyl iodide by heating 
methyl ethers with concenuated hydriodic acid i s  quantitative and i s  
the basis of the Zeisel method for the determination of methoxyl groups. 

Gaseous or aqueous hydrogen iodide i s  the common reagent for cleavage; 
however, i t  also leads to extensive reduction of the product. A modifi- 
cation which overcomes this difficulty consists .in heating the ether with 
orthophosphoric acid and potassium iodide, v i ~ . , ~ "  
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Heat 
ROR + 2KI + 2H,P04 - 2RI + 2KH,P04 + H,O 

In this manner, dibutyl ether i s  converted to I-iodobutane in  81% yield. 
Certain ethers have been cleaved successfully with boron tribromide.'6' 

More often, the method i s  applied in the synthesis of halogenated 
a c i d s , " ' ~ ' ~ ~ ~ e o ~  ketones,"' and amine~."~*"' The halo group in the start- 
ing material i s  substituted by the relatively unreactive alkoxyl group 
before taking s teps  in which the halogen itself would react; the halo 
group is then "regenerated" at the appropriate time. 

y-Alkoxybutyryl chlorides are transformed by heat into alkyl 
chlorobutyrates a s  a result of an intramolecular rearrangement, viz.,605 

The cleavage of tetrahydrofuran and i t s  alkylated derivatives with 
halogen acids i s  an excellent method for the preparation of l,4-dihalo- 
 alkane^.^^^^^^^ The reaction of tetrahydrofuran with the less-reactive 
hydrogen chloride stops at the chlorohydrin stage,606 whereas the reaction 
in the presence of zinc chloride catalyst leads to the formation of the 
d i ~ h l o r i d e . ~ ~ ~  The crude reaction mixture containing the intermediate 
chlorohydrin may be treated directly with phosphorus tribromide, yielding 
tetramethylene chl~robromide."~ The preparation of dibromides can be 
accomplished easily with hydrogen bromide4" or phosphorus and bromine4" 
and diiodides, by the action of potassium iodide and orthophosphoric 
acid.6" 

HaC-XH, 
1 1 + 2HBr 4 BrCH,CH,CH,CHBrR + H,O 

RHC CH, 
\ / 

Cleavage of teuahydrofuran and i t s  derivatives with other reagents 
has been carried out-acid halides lead to 4-halobutyl esters416 and 
phosphorus oxychloride to chloro ethers.'" 

Similarly, tetrahydropyrans react to yield the 1 , 5 - d i h a l o a l k a n e ~ ~ ~ ~ ~ ~ ~  
and 5-haloamyl e ~ t e r s . 4 1 ~ ~ ~ ~ ~  

55. Interchange of Halogen 

RX + NaI 4 RI + NaX 

The exchange of chlorine or bromine atoms for iodine i s  an important 
method for the preparation of alkyl iodides. In general, the reactivity of 
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the halogen atom is in the order of primary > secondary > tertiary. Vinyl 
and aryl halogen atoms show little or no reactivity. Bromine is replaced 
more readily than chlorine. The exchange is effected by heating the halo- 
gen compound with a solution of sodium iodide in acetone; sodium chloride 
or sodium bromide p r e c i ~ i t a t e s . ~ ~ ~  Potassium or silver fluoride at high 
temperatures leads to alkyl fluorides; sodium fluoride is without 
a ~ t i o n . ' ~ ~ t ' ~ ~  

Mixed dihalides such a s  iodochlorides have been prepared by treating 
a dichloride or bromochloride with one equivalent of sodium iodide (50- 
90%)."4.ar0 Mixtures of dichloride, iodochloride, and diiodide may result. 
1,2-Dihalides yield only the olefin and iodine (method 22). 

This method is adaptable to the preparation of bmzy l  iodides,a88 un- 
saturated iodides,$" iodo ethers,"4 iodo estersI38r and iodo nit rile^.'^^ 

5 6  .Replacement of the Diazonium Group by Halogen 

cuax., 
ArN,+ X- 4 ArX + N, 

HX 

The replacement of the diazonium group by halogen constitutes an 
important method for the preparation of aromatic halides, particularly 
when the assignment of the halogen to  a definite position is desired. 

For the preparation of chlorides or bromides, the diazonium salt  is 
decomposed with a solution of cuprous chloride or bromide in the  corre- 
sponding halogen acid (Sandmeyer reaction). It i s  possible to  prepare 
the aryl bromide from the diazonium chloride or sulfate.a99 A vaciation 
involves the use of copper powder and a mineral acid for the decomposi- 
tion step (Gaaermann reaction). Both procedures are illustrated by the 
syntheses of the isomeric b romoto luene~ '~~  and ch lo ro t~ luenes . '~~  The 
usual conditions of the Sandmeyer reaction fail in the preparation of the 
chloro- and bromo-phenanthrenes. However, these compounds can be 
successfully obtained by the interaction of the diazonium compound with 
mercuric and potassium halides (Schwechten p r o c e d ~ r e ) . ' ~ ~  Another pro- 
cedure for formation of aryl bromides involves treatment of the amine 
hydrobromide with nitrogen trioxide in the presence of excess 40% hydro- 
bromic acid. The intermediate diazonium perbromide is then decomposed 
by heat.'I6 

In a somewhat analogous fashion, pyridine hydrobromide on treatment 
with sodium nitrite and bromine gives a perbromide which decomposes 
to 2-bromopyridine (92%).'" 
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If the decomposition of the diazonium chloride is carried out in the 
presence of aqueous potassium iodide, an aryl iodide results.3o2 This 
method furnishes a very satisfactory means for obtaining many aromatic 
iodo compounds. 

The introduction of fluorine into the aromatic nucleus can readily be 
accomplished by first converting the diazonium chloride with fluoroboric 
acid to an insoluble borofluoride, which i s  isolated and then decomposed 
by heat (Schiemann reaction). 

Heat 
ArN,BF4 +ArF + N, + S F ,  

A critical discussion of the reaction has  been presented along with a table 
of fluoro compo~nds.'~' More recently, the reaction has been extended to 
the preparation of heterocyclic fluorine compounds.'" 

Difunctional compounds, including certain halogenated ethers,"@ alde- 
h y d e ~ , " ~  ketones,'" phenols,sa4 amines,"b and nitro c o m p ~ u n d s , ~ ' ~  have 
been prepared by the Sandmeyer reaction. However, fluorophenols and 
fluoro acids are best obtained from the corresponding ethers and esters, 
respectively, which have been fluorinated by the Schiemann reacti0n.~00' 

57. Action of Hydrogen Halides on Diazo Ketmes 

RCOCHN, + H B ~  -+ RCOCH,B~ + N, 

The action of hydrogen bromide or hydrogen chloride on diazo ketones 
represents a general preparative method (50-90%) for pure halomethyl 
alky1,s19~sa4~6rr halomethyl aryl,'" or halomethyl heterocyclic 
k e t o n e ~ . ~ " ~ ~ r . b ~ 4  

Interaction of hydrogen iodide and diazoketones forms methyl ketones 
with the liberation of nitrogen and iodine (method 228). If the diazoketone 
i s  treated with bromine, then a dibromomethyl ketone, RCOCHBr,, is 
formed.64~ 

The diazo ketones are readily prepared from acyl halides and diazo- 
methane.gal 

58. Replacement of the Sulfonic Acid Group by Halogen 

The replacement of the sulfonic acid group by halogen is governed 
largely oy groups already present on the nucleus. When there is no 
other group, a s  in benzenesulfonic acid, the replacement does not take 
Place. The reaction occurs readily with phenolic sulfonic acids and i s  
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accompanied by halogenation to give polyhalogenated phenols. The amino 
group also accelerates the reaction. On the other hand, a nitro group 
retards the reaction and alkylated and halogenated sulfonic acids undergo 
the reaction with difficulty.'B4 An aqueous solution of the potassium 
salt i s  treated with bromine and sodium bromide for a shon  time and then 
extracted with ether, a s  illustrated by the preparation of l-methyl-4- 
bromonaphthalene from 1-methyl-bnaphthalenesulfonic acid (68%).'*' 

59. Interaction of Organometallic Compounds and Halogen 

RHgX + Bra 4 RBr + HgXBr 

Organometallic compounds of magnesium, mercury, or lithium have 
been treated with iodine or bromine to form organic halides. The method 
has been successful for obtaining neopenty1 iodide where other methods 
have failed (92%).M4 It has been found convenient in the synthesis of 
9-iodoanthracene (5  3%)"' and certain heterocyclic  halide^."^ 

The method has been of particular value in the preparation of dilunc- 
tional contpounds. For example, the action of elemental halogen on 

sodium acetylides or alkynylmagnesium halides gives 1-halo-1-alkynes 
(70-90%).SB9~'b0~J6' Also, halo esters, phenols, or acids result when the 
appropriate aromatic mercurial is created.'61,'ba*'d4 Sometimes p-toyl- 
sulfonyl chloride is substituted for chlorine gas.363 p-lododimethylaniline 
i s  easily made in 42-54% yield by the reaction of p-dimethylaminophenyl- 
lithium and iodine.*O1 

60. Interaction of Grignard Reagents and Haloalkyl Sulfonates 

RMgX + p-CH,C6H4SOaO(CH,),C1 -+ R(CH,),CI + p-CH,C,H,SOIOMgX 

The reaction of various Grignard reagents with excess y-chloropropyl 
p-toluenesulfonate (n = 3) i s  a satisfactory procedure for lengthening 
carbon chains by three methylene groups; the yields are about 5 0 4 0 %  
when the Grignard reagent has s ix  or more carbon atoms.JB' P-Chloro- 
ethyl p-toluenesulfonate (n = 2) or di-(P-chloroethyl) sulfatess' can be 
employed to effect an increase of two carbon atoms in the chain; how- 
ever, reaction of the Grignard reagent with ethylene oxide i s  usually 
superior. 

61. Interaction of Organic Silver Salts and Halogen (Simonini) 

RC0,Ag + X, 4 RX + CO, + AgX 
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Silver salts of carboxylic acids react with bromine or chlorine in an 
inert solvent to give carbon dioxide, a silver halide, and the halide con- 
taining one l e ss  carbon atom than the acid. The method has been r e  
viewed.'*' Both low- and high-molecular-weight aliphatic bromides have 
been prepared.142~'9b*b1s The degradation of silver sa l ts  of aromatic 
acids i s  complicated by nuclear h a l ~ g e n a t i o n . ~ ~ ~  The procedure is 
valuable a s  a step in the synthesis of w-bromo esters (C, to C,,) from 
dicarboxylic 

The formation of neopentyl bromide by the degradation of silver t- 
butylacetate is in keeping with a free-radical mechanism and eliminates 
the possibility of a carbonium-ion mechanism.610 

62. Reductive Elimination of lblogen from Polyhalides 

CHBr, + Na,AsO, + NaOH -+ CH,Br, + PJa,As04 + NaBr 

The replacement of halogen by hydrogen has been discussed (method 7). 
The procedure becomes of practical importance for the stepwise replace- 
ment of halogen in polyhalides. For example, methylene bromide has 
been synthesized from bromoform by the reducing action of sodium arse- 
r ~ i t e . ~ " ~  Similarly, trichloroacetic acid in aqueous solution i s  converted 
to dichloroacetic acid by the action of ~ o p p e r . " ~  Dihalo ketones have 
been selectively hydrogenated to monohalo ketones, a s  illuscrated by 
the conversion of phenyl a,a-dichlorobenzyl ketone to phenyl a-chloro- 
benzyl ketone (65%).u)1 Tetraiodofiiophene on reduction with sodium 
amalgam loses three iodine atoms to give P-iodothiophene (64%)."* 

6 3  Interaction of Amides and Phosphorus Pentahalides (von Braun) 

RNHCOC,H, + PCl, -+ POCl, + C6H, CN + RCl + HCI 

The amine group in primary amines can be replaced by halogen by 
warming the benzoyl derivative with phosphorus pentachloride or phos- 
phorus pentabromide. Oftentimes, the separation of the halide from the 
benzonitrile, which i s  also formed, i s  trouble~ome.'~' The process has 
been applied mostly to high-molecular-weight amines obtained by the 
Hofmann degradation of acid amides or by reduction of nit rile^."'^^^' 

Diamines lead to dihalogen d e r i v a t i v e s . ~ ~ ~ ~ '  If N-benzoyl piperidines 
are treated, substituted pentamethylene halides are f ~ r m e d . ~ * ~ . ' * ~  An 
example i s  the synthesis of pentamethylene bromide by the action of 
phosphorus pentabromide on N-benzoyl piperidine (72%).397 

C, H l$JCOC,H, + PBr, + Br(CH,), Br + C,H, CN + POBr, 
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64. Direct Halogenation of Hydrocarbons 

Direct halogenation of alkanes has found limited use in the laboratory 
preparation of aliphatic mono- and di-halides;11~-'1a~2T~~5Q1 mixtures are 
obtained, and other methods are more convenient and satisfactory. The 
reaction may be carried out in the liquid or vapor phase; slow at room 
temperature, it i s  accelerated by heat and light and proceeds rapidly in 
the vapor pha~e . '~~* '~ '  In general, substitution occurs most readily with 
tertiary hydrogens and least at primary positions; the relative rates 
approach equality with higher temperatures. Many paraffins can be 
chlorinated in the dark using sulfuryl chloride in the presence or organic 
 peroxide^.^^' Halogenation of alkenes at elevated temperatures leads 
to allyl-type mono halide^.'^^ 

Direct halogenation of aromatic hyeocarbons finds more use. In sun- 
light and in the absence of catalysts, the alkylbenzenes are chlorinated 
or brominated predominately in the side chain.alCaL6 A peroxide-induced 
reaction with sulfuryl chloride proceeds smoothly and easily, giving no 
nuclear substitution.'l7 In contrast, the thiophene ring undergoes sub- 
stitution under these conditi0ns.'~7 Benzyl biomide has been prepared 
in 60-75% yield by bromination of toluene with carbon tetrabromidea40 
or N-bromosu~cinimide.~~~ In the presence of benzoyl peroxide, the latter 
agent causes a predominance of side-chain ~ubstitution.fi~."~ The side- 
chain halogenation of 2-methylnaphthalene has been accomplished using 
chlorine, phosphorus trichloride, and light.lM 

In the presence of halogen carriers, such a s  certain metal salts or 
iodine, halogenation of aromatic hydrocarbons occurs in the nucleus; 
however, these materials are not always needed. General directions for 
the procedure have been given which include preparation and measure- 
ment of the halogenating agent and choice of s ~ l v e n t . ~ ~  Good examples 
of liquid-phase halogenation are found in the chlorination and bro- 

minationnP,"O of the polyalkylbenzenes (60-80%). The course of the 
bromination in the gaseous phase i s  markedly influenced by the temper- 
ature; at 400' p-dibromobenzene (57%) i s  formed, whereas at 450' to 
630 ' m-dibromobenzene (60%) i s  formed."' Polybromination substitutes 
the benzene ring completely with the replacement of any sec- or tert- 
alkyl groups; however, straight-chain-alw groups are not affe~ted. '~'  

Br~mine,'~' iodine monobromide,'45 and N-bromosuccinimide have 

been employed a s  brominating agents in the treatment of certain poly- 
cyclic hydrocarbons. The conversion of naphthalene to i ts  a-bromo 
derivative with one equivalent of bromine occurs rapidly at room temper- 
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a t u e  (75%); no halogen carrier is  needed.lS4 In the presence of an iron 
catalyst and at a temperature of 150° to 165 O ,  P-br~mona~hthalene i s  
formed to the extent of 57%. These conditions are favorable for an 
a + P-br~mona~hthalene equil ibr i~m.~J~ 

Direct iodination of the nucleus can be brought about if the hydrogen 
iodide i s  removed a s  fast a s  it i s  formed. Its removal may be accom- 
plished eirher by oxidation or by reaction with a basic agent. For 
example, nitric acid a s  an oxidizing agent i s  convenient and effective 
in the preparation of iodobenzene (87%).aa6 Sodium persulfate in acetic 
acid gives good results in the iodination of benzene and i ts  homo1ogs.u' 
Mercuric oxide has been used a s  a basic agent in the iodination of thio- 
phene (75%)."a Another general method consists in treating the organic 
compound in ether with a suspension of silver perchlorate, iodine, and 
calcium carbonate; the last neutralizes the liberated perchloric acid.aQ8 
Iodine monochloride has been used for the iodination of phenols and 
amines in which the substitution of hydrogen atoms takes place readi l~.~ 'Q 
Direct iodination of benzoic acid i s  performed by the action of iodine and 
silver sulfate in concentrated sulfuric acid to yield m-iodobenzoic acid 
(75%).50a 

Various heterocyclic compounds undergo nuclear halogenati~n.'~"b~ 
In furan and thiophene, the halogen enters the alpha position. The vapor- 
phase reaction of pyridine and bromine at 500' furnishes 2-bromo- and 
2,Gdibromo-pyridines, and at 300°, 3-bromo- and 3,5-dibromo-pyridine~.~4~ 
3-Bromopyridine is  more conveniently prepared by pyrolysis of pyridine 
hydrobromide perbromide (40%). Similarly, quinoline yields 3-bromo- 
quinoline at 300° and 2-bromoquinoline at 500°.a61 Pyrolysis of iso- 
quinoline hydrobromide perbromide gives the Cbromo derivative (53%).lbr 

Difunctional compounds have been prepared by the nuclear halogenation 
of phenols,aaa  acid^,^^^*^" a m i n e ~ , ' ~ ~  cyanides,lQ3 and nitro compounds.aQa 
Aromatic esters containing nuclear halogen atoms are best prepared by 
halogenating the acid chloride followed by e s t e r i f i ~ a t i o n . ~ ~ ~  The direct 
haIogenations of ethers (method 65), aldehydes and ketones (method 66), 
and acids and esters (method 67) are discussed later. 

The process of halogenation has been reviewed; in addition, articles 
on this subject appeat periodically.5e4 

65. Halogenation of Ethers 

C,H, OCH, + PBr, + p-BrC6H40CH3 + PBr, + HBr 

Halogens react very vigorously with aliphatic ethers at room tempera- 
ture to yield complex mixtures. Thus, the products formed by successive 
substitution in the chlorination of diethyl ether at room temperature are 
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a-chloroethyl, a ,P-dichloroethyl, a ,P ,P- t r i ch l~roe th~ l ,  and a,P,p,@tetra- 
chloroethyl ethyl ether. The P-chlorine atoms probably arise by the 
repeated loss  of hydrogen chloride followed by addition of chlorine to 
the resultant double bond, the chlorine atom of the hydrogen chloride 
coming from the labile alpha position. 

On the other hand, if diethyl ether is treated a t  -20° or below with 
one equivalent of chlorine, a-chloroethyl ethyl ether i s  formed in 42% 
yield. Further chlorination a t  this low temperature leads to a,a0-di- 
chlorodiethyl ether in 57% yield, the second chlorine atom entering a 
new alpha position in preference to an alpha position already substituted. 
The extension of this new technique to higher ethers i s  under 
Other methods are available for the preparation of a- and @halo ethers 
(see Chapter 6). 

Aryl ethers in the presence of a solvent can be preferentially halo- 
genated in the nucleus. Thus, anisole with phosphorus pentabromide or 
with iodine monochloride yields p-bromoanisole (90%)4'9 and p-iodo- 
anisole (46%),'03 respectively. Phosphorus pentachloride has  also been 
used for the halogenation of the nucleus a s  in the preparation of rdchloro- 
biphenyl ether (90%)."4 The action of this reagent with aliphatic and 
aryl-aliphatic ethers i s  very complex, giving both cleavage and halo- 
genation products."' 

The bromination of a-chloro ethers proceeds readily and represents the 
second stage in the Boord synthesis of olefins (method 21): 

RCH,CHCIOR' + Br, + RCHBrCHBrOR' + HCI 

In the conversion, the chlorine atom is replaced by bromine. Since the 
yield is nearly quantitative (90-95%), the bromination product i s  often 
used without purification to  avoid losses  by d e c o r n p o ~ i t i o n . ~ ~ ~ * ~ ~ ~  

66. Halogenation of Aldehydes and Ketones 

RCHICOCH,R + Bra -4 RCHBrCOCH,R + HBr 

The direct bromination of aliphatic ketones occurs readily, often giving 
isometic mixtures. Thus, methyl ethyl ketone and an equimolar quantity 
of bromine yield the a-bromomethyl (17%) and the a-bromoethyl (50%) 
isomers; polybrominated products are also f0rmed.~04 On the other hand, 
only the tertiary hydrogen in methyl isopropyl ketone i s  substituted upon 
monobromination."S By varying the conditions for the bromination of 
acetone, mono- or poly-substitution products may be formed: e.g., bromo- 
acetone (44%),46%,a'-dibromoacetone (60%), and a,a,a'-tribromoacetone 
(60%).634 

METHOD 66 

Oftentimes condensation reactions are promoted by the liberated hydro- 
gen halide (cf. method 36). This difficulty may be overcome by bro- 
minating in the presence of calcium carbonate or potassium chl0rate.~'4 

6RCHaCOR + 3Br, + KCIO, -+ 6RCHBrCOR + KC1 + 3H,C 

The bromine may be added in a stream of nitrogen which also serves to 
remove the liberated hydrogen halide. In the bromination of pinacolone, 

aluminum amalgam or aluminum chloride i s  used a s  a Phos- 
phorus p e n t a b r ~ m i d e , ~ ~ ~  N-bromosuccinimide,lla and pyridine hydrobromide 
perbromide 4g1 have been used a s  brominating agents. 

Chloro ketones have been prepared by direct chlorination 49' or by 
the action of sulfuryl chloride.qs Cyclohexanol suspended in water in 
the presence of calcium carbonate i s  oxidized and chlorinated in one 
step to  2-chlorocyclohexanone (57%).498 

Aliphatic aromatic ketones are halogenated in the side chain exclu- 
sively, a s  in the synthesis of a-bromoacetophenone (96%).49 The reaction 
is frequently carried out in cold ether, which can be easily removed.499*507 
The third chlorine atom i s  introduced into trichloroacetophenone by pass- 
ing chlorine into a solution of dichloroacetophenone and fused sodium 
acetate in acetic acid a t  95O (95%).636 The treatment of 2-acetylthiophene 
with bromine in carbon tetrachloride in the presence of iron filings yields 
2-(bromoacety1)-thiophene (80%).s09 

Direct halogenation of aldehydes i s  more complicated. Substitution 
on the aldehyde carbon a s  well a s  the a-carbon may take place. Thus, 
acetaldehyde in aqueous solution yields chloral, whereas, in the absence 
of water, acetyl chloride i s  formed. Bromination of cyclohexanealdehyde 
in chIoroform a t  0' in the presence of calcium carbonate i s  straight- 
forward, the 1-bromo compound being formed in 80% yield.6" Also, the 
direct bromination of n-valeraldehyde in chloroform solution at -15O has 
been successfully accomplished, a-bromo-n-valeraldehyde being formed 
in 70% yield.s14 Frequently, the reaction mixture containing the a-bromo 
aldehyde i s  treated with absolute ethanol and the product i s  isolated a s  
the diethyl a ~ e t a l . ~ "  o-Chlorobenzaldehyde, which lacks an a-hydrogen, 
undergoes chlorination to  give o-chIorobenzoyI chloride. 

Bromination of acetals affords satisfactory yields of the a-bromo 
acetals. The reaction i s  carried out in cold chloroform solution in the 
presence of calcium carbonate, which reacts with the liberated hydrogen 
bromide.640 

RCH,CH(OC,H,), + Br, + CaCO, --, RCHBrCH(OC,H, ), + CaBr, + CO, 
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Acetals may a lso  be converted by the action of phosphorus aichlorodi- 
bromide to a-bromoaldehydes (60-75%).51a 

RCH,CH(COR'), + 2PC1,Bra -+ RCHBrCHO + 2R'Br + HBr + 
POCI, + PCI, 

In other instances, aldehyde trimers have been brominated and then heated 
to yield the monomolecular der ivat i~e . ' i '*~~% 'i7 

Bromination of en01 acetates of aldehydes with subsequent reaction of 
the brominated product with methanol furnishes a novel synthesis of 
a-bromoaldehyde acefhls. 

CH,OH 

RCH = CHOCOCH, 2 RCHBrCHBIOCOCH, ---+ RCHBrCH(OCH,), 
CC14 

The yields of en01 acetates prepared by boiling the aldehydes with acetic 
anhydride and potassium acetate range from 40%-6075, and the a-bromo- 
aldehyde dimethyl acetals are formed in about 80% yield. These products 
can be hydrolyzed with varying yields to the a-bromoaldehydes. A 
typical example i s  the synthesis of a-bromoheptaldehyde (40% over- 
a11).~4~ 

An analogous change i s  involved in the conversion of ketones yossess- 
ing a methylenic hydrogen atom a s  in methyl n-amyl ketone, propiophenone, 
and cyclohexanone. Bromination of the en01 acetates with subsequent 
hydrolysis in methanol gives a-bromo ketones in 4690% yields.643 

67. Halogenation of Acids and Esters 

PBr3 
RCHaCOOH + Bra RCHBrCOOH + HBr 

Direct bromination of an acid yields the a-substituted product when red 
phosphorus or phosphorus halides are used a s  carriers. The procedure 
i s  illustrated by the preparation of a-bromo-n-caproic acid ( 8 9 % ) ~ ~ ~  and 
a-bromoisovaleric acid (89%).s38 An excellent laboratory preparation of 
bromoacetic acid i s  furnished by a modification of the reaction in which 
acetic anhydride with pyridine i s  used a s  the catalyst.s44 

Direct chlorination of acetic acid in the presence of a small quantity 
of red phosphorus i s  a standard procedure for the preparation of chloro- 
acetic acid;"l however, similar treatment of i t s  straight-chain homologs 
gives complex mixtures of halogenated acids."7 Substitution by chlorine 
in a branched-chain acid such as isovaleric acid occurs largely at  the 
tertiary hydrogen. The peroxide-catalyzed chlorination of aliphatic acids 
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or acyl chlorides with sulfuryl chloride produces preferentially beta- 
and gamma- rather than alpha-substitution products. For example, chlo- 
rination of n-butyryl chloride yields 15% a-, 55% P-, and 30% y-chloro- 
butyryl ~hloride.6~7 

Oftentimes, i t  is desirable to halogenate the acyl chloride and then 
hydrolyze the resulting a-halo acyl chloride or convert it to an ester 
with alcohol.s4s~64b6s0 Formation of the acyl halide and a-halogenation 
can be accomplished in a single operation by using two molecular equiv- 
alents of bromine (Hell-V~lhard-Zelinsk~).~~~~~~ Another successful 
procedure employs thionyl chloride not only a s  the reagent for forming 
the acyl chloride but also a s  a solvent for the subsequent halogenation, 
which is accomplished with either bromine or sulfuryl chloride; no red 
phosphorus is needed.Bd0 

 ionic acid, ethyl malonate, and their monoalkyl derivatives can be 
readily halogenated in ether solution; subsequent decarboxylation leads 
to  the corresponding a-halogenated acetic acid in 55-80% yield.'" The 
reaction of the potassium sal ts  of monoethyl alkylmalonates with bromine 
provides the a-bromo esters directly, although the yields are relatively 

Halogenation of the higher dicarboxylic acids occurs readily to  give 
a,a'-dibromo acids, for example, a,d-dibromoadipic acid (70%).54a 
In fact, i t  is difficult to  avoid these products when the a-halo dicar- 
boxylic acid i s  desired. Preparation of the monohalogenated compounds 
is accomplished by treatment of the ester acyl chloride with bromine or 
sulfuryl chloride in thionyl chloride solution (88-98%)."O 

68. N-Halogenation of Arnides and Irnides 

RCONH, + Br, + KOH-+ RCONHBr + KBr + H,O 

Amido 6g0. 691 or imido 687* 6aa  hydrogen atoms are easily replaced in the 
cold by the positive bromine atom of alkali hypobromites. The reaction 
i s  the first  step in the Hofmann degradation of acid amides (method 446) 
and, a s  such, has been extensively studied. The N-bromoamides are 
sometimes i~olated.6 ')~ Excellent directions are given for the preparation 
of N-bromoacetamide (5 1%).eqS 

69. N-Halogenation of Amines 

RNH, + NaCC1-+ RRHCI + NaOH 

N-Halogenated amines can be prepared in excellent yields by treating 
the amine with sodium hypochlorite in ethereal solution, the mane or 



104 HALIDES Ch. 4 I 

di-chloro derivative being formed depending on the molecular proportion 
of  rea~tants.6~6 A number of dichloroamines have been made by passing 
chlorine directly into a cold solution of sodium bicarbonate and the free 
amine, a s  in the preparation of n-butyldichloroamine (92%).u6 N-Chloro- 
t-butylamine i s  formed in a similar way.6s7 

ArH + CH,O + HX -4 ArCH,X + H,O 

A survey of the chloromethylation of aromatic compounds has been 
made,"' and a thorough study of the conditions of the reaction for the 
production of benzyl chloride has been carried out."9 The reaction is 
generally applicable to  aromatic hydrocarbons. The effect of substituents 
on the ease  of chloromethylation i s  pronounced; alkyl and alkoxyl groups 
facilitate the introduction of the chloromethyl group, whereas halogen, 
carboxyl, and nitro substituents retard or prevent the reaction. Zinc 
chloride, sulfuric acid, and phosphoric acidB4' have been used a s  catalysts 
when needed. A chief by-product i s  the &is-chloromethyl compound. 
Indeed, these disubstituted hydrocarbons are readily obtained by employ- 
ing excess hydrochloric acid and formaldehyde, e.g., &is-(chloromethy1)- 
durene (67%) s99 and 2,5-&is-(chloromethy1)-p-xylene (55%).600 

Related reactions such a s  bromomethylation,~40~sg91 chloroethylation, 
and chlbropropylation~41 have been reported. 

Thiophene and benzothiophene undergo chloromethylation to furnish 
the respective 2- and 3-chloromethyl  derivative^^'^^'^^ 

A few aliphatic ketones have been condensed with formaldehyde in 
the presence of hydrochloric acid to yield P-chloro ketones.a48 

RCOCH, + CH,O + HCl -4 RCOCH,CH2C1 + H,O 

The formation of halo ethers by chloroalkylation of alcohols i s  dis- 
cussed under Ethers (method 117). 

71. Allylic Bromination (Wohl-Ziegler) 

N-Bromosuccinimide 
RCH = CH- CH,R , RCH = CH - CHBrR 

Bromination of an olefin in the allylic position with N-bromoimides 
has become a valuable method for the preparation of unsaturated halo- 
genated compounds. In general, i t  consists in heating the unsaturated 
compound in anhydrous carbon tetrachloride under reflux with N-bromo- 
succimide (or N-bromophthalimide). A s  the bromination proceeds, suc- 
cinimide collects a t  the surface of the mixture. After the completion of 
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the reaction, the insoluble imide is filtered and the solution i s  processed. 
The scope, limitation, and experimental details have been elegantly 
reviewed.45, 

As a result of an extensive study, i t  has been found that methylene 
groups are attacked much more readily than a methyl group. For example, 
2-methyl-2-butene requires 16 hours for completion of the reaction, where- 
as, 2-methyl-2-hexene requires 10 minutes. The conversion of cyclo- 
hexene to 3-bromocyclohexene is accomplished in 20 minutes in 87% 
yield.4s6 It is noteworthy that the bromination of 1-octene with N-bromo- 
succinimide yields a mixture of 1-bromo-2-octene and 3-bromo-1-octene 
and that the proportion of these isomers i s  in close agreement with the 
equilibrium mixture formed at  100' by analogous br~mides.~aS 

More recently, the use  of benzoyl peroxide catalyst or light (or both) 
has extended the scope of the reaction. Thus, previously unsuccessful 
brominations of conjugated diene systems and terminal methyl groups 
can now be accomplished.u'~4s8 

72. Action of Phosphorus Pentachlaide on Carbonyl Compounds 

The reaction of phosphorus pentachloride with aliphatic aldehydes or 
ketones has been used to  prepare gem-dihalides. These compounds are 
important intermediates in the synthesis of acetylenes (method 43). 
Often, a large quantity of hydrogen chloride i s  evolved with the forma- 
tion of monochloroiilefins, RC(C1) = CHR'; however, the resulting mix- 
ture is suitable for the acetylene synthesis.u4 Small amounts of dichloro 
compounds of the type RCIiC1CHC1R8 are a lso  formed. These side re- 
actions are limited by adding the ketone to the phosphorus pentachloride 
at O°C. 

Arylacetones are converted mostly to mixtures of chlor&lefins, giving 
very little of the dichlorides. Aromatic methyl ketones yield mixtures of 
an a-chloro ketone and the monochloroiilefin.4~~ 

Phosphorus pentabromide causes mainly a-halogenation.4s0 Even phos- 
phorus pentachloride leads to an a-chloro ketone in the case of ethyl 
t-butyl ketone.451 

73. Addition of Hydrogen Halides to  Olefinic Compounds 

HBr,- CH,CHBrCH, 
CH,CH = CH, 

\P""= CH,CN,CH,Br 
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The addition of hydrogen halides to olefinic linkages i s  of little pre- 
parative importance for simple alkyl halides since these compounds can 
usually be prepared by more convenient methods; however, addition to an 
a,P-olefinic system i s  important for obtaining certain unsaturated 
halides,l94 and halogenated acids,199 esters,aoa and cyanides,'O6 all having 
the halogen atom in the beta position. The reaction between isoprene and 
dry hydrogen chloride i s  noteworthy. These compounds combine in ether 
solution at -15O to form 3-chloro-3-methyl-1-butene on addition of a 
limited quantity of halogen acid (1,2-addition) or l-chloro-3-methyl-2- 
butene with excess acid; furthermore, the former rearranges upon heating 
to the latter under the catalytic influence of hydrochloric acid.585 

HCI I Heat 
H,C= C -CH =CH, 4 H3C- C - CH = CH, 

I I 

CH, 

Reactions with hydrogen bromide or hydrogen iodide generally occur at 
room temperature, whereas the addition of hydrogen chloride may require 
heat. B'enzene, pentane, and ether are employed a s  solvents. 

A unique procedure for adding hydrogen iodide to olefins consists in 
refluxing the olefin with a mixture of sodium iodide and 95% phosphoric 
acid, a s  in the preparation of 2,3-dimethyl-2-iodobutane (91%).603 

Many olefinic compounds are capable of adding hydrogen bromide, but 
rarely the other halogen acids, to form either or both of the possible 
bromides. In the absence of oxygen or peroxides, the "normal" reaction 
takes place, giving halogen addition to the carbon with the fewer hydrogen 
atoms (Markownikoff's rule). In the presence of peroxides or oxygen, the 
direction of addition i s  reversed. A discussion of the peroxide effect has 

been presented.lpS Examples include the addition of hydrogen bromide to 
trimeth~lethylene, (CH,),C = CHCH,, and styrene, C6H, CII = CHa.'98 

From methylene compounds of the type R,CHCH = CH,, a mixture of 
isomeric halides may form a s  a result of an isorner izat i~n.~~ '  

HCI 
(CH,),CHCH = CH, -+ (CH3),CC1CH,CH, + (CII,),CHCFIClCH, 

74. Addition of Halogen to Olefinic Compounds 

RCH = CHR + X, -+ RCHXCHXR 
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The addition of halogen to unsaturated carbon compounds occurs 
readily, and under proper conditions the reaction i s  a valuable method 
for preparing compounds with the halogen atoms in adjacent positions. 
In the laboratory, the dibromides are the most conveniently and easily 
prepared. The reaction i s  generally run at low temperatures. (-20' to 
20') using a solvent, such a s  chloroform, carbon disulfide, acetic acid, 
or ether; i t  i s  sometimes aided by artificial light or sunlight. Heating i s  
usually not recommended because i t  promotes substitution and dehydro- 
halogenation. The procedure i s  illustrated by the addition of bromine to 
ally1 bromide to yield 1,2,3-tribromopropane (98%),4a2 

The dibromides are often used for the purification of olefins since the 
double bond i s  easily regenerated by zinc and alcohol treatment.414*41s 

Compounds of the type RR'CHCHBrCHBrR", where R" i s  an alkyl 
group or a hydrogen atom are prepared directly from the corresponding 
tertiary alcohols.4a3 Under the conditions of bromination, simultaneous 
dehydration and addition occurs: e.g., t-amyl alcohol to trimethylethylene 
dibromide (70%).4a3 

Additions with more-reactive gaseous chlorine are carried out slowly 
a t  low temperatures to avoid substitution reactions. An efficient gas- 
liquid reaction tower has proved satisfactory for this purpose.443 The 
addition to the double bond i s  trans.4a0 Sulfuryl chloride4" and phosphorus 
p e n t a c h l ~ r i d e ' ~ ~  have been used a s  chlorinating agents. With sulfuryl 
chloride, cyclohexene i s  converted in 90% yield to 1,2-dicl~lorocyclo- 
hexane, which i s  difficult to obtain in good yields by direct chlorination.4' 

Iodochlorides have been prepared by the action of mercuric chloride and 
iodine on o1efins.u' 

A conjugated double bond system undergoes 1,4addirion (Thiele's 
rule); for example, butadiene and an equimolar quantity of bromine yield 
1,4-dibromo-2-butene (90%).618 On the other hand, chlorination of buta- 
diene in the liquid or vapor phase furnishes about equal amounts of 1,2- 
and 1,4addition products.6a9 Other polyfunctional compounds resulting 
from this method of preparation include dihalogenated acids, 4" esters,436 
aldehyde~,4~'  and k e t o n e ~ . ~ ~ ~ ~ 4 4 2  The addition of bromine to unsaturated 
ethers yields dibtomo ethers which are used a s  intermediates in the 
synthesis of olefins (method 21) and olefinic alcohols (method 99). 

75. Peroxide-Induced Addition of Halogenated Compounds to  Olefins 

Peroxide 
CC1, + RCH=CH, - RCHCICH,CCl, 

In photochemical or peroxide-induced reactions, polyhaloalkanes- 
carbon tetrachloride, chloroform, dibromodichloromethane or bromotri- 
chloromethane-add to olefins containing a terminal double b0nd.~~7-55@ 
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For example, the addition of carbon tetrachloride to 1-octene yields 
1,1,1,3-tetrachlorononane (85%). The reactions are carried out under 
pressure in the usual hydrogenation equipment when low-boiling reactants 
are involved. When this free-radical-initiated reaction i s  applied to a 
combination of ethylene and a polyhalomethane, products of the genera1 
formula X(CH,CHa),Y are obtained, in which X i s  hydrogen or halogen 
and Y i s  the remainder of the polyhalomethane molecule.652 

Aliphatic olefins and a-bromocarboxylic esters yield y-bromo esters 
in good yields, a s  illustrated by the formation of ethyl 7-bromocapoate 
from 1-octene and ethyl bromoacetate (57%).U9 

76. Condensation of Hydrocarbons and Halogenated Compounds 

Certain halogenated compounds will condense with paraffinic, olefinic, 
or aromatic hydrocarbons. Catalysts for these reactions are of the 
Friedel-Crafts type. Thus, the condensation of alkyl halides with ethylene 
in the presence of aluminum chloride, zinc chloride, iron chloride, etc., 
furnishes higher alkyl halides. An example i s  the reaction of t-butyl 
chloride and ethylene to form 1-chloro-3,3-dimethylbutane (75%).654 
Although the yields are good with tertiary halides, the combination of 
primary, and secondary alkyl halides with ethylene i s  slow and complicated 
by isomerization. 

The condensation of saturated hydrocarbons with haloalefins in the 
presence of anhydrous aluminum chloride also results in the formation of 
alkyl halides, a s  in the preparation of 1-chloro-3,4-dimethylpentane from 
isobutane and allyl chloride (40%)."5 Under the same conditions, alkyl 
halides react with olefinic halides to give dihal~alkanes ."~ unsym- 

Heptachloropropane i s  synthesized from tetrachloroethylene and chloro- 
form (73%).659 

a-Chloro ethers have been added to butadiene in the presence of zinc 
chloride to give a mixture of unsaturated halo ethers in 61-86%  yield^.^" 

These isomers can be separated by fractional distillation a t  reduced pres- 
sure and represent valuable intermediates for synthetic work. 

Aromatic compounds have been alkylated with unsaturated halides to 
aryl-aliphatic halides. Hydrofluoric acid i s  an effective condensing agent 

for this purpose, a s  illustrated by the preparation of P-chloro-t-butyl- 
benzene (60%).660 Benzene and allyl bromide are converted to  P-bromo- 
isopropylbenzene by means of concentrated sulfuric acid in 58% yield.-' 

A large number of alkyl-substituted aryl halides have. been made by 
alkylating halogenated benzenes. An example i s  the treatment of bromo- 
benzene with isopropyl chloride in the presence of aluminum chloride, 
4-bromocumene being formed in 67% yield.66a Similarly, o-dichlorobenzene 
and ethyl bromide give 3,4-dichloroethylbenzene (53%)."' Alkylation of 
chlorobenzene with alcohols and aluminum chloride at 70' yields mainly 
the para isomers with some meta, but with ethylene a t  100' the principal 
products are the meta isomers (80%).664 Boron trifluoride in the presence 
of a strong dehydrating agent like phosphoric anhydride i s  an excellent 
catalyst  for the alkylation of monohalobenzenes with alcohols, 6-s-alkyl- 
halobenzenes being formed in 30-66% yields. I ts  chief advantages are 
lack of meta-isomer formation and halogen migration, both of which may 
occur with aluminum chloride a s  catalyst.66s 

Triphenylchloromethane i s  synthesized in 86% yield by the reaction of 
carbon tetrachloride and benzene in the presence of aluminum chloride.666 

77. Addition of Hypohalous Acids to Olefins 

Halohydrins are prepared by vigorously stirring a cold mixture of an 
olefinic compound and a dilute hypohalous acid solution until the re- 
action is complete. Solutions of hypohalous acid for this purpose may 
be conveniently prepared from an aqueous suspension of freshly precipi- 
tated mercurous oxide and the appropriate halogen;464 also a solution of 
halogen in water has been used.u9 In other instances, t-butyl hypochlorite 
in dilute acetic acid,470 aqueous calcium h y p o ~ h l o r i t e , ~ ' ~  monochlorourea 
and acetlc acid,"4 benzenesulf~ndibromamide,~~~ or N-bromoacetamide 
and water4" have been used successfully a s  a source of the hypohalous 
acid. An emulsifying agent with efficient stirring gives improved 
y i e l d ~ . * ~ ~ ~ ~ "  The hydroxyl group joins the carbon having the smaller 
number of hydrogen atoms. Typical examples of  the synthesis of halo- 
hydrins are found in the preparation of trans-2-chlorocyclohexanol 
(73%),'" styrene chlorohydrin (76%),470 and trans-2-bromocyclohexanol 
(77%).47' 

The reaction has been carried out with d i ~ l e f i n s , ~ ~ ~  unsaturated 
ketones,'" and unsaturated 

When the above reagents are combined with olefins in the presence of 
a reactive solvent like an alcohol or acid, the corresponding halohydrin 
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ether or ester  is formedabb30 For example, propylene and t-butyl hypo- 
chlorite react  in the presence of either methanol or acetic acid to g i v e .  
1-chloro-2-methoxypropane (56%) or 1-chloro-2-acetoxypropane, (72%) 
respectively. The.addition of small amounts of p-toluenesulfonic acid 
increases the yields. 

Chlorohydrins are also formed in 35-5070 yields by the interaction of 
I s l e f i n s  (C, to  C,) and chromyl chloride, Cr02C12, with subsequent 
hydrolysis. In each instance, the hydmxyl group takes  a primary position 
a s  in RCHCICH,OH, opposite to  that given by hypochlorous acid.b3' 

78. Addition of Hydrogen Halides t o  Oxides 

The opening of oxide rings with halogen acids furnishes an excellent 
method for preparing halohydrins of known stereoconfiguration. Thus, 
the isomeric 2,f epoxybutanes are  f irst  prepared from a mixnue of the 
isomeric bromohydrins, separated by fractional distillation, and then 
converted to  the pure erytho- or theo-halohydtins with hydrogen halide."O 
In each instance, the bromohydrin is regenerated by a trans opening of 
the oxide. Also cyclohexene oxide gives the trans-halohydrin with hydro- 
gen bromide or hydrogen i ~ d i d e . ' ~ ~ . ' ~ ~  When an oxide i s  not symmetrical, 
the ring opening leads  to an isomeric mixture, the composition of which 
depends on the structure of the oxide. Extensive s d e s  of the mechanism 
of the  reaction have been made and have been reviewed.63' 
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TABLE 7. HALIDES 

I 
c n  Compound Method chapterxf.  B.p./mm., nb. (M.p.1, Deriu. 
- % 

--- 
Aliphatic Halides 

-- - 
C1 Methyl iodide 52 95 4 n  42.5 
C a  Ethyl bromide 51 95 4' 39.5 

C 3  ~ P r o p y l  chloride 51 70 4'O 47. 
n-Propyl bromide 51 87 4% 71, 1.4330 

52 95 4" 73 
n-Propyl iodide 51 91 4 m  

52 90 4" 102 
Isopropyl bromide 51 74 4" 61  ~ 51 60 4" 60/720 

52 68 4" 63 
Isopropyl iodide 52 92 4'3 89 

55 63 4378 

C, ~ B u t y l  chloride 51 78 4'O 77.5 
~ B u t y l  bromide 51 95 4 '  104, 1.4392. 
~ B u t y l  iodide 52 94 4" 129 

54 78 4m 130, 1.504 
s-Butyl chloride 51 88 4" 68. 
s-Butyl bromide 52 80 4" 93 
Isobutyl bromide 52 60 4" 93/760, 43/135 
Isobutyl iodide 51 88 4- 

52 80 4" 122 
I-Butyl chloride 51 88 419 52 
I- Butyl iodide 51 30 4 6a3 1 OOd* 

C ,  n-Amy1 fluoride 55 50 46m 64/766, 1.3569" 
n-Amy1 chloride 53 80  4" 106/725, 1.4128 
n-Amy1 bromide 51 78 4% 127, 1.4443" 

54 88 4 36' 124/760, 1.4290" 
55 8 5  4"' 

2-Chloropentane 53 28 4" 95/729, 1.4068 
2-Bromopentane 51 90 4' 118/745. 1.4415 
3-Chloropentane 53 46 4" 96, 1.4104 
3-Bromopentane 51 85 4' 118/760,1.4443 
(+>2-Methylbutyl bromide 52 66 4"' 120, 1.4552 
Isoamyl bromide 51 90 4 l  120 
Isoamyl iodide 52 85 473 148 
I-Amy1 chloride 51 65 4 U  86 
Neopentyl bromide 59 82 4'= 105/732, 1.4370 

61 62' 46m 104-109, 1.4369 
Neopentyl iodide 59 92 4'" 70/100, 1.4890 

C6 n-Hexyl bromide 51 82 4' 156 
3-Bromohexane 73 76 4Ie6 68/50, 1.4450 
1-Bromc-2-methyl- 52 65 4" 44/17, 1.4495 

1 wntane 

I 
2-Chloro-Omethyl- 51 82 4" 112/733, 1.4113 

pentane 
- 
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TABLE 7 (continued) 

t 
Compound chapter'ef. B.p./mm.. nD, (M.p.), Deriv. Cn Method % 

Ali~hat ic  Halides (contimd) 

butane 
1-Chloro- 3,3-dimethyl- 

butane 
2 ,f Dimethyl-2-iod* 

butane 

C, 1-Bromoheptane 

2-Bromoheptane 
f Bromoheptane 
CBromoheptane 
2-Chloro-2-methylhexane 
2-Chloro-5-methylheltane 
fChloro-f methylhexane 
3-Chlor-3-ethylpencane 

1-Iodo-2,Cdimethyl- 
pentane 

l-Chlorc-3,4-dimethyl- 
pentane 

2-Chloro-4,Cdimethyl- 
pentane 

1-Bromo-4,Cdimethyl- 
pentane 

1-Iodo-2-ethyl-+methyl- 
butane 

C, I-~romogctane 

2- ~romo&tane 
2-Chloro-2-methylheptane 
2-Iodo-Gmethylheptane 
I-Brome4ethylhexane 
Chlorohexamethylethane 

Cg n-Nonyl chloride 
n-Nonyl bromide 

63 70 4a2 91/9 

Isononyl bromide 51 91 4' 93/13 

C lo n-Decyl chloride GO 50 4352 142/24, 1.44002s 
n-Decyl bromide 51 73 4' 124/20. 1.4558 

TABLE 7. HALIDES 113 

TABLE 7 (continue4 

Cn Compound Method % chaptel'ef- B.p./mm., nD, t (M.P.), Deriv. 

Aliphatic Halides (mintced)  

C 11 n-Undecyl chloride 53 94 4 142 166/2. (23.5) 
n-Undecyl bromide 61 67 4*4 134/15 

C U  n-Dodecyl bromide 51 91 4' I80/45 
(lauryl bromide) 51 88 4" 202/ 100, 136/6, 1.4586 

C 14 n-Tetradecyl bromide 51 71 4" 147/5, (5.51 1 4608 

51 98 4' 
C n-Hexadecyl bromide 51 75 4 U  154/1.5, (17.8), 1.4627 

n-Hexadecyl iodide 52 78 4 225/22. 205/9. (22) 
(cetyl) 

C n-Octadecyl bromide 51 74 414 169/1.5, (27.4) 
51 91 43 175/2. (27.6). 1 . 4 5 9 4 ~ ~  

n-Octadecyl iodide 
- - 52 94 4" (32.9) 

-- 
Alicyclic Halides 

C, Cyclobutyl bromide 61 50 4" 108ff60, 1.4801 
Cyclopropylmethyl 63 48 4"" 110 

bromide 

C5  Cyclopentyl chloride 51 60 4 115/777 

51 80 4'' 114/752 
Cyclopentyl bromide 51 70 4' 137/737, 1.4890 

52 84 4" 1%. 56/45. 1.4882 
Cyclopentyl iodide 51 80 4m 58/22 

C6 Cyclohexyl fluoride 
C~clohexyl chloride 

Cyclohexyl bromide 

Cyclohexyl iodide 

C yclopentylmethyl 
chloride 

Cyclopentylmethyl 
bromide 

1-Chloro- 1-methyl- 51 56 4- 64741152- 162 
cydopmtane 73 100 4M 67/125, 1.4477 

1-Chloro-2-methyl- 52 34 4" 72/125, 1.4477 
cyclopentane 

1-Chloro-f methyl- 52 60 4"6 76/125, 1.4469 
cyclopen tane 

C, Cyclohexylmethyl 51 78 4'6 83/26, 1.4906" 
bromide 52 GO 4" 77/26, 1.4889" 

,&~yclbpentylethy~ 51 G5 4" 77/19, 1.4863 
bromide 

For explanations and symbols see pp. xi-xii. 
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TABLE 7 (continued) 

t 
% Compound 

chapte$ef. B.p./mm., nD, (M.p.), Deriv. Method % 

- - 
Alicyclic Halides (continued) 

---- - -- 
C, 1-Chloro- 1,3-dimethyl- 51 84 4" 33/15, 1.4406 

cyclopentane 

TABLE 7 (continued) 

% Compound Method % t ~ h a ~ t e r ~ e ~ .  B.pJmm., nD, (M.P.). Derir. 

Aromatic Halides (continued) 

C 7 m-Bromotoluene 14 59 4679 183/760 
pChlorotoluene 56 79 4m1 162, (7) 
p-Bromotoluene 56 73 4m 185, (26) 

64 40 4= ( 28) 
p-lodotoluene 56 90 4= 212, (35) 

C 8  *Chloroeth~lbenzene 64 85 4 217 93/30 
73 90 4 191 

4 198 
73/11 

*Bromoethylbenzene 73 85 66/3* 

51 74 4 m  94/8 
P P h e n y l e t h ~ l  chloride 51 82 4" 92/16 

52 80 490 86/12 
PPhenylethyl bromide 51 92 4 4  99/15, 1.5572 

51 76 4 %  97/14. 1.5543% 
51 97 4" 95/13 
52 80 4 W  93/11 

eBromoethylbenzene 5 42' 4674 88/18 
m-Chloroethylbenzene 76 80 4M4 72/14, 1.5171" 
mBromoeth~lbenzene 3 80 4- 102/30, 1.540715 

bromide 
8-Cyclohexylethyl 

bromide 
y-Bromopropylcyclo- 

pentane 
7-Chloropropylcyclo- 

pentane 

C9 y-Cyclohexylpro~~l 60 62 43n 7915, 1.4660'~ 
chloride 

y-Cyclohexylpropyl 51 77 4" 79/4, 1.4848'' 
bromide 

GCy clopentylbutyl 
bromide 

C GCyclohexylbutyl 52 74 4a  92/4, 1.4832" 
bromide 

BChlorodecalin 64 49 414 115/13 
eMethylbenzy1 chloride (cis or trans) 

CIl r-Cyclohexylpentyl 52 74 4" 114/5, 1.4814" eMethylbenzy1 bromide 
m-Methylbenzyl chloride 
p-Methylbenzyl bromide 
4-Bromo-exylene 
4-Bromc-mxylene 
Chloro-pxy lene 

C, *Chloropropylbqnzene 
1-Phenyl-2-bromopropane 
3Phenylpropyl dhloride 

bromide 
52 87 4 90.5/1, 1.4784" 

Aromatic Halides 

C Fluotobenzene 56 57 43''' 85 

Chlorobm zene 64 90 132. 

Bromobenzene 64. 59 4'" 155 

Iodobenzene 56 76 43* 78/20, 64/8 

64 70 4"' 186 

3Phenylpropyl bromide 
C 7  Benzyl fluoride 

Benzyl chloride 

Benzyl bromide m-Bromo-~propylbenzene 5 85  
pBromc-~propylbenzene 3 45 
3 Brom* 1-isopropyl- 14 58 

benzene 
CChloro- l-isopropyl- 76 6 3  

benzene 
4-Brom* 1-isopropy 1- 76 67 

benzene 
-. - - 

Fluorotoluene 56 89 4'* 115 - --- p-Ethylbenzyl chloride ?O 71 

For explanations and symbols see pp. xi-xii. 
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TABLE 7 (continued) 

Cn Compound c h a p t e P f -  B.p./mm., n b ,  (M.p.), Deriv. Method % 

Aromatic Halides (continued) 

C 9  2,CDimethylbenzyl 70 6 1  4'.' 118/16 
chloride 

2,S-Dimethylbenzyl 7 0  90 44" 101/15 
chloride 

i)-Chloropseudocumene 16 79 4667 127/61 
Chloromesitylene 64 75 4"' 91/20 
Bromomesitylene 64 8 2  4 107/17, 139/70 
2-Bromoindene 19  55 2" 124/22, (39) 

C U, 2-Phenyl-1-bromobutane 51 80 4" 132/28 
52 70 4" 60/1, 1.5385" 

j-Phenylbutyl bromide 52 85  491 112/11 
4Phenylbutyl  chloride 53 98 41Y 123/17 

6 0  50 41U 102/6, 1.5183" 
m Bromoll-butylbenzene 5 8 3  4671 116/18, 1.5330 
pChloro-n-butylbenzene 6 4  72 4'= 224/748 
mBromo-s-butylhenzene 5 9 2  4675 107/15. 1.5338 
PChloro-t-hutylbenzene 64 70 4"' 120/30, 1.5253 

7 6  6 6  4- 11 1/90 
mBromo-t-butylbenzene 14 56 4675 106/17, 1.5337 
pBromo-t-butylbenzene 64 7 5  4'n 81/2 
p-Isopropylbenzyl 70 21 459' 124/26 

chloride 
I ~ o ~ r o p y l p h e n y l  bromo- 5 1  6 4  4'' 119/17 

methane 
3-Bromo-pcymene 52 6 0  494 233 
Chloroprehnitene 6 4  59 4U1 132/24. (24), 1.5422" 
Bromoprehnitene 64 7 6  4U0 141/30, 1 . 5 6 5 0 ~ .  (30) 
Chlorodurene 6 4  57 4 211 (48) 
Bromodurene 64 80 4- (60.5) 
Chloroisodurene 64 37  4=' 139/41, 1.5382" 
Bromoisodurene 6 4  8 8  4U0 142/22, 1 . 5 6 1 4 ~ .  (8.5) 
bFluoronaphthalene 56 90 4= 98/17 
bChloronaphthalene 6 4  90 4 aU 263* 
aBromonaphthalene 6 4  75 4U4 135/12, 148/20 
PFluoronaphthalene 56 81  4=' (60) 
PChloronaphthalene 56  80 4- (61) 
PBromonaphthalene 52 50 4 =  282,(59) 

56  45 495 (59) 
~Bromote t ra l in  56 55 4''' 130/2 

C l l  5Phenyl-1-chloropenraoe 6 3  73 4"' 123/17 
n-B~tyl~henylbromc- 51 70 4 =  123/10 

methane 
p-Bromcwz-amylbenzene 6 60 467a 115/5, 1.5545 
p-Bromo-t-amy lbenzene 6 4  70 4"" 125/20, 1.5321 
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TABLE 7 (continued) 

Compound 
Yield 

cn Method % chap te6ef .  B.p./mm., n h ,  (M.p.), Deriv. 

Aromatic Halides (continued) 

C 11 ~ B u t y l b e n z y l  chloride 70 67  
t-Butylphenylbromo- 51 55 

methane 51 75 
Cbloromethyldurene 70 7 3  
1-Chlorornethyl- 53 79 

naphthalene 7 0  77 
1-Bromomethyl- 6 4  56 

naphthalene 70 8 1  
2-Chloromethyl- 6 4  53 

naphthalene 
2-Bromomethy I- 6 4  22 

naphthalene 

C ,, 2,4,6Triethylbromo- 6 4  70 
benzene 

,&(I-Naphthyl)-ethyl 51 91  
bromide 

5Chloroacenaphthene 6 4  70 
7-Bromoacenaphthene 52  89 
c-Chlorobiphenyl 64 32 
o-Iodobiphenyl 12 52 

56 52 
mBromobipheny 1 12 16 

14  58 
mIodobipheny1 56  48 
pChlorobipheny1 64 25 
pBromobiphenyl 12  35 

C ,, Diphenylchloro- 51 82 
methane 

o-Chlorodipheny l- 6 8 1  
methane 

pBromodiphmyl-  3 92 
methane 

2-Bromofluorene 64 65 
PBromofluorene 51 80 

64 64 

C 3 Bromo- 1,2,4,5-tetra- 64 9 6  
ethylbenzene 

1-Chlorophenanthrene 56 41 
1-Bromophenanthrene 56 72 
1-Iodophenanthrene 56 53 
2-Chlorophenanthrene 56 42 
2-Bromophenanthrene 56 70 
2-Iodophenanthrene 56 47  
3- Chlorophenanthrene 56 4 8  

For explanat ions and symbols s e e  pp. xi-xii. 
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TABLE 7 (conhonhmed) 

c n  Compound chapter'ef- B.p./mm., n;, (M.P.), Deriv. Method % 
--- 

Aromatic Halides (confiwd) 

c ,, f Bromophenanthrene 56 70 4'w (84) 
f Iodophenanthrene 56 47 4'10 (84) 
9-Fluorophenanthrene 56 30 4 (52). 107Pi 
9-Chlorophenanthrene 64 85 4'" (51.5) 
PBromophenantkene 64 94 4" (56) 
PIodophenanthrene 56 45 4" (92), 141Pi 
9- Bromoanthracene 64 55 4 253 (101) 

.... 48 46" (102) 
PIodoanthra cene 59 53 4'" (83) 

C PChloromethyl- 70 21 4 (102). 102Pi 
phenanthrene 

C ,6 P-(~P6enanthryl)ethyl 53 77 4- (84) 
chloride 

C l9 Triphenylchloromethane 51 95 4" (112) 
76 86 4- (112) 

Heterocyclic Halides 

C4  2-Chlorofuran 559 91 39W 77/744, 1.4569 
f Chlorofuran 559 79 39'" 79/742, 1.4600 
2-Bromofuran 64 49 4 259 103/744, 1.4980 

559 75 391M 102/744. 1.4981 
f Bromofuran. 559 48 391M 103/745. 1.4958 
2-Iodofuran 559 20 39"' 44/15. 1.5661 
8-Bromotetrahydrofuran 560 77 39U 61/29. 1 .4912~  
2-Chlorothiophene 64  50 4-' 1291742. 56/56, 1.5490 
2-Bromothiophene 64 55 4= 154 
2-Iodothiophme 64 75 4 73/15. 81/20 

64 72 4 89-93/36, 1.6465= 
3Iodothiophene 62 64 4- 80/11 

C5  2-Furfuryl chloride 53 63 41R 50/27, 1.4941 
2-Futfuryl bromide 52 50 497 34.5/2 
f Chloromethylfuran 53 55 4 43/17. 52/27. 1.4863 
Tetrahydrofurfuryl 53 75 4 42/11 

+ chloride 
Tetrahydrofurfury1 52 61 498 70/22. 50/4 

bromide 
2-Chloromethylthiophene 70 41 4'= 75/17 
f Thenyl bromide 64 .... 78/1.1.604 
2-Chloropyridine 64 31 4'@ 67/17, 1.5325 
2-Bromopyridine 56 92 4'" 75/13 

64 46 4 m  92/25 
2-Iodopyridine 56 32 43U 93/13 
3- Fluoropyridine 56 50 4= 107/752 
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TABLE 7 (continued) 

c, Compound Method % chapterref- B.p./mm., nD, t (h4.p.). Deriv. 

Heterocyclic Halides (continued) 

C, f Bromopyridine 64 37 4 63/15, 159HCI 
f Iodopyridine 64 19 4%' (53). 154Pi 
CChloropyridine 52 75 4lW 148. . 
4- Bromopyridine 52 47 4Ua 26.5/0.3, (9.5) 
N-Chloropiperidine 69 90 4m 
CBromopiperidine 51 80 4'9 193 

C6  2-cbFurylethy1 chloride 53 61 41D 71/42. 63/26. 1.4788" 
2.2-Dimethyl-4-bromo- 560 44 39" 51/11,1.4686U 

tetrah ydrofuran 
P(2-Thienyl)ethyl 60 71 4 351 92/20 

chloride 
2,5-bisc(Chloromethy1) 70 79 4" 108/5, (37) 

thiophene 
1Piperidylmethyl chloride 53 60 4'* (178) 

hydrochloride 
u-Trichloropicoline 64 25 4- 115/15 

C7 7-(&Tetrahydrofuryl) 53 83 4U7 75/4. 1.4540 
propyl chloride 

7-(c~Teuahydrofury1) 52 66 4- 101/16 
propyl bromide 

2-(2-Piperidyl) 1- 53 85 4l* l5OHCl 
chloroethane 

C, 2-Chloro-t-butyl- 558 50 39'- 57A.5, 1.5315 
thiophene 

2-Brornobenzofuran .. .. 55 39- 
3Bromobenzofuran .. .. 77 39aU 220, (39) 
3Bromothionaphthene 64 90 4's 140/18 

C 9  2-Bromomethyl-2, f 560 63 39" 145/20, 1.575 
dihydrobenzofutan 

2-Chloromethylthio- 53 79 4'" 126/2, (56) 
naphthene 

3Chloromethylthio- 70 56 4'" 131/5. (45) 
naphthene 

2-Chloroquinoline 72 90 440 268/744, (38) 
2-Bromoquinoline 64 25 4 95/0.5, (12.5) 
3Bromoquinoline 64 50 4%' 162/24 
5-Chloroquinoline 56 59 39" 257/756. (43) 
5- Brornoquin oline 56 47 4 '  (48) 

56 48 3916 280/756, (48) 
GChloroquinoline 575 88 391m 159/45, (42) 
7-Chloroquinoline 56 59 39'- 268, (30) 
7-Bromoquinoline 56 45 39" 288/753. (35) 
8-Chloroquinoline 575 55 39'" 163/20 
EBromoquinoline 56 74 4 SU 166/18 

For explanations and symbols see pp. xi-xii. 
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TABLE 7 (cdmred) 

t 
Cn Compound c h a p t e P f .  B.p./mm.. nD, (M.P.). Deriv. Method % 

Heterocyclic Halides (conrimred) 

C 9  1-Chloroisoquinoline 64 91 4- 165/30 
72 66 4w  278/759, (24) 
72 91 391m 2781759, (38)' 

CBromoisoquinoline OL 45 4 152/13, (40) 

C m  CBromo-2-methyl- 52 25 39lU 89/1 
quinoline 

2-Chloro-rbmethyl- 52 95 4 ( 58) 
quinoline 

2-Bromo-Cmethyl- 52 91 39'U 126/1, (81) 
quinoline 

C 1-Bromodibenzofuran 14 78 
2-Bromodibenzofuran 64 51 
CBromodi benzofuran 59 41 
4-Iododibenzofutan 59 42 
4-Iododibenzothiophene 59 22 
1-Chlorocarbazole 557 90 
f Bromocarbazole 64 55 
f lodocarbazole 64 40 

C,, pchloroacridine .... 100 

 or explanations and symbols s ee  PP. xi-xii. 

TABLE 8. DIHALIDES 

% Compound Method ~ h a ~ t e d e f .  B.p./mm., 4, (M.p.) (so) 

Aliphatic and Alicyclic Di- and Poly-halides 
p- 

C h4ethyl;ne bromide 62 90 4- 100 
Methylene iodide 62 97 4O5 107/70 
Trifluoroiodomethane 61 80 4- -22 
Bromodichloromethane .... 87 4=' 88, 1.4962 

Ca  Ethyl idae  dibromide 72 20 4"' 106-114 

1-Qlloro-2-fluoroethane 53 69  4m' ,51-55, 1.3727" 
I- Bromo-2-fluoroethane 52 57 4m' h 
sym-Tetrachloroethane 74 85 44' 145. 1.4942 

C, Propylideoe dichloride 72 30 4U6 88 
Tdmethylene bromide 51 95 4' 165 
Trimethylene iodide 55 84 4 " V 8 / 5 *  
Trimethylene chloro- 52 94 4 143 

bromide 
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TABLE 8 (continued) 

'=a Compound Method 
Yield 

(%) 
c h a p t e P f .  B.p./mm., nb, (M.p.) 

- 
Aliphatic and Alicyclic Di- and Poly-halides (codimred) 

-- 
C, Trimethylene fluoro- 5 71 4m 101/7% 

bromide 
Trimethylene iodo- 55 53 4am 60/15 

chloride 52 58 41m 173 
1,2,3-Trichloropropane 52 57 4- 158 

74 90 4 
1.2,fTribromopropane 74 98 4= 103/18 
unsjm-Jieptachlotop(opane 76 93 4'" 113/10. 140/32, (30) 

C, 1,fDichlorobutaae 53 44 4IP 133 
2.2-Dichlorobutane 72 50 4w 102/728 
dl-2,3-Dichlorobutane 74 81  4- 53.2/80. 1.4409 
m e s e  2.3-dichloro- 74 63  4U0 49.5/80, 1.4386* 

butane 
1.4-Dibrnrnobutane 51 85  4* 97/30, 110/30 

54 47 4"' 85/18 
54 63  4*' 631'3 
61 58 4"' 81/11 
63 49 440 78/10 

1.4-Diiodobutane 54 96 4*' 110/10. 1.615 
54 70 4"' 152126 

1-homo-4-chlorobutane 64 35 4"' 112/100 
52 62 4 819 82/30 
52 98 4'" 176, 1.4885 

1-bdo-Echlorobutane 55 78  4 a70 51/6.5. 1.5267 
1-bdo-dchlombutane 55 71 4"' 94/17 
uflhro-2-Chloto-f 51 63  4- 35/5, 1.5313'' 

iodobutane 
1 ,&Dibromo-2-methyl- 74 75 4- 150/735. 62/45, 1.5068' 

PmPMe 
Isobutylene iodochloride 74 67 4U' 56/22, 1 . 5 ~ 3 7 ~  

Cs 1 , s  Dichlomptntane 64 30 4m 80/60,1.4485 
1.4-Dichloroptntane 64 31 4lm 88/60. 1.4503 
1,S-Dichloroptntane 64 19 4am 102/60, 1.4563 
1,S-Dibmmoptntane 54 82 4U' 106/19 

63  72 4'O' 110/20 
2.3-Dihromoptntaae 51 94 4O 91/50, 1.5087 

74 87 4U 91/50, 1.5087 
1-Bromo-5-chloro- 51 82 4 102/30, 1.4838'' 

ptntane 52 88 4119 93/20, 1.4815'' 
1-bdo-f chlom- 55 90 4'" 51/2.5, 1.5229 

pentane 
1-Iodo-4-chloro- 55 90 41rn 61/3.5, 1.5248 

pen cane 
1-b&-S-chloro- 55 62 41rn 76/4, 1.5304 

pentme 

For explanations and symbols see pp. xi-xii. 
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TABLE 8 (ccnlimcd 

t 
% Compound 

Chapteflef. B.p./mm., nD, (M-p.) 
(%) 

Aliphatic and Alicyclic Di- and Poly-halides ( c o n l i d )  

C 5  1, I-Dichloro-fmethyl- 7 5  34 4= 59/70, 1.4344 
butane 

1.2-Dibmmo-2-methyl- 74 80 4- 62/15 
butane 

2.3-Di bromo-2-m ethyl- 74  70 4- 51/11 
butane 

1,fDibmmo-2,2-dimethyl- 52 46 4 68/9, 1.5050 
propane 

Pmtaerythrityl bromide 52 76 4m (163) 
.... 78 dW4 (158) 

Pmtaerythrityl iodide 55 98  4'- (233) 
1,2,4,,Tetrabromopentane 74 90  4- (86) 

74 65 4 w  (86) 

C 6  1,1Dibromohexnne 73  85 419= 90/18, 1.5023 
74 100 4'= M/18, 1.5024 

1,4-Dibromobexane 54 60  4U0 100/15, (30) 
1,6Diiodohexane 54 75 4U0 119/12 
1 ,GDi bromob exan e 51 75 4" 80/3 

51 90  4 71 108-1 12/8 
1,GDiiodohexane 51 95 4- 113/3, (9). 1.585 
2.3 Dibromohexane 74 100 4U4 9 / 1 6 ,  1.5025 
2,FDihromohexane 52 96 4U2 89/13 

51 70 4s7 106/25 
3,4-Di chlorohexane 74 67 41M 70/30, 1.4490 
3,4-Dibromohexane 74 100 44Y 81/13. 1.5045 

51 8o t  4w 7U9. 1.5050 
1,lDichlorocyclo- 74 90  4- 80/22, 1.4903 

herane 
i,2-Dibromoc~do- 74 95 4- 103/16, l l U 2 5  

hexane 
1.3-Dibromo-2-methyl- 52 75 4"O 82/12 

pentane 74 100 4U4 88/20, 1.5015 
2,+Dibrorno-2-methyl- 74 64 4- 68/15. 1.4975 

pentane 74 100 4a4 72/18, 1.5063 
2.4-Dibromo-2-methyl- 52 90 4- 62/4, 1.4980 

pentane 
I,2-Dibromc-3-methyl- 74 100 4U' 99/30, 1.5060 

pentane 
1,5-Dibromcrf methyl- 63 65 4'= 98/10, 1.5073 

pmtane 
2,3-Dibromc- %methyl- 74 50 4a 50/5, 1.5085 

pentane 
1.2-Dibromcr4-methyl- 74 100 4U4 87/21, 1.4980 

pentane 
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TABLE 8 (catilklcd) 

Cn Compound Yield t 
(%) chapteflef- B.p./mm., nD, (M.P.) 

Al i~hat i  c and Alicycli c Di- and Poly-halides (ccntimred) 

C6  1.2-Dibromo-2-ethyl- 74 100 4'= 87/21.1.5112 
butane 

1.2-Dibromo-2,3dimerhyl- 74 100 4 0 4  80/17. 1.5105 
butane 

I, I-Dichloro-3,f di- 75 77 4= 57/31, 1.4389 
methylbutane 

1.2Dichloro-3,fdi- 74 53 4614 52/11, 1.4553 
methylbutane 

2.2-Dichloro-3,fdi- 72 50 4- (1 52) 
methylbutane 

C ,  1.1-Dichloroheptane 72 70 4- 82/20, 1.4440 
2,1Dichlorohepcaae 72 23 4- 77/25, 1.4440 
1,4-Dibromoheptane 54 79 4U3 112/11, 1.5004~' 
1.7-Dibromoheptaae 63 65  4"' 1 2 7 b  
2,3Dibromo-2-m ethyl- 74 71 4- 78/6. 1.5024 

hexane 
3-Methyl-2,4-dibromct 52 90 4lOp 72.5/1, 1.4967 

hexme 
2.3 Dibromcrfethyl- 74 6 3  4- 77/4. 1.5098 

pencane 
1.2-Dichloro-3,4-di- 75  48 4'" 59/12, 1.4489 

methylpencane 
2,2-Dichlorct4.4-di- 75  49 4- 60/20, 1.4470 

methylpentane 
1.3-Dibromo-2.24- 52 40 4'0° 97/10.(40.6) 

ethylpropane 

C, 1.4Dibromo;ictane 54 82 4'= 126/11,1.5003~' 
1 , ~ ~ i  bromoGctane 51 75 4 a  120/2 

61  60  4'94 93/0.45 
63 74 4"' 142/13 

1,l-bi*(Bromomethylb 52 27 4- 117/6, 1.539 
cyclohexane 

3Lopropyl- l,5-di- 54 83  4 'la 130/10 
bromopen tane 

C,, Decamethylene bromide 51 90 4" 142/2 
C 1, Tetradecamethylene 51 65 4 U  175/3 

bromide 

For explanations and symbols s ee  pp. xi-xii. 



124 HALIDES Ch. 4 

TABLE 8 (mimed) 

% Compound Method 
t ~ h a ~ t e r ' e f .  B.p./mm.. nD,  @.p.) (R 

Aromatic Di- and Poly-halides 

C crChlorobromobezene 56 95 4lU 201/742 
o-Chloroiodobenzene 56 78 4'O (0.7) 
nt.Dibromobmzene 56 87 4'" 217 
m-Chlorobromobenzene 56 94 4'M 194 
p-Fluorochlorobenzene 56 66 4" 130 
p-Bmmofluorobenzene 56 77 4- 151 
pChlomiodobenzene 64 95 4""55) 
symTribromobmzene 14 71 4" (122.5) 
Haachlorobenzene 64 79 4'" (227) 

C 7  Benzal chloride 64 90 4"' 105/30. 1.5503 
crChlombenzy1 64  76 4'" 84/9 

chloride 
~Chlorobenzyl 64  98 4'- 107/12 

bromide 
*Iodobenzyl bromide 64  65 4'* 125/4 
m-Chlorobenzyl 64 55 4"' 105/8, (15.5) 

bromide 
mBromobenzoui- 64 52 dm4 (152) 

fluoride 
pFluombenzy1 64 65 4"9 2O2,95/20,1.548oa' 

bmmide 
p-Chloroben zyl 64 70 4"' 117/30. (29) 

chloride 
p-Bmmobenzyl 64 60 4"' 238, (50) 

chloride 
p-Bromobenzyl 64 66 4'" (61) 

bmmide 70 35 4w7 (63) 
p-Iodobenzyl 64 60 4'- (79) 

bromide 

Ca  Styrene dibromide 74 98 4 140/15, (74). 
Styrene iodochloride 74 47 4- (40) 
~,mDichloroethyl- 64 91 4& 63-70/2. 1.5401-23" 

beazeae 
3,CDichloroerhyl- 76 53 4"' 65/3. 1.5411 

benzene 
p-Cblommethy lbenzyl 70 40 4'" 135/16,(100) 

chloride 
~3 ~1)-Dibmmo-m 64 35 4'" (76) 

xylene 
o,w-Dibmmo-p 64 43 4'" (144) 

xyl en e 
a,a,a:a'~etrabromcr 64 55 4'M (170) 

p-xylene 

TABLE 9. OLEFINIC HALIDES 

TABLE 8 (contimred) 

=n Compound Method '"Id ~ h a p t e r ~ e f .  B.p./mm.. n b, (MQ.) 
(%) 

- 

Ammaric Di- and Poly-halides (continued) 

Cp ~ ,8~mmoerhy lbenzy l  5 1 90 4' (53) 
bromide 

1.1.1.3- Teuabromo-3- 75 % 4- (59) 
phenylpropane 

C, 2-Phenyl- 1,4-dibmmo- 5 1 80 4" 175/16 
butane 

2,54is(Chloromethyl)- 70 55 4m (134) 
p-xylene 

C,, 3- Phenyl-1.5-dibmmo- 5 1 80  4U 18U16, (72) 
pentane 

bis(Chloromethy1)- 70 80 4m (1M) 
mesitylene 

duren e 
bis-(Chloromethy1)- 70 80 4w9 (107) 

isodurene 
4.4'-Difluorobiphenyl 56 56 4"' (90) 
4.4'-~ibromobi~henyl 6 4 77 4- (163) 

74 55 46U (91) 
(191) 

74 7 8  4- (244) 
74 8 3  46U (111) 

For explanations and symbols s ee  pp. xi-xii. 

TABLE 9. OLEFINIC HALIDES 

C n Compound Method chapterref B.p./mm., n b. (M.P.), Derir. 
(%I 

Aliphatic Olefinic Halides 

C, Vinyl chloride 35 100 zsm 15/724 
Vinyl bromide 20 30 2'" 16. 
Vinyl iodide 20 32 2 "O 56 
Tetrachloroethylene 20 95 2-4 121- 
unsym-Dibmmo- 27 30 21a 92 

ethylene 

C,  Ally1 bromide 51 96 4' 72, 1.4689. 
Ally1 iodide 55 77 4 302 102, 1.5542" 
2- Bromopropene 27 32 2 49, 1.4426 
1- and 2-Bromo-1- 20 .... zus 48-60. 

propenes 
P ~ h l o r o a l l ~ l  19 75 Zs9 108 

chloride 
--a 

For explanations and symbols see pp. xi-xii. 



Ch. 4 TABLE 9. OLEFINIC HALIDES 127 HALIDES 

TABLE 9 (continued) 
TABLE 9 ( ~ n u e d )  

- -  - 

Cn Compound Method (%) chapterref. B.p./mm.. n b ,  (M.p.), Deriv. 
c, Compound Method   hap tell^^. B.p./m., n b ,  (M.P.), Deriv. ts.) 

Aliphatic Olefinic Halides (continued) 

C, 1-Chloro-3-methyl- 7 3  6 5  4 m  113/760 
2-butene 

Aliphatic Olefinic Halides (continued) 

2, f Dibromopropene 
3,3,f Trichloropropene 

3- Bromo- 1-butene 
1,l-Dibromo- 1-butene 
h.m*Crotyl chloride 

1-Bromo-2-butene 
2- Bromo-2-butene 
1,4-Dibromo-2-butene 
1,4-Dibromo-2-butene 
l-Chloro-2-methyl-l- 

propene 
1-Bromo-2Lmethyl- 1- 

propend 
1,l-Dibrotno-2-methyl- 

1-propen e 
1,1,l-Trichloro-2-methyl- 

2-propen e 

C ,  1-Bromo-1-pentene 
1,1-Dibromo-1-pen tene 
5Bromo-1-pentene 

C 7  1-Bromo-1-heptene 27 35 2"' 162/747, 1.4594 

1, 1-Dibromo-1-heptene 27 74 2'" 106/22, 1.5009 
2-Chloro-1-heptene 72 4 0  4- 71/75, 1.4349 
CBromo-Cmethyl- 52  44 4"' 59.8/27 

1-hexene 
4,4-Dimethyl-2-bromo- 29 62 2'm 137, 1.4630 

1-pen tene 

1-Chloro-2-pentene 
f Chloro-1-pentene 
1- Bromo-2-pmtene 
f Bromo-1-pentene 
1-Bromo-2-pentene 
2- Bromo-2-pen tene 
f Bromo-2-pentene 
4- Bromo-2-pen tene 
5- Bromo-2-pentene 
I- Bromo-3-methyl- 

I-butene 
f Chloro-f methyl- 

I-butene 
I ,  1-Dibromo-3-methyl- 

I-butene 

C l l  11-Undecylenyl chloride 5 3  8 3  4lS 115/12, 1.4487" 
53 76 4IU 122/16, 1.45101' 

1 1-Undecylenyl iodide 55 91 4'" 104/2, 1.4937" 

C,, 9,lCbOccadecenyl 53 8 2  4'" 165/3. 1.4586as 
chloride 

Alicyclic Olefinic Halides 
--- 

C ,  2-Cyclopentenyl 73  8 9  41W 31/30 
chloride 

C 6  f Bromocyclohexene 71 87 4 w  

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 9 (contimred) 

t 
Cn Compound ~ ~ ~ h ~ d  chapte$ef. B.p:/mm., n (Map.), Deriv. 

(%) 

Alicyclic Olefinic Halides (conlinurd) 

C, 1-Chlor-1-cyclo- 20 40 2'" 143 
hexene 72 60 4 95/160. 1.4798 

I-Cyclopentenyl- 52 30 4'" 59/15. 1.5170 
methyl bromide 

C ,  2-Cyclopentenyl- 52 53 4'16 72/16, 1.4995 
ethyl bromide 

C,  I-Cyclohexenyl- 52 50 4"' 90/7 
ethyl bromide 

3 Cyclopentyl-2- 29 82  2"' 75/13, 1.4930" 
bromopropene 

C I  2-Cyclopentenylbutyl 52 47 4'16 %/5, 1.4942 
bromide 

>Cyclohexyl- 2-bromo- 29 64  21W 89/14 
propene 

Aromatic Olefinic Halides 

p-Bromostyrene 
p-Iodostyrene 

C9  I-Phenyl-2-chloro- 
1-propene 

1-Bromo-1-phenyl- 
2-propene 

Cinnamyl chloride 

Cinnamyl bromide 
CChloro-a-methyl- 

styrene 
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TABLE 9 (continued) 

Cn Compound Method ~ h a p t e $ ~ ~ .  B.p./mm.. n 6, (M.P.), Deriv. 
(%) 

Aromatic Olefinic Halides (continued) 

Clo 4-Phenyl-2-hromo- 29 45 21W 119/20 
1-butene 

,&Ethyl-P-bromostyrene 27 8 5  2'" 127/23 
1-(mBromophenyl>l,2- 19 70 2" 111/17, 1.5620 

dimethylethylene 

Cll  ,&n-Propyl-P-bromo- 27 8 5  Zaa 139/22 
styrene 

C U  cbChlorosdlbene 72 38 4," (51) 
o-Chlorostilbene 24 8 0  2 '  209 
mChlorosdlbene 28 16 ZU' (74), lGGDi 
mBromostilbene 28 17 2=  (901, 166Di 
p-Chlorosdlbene 28 40 2"' (1291, 190Di 
p-Bromostilbene 28 23 2=' (139), 202Di 

C , 2.3Diphenylallyl 71 75 4U7 133/0.01 
bromide 

3,f Diphenylallyl 71 8 6  4- 98/0.05 
bromide 

o-Chloromerhylstilbene 53 7 4  4'- 185/15 
C,, Triphenylvinyl 74 9 8  4-' (115.5) 

bromide 

For explanations and symbols see pp. xi-xii. 
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c, 
Yield 

Compound Method t 
( %) 

chapte$ef* B.p./mm., n D, (M.p.) 

Aliphatic and Alicyclic Acetylenic Halides 
-- 

C a  Dichloroacetylene 4 3  65  3" 29/743 
Diiodoacetylene 59 8 7  4'66 (79) 

C 4  CChloro- 1-butyne 52 90 4sn 86/762, 1.4383" 
4-Bromo-1-butyne 52 82  4'" 107/740, 1.4817 
CIodo-1-butyne 52 64 4'" GV80, 1.550419 

C, 5-Chloro- 1-pentyne 44 57 39 68/145, 1.445 
5-Iodo-1-pentyne 52 70 4"' 84-89/43. 1.5351'' 
1-Bromo- 2-pentyne 52 65  4 148/754, 1.4983'~ 

C 6  1-Bromo-1-hexyne 59 78 4'" 46/54, 1.4579" 
1-Iodo-I-hexyne 59 76 43m 54/23, I.514819 
SChloro- I-hexyne 53 72 4'" 64/100, 1.4375" 
>Bromo-1-hexyne 52 48 4''' 83/110,1.4731" 
1-Bromo-2-h exyne 52 6 3  4"' 98/80, 1.4884" 
1-Chloro-5-hexyne 44 80 3', 48/17, 1.4480" 

44 74 3'O 1 44 
I-Iodo-5-hexyne 55 8 2  4119 95/35, 1.5286" 

For explanations and symbols see  pp. xi-xii. 
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TABLE 10 (continued) 

Yield 
% Compound Method (%) ~ h a p t e s e f .  B.b./mm., n b  (M.p.) 

Aliphatic and Alicyclic Acetylenic Halides (confinued) 

C, 3-Chlorc-3-methyl-4- 51 60 4'4 55/130, 1.4330 
pentyne 51 50 4" 52/135, 1.4331 

C , 1-Chloro- 1-octyne 59 65 4- 62/17, 1.445 
f Chloro-f methyl-4- 51 66 4'. G4/25, 1.4514 

be pty ne 
Cyclohexylchloro- 45 48 3" 115/15 

acetylene 
Cyclohexylbromo- 59 78 4'- 84/20, 1.5124" 

acerylene 
Cydohexyliodo- 59 76 4- 86/5, 1.559" 

acetylene 

C9 ~Heptylchloro- 59 55 4'" 77/15, 1.450 
acetylene 

2-Chlorc-2-methyl-+ 51 85 4- 68/15. 1.4480 
octyne 

t-Butylethynyldimethyl- 51 80 4% 81/100, (IS), 1.4343 
carbinyl chloride 

Aromatic Acetylenic Halides 
- - 

C, Phenylchloroacetylene 

Phenylbromoacetylene 
Phenyliodoacetylene 
o-Cblorophenylacetylene 
p-Bromophenylacetylene 

C 9  1-Broke-f phenyl- l- 

propyne 
I-Bromo-f phenyl- 2- 

propyne 

C U, CCblorc- 1-phenyl- 1 
butyne 

TABLE 10. ACETYLENIC HALIDES 131 

TABLE 10 (contimced) 

C n Compound Method 
Yield t 

(%) 
chapterref. B.p./mm., nD, (M,p.) 
- 

Aromatic Acetylenic Halides (continued) 

C fBromo-1-phenyl- 1- 52 60 4'"' 133/20, 1.6050 
butyne 

4-Bromo-1-phenyl- 1- 52 40 4579 145/18, 1.5951 
butyne 

1-Bromo-4-phenyl- 1- 59 68 4 '60 11 V7, 1.563Gu 
butyne 

C ,, 1-Phenyl-5-chloro-1- 44 75 3 l  126/4, 1.5615 
pentyne 

For explanations and symbols see pp. xi-rii. 



HALIDES Ch. 4 

' ~ a m r n  and Marvel, Org. Syntheses, Coll. Vol. I, 25 (1941). 
' Dox, 1. Am Chem Soc., 46, 1707 (1924). 
' Reid, Ruhoff, and Burnett, Org. Syntheses, Coll. Vol. 11, 246 (1943); 

Whitmore et  al., 1. Am Chem. Soc., 69, 235 (1947); 70, 529 (1948); 67, 2059 
(1945). 

4Whirmore et al., 1. Am. Chem. Soc., 67, 2059 (1945). 
=Cason, 1. Am. Chem. Soc., 64, 1109 (1942). 
6Whitmore et  al., 1. Am Chem Soc.. 64, 1802 (1942). 
7Sherrill, Otto, and Pickett, 1. Am. Chem Soc., 51, 3023 (1929); Kharasch, 

Walling, and Mayo, ibid., 61, 1559 (1939); Lucas, Simpson, and Caner, ibid., 
47, 1462 (1925); Shonle, Keltch, and Swanson, ibid., 52, 2442 (1930). 

s herr rill, 1. Am Chem. Soc., 52, 1982 (1930). 
9Whitmore et  al., 1. Am. Chem. Soc., 54, 3431 (1932); 55, 1106 (1933); 60, 

2265, 2533 (1938). 
1°Whitmore and Johnson, 1. Am. Chem. Soc., 60, 2265 (1938). 
"Whitmore and Karnatz. I .  Am. Chem Soc.. 60. 2533 (1938); cf. ref. 114. . - 
"Whitmore and Karnatz, 1. Am. Chem Soc.. 60, 2536 (1938). 
" Lucas, 1. Am. Chem. Soc.. 51, 252 (1929). 
14Niemann and Wagner, 1. Org. Chem., 7, 227 (1942). 
lSWhitmore, Karnatz, and Popkin, I .  Am. Chem. Soc.. 60, 2540 (1938). 
16Strating and Backer, Rec. trav. chim., 55, 913 (1935). 
17Vogel, 1. Chem. Soc., 636 (1943). 
"Copenhaver and Whaley, Org. Syntheses, Coll. Vol. I, 142 (1941); 1. .4m 

Chem. Soc., 60, 2497 (1938). 
l9 Norris and Olmsted, Org. Syntheses, Coll. Vol. I, 144 (1941). 
"Werner, 1. Soc. Chem. Ind., 52, 285 (1933). 
"whitmore er al., 1. Am. Chem. Soc., 55, 361, 406, 1559 (1933). 
" Corson, Thomas, and Waugh, 1. Am. Chem. Soc., 51, 1950 (1929). 
"Klages e t  al., Ann. chim., 547, 33 (1941). 
I4Neunhoeffer and Schliiter, Ann. chim., 526, 70 (1936); Yarnall and Wallis, 

1. Org. Chem., 4, 287 (1939). 
" King, 1. Chem. Soc., 982 (1935). 
'6Perlman, Davidson, and Bogert, 1. Org. Chem., 1, 288 (1936). 
I7Hiers and Adams, 1. Am. Chem. Soc.. 48, 1091 (1926). 
"McKinley, Stevens, and Baldwin, 1. Am Chem. Soc.. 67, 1458 (1945). 
'9Slotta and Altner, Ber., 64, 1515 (1931); Ashley e t  at., 1. Chem Soc., 115 

(1942)- 
"Conant and Blatt, 1. Am. Chem. Soc.. 50, 554 (1928). 
'l Norris and Taylor, 1. Am. Chem. Soc., 46, 753 (1924). 
"Amagat, Bull. set. chzm. France, (4) 49, 1410 (1931). 
"S~nith and Spillane, 1. Am. Chem. Soc., 62, 2640 (1940); Reichstein e t  al., 

Helv. Chim. Acta. 19, 412 (1936). 
J4Kharasch and Kleiman, 1. Am. Chem Soc., 65, 14 (1943). 
Js Nauta and Mulder, Rec. trav. chzm., 58, 1075 (1939). 
36Skell and Hauser, 1. Am. Chem. Soc., 64. 2633 (1942). 
'7Bachmann, Org. Syntheses, 23, 100 (1943); cf. Bachmann, j. Am.  hem. 

SOC.. 55, 2135 (1933). 
'8Newman, 1. Org. Chem., 9, 518 (1944). 

REFERENCES FOR CHAPTER 4 133 

"Renshaw and Conn, 1. Am. Chem Soc.. 60, 745 (1938); Koenigs and 
Neumann, Ber., 48, 961 (1915). 

OHiers and Adams, 1. Am. Chem. Soc.. 48, 2385 (1926). 
Steele, 1. Am. Chem Soc.. 53, 285 (1931); Nenitzescu and Necsoiu, ibid., 

72, 3483 (1950); Goldsworthy, 1. Chem. Soc., 484 (1931). 
4 A d a m ~  and Kornblrun, 1. Am Chem. Soc.. 63, 199 (1941). 
-Lucas, Schlatter, and Jones, 1. Am Chem Soc., 63, 22 (1941). 
Ustone, 1. Am. Chem. Soc., 62, 571 (1940). 
U ~ a n s h ,  1. Am. Chem. Soc.. 53, 1104 (1931). 
"Holliman and Mann, 1. Chem Soc.. 737 (1942). 
47 Young e t  al., 1. Am. Chem. Soc., 58, 104 (1936); 59, 2051 (1937). 

"Mulliken, Wakeman, and Gerry, 1. Am. Chem Soc., 57, 1605 (1935). 
" Lauer and Filbert, 1. Am. Chem. Soc., 58, 1388 (1936). 
MSmith e t  al., 1. Am. Chem. Soc., 61, 3080 (1939). 

Young, Richards, and Azorlosa, 1. Am. Chem. Soc., 61, 3070 (1939). 
"Baudart, Bull. soc. chim France, (5) 11, 337 (1944). 
"Carroll, 1. Chem. Soc.. 1266 (1940); Meisenheimer and Link, Ann., 479, 

240 (1930). 
"Campbell and Eby, J. Am. Chem. Soc.. 62, 1789 (1940). 
'sCampbell, Campbell, and Eby, 1. Am Chem. Soc.. 60, 2882, (1938). 
" Heunion and Banigan, Jr., I .  Am. Chem Soc.. 68, 1202 (1946). 
"Marvel and Calvery, Org. Syntheses, Coll. Vol. I, 533 (1941); also, Hult- 

man, Davis, and Clarke, 1. Am. Chem. Soc.. 43, 369 (1921). 
"McElvain and Carney, 1. Am. Chem Soc., 68, 2596 (1946). 
s9Campbell et al., I .  Am. Chem. Soc.. 68, 1556 (1946); Org. Syntheses, 28, 

65 (1948). 
"Conant and ,?uayle, Org. Syntheses, Coll. Vol. I, 292 (1941). 
61C~nant  and quayle, Org. Syntheses, Coll. Vol. I, 294 (1941). 
6 'B~gerr  and Slocum, 1. Am. Chem. Soc., 46, 763 (1924); Kamm and New- 

comb, ibid., 43, 2228 (1921). 
"Ayers, Jr., 1. Am. Chem. Soc.. 60, 2959 (1938). 
aLeffler and Volwiler, 1. Am. Chem. Soc.. 60, 898 (1938). 
6sSilverman and Bogert, 1. Org. Chem., 11, 43 (1946). 
@Sosa, Ann. chim., (11) 14, 88 (1940). 
67 Franke and Kroupa, Monatsh., 69, 202 (1936). 
@'Fling, Minard, and Fox, 1. AWL Gem.  Soc.. 69, 2466 (1947). 
69Beilenson and Hamer, 1. Chem. Soc.. 101 (1942). 
'OCortese, Org. Syntheses, Coll. Vol. 11, 91 (1943). 
71 McEwen, Org. Syntheses, 20, 24 (1940). 
7'King, Org. Syntheses, Coll. Vol. 11, 399 (1943). 
73 Bogert and Slocum, 1. Am. Chem. Soc., 46, 763 (1924); cf. ref. 72. 

74Noller and Dinsmore, Org. Syntheses, Coll. Vol. 11, 358 (1943); Whitmore 
and Lux, 1. Am. Chem. Soc.. 54, 3450 (1932). 

7sDelaby, Bull. soc. chim. France, (5) 3, 2375 (1936). 
76Kornblum et al., 1. Am. Chem. Soc.. 69, 309 (1947). 
77Rehberg and Henae, 1. Am. Chem. Soc.. 63, 2789 (1941). 
7dShonle e t  al., 1. Am. Chem. Soc., 58, 585 (1936). 
79Scrating and Backer, Rec. trav. chim.. 55, 911 (1936). 
*Dirscherl and Nahm, Ber., 76, 640, 710 (1943). 
"Peak and Robinson, 1. Chem. Soc., 1530 (1937). 





HALIDES Ch. 4 

17'Mannich and Margotte, Ber., 68, 274 (1935). 
lr6Lasselle and Sundet, I .  A n  Chem. Soc., 63,2374 (1941). 
lrTMann, I. Chem. Soc., 461 (1934); Ward, I .  Am.  hem. SOC., 57, 914 (1935 
""Alphen, Rec. trav. chim., 56, 1008 (1937); Ward, ref. 177. 

Hignett and Kay, 1. Soc. Chem. Ind,  54, 98 (1935). 
"OKnowles and Cloke, I. Am. Chem. Soc., 54, 2034 (1932). 
In' Kornblum and Iffland, I .  Am. Chem. Soc., 71, 2137 (1949). 
lrr Kornblum and Eicher, I. Am. Chem. Soc., 71, 2259 (1949). 
'"Ward, Org, Syntheses, Coll. Vol. 11, 159 (1943). 
184Kharasch e t  al., I. Org. Chem., 2, 288 (1937); 4. 428 (1939). 
"' Whitmoce and Johnston, I. Am. Chem. Soc., 55, 5020 (1933). 
186Spiegler and Tinker, I .  Am. Chem. Soc., 61, 940 (1939)- 
'"whitmore and Mmeyer, I. Am. Chem. Sot., 55, 4555 (1933); Kharasch, 

Hannum, and Gladstone, ibid,, 56, 244 (1934). 
l"Coleman, Callen, and Dordeld, 1. Am. Chem. Soc., 68, 1101 (1946); ref- 
lag McElvain and Langston, ]. Am. Chem. SOC., 66, 1762 (1944). 
'PD~harasch  and Kleiman, I. Am. Chcm. Sot.. 65, 11 (1943). 
19'Goerner and Hines, I. Am. Chem. Soc., 70, 3511 (1948); ref. 190. 
19'~omg, Vogt, and Nieuwland, I. Am Chem. Soc., 18,1806 (1936). 
ID'Henne, Chanan, and Turk, 1. Am. Chen  Soc., 63, 3474 (1941). 
194~aves ,  Gnmpoloff, and Rachmm,  Helv. Chim. Act& 30, 1604 (1947). 
19' Mayo and Walling, Chem. Revs., 27, 35 1 (1940). 
196Noller and Adams, I. Am. Chem. Soc., 48, 2446 (1926). 
IP7 Jacobs et  al., j .  Org. Chem., 11, 225 (1946). 
' 98~al l ing ,  Kharasch, and LMay~, I .  Am. Chem. Soc., 61, 2693 (1939). 
19'Guest, I. Am. Chem. Soc.. 69, 300 (1947). 
"Sherrill and Matlack, I. Am. Chem. SOC.. 59,2137 (1937). 
'01 lmks ,  I .  Am. Chem. Soc., 69, 2352 (1947); Ashton and smith, $.  hen 

soc.,=435 (i934). 
Mozingo patterson, Org. Syntheses, 20, 64 (1940); including note 5. 

'"Price and Coyner, 1. Am. Chern. soc., 62, 1306 (1940); also, Clem0 and -..- 

Melrose, I. Chem. Soc., 424 (1942). 
'04Kharasch and Fuchs, I. Org. Chem., 9, 365 (1944). 
'''Stevens, I. Am. Chem. Soc., 70, 165 (1948). 
rwStewart and Clark, 1. Am. Chem. Soc.. 69, 713 (1947). 
"7~;chi  and Jeger, Helv. Chim. Acta, 32, 538 (1949). 
'''Sockin and Hinden, Helv. Chim. Acta, 32, 65 (1949). 
lm Groggins, Unit Processes in Orgunis Synthesis, McGraw-Hill Book Co., 

New York, 1947, pp. 168-259. 
'lOMcBee and Haas, Ind. Eng. Chem., 33, 137 (1941). 
"'Whitmore et  al., I. Am. Chem. Soc., 55, 4161 (1933); 60, 2539 (1938). 
'l'MitmOre, Marker, and Plambeck, Jr., I .  A n  Chem. Soc., 63. 1626 (1941)- 
"'Stevens,]. Am. Chem. Soc., 68,620 (1946). 
a u ~ ~ p e ~ ,  Fawcett, and Morehead, I .  Am. Chen   SO^., 62. 1839 (1940)- 
"'Mason e t  al., I. Chem. Soc.. 3150 (1931). 
"6 Atkinson and Thorpe, I .  Chem. Soc.. 1695 (1907). 
'17 Kharasch and Brown, I. Am. Chem. SOC., 61, 2142 (1939). 
"'Schmid and Kaner, Helv. Chim. Acta, 29, 573 (1946). 

&draux, Helv. Chim. Acta. 12, 92 1 (1929)- 
"oMcMaster and Carol, Ind. Eng. Chem., 23, 218 (1931). 

REFERENCES FOR CHAPTER 4 137 

'=Gatterman and Wieland, Laboratory Methods of Organic Chemistry. The 
Macmillan Co., New York, 1938. 

"'Maxwell and Adams, I. Am. Chem. Soc., 52, 2962 (1930). 
Wisansky and Ansbacher, Org. Syntheses, 28, 22 (1948). 

"4Wahl, Ann. chim., (11) 5, 12 (1936). 
"'Jenkins e t  al., I. Org. Chem, 13, 865 (1948). 
"'Weygand, Organic Preparations, Interscience Publishers, New York, 

1945, p. 76. 
'"Mmel et  al., I. Am. Chem. Soc., 66, 916 (1944). 
"'Marvel, Kaplan, and Himel, I. Am. Chem. Soc., 63, 1894 (1941). 
"'Smith, Org. Syntheses, Coll. Vol. 11, 95 (1943). 
'30Smith and Moyle, I. Am. Chem. Soc., 55, 1676 (1933). 
UISmith and Moyle, J. Am. Chem. Soc., 58, 1 (1936). 
'" Fuson and Corse, I .  Am. Chem Soc., 60, 2065 (1938). 
'"Smith and Guss, I .  Am. Chem. Soc.. 62, 2635 ( 1940). 
'"Clarke and Brethen, Org. Syntheses, Coll. Vol. I, 121 (1941). 
'"Buu-~oi; Ann., 556, 6 (1944); Lecocq, Ann. chim, (12) 3, 79 (1948). 
='Dains and Brewster, Org. Syntheses, Coll. Vol. I, 323 (1941). 
'"Elbs and Jaroslawzew, I. prak. Chem., 88, 92 (1913). 
"nMinnis, Org. Syntheses, Coll. Vol. 11, 357 (1943). 
'"Sandin, Drake, and Leger, Org. Syntheses, Coll. Vol. 11, 196 (1943); 

Woollett and Johnson, ibid., Coll. Vol. 11, 343 (1943). 
'O~un te r  and Edgar, I .  Am. Chem. Soc., 54, 2025 (1932). 
'"Groll and Heame, Ind. Eng. Chem., 31, 1239, 1413, 1530 (1939). 
'*Tsatsas, Ann. chim., (11) 19, 224 (1944). 

Jenkins, McCullough, and Booth, Ind. Eng. Chem., 22, 31 (1930). 
"Ferrero and Corbaz, Helv. Chim. Acta. 13, 1009 (1930). 
'&Militzer, I .  Am. Chem. Soc., 60, 256 (1938). 
'"Tarbell, Fukushima, and Dam. I .  Am. Chem. Soc., 67, 197 (1945). 
'47Schultz et al., I. Org. Chem., 11, 320 (1946). 

*'"Goldberg, Ordas, and Carsch, I. Am. Chem. Soc., 69, 260 (1947). 
'"Dornfeld, Callen, and Coleman, Org. Syntheses, 28, 19 (1948); cf. ref. 246. 
''°Carnpbell, Anderson, and Gilmore, I. Chem. Soc.. 819 (1940); cf. ref. 246. 
"'Clackson and Gomberg, I. Am. Chem. Soc.. 52, 2886 (1930); Thurston and 

Shriner, ibg.,  57, 2164 (1935). 
'" Fuson and Porter, I. Am. Ghem. Soc., 70, 896 (1948); Sampe y and Reid, 

ibid., 69, 234 (1947); Wittig and Felletschun, Ann., 555, 138 (1944). 
'"Bachmann and Kloetzel, I. Org. Chem.. 3, 58 (1938). 
''4Paillard and Farvarger, Helv. Chim. Acta, 16, 614 (1933). 
"'Campaigne and LeSuer, J .  Am. Chem. Soc., 70, 1555 (1948); ~ i t t m e r  et al., 

ibid., 71, 1201 (1949). 
'"Blicke and Burckhalter, I .  Am. Chem. Soc., 64, 477 (1942). 
's7Truitt, Mattison, and Richardson, I. Am. Chem. Soc., 70, 79 (1948); 

Campaigne and LeSuer, ibid., 70, 415 (1948). 
2'8Crook and Davies, I. Chem. Soc., 1697 (1937). 
"' Klopp and Wright, I. Org. Chem., 4, 142 (1939). 
'60Gilman and Avakian, I .  Am. Chem. Soc.. 68, 580 (1946). 
'61Renshaw and Friedman, J. Am Chem. Soc., 61, 3320 (1939); cf. ref. 262. 

Jansen and Wibaut, Rec. trav. chim., 56, 699 (193.7). 
'"Bergstrom and Rodda, I .  Am. Ckm.  Soc., 62, 3030 (1950); Craig and 

Cass, ibid., 64, 783 (1942). 



138 HALIDES Ch. 4 

'64Elpern and Hamilton, J. A m  Chem. Soc.. 68, 1436 (1946). 
16' McElvain and Goese, I. A m  Chem. Soc., 65, 2227 (1943); Wibaut and Den 

Hertog, Rec. trav. chim., 64, 55 (1945). 
'"Wibaut and Nicolai, Rec. trav. c h i m ,  58,  109 (1939). 
16' Rodewald and Plazek, Ber., 70 ,  1159 (1937). 
'6'Dyson and Hammick, J .  Chem Soc., 781 (1939). 
'@ Tucker, I .  Chem. Soc.. 546 (1926). 
'* Hass and Huffman, I. Am. Chem Soc., 63 ,  1233 (1941). 
"' Hennion and Anderson, J .  Am. Chem. SOC., 68, 424 (1946). 
"'Wibaut, V a n  De Lande, and Wallagh, Rec. trav. c h i m ,  52,  794 (1933). 
ln Dvornikoff, Sheets,  and Zienty ,  J .  Am. Chem. Soc., 68,  142 ( 1946). 

Simons and Ramler, 1. Am. Chem. Soc., 65, 389 (1943). 
"%Dippy and Williams, J .  Chem. Soc.. 164 (1934). 
"6Weizmann and Patai, J .  Am. Chem. Soc., 68 ,  150 (1946). 
" 'Jenkins ,  J .  Am. Chem Soc., 55, 2896 (1933). 
""Rapson and Shuttleworth, I. Chem Soc., 489 (1941); c f .  ref.  590. 
'mRug81i and Theilheimer, Helv. Chim. Acta, 24, 906 (1941); Ti t ley ,  I. Cbem. 

Soc., 513 (1926); Atkinson and Thorpe, ibid., 1698 (1907). 
'"OSnell and Weissberger, Org. Syntheses, 20, 92 (1940). 
'"lKoelsch, Org. Syntheses. 20, 18 (1940). 
'"'Adams and Marvel, Org. Syntheses, Coll. Vo l .  I ,  128 (1941). 
'= Blicke and Smith, J .  Am. Chem Soc.. 50,  1229 (1928); Frank, Fanta, and 

Tarbell, ibid., 70,  2317 (1948). 
"4Br&ster and Stevenson, I. Am. Chem. Soc.. 62,  3144 (1940). 
' " V l a t i ,  Strain, and Warren, I. Am. Chem. Soc., 65, 1273 (1943). 
2"6Dippy and Williams, I. Cbem. Soc., 1891 (1934). 
'"'Wallingford and Krueger, Org. Syntheses, Coll. Vo l .  11, 349 (1943). 
""Fuson and Cooke, Jr., I. A m  Chem Soc., 62, 1180 (1940). 
'" Barnes and Gordon, J. Am. Chem. Soc., 71, 2644 (1949). 
" O  Brewster, Org. Syntheses, Coll. Vol. 11, 347 (1943). 
19' Fieser and Bowen, I. Am. Chem. Soc., 62, 2103 (1940). 
a9a Fuson, J. Am. Chem Soc., 48, 830 (1926). 
'9'Case, I. Am. Chem. Soc., 47, 1143 (1925). 
1 9 ~  Blicke and Patelski,  I. Am. Chem Soc.. 58, 559 (1936). 
29' Johnson and Gauerke, Org. Syntheses, Coll. V o l .  I ,  123 (1941). 
w6Coleman and Honeywell, Org. Syntheses, Coll. Vo l .  11, 443 (1943); c f .  

Cavill, I. Soc. Chem. Ind.. 65, 124 (1946). 
"'van Tamelen and V a n  Zyl ,  I .  Am. Chem. Soc.. 71,  835 (1949). 
"'Birckenbach and Goubeau, Ber., 65, 395 (1932). 
'99Hodsson, Chem. Revs., 410, 251 (1947). 
'OOBigelow, Org. Syntheses, Coll. Vol .  I ,  133-126 (1941). 
"O'Mamel and McElvain, Org. Syntheses, Coil. V o l .  I ,  170 (1941). 
3mLucas and Kennedy, Org. Syntheses, Coll. Vo l .  11, 351 (1943). 
"'Roe in  Organic Reactions, Vo l .  5 ,  John Wiley & Sons, New ~ o r k ,  1949, 

pp. 193. 
'04Flood, Org. Syntheses, Coll.  Vol .  11, 295 (1943). 
"%ah and HS;,  Rec. trav. chim., 59, 35 1 (1940); Lucas, Kennedy, and Wilmot, 

J .  Am. Chem. Soc.. 58,  157 (1936). 
'06Chattaway et  al., J. Chem. Soc., 65, 875 (1894). 
' 0 7 ~ o g e l ,  I .  Chem. Soc., 650 (1948). 

REFERENCES FOR CHAPTER 4 139 

I ' 0 8 ~ i l m a n ,  Kirby, and Kinney, J .  Am. Chem. Soc.. 51, 2260 (1929). 
'OgCampaigne and Reid, Jr., I .  Am. Chem. Soc.. 68,  1663 (1946). 
" O  ~ a c h m a n n  and Boatner, I. A m  Chem Soc.. 58, 2 194 (1936). 
"'Fieser and Seligman, 1. A m  Chem. Soc.. 58, 478 (1936). 
'UAl len  and Thirtle,  Org. Syntheses, 26, I6 (1946). 
" ' ~ i b a u t  and Bastide, Rec. trav. c h i m ,  52,  495 (1933). 
"4Roe  and Hawkins, I. Am. Chem Soc., 69 ,  2443 (1947); 71, 1785 (1949). 
'"Dikshoorn, Rec. trav. chim., 48, 550 (1929). 
116 Newmm and Fones, I. Am. Chem Soc., 69,  1221 (1947). 

"'Fry and Grote, J .  Am. Chem. Soc.. 48, 710 (1926). 
118 Hartwell, Org. Syntheses. 24, 22 (1944). 

'"I Ingold and V a s s ,  I. C h e m  Soc.. 2265 (1928). 
110 Wallagh and Wibaut, Rec. trav. chim., 55, 1072 (1936). 

"'Schiemann and Winkelmiiller, Org. Syntheses, Coll. Vol .  11, 188 (1943). 
" 'Lesl ie  and Turner, J. Chem Soc.. 282 (1932). 
" ' i i  and Adams, J .  Am. Chem Soc.. 57, 1568 (1935). 
114  Dain's and Eberly, Org. Syntheses, Coll. Vol.  11, 355 (1943). 

"'Bradlow and Vanderwerf, I. Am. Chem Soc., 70,  656 (1948). 
" 6 ~ e y g a n d ,  Organic Preparations. Interscience Publishers, New York, 1345, 

p. 117. 
" ' ~ e a r l e  and Adams, I. A m  Chem Soc., 55, 1652 (1933). 
""schiemann and Winkelmiiller, Org. Syntheses, Coll. Vol .  11, 299 (1943). 

1 "'Buck and Ide, Org. Syntheses, Coll. Vol .  11, 130 (1943). 
UoSchoutissen, Rec. trav. chim., 54, 98 (1935). 

I '"Mamel, Allen, and Overberger, I .  Am. Chem. Soc.. 68 ,  1089 (1946). 
'" Elson, Gibson, and J ohnson, J. Chem Soc.. 1128 (1930). 
'"Zenitz and Hartung, J. 0%.  Chem., 11, 444 (1946), c f .  r e f .  332. 
" 4 ~ v a n s ,  Morgan, and Watson, J. Chem Soc., 1172 (1935); Leonard and Boyd, 

1. Org. Chem,  11, 412 (1946). 
""trassburg, Gregg, and Walling, I. Am. Chem. Soc.. 69,  214 1 (1947). 
"6Ayl ing,  Gorvin, and Hinkel, I. Chem. Soc., 618 (1941). 
 artman man and Brethen, Org. Syntheses, Coll. Vol .  I ,  162 (1941). 
""Fuson and McKeever in Organic Reactions, Vol .  I ,  John Wiley & Sons, New 

Y a k ,  1942, p. 63. 
" 9  whitmore e t  al., Ind. Eng. Chem., 38,478 (1946); c f .  ref.  338. 
'"Darzens, Compt. rend., 208, 818 (1939). 
lUQuelet,  Bull. soc. chim. France, ( 5 e )  7 ,  196, 205 (1940). 

Emerson e t  al., I. Am. Chem. Soc., 69, 1905 (1947); c f .  re f .  343. 
'UKosolapof f ,  J .  Am. Chem. Soc.. 68, 1670 (1946). 
' 4 4  Akin, Starnatoff, and Bogert, J .  A m  Chem. Soc., 59, 1271 (1937); c f .  re f .  

338. 
"%rummitt and Buck, Org. Syntheses, 24, 30 (1944). 

, ta tar bell and Wystrach, I. Am. Chem. Soc., 65, 2151 (1943). 
'47()uelet,  Bull. soc. chim. France, 53, 222 (1933). 
'" Colonge, Bull. soc. chim. France, ( 5 e )  3 ,  2116 (1936). 
'49Griffl ing and Salisbury, J .  Am. Chem. Soc.. 70,  3416 (1948). 
3gAvakian, M O S S ,  and Maitin, J .  Am. Chem. Sor., 70 ,  3075 (1948); Blicke and 

Sheets, ibid., 70, 3768 (1948). 
"'Wiberg and iLicShane, Org. Syntheses, 29, 31 (1949); c f .  re f .  256. 
's'Rossander and Marvel, I. Am. Chem. Soc.. 50, 1491 (1928); Harmon and 

Marvel, ibid., 54, 2515 (1932). 



140 HALIDES Ch. 4 

'USuter and Evans, J. Am. Chem. Soc.. 60, 536 (1938). 
''4Whitmore, Wittle, and Harrhan, I .  Am Chem. Soc., 61, 1585 (1939). 
"9achmann and Kloetzel, j. Org. Chem., 3, 55 (1938). 
''6Gilman et al., I .  Am. Chem Soc., 61, 2836 (1939). 
'"Gilman and Norris, I .  Am. Chem. Soc., 67, 1479 (1945). 
'"Gilman and Avakian, I .  Am Chem. Soc., 67, 349 (1945). 
'"Vaughn and Nieuwland, J. Am. Chem Soc.. 55. 2150 (1933); McCusker and 

Vogt, ibid., 59, 1307 (1937); cf. ref. 360. 
'"Grignard and Perrichon, Ann. chim., (10) 5, 5 (1926); cf. ref. 359. 
'6'Whitmore and Woodward, Org. Syntheses, Coll. Vol. I, 325 (1941). 
'" Whitlnore and Hanson, Org. Syntheses, Coll. Vol. I, 326 (1941). 
'"Truchet, Ann. chim., (10) 16, 334 (1931). 
'"Caner and West, Org. Syntheses, 20, 81, 101 (1940). 
'6%redy, Bull. soc. chim. France, (5e) 3, 1094 (1936). 
'66Dehn, 1. Am. Chem. Soc., 33, 1598 (1911); Vaughn and Nieuwland, ibid, 

54, 788 (1932). 
'67Marvel and Tanenbaum, I .  Am. Chem. Soc.. 4, 2645 (1922). 
'" Benton and Dillon, I .  Am. Chem Soc.. 64, 1128 (1942). 
'wHass and Bender, j. Am Chem. Soc.. 71, 1767 (1949). 
'* Finkelstein and Elderfield, j .  Org. Chem., 4, 372 (1939). 
'"Marvel and Birkhimer, I .  Am. Chem. Soc., 51, 260 (1929). 
'"Merchant, Wickert, and Marvel, I .  Am. Chem Soc., 49, 1828 (1927). 
'"Marvel e t  al., J. Am. Chem. Soc., 46, 2838 (1924); Sayles and Degering, 

ibid., 71, 3161 (1949); cf. ref. 372. 
'"Carter, I .  Am. Chem Soc.. 50, 1967 (1928). 
'"Marvel, Zartman, and Bluthardt, j. Am. Chem. Soc.. 49, 2299 (1927). 
'"Gibbs, Littmann, and Marvel, J. Am Chem Soc., 55, 753 (1933). 
'"Drake et dl. Am. Chem Soc., 68, 1536 (1946). 
'7"Finkelstein, Bet., 43, 1528 (1910). 
'"Ahmad and Strong, 1. Am Chem. Soc., 70, 1699 (1948). 
wGryszkiewicz-Trochimowski, Rec. trav. chim., 66, 415 ( 1947); Saunders and 

Stacey, J. Chem. Soc.. 1773 (1948). 
'" Ingold and Ingold, I .  Chem. Soc., 2249 (1928). 
""Letsinger and Traynham, J. Am. Chem. Soc., 70, 2818 (1948). 
'" Brody and Bogert, J. Am. Chem. Soc.. 65, 1080 (1943). 
'84Swallen and Boord, 1. Am Chem. Soc.. 52, 651 (1930). 
''%Gibson and Johnson, J. Chem. Soc.. 2525 (1930). 
'06 Bennett and Hock, I .  Chem. Soc., 472 (1927). 
'"King and L'Ecuyer, 1.  Chem Soc., 1901 (1934); Baker, ibid, 2 16 (1933). 
'@' Adickes, J. prakt. Chem., 161, 277 (1943). 
'"9Borsche, Ann., 526, 14 (1936). 
'WNewrnan and Closson, I .  Am. Chem. Soc., 66, 1553 (1944). 
'9'~leinberg, Chem. Revs., 40, 381 (1947). 
'9'Hunsdiecker and Hunsdiecker, Ber., 75, 291 (1942); U. S. patent 2,176,181 

(1939). 
'9'Allen and Wilson, Org. Syntheses. 26, 52 (1946). 
394Lur~inghaus and Schade, Bet., 74, 1565 (1941); cf. ref. 392. 
'93chmid, Helv. Chim. Acta, 27, 134 (1944). 
JP6Cason and Way, 1. Org. Chem, 14, 3 1 (1949). 
'97von Braun, Org. Syntheses. Coll. Vol. I, 428 (1941). 
J9aArvin and Adams, I .  Am. Chem. Soc.. 50. 1984 (1928). 

1 REFERENCES FOR CHAPTER 4 

'*~eonard and Wicks, I .  Am. Chem. Soc., 68, 2402 (1946). 
-Stone, J. Am Chem Soc., 58, 488 (1936). 
@'~;ller and Kindlmann, Ber., 74, 416 (194 1). 
*' Braun and Sobecki, Ber.. 44, 1464 (191 1). 
@'Suida and Drahowzal, Ber., 75, 991 (1942). 
 art art man and Dreger, Org. Syntheses, Coll. Vol. I, 357 (1941). 
""Adams and Marvel, Org. Syntheses. Coll. Vol. I, 358 (1941). 
@6Doughty and Derge, I .  Am. Chem. Soc., 53, 1594 (1931). 
""Buck and Ide, J. Am. Chem. Soc.. 54, 4359 (1932). 
-Glattfeld and Schneider, I .  Am. Chem. Soc., 60, 415 (1938). 
-Rinkes, Rec. trav. chim., 55, 991 (1936); Steinkopf et al., Ann., 527, 237 

(1936). 
Fried and Kleene, J. Am Chem. Soc., 63, 2691 (1941); 62, 3258 (1940). 

"'Tarbell and Weaver, I .  Am Chem. Soc.. 63, 2939 (1941); cf. refs. 410 and 
4 12. 

"'Cloke and Ayers, I .  Am. Chem. Soc.. 56, 2144 (1934). 
41'Paul, Bull. soc. chim. France, (5) 5, 1053 (1938). 
"4Synerholm, J. Am Chem. Soc., 69, 2581 (1947): 
"'Alexander and Schniepp, 1. Am. Chem. Soc.. 70, 1839 (1948); Org. 

Syntheses. 30, 27 (1950). 
"'Cloke and Pilgrim, 1. Am Chem Soc., 61, 2667 (1939); Synerholm, Org. 

Syntheses, 29, 30 (1949). 
"'Andrus, Org. Syntheses,23, 67 (1943). 
"'Piantanida, I .  prakt. Chem., 153, 257 (1939). 
"9 Stone and Schechter, Org. Syntheses, 30, 33 (1 950). 
4 '0Luca~ a d  Gould, Jr., J .  Am. Chem Soc.. 63, 2541 (1941). 
a'Win~tein and Gmnwald, J. Am. Chem Soc., 70, 836 (1948). 
a1 Johnson and McEwen, Org\.,Syntheses, Coll. Vol. 1, 521 (1941). 

' "~vers  e t  al., I .  Am. Chem. Soc., 55, 1136 (1933); Whitmae, Evers, and 
Rothrock, Org. Syntheses, Coll. Vol. 11, 408 (1943). 

44Schmitt and Boord, I .  Am Chem. Soc.. 54, 751 (1932). 
assoday and Boord, j. Am. Chem. Soc., 55, 3293 (1933). 
U6Snyder and Brooks, Org. Syntheses, Coll. Vol. 11, 171 (1943). 
* '~harasch and Brown, J. Am. Chem. Soc., 61, 3432 (1939). 
4'8Srnith and Hoehn, I .  Am. Chem. Soc.. 63, 1180 (1941). 
a 9 ~ a u l  and Normant, Bull. soc.  chim. France, (5) 11, 365 (1944). 
-'Shepard and Johnson, I .  Ani. Chem Soc., 54, 4385 (1932). 
U'Koelsch, j. Am. Chem. Soc., 54, 2045 (1932). 
U'Farrell and Bachman, I .  Am. Chem. Soc., 57, 1281 (1935). 

Jackson and Pasiut,  J. Am. Chem. Soc., 50, 2249 (1928). 
U4Rhinesmith, Org. Syntheses, Coll. Vol. 11, 177 (1943). 
-'Marvel et al., J. Am. Chem. Soc.. 62, 3495 (1940). 
U6Abbott and Althousen, Org. Syntheses, Coll. Vol. 11, 270 (1943). 
U7Carter and Ney, J. Am. Chem. Soc., 64,1223 (1942). 
U'Lichtenberger and Naftali, Bull. soc. chim. France, (5) 4, 325 (1937). 
49GoniweJl and Benson, Org. Syntheses, 27, 5 (1947). 
UDCromwell and Wankel, J. Am Chem. Soc., 70, 1320 (1948). 
*'Auwers and Higel, J. prakt. Chem.. 143, 157 (1934); cf. ref. 440. 
*'Wagner, I .  Am. Chem. Soc., 71, 3214 (1949). 
OUDegering, Ind. Eng. Chem., 24, 181 (1932). 



142 HALIDES Ch. 4 

-Jacobs  in Organic Reactions,  Vo l .  5, John Wiley & Sons ,  New York ,  1949, 
p. 20. 

Burkhardt and Cocker ,  Rec. trav. c h i m ,  50, 843 (1931). 
U6Hurd. Meinert, and Spence. J. Am. C h e n  Soc.. 52, 1138 (1930). 
u7Stoll and ROUV;, Helv. Chim. Acta,  21, 1542 (1938). 
-Bartlett and Rosen, I .  Am. Chem. Soc.. 64. 543 (1942). 
49 Bachman and Hill ,  I .  Am. Chem. Soc., 56, 2730 (1934). 
""Favorski ,  I .  pakt .  Chem.  (2) 88, 641 (1913). 
" 'Vass l iev ,  Bull. soc. chim. France, (4) 43, 563 (1928). 
*'Smith and Hoehn. I .  Am. Chem. Soc.. 63. 1175 (1941); Adams and Theobald ,  

ibid., 65, 2208 (1943). 
Perkin and Robinson, j .  Chem. Sor., 103, 1977 (1913). 

' 4F i sher  and Hamer, I .  Chem. Soc., 1907 (1934). 
"Djerass i ,  Chem. Revs., 43. 271 (1948). 
"'ZiegIer e t  al., Ann., 551, 80 (1942). 
" ' ~ ~ h r i n ~ h a u s ,  ~ g n i ~ ,  and ~ G t t c h e r .  Ann.. 560, 213 (1948). 
45'Karrer and Ringli ,  Helv. Chim. Acta, 30, 863, 1771 (1947). 
"9Gomberg, I .  Am. Chem. Soc., 41, 1414 (1919); Frahm, Rec. trav. c h i m ,  50, 

261 (1931). 
*Olson  and Whitacre, J. Am. Chem. Soc., 65, 1019 (1943); Montmollin and 

Matile, Helv. Chim. Acta. 7, 106 (1924). 
"' Lucas  and Gould, I .  A m  Chem. Soc.. 63. 2541 (194 1). 
*'Glavis, Ryden, and hkirvel, J. Am. Chem. Soc., 59, 707 (1937). 
*"Iurd and Abernethy, 1. Am. Chem. Soc., 63, 976 (1941). 
464Coleman and Johnstone ,  Org. Syntheses,  Coll. Vo l .  I, 158 (1941); c f .  

New~nan and Venderwerf ,  I .  Am. Chem. Soc.. 67. 233 (1945). 
ns bkigidson e t  al., Arch. Pham., 272, 79 (1934). 
-Roth.stein, Bull. soc .  chim. France, (5) 2.  1936 (1935). 
"'Detoeuf,  Bull. SOC. chim. France, (4) 31, 169 (1922). 
-Read and Williams, 1. Chem. Soc.. 359. 1214 (1920). 
"9Read and Reid,  J. Chem. Soc.. 1487 (1928); c f .  r e f .  473. 
470 Emerson, I. A m  Chem. Soc., 67, 516 (1945); Hanby and Rydon, I. Chem. 

Soc., 114 (1946). 
471Winstein and Buckles ,  1. Am. Chem. Soc.. 64, 2780 (1942); c f .  r e f .  476. 
472Suter and Milne, I .  Am. Chem. Soc.. 62, 3476 (1940). 
473Suter and Zook,  I .  Am. Chem. Soc., 66, 738 (1944). 
474Evans and Owen, I .  Chem. Soc., 239 (1949); c f .  Kadesch, I .  Am. C h e m  

Soc., 68, 46 (1946). 
"5Ruggli  and ~ e ~ e d ; s ,  Helv. a i m .  Acta, 25, 1285 (1942); Bloomfield and 

Farmer, 1. Chem. Soc., 2062 (1932); Abderhalden and Heyns,  Ber., 67, 530 (1934); 
Braun. I .  Am. C h e m  Soc.. 52, 3185 (1930). 

"6Winstein,  I .  Am. Chem. Soc.. 64, 2792 (1942). 
"'Winstein e t  al., I .  Am. Cbem. Soc., 70, 816 (1948). 
47'Thayer,  marvel, and Hiers, Org. Syntheses,  6 1 1 .  V o l .  I ,  117 (1941). 
4mAutenrieth and M&linghaus, Ber., 39, 4098 (1906). 
4'0Shoemaker and Boord, j .  Am. Chem. Soc., 53, 1505 (193 1). 
alWhitmore and Langlois,  I .  A n  Chem. Soc.. 55, 1518 (1933). 
*'Dykstra, Lewi s ,  and Boord, I .  Am. Chem. Soc.. 52, 3396 (1930). 
- 'Levene,  Org. Syntheses,  Coll .  Vo l .  11, 88 (1943). 
"'Catch e t  al., I .  Chem. Soc., 272 (1948); Jane t zky  and Verkade,  Rec. trav. 

chim., 65,691 (1946). 

REFERENCES FOR CHAPTER 4 143 

* 5 G t ~ h  e t  al.9 1. Chem. S a . .  276 (1948); Jane t zky  and Verkade, Rec. trav. 
chim.. 65, 905 (1946). 

a 6 A ~ t ~ n  e t  al., I .  A m  Chem. Soc.. 64, 300 (1942). 
Bachman and Hill ,  I .  Am. Chem. Soc., 56, 2730 (1934). 

a o B a r o w s ,  Holland, and Kenyon, 1. Chem. SOC., 1083 (1946). 
I9Hi1l and Kropa. I .  Am. Chem.  SO^.. 55, 2509 (1933); Jackman e t  a]., i b i d ,  

70, 2884 (1948). 
"Favorsk i ,  I. prakt. Chem.. 88, 641 (1913). 
@'Djerassi and Scholz ,  I .  A m  Chem. Soc., 70, 417 (1948). 
"Bedoukian,  1. Am. Chem. Sot.. 67, 1430 (1945). 
493 Ruggli e t  al., Helv. Chim. Acta, 29, 95 (1946). 

-Buchman and Richardson, I .  Am. Chem. SOC., 67, 395 (1945). 
msBuchman and Sargent, I .  Am. Chem. Soc., 67, 400 (1945). 
" ~ a b j o h n  and Rogier, 1. Org. Chem., 11, 781 (1946). 
@ ' ~ e w m a n ,  Farbman, and Hipsher, Org. Syntheses,  25, 22 (1945). 
L. 'Me~er ,  H e h .  Chim. Acts, 16, 1291 (1933); Ebel ,  ibid., 12, 9 (1929). 
@9Cowper and Davidson, Org. Syntheses,  Coll. Vo l .  11, 480 (1943). 
9w Langley,  Org. Syntheses,  Coll .  V o l .  I, 127 (1941). 
"'Kindler and Blaas ,  Ber,, 77, 585 (1944). 

Taylor, J .  Chem Soc., 304 (1 937). 
903 Fourneau and Barrelet, Bull. soc. c h i m  France, 47, 72 (1930). 
U ~ c h u l t z  and ~ i c k e ~ ,  Org. Syntheses,  29, 38 (1949); Verkade and J m e t r k Y ,  

Rec. trav. chim., 62, 780 (1943); von Wacek e t  a]., Ber., 75, 1352 (1942). 
50'MachIis and Blanchard, I .  Am. Chem. Soc., 57, 176 (1935). 
906 Maeder, Helv. Chim. Acta, 29, 124 (1946). 
5 0 7 ~ a c o b s  e t  a]., I .  Org. C h e m ,  1 1 ,  2 1 (1946). 
='May and Mosettig, I .  Am. Chem. Soc., 70, 686 (1948). 
9 0 9 ~ i p n i s ,  Soloway, and O m f e l t ,  I .  A m  Chem. Soc., 71, 10 (1949). 
510 1 d c P h e e  and Klingsberg, J. Am. Chem. Sor., 66, 1132 (1944). 
s"Prevost and Sommiere, Bull. soc. chim. France, (5) 2, 1157 (1935). 
"' Emerson and Patrick,  Jr., I .  Org. Chem., 13 ,  722 (1948). 
513 Long and Howard, Org. Syntheses,  Coll. Vo l .  11, 87 (1943). 
n4Erlenmeyer and Jung,  Helv. Chim. Acta. 32, 37 (1949). 
515Danilow and Venus-Danilowa, Ber., 63, 2765 (1930). 
'16Hibbert and Hill ,  I .  Am. Chem. SOC., 45, 734 (1923). 
517Danilow and Venus-Danilowa, Ber., 67, 24 (1934). 
n'Kirmlann, Ann. chim.. (10) 11, 223 (1929); Chancel,  Bu l l  roc.  c h i m  F T ~ C ~ ,  

(5) 17, 714 (1950). 
Catch e t  al., I. Chem. Soc., 278 (1948). 

"OMcPhee and Klingsberg, Org. Syntheses,  26, 13 (1946). 
Bachmann in Organic Reactions, V o l .  I, John  Wiley & Sons,  New York ,  

1942, p. 47. 
, Ritter and Sokol,  I .  Am. Chem. Soc., 70, 3419 (1948). 

5'3Karrer and Schmid, Helv. Chim. Acta, 27, 119 (1944). 
Q 4 L ~ t z  and Wilson, I .  Org. Chem., 12, 767 (1947). 
ns King and Work, I .  G e m .  Soc., 1307 (1940). 
%'Ruggli and Knecht, Helv. Chim. Acta, 27, 1108 (1944). 
''' Burger and Harms t ,  I .  Am. Chem. Soc., 65, 2382 (1943). 
5''Marvel, Org. Syntheses ,  20, 106 (1940). 
Q9M=veI, Org. Syntheses.  21, 74 (1941); c f .  r e f .  >37. 



HALIDES Ch. 4 

soClarke and Taylor ,  Org. Syntheses,  Coll. Vo l .  I ,  115 (1941); c f .  r e f .  537. 
s3' Ahlberg, J. prakt. Chem., 135, 282 (1932). 
s' Hurd and Cashion, I .  Am. Chem. Soc., 65, 2037 (1943); c f .  re f .  537. 
us Bernhard and Lincke ,  Helv. Chim. Acta, 29, 1462 (1946). 
u4 Hornever. Whi tmae ,  and Wallingford, J .  Am. Chem. Soc., 55, 4209 (1933). - - -  < . 
5'' Berger, /. prakt. Chem., 152, 3 15 ( 1939)- 
a6Grewe, Bet., 76, 1081 (1943). 
U7Marvel and Du Vigneaud, Org. Syntheses,  Coll. Vol .  11, 93 (1943). 
'" Kandiah, I .  Chem. Soc., 12 15 (1 93 2). 
u9Bergs ,  Rer., 63, 1291 (1930). 
"F l ing .  Minard. and Fox,  I .  Am. Chem SOC., 69, 2466 (1947); cf.  re f .  372. - - ., * 
-'Zanden, Rec. trtw. chim., 53, 477 (1934). 
IU Zanden, Rec. trav. c h i n ,  63, 113 (1944). 
-GOSS and Ingold, I .  Chem. Soc., 1471 (1926). 
-Natelson and Gon f r i ed ,  Org. Syntheses, 23, 37 (1943). 

Voe;el, 1. Chem. Soc., 648 (1948). 
'*Sauaders and Stacey,  I .  Chem. Soc.. 1773 (1948). 
"'Guest and Goddard, Jr., I .  Am. Chem. Soc., 66, 2074 (1944). 
sg  Brockmam, Ann., 521, 42 (1935). 
s49 Buchman e t  al., I .  A m  Chem Soc., 64, 2696 ( 1942). 
*OSchwenk and Papa, I .  Am. Chem. Soc., 70, 3626 (1948). 
"'Palmer and McWheterr, Org. Syntheses. Coll .  Vol .  I ,  245 (1941). 
"'Dice and Bowden, I .  A m  Chem. Soc., 71, 3107 (1949). 
s"Burgin, Heame, and Rust ,  Ind. Eng. Chem., 33, 385 (1941). 
*4Dattaand Bhoumik, J. Am. Chem. Soc., 43, 303 (1921). 
'" Schmerling, I .  Am. Chem. Soc., 67, 1438 (1945). 
*'Schn1erling, I .  Am. Chem. Soc.. 68, 1650 (1946). 
" ' ~ h i r a s c h ,  Jensen ,  and Urry, I .  Am. Chem. Soc., 69, 1100 (1947). 
a8Kharasch, Kuderna, and Urry, I .  Org. Chem., 13, 895 (1948); Kharasch and - - 

Sage,  ibid., 14, 537 (1949). 
"9Kharasch, Skell ,  and Fisher, I .  Am. Chem. Soc., 70, 1055 (1948). 
' " ~ e y  and Musgrave, I .  Chem. Soc., 3156 (1949). 
"Aspinall  and Baker, I .  Chem. Soc.. 743 (1950). 
*'Marvel e t  al., 1. Am. Chem. Soc.. 63, 1892 (1941); 66, 914 (1944). 

Lucas and Garner, J .  Am. Chem. Soc., 72, 2145 (1950). 
* 4 Y ~ u n g ,  Cristol ,  and Skei,  I .  Am. Chem. Soc., 65, 2099 (1943). 
s6s Joseph, Ross ,  and Vu l l i e t ,  J .  Chem. Education, 26, 329 (1949). 
-Cason, Wallcave, and Whiteside, I .  Org. C h e n ,  14, 37 (1949). 
*'Jacobs and Florsheim, I .  A m  Chem. Soc.. 72, 256 (1950). 
'6'Hatch and Nesbitt ,  J .  Am. C h e n  Soc.. 72, 727 (1950). 
'69Colonge and Garnier, Bull. soc. chim. France, (5) 15, 436 (1948). 
"Degering and Boatright, J .  Am. Chem. Soc., 72, 5137 (1950). 
"' Owen and Roberts, I .  Chem. Soc.. 325 (1949). 
5n Ames, Bowman, and Mason, I .  Chem Soc.. 174 (1950). 
s73Katchalski and Ishai,  J .  Org. Chem., 15, 1070 (1950). 
s74Crombie and Harper, I .  Chem. Soc.. 2688 (1950). 
"'Hurd and McPhee, I .  Am. C h e m  Soc., 71, 398 (1949). 
576Prelog, El-Neweihy, and Hgfliger,  Helv. Chim. Acta. 33, 1937 (1950). 
577HenbeSt, Jones ,  and Walls, I .  Chem. SOC.. 2699 (1949). 
s78Eglinton and Whiting, 1. Chem Soc.. 3650 (1950). 

REFERENCES FOR CHAPTER 4 

"9Golse ,  Ann. chim., (2) 548, 554 (1948). 
mTheilacker and Wendtland, Ann., 570, 49 (1950). 
"'Sherman and Amstutz,  I .  Am. Chem. Soc.. 72, 2 195 (1950). 

Blicke and Sheets,  J .  Am. Chem. Soc.. 71, 2856 (1949). 
'83Elderfield,  Pi t t ,  and Wenpen,  I .  Am. Chem. Soc., 72, 1342 (1950). 
"4Kyrides e t  al., I .  Am. Chem. Soc., 72, 747 (1950). 
' -Ul tee ,  Rec. trav. c h i m ,  68, 125 (1949). 
Y6Valborsky ,  I .  Am. Chem. Soc., 71, 2941 (1949). 
"' Wibaut, Sixma, and Suyver, Rec. trav. c h i n ,  68, 525, 915 (1949). 
" 'Lew and Noller, Org. Syntheses,  30, 53 (1950). 
"9Vaughan e t  al., I .  Org. Chem., 14, 230 (1949). 
IPoSloviter, J. Am. Chem. Soc.. 71, 3360 (1949). 
' 9 ' h y l e s  and Degering, I .  Am. Chenz. Soc., 71, 3 161 (1949). 
'" Hussey and Wilk,  J .  Am. Chem. Soc., 72, 830 (1950). 
'9'Derbyshire and Waters, J .  Chem. Soc.. 3694 (1950). 
"Groggins,  Unit Processes in  Organic Chemistry, McGraw-Hill Book Co., New 

Y a k ,  1947, pp. 168-259; McBee and Pierce,  lnd. Eng. Chem., 42, 1694 (1950). 
'- Sandin and Cairns, Org. Syntheses, Coll .  Vol .  11, 604 (1943). 
5W Aitken, Badger, and Cook, I .  Chem. Soc., 331 (1950). 
' 9 7 ~ u b i c z e k  and Neugebauer, Monatsh., 81, 917 (1950). 
'-Horning, Horning, and Platt ,  J .  Am. Chem. Soc., 72, 2731 (1950). 
" 9  Rhoad and Flory, J .  Am. Chem. Soc., 72, 2216 (1950). 
'"'"Wood, Perry, and Tung,  J .  Am. Chem. Soc., 72, 2989 (1950). 
*'Gilrnan and Su lmers ,  J .  Am. Chem. Soc., 72, 2767 (1950). 
*' Straus, Kollek,  and Heyn, Ber., 63, 1868 (1930). 
*astone and Shechter, I .  Org. Chem., 15, 491 (1950); Org. Syntheses, 31, 31, 

66 (1951). 
Buckle,  Pattison, and Saunders, I .  Chem Soc., 1476 (1949). 
Blicke,  Wright, and Zienty,  J .  Am. Chem. Soc., 63, 2488 (1941). 

-Starr and Hixon, Org. Syntheses, Coll. Vol.  11, 571 (1943). 
*'Saunders, Stacey,  and Wilding, J .  Chem. Soc., 773 (1949); Hoffmann, J. Org. 

Chem., 15, 430 (1950). 
*"ad-Moore, Org. Syntheses. 30, 1 1  (1950). 
-Leonard and Goode, I .  Am. Chem. Soc., 72, 5404 (1950). 
b'OSmith and tlull ,  I .  Am. Chem. Soc., 72, 3309 (1950). 
bllDauben and T i l l e s ,  J .  Am. Chem. Soc., 72, 3185 (1950); Barnes and Pro- 

chaska,  ibid,, 72, 3188 (1950). 
"'Henne and Finnegan, I .  Am. Chem. Soc.. 72, 3806 (1950). 
6''Oldham, I .  Chem. Soc.. 100 (1950). 

Ecke,  Cook, and Whitmore, 1. Am. Chem. Soc., 72, 1511 (1950). 
Buckles,  Steinmetz, and Wheeler, J .  Am. Chem. Soc.. 72, 2496 (1950). 
Evans and idorgan, I .  Am. Chem. Soc.. 35, 54 ( 1913). 

617Ames and Bowman, J .  Chenz. Soc.. 406 (1950); c f .  re f .  159. 
"Skinner,  Limperos, and Pettebone, J .  Am. Chem. Soc., 72, 1648 (1950). 
' I 9  Taylor and Morey, Ind. Eng. Chem., 40, 432 (1948). 
aOJacobson,  I .  Am. Chem. Soc.. 72, 1489 (1950). 
a' Brandon, Derfer, and Boord, I .  Am. Chem. Soc.. 72, 2120 (1950). 
a'Seifert  e t  al., Helv. Chzm. Acta, 33, 732 (1950). 

Braude and Co les ,  I ,  Chem. Soc.. 2014 (1950). 
a4Lora-Ta~na)~o et  al.,  /. Chem. Soc.. 1418 (1950). 



HALlDES Ch. 4 

"5Baternan et al., I. Chem. Soc., 936, 941 (1950). 
"'Donahoe and Vanderwerf, Org. Syntheses. 30, 24 (1950). 
"'Colonge and Cwnet. Bull. soc. chim. France, (5) 14, 838 (1947). 
"'Dolliver e t  al., J. Am. Chem. Soc., 60, 440 (1738). 
"91rwin and Hennion, 1. .4m. Chem. Soc.. 63, 858 (1941). 
"'Winstein and Henderson, 1. Am. Chem. Soc.. 65, 2196 (1943). 
6'1 Cristol and Eilac, J. Am. Chem. Soc.. 72, 4353 (1950). 
"' Winstein and Henderson in Elderfield's Heterocyclic Compounds, John 

Wiley & Sons, New York, 1750, Vol. I, pp. 22-42. 
"'Hall and Ubertini, I. Org. Chem., 15, 715 (1750). 

Weygand and Sch~nied-Kowarzik, Chem. fler., 82, 333 (1949). 
6'5Waagner and Moore. J. Am. Chem. Sot., 72, 2884 (1950)- 
"'Cohen, Wolosinski, and Scheuer, 1. Am. Chem. Soc., 72, 3952 (1950). 
"'aston e t  al., Org. Syntheses, 23, 48 (1743). 
"'Mentzer and Pillon, Bull. soc. chim. France, (5) 17, 809 (1950). 
"9Heilbron e t  al., 1. Chem. Soc., 737 (1949). 
"* Hartung and Adkins, 1. Am. Chem. Soc.. 49, 25 17 (1927); McElvain, Clarke, 

and Jones, ;bid., 64, 1966 (1942). 
6aXuhn and Grundmann, Ber., 70, 1894 (1937); Fisher, Emel, and   ow en berg, 

ibid., 64, 30 (1931). 
Bedoukian, I. ,4m. Chem. Soc., 66, 1325 (1744); Org. Syniheses, 29, 14 

(1949). 
wBedoukian, 1. Am. Chem. Soc., 67, 1430 (1945). 
'"Wagner and Tome, 1. Am. Chem. Soc., 72, 3477 (1950). 
'" Wagner and Moore, J. Am. Chem. Soc., 72, 3655 (1950). 
'"Arens and van Dorp, Rec. imv. chim., 66, 409 (1947). 
b47Kharasch and Brown, 1. 'lm. Chem. Soc., 62, 925 (1740). 
"' Kagner and Moore, I. Am. Chem. Soc., 72, 974 (1950). 
M9Shriner and Diunschroder, 1. Am. Chem. Soc.. 60, 894 (1938). 
-Phillips, J. Chem. Soc., 222 (1942). 
651 Levine and Stekhens, 1. Am. Chem. Soc., 72, 1642 (1950). 
'* Harmon e t  al., I. .4m. Chem. Soc.. 72, 2213 (1950). 
6J'Emerson, Deebel, and Longley, J. Org. Chem., 14, 696 (1749). 
654Schmerling, 1. Am. Chem. Soc., 67, 1152 (1945). 
6s'Coleman, 1. Am Chem Soc., 55, 3001 (1733). 
"'Jackson, Smart and Wright, 1. Am. Chem. Soc., 69, 1539 (1947). 
6'7Klages e t  al., Ann., 547, 25 (1941). 
65'Sch;ipf e t  al., Ann., 559, 22 (1947). 
659Farlow, Org. Syntheses, Coll. Vol. 11, 312 (1943). 
-Calcott, Tinker, and Weinmayr, J. Am Chem. Soc., 61, 1010 (1939). 
"' Adarns and Garher, 1. Am Chem. Soc., 71, 525 (1749). 
"' Bruce and Todd, J. Am. Chem Soc., 61, 157 (1939). 
-Marvel et al., J. Am. Chem. Soc.. 68, 863 (1946). 
'"Emerson and Lucas, 1. .4m Chem. Soc.. 70, 1180 (1948). 
"'Hennion and Pieronek, 1. Am. Chem. Soc., bL, 2751 (1942). 
"6Hauser and Hudson, Org. Syntheses, 23, 102 (1743). 
"'Slnith in Organic Reacttons, Vol. 1, John Wiley & Sons, New York, 1942, 

p. 383. 
enspeer and Hill, 1. Org. Chem.. 2, 143 (1937). 
' 9  Pope and Bogert, 1. Org. Chem., 2, 280 (1937). 

REFERENCESFOR CHAPTER 4 

6 ' 0 M a ~  and Watson, J. Chem. Soc., 508 (1947). 
"" Bradsher, 1. Am. Chem. Soc., 62, 486 (1940). 

Brown and Marvel, J. Am. Chem. Soc., 59, 1176 (1737). 
6''Marvel and Botteron, J. Am. Chem. Soc., 63, 1482 (1741). 
6'4Mamel, Kaplan, and Himel, J. Am. Chem. Soc., 63, 1894 (1941). 
675Marvel, Allan, and Overberger, 1. Am. Chem. Soc.. 68, 1088 (1946). 

Gomherg and Bachman, Org. Syntheses, Coll. Vol. I, 1 13 (1941). 
6'7Gilman, Kirby, and Kinney, J. Am. Chem. Soc., 51, 2260 (1929). 
6'nMamel, Ginsberg, and Mueller, I. Am Chem. Soc., 61, 77 (1939). 
679Bigelow, Johnson, and Sandborn, Org. Syntheses, Coll. Vol. I, 133 (1941). 
'"Haworth and Barker, 1. Chem. Soc.. 1302 (1939). 
"'Gilman and Van Ess ,  1. Am. Chem. Soc.. 61, 1369 (1739). 
"'Huber et al., J. Am. Chem. Soc., 68, 1109 (1946). 
6UColeman and Talbot, Org. Syntheses, Coll. Vol. 11, 592 (1943). 
6'4Bartlett e t  al., J. Am. Chem. Soc., 72, 1003 (1950). 
'"Huntress, Organic Chlorine Compounds, John Wiley & Sons, New York, 

1948. 
'"Simons, Fluorine Chemistry, Vol. I, Academic Press ,  New York, 1950; 

~ockem;ller and Wiechert in New Methods o/ Preparative Organic Chemistv, 
Interscience Publishers, New York, 1948, pp. 229-245, 315-362; Henne in 
Gilman's Organic Chemistry, Vol. I, John Wiley & Sons, New York, 1748, pp. 
944-964. 

'"Lecocq, Ann. chim., (12) 3, 77 (1948); Zeigler et al., Ann., 551, log 
(1942). 

" " ~ e i n e l ,  Ann., 516, 242 (1935). 
n8qHodges, 1. Chem. Soc., 241 (1933). 
6g"Hauser and Renfrow, 1. Am. Chem. Soc.. 59, 122 (1737). 
6q17/instein and Henderson, 1. Am. Chem. Soc., 65, 2198 (1943). 
691 Holmes and Mann, 1. Am. Chem. Soc., 69, 2001 (1947). 

6g'Buckles and Wheeler, Org. Syntheses, 31, 27 (1951). 
694 Herzog, Org. Syntheses, 31, 82 (175 1). 

69501iveto and Gerold, Org. Syntheses, 31, 17 (1751). 
""Hall, Stephens, and Burckhalter, Org. Syntheses, 31, 37 (1951). 



5 

Hydroxy Compounds 

CONTENTS 

METHOD 
79. Reduction of Aldehydes and Ketones ...................................................... 
80. Reduction of Carbonyl Compounds by Alcohols (Meerwein-Ponndorf- 

Verley) ........................................................................................................ 
81. Intramolecular Oxidation-Reduction of Aldehydes (Cannizzaro) ............ 
82. Bimolecular Reduction of Carbonyl Compounds t o  Glycols .................... 
83. Reduction of Quinones ................................................................................ 
84. Reduction of Carboxylic Acids and Esters  .............................................. 
85. Reduction of Unsaturated Hydroxy Compounds ........................................ 
86. Reduction of the Aromatic Nucleus ............................................................ 
87. Interaction of Ckganometallic Compounds and Oxygen ............................ 
88. Interaction of Organometallic Compounds and Aldehydes ...................... 
89. Interaction of Ckganometallic Compounds and Ketones .......................... 
90. Interaction of Ckganometallic Compounds and qx ides  ............................ 
91. Action of Ckganometallic Reagents on Esters  or Related Compounds .. 
92. Replacement of the Sulfonic Acid Group by the Hydroxyl Group .......... 
93. Replacement of the Diazonium Group by the Hydroxyl Group ................ 
94. Replacement of the Amino Group by the Hydroxyl Group ........................ 
95. Hydrolysis of Es t e r s  .................................................................................... 
96. Hydrolysis of Halogen Compounds ............................................................ 
97. Cleavage of Ethers ...................................................................................... 
98. Cleavage of Oxides ...................................................................................... 
99. Cleavage of Furans and Pyrans  .................................................................. 

100, Rearrangement of Ally1 Ethers (Claisen) .................................................. 
101. Hydration of Olefinic Compounds .............................................................. 
102. Condensation of Aldehydes and Ketones (Aldol Condensation) ............ 
103. Condensation of Carbonyl Compounds with Halogenated Compounds 

(Reformatsky) ............................................................................................ 
104. Condensation of Carbonyl Compounds (Acyloin and Benzoin 

Condensations) .......................................................................................... 
105. a-Hydroxy Ketones from Interaction of Dicarbonyl Compounds and 

Aroma t ic  Hydrocarbons ............................................................................ 
106. Alkylation of Phenols  .................................................................................. 
107. Oxidation of Olefinic Compounds t o  Glycols ............................................ 
108. Phenols by Dehydrogenation of Cyclic Ketones ...................................... 
109. Unsaturated Alcohols by Oxidation of Olefins or Acetylenes ................ 
110. Oxidation of Phenols  (Elbs) ........................................................................ 
1 11. Condensation of Alcohols by Sodium (Guerbet) ........................................ 
112. Condensation of Aromatic Compounds with Ethylene Oxide .................. 

PAGE 
149 

METHOD 79  

CONTENTS (continued) 
METHOD 
113. Condensation of Pyridine or Quinoline with Ketones .............................. 
114. Hydrolysis of a-Diazo Ketones .................................................................. 

............................................................................ Table 11. Hydroxy Compounds 
........................................................................ Table 12. Dihydroxy Compounds 

.................................................................................. Table 13. Hydroxy Olefins 
Table 14. Hydroxy Acetylenes ............................................................................ 

.................................................................................. I Table 15. Hydroxy Halides 

PAGE 
181 
181 

182 
193 
197 
20 1 
202 

207 I References .............................................................................................................. 

I 79. Reduction of Aldehydes and Ketones 

(HI 
RCHO ---+ RCH'OH 

This  method is  widely used for the preparation of secondary alcohols 
from ketones. The reduction of aldehydes i s  important only when these 
substances are readily available, e.g., heptanal and furfural. 

Catalytic reduction procedures give excellent yields. Special appara- 
tus  for hydrogenation has  been d e ~ c r i b e d . ' ~ - ~ '  Platinum oxide catalyst i s  
generally useful for the reduction of carbonyl compounds89197~'08 but i s  
unsatisfactory for certain ketones."' Nickel ca ta lys ts  have been used 
extensively.91~ 1 2 2 s  137.1389 568.676 The most promising of these i s  the highly 
active W-6 Raney nickel, which permits hydrogenation in g l a s s  apparatus 
a t  low temperatures and  pressure^.^^'*'^^ The ra te  of hydrogenation with 
this  catalyst  i s  increased markedly by the addition of a small amount of 
triethylamine."' Other catalysts  include copper-chromium oxide,99s674 
sometimes fortified with barium,"4*"9 and a copper-alumina catalyst  used 
successfully for the preparation of a ser ies  of alkylphenyl~arbinols."~ 
Great selectivity i s  possible by varying the catalyst  and conditions. In 
this respect, hydrogenation of P-furylacrolein is  interesting. The  furan 
ring i s  not reduced over copper-chromium oxide in the preparation of 
3-(a-furyl>l-propanol (72%)." With Raney nickel the double bond may be 
reduced first (46%)," then the aldehyde group (80%),'0° and finally the 
nucleus to  give 3-(tetrahydrofuryl>l-propanol (80%).95 

T h e  new metallic hydrides are excellent reducing agents for carbonyl 
compounds. These  hydrides now include lithium aluminum hydride,4*800 
lithium boroh~dride, '  and sodium boroh~dride.' The last  reagent may be 
used in either aqueous or methanolic solutions. It does  not reduce esters,  
acids,  or nitriles and, for this reason, i s  superior for certain selective re- 
ductions. Other groups which are unaffected by th is  reagent include a,P- 
double bonds and hydroxyl, methoxyl, nitro, and dimethylamino groups.' 
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A convenient procedure for the reduction of small amounts of ketones 
involves the periodic addition of small pieces of sodium to a slowly 
stirred mixture of an  ethereal "' or benzene'" solution of the ketone and 
water or a concentrated solution of sodium carbonate. Sodium and alcohol 
are used for the conversion of methyl n-amyl ketone to  2-heptanol (65%)."' 
These  reagents are used to prepare secondary alcohols from olefinic ke- 
tones obtained by the  aldol c~ndensa t ion ." '~"~ Benzophenone and re- 
lated compounds are reduced by zinc dust  and sodium hydroxide,'" mag- 
nesium and methan01,"~ and sodium amalgam."9 With the las t  reagent the 
reaction has been shown t o  take place through the intermediate sodium 
ketyl, (C,H,),$ONa. 

L e s s  basic reagents which are more suitable for the reduction of alde- 
hydes include iron and acetic  and aluminum amalgam in al- 
C O ~ O ~ . ~ ~ , ' ~ ~  

A review of electrolytic reduction of carbonyl compounds was made in 
1948. 677 

Both exo- and endo-cyclic al icyclic and heterocyclic ketones have been 
reduced. Important examples are found in the preparations of cyclo- 
pentanol (%%),'" cycloheptanol (92%),'" ~-pyridylmethylcarbinol  
(85%),", and 1-alkyl-4-piperidinols (90%).'33 A comparison of four re- 
agents-sodium and alcohol, lithium aluminum hydride, hydrogen and 
Raney nickel, and hydrogen and copper-chromium oxide-has been made 
in the preparation of methyl cyclopropylcarbinol. The las t  method i s  su- 
perior for the preparation of this  compound (N%)."~ 

The  reduction of aldols  and ketols from the aldol condensation (method 
102) i s  often a convenient route to branched 1,3-diols. Catalytic hydro- 
genation over platinum oxide,"' ni~kel-on-kieselguhr,'~~*"~ and copper- 
chromium oxide99 has  been used. Other procedures include electrolytic 
reductionZo9and reduction by aluminum amalgam.'03 1,3-Diols may a l so  
be prepared by catalyt ic  reduction of 1,3-diketones. Cleavage of the 
carbon-to-carbon and carbon-to-oxygen bonds accompanies this  conver- 
sion. The  effect  of structure on the course of the reaction has  been 
studied.'" 

1,2-Dials may be prepared by reduction of a-diketones or a-hydroxy 
ketones such  a s  b i a ~ e t ~ l , ' * " ~  benzoin, and b e n ~ i l . ' * " ~  Substitured ben- 
zoins containing methoxyl and p-dimethylamino groups have been reduced 
catalytically over platinum oxide and by sodium amalgam and alcoh01."~ 
Levorotatory propylene glycol i s  made from acetol, CH,CGCH,OH, by an 
enzymatic reduction with yeast."' 

Glycols, in which the hydroxyl groups are farther apart have a lso  been 
prepared by th is  method from a y-diketone' and a 6-hydroxy aldehyde.'" 
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The  reduction of a carbonyl compound containing an  additional func- 
tional group i s  a common practice. If the other group i s  eas i ly  reduced, 
best  results  are frequently obtained by the Meerwein-Pomdorf-Verley re- 
action (method 80). The  following paragraphs, however, describe certain 
useful se lec t ive  reductions. 

The  best  reagents for reduction of olefinic aldehydes to olefinic alco- 
hols are lithium aluminum hydride and sodium borohydride. Crotyl alco- 
hol, CH,CH=CHCH,OH, and cinnamyl alcohol, C,H,CH=CHCH,OH, 
have been prepared in excellent yields.a1' Cinnamyl alcohol i s  fmther 
reduced a t  higher temperatures to hydrocinnamyl alcohol.'05 Citral, 
(CH,),C =CHCH,CH,C(CH,)=CHCHO, may be select ively reduced to  the 
corresponding dienol by catalyt ic  hydrogenation over platinum catalyst.9a 
A new method for the preparation of enediol e s t e r s  of the type 

involves the partial reduction of diketosuccinic e s t e r s  with sodium hydro- 
s ~ l f i t e . " ~  

Halo alcohols in which the halogen atom i s  on an  aliphatic  hai in^'"^^ 
or an aromatic n u c l e ~ s " ' ~ ' ~ ~  are prepared from the corresponding halo ke- 
tones by catalytic hydrogenation. Sodium borohydride effects  the conver- 
s ion of w -bromoacetophenone to  styrene bromohydrin (71%)~' Other halo- 
hydrins have been made from a -ha lo  ketones and lithium aluminum hy- 
dride.,OO 

The ether linkage i s  s table during the reduction of an aldehyde or ke- 
tone group by most reagents. A number of alkoxy and aryloxy alcohols 
are prepared in excellent yields by th is  method. Catalytic hydrogena- 
tion,91,107,LO0,110,155 sodium and wet ether,ls3 and sodium with alcoh01'~' 
have been used. 

Hydroxy ketones of the type RCOCH,CHOHCH, are formed in 35-66% 
yields by partial catalyt ic  hydrogenation of the corresponding P-diketones 
over Raney nickel at ~ o o ~ . ' ~ ~  Aromatic a-hydroxy ketones (benzoins) are 
prepared from the corresponding a-diketones (benzils) by catalyt ic  reduc- 
tioniS6 or by reduction with magnesium-magnesium iodide mixture.'57 

The  keto group of a keto es ter  may be preferentially reduced by cata- 
lytic hydrogenation. Excellent yields of hydroxy e s t e r s  are obtained. 
Copper-chromium oxide catalyst  ha s  been employed in the preparation of 
methyl p-(a-hydroxyethyl>benzoate'60 and several  aliphatic P-hydroxy 
esters.99 The last  compounds have a lso  been made by hydrogenation over 
nickel ~ a t a l ~ s t s . ' ~ ' ~ " '  Substituted mandelic es ters  are prepared by cata- 
lytic reduction of aromatic a -ke to  e s t e r s  over a palladium 
Similarly, platinum oxide and copper-chromium oxide have been used in 
the aliphatic s e r i e s  for the preparation of the a-hydroxy diester ,  diethyl 
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p-methylmalate (92%).16' The keto group may also be in the gamma posi- 
tion to the ester group, which may be in the form of acetoxy, CHFOO-, 
or carbethoxy, -C0,C,H5, Y-hydroxy esters being famed by hydrogenation 
over nickel ~atalysts . '~ '* '~ '  

Certain aryl-substituted a- and p-amino tones have been successfully 
reduced to amino alcohols by catalytic hy d? ogenation over pa l l ad i~m, '~ ' * '~~  
p l a t i n ~ m , ' ~ ~ * ~ ~ ~  or nickellPo catalysts. Cleavage of the carbon chain some- 
times occurs during catalytic hydrogenation of p-amino ketones. Fair 
yields of the amino alcohols are obtained in these cases by reduction 
with sodium amalgam in dilute acid171*182*18s or aluminum amalgam and 
~ a t e r . ' ~ ~ * ' ~ '  p- min no aldehydes from the Mamich reaction (method 444) are 
reduced in excellent yields to amino alcohols by lithium aluminum hydride 
or by catalytic hydrogenat ion over Raney nickel.675 Lithium aluminum 
hydride reduces diazo ketones to 1-amino-2-alkanols (93-95~%).~" 

80. Reduction of Carbonyl Compounds by Alcohols (Meerwein-Ponndaf- 
Verle y) 

A ~ ~ C H ( C Y ) ~ ]  
RCHO + (CH,),CHOH RCH,OH + CH,COCH, 

The reduction of an aldehyde or ketone by this equilibrium reaction i s  

readily accomplished by removal of the acetone a s  it is formed. In a re- 
view of the literature to 19.43, experimental conditions and limitations of 
the reaction have been d i s c~s sed . "~  Aluminum isopropoxide i s  superior 
to other netallic alkoxides that have been used. Yields are better, and 
the techniquefor determining the completion of the reaction is simpler. 
Procedures for the preparation of the reagent are A 
solution made by dissolving amalgamated aluminum in isopropyl alcohol 
is used directly, or the aluminum isopropoxide i s  purified by distillation. 
Best results are obtained when molecular amounts of the alkoxide are 
used. 

A modification of the procedure has been described in which improved 
yields of alcohols are obtained from aldehydes and unstable ketones .686 

The reaction is most useful for the preparation of olefinic, halo, and 
nitro alcohols from the corresponding substituted aldehydes and ketones. 
These substituents are very often affected by other reduction procedures. 
Excellent directions are found in the preparations of crotyl alcohol 
(60%),"5 1-bromo-5-hexanol (64%),19' 1-chloro-4-pentanol (76%),16' p , p ,p -  
trichloroethyl alcohol (84%),253 methyl-p-chlorophenylcarbinol 
and o-nitrobenzyl alcohol (90%). '~~ The reaction has also been used in 
the preparation of certain t e t r a l ~ l s " ~  and d e ~ a l o l s ~ ~ '  as well a s  Ffluo- 
reny lcarbinol (50%).18' The thiophene 13'*180 and furanZ5' nuclei are not 
reduced. 
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81. Intramolecular Oxidation-Reduction of Aldehydes (Cannizzaro) 

2R3CCH0 + NaOH -+ R3CC0,Na + R3CCH,0H 

Aldehydes that have no a-hydrogen atom react with concentrated aque- 
ous or alcoholic alkali to give alcohols and salts of acids. The literature 
of this reaction has been reviewed to 1944.~" The preparation of carbox- 
ylic acids by this procedure i s  discussed elsewhere (method 261), and a 
similar reaction of aldehydes that have an a-hydrogen atom is treated 
separately (method 306). 

The reaction is most important for the preparation of carbinols from 
certain aromatic and h e t e r ~ c ~ c l i c ~ ~ ' ~ ~ ~ ~  aldehydes and for the preparation 
of several aliphatic polyhydroxy compounds. In the normal Cannizzaro 
reaction the theoretical yield of alcohol is only 50% because half of the 
aldehyde is converted to the acid. A mixture of an aldehyde with excess 
formaldehyde, however, results in a dismutation in which most of the 
higher aldehyde is reduced; formaldehyde i s  oxidized to sodium formate, 
viz.,'IO 

RCHO + HCHO + NaOH 4 RCH,OH + HC0,Na 

Excellent directions are given for the preparation of p-tolylcarbinol 
(72%).'13 The aryl radical may contain alkyl, halo, hydroxyl, methoxyl, 
and nitro groups.50' 

The crossed aldol condensation of formaldehyde with aldehydes that 
have a-hydrogen atoms results in the replacement of these hydrogen atoms 
by hydroxymethyl groups. The p-hydroxyaldehydes are then reduced to 
polyhydric alcohols by excess formaldehyde. 

Pentaerythritol, C(CH,OH),, is obtained in this way from acetaldehyde 
and formaldehyde (74%).'09 Higher aldehydes give trimethylol corn 
pounds,507*762 and aldehydes with branching on the a-carbon atom give di- 
methyl01 compounds or p,p-disubstituted trimethylene glycols, 

Cyclohexanone gives a teuamethylolcyclohexanol.79' 

82. Bimolecular Reduction of Carbonyl Compounds to Glycols 
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Tetraalkyl- and tetraaryl-ethylene glycols (pinacols) are made by reduc- 
tion of ketones with active metals such a s  sodium, magnesium, and alumi- 
num. The reaction i s  only fair for aliphatic and alicyclic ketones. Ace- 
tone,587 methyl ethyl ketone,592 cyclopentanone, and cyclohexanone 59' all 
give l e s s  than 50% yields of pinacols. Mixtures of ketones are reduced 
to  unsymmetrical pinacols. 727 An active zinc-copper couple has been e m -  
ployed in the reduction of several simple olefinic aldehydes t o  diendiols, 
e.g., crotonaldehyde to  dipropenyl glycol, 

CH,CH = CHCHOHCHOHCH = CHCH, (67%) ."" 
Diary1 ketones are reduced by a mixture of magnesium and magnesium 
iodide 590 and by alkali metal amalgams.588*589 Metal ketyls, Ar2C -OMgX, 
are intermediates which associate t o  pinacolates, A~ ,c (oM~x)C(~M~X)A~, ,  
from which the pinacols are obtained by hydrolysis. The association of 
the ketyl radicals i s  reversible,589m590 as i s  shown by reaction of benzo- 
pinacolate with benzaldehyde to give triphenylethylene glycol and benzo- 
p h e n ~ n e . ' ~ ~  

A novel preparation of benzopinacol, (C6H,),COI~COH(C6H5)2, i s  by re- 
duction of benzophenone with isopropyl alcohol in the presence of sun- 
light (35 %).59' 

Aromatic aldehydes and ketones may also be reduced electrolytically 
t o  g ly~ols . '04~677~726 

83. Reduction of Quinones 

o- and p-Benzoquinones are reduced to  dihydroxybenzenes by cold aque- 
ous solutions of sulfur dioxide. The reaction i s  accompanied, however, 
by appreciable sulfonation of the benzene ring in the case  of p-benzo- 
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quinone.6s5 The reduction has i t s  greatest  value in the preparation of di- 
hydroxy derivatives of alkylated benzenes and naphthalenes from the 
corresponding quinones. Reduction by zinc in refluxing acetic acid con- 
verts  o-xyloquinone t o  o-xylohydroquinone (35%).6s' A saturated solution 
of sodium hydrosulfite gives better yields in the preparation of the para 
i~omer . ' '~  Reductions by stannous chloride and by sodium hydrosulfite 
are compared in the preparation of 2-methyl-1 ,4naphthohydroquinone. 
The product obtained by sodium hydrosulfite darkens more rapidly in 
storage.6s2 Sodium hydrosulfite i s  better than sulfur dioxide in the re- 
duction of p-naphthoquinone 's' and i s  a lso  used in the preparation of 
2,3,5-trimethylhydroq~inone.~'~ Several o-quinones have been reduced by 
lithium aluminum hydride to give trans-dihydroxydihydro derivatives of 
the hydrocarbons.729 p-Benzoquinone i s  reduced by this reagent to  hydro- 
quinone (70%)." 

84. Reduction of Carbaxylic Acids and Esters  

The discovery of lithium aluminum hydride and similar compounds2s' 
h a s  made possible the direct reduction of the carboxyl gro~p.75*77 Acid 
chlorides, esters,  and anhydrides are similarly reduced t o  primary alco- 
h o l ~ . ~  Lactones are converted to  d i 0 1 s . ~ ~  The reaction takes  place 
readily at room temperature. The compound to  be reduced i s  added to  an 
ethereal solution of the reagent, and the resulting alcoholate i s  hydrolyzed 
by a c i d  

Alcohols containing heterocyclic n ~ c l e i , ' ~ * ' ~  halo,74*75 and alkoxyl 76-78 

groups a s  well a s  double bonds 7'*72 may be prepared. Without doubt, th is  

i s  the best general procedure for the formation of the primary alcohol 
grouping from compounds at the oxidation level of a carboxylic acid. Re- 
ductions by this reagent were reviewed in 1351.'~~ 

T h e  reduction of es ters  by sodium and alcohol (Bouveault-Blanc) i s  
widely used. An alcoholic solution of the es ter  i s  added to a large ex- 
c e s s  of sodium under benzene'' or toluene.' The use  of absolute alcohol 
i s  essential ;  otherwise an appreciable quantity of acid i s  produced by 
saponification.' Straight-chain primary alcohols containing up to thkty- 
five carbon atoms have been made by the reduction of the corresponding 
es ters  with sodium sand and n-butyl a l c o h ~ l . ~ '  An improved technique 
based on the mechanism of the reaction i s  described." By th is  procedure 
a xylene solution of the ester  and the reducing alcohol i s  added to molten 
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sodium in refluxing xylene. Secondary alcohols are best since they are 
active enough to decompose the intermediate sodium ketyls bur do not 
react rapidly with sodium to produce molecular hydrogen. 

Most esters can be converted to primary alcohols in exceptionally high 
yields by catalytic hydrogenation over copper-chromium oxide at 200-250° 
(Adkins). This i s  an equilibrium reaction which i s  forced to completion 
by the high pressure of hydrogen gas." The special apparatus, catalysts, 
and factors influencing yield have been d i s ~ u s s e d . ' ~ ~ ' ~  In the hydrogena- 
tion of ethyl phenylacetate, C6H,CH,C02C,H,, to P-phenylethanol, some 
ethylbenzene is produced. Best yields are obtained i f  hydrogenation is 
stopped while 5-10% of the ester is sti l l  present." Hydrogenation of 
ethyl benzoate under the usual conditions gives toluene. With relatively 
large amounts of catalyst, however, hydrogenation proceeds at lower 
temperatures to give benzyl alcohol (63%).23 Substituted benzyl alcohols2' 
and naphthylcarbinols are obtained in a similar manner. Esters of 
phenol give cyclohexanol and primary  alcohol^.'^ Nickel catalysts have 
a lso  been used for the reduction of higher-molecular-weight esters.32 The 
free fatty acids have been reduced over copper  catalyst^.^' 

Optically active esters in which the activity is due to asymmetry of the 
a-carbon atom are racemized by the Bouveault-Blanc and catalytic hydro- 
genation procedures." The optically active alcohols may be prepared by 
the addition of small pieces of sodium to a stirred mixture of an ethereal 
solution of the ester and aqueous sodium acetate at 0'. A slight acidity 
i s  maintained by periodic additions of acetic acid (Prin's An 
asymmetric center in the alpha position to a carboxyl group is not race- 
mized by lithium aluminum h ~ d r i d e . ~ ' ~  

Under certain conditions the reduction of amides leads to primary alco- 
hols (cf. method 428). Thus, phenylethylacetamide i s  reduced by sodium 
and absolute ethanol to 2-phenyl-l-butanol (75%)." a-Naphthylacetamide 
is reduced by sodium amalgam and hydrochloric acid t o  a-naphthylcarbinol 
(63%).29 Trifluoroethanol i s  obtained by catalytic hydrogenation of mi- 
fluoroacetamide over a platinum catalyst. Hydrogenation of the corre- 
sponding ester over copper-chromium oxide failed.73 

Certain heterocyclic carbinols are readily prepared from the correspond- 
ing esters. The furan nucleus is not reduced by the Bouveault-Blanc 
procedure.s41s6 However, the pyridine nucleus a s  well a s  the carbethoxyl 
group in the ethyl ester of nicotinic or picolinic acid is reduced by sodium 
and e t h a n ~ l . ~ ~ * ~ ~  Catalytic hydrogenation of several carbethoxypyrroles 
over copper-chromium oxide gives methyl pyrroles and pyrrolidines rather 
than the c a r b i n ~ l s . ~ ~  The same catalyst has been used in the hydrogena- 
tion of piperidino esters of the type C,HloN(CH2),,C02C2H,. Yields are 
poor when n i s  2 or 3. When n i s  2, cleavage occurs to give piperidine 

and ethyl p rop i~na te . '~*~ '  The lactam linkage in carbethoxypyrrolidones 
and carbethoxypiperidones is stable during catalytic hydrogenation of the 
ester group to the carbinol group.62 Lithium aluminum hydride has been 
used to reduce ethyl indole-2-carboxylate to  2-hydroxymethylindole 
(68%),57 thianaphthene-2-carboxylic acid to 2-hydroxymethylthianaphthene 
( 9 ~ ) , ~ ~  and 3-furoic acid to  3-furylcarbinol (91%).~'~ 

Both the Boweault-Blanc 3914' and catalytic hydrogenation proce- 
dures "v4O are popular methods for the preparation of diols from esters of 
dibasic acids. The reduction of malonic esters, P-keto esters,  and 
P-hydroxy esters by the usual catalytic hydrogenation procedure results 
in extensive hydrogenolysis of the carbon chain to give lower-molecular- 
weight  alcohol^.^^*^^ However, with relatively large amounts of catalyst 
1,3-glycols are obtained in fair  yield^.'^*^^ Decarboxylation of 1, l-di- 
carbethoxycyclobutane during i t s  reduction by sodium and alcohol gives 
cyclobutylcarbinol in 49% yield rather than the diol." Lactones are re- 
duced to diols by lithium aluminum hydride a s  in the preparation of 
1.4-pentanediol (85%) from y - v a l e r ~ l a c t o n e . ~ ~  The tertiary lactones pre- . - 

pared from Grignard reagents and levulinic ester are reduced by the 
Bouveault-Blanc procedure to glycols of the type R(CH,)C(OH)(CH,),OH. 
However, catalytic hydrogenation gives branched alcohols of the type 
R(CH,)CH(CH,),OH.~~ Esters of dibasic acids are reduced to diols in 
good yields by lithium aluminum hydride.6ss*662 

Olefinic alcohols are best prepared by the action of lithium aluminum 
hydride on the'corresponding acid666 or ester as in the preparation of 
3-penten- 1-01 (75%).7' The double bond may be in the a,P-position to the 
ester group. 72*657 The Boweault-Blanc procedure has also been used with 
success for reduction of nonconjugated olefinic The addition 
of the sodium to an alcoholic solution of the ester is superior to the re- 
verse addition of the ester to sodium in toluene for the preparation of 
2,2-dimethyl-3-buten-1-01 (62%).70 Selective catalytic hydrogenation is 
inferior. Large amounts of catalyst are required, and the products contain 
saturated alcohols.69 

Lithium aluminum hydride shows much promise for the preparation of 
halo 74*75 and alkoxy 76-7a alcohols, although the Bouveault-Blanc method 
i s  satisfactory for the latter. 

The keto group of acetoacetic ester is protected a s  the ethylene ketal - 
during the reduction of the ester by sodium and alcohol. Hydrolysis of 

the ketal by acid then gives l-hydroxy-3-butanone in 44% over-all yield.669 
Many amino alcohols have been made from esters of amino acids by 

catalytic reductions over Raney and copper chromitea3 cata- 
lysts. The yields are generally better than those obtained by reduction 
with sodium and a l c o h 0 1 . ~ ~ * ~ ~  The action of ammonia or amines on P-keto 



esters leads to substituted P-amin~acr~ la tes ,  RC(NR,)=CHCO,C,H,, 
which are reduced directly by sodium and alcohol to y-amino  alcohol^.'^ 
Electrolytic reduction of anthranilic acid is used to prepare o-aminobenzyl 
alcohol (78%).01 Some hydrogenolysis to o-toluidine accompanies the re- 
duction of this acid by lithium aluminum hydride."' 

85. Reduction of Unsaturated Hydroxy Compounds 

Olefinic alcohols react smoothly with hydrogen over platinum oxide 
catalyst at room temperature.'"' The procedure is illustrated by the p rep  
aration of dihydrocholesterol from c h o l e s t e r ~ l . ' ~ ~  Cinnamyl alcohol, 
C,H,CH=CHCH,OH, is reduced to dihydrocinnamyl alcohol by lithium 
aluminum hydride. The reduction of ally1 alcohol to n-propyl alcohol by 
the reagent, however, is un~atisfactory. '"~ 

Several aliphatic diols and hydroxy ethers have been made by catalytic 
hydrogenation of the triple bond in the corresponding acetylenic com- 
pounds. Both platinum '" and nickel 6s'*6s4 catalysts are used. 

86. Reduction of the Aromatic Nucleus 

C,H,OH 3 C6Hl10H 
Ni 

This  general method for the synthesis of alkyl-56'~56'~s7"*7aa and 
aryl-s7'"'4 cyclohexanols is limited only by the availability of the phenols. 
Hydrogenation proceeds smoothly over Raney nickel catalyst a t  about 
150-200' except when both ortho positions are substituted by alkyl 
groups. When these ortho substituents are ethyl or n-propyl radicals, re- 
duction is accomplished in the presence of a small amount of aqueous 
sodium hydroxide."' The sodium phenolates are promoters in most hydre  
genations of this type."' High-pressure hydrogenation a t  room tempera- 
ture over platinum oxide catalyst effects nuclear reduction of a number of 
 phenol^."^ Alkylcyclohexanols exhibit geometrical isomerism. Usually 
only one of the possible geometrical isomers predominates in the 
pr~duct."~*'~' 

Hydroquinone is reduced by a nickel-on-kieselguhr catalyst to cis- and 
trans-~,4-cyclohexanediols.s76 Other cyclohexanediols s77*s'0*7as and meth- 
oxycyclohexanols s75~s7' are formed from dihydric phenols and their mone 
methyl ethers. P - ~ a p h t h o l  may be reduced in either ring, depending upon 
the catalyst and  condition^.^'^ 

METHODS 87-88 

87. Interaction of Organometallic Compounds and Oxygen 

The oxidation of a Grignard reagent to an alcoholate affords a general 
method for converting alkyl halides to alcohols. It is particularly useful 
where direct hydrolysis is difficult or is complicated by elimination of 
hydrogen halide. Oxidation of the organometallic reagent by air a oxygen 
is rapid in  ether solution at o'."' Typical examples are found in the 
preparation of 4,Cdimethyl- 1-pentanol (90%) '" and 2,2,3,3-tetramethyl- 1- 
butanol (53%).19' The yield of phenol from phenylmagnesium bromide i s  
only 25%.a4' The main by-product is biphenyl, which is formed to  the ex- 
tent of 65% when phenyllithium is used in place of the Grignard com- 
pound.a4a The yield of phenol is increased to 64% by the presence of an 
aliphatic organometallic compound in the reaction By this 
technique the first successful preparation of 2-thienol has  been 
achieved,'" and a number of hydroxydibenz~furans'~"~~' and Chydroxy- 
dibenzothiophenea4' have been prepared in fair yields from the organo- 
sodium or lithium compounds. 

88. Interaction of Organometallic Compounds and Aldehydes 

HCHO 
RMgX RCH,OMgX % RCH,OH 

H+ 

R'C H 0 
R M ~ X  ---+ RR'CHOM~X % RR'CHOH 

H+ 

Alkyl- and aryl-magnesium halides react with aldehydes to give halo- 
magnesium alkoxides which are decomposed by dilute acid to yield alco- 
hols. Primary alcohols are formed in 50-70% yields by treatment of pri- 
mary or secondary Grignard compounds with famaldehyde, and in 30-40% 
yield in the case  of tertiary Grignard reagents."' Either gaseous formal- 
dehyde 1'28,'2S5,168,309 or trioxymethylene may be  used; the latter re- 

agent is more convenient but usually gives somewhat lower yields. A 
common by-product is the formal of the alcohol, CH,(UR),.a7"pa's Most 
of this by-product can be hydrolyzed if excess  dilute acid is added to  the 
Grignard complex before steam distillation of the al~ohol.~' '  

Benzylmagnesium halides, CdH,CHah4gX, react abnormally with formal- 
dehyde to yield o-methylbenzyl alcohol (55%).a''sa" When one ortho posi- 
tion is blocked by a methyl group, the rearrangement takes place to the 
other ortho position.a'a~a'' The influence of structure on this rearrange- 
ment has  been extensively studied.'" 
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Many straight-chainas4 and branched'sb~a6a*a67 secondary alcohols have 
been made by the action of organomagnesium compounds on higher alde- 
hydes. The  method i s  popular for the preparation of arylalkylcarbinols from 
either the aromatic aldehyde or the aromatic Grignard reagent.a6S*a7'*'sD 

Other organometallic compounds have been used with l e s s  success. 
Zinc, aluminum, and boron alkyls give considerable reduction of the aide 
hyde to the primary alcohol.'" 

Few diols have been obtained by this method. An example i s  the prep- 
aration of 2-isopropyl-1,3butanediol from excess methylmagnesium iodide 
and 2-isopropyl-3hydroxypropionaldehyde (72%).1°' 

Olefinic primary alcohols are obtained in fair yields by the action of 
formaldehyde on unsaturated Grignard reagents.30s*306 Crotyl- and cinna- 
myl-magnesium halides give carbinols derived from the secondary organo- 
magnesium compounds resulting from allylic i s o r n e r i ~ a t i o n . ' ~ ~ ~ ~ ' ~  Thus, 
2-methyl-3-buten-1-01, CH,= CHCH(CH,)CH,OH, i s  the  so le  product from 
the action of formaldehyde on the butenyl Grignard reagent prepared from 
a mixture of crotyl and methylvinylcarbinyl bromides. 

Olefinic secondary alcohols may be prepared from a Grignard reagent 
and an olefinic aldehyde or from an olefinic Grignard reagent and a satu- 
rated aldehyde. The former method i s  r e ~ o m m e n d e d , ~ ' ~  although the latter 
has  been used with moderate success  for allylmagnesium 
a d  vinyllithium c o m p o ~ n d s . ~ ' ~  Higher yields have been obtained by add- 
ing a mixture of ally1 chloride and the aldehyde to  a well-stirred suspen- 
sion of magnesium and ether."' Reactions of saturated Grignard com- 
pounds with olefinic aldehydes are numerous. Yields vary from 50% to 
75%. Acrolein has  been treated with ethyl-,'0' n-propyl-,aQa 
n-amyl-,''7 and higher alkyl-magnesium halides.lg4 Similar additions have 
been made to crotonaldehydea"~'951"616'6 and higher h ~ m o l o ~ s . ' ~ ' ~ ~ ' ~  Ex- 
cellent yields of dienols have been obtained by the action of Grignard 
reagents on pentadiena13" and sorbic aldehyde."' Fhen the Grignard 
reagent i s  highly branched, a competing reaction i s  1,Caddition to  the 
conjugated system. For example, major products of the reactions of 
t-butyl and t-amyl Grignard reagents with crotonaldehyde are the saturated 
aldehydes formed in th is  manner.'9'~'a8 Aromatic olefinic alcohols have 
been made from aromatic Grignard reagents or from ~ i n n a m a l d e h ~ d e . ~ " * ~ ' ~  

Acetylenic carbinols are prepared by the interaction of sodium acety- 
l ides or acetylenic Grignard reagents with aldehydes. The formation and 
reaction of the metallic acetylide may be combined into a single operation. 
For example, an alkylacetylene in ether solution i s  treated successively 
with ethylmagnesium bromide and formaldehyde to give the acetylenic 
alcohol such a s  2-heptyn-1-01 (82%).3a0v3a3 

C H M  X HCHO; 
RC=CH ' " R C r  CMgX ---+ RC=CCH,OH 
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Higher aldehydes give secondary alcohols.3a6 In another procedure, so- 
dium i s  dissolved in liquid ammonia and treated successively with acety- 
lene and an aldehyde to give alkyl-3"'3'4 and aryl-3a'*3aa ethynylcarbinols. 

Ne RCHO. 
HC CH --+ ~ ! C E  CNa ---A HC = CCl!CHR 

N H3 Ha0 

Sodium acetylide adds to the carbonyl group of conjugated olefinic alde- 
hydes to  give olefinic acetylenic  alcohol^.^'^*'^'*^'^ Cirect addition of 
acetylene to aldehydes and ketones i s  catalyzed by copper acetylide 
(ethynylation).6'' 

Aromatic halogen atoms either in the Grignard or in the 
aldehydea7', 330,331, 336 are stable during the reaction to  give halo alcohols. 

Similarly, ether groups may be present in the Grignard reagent a s  in the 
preparation of 7-methoxy-1-heptanol (35 and 4-me thoxy- 1-butanol 
(37%),'" or in the aldehyde a s  in the preparation of 1-phenoxy-2-butanol 
(86%).333 

The aldehyde group of aldehyde es ters  i s  preferentially attacked by 
Grignard reagents to give fair yields of hydroxy  ester^."^ The  method i s  
important in the preparation of compounds in which the hydroxyl group i s  
further removed from the ester  group than the gamma position. A hydroxy 
ac id  i s  established indirectly by hydrolysis of the trichloro alcohol re- 
sulting from the interaction of chloral and a-naphthylmagnesium bromide. 
The a-naphthylglycollic acid i s  obtained in 50% yield.335 

Dialkylarnino aldehydes condense with Grignard reagents to give dial- 
kylamino a l c ~ h o l s P ~ ~  

89. Interaction of Organometallic Compounds and Ketones 

The addition of Grignard compounds to ketones i s  the most general 
method for the preparation of tertiary alcohols. The three radicals  may 
be  the same or different alkyl or aryl groups."8 Yields are in the range 
of 60-85% if the reactants are not too highly branched. Bes t  procedures 
involve decomposition of the halomagnesium alcoholates with ice  followed 
by steam distillation of the resulting Mineral ac ids  

should be avoided because the l a s t  t races are difficult to remove by 
washing and cause dehydration of the tertiary carbinol. A solution of 
ammonium chloride i s  sometimes used to dissolve the magnesium hydrox- 
ide, although a large excess  of this reagent may be detrimental, a s  i s  
claimed in the preparation of dimethylcyclopropylcarbinol (68%).355 Dis- 
tillation of the tertiary carbinol i s  carried out at temperatures a s  low a s  
possible in order to prevent dehydration. 
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Common side reactions are.reduction of the ketone by the Grignard re- 
agent t o  the corresponding secondary alcohol and enolization and con- 
densation of the ketone. These  reactions take place almost to the exclu- 
sion of ordinary addition when sterically hindered ketones are treated 
with highly branched Grignard reagents.a6a*340*3s0 Reduction of the ketone 
h a s  been related to the presence of P-hydrogen atoms in the organo- 
metallic compound. Better yields of the highly branched tertiary alcohols 
can sometimes be obtained by the action of  organolithium compounds and 
ketones.347 Many highly branched tertiary alcohols have been prepared, 
however, from Grignard 

Mane and di-alkylcyclopentanols "6-358 and cyclohexanols are made from 
the corresponding cyclic ketones. 

Low yields of phenyl-substituted 1,2-diols are obtained by the action of 
various Grignard reagents on a-hydroxy ketones."' Better results  are ob- 
tained when the ace ta te  of the hydroxy ketone i s  used.363 

Olefinic tertiary alcohols have been prepared from olefinic organometallic 
compounds or from olefinic ketones. In the former method allyl-36s*367~'68 
3 - b ~ t e n y l - , , ~ ~  methyl~in~lcarbinyl- , le6 and 4-pentenyl-'70 magnesium halides 
have been used. The  coupling of two allyl radicals  i s  minimized by adding 

a mixture of the allyl halide and the ketone to magnesium in ether. a,P- 
Olefinic ketones react with Grignard reagents by 1,2-addition to give ole- 
finic tertiary alcohols and by 1,4-addition to give saturated ketones. The  
tendency for 1,4-addition i s  greater with a,P-olefinic ketones than with 
a,P-olefinic aldehydes (cf. method 88). The  mode of addition depends 
upon the substi tuents  present in the Grignard reagent and carbonyl 
compound. Mesityl oxide, (CH,),C=CHCOCH,, and ethylideneacetone, 
CH,CH = CHCOCH,, add methyl Grignard reagent t o  give the olef inic 
tertiary  alcohol^.^^^*^^' With t-butyl Grignard reagent the yield of terti- 
ary alcohol from mesityl oxide i s  only 37%.364 A comparison of the mode 
of addition of four Grignard reagents to 2-cyclohexenone has  been made.373 
The  amounts of 1,4-addition are a s  follows: methyl 15%, ethyl 24%, iso- 
propyl 44%, and t-butyl 70%. In a comparison of eight phenyl-substituted 
ketones with ethyl- and phenyl-magnesium bromides, it h a s  been noted 
that 1,4-addition increases with decreasing activity of the carbonyl 
group.374 

Acetylenic tertiary alcohols a re  prepared from sodium acetylides or 
acetylenic Grignard reagents and ketones in the same manner a s  described 
for primary and secondary alcohols (method 88). Dimethylethynylcarbinol 
i s  prepared from acetone, aqueous potassium hydroxide, and acetylene in 
an autoclave a t  100° and 300 p.s.i."' Ketones are sometimes treated 
with an acetylide prepared from acetylene and a solution of sodium or 
potassium alkoxide in t-amyl alcohol.378-3"*394 Another procedure ut i l izes 
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a r  acetylenic Grignard reagent prepared from the acetylene and ethyl- 
magnesium b r ~ m i d e . " ~ ' ~ ~ " ~ ~ '  Better yields of dialkylhexynylcarbinols 
are obtained by this  method than by the preceding one involving the terti- 
ary a lk~x ide .~"  The most widely used procedure involves the preparation 
of the  sodium acetylide from the acetylene and sodium amide in liquid 
ammOnia.377.382.383,393 In one modification, the ketone i s  first converted to 
i t s  enolate by sodium amide in ether. The  enolate i s  then treated with 
acetylene a t  - Strictly anhydrous conditions are essent ia l  for the 
production of the carbinols in maximum yield. As l i t t le  a s  0.019; water 
decreases  the yields markedly.'85 

The  lithium derivative of phenylacetylene, C6HsC= CLi,  reac ts  with 
benzophenone to give diphenylphenylethynylcarbinol, 

The corresponding Grignard reagent has  been similarly employed to make 
phenylethynyldialkylcarbinols.3as*39' Sodium acetylide and acetylenic 
Grignard reagents exhibit 1,2-addition with a,P-olefinic ketones to give 
olefinic acetylenic c a r b i n ~ l s . ~ ' ~ * ~ ' ~  The  sodio derivatives of propiolic 
es te rs ,  NaC= CCO,R, add to  certain ketones. Th i s  reaction presents  a 
method for introducing a three-carbon chain a t  the s i te  of a carbony! 
group.'0' 

A by-product from the reaction of acetone and sodium acetylide i s  the  
acetylenic diol, (CH,)2C(OH)C= C(OH)(CH,),, formed by condensation of 
two molecules of acetone with one molecule of sodium acetylide."' A 
general method for the preparation of acetylenic diols  of th is  type i s  from 
calcium carbide, potassium hydroxide, and  ketone^.'^' Ciethynyl glycols 
in which the triple bonds are separated by two or four carbon atoms are 
made from sodium acetylide and a- or P d i k e t o n e ~ . " ~  

Grignard reagents add to the carbonyl group of a -ha lo  ketones to give 
low yields of a -ha lo  alcohols.380~38'*39s1396 The  reaction i s  complicated 
by further action of the ~ r ~ a n o m e t a l l i c  reagent with the halohydrin. 

Fair  yields of alkoxy alcohols are obtained from a-alkoxy ketones and 
Grignard reagents.396 Methylmagnesium iodide and phenoxyacetone give 
phenoxy-t-butyl alcohol ( 8 ~ % ) . ~ ~ '  

Aliphatic and aromatic keto alcohols of the general formula 

have been made by the action of Grignard reagents on methyl isonitroso- 
ethyl ketone followed by hydrolysis with 10% oxalic acid. 

R MgX 
CI!,COC(CH,)= NOH "O- P (CH,)COHC(CH,)= NCH 

H+ 
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Oximes of a-hydroxyaldehydes result when isonitrosoacetone i s  used. 
The free monomeric hydroxy aldehydes are difficult to obtain by hydrolysis 
o f  the o ~ i m e s . ' ~ ~  Bromomagnesium enolates prepared from Grignard re- 
agents and sterically hindered ketones act a s  true Grignard reagents. 
/?-keto alcohols are formed by their reaction with aldehydes or ketones.399 

Selective addition of a Grignard reagent to  the keto group of a keto 
acid or keto ester  i s  possible. Several a-hydroxy ac ids  have been pre- 
pared in this manner from a-keto  acids by the use  of an excess  of Grignard 
reagent, which first replaces the active hydrogen atom of the carboxyl 
g m u p . ~ 5 ~ ~ 4 0 ~  Methyl P -ben~o~lp rop iona te  adds methylmagnesium iodide to 

the keto group to the extent of 75% when the molar ratio of keto ester to 
Grignard reagent i s  1 : 1.38. Smaller or larger ratios give lower yields."' 

Amino alcohols have been prepared by th is  method in two ways: by the 
action of a ketone on a Grignard reagent containing a dialkylamino 
group,'0' and by the action of organometallic compounds on a - a m i n ~ ~ ' ~  
and ketones. 

90. interaction of Organometallic Compounds and Oxides 

RMgX; 
CH,- CH, ---+ RCH2CH,0H 
\o/ "10 

The reaction of Grignard reagents with ethylene oxide i s  valuable for 
lengthening the carbon chain by two carbon atoms in a one-step process. 
A cooled solution of ethylene oxide in ether i s  added with stirring to a 
precooled solution of the Grignard compound. The  mixture i s  then allowed 
to stand for a time or i s  heated before hydrolysis. Benzene i s  added a s  
a diluent to prevent violent reaction during heating in the preparation of 
n-hexyl alcohol ( 6 ~ % ) ~ ~ '  from n-butyl Grignard reagent. Some 2-hexanol i s  
also formed in this  p r e p a r a t i ~ n . ~ ' ~  

Ethylene halohydrins, XCH,CM,ClI, are by-products which are formed in 
increasing amount a s  the Grignard reagent i s  varied from primary to terti- 

ary. The  yield of primary alcohol decreases  from 50-70% with primary 
organomagnesium compounds to 0-15% with tertiary Grignard reagents.444 
Highest yields are obtained when the molar ratio of ethylene oxide to 
Grignard reagent i s  2:  1. A study of the intermediate compounds and 
modes of formation of the products has  been 

The  Grignard reagent may be a l i p h a t i ~ , ' ~ ' ' ~ ~ ~  a l i ~ ~ c l i c , ' ~ ~ * ~ ~ '  or aromatic. 
Many P-arylethanols have been made by this method:47'453-455 
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Oxides other than ethylene oxide have been used. Cyclohexene oxide 
and diethylmagnesium give trans-2-ethylcyclohexanol ( 4 ~ % ) . ~ "  1-Phenyl- 
2-propanol i s  obtained from either styrene oxide and methylmagnesium 
iodide or propylene oxide and phenylmagnesium b r ~ m i d e . ' ~ ' ~ ~ ~ ' ~ ~ ~ ~  P ropyl- 
ene oxide reac ts  with alkylmagnesium bromidest0 give chiefly propylene 
bromohydrin, CH,CHOIlCH,Br, when the radio of reactants i s  1 : 1. A - 
ratio of two moles of oxide to one mole of Grignard reagent g ives  second- 
ary alcohols of the type ClI,CHCHCH,R in 15-54% yields accompanied by 
large amounts of the b r o m ~ h ~ d r i n s . ~ ~ ~  Addition of the Grignard reagent to  
the oxides of cis- and trans-stilbenes has been studied.4s7 

Crganosodium compounds behave sin,ilarly t o  the Grignard reagent with 
ethylene oxide. 2-(a-Thienyl>l-ethanol 4'9 and Y,Y,Y-triphenylpropyl al- 
coho14" are prepared from 2-chlorothiophene and trityl chloride, respec- 
tively, through the sodium compounds. 

The  diol, tetradecamethylene glycol, has  been synthesized from deca- 
methylene bromide by an adaptation of this method:60 

The best  example of a peparation of an olefinic alcohol by this method 
i s  that  of I-penten-5-01 from allylmagnesium chloride and ethylene oxide 
(60%).~" Acetylenic alcohols are made in fair yields from sodium acety- 
l ides or acetylenic Grignard compounds and ethylene oxide.3a0~463'690 

llalo alcohols available by th is  method are of two types: those contain- 
ing aryl halogen formed from halo aryl Grignard reagents,'641465 and 
I-chloro-2-alkanols, C ~ C H , C H ( C H ) C I I , R ~ ~ ~ ' ~ ~ ~  The latter compounds are 
made by the action of Grignard reagents on epichlorohydrin, 

ClCH,CH - CH,. 
\ /' 

0 

The effect of the structure of the Grignard reagent on the course of th is  
reaction has  been studied:" Best  results  are obtained from primary 
organomagnesium compounds. 

flydroxy ethers in which the alkoxyl group i s  on an aromatic nu- 
cleus 470,471 or an aliphatic chain47' have been made from alk'oxy Grignard 

reagents in about 50% yields. 

91. Action of Organometallic Reagents on Esters  or Related Conlpounds 

Symmetrical secondary alcohols are prepared by this method from ethyl 
formate and organomagnesium halides. Excellent directions are available 
for 3-pentanol ( 7 0 % ) ~ ' ~  and 5-nonanol ( 8 5 ~ ) . ~ ' 9 n  es ter  exchange reac- 
tion sometimes gives the formate of the alcohol a s  an impurity in the 
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product. The pure secondary alcohol i s  obtained by saponification and 
steam distillation. 

Tertiary alcohols in which two alkyl or aryl groups are identical are 
formed from higher es ters  or the corresponding acyl chlorides. Ethyl iso- 
butyrate and methylmagnesium iodide give 2,3-dimethyl-2-butanol (92%).16' 
Yields of 4 0 4 3 %  are listed for eighteen aliphatic tertiary a l~ohols ."~  
Ethyl esters of furoic and tetrahydrofuroic ac ids  give tertiary carbinols in 
good yields with ethyl-, n-butyl-, and phenyl-magnesium bromides.'" 
Triphenylcarbinol i s  made from ethyl benzoate and phenylmagnesium 
b r~mide . "~  

By-products formed by condensation, reduction, and fission reactions 
become appreciable a s  branching of the organometallic reagent, ester, or 
acyl halide i s  increased. P-h'eto es ters  are formed by condensation of 
es ters  by the Grignard reagent a6a1440 (cf. method 21 1). Reduction prod- 
ucts include the aldehyde and primary alcohol corresponding to the ester  
or acyl halide and the secondary alcohol resulting either from the addi- 
tion of the Grignard reagent to the aldehyde or from the reduction of the 
ketone formed from the Grignard reagent and the acyl 

R ' M ~ X  R'M~X; 
RCOCl - RCHO - RCH,OH 

Hl 0 1 R ' M ~ X  I R ' M ~ X  
J. 

R ' M ~ X ;  
.1 

RCOR' - PCHOIIR' 
H P  

In these  reductions the organometallic reagent i s  oxidized to an olefin. 
Esters give l e s s  reduction than acyl ~h lo r ides . "~  Relatively simple re- 
agents react in this  manner. For example, reduction products are formed 
exclusively in the reaction of t-butylmagnesium chloride with n-butyryl, 
isobutyryl, and lauroyl chlorides.'13 Cleavage of ally1 es ters  by the 
Grignard reagent to give acid sa l t s  and hydrocarbons takes place when 
the carbonyl group i s  sterically hindered.'14 

R ' M ~ X  
RCO,CH,CH = CH, - RC0,MgX + R'CH,CH = CH, 

Tertiary alcohols are a lso  made by carbonation of Grignard reagents 
and treatment of the resulting halomagnesium sa l t s  with an excess  of the 
same or different organometallic  omp pound.'^^^'^' Sixteen aliphatic terti- 
ary alcohols are formed in 40-60% yields from primary Grignard reagents 
and aliphatic acids. Yields are higher when the reactions are carried out 
a t  83O in benzene solution.405 Ketones are obtained a s  by-products. 

Symmetrical tertiary alcohols are best  prepared from organometallic re- 
agents and ethyl carbonate, (C,H,@),CO (cf. method 312).422~414 
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Esters  react with certain di-Grignard reagents to give tertiary alicyclic 
alcohols in 20-67% yields.70' 

where n = 2 or 3. 

A number of other /unctional groups may be present in the reacting ester 
molecule. The method has  been applied to the preparation of glycols,'6' 
pinacols,4'7 and 0 1 e f i n i c ' ~ ~ " ~ ~  and acetylenic 430*431 tertiary alcohols. 
Es ters  containing halogen in the alpha and beta positions have been con- 
verted to halo alcohols of questionable p~rity.434*435*4'7 Halogen atoms on 
the aromatic nucleus are  table.'^' a-Alkoxy es ters  give good yields of 
a-alkoxy tertiary a l ~ o h o l s ' ~ ~ * ~ ~ ~  (cf. methods 167 and 202). Amino alco- 
hols may be prepared by the addition of excess  Gdgnard reagent to es ters  
of  amino a~ids . '~~" '~*" '  

92. Replacement of the Sulfonic Acid Group by the Hydroxyl Group 

NeOH + KOH %O 
ArS0,Na - ArONa - ArOM 

Fuse H+ 

The preparation of phenols by this  method i s  limited to compounds hav- 
ing substituents which are not attacked by alkali a t  the fusion tempera- 
ture. A molten mixture of the hydroxide and a l i t t le  water in a copper, 
nickel, or iron crucible i s  treated with small portions of the sodium salt  
of a sulfonic acid. The reaction occurs a t  300-320~. Fusion of sodium 
p-toluenesulfonate with sodium hydroxide gives no cresol; potassium hy- 
droxide or a mixture of sodium and potassium hydroxides containing at 
leas t  28% of the latter compound i s  required. Similar results  are found in 
the preparations of m-hydroxybenzoic acid (91%)~" and Gmethyl-2-naph- 
t h ~ l . ~ "  Several factors affecting the conversion are studied in the prep- 
aration o f  the naphthol. Excellent directions are given for the prepara- 
tions of p-cresol (72%)'63 and P-naphthol (80%).'~' m-Benzenedisulfonic 
acid gives m-hydroxybenzenesulfonic acid567 or resorcin01,~~'  depending 
upon the concentration of alkali used. 5- and 8-Hydroxyisoauinolines are 
made by this method with the reaction occurring at 2 lO-220~ . '~~  

93. Replacement of the Diazonium Group by the Hydroxyl Group 
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This reaction is of little value for the preparation of aliphatic alcohols. 
Methyl alcohol cannot be obtained from methylamine and nitrous acid. 
n-Propylamine gives a mixture of n-propyl alcohol, isopropyl alcohol, and 
p ~ o p e n e . ~ ~ '  

Many phenols are best prepared by boiling aryldiazonium compounds 
with water. Excess nitrous acid from the diazotization is first destroyed 
by addition of solid ~ r e a . * ~ ' ~ * ~ ~ * ~ "  Some substituted diazonium compounds 
are hydrolyzed with difficulty. Refluxing with aqueous sulfuric a~id,'~~*''O 
copper ~ u l f a t e , * ~ * ~ * ~ "  or sodium sulfate 4"*494 solutions is usually recom- 
mended. 

The diazonium sulfates are preferred to the nitrates or chlorides. Aryl 
chlorides and nitro compounds are sometimes formed a s  by-products in the 
decomposition of diazonium chlorides and nitrates. For example, o-nitro- 
p-cresol is formed in 69% yield by the hydrolysis of the diazonium nitrate 
from p-t~luidine.'~' 

A modification of this reaction involves conversion of the diazonium 
salt  to the diazonium fluoroboride with fluoroboric acid. Treatment with 
glacial acetic acid then gives the aryl acetate, from which the free phenol 
is obtained by hydroly ~ i s . ' ~ * ~ * ' ~  

ArN,+Cl- ArN2+BF4- c q c o , ~  ArOCOCH, 2 ArOH 

The aryl group may contain h a l ~ ~ e n , ~ " * ~ "  p h e n ~ x y l , ~ ~ ~  aldehyde,489 
keto,*" ~ a r b o x y l , ~ ~ ~ * * ~ ~  c a r b o m e t h o ~ ~ l , ~ ~ ~  ~ ~ a n o , ~ "  or nitro 4909491 groups. 
Certain activated methyl groups in the ortho position to the diazonium 
group cause complications owing to ring closure with the formation of 
inda~oles."~ Coupling of the phenol with the diazonium compound may 
also occur (method 494). This reaction may be minimized for phenols 
which are volatile with steam by employing a dilute solution of the dia- 
zonium salt and removing the phenol a s  i t  is formed.705 Amino groups on 
heterocyclic nuclei such a s  pyridine,4'4'486 t h i a ~ ~ a ~ h t h e n e , ~ ' )  dibenzo- 
f~ran, '*~ and pyrazine4'7 are replaced by hydroxyl groups by this method. 

94. Replacement of the Amino Group by the Hydroxyl Group 

NaHSO, 
CloH7NH, + H,O ,A CloH70H + NH, 

This equilibrium reaction in the presence of sulfites i s  used for the 
preparation of naphthols and naphthylamines (Bucherer reaction) (cf. 
method 438). A review of the literature to 1942 has  been made.499 The 
substituted naphthalenes are heated with aqueous sodium bisulfite at 
90-150'. Nearly quantitative yields of a- and P-naphthols are obtained 
from the corresponding naphthylamines. Many substituted naphthols have 
been prepared by this procedure. 
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The direct removal of an acetylamino group (NHCOCH,) on naphthalene 
by boiling with sodium hydroxide is used in the preparation of l-nitro- 
2-naphthol (89%).'03 

An amino group on the benzene ring is directly hydrolyzable only when 
i t  is in the meta position to hydroxyl or other amino groups. m-Dihydroxy- 
benzene (resorcinol) has been made by the Bucherer reaction, and 1,3,5- 
trihydroxybenzene @hloroglucinol) i s  obtained by direct hydrolysis and 
decarboxylation of 2,4,Gtriaminobenzoic acid.500 

In the heterocyclic series 5-aminoquinoline has been converted by the 
Bucherer reaction to 5-hydroxyquinoline (47%).'02 

95. Hydrolysis of Esters 

RC0,R' + NaOH -4 R'OH + RC0,Na 

Few alcohols are made by this method because the corresponding esters 
are usually available only from the alcohols. Several esters of important 
alcohols are formed by other means and are hydrolyzed to the alcohols. 
For example, oxidation of acenaphthene by red lead in acetic acid gives 
7-acenaphthenol acetate, from which 7-acenaphthenol i s  obtained by sa- 
ponification with methanolic sodium hydroxide.5a0 Phenols may be pre- 
pared indirectly from aromatic aldehydes by oxidation with peracetic acid 
followed by hydrolysis of the resulting aryl f ~ r m a t e . ~ ' ~  

ArCHO CH3C4H, ArOCHO 5 ArOH 
H+ 

Most esters are cleaved by saponification rather than by acid-catalyzed 
hydrolysis. The hydrolysis by acid is reversible and requires removal of 
one of the products for i t s  completion. The procedure employed varies 
somewhat, depending upon whether the acid or alcohol is desired (cf. 
method 249). In the preparation of cetyl alcohol, n-C16F,,0H, from the 
natural wax spermaceti, the acid fraction i s  precipitated a s  the calcium 
salt  to eliminate troublesome emulsions during the extraction p roce~s . '~  

The conversion of dihalides to diols through the diacetates is some- 
times more convenient than direct hydrolysis (method 36). The diesters 
are prepared by heating dihalides with sodium or potassium acetate in 
acetic acid or ethyl alcohol.515J17 Glycols are distilled directly from 
mixtures of the diacetates and powdered potassium hydroxide or calcium 
hydroxide.517 Ethylene glycol is obtained from the diacetate by "trans- 
esterification" with methanolic hydrogen This modification 
has also been used for the preparation of several a-hydroxy  acid^."^ 

A similar conversion of olefins to glycols involves reaction with iodine 
and silver benzoate followed by saponification of the resulting crude di- 
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benzoate. Over-all yields of more than 70% are obtained for 1,2-octa- 
decanediol from 1-octadecene,', y-phenylpropylene glycol from allyl- 
benzene,"' and 9,lO-dihydroxystearic acid from methyl oleate.'" 

The conversion of a halogen compound to  a carbinol through i ts  acetate 
or formates" has  been used for the preparation of olefinic  alcohol^,'^^^^" 
halo al~ohols,46'*"~ a-hydroxy  ketone^,"^^'"*^" a-hydroxy  acid^,"^ amino 
alcohols,709 and p-nitrobenzyl alc~hol. ' '~ Allyl-type halides undergo 
allylic isomerization during conversion to the acetate. Both phenylvinyl- 
carbinol, C,H,CHOHCH = CH,, and cinnamyl alcohol, C,H,CH = CHCH,OH, 
are obtained from cinnamyl chloride."' The replacement of an a-halogen 
atom on a ketone is not always straightforward. Thus, the a-ketol ob- 
tained through the acetate from a-bromopropiophenone, C,H,CCCHBrCH,, 
is phenylacetylcarbinol, C6H,CHOHCOCH3, whereas that obtained through 
the formate is methylbenzoylcarbinol, C6HsCOCHOHCH3?a3 Isomerizations 
of ketols of this type have been shown to be base-catalyzed equilibria. 
Lead oxide and acetic acid are used to convert p-bromobenzyl bromide to 
p-bromobenzyl acetate. The crude acetate is saponified with methanolic 
potassium hydroxide. The over-all yield of p-bromobenzyl alcohol is 
61%.~~' Certain aryl halides are converted to  phenols with the aid of 
higher temperatures and copper a ~ e t a t e . 5 ~ ~  

96. Hydrolysis of Halogen Compounds 

Alkyl halides are hydrolyzed to alcohols by water or dilute bases, the 
order of reactivity of the halogen atoms being tertiary > secondary > pri- 
mary and iodine > bromine > chlorine. By heating 1,2-dichloro-2-methyl- 
propane, (CH,),CClCH,CI, with an aqueous suspension of calcium carbon- 
ate, the tertiary chlorine atom is replaced to  give l-chloro-2-methyl-2- 
propanol (48%).553 

A suspension of lead oxide in water is used in the preparatioc of 2,3- 
butanediol from the corresponding dibromide."' Glycols are usually 
obtained from dihalides through the acetates (method 95). 

Allyl-type halides are hydrolyzed readily to olefinic a l c ~ h o l s . ~ ' ~  The 
difference in reactivity between allyl and vinyl halogen atoms is well 
illustrated by the hydrolysis of 1,3-dichloropropene, C1CH = CHCH,Cl, to  
3-chloro- 2-propen- 1-01, ClCE = CHCI1,CF (76-81%):'' 

Bromine atoms in the alpha position to carbonyl or carboxyl groups may 
be successfully hydrolyzed in certain cases  by exercising proper pre- 
cautions. a-Hydroxy carbonyl compounds are sensitive to alkali (cf. 
method 95). Benzylglycolic aldehyde,"' C6H5CII,CH(OII)CH0, and gly- 
colic acid:" CH,OHCO,H, are obtained by refluxing the corresponding 

halo compounds with water and barium carbonate. Highermolecular- 
weight a-hydroxy acids may be obtained from a-bromo acids and aqueous 
alkali hydroxides or ~ a r b o n a t e s . ~ ~ ~ * ~ ~ ~  

Halogen atoms attached to an aromatic nucleus are not easily hydrolyzed 
unless they are activated by electron-attracting groups in the ortho or 
para positions. Under the influence of copper catalysts, however, aryl 
bromides react with aqueous sodium hydroxide at 200-275O to give phe- 
nols. This conversion is illustrated by the preparation of fpseudocume 
no1 (82%)'48 and 2-hydroxydibenzofuran (75%).a4' 

Halogen atoms in the alpha position to an aromatic nucleus (benzyl- 
type) are very readily hydrolyzed. With proper precautions hydrolysis of 
the halogen atom of p-cyanobenzyl chloride is possible without affecting 
the cyanide group; p-cyanobenzyl alcohol is obtained in 85% yield.s49 

97. Cleavage of Ethers 

ArOR + HI -+ ArOH + RI 

This reaction is an important step in the synthesis of many phenols. 
The phenolic grouping is unstable in numerous chemical transformations 
but may be "protected" in the forin of i t s  ethers. No good general reagent 
has been found for the cleavage of the ether linkages. By refluxing the 
alkoxy compounds with hydrogen bromide or hydrogen iodide in water or 
acetic acid solution, successful conversions to hydroxy compounds have 
been accomplished for n-propylphenol,"' ~ - d i h ~ d r o x y b e n z e n e , ' ~ ~  0- and 
m-hydroxyphenylacetic a ~ i d s ~ ' ~ " ~ '  4,4'-di hydroxybenzil,54' several hy- 
droxyquinolines~0a~5" and hydroxy amino a ~ i d s . ~ ~ ' * ~ ~ '  Yields are in the 
range of 72-93%. A modification of this procedure involves heating the 
ether with pyridine hydrochloride or hydrobromide a t  200°. Anisole is 
cleaved to phenol in 82% yield, but diphenyl ether is not attacked. o- and 
m-Dimethoxybenzenes may be cleaved to  dihydric phenols or to  phenolic 
ethers.'" 

Aluminum and boron halides are sometimes used to  dealkylate alkyl 
aryl ethers to phenols. Boron tribromide cleaves aliphatic ethers to alco- 
hols and alkyl halides, but the reaction has no preparative value in the 
aliphatic series."' Aluminum halide and the ether first form a complex 
from which a molecule of alkyl halide is eliminated upon heating. 

Heet 
ArOR 5 ArOR * AlX, - ArOAlX, 3 ArOH 

The reaction has been successfully employed to prepare fluorophe- 
nols 5'4*535 and hydroxybenzophenones.'36 Diary1 ethers and alkyl aryl 
ethers are also cleaved by sodium amide:" sodium and by 
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sodium in liquid ammonias'' or ~ y r i d i n e . ' ~ ~  Anisole, phenetole, phenyl 
benzyl ether, and diphenyl ether are converted to phenol in yields above 
90% by refluxing with sodium or p6tassium in pyridine solution. Ethers 
of benzyl alcohol may be cleaved by catalytic hydrogenation. 

An excellent means of protecting phenolic hydroxyl groups for reactions 
in alkaline media is by the formation of the methoxymethyl ether from the 
sodium salt  of the phenol and chloromethyl ether, viz., 

ArONa + ClCH,OCH, 4 ArOCH,OCH,. 

This mixed acetal is stable to alkali but easily hydrolyzed to  the phenol 
by warming with dilute a ~ i d . ~ ' ~  

98. Cleavage of Oxides 

RCH-CHR + H,O 2 RCHOHCHOHR 

This reaction is the last  step in the hydroxylation of the double bond 
by peracids (cf. method 107). Oxides available by other methods (Chap 
ter 7) may also be converted to diols in good yields. Hydrolysis pro- 
ceeds readily at room temperature in the presence of a small amount of 
sulfuric 61%6'6 or perchloric 614*6'7 acids. Inversion of the configuration of 
a carbon atom occurs. Thus, cis-2,3-epoxypentane gives threo-2,+ 
pentanediol, and the trans oxide gives the erythro di01.~'~ Chloro6" and 
keto619 groups in the alpha position to the epoxide linkage are unaffected 
by the ring opening. 

Alkene oxides may also be cleaved by reduction with lithium aluminum 
hydride a s  in the preparation of a-phenylethyl alcohol from styrene oxide 
(94%).M 

99. Cleavage of Furans and Pyrans 

I I 
CH, CHCH,OH Ha + HO(CH,&OH 
\ / CuCrO 
0 

Various derivatives of furan and pyran are cleaved to give open-chain 
di- and poly-functional compounds. Fission to give dihalides, halo alco- 
hols, and halo esters is described elsewhere (method 54). Hydrogena- 
tion and hydrogenolysis reactions lead to hydroxy compouads, a s  in the 
preparation of 5-hydroxy-2-pentanone and 1,4-pentanediol from methyl- 
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furan6" and 1,5-pentanediol from tetrahydrofurfuryl alcohol/" Tetra- 
hydrofurfury1 alcohol is also cleaved by acetic anhydride and zinc chloride 
t o  give the triacetate of 1,2,5-trihydroxypentane.6aa*6a6 

Hydrolysis of 2,3-dihydropyran by dilute hydrochloric acid gives 5-hy- 
droxypentanal (73%);" which is readily reduced to 1,5-pentanediol. The 
2,+dihydropyran is prepared by dehydration and rearrangement of tetra- 
hydrofurfuryl alcohol over aluminum ~ x i d e . ~ "  

Dehydrohalogenation and ether cleavage of tetrahydrofurfuryl chloride 
by sodium sand produces 4-penten-1-01 in 82% yield.bz9 Likewise, 4-octen- 
1-01 is obtained from 3-chloro-2-n-pr0pyltetrahydropyran.~~~ This  syn- 
thesis is general for 4-alken-1-01s from the commercially available di- 
hydropyran (cf. method 21).~" 

2 RCH = CH(CH,),OH 
Br 

A similar synthesis of 3-alken-1-01s from 2,3-dichlorotetrahydrofuran has 
been devised, and the stereochemical relationships of both syntheses 
have been investigated.733 Many cleavages of furan and pyran rings have 
been re~iewed.~"  

Dibenzofuran is cleaved by a mixture of sodium and potassium hydrox- 
ides a t  410' to 2,2'-dihydroxybiphenyl (29%).6z7 

100. Rearrangement of Ally1 Ethers (Claisen) 

C6HsOCHzCH = CHR 4 orHOC6H4CH(R)CH =CH, 

This interesting nuclear alkylation by the allyl group of an allyl aryl 
ether gives unsaturated phenols. Migration takes place to the ortho posi- 
tion of the ring with tautomeric isomerization within the allyl group. If 
both ortho positions are blocked, migration occurs to  the para position 
either with or without tautomeric change within the allyl group. A large 
variety of substituents may be present in the side chain and the aromatic 
nucleus. The furfuryl radical contains the necessary allylic structure for 
the side chain; rearrangement affords a preparation for o-furfurylphenol 
(38%).S60 

The reaction occurs below 200' without catalysts by refluxing the ether 
a t  atmospheric or reduced pressures either with or without solvents. The 
yield of o-allylphenol from allyl phenyl ether is 73%.SS9 

Excellent literature reviews complete with experimental conditions 
have been made.ss9 
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101. Hydration of Olefinic Compounds 

RCH = CHR HfS4, RCH,CH(OSO,H)R 2 RCH,CH(OH)R 

Hydration of olefins i s  accomplished by dissolving them in aqueous 
sulfuric acid and hydrolyzing the resulting alkyl hydrogen sulfate. The 
yields of alcohols are fair for the simple olefins. The hydroxyl group 
adds  t o  the carbon atom of the double bond which contains the leas t  num- 
ber of hydrogen atoms. Olefins from t-alcohols are hydrated by 50-65% 
sulfuric acid, whereas those from primary and secondary alcohols require 
higher concentration of acid. Details  have been worked out for -4 satis-  
factory laboratory preparation of t-butyl, alcohol from gaseous isobutyl- 
ene.=" Kerosene i s  used a s  a solvent to  lower the vapor pressure of the 
isobutylene, which i s  then absorbed by 50% sulfuric acid. The concen- 
tration of the sulfuric acid i s  critical; polymerization of the olefin occurs 
when the acid i s  too concentrated. 

Other functional groups may be present in the molecule containing the 
double bond. Methallyl alcohol, HaC-C(CHa)CHaOH, i s  hydrated by a 
mixture of 25% sulfuric acid in the presence of isobutyraldehyde to  give 
the cyclic acetal  of isobutylene glycol with the aldehyde. Hydrolysis of 
the ace ta l  by dilute mineral acid gives isobutylene glycol (94%).sa4 Hy- 
dration of the double bond by aqueous sulfuric acid has  been used to make 
chloro-t-butyl alcohol £tom methallyl chloridesa5 and P-hydroxybutyric acid 
from crotonic acid."' 

102. Condensation of Aldehydes and Ketones (Aldol Condensation) 

This  i s  a general reaction exhibited by aldehydes and ketones having 
labile (usually a )  hydrogen atoms. The hydrogen atom of one molecule of 
the carbonyl compound adds t o  the carbonyl group of another molecule of 
the same or different compound to  form an aldol (hydroxy aldehyde) or a 
ketol (hydroxy ketone). The  condensation i s  reversible and i s  usually 
promoted by basic catalysts. The products are distilled a t  temperatures 
a s  low a s  possible t o  prevent not only the reverse reactionao3 but also the 
dehydration to  olefinic compounds (method 36). 

The  condensation of an aldehyde or a mixture of two aldehydes i s  best 
effected by aqueous sodium or potassium carbonate or aqueous alcoholic 
hydroxides a t  0-30°. From a preparative standpoint, best  resul t s  from a 
mixture of two aldehydes are achieved when one of the aldehydes does  
not contain an a-hydrogen atom. Otherwise, a mixture of products i s  ob- 
tained. G o s s e d  condensations of formaldehyde with isobutyraldehyde 
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and isovaleraldehyde give the aldols, CHaOHC(CH3),CH0, and 
(CH,),CHCH(CH,OH)CHO, r e s p e ~ t i v e l y . ' ~ ~ " ~ '  Certain aldols dehydrate 
spontaneously or upon distillation. T h i s  i s  especial ly true of those re- 
sulting from the crossed condensation of benzaldehyde with another alde- 
hyde (method 36). Self-condensation of aldehydes i s  sometimes compli- 
cated by the formation of trimers believed to  be substituted 1,3- 
dioxanes."" The aldol of propionaldehyde may be prepared by distilling 
the trimer from a small amount of adipic acid.'06 

Self-condensation of methyl ketones to  ketols  i s  best  accomplished by 
basic catalysts .  Only methyl ketones have been sat isfactori ly condensed. 
Diacetone alcohol i s  prepared by refluxing acetone with barium hydroxide 
in a Soxhlet extractor.'04 Condensation of higher methyl ketones by basic 
reagents involves a hydrogen atom on the methyl group rather than one on 
the higher alkyl group. Most of these condensations lead directly to  ole- 
finic ketones (method 36). However, the ketols are prepared in fair yields 

when bromomagnesium amines are used a s  catalysts .  For example, methyl 
ethyl ketone gives the ketol, CaH5C(CH3)(OH)CHaCOCHaCH3, in 67% yield 
with C6H,N(CH3)MgBr prepared from ethylmagnesium bromide and methyl- 
aniline. Eight higher ketols prepared by th is  procedure are described. 
Yields are in the range of 55-70%. Pinacolone, which i s  condensed in - 

poor yields by other basic reagents, gives a 68% yield of the correspond- 
ing ketol when the anilinomagnesium bromide i s  used.a0s The acid- 
catalyzed condensation of methyl ketones follows a completely different 
course (method 36). 

The crossed condensation of an aldehyde and a ketone i s  possible under 
proper conditions. The tendency for self-condensation i s  much l e s s  for 
ketones than for aldehydes. Advantage i s  taken of th is  fact  by adding 
the aldehyde diluted with part of the ketone t o  a cooled, well-stirred mix- 
ture of the ketone and basic catalyst."O The carbonyl group of the alde- 
hyde and an a-hydrogen atom of the ketone are involved in the condensa- 
tion. A study of solvents, pH, catalyst  concentration, and mole ratio of 
reactants has been made for the condensations of paraformaldehydeaOa and 
acetaldehyde 13' with methyl ethyl ketone. The various by-products formed 
in the condensations with formaldehyde have been d i s c ~ s s e d . ~ "  Base- 
catalyzed condensation of methyl alkyl ketones with straight-chain alde- 
hydes involves a hydrogen atom on the methylene group of the ketone 
(3condens  ation).'09* a''* "'* 140 It was formerly believed that condensation 
with a-alkyl-branched aldehydes takes place on the methyl groub of the 
ketone ( 1 - c o n d e n ~ a t i o n ) . " ~ ~ ~ ' ~  Ho wever, the condensation has  been shown 
to  depend markedly on the catalyst. For example, the condensation of 
isobutyraldehyde and methyl ethyl ketone with aqueous base gives both 
1- and 3-condensation in the rat io of 55 to  45. With sodium ethylate the 
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ratio i s  90  to  10, and with hydrochloric acid only 3-condensation i s  ob- 
served?13 Cyclopentanone and cyclohexanone have been used in crossed 

Condensation of higher-molecular-weight ketones 
gives very poor results.'" The  condensation of aromatic and heterocyclic 
aldehydes with ketones usually leads directly t o  unsaturated ketones 
(method 36). 

Many other compounds containing labile hydrogen atoms may be con- 
densed with carbonyl compounds in basic media. The introduction of a 
trichloromethyl group i s  achieved by condensation of chloroform with 
ketones, a-branched aldehydes, or substituted benzaldehydes. Straight- 
chain aldehydes undergo self-condensation. The  condensations are best  
effected by powdered potassium hydroxide in  an  acetal  solvent. The  
yield of trichloro-t-butyl alcohol from acetone and chloroform i s  80%. The  
yields of higher homologs vary over a wide range but, in general, are ex- 
ceptionally Condensations with bromoform or iodoform are l e s s  
successful.'" 

Aliphatic es te rs  have been condensed with benzaldehyde by means of 
sodium triphenylmethide. The reaction has  been stopped a t  the "aldol" 
s tage  t o  give low yields (26-30s) of 0-hydroxy esters."' 

Either or both act ive hydrogen atoms of malonic or acetoacetic e s t e r s  
enter into condensation with formaldehyde or acetaldehyde.'" Aceto- 
acetic  es te r  i s  readily converted to the dimethylol or diethylol derivatives 
by condensation with formaldehyde or acetaldehyde, respectively, in the  
presence of potassium c a r b ~ n a t e . ' ~ ~  a-Methylacetoacetates are similarly 
condensed with one molecule of a l d e h ~ d e . " ~  

Aliphatic and aryl-substituted aliphatic nitro compounds contain act ive 
methylene groups which take part in condensation with carbonyl com- 
pounds. 

Base 
RCHO + R'CH2N02 - RCHOHCHR 'NO, 

The yields of nitro alcohols from simple nitroparaffins and aliphatic al- 
dehydes or benzaldehyde are usually above 60%."'"~~ The  condensa- 
tions are generally carried out with aqueous ethanolic sodium hydroxide, 
although weaker bases  are sometimes desirable t o  prevent polymerization 
of the aldehyde."s~7'9 Sodium bisulfite addition compounds of the alde- 
hydes are sometimes Better results  are obtained with sodium 
methoxide than with alkali  hydroxides in the condensation of nitroethane 
with f~r rna ldeh~de.~ ' '  Sodium alkoxides are a l so  used to  effect the con- 
densation of nitroethane with acetone '" and cyclohexanone.7s' Condensa- 
tion proceeds t o  the nitroalkanediol s tage  in certain c a s e s  with both 
nitromethane'" and with f ~ r r n a l d e h ~ d e . ~ ' ~  
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103. Condensation of Carbonyl Compounds with Halogenated Compounds 
(Refamatsky) 

RRCO + R8CHBrCO2C2HS Zn Or Mgi RRC(OH)CHR8C02C2HS 
YO 

In this  reaction organometallic compounds incapable of existence in 
high concentration are  formed and utilized immediately. When an alde- 
hyde or ketone i s  condensed with a ha lo  es ter  the product i s  a 0-hydroxy 
ester. Sometimes dehydration occurs t o  give olefinic e s t e r s  directly 
(method 19). The use of a n  es ter  a s  the carbonyl compound leads to 
0-keto e s t e r s  (method 234). The  halo es ters  most commonly employed 
are of three types: XCH2C02C2H,, RCHXC02C2H,, and R,CXCO,C,H,. 
Vinylogous halo es ters ,  such  a s  y-bromo~rotonate, '~'  and certain benzyl 
halidesz3' have been used with variable success .  

A review of the literature t o  1342 l i s t s  157 condensations involving 
aldehydes and ketones.'19 Trioxymethylene serves a s  a source of formal- 
dehyde.'" In addition.to the compounds l is ted,  condensations of 2-pente- 
rial,'" o - t~ lua ldehyde , "~  methyl ethyl ket~ne,l~'*'"*'~' diethyl ketone,"' 
methyl hexyl ketone,"' cyclopentanone,"' and phenyl t-butyl ketoneaz9 
are noteworthy. 

The  best  experimental conditions for the reaction have been dis- 
~ u s s e d . " ~  An optimum temperature of 90-105O i s  eas i ly  maintained by 
the use of a refluxing mixture of benzene and toluene a s  s ~ l v e n t ? ' ~  
Granulated zinc which has  been washed with hydrochloric acid can be 
substituted for the sandpaper-cleaned zinc foil that i s  sometimes recom- 
mended."' Magnesium has  been used successfully for several  condensa- 
tiOnS,228, '233,759 

Many competing reactions are responsible for the low yields occasion- 
al ly ob'tained in  the Reformatsky reaction. Zinc s a l t s  bring about the 
aldol condensation of certain aldehydes. Coupling of two molecules of 
bromo es ter  by zinc to give a succinic ester  sometimes occurs. The  ex- 
tent of this  reaction i s  reduced by adding the bromo es ter  to a refluxing 
mixture of benzene, ketone, and zinc.13' A portion of the bromo es ter  i s  
sometimes reduced by reaction of the zinc derivative with an act ive hy- 
drogen atom of the ketone; the ketone i s  regenerated from i t s  en01 s a l t  by 

hydrolysis. This  s ide reaction occurs t o  the extent of 30% with aceto- 
m e ~ i t ~ l e n e . ' ~ ~  The reduced es ter  may a l s o  be condensed by the organo- 
zinc compound t o  yield a P-keto ester?" 
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Propargyl bromide, HC=CCH,Br, undergoes a Reformatsky-type reac- 
tion with a variety of carbonyl compounds t o  give P , y - a c e ~ ~ l e n i c  carbi- 
nols in fair yields.78" 

104. Condensation of Carbonyl Compounds (Acyloin and Benzoin 
Condensations ) 

- ONa H+ R HOH 
Rcoac2H,  5 R6 -+ 7 

RC-ONa RCO 

Aliphatic acyloins (a-hydroxy ketones) are formed by the action of 
sodium sand on ethereal or benzene solutions of aliphatic 
Improved techniques involving highly dispersed sodium preparations are 
invaluable in this condensation."' Straight-chain and branched esters 
are condensed in 55-75% yields.636 Contrary to  earlier reports, higher- 
molecular-weight aliphatic e s t e r s  give acyloins in excellent yields. The  
reaction has been extended to  include e s t e r s  containing eight to  eighteen 
carbon atoms.639 The mechanism of the condensation by sodium in liquid 
ammonia has  been ~ t u d i e d . ~ ' ~ v i d e n c e  i s  presented for the existence of 
intermediate free radicals, R$(ONa)(OC,H,), and acyl  sodium compounds, 
RCONa. Esters of glutaric and adipic acids give a-hydroxy alicyclic 
 ketone^.'^' Several aromatic aldehydes, acids,  and es ters  have been 
condensed by metals in a similar manner.63b645 

Aromatic a-hydroxy ketones (benzoins) are bes t  obtained by the con- 
densation of aromatic aldehydes by alkali cyanides. An aqueous- 
alcoholic solution of the aldehyde and sodium cyanide i s  refluxed for a 
short time.640*64' 

NaCN 
2ArCHO --+ ArCH(0H KOAr 

Crossed condensation of two aldehydes has been accomplished a s  in 
the preparation of p- m e t h ~ x ~ b e n z o i n . ~ ~ ~  The condensation i s  reversible, 
a s  has  been demonstrated by the preparation of mixed benzoins from 
benzoin and an  aromatic aldehyde.64' 

The mechanism and experimental conditions for these reactions have 
been discussed in two reviews of a l l  methods for the synthesis  of 
b e n z o i n ~ ' ~ ~  and a ~ ~ l o i n s . " ~  

105. a-Hydroxy Ketones by Interaction of Dicarbonyl Compounds and 
Aromatic Hydrocarbons 

AIC13 
ArCOCHO + Ar'H --+ ArCOCH(0H)Ar 
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T h i s  reaction was first described a s  a new synthesis  for mixed ben- 
z o i n ~ . ~ ~ "  solution of the aryl glyoxal in the aromatic hydrocarbon i s  
stirred a t  0' for 5-20 hours with aluminum chloride. Carbon disulfide 
may be used a s  a solvent if necessary. The  yields vary from 35% t o  90%. 
The reaction has  been extended t o  the preparation of a-hydroxy ketones 
of the types RCOCHOHAr649 and CH3COCOH(CH,)Ar6S0 by substituting 
I-butylglyoxal and biacetyl, respectively, for the aryl glyoxal. 

106. Alkylation of Phenols 

Alkylation of the aromatic nucleus has  been d iscussed previous1 y 
(method 1). Phenols are alkylated chiefly in the para position by terti- 
ary alcohols or ole fin^.""^^^ The yields of product range from 24% 
t o  64%. Primary alkyl radicals isomerize to secondary alkyl groups.774 
The best  method for the preparation of n-alkylphenols i s  by reduction of 
the corresponding acyl derivatives (method 3).5'b6s'*795*797 

Boron trifluoride catalyzes the condensation of phenol and propylene 
to  isopropyl phenyl ether and the subsequent rearrangement of this  com- 
pound to  o-isopropyl phenol."' This  rearrangement of an aryl alkyl ether 
i s  similar t o  the Fr ies  reaction of phenolic es ters  (method 209). 

Indirect methylation of reactive phenols i s  sometimes accomplished by 
condensation of two molecules of the phenol with one molecule of formal- 
dehyde. The resulting diphenylmethane derivative may be reduced with 
zinc and sodium hydroxide or cleaved by alkali to  the methylated phe- 
nol -77% 777 A modification of this  procedure involves dimethylaminomethyl- 

ation of the phenol followed by hydrogenolysis of the dimethylamino- 
methyl g r o ~ p . ~ ' ~  

107. Oxidation of Olefinic Compounds to  Glycols 

H C q H -  
RCH= CHR + HaOa--> RCH(OH)CH(OH)R 

40 

This  method has been employed extensively for the conversion of ole- 
f ins  t o  glycols and olefinic ac ids  to dihydroxy acids. The bes t  general 
reagent i s  performic acid. The  olefinic compound i s  stirred a t  40' with 
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a solution of 30% hydrogen peroxide in aqueous formic acid. Only a 
slight excess  of hydrogen peroxide i s  required. The  yields of dihydroxy 
compounds are 40-99% from 1-olefins,6" olefinic alicyclic hydrocar- 
bons ,597,601 and olefinic acids.598 The double bond in the a,P-posit ion of 

several acids and e s t e r s  has  been hydroxylated by 90% hydrogen peroxide 
at 55-95°.599 Epoxides are first formed in the reaction (cf. method 126). 
These  compounds react with formic acid t o  give hydroxy formoxy com- 
pounds, which are then hydrolyzed to  the dihydroxy compounds. Inver- 
sion of a carbon atom occurs during cleavage of the epoxide in acid solu- 
tion. The  reaction has  been re~iewed. '~ '  

Hydroxylation by hydrogen peroxide in t-butyl alcohol solution i s  cata-  
lyzed by osmium t e t r o ~ i d e . ~ ' ~ ~ ' ~  The catalyst  i s  volatile and dangerous 
t o  handle6" but i s  conveniently used in a solution of the tertiary alcohol. 
The yields of diols  are usually low (30-60%), and the  process has  not 
been adapted t o  large-scale preparations. In contrast t o  hydroxylation by 
performic acid, this procedure leads to  cis addition of the two hydroxyl 
groups to  the double bond. An extensive study of other ca ta lys ts  has  been 
made.734 Some catalysts ,  e.g., selenium dioxide and pertungstic acid, 
catalyze addition in the trans direction. Hydroxylation of cyclopentadiene 
takes  place in the 1,4-positions to  give 2-~~clopenten-l,4-dio1.~'~ 

Osmium tetroxide i s  a l s o  a catalyst  in the oxidation of the double bond 
by chlorates. Cis  addition of hydroxyl groups takes place a s  i s  shown by 
the preparation of cis-l,2-cyclohexanediol from cyclohexene6'' and the 
formation of the proper diastereoisomeric dihydroxy derivatives of maleic, 
f~ rna r i c ,~"  and Chalocrotonic a ~ i d s ~ ' ~ ~ ~ ' ~  Silver chlorate i s  preferred t o  
potassium chlorate in the hydroxylation of crotonic acid.6D3 

Perbenzoic acid i s  an important reagent for the preparation of epoxides 
from olefinic compounds (method 126). When the epoxides are unstable 
in aqueous solution, glycols are formed directly. The over-all reaction 
results  in trans addition of hydroxy groups t o  the double bond for crotonic 
and isocrotonic acids .60a 

Other reagents used for hydroxylations of this type are peracetic acid613 
and a neutral solution of potassium permanganate :"s6aD 

108. Phenols by Dehydrogenation of Cyclic Ketones 

The dehydrogenation of alicyclic Gmembered rings t o  aromatic hydro- 
carbons i s  discussed elsewhere (method 2). When a carbonyl group i s  
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present in the ring, fair yields of phenols can sometimes be obtained. 
Dehydrogenation by sulfur or selenium"' has  largely been replaced by 
catalytic dehydrogenation over nickel '" or palladium 768*77D catalysts. 

109. Unsaturated Alcohols by Oxidation of Olefins a ~ c e t ~ l e n e s ' ~ ~  

RCH -CHCH,R 3 RCH - CHCHOHR 

110. Oxidation of Phenols (Elbs) 

where Z = H, C1, CHO, or NO2 (20-48%).78'179'*799 

111. Condensation of Alcohols by Sodium (Guerbet)'" 

3RCH,CH,OH 
Ns, Cu bronze, 300°; RCH,CH,CHRCH,OH + RCH2C02H 

Ha0 

112. Condensation of Aromatic Compounds with Ethylene Oxide "' 
Ethylene ollde 

ArH --------+ ArCH,CH20H 
AIC13 

113. Condensation of Pyridine a Quinoline with  ketone^"^ 

114. Hydrolysis of &Diazo Ketones 764'765 

RCOCl CHlNf RCOCHN, H'9 RCOCH20H 
H+ 
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TABLE 11. HYDROXY COMPOUNDS 

GI Compound Method chapterref. ~.p./mm., nb, (M.,), ~ , d , ,  
( %) 

Aliphatic Alcohols 
- 

C ,  %Propano1 79 100 509 82* 

79 100 5 111 
C 4  1-Butanol 79 85 5' 1.3977 a¶ 

90 80 5"= 117/740, 1 .3993~.  71Nu 
2-Butanol 79 87 5' 1.3956= 

101 77 5 98 
2-Methyl-%propanol 101 40 5"' 82 

C S  1-Pentanol 84 61 5 l  137/7408. 1.4101 *. 46Pu* 
84 94 5- 136 
88 68 sUs 136/733, 1.4099 
90 76 5- 136/740, 1.4100U, 66Nu 

2-Pentanol 90 54 5- 119/745. 1.4801, 61Db 
3- Pentanol 80 60 5 177 

91 70 5 m  115, 1.4078 
2-Methyl- 1-butanol 84 78 5- 120-124 

88 66 5"' 128/749 
3- Methyl- 1-butanol 90 74 5- 130/740, 1 A081 ". 67Nu 

90 60 5- 131 
Methylisopropylcarbinol 88 56 5 =  11 1/727, 1 A090 

88 54 5 111 
I-Amy1 alcohol 101 74 5s' 100-103 
I- Butylcarbinol 84 88 5" 111/738 

C 8  1-Hexanol 79 100 5 111 69/20, 1 .4134~.  42Pu 
84 92 5" 153 
90 71 5- 154/740, 1.4131U, 59Nu 
90 62 5U1 154-157 

2-Hexanol 88 66 sa8 136 
90 51 5- 140/740, 1.4155, 37Db 

%Methyl- 1-pentanol 84 66 5'' 148/766 

111 72 787 148 
3- Methyl-1-pentanol 90 65 5"= 152/740, 1.4112U, 58Nu 
4-Methyl- 1-pentanol 90 6 9  5 &  151/740, 1.4132U, 60Nu 
Dimethyl-n-propylcarbinol 89 50 5'= 123/762, 1 .412518 
3- Methyl-%pentan01 85 75 5"' 131, 1.4198, 47Db 
CMethyl-2-pentanol 79 95 137 131/740 

88 49 51M 130 
88 42 5'% 130/734, 1.4111, 97Nu 
90 38 5- 68/52, 1.4120, 62Db 

~ethyldiethyicnrbinol 89 67 164 117- 12 1 

89 71 51a4 122 
3.3- Dimethyl-1-butanol 90 15 54U 142, 84Db 

(ne~pent~ lcarb inol )  
2-Ethyl- 1- butanol 84 63 5" 147/743, 1.4234" 
Ethylisopropylcarbinol 8 8  52 5'" 126/742, 1.4170 
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TABLE 11 (continued) - 
GI Compound 

I Method chapterref. B.p./mm.. n D, (Up.), Deriv. 
(%) 

I Aliphatic Alcohols (continued) 

I c8 Z,f Dimethyl-%butmol 91 92 
"4 119/759, 1.4169 

Methyl-I-burylcarbinol 79 75 5"' 120 
1 79 100 138 11 7/740 

88 28 '81 117-121, 76Pu 

c 1-Heptanol 79 86 54  175/750 
79 81 5' 174,72/12 
90 69 5 w  174/740, 1.4231 62Nu 

2-Hepcanol 79 65 5Us 156 
90 56 5- 77/24, 1.4214. 48Db 

3- Heptanol 88 40 5ln4 155/745, 1.4197 
CHeptanol (di-n-propyl- 80 92 5 155. 

carbinol) 88 63 5lE4 154/745, 1.4199 
3Methyl- 1-hexanol 90 63 546 162/740, 1.42131J, 45Nu 
CMeth yl- 1-hexanol 84 8 3  5 84/24, 1 A223 " 

90 58 5 169/740, 1.4233 50Nu 
)-Methyl- 1-hexanol 9 59 5 169/740, 1.4251". 55Db 

90 53 59 100/45, 82Pu 
2-Methyl-%hem01 89 6 8  JST 142/730, 1.4186 

89 92 5'@ 13F141 
89 60 5 60/25, 1.4176 

&Methyl-%helano1 90  31 5- 06/44.1.4223,63Db 
5-Methy 1-%hexan01 90 15 5- 73/32, 1.4227. 36Db 

88 65 5" 1511742, 1.4180, 85Nu 
2-Methyl-fhexanol 88 62 5'" 145/734, 1.4213 
+Methyl-fhexanol 89 64 5 138 
2,4-Dimethyl- 1-pentanol 84 n 518 54/7 

88 30 51M 66/18, 1.427 
3,CDimethyl-1-pentanol 30 46 546 161/740, 1.4261 
4,CDimethyl-1-pmtanol 87 90 51n 96/62, 1.4202, 81Nu 
3- Ethyl-2-pentanol 79 70 118 151/743 
2.3- Dimethyl-2-pentanol 85 80 5" 137, 1.4262 

89 35 5'- 130 
2.4-Dimethyl-%pentan01 89 54 5'- 128 

91 82 51a4 132/760, 1.4162 
4,CDimethyl-%pentan01 79 72 5 lU 1371736, 1.4188, 8 m u  

90 15 5- 65/40, 1.4248, 50Db 
3- Ethyl-fpentanol 89  63 5"' 73/50, 1.4305 
2,2-Dimethyl-fpentanol 88 62 laa 135-138 

91 88 5 U 4  140 
2,f Dimethyl-fpentanol 89 59 5'U 45/14, 1.4287 

89 50 338 51/20, 1.4283 
2,CDimethyl-fpentanol 88 78 5"' 134-138.99Pu 

91 100 5- 132 
f Methyl-2-ethyl-1-butanol 84 70 5" 66/14, 49 Db 

For explanations and symbols see  pp. xi-xii. 
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TABLE 11 (continued) 

GI Compound Method Chaptaref. B . p . / m ~ ,  nb, (Kp.), Daiv. 
(%) 

Aliphatic Alcohols (conlimced) 
- 

C 7 2.3.fTrimethyl-2-butanol 89 75 5'& 50/20 

83 28 5'O 130 
Pentamethylethanol hydrate 89 62 5" (83) 

Ca 1-Cktanol 84 94 5 190 
84 75 5 104/16 
90 49 5Yb 192/740, 1.4303". 66Nu 

2-Oc tan01 .... 42 5 'O' n/is. 1.4264 
3hfethyl-1-heptanol $0 43 5 4a 101/26, 1.4293" 
3Methyl-2-hepcanol 79 77 5 a ~ a  173/760, 1.436" 
&Methyl-%heplan01 80 96 5 80/16, 1.4273" 
3Methyl-3 hepcanol 89 71 5 66/15, 1.4279 
f Methyl-Cheptanol 88 62 5 273 70/15 
%Ethyl-1-hexanol 84 58 56 90/18. 1.4328 

111 91 767 

4-Ethyl-1-hexanol 30 38 5 4" %/20 
2,2-Dimethyl- I-herenol 88 63  5'" 81/14, 1.4304 
2,fDimethyl-%hexan01 89 80 5ss4 151/760 
S,>Dimethyl-2-hexanol 88 60 5 6 g ~  166, 1.4229 
2 , 3  Dimethyl-fhexanol 89 32 5m4 62/14, 1.4309 

89 35 5'" 43/6, 1.4300 
2,4Dimethyl-fhexanol 88 30 5601 160, 1.4316 
3,4Dimethyl-fherenol 89 25 264 68/16, 1.4313 
2,4Dimethyl-4herenol 83 56 699 153, 1.4277" 
%Propyl- 1-pencan01 84 50 179 
%Methyl-2-ethyl- 1-pencanol 88 30 5a5a 76/15. 1.4353 
2,3,fTrimethyl-2-pcntanol 89 65 119 84/58, 1.4280 
2,3,4-Trimethyl-2pentanol 83 58 5'U 156/752. 1.4400~' 

91 4o t  5"" 50/7. 1.4350 
2,4,4-Trimethyl-l-pentanol 89 78 5'" 38/8, 1.4272 

.... 60 5%' 146. 1.4301" 
2.2.3-Trimethyl-fpenwol 89 60 5'" 76/40, 1.4353 
2,2,4-Trimethyl-fpcntarrol 88 44 262 148-152, 89Pu 
2,3,4Trimethyl-fpentanol 89 95 5 101/125, 1.4350 
2.2.3,fTeuamethyl- 87 53t 5''' (150), 66Pu 

I- butanol 

C9 5-Nonanol (di-~butyl-  91 85 5-a 97/20 
carbinol) 

4- Methyl-1-octanol 84 81 54' 105/18, 1.4320'~ 
>Methyl-1-octanol 84 58 516 123/37 
7-Methyl-1-octanol (isononyl 84 57 5 100/13, 65Pu 

alcohol) 30 49 5' 118/25, G5Pu 
Dimetbyl-ehezylcarbinol 89 85 5'U 84/20, 1.427 
Methylethyl-~amylcatbinol 89 24 5 a7a 98/50, 1.4257" 

89 76 5'- 81/15, 1,4315 
-- 
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TABLE 11 (continued) 

GI Compound Method ~hapter 'e f .  B.p./mm., n (M.P.). Daiv. 
(%) 

Aliphatic Alcohols ( c o n l i d )  -- 
c9 ~ e t h ~ l - ~ p r o ~ l - ~ b u t y l -  89 68 5'U 73/15. 1.4327 

car binol 
2,2Dimethyl-l-heptanol 88 41 5asa 891'1 5, 1 A339 

~ i e t h y l - ~ b u t y l ~ a r b i n ~ l  89 67 '42 %/36. 1.4362 
~Butyl-t-butylcarbinol 91 69 5U6 71/15, 1.4320, 65Pu 
~e th~ l -~bu ty l i sop ropy l -  89 61 5'U 57/5, 1.4365 

carbinol S9 65 5'U 77/16, 1.4355 
2-Methyl-%ethyl-1-hexanol 88 31 5 86/11, 1.4401 
Diethyl-t-butylcarbinol 91 77 5u  84/40, 1.4418 
Methylisopropyl-t- butyl- 89 71 5-' 172-176, 1.4495 

I carbin01 

1 C Dodecyl alcohol (lauryl 84 75 5 ' 145/18 
alcohol) 84 80 5" 117/4, (24). 74Pu 

C 1-Teuadecanol (myristyl 84 6 0  5" +30/3, (38.5) 

I alcohol) 
C U  1-Pentadecanol 84 85 5as9 113/0.2 

I Cia 1-Octadecanol 84 90 5 '  (59) 

Alicyclic Alcohols - 

1 
C 4  Cyclobutanol 79 30 560' 125, 1.4347U, 131Pu 

~ ~ c l o ~ r o p y l c a r b i n o l  84 27 5" 121/730, 1 . 4 2 7 3 ~  

1 84 58 5"' 123, 1.426, 76Pu 

1 C Cyclopentanol 79 95 5"' 139, 1.4530 

79 90 5' 1.4520" 
79 100 1'8 137 

Cyclobutylcarbinol 84 49 5" 142. 1.4449'' I 
~ e t h ~ l c ~ c l o ~ r o p ~ l  car bin01 79 60 5 '" 124/760, 1.4316, 70Pu 

I 79 90 5"' 122/760, 1.4316 
1-Methy lcyclopropant 84 56 5 '  128/750, 1.4308, 85Db 

I methanol 

80 95 177 
C 6  Cyclohexanol 

% 100 5'- 159, 1.4642, 83Pu 
83 .... "8 

1-Methylcyclopencanol 81/100, (36). 83NBz 
%Methylcyclopentanol 79 100 51" 148, 1.4510 
f Methylcyclopentanol 79 100 5"' 150/750 
~ ~ c l o ~ e n t y l c a r b i n o l  88 40 5"' 162, 1.4552 
Dirnethylcyclopro~1- 91 85 541' 124/760 

carbinol 89 68 5'" 123/760, 1.4337 

C 7  Cycloheptanol 79 92 5'" 187, 1.4760 
1-h(erhylcyclohexano1 89 64 5 '  74/7. 1.4610 
2-Methylcyclohexanol 84 61 5 162 
c i ~ 2 - ~ e t h ~ l c y c l o h e x a n o l  79 70 567' 45/2, 1 .4620a5 

86 .... 5"' 5113. 1.4649. 93pu 

For explanations and symbols see pp. xi-xii. 
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TABLE 11 f ~ a l i m c e d )  -- 
Compound Method chaptedef.  B.p./mm., n b ,  (Map.), k r i v .  

(%) 

Alicyclic Alcohols (continued) 
- 

C T  Itm>Methylcycloheranol  86 100 369 164, 1.4602, 106Pu 

86 .... 723 53/3.5, 1.4616, lO5Pu 

95 85 5 61/10, 1.45%- 
3Methylcyclohexanol 86 92 721 82/20, 1.4570 
trm3Mcthylcyclohexanol  86 ' 100 569 169, 1.4545. 92Pu 
cis-4-Methylcyclohexanol 86 .... 5 713 52/2, 1.4614, 104Pu 
trm4-Methylcycloheranol 86 92 5'" 170. 1.4551, 124Pu 

86 .... 5*' 1.4561, 124Pu 
cis and t r a n s > ,  3, and 79 5 ~ a ~  

4-Methylcycloheranols 
Cyclohexylcarbinol 84 98 5'"81 

88 69 5 a68 91/18, 1.4640" 

P-Cy ~ l o ~ e n t y l e t h a n o l  90 45 5*' 85/11,1.4577 
1-Ethylcyclopentanol 89 .... 5 358 75/20, 1.4494", 53NBz 
trans-2-Ethylcyclopentenol 79 90 5 132 la, 70Pu 
3,3-Dimethylcyclopentanol 79 89  123 155/738, 1.4468'' 

C8 Cyclo"otan0l 
p -Cyclohexylethyl alcohol 

tr-2-Ethylcyclohexanol 
3Ethylcyclohexanol 
4-Ethylcyclohexanol 
trans, cis, trmrs-2,5-Di- 

methylcyclohexanol 
trmrs, cis, cis-3.5-Dimethyl- 

cyclohexanol 
~ . ~ ~ i m e t h y l c y c l o h e x a n o l  
2,GDimethylcyclohexanol 
3 , f  Dimethylcyclohexanol 
3,4-Dimethylcyclohexanol 
3,5-Dimethylcyclohexanol 
1-n-Propylcyclopentanol 
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TABLE 11 (cod*) 

t 
c n  Compound Method Y$ ~ h a p t e ~ ~ ~ ~ .  B.p./mm.. n g .  (Up.), Deriv. 

Alicyclic Alcohols (continued) 

c9 cis-4-Isopropy~cy~lo- 79 100 5"' 68/0.6, 1.4671, 89Pu 
hexanol 

t r ~ 4 - I s o p r o p ~ l c y c l o -  > 90 
5Ia4 1.4658, 114Pu 

hexanol 
4-Is~~mpylcyclohexanol  86 96 5'" 124/40. 1.4660 

2,4,GTrimethylcyclo- 86  90 5'" 183 
hexanol 

2.3.5-Trimethylcyclo- 86  90 5568 197, 1.4572", 149Nu 
hexanol 

4-Cyclopenryl-1-butanol 90 75 451 90/2, 1.4613 

C cb Decal01 80 95 
5 177 

cis-2-Decal01 87 48 5'" 124-130/16 
It- 2-Decal01 87 53 5''' 120-126/13 

C ,, ck-2-Cy clohexylcyclo- 79 .... 5" 265/748. (63), 153Pu 
hexanol 

bum-4-Cyclohexylcyclo- 79 86 5 (104). 157Pu 
heranol 

C ,, Dicycloherylcarbinol 79 88 5' (62) 

Aromatic Alcohols and Phenols 

C 7  Benzyl alcohol 79 85 5 
79 100 5"' 105/20, 1.5340a5, 76Pu 
80 89 5IT' 90/7 
81 80 5 51' 

84 30 5' 
8 4  63 5" 104/23. 85NBz 

eCreso l  (emethylphenol) 3 86 
797 

93 40 54" 70/6 
93 89 5'" 190/746, (34) 

mCresol  (mmethylphmol) 93 41 54" 81/6 
p-Cresol (p-methylphenol) 92 72 

563 %/15, (31) 
9 3  46 54m 195-200 

C1 phenylmethylcarbinol 79 97 56m 93/16, 1.5251a5, 94Pu 
177 80 93 

84 95 5"4 93/16 
88 80 5 111/28 

P-Phenylethanol 90 70 447 94/5. 1.5351. 119Nu 
84 47 5" 117/25 

112 45 788 

p-Ethylphenol 3 100 5 651 2 17/750, (46) 

79 86 5'" 215/739 
92 58 5'" 219 

For explanations and symbols see  pp, xi-xii. 



188 HY DROXY COMPOUNDS 

TABLE 11 (cmtinued) 

c n  Compound Method ~ h a p t e r m f .  B.p./mm., n b ,  Mp.) ,  Dedr. 
(%) 

Aromatic Alcohols and Phenols (continued) 

C 8 o-Methylbenzyl alcohol 84 70 5" 121/23, lOlNBz 

88  42 5 181 109/12, (35). 79Pu 

P-Methylbenzyl alcohol 81 72 5 51s 117/20, (61) 
84 70 5" (58), 118Db 

p-Xylenol 9 3  70 5 474 212/760, (74) 

C9  Ethylphenylcarbinol 73 99  114 93/4, 1.5208 

79 100 5 158 2 14/740 
3-Phenyl- 1-propanol 79 100 5 111 84/1, 1.535415 

84 93 5 ' 124/ 19 
84 80 5" 87/2, 1.5218", 48Pu 
84 83 5 '4 112/8 
85 93 5 105 132/21, 1.5278 
90 79 5" 234/740, 1.535113, 47Pu . 
97 85 5 713 116/13, 1.5242" 

1-Phenyl-2-pmpanol 90 53 5 451 93/8, 1 . 5 2 1 0 ~ .  87Pu 

90 60 5 181 107/15, 1.5196". 69Pu 
90 67 5 &  95/7, 1.5221, 90Nu 

errPropylpheno1 79 83  5 568 215/740, l lOPu 
p-rr Propylphenol 97 93 5 510 80/ 1 
o-Isopropylphenol 106 41  5 "1 
P-Isopropylpbenol 92 35 '  5'" 

5 475 
(59) 

93 74 (60) 
mMethylphenylmethyl- 88  71 517"04/6, 1.5240 

carbinol 
2,3,6-Trimethylphenol 96 82 5'" (56) 

(3-pseudocumenol) 
5-Hydroxyhydrindene 9 3  69 5 (54) 

C lo 2-Phenyl-1-butanol 

3-Phenyl- 1-butanol 

4-Phenyl- 1- butanol 

2-Phmyl-2-butanol 
4-Phenyl-2-butanol 
Phenylisopropylcarbinol 
0-Isopropylbenzyl alcohol 

(Cumyl alcohol) 
o-t-Butylphenol 
p-t-Butylphenol 
P-Naphthol 
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TABLE 11 (continued) 

t 
GI Compound Method chapterref. B.p./mm., n ~ .  (Up.), Deriv. 

(%) 

Aromatic Alcohols and Phenols (continued) 

c 11 1-Phenyl-1-pentanol 79 99  5'14 115/6, 1.5078 
88  62 5"l 137/21 
88  8 5  16s 130/13 

5-Phenyl-1-pentanol 88 68 362 151/13 
90 68 361 151/13 
99 72 56'4 141/16* 

1-Phenyl-2-pentanol 88 28 5 127/15 
4-Phenyl-2-pentanol 79 89  5 '  124/15 
1-Phenyl-3-pentanol 88 50 5 '  130/15 
1-Phenyl-1-cyclopentanol 91 66 5''' 136/12, 1.5473 
Phenyl-t-butylcarbinol 88  56 51n 110/15, (45) 

p-rrhnylphenol 3 85 5"' 107/2 
p-t-Amylphenol 106 60 5 n3 249/740, (95), 61Bz 
a-Naphthylcarbinol 84 63 5" (60) 

88 58 5''' 163/11, (60) 
B-Naphthylcarbinol 7 9  8 0  5101 (80) 

5" (81) 84 35 
1-Methyl- 1-tetra101 89  94 5'w (87) 

C la 1-Phenyl-1-cyclohexanol 91 51 5"' 144/12,(60) 
cis 2-Phenylcyclohexanol 86 75  5'" 141/16, (42). 128Pu 
trans2-Phenylcyclohexanol 79 36 681 (57), 137Pu 

79 60 5 573 154/16, (57), 137Pu 
cis-4Phenylcyclohexanol 79 29 574 (77), 141Pu 
trm-4Phenylcyclohexanol  79 60 5"4 ( l l8 ) ,  14OPu 
P-(1-Naphthyl)ethyl alcohol 90 76 5- 176/13 
p(2-Naphthy1)ethyl alcohol 90 45 5456 (67) 
Methyl-cbnaphthylcarbinol 79 85 5lS4 121/1, 1.618815 

80 95 5177 

Methyl-&naphthylcarbinol 79 100 5l1l 126/2, (68), 144Pu 
79 75 134 (73) 
8 0  90 177 

2-Acenaphthenol 93 80 5477 (151) 
7-Acenaphthenol 95 74 5'0 (146) 

C ,, o-rrHeptylpheno1 3 86 5"' 11&123/1 

Diphenylcarbinol 79 8 1  53  
(benzhy.&ol) 79 100 5"' (69), 14OPu 

79 87 5 1'8 

5110 
(65) 

79 97 (68) 
80 33 5 (69) 
88 70 5177 (68) 

2-Phenylbenzyl alcohol 8 4  85 5 177/17 
88 66 5694 1 4 6  152/4 
93 96 5"' 174/13 

2-(a-Naphthyl) 1-propanol 79 79 594 145/3, 126Db 

For explanations and symbols s e e  pp. xi-xii- 
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TABLE 11 (continued) 
-- - 

c n  Compound Method chapterref- B.p./mm., n b ,  (M.P.), Derio. 
(%I 

Aromatic Alcohols and Phenols (conti-d) 
- 

C 1-(a-Naphthyl)2-propanol 80 83 684 173/17, 1.604=, 108Pu 
2-Hydroxyfluorene 93 57 480 

5 547 
(169) 

95 38 
5 547 

(138) 
PHydroxyfluorene 96 69 (158) 

C 2,2-Diphenylethanol 84 93 5'4 145/1, (551, 92Bz 
1,2-Diphenylethanol 88 78 5 275 177/15, (67) 
Benzylcyclohexylcarbinol 88 42 5'69 174/12 
1-(2-Biphenylkl-ethanol 88 56 5 U9 (112) . 
1-Phenanthrol 93 11 5 (1 56). 
2-Phenanthrol 92 50 5 "' 

479 
(167) 

93 40 
3-Phenanthrol 93 39 5 429 (122). 
9-Phenanthrol 97 30 5 531 (154) 
2-Hydroxy-9, lbdihydro- 93 69 5 "' (1 13) 

phenanthrene 
PHydroxyperhydro- 80 83 68s 132/0.5 

phenanthrene 
PFluorenylcarbinol 80 50 5 (100). 212Db 
1- Acenaphthenylmethyl- 79 83 5 134 (83) 

carbinol 

C 1,2-Diphenyl-1-propanol 79 75 5 11' (531, 122Pu 
88 65 5"' 182/18, l l6Pu 

Dibenzylcarbinol 79 89 120 1 9 / 1 5  
2-Fluorenylmethylcarbinol 79 65 5 134 (140) 

C, 1-Phenanthrylmethylcarbinol 88 90 5 '" 
5 453 

(110) 
P-(9-Phenanthry1)-ethyl 90 50 (92) 

alcohol 
C Diphenyl-t-butylcarbinol 91 63 5 419 149/2.5, 1.5748 
Cw Triphenylcarbinol 91 93 5 (162) 

C, a ,B,P-Triphenylechanol 91 32 5 425 (88) 
C Di-a-naphthylcarbinol 91 80 5 (144) 
C n  Di-a-naphthylphenylcarbinol 91 35 gU' 

5 422 
(167) 

C 37 Tribiphenylcarbinol 91 40 (208) 

Heterocyclic Alcohols 
- 
C 3-Hydroxyretrahydrofuran .... 30' 39" 48/0.5 

2-Thienol 87 25 5 683 75/5, 1.5644 

C 2-Furylcarbinol (furfuryl 79 90 597 169/754, 1.4828 
alcoholl 80 88 5"' 173 

81 63 5%' 76/15 
3 Furylcarbinol 84 91 659 55/2, 1.4842, lO5Pu 
Tetrahydrofwfuryl alcohol 84 55 504 6lPu 

554 85 39" 178/743, 1.4502" 

C 

TABLE 11. HYDROXY COMPOUNDS 

TABLE 11 (continued) 

c n  Compound Method chapterref- B.p./mm., nb .  (M.p.). Deriv. (%I 

Heterocyclic Alcohols (curatinred) 

C 2-Thenyl alcohol 95 49 5'" 96/12, 1.5630" 
5-~~droxy-2-methyl- 561 19 39" 96/15 

thiophene 
Sodium 2-pyridolate 93 95 5"4 
3 Hydroxypyridine 96 28 5 (127) 
4-Hydroxypiperidine 554 30 39"' 213/748, (871, 148HC1 

C 2-(a-Fury1)-1-ethanol 84 32 554 87/21, 1.4788", %Nu 
a-Furylmethylcarbino1 88 56 5 70/15, 1.4827" 
5-Methylfwfuryl alcohol 79 70 5% 98/36, 1.4853 
2-(a-Tetrahydrofury1)-2- 554 90 3999 71/16, 1.450017, 84Pu 

ethanol 
2-(a-Thieny1)ethanol 90 47 5459 100/7, 1.5478, 53Pu 
a-Thienylmethylcarbinol 80 87 5ls4 92/11, 1.5422" 

88 79 "9 91/11 
P-(1-Pyrry1)ethyl alcohol 95 100 55'4 112/12 
2-Pyridylmethanol 87 21 5 111-115/16, l5OPi 
3-Pyridylmethanol 79 30 5'' 145/16, 158Pi 
4-Pyridylcarbinol 93 65 57M 141/12,(41),lGGPi 
a-Piperidylcarbinol 84 29 5" 82/1 

84 92 504 88/5, (701, 135Pi 
P-Piperidylcarbinol 84 43 5" 107/3.5, 1.4964 
1-Methyl-4-piperidinol 79 90 133 97/16 
1-Methyl-3-hydroxy. 574 39 5 79/15, 1.469516, 19482 

piperidine 

C 7 3-(a-Fury1)- 1-propanol 79 80 51m 105-115/21, 1.4764'~, 59Nu 
3-(a-Teuahydrofury1)- 1- 79 65 5" 106/10, 1.4560" 

propanol 84 75 5 112/11, 1.4597'' 
554 92 39" 112/10 

3-(a-Teuahydrofuryl)3- 554 88 3999 84/15, 1.4527' 
propanol 

a-Furylechylcarbinol 88 82 5288 M/23, 1.4759 

2-Furylethynylcarbinol 88 65 5 321 84/2 

2-(1-Pyrmlidyl) 1-propanol 84 79 5"5 80/11.1.4758'5 
1-(1-Pyrrolidy1)-2-propanol 558 77 39'" 117/110 
P-(2-Pyridy1)ethyl alcohol 88 50 5'" 89/2 

102 32 787 107/7 
P-Pyridylmethylcarbinol 79 85 5 124/5 
1-(a-Piperidyl)-2-ethanol 554 82 391a4 86/1.5 
2-(P-Piperidyl) 1-ethanol 84 63 5m 122/6, 1 . 4 8 8 ~ ~  
P-Piperidinoethanol 554 100 39"' 196/746 
3-Piperidylmethylcarbinol 554 61 39" 104/4 
N-(2-Hydroxyethyl) 84 80 561 

piperidine 

For explanations and symbols see pp. J-xii .  
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TABLE 11 (continued) 

c n  Compound Method chapterref. B.p./mm., n b .  Wp.), Deriv. 
(7.) 

Heterocyclic A1 cohols (canlirared) 

C a a-Futyl-mpropy lcarbinol 88 55 5'" 92/12, 1.4768" 
1-(a-TetrahydrofuryIt 554 76 3997 94/2, 1.4546" 

3-butanol 
4-(a-TeuahydrofuryIt 554 90 39" 95/14, 1.453614 

4-butanol 
a-Thienyl-mpropylcar& no1 88 84 5 189 85/3 
C(1-Pyrrolidyl)butanol 436 72 24" 113/12, 1.4705" 
2-(l-PyrroIidyl)2-meIhyl- 436 76 24'" 07/12, (30). 1.4720" 

propanol 
1-(a-Pyridylk2-propanol 88 50 5'" 117/17 
a-Pyridyldimethylcarbinol 113 12 5 '186 89/12, (50) 
l-(y-Piperidyl>2-propanoI 554 59 39'14 125/0.8, (47) 
1-(a-Piperidyl)5propanol 554 89 39'" %/0.6, 1.4863" 
l - ( ~ - P i p e r i d ~ l ) - > p r o ~ ~ o 1  554 83 39'" 131/1.5, (65), 155HC1 
+Hydroxythinaphthene 87 8 5'" (70), 225Se 
5-Hydrorylhianaphthene 93 51 5&' (104) 

C s  5-(a-Furyl) 1-pentanol 8-4 85 5 128/16,58Nu 
a-Furyldiethylcarbinol 91 77 5 41' 95/14 
5-(a-Teuahydrofuty1)l- 554 90 39m 142/10 

pen tan01 
Teuahydrofuyldiethyl- 91  76 5"' 202/740, 1.4552" 

carbinol 
5Piperidino-1-butanol 79 40 5 110/15. 159BzHC1 
2-Hydrorymethyl- 84 99 5'' 124/1.5 (100) 

thianaphthene 
2-Hydroxymethylindole 84 68 5" (77) 
4-Hydroxyquinoline 575 5 3 t  39'" (200) 
5-Hydroryquinoline 84 47 5" (224) 
&Hydroxyquinoline 97 M 5'01 (193) 
7-Hydroxyquinoline 97 90 5'm (238) 
BHydroxyquinoline 97 5'0 5 ""22/0.1. (77). 204Pi 
5-Hydroxyisoquinoline 92 48 5 '" (230) 
8-Hydroxyisoquinoline 92 1 5 t  5'" (213), 285Pi 

C U, 2-Methyl-Chydroxy- 575 90 39"' (236) 
quinolin e 575 90 39lU (228) 

&Methyl-8-hydroxy- 575 20 391n (141) 
quinoline 

C reFurfutylphmo1 100 38 5- 152/14, 1.5689'' 

C 1-Ehyl-rl-merhyl-2-hydroly- 575 83 39"' 136/0.5 
quinoline 

1-Hydroxydibenzofuran 87 31 5'" (141) 
2-Hydrorydibenzofuran 87 37 5'" 

5'4' 
(134) 

96 50 (134) 
3-Hydroxydibenzofuran 93 24 5 I U  (139) 
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TABLE 11 (continued) 

c n  Compound Method (%)  chapterref. B.p./mm., n b ,  (M.p.), Deriv. 

Heterocyclic Alcohols (cmfirared) 

c &~~drorydibenzofuran  87 35 5'" (102) 

4-~ydroxydibenzothiophene 87 33 5'" (167) 

c 14 ~-@-Hydroryethyl) 558 40 39'* (83.5) 
carbazole 

C N - ( P - H ~ ~ ~ o x Y P ~ ~ P Y ~ )  558 90 39'- (121) 
carbazol e 

For explanations and symbols see  pp. xi-xii. 

TABLE 12. DIHYDROXY COMPOUNDS 

1 

cn Compound Method (%I chapterref. B.p./mm.. n ~ ,  (M.P.), Deriv. 

Aliphatic Diols 
-- 
C ,  Ethyleneglycol 95 90 5'" 195 
C,  1,2-Propanediol 84 80 5 " 97/20, 1.4305, 150Pu 

84 91 5 ' 187 
98 95 5 1 .433417 

(-)I ,1Propanediol 79 58 5'" 89/12 

C 1 ,2-Bufenediol 98 95 
5 6" 1.4388" 

1 . 3  Butanediol 84 79 86 30 5" 104/8 
5" 115-120/21, 102NBz 

84  80 5 l' 107/14, 1.4381". l l 6 P u  
1,rtButanediol 84 81 5'4 106/4 

84 62 5" 134/18,1.4445",183pU 
95 61 5"' 127/20,198Nu 
97 69 5U8 108/4. (19). 1.4467, 180Pu 

2,3Bucanediol 79 75 5'* 58/2 
79 62 5' 1.4336" 
96 50 5 '" 183/760, 1.4364'' 
98 95 614 (8). (34) 

1,2,rtButanetriol 84 67 5'' 133/1, 1.4688 

1,2,3,CButanetetrol 84 80 5" (89) 
(eryrhrirol) , 

2-Methyl- l,2-propanediol 84  80 5" 80/12, 1.4340". 137Pu 
101 94 5'" 178, 1.4350 
107 38 5-' 177 

C 1 ,rtPentanediol 84 83 5" 123/15 
99 62 5 "' 115/14, 1.4452" 

F w  explanations and symbols see  pp. xi-xii. 
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TAI3LE 12 (continued) TABLE 12 (continued 

c n  Compound Method ~ h a p t e r ~ ~ ~ .  B.p./mm.. n h ,  (M.P.), Deriv. c n  Compound Method Chapterref- B.p./mm., n b ,  (h4.p.). Deriv. 
(%) (7.) 

Aliphatic Diols (continued) Aliphatic Diols (continued) 

C 5  1,5-Pentaaediol 79 36 101 105/4. 1.4498. 174Du C 2-1so~ro~~l-1,3-butanediol 88 72 51m 106/4, 1.4528 
84 92 5" 109/2.5 2-Isopropyl-1 ,4-butanediol 84 96 5'" 129/6,1.4515" 

84 80 5" 1241'7, 1.443015, 172Pu 2-(n-B~tyl>l,3-~m~anediol 84 80 5" 99/2, 1.4492", 131Pu , 

95 30 5'" 174Pu 2,2-Diethyl- 1.3-propanediol 81 91 55m 1311'13. (62) 

99 47 5 611 119/6 84 50 5m 112/5,(57) 

the-2.3-Pentanediol 98 81 5 61s 83/10, 1.4320, lGlDb l,l,l-hs-(Hydroxymethyl> 81 53 5 M  170-1751'6, (82) 
erflho-2,3-Pentanediol 98 81 615 89/10, 1.4431, 207Db 2-methyl propane 
Z,+Pentanediol A 80 5'- 195-199 Cs 1,bOcranediol 107 58 

5 611 
5- (30) 

1,2,5-Pentanetriol 93 71 170/1, 1.4730'" 1,bOctanediol 84 '% 5O 155/12, (63) 
1,3.5-Pentanetriol 84 60 5" 1391'1, 1.4594", 152Pu 84 55 5"' 168/15. (63) 
2-Methyl-1 ,+butanediol 84 72 5" 127/14 2,+Octanediol 79 94 515' 118/8, 1.4422". 127Pu 
2-Methyl-2,3-butanediol 107 39 5"' 175 5-Methyl-2,4-heptanediol 79 80 515' 112/8, 1.4449". 13OPu 
2-Ethyl- 1.3-propanediol 84 80 5'' 8662, 1.4480, 123Pu 2-Methyl-4,Gheptanediol 79 77 5'"' 1251'14 

84 49 5" 87/0.5, 89NBz 2.5-Dimethyl-2.5-hexanediol 85 99 5 6U 

5 591 
(89) 

2,bDimethyl-1,f 81 76 5'- 200, (130) 3.4-Dimethyl-3,4-hexanediol 82 40 105/2 1 
propanediol 2.2-Dimethyl-3,5-hexaaediol 79 17 5'"' 105-110/10 

1,l.l-his-(Hydm~ymethyl> 81 51 5 M  (1 98) bIsobutyl-1,3-butanediol 84 17 5" 143/22, 13ONBz 
ethane 2-Methyl-2-butyl-l,3- 81 82 5 "1 1311'15, (48) 

Pentaerytbritol 81 74 5- (260) propanediol 

C 6  l,f Hexanediol 95 .... 516 123/13, 1.4461". 93Pu C9 1,pNonanediol 84 84 5" 1481'1 
l,4-Hexanediol 99 90 5 516 123/9, 1.45301', 71Pu 4-Methyl-1 ,+octanediol 84 61 5 " 126/4, 1 A540 l7 

I ,GHexanediol 8 4 9 0  5" 1441'4, (42) 2-Ethyl- 2 - b u ~ l -  1,3- 81 70 5- 152/10, (42) 
84 83 5 propanediol 84 45 5 " l 1 0 / 2 ,  (39) 

2.5-Hexanediol 79 86 5' 1.4453" 
2-Methyl- 1,3-pentanediol 79 75 51m 112-115/12 C U, l,l&Decanediol 84 74 5'9 (74) 

&Methyl-l,+pentanediol 85 83 5'" 107/6, 158NBz 84 94 5" 151/3, (71) 

3-Methyl- l,5-pentanediol 84 50 547 136/6 C 1,2-Octadecanediol 95 73 5% (79) 

2-Methyl-2.4-pentanediol 79 100 1s' 111/22 Alicyclic Diols 
3-Methyl-2,4-pentanediol 79 63 51a 82-90/1 

79 66 5 '" 125/36 C 1-(Hydro~ymethyl>l- 107 39 5 M5 78-85/2 

3-Methyl-2,5-pentanediol 84 86 5' 134/20 cyclobntanol 

2-Ethyl-1,3-butanediol 84 80 5'' 87/2, 1.4473'5 135Pu C cis l,bCyclohexanediol 107 46 56[" (98) 

5 =  tras-1,2-Cyclohexanediol 98 80 
5 617 

Pinacol (anhydmus) 82 30 172, (38) (104) 
Pinacol hydrate 82 50 5 '" (47) 107 73 5'" 123/4. (103), 92Bz 

2-(n-Pro~1>1,3-propanediol 84 80 5 U  97/3, 1.4480B, l25Pu c i s  and &rns-1,2-Cy~lo- 86 .... 5 =" (98) (104) 

2-Methyl-%ethyl-1.3- 81 61 5 a l l  120/19, (42) hexanediols 
propanediol cis- 1,3-Cyclohexanediol 86 24 5 7a5 137/13, (85). 66Bz 

tram .l,fCyclobexanediol 86 16 7'5 135/13, (118), 124Bz 
C 7  l,+Heptanediol 99 29 5" 128/6, 1.4520" 

cis- .,I-Cyclohe~nediol 79 88 11' 

1.7-Heptanediol 84 88 
(102) 

5" 145/8 86 38 
Z,+Heptanediol 

55% 
576 

(107) 
79 94 5 108/8, 1.4386", lOlPu trrors- l,+Cyclohexyediol 86 62 

3-Methyl-2,4-hexanediol 79 54 51U 109/9. 1.4450 1-Methyl-1,2-cyclo- 
(14 2) 

107 58 5"' 89/1, (65). 92Db 
2-Methyl-3.5-bexanediol 79 73 5 lU 124/24 

pentanedi~l 
3-Ethyl-2.4-pentanediol 79 64 5'- 205-210 

For explanations and symbols see pp. xi-xii. 
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TABLE 12 (continued) 

GI Compound Method chapterref- B.p./mm.. nh, (M.p.). Deriv. 
(%) 

Alicyclic Diols (cvntinued) 

C 1-Methyl-2,fcycle 107 65 5601 96/1, 1.4760". 93Db 
pentanediol 

C ,  1-Methyl-1,2-cycle 107 73 5-I 107/2, ( a ) ,  71Bz 
hexanediol 

1-Methyl-2,3-cyclo- 107 80 5a 98/1 
hexanediol 

1-Methyl-3,Ccyde 107 81 sa 104/1, (68), l2 lDb 
hexanediol 

2-Hydroxymethylcyclo- 79 8 8  5 1 U  136/9, 134NBz I 

hexanol 
I 
i 

3Hydmxymethylcyclo- 84 84 5-' 166/27. 1.4900, l8lDb 
hexanol 

~zis-4- Hydroxymethyl- 84 .... 5" 135-147/3, l8 lPu  
cyclohexanol 

trmts-CHydroxymethyl- 5" (103) 
cydohexanol 

1,2-Dimethyl-2.3-cycle 107 59 5a %/I ,  1.4755" 
pentanediol 

C 10 1,l'-Dihydroxy- 1,l'- 82 31 5"' (109) 
dicyclopentyl 

C lI 1,l'-Dihydroxy- 1,l'- 82  30 5 "' (130) 
dicyclohexyl 

Aromatic Dihydroxy Compounds 

C 6 o-Dihydroxybenzene 97 87 5 m6 125/12, (105) 
(catechol) 

m-Dihydroxybenzene 92 77 5 110/25 
(resorcinol) 

p-Dihydroxybenzene 110 18 5 78s (173). 
(hydroquinone) 

1,2,4Trihydroxybenzene 95 80 5 519 (140). 
1,3,5-Trihydroxybenzene 94 53 5'm (219). 

(phloroglucinol) 

C7 eHydroxybenzy1 alcohol 79 41 5138 

5137 
(84) 

79 57 (86) 
m-Hydroxybcnzyl alcohol 79 93 5' (64) 
p-Hydroxybenzyl alcohol 84 60 5 (125) 

C 8  1-Phenyl-1,2-ethanediol 84 80 5" (68), 150Pu 
Phthalyl alcohol 84 87 5' (64). 35Ac 
p-~i-(hydroxymethyl) 96 40 5 (118) 

benzene 

C 9  y -Phenylpropylene dycol  95 84 5 "8 164/15 
1-Phenyl- l,3-propanediol 95 75 5 180/18, (45) 

r 
TABLE 13. HYDROXY OLEFINS 

TABLE 12 (continued) 

GI Compound Method (%) Chapteflef- B.p./mm.. n b. (M.P.), Deriv. 

Aromatic Dihydroxy Compounds (continued) 

C p  2-Phenyl- l,3-propanediol 84 50 5" 137/2, 1.5348"~ (49), 137Pu 

c lo 2-Phenyl-1.2-butanediol 89  50 53a 165/23, (56) 
1-Phenyl-1 ,f butanediol 79 50 5 l u  176/21 

79 95 5 168/13 
2-Phenyl-1,Cbutanediol 84 50 5" 165/4, 113Pu 
2-Benzyl- 1 ,f propanediol 84 80 5" 156/3, (68), 7OPu 
2-Methyl-2-phenyl-1,f 81 83 5 "' 185/15, (87) 

propanediol 

C 2,2'-Dihydroxybiphenyl 99 29 5 617 (109) 
C U  1,2-Diphenyl-1,2-ethanediol 73 90 5 138 (136) 

79 89 5' (124-131) 
80 90 5177 

C 1 ,l-Diphenyl-1.2-propanediol 91 40 5U6 (95) 
1,3-Diphenyl-l,3-propanediol 79 51 5'" (93-97) 

C 16 2,f Diphenyl-2,f butanediol 82 13 5 '9' (122) 
C Tdphenylethylene glycol 82 94 5"' (166) 
C r  Benzopinacol (tetraphenyl- 82 94 5'91 (190) 

ethylene glycol) 

For explanations and symbols see pp. xi-xii. 

TABLE 13. HYDROXY OLEFINS 

t 
% Compound Method chapterref. B.p./mm., n D, (M.p.), Deriv. 

( %) 

Aliphatic Olefinic Alcohols 

C ,  Ally1 alcohol 19 47 2" 97 
C,  cis-Crotyl alcohol 30 76 5657 121/752, 1.4342, 51Db 

Crotyl alcohol 79 85 5' 1.4249" 
80 60 5 121 /760 

Methylvinylcarbinol 88 60 5'" 97, 1.4119" 
1-Buten-4-01 (allyl- 8 8  64 5"' 113, 1.4189" 

carbinol) 
cis-2-Buten- 1.4-diol 30 77 
3,CDihydroxy- 1-butene 19 35 
Methallyl alcohol 96 90 

cis- f Pen ten- 1-01 30 75 
trans-+Penten-1-01 30 60 
4-P enten- 1-01 84 55 

99 82 

For explanations and symbols see pp. xi-xii. 
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TABLE 13 (contirnted) 

% Compound Merhod chapterref- B.p./mm., n b. (M.P.), Dedv. (%I 

Aliphatic Olefinic Alcohols (continued) 

C 3-Penten-2-01 88 86 51n 120/740 
4-Penten-2-01 88  65 5'M 114/740 
I-Penten-301 (ethylvinyl- 88  55 5'Q 36/20 

carbinol) 
I-P enten-5-01 90 60 5"' 76/60, 1.4299 
2-Merhyl-3buten-1-01 88 50 5'm 121/756, 1.4262, 58Db 
3-Merhyl-1-buten-3-01 30 84 2 a ~ s  97/757 
Divinylcarbinol 30 67 2"' 65/100, 1.4400" 

C trans-3-Hexen- 1-01 99 53 5 73s 64/16, 1.4385, 69Nu 
4-Hexen- 1-01 99 45 5 159/760, 1.4407 
cis-4-Hexen-1-01 30 75 2" 159, 1.4420, 75Nu 
trans-4-Hexen- 1-01 30 72 2" 158, 1.4402, 72Nu 
2,rbHexadirn- 1-01 80 64 5'= 77/12, (321, 85Db 
5-Hexen-2-01 79 78 5 ' 7 0  139/752, 1.4286'~ 
1-Hexen-3-01 88 55 5'" 92/150 
4-Hexen-3-01 (erhylpropenyl- 88 50 519' 45/13, 1.4325" 

carbinol) 
1 ,rbHexadien- 3-01 30 91 5"' 87/100, 1.450119, 94Nu 
1,5-Hexadien-3-01 88  59 5'm 61/40, 1.4471 
1,f Hexadien-5-01 88 75 5'" 65/20, 1.4829", %Nu 
1,5-Hexadien-3,rbdiol 82 45 5"' 100/10 
2-Merhyl-3-penten-2-01 89 70 5"' 37/13, 1.4285" 
4-Methyl-3-penten-2-ol 79 77 5' 1.4310'' 

79 77 5' 139, 1.4310'' 
88 50 5'n 55/20, 1.4318" 

2-Methyl-4-pentm-2-01 88 53 5"' 46/30, 1.4263 
5 118, 1.4302 

4-Methyl-4-penten-2-01 89 88 65 75 5s07 

2-Methyl-4-penten-3-01 88 20 5"' 43/21, 1.4316" 
Isopropenylvinylcarbinol 30 81 2"' 66/50, 1.4530'~ 
2,2-Dimerhyl-+buten-1-01 84 62 5 m  130 

C 2-Hepten-1-01 84 79 5 7' 75/ 15 
4-Hepten- 1-01 99 29 5 176/760, 1.4433 
G-Hepten- 1-01 84 72 5rn9 105/20. 1.4403 
3Heptrn-2-01 80 25 5a54 67/16, 1.43911', 3ONBz 
CHepten-3-01 88 74 5'04 155/760, 1.4384" 
1-Hepten-4-01 88 57 5'm 66/20, 1.4342 
2-Hepten-4-01 (11-propyl- 88 74 519' 64/14, 1.4380" 

propenylcarbinol) 
1,5-Heptadien-4-01 88 83 5'm 62/15, 1.4533 

88 66 5sla 64/18, 1.455619 
2-Methyl-Chexen-3-01 88 50 5'n 56/18, 1.4377" 
+Methyl-5-hexen-3-01 88 84 5soa 61/35, 1.4370 

89 52 '67 70/60, 1.4309" 

I TABLE 13. HYDROXY OLEFINS 199 

TABLE 13 ( d i m r e d )  

% Compound Method (%I chapterref. B.p./mm., n b, (M.P.). Dedv. 

Aliphatic Olefinic Alcohols (continued) 

C 5-Methyl-I-hexen-5-01 91 82 5 428 143 
Vinylisobutrnylcarbinol 88 36 5 57/8, 1.4614~' 
2,4Dimethyl-3-penten-2-01 89 86 5 46/14 
2-Isopropyl-3hydrory- 1- 88 75 5''' 84/75. 1.4361 

butene 

C8  cis-2-&ten-1-01 30 60 5'" 89/11, 1.4450" 
trans-b&ten- 1-01 95 90 5'" 98/21, 1.4437'' 
docten- 1-01 99 86 5 88/12,1.4435" 
1-Octen-301 (n-amylvinyl- 88 49 519' 80/20, 1.4379" 

carbinol) 
1-Octen-4-01 88 65 5"' 69/10, 1.4383 
2-Octen-4-01 (n-butyl- 88 66 5 6W 83/20, 1.4395, 54Db 

propenylcarbinol) 
2,rbOctadien-G-01 88 79 5 310 75/12, 1.4892" 

I 2,4,G&tatrien-1-01 
80 70 5 (100) 

2-Merhyl-Ghepten-2-01 89 80 5"' 61-66/13, 1 .438714 
91 89 5 66/15, 1.439317, 6&Pu 

6-Methyl-2-hepten4-01 91 91 5U' 70/17, 1.442915, B9Pu 
G-Methyl-3-hepten-Go1 91 83 5U' 64/20, 1.440714 
+Ethyl-5-hexen-2-01 79 80 5'" 164/738, 1.4421" 
cis-2,5-Dimethyl-3hexen- 91 35 5 4'9 (70) 

2,5-diol 

C 9  4-Nonen-1-01 99 60 731 212/760, 1.4478 

8-Nonen- 1-01 84 51 5rn9 135/20, 1.4450" 
4,6-Dimethyl- 1-hepten-4-01 88 83 5'" 75/26. 1.4402 
4.6Dimerhyl-1,Fheptadien- 89 91 5'" 72/18, 1.4598 

401 

C 11 ~Undecy l eny l  alcohol 84 70 5' 124/6 

C Oleyl alcohol 84 51 5" 152/1, 1.4590" 
Linoleyl alcohol 84 45 5 '  154/3, 1.4698", 88Te 

Alicyclic Olefinic Alcohols 

1-carbinol 
Merhyl-1-cyclopentenyl- 88 85 5 166/749, 1.4710'~ 

carbinol 

For explanations and symbols see pp. xi-xii. 
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TABLE 13 (continued 

% Compound Method (%I chapterref. B.p./mm., n h ,  (M.p.1, Deriv.. 

Alicyclic Olefinic Alcohols (continued) 

alcohol 
1-Vinyl- 1-cyclohexanol 30 70 2- 75/15 
8-(1-Cy~lohexenyl>ethanol .... 77 789 67/2. 81Db 
1-Allylcyclopentanol 89  54 36s 63/10, 1.4683 
Ethyl-1-cyclopentenyl- 88 85 5 s ~ 4  79/10, 1.4750'~ 

carbinol 

Cg 4-n- Propyl-2-cyclohexenol 80 88 5 188 77NBz 

(cry ptol) 
4-(2'-Cyclopenteny l>1- 90 38 54" 118-123/24, 1.4723 

butanol 
1-Methallylcyclopentanol 89 25 5 99/40,1.4720 

C ,, trans- 2-Cy dohexenyl- 79 93 5'* 139/15, (421, 117Pu 
cyclohexanol 

- 
Aromatic Olefinic Alcohols and Phenols 

C8 o-Vinylphenol 
C s  Cinnamyl alcohol 

Phenylvinylcarbinol 

o- Allylpheaol 
o- Propenylphenol 

C Phenylpropenylcarbinol 
Methyl-a-sryrylcarbinol 
Methyl-~styrylcarbinol 

C 11 Phenylisobutenylcarbinol 

For explanations and symbols see  pp. xi-xii. 

TABLE 14. HYDROXY ACETYLENES 

TABLE 14. HYDROXY ACETYLENES 

% Compound Method (%I ~ h a p t e r ~ ~ ~  B.p./mm., n b ,  (h4.p.). Deriv. 

Aliphatic Acerylenic Alcohols 
- 

C ,  Propargyl alcohol 8 8  30 5'- 
C 4  2-Butyn-1-01 43 40 3 

1,4-Burynediol 8 8  90 5 691 

C s  2-Penryrrl-01 88 70 5 s ~ 7  
1-Penryrr3ol (ethylethynyl- 88 50 "4 

carbinol) 
1-Penryn-4-01 90 36 5 43 

Dimethylethynylcarbiaol 89 67 5 377 

89 93 5385 

89  85 53- 
89  46 5'" 

C 6  2-Hexyn-1-01 88 71 3.20 

3-Heryn- 1-01 90 48 "0 

n-Propylethynylcarbinol 8 8  53 319 

2-Methyl-4-pentyn-2-01 103 40 5 758 

Methylethylethynyl- 89 78 5'M 
carbinol 89 72 53rn 

89 94 5 38s 

89 33 5'" 
CMethyl-2-penryn- 1,4- 88 61 "7 

di 01 

C 7  2-Hepry* 1-01 88 82 5 3'0 

3Hepryn-1-01 90 30 5 3'0 

5-Methyl-3-hexyn-2-01 88 60 5 316 

Methyl-n-propylethynyl- 89 50 5'" 
carbinol 89  77 5388 

4,4-Dimethyl-2-penryn-1-01 88 71 53'23 

Diethylethynylcarbinol 89 90 53W 
89 88 5 388 

Methylethylpropynyl- 89 70 5'87 

carbinol 
2,5Heptadiyn-4-01 (di- 91 90 431 

propy nyl cartinol) 

C 2-Ocryn-1-01 88 57 69s 

3Ocryn- 1-01 88 21 5 3'0 

3-Ocryn-2-01 89 21 53rn 
3,>Octadiyne-2,7-diol 46 84 3 65 

Methyl-t-butylethynyl- 89  87 5'" 
carbinol 

2,>Dimethyl-3-hexyn- 89 98 5 39' 

2,5-diol 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 14 (cafinued) TABLE 15 (continued 
- - 

cn Compound Method chapterref- B.p./mm., n D, (UP.), Deriv. c n  Compo~nd Method f ~ h a p t e r ~ e f .  B.p./mm.. n b. (M.p.), Deriv. 
(%) (%) 

- 
Aliphatic Acetylenic Alcohols (cafinued) Aliphatic Halo Alcohols (continued) 

-- 
C Q 3-Nonyn-2-01 88 82 5 100/16, 1.4500" C, Trimethylene iodohydrin 51 68 4 113/15 

Methyl-n-amylethynyl- 89 74 5 180 175/760, 1.4362" Glycerol a-monochloro- 51 66 4 120/14 
carbinol 89 40 5'" 88/26, 1.43% hydrin 

Diisopropylethynyl- 89 78 5 son 163/7GO, 1.4492" Glycerol a,y -dichloro- 51 70 460 73/14 
carbinol hy drin 

--- 
Alicyclic and Aromatic Acetylenic Alcohols Glyceml a.7-dibromo- 52 54 4'1° 112/20 
-- hydrin 

C r  1-Ethynylcyclopentanol 89 40 5"' 66/16. (21) 3,3,3-Trifluoropmpanol 87 39 5 '  100, 1.3200" 
Ca 1-Ethynylcyclohexanol 89 82 5 '9s 76/15, (32) Tri fluoroisopropanol 79 90 5" 78 

89 75 5'OD 74/14, 1.4822, (30) 
C 2-Chloro- 1- but an01 77 49 461L 53/13, 1.4428, 76Db 

C Q  1-Ethynylcycloheptanol 89 GO s7s 91/12, (14) Tetramethylene chloro- 51 16 4" 87/10, 1.4502 
4-Cyclopmtyl-2-butyn-1-01 88 35 5"' 117/14. 1.4885" hydrin 53 47 4" 85/16, 1.4518 
Phenylethynylcarbinol 88 65 5"' 116/16, (28), 82Pu 54 56 4"' 82/14 

C lo 1-Phenyl- 1-butyn-3-01 88 52 54 57 4- 82/14 
5 124/9 

1-Phenyl-1-butyn-4-01 30 40 5 P,P, y -Trichlorobutyl 80 92 5'" (62) 
147/16, 1.573 

C15 Diphenylethynylcarbinol 89 50 51g (49) alcohol 
1-Chlom-2-butanol 77 50 4- 55/17 

For explanations and symbols s e e  pp. xi-xii. threo- 3-Chloro-2-butanol 77 61  4 52/30, 1.4386" 
mfhro-3-Chloro-2-butanol 78 83 4 56/30, 1 .439715 
3- Bromo-2-butanol 77 82 44" 50-54/13, 1.4762" 

TABLE 15. HYDROXY HALIDES erylhro- 3-Bromo-2-butanol 78 73 4 49/10, 1.4758" 

- @ho-3-Iodo-2-butanol 78 75 45a (18.9), 1.5371" 

GI Compound Method 
1,1,1-Trifluoro-2-butanol 84 31 5 n  9 1 / 7 5 ~ ,  1.3403 

(%) 
chapterref. B.p./mm., n b ,  (M.P.), Deriv. 2-Methyl-2-chloro- 1-propanol 89  15 

5 127 

1-Chloro-2-methyl-2- 96 48 5'= 71/100 
Aliphatic Halo Alcohols 

- propanol 101 63 5 127 

C ,  2-Fluoroethanol 55 42 4w' 105,1.3633",128Nu 1-Bromo-2-methyl-2-propanol 77 73 44" 49.5/16, 1.4710" 

95 75 5*' 101 1,l-Dichloro-2-methyl-2- 91 74 38/5, 1.4598'~ 
5 417 

Ethylene chlorohydrin 77 86 4 459 129' propanol 

84 62 5 " 1 ,f Dichloro-2-methyl-2- 77 30 4 "' 73/23 
Ethylene bromohydrin 77 33 4 55/14 propanol 

78 92 4 478 59/22 1-Chloro-3-bromo-2-methyl- 77 98 446J 85/20. 1.5171 

2,2-Dichloroethanol 84 6 3  5" 145/739 2-pmpanol 
2,2,2-Tri fluoroethand 84 77 5" 76/740 3,3, f Trifluoro-2-methyl- 91 80 5"' (19) 

2,2,2-Trichloroethanol 75' 61 5' 2-propanol 
Trichloromethyldimethyl- 102 80 5 71s 80 84 5'= 94-97/125,(19) 

84 65 5" carbinol 
P,P,P-Tribromoethanol 80 77 177 (80) 3-Chloro- 2-methyl- 1,2- 98 95 56L8 80/1.6, 1.4748 

propanediol 
C, 2-Chloro-1-propanol 77 43 4"' 124/613. 1.4377, 77Db 

Trimethylene fluorohydrin 55 50 4607 128, 1.3771" C 2-Chloro-1-pentanol 77 43 46" 59-64/13, 1.4457, 71Db 
95 80 5"' 128 Pentamethylene chlorohydrin 51 23 4 103/8. 1.4518 

Trimethylene chlorohydrin 5 1 4 " 64/ 10 l-ChI0ro-2-~entanol 77 43 44" 75/30, 1.4520 
Trimethylene bromohydrin 51 74 4" 82/22 30 80 5*' 80/28, 1.4425. 84Db 

~ o r  explanations and symbols see  PP. xi-xii. 
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TABLE 15 (confinued) 

Cn Compound Method Chapterref- B.p./mm., ntD, (M.P.), Deriv. (%I 

Aliphatic Halo Alcohols (continued) 
-- 

. C s  f Bromo-2-pentanol 78 9 4 53- 59/10, 1.4758-1.4717 
2-Chlorcr3-pen tan01 77 48 4 U  64-71/30 
1-Chloro-4-pentanol 80 76 5'" 67/3 
3-Chloro-2-methyl-2-butanol 77 70 4 467 141 
3-Bromo-2-methy 1-2- butanol 77 50 4 46/ 1 2 
1-Chloro-3-methyl-2-butanol 77 35 4"' 145 
Trichloromethylmerhylethyl- 102 89 5 736 99/29 

carbinol 

C 6  2-Chloro- 1-hexanol 77 36 4 1.4486 
Hexamethylene chlorohydrin 51 ' 55 4'9 89/4, 1.4544 

51 31 4 112/12, 1.4541 
Hexamethylene bromohydrin 5 1 81 4 s o  106/5, 1 . 4 ~ 4 5 ' ~  
1-Chloro-2-hexanol 77 60 4- 75/12,1.4478 
2-Chloro-3-hexanol 77 60 4467 70/15, 171/753 
1- Bmmo- Shexanol 80 64 5 192 89/4, 1.4808" 
1,l-Dichloro-2-ethyl-2- 91 70 5 U 7  76/14, l.471Oa1 

butanol 
3-Chloro-2,3-dimethyl-2- 77 67 4&' 152, (65) 

butanol 
Tetramethylethylene bmmcr 51 27 4 (71) 

hydrin 

C 7  I-Chlorcr2-heptanol 77 60 4 92/14, 1.4489 

90 16 5 93/13, 59Db 
1-Chloro-Smethy 1- 2-hexanol 77 60 4- 87/15, 1.4475 

C 8  I-Chloro-2-octanol 90 30 5468 106/13, 55Db 
2-Chloro-3-octanol 77 50 4&' 110/14, 1.4523'~ 
1-Chloro-Gmethyl-2- 77 60 4466 100/12, 1.4508 

heptanol 
2-Ethyl-3-chlorohexanol 51 30 4" 121/30, 1.4559 
I-Chloro-4-ethyl-2-hexanol 90 11 5468 104/15 

Alicyclic Halo Alcohols 
- 
C ,  trms-1Chlorocyclopentanol 77 56 4 82/15, 1.4770" 
C 6  2-Chlorocyclohexanol 77 73 4 w  93/20. 106/45 

2-Bromocyclohexanol 77 79 44n 88/10, 1.5184" 

78 73 4 86/10,1.5178" 
80 30 5 194 86/10, 1.5164'' 

trms-2-Iodocyclohexanol 78 66 4477 (40.4) 
4-Chlorocyclohexanol 51 56 4'" 85/5, 1.4964" 

C ,  1-Methyl-2-chlorocyclo- 89 82 5'" 74/15, 1.4775" 
hexanol 

I-Trichloromethyl- 1- 102 85 5 736 l22/20, (52) 
cy clohexanol 
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TABLE 15 (confinued) 

Method t 
Cn Compound (%I 

chapterref. B.p./mm., n ~ .  (M.P.), Deriv. 

Alicyclic Halo Alcohols (continued) 

2-propanol 

Aromatic Halo Alcohols and Halo Phenols 

97 75 
elodophenol 59 63 
m Fluorophenol 56 35 

97 95 
mBromophenol 93 95 
p- Fluorophenol 97 74 
p- Bromophenol 64 84 
p-Iodophenol 56 72 

64 80 
2,GDichlorophenol 13 91 

C 7  o-Chlorohnzyl alcohol 79 96 
e l o d o h n z y l  alcohol 81 M 
mChlorohnzyl  alcohol 81 97 
m-Bromobenzyl alcohol 81 89 
p-Chlorobenzy 1 alcohol 79 92 
p-Bromobenzyl alcohol 79 96 

95 6 1 t  
p-Iodobenzyl alcohol 81 81 

95 86 

C8 ,L?-~~droxy-,L?-phenylerhy1 77 76 
chloride 

P-~~droxy-,L?-~hen~lerhy1 77 50 
bromide 80 85 

79 71 
eChlorophenylmerhyl- 88 69 

catbinol 
o-Bromophenylmethyl- 88 73 

carbinol 88 87 
mChlorophenylmethyl- 79 94 

carbinol 88 88 
mBromophenylmerhy1- 88 74 

carbinol 
p-Bromophenylmethyl- 88 64 

carbinol 
p-Fluorophenylmethyl- 79 98 

carbinol 88 66 
p-Chlorophenylmethyl- 80 81 

carbinol 88 59 

For explanations and symbols see  pp. xi-xii. 
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TABLE 15 (continued) 

Gz Compound 
t Method chapterref. B.p./mm., n D, (M.P.). Deriv. (%I 

Aromatic Halo Alcohols and Halo Phenols (continued) 

C8 plodophenylmethy~carbinol 
Phenylnichloromethyl- 

carbinol 
p-Tnfluoromethylbenzyl 

alcohol 

C m-Trifluoromethylphenyl- 
methylcarbinol 

Phenyltrichloromethyl- 
methylcarbinol 

3Chloro- 1-phenyl- 1- 
propanol 

1-Chloro-3 phenyl-2- 
propanol 

*Methyl-mphenyl-P-chloro- 
ethanol 

2-Bromo- 1-indanol 

C lo 1-Chloro-6phenyl-2-butanol 
GBromo- 2-naphthol 

Cll l-Chloro-5-phenyl-2- 
pentanol 

For explanations and symbols see pp. xi-xii. 
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I 
115. Alkylation of Hydroxy Compounds by Halogen Compounds 

I I 

RONa + R'X -+ ROR' + NaX 

Preparation of syrrimetrical and uns ymmetiical a l ipha t ic  e thers  can  be 
accomplished by coupling a lky l  ha l ides  and sodium alkoxides (X'illiamson). 
T h e  formation of the alkoxide may be s low and incomplete because  the 
slow-dissolving alkoxide c o a t s  the sodium. T h i s  difficulty c a n  be  over- 
come by using a large e x c e s s  of a lcohol .  After  the sodium h a s  d i sso lved ,  
the alkyl halide i s  added t o  form the e ther  which i s  finally removed by 
fractional distillation! Sodium t-butoxide i s  not only formed slowly but 
a l s o  reac t s  very s lowly with alkyl  hal ides .  T h e  reaction of the t-alkyl 
hal ide with the  sodium alcoholate  i s  not any bet ter ,  for the ch ie f  products 
are  olef ins .  Consequently,  another method must be considered for prepar- 
ing t-alkyl e thers  (method 118). Even in the conversion of  s-alkyl hal ides ,  
olef in formation occurs .  
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Syntheses  of a lky l  phenyl e thers ,  C6H, OR, a r e  carr ied out by refluxing 
aqueous or a lcoholic  solut ions of a lka l i  phenolates  with a lky l  hal ides;  
the y ie lds  vary with the nature of the alkyl  hal ides (40-80%).'*' T h e  re- 
ac t ive  halogen in benzyl hal ides i s  e a s i l y  replaced by a n  alkoxyl  group 
(95%).9"0 The  choice  of a so lven t  is sometimes important. Thus ,  in  t h e  
preparation of the a lky l  e thers  of o- and  p-hydroxybiphenyl from a mixture 
of the phenol, a lky l  hal ide,  and powdered potassium hydroxide, high yields  
a re  obtained using ace tone  a s  a so lven t ,  whereas,  with alcohol  a s  solvent ,  
only s m a l l  yields  a r e  obtained." Triarylmethyl chlorides reac t  with al- 
cohols  direct ly  (97%).11 

Ar,CCI + ROH -+ Ar,COR + HC1 

In the preparation of subs t i tu ted  diary1 e thers  (ArOAr'), the react ion of  
a lka l i  phenoxides and aryl  ha l ides  is ca ta lyzed  by copper  (Ullmann).'4*'' 
Further s t u d i e s  have shown that the yield var ies  considerably with differ- 
e n t  copper-catalyst   preparation^!^"^ 

T h e  chlorine atom in furfuryl chloride, like that in benzyl  chloride, i s  
very reac t ive  and is readily replaced by the alkoxyl  group (80%);' On. t h e  
other hand, the chlorine atom in tetrahydrofurfuryl chloride i s  unreactive, 
s o  that  the corresponding e thers  a r e  prepared from the  a lka l i  a lcoholate  
and  a lky l  ha l ides  (80%):' 

2-Pyridyl aryl  or a lky l  e thers  a r e  made by condensing 2-bromopyridine 
with the appropriate sodium phenoxide or sodium alkoxide, copper  powder 
being a n  effect ive c a t a l y s t  in cer tain  instance^!^' 

Certain d ie thers  of the type ROCH,CH,OR' have been prepared by adding 
alkyl  hal ides  t o  a solut ion of sodium in e x c e s s  ethylene glycol monoalkyl 
e ther ,  a s  in the preparation of ethylene glycol  dimethyl e ther  (78%):' 
Chloromethyl methyl e ther  and a lcohols  reac t  t o  give an a c e t a l  derivative 
of formaldehyde, CH,OCH,OR; the react ion i s  carried out in t h e  presence 
of pyridine.26 Aromatic diethers  such  a s  2-methoxydiphenyl ether  have  
been prepared by the Ullmann procedure?' 

Allylic chlorides,  e.g., a l ly l ,  m e t h a l l ~ l ,  a n d  crotyl chlorides,  a re  very 
reac t ive  and a r e  employed in the s y n t h e s i s  of unsaturated ethers.6127*'' 
Bes ides  the usua l  coupling of  the sodium alcoholate  and halide in a lcohol  
solut ions other condit ions have been  described,  including react ion of the 
alcohol  and unsaturated halide in the presence of potassium carbonate or 
sodium hydroxide in acetone or water.  T h e  combination of anhydrous PO- 
tassium carbonate and ace tone  i s  widely used  in the preparation of a l l y l  
aryl  e thers;"  the react ion i s  a ided  by the addition of finely powdered po- 
tassium iodide." 

Hydroxy e thers  of the type ROCH,CH,CH,OH are  obtained by adding 
a lky l  hal ides  t o  a hot solut ion of sodium in e x c e s s  trimethylene glycol 
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diluted with xylene (60-70%)?7s43 A ser ies  of 2-alkoxyethanols is made 
in a similar way from ethylene glycol and various alkyl halides.'" The  
interaction of sym-glycerol dichlorohydrin and sodium alcoholates leads 
to symdialkoxypropanols in an  average yield of 40%." In the preparation 
of the phenyl ethers, the sodium phenoxide i s  treated with the chloro- 
h ydr in .41 " 

Halo ethers are prepared by adding an  alcoholic solution of the sodium 
alkoxide to  the polymethylene halide, X(CH,),X, in anhydrous ether4' or 
benzene? a s  illustrated by the preparation of 1-bromo-6-methoxyhexane 
(47%). In a somewhat different manner, an aromatic halo ether such a s  
y-phenoxypropyl bromide is synthesized by the action of phenol and the 
dihalide in the presence of hot aqueous sodium hydroxide T h e  
syntheses of o- and p-chlorophenyl phenyl ethers have been successfully 
accomplished by the Ullmann procedure (40-55%), whereas chlorination of 
diphenyl ether yields an  inseparable mixture of  isomer^.'^ 

Dialkoxyaldehydes of the type RCH(OCH,)CR(OCH,)CHO are  prepared 
from the corresponding a , ~ d i c h l o r o a l d e h y d e s  by  the action of very dilute 
solutions of sodium alkoxide below 15O (70-85%)." In these preparations, 
the presence of potassium iodide or an alkyl iodide has  been helpful. The  
yield of phenoxyacetone from chloroacetone and sodium phenoxide is in- 
creased from 16-23% to more than 90% chiefly by the presence of potas- 
sium iodide in the reaction mixture.'' T h e  reaction of alkyl iodides with 
phenolic aldehydes in methanolic potassium hydroxide gives palkoxy- 
benzaldehydes (60-75%):' 

Alkoxy acidss3 and es terss8  have been prepared from the corresponding 
chloro derivatives. Reaction of the hydroxyl group of methyl lactate with 
methyl iodide is brought about by si lver  oxide (65%):" Alkylation of the 
isomeric hydroxy benzoic ac ids  i s  readily a c c ~ m p l i s h e d ? ~ ~  

Aromatic14 and aliphatic amino ethers have been synthesized by this 
method. An example of the formation of a cyano ether is the preparation 
of p-cyano benzyl methyl ether from the substituted benzyl bromide and 
sodium methoxide (84%):' Also, certain aryloxyacetonitriles, ArOChCN, 
are made by the condensation of chloroacetonitrile with sodium phenoxides 
in a solution of methyl ethyl  ketone containing a small  amount of sodium 
iodide (70-80%).lS5 Aromatic nitro ethers, like o- and p-nitrodiphenyl 
ether, have been prepared by the Ullmann procedure The  synthesis  
of alkyl p-nitrophenyl ethers has a l so  been accomplished with good yields 
(55-92%):' 

116. Alkylation of Hydroxy Compounds by Alkyl Sulfates, Sulfites, or 
Sulfonates 

Mixed aliphatic ethers containing methyl or ethyl  radicals can  be syn- 
thesized from the corresponding alkyl sulfate and magnesium alcoholates, 
e.g., methyl n-butyl, methyl cyclohexyl, and methyl isoamyl ethers (70- 
78%)." A higher yield of ethyl isobutyl ether is obtained by substituting 
sodium for magnesium (7% vs. 30%);' 

The method finds more general use in the alkylation of phenols.76v77 
One or both alkyl groups in the alkyl sulfate may be utilized. Thus, in 
the preparation of anisole,  an aqueous solution of sodium phenoxide is 
treated a t  lo0 with dimethyl sulfate (75%).'4 The  first methyl group is 
readily furnished but the second only under reflux. The phenolic groups 
in certain phenanthrene compounds have been quantitatively methylated 
by adding dimethyl sulfate t o  a suspension of the compounds in acetone 
and aqueous potassium hydroxide.'' In another instance, 1- and 4-methoxy- 
phenanthrenes are  made in quantitative yields by treating the corresponding 
acetoxy compounds under these  same ~onditions!~' Methyl &naphtha- 
lenesulfonate i s  a sat isfactory methylating agent." 

Unsaturated ethers, RCH=CHCH,OCH,, have been prepared from the  
corresponding al lyl ic  alcohols and dimethyl sulfate in the presence of 
sodium amide (60-8%):4 Acetylenic ethers are made in a similar manner 
from acetylenic a l c o h o l s ~ '  The hydroxyethylation of phenols with ethylene 
sulfite or ethylene carbonate appears to be a promising reaction for the 
formation of hydroxy ethers of the type ROCH,CH,0H:6 

The  semi-methylation of resorcinol with dimethyl sulfate leads to m- 
methoxyphenol (45%):7 

Many other groups may be present in the alcohol or phenol during alkyla- 
tion. Dimethyl sulfate and chlorohydrins give chloro ethers:" Halo 
ethers are a l so  prepared by the action of this  reagent on halogenated 
phenols, e.g., rn-bromoanisole (91%):' Phenolic aldehydes are  converted 
in excellent yields t o  alkoxy aldehydes with dimethyl ~ u l f a t e " " ~  or alkyl 
p-toluenesulfonates?' The  conversion of a phenolic ketone to  a n  alkoxy 
ketone is illustrated by the preparation of p-methoxypropiophenone (88%)p6 
Phenolic acids:' esters,'" and cyanides,"' and nitro phenol^"^ respond' 
favorably t o  this method for methylation. The sodium s a l t  of mandelic 
acid, C6H, CHOHCOOH, is methylated with dimethyl sulfate to furnish, 
after acidification, amethoxyphenylacetic acid (42%).'6' 
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117. Haloalkylation of Alcohols 

a-Halo ethers are prepared in good yields by treating mixtures of alde- 
hydes and alcohols a t  i c e  temperature with dry hydrogen halides,  t he  alde- 
hyde furnishing the haloalkyl radical. In the preparation of halomethyl 
alkyl ethers,  aqueous formaldehyde or paraformaldehyde i s  used. The 
procedure i s  illustrated by the formation of chloromethyl methyl ether 
(89%)"6 and chloromethyl n-propyl ether (64%):" These  chloromethyl 
ethers and others are relatively unstable, especial ly upon exposure t o  
moisture. Bes t  results  are obtained if the e x c e s s  halogen acid i s  swept 
from the product before distillation."' T h e  original procedure f a  p repa r  
ing the corresponding bromo derivatives has  been successfully modified 
s o  that branched alkyl bromomethyl ethers can  be prepared (85-98%):" 
Paraformaldehyde i s  preferred rather than the aqueous solution of formalde- 
hyde; furthermore, the reaction i s  run in the presence of calcium chloride, 
which removes the  water liberated. 

This  reaction i s  applicable t o  higher aldehydes and primary or second- 
ary alcohols. Thus,  paraldehyde and alcohols combine t o  give a-chloro- 
ethyl alkyl ethers (93-93%)!3' Similarly, propionaldehyde and n-butyr- 
aldehyde yield a - c h l o r ~ ~ - p r ~ p y l  and a-chlorm-buty l  alkyl ethers, 
r e s p e c t i ~ e l ~ ! ' ~  

By this  same procedure, ethylene chlorohydrin and aldehydes yield di- 
halo ethers."' 

CICH,CHaOH + CH3CH0 + HCI -+ CICH,CH,OCHCICH, (60%) 

118. Dehydration of Alcohols 

(* 1 2ROH + ROR + H,O 

Symmetrical al iphatic ethers (C,-C16) are prepared by the removal of 
water from alcohols under acidic conditions. Thus,  in the preparation of 
diisoamyl ether, the alcohol i s  heated with concentrated sulfuric acid or 
p-toluenesulfonyl chloride in a f lask equipped with a condenser and a water 
separator. The  top layer of alcohol and ether i s  returned t o  the reaction 
f lask  until water no longer separates.  Any alcohol remaining in the ether 
i s  converted to  the higher-boiling triisoamyl borate, and the ether i s  puri- 
fied by fractional distillation .6' Several suitable water separators have 
been d e ~ c r i b e d . 6 ~  High reaction temperatures must be avoided t o  prevent 
the formation of unsaturated hydrocarbons1 (cf. method 19). 
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This  method h a s  spec ia l  advantages in the preparation of mixed ethers 
containing the t-butyl and primary alkyl radicals.' For example, t-butyl 
alcohol added slowly t o  a boiling mixture of ethanol and 15% aqueous sul- 
furic acid g ives  a 95% yield of t-butyl ethyl  Under these  condi- 
tions, isopropyl alcohol reacts  more slowly and the yield of t-butyl iso- 
pmpyl ether i s  reduced by the large amount of isobutylene formed by the 
prolonged contact  of the tertiary alcohol with the acid. However, the 
substitution of a n  aqueous solution of sodium hydrogen sulfate for the sul-  
furic acid gives a n  excellent yield of t-butyl isopropyl ether (82%): The  
famation of a n  ether from a primary and a secondary alcohol requires a 
concentration of 50% sulfuric ac id  or greater; the three possible ethers 
result.  

The  dehydration of alcohols in the gaseous phase by solid catalysts  
such a s  alumina and "solid phosphoric acid" i s  used to a small  extent in 
the laboratory.6' In the conversion of phenol over thorium dioxide a t  450°, 
the yield of diphenyl ether i s  64%.6' 

An interesting synthes is  of diglycerol, a polyhydroxy ether, has been 
reported involving the treatment of glycerol with calcium oxide and carbon 
dioxide." 

119. Interaction of Grignard Reagents and Halo Ethers 

The ready availability of a-halo ethers (methods 65 and 117) and the 
e a s e  of reaction of the reactive halogen atom with Grignard reagents pro- 
vide a good method for obtaining branched ethers of the type 
ROCHR8CH,R" (60-85%)."' If ethers without branching on the a-carbon 
atom are desired, then chloromethyl ether and normal Grignard reagents are 
used, a s  in the formation of,methyl amyl ether from n-butylmagnesium 
bromide and chloromethyl methyl ether (67%)!19 

The  reaction of Grignard reagents with a ,Pd ib romo  ethers to f a m  fl- 
bmmo ethers h a s  been developed a s  the third s t e p  in the B o a d  synthesis  
of olefins (method 21).'a0p1as The  coupling i s  carried out by adding the 
dibromo ether t o  the Grignard reagent a t  0°, the bromine atom in the beta 
position being unreactive. The products may be put through a second 
process of dehydrobromination, bromination, and coupling to  give more 
highly branched P-bromo ethers ."" "" la' 

KOH 
RCHB~CH(R~)XH,CH, -+ RCH= C(R~)OCH,CH, 3 
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In general ,  primary alkylmagnesium ha l ides  give bet ter  yields  than the 
secondary derivat ives,  and t h e  tertiary Grignard reagents  d o  not react ;  
allyl-''5 and phenyl - rnagne~ium"~ ha l ides  respond favorably. If e a c h  
a lky l  group of the e t h e r  ca r r ies  a halogen atom in the  be ta  position, then 
a d iha lo  e ther  results,135 viz., RMgX + ClCH,CH,OCHRrCH,Rr 4 

CICH,CH,OCHRCH,Rr. 
In a s imilar  manner, Grignard reagents  reac t  with c y c l i c  a,/?-dihalo 

e thers  derived from 3,4-dihydro-l,2-pyran 166* 16' and tetrahydrofuran 16' 

t o  form the corresponding 2-alkyl-3-halo derivat ives.  Thus ,  addition of 
2,34ibromotetrahydropyran t o  methylmagnesium halide at 0' followed by 
hydrolysis g ives  a 65% yield of 2-methyl-3-bromotetrahydropyran. T h e s e  
mater ials  a r e  valuable intermediates  in the s y n t h e s i s  of olef inic  a lcohols  
(cf. method 99). 

120. Addition of Halo  E t h e r s  to Olef ins  

T h e  addition of a chloromethyl ether t o  olef inic  l inkages t a k e s  p lace  
under condit ions s imilar  t o  the Friedel-Crafts react ion and l e a d s  t o  Y- 
chloro ethers.13g Subst i tut ion of z inc  chloride for mercuric chloride as 
c a t a l y s t  h a s  improved t h e  yields!40 Ally1 chloride and chloromethyl e ther  
reac t  t o  g ive  a high yield of 1-methoxy-3,44ichlorobutane (98%);' 

121. Addition of Hydroxy Compounds t o  Olef inic  Compounds 

T h e  addition of a lcohols  t o  olef inic  compounds provides a n  e a s y  method 
for making e thers  which may otherwise be difficult t o  obtain, particularly 
those  which contain a second  functional group. 

In the preparation of mixed a l ipha t ic  e thers ,  the reaction between alco- 
hol and  olefin is ca ta lyzed  by di lute  su l fur ic  acid.  T h o s e  olef ins  that  c a n  
be derived from tertiary a lcohols  a re  the most su i tab le ,  e.g., isobutylene 
and trimethylethylene, leading t o  tertiary a lky l  e thers .  Also, primary al-  
cohols  a r e  more su i tab le  a s  addi t ives  than secondary alcohols;  tertiary 
a lcohols  are  pract ical ly  non-reactive. T h e  procedure, typified by t h e  
preparation of e thy l  t-amyl e ther  (90%),'05 is not a s  rapid and convenient 
as  the dehydration react ion d i s c u s s e d  above (method 118). Phenols  have 
been condensed in the co ld  with unsaturated compounds under the  influ- 

e n c e  of a mineral acidio6 or boron trifl~oride!~' React ion at high tempera- 
tures  c a u s e s  the  formation of  alkyl-subst i tuted phenols. 

Olef inic  l inkages act ivated by other  groups add alcohols .  Thus  vinyl- 
ace ty lene ,  CH,=CH-Cs CH, a d d s  three molecules  of methanol in  the 
presence of boron trifluoride and mercuric oxide t o  yield 2,2,4-trimethoxy- 
butane (65%):'' On the other hand, in  the  presence of sodium methoxide, 
th i s  unsaturated sys tem a d d s  only one molecule of methanol t o  form 4- 
methoxy-1-butyne (6l%)!" Also ,  unsaturated ketones reac t  with a lcohols  
in t h e  presence of boron trifluoride e thera te  t o  yield P a l k o x y  ketones,  
e.g., 4-methoxy-2-butanone from methanol and  methyl vinyl ketone 
(61%).11'* "' Sodium nlethoxide h a s  a l s o  been used a s  the condensing 
agent.11'"4g Primary and secondary,  but not tertiary, a lcohols  and phenols  
in t h e  presence of the  corresponding sodium derivat ives add t o  the  un- 
saturated sys tem of ac ry l ic  e s t e r s  t o  produce P-alkoxy- and p a r y l o x y -  
propionates!'3p'64 T h e  react ion h a s  been  extended for the preparation of 
P,P-dialkoxy e s t e r s  by t h e  ca ta ly t ic  addition of a lcohols  t o  P a l k o x y -  
acryl ic   ester^."^ Similarly, primary and secondary  a lcohols  add  t o  acryl- 
onitrile t o  give P-alkoxypropionitriles; potassium hydroxide, s o d i w .  
methoxide, or aqueous 40% trimethylbenzylammonium hydroxide (Triton B )  
are  employed a s  ~ a t a l ~ s t s ! ' ~ - ~ ' '  Alcohols  and  a -n i t ro  olef ins  combine 
t o  form 2-nitroalkyl e thers ,  v i ~ . , ' ~ '  

H,C =CHNO, + ROH -+ ROCH,CH,NO, 

122. Addition of Alcohols  t o  Oxides  

NaOCH3 + ROH - CH,CHOHCH,OR 

T h e  a lcoholys i s  of a -epoxides  g ives  hydroxy e thers  in a t rans  opening 
of t h e  ring. An example is the  treatment of cyclohexene oxide with metha- 
nol under reflux in the  presence of a smal l  quant i ty  of sulfur ic  acid,  t rans-  
2-methoxycyclohexano1 being formed in 82% yield."' T h e  mechanism and 
s tereochemistry of t h e  opening of oxide r ings have been reviewed!'' 

When a n  unsymmetrical a ~ p o x i d e  reac t s ,  e i ther  a primary or a second- 
ary alcohol  is formed, depending on which carbon-oxygen bond is cleaved.  
With propylene oxide,  for example, a base-catalyzed reaction favors t h e  
formation of the  secondary a lcohol  almost  exclusively,  whereas,  a non- 
ca ta ly t ic  or acid-catalyzed a lcoholys i s  yields  a mixture of the  isomeric 

However, t h e  reac t ions  of other a-epoxides,  s u c h  a s  3,4- 
epoxy-1-butene, 3,4-epoxy-1-chloropropane (epichlorohydrin), 3,4-epoxy-1- 
propanol (glycidol),  and s ty rene  oxide,  a r e  niore complicated with respec t  
t o  which isomer is fa~ored. '~" '" 
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T h e  lalkoxy-2-hydroxy-3-chloropropanols a r e  obtained'from the  acid- 
catalyzed condensat ion of al iphat ic  a lcohols  and 1,2-epoxy-3-chloropro- 
pane. T h e s e  compounds are  treated with a lka l i  for the s y n t h e s i s  of epoxy 
e thers ,  which, in  turn, a r e  valuable intermediates.14' 

123. Halo Ethers  by Action of Acyl Chlorides on  Ace ta l s  

T h e  interaction of a n  a c e t a l  and a n  acy l  chloride c a u s e s  a n  exchange 
of chloro and alkoxyl  groups, the corresponding a-chloro e ther  and a n  
e s t e r  being formed.'46 T h e  a c e t a l s  of both a l ipha t ic  and aromatic alde- 
hydes undergo the  reaction. For  example,  the dimethyl a c e t a l  of n-butyr- 
aldehyde and ace ty l  chloride r e a c t  vigorously t o  yield a-methoxy-n-butyl 
chloride, CH,(CH,),CHClOCH, (70-80%). T h e  react ion may b e  catalyzed 
by a t race  of copper-bronze filings."' Similarly, t h e  dimethyl a c e t a l s  o f  
benzaldehyde and its derivat ives reac t  t o  give a-methoxybenzyl chlorides 
(80-98%)!47* 14' 

Dihalo ethers. RCHXOCH,CH,X, c a n  b e  syn thes ized  by utilizing di- 
chloroalkyl a c e t a l s ,  RCH(OCH,CH,XX. In th i s  manner, chloromethyl 0- 
chloroisopropy 1 ether  is prepared from di-(P-chloroisopropy 1)formal and 
benzoyl chloride (66%)Y7 

124. a-Alkoxy Ketones by Interaction of Alcohols and D i a z ~ k e t o n e s ' ~ '  

C6H, COCHN, + ROH 5 C6H, COCH,OR + N, 

TABLE 16. ETHERS 235 

TABLE 16. ETHERS 

GI Compound Method chapterref .  B.p./mm.. n b ,  (M.P.), Deriv. 
(73 

Alicyclic and Aliphatic Ethers  

C4 Methyl cyclopropyl ether 
C ,  Methyl n-butyl ether 

Methyl I-butyl ether 
Ethyl n-propyl ether 

C 6  Methyl cyclopentyl ether 

Methyl n-amyl ether 

Methyl isoamyl ether 
Ethyl n-butyl e ther  

Ethyl isobutyl ether 
Ethyl s-butyl ether 
Ethyl t-bstyl ether 

C ,  Methyl n-hexyl ether 
Ethyl n-amyl ether 
Ethyl I-amyl ether 
Ethyl neopentyl ether 
n-Propyl isobutyl ether 
Isopropyl n-butyl ether 
I-Butyl n-propyl ether 
I-Butyl isopropyl ether 
Methyl cyclohexyl ether 

Ethyl cyclopentyl ether 

C, Ethyl  n-hexyl ether 
n-Butyl ether 
r-Butyl n-butyl ether 

C, Ethyl n-heptyl ether 
C,, Isoamyl ether 

Aromatic E the r s  

C ,  Anisole 116 75 674 154/748 
C,  Ethyl phenyl ether (phene- 115 60 6' 169/766, 1.5074 

tole)  
Methyl benzyl ether 115 90 6# 170/760, 1.5022 
Methyl C to ly l  ether 116 92 6" 57/9, 1.5060" 

C, n-Propyl phenyl ether 115 73 6l  187/751, 1.5103 
115 63 66 189/760, 1.5014 

-. 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 16 (continued) 

1 chapterref. B.p./mm., n ~ ,  (A4.p.)) Deriv. Method (%) 

Aromatic Ethers (contimred) 

C p  Isopropyl phenyl ether 115 40 6' 174/758. 1.4975 
115 54 66  177/760, 1.4975 
121 54 61m 178, 1.4992 

nrEthylanisole 116 87 6" 76/12 

C m  n-Butyl phenyl ether 115 80 6' 207/755, 1.4971 
s B u t y l  phenyl ether 115' 59 66  72/5, 194/760, 1.4926" 
lsobutyl phenyl ether 115 90 6' 196, 1.4932a4 
n-Propyl benzyl ether 115 93 6' 68/8, 1.4905 
Isopropyl benzyl ether 115 84 66  83/16, 1.4859 

C 1, n-Amy1 phenyl ether 115 72 
n-Butyl benzyl ether 115 74 
s B u t y l  benzyl ether 115 55 
Ethyl pethylbenzyl ether 115 95 
p-f-Butylanisole 116 60 
Methyl *naphthyl ether 116 70 
Methyl P-naphthyl ether 116 73 
6Methoxytetralin 116 6 5 t  
1,2,3,CTeuahydrcrb 4 58 

methoxynaphthalene 

C U Isoamyl benzyl ether 119 85 6"' 119/19, 1.4810 
Diphenyl ether 115 82 614 259/754 
Ethyl a-naphthyl ether 116 77 676 138/14, 1.5953" 
Ethyl P-naphthyl ether 116 84 676 13V5, (38) 

Cl, Phenyl benzyl ether 115 73 6 U  (39) 
Phenyl crtolyl ether 115 77 614 267/738, 124/9, 1.5710a5 
Phenyl nrtolyl ether 115 8 1  614 275/738. 155/25. 1.5711" 
Phenyl p-tolyl ether 115 69 614 278/745, 126/9, 1.57Ola5 
Methyl 2-biphenyl ether 116 89 676 122/2, (29) 
4-Methyldiphenyl ether 14 60 61m 278/744, 150/7 
Methyl Ccyclohexylphenyl 116 6L 676 116/4, (59) 

ether 

C Di-p-tolyl ether 
Ethyl 2-biphenyl ether 

Ethyl fbiphenyl ether 
Ethyl Cbiphenyl ether 

Ethyl 2-cyclohexylphenyl 
ether 

Ethyl Ccyclohexylpknyl 
ether 

TABLE 16 (confinued) 

% Compound Method (%) chapterref. B.p./mm., nb,  (M.p.), Deriv. 

Aromatic Ethers (continued) 

CIS 9-Ethoxyfluorene 115 73 616 (54) 
2-Methoxy-9,1O-dihy&cr 116 100 6* (55) 

phenanthrene 

C I, 9-Phenoxyfluorene 115 87 616 (156) 
Cal Ethyl triphenylmethyl 115 97 6 U  (83) 

ether 

2,f Dihydropyran 
Tetrahydropyran 

Methyl a-furfuryl ether 
Methyl tetrahydrofurfuryl 

ether 
Ethyl a-furfuryl ether 
Ethyl tetrahydrofurfuryl 

ether 

n-Propyl a-furfuryl ether 
n-Propyl tetrahy&ofurfuryl 

ether 

n-Butyl a-furfuryl ether 
n-Butyl tetrahydrofurfuryl 

ether 
GMethoxyindole 
3-(4-Piperidyl)-1-methoxy- 

propane 

Di-a-furfuryl ether 
GMethoxyquinoline 
7-Methoxyquinoline 
EMethoxyquinoline 
brTetrahy&crGmethoxy- 

quinoline 

4-Methoxydibenzofuraa 
4-Methoxydibenzothicr 

phene 

f Ethoxycarbazole 
5-Phenoxyacridine 

Heterocyclic Ethers 

For explanations and symbols see pp. xi-xii. 
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TABLE 17. DIETHERS 

Ch. 6 T A B L E  18. OLEFINIC E T H E R S  239 

TABLE 18 (contiraud) 

Compound Method 
Yield 

(%) chapterref. B.p./mm., nh, (M.p.) Compound 
Yield 

(%) B.p./mm., nh, (hiep.) 

Aliphatic and Alicyclic Olefinic Ethers (continued) 

C a  2-Ethoxy-1,Sbutadiene 23 59 2'- 97/760, 1.4401 
121 53 6" 95,1.44001v 

1,3-Dimethoxy-2-butene 23 66 2= 130/748, 1.4145a5 
3,3-Dimethoxy-1-butene 23 29 2= 99/745, 1.4038 
h- l,2-Diethoxyethylene 23 80 2= 79 

Dimethyl ether of ethyl- 115 
ene glycol 

Methyl n-butyl ether of 115 
ethylene glycol 

Ethyl n-butyl ether of 115 
ethylene glycol 

1,2-Dimethoxybenzene 116 
(verauole) 

Ethyl n-pentyl ether of 115 
ethylene glycol 

Methoxymethyl benzyl 115 
ether 

1,CDimethoxynaphthalene 116 

2-Methoxydiphenyl ether 115 
3- Methoxydiphenyl ether 115 
4Methoxydiphenyl ether 115 

4,4 '-Dimethoxydibenzyl 9 
~Diphenoxybenzene 115 
p-Diphenoxybenzene 115 

C,  ' 1-Methoxy-5-hexene 29 60 21P1 123/745, 1.4109 
29 50 2''' 124/742, 1.4117 

2-Methoxy-1-hexene 23 92 2 120/740, 1.417919 
3- Methoxy-3-hexene 20 79 22s 115; 1.4130'' 
Ally1 methallyl ether 115 90 6" 115, 1.4236 
lsopropyl methallyl ether 115 57 6' 104/760, 1.40 14 
Ethyl ally1 ether of ethyl- 115 60 6" 142 

ene glycol 

C, 1-Methoxy-Gheptene 29 56 21m 148/751, 1.4182 
Dimethallyl ether 115 65 6' 134/760, 1.4285 
I-Butyl methallyl ether 115 33 6' 120/760, 1.4082 
1-Ethoxy-2-cyclohexene 115 46 6 '9 15 3/7 28 

C, trmtsl-Methoxy-2-octene 116 78 6 O4 70/18, 1.4249'' 

For explanations and symbols see pp. xi-xii. 

TABLE 18. OLEFlNlC ETHERS 

Aromatic Olefinic Ethers 

C, Phenyl vinyl ether 20 
C,. Phenyl ally1 ether 115 

a-Methoxystyrene 23 
,8 -Methoxystyrene 23 

% Compound Method (%) Chapter ref. B.p./mm., n:. (M.P.) 

Aliphatic and Alicyclic Olefinic Ethers 

C 4  Ethyl vinyl ether 

C m  Crotyl phenyl ether 115 
Methallyl phenyl ether 115 
Ally1 p-tolyl ether 115 
a-Methoxy-,8 -methyl- 20 

Divinyl ether 
Dioxene 
Dioxadiene 

C 2-Methoxy-2-butene 
2-Methoxy-1.3-butadiene 
Methyl methallyl ether 
2-Ethoxypropene 

styrene 
aEthoxystyrene 20 
trmts3-Methoxy-1-phenyl- 116 

C 1-Phenoxy-2-pentene 115 
5-Phenoxy-2-pentene 20 

C12 1-Phenoxy-2-hexene 115 
3-Ethoxy-Cpropyl-3- 19 

heptene 
- -- - - - - - - - - - - 

For explanations and symbols s e e  pp. 

Vinyl allyl ether 
C a  Ethyl crotyl ether 

SEthoxy-1-butene 

xi-xii. 
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TABLE 18 (continued) 

Cn Compound y:iy chapterref. B.p./mm., nb, (M.~.)  

-- 

Aromatic Olefinic Ethers (~lonlimred) 

C1, CPhenoxystyrene 19 77 2'" 116/3. 1.6037 
C, Cinnamyl phenyl ether 115 92 63s (67) 

cisCMethoxystilbene 27 60 2U8 142/3 
bas-CMethoxystilbene 28 49 2''' (1%) 

For explanations and symbols see  pp. xi-xii. 

TABLE 19. ACETYLENlC ETHERS 

% Compound Method chapterref- B.p./mm., n b  
( X) 

C, Ethoxyacetylene 43 55 
Methyl propargyl ether 43 60 

C 5  CMethoxy-1-butyne 44 60 
CMethoxy-2-butyne 121 61  

C 6  CEthoxy-1-butyne 44 60 
C, Phenoxyacetylene 43 70 
C, 1-Methoxy-2-octyne 116 80 

119 63 

For explanations and symbols see pp. xi-xii. 

TABLE 20. HALO ETHERS 

% Compound Method (%) chapterref. B.p./mm.. n b ,  (hl.p.) 

Aliphatic and Alicyclic Halo Ethers 

C 2  Chloromethyl methyl ether 117 89 6U6 55-60 
C 3  Chloromethyl ethyl ether 117 90 6"' 82, 1.0282U 

Chloromethyl P-chloro- 117 55 6 46/10, 1.4578 
ethyl ether 

Methyl a-chloroethyk 117 97 G U 2  73, 1.4004 
ether 

Methyl P-chloroethyl 116 27 6" 90 
ether 

C, Chloromethyl n-propyl 117 64 6"' 28/32, 110/755, 1.4106 
ether 

Bromomethyl n-propyl 117 80 GUO 48/20, 1.4515 
ether 

Y-Methoxypropyl chloride 116 65 6 112 

T A B L E  20. HALO E T H E R S  

TABLE 20 (continued) 

% Compound Method (%) chapterref. B.p./mm., nb ,  (h4.p.) 

Aliphatic and Alicyclic Halo Ethers (continued) 

C, y-Methoxypropyl bromide 

Chloromethyl isopropyl 
ether 

Bromomethyl isopropyl 
ether 

Chloromethyl P-chloro- 
isopropyl ether 

1-Chloro-2-methoxy 
propane 

2-Chloro-2-methoxy- 
propane 

a-Chloroethyl ethyl ether 

Ethyl P-chloroethyl ether 

Ethyl P-bromoethyl ether 
Ethyl P-iodoethyl ether 
a,a ' -Dichl~rodieth~l  ether 
P -Chloroethyl a-chlora 

ethyl ether 
P -Bromoethyl a-chlora 

ethyl ether 
a,,8-Dibromoethyl ethyl 

ether 
P,P'-Dichlorodiethyl 

ether 
P,P '-~ibromodieth~l  

ether 
9,P'-Diiododiethyl 

ether 

Cs Chloromethyl n-butyl 
ether 

Bromomethyl n-butyl ether 
a-Methoxyn-butyl 

chloride 
1-ChloraCmethoxybutane 
1-Bromo-Cmethoxybutane 
1-Methoxy-3,Cdichloro- 

butane 
Bromomethyl isobutyl 

ether 
Chloromethyl isobutyl 

ether 

For explanations and symbols see  pp. xi-xii. 
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TABLE 20 ( c h i m e d )  

=n Compound Method Chapterref. B.p./mm.. nb ,  (M.p.) ( %) 

Aliphatic and Alicyclic Halo Ethers (mnfimred) 

C, 3-Methoxy-2-methyl- 1- 53 92 4% 124, 1.414317 
chloropropane 

2-Methoxy-3-iodobutane 77 95 4- 1.501217 
2-Methoxy-3-bromobutane 77 50 4- 56/40, 1.4478=1 
Chloromethyl sbu ty l  117 90 6 123, 1.420516 

ether 
Bromomethyl s-butyl ether 117 97 6"' 108/357, 1.4453Is 
a-Chloroethyln-propyl 117 93 6'" 48/40,1.4013 

ether 
a-Chlorcm-propyl ethyl 117 74 6"' 36/25, 1.4120 

ether 
Y -Erhoxypropyl chloride 52 67 4'14 128 
Y -Ethoxypropyl bromide 52 65 4'14 150, 87/100 

52 75 4 '  152/760, 65/33. 48/13 
a,P -Dibromoethyl n- 65 93 4- 97/27 

propyl ether 
a , , 8 - ~ i b r o m o p r o ~ ~ l  ethyl 65 97 4- 82/20.1.5000 

ether 
1,3-Dichloropropyl ethyl 117 63 6u8 65/18, 1.4478 

ether 

n-propyl ether 
, 8 -~ thox~- t r~ ropy l  brc- 119 77 6m 138 

mide 119 42 6U' 29/10, 1.4422 
2-Methyl-3-chlorotetra- 

hydrofuran (trrms) } 
119 82 6'" 130, 1.4420 

(cis) 145, 1.4520 
2,3-Dibromotetrahydro- 74 100 4 a l  .... 

C6 Bromoethyl n-amyl ether 117 99 GU0 72/7, 83/15, 1.4512 
1-Bromomethoxy-2- 117 98 6"' 68/16, 1.4671" 

methylbutane 
Bromomethyl isoamyl 117 98 129/247, 1.4489" 

ether 
2-Chlorc-3-methyl-3- 77 45 4- 135/749, 1.4279 

methoxybutane 
1-Methoxy-3-methyl-3- 120 Go 6ls9 81/120, 136/751 

chlorobutane 
2-Chlorc-3-methoxypen- 77 78 4 77/100, 1.4246 

tane 
a-Chloroethyl n-butyl 117 95 6"' 50/11, 1.4155 

ether 
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TABLE 20 (continued) 

=n Compound chapterref. B.p./mm.. nb ,  (h4.p.) Method (%) 

Aliphatic and Alicyclic Halo Ethers ( c h i m e d )  

C6 a-Chlorcm-butyl ethyl 117 81  6"' 51/25, 1.4168 

ether 123 80 6 47/12 

,8-Chloroethyl a-chlorc- 117 70 6- 71/10, 1.4471 

n-butyl ether 
a,$-Dibromoethyl n- 65 95 4- 115/36 

butyl ether 
a, ,8-~ibromo-trbut~l  ethyl 65 90 4a 101/27. 1.4968 

ether 
a-Chloroisobutylethyl 117 90 6"' 43/24, 1.4130 

ether 
a,P-~ibromoisobutyl ethyl 65 92 4U4 89/22, 1.4450 

ether 
a-Chloroethyl s-butyl 117 83 6'- 39/20,1.4149 

ether 
,8-~thox~-n-butyl bromide 119 61 6 "  166, 67/34 

,8-Chloroethyl 0-bromc-a- 118 81  6"' 93/12, 1.4770 

ethylethyl ether 
, 8 - ~ r o ~ o x y - t r ~ r o ~ ~ l  brc- 119 61 6"" 65/32 

mide 
2-Methyl-3-chlorotetra- 

hydropyran (trmrs) } 
119 61 51/18, 1.4551 

(cis) 66/18, 1.4626 
2-Methyl-3-bromotetra- 119 65 6lW 61/17, 1.4834 

hydropyran 

1-Bromc-Gmethoxyhexane 115 47 6 " 113/30, 1.4469lS 
1-Methoxy-4-chlorohexane 53 65 4 la8 70/ 15 
3-Chlorc-4-methoxyhexane 77 63 4- 95/98, 1.4288 
4-Bromc-3-methoxyhexane 119 68 6"' 66/12, 1.4495 
a-Chloroethyl n-amyl 117 99 6 u 2  66/8. 1.4218 

ether 
1-Bromc-5-ethoxypentane 52 78 4l" 85/14 
, 8 - ~ t h o x ~ - w a m ~ l  bromide 119 57 6"" 82/34 

1-Bromo-2-ethoxy-2- 119 27 6l" 57/13, 1.4508 

methylbutane 
2-Chlorc-3-ethoxypentane 77 57 4- 70/50, 1.4236 
, 8 -~ ro~oxy - t rbu t~ l  bromide 119 73 6"" 66/15 

Chloromethyl cyclohexyl 117 90 61a8 185, 1.47139 

ether 
1-Chlorc-2-methoxycyclo- 77 63 4 74/20, 1.4648 

hexane 
trcms-1-Bromc-2-methoxy- 77 70 4m 75/10, 1.49001' 

cyclohexane 

For explanations and symbols see  pp. xi-xii. 
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TABLE 20 (continued) 

‘k Compound Method chaPter"f. B.p./mm., nD, t (M.P.) (%) 

Aliphatic and Alicyclic Halo Ethers (continued) 

C, I-Chlorw7-methoxy- 53 67 41a 78/6.5, 1.4375 
heptane 

I-Bromo-7-methoxy- 5 2 50 4 97/8, 1.459215 
heptane 

I-Bromomethoxy- 1- 117 96 6 69/4, 1.453715 
methylhexane 

I-Bromo-bethoxyhexane 119 78 6lZ1 86/19, 1.4485 
I-Bromo-2-ethoxy-Zb 119 30 61a1 75/13, 1.4503 

methylpentane 
I-Bromo-2-ethoxy-4 119 48 6l" 85/25. 1.4455 

methylpentane 
2-Bromo-3-ethoxyhexane 119 60 61a1 73/12. 1.4474 
I-Bromo-2-ethoxy-2- 119 7 1 6'" 82/19, 1.4532 

methylpentane 
2-Bromo-3-ethoxy-2- 119 49 61a1 67/20, 1.4376 

methylpentane 
2-Bromo-Zbethoxy-3- 119 55 6''' 79/25, 1.4458 

methylpentane 
I-Bromo-2-ethoxy-2- 119 75 6l" 81/17, 1.4548 

ethylbutane 
I-Bromo-2-ethoxy-2, Zb 119 71 6 =  79/15, 1.4560 

dimethylbutane 
4.4'-Dichlor~dibut~l 54 54 4U5 118/10, 1.456215 

ether 
P-~ropoxy-n-amyl brw 119 70 61n, 82/13 

mide 
1-(Methoxymethyl)-2- 120 27 61a 91/17 

Cp I-Bromomethoxy-I- 117 93 6 72/3. 1.456215 
methylheptane 

P - ~ t h o x ~ i s o h e ~ t y l  119 65 6U0 109/33 
bromide 

P-~ropoxyn-hexyl 119 81 61n, 93/14 
bromide 

C m  44'-Dichlorodiamyl ether 54 24 4415 69-75/0.3, 1.453315 

Aromatic Halo Ethers 

C, o-Bromoanisole 56 93 4 116/29 
mBromoanisole 116 91 6 105/16 
p-Chloroanisole 64 58 45"2 85-90, 1.535415 
p-Bromoanisole 65 90 4479 216 
p-Iodoanisole 65 73 41LU 139, (52) 
p-Fluoroanisole 56 52 4'a 157 

TABLE 20. HALO ETHERS 

TABLE 20 (continued) 

Yield 
=n Compound (%) 

chapterref. B.~./mm., nb. (M.p.) 

Aromatic Halo Ethers (continued) 

C, 2-Bromo-dchloroanisole 64 66 4*l 12F130/11, (29.1) 

2,dDibromoanisole 64 72 459a 106/1, (62.3) 

C, P-Phenoxyethyl chloride 53 53 1 4'" 221 
Phenoxyethyl bromide 115 56 6 47 125130/18 
Chloromethyl benzyl 117 77 6l" 125/40 

ether 
a-Methoxybenzyl chloride 123 80 614, 72/0.1 
p-Chloro-a-methoxy- 123 98 6l" 82/0.15 

benzyl chloride 
Ethyl o-iodophenyl ether 56 68 4'= 131/18 
Ethyl p-bromophenyl 65 85 4479 236 

ether 
m-hfethoxybenzyl chloride 53 91 4 115/10 
mMethoxybenzy1 bromide 51 90 : 465 129/ 18 
p-Methoxybenzyl chloride 51 80 4 66 113/10, 1.5491 

(anisyl chloride) 

C, 7-Phenoxypropyl bromide 115 85 6 47 136-142/20 
Benzyl a-iodoethyl ether 55 60 4'86 149/14 
I-Chloro-2-phenoxypro- 77 35 4 113/22, 1.5218 

pane 
a-Ethoxybenzyl chloride 123 95 6l" 37/0.06 

P-o-Anisylethyl chloride 53 85 4l" 112/12 
P-mAnisylethyl bromide 52 61 4 139/13 
p-Methyl-a-methoxybenzyl 123 98 6l" 70/0.15 

chloride 
3,dDimethoxybenzyl 53 90 4165 (51) 

chloride 

C, I-Bromo-dphenoxybutane 52 70 4l" 156/18 

I-Chloro-dphenoxybu- 115 60 64  138/12 
fane 

7-Chloropropyl benzyl 53 83 4 129/16 
ether 

7 -Bromopropyl benzyl 52 34 41a4 132/8 
ether 

C,, 2-Bromo-I-phenyl-I- 119 56 6lU 114/9 

ethoxypropane 
Cl, GPhenoxyhexyl bromide 115 79 6'" 174-180/13 

o-Chlorophenyl phenyl 115 40 6 l4 153/15, (40) 
ether 

o-Iodophenyl phenyl ether 56 68 4'U 185/15, (55) 
p-Chlorophenyl phenyl 115 55 6 l4 162/19, 1.5865" 

ether 65 90 41M 150/7 

For explanations and symbols s ee  pp. xi-xii. 
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TABLE 21. HYDROXY ETHERS 

TABLE 21. HYDROXY ETHERS 

TABLE 21 (continued) 

c, 
Yield 

Compound Method (%) chapterref-  B.p./mm., n b ,  (M.P.), Deriv. 

Aliphatic and Alicyclic Hydroxy Ethers  (continued) 

- - 

c, Yield 
Compound Method (%) chapterref .  B.p./mm., n b ,  (h4.p.). Deriv. 

Aliphatic and Alicyclic Hydroxy Ethers  

C, 3-Ethyl-Cethoxy-3- 9 1  75  5U6 68/14, 231Pu 
pentanol  

2-Ethoxycyclohexyl- 1- 115 60 6" 75/10 
methanol 

Aromatic Hydroxy Ethers  

C 7  m-Methoxyphenol 
C 8  ~ M e t h o x y b e n z y l  alcohol 

m-Methoxybenzyl alcohol 
p-Methoxy benzyl alcohol 

(anisyl a lcohol)  

1-Ethoxy-2-propanol 
3-Methoxy-2-methyl-l- 

propanol 
1,3-Dimethoxy-2-propanol 

C 6  FMethoxy-1-pentanol 
CEthoxy-  1-butanol 
CMethoxy-3-methyl- 1- 

butanol 
2-Phenoxy-Lpropanot 
Y-Phenoxypropyl alcohol 
a-Glyceryl phenyl ether 
2-Phenyl-2-methoxy- 

ethanol 
8-~ethoxy-a-phenylethyl  

a lcohol  
Benzyl P-hydroxyethyl 

e ther  
m-Methoxypheny lethyl 

a lcohol  
2,3-Dimethoxybenzyl 

a lcohol  
3,CDimethoxybenzyl 

a lcohol  
3, FDimethoxybenzyl 

alcohol 

C, 1-Phenoxy-2-butanol 
CPhenoxy-1-butanol 
Y -Benzyloxypropyl 

a lcohol  
l-Phenoxy-2-methyl-2- 

propanol 
P - E t h o ~ ~ - a - ~ h e n ~ l e t h ~ l  

alcohol 

FMethoxy-Cmethyl- 1- 
pentanol 

5-Methoxy-2-methyl-l- 
pentanol 

l-Methoxy-2-ethyl-2- 
butanol 

3-Ethoxy-2-methyl-2- 
butanol 

1-Methoxy-2,Sdimethyl- 
2-butanol 

Y -n-Butoxypropyl a lcohol  
1,3-Diethoxy-2-propanol 

2-Amyloxyethanol 
has-2-Methoxycyclo- 

hexanol 
3-Methoxycyclohexanol 
CMethoxycyclohexanol 

3-Methyl-Fethoxy- 1- 
pentanol 

2-Ethyl-Cethoxy-1-butanol 

I-Meihoxy-3-methyl-2- 
ethyl-2-butanol 

hrms-2-Ethoxycyclo- 
hexanol 

C 11 Benzyl Chydroxybutyl 
ether 

Methyl-Y-phenoxypropyl- 
carbinol 

For explanat ions  and symbols s e e  pp. xi-xii. 
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TABLE 21 (continued) 

Ch. 6 

- -  

% Compound Method 
Yield 

(7.) Chapterref B.p./mm., nb. (Mp.), Deriv. 

Aromatic Hydroxy Ethers (continued) 
- p-p 

C,, ~Hydroxyphenyl  phenyl 97 91 5ns (105) 
ether 

m-Hydroxyphenyl phenyl 9 3  40 57m 320/743 
ether 

p-Hydroxyphenyl phenyl 97 70 57m 176/10, (85) 
ether 

9 - ~ y d r o x y e t h ~ l  P-naphthyl 116 98 G (77.5) 
ether 

C 1, I-(P-Naphthoxy>2- 79 88 5 (83) 
propanol 

C 1, I-Phenyl-2-phenoxy- 80 87 5 7' (64), 84NBz 
ethanol 

2-Phenyl-2-phenoxy- 8 4  84 5 7' (El), 87NBz 
ethanol 

CU a,y-Glycerol diphenyl 122 80 G I U  (81) 
ether 

For explanations and symbols see  pp. xi-xii. 
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125. Action of Alkali on Halohydrins 

/- \ 
RCHClCHOHR 5 RCH -CHR 

Epoxy compounds are prepared by heating halohydrins with strong 
caus t ic  solutions and, where possible, distilling the product a s  i t  is 
formed. By th is  procedure, 3-chloro-2-butanol yields a mixture of cis- 
and trans-2,3epoxybutane (go%), which can be readily separated by 
fractional distillation. Another example is the  conversion of 2-chloro- 
cyclohexanol to cyclohexene oxide (73%).6 The reaction is included in 
an excellent discussion of the chemistry of eihylene and trimethylene 
oxides." 

The reaction has  been applied to  the preparation of many substituted 
ethylene oxides in which one  to  all four hydrogen atoms are replaced by 
alkyl groups.3" It is noted that alkyl substi tuents enhance oxide ring 

closure which occurs by a trans mechanism. 
Aryl-substituted ethylene oxides have a l so  been prepared. The sim- 

p les t  of these  is styrene oxide, which is prepared by the alkali treatment 
of the iodohydrin made by the  action of iodine, water, and mercuric oxide 
on styrene (51%).' Aryl chlorohydrins resulting from the action of chloro- 
acetone and aromatic Grignard reagents, C6Hs (C&lnMgX, have  been con- 

! verted by alkali or sodium gthoxide to  oxides of the type 



254 OXIDES Ch. 7 METHODS 126-127 255 

(n = 0 to 4) i n  20-40% over-all yields.'*' Halohydrins from t h e  aluminum 
isopropoxide reductior, o f  1-naphthyl halomethyl ke tones  a r e  converted 
in  excel lent  y ie lds  to  a-naphthylethylene oxides.'O 

Trimethylene oxide and i t s  homologs a r e  prepared from t h e  correspond- 
ing trimethylene chlorohydrins and alkali.  T h e  yield is higher when 
y-chloropropyl ace ta te  is subs t i tu ted  for the  chlorohydrin (44% vs. 
25%)." Pentamethylene oxide is obtained i n  almost  quant i ta t ive yield 
by t h e  action of  z inc  and water on Z,E-dibromopentane." 

Epoxy compounds containing another functional group a re  important 
materials in synthet ic  work. Among t h e s e  a re  3,4-epoxy-1-butene," 
2,3-epoxy- 1-propanol (gly cidol)," 2,3-epoxy- 1-chloropropane (epichloro- 
hydrin,'6"7 2,3-epoxy-1-methoxypropane and homo log^,'^ 2,3-epoxy- 
butanoic acid,'' and l-diethylamino-2,3-epoxypropane,45 a l l  of which are  
prepared by treating t h e  appropriate chlorohydrin with b a s e  under various 
conditions. 

T h e  condensat ion of ethyl  dichloroacetate  with a ldehydes  or ke tones  
aided by magnesium amalgam g ives  good y i e l d s  of a-chloro-P-hydroxy 
e s t e r s ,  which by treatment with sodium ethoxide a r e  converted quantita- 
tively t o  glycidic  e s t e r s  (cf. method 127)." 

C ,Hg ONa 
RCHO + CI-ICI,CO,C,II, - RCHOHCHCICO,C,H, -----+ 

then HIO 

T h e  ini t ia l  s t e p  c lose ly  resembles  the well-known Reformatsky reaction 
for t h e  formation of P-hydroxy e s t e r s  (cf. method 103). 

126. Action of  P e r a c i d s  on  Olefinic Compounds 

RCH = CH, + C6H, C0,H 4 RCH -CH, + C6Hs C0,H 

\ /  
0 

Olefinic compounds a r e  conveniently converted t o  epoxy compounds by 
treatment with a n  organic peracid, commonly perbenzoic a c i d  or peracet ic  
acid in  chloroform solut ion a t  0-5'. T h e  preparation of perbenzoic a c i d  
h a s  been described.14 Performic and monoperphthalic a c i d s  have  a l s o  
been success fu l ly  employed.s451 T h e  react ion 'has been  

T h e  rate  of react ion o f  peracet ic  a c i d  in  a c e t i c  a c i d  or perbenzoic ac id  
in chloroform solution i s  qui te  sens i t ive  t o  the  number and  kind of sub- 
s t i tuen ts  on t h e  e thy len ic  carbon atoms. In general ,  a lky l  and aryl groups 
enhance t h e  react ivi ty  whereas carboxyl, ~ a r b o a l k o x ~ l ,  and carbonyl 

groups s low or prevent t h e  reaction." .However, a ,&unsaturated carbonyl 
compounds respond t o  treatment with hydrogen peroxide in  b a s i c  medium. 
T h e  conversion of alkyl- and aryl-substituted e thy lenes  is i l lustrated by 
t h e  preparation of 1,l-dineopentylethylene oxide (88%)" and s ty rene  
oxide (75%)." 

T h e  epoxidation of high-molecular-weight olef ins  (C,-C,,) with per- 
a c e t i c  a c i d  i n  a c e t i c  ac id  solut ion is accompanied by appreciable  
quant i t ies  of hydroxy acetoxy compounds, which a r i s e  by react ion of 
t h e  ox ides  with t h e  s ~ l v e n t . ' ~  Similar treatment of t h e  high-molecular- 
weight unsaturated fat ty  e s t e r s  h a s  been more s u c ~ e s s f u l . ~ ~  

Perbenzoic acid in  chloroform solut ion r e a c t s  with propylvinylcarbinol 
t o  give a hydroxy epoxide, 1,2-epoxy-3-hydroxyhexane (50%)." 

Epoxy ketones a r e  prepared by t h e  ac t ion  of hydrogen peroxide on un- 
sa tura ted  ke tones  i n  a lka l ine  In t h i s  manner, dibenzoyl- 
e thylene ox ide  (86%) is prepared from both cis- and trans-dibenzoyl- 
ethylene.'6 

H l O l  
C6H5 COCH =CHCOC6H, + C6H5COCH-CHCOC6H5 

\ /  

Certain a , k o l e f i n i c  ni t r i les  with a l p h a  branching 

epoxyamides with hydrogen peroxide ins tead  of t h e  corresponding un- 
saturated amides  (cf. method 354). F o r  example, a-phenylcrotononitrile,  
CH,CH=C(C6Hs)CN, r e a c t s  with hydrogen peroxide in  t h e  p resence  of 
sodium carbonate and aqueous  ace tone  t o  g ive  a n  exce l len t  yield of 
a -phenyl -~methylg lyc idamide .  On t h e  other hand, the  double bond in 
ally1 cyanide is not a t tacked,  and t h e  unsaturated amide is obtained." 

127. Condensat ion of Carbonyl Compounds with Halogenated Compounds 

RPCOR"+ XCHR"%O,C,H, 
NaOC ,H 

R'R8'C - CR8"C0,C,H, t 

\ /  
0 

NaX + C,H5 OH 

T h e  condensat ion of aldehydes and ke tones  with ethyl  ch loroace ta te  
in  t h e  p resence  of sodium ethoxide or sodium amide produces a,,L%epoxy 
e s t e r s  (Darzens). T h e  scope ,  limitations, typical  experimental proce- 
dures ,  and examples have been given.""6v48 Briefly, a l ipha t ic  and 
aromatic ketones,  and aromatic a ldehydes  reac t  sat isfactor i ly ,  whereas  
al iphat ic  a ldehydes  g ive  poor yields. a-Halopropionic and a-halobutyric  
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es ters  have a lso  been employed. The a-chloro es ters  are preferable to 
the bromo or iodo esters. 

Other halogenated compounds have been substituted for the halo esters. 
Aromatic a-halo ketones have been condensed with aromatic aldehydes 
to  give a , p e p o x y  

RCHO + CICH,COR' 
C 'H, ONa 

RCH-CHCOR' 

For example, the reaction of benzaldehyde and w-chloroacetophenone 
yields a-phenyl-fi-benzoylethylene oxide (80%)" 

Substituted benzyl halides and aromatic aldehydes have a l so  been 
condensed t o  yield epoxy corn pound^.^' 

128. Dehydration of Glycols 

Treatment of polymethylene glycols with 50% sulfuric acid gives mix- 
tures of cyclic oxides. Thus, 1,C-hexanediol yields a mixture containing 
16% 1,G, 25% 1,5-, and 65% 1,4-oxidohexane. In other instances,  forma- 
tion of the 1,4-oxido derivatives i s  also favored4'  

By passing trans-1,4-cyclohexanediol over activated alumina at 275 O , 
a 73% yield of 1,4-epoxycyclohexane i s  ~ b t a i n e d . ' ~  

T A B L E  2 2  OXIDES 

TABLE 22. OXIDES 

Compound 

Ethylene oxide 
Propylene oxide 
Trimethylene oxide 
Epichlorohydrin 

Epibromohydrin 
2.3 Epoxy- 1-propanol 

(glycidol) 

1,2-Epoxybutane 
trrms2.f Epoxybutane 
cis-2.3 Epoxybutane 
2-Methyl- 1.2-epoxy- 

propane 
3,CEpoxy- 1-butene 
1.2-Epoxy-f methoxy- 

propane 
2,f Epoxybutanoic 

acid 

Pentamethylene 
oxide 

trmrr-2,fEpoxy- 
pentane 

cis-2,f Epoxy- 
pentane 

butane 
1.2-Epoxycyclo- 

2-Methyl-2,fepoxy- 

pentane 
1.2-Epoxy-f ethoxy- 

propane 

2,fDimethyl-2.3 
epoxybutane 

Cyclohexene oxide 

1,4-Epoxycyclo- 
hexane 

1 -2-Epoxy-f hydroxy- 
whexane 

l,>Dimethyl- 1,2- 
epoxycyclopentane 

Ethyl ,B,,Bdimethyl- 
glycidate 

I-Diethylamino-2,f 
epox ypropane 

Method 
Yield 
( %) 

For explanations and symbols see  pp. xi-xii. 
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TABLE 22 ( d n u e d )  

Compound Method t ~ h a p t e s e f .  B.p./mm., n D. (M.p.) 
(%) 

C, Styrene oxide 125 51 7' 88/23, 1.5331U 
126 75 7=  188-192 

Ethyl P-isopropyl- 125 68' 7" 
glyadate 

Erhyl &methyl-,& 127 56 7= 91-95/17 
ethylglycidate 

C9 bphenyl- 1.2-epoxy- 125 79 7' 75/11 
propane 

1,bEpoxy-f phenyl- 125 63 719 116/4 
propane 

1-Phenyl-2,f epoxy- 126 72 7" 115/5, 1.5441% 
1-propanol 

f Phenyl- 2.3 epoxy- 126 65 7" 127/2, (25) 

Epoxyptopiophenone 126 40 7 8  (53) 

C m  l,2-Epoxydecane 126 56 7% 89/10, 1.4288 
2-Methyl-f phenyl- 1, 125 20' 79  90/ 10 

bepoxypropine 
Ethyl a,P-epoxycydo- 125 97' 7" 

hexylideneacerate 

2-epoxy butane 
C, 1.1-Dineopentylethylene 126 88 7=  88/15, 1.4330 

oxide 
2-Methyl-5phenyl- 1, 125 41' 7' 116/4 

2-epoxypentane 
Ethyl ,&methyl-P 125 95' 7" 

phenylglycidate 
127 64 7" 111-114/3 

Cl, Ethyl &methyl-P- 127 56 7'' 148-152/12 
tolylglycidate 

C, a-Phenyl-,&benzoyl- 127 80 7% (90) 
ethylene oxide 

C Dibpwylethylene 126 86 7& (129) 
oxide 

C ,, Ethyl P,b-diphenyl- 127 30 7" 145D.45, (47) 
glyadate 

C, Methyl 9,l&epoxy- 126 45 7 n  (16.5) 
stearate 

For explanations and symbols see  pp. xi-xii. 
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In addition to the procedures given here, which are concerned with 
making the acetal or ketal group, acetals or ketals having a second func- 
tional group are made by adaptations of methods employed for the second 
group. Thus, olefinic and acetylenic acetals are made by the dehydro- 
halogenation of halo acetals (methods 20 and 43); ketene acetals by the 
elimination of halo and alkoxyl groups from bromoo'rthoesters (method 21); 
halo acetals by direct halogenation of acetals (method 66) and by the 
action of phosphorus tribromide on hydroxy acetals (method 52); hydroxy 
acetals by the action of Grignard reagents on keto and carbethoxy acetals 
(methods 89 and 91), by the hydrolysis of halo acetals (method 96), and 
by the oxidation of olefinic acetals (method 107); alkoxy acetals by in- 
teraction of sodium alkoxides and halo acetals (method 115); amino 
acetals by amination of halo acetals (methods 435 and 436); and cyano 
acetals by the action of alkali cyanides on halo acetals (method 378) and 
by the dehydration of amido acetals (method 384). 

129. Interaction of Alcohols and Carbonyl Compounds 

RCHO + 2R'OH + RCH(OR'), + H,O 
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In the formation of ace ta ls  from.carbony1 compounds and low-molecular- 
weight alcohols, an equilibrium is attained and the percentage conver- 
sion vaties widely, depending on the structures of the reactants. With 

normal aliphatic aldehydes and primary alcohols, the average conversion 
is 80% and with secondary alcohols 46%; the yields become progressively 
lower as branching on the a-carbon of the  aldehyde increases.' Hydrogen 
chloride and ferric chloride are the most efficient catalysts  in the pro- 
duction of m e t h ~ l a l ,  HC(OCH,),, from paraformaldehyde and methanol, 
and ferric chloride has  been used for the co~~lbinat ion  of higher alcohols 
with th is  aldehyde.4 On the other hand, calcium chloride is preferred for 
the preparation of diethyl acetal  s ince  it h a s  the  advantage of removing 
water from the system.' This  advantage is l e s s  marked with high- 
molecular-weight a l ~ o h o l s . ~  

In the  reaction of higher aldehydes employing hydrogen chloride or 
s t i l l  another catalyst, p-toluenesulfonic acid,4*' the water is conven- 
iently removed by an azeotropic distillation with benzene. The  vapors 
containing the ternary mixture of alcohol, benzene, and water are con- 
densed in a water separator,I4 and the benzene-alcohol mixture is auto- 
matically r e tuned  to the reaction f lask either directly8 or after drying 
with calcium ~ a r b i d e . ' ~  

The acid catalyst  must be quickly and completely neutralized before 
diluting the  reaction mixture with water; otherwise the reverse reaction 
o c c u ~ s . ~  A soluble base  such a s  alcoholic sodium ethoxide has  been 
recommended s ince  its action is quick and thorough.s0 

The preparation of ketals  of monohydric alcohols is not a s  readily 
accomplished. 

Dialkyl sulfites, which are prepared in good yields from thionyl chlo- 
ride and alcohols, react  with aldehydes in the presence of dry metha- 
nolic hydrochloric acid to form aceta ls  (80%);6 moreover, high-molecular- 
weight alcohols not only act a s  solvent but a l so  enter into the reaction 
to give higher acetals.' 

(CH,O),SO + 2ROH + (RO),SO + 2CH30H 

(RO),SO + R'CHO + R'CH(OR), + SO, 

Aromatic and aliphatic carbonyl compounds condense with glycols, 
such a s  ethylene, propylene, and trimethylene glycols, to  form cyclic 
acetals; p-toluenesulfonic acid has  proved to  be an excellent catalyst.8s10 
As before, the water formed in these  reactions i s  conveniently removed 
by an azeotropic distillation with benzene. Representative aldehydes 
and kecdnes that undergo this  acetalization include acetone, cyclo- 
hexanone, pinacolone, acetophenone, benzophenone, n-heptaldehyde, 
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furfural, benzaldehyde, and substituted benzaldehydes (70-90%). Sul- 
furic acid," phosphoric acid,lh30 and hydrogen chloride" have a lso  been 
used a s  ca ta lys ts  in th is  cyclization reaction. 

Unsaturated ace ta ls  can be  prepared by the acetalization of an un- 
saturated aldehyde. Acrolein diethyl acetal ,  CH, =CH - CH(OCH,CH,)a, 
is prepared in th is  manner and a l so  by the dehydrohalogenation of P-chlo- 
topropionaldehyde diethyl acetal  (cf. method 20); however, the former 
method h a s  definite advantages in that it involves a single-step process 
and g ives  a more stable p r~duc t . "~ '~  T h e  double bond may a l so  be in 
the  alcohol fragment, a s  in acetaldehyde diallyl acetal, 

Halo ace ta ls  have been prepared by the action of alcohol on halo 
ketonesM*" and halo aldehydes.'?'' An indirect application of this  re- 
action cons is ts  in the halogenation of en01 aceta tes  with subsequent re- 
action of the brominated products with alcohols to  g ive  the halo 
a~eta ls . '~ ' "  

The  reaction of carbonyl compounds with glycerin-a-monochlorohydrin, 
CH,OHCHOHCH,CI, leads  to cyclic halo a ~ e t a l s . ~ ~ ~ ~ ~ ' ~  Treatment of 
a,P-olefinic aldehydes with alcohols saturated with dry hydrogen chlo- 
ride causes  the addition of the halogen acid to  the  double bond a s  well 
a s  acetalization to  give P-halo a ~ e t a l s . " ~ ' ~  

Isopropylideneglycerol, a five-membered cyclic hydroxy ketal  from 
acetone and glycerol, is prepared in 90% yield by removing the  liberated 
water by an azeotropic distillation." In another procedure, calcium 
carbide is added directly t o  the reaction mixture a s  a desiccant.'' 
Acetaldehyde and benzaldehyde, unlike acetone, react with glycerol t o  
form a mixture of the five- and six-membered cyclic hydroxy acetals.'' 

Alkoxy aceta ls  are made by the acetalization of a,P-olefinic aldehydes 
in weakly acidic solutions; however, the  addition of alcohol to  the 
double bond may not go to  c~mple t ion . '~~"  

Other functional groups may be  present in ace ta ls  or ketals  prepared 
by these procedures. Some of these  groups are e.g., phenyl- 
glyoxal diethyi acetal; c a r b e t h o ~ ~ l , ~ ~ ' ~ ~  e.g., ethyl acetoacetate ethylene 
ketal; a m i n ~ , l " * ~ ~  e.g., p-diethylaminopropyl methyl ketone ethylene 
ketal; and e.g., m-nitrobentaldehyde dimethyl acetal. In 
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addition, amino ketals  can  be prepared by the hydrogenation of nitro 
ketals  over Raney nickel  catalyst^.^^*"^ 

130. Interaction of Orthoesters and Catbony1 Compounds 

RCHO + HC(OR9, -+ RCH(OR9, + HCO,R' 

Acetals and ketals  a r e  readily prepared from carbonyl compounds and 
orthoformic es ters  in alcohol solution in the presence of a catalyst  such 
a s  concentrated sulfuric acid, anhydrous hydrogen chloride, or ammonium 
chloride (60-95%).42 The reaction mixture must be neutralized before 
processing since the ace t a l s  are very sensit ive to  an acid hydrolysis. 
The  methyl and ethyl e s t e r s  of orthosilicic acid have been substituted 
for the ortboformic e s t e r s  with good results  (70-90%); however, s t eps  
must be taken t o  remove compounds of silicon.47p11a 

Acetals and ketals  having a second functional group are made by these  
procedures. For example, acrolein reacts  with ethyl orthoformate in 
alcohol solution with ammonium nitrate a s  catalyst  to give acrolein 
diethyl acetal (73%).48 On the other hand, it reacts  with ethyl ortho- 
si l icate with anhydrous hydrogen chloride a s  catalyst  to furnish & 
ethoxypropionaldehyde diethyl acetal (76%)."' p-Bromoacetophenone 
and ethyl orthoformate give the  corresponding ketal in 65% yield."' 
p-Methoxy- and m-amino-benzaldehyde diethyl ace ta ls  are made in a 
similar way in 96% and 85% yields, respectively.42s49 

a-Keto es ters  l ike ethyl a-keto-n-butyrate and ethyl a-keto-n-valerate 
are converted to their diethyl ke ta ls  in excellent yields by the action of 
orthoformic es ter  in ethanol-hydrochloric acid solution. If the reaction 
is carried out in the presence of ethylene glycol instead of ethanol and, 
in addition, the volatile products are removed by distillation, then the 
ethylene ketal is formed in almost quantitative yieldu4 (cf. method 133). 

131. Lnteraction of Grignard Reagents and Orthoformic Es ters  

RMgBr + HC(OC,H, ), -+ RCH(OC,H, ), + C,H5 OMgBr 

The preparation of ace ta ls  is effected by refluxing an ethereal solution 
of ethyl orthoformate and a Grignard reagent. Prolonged heating is 
necessary for maximum yields. The reaction mixtures are then carefully 
processed by the addition of i ce  and dilute acetic acid followed by ex- 
traction with ether and distillation to  give the acetal  (80-90%)." Further 
studies have been made in conjunction with the preparation of aldehydes 
(method 165).57 
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The procedure has  been extended to  the formation of difunctional 
compounds l ike f methyl-3-butenal diethyl acetal  (24%),54 I, 1-diethoxy- 
2-butyne (80%),"~ and &ethoxyethyl methyl ketone diethyl ketal (92%).6' 

A somewhat related reaction i s  the formation of diethyl ace ta ls  of 
a-formyl es ters  by treatment of a-bromo es t e r s  with zinc and ethyl ortho- 
formate (45-60%)."' 

I 
HC(OC,HS 1, 

132. Interaction of Alcohols and Vinyl Es ters  

Catalyat 
CH, = CHOCOCH, + 2ROH - CH,CH(OR), + CH,COOH 

Acetaldehyde aceta ls  are produced in 80-90% yields by the addition 
of primary aliphatic alcohols to  vinyl acetate in the presence of an 
acidic mercury-boron catalyst. In a similar manner, acetone ketals  are 
produced from isopropenyl acetate.69 

133. Interchange of Alkoxyl Groups 

Cyclic ace ta ls  have been prepared in 75-90% yields by an alcohol 
exchange between dimethyl or  diethyl ace ta ls  and a glycol. Thus, 
anhydrous glycerol and chloroacetal, on heating under a fractionating 
column to  remove the liberated alcohol, give chloroethylidene glycerol 
(88%)." The reaction, catalyzed by a small amount of concentrated sul- 
furic acid, has  been extended to  the formation of numerous halo cyclic 
acetals  71 and mixed a ~ e t a l s . ~ '  

134. Addition of Alcohols to Acetylenic Compounds 

Catalyst 
RC = CH + 2R'OH - RC(OR'),CH, 

Acetals are formed by the action of acetylene with alcohols in the 
presence of a catalyst  consisting of boron trifluoride and mercuric 
oxide." The method h a s  been extended to the condensation of sub- 
stituted acetylenes, RC E CH, with alcohols to give k e t a l ~ , ' " ~ ~  a s  
illustrated by the preparation of 2-hexanone dimethyl ketal (70%).59 The 
a c i d i ~  catalyst  must be carefully neutralized with powdered anhydrous 
potassium carbonate before contacting the acetal  or ketal with water. 
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For the reaction of higher straight-chain monohydric alcohols a small 
amount of trichloroacetic acid i s  added to the above ca ta ly~t .~ '  The 
addition of alcohols to vinylacetylene, HIC=CHC=CH, gives Palkoxy 
ketals, ROCH,CH,C(OR),CH3.a'~66 On the other hand, allylacetylenes, 
CH, =CHCH,CsCR, add only two molecules of methanol under the same 
conditions to yield 5,5-dimethoxy-I-alkenes, CH, =CHCH,CH,C(OCH3)2R.as 

Reaction of I-chloro- or I-bromo-heptyne, C, HllC=CX, in the same 
way gives the corresponding I-halo-2,2-dimethoxyheptanes, 
C,H,,C(OCH,),C&X, in 30 and 60% yield, respectively."' 

135. Addition of Alcohols to Dihydropyran 

The formation of cyclic acetals by the acid-catalyzed addition of 
hydroxy compounds (both aromatic and aliphatic) to dihydropyran takes 
place in excellent The simple procedure consists in allowing 
the two compounds to stand in the presence of a trace of concentrated 
hydrochloric acid for several hours, followed by neutralization and dis- 
tillation. The method i s  valuable for protecting the hydroxyl group in 
reactions that are conducted in basic media.74 

136. Interaction of Carbonyl Compounds and Epoxides 

/O\ n 
RCHO + CH, - CH, 3 RCHOCHaCH1 

Epoxides react with aldehydes and ketones in the presence of stannic 
chloride to form cyclic acetals of dihydric Undesirable 
side reactions are repressed by adding the reactants, dissolved in dry 
carbon tetrachloride, to a dilute solution of the catalyst in the same 
solvent at 20° to 30°. In most instances, the reaction i s  practically 
instantaneous and the mixture may be processed immediately by washing 
with aqueous alkali and distilling. The yields for the interaction of 
7-halopropylene oxides and typical carbonyl compounds, such as  propion- 
aldehyde, diethyl ketone, or benzophenone, are 69-70%. 

137. P - ~ e t o  Acetals by Interaction of P-Chlorovinyl Ketones and 
Methanolic Alkali 

CHIOH 
RCOCH = CHCl RCOCH,CH(OCH,), 

NaOH, -lo0 
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P - ~ e t o  dimethyl acetals are made in 80-90% yields by treating Pchlo-  
rovinyl alkyl ketones with a solution of sodium hydroxide in absolute 
methanol at -lo0. The starting materials are readily obtained by adding 
acyl chlorides to acetylene in cold carbon tetrachloride solution in 
the presence of aluminum chloride, viz., 

I 

HC -- CH + RCOCl -+ RCOCH = CHCl 

(R = methyl, isobutyl, isoamyl, and isohexyl, 60-80% yield)."7 
The P-keto acetals may be converted by the Grignard reaction to 

Phydroxy acetals, RR'COHCH,CH(OCH,),, in 55-70% yields (cf. 
method 89)."' 

138. Ketene Acetals by Pyrolysis of or tho ester^^^*"^ 

Heat 
C6H, CH,C(OR), - C6H, CH = C(OR), + ROH (cf. method 23) 

139. a-Hydroxy Ketals from a-Halo K e t ~ n e s ~ ' ' ~ ~  

RCOCH,X 
C,H, ONa * C,H, OC(R) AO\ - CH, C , H , O ~  RC(OC,H, ),C&OH 
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TABLE 23 ( c d i n u e d )  

A C E T A L S A N D K E T A L S  

TABLE 23. ACETALS 

Ch. 8 

Cn Compound Method Yidd (9.) Chapcerref- B.p./mm., nf,, (M.P.) 
-- 

Olefinic end Acecylenic Acetals  (continued) 
-- 

C 7  Propiolaldehyde diethyl 43 63 8 -  139 

acetal  
Acrol ein diethyl aceta l  20 75 8" 122-126 

129 30 8'' 45/24, 40/18, 92/32 
130 73 8' 120-125 

C,  a -Bu tmal  diethyl aceta l  20 41 8" 49/21 
1, l -Diethow-bbutyne 43 78 EU" 62/11, 1.43101" 

131 80 8 63/14, 1.43OOM 
Isobutenal diethyl ace ta l  20 64 8"' 137 
Acetaldehyde dinllyl 129 68 8 U  149 

acetal  

C p  a-Pentenal  diethyl aceta l  20 90 8" 165/750 
a-Isopmtenal  diethyl 20 62 8" 60/16 

acetal  
3 Methyl-3 butm- 1-a1 131 24 EW 155, 1.4098 

diethyl a c e t d  
PEthoxyacrolein  di- 20 80 8" 96/20 

ethyl a c e d  
C,, 1,l-Diethoxy-bheptyae 131 69 8" 98/ 10, 1.4320" 

% Compound Method (9.1 'Chapterref. B.p./mm., n b .  (M.p.) 
-- 

Acetals 

Mehylal  
Glycolformal 

Methyl ethyl formal 
Acetaldehyde dimethyl 

acetnl 
Acetaldehyde ethylene 

a c e d  

Methyl ~ p r o p y l  formal 
Acetaldehyde diethyl 

aceta l  (acetnl) 

Propionaldehyde diethyl 
aceta l  

n-Butyraldehyde diethyl 
aceta l  

Isobutyraldehyde di ethyl 
acetal 

n -Hepddehyde  ethylene 
aceta l  

Isovaleraldehyde diethyl 
aceta l  

Bmzaldehyde ethylene 
a c a a l  

Furh ra l  diethyl aceta l  

Ketene Acetals  
- - - 

Ketene dimethyl ace ta l  
Ketene diethyl aceta l  

n-Propylketene dimeth yl 
aceta l  

Merhylketene diethyl 
aceta l  

~ P r o p y k e t e n e  diethyl 
ace ta l  

Isopropylketene diethyl 
a c e t d  

P h e n y k e t m e  dimethyl 
aceta l  

n-Heptyketene dimethyl 
aceta l  

Phenylketene diethyl 
aceta l  

Thiophme 2-aldehyde di- 
ethyl acetal 

Malonaldehyde tetra- 
ethyl aceta l  

Cyclohexylacetaldehyde 
diethyl aceta l  

Benzaldehyde diethyl 
a c e d  

Glutaraldehy d e  tetra- 
ethyl diacetal 

Bmzaldehyde di-n- 
butyl aceta l  

Olefinic and Acetylenic Acetals  

C6  Gotonaldehyde dimethyl 130 50 8" 124- 128/760 
acetal  

Halo Acetals  

C 4  Chloroacetaldehyde di- 129 53 126. 1.4150 
methyl aceta l  

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 23 (continued) 

Cn Compound Method chapterref- B.p Jmm.. n b .  (Up.) (7%) 

Halo Acetals (continued) 

C Bmmoacetaldehyde di- 129 83 8 n  49/14. 1.4450 
methyl acetal 

Chloroaceddehy de 133 90 8" 1 5 5  159/740, 1.4465" 
ethylme acetal 

Bromoacetaldehyde 129 80 8 =  7V15  
ethylene acetal 133 90 8 n  175/745, 1.4805'' 

Di bromoacetaldehyde 133 90 8 " 104/9. 1.5351U 
ethylene acetal 

Methyl ,&chloroethyl .... 63 8'" 134-133 
formal 

C, ,&Bmmopropionaldehyde 129 65 8" 73/10 
ethylene acetal 

Acetaldehyde Y-chlore 136 45 8 76 158- 162/760 
propylme acetal 

Ethyl ,&chloroethyl .... 72 8'" 65/50 
formal 

C6 2 , s  fichlombutanal di- 129 40 8" 8690/13. 1.4498 
methyl acetal 

,&Bromo-n-butpaldehyde 
ethylme a c e d  

a-Bromoisobutyraldehyde 
dimethyl acetal 

Propioaaldehyde Y- 
chloropropylene acetal 

Chloroacetaldehyde di- 
ethyl acetal 

Bromoacetaldehyde di- 
ethyl acetal 

Iodoacetaldehyde di- 
ethyl acetal 

Dichloroacetaldehyde di- 66 37 8 lU  6G-7V12 
ethyl acetal 

fibromoncetaldehyde di- 21 50 8" 97/12, 1.4790" 
ethyl acetal 

C, ~Butyraldehyde Y-chlo- 136 61  8'6 78-85/14 
ropropylene acetal 

,&Chloropropionaldehyde 129 34 8" 58-62/8 
diethyl acetal 

a-Brom~~ropionaldehyde 70 8YU 79/20, 1.441 
diethyl a c e d  

diethyl acetal 
a-Bromoisobutyraldehyde 66 48 8 O9 100/40 

diahyl acetal 

TABLE 23. ACETALS 

TABLE 23 (continued) 

'n Compound Method ~ b p t e r r e f -  ~.p./mm., n b .  (M.P.) 
( 7%) 

Halo Acerals (continued) 
- 

C9 a-Bromo-n-heptaldehyde 129 78 8 a 119/17, 1.4520" 
dimethyl acetal 

a-Brome~valeraldehyde 80  8" 92-96/12 
diethyl acetal 

a-Bromoisovaleraldehyde 66 40 8" 93/14, 1.4438" 
diethyl acetal 66 75 891 89/13. 1.4489 

C m  a-Bromophenylacetal- 129 82 8" 135/10, 1.5395" 
dehyde dimethyl acetal 

a-Bromophenylacetal- 133 90 8'' 165/9, 1 . 5628~ ,  (39) 
dehyde ethylene acetal 

C, Diphenoxymethyl .... 64 8 m  132/0.7 
chloride 

Ether Acerals 

C7  ,&Methoxy*butyraldc 
hyde dimethyl aceral 

C8 Ethoxyacetaldehyde di- 
ethyl acetal 

C9 y-Methoxybutyraldehyde 
diethyl acetal 

,&Ethoxypropionaldc 
hyde diethyl acetal 

C, ,&Ethoxy-~but~ra ldc  
hyde diethyl acetal 

~Butoxyacetaldehyde 
diethyl aceral 

C, Phenoxyacetaldehyde 
diethyl acetal 

p-Methoxybenzaldehyde 
diethyl acetal 

C ,, ~Octoxyncetddehyde 
diethyl acetal 

Amino Acetals 
- 

C6 Aminoacetaldehyde di- 435 73  8"' 162, 9!+103/100. 1.4182'' 
ethyl acetal 

Formaldehyde Y -di- 4% 60 8" 68/21 
methylaminoprop ylene 
acetal 

C, ,&Aminopropionaldehyde 435 80 81M 71/10 
diethyl aceral 

Acetaldehyde Y-di- 436 47 8" 65/17 
methylaminopropylene 
acetal 

For explanations and symbols see pp. xi-xii. 
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TABLE 23 (continued) 

'42 Compound Method (%) ~ h a p t e + ~ -  B.p./m.. nf,, (Mop.) 

Amino Acetals (cantinued) 

C, Methylaminoacetaldehy& 436 40 8UU 165/735, 1.4140" 
diethyl acetal 

C, a-Methylaminopropion- 436 40 8"" 74/26, 1.415 
aldehyde diethyl 
acetal 

C9 mAminobenzaldehyde 425 78 8 119 124/4, l lY1.5  
dimethylacetal 

C mAminobenzaldehyde 130 85  8" 139/5 
diethyl acetal 

C, Phenylaminoacetaldehyde 4% 46 8'= 142/6 
diethyl acetal 

-- - - 

Other Substinrted Acdtals 

C, Glycolic aldehyde di- 96 95 8 " 167 
ethyl acetal 

Glyoxnl semidiethyl la 54 8' 43/13 
acetal 

,B-Keto-~butyraldehyde 137 8 1 8 117 38/2, 1 .4139~ 
dimethyl acetal 

Diethoxyacetamide 352 84 8- (78) 
Diethoxyacetonitrile 384 79 8- 70/20, 1.3937- 

C, DL-Glyceraldehyde di- 107 67  8 m  121/8 
ethyl acetal 

P,~Diethoxypropion- 352 80 8 m  (53) 
amide 

Cyanoacetaldehyde di- 378 14 8"' 99/14,1.4155 
ethyl acetal 384 81 8 w' 93/11, 1.4153- 

C, a-Hydroxyisobutyralde- 9 1  70 89' 75/19,1.4111a1 
hyde diethyl acetal 

Piperonylic acid 253 84  8"' (228) 
Methyl Initrophenyl 115 80 8 =  154/16, (30.5) 

formal 

C, Ethyl P.P-diethoxy- 129 35 8" 65/2, 1.4101a5 
propionate 

bis-(INiuoisobutoxy)- 129 95  8 O  (62) 
methane 

mNiuobenzaldehyde di- 129 85  8" 143/8 
methyl acetal 

C, Ethyl a-formylpropionate 131 44 8UL 10YiU 
diethyl acetal 

Cl, mNitrobenzaldehyde di- 129 78 8" 178/21 
ethyl acetal 

TABLE 24. KETALS 

TABLE 23 (continued) 

'n 
Compound (%) ~hapter 'e f .  B.p./m.. nb, (M.P.) 

Other Subs t i~ t ed  Acetals (cantinued) 

C, Cyclohexylglyoxal di- 129 80 8', 128/18 
ethyl acetal 

Phenylglyoxal diethyl 129 65 8 132/7. 1 . 5 0 1 2 ~  
acetal 

For explanations and symbols see pp. xi-xii. 

TABLE 24. KETALS 

% Compound (%) chapterref. B.p./mm., nb, (M.P.) 

Ketals 
- 
C, Acetone ethylene keml 132 49 869 92, 1.3980 
C, Methyl ethyl ketone 129 80 8' 116/763. 1.40% 

ethylene ketal 
Acetone trimethylene 129 80 8' 124/758, 1.4201 

keml 

C, Methyl ethyl ketone 129 8O 8 '  147/747. 1.4288 
trimethylene ketal 

Acetone diethyl ketal 130 75 8" 113-115 
132 55 8,' 113. 1.3891 

C, >Hexanone dimethyl 134 70 859 60/30, 1.4053a5 
ketal 

Methyl isoburyl ketone 129 84 8" 48/10, 1.4180 
ethylene ketal 

Pinacolone ethylene 129 81 8 m  139/760, 1.42% 
ketal 

Cyclohexaclone di- 129 79 65/22.5 
methyl ketal 130 89 8 4  56/13 

Cyclohexanone ethylene 129 85 8" 65/10, 1.4580a1 
ketal 

C, 2-Heptanone ethylene 134 75 859 181/745, 1 . 4 2 2 4 ~  
ketal 

Cyclopentanone di- 130 75 845 65/20 
ethyl ketal 

C, f Octanone dimethyl 134 55 86a 92/26, 1.4171" 
keml 

Cyclohexanone diethyl 130 83 8- 78-85/18 
ketal 

Acetophenone ethylene 129 8 5  8'' 110/30 
ketal 

For explanations and symbols see pp. xi-xii. 
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TABLE 24 (crmtimed) 

Method chaptelef.  B.p Jm.. nb .  (M.p.) 
(%) 

- 

Ketds  (continued) 

C U  Acetophenone dierhyl 130 75 8- 101/15. 1.4773 
ke td  

C, Benwphenone ethylene 129 81 8'O 168/10, 1.5901 
ketal 

Halo Ketals 

C5 Chloroacemne ethylene 129 93 8 64/18 
ketal 

Bromoacetone ethylene 129 60 8' 78/16 
ketal 

symDichloroacemne di- 129 85 8" (81.5) 
methyl ketal 

symDichloroacetone 129 85 8' 105/12 
ethylene ketal 

C6 1-Chlom-fbutanone 129 61  55/11, 1.4456" 
ethylene ketal 

1-Bromo- fbutanone 52 41 8 11s 76/11, 1.4685 
ethylene ketal 

Acetone y-chloro- 129 71 8" 162/757, 1.4487" 
propylene ketd  

C, Diethyl ketone Y- 136 69 Ern 85/2 
bromopropylene ketal 

Cs 1-Brom0-2,2-dimethoxy- 1 % 60 8 115 88/5, 1,4531" 
heptane 

C rn uCh1oroacetophenone 129 95 8 '  146/15 
ethylene ketal 

uBromoacetophenone 129 92 8' 14Ul1, (61) 
ethylene ketal 

C Acetophenone y-chlo- 129 71 8 140/15 
ropropylene ketal 

C I, pBmmoacetophmone 130 65 8113 155/24 
dierhyl ketal 

C Benzophenone y-chloro- 136 71 8" (44.5) 
propylene ketal 

Hydroxy Ketals 

C5  2,bDimethoxy-1-pmpanol 139 34 8-  65/12, 1.4216 
C6 DL-Isopropylident 129 90 8" 81/11, 1.4339" 

glycerol 
C7 3,fDimethoxy-2-methyl- 134 80 8" 81/50, 1.4248 

Ibutanol 139 77 8" 161/730, 1.4238 
C, 3,f Dimethoxy-2-methyl- 139 66 a n  82/100,1.4088 

2-pentanol 
Ce Cydohexylidenedycerol 129 64 816 135/15 

TABLE 24. KETALS 275 

TABLE 24 (continued) 

'n Compound Method 
Yidd chapterref. B.p./mm.. n b ,  (I4.p.) 

( %) 

Alkoxy Ketals 

C l  ,&Methoxyethylmethyl 134 56 8" 65/25. 1.4080' 
ketone dimethyl ketal 

P ~ e r h o x y e t h ~ l  methyl 134 65  8" 65/25, 1.4082'~ 
ketone dimethyl ketal 

C p  Methyl Pmethoxyethyl 134 57 8 a  69/30 
ketone diethyl ketal 

C y, PEthoxyethyl methyl 131 92 8" 75/9, 1.4148 
ketone diethyl ketal 134 55 8" 107-11 1/54, 1.4142 - 

Other Substituted Ketals 

C' Ethyl acetoacetate 129 87 8 101/18 
ethylene ketal 

Crn Ethyl a-ketmbutyrate 130 89 EU4 87/11. 1.4200~' 
dierhyl ketal 

P-Dierhylaminoethyl 129 70 8' 94/13 
methyl ketone 
ethylene keml 

C, Ethyl a-keto-*valerate 130 95 8 '" 98/11 
diethyl ketal 

CU 5.5-Dimerhoxy-5- 134 80 8" 118/16. 1.5011" 
phenyl- 1-pentene 

For explenarims and symbols see pp. xi-xii. 
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A large number of methods e x i s t  for the  preparation of a ldehydes ,  many 
of which a re  very limited in  their  scope .  T h e  more general  methods a re  
given here. An exce l len t  review on  the  s y n t h e s i s  of aromatic aldehydes 
h a s  been  published."" 

140. Formylation with Carbon Monoxide (Gattermann-Koch) 

AICl+2uCb 
ArH + C O  + HCl -------A ArCHO 

Aromatic aldehydes a r e  prepared by  pass ing  carbon monoxide and dry 
hydrogen chloride through a n  e ther  or nitrobenzene solut ion of a n  aro- 
matic hydrocarbon in t h e  presence of a ca ta lys t ,  commonly aluminum 
chloride with cuprous chloride a s  a carrier.  T h e  process  is i l lustrated 
by t h e  syn thes i s  of p-tolualdehyde (51%):" A convenient procedure for 
obtaining a n  equino la r  mixture of anhydrous hydrogen chloride and carbon 
monoxide c o n s i s t s  in  dropping chlorosulfonic acid on forn~ic  acid,a66 viz., 

IIS0,Cl + HCO'H 4 HCl + C O  + IIaS04 

In most reac t ions  a t  a tmospheric  pressure the  y ie lds  a re  about  30-50%, 
whereas a t  a high pressure of carbon monoxide the y ie lds  a r e  80-90%." 
T h i s  method is particularly su i tab le  for the react ion of mono- and poly- 
alkylbenzenes.  It is not appl icable  t o  phenols  and aromatic ethers .  T h e  
react ion h a s  been considered in detail.'4' 

141. Formylation with Cyano  Compounds (Gattermann) 

ArH + HCN + HCl ZnC1,\ ArCH t NH . HCI 5 ArCHO 

A mixture of  hydrogen cyanide  and hydrogen chloride in  t h e  presence 
of z inc  chloride r e a c t s  with a n  aromatic compound t o  form a n  aldimine 
hydrochloride which on hydrolysis  produces the corresponding aldehyde. 

METHODS 141-143 28 1 

T h e  react ion c a n  be  carr ied out more convenient ly and in equal ly good 
y ie lds  by subst i tut ing z inc  cyanide for the hydrogen cyanide (70-90%).~'@~' 
Po tass ium chloride impurity in  t h i s  ca ta lys t  is necessary." Sodium 
cyanide h a s  a l s o  been  used.'9 With t h e s e  modifications, phenols7'  and 
e thers  " a s  wel l  a s  hydrocarbons 74' "' " r e a c t  (cf. method 140). 

T x 142. Formylation with N-Methylformanilide 

ArH + C6H, N(CH,)CHO 5 ArCHO + C6H, NHCH, 

T h i s  s y n t h e s i s  is appl icab le  t o  many aromatic  compounds, including 
alkoxyl  or N,N-dimethylamino der iva t ives  of benzene'"' and naphthalene,'"' 
naphthols ,'06 indole,'"' and cer tain reac t ive  hydrocarbons, namely, anthra- 
cene,'"' 1,2-benzanthracene,'"' 3,4-benzpyrene,'"' and ~ ~ r e n e ! " ~  T h e  
high-melting polynuclear hydrocarbons reac t  b e s t  in the  presence of a 
so lven t ,  s u c h  a s  o-dichlorobenzene. For  example,  a solut ion of anthra- 
cene ,  methyl formanilide, and phosphorus oxychloride in o -d ich laobenzene  
is heated 1 hour a t  90-95O; then a n  aqueous  solut ion of sodium a c e t a t e  
is added,  and the  solvent  and N-methylaniline a r e  removed by  s team d is -  
ti l lation. T h e  so l id  res idue  is readi ly purified t o  yield Panthraldehyde 
(84%);"' With liquid or low-melting compounds a solvent  is not required. 

T h e  conversion of thiophene and i t s  der ivat ives to  the corresponding 
aldehydes b y  th i s  procedure h a s  been  ex tens ive ly  s tudied,  the yield of 
2-thiophenealdehyde being 76%.'60 

unsym-Diarylethylenes reac t  in a s imilar  manner t o  yield unsaturated 
a ldehydes ,  Ar,C= CHCHO.'"' 

Other c a t a l y s t s  and reagents  have been  used. In the p resence  of 
aluminum chloride, 2-naphthol r e a c t s  with formamide t o  give 2-naphthol- 
1-aldehyde (45%).'06 

143. Formylation of P h e n o l s  with Chloroform (Reimer-Tiemann) 

NaOH; 
C6H, OH + CHCI, + o- and p-HOC6H4CH0 

HCI 

Subst i tuted phenols reac t  with chloroform and a l k a l i  in  alcohol  solut ion 
t o  yield o-  and p-hydroxybenzaldehydes. T h e  y ie lds  a r e  often l e s s  than 
50%, the para- isomer predominating." T h e  procedure involves heating 
a n  a lka l ine  e thanol ic  solut ion of the reac tan ts  for severa l  hours, followed 
by acidif icat ion and isolat ion of the  product by s team dist i l la t ion or  
crystal l izat ion.  An example is the s y n t h e s i s  of 2-hydroxy-1-naphthalde- 
hyde (48%):" 
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144. Formylation of Phenols (or Amines) with Hexamine (Duff) 

C ~ H S  OH + (CHa)bN4 + 0-HOC6H4CH+ NCH, + o - H O C b ~ C H O  

This  reaction i s  readily accomplished by heating the phenolic com- 
pound a t  150-160' for 10 to  30  minutes with a mixture of glycerol, boric 
acid, and hexamine. The phenolic aldehyde i s  liberated by acidification 
and steam distillation. By this general procedure, sixteen phenolic alde- 
hydes have been prepared. Although the yields are only 15-20%, the 
method requires little time and furnishes a reasonably pure product which 
i s  the ortho isomerg6 (cf. method 143). 

The method has  been extended to  the formation of pdialkylamino- 
benzaldehydes in 3 5 4 5 %  yields?g 

145. Hydroformylation of Unsaturated Compounds 

Pressure RCH= CH, + CO + Hz - RCH,CH,CHO 
Catalyst 

Addition of carbon monoxide and hydrogen to an alkene linkage in the 
presence of cobalt catalysts  gives aldehydes in a n  average yield of 

The reactions may be carried out in the usual  hydrogenation 
apparatus. The poisonous properties of carbon monoxide and cobalt 
carbonyls call  for considerable care. Compounds made by hydroformyla- 
tion include cyclopentanealdehyde from cyclopentene (65%), P-carbethoxy- 
propionaldehyde from ethyl acrylate (74%), and ethyl P-formylbutyrate 
from ethyl crotonate (71%). 

146. Formylation of Ketones with Formic Esters  

Acylation of ketones having reactive methylene groups by higher es ters  
has been shown to  be an  excellent method for preparing Pd ike tones  
(method 203). If the acylating ester  i s  an  alkyl formate, then a keto 
aldehyde i s  formed (50-80%).'71-174 The formylation i s  simply brought 
about by adding sodium metal to  a mixture of the ketone and ester  in 
anhydrous ether. Oftentimes, the product i s  isolated a s  the sodium sa l t  
of the hydroxymethylene form. The point of at tack i s  unpredictable in 
unsymmetrical ketones, CH3COCH,R.'73s 174 

147. Interaction of Halomethyl Compounds and Hexamine (Sommelet) 

(CHa bN4 ArCH,X - [A~CH, (CK &N,]'cI- H'9 ArCHO 

METHODS 147-149 283 

Substituted benzyl halides react with hexamine in boiling alcohol t o  
form addition compounds which decompose on heating with water to  give 
aldehydes:5'" An excellent discussion of the reaction has  been pre- 

sented, and improvements in the conditions have been 1nade.1~' Aqueous 
acetic acid (1 : 1)  i s  recommended a s  solvent for the entire process, and 
there i s  no need to  isolate the intermediate sa l t .  The procedure i s  il- 
lustrated by the synthesis  of l-naphthaldehyde (82%):'' In other in- 
s tances ,  the addition compound i s  first prepared in chloroform solution, 
isolated, and then decomposed with water or dilute acetic acid, as in the 
synthesis  of 2-thiophenaldehyde (53%):' 

The  reaction i s  applicable to  the formation of m- and p-dialdehydes, 
but not the ortho isomer, from the bis-(chlor~meth~l>benzenes,"~ as well 
a s  aldehyde es ters ,  e.g., p-carbomethoxybenzaldehyde~' and halo alde- 
hydes, e .g., 1-bromo-2-na~hthaldeh~de:~ 

A somewhat similar reaction i s  the conversion of substituted benzyl- 
amines t o  the corresponding benzaldehydes by treating their formaldehyde 
condensation product with h e ~ a m i n e . ' ~  

148. Interaction of Benzyl Halides and Sodium 2-Propanenitronate 

ArCH,Br + [(cH,),cNo,]- ~ a '  + ArCHO + (CH3XCaNOH + NaBr 

A general procedure for the conversion of p-substituted benzyl halides 
to  the corresponding benzaldehydes cons is ts  in treating the halide with 
sodium 2-propanenitronate suspended in absolute ethanol. The resulting 
instable nitronic es ter  breaks down into acetoxime and the carbonyl com- 
pound. The yields are in the range 68-77% for benzaldehydes having a 

methyl, bromo, carbomethoxyl, cyano, or uifluoromethyl group in the para 
position. However, p-nitrobenzyl chloride undergoes C-alkylat ion to  fur- 
nish the stable substituted nitropropane, p-N0,C6H,C&C(CH3X~0z?61 
The reaction has been extended to  the synthesis  of o-tolualdehyde 
(73% ).162 

149. Decomposition of Arylsulfonohydrazides 

C;I~SO cl Ne2C0, 
ArCONHNHz 2 ArCONHNHSOzC6HS + ArCHO 

Aromatic and heterocyclic aldehydes have been prepared from hydra- 
zides,  via the arylsulfonyl derivative, in 50-65%123 and 20-40% yields,'z4 
respectively; the method fails in the aliphatic series.  The hydrazide i s  
uea ted  with benzenesulfonyl chloride in pyridine, and the subsequent 
product i s  isolated by precipitation with water and decomposed by heat- 
ing with sodium carbonate in ethylene glycol or glycerol a t  160'. 
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Benzhydrazides in small quantities have been oxidized t o  the alde- 
hydes with potassium ferricyanide in excess  ammonium hydroxide (30- 
60%).',' 

150. Cleavage of Schiff Bases  

ArCH=NR + H,O -+ ArCHO + RNH, 

Several preparations of aldehydes have been developed that involve 
the formation and cleavage of Schiff bases.  The  condensation of ani- 
lines or phenols with formaldehyde and p-nitrosodimethylaniline leads 
to  such intermediates. These  substances can be isolated and converted 
by an  exchange reaction with formaldehyde in ace t ic  acid to  the cor- 
responding aldehydes. P-Dimethylaminobenzaldehyde i s  made in this 
manner in 5% yield.'87 

When a methyl group on an aromatic nucleus i s  activated by a nitro 
group in the ortho or para position, condensation with nitrosobenzenes 
can occur to  give a Schiff base; subsequent hydrolysis furnishes the 
aldehyde. An example is the synthesis  of 2,46initrobenzaldehyde 
(32%).'86 

(NO, XC6H3CH0 

Condensat ion  of diethylaniline and formaldehyde in the presence of 
sulfanilic acid gives the structure 

which can be isolated and oxidized with potassium dichromate to  the 
benzylidene compound; the latter on alkaline hydrolysis gives p-diethyl- 
aminobenzaldehyde in 50% yield.188 

h i n o  chlorides, which are readily prepared by the action of phosphorus 
pentachloride on anil ides,  are reduced by anhydrous stannous chloride t o  
imino intermediates which on hydrolysis yield aromatic aldehydes (50- 
7%); applications in the aliphatic ser ies  are  poorly d e s ~ r i b e d . ' ~ ~ " ~  

METHODS 150-1 52 

C 1 H 

PC4 I SnCb I H 0 
RCONHC6Hs 4 RC- NC6H, + RC=NC6Hs -& RCHO 

HC I 

In most cases ,  the crude imino chloride i s  treated directly by adding it 
t o  a solution of stannous chloride saturated with dry hydrogen chloride; 
the aldehyde i s  then liberated by steam distillation. The  procedure i s  
illustrated by the synthesis  of o-tolualdehyde (70%).'z8 h i n o  chlorides 
have a l so  been prepared by treatment of ketoximes with phosphorus penta- 
chloride, viz., RR'C= NOH -+ RCCI= NR', in preparations of benzalde- 
hyde and p-chlorobenzaldehyde (70-85%):' As in the Stephen reaction 
(method 164), groups ortho t o  the imino chloride group hinder the reaction. 

Schiff bases  from other sources furnish aldehydes (methods 166 and 
170). 

I; 151. Hydrolysis of gem-Dihalides - ArCHO ArCH, 5 ArCHX, 

Toluenes substituted with chloro, bromo, fluoro, or cyano groups can 
be dichlorinated or dibrominated and the resulting benzal halides hydro- 
lyzed directly t o  the corresponding aldehydes in the presence of calcium 
carbonate or sulfuric acid (50-70%).1's~1'6 O- and p-Xylene have been 
converted to  the corresponding dialdehydes.1'9'"0 In the halogenation of 
certain cresols,  the carbonate or ace ta te  es ters  are used in order to  pre- 

I vent nuclear ha l~~enat ion ."""~ 

I 
Aliphatic gem-dihalides require more vigorous conditions for hydroly- 

s i s  than do  the benzal halides. Examples are  found in the treatment of 
certain 1,l-dichloroalkanes, like 1 ,l-dichloro-3-methylbutane and 1 , l -  
dichloro-3,3dimethylbutane, with water and, in some cases ,  magnesium 

1 oxide for 4 hours a t  200-300'. The  aldehydes are formed in 6 0 4 %  yields 
(cf. method 222). 

152. Interaction of Pyridinium Salts  and pNitrosodimethylaniline 

Compounds containing reactive halogens (ArCH==CHCbX or 
ArCOCH,X) readily form pyridinium sa l t s .  Rearrangement of these prod- 



286 ALDEHYDES a. 9 

ucts with p-nitrosodimethylaniline to  a nitrone followed by hydrolysis 
with acid gives a,P-unsaturated aldehydes or substituted g l y ~ x a l s . ' ' ~  
Substituted benzyl halides, ArCH,X, undergo the ser ies  of reactions to 
give the corresponding aldehydes, ArCHO. Terephthaldehyde is  made in 
this way in a 70% over-all yield.''P 

153. Hydrolysis of 2-Alkoxy-3,4dihydro-1-2-pyrans 

Hydrolysis of 2-alkoxy-3,4-dihydro-l,2-pyrans with dilute hydrochloric 
acid furnishes a convenient synthesis  of glutaraldehyde (R= H) and orher 
1,5-dicarbonyl compounds. The starting materials are obtained by the 
1,4addit ion of vinyl ethers t o  a,P-unsaturated carbonyl compounds. The 
wide selection of diene systems includes acrolein, crotonaldehyde, meth- 
acrolein, cinnamaldehyde, P-furylacrolein, methyl vinyl ketone, benzal- 
acetone, and benzalacetophenone. Ethyl vinyl ether i s  preferred a s  the 
dienophile. The  yields in the cyclization s t ep  are in the range of 25-87% 
and in the subsequent hydrolysis 'step, 57-85%:" 

154. Hydrolysis of Aldehyde Derivatives 

RCH-NOH + C6HSCH0 -4 RCHO + C6H5CHs  NOH 

Oftentimes, aldehydes are isolated and purified a s  their derivatives, 
and their regeneration i s  then of importance (cf. method 195). The fission 
of the oxime, semicarbazone, hydrazone, etc., may be accomplished by 
acid hydrolysis or by an  exchange of the nitrogenous moiety with another 
carbonyl compound, such a s  benzaldehyde, for which i t  has a greater 
affinity. 

Semicarbazones of volatile aldehydes may be hydrolyzed by steam dis- 
tillation in the presence of phthalic anhydride."07 A synthetic route for 
aromatic aldehydes involves the hydrolysis of semicarbazones which have 
been prepared by the interaction of dithio ac ids  and semicarbazide hydro- 
chloride in pyridine solution."* " 

ArCSSH - %NNHC 0NH2 
ArCH = NNHCONH, H'O- ArCflO 

METHODS 154-155 287 

The hydrolysis of succinaldehyde dioxime must be carried out with 
care because of the instability of the dialdehyde. This s t ep  has been 
accomplished in 60% yield by treating the dioxime with ethyl nitrite in 
dioxane or with sodium nitrite in dilute sulfuric acid."' 

The adducts formed from amine bisulfites and aldehydes are readily 
purified by crystallization from organic solvents and, like the sodium bi- 
sulfite addition products, are readily decomposed by the action of dilute 
acids .'" 

Acetals are readily hydrolyzed by dilute mineral acids;  however, the 
yields are not always satisfactory. These  subs tances  are not affected 
by alkaline reagents. The sensit ive dl-glyceraldehyde aceta l  i s  con- 
verted to  i t s  aldehyde in 80% yield by the action of dilute sulfuric acid 
under mild conditions?" Other procedures are illustrated by the treat- 
ment of acetals  which are formed by the interaction of Grignard reagents 
and orthoformic es ters  (method 165). 

Olefinic aldehydes have been prepared by bromination of the diethyl- 
ace ta l  derivatives followed by dehydrobromination (cf. Acetals and 
Ketals); the unsaturated aldehydes are readily liberated by mild acid 
treatment of their a ~ e t a l s . ~  Alkoxy aldehydes have a l s o  been synthesized 
through aceta l  intermediates, which in turn are prepared from sodium 
alkoxides and bromoacetals."' 

a-Hydmxy aldehydes have been prepared by hydrolysis of the oximes 
resulting from the action of Grignard reagents on certain isonitroso 
ketones .I7' 

155. Oxidation of Aromatic Side Chains 

CrO, 
ArCH, - ArCH(OCOCH,), % ArCHO 

(CH,COhO %o 

Oxidation of the methyl group in substituted toluenes with chromium 
trioxide in ace t ic  anhydride forms crystalline diacetates,  which are 
stable t o  further oxidation. These  compounds are  readily hydrolyzed in 
acid solution t o  the corresponding aldehydes (40-50% over-all)."*' "O 

The procedure i s  generally applicable t o  the preparation of benzaldehydes 
carrying nitro, halo, and cyano substituents. 

Other oxidative procedures have been described. The heterogeneous 
liquid-phase oxidation of toluene with manganese dioxide in 65% sulfuric 
acid i s  important in the production of benzaldehyde and salicylaldehyde. 
An example of i t s  application in the laboratory i s  found in the preparation 
of 3,5-dimethylbenzaldehyde (48%) from m e ~ i t ~ l e n e . " ~  In a comparison 
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of other oxidants, chromyl chloride i s  outstanding; however, it must be 
employed with care. The hydrocarbon is added slowly t o  a chloroform 
solution of this reagent, and the addition complex i s  carefully decomposed 
with dilute sulfurous acid to give the aldehyde. Yields range up to  80% 
(Etard r e a c t i ~ n ) ? ' ~  The internal oxidation-reduction of nitrotoluenes can 
be brought about by refluxing with alkaline sodium polysulfide, e.g., p- 
aminobenzaldehyde from p-nitrotoluene (75%).'56 

Benzyl halides have been oxidized directly with selenium dioxidev1 
or copper nitrate."' 

156. Oxidation of Olefinic Compounds 

4' RCH=CH, RCHO + CH'O 
%O 

Aldehydes result from the decomposition of certain ozonides. The 
technique is similar to  that used for the preparation of ketones (method 
182). High yields are obtained by catalytic hydrogenation of the 
o ~ o n i d e s . " ~  This  s t e p  coupled with Grignard and dehydration reactions 
has  been used a s  a procedure for the degradation of an  aldehyde to i t s  
next lower homolog, viz., 

c6YMG' -%o 4. RCH'CHO ----A RCH,CHOHC6Hs ---* RCH= CHC6H, i RCHO 
Y O  % 

Dialdehydes result when cyclic olefins are ozonized."~mproved 
directions for the ozonolysis of unsaturated es ters  in glacial  acetic acid 
to yield aldehyde esters have been given!16 The same procedure i s  ap- 
plied to  the preparation of aliphatic aldehydes containing halo,"7 
hydroxyl,"8 and ether groups.1'' 

Oxidation of olefinic s ide  chains with ozone t o  form aromatic aldehydes 
gives erratic results  and therefore other oxidants are employed!'' For 
this purpose, the most widely used oxidant i s  nitrobenzene in dilute 
alkali; the mixture i s  allowed to react a t  moderate temperatures for several  
hours. Thus,  hydroxy benzaldehydes may be obtained from propenyl- 
phenols, which in turn are readily prepared by the Claisen rearrangement 
of O a l k y l  ethers (method 100). Sodium dichromate in the presence of 
sulfanilic acid, which removes the aldehyde a s  it i s  formed, gives yields 
as high as 86% in the oxidation of isoeugenol and i s ~ s a f r o l e . ' ~ ~  

157. Oxidation of Methyl Ketones by Selenium Dioxide 

ArCOCH, % ArCOCHO 

METHODS 157-1 58 289 

The preparation of certain substituted benzils by treatment of aryl 
benzyl ketones with selenium dioxide is discussed later (method 183). If 
a methyl ketone i s  treated under these conditions, the methyl group is 
oxidized t o  an aldehyde group.'76 The reaction is carried out by reflwing 
a mixture of selenium dioxide and ketone in dioxane or alcohol for several 
hours. Preparative details are found in the procedures for phenylglyoxal 
(72%)177 and glyoxal (74%)t7' the latter i s  isolated a s  i t s  bisulfite 
derivative. 

4-Methylquinoline and 1-methylisoquinoline, which have reactive methyl 
groups, are converted t o  quinoline-4aldehyde (61%) and isoquinaldehyde 
(42%), respectively, by means of this ~ e a ~ e n t ! ' ~ " ~  

158. Oxidation of Primary Alcohols 

R C b O H  'O'- RCHO 

Controlled oxidation of a primary alcohol with a mixture of sulfuric and 
chromic acids gives the corresponding aldehyde. In the preparation of 
low-molecular-weight aldehydes, an aqueous medium i s  used and the 
product is removed by steam distillation, thus preventing further oxida- 
tion. This  procedure is well illustrated by the preparation of propion- 
aldehyde (49%)' and isovaleralde hyde (60%): Certain benzyl alcohols 
are dissolved in aqueous acetic acid for chromic acid ~ x i d a t i o n . ~  OIe- 
/inic aldehydes are  produced by a rapid low-temperature (5-20') oxidative 
procedure, as illustrated by the preparation of 2-heptenal (75%) from 2- 
heptenol!' Aldehyde ethers such a s  methoxyacetaldehyde and ethoxy- 
acetaldehyde have been prepared by the chromic acid oxidation of the 
corresponding alcohols in 17% and 10% yields, respectively." 

Aldehydes have been formed from alcohols by the use of other oxidizing 
agents. Dihydroxyacetone has been oxidized with excess  cupric acetate 
to  hydroxypyruvic aldehyde in 87% yield." p-Cyanobenzyl alcohol treated 
a t  0' with a chloroform solution of nitrogen tetroxide gives practically 
pure p-cyanobenzaldehyde (90%).'3 Aromatic alcohols containing nitro 
groups have been oxidized t o  the corresponding nitro aldehydes with con- 
centrated nitric acid, e.g., o- and p-nitrobenzaldehydes (80-85%).'4 
m-Nitrobenzenesulfonic acid in basic media has been used for the oxida- 
tion of substituted benzyl alcohols, most satisfactorily for the water- 
soluble phenolic benzyl alcohols:17 Selenium dioxide, or l e s s  effectively 
tellurium dioxide, oxidizes benzyl alcohol slowly t o  benzaldehyde."' 

The Oppenauer reaction has been applied in the conversion of aliphatic 
and aromatic alcohols.'6v The alcohol, a high-boiling aldehyde (such a s  
cinnamaldehyde), and aluminum alkoxide catalyst  are heated, and the 
volatile aldehyde is removed a s  it i s  formed. 
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Alumlnum 
RCH,OH + R'CHO ---+ RCHOT + R'CH,OH 

alkoxlde 

In this  manner, benzaldehyde and n-butyraldehyde have been obtained in 
95% and 72% yields, respectively.'' This  procedure i s  employed more 
extensively in the preparation of ketones (method 180). 

159. Dehydrogenation of Primary Alcohols 

Catalyat 
RCH,OH - RCHO + Ha 

Catalytic dehydrogenation of primary alcohols in the vapor phase has 
been studied in detail?'6 Formerly, a copper catalyst3' was used; how- 
ever, i t  has  been found that this  catalyst  i s  eas i ly  poisoned.'s A copper 
chromite catalyst  a t  300-34r0 and atmospheric pressure gives improved 
and consistent yields (50-70%) and retains i t s  activity over long 
periods .". '4. '8 Side reactions, such a s  dehydration, condensation, and 

es ter  formation, do.not  occur appreciably under these conditions." 
Preparation of the catalyst  and the apparatus have been de~c r ibed . '~ '~ '  " 

Catalytic dehydrogenation of alcohols has been conducted with yields 
a s  high a s  90% by passing the vapor mixed with air  over si lver or copper- 
s ~ l v e r  catalysts."1 's'* '" A three-step synthesis  of DL-glyceraldehyde 
from glycerol cons is ts  in protecting two of the hydroxyl groups by ketal 
formation with acetone, followed by air oxidation over a si lver catalyst 
and then hydrolysis of the ketal (53% ove ra l l  yield)?a' Methacrolein, 
H,C=C(CH,)CHO, i s  made by the air  oxidation of methallyl alcohol 
(95%):" A laboratory-scale model for the air  oxidation of teuahydro- 
furfuryl alcohol over a silver gauze catalyst  has been described."' 

Liquid-phase dehydrogenation i s  carried out under a pressure of ethyl- 
ene,  which serves a s  a hydrogen acceptor." 

Ethoxyacetaldehyde, an aldehyde ether, i s  readily prepared in 35% 
yield from Cellosolve by the vapor-phase dehydrogenation technique.'6 

Similar techniques are employed for the catalytic dehydrogenation of 
secondary alcohols (method 181). 

160. Oxidative Cleavage of Glycols 

HI0 or RCHOHCHOHR'.A RCHO + R'cHO 
P ~ ( O O C C H S ) ~  

Certain P-amino alcohols and glycols and their dehydroderivatives, 
i.e., a-ketols, a-ketals ,  and diketones, are readily oxidized with periodic 
acid or lead tetraacetate to  aldehydes. A review of the method has been 
made ."' 

METHODS 160-162 29 1 

The reactions are usually carried out a t  a moderate temperature, using 
water a s  the solvent for periodic acid and organic solvents for lead tetra- 
acetate;  however, both reagents can be  used in aqueous solvents. Addi- 
tion of the oxidizing reagent t o  the glycol instead of the reverse gives an 
improved yield.'6P The yields are  high, and the method has found exten- 
s ive  application in both analytical and preparative procedures. It has  
been applied in the preparation of aldehydes containing a double bond or 
hydroxyl, carboxyl, ester ,  or ether groups.'47"4'"6s Oxidation of 1,2- 
cyclohexanediols with lead tetraacetate leads t o  substituted adipic alde- 
hydes in 68% yields?4s 

Several small-scale synthetic routes for obtaining intermediates for 
cleavage t o  aldehydes by lead tetraacetate have been proposed.'4s' '46 

CHl- CHCYBr 
(a) R M ~ X  - RCH,CH= CH, BIZ;. RCH,CHOHCH,OH 9 

8070 KOAc 

CHlNl HOAc H + 
( b )  RCOCI h RCOCHN, ----+ RCOCH,OAc -+ 

9Wo 90% 8070 

RCOCH'OH 2 RCHO 

161. Selective Reduction of Olefinic Aldehydes 

RCH = CHCHO Y RC&CH,CHO 
Catalyst 

i 

Aldehydes may be prepared by se.lective hydrogenation of substituted 
- - 

acroleins in much the same manner a s  the selective reduction of unsatu- 
rated ketones (method 196); however, there are few examples adequately 
described .9'-95. '00' ''6 

162. Reduction of Acyl Chlorides (Rosenmund) 

RCOCl H' RCHO + HCI 
Catalyst 

Selective catalytic hydrogenation of an acyl  chloride to an  aldehyde 
can be accomplished with varying yields; the method has  been reviewed.'' 
The  preferred catalyst  i s  palladium suspended on bariwn sulfate. The  
reaction may be carried out in the liquid phase by bubbling hydrogen. 
through a hot solution of the acyl chloride in xylene or teual in  in which 
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the catalyst  is suspended, or in the vapor phase by passing the acyl  
chloride over palladinized asbes tos  a t  about In the former pro- 
cedure, the reduction has  been arrested a t  the aldehyde s tage  by careful 
control of the temperature (lowest point a t  which hydrogen chloride is 
evolved) or by use of a catalyst  "regulator" which inactivates the cata- 
lyst  for reduction of the aldehyde. Typical reductions with and without 
catalyst  poisons are found in the preparation of P -naph tha~deh~de  (81%)s6 
and 2,4,6-trimethylbenzaldehyde (80%):' respectively. The reaction is 
applicable to  acyl chlorides carrying halogen, nitro, or e s t e r  groups,6s' 67' "' 
and even a double bond although this may migrate during the reaction.66 
Hydroxyl groups should be  protected by acetylation. 

Phosphorus- or sulfurcontaining compounds formed in the preparation 
of the acyl  chlorides hinder the reaction and therefore must be removed?" 

163. Reduction of Thiol Es t e r s  

RCOSR' 3 RCHO + H,S + R'H 
Ni 

The reduction of a carboxyl group to an aldehyde group can be effected 
by a reductive desulfurization of the thiol es ter  with Raney nickel. The  
thiol es ters  are prepared by the reaction of the acyl  chloride with an  ex- 
c e s s  of ethyl mercaptan in pyridine or by reaction with lead mercaptide in 
dry ether. The hydrogenolysis i s  then carried out by refluxing an  ethanolic 
solution of the thiol e s t e r  with Raney nickel for 6 hours. By this new 
synthesis, propionaldehyde and benzaldehyde have been prepared in 73% 
and 62% yields, respectively .'60 

164. Reduction of Nitriles (Stephen) 

HCI SnCll 
RCN - RC(Cl)== NH. HCI 4 (RCH=NHXSnCl, % RCHO 

Nitriles may be converted to  their imino chloride sa l t s  by the action of 
dry hydrogen chloride in ether. These intermediates are reduced by an- 
hydrous stannous chloride to stannic aldimoniurn chlorides, which on 
hydrolysis yield aldehydes. Chloroform may be added to facilitate the 
solution of the nitrile. The  quality of the stannous chloride catalyst  is 
important; the preparation of a n  active and dependable form has been 
described:' The yields are usually high for many aromatic nitriles, a s  in 
the preparation of P-naphthaldehyde (95%).'9 The reaction has a l so  beer. 
employed in the heterocyclic ser ies ,  a s  in the synthesis  of 4-methyl- 
thiazole-5aldehyde (40%):' The reduction of the cyano group in the 
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presence of an  ester  group leads to  a n  aldehyde ester, e.g., methyl cyano- 
benzoate t o  methyl p-formylbenzoate (90%)." 

However, it has  been shown that the method may not be a s  general a s  
originally supposed, especial ly in the preparation of the aliphatic alde- 
h y d e ~ : ' * ~ ~ ' ~ '  Also, groups ortho to  the nitrile group hinder the reaction. 

Instead of reducing the imino chloride with stannous chloride, a s  indi- 
cated above, sodium amalgam may be used in the presence of phenyl- 
hydrazine. The resulting pheny lhydrazone is then hydrolyzed.'4 

165. Interaction of Grignard Reagents and Orthoformic Es ters  

RMgX + HC(K2Hs),  4 RCH(K2HsX H+. RCHO 

The reaction of ethyl orthoformate and Grignard reagents gives ace ta ls  
which are hydrolyzed readily by dilute acid to  aldehydes. This  method 
has been employed extensively for the preparation of aliphatic and aro- 
matic aldehydes. A study of the optimum conditions has been made, using 
the conversion of bromobenzene to  benzaldehyde a s  a model synthesis  
(90%)."*" Comparative studies of various aldehyde syntheses that em- 
ploy Grignard reagents (methods 154, 166, and 167) show that this  one is 
the most practicalf6*" however, the possibility of a sudden exothermic 
reaction limits the s i ze  of the run. Longer reaction times a t  room or re- 
flux temperature help overcome this  Examples of the better 
preparative procedures are found in those for n-hexaldehyde (5 W)," 
p-tolualdehyde (73%),'=and phenanthrene-Faldehyde (42%)?24 
N,N-Dialkylf~rmamide'~"' or ethyl formatea' and Grignard reagents have 

been used with some success ;  however, the former reaction is complicated 
and frequently produces tertiary amines a s  the chief product, and the lat- 
teh forms secondary alcohols by further reaction of the aldehyde. Sub- 
stituted benzaldehydes have been prepared from aryllithium compounds 
and N-methylformanilide in good yields!22 

166. Interaction of Grignard Reagents and Ethoxymethyleneaniline 

Aromatic Grignard reagents react smoothly with ethoxymethyleneaniline 
to give imines which are easi ly hydrolyzed to  aldehydes. The  reaction 
is e a s y  to  cary out, is adaptable to  large-scale preparations, and gives 
high yields (65-82%)." Its use  i s  limited by the availability of the 
ethoxymethyleneaniline, which may be prepared in a pure condition from 
the dry silver s a l t  of formanilide and ethyl iodide. 
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167. Decomposition of Glycol Monoalkyl Ethers 

A large number of symmetrical diaryl- or dialkyl-acetaldehydes, diffi- 
cult to obtain by other means, have been prepared by the reaction of 
ethyl ethoxyacetate, or ethyl phenoxyacetate, with Grignard reagents 
followed by treatment of the resulting glycol monoalkyl ether with 
anhydrous oxalic acid or dilute sulfuric acid.'9 The yield in the first 
s tep  is  40-80%, and the yield in the subsequent transformation is 
5G80%. 

Unsymmetrical dialkylacetaldehydes may be obtained by s tar t ing  with 
an  a-keto  ether?' 

By this procedure, 2-(a-naphthy1)-propionaldehyde has been obtained in a 
74% yield?' 

The method has been further studied in i t s  application for the syn- 
thesis  of ketones (method 202). 

168. Thermal Decomposition of Acids 

RCOOH + HCOOH % RCHO + CO, + H,O 

The old method of heating the calcium sa l t s  of formic and a second 
carboxylic acid for aldehyde formation has been modified by the use of a 
catalytic decomposition technique. By this scheme, the acid vapors are 
passed over thorium oxide, titanium oxide, or magnesium oxide a t  300°;11' 
or the acids are heated under pressure a t  260' in the presence of titanium 
dioxide?I4 In the latter procedure, non-volatile ac ids  can  be  used. With 
aliphatic acids over titanium oxide, reaction occurs only when more than 
seven carbon atoms are present, the yields increasing with increase in 
the molecular weight (78-90%). Aromatic ac ids  having halo and phenolic 
groups are converted in high yields to  aldehydes, e.g., salicylaldehyde 
(92%) and p-chlorobenzaldehyde (83%). Preparation of a thorium oxide 
catalyst  has been describeda6' (cf. method 186). 

169. Decomposition of a-Hydroxy Acids 

RCHOHC0,H Hz RCHO + CO + HaO 
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High-molecularweight aliphatic aldehydes have been made by the dis- 
tillation of a-hydroxy acids,  which are prepared by the hydrolysis of the 
corresponding a-bromo acids.  The reaction i s  carried out under dimin- 
ished pressure or in a n  atmosphere of carbon dioxide. Details for the 
procedure are found in the preparation of octanal (57%)43 and undecanal 
(96%).44 Preparation of the a-bromo acid and i ts  subsequent hydrolysis 
are a l s o  described. A later modification has  been the distillation of the 
a-methoxy acid in the presence of copper. This  procedure gives an almost 
quantitative yield in the preparation of hep tade~ana l .~ '  

Aldehydes have a l s o  been prepared from a-hydroxy acids by oxidation 
with lead tetraacetate in glacial  acetic acid,  e.g., tridecanal (55%) and 
pentadecanal (58%)46 (cf. method 160). 

170. Decarboxylation of a-Keto Acids 

C6Y NH RCOCOOH 3 RCH- NC6H, 3 RCHO 
Heat 

a-Keto acids are readily decomposed to  aldehydes and carbon dioxide. 
The decarboxylation may be brought about by heating the a-keto acid or 
its arylimino derivative. By the latter procedure, a solution of the keto 
acid in aniline i s  boiled, which causes  the formation of water, carbon 
dioxide, and a Schiff base,  RCH=NC6H,; hydrolysis of this product gives 
the aldehyde.164 Oftentimes, decarboxylation i s  accomplished in higher 
yields by heating the glyoxylic acid in N,N-dimethyl-p-toluidine at  
170°170 or in diphenylamine a t  150-200°.a56 

Another modification i s  the decomposition of the bisulfite-addition 
compound of the keto acid a s  illustrated by the synthesis  of phthalalde- 
hydic acid (41%).'66 

171. Decarboxylation of Glycidic Acids 

Aromatic and aliphatic aidehydes have been prepared in good yields by 
the decarboxylation and isomeritation of the corresponding glycidic acids.  
Es ters  of the latter are obtained by treating a ketone with ethyl  chloro- 
acetate in the presence of sodium amide (method 127). The glycidic 
es ters  are first converted to  the sodium sa l t s  with sodium ethoxide and 
then treated with aqueous hydrochloric acid under gentle reflux. By this 
procedure, a-phenylpropionaldehyde has  been prepared from acetophenone 
in a n  over-all yield of 3 8 % y 7  Other detai ls  have been d i s ~ u s s e d . ' ~ '  
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A similar route i s  the formation and  isomerization of subst i tuted ethyl- 
ene  oxides."' Th i s  synthes i s  h a s  been carr ied out  without isolating the 
intermediates .'O 

R 'MgX 
RCOCH,CI - RR~COHCH~CI KOH- HC? RR*CHCHO 

172. Hydrolysis of Olefin Dibromides "' 

173. Degradation of Acid Amides and  Azides 

(a )  a-Brorno. Azides"' (cf. method 220). 

RCHBrCON, Hz RCHBrNCO 2 (RCHBrNH,) 3 RCHO 

(b) Monosubstituted Malonyl Azides .'40 

C , t 4 0 H  RCH,CH(CON,X - RCH,CH(NHG02C,H,X H'q RCH,CHO 
1 

(c) a , P - ~ l e f i n i c  Amide~!~' 

NeOCl 
RCH= CHCONH, - RCH= CHNHCO,CH, % RCH,CHO 

CH30H 

174. Acid Treatment of Primary AcinitroparaffinslP4 

NaOH H t  
RCH2N0, 4 RCH= NONa - RCHO 

3. """"" 

0 

R = methyl, e thyl ,  isopropyl, and n-butyl. 

175. Isomerization of Unsaturated Alcohols IPS 

METHODS 176-177 

176. Condensation of Aromatic Hydrocarbons with C h l ~ r a l " ~ * ' ~ '  

ArCH, + C1,CCfIO OH-' ArCYCHOHCCI, (2 ArCYCHO 

177. Formylation of Acetylenes "" "' 

(a C6H,C=CNa + HC0,R - C 6 H S C ~  C -CHO 
18% 

-zoo 
(b) CH,(CH,);C~ C N ~  + HC0,R - CH,(CH, hC=C:-CfiO 

24% 



298 ALDEHYDES Ch. 9 

TABLE 25. ALDEHYDES 

% Compound Method ~ h a p t e r ~ ~ ~ .  B.p./mm., nb, (Map.), Deriv. ( %) 

Aliphatic and Alicyclic Aldehydes 

C Formaldehyde 159 35 914 -21/760, 169%. 1 6 6 ~ n *  
C, Acetaldehyde 158 72 9' 162Se * 

158 50 914 147Dn 
. .. . 74 9a4 20/760, 1.33531a", 168Dn ' 

C, Propionaldehyde 158 49 9I 55, 1.364, 99.5.2. 
159 67 9'' 154% ' 
163 73 9lW 154Dn 
165 '82 gas 49 
174 80 9l" 

C4 n-Butyraldehyde 158 72 9" 82/760, 1.3843 *, 104Se 
159 62 9'' 77, 122Dn 
165 76 9 l1 75 
174 85 9 lw 

Isobutyraldehyde 158 64 9, 63/741, 125Se 
172 75 1 91U 65/740, 182Dn 
175 36 919' 64, 1.3730 

C, ~Valeraldehyde 158 50 96 102, 1.3947 *, 106Dn 
159 72 9'l 
159 58 9- 
165 50 9n 

Isovaleraldehyde 158 60 9a 95, 1.3902 *, 107% 
159 61 9U 123Dn 
162 100 9" 92 

Methylethylacetaldehyde 158 52 9, 92, 1.3942*, 120Dne 
159 63 9'' 
165 25 i 9a6 93, 103% 
171 35 9' 91/751 

Trimethylacetaldehyde 159 66 9'' 76. 191%. 

165 35 9" 74/730, 1.3791, 210Dne 
170 40 9 78 

C, pHexaldehyde (caproic 159 53 9" 128.. 106~e '  
aldehyde) 165 50 9Ia 128/747, 1.4068 *, 104Dn ' 

Methylrrpropylacetalde 161 68 9Im 116/737, 102% *, 1 0 3 ~ n  + 

hyde 
Isobutylacetaldehyde 165 86 9U 127Se. 99Dn 

I68 86 9- 121/743 
Diethylacetaldehyde 159 55 9- 

167 Got 9', 118, 94Se 
Dimethylethylacetaldc 159 66 919 104 

hyde 
t-Butylacetaldehyde 151 60 9" 103, 1.4150, 147Dn 
Methylisopropylacetalde- 167 61 9'" 114, 1.3998". 124Dn 

hyde . .. . 141 9'" 114 
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TABLE 25 (continued) 

Yield 
% Compound Method chaptesef-  B.~./mm., ntD, (h4.p.). Deriv. 

(7.) 

Aliphatic and Alicyclic Aldehydes (contimrpd) 

C, Cyclopentylaldehyde 161 60 9" 136/758. 34/10, 124Se 
C, ~Heptaldehyde (oe- . .. . . .. . 9 155/760, 1.4125 *, 109%. 

nanthol) (from castor 108Dn 
oil) 

5-Methylhexanal 1% 62 9 144/750, 1.4114, 117Dn. 
117Se 

3,3Dimethylpentanal 151 80 9" 134, 1.4292, 102Dn 
Erhylpropylacetaldehyde 167 60 t 9" 141 
Ethylis~prop~lacetalde- 167 60 9'" 133.5, 1.4086", l2lDn 

hyde 
Cyclohexanealdehyde 161 86 9"' 63/24, 1.450318, 172Dn 

C, n-octaldehyde 164 100 9" 65/11, 60-OX, 98Se, 84pN 
168 90 9'- 1.4217. 
169 57 9U 81/32, 5POx, lOlSe 

Ethyl-wbutylacetalde 159 58 9" 163 *, 254dSe *. 121Dn 

hyde 
Di-ppropylacetaldehyde 167 60 t 9'' 161, 1.4142", lOlSe 
Ethylisobutylacetalde- 167 6 0 t  9" 155, 98% 

hyde 
Cyclohexylacetaldehyde 165 47 9 la 58/10, 1.4509", 159Se, 

l25Dn 

C, Nonanal (pelargonic 159 90 9U 78/3, 1.4273 
aldehyde) 160 33 t 9141 100/15, &Ox, lOGDn 

168 78 9214 
168 85 9'- 80/13, 64-0~. 10OSe 

Methylrrhexylacetalde- 167 60 ! 83/20, 80Se 
hyde 

7-Methyloctanal 156 67 91i4 103/140, 94/120, 100Dn, 
80% 

3,FDimerhylhexahydro- 171 65 9'" 71/14, 171% 

benzaldehyde 

C, Decanal 169 40 9" 98/13, 102Se 
C ,, Undecanal 169 96 9 120/20, 1.4324~. 103% *, 

104Dn 

C,, Dodecanal (lauric alde- 168 90 9a14 238, (39.5), 7 8 0 x  *, 
hyde) 1 0 6 h  

C, Tridecanal 169 55 9' 136/8, (IS), 106%. 108Dn 

C, Tetradecanal (myristalde 164 100 9- 155/10, (23). 83-OX, 
hyde 107Se, 95pN 

-169 35 9 41 166/24, (24), 106Se, 
83-Ox 

C, Pentadecanal 169 58 9" 160/14, (25). 109Se, 
108Dn 

For explanations and symbols see pp. xi-xii. 
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TABLE 25 ( c a t i n u e d )  

Ch. 9 

=,I Compound Method chapterref. B.p./mm., nb, (M.P.), Deriv. 
Yield 

(%) 

Aliphatic and Alicyclic Aldehydes (continued) 

C Hexadecanal (palmitalde 164 100 9" (34). 8 8 0 x ,  107Se. 97pN 
hyde 169 47 9 47 202/29, (34). 107Se. @-Ox 

CI7 Heptadecanal (margaric 160 80 914 (63) 
aldehyde) 169 52 9 47 204/26, (361, 108Se. 90-Ox 

C , Octadecanal ( s t e a t a l d e  164 100 9" (38) ,83-Ox,l09Se, lOlpN 
hyde 

- - - 

Aromatic Aldehydes 

C 7  Benzaldehyde 147 70 9 
148 73 9'" 64/13, 1.5446, 235Dn 
149 73 91U 222Se- 
150 85 9LU 88/40, 158P h 
151 70 9Ia 179 
155 44 9 '1s 

158 95 9 lS  
162 96  9" 
163 62 9'- 235Dn 
165 89 9 
168 93 9'14 
.... 97 9" 

C, P h e n ~ l a c e t a l d e h ~ d e  160 72, 9'- 84/14, 9 7 - 0 ~  
162 80 \ 9 =  156Se * 
164 33 9 =  
165 58 9'l 195. 93-Ox 
171 50 9'" 95/22, 121Dne 
173 75 9'" 82/12, 58Ph 

~ T o l u a l d e h y d e  147 70 9 88/19, 111Ph 
148 73 9'" 72/6, 1.5430a5, 193Dna 
150 70 9 93/19, lOlPh" 
155 65 921s 
165 73 9" 
166 8 1  917 

m-Tolualdehyde 155 60 9'15 84Phs  
164 50 9 =  198/756, 212Dn 

pTolualdehyde 140 51 9" 205 

140 65 9 74 114Ph a 
148 70 9'" 72/6, 1.5420, 234Se 
149 GO 9"' 198pN 
155 80 921s 

164 77 9" 106/ 10, 2OOpN * 
165 74 9 l7 

166 82  9" 

C, a-Phenylpropionalde 171 38 t 9l" 93/10, 76/4, 135Dn 
hyde 

T A B L E  25. ALDEHYDES 30 1 

Compound 
Yield 

Method 
(%) 

chapterref. B.p./mm., nb. (M.p.), Deriv. 

Aromatic Aldehydes (continued) 

C, P - ~ h e n ~ l ~ r o ~ i o n a l d e  162 62 9"' 119/11 
hy de 165 67 9 '4 100/13, 127Se 

2,GDimethylbenzalde- 162 67 9" 228/742, 158Se 
hyde 

3,5-Dimethylbenzalde 155 48 91U 78/3.5, 1.5385, 2OlSe 
hyde 

C, 3-Phenyl-2-methylpropanal 171 55 9 
p-n-Propylbenzaldehyde 17C 65 9 167 

p-Isopropylbenzaldehyde 140 GO gaU 
2,3,GTrimethylbenzalde- 165 61 9 l7 

hyde 
2,4,5-Trimethylbenzalde- 165 72 9 l7 

hyde 
2.4,GTrimethylbenzalde- 140 8 3  9 

hyde 162 80 9 
162 80 9 '" 
165 57 9" 
170 50 9l" 

1,2,3,4-Tetrahyd~o-2- 162 67 
naphthaldehyde 

C p-~Butylbenzaldehyde 165 66 9 laa 

2,3,5,GTetramethyl- 165 61 9 l7 

benzaldehyde 
a-Naphthaldehyde 147 68 9" 

147 82  9'- 
158 42 9' 

P -Naphthaldehyde 147 50 9- 
162 8 1  9 56 

164 95 9- 
165 70 9" 

hyde 
pphenylbenzaldehyde 140 73 9'U (GO), 189dPh 
~ P h e n y l b e n z a l d e h y d e  149 5 5 t  9'U 162/12 
2-(a-Naphthy1)-propion- 167 74 9" 132/2, 204Se 

aldehyde 
1-Acenaphthaldehyde 162 72 9s (100.5) 

C , Diphenylacetaldehyde 171 90 9'U 146/5, 114-Ox 
PFormylfluorene .... 71 91sP 172/2 

aldehyde 
PAnthraldehyde 142 84 91°1 (105), 1 8 7 - 0 ~  *, 207Ph l 
1-Phenanthraldehyde 150 75 9lS4 (111.5). 189-Ox -- - - -- 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 25 (continued) 

c, 
Yield 

Compound Method (X) chapterref. B.p./mm., nb, (M.P.), Deriv. 

Aromatic Aldehydes (cordimped) 

C U  2-Phenanthraldehyde 150 85 913" (59)*, 195-Ox* 
162 70 9 m  (59.5), 282%. 

3-Phenanthraldehyde 150 85 9- 275Seb 
162 90 9" (80), 145-Ox 

9Phenanthraldehyde 150 90 9"' (101), 223Se 
162 90 3" (101) 
165 4 2 f  9aa4 (101) 

1,2,3,CTetrahydrophe- 150 68 9- (129) 
nanthrene-+aldehyde 

C, 2,4,GTriisopropylbenz- 140 65 9 78 126/4 
aldehyde 

Cl, Pyrene-3- aldehyde 142 53 9" ((126) 
C, 1,2-Benzanthracene-l@ 142 64 91m (148) 

aldehyde 
C,, 3,4-Benzpyrenc5-aldehyde 142 70 9Im (203) 

Heterocyclic Aldehydes 

C S  Furfural 
%Furaldehyde 
Tetrahydrofurfuraldehyde 
2-Thiophenealdehyde 

%Thenaldehyde 
a-Pyrrole aldehyde 
CMethylthiazole-5- 

aldehyde 

3-Methyl-2-thiophenealde- 

hyde 
5-Methyl-2-thiophenealdc 

hyde 
Nicotinaldehyde 

C,  P-Furylpropionaldehyde 
C, Thianaphthene-3- aldehyde 

Coumarin-3- aldehyde 
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TABLE 25 ( c W i - 4  

c, 
Yield 

Compound Method (%) chapterref. B.p./mm.. nb, (M.p.), Deriv. 

Heterocyclic Aldehydes (contimped) 

C m  Quinolinc2-aldehyde 176 50 9'- (69) 
QuinolincCaldehyde 157 6 1  91M (84.5). 1 8 2 - 0 ~  

176 36 * 9'" 123/4, (51). 179Pi 
lsoquinaldaldehyde 157 42 9'" (55.5), 197Se 

C, Dibenzofuran-2-aldehyde 140 81 9 77 (68), 162Ph 

For explanations and symbols see pp. xi-xii. 

TABLE 26. DlALDEHYDES 

$I Compound Method (%) chapterref. B.p./mm., nb ,  (MP.), Deriv. 

Cl  Glyoxal 
C, Malonaldehyde 
C, Succinaldehyde 

CS Glutaraldehyde 
C, Adipic dialdehyde 

C, Phthaldehyde 
lsophthaldehyde 
Terephthalaldehyde 

For explanations and symbols see  pp. xi-xii. 

TABLE 27. OLEFlNlC ALDEHYDES 

c, Compound Method chapterref. B.p./mm., nb. (M.p.). Deriv. 
(%l 

Aliphatic and Alicyclic Olefinic Aldehydes 

C, Acrolein .... 48 9 191 

.... 85 9 191 

C, Methacrolein (2-Methyl-2- 159 95 9.217 
propenal) 159 90 919s 

C5 2-Pentenal 158 50 9 
154 70 9 

2-Methyl-2-butenal 36 30 231s 

P -Methylcrotonaldehyde 19 40 2 a9 
---p .- . -- . - - - .- - -- 

For explanations and symbols see  pp. xi-xii. 
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TABLE 27 (continued) 

Ch. 7 

% Compound Method (%) chapterref. B.p./mm., nh, (M.p.1, Deriv. 

Aliphatic and Alicyclic Olefinic Aldehydes (confimred) 

3-Hexenal 160 40 91r 
Hexadienal 36 50 2317 
a-Isopropylactolein 24 50 2167 

26 53 2167 

l-Cyclopentenylfotmaldc .... ' 28 t 9" 
hyde 

C,  2-Heptenal 158 75 9 lo 

2-Cyclopentenylacetalde- 159 85 9 m  
hyde 

C, 4-Octenal 158 35 9210 
Octatrienal 36 40 2317 

2-Ethyl-2-hexenal 36 58 Z n  
2-Ethyl-3-hexenal . 78 9 lVb 

3,GDihydrartolualdehyde 34 31 2 

Aromatic and Heterocyclic Olefinic Aldehydes 

C,  P -Furylacrolein 36 54 ZJU 95/9, (52) 
Co p-Formylstyrene (p-Vinyl- 27 52 2- 93/14, 1.5960a5. 131Ph 

benzaldehyde 
C, a-Methylcinnamaldehyde 36 67 2314 124/14, 208Se9 a 

Cll 5-Phenylpentadienal 36 20 2"@ 161/12 
a-Ethylcinnamaldehyde 36 58 ZJU 112/7. 1.5822" 

C u Stilbene-2-aldehyde 149 80 9 12s (83) 
a-Phenylcinnamaldehyde 36 25 ZJL6 200/16, (95), 141Ph. 195Se 
P - ~ h e n ~ l c i n n a m a l d e h ~ d e  142 60 920 210/14. 196Dn. 173Ph 

For explanations and symbols see  pp. xi-xii. 

T A B L E  29. HALO ALDEHYDES 30 5 

TABLE 28. ACETYLENIC ALDEHYDES 

c, Compound chapterref. B.p./mm., nh, Deriv. Method (7%) 

C3 Propargyl aldehyde 158 46 9'1° 55 
C 4  2-Butynal 177 28 t 9"' 105-110/755, 1.446" 

136Dn 

C ,  2-Heptynal 177 24 9a25 54/13, 1.45211', 74Dn 
C, Phenylpropargyl aldehyde 43 70 t 3- 116/17, 1.6032'5, 108-Ox* 

154 81 9UL 117/17, 1.603215 

For explanations and symbols see pp. xi-xii. 

TABLE 29. HALO ALDEHYDES 

% Compound Method (%I chapterref. B.p./mm., ntD. (M.p.1, Deriv. 

Aliphatic and Alicyclic Halo Aldehydes 

C, Ttifluotoacetaldehyde 
Tribromoacetaldehyde 

(bromal) 
C, p -Chloroptopionaldehyde 

p ,P ,P-Ttifluoropropion- 
aldehyde 

C 4  a-Bromoisobutyraldehyde 

C 5  a-Bromo-n-valeraldehyde 
2,3-Dibromo-2-methyl- 

butanal 
C 6  Btomoparaceraldehyde 

2-Methyl-2,3-dichloro- 
penranal 

C,  a-Bromoheptaldehyde 
l-Bromocyclohexanealde- 

hyde 
C. '+Chlorononaldehy de 

Aromatic Halo Aldehydes 

For explanations and symbols s e e  pp. xi-xii. 
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% Compound Method ~ h a ~ t e r ' e f -  13.p./mm.. iD, (h4.y.). Deriv. 
(%) - 

Aromatic l la lo  Aldehydes (continued) 
- 

C 7  p-Chlorobenzaldehyde 151 60  9 11 1/25. (47) 
168 89  9 "4 

p-Bromobenzaldehyde 148 75 9'" (57). 229Se 
151 69  9*' (57) 
155 51 1 914 (57) 
164 62  9-O (57). 257Dn 

p-lodobenzaldehyde 56 100 4130 (77), 121Phe 
164 56 9'10 (77), 2 5 7 I h  

C,  p-Trifluoromethylbenz- 148 77 9"' 67/13, 1.4630 
aldehyde 

C, a-Bromoben~ylacetalde- 6 6  90 4 "5 (82) 

hyde hydrate 
C ,, 1-Bromo-2-naphthaldc 147 40 9 ( 1 18) 

hyde 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 30. HYDROXY ALDEtlYDES 

Compound 
t 

Method chapterref .  I3.p./mm., n ~ ,  (M.p.). Deriv. 
(%) 

Aliphatic Iiydroxy Aldehydes 
-- 

C ,  Glycolaldehyde 156 25 9"' (76), 162Pha 
.... 25 9105 (87) 

. .. . 9 6  9"' 

C 1  a- t lydrorypropionalde 9 6  35 5'" 114/9, 127pN 
hyde 

dl-Glyceraldehyde 154 80 9-' 139 
159 59 t 9"' (133) 

Hydmrypyruvic aldehyde 158 87 9" (160). 135-OX 

C 4  CHydroxybutanal 160 42 9'= 60/8. 1.4403, 118 th  

C I  5-Hydroxypentanal 99 79 5"' 55/3, 1.4514" 
Methylethylglycolic 154 50 9171 

aldehyde 
3 Methyl-fhydroxy- 156 75 5)'" 6;/13,142pN 

butanal 
a,a-Dimethyl-/3-hydroxy- 102 80 5Im 85/15, (97) 

propionaldehyde 

propionaldehyde 
- - - - - .- -- - 

T A B L E  31. A L D O  E T f l E R S  

TABLE 30 (continued) 

=,a Compound 
t Yethod chapterref.  B.p./mm.. n ~ ,  (M.p.), Deriv. 

(%) 

Aliphatic Hydrory Aldehydes (continued) 

C 7  ~ e t h ~ l r r b u t y l g l y c o l i c  89 1 5 t  5 87/35,143Se 
aldehyde 154 50 9'" 88/35. 143% 

C,  2,2,4-Trimethyl-3 102 .... 5Im 110/13, 1.4443 
hydrorypentanal 

C,  9-Hydroxynonanal 160 23 t 9 120/0.1, (54) 

C ,  Salicylaldehyde 

m-Hydrorybenzaldehyde 
Resorcyl aldehyde 
3,4-Dihydroxybenzalde- 

hyde 

C, Benzylglycolic aldehyde 
Methylphenylglycolic 

aldehyde 
2-Ethyl-4-hydroxybenz- 

aldehyde 

C,  Ethylphenylglycolic 
aldehyde 

C ,, 1-Naphthol-2-aldehyde 
2-Naphthol- 1-aldehyde 

C ,, Diphenylglycolic a l d c  

hyde 

Aromatic Hydroxy Aldehydes 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 31. ALDO ETHERS 

Yield 
=,a Compound 

t Method (%) chapterref .  B.p./mm.. nD, (M.P.), Deriv. 

Aliphatic Aldo Ethers  

Cl Methoryacetaldehyde 158 17 9" 92. l25Dn 
160 51 9" 89,  124Dn 

- -  ..................................... -~ .- 

For explanations'and symbols s e e  pp. xi-xii. 
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TABLE 31 (coniinued) 

% Compound 
Yield t 

Method (%) asp ter re f -  B.p./mm.. nD, (h4.p.). Deriv. 

Aliphatic Aldo Ethers (corrtimrd) 

C 4  Y - Merh~x~propionaldc 
hyde 

Ethoryacetaldehyde 

C5  /?-~ethoryisobut~ralde- 
hyde 

mProporyacetaldehyde 

C b  5-Methoryvaleraldehyde 
a-Methyl-'y-methoxy- 

butyraldehyde 
C ,  2-Methyl-2,Sdimethoxy- 

pentanal 

Aromatic Aldo Ethers 

C ,  Phenoxyacetaldehyde 

C ,  crEthoxybenurldehyde 
3,4Dimethoxybenzalde- 

hyde (veraaaldehyde) 

C , 2-Ethyl-4-methoryknz- 
aldehyde 

SEthoxy4methory- 
benzaldehyde 

SMechoxy4ethoxybenz- 
aldehyde 

3,4,5-Trimethorybenz- 
aldehyde 

Cll 3.4-Diethoryknzaldc 
hyde 

C,, crPhenorybenurldehyde 
tEthory-l-saphthaldc 

hyde 
Cu mlknzylorybenzaldc 

I hyde 

For explanations and symbols see pp. xi-xii. 
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178 . Acylation of Hydrocarbons (Friedel-Crafts) 

Catalyst 
ArH + RCOCl ...---, ArCOR + HCI 

Many organic compounds react with carboxylic acids. acyl halides. or 
anhydrides in the presence of certain metallic halides. metallic oxides. - 

ibdine. or inorganic acids to form carbonyl compounds . The reaction i s  
generally applicable to aromatic hydrocarbons . Benzene. alkylbenzenes. 
biphenyl. fluorene. naphthalene. anthracene. acenaphthene. phenanthrene. 
higher aromatic ring systems. and many derivatives undergo the reaction . 
In addition. olefinic and heterocyclic compounds have been converted to 
ketonic compounds . Therefore. a large number of ketones have been pre- 
pared by this reaction . Excellent reviews are available.1° 

Benzene i s  usually acylated by the addition of anhydrous aluminum 
chloride to a benzene or carbon disulfide-benzene solution of the aliphatic 
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or aromatic acyl halide, a s  in the preparation of phenyl benzyl ketone 
(83%),' benzophenone (go%),' and stearoylbenzene (65%).' 

T h e  mono- and poly-alkylated benzenes are treated using modifications 
of the above procedure. Monoalkylbenzenes are added to a preformed com- 
plex of acyl halides and aluminum chloride in carbon tetrachloride4 (Per- 
rier modification). In th i s  manner, the manipulation i s  easier ,  no tars are 
encountered, and the yields are improved (85-90%). The procedure shows 
no advantage, however, in the acylation of alkoxy- or chloro-aromatic 
compounds. The addition of benzoyl chloride to p-alkylbenzenes in the 
presence of aluminum chloride in cold carbon disulfide i s  a good procedure 
for making p-alkylbenzophenones (67-87%).5 The condensation of homologs 
of benzene with oxalyl chloride under similar conditions yields p,p'-di- 
alkylbenzophenones (30-55%).17 Polyalkylbenzenes have been acylated 
with acetic anhydride and aluminum chloride (2.1: 1 molar ratio) in carbon 
disulfide in 54-80% yields.47 Ferric chloride catalyst  has  been used 
under similar ~ o n d i t i o n s . ~  Acetylation of p-cymene with acetyl chloride 
and aluminum chloride in carbon disulfide yields 2-methyl-5-isopropylaceto- 
phenone (55%L9 

Studies on the conditions of the reaction have been made using simple 
compounds a s  model substances. A comparison of thirty-nine metallic 
chlorides shows aluminum chloride t o  be the most effective in the prep- 
aration of p-methylacetophenone." Optimum yields resul* when the molar 
rat ios of aluminum chloride to anhydride, acyl chloride, and acid are 3.3, 
1.0, and 2.5, respectively. Halogen and oxyhalogen carriers are not help- 
ful." Inconsistent yields in the Friedel-Crafts reaction have been attrib- 
uted to the presence of ferric chloride or moisture in the aluminum chloride 
catalyst." Prolonged heating causes  condensation of the ketone product. 
It has  been shown that cessation of hydrogen chloride evolution may not be 
a satisfactory criterion for judging completeness or optimum period of re- 
action.I4 For the most part, the success  of the reaction depends on the 
use  of mild conditions and pure reagents.'"'7 

Other aromatic compounds have been acylated by varying procedures. 
A.general procedure for the preparation of alkyl biphenyl ketones has been 
described whereby the acyl halide i s  added to a mixture of biphenyl, 
aluminum chloride, and carbon disulfide (62-90%)." Nitrobenzene or 
carbon disulfide i s  used a s  the solvent in the  preparation of 2-acetyl- 
fluorene (83%)19s'' and the isomeric 2- and ~ a ~ ~ l p h e n a n t h r e n e s . ~ ' ~ ~ '  
A convenient method for obtaining pure 2-acylphenanthrene i s  the acyla- 
tion of 9,lo-dihydrophenanthrene followed by sulfur dehydrogenation. In 
this case,  only the 2-position i s  attacked; the over-all yield i s  about 
48%.la Anthracene i s  acylated in the 9-position (60%)." The isomeric 
acetylacenaphthenes have been prepared from the hydrocarbon and acetic 
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acid, using hydrogen fluoride a s  c a t a l y ~ t . ~ ' ~ ~ ~  Substituted tetralins have 
been prepared by the Friedel-Crafts reaction under mild conditions. Thus, 
tetralin or i t s  7-alkylated derivative reacts  with acid anhydrides in the 
presence of aluminum chloride and nitrobenzene solvent a t  0' (60-80%).lS 
Naphthalene i s  acetylated or benzoylated almost exclusively in the alpha 
position by the action of an  acyl chloride and aluminum chloride in methyl- 
ene or ethylene chloride solution.'' Also, on treatment with benzoyl chlo- 
ride in the presence of iodine, i t  i s  converted predominantly t o  the a- 
benzoyl isomer (52%).16 Aroyl halides respond better than anhydrides to  
this treatment. 

Heterocyclic ketones derived from furan or thiophene have been pre- 
pared similarly using an iodine catalyst. Short reaction time and low tem- 
perature are used. Thus, thiophene and acetic anhydride heated for 1 hour 
with a small quantity of iodine a t  about 100' yields 2-acetylthiophene 
(86%); similarly, furan yields 2-acetylfuran (75%).59-Bther ca ta lys ts  for 
the acylation of furan and thiophene have been used, namely, zinc chlo- 
ride:' silica-metal  oxide^,^' s tannic ~ h l o r i d e , ~ '  aluminum ~ h l o r i d e , ~ '  boron 
t r i f l ~ o r i d e , ~ ~ * ~ ~ ~ ~ ~  and orthophosphoric acid.66 The last-named catalyst  
has  been employed for the preparation of eleven compounds including 2- 
acetylthiophene (94%), 2-benzoylthiophene (99%), and 2-acetyl-5-mettlyl- 
thiophene (91%). Other oxygenated acids have been studied, but ortho- 
phosphoric acid i s  the most effective and produces the fewest s ide  
reactions. In general, the acid anhydride a s  acylating agent i s  preferred 
over the acyl halide. In introducing large acyl groups, i t  i s  convenient 
to use  merely the organic acid and phosphorus pentoxide. Yields of 
acylated thiophene range from 45% with ace t ic  acid to 97% with oleic 
acid.M 

y-Aryl-substituted acids, Ar(CH,),COOH, or their halides undergo an 
internal Friedel-Crafts reaction to  give 1-tetra lone^.'^ The ac ids  'may be 
cyclized directly with 85-95% sulfuric acid a s  in the preparation of 4- 
methyl-1-tetralone (74%)." However, sulfonation by-products may occur. 
Thus, I-tetralone from y-phenylbutyric and sulfuric acid m i s u r e  i s  obtained 
in 49% yield, whereas i t  i s  prepared from the acyl chloride and aluminum 
chloride in 92% yield.79 A better catalyst  for direct cyclization i s  hydro- 
fluoric acid. The organic acid i s  simply treated a t  room temperature with 
10 parts hydrofluoric acid for several hours. In this  manner, 1-tetralone 
(92%), I-hydrindone (73%), 1,2-bent-10-anthrone (75%), and other difficultly 
obtained anthrones have been preparedz4 I n  preparing acyl chlorides with 
thionyl chloride for the Friedel-Crafts reaction, care must be  taken to re- 
move th is  reagent completely since i t  may lead to s ide  reactions. Better 
results have been obtained by employing phosphorus pentachloride for 
formation of the acyl halide, but again the harmful phosphorus oxychloride 
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must b e  removed. This  i s  readily accomplished by codistillation with 
benzene. The acyl chloride may b e  cyclized without further purification. 
A solution in benzene, nitrobenzene, or chlorobenzene i s  added  to alumi- 
num chloride below 25O.I' Polyphosphoric acid has  a l so  been applied in 
the synthesis  of cyclic  ketone^.^' 

Ring closure of this  type has  been brought about by the reaction of a 
lactone, namely, y,y-dimethylbutyrolactone, with benzene and aluminum 
chloride to give 4,4-dimethyl-l-tetralone (70%).06 Tetralones containing 
halogen atomsa7 or alkoxyl groups'7*aa have been prepared. Also, P- 
haloalkyl ketones of the type ArCOCH,CH,CI undergo intramolecular con- 
densation to furnish l-iadanones14 

Diketones have been prepared by the Friedel-Gafts  method. Both acyl 
chloride groups in adipyl chloride react with benzene in  the presence of 
aluminum chloride to  form the diketo compound, 1,4-dibenzoylbutane 
(81%).'~ When diketene is treated with benzene under the conditions of 
the Friedel-Gafts  reaction, benzoylacetone, C,H, COCH,COCH,, is formed 
(73%L9" 

This  synthesis  of 1,3-diketones may be  extended by the use  of other 
available diketenes. 

Olefinic  ketones have been obtained from the reaction of acyl chlorides 
oranhydrides with olefins using the conditions of the  Friedel-Gafts  re- 
action. The  intermediate chloro ketones are oftentimes stable and must 
b e  treated with sodium bicarbonate or dimethylaniline t o  complete the de- 
hydrohalogenation. In this  manner, l-acetyl- l-cyclohexene (62%) 91*'0' 

and l-butyryl-l-cyclohexene (60%) 9' are prepared. 

COR COR 

More recently, i t  has  been shown that acetylation of cyclohexene with 
acetic anhydride in the presence of stannic chloride is l e s s  troublesome 
and does not necessi tate dehydrohalogenation."' 

The reaction has  been investigated in detail using diisobutylene and 
acetic anhydride whereby methyl octenyl ketones are formed in yields a s  
high a s  60%. Studies of catalysts  show zinc chloride to  be the most 
effective. It i s  used in relatively small concentrations compared with 
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the catalyst  requirements for aromatic hydrocarbons. A low temperature 
(40°) is maintained to  prevent polymerization of the olefin. On a small 
scale, a preformed complex of the anhydride and zinc chloride i s  prepared 
and treated with the 0 1 e f i n . ~ ~ ~ ~ ~  

Under these  conditions, the addition of acyl chlorides to acetylene 
leads to P - c h l o r o ~ i n ~ l  ketones (62-80%)." 

AlCl 
RCOCl+ HC= CH a RCOCH =CHCI 

Ketones containing a double bond have a lso  been prepared by the re- 
action of unsaturated acyl halides with aromatic hydrocarbons 96 in the 
usual Friedel-Crafts manner. Acylation of benzene and its homologs 
with P,P-dimethylacroyl chloride leads to  dimethylvinyl aryl ketones, 
(CH,),C=CHCOAr (75-70%).'~~ The lat ter  compounds are s table  and do 
not undergo intramolecular condensation. 

Three types of halo ketones,  differing in the position of the halogen 
atom, have been prepared by the Friedel-Gafts  reaction: (1) a halogenated 
acyl chloride and an aromatic hydrocarbon give a haloalkyl aryl ketone, 
e.g., P-bromopropiophenone, C,H, COCH,CH,Br, (93%)"' from benzene and 
P-bromoacetyl chloride; (2) an aryl halide upon acylation g ives  a halo- 
aryl alkyl ketone, e.g., p-fluoroacetophenone (74%) from fluorobenzene and 
a preformed acet ic  anhydride-aluminum chloride complex"" or p-bromo- 
acetophenone (79%) "' from bromobenzene and acetic anhydride; and (3) an 
aryl-substituted alkyl halide on acylation gives an aryl alkyl ketone con- 
taining a halogenated s ide  chain, e.g., P-(p-acetylphenyl)-ethyl bromide, 
p-CH3COC6H4CH2CH,Br (83%),"' from P-phenylethyl bromide and acetyl 
chloride. In general, the reactions are carried out in carbon disulfide 
with aluminum chloride catalyst. 

Phenolic ke tones  have been prepared by modifications of the Friedel- 
Crafts reaction. In preparing acyl derivatives of phenol, a preformed 
complex of phenol and aluminum chloride is treated with an acyl chloride. 
Ortho and para isomers are formed with the latter predominating.'1' On 
the other hand, in preparing acyl derivatives of the polyhydric phenols 
and naphthols, a preheated solution of zinc chloride and acylating ac id  
is treated with the hydroxy compound (Nencki This  pro- 
cedure gives poor yields when applied t o  the monohydroxy phenols.'1' 
Phloroglucinol, sym-C6H,(OH),, condenses with acetonitrile in the pres- 
ence of zinc chloride and hydrochloric acid to  give phloroacetophenone 
(87%) (Hoesch-Houben r e a c t i ~ n ) . ' ~ ~ ' ~ ~  An imino chloride is probably 
formed, viz., CH3CN + HCI 4 CH,C(CI)=NH, which reacts  with the 
phenol to  give an intermediate ketimine hydrochloride. 
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Acylation of aromatic ethers yields the corresponding keto ethers.13' 
Typical examples are found in the conversion of anisole with aluminum 
chloride and appropriate acyl halide to p-methoxybutyrophenone (85%)13' 
and p-methoxyphenyl benzyl ketone (84%).13' Mild catalysts like iodinez6 
and phosphorus pentoxidea9 are also effective. 

Aryl-substituted y-keto acids are readily obtained by acylation of aro- 
matic compounds with succinic anhydride, e.g., P-benzoylpropionic acid 
(85%).la5 

Phen01,"~ br~mobenzene,"~ t - b ~ t ~ l b e n z e n e , " ~  and acenaphthene'" give 
keto acids in good yields. The reaction is applicable to other aliphatic 
dibasic acid anhydrides like glutaric anhydride,13' adipic polyanhydride,'40 
and maleic anhydride,14' furnishing w -aroyl acids. An excellent d!scussion 
including experimental conditions and procedures has been given.14' 

Optimum conditions for the reaction of naphthalene,670 biphenyl,'44 and 
c h l o r ~ b e n z e n e ' ~ ~  with phthalic anhydride have been determined. The 
corresponding keto acids are obtained in 90-98% yields. In this type of 
condensation, nitrobenzene is stated to be far superior to other solvents 
with respect to solvent power and ability to slow side reactions.'* 

Another variation consists in the reaction between an aromatic nucleus 
and the ester-acyl chloride of a dibasic acid followed by hydrolysis of 
the resulting keto ester. This synthesis affords w-aroyl aliphatic acids 
in 8 5 4 5 %  yields and i s  applicable to benzene, i t s  alkyl, halo, alkoxy, 
and alkylalkoxy derivatives a s  well a s  to thiophene and naphthalene.'3g*'47 

When the interaction of an ester-acyl chloride and an aromatic nucleus 
is employed for the synthesis of a keto ester, then a reesterification step 
i s  r e~ommended . '~~  Certain a-keto esters have been prepared by using 
ethyl oxalyl chloride, COaCICOaCaH5, a s  the acylating agent, e.g., ethyl 
a-thienyl glyoxylate (50%),lg ethyl a-naphthylglyoxylate (46%),15' and 
ethyl p-biphenylylglyoxylate (70%).lSa An example of acylation of an 
aromatic ester i s  found in the preparation of the para and meta isomers 
of ethyl acetylphenylacetate (8O%).lS3 

Nitro- and amino-aromatic compounds do not respond favorably. How- 
ever, acylations of acetanilide with acetic anhydride using iodine 
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catalysta6 or with acetyl chloride and aluminum chloride catalystlS4 have 
been reported. o-Nitrophenyl 2-thienyl ketone has been prepared."' 

Use of a-cyanopropionyl chloride results in a cyano ketone, e.g., a- 
cyanopropiomesitylene, C6Hz(CH3),COCHCNCH3 (2O%).lS6 

179. Oxidation of Secondary Alcohols 

Oxidation of secondary alcohols to ketones with sulfuric-chromic acid 
mixture proceeds readily. In general, the reaction i s  carried out in an 
aqueous medium keeping the temperature at 20-40°. Occasionally, the 
reaction temperature i s  elevated to 50-80° for additional  period^.^^^*^^" 
Vigorous stirring i s  required for slightly soluble alcohols. The yields 
vary from 60% to 80% for the C5-Clo aliphatic ketones. Isopropyl s-butyl 
ketone i s  prepared by carrying out the oxidation of the alcohol a t  40' 
for 36 hours (68%).lS9 Substituted cyclohexanones have been prepared in 
good yields (70-93%) with widely varying reaction times and tempera- 
tUres.16*1729675 Oxidation of insoluble aromatic carbinols i s  carried out 
with acetic acid a s  the solvent. Thus, m-biphenylmethylcarbinol and 2- 
phenylcyclohexanol are oxidized at 45-50' to the corresponding ketones 
in 80% yield.'73147 Concentrated nitric acid at reflux temperature for 20 
minutes has  been used for the preparation of hexamethylacetone (81%).17' 
The mechanism of chromic acid oxidation of alcohols has  been dis- 
CUSSed.16a, 175.186 

Among the diketones prepared by oxidation of an alcohol group are the 
the benzils from the corresponding benzoins and aliphatic a-diketones 
from the acyloins. The oxidation of the former i s  accomplished with 
copper sulfate in pyridine, e.g., benzoin to benzil (86%),190 and the latter 
with cupric acetate in 70% acetic acid, e.g., 4-hydroxy-3-hexanone to 
dipropionyl (70%).19' Ferric chloride in a boiling ether-water mixture i s  
also used a s  an oxidant.'" Certain alicyclic 1,2-diketones are prepared 
by oxidation of the acyloins with chromic anhydride in glacial acetic 
acid, e.g., 3,3,6,Gtetramethyl-1,2-cyclohexanedione (64%).'01 Improve- 
ments in carrying out oxidations of benzoins and in processing the re- 
action mixtures have been de~cr ibed . '~ ' '~~  In one oxidation procedure, a 
catalytic quantity of cupric acetate is employed, which i s  continuously 
regenerated by the action of ammonium nitrate. The reduction product of 
the latter is ammonium nitrite, which i s  decomposed simultaneously to 
nitrogen snd water.lg4 Benzoins carrying ha10,")~ m e t h ~ x y l , ' ~ ~ ~ ' '  and di- 
alkylamino'gg groups have been oxidized. 

Secondary acetylenic alcohols, prepared in good yields from acetyl eni c 
Grignard reagents and aldehydes, are oxidized to acetylenic ketones 
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(40-80%).203~104 The oxidation i s  carried out at 0-20' by means of chromic 
acid with acetone as  solvent. An acetone layer of the unsaturated ketone 
separates, preventing further oxidation. 

Preparations of halo ketones, such as  a,a'-dichloroacetone (75%)"' 
and 1-chloro-4-phenyl-2-butanone (82%),14' and keto ethers, such as 4 
methoxycyclohexanone (65%)'" and sym-dialkoxyacetones (40-70%),~" 
have been carried out by the oxidation of the corresponding alcohols with 
chromic-sulfuric acid mixture. Methyl esters of certain a-hydroxy acids 
can be oxidized to the a-keto esters with lead tetraacetate in boiling 
benzene as  in the preparation of methyl phenylglyoxylate (84%).2'3 Also, 
esters of lactic acid, CH,CHOHCO,R, have been converted to pyruvic 
esters by the action of potassium permanganate.2'8~692 This same reagent 
has been employed for changing mandelic acid to the a-keto acid, ben- 
zoylformic acid (72%).'14 

A general synthesis for y-keto acids involves the oxidation of y- 
lactones with bromine in the presence of magnesium hydroxide.2'6*2" 
The lactones are readily obtained by interaction of oxides and sodio- 
malonic esters with subsequent hydrolysis and decarboxylation (method 
323). The over-all yields are excellent. 

Nitro alcohols from the condensation of aromatic aldehydes with 
sodium salts of nitroparaffins are oxidized to a-nitro ketones with chromic- 
acetic acids, a s  illustrated by the preparation of a-nitroacetophenone, 
C6H, COCH,NO, (80%)."~ 

180. Oxidation of Alcohols by Ketones (Oppenauer) 

hZetal 

R,CHOH + R',CO X2C0 + R:CHOH 
alkoxide 

Oxidation of alcohols by ketones in the presence of a metallic alkoxide 
has proved especially valuable in the steroid field.22'y222 The literature to 
1951 has been re~iewed.~" An extensive investigation of experimental 
conditions using aluminum t-butoxide has been carried out.223 The merits 
of various ketones as  hydrogen acceptors have been considered. In 
general, methyl ethyl ketone and cyclohexanone are best for high-mole- 
cular-weight alcohols. The condensation products from these ketones may 
be removed by steam distillation. Benzil i s  recommended for preparing 
aldehydes and ketones capable of being distilled from the reaction mix- 
ture below 100'. Benzil or quinone may be used for ketone products 
boiling from 100' to 200°, especially if they are likely to condense. 
The optimum temperature, duration of reaction, and concentration of re- 
actants may vary for the alcohol oxidized. In general, 0.5 mole of alkox- 
ide per mole of alcohol gives good results; however, an additional 0.5 
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mole of alkoxide i s  recommended to remove any water present in the re- 
action mixture. A high ratio of 40 to 80 moles of ketone for 1 mole of a 

steroid i s  desirable. For simpler alcohols, 20 moles of acetone or methyl 
ethyl ketone, 3-10 moles of cyclohexanone, or 1-3 moles of quinone or 
benzil are satisfactory. The equilibrium i s  displaced by the large excess 
of the ketone reactant to give the desired product. It i s  preferable to 
carry out the oxidation at 55-60'. The use of an inert diluent, such as 
benzene, toluene, or dioxane, minimizes ketone condensation products. 

The reaction has been extended to nitrogen-containing csmpounds by 
the use of an alkali alkoxide, such a s  potassium t-butoxide.'14 

181. Catalytic Dehydrogenation of Secondary Alcohols 

-H 1 
R,CHOH R2C0 

Catalyst 

Ketones are formed in good yields by vapor-phase dehydrogenation of 
secondary alcohols over copper chromite catalyst. An example i s  the 
conversion of cyclohexanol to cyclohexanone (60%).225 A liquid-phase 
dehydrogenation using Raney nickel catalyst at 170' has proved success- 
ful for preparing C4-C9 aliphatic ketones (73,95%).'26 The catalyst can 
be reused. The procedure has been modified by employing a hydrogen 
acceptor, such a s  cyclohexanone. The mixture of catalyst, hydrogen 
acceptor, alcohol, and toluene i s  merely refluxed for short periods.''' 

The reaction may also be performed over a mixed-oxide catalyst at 
280' and 100 atm. of ethylene, which serves as the hydrogen acceptor,363 
a s  illustrated by the preparation of P-tetralone from 1,2,3,4-tetrahydro- 
2-naphthol.485 By the same procedure, diisobutyryl, a diketone, has been 
prepared from the acyloin (27%).'" 

Dehydrogenation of 1,Cpentanediol over a copper chromite catalyst in 
the liquid phase yields the corresponding hydroxy ketone, 5-hydroxy-2- 
pentanone ( 3 0 % ) . ~ ~ ~  

182. Oxidation of Olefinic Compounds (Ozonolysis) 

R,C =CHR % R,CO + RCHO 

Ozonolysis of olefins has found little application in the preparation of 
ketones for synthetic purposes. Since the ozonides may be explosive, 
the method has been limited to the reaction of small quantities of olefins, 
mostly for degradation studies and location of double bonds. 

Improved conditions for the oxidation of olefins with ozone to ketones 
(60-70%) have been des~ribed.~~"'" The use of Dry Ice temperature and 
methylene chloride a s  solvent lessens the loss of volatile olefins in the 
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oxygen stream. The ozonides are decomposed by zinc and water in the 
presence of acetic acid or by catalytic hydrogenation with 1% palladium- 
calcium carbonate catalyst. Ozonides also react with Raney nickel to  
give aldehydes and  ketone^."^ A new ozonizer h a s  been de~cribed. '~ '  

Several olefinic compounds have been oxidized with potassium per- 
manganate or chromic acid to furnish ketones. An example i s  the oxidation 
of diisobutylene to methyl neopentyl ketone (56%).2'5 

Methylenecyclobutane has  been converted to  cyclobutanone by oxidation 
to  the corresponding glycol with perfonnic acid and subsequent cleavage 
of the glycol with lead tetraacetate (75% ~ v e r - a l l ) . ' ~ ~  

183. Oxidation of Methylene Groups 

SeOl 
ArCOCH, Ar ArCOCOAr 

or Nitrogen oxldes  

Compounds containing reactive methylene groups are readily converted 
by suitable oxidizing agents to carbonyl derivatives. Reviews of the re- 
action employing selenium dioxide 564 or nitrogen oxides 565 are given. 

Selenium dioxide i s  commonly applied to a methylene group activated 
by a carbonyl group, although an adjacent double bond, aromatic ring, or 
heterocyclic ring may a l so  subject i t  to attack. The  conversion of alde- 
hydes and methyl ketones leads  to  glyoxals (method 157). Bes t  results 
are obtained when only one methylene group i s  present. For example, 
aryl b e n y l  ketones have been oxidized almost quantitatively to  substi- 
tuted benzils by treatment with selenium dioxide and acetic anhydride 
at 140-150° for 3 to  4 hours.566 Dioxane has  been used as solvent with 
this  oxiditing agent. The products are purified by activated-charcoal 
treatment Other experimental detai ls  are illustrated in the preparation of 
methyl phenyl diketone and 2,4,Gtrimethylbenzil (83%).56' 

Cyclic ketones l ike c y c l o h e ~ a n o n e ~ ~ ~  and c y ~ l o h e p t a n o n e ~ ~ "  yield the 
corresponding a-diketones in 35% and 90% yields, respectively. 

Compounds having methylene groups situated between two activating 
groups-ketone, acid, or ester-are readily oxidized with selenium di- 
oxide to furnish trike tone^,^^' keto d i e ~ t e r s , ~ ~ '  a ,0-diketo esters,57' or 
a-keto acids.574 

Another procedure uti l izes oxides of nitrogen. An example i s  the 
oxidation of diethyl malonate to diethyl oxomalonate, CO(C02C2H5),, 
with nitrous anhydride (76%).575 Synthesis of alkyl aryl a-diketones 
has  been accomplished under similar conditions (30-40%).5'6 

A benzyl s ide  chain i s  changed to a benzoyl group by vigorous oxida- 
tion. For example, 4,4'-dia~etylaminodiphen~lmethane'~' i s  converted 
with chromic acid to the benzophenone in 70% yield. Also, 2-benzoyl- 
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pyridine i s  made from 2-benzylpyridine in 86% yield by the action of 
potassium ~ e r m a n ~ a n a t e . ' ~ ~  

Oxidation of cyclohexene with chromic anhydride in acetic ac id  gives 
a 37% yield of 2-cyclohexenone; likewise, I-methylcyclohexene goes  to 
3-methyl-2-cy clohexen- 1-one (20%).~'  

Certain aromatic compounds containing alkyl groups have been con- 
verted to  carbonyl derivatives by liquid-phase oxidation of these  groups 
with air  in the presence of chromium oxide catalysts. 

0 2  
ArCH2CH3 - ArCOCH, 

Catalyst 

By the  simple procedure of passing dispersed air  through a suspension of 
m-diethylbenzene, 1% chromia, and 4% calcium carbonate at 130' for 40 
hours, a 50% yield of m-ethylacetophenone i s  obtained."' Likewise, 
aromatic  ester^,"^*'^^*'^^ a ~ e t o ~ h e n o n e s , ~  and halogenated benzenes '45 

containing alkyl groups yield the corresponding keto esters, diketones, 
and halo ketones, respectively. Manganese dioxide catalyst  h a s  a l so  
been used.24o Tetralin can be  oxidized to a-tetralone with dispersed 
air in the absence of a catalyst (56%).241 

184. Cleavage of f l - ~ e t o  Esters 
The formation of 0-keto es ters  and their cleavage represents an im- 

portant synthesis  for many types of ketones. The  methods of synthesis  
of various 0-keto esters are considered under methods 211 to 215 and 
have been reviewed:I4 Quite often the  intermediate 0-keto es ters  are 
not isolated but are cleaved directly to ketones. With few exceptions 
(methods 266 and 308), the cleavage always results  in the  formation of 
a ketone. Syntheses involving these  cleavages are considered here. 

Monoalkylation of ethyl acetoacetate and subsequent ketonic hydroly- 
s i s  g ives  methyl ketones of the type CH3COCH2R (acetoacetic ester  
synthesis). 

NaOC2H5 ; H +  
CH3COCH2C02C2H5 - CH3COCHRC02C2H5 -+ CH3COCH2R 

R X 1 NaOC 2H5 ;R'X 
H +  

CH,COCHRR8.+ C02  + C2H5 OH t CH,COCRR8C02C2H5 

The over-all yields resulting from the use  of primary alkyl bromides are 50- 
70%. The method i s  illustrated by the preparation of methyl n-amyl ketone. 
(61%).256 Monoalkylation with secondary alkyl bromides i s  l e s s  complete, 
and the over-all yields are  lower (20-30%). 

Dialkylation followed by hydrolysis g ives  methyl ketones of the type 
CH3COCHRR8 The over-all yields are 30-40%, often depending on which 
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alkyl group i s  introduced fir'st when R and R'are different.'sO*'sl For 
example, in the preparation of methyl methylisopropylacetoacetate, better 
results are obtained if the methyl group i s  substituted first (60% ester 
yield)"' (cf. method 213). Hydrolysis of disubstituted acetoacetic esters, 
CH3COCRR'C02C,H3, in which R and R' are methyl or ethyl groups usually 
gives ketones in 60 to 80%  yield^."'^^^^ When R i s  a n-butyl group and 
R' i s  either a n- or s-butyl group, the ketones are formed in low yields, 
ester formation being favored (cf. method 308); however, these particular 
ketones are available in good yields by cleaving the corresponding t- 
butyl ace to acetate^.^^^ 

Sulfuricas6 or phosphoricas7 acids are used for the ketonic hydrolysis, 
a s  in the preparation of methyl n-amyl ketone. Also, the hydrolysis i s  
brought about by boiling with acetic-sulfuric acid mixture,"' hot 5% 
potassium hydroxide solution,'s9 or hydriodic acid if the hydrolysis i s  
especially diffi~ult.~" Benzylacetone, C6H, CH,CH,COCH,, i s  formed 
by hydrolysis of the corresponding p-keto ester with water at 150-250' 
and 200 atm. Dialkylated p-keto esters are stable to this treatment; 
therefore, a single ketone can be obtained from a mixture of mono- and 
di-alkylated p-keto esters.2s3 

Difunctional compounds have been prepared by this series of reactions. 
Alkylation with unsaturated  halide^'^^"'^ or alkylation of unsaturated 
p-keto esters262 leads to olefinic ketones. Halogenation of a substituted 
acetoacetate followed by acetic-sulfuric acid hydrolysis gives a-halo 
ketones. An example of this transformation i s  the chlorination of ethyl 
benzylacetoacetate with sulfuryl chloride (69%) followed by hydrolysis 
and decarboxylation to give a-benzyl-a-chloroacetone (84%)."' If alkoxy 
halides are used, keto ethers result. In this manner, 6-ethoxybutyl methyl 
ketone (35% o ~ e r - a l l ) ~ ~ ~  and 6-phenoxybutyl methyl ketone (61%)292 have 
been prepared. Similarly, alkylation using dialkylamino halides yields 
dialkylarnino ketones in about 60% over-all yield,306 as  illustrated by the 
conversion of y-diethylaminopropyl chloride and ethyl sodioacetoacetate 
to 1-diethylamino-5-hexanone (60%).'07 An example of the reaction of a 
halogenated ester leading to a keto acid i s  found in the preparation of 
8-ketononoic acid (68%).297 ~Keto-a-alkyl  acids have been prepared by 
a one-step hydrolysis and decarboxylation of certain cyanoacetoacetic 
esters.296 

RCHCNCH(COCH3)C0,~H, 2 RCH(COOH)CH,COCH, + CO, + C,H, OH 

a-Keto acids have also been obtained by treating a-oxalyl esters with 
boiling dilute sulfuric acid for 6 hours (8-94%).29s These starting materials 
are prepared by condensation of ethyl oxalate and a second ester (method 
2 1 1). 

METHOD 184 3 2 9  

NaOC2H, 
(CO,C,H, ), + RCH,CO,GH, - C,H, O,CCOCHRCO,C,H, 

1 H' 

RCH,COCO,H + CO, + GH, OH 

P - ~ e t o  esters prepared by additional methods (methods 21 1-215) are 
cleaved to give other types of ketones. (1) Acylation of the sodium eno- 
laces of disubstituted acetic esters followed by hydrolysis and decarboxy- 
lation gives ketones of the type R'COCHR,. 

1 R'COCI 

H + 
R'COCHR, + CO, + C,H, OH c R'COCR,CO,C,H, 

The over-all yield from ester and acid chloride i s  38-58%.262 (2) Self- 
condensation of high-molecular-weight esters and hydrolysis of the re- 
sulting p-keto esters gives symmetrical ketones of the type RCH,COCH,R. 

The over-all yields (R equals n-C3-C,, n-C,,, and n-C,,) from the esters 
vary from 55% to 78%.2s9 Certain heterocyclic ketones, namely, 8-acetyl- 
quinoline and p-acetylpyridine, have been prepared through a mixed ester 
c o n d e n s a t i ~ n . ~ ~ ~ ~ ~ ~ ~  (3) If acetoacetic ester i s  acylated in the form of i ts  
sodium enolate and carefully hydrolyzed, a new p-keto ester i s  formed. 
Alkylation of this keto ester followed by hydrolysis gives ketones of the 
type RCOC\Rt. 

NaOC2HS ; 
CH,COCH,CO,C,H, CH,COCH(COR)CO,C,H, 

RCOCl I NH, 

The over-all yields are stated to be 13-2073 from the acid ~hloride;'~' 
however, the directions are not If the chloride of a dibasic 
acid i s  used, a diketone results. Thus, terephthalic acid chloride gives 
p-diacetylbenzene (15% over-all).'" o-Chloroacetophenone, a halo ketone, 
has been prepared from ethyl acetoacetate and o-chlorobenzoyl chloride 
( 54%).=90 
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Aminomethyl ketones have been prepared by the a-oximination of P-keto 
esters followed by reduction and 

HCl 
RCOCH(NHAc)CO,C,H, ----+ RCOCH,NH, .*HCI 

Symmetrical ketones are sometimes prepared from acyl chlorides by way 
of diketenes and P-keto  acid^.^"' 

2RCK,COU (C1Hs)3N% RCH,COC(R) = c =O 2 (RCH, ),CO + CO, 

The addition of ethyI sodiomaIonate to oIefinic ketones foIIowed by 
ring closure and P-keto ester cleavage leads to 1,3-cyclohexanediones. 
The reaction has been applied to the formation of 2-alkyl-5-phenyl- l,3- 
~ ~ c l o h e x a n e d i o n e s ~ ~ '  and,is typified by the preparation of 5,5-dimethyl- 
1,3-cyclohexanedione (B)%)."~ Other cyclitations for formation of four- 
and five-membered rings have been d e s ~ r i b e d . ~ ~ ~ ~ ~ ~ ~  

185. Decarboxylation of Acylmalonic Acids 

H + RCOCl + C,H, OMgCH(CO,C,H,), -4 RCOCH(CO,C,H,), -4 RCOCH, 

A convenient method for preparing alicyclic or aromatic methyl ketones 
consists in the acylation of the ethoxymagnesium derivative of diethyl 
malonate with the appropriate acyl chloride, followed by acid hydrolysis 
and decarbosylation of the resulting Pke to  d i e~ t e r .~""~  The last step 
i s  carried out like the ketonic cleavage of P-keto  ester^.'^' The over-all 
yields are 60-85%. 

The method i s  especially valuable for the preparation of certain sub- 
stituted acetophenones, namely, o- and p-nitroacetophenone and o-chloro- 
ace t~~henone . "~  Methods involving Grignard, Friedel-Crafts, or nitration 
reactions are apparently not applicable for the preparation of these nitro 
compounds, and the Friedel-Crafts reaction i s  not applicable to the prep- 
aration of o-chloroacetophenone. Although the acetoacetic ester synthesis 
has been used for the preparation of these and other substituted aceto- 
phenones, it may be complicated by 0-acylation and also by cleavage at 
either acyl group (cf. method 212). 

High-molecular-weight aliphatic ketones of the type RCOCH,R8 are 
made by acylation of substituted dibentyl esters of malonic acid followed 
by hydrogenolysis and d e c a r b ~ s y l a t i o n . ~ ~ ~  
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R'CH(CO,CH,C,H,), 
N a O C a H ~ ;  + RCOCR'(CO,CH,C,H,), 

RCOCl 
H 3 RCOCR'(CO,H),d 

-co, RCOCH,R' 

Pd 

Decomposition of acylated malonic esters over aromatic sulfonic acids 
leads to 6-keto esters (method 214). 

186. Thermal Decarboxylation of Acids 

Catalyet 
RC0,H --.---* R,CO + CO, 

Heat 

Symmetrical ketones (R equals ethyl, propyl, isopropyl, n-butyl, iso- 
butyl, and n-heptyl) have been prepared in nearly "quantitative" yields 
by passing the acid vapors over thoria at high temperatures. Studies have 
been made of metallic oxide catalysts and temperature of reaction. In 
general, a thoria catalyst has been favored at temperatures of 400- 
500' The apparatus and catalyst preparation have been described.31g 

More recently, i t  has been shown that a thoria "aerogel" catalyst i s  
superior to the thoria-hydrogel and thoria-on-pumice catalysts. High 
yields at a lower temperature !310°) and high flow rates are ~btained.~" 

The distillation of lauric acid (or other high-boiling acids) over the 
catalyst bed i s  difficult and gives poor yields; however, when the lower- 
boiling methyl ester i s  used, laurone i s  obtained in a 93% yield.3a1 
Similarly, the ethyl ester of 7-undecenoic acid gives undecylenone (86%). 

A large number of unsymmetrical ketones have been prepared by the 
thermal decarboxylation however, the yields are not re- 
corded. In general, by using a large excess of the short-chain acid 
(which minimizes formation of the long-chain symmetrical ketone) over 
thoria at 400°, yields of about 50% are ~btained.~ '*~O~ Methyl benzyl 
ketone and other alkyl aryl ketones have been synthesized in this manner 
(65%).3'9 The use of manganese oxide catalyst at 400' gives about the 
same 

The thermal decarbosylation of a mixture of barium salts has been used 
to prepare unsymmetrical ketones; the yields are not stated."' The 
earlier procedure has been modified by carrying out the reaction in 
v a c ~ o " ~  in an iron flask. Glass reaction vessels are inferior. In this 
manner, a large number of the high-molecular-weight methyl ketones, C,, 
C,,, Cia-C,,, and C,,, are p~epared in 54-6774 yields. Cyclopentanone 
has been synthesized in 80% yield by distillation of adipic acid from 
barium hydroxide at 275°.3" In a study of metallic oxides and carbonates, 
magnesium oxide i s  preferred for the liquid-phase ketonitation of stearic 
acid at 330-360' (95%).3'8 A convenient method for the preparation of 
dibentyl ketone i s  the reaction of phen~lacetic acid, acetic anhydride, 
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and fused potassium acetate at 150' (41%)."' Several pyridyl ketones 
have been made in a similar 

Acids which have no a-hydrogen atoms may yield unsymmetrical ketones 
on decarboxylation instead of the anticipated symmetrical compounds."' 

187. Interaction of Grignard Reagents and Nitriles 

Grignard reagents react with nitriles to form ketimine sal ts  which on 
hydrolysis give ketones. For the most part, the procedure i s  successful 
only for high-molecular-weight aliphatic and aromatic nitriles, although 
the lower-membered aliphatic nitriles respond favorably with aromatic 
Grignard reagents."'* P oor results have been associated with a 
competing reaction of the Grignard reagent a t  the a-hydrogen of the nitrile 
to form a hydrocarbon and a magnesium derivative which may react further 
a t  the nitrile group, viz., RCH,CN + R'MgX + R'H + (RCHCN)M~X.~~' 

Alkyl a-naphthyl ketones from a-cyanonaphthalene and XMgX are pre- 
pared when R i s  methyl through n-hexyl, cyclohexyl, or phenyl (35-60%)?46 
The Grignard reagents are treated with the cyanide for 5 hours in boiling 
toluene or benzene-ether mixture. The intermediate ketimine sal t  i s  then 
hydrolyzed with aqueous ammonium chloride. Acylated aromatic com- 
pounds can be prepared readily in this way, avoiding isomeric mixtures 
encountered by the Friedel-Crafts method. Thus, the pure acetyl-, 
propionyl-, and benzoyl-phenanthrenes have been synthesized (50- 
87%). 21~'47,34" 

Ketones from fatty acid nitriles and high-molecular-weight Grignard 
reagents are often contaminated with  hydrocarbon^.'^^*"^ This difficulty 
can be avoided by discarding the ethereal solution containing the hydro- 
carbon products before the hydrolysis of the ketimine salt.351 The 
ketone-hydrocarbon mixture has been separated by dissolving the ketone 
in warm concentrated sulfuric acid, removing the insoluble hydrocarbons, 
and then reclaiming the ketone by diluting the acid solution with water.''' 

The reaction of olefinic Grignard reagents with nitriles to give olefinic 
ketones i s  not common. An example i s  the preparation of 4-hexen-+one 
from allylmagnesium bromide and propionitrile (25%)."' 

Nitriles carrying relatively unreactive halogen atoms have been used 
to prepare halo ketones. Thus, 4-chloro-2-ethoxybutyronitrile, 
C&ClCH,CH(OC,H,)CN, has  been converted to 3-chloro-1-ethoxypropyl 
alkyl ketones in 40-75%  yield^."^ Reaction of methyl Grignard reagent 
and o-bromophenyl cyanide gives o-bromoacetophenone (80%).~~' 

Diphenylacetoin, a hydroxy ketone, has  been prepared in 45-60% yield 
by the action of benzyl Grignard reagent on phenylacetaldehyde cyano- 
hydrin.37' 
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An important method for the preparation of keto ethers i s  the reaction 
of cyano ethers with Grignard reagents. In this manner, a large number 
of a-alkoxy aliphatic ketones have been made ( 3 0 - 7 0 % ) . ~ ~ ~ " ~ ' " ~ ~  Like- 
wise, phenoxymethyl alkyl ketones have been prepared (20-64%).380 When 
the Grignard reagent contains an QI -alkoxy group, w -alkoxy ketones are 
formed.'79 

Ethyl p-oxovalcrate, a P-keto ester, i s  prepared from ethyl Grignard 
reagent and ethyl cyanoacetate (58%).'"@'" Amino ketones are conven- 
iently made by the action of aromatic Grignard reagents on y-diethyl- 
aminobutyronitrile, (C,H,),NCH,CH,CH,CN, in 80-90% yields.'n8 

188. Interaction of Organometallic Reagents and Anhydrides 

R ' M ~ X  1 
(RCO),O - RC -0COR % RCOR' 

\ 
R/ 

A large number of ketones have been prepared by treating anhydrides 
with Grignard reagents. It has  been shown that the yields are best at 
low temperatures (-75'). Primary, secondary, and tertiary aliphatic or 
aromatic Grignard reagents give high yields when treated with acetic, 
propionic, or butyric 

A variety of ketones may be made using cadmium alkyls (50-70%). In 
the preparation of alkyl aryl ketones, reaction of the aliphatic rather than 
the aromatic anhydride i s  preferred."' Keto acids result when phthalic 
anhydride'92-'94 or dimethylsuccinic anhydride (60-70%)395 i s  used. 

Acetylemc ketones of the type RF= CCOCH, are prepared by the re- 
action of acetic anhydride and acetylenic Grignard reagents. The latter 
compounds are readily made from acetylenic hydrocarbons and ethyl- 
magnesium chloride, and are added slowly to the anhydride at a low 
temperature. This procedure prevents a secondary reaction of the de- 
sired product with a second molecule of Grignard reagent. In this man- 
ner, Soctyn-bone (58%) and 3-nonyn-2-one (55%) are ~repared."~ Sodium 
phenylacetylide has  been treated with various anhydrides, including 
acetic, benzoic, cinnamic, and crotonic, to give the corresponding phenyl- 
acetylenic  ketone^."^ 
189. Interaction of Organornetallic Reagents and Acyl Chlorides 

Addition of cadmium alkyls to acyl chlorides yields the corresponding 
ketones. The method has  been reviewed,400 and the experimental condi- 
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tions have been studied.*' The cadmium reagents are readily prepared by 
adding anhydrous cadmium chloride to Grignard reagents. It i s  advisable 
t o  check the completeness of the cadmium alkyl formation by the standard 
Gilman tes t  for Grignard reagent. The u s e  of an alkyl bromide for forma- 
tion of the cadmium reagent and of benzene as solvent during the coupling 
reaction has  improved the  yield. A variety of ketones have been prepared, 
and yields of 5 0 4 0 %  may be  expected i f  highly reactive ketones are not 
formed and if the cadmium alkyl i s  not secondary or tertiary.'O'*'Da In the  
preparation of methyl n-butyl ketone (74%), n-propyl-n-heptadecyl ketone 
(65%), acetophenone (85%), and ethyl a-fury1 ketone (61%), the smaller 
alkyl fragment comes from the cadmium alkyl. Either the aryl or  alkyl 
cadmium compound i s  satisfactory for formation o f  alkyl aryl ketones. 

The r-action h a s  been extended to  the formation of difunctional com- 
pounds. High-molecular-weight keto e s t e r s  and halo ketones are  formed 
by using carbalkoxy acyl chlorides and halogenated acyl chlorides, re- 
spectively. Methyl 4-keto-7-methyloctanoate (75%) and 1-chloro-2- 
hexanone (51%) have been prepared in th is  ~ a ~ . ' ~ ' * ' ~ '  Also, P-aroyl- 
propionic es ters  are made by the reaction of diarylcadmium reagents with 
P-carbomethoxypropionyl chlorideO6" In the preparation of a carbalkoxy 
acyl chloride having a branched carbon skeleton, an ester  interchange may 
occur t o  give a mixture of the two possible carbalkoxy acyl  chloride^.^" 
Alkoxy acyl chlorides react  with cadmium alkyls to  give keto ethers, as 
in the preparation of 7-phenoxypropyl methyl ketone (78%) from 7-phenoxy- 
butyryl chloride and methylcadmiumaDa and of certain 2-alkoxyethyl phenyl 
ketones from P-alkoxypropionyl chloride and diphenyl~admium.'~' 

A large number of methyl and ethyl ketones have been prepared in about 
70% yields by employing zinc alkyls; however, full directions are not 
given.'05 Reaction of zinc alkyls and unsaturated acyl chlorides in the 
presence of a zinc-copper couple gives olefinic ketones in 75-90% yields. 
By th is  procedure, 5-ethyl-4-hepten-+one (74%) and 3,4-diethyl-4-hexen-2- 
one (83%) are made.'06 High-molecular-weight keto ac ids  (Can-C,,) have 
been prepared in good yields (77-92%) by adding ethereal Grignard reagents 
t o  anhydrous zinc chloride, replacing the ether with benzene a s  solvent, 
and then treating with carbethoxy acyl chlorides under re flu^.'^'*'^' 

In general, the cadmium reagent i s  preferred to  the zinc reagent be- 
cause i t  i s  more readily prepared and i s  l e s s  reactive toward the car- 
bony1 group. 

Grignard reagents have been used directly in r n ~ n o - ' ~ ~ ~ " ~ ~ ~ ' ~  and di- 
ketone'I5 formation. More recently, i t  h a s  been found that a catalytic 
quantity of cuprous chloride greatly increases the  yield^."^^"^ An ex- 
ample i s  the formation of hexamethylacetone in 70-80% yield from t- 
butylmagnesium chloride and trimethylacetyl chloride. Diketones have 
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also  been prepared by coupling magnesium enolates of certain ketones 
with high-molecular-weight acyl  chloride^.^'^ 
190. Interaction of Grignard Reagents and Amides 

~ R ' M ~ X  
RCONH, 

YHMgX , RC-OMgX % RCOR' 
\ 

This reaction has  been used extensively for the preparation of neo- 
pentyl and t-butyl ketones from n-alkyl Grignard reagents and t-butyl- 
acetamide and trimethylacetamide, respectively, (52-78%).'a7"m In 
addition, a large number of halo ketones have been prepared by the re- 
action of aromatic Grignard reagents with chloro-substituted aromatic 
amides (60-80%).'~"-'~' For example, benzyl Grignard reagent and m-chloro- 
phenylacetamide react to  give benzyl m-chlorophenyl ketone (80%). In 
a similar manner, the u s e  of mandelamide or p-methoxyphenylacetamide 
leads to hydroxy ketones or keto ethers, r e spe~ t ive ly . "~  

191. Interaction of Grignard Reagents and a,D-Olefinic Ketones 

Aliphatic and aromatic ketones have been prepared by th is  method. 
The Grignard reagent adds 1 :  4 to  the conjugated ketone system. This  i s  

illustrated by the addition of ethyl Grignard reagent to ethylideneacetone, 
CH,CH=CHCOCH,, to give a 75% yield of 4-methyl-2-hexanone.'" Highly 
branched ketones have been prepared in small yields.'3n*"g The amount 

of 1 : 4 addition varies considerably with the Grignard reagent"0"" (cf. 
method 89). Certain methoxy-substituted chalcones, h C H =  C H C O h ,  
have been treated successfully."' 

192. Interaction of Grignard Reagents and Halo Ketones 

The most successful application of th is  method has  been the synthesis  
of 2-substituted cyclohexanones by the action of either aliphatic'" or 
aroma ti^"^ Grignard reagents on 2-chlorocyclohexanone. An example i s  
the formation of 2-phenylcyclohexanone (R = C6H5) in 60% yield."' The 
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aromatic moiety may a lso  be  substituted with alkyl or alkoxyl groups. 
The  method h a s  been extended to the preparation of 2-phenylcyclopentanone 
(50%).4M 

193. Interaction of Organometallic Reagents and Esters442450 

(cf. method 91) 

p c 2 H 5  

RCOaC,H5 + R'MgX 4 RC -0MgX % RCOR' 
\ 

194. Interaction of Organometallic Reagents and M t s  of Carboxylic 
A ,-ids449s 451 

/ 
RC0,Na + R%lgX 4 RC -0MgX H'9 RCOR' 

\ 
R ' 

195. Hydrolysis of Ketone Derivatives 

Oximes, which are produced by several synthetic routes (cf. Chapter 27), 
are readily hydrolyzed to carbonyl compounds. Thus, the acetylbenzoyl 
monoxime, prepared by the nitrosation of propiophenone, has  been con- 
verted to the diketone by hydrolysis with dilute sulfuric acid.45a 

In another instance, the action of aliphatic Grignard reagents on methyl 
a-nitrosoethyl ketone with subsequent acid hydrolysis furnishes a-hydroxy 
ketones of the type CH3(R)COHCOCH3.456 The oxime of l-methylcycle 
penten-5-one is hydrolyzed by dilute sulfuric acid (54%). It i s  prepared 
by the action of nitrosyl chloride on l-methylcyclopentene with subsequent 
dehydrohalogenation with pyridine.598 

CH3 
I 

(343 
I CH, 

I 

N o C l  H, j ;mo P ~ i a n t  H,C CH - - HC C = O  I I I I 
H,C - CH, H,C-CH, H,C - CH, 
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A method for hydrolyzing p-quinone oximes with the aid of cuprous chlo- 
ride has  been described; the yields are excellent.459 

Aliphatic ketones have been prepared by a five-step synthesis  from 
nitroparaffins. 

RCHO 
R'CqNO, ----+ RCHOHCHR'NO, 

1 

The nitroparaffins are condensed with aldehydes t o  yield nitro alcohols 
(70-80%), which on acetylation and treatment with an aqueous methanolic 
solution of sodium bicarbonate are converted to  nitroclefins (80-84%). 
These  compounds are reduced to  the corresponding ketoximes by zinc and 
acetic acid (50-60%).~~' Reduction with iron and dilute hydrochloric acid 
gives good yields of either ketones or ketoximes, depending upon the 
amount of hydrochloric acid used.679 The ketoximes can be hydrolyzed 
to ketones by refluxing with dilute sulfuric acid in the presence of forma- 
lin, which ac t s  a s  a hydroxylamine acceptor (80%). The over-all yields 
from the nitroclefins are 40-60%. In th is  manner, certain otherwise dif- 
ficultly obtainable ketones are prepared. Semicarbazones have been con- 
verted to ketones by treatment with sodium nitrite in glacial acetic acid,454 
with aqueous oxalic or with phthalic anhydride.490 

a-Keto  ac ids  or es ters  may be prepared by the hydrolysis of the cor- 
responding oximino es ters  with 85% formic acid and nitrosylsulfuric acid 
a t  o'.~" Although a-oximino acids can be obtained in excellent yield 
from a-halo ac ids  or substituted acetoacetic or malonic esters,458 their 
hydrolysis may proceed poorly.295 

Elimination of carbon dioxide from a carboxylic acid in the presence 
of a diazonium sa l t  leads  to an aryl hydrazone (Japp-Klingemann). S u b  
sequent hydrolysis in the presence of pyruvic acid furnishes the carbonyl 
compound, a s  illustrated by the preparation of 2-n-butyrylpyridine (81%)."' 

196. Selective Reduction of a ,POle f in i c  Ketones 

RCH = CHCOR , RCH,CH,COR 
Catalyat 

Selective hydrogenation of a , b o l e f i n i c  ketones to saturated ketones 
can  be accomplished through careful control of the temperature, duration 
of reaction, and u s e  of a catalyst  active enough to permit low-temperamre 
hydrogenation.464 Thus, mesityl oxide, benzalacetone, and benzalaceto- 
phenone have been reduced in 90-100% yields to the corresponding satu- 
rated ketones.465 Preparations of nickel catalysts  used in these reductions 
are descri bed465*466 
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Other olefinic ketones have been reduced selectively a t  room tempera- 
ture and atmospheric pressure over a platinum or palladium catalyst  to 
give good yields of the ketones, namely, 5-methyl-3-heptanone (94%)F7*468 
diisobutyl ketone (100%),'~' and a-benzylacetophenone (81-95%).'" 
Selective hydrogenations of some 3alkyl-2-cyclohexenones have been 
carried out  over palladinized charcoal in essentially quantitative 
Preparation of platinum catalyst  has  been described"' Many olefinic 
ketones prepared by the aldol condensation or by acylation of olefins 
have been hydrogenated; however, the yields are not always stated"' 
Benzalacetone, C6H5CH=CHCOC;H3, i s  selectively reduced to benzyl- 
acetone in a 63% yield by the action of sodium amalgam in acetic acid- 
alcohol solution.47' 

Unsaturated keto e s t e r s  obtained by the Knoevenagel condensation 
have been selectively hydrogenated in good yields with Raney nickel 
catalyst a t  room temperature and 45 atm. to  saturated keto esters, e.g., 
ethyl a-heptylacetoacetate (97%) from ethyl a-heptylidenea~etoacetate.~'~ 

197. Part ial  Reduction of Phenols 

Phenols can be  partially hydrogenated in the presence of alkali to 
cyclohexanones. An example i s  the synthesis  of dihydroresorcinol, or  
1,3cyclohexanedione, by hydrogenation of resorcinol in the presence of 
Raney nickel and an equimolar quantity of sodium hydroxide (95%).'" 
Under these  same conditions, pyrogallol furnishes a stable enedi~lone. ' '~ 

OH OH 0 00. $0.. =soH 
/ ONa I ONa OH 

Hydrogenation of 2-naphthol in the presence of palladium and an organic 
base  like N-ethylmorpholine gives 2-tetralone (40%);'03 other conditions 
for i t s  reduction lead to other products.4"4~a5 By means of Raney nickel 
and alkali, 1,Gdihydroxynaphthalene h a s  been partially reduced to G 
hydroxy- I-tetralone.'" 

Reductions of th is  type may a lso  be carried out by the action of sodium 
and ammonia, sodium and alcoh01,"'~ or Raney nickel-aluminum alloy and 
alkali.'" 

METHOD 198 

198. Alkylation of Ketones 

Many highly branched ketones have been prepared by the alkylation 
o f  simpler ketones, sodium amide or sodium alkoxides generally being 
used t o  form the enolate ion. For  example, ketones of the  type RCOR', 
where R and R' represent many combinations of methyl (Me), ethyl (Et), 
n-propyl (Pr), isopropyl, n-butyl, s-butyl, t-butyl, isoamyl, Et,CH-, 

' 

Et3C-, n-Pr,CH -, n-PrMeCH -, isoPrCH, -, and n-PrMe,C-, have 

been prepared; however, the yields are not always reported.'" Alkylation 
of alicyclic ketones like cyclopentanone and cyclohexanone has  also 
been studied. In these  reactions a l l  available a-hydrogens may be re- 
placed, disubstitution on one s ide  of the carbonyl group occurring 
first.489-493 Alkyl aryl ketones of the types ArCOCH,R, ArCOCHR'R", 
and ArCOCR'R'Y' are made by alkylating acetophenone and i t s  deriv- 
at ives with ally1 or benzyl  halide^.'^' In general, the reactivity of the 
alkyl halide decreases with increasing carbon content and complexity. 
Oftentimes, an alkyl sulfate i s  employed a s  the alkylating agent. A re- 
view of the earlier work has  been presented.494 The method i s  illustrated 
by the conversion of diisopropyl ketone to  hexamethylacetone in the 
presence of sodium amide (52%).16' 

Methyl y-chloropropyl ketone, CH,CO(CH,),CI, undergoes intramolecular 
cyclization to  methyl cyclopropyl ketone under the influence of 50% 
aqueous sodium hydroxide.694 

The effect of the basic reagent has  been studied in the methylation of 
phenylacetone. Monomethylation proceeds better with sodium isopropoxide 
than with sodium ethoxide. Introduction of a second alkyl group i s  accom- 
plished best  with potassium t-butoxide. Sodium t-amylate al lows many 
alkylations that fail or give poor results  when carried out with sodium 
amide.493 I,l-Disubstituted 2-tetralones are conveniently prepared by 
alkylation in the presence of sodium hydride, no monosubstituted products 
being formed with th is  reagent.496 

The temperature of the reaction has  been shown to  be  important. For 
example, in the alkylation of 2-methylcyclopentyl phenyl ketone, the 
reaction carried out a t  the  temperature of t he  refluxing benzene solution 
gives the desired product; however, the u s e  of boiling xylene leads to  
0-alkylated products, and boiling toluene g ives  mixtures.66" 

Diketones have been alkylated by a modified The 

monosodio derivative i s  prepared in ether by treating the diketone with 
powdered sodium. It i s  then. allowed to react with the alkyl iodide in 
acetone or dioxane solution. This  scheme has been applied in the prep- 
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aration of n-butylbenzoylacetone, P hCOCH(n-Bu)COCH,, ethylacetylace- 
tone, CH3COCH(C,H5)COCH,, and other high-molecular-weight compounds. 
In a similar manner, acyloin enolates are alkylated with primary halides 
in ethyl ether or toluene to furnish a,a-dialkyl- a'-hydroxy ketones.'Oa 

Alkylation with ally1 bromide leads  to olefimc ketones, e.g., 2-allyl- 
cyclohexanone (62%) and a-allylethyl ethyl ketone (56%) from the corre- 
sponding  ketone^.'^^'^^^ Desoxybenmin, C6H5C&COC6H,, and b-&ethyl- 
aminoethyl chloride, (C,H,),NC&CH,CI, combine to form the correspond- 
ing amino ketone. '04 

19. Interaction of Diazomethane and Carbonyl Compounds 

RCHO + CH,N, 4 RCOCH, + N, 

Diazomethane reacts  with carbonyl compounds t o  introduce methylene 
groups.'05 In the c a s e  of aldehydes, nitrogen i s  lost  and the corre- 
sponding e ~ o x i d e ,  methyl ketone, or higher homolog of the starting alde- 
hyde i s  formed, depending on the nature of the R group and catalytic 
influences. Similarly, ketones yield epoxides and homologous ketones. 
The latter may react further with additional diazomethane. For these  
reasons, the reaction may be  complicated. 

Cyclic ketones react to  form the higher homologs; for example, c y c l e  
hexanone i s  converted to  cycloheptanone (63%).'06 

An extension of th is  reaction has  been the use  of other aliphatic di- 
azoalkanes. Benzaldehyde and the appropriate diazo compound give 
propiophenone, butyrophenone, and valerophenone in almost quantitative 
yield.'" Furylaldehyde a lso  reacts  to form fury1 alkyl ketones 

200. Catalytic Hydration of Acetylenic Compounds 

Catalyst 
RC= CH + H,O + RCOCH, 

This  method finds commercial application in the production of acetalde- 
hyde from acetylene. Mercuric s a l t s  in the presence of dilute sulfuric 
acid act  a s  the catalyst. The reaction has  been extended to  higher 
alkylacetylenes, which are obtained in about 60% yield from sodium 
acetylide and alkyl halides. These  compounds are  readily hydrated in 
aqueous solutions of acetone, methanol, or ace t ic  acid to give 80-90% 
yields of the corresponding methyl ketones, for example, methyl butyl, 
methyl amyl, and methyl hexyl  ketone^.'^' Hydration has  been accom- 
plished by passing the acetylenic hydrocarbon and steam over a phos- 
phoric acid catalyst a t  150-204' and atmospheric pressure.509 

Acetylenic carbinols (from sodium acetylide and a ketone) are readily 
hydrated in the presence of mercuric sulfate to give the corresponding 
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hydroxy ketones in high P-Keto ac ids  have been prepared 
by hydration of acetylenic acids.'" a-Acyloxy ketones, 
R,C(OCOCH,)COCH,, are made by the action of carboxylic ac ids  on 
acetylenic ~ a r b i n o l s . ~ ' ~  

I 20 1. Dehydration and Rearrangement of a-Diol s 

The c lass ica l  example of th is  method i s  the rearrangement of pinacol 
to  pinacolone (72%).'" The reaction i s  usually brought about by dilute 
sulfuric acid. A second procedure i s  the  passage  of a mixture of the 
pinacol and steam over silica-phosphoric ac id  at 275-300'; the yield of 
pinacolone i s  94%.'14 Benzopinacol, (C6H5),COHCOH(C6H,),, i s  dehy- 
drated and rearranged by iodine in ace t ic  acid (96%).'15 Under the same 
conditions, diphenyl-(I-hydroxy-1-cyclopenty1)-carbinol undergoes re- 
auangement accompanied by ring expansion to form 2,2-diphenylcycle 
hexanone (98%).'16 

The reaction has  been extended to  other pinacols; however, their 
preparation may involve lengthy procedures.517 Certain benzoins on re- 
duction with metals and acids yield diols  which are  then converted to 
desoxyben~o ins . "~"~~  These  conversions involve the migration of a 
hydrogen atom rather than an alkyl group. Similarly, aromatic keto ethers 
and amino ketones have been prepared.520ss2' 

A modification of this  reaction i s  the hydrolysis and rearrangement of 
olefin dibromides.""he most successful  of these  conversions i s  the 
preparation of methylisopropyl ketone (59%) from trimethylethylene 
dibromide.'" 

202. Decomposition of Glycol Monoalkyl Ethers 

J. 
RCOCHR', & RC(OC,H,)-CR: 

6&96% 

Ketones of the type RCOCHR:, where R represents methyl, ethyl, iso- 
propyl, n-butyl, n-hexyl, or phenyl, and R' represents ethyl, n-propyl, 
n-butyl, or phenyl, have been prepared by a ser ies  of reactions similar 
to  that used in the preparation of aldehydes (method 167).'" 

In an analogous manner, the  monoethyl ether of dihydroresorcinol reac ts  
with alkylmagnesium halides to form ~alkyl-2-cy~lohexenones.~~' 
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203. PDike tones  by Acylation of Ketones 

(R 'CO) ,~  , , + R'COCH&OCH,R (Type I) 

R'CO,C,H 
CHFoCH2R R'COCHRCOCH, (Type 11) 

Bane 

The acylation of ketones having reactive methylene groups by 
es ters  or anhydrides 54a*543 is a common and convenient method for 
preparing P-diketones. An ester  is used in the presence of a base, and 
an anhydride with boron trifluoride. From an unsymmetrical ketone two 
types of ketones result, depending on which a-hydrogen atom reacts. In 
general, the boron trifluoride method leads to the formation of type I 
ketones, R%OCH,COCH,R, whereas the basic reagent method favors 
type I1 ketones, R'COCHRCOCH,. Either sodium amide544*549 or sodium 
hyhide  545.549 is preferred a s  the basic reagent. Unsymmetrical ketones 
having only one  reactive s ide  (such a s  acetophenone) respond the same 
by either method.54a Also, symmetrical ketones take the same course by 
both methods, e.g., acetone to a c e t y l a ~ e t o n e . ~ ~ ~ ' ~ ~ '  Many representative 
ketones-methyl ethyl, methyl isopropyl, methyl isobutyl, methyl t-butyl, 
diisobutyl, methyl n-amyl, cyclohexanone, and acetophenone--have been 
converted to diketones. The  acylating agents are varied and include 
ethyl esters or anhydrides of acetic,  propionic, wbutyric, isobutyric, 
n-valeric, n-caproic, benzoic, anisic, phenylacetic, lauric, and nicotinic 
acids. Thus, a large number of P-diketones have been prepared in vary- 
ing yields, mostly in the range of 30-60%. 

P - ~ i k e t o n e s  are a l so  formed by acylation of the en01 es ters  of ketones 
with anhydrides in the presence of boron tr if l~oride.~" 

OCOR 
I 
I 

(RCO),O + R'C -CHR" 
BF, then 

b RCOCHR"C0R' 
CH,CO,Na 

If the acylating es ter  is diethyl oxalate, then an a,y-diketo ester, or a 
substituted glyoxalate, is f ~ r m e d , ~ ~ ~ ' ~ ~ '  These  substances are  important 
intermediates in the synthesis  of certain P-keto e s t e r s  (method 307). 

NaOC,HI 
RCOCH, + (C0,C,H5), + RCOCH,COCO,C,Hs 

METHODS 204-207 

204. a, P - ~ l e f i n i c  Ketones from Acetylenic Carbinols 

HCO,H 
RCH2COH(R')C~ CH + RCH = C(R')COCH, 

Ethynyl carbinols on heating with formic acid are isomerized to a,/?- 
olefinic ketones; for example, isohexylmethylethynylcarbinol is taken to 
3,7-dimethyl-3-octen-2-one (48%)'84 and 1-ethynyl-1-cyclohexanol to 1- 
acetyl-l-cyclohexene (70%). '~~ Small amounts of unsaturated aldehydes 
may contaminate the product. 

205. y, 6-Olefinic Ketones from Alkenyl Esters of P - ~ e t o  Acids 

I CH,COCH,CO,CH,CH==CH, - 170-250' CH,COCH,CH,CH- CH, + CO, 

Acetoacetates or benzoylacetates of P,y-unsaturated alcohols-methal- 
lyl alcohol, crotyl alcohol, methylvinylcarbinol, cinnamyl alcohol, etc.- 
on heating a t  170-250 O evolve carbon dioxide and produce y, 6 -01efinic 
ketones (23_88%).'95 The unsaturated acetoacetates are readily prepared 
by the action of diketene on the corresponding unsaturated alcohols. 

206. Cyclopentenones from Lactones 

CH. 

y-Methyl-y-lactones having a methylene group adjacent to  the y-carbon 
are converted conveniently to 2-alkyl-3-methyl-2-cyclopentenones (30-50%). 
The method is not applicable, however, to the preparation of 2-cyclo- 
pentenone and 3-methyl-2-cyclopentenone. The  lactone is simply warmed 
over phosphorus pentoxide, and the product is dist i l led from the reaction 
mixture.'98 

207. p - ~ a l o  Ketones from Acyl Chlorides and Olefins 

Catalynt R'COCI + RCH=CHR - RCHCICHRCOR' 

Addition of acyl halides to  olefins in the presence of catalytic amounts 
of aluminum chloride, stannic chloride, or zinc chloride gives P-halo 
ketones.'99 An example is the addition of propionyl chloride to  ethylene 
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to form ethyl /s'-chloroethyl ketone (45%).98 Sometimes the addition prod- 
ucts  are very unstable and undergo spontaneous dehydrohalogenation to 
olefinic ketones"' (cf. methods 20 and 178). 

208. a-Halo Ketones from Alkenyl Es ters  

The dibromide derivatives of alkenyl es ters  spontaneously cleave in 
the cold to form a-bromo ketones and acyl halides. In this  manner, 1- 
bromo-2-hexanone (67%) and I-bromo-2-heptanone (80%) are prepared. 
The  alkenyl es ters  a re  prepared by the catalytic addition of organic ac ids  
to  alkylacetylenes (30-35%).601 

209. Hydroxy Ketones from Phenolic Esters (Fries)  

OCOR 0 6 or ~ C O R  

/ 

COR 

An ester  of  a phenol may be  converted to the isomeric o Dr p-hydroxy 
ketone, or a mixture o f  both, by treatment with aluminum chloride. Crit- 
ical  discussions of the reaction have been presented6" with respect  to 
the influence of temperature, solvents, ester-reagent ratio, and the struc- 
ture of the acy16'' and phenoxy By varying the first three 
factors, it is often possible to  prepare predominantly either of the iso- 
meric ketones. The  reaction is exemplified in the preparation of o= and 
p-propiophenol (35% and 40%, respectively) 605 and 2-hydroxy-4,Gdimethyl- 
acetophenone (80%).606 

210. a-Keto Acids from Azlactones 
ArCH=C-CO 

Hydrolysis of  certain unsaturated azlactones with aqueous sodium 
hydroxide followed by treatment with dilute hydrochloric acid yields 
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a-keto acids. The  azlactones are .readily prepared from substituted 
benzaldehydes and hippuric a ~ i d . ~ " * ~ ' ~  In th is  manner, phenylpyruvic 
acid (72% over-all)610 and m-chlorophenylpyruvic acid (52% over-all)6" 
have been prepared. Other applications have been d e s ~ t i b e d . ~ " ~ ~ ' ~ * ~ ' ~  

211. P - ~ e t o  Esters by Condensation of Es ters  

The acetoacetic ester  condensation cons is ts  of a base-catalyzed re- 
action of two es ters  (at  l ea s t  one  having an a-hydrogen atom) to form a 
P-keto ester. The  scope, limitations, experimental procedures, and 
applications have been r e v i e ~ e d . ~ ~ ' ~ ~ ' ~ * ~ ~ ~  

Variations of the reaction include condensation of the same ester, a 
mixed ester  condensation, and ester  cyclizations. Improvement in yield 
of the self-condensation reaction is obtained by removing the alcohol 
produced, the  reaction being forced to completion. In th is  manner, methyl 

catalyzed by sodium methoxide and ethyl esters14' catalyzed 
by sodium ethoxide are  self-condensed (50-85%). Ethyl isobutyrate and 
ethyl isovalerate do not respond to sodium alkoxide catalysis; however, 
these  compounds are readily self-condensed with the aid of diisopropyl- 
aminomagnesium bromide.626 Another promising reagent is sodium hy- 
dride.54s Mixed ester  condensations in which only one  es ter  has  an a- 
hydrogen atom are  satisfactory. These  are  l e s s  complicated than a con- 
densation of two different es ters  each having reactive a-hydrogens. 
Thus methyl benzoate condensed under "forcing" conditions with methyl 
acetate, propionate, or butyrate forms the  a-alkylbenzoylacetates, 
C,H,COCHRCO,CH,, in 45%, 61%, and 41% yields, respectively.616 
Similarly, condensation between ethyl oxalate and these  es ters  produces 
a-ethoxalyl ester  s.2D5s617 

An example is the synthesis  of ethyl a-ethoxalylpropionate (R = CH,) in 
70% yield.6" Ethyl oxalate and ethyl succinate form ethyl a-ethoxalyl- 
succinate (83%).624 In a mixed ester condensation, the use  of a more 
reactive ester, such a s  the phenyl or biphenyl ester, helps to  prevent 
s ide  r e a c t i ~ n s . ~ ' ~ ~ ~ ~ ~  Simple heterocyclic esters,  namely, ethyl nicotinate 
and ethyl 8-quinolinecarboxylate, undergo the  mixed ester  condensation 
in good yields.a'0*a8"6'0 The internal condensation of ethyl adipate to  
give 2-carbeth~xyc~clopentanone (Dieckmann reaction) is an example of 
cyclization (8  I%).~" 
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212. ,8-Keto Esters by Selective Cleavage of a,a-Diacyl Esters 

NaOCaH,; 

RCOCl 

The acylation of simple P-keto esters with acyl chlorides to form di- 
acylacetic esters proceeds readily; however, the subsequent cleavage for 
removing the smaller acyl group i s  complicated in that the original keto 
ester may be regenerated. The optimum conditions for the conversion of 
benzoylacetoacetic ester to benzoylacetic ester with ammonium chloride 
and ammonium hydroxide have been studied6" The over-all synthesis 
of this ester has been described (57%).6'a An improved procedure for the 
ammonolysis of ethyl a-acetyl-P-oxocaproate using gaseous ammonia 
has been des~ribed."~ By a similar process, a series of alicyclic P- 
keto esters has been prepared in over-all yields of 20-40%.~" 

Variations of the above procedures are sometimes employed. D - ~ e t o  
esters may be obtained by alcoholysis of the intermediate diacyl esters 
by sodium methoxide in a s  in the preparation of methyl P- 
oxocaprylate (88%).6'5 The starting D-keto ester can be converted to the 
new P-keto ester in a single step. Thus, in the synthesis of ethyl ben- 
zoylacetate (55%), ethyl acetoacetate and ethyl benzoate are converted 
directly to this keto ester by distilling the lower-boiling product, ethyl 
acetate, thereby forcing the reaction to ~omple t ion .~ '~  

Finally, the sodium enolate of the new D-keto ester may be alkylated 
directly to give P-keto esters of the type RCOCHRCO,C,H,.~'~ 

213. P - ~ e t o  Esters by Alkylation of PKe to  Esters 

This reaction has been considered above (method 184) with respect to 
ease of mono- and di-alkylation. A large number of condensing agents 
have been compared, including sodium and potassium ethoxide, sodium 
in dioxane or toluene, sodium hydride, sodium amide, and sodium or 
potassium t -b~toxide .~~ '  In general, sodium ethoxide i s  recommended in 
the alkylation of acetoacetic ester with primary halides (73%); potassium 
ethoxide with branched halides, such as  isobutyl and s-butyl halides 
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(61% and 55%); and potassium t-butoxide for introducing a second alkyl 
group in a-substituted acetoacetic esters (60-80%). The other reagents 
are successful in certain cases. Alkylation of 2-carbethoxycyclo entanone 
with methyl, ethyl, or isopropyl iodides gives the corresponding i k e t o  
esters in 82%, 74%, and 59% yields, Other examples 
are found in the preparation of ethyl monomethyl- (71%) and dimethyl- 
acetoacetic esters (54%)644 and ethyl n-butylacetoacetate (72%).64s 
Alkylations by ethyl benzenes~lfonate ,~~'  isopropyl acetate or isopropyl 
alcohol in the presence of boron t r i f l ~ o r i d e , ~ ~ ~ ~ ~ '  and dimethyl sulfate64a 
have proved more successful than those by the corresponding alkyl 
halides. 

P-Keto esters containing a double b ~ n d , ' ~ " ' ~ ~  an alkoxyl 29z 

or an amino group "0307 are formed by alkylating acetoacetic ester with 
a substituted alkyl halide. 

214. P-Keto Esters from Ethyl t-Butyl Acylmalonic Esters 

RCOCl 
C,H,OMgCH(CO,C,II,)COaC(CH~), d RCOCH(CO,C,H,)CO,~CH,), 

+ RCOCII,CO,C,H, + CH,=C(CH,), + CO, 

Olefin elimination and decarboxylation of ethyl t-butyl acylmalonates 
proceeds easily on treatment with toluenesulfonic acid to form D-keto 
esters of the type RCOC&C0,CaH,.6s4651 By this procedure, acyl 
acetates where R i s  ethyl (63%), cyclohexyl (65%), 2-fury1 (70%), benzyl 
(46%). or propenyl (35%) have been prepared The limiting factor in this 
excellent method i s  the availability of ethyl t-butyl malonate; i ts  syn- 
thesis has been 

A reaction similar to the above involves the acylation of malonic ester 
through its magnesium enolate. Thus, the reaction of propionyl chloride 
with the ester enolate leads to diethyl propionylmalonate. Thermal de- 
composition of this compound with P-naphthalenesulfonic acid yields 
ethyl propionylacetate (57%). This modification appears to be general 
in that i t  has been extended to the use of aliphatic, aromatic, and car- 
balkoxy acyl chlorides.65a 

215. P-Keto Esters by Acylation of Ester Enolates 

RCOCl + Na+[CR'2C0,C,H5]- -4 RCOCR',CO,C,H, + NaCl 

The acylation of the sodium enolates of esters (prepared by sodium 
triphenylmethide) with acyl chlorides gives the corresponding a , ~ - d i -  
substituted D-keto esters, RCOCR'ACO,C,H,. The synthesis i s  direct, 
and the product i s  free from monoalkylation products usually encountered 
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by the  dialkylation of P-keto esters. By th i s  procedure, ethyl dimethyl- 
acetoacetate  (5 I%), ethyl n-butyryldimethylacetate (58%), and  ethyl 
benzoyldimethylacetate (65%) have  been prepared.523p6s' In a similar 
manner, the  acylation of  malonic e s t e r  i s  performed through i t s  magnesium 
enOlate.6S2s6sB.6SS 

216. P-Keto Nitriles by Acylation of  Nitriles 

RCHICN + R'CO,C,H, a R'COCHRCN + CIHSOH 

In the  presence of sodium ethoxide, ni t r i les  having react ive a-methylene 
groups may be acy la ted  with e s t e r s  to  form P-keto nitriles. T h e  method 
i s  general and  i s  i l lustrated by the  react ion of alkyl  cyanides,  where R 
i s  C, to n-C,, with ethyl benzoate to  form the  corresponding alkylbenzoyl- 
acetonitr i les  in  53-60% yield."9 Aliphatic e s t e r s  a l s o  react; for example, 
phenylacetonitrile with ethyl ace ta te  g ives  a-phenylacetoacetonitrile, 
C6HsCH(CN)COCH, (64%)."' In the c a s e  of the  higher-boiling nitriles, 
the  alcohol product i s  removed by dist i l la t ion,  thereby increasing the 
yield and decreasing the  reaction time.66' 

T h e  method h a s  been extended t o  the preparation of numerous acyl- 
acetonitr i les  in t he  benzene, naphthalene, furan, and the  thiophene series .  
Modifications of  the procedure including the  subst i tut ion of commercial 
sodium methoxide for sodium ethoxide and  the u s e  of an  inert solvent  to  
fac i l i t a te  stirring have  been employed."' 

If the acylating e s t e r  i s  capable of undergoing self-condensation in the  
presence of sodium ethoxide, sodium triphenylmethide i s  subst i tuted for 
the  latter. An example i s  t he  reaction of acetonitr i le  with ethyl  n-butyrate 
t o  g ive  n-butyrylacetonitrile (52%)."" 

217. Hydrogenolysis of 1,3-Diket0nes"~ 

CH,COCH,COCH,CH(CH,), 
HI, Cate lyst  

% CH3CH,CHlCOCH,CH(CH,)l 
4 2% 

218. .Acid Treatment of AcinitroparaffinsS'O 

NaOH H + R,CHNO, + R,C=N-ONa - R,CO 
4 80-85% 

0 

219. Pyrolys i s  of Glycidic  acid^^'^*"^*'"^ 

220. Rearrangement of a-Bromo Azides"*"~'" 

Where R equa ls  ethyl, n-butyl, or  cyclopentyl,  over-all y ie lds  of 35%, 
77%, and  60%, respectively, have  been obtained. 

221. Degradation of Disubstituted Glycolic  Acids"' 

222. Hydrolysis of gem-Dihalides'6*'6' (cf. method 151) 

223. lsomerization of Vinyl Carbinolss" 

RMgX C u  
CH, = CHCHO CHI = CHCHOHR -----+ CH,CII,COR 

30-50% 50-7070 

224. Condensation of Furans with Unsaturated Ketones 

H C Z H  H +  HC-CH 
1) 11 + H,C=CHCOCH,R -4 I( 11 

CH,C CCH,CH,COCH,R 

0 
\ / 
0 

Furans and unsaturated ke tones  undergo a condensation similar t o  the  
Diels-Alder type (cf. method 34) to give furyl-substituted ketones; for 
example, a-methylfuran and methyl vinyl ketone reac t  under mild ac id ic  
conditions to  y ie ld  5-methylfurfurylacetone (65%).'19 

225. Condensation of Anhydrides "" 

226. Acylation of Certain Heterocyclic Compoundss" 



3 50 KETONES 

227. Addition of Aldehydes to Olefins 

Ch. 10 

Diacety l  RCHO + R'CH =CHa - RCOCH2CHaR' 
peroxide 

Typical compounds prepared include 4-decanone (41%), 4-dodecanone 
(57%), and 7-pmtadecanone (75%). 

228. Interaction of Hydriodic Acid and Diazo  ketone^"'^''^ 

RCOCHN, + HI -4 RCOCH, + N, + I, 

229. y-Diketones from Substituted Furans '89"v' 

230. a-Diketones by Oxidation of Aryl Acetylenes'" 

231. YDiketones  from KetonesSv3 

Diacetyl peroxide 
RR'CCOCHRR' 

2RR'CHCOCHRR'- I 

232. Olefinic Ketones from Hydrocarbons and Carbon M o n ~ r i d e ' ~ ~  

3CH,CH,CH, + CO 
AlCl, ,  1 2 5  atm., 1 2  hr. 

(CH,),CH = CHCH,COCH(CH,), 
237. 

233. a,/%Olefinic Ketones from Diketene and Aldehydes 

R CHO H 0 4 0  CH,=C-CHI ---+CH,-C-C-CHR -L CHICOC-CHR 3 
I I 

0-CO 
I I 

0-CO 
I 

CO,H 

CH,COCH - CHR 

f 

METtIODS 234-235 

234. P - ~ e t o  Es ters  by the Reformatsky R e a ~ t i o n ~ ' " ~ ~ ~  

235. Hydrolysis of p-Iminonitrilesaea 

ArCN + CH,CN NPNH, + ArC( = NH)CH,CN , AKOCH,CN 
40-609. 60-707. 
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TABLE 32. MONOKETONES 

% Compound Method chapterref. B.p./mm., n b ,  (M.P.), Deriv. (R 

Aliphatic Ketones 

C ,  Acetone 186 61 10'" 56, 1.3592*, 187Seb 
(purification only) .... loW' 56*, 1.3592.. 187Seb 

C, Methyl ethyl ketone 181 79 1 0 " ~  82, 1.3791*, 135Seb 

C, Methyl n-propyl ketone 179 74 loi5' 102 
184 70 l ~ '  102/747, llOSe 
186 44 10"' 102/756, 1.3902, llOSe 

Methyl isopropyl ketone 201 59 10"' 94, 1.3879*, 113Se* 
Diethyl ketone 179 57 10"' 103, 156Dn* 

186 59 1 0". 102/751, 1.3922, 139Se 

C6  Methyl n-butyl ketone 179 64 ldm 127 
179 80 loL6' 127 
182 60 10 "' 124/738, 1.4002, 107Dn 
184 50t 10'" 128 
188 56t 1 0 ' ~  126/760, 121Se 
188 83 10 "9 
189 74 10" 127, I25Se 
200 80 lo5" 127 

Methyl isobutyl ketone 184 20t 1 0 ' ~  119, 1.3956.. 135Seb, 95Dnb 
188 80 lou9 119 
196 100 lo"' 116/740 

hiethyl sbutyl ketone 179 81 10'" 116/734, 1.4002 
188 78t 1 0 ' ~  118 

Metbyl f-butyl ketone 188 78 l d m  106 
189 40 0 106, 156Se* 
190 52 lo4'' 105/746, 1.3960,127Dn, 80-Ox 
201 72 10'" 107 
201 94 105" 106, 1.4019". 124Dn 

Ethyl n-propyl ketone 179 85 10"' 123, 1 3 0 h b  
181 86 lom6 126, 113Se 
186 62 lo"' 125/760, 1.4007, 113Se 
190 45 loa 124 
223 57 10"' 124 

C,  Methyl n-amyl ketone 179 70 10'" 150/750, 123Se 

179 83 10"' 1.4073"*, 74Dn 
184 61' 1 0  151/750.127Se* 
184 95 10"' 150 
200 87 lom' 149 

Methyl isoamyl ketone 184 60 l ~ '  142/746, 143Se 

194 50 loa 144 
4-Methyl-2-hexanone 184 30t 10'" 142 

184 52 10'" 139. 1.4057". 120Se 
191 75 loU' 139/762, 12BSe* 

3-Metbyl-2-hexanone 184 30t 10'" 137, 70Se* 
f Ethyl-2-pentanone 184 45 10'- 139/746. 1.4073*, 9 S e  

T A B L E  32. MONOKETONES 353 

TABLE 32 fcvntirued) 

% Compound 
f Method ~ h a ~ t e r r e f .  B.p./mm., nD. (Mp.), Deriv. 

(%) 

Aliphatic Ketones (confirered) 

C 7  Methyl neopentyl ketone 182 56 lo"' 125/760, 1.4018a' 
222 96 loa 122, lOODn 

Methyl f-amyl ketone 179 36 10'" 130/733, 1.4100, 112Dn 
3,4-Dimethyl-2-pentamone 184 36t loaP 138, 1.4094*, l l s e *  
Ethyl wbutyl ketone 179 70 10"' 148/756, 103Se 

181 89 10"' 148, lOlSe 
186 46 10" 146/767, 1.4032. 

. 195 48t  10'" 
Ethyl isobutyl ketone 189 70 10- 135/735, 1.407*, 152Seb 

195 48t 10- 
Ethyl s-butyl ketone 179 63 10" 78Dn 

184 78 10'" 136/760, 1.402*, 137Sem 
Ethyl f-butyl kemne 190 78 loa7 125/729, 1.4052, 144Dn 
Di-wpropyl ketone 179 70 10" 144/7%, 132% 

186 50 lo"' 145/767, 1.4069, 134Se 
225 60 10"' 145 

n-Propyl isopropyl ke- 184 79 10'" 136/760, 1.4075, 119Se 
tone 189 60 10" 132, 119Se 

Diisopropyl ketone 179 74 10'" 125/742, 1.4001, 98Dne 
184 78 10'" 125/760. l a s e  
187 58 1 0  125, 1GOSe 

C a  Methyl n-hexyl ketone 179 96 10'" 173, 1.4154 
181 95 1 0  172, 121Se 
184 70 10'" 172, 122Se. 
200 91 1 0  170 

Methyl isohexyl ketone 184 47t 10'" 171, 1.4146 
184 77 10'- 164/746, 154% 
. . . . . . . . 10'" 164/757, 1.414419, 77Dn 

f Methyl-2-heptanone 179 68 lo"' 162/760, 1.415, 82Se 
3,4-Dimethyl-2-hexanone 191 20 loU9 158, 120Se 

196 80 loan 155, 11SSe 
1% 90 10- 158, 126% 

4-Ethyl-2-hexanone 195 48t loU' 
3-Methyl-3-ethyl-2- 189 48 10'" 79/20, 1.4206*, 7 4 h  

pentanone 
Ethyl isoamyl ketone 189 40 loaa 163,132Se 

1% 92 10 160. 132Se 
)-Methyl-f heptanone 1% 94 10" 161 
Ethyl neopentyl ketone 189 51 loU' 92/150, 1.41GO8, 136Dn 
n-Propyl n-butyl ketone 201 25 loP' 170.96% 
n-Propyl isobutyl ketone 217 42 10"' 150/750, 124Se 
n-Propyl f-butyl ketone 179 41 10'" 1 2 4 h  

190 67 loU' 145/738, 1.4107, ll6Dn 
Isopropyl sbutyl ketone 179 68 10'- 65/50, 1.4080, 71Dn 

189 70 loU' 145, 1.4059 

For explanations and symbols see pp. xi-xii. 
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TABLE 32 (catinued) 

c, Compound Method ~hapter 'ef.  B.p./mm., nb ,  (M.p.). Deriv. (%) 

Aliphatic Ketones (conrinued) 

Cs lsopropyl t-butyl ketone 190 20 loa' 135/744, 1.4065, 144-0~ 

198 54 lo4= 135. 132%. 

Cg Methyl n-heptyl ketone 181 83 loaa6 118Se 
185 93 10"' 80/10, 118Se 
186 54 10"" 192/743, 12O%* 

4-Methyl-2-octanone 182 G9 1 0  94/40, 70Se 
3-Methyl-3-ethyl-2- 189 47 loU0 110/86, 1.4222". 81Dn 

hexanone 
Ethyl n-hexyl ketone 186 41 1 0 5  187/751. 112%* 

195 48t lo4* 
5-Ethyl-3-heptanone 187 40 10'" 173, 134Se 

195 48t loU' 
Dilrbutyl ketone 184 72 10'" 38/22 

186 99 1OSa0 93/24, MSe* 
n-Butyl isobutyl ketone 188 20 10'- 168, 132% 
n-Butyl ~bu ty l  ketone 190 68 loa' 1(6/745, 1.4167, 14% 

198 38 lo4- 166/745 
Diisobutyl ketone 1% 100 10- 56/11, 122% 
Isobutyl sbutyl ketone 184 75 10'" 167/760, 133% 

188 21 1 0  169, 132Se 
Isobutyl I-butyl ketone 198 35 lo4" 158, 145Se* 
Isopropyl neopentyl 193 55 loU' 107/180. 129Dn 

ketone 
Isopropyl I-amyl ketone 189 87 loU9 87/35, 1.4214 
Di-t-butyl ketone 179 81 lo'@ 154, 1.4188" 

185 81 10"~ 154 
189 80 lou6 153, 1.4392 
198 52 10'" 150/740, 1.4194 

C, Methyl n-octyl ketone 196 92 lodn 142/100, (14), l2GSe 
C,, syrrTeuaethylacetone 225 57 10"' 104/30 

Di-n-amyl ketone 225 64 lo*' 1251'35 
184 81 10" 106/13, (15) 
184 72t lo6% 100/15 
186 69 10" 223/7GO 

C ,, Metbyl n-decyl ketone 185 94 10"' 107/5. 123% 
C U  Di-n-hexyl ketone 184 82 10'" 264, (30) 

Methyl n-undecyl ketone 185 97 10"' (28). 117% 

C ,, Di-n-beptyl ketone 184 93 10'" 178, (42). 120-Ox* 
C17 Di-n-octyl ketone 184 93 10'" (53). ll>Ox* 
C '9 Methyl n-heptadecyl 185 36 1 0 ' ~  (56). 77-0. 

ketone 
Di-n-nony 1 ketone 184 95 10'" (59) 

Ca, Dilrdecyl ketone 
-- 184 M 10" (64) 

TABLE 32. MONOKETONES 

TABLE 32 (continued) 

c, Compound Method t%) ~hapterref. B.p./rnm.. nb.  (Up.). Deriv. 

Aliphatic Ketones (continued) 

C U  Di-n-undecyl ketone 184 98 10'" (69). *Ox* 
(I auron e) 184 55' 10" (69) 

186 93 10"' (69) 

C, Di-n-uidecyl ketone 184 97 10" (79). 51-OX* 
(myristone) 

C,s Di-n-beptadecyl ketone 186 95 loUa (89), 63- Or* 
(stearone) 

Alicyclic Ketones 

C 4  Cyclobutanone 182 91 l ~ '  100, 1.4189". 146Dn 
C5  Methyl cyclopropyl 198 83 1 0  111, 1.4226" 

ketone 
Cyclopentanone 186 80 l o '  131, 1.4370, 203%. 

C, Methyl cydobutyl ketone 186 GO l o m  137/767, 149% 
189 66 10- 136, 1.4283". 149Se 

2-Methy lcyclopentanone 184 80 10'" 140. 182Se 
184 56t 1 0  140/758 

3-~ethylcyclopentanqhe 186 76 10'" 145/755. 1.4329, 1 8 S e  
Cycloheranone 179 85 1 0  155, 160Dn* 

181 (3 10"' 156,165Se 

C7 Methyl cyclopentyl 179 54t 10ln 155. 143Se 
ketone 

3.3- Dimethyl- 1-cycle 186 30 l o 4  153/748, 178Se 
pentanone 

1-Ethylcyclopentanone 184 64 10'" 161/755, 189% 
2-Methylcpclohexanone 179 85 lo'@ 165, 1.4487, 19ISe 
3- Methylcyclohexanone 179 90 1 0 ' ~  65/30 

179 78 lo1@ 169, 1.4463, 182% 
179 88 lo6'' 64/20, 1.4460 
196 100 10"' 93/15, 1.4446, 185Se 

4-Methylcyclohexanone 179 74 10ln 168, 1.4448. 193Se 
179 70 10" 172. 1.4462. 196Se 
179 70 10ln 170 

Cyclohep tanone 186 40 10"' 66/15, 163% 
199 63 1 0 ' ~  182 

Cs 2-Isopropylcycle 1% 88 10"' 174,1.4395'9,202Se 
pmtanone 

2-Methyl-Fethy Icyclc- 184 88 1 0  165/750 
pentanone 

Methyl cyclohexyl ketone 179 85 10'" 67/12, 1.4514 
185 66t 10"' 65/12 

2-Ethyl cyclohexanone 179 86 lo6" 76/20, 1.4522 
184 74 loan 74/35, 162Dn 
192 41 low 42/2, 1.45301', 162St 
198 43 10- 67/12, 1.4543". 163Se 

For explanations and symbols see pp. xi-xii. 
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TABLE 3 2 (continued) 

c n  Compound Method chapterref. B.p./mm., n b ,  (Up.), Deriv. 
(%) 

- 

Alicyclic Ketones (continued) --- -- - 
C8 3-Ethylcyclohexanone 179 84 1Oln 192, 1.4511, 182Se 

1% 100 41/0.8, 1.4537, 175Se 
2, bDimethylcyclohex- 198 30 lo4Bo 170/761,1.4482.201Se 

anone 198 26t lo4= 171/760, 1.44991a, 193Se 
2.4-Dirnethylcyclohex- 179 79 loLT8 176,1.4430".200Se 

anone 
2,GDimethylcyclohex- 179 93 l o b 7  69/20. 1.4470 

anone 179 49 loLm 174, 1.4500 
184 91 loa7' 58/10 

3,+Dimethylcyclohex- 179 93 lo6" 81/20, 1.4520 
anon l 

3,>Dimethylcyclohex- 179 92 lob7' 75/20, 1.4434 
anone 196 78 182/750, 1.4427, 201% 

Cp a-Methyl-a-cyclop~ltyl- 184 69 10'" 79/17, 1.4470, 98% 
acetone 

* 2,2,5.>Tetramethylcy- 198 35 :04% 155/760, 1.4280 
clopentanone 

2-n-Propylcycloher 192 30 10- 88/17,12OSe 
mone 

4-Isopropylcyclohex- 179 82 loLm 91/13, 1.4560, 188Se 
anone 

3-Methyl->ethylcyclo- 196 94 205/74$, 1.4452 
hexanone 

C,O 2,2,G6Tetramethylcyclo- 198 26 lom 184/772, 1.4473, (15) 
hexanone 

C 1, Dicyclopentyl ketone 220 60 1 0 ' ~  112/12, 162Se 
1-Methyl-2-decalone 179 80 1 O s  107/7 

C 4-Cyclohexylcycloher 179 87 10'" 100/0.1, (31), 216% 
anone 

--- 

Aromatic Ketones 

Ca Acetophenone 178 83 10" 88/16, (20) 
178 86 lo" (19),60-Ox* 
183 63 loa* 
187 70 losP 205/760. 1.541, 199% 

TABLE 32. MONOKETONES 357 

TABLE 32 (cvntirmed) 

'42 Compound 
Yield chapterref- ~.p./mm., n b ,  (M.P.), Deriv. 
( %) 

Aromatic Ketones (continued) 

C8 Acetophenone (CUR 
timed) 

C g  Methyl benzyl ketone 

Phenyl ethyl ketone 

bhdanone 

C, Phenyl n-propyl ketone 

Phenyl impropy1 ketone 

Ethyl beawl ketone 
Benzylacecone 

3- Phenyl-b butanone 

For explanations and symbols see pp. xi-xii. 
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TABLE 32 (cvnfimed) 

Ch. 10 

G2 Compound Method Chapterref- B.p./mm, nb, (Mp.). Deriv. (%I 

m-Ethylacetophenone 
P Ethylacetophenone 

2,ltDimethylacetw 
phcnone 

2,FDimethylaceto- 
phenone 

3,ltDimethylacete 
phenone 

3,SDimethylaceto- 
phenone 

a-Teual one 

C Pheny 1 n-butyl ketone 

f Phenyl-2-pentanone 
It Phenyl->pentanone 
5-Phenyl-2-pentanone 
Phenyl isobutyl ketone 
Phenyl scbutyl ketone 
Phenyl I-butyl ketone 

FPhenyl- f pentanone 
Pi valophenon e 
f kthyl-3-phenyl-> 

butanone 
f Methyl-lbphenyl-1 

butanone 
2,4,5.Trimethylacete 

phenone 
2,4,GTrimethylaceto- 

phenone 
2-Phcny lcyclopentanone 

Aromatic Ketones (continued) 

178 86 10' 106/8 
186 74 loU7 108/18, 180Se 
187 62 1 '  118/29, 1.5249 
183 50 10" 116/14, 1.5232'" 
178 98 lo4 117/13, 1.5275'' 
186 38t 1 0  125/20, 1.5298 
178 48 10' 97/4, 1.5381, 234%. 
178 54 10' 113/18, 64-Ox* 
178 74 10' 94/5. 1.5340, 187Se* 
178 68 10' 94/8, 1.5291, 169Se* 
186 69 10"' 127/31, 1.5306 
186 58 l~"' 132/19. 1.5400 

I TABLE 32. MONOKETONES 359 

I TABLE 32 (continued) 

I 'n Compound Method Chapterref. B.p./mm., n b ,  (M.p.), Deriv. 
(%) 

Aromatic Ketones (continued) 

C ,, 1Methyl-1-teualone 178 71 10" 138/16, 1.5538" 
178 92 1 0  80/1, 1.5447, 195% 
184 95 10" 116/2.5, 205% 

fMethyl- 1-tetralone 178 73t loB4 96/03. 1 2 f h  
178 86 10" 136/14, 242Dn 

4Methyl- 1-tetralone 178 74 10" 11111, 211Se 
7-Methyl-1-teualone 178 89t 1 0  109/1.5-2, (33) 

Cia Phenyl neopentyl ketone 
mPropylpropiophenone 
Mesirylacetone 

tophenone 
Acetodurene 

Acetoisodurene 
Acetoprehni tene 
1Phenylcyclohexanone 

ltPhenylcyclohexanone 
Methyl cbnaphthyl ketone 

Methyl Pnaphthyl ketone 
GAcetyltetralin 

C1, Benzylpinacolone 
p-rr Amy lacetophenone 
plsoamyl acetophenone 
p-P Amy lacetophenone 
0-1- Amylacetophenone 
Acetopmtamethyl- 

benzene 
Ben zoph en one 

For explanations and symbols see pp. xi-xii. 
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TABLE 32 (continued) 

K E T O N E S  

TABLE 32 (continued) 

Compound Merhod (%) Chaptesef.  Ei.p./mrn., n b ,  (Up.). Deriv. Compound Merhod Chapterref. B.p./mm.. n b ,  (Up.), Deriv. (so) 
Aromatic Ketones ( con t inued  Aromatic Ketones ( m n t i w d )  

C ,, pIsopropy l  benzo- 178 
phenone 187 

k s i t y l  phenyl ketone 183 
1- Acetylphenanrhrene 187 
2 Acetylphenanthrene 178 

178 

C ,, Benzophenone (cot+ 186 87 
t inued) 189 57 

222 89 
Ethyl a-naphrhyl ke tone  187 37 

187 89 
GPropionyl teual in  178 68 
Fluorenone 183 70 

186 82 
222 90 

f Acetylphenanthrene 178 
9 Acetylphenanthren e 184 

187 
P Acetylanthracene 178 

C14 Phenyl benzyl ketcue 178 83 
(desoxybenzoin) 190 77 

201 88 
p-Mcthylbenwphenone 178 55 

C ,, p-rr.Butylbenzophenone 178 
p - s  Butylbenzophenone 178 

187 
p-I-Butyl ben mphenone 178 lt Phenylhexahydroacc 178 60 

tophenone 
pCyclohexylaceto-  178 91 

Benwyl i  sodurene 178 
Phenyl a-naphthyl ketone 178 

178 
ZPropionylphenarr 178 

threna 178 
187 

f Propionylphenan- 178 
threne 187 

PPropicnylph enan- 187 

phenone 
1 A c e t y l  biphenyl 188 48t 
f Acetylbiphenyl 179 81 

188 46t 
lt Acetyl biphen yl  178 70 

178 80 
178 90 

C , Laurophencne 187 
p- s Amy 1 ben zoph enone 178 
2,ZDiphenylcycloher  201 

C ,, Benzylacetophenone 1% 95 
Di benzyl ketone 186 41 

186 85 
187 11 

P,Q-Diphenylacetone .... 57t 
Di-c-tolyl ketone 189 40 
0-Ethylbenzophenone 178 83t 
pEthy lbenwphenone  178 80 
0.P'-Dimerhylbenrcr 178 55 

Clg  Dimesityl ketone 189 
Phedyl  f biphenylyl 187 

ketone 
Phenyl  ltbiphenylyl 1 78 

ketone 
1-Benzoylacenaphrhcne 190 

phenone 
Ethyl ltbiphenylyl 178 79 

k e t m e  
ZAcetylfluorene 178 63 

178 83 
9-Acetyl fluorene .... 60 

.... 60 

f Benzoylacenaphthene 178 

c a1 

P , P D i ~ h e n ~ l p r o ~ i o -  178 
phencue 191 

Di-cx-naphrh~l ketone 187 
1- Benzoylphenanrhrene 178 
2Benzoylphenanthrene 187 
f Benzoylphenanthrene 178 

187 

For explanations and symbols s e e  pp. 

C l b  prrPropylbenzo-  178 67 
phenone 

xi-xii. 
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TABLE 32 (continued) 

% Compound Method ~ h a p t e r r e f -  B.p./mm., n b ,  (M.p.), Deriv. (%I 

Aromatic Ketones (continued) 
-- 

CI1 9Benzoylphenanthrene 187 65  10" (30) 
9Anthraphenone 178 6 5  lo" (148) 
2,f Diphenyl-l-indenone 19 71 2" 238/6, (151) 

C +( Sttaroylbenzene 178 65  10' (65) 
C M  Phenyl uiphenylmethyl 201 96 loU' (180) 

ketone 

C, symTeuaphmylacetone 189 52 loa' (134) 

189 36 10'" 
. .. 39 10'" (134) 

C 3, Pentaphenylacetone 189 70 lo4' (181) 

C7 ~ F u r y l a c e t o n e  
Ethyl 2-fucyl ketone 

2Acetyl- methyl furan 
Thienylacetone 

Ethyl Ethienyl ketone 
2-Acetyl->methyl- 

thiophene 
Methyl 2-pyridyl ketone 
Mechyl f pyridyl ketone 

Mehyl kpyridyl ketone 

Cn n-Propyl 2-fury1 kemne 
1-(a- Fury1)Ebutanone 
1-(a-Te~ahydrofury1)f 

butanone 

Heterocyclic Ketones 

190. 121-OX* 
218, 137Ph* 
92/5, (14), 177HC1 
108/23 
220, llfox 
212, 1 4 E 0 r *  

T A B L E  33. DIKETONES 36 3 

TABLE 32 (continued) 

GI Compound 
1 

Method (%) Chapterref. B.p./mm., nD,  (M.p.). Deriv. 

Heterocyclic Ketones (contimedl 

C. >Methyl-lpropiohrran 199 100 losa6 96/14, 164% 
n-Propyl l t h i e n y l  ketone 178 89 loa4 96/4 
n-Propyl fpyridyl ketone 189 30 10'" 98/3, 1.5128, 104Pi 
f Pyridylacetone 186 40 10'" 123/1, 185Se 

Cs  >Fury1 lchienyl  ketone 178 6 6  10" 136/3. 1.6Ci94I4 
2-Fury1 2-pyrryl ketone 189 42 10' 144/1.5, (70) 
n-Propyl fpyridyl ketone 187 40 10'" 98/3, 1.5136. 130Ph 
1n-Butyrylpyridine 195 8 1  10"' 217. 1.5078, 75Pi 

C, Methyl Ibenzohrryl 178 37 10" 119/5, (72), 207% 
kemne 570 80 3sM 136/11, (76), 154Ph 

f Acetylthianaphthene 178 70 10" 137/3, 250% 

Cl l  2-Benzoylfucan 178 70 1 0  150/3, (44), 122-0s 
Phenyl l th ienyl  ketone 178 90 10'' 209/40, (56), 9fOX 
1Acetylquinoline 201 6 2  1 0 " ~  (46), 54Ph 
f acetylquinoline 184 95  10'" (98.5) 
8-Acetylquinoline 184 52 1 0 ' ~  116/0.7. (43.5). 253Dn 

C,, 1Benzoylpyridine 183 86 loaU 133/2, 1.6056, 1 9 9 h  
CIS 1Phmacylpyridine 226 57 10'" 150-160/4, (54) 

C 1Acetyldibazofnran 178 57 10" 220/18 
2-Acetyldibenzochicr 178 25 lon ( l l 2 ) ,  235% 

phene 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 33. DIKETONES 

% Compound Method chapterref. B.p./mm., n b .  (up.) ,  Deriv. 
(%) 

Aliphatic Diketones 

C s  Acetylacetone 203 45 10'" 136 
203 54 loBU 141/758 
203 85 loBa 136, 150-Ox* 

C, Dipropionyl 179 70 10ln 35/10, 18>0x0 
Propionylacetone 203 35 lom 157 

203 46 1 0 ' ~  157/754, 193Cu 
203 60 1 0 ' ~  158, 198Cu 

Acewnylacetone 229 90 loBm 79/15, 89/25 
Methyldiacetylmechane 203 32 los4 79/30 

C 7  Dipropionylmethane 203 51 losU 80/30 
203 57 10" 80/30, 2lOCu 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 33 (continued) 

Gz Compound (%) chapterref. B.p./mm.. AD. (Up.), Deriv. 

Aliphatic Diketoner (continued) 

C7 n-Bucyrylacetone 203 45 10- 
203 48 los4 

Isobutyrylacetone 203 30 loS4 
203 41 lom 
203 54 lom 

f Methyl-2,4-hexane 203 31 low 
&one 203 45 lou 

203 60 10- 
f Methyl-2,yhexanc 184 83 loam 

&one 
Diacetylerhylmethane 198 30 l o m  

C n  n-Valuylacetone 203 62 10- 
Propionyl-m butyryl- 203 70 losU 

methane 
+Methyl-2,&heptanedione 203 44 losU 

203 47 10- 
Isovalerylacetone 203 64 10- 
Pivaloylacetone 203 43 losU 
Diisobutyryl 181 27 loa" 
Isopropyldiacetyl- 198 35 loga 

methane 

Cp Caproylacetone 203 54 los4 
203 61 l o u  

Di-n-butyrylmechane 203 76 losU 
Merhylpropionylbucytyl- 203 46 los4 

merhane 
Propionyl-isovderyl- 203 75 10'- 

methane 
Diirobutyrylmethane 203 28 losa 
~Bucyldiacetylmechane 198 38 losa 

203 53 losU 
203 67 lobn 

Diacetyldiethylmethane 198 32 losm 

Cm Dipivaloyl 179 36 10'- 
179 50 loaa 

C,, 2,5-Undecandione 229 86 10" 
Diisovalecylmechane 203 76 los4 

~ 

Alicyclic Diketones 

CI Cyclopenran-l,2-dione 184 67 10'" 97/20 
C &Methyl-cyclopentan- 184 65 10'" 98/17 

TABLE 33. DIKETONES 

TABLE 33 (continued) 
-- - - -- 

Gz Compound Method chapterref- B.p./mm.. n b .  (Up.), Deriv. 
( %) 

Alicydic Diketones (codnued)  

C6 1,f Cyclohaanedione 197 95 10- (104), 1560xm 
1,4-Cyclohexanedione 184 85 10"' 132/2O, (M), 18SOxm 

C, 1,1Cycloheptanedione 183 90 lo'* 109/17, 182-Ox 
Cs Tetramethyl-1,fcycle .... 38 lo'= 161, (116) 

butanedione 
2-Acetylcyclohexanone 203 35 loaa 115/20 

203 35 los4 97/10 
203 56 los4 . 101/11 

5,5-Dimerhyl-1.3 cycle  184 85 lo'" (148), 1 7 G q m  
hexanedione 

Cp 5-Iropropyl-1,fcyclo 184 80 10"' (62) 
hexanedione 

2-Propionylcyclohexanone 203 29 10IU 125/20 
203 35 los4 125/20, 18x11 

Clo 2-Ethyl-Cn-propyl-1,fcy- .... 32 losw 176/1, (120) 
clopentanedione 

Aromatic Diketones 

Ninhydrin (uiketohy- 
drindene) 

C 1-Phenyl- 1.2-butanedione 
Benzoylacetone 

C1, ~ P r o p i o n y l a c c  
tophenone 

f Phcnyl-2,&pcncanc 
dione 

C,, 1,3,5-Triacecylbenzene 
c14 B e n d  

For explanations and symbols see pp. xi-rii. 



KETONES 

TABLE 33 (conlinued) 

TABLE 34. OLEFlNlC KETONES 367 

TABLE 34 (continued) 

c, Compound Method chapterref- B.p./mm., ntD. (Mp.), Deriv. ( %) c, 
Yield 

Compound t Method (%) ~ h a p t e ~ e f -  B.p./mm., nD,  (M.P.). Deriv. 

Aromatic Diketones (continued) - -  

Aliphatic Olefinic Ketone6 (continued) 

C s  Methyl isopropenyl 36 80 21R 58/200. 1.4232 
ketone (continued) 200 91 loPB 

CIS Dibenzoylmethane 203 71 losP 
202 80 loU' 
222 5 9 t  loa 
183 75 loM 
179 83 10'" 

1% 76 10- 
179 47 10'" 
178 45 10" 
178 81 loB9 

Heterocyclic Diketones 

Diphenyl triketone 
4 Merhyl benzil 
Meeityl t- bury1 ketone 

C, FHexen-lonc(ally1- 
acetone) 

C,, 1,2-Dibenzoylahane 
p-Tolil 
p,p'-~iaceryl biphenyl 

C u 1.4-Dibcnzoylbutane 

4Hexen-3  one 
1.2-Diacetylerhylene 
>Methyl- 1-pmten-3 one 
f Methyl-f penten->one 

lthkthyl-f penten->one 
(meeityl oxide) 

C T  tr-3 Heptm- lone  
SHepteu-2-one (crotyl- 

acetone) 
f Methyl- 1-hexen-)-one 
)-Methyl-lthexen-f one 

Tetrahydrohroylacetone 
Aceryl-2-thenoylmethane 

C9 Propionyl-2-rhmoylmerhane 
Nicotinylacetylmerhane 

Cl0 Furil 

For explanations and symbols eee  pp. xi-xii. I 

TABLE 34. OLEFINIC KETONES f one 

c, 
Yield 

Compound Merhod t 
(%) 

~ h a p t e r r e ~ .  B.p./mm., n D ,  (Mp.), Deriv. 
C B  3 Methyl-f hepten->one 

f Methyl-f hepten-)-one 
4-Methyl-bhepten-f one 
2-Methyl-2,Fheptadiea- 

l tone 
f Ethyl-Fhexm->one 
2-Ethyl- 1-hexen-f one 
3,lt Dimethyl- f hexen- 

2-one 
5,FDimethyl-fhexm- 

>one 
4,FDimethyl-4-hercn- 

Aliphatic Olefinic Ketonee 

C 4  Methyl vinyl ketone 26 8 1 t  2"' 81/734 
36 1 5 t  2m 81, 1.4095" 

15 lo"' 81, 1.4095", 140See 
181 6 3  lono 

C 5  Merhyl propenyl ketone 36 42 2" 119125 
Erhyl vinyl ketone 178 22 lo9' 102/740, 1.4192, 129Dn 
Methyl isopropmyl 24 9 8  2- 38/85, 1.4235, 173% 1 8 1 h  

ketone 26 92 24n 971734 +one 
4,)-Dimethyl-)-hexew 178 5 7 t  10"' 162/750, 110% 

f one 

For explanations and symbols see pp. xi-xii. 



KETONES 

TABLE 34 (contimud) 

c, 
Yield 

Compound Method (%) ~ h a p t e r r e f -  B.p./mm.. n b ,  (Up.). Deriv. 

Aliphatic Olefinic Ketones (continue& 

Cp FMethyl-5-octen-&one 36 45 2'4 86/25. 1.4413 
>Ethyl-4hepten-3-one 189 74 1 0  119/740. 105Se 
2.3- Dimethyl-Ehepteu- 184 86 10"' 76/13, 163Se 

Gone 
3-Propyl-f hexen-tone 19 68 2" 7 U 9 ,  142% 
2,4.>Trimethyl-4- 178 40t  10'~' 174/755 

hexen-f one 

C,  I-Aceryl- l-cyclopen- 
tene 

2 .3  Dimethyl-tcyclopm- 
tenone 

f Methyl-2cyclohexen- 
1-one 

C. 1-Cyclopentenylacetone 
a -Pr~p~l idenecyc lopm-  

tanone 
2.2, f Trimethyl-4-cyclo- 

pen tenone 
f Ethyl-2-cyclohexenone 
3,yDimethyl-Icyclcv 

hexen-I-one 
I- Ac etyl- 1- cyclohexen l 

C p  fMedryl-In-propyl-I- 
cyclopentenone 

I-Propionyl- 1-cycle 
hexene 

2-Allylcycloheranone 

Alicyclic Olefinic Ketones 

179 67 10'" 53/12. 22OSe 
195 54 10"' 161/760. 1.4771. 127-01 

19 35 2'9 68/22. 172%. 163Dn 
183 38 loa 67/25. 1.4879. 168Se. 117Dn 

178 5 0 t  10'" 74/12. 2 l l S e  

T A B L E  34. OLEFINIC KETONES 369 

TABLE 34 (calinw4 

c, 
Yield 

Compound ~ e t h o d  (s chapterref- ~.p./mm., n b .  wp.) .  ~ c r i v .  

Alicydic Olefinic Ketmes  (codmred) 

C w  2,2Dimedlyl-1-acetyl-1- 204 5 6  118/49, 1.481d1, 2OlSe 
cyclohexene 

Cia %Cycloherylidenecyclw 36 70 zUO 150/22, 1.5084", 188% 
hernnone 

Aromatic Olefinic Ketones 

Cp Phenyl vinyl k e t m e  20 78 2'- 
C ID Phenyl propenyl ketone 178 6 1  lop6 95/2 

Benzalacetone 36 78 2'4 128/8. (42) 
a-Methylacrylophenone 26 70 2=' 60/3. 1.5354 

Cll I s ~ ~ r o p y l i d e n e a c c  178 35 10- 106/5. 1 . 5 5 7 9 ~  
tophenone 178 40 10 lm 

194 40 10- 121/4, 1.559819, 168PN 
C12 I-Phenyl-I-hexen->one 205 88 loD' 99/0.30, 1.5458". 132Se 

1-Phenyl-+hexen-I-one 205 83 10'" 97/1. 1.5270", 130Se 
3Phenyl- I-hexen-)-one 205 74 10'" 86/1. 1.5193". 103Dn 
Phenyl 2methyl-3 205 76 10'~' 100/2.1. 1.5223". 177Se 

butenyl ketone 
o-Methylstyryl ethyl 36 26 2= 152/14. 178Se 

k a m e  

C1, Benzalpinacolme 36 9 3  2 146/10, (43) 
I-Benzoyl- 1-cyclohexene 178 4 0 t  10- 147/8 

C14 I-Naphthalacetone 36 75 2a" 170/1, 1.6665 
INaphth lace tone  36 69 2"' (104) 

CIS Benzalacetophenone 36 82 2'98 (55-571 
(chalcme) 

C16 bmtsDibenwylechylene 178 8 3  loR (110). 211-Ox* 
2.4Diphenyl-2-buten- 36 82  2= 139/1. 1.6273". 135-0. 

+one 
C I, Di benzalacetme 36 94 2m (111) 

Hetaocyclic Olefinic Ketones 

C I  Furfiualacetme 36 6 6  2m 116/10,(38) 
C Furfuralacetofuran 36 89 2" (90) 
C Furfuralacetophenone 36 90 2- 179/7, (26) 

Il 'henalacetophenone 36 96  zUI (59) 

For explanations and symbols see  pp. xi-xii. 
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TABLE 35. ACETYLENIC KETONES 

c, 
Yield 

Compound Method (%) Chapterref- B.p./mm., n;, (Kp.), Deriv. 

C, Methyl ethynyl ketone 179 40 loam 86. 1 8 1 h ,  143PN 
C S  f Prntyn-lone 179 67 1 0 ' ~  74/95, 1.43801', 149Dn 

C 6  n-Propyl ethynyl ketone 179 70 10'" 66/100. 1 3 7 h  

Cp f N o n y e l o n e  188 55t  1 0 ' ~  87/13, 1.4463" 
Wenyl ethynyl ketone 179 80 10'" (51). 214Dn 

Clo 4-Phenyl-f b u t y e l o n e  188 45t  10'" 102/3, 1.5735" 
188 55 loJp7 125/14 

CIS Phenyl phenylethynyl 189 74 10414 (55) 
ketone 193 85 loU4 (66) 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 36. HALO KETONES 

c, Compound Method (%) Chapterref. B.p./mm., n b  (Up.), Deriv. 

Aliphatic and Alicydic Halo Ketones 

C ,  Chloroacetone 66 72 449S 120 
184 10- 

Bromacetone 66 44 4"' 42/13 
a,a'-Di bromoacetone 66 60 46'4 98/22, (26.5) 

a ,y-Dichloroacetone 179 75 10'" 175, (45)' 
a ,a ,at-~ribromoacetone 66 60 4'" 116/14, (29) 
Hexafluoroacetone 182 60 1 0  57/93, 1.3288 

hydrate 

C l Methyl a-chloroethyl 66 62  44m 113, 1.4171 
ketone 

Methyl a-bromoethyl 66 50 4& 34/12, 1.4571 
ketone 

Methyl Pchloroethyl 73 67 4'14 50/15 
ke cone 207 40 losPP 48/15 

Chloromethyl ethyl 66 21 44m 138, 1.4372 
ketone 

Branomethyl ethyl 57 55 4" 155, 1.4670 
ketone 66 17 4& 50/12, 1.4670 

Chlaomethyl Pchlorcr  207 45 1 0  81/2.5 
ethyl ke tme 

Chloromethyl Piodoethyl  57 84 4'U (55) 
ketone 

a.aP-Di bromodiacetyl 66  71 449s (117) 

T A B L E  36. HALO KETONES 37 1 

TABLE 36 (cunfinued) 

Yield 
GI Compound Mcthod (%) Chapterref. B.p./mm., n h .  (Kp.), Deriv. 

Niphatic  and N i c y d i c  Halo Ketmes  (continued) 

Cs Methyl a-chloro-rrpcopyl 66 44 4494 66/56 
ke tme 66 37 4" 38/12 

Methyl y-chlocc-n- 184 91 10'" 71/20, 1.4375" 
propyl kemne 

Methyl a-bromcrn- 66  50 4"' 78/50, 1 . 4 5 6 3 ~  
propyl ketone 66 53 4- 53/14, 1.4629 

Chloromethyl n-propyl 179 83 lo'@ 66/26 
ketone 

Bromomethyl n-propyl 57 27 4=' 92/50, 1.4575 
ketone 66 33 4- 92/50, 1 . 4 6 2 0 ~  

Methyl a-chloroisopropyl 66 58 4"' 146, 1.4390. 1 1 6 h  
ketone 

Methyl a-bromoisoptopyl 66 35 4" 84/150, 1.4590'~ 
ke tme 

Bromomethyl i sopropyl 57 46 4"' 86/50, 1.4467'~" 
ketone 

1-Bromcr>chlorel 57 80 4"' 114/13, 1.5009'~" 
pentanone 

Ethyl ,L%chloroethyl 207 45 lop8 33/2.5, 1.4361 
ketone 

a-Chlaoethyl Pchlorcr  207 60 losPg 65/1.5, 1.4631 
ethyl ketone 

D i - ~ c h l a o e t h y l  ketone 207 48 10- 77/2, 1.4710" 
Bromoethyl Pbromoethyl 207 60 10- 77/0.1 

ketone 
2,f Dibromc-3-med~yl- 74 97 444= 53/1 

2-butanone 
1 ,>Di bromoacetyl- 184 67 loam (7), 152Cu 

acetone 
Acetyltriiluoroacetme 203 8b l ow 107/760, 1.3893". 1WCu 

C 6  6-Bromcr2-hexanone 54 58 4 105/15, 1.4713. 81Dn 
1-(alorcrlhexanone 189 51t  10"' 72.5/15. 1.437014* 
1-Bromcr lhexanone 57 50 4S'9 108/50, 1.4486"~ 

208 67t  lom1 88/30 
Bromomethyl i mbutyl 5 7  70 4'" 102/50, 1.4595" 

ketone 
2-Mcthyl-1-chlorcrf 70 50 4'- 64/9, 7 0 s  

pentanone 
1 C h l o r e  %methyl-4- 53 74 4" 52/14 

pentanone 
2,f Dibromcrf methyl-l 74 90 444= 82/5 

pentanone 
1-Chlorcr3,+dimethyl- 66 85 4-  76/15, 1.4422. 1 4 4 h  

l h t a n o n e  
1-Bromcr3.f dimethyl-1 66  68 4-' 49/1, n/lO 

butanone -- 
For explanations and symbols s e e  pp. xi-xii. 
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TABLE 36 (mntimre4 

'4 Compound Method 
Yield 

(%) Chapterref. B.p./mm., ntD, (Mp.), Deriv. 

Aliphatic and Alicyclic Halo Ketones (cwrlimrcd) 

C 6  2-Cllorocyclohexanone 66  57 4"' 79/7. (23). 1.4825 

66 66 4"' 91/15 
1 Bromocyclohexanone 66  3 l t  4- 113/20. 1.5085' 

C., Chloromethyl n-hexyl 
ketone 

f Bromo-3-methyl-4- 
heptanone 

>Ethyl- 1-chloro-3 
hexanone 

4,ZDimethyl-Zchloro- 
f hexanone 

Methyl a- bromocyclo- 
hexyl ketone 

Bromornethyl cyclo- 
hexyl ketone 

1-Acctyl- 1.2-dibromo- 
cyclohexane 

1-(Dibromoacetyl) 1- 
trornocyclohexane 

C I, 1- Bromo- l t r idecanone 

Aromatic Halo Ketones 

m Bromophenacyl bromide 
p-Bromphenacyl bromide 
o-Chloroacetophenone 

T A B L E  36. HALO KETONES 

TABLE 36 (continued) 
-- 

Yield 
GI Compound Method (%) chaptnmf .  kp./rnm., n b  (M.,.), Deriv. 

Aromatic Halo Ketones (continued) 

C n  o-Bromoacetophenone 56 80 4"' 112/10, 177% 
187 80 O m  189Dn 
212 65 1OW 117/12, 175Sea 

rn-Chloroacetophenone 56 83 4'" 113/11. 1.5494. 
183 76 loaU 92'3, 232Sea 

mBromoace tophenone 56 56 4'" 132'17. 1.5755, 233% 
mIodoacetophenone 56 53 4"4 117/4, 1.6220 
p-Fluoroacetophenone 178 74 1Olrn 79/10, 1.5081'' 

178 76 10"' 196. 219Se 
p-Clloroacetophenone 178 78 loLU 126/24 

178 83 10" (12), 204Se' 
p-Bromoacetophenone 178 79 10'" 117/7, (50.5), 129-Ox* 
p-Iodoacetophenone 56 52 4'" 140/9, (84) 

178 95 loll4 (85) 

acetone 
a-Bromo-a-phenyl- 66 69 4- 127/7 

acetone 
Chloromethyl benzyl 57 85 4'"O 135/19, 8 / 1  

ketone 
Bromomethyl b a y 1  57 62 4'19 106/0.2, 1.559319's 

ketone 
a-Clloropropiophenone 178 66 1 0  133/26 
a- Brornopropiophenone 66  42t  4'* 139/20, 1.5686" 
P-Chloropropiophenone 178 65  10lm (50) 

178 85 10'" (48) 
p Bromopropiophenone 178 9 3  10"' (59) 
ova-Ditromopropio- 6 6  83 4''' 180/64,(30.5) 

phenme 
a , B D i  tromopropio- 178 98 10lu (56) 

phenone 
o-Cllorobenzyl methyl 189 60 loM9 130/15, 120-01 

ketone 
p-Chlorobenzyl methyl 178 16 lo"' 86/1 

ketone 
o-Chloropropiophenone 56 
o-Bromopropiophenone 56 
m Chl oropropiophenone 5 6 
m Bromopropioph enone 56 
p-Clloropropiophmone 5 6 
p-Bromopropioph mone 56 
p-kthylphenacyl bromide 6 6  
p-Acetobenzyl bromide 5 4 
m Trifluoromethylacc 187 

toph enone 1 89 

For explanations and symbols see  pp. xi-xii. 
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TABLE 36 (continued) 

Compound Mechod (aaptedef. B.p./mrn.. n b .  (M.P.). Deriv. (%) 

Aromatic halo Ketones (continued) 

C lo a-Bromolrpropyl 66  98 4'* 154/23 
phenyl ketone 

Chloromethyl 8-phenyl- 57 85 4'w (40),146Dn 
a h y l  k a m e  179 82 10'" 111/5, (41). 147Dn 

tPhenyl-f  chloro-2- 184 60 t 1 99/4. 1.5268, 139Dn 
but anone 

tPhenyl-fbromo-l  66  81 4 =  155-160/30 
bu tanone 

Benzalacetone dichloride 74 34 4- (93) 
Benzalacetone dibromide 74 57 4U9 (1 25) 
1.3 bis-Chloroaceryl- 57 83 4'= (98) 

benzene 

C ,, a-Bromoisobutyl phenyl 66  80 4 =  145- 155/20, (52) 
ketone 

C la a- Bromoacetylnaph- 6 6  80 4'" 215/15 
thalene 

C,, a-Bromoisobutyryl- 178 70 1 170/24 
mesirylene 

o-Chlorobenzophenone 178 8 6 t  1 0  180/15, (44) 
o-Bromobenwphenone 178 52 loiaD 153/0.05, 1 3 3  Ox* 

178 80 loU1 190/14 
p-C3lorobenwphenone 178 82 10"' (78). 10GPha, 185Dna 

C,, Phenyl a-chlorobenzyl 53 79 4'" (67) 
ketone 62 65 4Y" (6s) 

o-Chlorobenzyl phenyl 190 73 louo (71), 8 6 0 .  
ketone 

m-Chlorobenzyl phenyl 190 42 10"' (43), 102-01: 
ketone 

P-Chlorobenzyl phenyl 190 70 10"' (138), 9601: 
ketone 

o-Chlorophenyl benzyl 190 71 1 0 " ~  178/5, 1 3 1 0 .  
ke tme 

mChloropheny1 benzyl 190 72 loU9 (62), 120-Ox* 
ketone 

p-(alorophenyl benzyi 190 77 10"' (108), 12301: 
ketone 

t(alorobenzi1 183 93 10'" (73) 
4-Bomobenzil 183 94 1 0  (87) 
2.2'-Dichlorobenzil 179 3 9 t  10"' (1 29) 

C,, a-Chlorodi benzyl 66 80 4"' 195/12, (68.5) 
ketone 

a-Bromodibenzyl ketone 66 99 4 =  (49) 
Benzalacetophenone di- 74 96 4'" (113) 

chloride 

TABLE 37. HYDROXY KETONES 

TABLE 36 (continued) 

c, 
Yield 

Compound Mechod (%) ~hapter re f .  B.p./mrn., n &  (M.P.), Deriv. 

Aromatic Halo Ketones (cat inued) 

C15 a- Bomo-tpropionyl- 66 75 4105 (79) 
biphenyl 

C16 Fo-Bromoace ty la~  66 50 4- (107) 
chracene 

Heterocyclic Halo Ketones 

thiophene 
1Bromoacetyl- 66  80 4'w 98/1.5. 1.6258 

thiophene 

furan 
C11 C@inolyl chloromethyl 57 50 4'= (101) 

ketone 

For explanations and symbols see pp. xi-xii. 

TABLE 37. HYDROXY KETONES 

c, 
Yield 

Compound 1 Method (%) Chapterref. B.p./mm., n D, (M.p.), Deriv. 

Aliphatic and Alicydic Hydroxy Ketones 

C,  Acetol (1-hydroxy-l 95 58 .j 521 42/12 
propanone) 

C, 1-Hydroxpf butanone 84 44t  5- 74/13, 1.4302" 
102 28 5 =  71/12, 1.435" 

but anm l 
Dimethylacaylcarbinol 89 26t  5" 140, 87-0.. 165% 
l&droxycyclopentanone 104 16 5 "l 74/10, 1.4701" 

(propionoin) 
>Hydroxy3-hexanme 79 51 158 76/12, 1.4280" 

f Methyl-f hydroxy-l 200 60 losu 73/50. 1.4200, 150% 
pentanone 

For explanations and symbols see  pp. xi-xii. 
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TABLE 37 (cvntinued) TABLE 37 (cvntinued) 

c, Compound Method ~ h a ~ t e f l e f .  B.p./mm.. n;. (M.P.), Deriv. 
( %) 

Aliphatic and Alicyclic Hydroxy Ketones (continued) 

Clo 2,2,5,>Tetramerhyl-4- 104 GO 5 6s6 85- 95/ 12 
hydrory- f hexanone 
(pivdoin) 

2-(1'-liydroxycyclo- 102 40 
5 20s 99/3, ( 3 0 ,  7&0x 

pentyl>cyclopentanoae 

Aromatic Hydroxy Ketones 

C8 mliydroxyacetophenone 93 48 5" (95) 
2,4-Dihydroxyacetw 178 65  101a4 (144) 

phenone 
2,FDihydroxyacetw 209 77 l o m  (203) 

phenone 
2,3,4Trihydroxyact 178 57 lo"' (172) 

tophenone 
2,4,GTrihydroxyact 178 87 10 la9 (219) 

tophenone 

C p  Acetylphenylcarbin01 95  72 5'* 123/13, I l fOx,  126Dn 
1 9  50 loU' 137/24, 194Se, 170Dn 

Methyl benzoylcarbinol 95 87 5'* 123/14, 134-OX 

a ,~Dihydroxypmpiw 98 90 561P (82) 

phenone 
o-Propioph en01 209 ' 35 lo"' 115/6 

p-Propiophenol 178 82 10'- (149), 170% 

209 50 10"' (148) 

C U ,  A~et~lphenylmerhyl- 105 48 56w 132/10 
car bin01 

C,, Phenyltrimethylact 105 49 5- (47) 
tylcartinol 

C,, l l i y d m x y h z o p h e n o n e  97 96 5-  (1 53) 
3-Hydroxy benzophenone 97 88 5'M (116) 
4Hydroxybenzophenone 97 95 5'" (134) 

C14 Benzoin 79 93 5 
157 

(134) 
79 97 

104 92 56" (1 29) 
105 30 5 m  (133) 

o,o'-Dichlorobcnzoin 104 40 5 6a (57) 
mm'-~ichlorobcnzoin 104 22 5 M  (76) 
p,p'-~ichlorobenzoin 104 88 56a (88) 
4,4 ' -~ih~droxy benzil 97 89 5'U (235) 

C ,, p-Methoxy benzoin 104 31 56u (106) 
(benzaai win)  -- 

For explanations and symbols see pp. xi-xii. 

Gi Compound Method 
Yield 
(%) chapteflef. B.p./mm., nL (Up.), Deriv. 

Aliphatic and Al icydic  Hydroxy Ketmes (codinued) 

C 6  f Methyl-4-hydroxy-1 102 67 5"O 76/10, 1.4350 
penranone 

4-hlerhyl-4-hydroxy-1 102 71 5'04 73/ 23 
pentanone (diacerone 
alcohol) 

2-Methyl- 1-hydroxy-f 102 57 5 '" 94/15, 1.4346 
penranone 

+Ethyl-4-hydrox)~ 1 102 55 5'" 96/17. 1.4362" 
turanone 

C7 4-Hydroxy-2-hepranone 102 80 5 a w  95/12. 1.4357 
2-Hydroxy-4-heptanone 79 58 5''' 101/24, 1.4300" 
+Methyl-4-hydrox)~ 2- 102 61 5"' 95/20. 1.43514 

hexanone 
2-Methyl-Fhydroxy-f 79 50 5 '" 73/9, 1 .427815 

hexanone 
2-Hydroxymethyl-1-cydw 102 20 5" 115/16, 129Ph, 145pN 

h exan one 

5-Hydroxy-kocranone 
(buryroin) 

fMethyl-fhydroxy-2- 
hepranone 

fh.!ethyl-4-hydroxy-2- 
hepranon e 

F~ethy'l-Fhydroxy-3- 
heptanone 

5-Methyl;2-hydrox)~4- 
hepranone 

6-Methyl-2-hydroxy-4- 
hepranone 

4- Ethyl-4-hydroxy- f 
hexanone 

2,2-Dimethyl-Fhydrory- 
fhexanone 

2,FDimethyl-4-hydrory- 
f hexaaone (iso- 
buryroin) 

2-(a-Hydroxy-n-propyl> 
cyclopenranone 

octanone 
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TABLE 37 (continued) 

c, Compound Method 
( %) 

~hapter re f .  B.p./mm., n b ,  (Up.), Deriv. 

Aromatic Hydroxy Ketones (continued) 

C Diphenylacetoin 187 45 10"' (52). 169 Se. 84NBz 
0.p'-~imethoxybenzoin 104 73 56U (113) 

(ani soin) 

C17 2',4';d-  rim ethyl benzoin 105 63 5w (103) 
C, PNaph thoin 104 78 56U (126), 172-Ox 

Heterocyclic flydroxy Ketones 

C 6  2-Hydroxyacetylfuran 114 74 5'" (82) 
Clo a-Furoin 104 38 5 M  (135) 

2.2'-'Ihenoin 104 30 5 m  (109) 

For explanations and symbols see pp. xi-xii. 

TABLE 38. KETO ETHERS 

c, 
Yield 

Compound Method (%) ~hapter re f .  B.p./mm., n b ,  (M.p.), Deriv. 

Aliphatic and Alicyclic Keto Ethers 

C, Mexthoxymethyl methyl 179 29 l 0 l W  115/756, 1.3982, 111PN, 163Dn 
ketone 187 48 10'" 114/746,1.3980,159h*, 109pN* 

C ,  1-Methoxyethyl methyl 187 37 10"' 116/739, 1.3936, 141Se 
ketone 

4-Methoxylbutanone 121 73 6" 66/50, 138/745. 1.4050 
195 75 lon' 140/745 

Methoxymethyl ethyl 187 49 10"' 133/757, 1.4063 
ketone 187 59 10''~ 132, 198Dn* 

symDimethoxyacetone 187 45 1 78/18, 1.4174, l2OSe 
Ethoxyacetone 187 65 10'" 36/28, 1.4000, 96Se* 

C 6  1-Methoxypropyl methyl 187 29 10"' 71/95, 1.4015''. 147% 
ketone 

Methoxymethyl n-propyl 187 51 1 0 ' ~  153/745, 1.4119 
ketone 

Methoxymethyl isopropyl 187 30 1 0 " ~  144, 163Dn 
ketone 187 44 10'" 145/748, 1.4078 

1-Methoxyethyl erhyl 187 22 10"' 136/750. 1.4019, 120% 
ketone 

4 - E t h ~ x ~ l b u t a n o n e  121 77 6iii 150/764, 74/50 
Ethoxymethyl ethyl 187 84 loan 147/752, 1.4068 

ketone 
~Propoxymethyl  methyl 187 52 1 0 " ~  49/6, 1.4052 

ketone 

TABLE 38. KETO ETHERS 379 

TABLE 38 (continued) 

c, 
Yield 

Compound Method chapterref. B.p./mm.. n h .  (M.P.). Deriv. 
( %) 

Aliphatic and Alicyclic Keto Ethers (continued) 
-- 

C 6  Isopropoxymethyl methyl 187 48 1 0 " ~  
ketone 187 53 10"' 

C7 1-Methoxy-)-hexanone 187 23 10"~  
Methoxymethyl n-butyl 187 34 10"' 

ketone 
Methoxymethyl isobutyl 187 30 10"' 

ketone 

Methoxymethyl s b u t y l  187 32 10"' 
ketone 

Methoxymethyl t-butyl 187 19 10'" 
ketone 

1-Methoxyethyln-propyl 187 33 10'" 
ke ton a 187 73 10'" 

1-Methoxyethyl isopropyl 187 13 10"' 
ketone 

1-Methoxypropyl ethyl 187 79 10'" 
ketone 

a-Methoxypinacolone 124 59 6173 

~Propoxymethyl  ethyl 187 46 10"~ 
ketone 

Isopropoxymethyl ethyl 187 41 10'" 
ketone 

symDiethoxyacemne 187 6 7  10lm 
ZMethoxycyclohexanone 179 46 loarn 
4-Methoxycyclohexanone 179 65 loarn 

C8 Methoxymethyl n-amyl 187 46 10'" 
kemne 

Methoxymethyl isoamyl 187 71 10"' 
ketone 

1-Methoxyethyl n-butyl 187 63 10"' 
ketone 

1-Methoxyethyl isobutyl 187 21 10"' 
ketone 

1-Methoxyethyl s b u t y l  187 43 10"' 
ketone 

1-Methoxyethyl I-butyl 187 14 10"' 
ketone 

1-Methoxypropyl n-propyl 187 69 10"' 
ketone 

1-Methoxypropyl i sw 187 44 lo"' 
propyl ketone 

GEthoxy-lhexanone 184 cat 10"' 
Ethoxymethyl s b u t y l  187 29 10"' 

ketone 

For explanations and symbols see pp. xi-xii. 
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TABLE 38 (continued) 

GI Compound Method 
Yield 

(%) 
ChaptePf.  B.p./mm.. n b ,  (M.P.), Deriv. 

Aliphatic and Alicydic Keto dthers (continued 

C8 1-Isopropoxy-3-methyl- 187 17 loN4 160, 88Dn 
2 butanone 

Methyl a-(stutoxy> 187 67 10'" 163/750, 1.4080, 118Se 
ethyl ketone 

Mehoxymethyl cyc l e  187 22 1 0 " ~  87/14, 1.4486'" 1 2 7 h  
pmtyl ketone 

CQ 3Methyl-Gethoxy-l 184 69t  l o m  77/17 
hexanone 

Methoxymethyl cyc l e  187 33 111/21, 1.455215, lozSe 
hexyl ketone 

Aromatic Keto Ethers 

CQ Phenoxyacetone 115 73 6" 120/19 
187 16 10'" 112/12, 1.5228, 17- 

a-Methosyacetophenone 124 77 6 ~ 7 3  126/19, 129% 
p-klethoxyacetophmone 178 66 10' 125/5, 178Se 

178 76 10' 137/15, (37), 87-Ox* 

Clo Phenoxymethyl ethyl 187 62 lo'" 100/5, 1.5201, 102% 
ketone 

a-Methosypropiophenone 124 60 6 171 89-75/4, 160Dn 
,&.hfethosyethyl phenyl 189 30 10- 1.5250, 1 7 6 h  

ketone 
a-Ethoxyacetophenone 124 81 6'" 127/11,128Se 

187 68 10'" 122/15, 1.5250 
p-Methoxypropiophenone 116 88 6'' 152/17 

178 87 10' . 125/4 
p-Ethoxyacetophenone 178 77 10'' 147/16,1.5427'" 
2, FDimethoxyacr 178 71 1 0 " ~  160/15 

tophenone 
3, FDimethoxyacr 170 57 10" (43) 

tophenone 

C,, 7-Phenoxypropyl methyl 187 78 loa9' 121/2, (50). llODn 
kemne 

Phenosymethyl n-propyl 187 64 10'" 112/4, 1.5148, 1 0 S e  
ketone 

P~ thoxye thy l  phenyl 189 82 10- 1.5190, 161Dn 
ketone 

nPropoxymethy1 phenyl 187 37 O m  118/6, 1.5150 
ketone 

C,, 8-~henoxybutyl methyl 184 61 t  loaQ' 130/2, 1.507laS, l O l h  
ketone 

P-n-Propowethyl phenyl 189 82 10- 1.5173, l 5 8 h  
ketone 

I TABLE 30. KETO ALDEHYDES 38 1 

TABLE 38 (contitwed 

c, 
Yield 

Compound Method (%) chapterref. B.p./mm., n b ,  (h4.p.). Deriv. 

Aromatic Keto Ethers (continued) 

C ,&Isopropoxyerhyl 189 69 loa4 1.5083, 175Dn 
phenyl kemne 

C ,B-Naphthoxyacemne 115 85 6" (77) 
C Phenoxymethyl phenyl 187 45 10- 187/8, (74), 187Se 

ketone 
rmMethoxybenwphenone 177 25t 10"' (38) 

187 77 10"' 185/4, (40) 
p-Mehoxybenzophenone 178 89 10" (62.5), 180Dn 
p-Phenoxyacetophenon 178 68 loio7 154/2, (47) 

10 
C1, P-Mehoxyphenyl bmzyl 130 74 loU9 (77), 118-Ox 

ketone 
2-Methoxy bmzil 179 60 t  10"' (72) 
4-Methoxy benzil 179 30 (63), 124-Ox 

C16 2-Ethoxybmzil 173 6 0 t  loaU (102) 
4-Ethoxy benzil 173 60 t  10"' (71) 
Desoxyanisoin 221 98 10'" (1 12) 
2,~'-~imethoxyben zi1 179 40t 10"' (127) 
3,3'-~imethoxy benzil 177 60t  10"' (83) 
4,4'-~imethoxy benzil 177 52t 10"' (133) 

(anisil) 177 77 loiQ4 (132), 255Se8 

For explanations and symbols see  pp. xi-xii. 

TABLE 37. KETO ALDEHYDES 

Compound 
Yield t 

Method (%) Chapterref. B.p./mm., n D, (M.p.), Deriv. 

C 7  Pivdoylacetaldehyde 146 50 7 171 45/13, l 2 K u  
Hydroxymethylenr 146 80 7 173 

5 methyl isotutyl ketone 
5 a- Formylcyclohexanone 146 60 7 ~ 7 4  88/14, 1.5130 

C8  Cydohexyldyoxd 157 59 9181 72/17 
J 1-Methyl-3-hy droxp 146 45 7 '" 87/12 
U 
i: methylene-2-cyclo- F hexanone 

C Phenylglyoxd 152 87t 7"' 
7 I77 

(73) 
m 157 72 77/25 
b 

CQ p-Acetylbenzaldehyde 162 43 7 130Ph, 181-Ox 

For explanations and symbols see pp. xi-xii. 
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TABLE 39 (continued) 

GI Compound Method 
Yield 
(%) chapterref. B.P./-.. nb. (M.p.). Deriv. 

C ,, Mesitylglyoxal 157 83 9 '" 106/4, 1.5520'~ 
2-Hydroxymethylene- 1- 146 94 9'" 180/28 

tetralone 

C ,B-Naphthyldyoxal 152 30 9 189 (109) 
CI4 p-Xenyldyoxal 152 90 9l" (121) 

For explanations and symbols see pp. xi-xii. 
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236. Oxidation of Aromatic Hydrocarbons 

Polycyc l ic  quinones a r e  prepared by  careful  oxidation of the  corre- 
sponding hydrocarbons with chromic-sulfuric a c i d  mixture in  a c e t i c  a c i d  
solut ion or  a s  a n  agi tated aqueous  suspens ion ,  e.g., 2,3dimethyl-l,4- 
naphthoquinone (80%),' 9,lO-phenanthroquinone (80%): and pcenaphthene- 
quinone (60%): A laboratory reactor  h a s  been described inlwhich a n  
a c e t i c  a c i d  solut ion of chromic a c i d  and another  solut ion of hydrocarbon 
a r e  mixed a s  a film a t  90°. T h e  react ion mixture i s  then fed into water  
t o  prevent further oxidation. B y  th i s  procedure, the yield of 2-methyl- 
l,4-naphthoquinone h a s  been  raised from 29% by the usua l  p rocess  t o  
4 5 % : ~ ~  

Other  oxidizing agents  have  been  used.  Sodium chlorate  with vanadium 
pentoxide ca ta lys t  a t t a c k s  anthracene readi ly but i s  not powerful errough 
for the  conversion of hydrocarbons of the  naphthalene and phenanthrene 
series."' An a c e t i c  ac id  solut ion of 30% hydrogen peroxide h a s  a l s o  
been  used.9' lo 

METHODS 237-238 

237. Oxidation of Phenols ,  Aminophenols, a n d  Aryl Diamines 

Derivat ives of phenol or ani l ine c a n  b e  oxidized t o  quinones,  the yield 
and e a s e  of oxidation depending on t h e  subs t i tuen ts .  If a n  amino or hy- 
droxyl group i s  in  the para posi t ion,  the react ion proceeds readily, a s  il- 
lustrated by the  syn thes i s  of quinone from hydroquinone b y  oxidation with 
a sodium chlorate-vanadium pentoxide mix ture  (96%)' or with chromic- 
sulfur ic  a c i d  mixture (92%):' A para halogen atom usual ly h a s  a favor- 
a b l e  effect.  Any group in the  para posi t ion i s  e l iminated or oxidized. 
o-Quinones a r e  usual ly prepared,from the  corresponding ca techols .  A 
survey of procedures for the s y n t h e s i s  of benzoquinones by oxidation h a s  
been made." 

Polymethylquinones and cer tain polycyclic quinones a r e  prepared by 
the  oxidation of aminophenols and  their polycycl ic  analogs.  T h e  latter 
s u b s t a n c e s  a r e  readi ly obtained by coupling the corresponding phenolic 
compound with diazot ized su l fan i l i c  a c i d  followed by a reduct ive c leavage  
of the a z o  compound. 

OH N=NC6H,S03Na NH, o=(J / - 0 / 

OH OH 

Oxidation of t h e  crude aminophenol i s  carried out with chromic 
or manganese dioxide." T h e  over-all  y ie lds  a r e  good (50-90%). For  the 
preparation of 1,2-naphthoquinone, ferr ic  chloride i s  a milder and  a bet ter  
oxidant than chromic a c i d  (94%)." Similarly, diamines a r e  oxidized with 
ferr ic  chloride, a s  in the  s y n t h e s i s  of duroquinone (9(&)." 

238. Oxidation of 2-Hydroxy-1,Cnaphthoquinones 

T h e  conversion of 2-hydroxy-3-alkyl-l,4-naphthoquinones by the ac t ion  
of a lka l ine  permanganate into t h e  next  lower homolog h a s  been  exten- 
s i v e l y  studied." A modified procedure involves the  treatment of the  
naphthoquinone with hydrogen peroxide in dioxane-soda solut ion followed 
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by the action of copper sulfate and alkali  on an  intermediate acid (93% 
over-all). It has been established that the hydroxyl and alkyl groups 
change places in the course of the oxidation. The method has been found 
valuable in the synthesis  of certain homologs difficult to  obtain by direct 
alkylation (method 239);' 

239. Alkylation of Quinones 

Diacyl peroxides are good agents for the alkylation of p-benzo- and 
1,4-naphthoquinones having a free position in the quinoid ring, particu- 
larly when the normal- or iso-alkyl chains are desired (30-6%)."'" The 

method has been widely applied in the synthesis  of 2-hydroxy-l,4-naphtho- 
quinones substituted in the 3-position. The procedure cons is ts  in adding 
slowly a solution of the diacyl peroxide in ether to a solution of the 
quinone in acetic acid a t  90-95 O. 

Alkyl groups in the low-molecular-weight range are a l so  introduced by 
heating the quinone with the corresponding acid,  excess  red lead, and a 
promoter, which i s  a compound containing an  ac t ive  hydrogen, such a s  
malonic ester  or acetoacetic ester." 

240. Quinones by Ring Closure 

The intramolecular condensation of oaroylbenzoic acids in the pres- 
ence  of concentrated sulfuric acid gives substituted anthraquinones. 
The acid strength, reaction temperature, and period of heating are care- 
fully controlled to  insure optimum yields and to avoid sulfonation prod- 
uct~.""~ Boric acid has been added a s  a sulfonation inhibitor." Sub- 
stitution in the para position of the aroyl group leads to 2alkyl-:' 
2-chloro-," and 2-bromoanthraquinones .'6 

A number of anthraquinones have been synthesized by adding dienes 
to aroylacrylic acids,  dehydrogenating the adducts in the form of the 
es ters ,  and cyclizing a s  before." 

METHOD 240 

R = H ,  CH,, C6Hs; R'=H, CH,; R"=H, CH,, OCII, 

The diene synthesis  la' '' with quinones i s  valuable in providing hydro- 
aromatic systems which are readily dehydrogenated, a s  illustrated by the 
synthesis  of 2,3-dimethylanthraquinone (90% ~ v e r a l l ) . ' ~  

CH, KOH 

8 o 

The synthesis  has been adapted to  the preparation of 1,2-naphthoquinone 
and i ts  derivatives by an  improved procedure." 
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A critical discussion of methods for the preparation of ketenes and 
ketene dimers including many experimental procedures has been elegantly 
presented.' For the most part, the methods are modifications of those 
used for the synthesis of olefins. Ketenes are very reactive substances 
and are prepared for immediate consumption. The simplest member, ketene, 
reacts with various groups which contain hydrogen to form acetyl deriva- 
t i v e ~ . ~ ~ ' ~ ~ ~ ~ ~  Even t-butyl alcohol reacts readily to form t-butyl acetate 

when a small amount of sulfuric acid i s  present a s  a catalyst.a8 

241. Pyrolysis of Acids, Anhydrides, Ketones, and Esters 

550'  
CH,COCH, - HaC = C = 0 t CH, 

Ketene, H,C=C=O, has been obtained by the pyrolysis of many com- 
pounds containing the CH,CO- group.' However, i t s  preparation from 
acetone has been the most successful from the standpoint of the labora- 
tory and i s  carried out by passing the vapors through a combustion 
furnace at 650' (30%)' or over a hot Chrome1 A wire filament a t  700- 
750' (90%).'*~ The product is contaminated with ethylene, carbon mon- 
oxide, and methane. It may be purified by dimerization 26 followed by 
dep~l~mer iza t ion  (cf. method 246)." More often than not, since ketene 
dimerizes readily, i t  i s  passed directly from the generator into a reaction 
vessel for immediate consumption. 

This method has no value for the synthesis of higher homologs. 

R CO 

\ 1' ,!eat 
C 0 R,C=C=O t CO, 

/ 

The thermal decomposition of disubstituted malonic anhydrides gives 
ketoketenes, R,C=C=O. A similar synthesis of an aldoketene, 
RHC=C=O, from a monosubstituted malonic anhydride has never been 
accomplished. 

The anhydrides can be prepared by the action of acetic anhydride on 
the corresponding malonic acid in the presence of a small amount of sul- 
furic acid, followed by neutralization of the mineral acid with powdered 
barium carbonate and evaporation to dryness in a high vacuum. The 
residual malonic anhydride i s  then heated to the decomposition point at 

a low pressure, and the ketene i s  collected in a cold receiver. This 
procedure has been applied to the synthesis of low-molecular-weight 
dialkylketenes (R is metl~yl, ethyl, n-propyl, or isopropyl) in 50-80% 
yields.5 

A second procedure consists in heating mixed anhydrides prepared 
from disubstituted malonic acids and diphen~lketene. 

\ 
Heat CO - 0 COCH(C6H,), --, 

The high-boiling ketenes are separated from the diphenylacetic anhy- 
dride by extraction rather than by distillation in order to avoid a ketene 
interchange. In this manner, many types of ketoketenes have been 
formed, including dimethylketene (49%), diallylketene (80%), dibenzyl- 
ketene (74%), ethylchloroketene C,H,CIC=CO (50%), and methylphenyl- 
ketene (75%).6*7 

Malonic acid and i ts  esters yield carbon suboxide, O=C=C=C=O,  
when treated with excess phosphorus pentoxide a t  300' (10-12%).~ 
Better yields are obtained by the pyrolysis of diacetyltartaric anhydride 
at 200' (41%).~ A review of the chemistry of this interesting substance 
has been made." 
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243. Dehalogenation of a-Haloacyl Halides 

The dehalogenation of a-haloacyl halides with zinc occurs readily, 
particularly for the formation of aromatic ketoketenes like methylphenyl- 
ketene (90%)," diphenylketene (95%)," and di-p-xenylketene (60%)." 
The dehalogenation is carried out in anhydrous ether solution under re- 
flux with excess  zinc. The ether-soluble zinc chloride i s  then precipi- 
tated by the addition of petroleum ether. The resulting solution may be 
used directly or distilled to obtain the pure ketene. 

An interesting extension of the reaction i s  the preparation of a ketene 
carrying an es ter  group, such a s  ethylcarbethoxyketene, from a malonic 
es ter  derivative (34%)." 

It i s  becoming increasingly apparent that the action of zinc on mono- 
substituted a-haloacetyl halides i s  not a general reaction for the forma- 
tion of aldoketenes. It has been shown that the treatment of the various 
dihalo compounds of ace t ic  acid-bromoacetyl bromide, chloroacetyl 
bromide, bromoacetyl chloride, and chloroacetyl chloride-gives poor 
or negative  result^.'^ Likewise, monosubstituted ketenes, such a s  
methylketene, ethylketene, and phenylketene, can be obtained only in 
low yields (4-13%). 

244. Decomposition of Diazo Ketones 

ArCOCN2AI 2 Ar,C=C=O + N2 

NNH, 

Although this  method has  had limited application, i t  represents the 
most convenient synthesis  for the important diphenylketene. This  con- 
sists in converting benzil monohydrazone to the diazo compound by the 
action of mercuric oxide suspended in benzene. The  presence of anhy- 
drous calcium sulfate is needed to remove the water formed in  the oxida- 
tion. The  benzene solution is then dropped slowly into a distilling 
flask maintained a t  100-110~,  whereby the benzene dist i ls  and the diazo 

METHODS 244-246 407 

compound i s  transformed to diphenylketene (64%)." In a similar manner, 
di-p-tolylketene has  been   re pa red.'^ 

0 - ~ e t o  esters,  such a s  methyl acetoacetate and methyl benzoylacetate, 
have been converted to  carbethoxyketenes by nitrosation, reduction, 
diazotization, and finally decomposition of the intermediate diazoketo 
e ~ter ."* '~ 

245. Dehydrohalogenation of Acyl Halides 

Certain disubstituted acetyl chlorides readily undergo dehydrohalo- 
genation with tertiary amines to yield ketoketenes. For example, in the 
preparation of di-n-heptylketene, di-n-heptylacetyl chloride i s  added under 
anhydrous conditions to excess  trimethylamine dissolved in benzene. 
After the mixture has  stood at room temperature for 29 hours, the precipi- 
tated amine hydrochloride i s  filtered with exclusion of moisture, the 
solution i s  concentrated in vacuum, and diheptylketene i s  dist i l led (60%).' 
Trimethylamine i s  preferred in the preparation of aliphatic ketoketenes 
because of the low solubility of 'its hydrochloride in organic solvents. 
In a similar manner, diphenylacetyl chloride i s  treated with tripropylamine 
in ether to give diphenylketene (83%).1° 

The method i s  apparently limited to the preparation of certain aryl and 
high-molecular-weight ketoketenes, which are relatively resistant  to  di- 
merization. Thus, the dehydrohalogenation of a low-molecular-weight 
acyl chloride such a s  isobutyryl chloride gives dimethyl ketene dimer 
(60%).'* It i s  quite possible that the tertiary amine sa l t  catalyzes the 
dimerization." 

Monoalkylacetyl halides, RCH,COX, are converted to aldoketene dimers. 
These  materials are useful in the synthesis  of P k e t o  acid  derivative^.^' 

246. Depolymerization of Ketene Dimers 
The depolyrnerization of diketene by pyrolysis i s  a rapid and conven- 

ient method for obtaining high-purity ketene (cf. method 241). The con- 
version can be carried out in high yields by decomposition over hot fila- 
ments or in tubes a t  550-600~. '~  
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Examples for the treatment of other ketenes are few. The ordinary 
ketene lamp has been modified for the depolymerization of dimethylketene 
dimer (8673.' Ethylcarbethoxyketene can be obtained from its dimer in 
80-90% yields by heating at 180-200°  under a pressure of I5 mm." 

TABLE 41. KETENES 

cn Compound Method Y:$d ~ h a ~ t e f l e f -  
-- - -- 

C I  Ketene 241 29 12' 
246 100 12'5 

C,  Dimethylketene 242 80 12' 
242 49 12, 
246 86 12' 

Ketene dimer 245 50 1214 
... 55 12" 

Ethylchloroketene 242 50 12, 

C, Methylethylketene 242 6 5  12' 
C, Diethylketme 242 64 12, 

242 55 12' 
Methylketene dimer 245 74 l z a 4  
Ethylethoxyketene 246 85 1 2 ~ '  

C 7 Ethylcarboethoxyketene 243 34 1 2 ~ '  
C, Di-n-propylketene 242 3 2 12' 

242 50 1 2 ~  
Diisopropylketene 242 50 1 2 ~  
Ethylketene d i m a  245 70 1214 
Dimerhylketene dimer 245 60  1 2 ~  
Diallylketeae 242 80 12' 
Phenoxyketene 245 32 1218 

C 9  Methylphenylketene 242 75 12' 
243 90 1211 

C, n-Propylketene dimer 245 9 3  l z a 4  
Isopropylketeae dimer 245 57 1214 
Phenylcarbanethoxyketene 2 44 70 12 l9 

C,' n-Butylketenc dimer 245 65 12 
C14 Diphenylketene 243 95 12l' 

244 64 1216 
245 83  12" 

Ethylcarboethoxyketene dimer 243 6 1  12" 

C ,, Di-n-heptylketene 245 60  12l  
Di ben zylketene 242 74 12' 

C ,I Mesitylphenylketene 245 78 '  12" 
C M  Di-pxenylketene 243 60  12l' 

For explanations and symbols s e e  pp. xi-xii. 
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Thirty-eight methods for the preparation of carboxylic ac ids  a re  de- 
scribed in this  chapter. No specia l  emphasis has  been given to  higher- 
molecular-weight al iphatic ac ids ,  the chemistry of which has  been elegantly 
reviewed ."'-"IP Another field abounding in well-organized literature i s  that 
of amino a ~ i d s . 3 ~ ~  s8'-587 A1 s o  worthy of mention i s  a review of syntheses  
of a -ke to  acids.'' 

247. Hydrolysis of Nitriles 

H+ or 
RCN + HIO ---4 RC0,F + (NH,) 

OH- 

Hydrolysis of nitriles t o  carboxylic ac ids  i s  be s t  effected by refluxing 
with concentrated solutions of sulfuric ac id  or sodium hydroxide. The  
progress of the reaction with the latter reagent i s  indicated by the evolu- 
tion of ammonia gas?2' Excellent directions are numerous. Hydrolysis by 
concentrated alkali  i s  described for valeric acid (81%)"' and isocaproic 
acid (82%)." A solution of potassium hydroxide in glycol monomethyl ether 
i s  used for 2-phenanthroic acid (98%):'' and alcoholic bases  are employed 
for the preparation of nicotinic acid (90%)lS3 and tetrahydrofurylacetic acid 
(75%).16' Acid hydrolysis has  been used for phenylacetic ac id  (78%),"' 
o- and n-toluic ac ids  (%%),"7*'50 mesitylacetic ac id  (87%),17' and 3-quino- 
linecarboxylic acid (97%)."' Acetic acid i s  sometimes added to increase 
the solubility of the nitrile as in the preparations of o-tolylacetic acid 
(73%)lS9 and I-naphthoic acid (9%)."' Di-o-substituted benzonitriles are 
sometimes difficult to hydrolyze. Several of these  compounds have been 
successfully converted to ac ids  by heating with 100% phosphoric acid?92 
Occasionally, the intermediate amide i s  formed, but this compound then 
r e s i s t s  further hydrolysis. Complete conversion can  usually be accom- 
plished by the action of nitrous acid on the amide as in the preparation of 
2,2-diphenylbutanoic acid (81% ~ v e r - a l l ) . ~ ~ ~  

A convenient method for preparing ac ids  from halides i s  through the 
cyanides. It i s  usually unnecessary t o  isolate or purify the ~ ~ a n i d e . ~ ' " ' ~  
By th is  method the carbon content i s  increased by one carbon atom. Pri- 
niary aliphatic nitriles are readily formed in high yields from the halides; 
however, secondary and tertiary cyanides are l e s s  ea s i l y  made in th is  
rnanner.l3' "* " 

Another promising procedure for lengthening the carbon chain by one 
carbon atom i s  a five-step conversion of a n  aldehyde t o  a n  ac id  (rhodanine 
synthesis ,  method 385). Yields of 90% or better are obtained for each s t e p  
including a n  alkaline hydrolysis of a nitrile as the l a s t  reaction in the 
series."' 

Several d ibas ic  ac ids  have been made from dicyanides by refluxing with 
concentrated hydrochloric acid. Among those prepared in th is  manner are 
glutaric ac id  (85%)"" and suberic acid (92%).'11 a-P-Diphenylsuccinic 

B acid (86%)36' i s  prepared similarly using a mixture of water, ace t ic  acid, 
and sulfuric ac id ,  whereas alkaline hydrolysis i s  employed for 1,13-tride- 
canedicarboxylic acid (93%).'16 Preparations of malonic acid (80%)'"' and 
d,pdimethyladipic ac id  (48%)"' illustrate a process for making dibasic 
ac ids  from halo ac ids  through the intermediate cyano acids.  Alkaline 
reagents a re  used in both c a s e s  t o  effect the hydrolysis. Methylsuccinic 
acid i s  made in 70% yield by hydrolysis of ethyl P-cyanobutyrate with 
barium hydroxide.lP2 The  most economical preparation of phenylsuccinic 
acid i s  the hydrolysis of the p-cyano es ter  obtained by the addition of 
aqueous potassium cyanide to benzalmalonic ester;  the o v e r a l l  yield i s  
70% .'66 

HCI C6H5 CH= C(CO,C,H,X !% C6HsCH(CN)CH,COlC,H, - 
'310 

C6H5CH(C0,H)CH,COlH 

Acid hydrolysis of the simpler olefinic nitriles to olefinic acids occurs 
without appreciable migration of the double bond. Acrylic ac id  i s  made by 
hydrolysis of acrylonitrile with sulfuric acid (78%).'63 Concentrated hydro- 

i: 
chloric acid i s  used t o  convert ally1 cyanide to vinylacetic ac id  
(75-82%).'6' Similarly, +pentenonitrile furnishes a 70% yield of +pen- 
tenoic acid, but the isomeric 2-methyl-3-butenonitrile is  not hydrolyzed 
under the same conditions .'" The alkaline hydrolysis of higher-molecular- 
weight branched a,P-olefinic nitriles gives mixtures of isomeric a,P- and 
P,y-olefinic ac ids  .' 

A se r i e s  of acetylenic acids has  been made from the corresponding 
acetylenic chlorides by way of the cyanides in over-all yields of 52-84%.61 

Few halo acids have been made by th is  method because of the reactivity 
of the halogen atom; e.g., hydrogen chloride i s  removed from y-chloro- 
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butyronitrile t o  give cyclopropanecarboxylic acid (79%),'2a and the bromine 
atom of p-cyanobenzyl bromide i s  replaced by a hydroxyl group during 
hydrochloric acid hydrolysis t o  give p-hydroxymethylbentoic acid (9%).'60 
However, p-chloromethylbenzoic acid (78%) and p-bromomethylbenzoic acid 
(73%) may be made from the halo cyanides by refluxing with the appropriate 
halogen acid.'" Halogens directly attached to  an  aromatic nucleus are  
s tab le  t o  hydrolysis.'30s 433 Both carboxyl and halogen groups are  intro- 
duced in one operation in the preparation of P-bromopropionic acid (83%) 
from ethylene cyanohydrin and 40% hydrobromic 

The  cyanohydrin synthesis  of a-hydroxy acids i s  very often carried out 
without isolation or purification of the cyanohydrins. T h e  various tech- 
niques for the preparation of the cyanohydrins are d iscussed  elsewhere 
(method 390). Hydrolysis t o  the a-hydroxy ac ids  i s  usually effected by 
heating with concentrated hydrochloric acid.  Excellent directions are 
given for mandelic ac id  (52% over-all from benzaldehyde)F7 a-methyl- 
a-hydroxybutyric acid (65% from methyl ethyl ketone),444 and eighteen 
dialkyl- and alkylphenyl-glycolic acids (60-80%).'47 Sodium hydroxide 
solution i s  used in the preparation of P-hydroxypropionic acid from the 
P-hydroxy nitrile ( 8 ~ ) . ~ ~ '  

The  preparation of 7-phenoxybutyric acid (61%) by acid hydrolysis of 
the phenoxyc~anide  i s  a typical example of the formation of a n  ether acid 
by th is  method.'43 Nine alkoxypropionic acids,  ROCH,CH,CO,H, have been 
made in 49436% yields by acid hydrolysis of the alkoxy nitriles. Basic 
hydrolysis gives readily polymerizable material propably because of partial 
decomposition of the alkoxy nitrile into the alcohol and a ~ r ~ l o n i t r i l e . ' ~ ~  

Two aldehyde acids, R(C,Hs)C(CHO)CH,CH,C02H, where R i s  G H s  or 
nC4H9,  have been prepared by the alkaline hydrolysis of the cyano alde- 
hydes obtained by direct cyanoethylation (method 388) of the corresponding 
aldehydes by a ~ r ~ l o n i t r i l e ? "  

Several a-keto ac ids  are ea s i l y  obtained by hydrolysis of acyl  cyanides. 
An improved procedure using cuprous cyanide in the preparation of the 
acyl  cyanides i s  d e ~ c r i b e d . ~ ~ "  Hydrolysis of the acyl  cyanides by cold 
concentrated hydrochloric acid i s  described for pyruvic acid (73%)T6 
a -ke tobu t~ r i c  acid,'96 and benzoylformic acid (77%):" Isovaleryl cyanide 
i s  not hydrolyzed under these  conditions. Alkaline hydrolysis has  been 
found to  be more succes s fu l  than acid hydrolysis in the preparation of the 
y-keto acid,  a-phenyl-P-ben~o~lpropionic acid (76%).232 

Similar to the c~anohydr in  synthesis  for hydroxy acids i s  the Strecker 
synthesis  of a-amino acids. Aldehydes and ketones a r e  converted to  
a a r n i n o  cyanides by ammonia and hydrogen cyanides'9 or by aqueous am- 
monium chloride and sodium cyanide solutions.543' 551'5s3 Amino cyanides 
may a l s o  be obtained by the action of gaseous ammonia on cyanohydrinsS3' 
(cf. method 391). The  preparation of DL-alanine (60%) i s  typical.s20 

METHODS 247-248 415 

NH& I Pb(0H) 
CH,CHO - CH,CH(NH, )CN 3 CH3CH(NH3CI )CO,H 

NaCN HC I 

Hydrolysis of the amino cyanides has  been critically d i s c u s ~ e d . ~ ' ~  Acid 
hydrolysis i s  preferred. The  free amino ac ids  have been obtained from the 

hydrohalide s a l t s  by the use of yellow lead oxide,5" lead 
a m m ~ n i a ~ ~ ~ '  p y ~ i d i n e , ' ~ ' ~  553 and anion-exchange resins?" Substitution of 
methylamine hydrochloride for ammonium chloride gives N-methylamino 
acids.s37 Formaldehyde, sodium cyanide, and ammonium chloride give 
methyleneaminoacetoniuile, CH, =NCH,CN, from which aminoacetonitrile 
i s  readily obtained by alcoholysis. Glycine i s  formed by hydrolysis of the 
amino nitrile with barium hydroxide (87%)55*51e or 40% sulfuric acid (92%)?19 
When ethoxyacetaldehyde i s  used, the ethoxyl group in the amino cyanide 
i s  converted to  hydroxyl during hydrolysis by hydrobromic acid to give 
serine (51%).52e 

The  addition of ammonia t o  acrylonitrile gives Paminopropionitrile and 
bis-(P-cyanoethyl>amine. The former i s  hydrolyzed directly t o  P-amino- 
propionic acid (90%) by barium h y d r o ~ i d e , ' ~ ' - ~ ~ ~  and the latter may a l so  be 
converted through the intermediate phthalimide to the same amino acid 
(69%).5" A variation of th is  procedure involves condensation of phthali- 
mide and acrylonitrile to P-phthalimidopropionitrile. Both amino and car- 
boxyl groups are formed during the subsequent  hydrolysis by hydrochloric 
acid. The free P-alanine (75%) i s  liberated from the hydrochloride by 
lithium hydroxide.s24 

H2c-cHcN ,a:: 
N(CH,),CN 3 NH,(CH, XCO,H 

co LiOH 

Nitro ac ids  such a s  m- and p-nitrophenylacetic ac ids  are prepared in 
62% and 95% yields, respectively, by acid hydrolysis of the corresponding 
nitrobenzyl cyanides.s69* 570 

248. Hydrolysis of Amides 

H +  ar 
RCONH, + H,O - RC0,H + (NH,) 

OH' 

Hydrolysis of amides may be carried out in acid or alkaline medium. For 
example, the former i s  used for a-phenylbucyric acid ( 9 0 % ) ' ~ ~  and the latter 
for 2- and 4-dibenzofurylacetic ac ids  (87%).1791280 A mixture of hydrochloric 
and ace t ic  acids i s  employed for insoluble a m i d e ~ . ' ~ ~  Amides obtained 
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from the Willgerodt and Arndt-Eistert reactions (methods 361 and 360) are 
excellent sources of acids.  

Certain amides are hydrolyzed with difficulty. Some success  has been 
achieved by heating with 100% phosphoric acid.'" It i s  usually advan- 
tageous to convert these compounds to  acids by treatment with nimous acid 
a t  room temperature; the yields are excellent."* 597 

RCONH, + [HONO] -+ RC0,H + N, + H,O 

A large number of trialkylacetic acids have been made by the following 
process, which involves treatment of the corresponding amides with nitrous 
acid ."' 

NaNH (HONO) 
C,H~COCRR'R" 2 RR'R"CCONH, + RR'R"CCO,H 

A phenyl alkyl ketone i s  subjected to two successive alkylations by 
sodium amide and an aIkyl iodide. Higher-molecular-weight acids contain- 
ing two large alkyl groups are best made by introducing a small and then a 

large alkyl group into a phenyl ketone already containing a large alkyl 
group. Cleavage of the trialky lacetophenones by sodium amide in boiling 
benzene gives trialkylacetamides. The method fails for the preparation of 
acids containing more than twelve carbon atoms unless two of the alkyl 
groups are methyl groups. Several of these compounds have been obtained, 
however, by hydrolysis of trisubstituted ace ton it rile^.^^^ 

p-Meth~xyphen~lacet ic  ac id  (85%) is  obtained by hydrolysis of the cor- 
responding amide by alcoholic potassium hydroxide.*" 

a-Keto acids, RCOCO,H, have been prepared from N,N-diethyl amides 
obtained by the action of Grignard reagents on ethyl N,N-diethyloxamate, 
C~H~O,CCON(C,H~)~ ." 

Oximes of cyclopentanone and cyclohexanone undergo the Beckmann 
rearrangement to cyclic amides from which amino acids may be obtained, 
e .g., 6 -aminovaleric acid (71-80%) 533* 534 and E aminocaproic acid 
(92%).'*01 54' 

H SO4 
(CH ) C=NOH 1 NH,(CH,)sC02H 7 \ 

CH2 C = O  

249. Hydrolysis of Esters 

RC0,R' + NaOH -+ RC0,Na + R'OH 

METHOD 249 417 

The hydrolysis of esters i s  accomplished by refluxing with aqueous or 
alcoholic alkali  hydroxides. Acid-catalyzed hydrolysis i s  an equilibrium 
reaction usually favoring ester  formation. High-molecular-weight es ters  
with branching in either acid or alcohol portions are  sometimes hydrolyzed 
with difficulty. 

Saponification of an  ester i s  the last  s t ep  in an elegant synthesis of 
highly branched trialkylacetic acids from acetoacetic ester. An a,a- 
dialkylacetoacetate i s  reduced to the P-hydroxy ester, which, in turn, i s  
dehydrated to a P,y-olefinic ester. Catalytic hydrogenation followed by 
saponification then gives the desired p r 0 d ~ c t . f ~ ~  

Partial saponification of malonic ester  occurs with cold alcoholic potas- 
sium hydroxide to  give potassium ethyl malonate in 82% yield?34 Esters 
of dibasic acids having the carboxyl groups farther apart are cleaved in a 
similar manner under these conditions, e.g., the preparation of the half- 
ester of a-methylpimelic acid (53%)F5 

Mild conditions should be employed in alkaline hydrolysis of olefinic 
esters.  Double bonds in many acids migrate readily during saponification. 
Aqueous alcoholic sodium hydroxide i s  used in the preparations of +ethyl- 
3pentenoic acid (56%)383 and P-methylcinnamic acid (41%);') 

a-Bromo-P-alkoxy acids are obtained from the corresponding esters by 
stirring a t  room temperature with aqueous sodium hydroxide.'22s *" How- 
ever, the halogen atom of ethyl 3-bromocrotonate i s  hydrolyzed during 
saponification by aqueous potassium carbonate to  give 3-hydroxycrotonic 
acid (28%).368 a-Methoxypropionic acid (73%) is prepared by refluxing the 
methyl ester  with 25% aqueous sodium hydroxide.*" The opening of a - 
lactone ring with aqueous base i s  sometimes an important s t ep  in the prep- 
aration of hydroxy acids.264p **)* 450 

a-Keto es ters  are sensitive to  alcoholic hydroxide solutions." How- 
ever, excellent results  are obtained by shaking the es ters  with cold, dilute, 
aqueous sodium hydroxide 5'0 or by refluxing with alcoholic sodium car- 
bonate ."'* 503 A mixture of glacial acetic and hydrochloric ac ids  has been 
successfully employed in the conversion of high-molecular-weight P-keto 
esters to the corresponding acids.'16 

Low-molecular-weight a- and P a m i n o  es ters  are easily hydrolyzed 
merely by boiling with water.'* Also, aqueous barium ydroxide i s  em- 
ployed in the preparation of several amino acids, e.g., $ aminopropionic 
acid (72%)527 and a-methyl-ydimethylaminobutyric acid (90%).549 

m-Nitrobenzoic acid (96%) i s  best prepared from the corresponding methyl 
ester  by boiling for 10  minutes with 20% sodium hydroxide. Longer heat- 
ing gives a colored product, and the use of a more dilute base i s  unsatis- 
factory.564 y-Nitrovaleric acid is obtained from i ts  methyl ester  by hy- 
drolysis with concentrated hydrochloric acid.lO' 
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250. Hydrolysis of Acyl Halides and Anhydrides 

Although hydrolysis of acyl halides and anhydrides i s  infrequently used 
in the preparation of acids, several important examples are noted. The 
acyl chlorides, Ar,C=CHCOCl, from the action of oxalyl chloride on di- 
arylethylenes are hydrolyzed to P,Pdiarylacrylic acids by stirring with 
ice-cold sodium carbonate solution.' a-Halo acids prepared by the Hell- 
Volhard-Zelinsky reaction are obtained from the a-halo acid halide by 
stirring with cold water (method 67). 

Citraconic anhydride is hydrolyzed to the c i s  unsaturated dibasic acid, 
citraconic acid, by heating with the theoretical amount of water until the 
mixture i s  homogeneous.2g4 Hydrolysis by dilute nitric acid gives the - 
trans acid, mesaconic acid.29s 

251. Hydrolysis of Trihalides 

Few simple acids are prepared by this method because the corresponding 
trihalides are not readily available. Several modifications are important in 
the preparation of acids containing an additional functional group. 
Di-(p-chlorophenyl)acetic acid is prepared in 70% yield from 1,l-di-(P- 

chlorophenyl)2,2,2-uichloroethane, (pCIC,&~CHCCI, (DDT). This re- 
action differs from a straightforward hydrolysis since hydrogen chloride is 
eliminated and an intermediate, 1,l-di-(P-chloropheny1)2,2dichloroethyl- 
ene, (pC1C6H4XC=CCI,, is readily isolated in 97% yield.'4' 

Twelve a-alkoxyisobutyric acids have been made by alkaline alcoholysis 
of the trichlorohydrin formed by the condensation of acetone and chloroform. 

(CH,),C(OH)CCI, 
KOH 

(CH,)zC(OR)COlH 

The oxide intermediate is postulated to account for the alkylati~n. '~~ 
Chloral, CI,CCHO, reacts with a-naphthylmagnesium bromide to give 

the corresponding trichloro alcohol, which may be hydrolyzed by sodium 
carbonate to a-naphthylglycolic acid in 50% overal l  yield.396 

252. Hydrolysis of Primary Nitro Compounds 

RCHINO, RCONHOH RCOO,H 
H H 

Propionic, butyric, and isobutyric acids have been prepared in better 
than 90% yields by heating the corresponding nitro compounds for 8 hours 
a t  120-140' with 85% sulfuric acid.60 The reaction may be stopped a t  the 
hydroxamic acid stage by using milder conditions. This peculiar rear- 
rangement of the nitro compound to the hydroxamic acid has been re- 
~iewed. '~  a-Nitroiilefins are hydrolyzed to a-hydroxy acids.397 

253. Oxidation of Primary Alcohols and Aldehydes 

RCYOH 2 RCHO 3 RCO,H 

Although aldehydes are more easily oxidized than alcohols, reagents 
and conditions are similar in the conversion of both substances to acids. 
S Jfuric-chromic acid mixture has been used to  prepare propionic acid from 
the alcohol (65%)t1 heptanoic acid from the aldehyde (7%):6 and furoic 
acid from furfural (75%).'40 Alkaline permanganate is employed in the prep- 
aration of methyldiphenylacetic acid from the aldehyde (45%)119 and ethyl- 
n-butylacetic acid from the aldehyde or alcohol (74%).1°' Acid permanga- 
nate is used for the oxidation of heptaldehyde to heptanoic acid (78%)07 
and 6-methyl-1-octanol to 6-methyloctanoic acid (66%).'99 

Oxidation of alcohols by acidic. reagents gives appreciable quantities 
of ester formed from the acid obtained and the original alcohol. For this 
reason, alkaline permanganate is sometimes preferred. 

Oxidations are usually carried out a t  room temperature or with cooling by 
an ice bath. Vigorous stirring is important. The yields are seldom quan- 
titative; carbon dioxide and lower acids are the principal by-products. The 
first s tep in this degradation is an oxidation of the a-carbon atom at the 
aldehyde stage.'' 

Silver oxide, easily prepared from silver nitrate and sodium hydroxide, 
is probably the best reagent for the preparation of pure acids from alde- 
hydes. An additional advantage is that it does not attack other easily 
oxidizable groups in the molecule. Typical examples are 3-thiophene- 
carboxylic acid (97%):4s palmitic acid (98%):' and anthracene-9-carboxylic 
acid (72%).'23 Its use in the preparation of olefinic acids from olefinic 
aldehydes is illustrated by the preparation of 2-methyl-2-pentenoic 
acid (60%).'69 Organic peracids have a lso  been used in the oxidation of 
aldehydes to carboxylic acids.477' "' 

Low yields of acetylenic acids are obtained by direct oxidation of the 
corresponding acetylenic alcohols by chromic-sulfuric acid mixture.409 

Halo acids, such a s  P-chloropropionic acid ( 8 1 % ) ~ ' ~ '  415 or a ,P-dihalo- 
propionic acids (85%),"942' have been made by nitric acid oxidation of tbe 
halo aldehydes or alcohols. 

P-~henoxypropionic acid (45%) is made from the phenoxy alcohol by 
permanganate oxidation in magnesium sulfate solution a t  15-20O.~~  



420 CARBOXYLIC ACIDS Ch. 13 

Alanine,s26 a-aminovz-butyric acid, and a-aminoisobutyric acidsa9 are 
prepared by permanganate oxidation of the N-benzoyl derivatives of the 
corresponding amino alcohols. The free amino ac ids  are obtained from the 
benzoyl derivatives by hydrolysis with hydrochloric acid followed by treat- 
ment with aniline. Over-all yields for the four s t ep  process are 45-60%. 

254. Oxidation of Ketones and Quinones 

Cleavage of ketones by  oxidation i s  infrequently used for preparation of 
monocarboxylic acids.  Trimethylacetic acid i s  made in 75% yield from 
pinacolone, (CH,),CCOCH,, by oxidation with chromic anhydride in aqueous 
acetic acid.71 Cleavage on only one side of the carbonyl group i s  possible 
in this  case .  

The dibasic acids, glutaric acid (85%),290 adipic ac id  (60%),296 and re- 
lated substituted adipic acids,"" "4' "6 are prepared from the cyclic ke- 
tones o r ' c o ~ e s p o n d i n ~  alcohols by nitric acid oxidation using vanadium 
pentoxide catalyst. It i s  important to  add the ketone dropwise to  the hot 
acid s ince  the reaction may become violent if the ketone i s  not instanta- 
neously oxidized. 

Diphenic acid (70-85%) i s  obtained by acid chromate oxidation of phe- 
nanthraquinone "'* or phena~~ th rene . '~~ '  "' It i s  unnecessary to isolate 
or purify the quinone in the latter process. 

255. Oxidation of the Double Bond 

(0) 
RCH= CH, - RC0,H 

Several compounds are best  prepared by this reaction, although i t  has 
been used chiefly for proof of organic structure. The Barbier-Vieland de- 
gradation is  a c lass ica l  method for the removal of one carbon atom from 
a chain. 
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In this way, pentadecanoic acid has been prepared in 58% over-all yield 
from palmitic acid."' A modification of the process, whereby three carbon 
atoms may be removed, has been reviewed." In this procedure, the olefin 
i s  brominated in the "allylic position" by N-bromosuccinimide. Dehydto- 
halogenation then gives a diene, R'CH=CH-CH=C(C6H5X, which i s  
oxidized with the loss  of three carbon atoms. 

Alkaline permanganate oxidation i s  frequently employed. Examples are 
2,6-dimethylheptanoic acid (45%)'" from 3,7-dimethyl-1-octene, m-ethyl- 
phenylacetic acid (24%)16' from m-ethylallylbenzene, and azela ic  acid 
(36%)"' from ricinoleic acid. 

Degradation of the carbon chain does not always occur. Dichromate 
oxidation of triisobutylenes gives ac ids  with the same carbon content a s  
the olefins." The keto acid, benzoylformic acid (55%), i s  made by hot 
alkaline permanganate oxidation of styrene.'09 

256. Ozonization of the Double Bond 

The literature of this reaction to  1740 has been adequately reviewed.16 
The emphasis up to that time was placed on obtaining higher yields of 
carbonyl compounds by hydrolysis of the ozonides. Several methods have 
been described for the oxidative cleavage of ozonides to  acids.  These  
procedures may prove valuable in the synthesis  of certain acids.  By add- 
ing the ozonide of 1-tridecene to  an alkaline si lver oxide suspension a t  
95O, a 74% yield of lauric acid is  ~ b t a i n e d . ~ '  Decomposition of ozonides 
with 30% hydrogen peroxide i s  described for the preparation of 5-methyl- 
hexanoic acid (67%) from 6-methyl-1-heptene and of adipic acid (60%) from 
~ ~ c l o h e x e n e . ~ ~  A study of solvents for ozonolysis has been rnade.'l 

257. Oxidation of Alkyl Groups to Carboxyl Groups 

As  a preparative method, this reaction has found limited use. One 
methyl group of o- or p-xylene i s  oxidized by dilute nitric acid to give the 
corresponding toluic acid (55%).'49*1s2 Similarly, oxidation of mesitylene 
by concentrated nitric acid gives a 20% yield of 3,5-dimethylbenzoic acid.'" 
Catalytic oxidation by oxygen gas  in the liquid phase appears very prom- 
i ~ i n ~ . ' ~ '  Butyric acid serves a s  a solvent, and ace ta tes  of cobalt, lead, 
and manganese are catalysts .  Yields of 25-68% of aromatic acids are ob- 
tained -from the corresponding alkylbenzenes and their chloro, nitro, or 
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alkoxyl derivatives.lS9 Permanganate oxidation of a- and 7-picolines i s  
used to  prepaw picolinic and isonicotinic ac ids  (45-6%)?491zs6v '" The 
ethyl group of 4-ethylpyridine i s  converted to a carboxyl group with equal 
ease?'" The acetyl  and methyl groups of p-methylacetophenone are both 
oxidized to carboxyl groups by refluxing first with dilute nitric acid then 
with alkaline permanganate. The yield of the resulting dibasic acid, 
terephthalic acid, i s  88%?39 The t-butyl group is resistant to  most oxidiz- 
ing agents 

An oxidizable alkyl group i s  not necessarily attached to  a n  aromatic 
nucleus. Oxidation of a methyl group of trimethylacetic acid by heating 
for 7 hours with alkaline permanganate gives dimethylmalonic acid (35%).'23 
Other examples include the a-keto acids, trimethylpyruvic acid (4%)502 
from pinacolone and P-naphthylglyoxylic acid (40%)517 from p a c e t y l -  
naphthalene. 

Ifalo and nitro groups on the benzene ring are unaffected by the oxida- 
tion of an  alkyl group. o- and p-~itro-,56" s66 o - c h l ~ r o - , ' ~ ~  and p-iodo- 
benzoic acids'3z have been made from the substituted toluenes. 

258. Oxidation of 5-Alkyl-2-furoic Acids 

R C X  NaOH; KMnO4 & L R3CCOZH 
HC C-C02C2H5 AlClr R3CC C --C02CzH5 H +  

\ / \ / 

Ethyl furoate undergoes a F r i ede lc ra f t s  condensation with tertiary 
chlorides in carbon disulfide solution. The free alkylfuroic acids are 
oxidized by alkaline potassium perlnanganate to trialkylacetic acids. 
Dimethylethylacetic acid (65%) and 1-methyl-1-cyclohexylcarboxylic acid 
(44%) have been prepared in this manner." 

259. Oxidation and Decarboxylation of a-Keto Acids 

Oxidative degradation of substituted pyruvic acids i s  accomplished by 
treating an  aqueous solution of the sodium sal t  with 30% hydrogen per- 
oxide (Superoxol) a t  0-15'. Good descriptions have been published for 
the preparations of o-hydroxyphenylacetic acid (34%):46 3,4-dimethoxy- 
phenylacetic acid (60%),486 m-chlorophenylacetic acid (57%);'' and o-nitro- 
phenylacetic acid.s68 

260. Haloform Reaction 
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By this method an  acetyl group i s  converted to carboxyl by substitution 
of halogen for the three hydrogen atoms followed by cleavage of the result- 
ing trihaloketone. For preparative purposes, it is desirable that no simi- 
larly replaceable hydrogen atom be present in the R radical. 

It has been observed, however, that methylene groups are not a s  easily 
substituted a s  might be expected. For example, P-phenylisovaleric acid 
i s  obtained in 84% yieldsa from 4-methyl-4-phenyl-2-pentanone, 
(CH3XC(C6Hs )CH,COCH,, and P-methoxyisovaleric acid is formed to  the 
extent of 38% from 4-methyl-4-methoxy-2-pentanone?"" 

It has  recently been shown that higher alkyl ketones are cleaved in a 
somewhat similar manner?" 

NaOBr NaOH Na OBI 
ArCOCH,R - ArCOCBr,R - ArCOCOR - ArCOzNa + RC0,Na 

NaOH 

Common reagents for the substitution are bromine in sodium hydroxide 
solution a t  0°,72* "'* '" chlorine in sodium hydroxide solution a t  
55-800 1+5,18b 376 

I aqueous sodium or potassium hypochlorite,'75* '" and 
commercia 1 bleaching agents "'# Cleavage of the carbon chain by 
base usually occurs during the steam distillation of the haloform. This 
distillation i s  necessary for complete conversion of pinacolone to tri- 
methylacetic acid (74%).72 

Olefinic acids prepared by this method include P,pdimethylacrylic acid 
(53%) from mesityl oxide,37s' 376 cinnamalacetic acid (70%) from cinnamal- 
a ~ e t o n e , " ~  and trans-a-alkylcinnamic ac ids  from the corresponding methyl 
ketones (8%)."' 

A halo acid,  p-(P-bromoethyl>benzoic acid ( ~ 7 % ) , ' ~ ~  a hydroxy acid, 
p-hydroxyisovaleric acid (3%):76 and an acetylated amino acid,  p-@-acetyl- 
aminoethy1)-benzoic acid (78%);'" have been made by this method. At- 
tempts to  prepare 3-nitro- and 4-hydroxy-benzoic acids from the corre- 
sponding acetophenones have failed."' Oxidation of the methylene group 
of 2-acetylfluorene occurs during the reaction to give fluorenone-2-car- 
boxylic acid (60%).5"9 

261. Intermolecular Oxidation-Reduction of Aldehydes (Cannizzaro) 

2R3CCH0 + NaOH -+ R3CCH,0H + R,CCOzNa 

This  dismutation occurs to a small extent with most aldehydes in the 
presence of a strong base. It i s  the primary reaction only with aldehydes 
that lack an a-hydrogen atom and, therefore, cannot undergo aldol con- 
densation. The reaction has been reviewedz9' s'2 (cf. method 81). It i s  
used in the preparation of 2-furancarboxylic acid (63%);" nitrobenzoic 
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acids  (91%), and halobenzoic ac ids  (84-96%).563 Aldehydes with halogen 
atoms in both ortho positions lose  the carbonyl group a s  potassium formate 
t o  give excellent yields of m-dihalobenrenes." The  three hydroxybenz- 
aldehydes are  completely converted into the potassium sa l t s  of the corre- 
sponding acids by fusion with potassium hydroxide. This  complete con- 
version i s  due to the following reaction. 

The m-hydroxybenzoic acid i s  obtained in 94% yield?83 m- and p-Dimethyl- 
aminobenzaldehydes are unaffected by concentrated potassium hydroxide 
solution. 

262. Carbonation of Organometallic Compounds 

This  i s  an  excellent reaction for the conversion of most hal ides t o  ac ids  
containing one additional carbon atom. Carbonation of Grignard reagents 
and organoalkali compounds g ives  ac ids  in yields of 5 0 4 5 % .  Ether solu- 
tions of the organometallic compounds formerly were treated with carbon 
dioxide g a s  a t  10' t o  "' '03 A more recent technique involves pour- 

ing the solution onto exces s  crushed Dry ~ c e . ' ~ ~ " ~ ~ '  277 Carbon dioxide 
under pressure i s  sometimes required for tertiary Grignard reagents:15 
Factors influencing the yield have been ~ tud ied . ' ~  A low temperature and 
vigorous stirring are important. The yield of n-valeric acid from n-butyl- 
magnesium bromide decreases  from 79% a t  0' t o  47% a t  the reflux temper- 
ature of the ether solution.66 Small amounts of magnesium alcoholates 
greatly inhibit the reaction." 

The  chief by-products of the reaction are symmetrical ketones and ter- 
tiary alcohols formed by the act ion of the organometallic compound on the 
carboxylic acid sa l t .  The  amount of these products is greatly diminished 
by jetwise addition of the organon;etallic reagent t o  excess  powdered Dry 
Ice (spray t e~hn ique ) . ' ~ '  54 

Allylic rearrangements occur in the carbonation of Grignard reagents 
from 3-furylmethyl chloride and rn-methylbenzyl part of the 
product in each c a s e  contains a nuclear carboxyl group. 

Appreciable quantities of dibasic ac ids  are sometimes obtained a s  a 
result of a-metalation of the monobasic In fact ,  it is possible 
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to prepare phenylmalonic acid (60%)"' and t-butylmalonic acid (45%)"' 
from the corresponding monobasic acids by this method. 

The  only olefinic ac id  isolated from the carbonation of the Grignard 
reagent prepared from the isomeric mixture of crotyl and methylvinylcar 
binyl bromides i s  2-methyl-3-butenoic acid (70%).'73"74 Separation of the 
halides is unnecessary because of this  fortunate al lyl ic  isomerization. 

a-Acetylenic ac ids ,  RC=CCO,H, where R i s  ethyl t o  namyl ,  are pre- 
pared in 4 0 4 9 %  o v e r a l l  yields from sodium acetylide by alkylation, con- 
version to the sodio derivative, and ~arbonat ion .4~ '  Carbonation of the 
magnesium compound formed from 1-hexyne and ethylmagnesium bromide 
gives 72% n-butylpropiolic acid. In a similar manner, acetylenic hydroxy 
ac ids  a re  obtained in good yields from hydroxyacetylenic Grignard reagents 
in benzene solution. Carbonations are  carried out a t  room temperature in 
an  au to~ lave . "~  

Grignard reagents have been prepared from P-acetylenic bromides, 
RC=C-CH,Br. Carbonation of these  compounds gives mixtures of acety- 
lenic acids,  RCE CCH,CO,H, and al lenic ac ids ,  RC(C02F1)= C =  CH,.'" 

Highly branched ketones enolize in the presence of Grignard reagents t o  
give bromomagnesium enolates. These  compounds resemble true Grignard 
reagents, giving P-keto ac ids  upon ~ a r b o n a t i o n . ~ ~ '  Several ketones have 
been converted to  sodium enolates by sodium uiphenylmethide in ether 
solution. The  enolates a r e  carbonated by pouring onto Dry Ice, and the 
P-keto ac ids  are isolated a s  the methyl esters.s73 

263. Direct Carboxylation of the Aromatic Nucleus 

Direct introduction of the carboxyl group into an  aromatic ring i s  ac-  
complished with urea hydrochloride, phosgene, oxalyl chloride, or carbon 
dioxide.''* "' Carboxylation of benzene i s  effected in 15-58% yields by 
treating with liquid phosgene and aluminum ch10ride.I~~ No ca ta lys t  i s  re- 
quired in the conversion of dimethylaniline and phosgene to p-dimethyl- 
aminobenzoic ac id  (50%);" 9-Anthroic acid (673)  is  prepared from anthra- 
cene by heating to 240' with ~ x a l y l  chloride and nitrobenzene."' 
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A similar carboxylation affords a. general  method for the preparation of 
P,P-diarylacryl ic  ac ids .  Oxalyl chloride a t t a c k s  the  terminal carbon atom 
of  1.1-diarylethylenes, giving a c y l  chlorides of the type Ar,C=CHCOCl. 
Hydrolysis t o  the  corresponding ac ids  is effected by  stirring with cold 
sodium carbonate solution.' 

o-Xylene is carboxylated t o  3.4-dimethylbenzoic a c i d  through 3.4-di- 
ntethylbenzodiphenylamide.162 

More ac t ive  aromatic compounds, such  a s  resorcinol and a-naphthol,  are  
carboxylated in excel lent  yields by heat ing their a l k a l i  s a l t s  with carbon 
dioxide (Folbe T h e  carboxyl group of sa l icy l ic  acid mi- 

grates  t o  the para position when th i s  compound is heated to  240° with 
potassium carbonate;  the  p-hydroxybenzoic acid i s  obtained in 80% yield?54 

264. Decarboxylation o f  Di- and  Poly-basic  Acids (Malonic E s t e r  Synthesis)  

Many high-molecular-weight branched a c i d s  a r e  b e s t  prepared from alkyl 
ha l ides  by th i s  method. Monoalkylation of nialonic e s t e r  proceeds readily 
(75-7075) with primary and some secondary  halide^?^*^'*'^^ T h e  second 
hydrogen atom may be replaced by  a n  alkyl group in 60-85% yield. Even 
a-naphthylmalonic e s t e r  may be  further alkylated in 55-80% yields when 
R' equa ls  CH, t o  ~ - C , H , . ' ~ ~  E x c e s s  malonic e s t e r  favors the  formation of 
the  nionalkyl T h u s ,  the u s e  of twice the  theoret ical  quantity 

of malonic e s t e r  increases  the yield of ~ - p l ~ e n y l e t h y l m a l o n i c  e s t e r  from 
50% t o  75%:' D i a l k ~ l a t e d  e s t e r s  may be separa ted  from the monoalkylated 
compounds by refluxing for 2 hours with 50% potassium hydroxide solution. 
Under t h e s e  condit ions the monoalkylmalonates a r e  saponif ied whereas the  
dialkylated compounds a r e  unaffected.' 

It is usual ly recommended that  subst i tut ion by  the  larger radical  b e  made 
However, e thyl isopropylacet ic  acid i s  b e s t  prepared by first 

introducing the e thy l  Also ,  n-butylisopropylacetic acid (77%)116 

and methyl isohexylacet ic  ac id  (52%)1'2 have been prepared by introducing 
the smaller  of  the  two groups f i r s t .  Direct subst i tut ion of both hydrogen 
atoms by isopropyl groups is difficult. '. 9 7  Tert iary and higher secondary 
hal ides give inferior resu l t s .  A further d i scuss ion  of the a l k ~ l a t i o n  of 
malonic e s t e r  appears  e l sewhere  (method 279). 
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T h e  subst i tuted malonic e s t e r s  a r e  saponif ied and the free acids-decar-  
boxylated in exce l len t  yields  by  refluxing with concentrated hydrochloric 
acid6' or by  heat ing t o  170-170' until the evolution of carbon dioxide 
~eases . ' ' * '~~  Monoalkylmalonic a c i d s  begin t o  decompose a t  lower temp- 
eratures  (78-123 ') than malonic ac id  (127O), whereas  the dialkylated a c i d s  
require temperatures higher than thdse for the corresponding monoalkylated 
compounds.B a-Naphthylalkylmalonic a c i d s  decompose spontaneously a t  
room temperature ?03 

T h e  malonic e s t e r  syn thes i s  h a s  been  appl ied s u c c e s s i v e l y  t o  build u p  
the even-carbon fatty a c i d s  from C,, t o  C,0.'27 Several  s e r i e s  of branched 
ac ids  have  a l s o  been  made? 12' 

5-(a-Fury1)-pentanoic acid (50%)267 and 3-tetrahydrofurfurylpropionic 
acid (75%)'" may be  prepared without destruct ion of the  heterocycl ic  ring. 
P,P,P-~riphen~lpropionic a c i d  is made by  merely heat ing triphenyl- 

carbinol and malonic ac id  a t  160° until  the evolution of g a s  c e a s e s  (64%)?" 
Dicarboxylic acids may be  synthesized in three ways  by  th i s  method. 
1. Hydrolysis of alkylmalonic e s t e r s  l eads  t o  alkylmalonic a c i d s  and  is 

invariably carr ied out with aqueous or a lcoholic  potassium hydroxide. 
2 .  Dicarboxylic a c i d s  having the c a r b ~ x y l  groups farther apart  a r e  made 

by  alkylat ion of malonic e s t e r s  with a halo ester324'  or halo cyanide 354 

followed by hydrolysis  and decarboxylation; e.g., a lkylat ion of ethylrnalonic 
e s t e r ,  C,HSCH(CO,C,H,),, with ethyl  6-iodovalerate gives heptane-1,5,5- 
tricarboxylic e s t e r ,  C,H50,C(CH,)4C(C,H5)(C0,C,H,~, which i s  hydrolyzed 
and decarboxylated to  heptane-1.5-dicarboxylic ac id  (85%).," A s e r i e s  of 
a-alkylglutar ic  a c i d s  have  been prepared by  th i s  p rocess  from alkylmalonic 
e s t e r s  and  ethyl  P - i ~ d o ~ r o p i o n a t e . ~ ~ '  In a modification of th i s  process  
acrylonitrile is condensed with a n  alkylmalonic e s t e r  by the Michael re- 
ac t ion  (method 301) and the resul t ing cyanodicarboxylic e s t e r  i s  hydrolyzed 
and decarboxylated t o  a-alkylglutar ic  acids>" In another variation, equi-  
molar quant i t ies  of a n  alkylmalonic e s t e r  and trimethylene bromide a re  

used,  whereby only one bromine atom in the latter is at tacked.  The  other 
bromine atom is replaced by a cyanide group, and the resul t ing cyanodi- 
carboxylic e s t e r  is hydrolyzed and decarboxylated t o  a n  a-alkyladipic  
aCid.316~ 31s Preparation of cer tain branched homologs i s  complicated. For  

example, alkylation of ethyl  malonate by  ethyl  a-bromoisobutyrate gives 
33% of the  carbethoxyglutaric e s t e r ,  CH,CH(C02C,H5)CH,CH(C01C1H5)1, in  
addition t o  the expected isomeric carbethoxysuccinic  es te r ,  
(Cl~3)2C(C02C2H5)CH(C02C,H5~ .I4 

3. Alkylation of malonic e s t e r  by one-half equivalent  of a n  a ,w-poly-  
methylene bromide g ives  an a ,a,a ,u -tetracarboxylic e s t e r  which i s  hy- 
drolyzed and decarboxylated t o  a n  a ,m -dicarboxylic ac id  having four more 
carbon atoms than the dibromide. Good descript ions include those  for 1,12- 



4 28 CARBOXYLIC ACIDS Ch. 13 

dodecanedicarboxylic ac id  (64%) from 1 , l O - d i b r ~ m o d e c a n e , ~ ~ ~  pimelic a c i d  
(64%) from trimethylene bromide,306 and a,a'-dimethylpimelic a c i d  (45%) 
from trimethylene bromide and nlethylmalonic ester.321 Equimolar portions 
of trimethylene bromide and ethyl  sodiomalonate give intramolecular alkyla- 
tion t o  form the  cyclobutane ring. Hydrolysis then g i v e s  1,l-cyclobutane- 
dicarboxylic  ac id  (23%).13' Glutaric ac id  (80%) i s  prepared by  hydrolysis 
and decarboxylation of the  tetracarboxylic e s t e r  obtained by condensing 
two moles of malonic e s t e r  with one mole of formaldehyde.29' 

Olef inic  ha l ides  may b e  used a s  alkylating a g e n t s  in the malonic e s t e r  
syn thes i s .  The  olef inic  malonic a c i d s  a re  decarboxylated to  olef inic  ac ids  
a t  lower temperatures (140-160') than those  employed for alkylmalonic 
a c i d s .  Examples include the  conversion of 4-pentenylmalonic ac id  t o  
6-heptenoic acid (67%);" allylmalonic ac id  t o  a l ly lace t ic  a c i d  (70%):71 
and 2-cyclopentenylmalonic ac id  t o  2-cyclopentenylacetic ac id  (99%)."' 
y , 6  -0 le f in ic  a c i d s  a r e  usual ly contaminated with appreciable  amounts of 
y- or 6 - lactones,  into which they a r e  readily converted in a c i d  medium. 
Lac tone  formation i s  reduced by employing a n  immiscible so lven t  during 
the f i n a l  acidification. In t h i s  way 5-methyl-4-hexenoic ac id  (52%) is ob- 

ta ined  free from l a ~ t o n e . ~ ~ '  Isobutyl ideneacet ic  a c i d  is removed from iso- 
caprolactone by fract ional  distillation?" 

Olef inic  dicarboxylic a c i d s  and e s t e r s  from the  Knoevenagel condensa- 
tion a re  readily decarboxylated t o  olefinic acids .  Decarboxylation fre- 
quent ly occurs  during the  condensat ion and is d i s c u s s e d  elsewhere 
(method 37). 

a-Halo a c i d s  a r e  readi ly prepared by or brominating 

alkylmalonic a c i d s  before decarboxylation. Brornination is rapid a t  room 
temperature in ether  solution. Crude malonic ac ids  may b e  used.  Decar- 
boxylations a re  effected by heating the adromomalonic  a c i d s  a t  130'. 
Exce l len t  direct ions are  given for a-bromocaproic ac id  (71%):" a,-bromo- 
,&methylvaleric acid (67%),'a6 and a-bromoisovaler ic  acid (66%).423 

T h e  hydmxy a c i d ,  trans-cyclopentanol-2acetic acid (57%), i s  made by 
refluxing trans-~~clopentanol-2-malonic acid for 1 0  minutes in pyridine 

A number of subs t i tu ted  mandelic a c i d s  have been  prepareti in fair yields  
by the  following s e r i e s  o f  react ions (Ando syn thes i s ) ,  where 7. n!ay be 
a lky l ,  aryl,  acy l ,  or halogen.462' 
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Among the  e ther  a c i d s  prepared by the malonic e s t e r  s y n t h e s i s  are 
6-phenoxycaproic ac id  (65% over-all) from 8-phenoxybutyl bromide493 a n u  
y-(0-anisylbbutyric ac id  (80%) from P-(0-anis yl)ethyl bromide .4'9 

U s e  of a-bromoethyl methyl ketone a s  alkylat ing agen t  for malonic e s t e r  . 
gives  a 74% yield of e thyl  ~-carbethoxy-~-metl~yllevulinate. The  second 
a-hydrogen atom may b e  replaced by a methyl group in 76% yield. The 
keto a c i d s ,  p-methyllevulinic a c i d  (40%) and a ,P-dimethyl levul inic  a c i d  
(83%), a r e  then obtained by decarboxylation of the d ibas ic  a c i d s  a t  140° 
and 120°, respectively.501 

An amino a c i d ,  P-amino-&heny lpropionic a c i d  (70%), is  made by adding 
ammonia t o  benzalmalonic e s t e r  (45%) followed by hydrolysis and decar-  
boxylation by boiling hydrochloric acid.46' '" A single-step process  t o  
achieve the  s a m e  resul t  involves heat ing a mixture of malonic ac id ,  benz- 
aldehyde,  and ammoniunl a c e t a t e  on the s team bath until  evolution of carbor. 
dioxide c e a s e s  .'" 

265. Hydrolysis  and  Decarboxylation of a -Cyano  Acids (Cyanoacet ic  E s t e r  
Synthes i s )  

NaOCzHs; NaOC2&; Na OH; NCCH,CO,C~H, NCCHRCO,C,H, NCCRR'CO~C~H, -- 
RX R X H + 

F e w  a c i d s  have  been prepared by th i s  method. It i s  im,prtant in the 
preparation of di isopropylacet ic  acid,  which is made with difficulty by the  
rnalonic e s t e r  syn thes i s .  Ethyl  cyanoace ta te  i s  readi ly alkylated2 '  
(method 386). n-Propyl a n d  isopropyl groups are  subs t i tu ted  in  65-75% 
yields .6p7 Alkaline hydrolysis  of di isopropylcyanoacetate  g ives  di iso-  
p r ~ p ~ l r n a l o n a m i d i c  acid,  [(cH~),cFI~~c(coNH,)(co~H), which i s  s t a b l e  to  
further hydrolysis or decarboxylat ion7 but may b e  converted to  diisopropyl- 
a c e t i c  a c i d  by treatment with nitrous acid1'' (cf. method 248). On the 
other hand, the  c y a n o  e s t e r  may be  hydrolyzed and  decarboxylated directly 
t o  di isopropylacet ic  acid by r e f l w i n g  with concentrated hydrochloric acid 
(90%).'09 

The  cyanoace t ic  e s t e r  s y n t h e s i s  with e thy lene  bromide i s  preferred t o  
the  malonic e s t e r  s y n t h e s i s  for the preparation of cyclopropanecarboxylic 
acid.lZ9 

Indirect subst i tut ion by a cyclopentyl  group in 80% yield may b e  ac-  
complished by  hydrogenation of the  unsaturated e s t e r  formed by condensa- 
tion of cyclopentanone and cyanoace t ic  e s t e r  (Knoevenagel react ion)  
(method 37). Alkaline hydrolysis followed by thermal decarboxylation 
gives cyclopentylacet ic  acid (82%).l3' 
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T h e  d i b a s i c  a c i d ,  a-methylsuccinic  acid (85%), i s  prepared by using 
ethyl  a-bromopropionate a s  the alkylat ing agen t  followed by hydrolysis  
and d e c a r b o ~ ~ l a t i o n  by boiling with concentrated hydrochloric acid.lg3 

, Phenylsuccinic  ac id  (95%) is obtained from the a ,P-d icyano  es te r ,  
C,HSCH(CN)CH(CN)COICIHs, made by adding hydrogen cyanide to  the 
K n o e v e n a ~ e l  condensat ion product,  C,HSCH= C(CN)C02C,Hs, of benzalde- 
hyde a n d  cyanoacet ic  ester.56' '*' T h i s  s y n t h e s i s  h a s  been  extended t o  
succ in ic  a c i d s  of the type HO,CCR,CH,CO,H."" 

Subst i tuted malonic a c i d s  a r e  obtained by a lka l ine  hydrolysis of alkyl- 
cyano  e s t e r s  prepared ei ther  by direct a lkylat ion or by reduction of un- 
sa tura ted  cyano  e s t e r s  from the Knoevenagel reaction.300 

T h e  Guareschi  react ion (method 275) is a modification of t h i s  method. 

266. Cleavage  of  P K e t o  Acids (Ace toace t ic  E s t e r  Synthes i s )  

Contrary t o  popular bel ief ,  the  ace toace t ic  e s t e r  s y n t h e s i s  is not a good 
general  method for  the  preparation of ac ids .  Alkylation of ace toace t ic  
e s t e r  is ,d i scussed  e l sewhere  (method 213). Cleavage  of the subs t i tu ted  
e s t e r s  by concentrated a lka l i  gives s a l t s  of carboxylic  ac ids .  T h i s  react ion 
is a l w a y s  accompanied by varying amounts of ketonic  c leavage  (method 
184). F a c t o r s  influencing the  ra t io  of ketone t o  acid formation have been 
studied." Cleavage t o  a c i d s  is very s e n s i t i v e  t o  small  changes  in  a lka l i  
concentration. T h u s ,  the yield of caproic  acid d e c r e a s e s  from 60% to 28% 
when t h e  a lka l i  concentrat ion is reduced from 60% to 50%:' Increased 
branching of butyl rad ica l s  in a-a-dialkylacetoacetates favors c leavage  t o  
dialkylacet ic  esters:25 Methylethylacetic ac id  (6O%)'O is the only other 
s imple acid for  which a n  adequate preparation by th i s  method is described. 

A concentrated solut ion of sodium hydroxide in methanol is used  t o  open 
the ring of 2-carbethoxycyclohexanone to give the d ibas ic  a c i d ,  pimelic 
acid (88%).302* '03 I-Hydroxyhydrindene-2-acetic a c i d  (60%) is prepared by 
alkylat ing ace toace t ic  e s t e r  with the  bromohydrin followed by cleavage 
with 43% potassium Preparation of y-phenoxy-a-methyl- 

butyric acid (87%) is accomplished using phenoxyethylbromide a s  alkylat- 
ing agent  and 20% alcoholic  sodium hydroxide for the  cleavage.*" More 
concentrated a lka l i  is used in the preparation of 6-phenoxyhexanoic. acid 
(50%).626 

An al ternat ive method for the introduction of the carboxyl group by the 
ace toace t ic  e s t e r  syn thes i s  involves a l k ~ l a t i o n  by a bromo e s t e r  followed 

METHODS 266-268 431  

by a ketonic c leavage  (method 3 0 8 ) .  In th i s  manner, the  keto acid, cyclo- 
pen tanone-2ace t ic  ac id  (87%), is made from cyclopentanone-2sarboxylic 
acid a n d  e thy l  b r o m o a ~ e t a t e . ~ ~ '  

267. Reduction of  Unsaturated Acids 

Catalyst RCH= C H C 0 2 H  + H, - RCH,CH,CO,H 

Olefinic  a c i d s  have  been reduced to sa tura ted  ac ids  in  exce l len t  y ie lds  
by a variety of methods. Ca ta ly t ic  hydrogenation a t  room temperature over 
platinum oxide c a t a l y s t  is described for 4-phenyl-3-pentenoic a c i d  (98%)Y5 
Behenic and  undecanoic a c i d s  a r e  prepared from the naturally occurring 
erucic  and undecylenic a c i d s  with th i s  ~ a t a l y s t . ' ~ ' " ~ ~  New and  "agedH 
platinum oxide c a t a l y s t s  have been compared .*' Reduct ion by  nickel- 
aluminum al loy h a s  been preferred t o  ca ta ly t ic  hydrogenation over  platinum 
ca ta lys t  in  the  preparation of y-isopropylvaleric acid:" 

P - ~ h e n ~ l p r o ~ i o n i c  a c i d  is conveniently prepared from cinnamic a c i d  by 
electrolyt ic  reduction (90%),lS7 by high-pressure hydrogenation over copper  
chromite c a t a l y s t  (100%),'55 or by reduction with phosphorus and potassium 
iodide in  phosphoric acid (80%).lS6 

A palladium c a t a l y s t  h a s  been used  for the  quant i ta t ive hydrogenation of 
P,P-diphenylacryl ic  acid t o  P,P-diphenylpropionic acid.' 

Sodium amalgam s e r v e s  to  reduce se lec t ive ly  the double bond in a n  ole- 
finic ac id  containing the thiophene or furan ring.a63t26" "' T h i s  reagent  i s  
a l s o  employed t o  prepare olef inic  a c i d s  by  part ia l  reduction of ce r ta in  
polyenoic ac ids ,  e.g., 3-pentenoic ac id  (60%) from vinylacrylic acid.36g 

Among the d i b a s i c  a c i d s  prepared by th i s  method a r e  succ in ic  acid from 
maleic a c i d  (98%) by  catalyt ic  hydrogenation over Raney nickeI  ca ta lys t285  
and a lky lsucc in ic  a c i d s  from alkenylsuccinic  a c i d s  made by the  Diels-  
Alder react ion of s imple olef ins  and maleic anhydride."' 

268. Reduction of  Hydroxy Acids  

Aryl-substituted glycol ic  a c i d s  have been success fu l ly  reduced in high 
yields  by severa l  procedures. Refluxing with phosphorus and iodine in  
glacial  a c e t i c  a c i d  is described for the  preparations of diphenylacet ic  ac id  
(97%)T3 4 - f l u o r e n e c a r b ~ x ~ l i c  a c i d  (92%),'" and a s e r i e s  of a-naphthyl- 
a lky lace t ic  ac idsao3  and biphenylalkylacet ic  acids.'" In a s l i g h t  variation 
of t h i s  procedure, a mixture of potassium iodide,  phosphorus, and phos- 
phoric acid i s  used.Is6 Stannous chloride in a mixture of hydrochloric, 
hydriodic, and a c e t i c  a c i d s  has  been employed in the preparation of 
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o-methoxyphenylacetic acid (90%) from o-methoxybenzaldehyde cyano- 
hydrin.'" Catalyt ic  hydrogenation of mandelic acid,  C,H,CHOHCQII, over 
palladium catalyst  in the presence of hydrobromic482 or p e r ~ h l o r i c ' ~ ~  ac ids  
gives a 90% yield of phenylacetic acid.  Similar hydrogenations of O-benzoyl 
or 0-acetyl  derivatives give satisfactory results  for preparations of various 
aromatic ac ids  .12* lass Is' 

Catalytic hydrogenation of the y-hydroxy acid over copper chromite 
catalyst  has  been employed for the preparation of y-(p-toly1)valeric acid.lQ3 

269. Reduction of Keto Acids 

Preparation of ac ids  by the reduction of keto ac ids  i s  possible when the 
carbonyl group i s  in the alpha or gamma positions or further removed from 
the carboxyl group. The a-keto acid, phthalonic acid,  i s  reduced to o-car- 
boxyphenylacetic acid (homophthalic ac id)  in excellent yield by phosphorus 
and potassium iodide in phosphoric acida4' or by constant-boiling hydriodic 
acid.346 

T h e  Martin modification of the Clemmensen reduction (cf. method 3) 
gives good results  with a number of y-keto acids.168s 19' In this  method 
zinc amalgam and hydrochloric ac id  are used in the presence of a n  im- 
miscible solvent such a s  toluene. The  concentration of organic acid in 
the aqueous reducing phase i s  small, and the formation of resinous prod- 
ucts  which coat  the surface of the zinc i s  avoided. ~ - ~ e n z o ~ l ~ r o ~ i o n i c  
acid gives y-phenylbutyric acid in 90% The  thiophene nucleus 

i s  unaffected in the conversion of ~-(a-thienoyl>propionic acid t o  y- (a-  
thieny1)-butyric acid (83%)?66 Part ial  removal of halogen from the aromatic 
ring occurs in the preparation of y-p-bromophenylbutyric acid (75%h4*' 
Hydroxyl groups on the benzene ring are ~ n a f f e c t e d . 4 ~ ~  In preparing 
methoxy acids,  the methoxyl group i s  partially cleaved during the reduction 
but i s  easi ly replaced by treating the crude product with dimethyl sulfate.' 

Catalyt ic  hydrogenation over palladium-on-charcoal with perchloric acid 
promoter i s  more sat isfactory than the Clemmensen method for the reduction 
of ~-phenyl-~-benzoylpropionic acid  t o  a,y-diphenylbutyric acid (83%)?" 
Several other keto acids have been successfu l ly  hydrogenated over this  
catalyst.631 

A modified Wolff-Kishner reduction employing hydrazine in glycol has  
been used to  prepare IGphenyldecanoic acid fron; the 10-keto acid (70%)191 
and palmitic acid labeled with C,, a t  carbon atom 6 fron; the corresponding 
5-keto acid."' As  in the Clemmensen reduction, the thiophene nucleus i s  
unaffected?66 

METHODS 270-271 

270. Reduction of Aromatic Acids 

Several catalyt ic  hydrogenations of aromatic rings in compounds con- 
taining free carboxyl groups are  described (cf. method 4). Low-pressure 
hydrogenation over platinum oxide catalyst  h a s  been used. p-Toluic acid 
in ace t ic  ac id  a t  60' gives 4-methylcyclohexanecarboxylic acid  (35%). 
The reaction i s  rapid a t  first,  but the catalyst  i s  quickly e x h a u ~ t e d . ' ~ ~  
p-Hydroxybenzoic acid g ives  4-hydroxycyclohexanecarboxylic acid  (43%) 
and cyclohexanecarboxylic acid (27%).448 Less  s u c c e s s  is  achieved in 
the preparation of aminocyclohexanecarboxylic acids." Ra te s  of hydro- 
genation of eleven phenyl-substituted aliphatic acids have been studied.' 
With increased molecular complexity, higher pressures and larger amounts 
of catalyst  are required.633 

Hexahydronicotinic acid (90%) i s  obtained by catalyt ic  hydrogenation of 
nicotinic acid a t  3 atm. pressure over colloidal platinum. Preparation of 
the catalyst  is  described.lS4 The 9,10 double bond in the acridine nucleus 
i s  reduced a t  10' by sodium amalgam in dilute sodium carbonate solution 
to give 9,lGdihydroacridine-3-carboxylic acid in 70% yield?'4 2-Phenyl- 
cycIohexanecarboxylic ac id  (96%) i s  prepared by the select ive reduction. of 
2phenylbenzoic acid by a large exces s  of sodium in refluxing amyl 
alcohol.204 

271. Hydrolysis and Rearrangement of Diazoketones (Arndt-Eistert) 

C%Nz H 0 RCOCI - RCOCHN, RCH,CO,H 
AgzO 

This  valuable method for the conversion of an  acid to i t s  next higher 
homolog has  been used t o  prepare aliphatic, aromatic, and heterocyclic 
acids.  Excellent reviews of the reaction have been published."*49 
Diazomethane preparations are described elsewhere (method 500). The  
acyl  chloride i s  added to an exces s  of diazomethane in ether or benzene 
solution. Diazoketones are  usually not purified. 

Rearrangement to acids i s  accomplished by adding a dioxane solution of 
diazoketone to  a suspension of silver oxide in warm aqueous sodium thio- 
sulfate solution. Examples include biphenyl-2-acetic acid (86%),'1° I-ace- 
naphthylacetic acid (64%),"' decane-1,lO-dicarboxylic acid (72%):14 and 
o-bromophenylacetic acid (63%).'15 

Rearrangement t o  amides (nethod 360) or es te rs  (method 295) often gives 
higher yields. 
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272. Alkali Fusion of Unsaturated Acids (Varrentrapp) 

KOH 
CH3(CH2),CH= CHC0,H - CH,(CH,),CO,K 

300° 

Olefinic acids are  cleaved by heating with alkali  hydroxides and a small 
amount of water. The  other products of the reaction are hydrogen gas  and 
potassium acetate. The  double bond may be in any position in the chain 
of the original olefinic acid,  but it is  isomerized t o  the a,p-position before 
cleavage. Examples are ndecano ic  acid (74%) from dodecenoic acidLL9 
and palmitic acid from 9-octadecenoic acid (oleic a~id).'~" The  reaction 

is of l i t t le  value in preparative work. 

273. Friedel-Crafts Reaction 

Benzene may be alkylated by certain unsaturated:" halo,a33'S94 
hydroxy,s95 and k e t o " ' ~ ~ ~ ~  acids. The  yields of phenyl-substituted acids 
are usually low (18-65%). In the alkylation of benzene by cinnamic and 
crotonic acids the major products are 3-phenyl- and.3-methyl-hydrindones, 
respectively, formed by subsequent ring closures by FriedelCrafcs 
acy  l a t i ~ n . ~ "  

274. Alkaline Cleavage of ~ - ~ e t o a l k ~ l ~ ~ r i d i n i u m  Iodides 

Methyl aryl ketones react with iodine in  the presence of excess  pyridine 
to  give pyridinium sa l t s .  Cleavage of the sa l t s  i s  readily accomplished by 
heating with aqueous-alcoholic sodium hydroxide. Over-all yields of 60- 
83% are rep~rted."~'  '" This  two-step procedure affords a method similar 
t o  the haloform reaction for degradation of certain methyl ketones to acids 
with one less  carboa~acom. 

Nine hydroxyacetophenones have been converted t o  the corresponding 
hydroxybenzoic ac ids  by th is  method.452 Some nuclear iodination occurs 
with the m- and p-hydroxy compounds. 

275. Substituted Glutaric Acids by the Guareschi Reaction 

METHODS 275-278 435 

Ethyl cyanoacetate condenses with ketones and ammonia in absolute 
ethanol a t  0 - 5 O  to give 44-73% yields of cyclic dicyanoimides. Endocyclic 
ketones may be used, giving imides in which the two radicals are part of 
an  al icyclic ring. The imides are  hydrolyzed and decarboxylated in almost 
theoretical yields to P,b-disubstituted glutaric acids.'09 A similar reac- 
tion takes place between aldehydes or ketones and cyanoacetamide, 
NCCH,CONH,, in the presence of piperidine'ap or potassium hydroxide.a9a 
When aldehydes are used, the condensation products are dicyanoamides, 
RCH[CH(CN)CONH,I,, rather than cyclic imides. 

276. a-Hydroxy Acids by the Benzilic Acid Rearrangement 

RCOCOR + KOH -+ R,C(OH)CO,K 

This  reaction i s  exhibited by a number of alkyl and alkoxy benzils, 
~henan th ra~u inone ,46~  and certain aliphatic 50 and al icyclica6 a-diketones. 
A similar rearrangement occurs when a-epoxyketones are refluxed with 30% 
aqueous sodium hydroxide.'70 Bes t  directions are those for benzilic acid 
(30%) from benzoin, sodium bromate, and sodium hydr~xide.'~' Oxidation 
of the benzoin to benzil and rearrangement of benzil to benzilic acid are  
accomplished in one step.  a-Ketoaldehydes 446 and potential a-ketoalde- 
h y d e ~ " ~  undergo a similar internal oxidation-reduction reaction in ex- 
cellent yields, viz., 

2 77. cGIsopropoxy Acids by Reductive Cleavage of Dioxolones 

RR - = O  'F F RR' - C02H F 
0 

Six a-isopropoxy acids have been made in 20-80% yield by the hydro- 
genolysis of dioxolones by t-butylmagnesim chloride. The Grignard re- 
agent i s  oxidized to isobutylene. An improved procedure for preparing the 
dioxolones from a-hydroxy acids and acetone i s  de~cr ibed. '~ '  

278. a-Amino Acids by Hydrolysis and Decarboxylation of Acylaminoma- 
Ionic Acids (Modified Siirensen Reaction) 

RCONHCH(C0,C2U5~ N" R C O N H C R ~ ( C O ~ C ~ H I ) ~  H+ H'CH(NH2K02H 
R'X 1 i 
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A large number of a-amino a c i d s  have been prepared by various modifi- 
ca t ions  of the S6rensen method 205' 539 in which a c  ylaminornalonic e s t e r s  are 

7 
ethyl  alkylated and degraded. Ethyl  acetanidomalonate (R=CE3),538g 5421557 

benzamidomalonate (R=C6H5):3* and ethyl  formamidomalonate (R=H)532 
have been used. The  ace ty l  group is more ea s i l y  introduced and removed 
than the benzoyl 548* 557 

C-Alkylation of the sodio  derivative i s  accomplished by a technique 
similar t o  the alkylation of na lonic  ester .  Primary halogen com- 

,542, 548, 557 quaternary ammonium s a l t s  ,5601 561 and  an alkene oxide'" 

have been used a s  alkylating agents .  A l k ~ l a t i o n  by secondary hal ides has  
been l e s s  successful.557g 644 Hydrolysis of the subst i tuted e s t e r s  to  
acetylated amino ac ids  i s  described for leucine (64%) and phenylalanine 
(83%).557 Hydrolysis with deacylat ion ha s  been used t o  prepare histidine 
(45%) and phenylalanine (67%).542 Glutamic ac id  (755)  i s  obtained from 
subst i tuted acylaminomalonates prepared by the Michael condensation of 
methyl acrylate  and the acylated amino  ester.^.^"^^^^ 

A more recent modification of  the Sijrensen process employs acylamino- 
cyanoare t ic  es te rs ,  RCONHCH(CK)C02C2H5, in p lace  of the m a l ~ n a t e s . ~ ~  
An alkylated a ~ e t ~ l a m i n o c ~ a n o a c e t a t e  may be hydrolyzed to a n  amino ac id  
in ac id ic  or bas ic  medium.548 

OIelinic amino a c i d s  548 and alkoxy amino a c i d s  "* 559 are  obtained by 
this method from olefinic hal ides and halo ethers ,  respect ively.  

2 79. Reduction of Azlactones 

P -~ r~ l - a - aminop rop ion i c  a c id s  a re  obtained by reduction of azlactones 
with phosphorus and 5% aqueous hydriodic a c id  in glacial  a ce t i c  acid.s56 
Many other reducing agents  have been used. Reviews of this syn thes i s  
and related react ions have been made.32' ")' 586' 587 T h  e a d a c t o n e s  are 
conveniently prepared in good yields from aroinatic aldehydes and N-acyl 
derivatives of glycine.39' 556 Potassium carbonate ha s  been found t o  be a 
superior ca ta lys t  for this  condensation.645 Ketones cannot b e  substituted 
for the aromatic aldehydes .647 

METHODS 280-283 

280. Hydrolysis of Hydantoins 

RCHO - 1  I - I I 3 RCH,CH(NH,)CO,H 
HN\ /NH ease 

A variety of a l d e h y d e s a l i p h a t i c ,  aromatic, and heterocyclic-have 
been condensed with hydantoin. Sodium ace ta te  in a mixture of ace t ic  
acid and ace t i c  anhydride a s  well  a s  pyridine containing t races  of 
piperidine ' serves  a s  condensing agent .  Reduction of the double bond is 
accomplished with phosphorus and  hydriodic acid," ammonium sulfide,' or 
s tannous chloride .552 In a more recent  modification, the hydantoins are 
synthesized from aldehyde or ketone cyanohydrins and ammonium 
carbonate .650 

KCN 
RCOR' - I I 

(NWhC03 HN\ /NH 

Hydrolysis t o  a-amino ac id s  i s  effected by various reagents  in acid or 
bas ic  medium. Barium hydroxide is used for a-aminopelargonic acid 
(92%),552 and 6% sulfuric acid for a-aminoisobutyric acid (76%).530 Higher- 
molecular-weight dialkylhydantoins require treatment with concentrated 
hydrochloric ac id  in a s ea l ed  tube a t  160-180°.648 T h e  over-all process 
has  been reviewed for certain important a-amino acids."' "*650 

281. Carboxymethylation of Amines 

282. Carboxylation of Olefins 601 

Catalyst  
RCH= CH, + C O  + H,O - RCH(CH,)CO,H 

Pressure  

283. Keto Acids by Oxidation of Tertiary Alcohols 

/ \ CrO 

R-F\ / 
(CH, ), -3 RC O(CH, ), + ,CO,H 

OH CH, 
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284. Cleavage of A c y l c y c l o h e x a n o n e s  ' 0 6  

Rc?ti FH2 + NaOH; RCO(CH,)sCO,If 
C H ,  C H ,  I{* 

\ / 

T A B L E  42. MONOCARBOXYLXC ACIDS 439 

TABLE 42. MONOCARBOXYLIC ACIDS 
- - -- 

c, Compound Method chap te r re f  B.p./mm., n b ,  (M.P.), Deriv. 
( %) 

Aliphatic Monocarboxylic Acids 

C ,  Acetic acid (anhydrous) .... . .. . 1 118*, (16.635). 114Ane 
.... . .. . 13" 1.3721 (16.55), 147To 

C ,  Propionic acid 247 90 13" 141, 1.3862*, 80Am 
252 96 t 13" 124To 
253 65 13 61 141, l06An 

C,  ~ B u t y r i c  acid 252 94 t 13" 163, 1.3983 *, 116Am 
253 74 13" 96An 

Isobutyric acid 252 90 t 13" 155, 1.3920e, 129Am 
253 84 13" lO5An 

C s  n-Valeric acid 247 8 1  1 187* ,70Toe  
262 80 13" 87/15, 106Am 

Methylethylacetic acid 262 86 1367 174, 1.4050 *, ll2Am 
262 8 6  13@ 175, llOAn 
264 84 13' 
266 60 13 

Trimethylacetic acid 254 75 1 164/760, 129An 
(pivalic acid) 260 74 1 78/20. (35) 

262 70 1 i i2/ i24.  1 5 4 b .  

C 6  n-Caproic acid 247 100 1374 101/16, lOlAm 
264 74 13" 205, 1.4168*, 96Ane 
266 60 1 110/16 

Methyl-n-propylacetic 264 63 13" 103/12, 1.4140*. 78Ame 
acid 264 50 13" 105/12, 95An 

264 63 1 103/12 
SMethylpentanoic acid 253 60 1 3 ~ '  92/10, l25Am 

264 65 13m 196/743, 1.4159 *, 112An 
Isobutylacetic acid 247 82 1 94/15, 1.4144*, l2OAm 

264 70 13" l l l A n  
Dimethylethylacetic acid 258 79 1 81/11, 1.4141 *, 1 0 4 h  

262 60  1 8 6 p P e  
Methylisopropylacetic 260 70 13" 90/16, 1.4146, 129Am , 

acid 264 80 1369 
I-Butylacetic acid 260 89 138s 96/26, 1.4096, (7), 132Am 

C,  Heptanoic acid (enanthic 253 70 1 115/13, 1.4243 *, 96Am 
acid 253 38 13U 98/3, 71An 

253 78 1 161/100, 72p  B 
2-Methylhexanoic acid 247 25 13" 98An* 

264 80 13" 209 *, 1.41891s *, 73Am 
SMethylhexanoic acid 264 42 t 13" 112/16, 1.4222, 98Am 
4Methylhexanoic acid 262 67 1390 115/16, 1.4211 *, 98Am 
5-Methylhexanoic acid 256 67 1 3 ' ~  207/752. 1.4220. IOOAm 

264 100 1391 110/10, 103Am 
264 92 3 212/762,75An* 

pp ~ . - . - -- 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 42 (confinued) 

=?I Compound Method ( %) chapterref. B.p./mm., n h ,  (h4.p.). Deriv. 

Aliphatic Monocarboxylic Acids (continued) 

C 7  3-Ethylpentanoic acid 264 40 t 13m 105/13. 1.4250 
2,3-Dimethylpentanoic 264 46 1394 92/15, 102Am 

acid 
Methyldiethylacetic acid 262 42 13% 204*, 1.4250*, 78Am 
Ethylisopropylacetic acid 264 48 t 1 3 ~ '  105/15, 119Ar 

264 80 1398 101/14, 135Am 

C, Methyl-n-amylacetic acid 
4Methylheptanoic acid 
FMethylheptanoic acid 
2,2-Dimethylhexanoic acid 
4,FDimethylhexanoic acid 

Ethyl-butylacetic acid 
3Ethylhexanoic acid 
Methylneopentylacetic 

acid 
3,4,4-Trimethylpentanoic 

acid 
Ethylisobutylacetic acid 
Di-n-propyl acet ic  acid 
n-Propylisopropylacetic 

acid 
Methylethyl-n-propyl- 

acetic acid 
Diisopropylacetic acid 
Triethylacetic acid 

C 9  Nonanoic acid (pelargonic 264 75 t 13'" 
acid) 

3-Methyloctanoic acid 265 8 2  13*2 

4Methyloctanoic acid 262 80 13W 
FMethyloctanoic acid 264 G8t 13- 

- GMethyloctanoic acid 253 66 13- 
264 68 t 1 3 ~  

7-Methyloctanoic acid 269 79 13 11' 
Dimethyl-n-amylacetic 262 22 1396 

acid 
2,GDimethylheptanoic 255 45 131U 115/3, 143% 

acid 264 90 131U 136/14, lOOAm 
3-Ethylheptanoic acid 264 42 t 1 3 ~  130/12 

2-Ethyl-3-methylhexanoic 264 64 13lW 232, 1.4302" 

acid 
2-Methyl-2-ethylhexanoic 248 24 131m 125/22 

acid 
2-Ethyl-Fmethylhexanoic 264 66 13114 1 lOAm 

acid 

TABLE 42. MONOCARBOXYLIC ACIDS 

TABLE 42 (continued) 

c, Compound Method Yield (%) Qlapterref. B.p./mm., n;, (M.P.), Deriv. 

Aliphatic Monocarboxylic Acids (confinued) 

C, Isopropylrrbutylacetic . 264 77 3 223, 93Am 
acid 

Dimethylneopentylacetic 262 34 13'17 2301'732, (45), 71Am 

acid 
3.3.4,4Tetramethyl- 262 59 13'" (67). 138Am 

pentanoic acid 
n-Propylisobutylacetic 201 76 13'" 127/12, l2lArn 

acid 

Decanoic (capric) acid 
Undecanoic (hendecanoic) 

acid 
Dineopentylacetic acid 
Tridecaaoic acid 

Teuadecanoic (myristic) 
acid 

Pentadecanoic acid 
Hexadecanoic acid 
Heptadecanoic (margaricj 

acid 

C Nonadecanoic acid 247 35 131m 230/ 10, (66) 
C p Eicosanoic (arachidic) 264 55 13- (75), 109Am 

acid 
C Docosanoic (behenic) 267 84 13l' (80). 111Am 

acid 
C M  Teuacosanoic acid . 264 98 13117 (85) 

Alicyclic Monocarboxylic Acids 
- 

C 4  Cyclopropanecarboxylic 247 79 13l" 95/26 

acid 247 96 13'" 81/13, 125Am 

260 64 13m 97/27, (17) 
265 49 131a 186 

C,  Cyclobutanecarboxylic 264 60 t 
acid 

Cyclopropylacetic acid 264 90 

C, Cyclopentanecarboxylic 262 50 t 
acid 313 53 

C 7  Cyclohexanecarboxylic 262 55 t 
acid 262 83  

2-Methylcyclopentane- 260 81  
carboxylic acid 

Cyclopentylacetic acid 265 82 
- - -- - - -- -- 

For explanations and symbols see pp. xi-xii. 
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TABLE 42 (continued) 
442 CARBOXYLIC ACIDS Ch. 13 

TABLE 42 (continued) 

% Compound 
chapterref. B.p./mm., nb ,  (h4.p.). Deriv. 

Method (%) 
GI Compound Method c h a p t e s e f  B.p./mm., n b ,  (M.p.), Deriv. 

(%) 

Aromatic Mdnocarboxylic Acids (continued) 
Alicyclic Monocarboxylic Acids (conlinued) 

C, I-Methylcyclohexane-1- 258 44 13" . (37) 
C, 3,4Dimethylbenzoic acid 

carboxylic acid 
c i s 4 - M e t h y l ~ ~ c l o h t ' i a n r  270 95 13U5 130/13, 175Am 

C, a-Phenylbutyric acid 

carboxylic acid 
tr-4-Methyl~~clohex- 270 60 13'" ((1 I), 226Am 

P-Phenylbutyric acid 
Y-Phenylbutyric acid 

anecarboxylic acid 
Cyclohexylacetic acid 268 8 1  1314 100/15, 172Am0 

268 95 13* 237 

P-Cyclopentylpropionic 269 7 1  13* 135/15, 162Phz 
acid 

m-Ethylphenylacetic acid 
p-Ethylphenylacetic acid 

C,,, 7-Cyclohexylbutyric acid 272 9 13lW 139/4, (28) 
5-Cyclopentylpentanoic 264 85 13'" 123/4.5, (14), 136Am 

acid 

C Decalin-2-carboxylic 262 50 t 13'" (101) 

2,4,GTrimethylbenzoic 
acid 

I-Indenecarboxylic acid acid 

Aromatic Monocarboxylic Acids 5-Indanecarboxylic acid 

C, Benzoic acid 257 49 132s 
260 85 13'- 
263 58 131U 

Cll 2-Phenylpentanoic acid 
CPhenylpentanoic acid 
5-Phenylpentanoic acid 

C, ~ h e d ~ ~ a c e t i c  acid 247 78 13148 
248 84 13'" 
268 90 13'- 
268 88 131e 

o-Toluic acid 247 09 13U7 
257 55 131m 
257 56 132s 

m-Toluic acid 247 96 13'- 
257 49 13's 

p-Toluic acid 257 56 13's 
257 17 1315' 
257 5 1  1319 
260 68 13lS 
260 96 13l" 

2-Methyl-2-phenylbutanoic 

acid 
2-Methyl-3-phenylbutanoic 

acid 
2-Methyl-4phenylbutanoic 

acid 
P - ~ h e n ~ l i s o v a l e r i c  acid 
Mesitylacetic acid 
p-n-Butylbenzoic acid 
p-sButylbenzoic acid 
p-t-Butylbenzoic acid 
a-Naphthoic acid 

C, P-Phenylpropionic (hydro- 248 65  t 13"' 
cinnamic) acid 267 90 131n 

267 80 13'- 
267 100 13"' 

crTolylacetic acid 247 65 t 13lS8 
247 73 131s 

p-Tolylacetic acid 247 45 13160 
268 GO 1316' 

P - ~ a ~ h t h o i c  acid 

For explanations and symbols see  pp. xi-xii. 
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TABLE 42 (continued) 

% Compound Method chapterref. B.p./mm., nh, (M.P.), Deriv. 
(%) 

Aromatic Monocarboxylic Acids (continued) 

C l l  1,2,3,4-Tetrahydro-2- 270 53 13"4 (97), 139Am 
naphthoic acid 

C u  a-Naphthylacetic acid 247 92 13'" (135), l60An 
271 45 1319' (131), l8lAm 
273 34 13"4 (132) 

P - ~ a ~ h t h ~ l a c e t i c  acid 248 8 1  t 13"' (143), 205Am 

p-n-Amylbenzoic acid 260 100 13'" (88) 

Pentamethylbenzoic acid 262 40 t 1319' (210)s 20GAm 

C, 2,4,GTriethylbenzoic 262 66 13'07 (113), 156Am 

acid 
c-Phenylbenwic acid . .. . 96 13- (113), 177Am 

p-Phenylbenzoic acid 262 5 0 t  131M (221),223Ama 

2-Phenylcyclohexane- 270 73 131M (107) 

carboxylic acid 
a-(1-Naphthy1)-propionic 264 91 13= (149) 

acid 
P-(1-Naphthy1)-propionic 264 92 13m' (156), 104Am 

acid 
1-Acenaphthoic acid 

C M  y-1-Naphthylbutyric acid 
y-2-Naphthylbutyric acid 
P-(1-Naphthyl).isobutyric 

acid 
c-Biphenylylacetic (0- 

xenylacetic) acid 
m-Biphenylylacetic (nr 

xenylacetic) acid 
p-Biphenylacetic (0- 

xenylaceticj acid 
Diphenylacetic acid 

acid 
7-Acenaphthylacetic 264 96 l a  (117) 

acid 
2-Fluorenecarboxylic 269 43 13s9 (275) 

acid 
4-Fluorenecarboxylic 268 92 13"O (190) 

acid 
PFluorenecarboxylic 259 95 13'14 (225) 

acid 262 89 t 13'14 (227), 251Am 
262 75 t 13'* (230) 
273 83 13w' (229) 

T A B L E  42. MONOCARBOXYLIC ACIDS 

TABLE 42 (continred) 

c, Yield 
Compound Method 

(%) chapterref. B.p./rnm., nh, (M.p.), Deriv. 

Aromatic Monocarboxylic Acids (confinued) 

C u  a,a-Diphenylpropionic 247 66 131Y (175) 
acid 273 55 131a (171), 149Am 

Methyldiphenylacetic 253 45 13"9 (174) 
acid 

2-Fluoreneacetic acid 248 98 13" (187), 266Am 
CFluoreneacetic acid 271 89 13" (179) 
PFluoreneacet ic  acid 264 89 13"' (132) 
1-Phenanthroic acid 248 77 13"' (232) *, 284Am 
2-Phenanthroic acid 260 70 13"' (260). 243Am 
3-Phenanthroic acid 260 75 13"6 (270), 234Am 
9-Phenanthroic acid 12 93 136ar (250) 

247 98 13"' (253) 
247 90 1 P 9  (252) 
262 30 13"7 (251),233Ama 

1-Anthroic acid 274 80 131a7 (252). 26OAm 
9-Anthroic acid 253 72 131U (216) 

262 72 13= (216) 
263 67 13"' (212) 

9,lO-Dihydroanthracene- 262 75 t 13"4 (209) 
Pcarboxylic acid 

C s  a,a-Diphenylbutyric 247 71 131Y (175) 
acid 248 88 13= (174) 

a.7-Diphenylbutyric 247 95  13"' (72) 
acid 265 100 13"' (76) 

269 83  1 (75) 
P,P-Diphenylbutyric acid 273 37 13'= 225/20, (103) 
2-Phenanthrylacetic acid 248 8 1  13"' (188) 
3-Phenanthrylacetic acid 248 76 13"7 (178), 176Am 

CPl P,P,P-Triphenylpropionic 264 64 t 13*' 192Am 
acid 

Heterocyclic Monocarboxylic Acids 

C, 2-Furancarboxylic (2- 
furoic) acid 

3-Furoic acid 

Tetrahydro-2-furoic acid 
2-Thiophenecarboxylic 

(2-thenoic) acid 
3-Thiophenecarboxylic 

acid 

a-Tetrahydropyrrylcar- 
boxylic acid (proline) 

For explanations and symbols see  pp. xi-xii. 



446 CARBOXYLIC ACIDS Ch. 13 

TABLE 42 (continued) 

% Co~npound Method chapterref- B.p./mm., nb ,  (M.P.), Deriv. 
(%) 

Heterocycl~c Monocarboxylic Acids (continued) 

C6  a-Furylacetic acid 247 96 13'a (67), 85An 
2-Tetrahydrofurylacetic 247 75 13'" 140/11 

acid 
2-Thienylacetic acid 248 77 13641 (64), 148Am 
3-Thienylacetic acid 247 25 f 13'& (80) 
2-Pyridinecarboxylic 257 63 13'a (138), 107Am0 

(picolinic) acid 
3-Pyridinecarboxylic 247 90 13'U (232). 85An l 

(nicotinic) acid 257 77 13"' (235), 122Ama 
CPyridinecarboxylic 257 01 13"' (3241, l5GAm 

(isonicotinic) acid 
Piperidine-dcarboxylic 554 100 39'" 242HC1 

acid 
Hexahydronicotinic acid 270 30 1 (240) 

C, 3-a-Furylpropionic acid 262 25 t 13'" (58) 
2,5-Dimethyl-3-furoic 561 G8 39'3 163/20 

acid 
3-Pyridylacetic acid 248 74 13"9 (146). l55HCl 
4-Pyridylacetic acid 248 86 13"9 131HC1 
Piperidinoacetic acid 554 100 391i6 2lGHCl 

C, y-(a-Thienyltbutyric 269 72 l a  134/1.5, (15) 
acid 

2-Thenylmalonic acid 267 85 13"' (137) 
,8-(4-~i~erid~l)-~ro~ionic 554 100 39 (242) 

acid 

C, 5-a-Furylvaleric acid 201 50 l a  (43), 76.411 
Y-(2-Pyridy1)-butyric 264 58 : 391U (85), 112HC1 

acid 
Y-(2-Piperidyltbutyric 554 97 39IU (171d), 195HCI 

acid 
Indole2-carboxylic acid 57 1 58 39= (204) 

572 65 39" (204) 
2-Thianaphthenecar- 262 56 ! 13am (236), 177Am 

boxylic acid 
3-Thianaphthenecar- 262 60 t 13"' (175), 1981Ln 

boxylic acid 262 70 13'" (175), 173An ' 
C, 2-Benzofurylacetic acid 249 75 13=' (99). 16414111 

Thianaphthene-2-acetic 247 93 131° (142) 
acid 

Thianaphthene-3-acetic 247 52 13"' (109) 
acid 

3-lndoleacetic acid 248 8Rt 13'" 168 

3-Quinolinecarboxylic 247 98 13'74 (272). 19RAm 
acid 262 5 2 t  13'" (272) 

TABLE 43. DICARBOXYLIC ACIDS 447 

TABLE 42 ( m i m e d )  

c, Compound Method chapterref. B.p./mm., nk, (M.p.), Deriv. 
(%) 

Heterocyclic' Monocarboxylic Acids (continued) 

C, EQuinolinecarboxylic 575 53 39"' (189) 
acid 

4-lsoquinolinecarboxylic 247 90 1317* (266) 
acid 247 90 13"" 

Glsoquinolinecarboxylic 247 90 13"6 (360) 
acid 

7-lsoquinolinecarboxylic 247 . 90 13"6 (297) 
acid 

Elsoquinolinecar '~xylic  247 M 13a76 (294) 
acid 

C 1, GQuinolineacetic acid 575 39 39- (220) 
C u  4-Dibenzofurancarboxylic 262 58 f 13'" (208) 

acid 
3-Carbazolecarboxylic 260 92 f 13"" 

acid 

C, 2-Dibenzofurylacetic 248 87 13" (163), 210Am 
acid 

4Dibenzofurylacetic 248 82 131M (214), 212Am 
acid 

4Dibenzothienylacetic 248 09 13'" (162), 206Am 
acid 

CIS B-Dibenzofuran->acrylic 38 95 Z3" (240) 
acid 

For explanations and symbols see pp. xi-xii. 

TABLE 43. DlCARBOXYLIC ACIDS 

=" Compound Method (%) chapterref. B.p./mm., n b ,  (M.p.), Deriv. 

Aliphatic Dicarboxylic Acids 

C, Oxalic acid (anhydrous) .... 30 13'= 
.... 100 13'" 

C 3  Malonic acid 247 80 f 13aa4 
C 4  Succinic acid 267 98 13'" 

C5  Glutaric acid 247 85 13 a'8 

247 85 13 a'9 
253 75 13 39n 

254 85 13'P0 
264 80 13291 

Methylsuccinic acid 247 70 t 13"' 

-- 
265 85 131Q3 

For explanations and symbols see  pp. xi-xii. 



CARBOXYLIC ACIDS 

TABLE 43 (cmimred)  

Compound Method Chapterref. B.p./mrn., nb ,  (M.p.), Deriv. 
(%) 

Aliphatic Dicarboxylic Acids (continued) 

C, Dimethylmalonic acid 

C 6  Adipic acid 
P-~e thy lg lu ta r ic  acid 

Ethylsuccinic acid 
a,a-Dimethylsuccinic 

acid 
Isopropylmalonic acid 

C, Pimelic acid 

P-Methyladipic acid 

a-Ethylglutaric acid 
,6-Ethylglutaric acid 
P,P-Dimethylglutaric acid 

Isopropylsuccinic acid 
a-Methyl-a-ethylsuccinic 

acid 
t-Butylmalonic acid 

C, Suberic acid 

a-Methylpimelic acid 
a-Ethyladipic acid 
P,P-Dimethyladipic acid 
an-Propylglutaric acid 
P-n-~ropylglutaric acid 

a-Isopropylglutaric acid 
P-Methyl-P-ethylglutaric 

acid 

C 9  Azelaic acid 

a-Ethylpimelic acid 

a,a-Dimethylpimelic 
acid 

a-n-Butylglutaric acid 

TABLE 43. DICARBOXYLIC ACIDS 449 

TABLE 43 (continued) 

Compound Method 
Yield 

(%) chapterref. 
t B.p./mm., n ~ ,  (M.p.), Deriv. 

Aliphatic Dicarboxylic Acids (continued) 

C9  P - ~ e t h ~ l - ~ - r r - ~ r o ~ ~ l -  
glutaric acid 

P,P-Diethylglutaric acid 
n-Hexylmalonic acid 

C, ~ H e x y l s u c c i n i c  acid 
C, 1.10-Decanedicarboxylic 

acid 
an-Hexyladipic acid 

C, 1.12-Dodecanedicar- 
boxylic acid 

C, 1,13-Tridecanedicar- 
boxylic acid 

C 1, IdTetradecanedicar- 
boxylic acid 

Alicyclic Dicarboxylic Acids 

C, I, I-Cyclopropanedicar- 265 ... 13'" (134) 
boxylic acid 

C 6  1, I-Cyclobutanedicar 264 23 1 3 '  (158), 277Am * 
boxylic acid 

Cyclopropylmalonic acid 249 83 1 3  (175) 

C . cisl.3-Cyclopentanedi- 254 20 13'"' (122),226Amm 
carboxylic acid 

trrms- I, 2-Cyclopentane- 264 30 13= (161) 
dicarboxylic acid 

t rm-l , l -Dimethylcyclo-  249 80 13"' (213) 
p ropane2 , fd ica r  
boxylic acid 

C, t rm- l ,2 -Cyc lohexane  270 44 13m (228) 
dicarboxylic acid 254 .... 13= (222) 

cis- 1,3-Cyclohexanedi- 270 30 13-' ( 168) 
carboxylic acid 

I-Carboxycyclopentane- 247 8 1 13'O' (156) 
I-acetic acid 

Cyclopentylmalonic acid 265 100 13'O' (165) 
frrms2.2-Dimethylcyclo- 264 100 1333' 

butane- l,3-dicarboxylic 
acid 

C9  I-Carboxycyclohexane- 247 86 13'm (134) 
I-acetic acid 

cis-o-Carboxycyclohex- 254 133" (147) 
aneacetic acid 

Cyclohexylmalonic a c ~ d  265 100 133m (178) 
-- - 

For explanations and symbols see  pp. u-xi i .  



450 CARBOXYLIC ACIDS Ch. 13 

TABLE 43 (continued) 

c, 
1 

Compound Method chapterref. B.p./mm., nD, (M.p.), Deriv. 
(%) 

Alicyclic Dicarboxylic Acids (continued) 

C9  Cyclopentane-1,l-diacetic 275 55 f 13'w (177) 
acid 

C, Cycloheptylmalonicacid 265 .... 13'm (165) 
1-Carboxycycloheptane- 247 86 133m (159) 

1-acetic acid 
Cyclohexanel,l-diacetic 275 73 t 13~"  (181) 

acid 
cis-Cy clohexane- 1,2- 254 30 133'4 (160) 

diacetic acid 254 40 13335 (164) 
trm-Cyclohexane- 1,2- 254 47 13336 (162) 

diacetic acid 254 59 l jU4 (167) 
C , :runs-Decahydronaphthyl- 265 100 133m (122) 

malonic acid 

Aromatic Dicarboxylic Acids 

C ,  Terephthalic acid 
C9  Phenylmalonic acid 

o-Carboxyphenylacetic 
(homophthalic) acid 

1,3,FDenzenetricar- 
boxylic acid 

C, Phenylsuccinic acid 

1,2.4,5-Benzenetetra- 
carboxylic acid 

Cll  f i - ~ h e n ~ l ~ l u t a r i c  acid 
I3enzylsuccinic acid 

o-Phenyleneaceticpro- 
pionic acid 

C a-Phenyladipic acid 
P-Phenyladipic acid 
4-t-Butylphthalic ac id  

C ,4 Biphenyl-2.2'-dicai- 
boxylic (diphenic) acid 

T A B L E  44. O L E F I N I C  ACIDS 

TABLE 43 (confinued) 

% Compound Method chap tesef -  B.p.Lmm., nD, (M.p.), Deriv. 
t 

(%) 

Aromatic Dicarboxylic Acids (confinued) 

C ,, Biphenyl-2,2'-dicar- .... 84 f 133" (228) 
boxylic (diphenic) acid .... 21 f 13'" (233) 

(continued) 
Biphenyl-4.4'-dicar. 247 95 133' 

boxylic acid 
C16 a,P-Diphenylsuccinic 247 86 133a (220) 

acid 

For explanations and symbols see  pp. xi-xii. 

TABLE 44. OLEFlNlC ACIDS 

c, 
Yield 

Compound Method (%) chapterref. B.p./mm., 4, (h.t.p.), Deriv. 

Aliphatic Olefinic Acids 
I 

C 3  Acrylic acid 24 75 1 70/50 ~ 247 74 13'" 104Ana 

297 78 13- 55/25 ' 
I 

C, cis-2-Butenoic (isocro- 7 48 13607 55/5, 1.4450, (14) 
tonic) acid 

trms-Crotonic a c ~ d  20 75 2'% 
37 86 2'" (72). 157Am 

Vinylacet~c acid 247 66 13'- 78/19,73Am* 
247 82 13'65 70/12. 58An 

Methacrylic a c ~ d  247 67 13'" 104/92 
248 91 13367 
249 87 131n 92/52 

I 
260 41 13'" 63/10, 1.429. 106Am 

Fumar~c a c ~ d  ... 58 13lu6 (284), 270Am 

I C 5  2-Pentenoic acid 
3-Pentenoic acid 

Allylacetic acid 
cis-2-Methyl-2-butenoic 

(tiglic) acid 
trms-2-Methyl-2-butenoic 

(angelic) acid 
2-Methyl-3-butenoic acid 
3-Methyl-3-butenoic acid 
p,P-Dimethylacrylic acid 

hlesaconic acid 
Citraconic acid 

For explanations and symbols see  pp. xi-xii. 
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TABLE 44 (continued) 

% Compound 
chapterref .  B.p./mm., TI;, (M.p.), Deriv. Method (%) 

Aliphatic Olefinic Acids (continued) 

C ,  Vinylacrylic acid 37 60 2U6 (72). 47Di 

C 6  2-Hexenoic acid 37 76 2'' (32), llOAn 

3-Hexenoic acid 31 11 Prn 108/15, 1.439714. 75An 
37 42 2'17 110/15, (12), 1.4391 

cis-3-Hexenoic acid 262 56 13610 111/20, 1.4400, 62An 
trans-3-Hexenoic acid 37 .... 13a0 109/19, 1.4387, 87An 
CHexenoic  acid 262 65 13611 118/24, 1.4380 

264 7 5  13"' 112/20, 1.436719, 87An 
267 19 13378 107/16, 1.4385, 103To 

5-tlexenoic acid 247 89 1314 104/13, 1.4318" 
264 .... J3'" 107/17, 1.4343 
264 36 13'" 103/12, 1.4337, 58To 

cis-a-Methyl-P-ethyl- 19 30 2" 94/10, 1.448815, 4GpP 
acrylic acid 

t r a n s a - ~ e t h ~ l - p e t h y l -  19 20 2 107/10, 1.4578, ( 2 4 ,  91pP 
253 GO 13'* 112/12, (23), 80Am acrylic acid 

&Methyl-2-pentenoic 37 66 2"O 113/20. 119An 

acid 264 21 t 13'" 115/18. 1.4466'' 
4-Methyl-3-pentenoic 31 75 2'1° 99/10, 104An 

acid 
2,&Hexadienoic (sorbic) 37 32 

2337 (134) 

acid 
4-Methyl-2.4-pentadienoic 37 50 2 (57) 

acid 
Muconic acid 20 43 2'" (297) 
1,2,3-Pr~~enetricarboxylic 19 44 2" (199) 

acid 

C,  4Heptenoic  acid 247 79 1 109/5 
262 68 13611 124/20, 1.4407 
264 52 t 13'" 117/14 

GHeptenoic acid 30 8 1  2- 82/1, 1.4355", 58To 
264 67 13'18 125/15, 1.4404" 

4-Methyl-2-hexenoic 37 80  2329 125/13, 1.4526, 1101411 
acid 

&Methyl-3-hexenoic 37 40 2'l9 118/12, 1.451217 
acid 

>Methyl-Chexenoic 264 52 13'" 95/1, 1.4461 
acid 

3-Ethyl-2-pentenoic acid 19 72 2UQ 116/10, 1.468914, 80To 

3-Ethyl-3-~entenoic acid 249 56 13" 115/13. 1.454714, 95To 

y-Rutenylmalonic acid 264 64 t 13'* (92) 

C,  2-Octenoic acid 37 75 2'" 102/5, 1.4588, 93pB 

7-Octenoic acid 30 78 246.' 9 l / l ,  1.43401', 57To 

TABLE 44. OLEFINIC ACIDS 453 

TABLE 44 (continued) 

Compound Method t ~ h a p t e r r e ~ .  B.p./mm., n ~ .  (M.p.), Deriv. 
(%) . . 

Aliphatic Olefinic Acids (continued) 
- - 

C ,  2-Ethyl-2-hexenoic acid 253 53 133" 108/3, 1.4590 
2-Ethyl-3-hexenoic acid 253 74 13'85 132/19, 80Am 
3,4,4-Trimethyl-2-pen- 19 85  2l" (85) 

tenoic acid 
CPentenylmalonic acid 264 6 3 t  3 (87) 

C Q  2-Nonenoic acid 37 85  2''' 131/2 
BNonenoic acid 264 83 13'" 118/1, 1.4492" 

C, 3-Methyl-2-nonenoic acid 19 63 2ll1 121/1, 1.4636" 
3-Methyl-3-nonenoic acid 19 90 2 "  104/0.3, 1.4512'5 

C w-Undecylenic acid .... 10 13'06 14513, (24) 

Alicyclic Olefinic Acids 
- 

C 6  1-Cyclopentenylcar- 253 65 1 3389 
' boxylic acid 247 9 0  13'= 

2-Cyclopentenylcar 247 35 13'91 
boxylic acid 

C 7  2-Cyclopentenylacetic 201 99 13'Q4 
acid 

I-Cyclohexenylcarboxylic 247 79 13"' 
acid 

3-Cyclohexenylcarboxylic 253 63 13'" 
acid 

C,  Cyclohexenylacetic acid 19 80 2 O6 

Cyclohexylideneacetic 19 68 2 O6 

acid 
4-Methyl-1-cyclohexene- 19 37 2 

carboxylic acid 
2 -Cy~lo~en teny lmalon ic  264 85  t 13394 

acid 

C Q  P-C~clohexylacryl ic  37 86 2 3w 

acid 
P-Cy~lohexy l idene~ro-  37 36 2331 

pionic acid 
2,3,3-Trimethyl-I-cyclo- .... 6 5  13395 

pentene- 1-carboxylic 
acid 

C, Y-Cyclohexylcrotonic 37 88  2 3m 
acid 

Aromatic Olefinic Acids 

C Q  Cinnamic acid 38 GO 2 '  (132) 
247 55 13- (134), 147Am* 

p-Vinylbenzoic acid 
-- 

247 67 13*' ( 144) -- -- -- - 

For explanations and symbols see pp. xi-xii. 
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TABLE 44 (contimred) 

C n  Compound 
chapte r re f  B.p./mm., n 6 ,  (M.P.), Deriv. Method (%) 

Aromatic Olefinic Acids (continued) 

C, a-Methylcinnamic acid 38 70 2 '  (74). (81) 
260 93 13- (81). 128Am' 

I,-&Methylcinnamic 17 27 2- 136/1, (99) 
acid 247 41 13- 136/1 

CPhenyl-3-butenoic acid 37 60 2'" (87) 

o-Merhylcinnamic acid 37 75 ZY' (169) 

p-Methylcinnamic acid 37 75 2'41 (199) 

o-Carboxycinnamic acid 254 71 13'@ (205) 

C,, CPhenyl-3-pentenoic 19 7 5 t  2" (76) 
acid 

Cinnamalacetic acid 

a-Vinylcinnamic acid 

C U  a-Propylcinnamic acid 
C U  a-Naphthylacrylic acid 
C, a-phenylcinnamic acid 

o -Ca~box~s t i lbene  

C I Stilbene-2-acetic acid 
C,, &(I-Phenanthryl)-acrylic 

acid 
4-(2~Phenanthrylkacrylic 37 100 ZJn (246) 

acid 

P-(3-Phenanthry1)-acrylic 37 100 2 '  (274) 
acid 

P-(10-~henanthry1)-acrylic 37 100 2'" (233) 
acid 

Heterocyclic Olefinjc Acids 
- 

C, 2-Furylacrylic acid 37 72 2'Y (141) 
38 70 2'90 (137) 

2-Thienylacrylic acid 37 85 23Y (144) 

C, 3-Pyridylacrylic acid 37 73 23" (233). 148Am 

C, a - E t h y l f ~ r ~ l a c r y l i c  acid 38 80 2- (97) 

C, a-Phenyl-P-furylacrylic 38 80 2391 (144) 

acid 

For explanations and symbols see PP. xi-xii. 

TABLE 46. HALO ACIDS 455 

TABLE 45. ACETYLENIC ACIDS 

c n  
Yield 

Compound Method (%I chapterref  B.p./mm., nb, (M.P.), Deriv. 

C, Propiolic acid 264 70 13m 70/13. 62Am 
C 4  2-Butyooic (tetrolic) acid 262 65  13" (76) 

Ethynylacetic acid 253 28 13" (83), 153Sb 
Acetylenedicarboxylic 43 88 3" (176) 

acid 253 23 13- (177) 
C, 2-Pentynoic (ethyl- 262 47 t 3 100/10, (50), 146Am 

propiolic) acid 
3- Pentynoic acid 43 15 3s 80/1, (53) 
CPentynoic acid 43 40 3- 102/17, (58) 

C 6  2-Hexyooic acid 262 42 t 1 3  110/10, (25), 82Am 
262 4 8 t  13- 122/10, 1.4617, 67Am 
262 72 t 13U0 128/12, 1.463316 

C1 3-Heptynoic acid 262 16 13"' 102/2, 1.4635", (141, 67Am 

GHeptynoic acid 247 63 13" 74/1, 1.44751s, 85To 

C, 2-Octynoic acid 262 40 t 13- 133/10, 1.4595, 90Am 
247 52 13" 77/1, 1.450Gn, GOAn 

C, Phenylpropiolic acid 43 80 3 %  (137) 

C 11 GHendecynoic acid 247 38 t 13U1 125/0.2, 1.4566" 
C , a-Naphthylpropiolic acid 43 85 3" (137) 
C, Stearolic acid 43 42 3=  (46) 

For explanations and symbols see pp. xi-xii. 

TABLE 46. HALO ACIDS 

C n Compound Method 
Yield (%) 

chapterref. B.p./mm., n ~ ,  t (Up.), Deriv. 

Aliphatic and Alicyclic Halo Acids 

C l  Fluoroacetic acid 247 90 f 13"' 168. (32) 
Dichloroacetic acid 62  80 4- 102/20 

.... 72 13" 104/23, 118An * 
Trifluoroacetic acid 255 87 13" 72' 
Bromoacetic acid 67 85 4 w  110/30 

C3 a-Fluoropropionic acid 248 
P-Fluoropropionic acid 253 
P-Chl~ro~ropion ic  acid 247 

253 
253 
253 
303 

P-Bromopropionic acid 303 
247 

P-lodopropionic acid 
-- - ~ -. .~ - 

3 09 
- .  - ~ -. 

For explanations and symbols see pp. 
- . - - - . . - 

xi-xii. 



456 CARBOXYLIC ACIDS 
Ch. 13 

TABLE 46 ( c o d i w d )  

Cn Compound 
Method chapterref. B.p./mm., nb,  (M.p.), Deriv. 

(%) 

Aliphatic and Alicyclic Halo Acids ( cod inud)  

C, a,PDichloropropionic 249 65 13U' 133/26, (50) 
acid 253 85 t 13U9 118/15, (w)  

253 70 13"0 115/12, (50) 

a,PDibromopropionic 249 72 13U8 (60) 
acid 253 76 13"' 160/20, 130Am* 

a-Chloroacrylic acid 20 62 2'" (65) 

a-Bromoacrylic acid 20 70 2'" (72) 

C 4  a-Chlorobutyric acid 264 100 13- 98/14, 1.435" 
a-Bromolrbutyric acid 67 9Q 4"' 110/14 

7-Bromobutyric acid 54 70 4'n 127/7 

2-Iodoisobutyric acid 62 50 4- (39) 
a,,&Dibromosuccinic 74 84 4 u4 

acid 

C5 8-Bromovaleric acid 51 1 8 t  4" 119/3 
54 64 4'" 145/13, (39) 

5-Iodopentanoic acid 54 68 4'" (56) 
a-Bromoisovaleric acid 67 89 4 " V l O - I 2 5 / 1 5  

264 66 t 13- 153/40, 133Am* 
a,P-Dibromovaleric acid 74 41 46U 90/0.02. 1.5272'' 

2.5-Dibromopentanoic 67 91 4- 152/5, 1.5347" 

acid 
a , a  'Dibromoglutaric acid 67 54 4sU (1341, (174) 

C6  a-Chlorocaproic acid 264 100 13- 122/12, 1.441'' 

a-Bromo-rrcaproic acid 67 89 4* 12&131/10 
264 71 t 13"' 153/30 

P-Chlorohexanoic acid 73 80 41W 98/4 
GBromohexanoic acid 54 62 43n 168/18, (35) 

253 91 13"' 130/5 

2-Bromo-Emethylpen- 67 54 40a  100/23 
tanoic acid 264 67 t 13- 140/20 

a-Bromoisocaproic acid 67 66 4= 125-131/12 

a-Ethyl-P-iodobutyric acid 73 60 41m (30) 
a-Bromo-t-butylacetic 67 81 4- 102-109/2, (73) 

acid 
y-Bromo-P,P-dimethyl- 309 19 1 3 ' ~  127/12 

butyric acid 
2,GDibromohexanoic 54 87 4591 146/2 

acid 67 80 4'" 160/4, 1.5245" 
a,a'-Dibromoadipic acid 67 70 4- (1391, (191) 

C, 7-Bromoheptanoic acid 51 60 t 4'" 142/1.5, (23) 
C, 2-Bromo6ctanoic acid 67 76 4U3 140/25 

&Iodo~ctanoic acid 54 71 4m (44) 
a,ar-Dibromosuberic acid 67 66 4W (121). (170) 
a-Bromo-a-carboxycycl~ 67 4a8 (135) 

pentaneacetic acid 

TABLE 46. HALO ACIDS 

I TABLE 46 (continued) 

I Compound 
Yield c n Method (%) Chapterref. B.~./mm., nk. (M.p.), Deriv. 

Aliphatic and Alicyclic Halo Acids (rontimred) 

Cg a-Bromo-a-carborycyclw 67 88 (142) 
hexaneacetic acid , 

C, a-Bromohexahydroben~yl- 67 92 qU5 (138) 
malonic acid 

Cll a-Bromoundecanoic acid 73 70 4'"l (50) 

Aromatic Halo Acids 

C, 0-Chlorobenzoic acid 257 58 13'" (141) 
257 78 13- (140), 139Am 

o-Bromobeazoic acid 14 34 1315 (150)* 
o-Iodobenzoic acid 261 88 13= (167), 184Am * 
nrChlorobenzoic acid 257 48 13l" (157) 

261 88 13= (157). 134Am* 
rn-Bromobenzoic acid 14 32 13'' 

261 89 13= (155). 155Am 
m-Iodobenzoic acid 14 47 ? 1341 (188), 147pP 

64 75 4rn (186) 
p-Fluorobenzoic acid 56 69 43" (186) 

262 41 t 13"' (182), 154Am 
p-Chlorobenzoic acid 257 44 13'" (243) 

260 93 13'- (236), 179Am 
p-Bromobenzoic acid 260 91 13'- (251), 189Am 
p-Iodobenzoic acid 59 81 4'" (267) 

247 60 13a (270) 
257 50 13- (270), 217Am 
261 84 13" 147pB 

2,dDibromobenzoic acid 247 90 13- ( 1741, 198Am 

C, o-Chlorophenylacetic 248 63 13'" (95), 138An 
acid 

o-Bromophenylacetic acid 64 30 4 (109) 
271 6 3 t  13"' (105),187Am* 

mChlorophenylacetic 259 57 13"4 (74) 
acid 

p-Fluorophenylacetic 247 60 13 lW (85) 
acid 

p-Cblorophenylacetic 248 59 1 (loo), 175Am 
acid 

p-Iodophenylacetic acid 64 45 4'- (135) 
p-Chloromethylbenzoic 247 78 13"' (202), 173Am 

acid 
p-Bromomethylbenzoic 247 73 13"' (224) 

acid 

Cp a-Bromo-P-phenylpro- 264 . .. . 13 (52) 
pionic acid 

For explanations and symbols see pp. xi-xii. 
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TABLE 46 (conlimrd) 

cn Compound 
chapte6ef. B.p./mm., 6. (M.P.), Deriv. Method (%) 

Aromatic Halo Acids (conti-d) 

C9 a - l o d o - ~ ~ h l o r ~ ~ ~ h e n ~ l -  74 92 4- (126) 
propionic acid 

p-Chlorocinnamic acid 20 2'" (241) 

CmcrChlorophenylsuccinic 264 5 3 t  13'" (174) 

acid 
a-Bromobenzylmalonic 67 90 4a6 (110) 

acid 

C a - B r ~ m o - ~ ~ h e n ~ l e t h y l -  67 90 4U9 (158) 
malonic acid 

C,, 2,2-Diphenyl-3-chloro- 273 65 13% (203) 
propionic acid 

For explanations and symbols see  pp. xi-xii. 

TABLE 47. HYDROXY ACIDS 

C n Compound 
chapterref. B.p./mm., n;, (M.P.), Deriv. Method (%. 

Aliphatic and Alicyclic Hydroxy Acids 

C, Hydroxyacetic (glycolic) 
acid 

C, ~Hydroxypropionic acid 

C4  7-Hydroxybutyric acid 
dl-tbre0-2,3-Dihydroxy- 

butyric acid 
dl-eryih-2,3-Dihydroxy- 

butyric acid 

C, 8-~~droxyvaler ic  acid 
a-Hydroxy-a-methyl butyric 

acid 
8-Hydroxyisovaleric 

acid 
2.3-Dihydroxypentanoic 107 75 5- (106), 119Phz 

acid 107 80 5- (75). 141Phz 

C, a-Hydroxycaproic acid 95 ... . SU6 (60) 
96 60 5 (62) 

E-Hydroxycaproic acid 250 20 13 
a-Hydroxy-a-methyl- 247 60 t 13M (54) 

valeric acid 
p,P,,6-Trimethyllactic 276 93 13- (87) 

acid 
2.3-Dihydroxyhexanoic 107 46 5 (loo), l2lPhz 

acid 107 86 5 m  (109). 142Phz 

TABLE 47. HYDROXY ACIDS 

TABLE 47 (continued) 

c n Compound Method chapterref B.p./mm., "b, (M.p.). Deriv. 
(%) 

Aliphatic and Alicyclic Hydroxy Acids (contimpd) 

C, Methyln-butylglycolic 247 8 0 1  13"' (33). 58Am 
acid 

4-Hydroxycyclohexane- 270 49 3 (104) 
carboxylic acid 

trum-Cyclopentanol-2- 264 80 13- (54) 
acetic acid 

C, a-Hydroxycaprylic acid 95 80 SP6 163/10, (70) 
Methyl-amylglycolic acid 247 80 t 1 3  (45), 65Am 
Methylneopentylglycolic 247 8 0 t  13"' (109),116Am 

acid 
trum-Cyclohexanol-2- 250 98 13- (106) 

acetic acid 
I-Hydroxy-4-methylcyclo- 247 79 t 13&' (130) 

hexanecarboxylic acid 

C9 Methyl-hexylglycolic 247 8 0 t  13u7 (40), 59Am 
acid 

2.3-Dihydroxynonanoic 107 51 5'- (118) 
acid 

Aromatic Hydroxy Acids 

C, ~Hydroxybenzoic (sali- 257 80 13- (158), 140pBL 
cyclic) acid 274 85 1349 (158), 139Am l 

nrHydroxybenzoic acid 92 91 5 (200) 
93 87 5434 (200) 

274 40 1349 , (201), 170Am l 
p-Hydroxybenzoic acid 93 82 so' (212) 

263 80 13- (212), 162Amb 
274 98 134n (213), 202AnL 

2,4-Dihydroxybenzoic 263 60 13- (217). 222Amb 
(8-resorcylic) acid 

2,5-Dihydroxybenzoic 96 72 5 (205) 
acid 97 65 57U (191) 

3,4-Dihydroxybenzoic 261 75 13591 (200) 
(protocatechuic) acid 

C, a-Hydr~xyphen~lacetic 247 52 t 13U' (118). 133Am l 
(mandelic) acid 247 50 t 13a (1 18) 

276 90 -13- (117). 151AnL 
~Hydroxyphenylacetic 97 75 SUP (149) 

acid 248 81 13- (147),118AmL 
248 59 13'" (141) 
259 34 13- (146) 

m-Hydroxyphenylacetic 97 72 5- (134) 
acid 248 72 I3& (134) 

For explanations and synl'ools see pp, xi-xii. 
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TABLE 48 (continued) TABLE 47 (continued) 

C n Compound Method 
Yield (%) 

chapteflef. B.p./mra. nb, (M.p.), Deriv. 

Aliphatic Alkoxy Acids Icontinued) 

Cs P-h le th~x~butyr ic  acid 253 25 13U8 108/13 
Y-Methoxybutyric acid 264 26 t 1347a 105/7, 1.4251 
P-Methoxyisobutyric acid 264 82 136'6 83/3, 1.4192 
a-Ethoxypropionic acid 115 77 GS7 93/10 

Compound ~ h a ~ t e f l e f .  B.p./mm., nh. (M.p.), Deriv. 
(%) .. -7  

Aromatic Hydroxy Acids ( c o n t f n ~ d )  

C 8  p-Hydroxyphenylacetic 93 100 5- (148) 
acid 248 50 13l" (148) 

248 62 13- (147). 175Am 

pHy&oxymethylbenzoic 247 90 13460 (180) 
, B - ~ t h o x y ~ r o ~ i o n i c  acid 247 8 6  t 13," 120/17, 1.42 16, 5 1 h  
P-(~ethoxyethox~)-acetic 115 44 6'' 149/18 

acid 
C, Y-Methoxy-a-methyl- 264 85 t 13474 120/11 

butyric acid 

acid 
C9 P-Pheny I-a-hy &oxy- 

propionic acid 
p-Mechylmandelic acid 

C, Phenylethylglycolic acid 
P-Phenyl-a-hydroxy- 

butyric acid 
y-phenyl-a-hydroxy- 

butyric acid 
~ - ( ~ H y d r o x y p h e n y l k  

butyric acid 

P-~ethoxyisovaleric  260 38 13'= 88/2, 1,434811, 55pp 
acid 

a-Ethoxyisobutyric acid 25 1 70 1 3 47s 97/19 
P-(~thoxyethoxy> 115 55 65' 155/18 

acet ic  acid 

C 7  6-Methoxycaptoic acid 247 82 13476 132/6, 1.4347 
C9 n-Heptyloxyacetic acid 115 60 6" 157/18, 1.4362 

Aromatic Alkoxy and Aryloxy Acids 

C9  a-Methoxyphenylacetic 116 42 t 6'' (71) 
acid 

o-Methoxyphenylacetic 248 70 13'" (121) 
acid 268 90 13m (124) 

nrMethoxyphenylacetic 248 82 13'" (69) 
acid 248 60 13"' 

pMethoxyphenylacetic 248 36 13'" (84) 
acid 248 85 13* (87), 189Am 

268 90 13 (86) 
crEthoxybenzoic acid 115 63 6" 216229/90 
m-Ethoxybenzoic acid 115 90 G9' (135) 
P-~henoxypropionic acid 253 45 134TP (98), 1 1 9 h  

C ,, ~ h e n ~ 1 - n - p r o p y l g l y ~ o l i ~  
acid 

r l -~~&ox~-r l -phenyl -  
pentanoic acid 

Cia a-Naphthylglycolic acid 

C 14 Benzilic acid 276 90 1 (150), 154Am* 
p-Xenylhydroxyacetic 79 97 5'" (203) 

acid 247 63 13"' (192) 

P ~ y & o x y f l ~ o r e n e - P  276 60 13- (166) 

carboxylic acid 

propionic acid 
C,6 Ethyl-p-xenylhydroxy- 89 '71 5'" (177) C, Y-Phenoxybutyric acid 247 GI 13- I97/18, 80Am 

3,4,>Trimethoxybenzoic 116 78 6" (165) 
acetic acid 

For explanations and symbols see  pp. xi-xii. acid 

C a-Isopropoxyphenyl- 277 57 13- (59), 11,5pP 
acetic acid 

8-~henoxyvaleric  acid 264 90 133U (56) 
264 93 t 13487 175/4, (66) 

Y-Phenoxy-a-methyl- 266 87 13- (80) 
butyric acid 

TABLE 48. ALKOXY AND ARYLOXY ACIDS 

c n Compound Method chapterref. B.p./mm., nb. (M.P.), Deriv. 
(%) 

Aliphatic Alkoxy Acids 

C,  a-Methoxyptopionic acid 249 79 1 3 ~ ~ '  89/10, 81Am 
Ethoxyacetic acid 115 74 G U  11 1/18 
Dimethoxyacetic acid 249 86 13R9 

C , 6-Phenoxycaproic acid 264 91 13e3 (69) 
C ,, 7-Phenoxyheptoic acid 264 72 13*' (55) 
C ,, Diphenoxyacetic acid 115 62 6 %  (91) 

For explanations and symbols see pp. xi-xii. 
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TABLE 49. ALDO AND KETO ACIDS 

Cn Compound 
chapterref- B.p./mm.. nb, (M.p.), Deriv. Method (%) 

Aliphatic and Alicyclic Aldo and Keto Acids 

C, Glyoxylic acid 157 54 9'" 135-Ox 
C, Pyruvic acid 184 55 10'" 80/25, 218Dn 

247 73 13- 108/126, 1.4138, 145Ama 

C, a-Ketobutyric acid 184 65 10% (31), 194pN 
247 ... . 13- 78/25, 1.3972, 117Am * 

C, a-Kecovaleric acid 184 85 66/6. 145-Ox 
Y-Ketovaleric (levulinic) .... 42 13499 108/2, 108Am 

acid 
a-Ketoglutaric acid 184 65 (109) 
P-~etoglutaric acid 90 10"" 
a,y-Diketovaleric acid 249 70 13- (98), 132Amb 

C, a-Ketocaproic acid 184 70 1OaqS 102/20, 14G0x l 
CKetohexanoic (homo- 179 80 loa6 89/0.4, (40), 176Se 

levulinic) acid 
FKetocaproic acid 283 68 13m 141-14912 
a-Methyl-y-ketovaleric 184 67 lo'% 141/11 

acid 
P-~eth~l levul in ic  acid 264 40 t 13m 118/3, 197Se l 
y- Acetylbutyric acid 184 75 10'" 155/12 

y-Acetobutyric acid 184 85 10- 109/5 
Methylethylpyruvic acid 193 20 t 10- 80/12, (30) 
Trim&hylpyruvic acid 257 40 13= 85/20, 157Ph 

C, 2-Ketoheptanoic acid 184 65 loa9' 111/17, (30), 127-Ox 
CrKetoheptanoic acid 185 SO losm 167/9, (33), 146Se 

254 85 13"" 
254 55 13," 123/1, (35) 
283 57 1 3"' 156/2, 144Se 

a,P-Dimethyllevulinic 264 83 t 13=' 122/4 
acid 

Cyclopentanone-2-acetic 266 87 13= (53) 
acid 

C, a-Ketocaprylic acid 184 loJgs 104/6. (33) 
7-~etob'ctanoic acid 284 GO 13- 161/4 

a-~Propyl-7-keto 184 48 lo'% 1G5/15 

valeric acid 
P - ~ i v a l ~ l p r o ~ i o n i c  acid 264 80 13"4 (69), 141-OX 

2-Ketocyclohexylacetic 179 32 10"' (74) 

acid 
I -~e th~ lcyc lo~en ty l -  257 30 135m .l14/10, 168Se 

glyoxylic acid 

C9 &Ketononoic acid 184 68 10'" 148/0.8, (40) 
5-~eth~l-7-keto~ctanoic 184 75 114/0.1, 1.4528, 147Se 

acid 

T A B L E  47. ALDO AND K E T O  ACIDS 463 

TABLE 49 (continued) 

'n Compound Method chapterfef. B.p./mm.. nb. (M.P.), Deriv. (so) 
Aliphatic and Alicyclic Aldo and Keto Acids (continued) 

C9 3-Heptanone- 1,Fdicar- 249 92 13'" (84) 
boxylic acid 

P-(2-Cyclohexanone)- 184 30 loaw (55) 
propionic acid 

Cx, 12-Ketotriacontanoic 189 79 t 10m (102) 
acid 

Aromatic and Heterocyclic Aldo and Keto Acids 

C, a-Thienylglyorylic acid 249 70 13" (91),88Ama 
C, ~Carboxybenzaldehyde 155 22 t 9'= (99.5) 

170 41 91* (95) 
170 65 t 916"97) 
249 68 13=' (96) 
. .. . 83 919.3 (96) 

Benzoylformic acid 179 GI loai4 (GI), 197Dn l 
247 77 13- (66) 
249 90 135M 105/0.1, (GS), 164Ph 
255 55 13- (61) 

+(a-Thenoy1)-propionic 178 75 10'" (121) 
acid 

C9 2-0-Carbaryethy1)-2- 247 89 13511 142/3, 1.4550" 
ethylbutanal 

ECarboxyoctanal 160 G4 9'" 197/15, (42). 162Se 
Phenylpyruvic acid 210 94 lo6'" (154). 15POxa 
mChlorophenylpyruvic 210 77 lo6" (145) 

acid 
o-Nitrophenylpyruvic 210 83 lou (120) 

acid 
~Acetobenzoic  acid 188 62 l o 3  (115). l5POx 

.... 49 10'" ( l l5),  186Dn 
p-Acetobenzoic acid 247 40 13sU (205), 269Se 
crCarboxyphenylglyorylic 183 80 10 

(phthalonic) acid 254 82 
254 85 13'= 

C, P-Benzoylpropionic acid 178 84 t 10'" (1 14). l5OA l 

178 95 lois5 (115) 
179 83 10'l6 (115) 

o-Propionylbenzoic acid 188 67 l o 3  (88). 117-Ox 
2-Meth~x~phenylpyruvic 210 30 10" (161) 

acid 

Cll  a-~eto-b-phenylvaleric 184 63 t (69.5) 
acid 

For explanations and symbols see pp. xi-xii. 
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TABLE 49 (cwdinued) 

t 

C n Compound 
chapterref. B.p./mrn., nD, (M.p.), Deriv. Method 

Aromatic and Heterocyclic Aldo and Keto Acids ( c d i n u e d )  

Cll a-Phehyl-y-ketovaleric 184 83 loam (127) 
acid 

~ -Benzoy l r rbu ty r i~  acid 178 85 10135 (126) 
178 83 10'4 (132), 110-Ox' 

a - ~ e t h ~ l - ~ - ~ e n z o y l -  178 60 10" (140) 
propionic acid 

C, 8-Benzoylvaleric acid 178 78 t 10"' (71) 
178 75 10'" (71) 

a,a-Dimethyl-P-benzoyl- 178 60 1 (171) 
propionic acid 

a-Naphthylglyoxylic acid 249 96 13'" (113), 151Am' 

,B-Naphthylglyoxylic acid 257 40 13517 (171). 2 3 0 s  

C,, crBenzoylbenzoic acid 188 64 (91). 127-o* 

monohydrate 
Fluorenone-2-carboxylic 254 74 134" (341) 

acid 260 60 13$- (335) 
C,, a-Plunyl-P-benzoyl- 247 90 13-' (151) 

propionic acid 

For explanations and symbols see pp. xi-xii. 
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285. Esterification of Carboxylic Acids by Hydtoxy Compounds 

RC0,H + R'OH + RCO,R'.+ H,O 

This  method is applicable to the preparation of esters from most acids 
and primary alcohols. Over one hundred of the simpler aliphatic esters 
of mono- and di-basic acids have been made in this way for a study of 
their physical properties.2P The yields of esters from secondary alcohols 
are only fair. Tertiary alcohols and phenols do not react to  an appreciable 
extent. 

Esterification i s  usually effected by refluxing the acid and alcohol 
with a small amount of sulfuric acid, hydrogen chloride, or arylsulfonic 
acid. The equilibrium is shifted to the right by an excess of one of the 
reactants or by removal of water either by azeotropic distillation or by 
means of a suitable drying agent. The necessity for continuous drying is 
eliminated when methylene or ethylene chlorides are used a s  solvents for 
the reaction.19 A small amount of an acid chloride such a s  thionyl chlo- 
ride, acetyl chloride, or stearoyl chloride has  proved superior to hydrogen 
chloride a s  a catalyst for certain esterifications a t  room temperatute." 
No catalysts are necessary for the preparation of esters of benzyl a l ~ o h o l ' ~  
or formic acid." 

The  use of boron trifluoride a s  an esterification catalyst is increas- 
ing.'***' This  substance i s  particularly useful in the preparation of esters 
of  substituted benzoic acids. The time of refluxing and ratio of catalyst 
to reactants have been studied. Yields are in the range of 55% to 100% 
for esters of primary alcohols and benzoic acids containing such groups 
as p-nitro, o-amino, o-hydroxy, and o-chloro.' A modification of this 
catalytic process employs the amide in place of the acid as the acylating 
agent. Yields are somewhat lower than with the corresponding acids.* 
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t-Butyl alcohol and phenol are converted to their acetates in 38% and 
50% yields, respectively.' Alcohols and amino alcohols are quantitatively 
converted to the corresponding acetates by a solution of boron trifluoride 
in glacial acetic acid.' 

Trifluoroacetic anhydride has  found u s e  as an esterification catalyst. 
I t  is particularly suited to esterifications of phenols and glycosides.'g7 

Oxidation of primary alcohols in acid media is often accompanied by 
esterification. By the use  of the proper proportions of reactants, fair 
yields of esters may be obtained directly from the alcohols; e.g., n-butyl 
n-butyrate (47%) by chromic acid oxidation of  n-butyl a l ~ o h o l . ' ~  Aqueous 
acid chlorate solutions in the presence of vanadium pentoxide have been 
used for this purpose." 

Substituents in the ortho positions of aromatic acids generally retard 
esterification. Such sterically hindered acids may be esterified by dis- 
solving in 100% sulfuric acid and pouring the solutions into the desired 
alcohol. This reaction i s  limited to those acids which dissociate in 
sulfuric acid to give a positive acyl ion, RCOt" (cf. method 314). 

By the above procedures, esterifications have been accomplished for 
long-chain aliphatic  acid^,"^^"^* polybasic  acid^,"^'^*^^^""^ heterocyclic 
 acid^,'^-^' and acids containing the following groups: double b ~ n d s ; ~ ~ ~ * ~ * * ~ '  
triple bonds;** halogen atoms in the alp ha,'. 6n 16gs0 beta,*7n*9v~1rsl and 
Omega aa9' a'8 positions; hydroxyl groups in the alpha and beta posi- 
tion~~,*3,4s,s4-~6 and on the aromatic n ~ c l e u s ; ~ ~ ~ ~ ~  alkoxyl g r o ~ p ~ ; S P - 6 4 ~ 6 6  

keto groups in the alpha,1g*67s69s71 beta, " and gamma" positions; and 
am in^,'^'^^'-'* dialkylamino,2g0*a9' and nitro group~. '~ '9*75~76 

High yields of esters of straight-chain acids and glycol orglycerol may 
be  obtained by heating the fatty acids and polyhydric alcohols a t  200° in 
the presence of zinc dust, which acts  a s  a ~ a t a l y s t . " ~  More specialized 
methods are required to make mono- and di-gly cer ide~. '~ '  

286. Action of Acyl Halides on Hydroxy Compounds 

RCOCl + R'OH -+ RC0,R' + HCI 

This  reaction has  wide application for the preparation of esters. The 
difficulties encountered in method 285 because of a reversible reaction 
are avoided. Esters of tertiary alcohols and phenols are best pepared in 
this way. The formation of tertiary halides from tertiary alcohols is pre- 
vented by carrying out the reaction in the presence of powdered magne- 
sium'" or dimethylaniline79 which react with the hydrogen chloride a s  i t  
i s  formed. The esterification of phenols i s  effected in the same manner. 
Magnesium '%r pyridine" i s  added to combine with the  hydrogen halide. 
Pyridine has  replaced aqueous alkali formerly used for this purpose 



482 CARBOXYLIC ESTERS Ch. 14 

(Schotten-Baumann)." The acylation of phenols without a basic solvent 
is promoted by small amounts of sulfuric acid8' or stannic ~ h l o r i d e . ~ ~ * ~ ~  
Care must be exercised to prevent rearrangement of the phenolic ester to 
a phenolic ketone (Fries reaction, method 209). 

A variety of other functional groups may be present in both the acyl 
halide and the alcohol. Olefinic acyl c h l o r i d e ~ , 9 ~ ~ ~ '  a- and P-acetoxy- 
acyl  halide^,^'*^' halomethylbenzoyl ~ h l o r i d e s , ~ ~ * ~ ~ * ' ~ ~  and lfuranacrylyl 
chloride9' are convened to esters by this method. The a-halo acyl 
halides from the Hell-Volhard-Zelinsky reaction (method 67) give a-halo 
esters. Glycerol and palmityl chloride in pyridine give glyceryl tripal- 
mitate (76%).9a Esters containing hydroxyl'w and h a l ~ ~ ~ * ~ * ' ' '  groups in 
the alcoholic portion of the molecule may be made by the action of acyl 
halides on diols and halohydrins, respectively. Cyanomethyl esters, 
RCO,C&CN, are formed by the action of the acyl halide on an aqueous 
solution of formaldehyde and sodium cyanide; glycolonitrile, HOCH,CN, 
is formed and acylated immediately by a typical Schotten-Baumann 
rea~tion.'~' 

Esters of the enolic forms of P-keto esters and P-diketones are pre- 
pared from the corresponding carbonyl compounds and acyl halides in 
pyridine solution. In this manner, the en01 acetate of benzoylacetone, 
C6H,COCH=C(OCOCH3)CH3, i s  formed in 70% yield.'03 

287. Action of Anhydrides on Hydroxy Compounds 

(RCO),O + R'OH + RC0,R' + RCO,H 

All types of alcohols and phenols are acylated by anhydrides. The 
reaction is catalyzed by a small amount of sulfuric acid,"'*"' zinc 
chloride,"6*"8 acetyl chloride,'" sodium acetate,"'*"' or pyridine. 
f-Butyl alcohol gives t-butyl acetate in 60% yield."6 Acetylation of 
phenols may be accomplished in an aqueous alkaline solution, the 
acylation proceeding more rapidly than the hydrolysis of the anhydride. 
The yields are above 30%. Phenol, dihydroxybenzenes, naphthols, and 
phenols carrying nitro, amino, halo, carboxyl, or carbomethoxyl groups 
are acetylated by this proced~e."9*'32 

Cyclic anhydrides of dibasic acids are cleaved by alcohols to mono- 
acid  ester^.'^^*'^^*'^^ Similarly, the anhydride ring is opened by alkali- 
metal and halomagnesium alkoxides to give the corresponding sal ts  of 
the acid esters."'*'26 

RCH-CO RCH -CO,H 

RCH-CO RCH -CO,R' 

$ 
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Anhydrides have been used in the acylation of hydroxy compounds con- 
taining h a l ~ , " ~ * " ~  aldehyde,'" k e t ~ , " ~ " ~ '  and n i t r ~ " ~ * " ~  groups. 

288. Actioa of Ketenes on Hydroxy Compounds 

H+ H,C = C = 0 + ROH -+ CH3C0,R 

Acetylation of alcohols and phenols by ketene has limited use.'" 
Unless apparatus for the preparation of ketene is readily available, l e s s  
troublesome methods can usually be found. Worthy of mention, however, 
are the acetylations of lactic esters in 9 4 9 8 %   yield^"^ and of tertiary 
alcohols and phenols in 89-96% yields."7~''B Catalysts are necessary 
even to convert a high percentage of n-butyl alcohol to n-butyl acetate."' 
Sulfuric and p-toluenesulfonic acids are commonly used. Certain alde- 
hydes and ketones are attacked by ketene.'37e'38 Acetates of en01 forms 
of ketones may be made in this way.'" Under certain conditions P- 
lactones are formed (cf. method 327). 

An imponant method for the preparation of P-keto esters i s  by the 
action of alcohols on ketene dimers in the presence of acid catalysts. 
Diketene and aIcohoIs give acetoacetic esters in 60-80%  yield^."'^'^' 
Dimers of higher ketenes are made by dehydrohalogenation of acyl halides 
and are converted to P-keto esters in one ~ p e r a t i o n " ~  (cf. method 245). 

R;N R'OH RC&COCl (RCH =C=O) + RCH,COC (R) = C  =O + 

283. Action of Phosgene on Hydroxy Compounds 

R OH R'OH 
COCl, ROCOCl - (RO) (R'0)CO 

AmInca B a a c  

The reaction of phosgene with alcohols or phenols gives chlorocar- 
bonates (chloroformates) or carbonates, depending upon the experimental 
conditions. The reaction can be stopped a t  the chlorocarbonate stage in 
good yield if carried out a t  about 0 - 1 5 ~ . " ' * ~ ~ ~  Benzene, toluene, and 
ether have been used a s  solvents. The reaction i s  catalyzed by tertiary 
amines such a s  dimethylaniline"'s"' and quin~l ine ."~ The hydroxy com- 
pound may contain various other functional groups including the double 
bond"' and halo,"" alkoxyl,"' and nitro36' groups. I-Butyl chloroformate 
decomposes a t  10'. It i s  prepared from sodium t-butoxide and phosgene 
in butane solution at -60°."' Chloroformic esters of phenols are formed 
to protect the phenolic hydroxyl group in certain  reaction^.^" 

The preparation of a carbonate i s  usually accomplished by treating 
phosgene or a chloroformate with an alcohol dissolved in a tertiary 
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amine 368p'73 or with a sodium 36'n"6 or halomagnesium 367 alkoxide or 
phenoxide.369~373 The disadvantages of phosgene are circumvented in 
the preparation of diphenyl carbonate from pheno! and carbon 
te~achlor ide .~ '~  

H 0 
2C6H, OH + CC1, % (C6H,0),CCl, -I-, (C6HsO),C0 

ZnO 

230, Action of Halides on Salts of Carboxylic Acids 

RC0,Na + R'X -+ RC0,R' + NaX 

Reactive halogen compounds such as  benzyl ~hloride,'~' 2-thenyl chlo- 
ride,,06 2-bromoacetylthiophene, (C4H,S)COCH,Br'9', and 2-chloromethyl- 
thianaphthene (C8H,S)CH,C1'89 are readily converted to esters by treat- 
ment with the sodium salts of carboxylic acids. A small amount of tri- 
ethylamine has proved to be an effective ~ a t a l y s t . ' ~ ~ " ~ ~  A cetates are 
oftentimes made by heating halides with fused sodium acetate in glacial 
acetic a ~ i d , ' ~ '  e.g., p-ethylbenzyl acetate (93%).'" The reaction i s  of 
little value for the preparation of simple aliphatic esters. Secondary 
and tertiary halides give increasing amounts of olefin by dehydrc- 
halogenation. 

1,2-Diacyloxy compounds are intermediates in the conversion of olefins 
and 1,2-dihalides to glycols (method 73). Although the diesters are seldom 
isolated, yields are good where their isolation has been attempted.'95*aoo 

The well-known reaction of an alkyl halide with a silver salt of an acid 
i s  used infrequently. It i s  sometimes valuable in making esters from acids 
which isomerize during direct e s t e r i f i ~ a t i o n . ~ ~ " ~ ~ ~ ~ ~ '  Thus, the labile 
double bond of 3-methyl-3-butenoic acid i s  unaffected by conversion to the 
methyl ester by this method.lgO 

A number of I-alkoxyalkyl esters (acylals) such as  l-methoxyethyl- 
acetate, CH3C0,CH(OCH3)CH3, have been made from 1-alkoxyalkyl chlo- 
rides and sodium salts of carboxylic acids.'99 

Ether,'96*'98 keto,1" ester,'93 and nitro19' groups have been present in 
the halogen compounds during ester formation by this method. 

291. Action of Alkyl Chlaosulfites or Alkyl Sulfates on Salts of Carbox- 
ylic Acids 

RC0,Na + R'OSOCI 4 RC0,R' + SO, + NaCl 

This reaction has been developed a s  a new method of esterification. 
The chlorosulfites are prepared from the corresponding alcohols and 
thionyl chloride. A vigorous exothermic reaction occurs between the 

I 
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chlorosulfites and the acid salts. Further heating to 100-150' results 
in the evolution of sulfur dioxide and the formation of the esters in 61- 
82% yields. Aliphatic and aromatic acids including the hindered 2,4,6- 
trialkylbenzoic acids have been e~ter i f ied . '~~  

Di-(P-chloroethyl) sulfate, (ClCH,CII,O),SO,, reacts with sodium salts 
of acids to give P-chloroethyl esters.393 

272. Action of Diazomethane on Carboxylic Acids 

RC0,H + CH,N, RC0,CH3 + N, 

This reaction for the preparation of methyl esters takes place in 
ethereal solution at room temperature. The completion of the reaction i s  
noted by the cessation of the evolution of nitrogen and a permanent yellow 
color of excess diazomethane. The method i s  excellent for the conversion 
of small amounts of expensive acids to their methyl esters. The rela  
tively unstable P-keto acids are converted to the corresponding methyl 
esters by this reagent.'" The reaction of diazomethane with various 
types of acidic hydrogen atoms has been re~iewed.~!' a-Amino acids 

t 
and diazomethane give betaines, (CH,),hCH(R)CO,, in addition to amino 
esters, RCH(NH,)C0,CH3.30' Certain conjugated olefinic esters add 
diazomethane to give pyrazolines which are pyrolyzed to cyclopropyl- 
carboxylic 

273. Alcoholysis of Nitriles 

Nitriles are directly converted to esters by heating with an alcohol and 
sulfuric or hydrochloric acid.'50 When water i s  absent, the imino ester 
salt i s  readily isolated (method 402). Aliphatic,'s' aroma ti^,'^^*'^' and 
heterocyclic'46~'48~40s cyano compounds react in this manner. Most of the 
aromatic compounds contain a cyanomethyl group although the cyanide 
radical may be attached directly to the aromatic nucleus.'53 Monosub- 
stituted malonic esters free from unsubstituted and disubstituted malonic 
esters are made from the corresponding a-cyano esters by this m e t h ~ d . ' ~ ~ * ' ~ ~  
Malonic ester'58 and disubstituted malonic esters have been similarly 
prepared.' s6 

No isomerization of the double bond is reported in the conversion of 
3-pentenonitrile to the olefinic ester, methyl 3-pentenoate, by hydrogen 
chloride in methanol.49 

Aliphatic and aromatic halo groups are unaffected by the alcoholysis, 
as  in the preparations of methyl y-chlorobutyrate5' and various halo- 
pheny lace t a t e~ .~~  
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a-Hydroxy and a-acetoxy groups are common in esters made by this 
method because the cyanohydrins are readily available from alde- 
hydes.'59~'61*'63 For example, the combination of acrolein and hydrogen 
cyanide followed by treatment with alcoholic hydrogen chloride gives 
ethyl vinylglycolate, CH,=CHCH(OH)CO,C,H,, in 61% over-all yield"' 
Both halogen and hydroxyl groups are present during the conversion of 
2-hydroxy-3-halobutyronitrile to the corresponding ester.'6' A l k o ~ y ' ~ ~  
and phenoxy'66 esters have been prepared in a similar manner. 

Both and ~6s*"0*" '* '73~ '76  keto cyanides undergo alcoholysis 

leading to keto esters. The P-keto cyanides are formed by the acylation 
of nitriles (method 216), thus providing a convenient route to the forma- 
tion of P-keto esters. 

The ethyl ester of glycine i s  obtained by alcoholysis and hydrolysis 
of methyleneaminoacetonitrile.'" 

CIHsOH. HIO + 
H,c=NCH,CN + c1- NH~CH,CO,C,H, 

HCl 

The nitrile is readily formed from formaldehyde, sodiuq cyanide, and 
ammonium chloride (method 391). Other amino esters such a s  those con- 
taining /3-'75 and ~ " W a l k y l a m i n o  groups are formed from the correspond- 
ing dialkylamino cyanides by alcoholysis. 

294  Alcoholysis of Esters 
H+ or OH- 

RCO,R'.+ R"OH , RCO,R"+ R'OH 

The interchange of ester components occurs in or alka- 
line8,185,187 medium. The reaction is reversible, and the equilibrium i s  
shifted in the desired direction by removing the lower-boiling alcohol or 
by employing an excess of one component. The relative replacing power 
of a large number of primary and secondary alcohols in this reaction has 
been determined.ls6 Solutions of potassium alkoxides in the correspond- 
ing alcohols a t  room temperature convert methyl benzoate and certain 
p-substituted derivatives to a variety of esters. This conversion fails  
with secondary and tertiary a l c o h o l s . ' " ~ t h y I  esters of oxalic, malonic, 
succinic, and terephthalic acids are prepared from the corresponding methyl 
esters. Dimethyl phthalate does not react. Esters of higher-molecular- 
weight fatty acids are best obtained from natural fats, waxes, and oils by 
this m e t h ~ d ~ ~ ~ ~ ' ~ '  

Esters of acids that are unstable in an acidic medium are conveniently 
prepared by this reaction. Alkyl acrylates having two to sixteen carbon 
atoms in the alkyl group are made in high yields by the alcoholysis of 
methyl acrylate over acid catalysts.'" Halomagnesium alkoxides of 
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primary and secondary alcohols undergo a similar interconversion with 
esters. A series of acrylates and carbonates have been obtained in fair 
yields in this manner.'" Ester interchange i s  the most convenient of four 

rC0- I methods for the preparation of ethylene carbonate, OCH,CH,O. Ethylene 
glycol, diethyl carbonate, and a small amount of potassium carbonate are 
heated until the theoretical amount of ethanol distils.'" Higher cyclic 
glycol esters of carbonic acid are prepared in a similar manner."' 

This reaction furnishes the best method for the preparation of nineteen 
esters of y-diethylamino-a-phenylbutyric acid."' 

295. Alcoholysis and Rearrangement of Diazoketones (Arndt-Eistert) 

CH,N R'OH RCOCl 2 RCOCHN, A RCH,CO,R' 
Ag1O 

This rearrangement leads to carboxylic acids (method 271), their esters, 
or amides (method 360), depending upon the manner in which the diazo- 
ketone i s  decomposed. The carbon chain i s  lengthened by one carbon 
atom. The esters are prepared by adding silver oxide catalyst to a hot 
solution of the diazoketone in anhydrous alcohol. The progress of the 
reaction is followed by measuring the amount of nitrogen evolved. Ethyl 
a-thienylacetate i s  prepared in 68% over-all yield from a-thenoyl chlo- 
ride."' A survey of the literature to November, 1941, l i s ts  only seven 
esters prepared by this method although more than half of the rearrange- 

ments have been carried out via the ester a s  the primary product?0' The 
several additional examples since then include the methyl and ethyl esters 
of thianaphthene-2-acetic acida0' and benzofuran-2-acetic acid.'" 

The Amdt-Eistert synthesis has been extended to the preparation of 
disubstituted acetic acids and derivatives through the use of higher diazo 
hydrocarbons. 

Improved procedures for the rearrangement of diazo ketones have been 
developed In one of these, the readily hydrolyzable benzyl ester i s  formed 
by heating the diazo ketone with benzyl alcohol in the presence of a 
tertiary amine."' 

RCOCl R'cmlt RCOCR'W, C6"sCH20': RR'CHC02CH2C6H5 
C,HsN(CH,), 

Another modification employs silver benzoate catalyst in a homogeneous 
reaction medium containing the alcohol and triethylamine.407 
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236. Alcoholysis of Trihalo Ketones (Haloform Reaction) 

Ce(OCl)2 * RCOCCI, 
CH30H 

RCOCH, * RCO,CH, + CHC1, 
CHjOH, KOH KOH 

An 80% yield of a methyl ester has been obtained directly by the halo- 
form reaction on an acetyltetralin, ArCOCH,, in aqueous methanolic 
solvent.379 The intermediate trihalo ketone apparently reacts more rapidly 
with methanol than with water. Another example i s  the cleavage of 

a,a,a-trichloroacetophenone, C,H,COCCI,, by alcoholic sodium ethoxide 
solution to give ethyl benzoate (85%)."' 

297. Acidolysis of Esters 
H+ 

C,H,O,C(C&)~CO~C,H, + H02C(C&)nC0,H C2Hs0,C(C&)nC0,H 

The acid-catalyzed equilibrium of a dibasic acid with i t s  mono- and 
di-esters furnishes a means of preparation of alkyl hydrogen esters of most 
aliphatic a,w-dibasic  acid^.'^^^"^ A m ixture of the acid and i t s  dialkyl 
ester is refluxed with concentrated hydrochloric acid and dibutyl ether, 
and the acid ester i s  isolated by fractional distillation or extraction 
techniques. Excellent directions are given for the acid esters of a d i ~ i c , ~ ' ~  
s e b a c i ~ , ' ~ ~  and azelaic 4i7 acids. 

298. Carbethoxylation of Compounds Containing an Active Hydrogen Atom 

This i s  an excellent general method for the introduction of a carbethoxyl 
group in place of an active hydroger~ atom in a molecule. Most ketones 
give moderate yields of P-keto esters by heating with sodium ethoxide in 
a large excess of dialkyl The stronger bases, sodium tri- 
phenylmethide"' and sodium amide,31'*329 are useful in carbethoxylations 
of certain l e s s  reactive ketones. Sodium hydride has been employed ex- 
tensively in this r e a ~ t i o n . ~ ' ~ " ) " " ~ ~  A n excess of basic reagent gives 
improved yields. An olefinic ketone, 5-hepten-2-one, has been converted 
to  ethyl 3-0x0-Goctenoate in 85% yield by the action of sodium hydride 
and ethyl carbonate.'" 

The enolates of simple esters add to diethyl carbonate to give malonic 
e ~ t e r s . " ' * " ~ * ~ ~ ~  The reaction i s  valuable in the preparation of "mixed" 
malonic esters."' 

Excess diethyl carbonate acts a s  an alkylating agent under certain con- 
ditions, thus replacing the remaining active hydrogen of the malonic ester 
by an ethyl group.334 

a-Cyano esters are synthesized by this method from nitriles. Phenyl- 
acetonitrile, C,H5CH,CN, is carboxylated in 79% yield by diethyl carbon- 
ate and sodium ethoxide or sodium amide."' Simple aliphatic nitriles 
give lower yields of the corresponding a-cyano esters.33'i"5 

Methyl groups in the alpha and gamma positions on the pyridine and 
quinoline nuclei are carbethoxylated in low yield by sodium amide and 
diethyl carbonate."' 

I-Acetylenes condense with diethyl carbonate in the presence of sodium 
ethoxide to  substitute a carbethoxyl group in place of the acetylenic 
hydrogen atom. The condensation is followed, however, by the addition of 
alcohol to the triple bond."' 

Carbethoxylations of esters2i7*"7 and nitriles"' are also effected by 
treating their enolates with ethyl chlorocarbonate (ethyl chloroformate), 
C1C0,C,H5. In this manner, triethyl methanetricarboxylate, CH(CO,C,H,),, 
i s  prepared from malonic ester through the magnesium enolate. "914" 

299. Alkylation of Esters 

RaCHCO,C,H, (C6H5)3CNa + R2R'CC02C2HS 
R'X 

Alkylation of disubstituted acetic esters has  become an important new 
route to trisubstituted acetic acids and their derivatives. Sodium tri- 
phenylmethide2i6*"7 or potassium triphenylmethideai5 is used to convert 
the ester to i t s  enolate ion, which, in turn, is allowed to react with an 
alkyl iodide to form the trialkylated ester. The yields are in the range of 
42-61%. Potassium hydroxide in acetal solvents serves a s  basic reagent - 
in the alkylation of certain esters by reactive halides.409 An interesting 
preparation of diethyl tetramethylsuccinate involves alkylation of ethyl 
isobutyrate with ethyl a-bromoisobutyrate. The yield is 30%.'17 

Esters having two a-hydrogen atoms give poor yields of alkylated 
product partly because of their greater tendency for self-condensation to 
P-keto esters (method 211). Ethyl isovalerate, however, has been ethyl- 
ated in 33% yield by treatment with sodium triphenylmethide and ethyl 
benzenesulfonate.'" 

Monoalkylation of malonic ester proceeds much more readily than alkyl- 
ation of simple esters. The enolate i s  formed from diethyl malonate and 
alcoholic sodium ethoxide solution. Alkylation is effected in good yield 
by the use of primary b r ~ m i d e s , ' ~ ~ " ~ ~  diethyl sulfate,a36 or ethyl p-toluene- 
~ u 1 f o n a t e . l ~ ~  In addition to the simpler primary alkylmalonates listed in 
Table 51, many higher members have been prepared. The l is t  includes 
substituted malonates made from diethyl malonate and the following 
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halides in the yields stated: s-butyl (84%),2"va'8 n-amyl (80%),"' isoamyl 
(54%),'" n-hexyl (73%),2'7 cyclopentyl (56%),2"sa6a cyclohexyl (44%),2s' 
y-cyclopentylpropyl (83%),24* benzyl (57%),"' P-phenylethyl (65%),") 
a-naphthylmethyl (82%),14a furfuryl (76%),'*' tetrahydrofurfuryl (70%)~)' 
and 2-pyridyl (19%).a43 

Dialkylation of malonic ester proceeds in most cases  almost a s  readily 
a s  monoalkylation. Diethyl ethylmalonate is alkylated equally well by 
s-octyl ''' and n-butyla6' halides. Di-n-propylmalonic ester is prepared 
in one step from malonic ester and n-propyl bromide.'*' Methylmalonic 
ester is alkylated by P-phenylethyl and even a-naphthyl- 

malonic ester may be further alkylated by n-alkyl iodides."' Difficulty 
is encountered, however, in introducing two s-alkyl groups into malonic 
ester. A 23% yield of diisopropylmalonic ester is obtained from iso- 
propylmalonic ester, sodium triphenylmethide, and isopropyl iodide.'" 

Alkylation of malonic ester with an equimolar portion of ethylene 
bromide or trimethylene bromide produces ring closure to give diethyl 
esters of 1, l-cyclopropane- and 1, I-cyclobutane-dicarboxylic acids, 

Five- and six-membered rings also have been formed 
in this manner."" 

NaOC ,H5; 
H,C-CH, 

CH,(CO,CaH,), * / I  
Br(CHz)aBr Ha C - C(COa C2HS), 

The yields are low because of a competing reaction between two molecules 
of  malonic ester and one moiecule of the dihalide to give open-chain tetra- 
carboxylic esters, (~H50aC)aCH(CHa)nCH(C02C1Hs)a. The latter esters 
may be made in fair yields by using an excess of malonic ester in the 
reaction.262 Unique ring closures are produced by further alkylation r e  
actions of these open-chain esters.26'~26' 
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An improved yield of diethyl 1,l-cyclobutanedicarboxylate is obtained 
by preparing the intermediate haloalkylmalonic ester, Br(CH,),CH(CO,C,H,), , 
by the "reverse" addition of hydrogen bromide to allylmalonic ester. 
Cyclization is then effected by sodium eth~xide. '~" 

Alkylation of malonic esters by halo esters leads to tricarboxylic esters. 
The halogen atom of the alkylating halo ester has  been in the 
beta,'"' and deltaa7' positions. 

Olefinic malonic esters are obtained directly by alkylation with olefinic 
halides a5a*155 or by alkylation of alkylidenemalonic esters obtained from 
the Knoevenagel condensationzs6 (method 37). 

NaOClHs; 
RCH,CH =C(C0,C2H5), + RCH = CHC(R') (C0,CaI15), 

R'X 

An interesting preparation of 2-cyclohexenylmalonates involves alkylation 
of malonic esters with 1,2-dibromocyclohexane. Dehydrohalogenation 
accompanies alkylation to give the olefinic malonates in 55-65% 
yields.2s0~'07 

Fair yields of halomalonic esters are obtained by alkylation of malonic 
esters with ethylene bromide,a63p266 o-chlorobenzyl halides,16' and l-bromo- 
4-chlorobutane. 

Other groups which may be present in the alkylating agent include 
alkoxyl, keto, cyano, diethylamino, and nitro. Many alkylations have been 
made with halo ethers in which the ether group i s  in the alpha,267*272*27s 
beta,2739276 gamma,a7' delta,a79 or epsilon"' positions of an aliphatic chain 
or on an aromatic nucleus.27" Similarly, a-halo ketones such a s  chloro- 
acetone,169 bromopina~olone,~'~ and a-bromoethyl methyl ketone17" give 
good yields of y-ketomalonic esters. a-Bromoisobutyraldehyde also has 
been used a s  an alkylating agent,16' a s  have p-nitrobenzyl ~h lo r ide , "~  
diethylaminopropyl bromide hydrobromide,"" 8-bromo~aleronitrile,~"' 
and 2-chloro-2-nitropropane."' 

300. Addition of Carboxylic Acids to Unsaturated Compounds 

Several acids have been esterified by reaction with propene,)06 iso- 
butylene, and trimethylethylene.303 The reaction i s  reversible and cat- 
alyzed by sulfuric acid or boron trifluoride. The optimum conditions for 
maximum conversion are low reaction temperature, large quantity of cat- 
alyst, and anhydrous  condition^.^'^ By this method, the keto ester, t- 
butyl o-benzoyl benzoate,)') and the halo esters, t-butyl and isopropyl 
trichloroacetates, "'9 have been prepared 

The addition of carboxylic acids to acetylenes leads to alkenyl esters 
in 30-68% yields.30s 
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RC0,H + R'C r CH -+ RCO,C(R') = CH, 

Reaction takes place a t  0-30' in the presence of boron trifluoride and 
mercuric oxide. The reaction i s  reversible in the presence of mercury 
sal ts  and allows the preparation of vinyl es ters  from vinyl acetate and 
higher-molecular-weight carboxylic acids."' 

301. Addition of Compounds Containing an Active Hydrogen Atom to 
Olefinic Compounds (Michael) 

Bese 
C6H,COCH=CHC6H, + CHI(C02C1Hs)l 

The addition of malonic ester to benzalacetophenone i s  an illustration 
of a very general base-catalyzed condensation. The olefinic compound 
taking part in the reaction may be one in which the double bond i s  in the 
alpha position of an a ~ d e h y d e , 3 ~ k e t o n e , 3 ~ 8 ~ ~ 1 1 ~ 3 l ~ ~ ~ ~ 6 6 ~ 4 1 6 e s ~ e r , ~ ~ ~ ~ 3 ~ ~ ~ ~ ~ 1 ~ ~ 3 l 9 ~ 4 ~ ~  

cyanide (method 388), ~ u l f o n e , ' ~ ~  or nitro The vinyl group 

in  the alpha or gamma positions on the pyridine nucleus also undergoes 
this type of addition.314 The activity of the labilizing group i s  trans- 
mitted to the terminal double bond of a vinylogous system. Thus, methyl 

vinylacrylate reacts with malonic ester a s  follows:313 

CH, - CHCH = CHC02CH3 + CH,(CO,CH,), 4 

In addition to malonic, acetoacetic, and cyanoacetic esters, compounds 
furnishing the active hydrogen atom are nitro paraffins,3io*4'4-416 benzyl 

m a l ~ n o n i t r i l e , ~ ' ~  ~ ~ a n o a c e t a m i d e , " ~  s ~ l f o n e s , ~ ' ~  methyl- 
pyridines,"' and  ketone^."^ 

Five experimental procedures employing sodium alkoxide or pipetidine 
catalysts are compared for a number of varied condensations."" Secon- 
dary amines are mild catalysts which seldom lead to by-products but which 
do not always effect condensation. Sodium e r h ~ x i d e  catalyst sometimes 
gives rearranged  product^.^" Potassium hydroxide in acetal solvents i s  
the most convenient reagent for a number of  condensation^.'^^ 
302. Addition of Grignard Reagents to Olefinic Esters 
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Organometallic reagents react with olefinic esters by both 1,2 and 
1,4 addition. The latter process leads to saturated esters and is exhibited 
by diethyl fumarate and to a greater extent by ethylenetetracarboxyIic 
ester, (C,HsO,C),C=C(CO,C,Hs),. These substances are starting materials 
for the synthesis of alkyl- and aryl-substituted succinic  ester.^.^"*^" 

This reaction serves a s  an indirect method for the introduction of a 
tertiary alkyl group into malonic and cyanoacetic esters. The yields are 
4~-75%.~" 

Direct alkylation of these esters by tertiary halides is unsatisfactory be- 
cause the halides undergo dehydrohalogenation. 

303. Reduction of Olefinic Esters 

Olefinic esters are quantitatively hydrogenated over platinum cat- 
alysts.""193*'96 Palladium catalysts have been used with equal success 
in  the hydrogenation of substituted cinnamic esters.297 

Catalytic hydrogenation of the olefinic esters obtained in the Knoeve- 
nagel and Stobbe condensations (method 37) i s  valuable for the prepara- 
tion of alkylmalonates and alkylsuccinates, particularly for those having 
branching in the alkyl group. 

Hydrogenation i s  effected over Raney nickel a t  100-130 atm."' Low- 
pressure hydrogenation over palladium catalysts has  also been used for 
the s u c c i n a t e ~ . ~ ~ ~  

304. .Reduction of Aromatic Esters 

- Ester groups in compounds containing an aromatic nucleus are stable 
during the catalytic hydrogenation of the nucleus over platinum catalysts 
a t  low temperatures and pressures or over nickel catalysts at high tempera- 
tures and pressures (method 4). Cyclohexanecarboxylic e ~ t e r " ~ ' ~ ' ~  and 
cyclohexanedicarboxylic  ester^^"'^^" are made in this manner. Phenolic 
esters are best reduced by Raney nickel catalysts in alcoholic solution 
containing sodium ethoxideU4 (method 86). 
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305. Direct Oxidation of Aldehydes and Ketones 

An unusual oxidation of certain aldehydes and ketones occurs with 
peracids. A carbon-to-carbon linkage of the carbonyl compound i s  broken 
and an oxygen atom introduced between the two resulting fragments. 
Esters have been prepared in 63-73% yields from several simple cyclo- 
alkyl and aryl alkyl ketones by reaction at room temperature with per- 
benzoic acid.'" The larger radical of the ketone appears a s  the alcohol 
fragment of the ester. Cyclic ketones are oxidized by potassium per- 
sulfate and sulfuric acid to esters from which w-hydroxy aliphatic 
esters are obtained upon hydrolysis and reesterifi~ation.'~' Peracetic 
acid in acetic anhydride converts salicylaldehyde to o-hydroxyphenyl 
fonnate (88%).) 76 

306. Intermolecular Oxidation-Reduction of Aldehydes (Tischenko) 

This dismutation resembles the Cannizzaro reaction (cf. method 81) 
but i s  applicable to aldehydes which also contain an a-hydrogen atom. 
Aluminum alkoxides are the most effective catalysts for the reaction; 
only a fe,w mole per cent i s  required. The yields of esters from aliphatic 
aldehydes containing two to eight carbon atoms are in the range of 69- 
100%.a0n*"09 With more basic catalysts such as Mg(OC,H,), or 
M g [ ~ ~ ( O ~ , ~ , ) , ] ,  aldol condensation occurs followed by a crossed Tis- 
chenko reaction between and the aldol and the original aldehyde. The 
products are mono esters of l,>diols, RCH,C~IOHCHRCH,O,CCH,R.'~~ 
The highly basic sodium alkoxides produce only aldol-condensation prod- 
ucts with these aldehydes. However, with benzaldehyde, which does not 
have an a-hydrogen atom, dismutation to benzyl benzoate occurs in 93% 
yieId.'07 Similarly, furfural i s  condensed to furfuryl furoate in 78% 

ield.'14 

307. Cleavage of a-Keto Esters 

The Claisen condensation of diethyl oxalate with esters of fatty acids 
(cf. method 211) produces a-ethoxalyl esters which are thermally de- 
carbonylated to alkylmalonic esters. The over-all yields range from 78% 
to 91% for the conversion of fatty esters up to ethyl s t e a ~ a t e . ' ~ ~  Phenyl- 
malonic ester i s  made in 85% yield'4' Powdered glass i s  sometimes used 
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a s  a catalyst for the d e ~ a r b o n ~ l a t i o n . ~ ~ " ' ~ ~  a-Furylacetatesz' and a- 
thienyla~etates'~'  undergo the condensation and thennal cleavage to give 
the corresponding malonates in 3438% yields. 

Acylation of ketones by diethyl oxalate (cf. method 203) gives a,y- 
diketo esters from which 0-keto esters are obtained by pyrolysis at 175' 
over powdered glass and powdered 

RCOC%COCOaC,H, Powdered glass 
RCOCH,CO,C,H, + CO 

end iron, 175' 

308 Cleavage of P - ~ e t o  Esters 

The introduction of an ester group by the acetoacetic ester synthesis 
(cf. methods 184 and 213) i s  possible by alkylation of P-keto esters with 
halo Cleavage of the alkylated products by mineral acids 
furnishes an important route to yketo acids and esters.34913s0 

a,a-Dialkylacetoacetic esters are cleaved to esters by a hot solution 
of sodium ethoxide in absolute ethanol. 

The yields of dialkylacetates are 74-82% when R and R' are combinations 
of n-, iso-, and s-butyl groups."' This interesting cleavage has been used 
to prepare ethoxy esters from ethoxy halides of the type CaH,0(CH,)n~3S11's' 
a s  well a s  a-methyladipic ester from the corresponding cyclic P-keto 
ester (83%).'" 

CO~C,H, 

309. Cleavage of Lactones 
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Alcoholysis of lactones leads  to hydroxy esters. The reaction i s  well 
illustrated by the conversion of a-ethyl-y-butyrolactone to ethyl a-ethyl- 
y-hydroxybutyrate (84%).'15 The lactone i s  allowed to stand with ethanol 
saturated with dry hydrogen chloride. By treating the appropriate lactones 
with ethanolic hydrogen bromide, halo es te r s  having bromine in the 
gamma,zz6 delta,2z7 or epsilonzz8 positions are obtained. Phosphorus 
pentabromide i s  sometimes used for th is  purpose; bromoacyl bromides are 
formed, and are esterified by mixing with a l c o h 0 1 . ~ ~ ~ ' ~ ~ ~  Chlorine i s  sub- 
stituted for tertiary hydroxyl groups when ethanolic hydrogen chloride is 
used to open the lactone ring. Chloro es ters  having a tertiary y-chlorine 
atom are best  prepared, however, by treating the lactones with thionyl 
chloride in refluxing benzene followed by stirring with alcoholic hydrogen 

P - ~ r o ~ i o l a c t o n e ,  CH,CH,CO, i s  an important source of P-substituted 
I I .  
Lg- 

propionic acids and  ester^,'^' Aqueous solutions of sodium halides give 
P-halo acids, and aqueous sodium acetate gives P-acetoxypropionic a c i d  
Alcohols open this lactone ring in either of two ways, depending upon the 
nature of the catalyst; P-hydroxypropionic es ters  are formed by basic 
catalysts and P-alkoxypropionic acids by acid catalysts. 

310. Decarboxylation of Alkyl Hydrogen Malonates and Dialkyl Malonates 

RCHO + CH,(CO,H)CO C H 3 RCH =CHCO,C,H, a ' C S H 5 N  

Olefinic esters are obtained directly by the Knoevenagel condensation 
(cf. method 37) of ethyl hydrogen malonate with an aliphaticze9 or aro- 
matic aldehyde. 

Certain dialkylmalonates may be partially saponified to  the acid esters,  
which decarboxylate to  esters upon heating."' Decarbethoxylation of 
dialkylmalonic esters may a lso  be effected by heating at 220-230° with 
sodium ethoxide. 

This  method i s  illustrated by the preparation of ethyl diethylacetate 
(67%).z87 A similar modification involves the treatment of the disubstituted 
malonic ester  with metallic sodium or potassium in ether. In th is  way di- 
n-propylacetic ester  i s  obtained in 61% yield.z99 

311. Action of Carboxylic Acids on Diazoketones 

RCOCHN, + R'C0,H 4 RCOCH,O,CR' t N, 
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Esters  of a-hydroxymethyl ketones are formed by heating diazoketones 
with organic acids.z0z13'' The crude diazoketones prepared from acyl 
halides and diazomethane may be u s e d  The over-all yields of acetoxy 
ketones, ArCOCHzOzCCH3, from benzoyl and P-naphthoyl chlorides are 
55% and 72%, r e ~ p e c t i v e l y . ~ ~ ~  

31 2. Action of Organometallic Reagents on Alkyl Carbonates 

R MgX; 
CO(OCaHs)z + RCOzCzH5 

H a 0  

This reaction h a s  been used infrequently for the preparation of esters. 
Simultaneous reaction of the Grignard reagent with the ester  formed leads 
to tertiary alcohols (method 91). However, i f  the organometallic reagent 
i s  relatively u n r e a c t i ~ e ~ ' ~ ~ ~ ' ~  or if it i s  added to an excess  of ethyl car- 
b ~ n a t e , ~ " * ~ ' ~  es ters  may be isolated. A typical example i s  the prepara- 
tion of ethyl a-naphthoate (73%).'" 

313. Rearrangement of a-Halo Ketones (Favorsky) 

R,CBrCOR + Na0R'-+ R3CCOz R' + NaBr 

Certain a-halo ketones undergo rearrangement with sodium alkoxides 
in anhydrous ether to form  ester^."^^^^^"'^ Methyl a.bromoisopropyl ketone 
and sodium ethoxide give ethyl trimethylacetate (61%).39' Ring contraction 

- 
occurs with a-chlorocyclohexanone to give cyclopentanecarboxylic es ter  
(5 3%).3a9 

When a,a'-dibromo ketones are treated under the same conditions, re- 
arrangement and dehydrohalogenation take place; alp -0 1 e f '  rnic es ters  are 
formed in 4 6 8 4 %  yie ld389 

Similarly, a,P-dibromo ketones yield P,y-olefinic esters in most cases.39a 

RCHBh(CH3)BrCOCH3 N80CH3> RCH = C(CH,)CHz COzCH3 

Action of other basic reagents on the halo ketones is complicated by 
accompanying metathetical  reaction^.^^'*^^' 

314. Pyrolysis of Tetramethylammonium Salts  

hlethyl es ters  of stetically hindered ortho substituted benzoic acids are 
prepared in 63-90% yields by this (cf. method 285). 
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315. Addition of Acyl Halides a Anhydrides to Aldehydes 

RCHO + (R'CO)aO 5 RCH(OCOCH3)l 

Acylals are formed by the addition of simple anhydrides t o  aliphatic 
or aromatic aldehydes.lg9 The reaction occurs at 0-5°  in the presence 
of boron trifluoride etherate. Yields are in the range of 65% to 8l%.'" 

A similar addition of acyl chlorides to aldehydes produces a-haloalkyl 
esters in 40070% 

RCHO + R'COCl '3 RPCOaCHCIR 

316. Cleavage of Ethers by Acyl Halidesea4 

R'COCJ 
ROR ---4 RPC02R 

BF 3 

317. Electrolysis of Acid  ester^"^ 

318. Addition of Diazoacetic Ester to Unsaturated Compounds"~"' 

CH-CH CH-CH 

I' 'I NlCHC02ClH2 
CH CH 

11 I1 
CH C- CH2COaC2Hs 

\ / \ / 

319. Decomposition of Diazonium Salts by Carboxylic Acids 
(cf. method 93) 

320. Reduction of a- and P-Keto Esters "' 
CHsSH C I H 5 0 H  

RCOCH,CO,C,H, + RC(SCH,),CH,CO,C,H, RCH,CH,CO,C,H, 
ZnCJ, Ni 

METHODS 321-322 

321. Alcoholysis of B e n z o ~ r i h a l i d e s ~ ~ ~  

ROH 
---+ ArC02R (52-90%) 
H1s04 

322  Reduction of Ary lchloromalonates "' 
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Yield 
% Compound Method (75) chapterref. B.p./rnm.. n b ,  (h4.p.). Deriv. !I 1 

I 
Aliphatic Monocarboxylic Esters 

C 3  Ethyl formate 285 70 1 4 ~ ~  55 
C, Ethyl acetate 285 85 14" 78 

~ P r o p y l  formate 285 84 1 4 ~ '  80-83 

C, Methyl uimethylacetate 286 50 14" 100/731, 1.3695 
n-Bury1 acetate 285 90 14" 125/756 
t-Butyl acetate 286 68 1 4 ' ~  97 

286 55 14" 9 6 / 7 4  
287 60 1 96 
288 89 14'" 95 
300 85 14" 979766, 1 . 3 ~ 2 ' ~  

C7 Ethyl n-valerate 293 90 14'" 142-146 
Methyl dimethylethyl- 313 57 14'~' 126/730, 1.421,  l O G h  

acetate 
Methyl t-butylacetate 286 94 1 128/735. 1.3997 
Ethyl trimethylacetate 299 55 14", 117, 1 5 3 h  

313 61  1 4 ~ ~ '  116/725, 1.3912. 1 5 4 h  
t-Butyl propionate 286 61 1419 118 
t-Amy1 acetate 288 89 1 4  124 

C8 Methyl methyl-6 313 73 14'- 95/150, 1.4116 
butylacetate 

Ethyl diethylacetate 310 67 l 7  149 
Ethyl dirnethylethyl- 286 63 1 141/744, 1.4025 

acetate 299 58 14"' 141, lO2Am 
R Butyl n-butyrate 285 47t  14" 162-166 

306 82  l4lm 
t-Butyl isobutyrate 286 71 14" 128 
2-Ethylbutyl acetate 287 80 1 4 " ~ 6 1 / 7 5 0 ,  1.4119" 

C, Ethyl a-ethylisoval- 299 33 14'" 165 
erate 

Ethyl methyldiethyl- 286 64 1 4  73/35, 1.4130 
acetate 

t- Bury1 isovalerate 286 26 14 '~  156 

C, Methyl myristate 294 .... 14'" 1@/10, 1.4353" 
C17 Methyl palmitate 294 .... 14'" 181/10, (30) 

A l i c ~ c l i c  Monocarboxylic Esters 

C, Methyl cyclopropylacetate 292 79 14," 132/745, 1.4175'~ 
Cyclopentyl formate 285 46 14" 138/762, 1.4321 

C Cyclohexyl formate 285 GO 14" 160/757, 1.4431 
C s  Ethyl cyclopentanecar 312 49 14"' 89/45, 1.4360 

boxylate 
Cyclohexyl acetate 285 53 14" 172/752,1.4417 

305 67 14'14 76/23. 1.44Ola5 
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TABLE 50 (continued) 

c, Compound ~ e t h o d  chapterref. B.P./-. . n b. ( ~ p . ) ,  Deriv. 
(%) 

Alicyclic Monocarboxylic Esters (continued) 

C9 Methyl cyclohexylacetate 285 93 1419 65/18, 1.4450" 
Methyl l-methyl-l-cyclo- 313 79 1 4 ~ ~  35/3, 1.4456 

hexanecarboxylate 
Ethyl cyclohexanecarbox- 304 100 14"' 85/16 

ylate (ethyl hexahydro- 
benzoate) 

C Ethyl P-cyclohexyl- 304 9 7  14"' 110/11 
propionate 

Aromatic Monocarboxylic Esters 

Cs  Methyl benzoate 285 90 14" 
285 85 14' 
285 95 1419 
321 90 1 4 ~ '  

Phenyl acetate 286 92 14" 
287 99 14'19 
288 89 l4ls7 
305 63 14374 

Cg Methyl phenylacetate 285 90 14, 220, lO2Am 
Phenyl propionate 286 92 1 100/16 

305 73 1 99/18, 1.5003 

C lo Ethyl phenylacetate 293 87 14'" 125/18 
n-Propyl benzoate 321 8 1  14*' 230 
Isopropyl benzoate 285 GO 14' 208 

300 88 14" 216/747, 1.4890" 
Phenyl ~ b u l y r a t e  286 98 1 107/13 
Phenyl isobutyrate 286 83 1406 211/707 
p-Ethylphenyl acetate 287 92 14'" 121/20, 1.4970" 

C Methyl a-phenylbutyrate 
Methyl 2,4,Gtrimethyl- 

benwate 
Ethyl p-ethylbenzoate 
R Butyl benzoate 
s-Butyl benzoate 
Isobutyl benzoate 
t - ~ u r y l  benzoate 

P-Ethylbenzyl acetate 

C l a  Ethyl I~henylcyclopro- 318 68 143w 131/10 
panecarboxylate 

a-Naphthyl acetate 286 96 1 4  (47) 
287 99  14'19 (49) 

For explanations and symbols see pp. xi-xii. 
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TABLE 50 (continued) 

c, Compound Method a a P t e r r d  B.p./mm.. n 6 .  (hi.,.), Deriv. 
(%) 

Aromatic hbnocarboxylic Esters  (continued 

C,, PNaphthyl acetate 286 96 14M (70) 
287 100 14'19 (72) 
305 67 14", (68) 

C,, Ethyl P - i s o ~ r o w l ~ h e n ~ l -  293 56 141U 135/12 
acetate 

Erhyl a-Naphthoate 312 73 14"O 1 4 4 3  
Phenyl benzoate 286 93 1 4  (70) 

321 83 14- (70) 
a-Naphthyl propionate 286 95 14- 135/2. 1.5811" 

C,, Ethyl p-t-butylphenyl- 285 18t  14" 95/0.5 
acetate 

Ethyl a-naphthylacetate 293 6 7  14'" 181/15 
295 82  14'" 177/11 

Phenyl phenylacetate 286 93 1 4  (40) 
Benzyl benzoate 306 93 14'" 185/15 
rGAcetoxybipheny1 287 100 14'" (88) 

C, Methyl diphenylmethyl- 286 70 14" 150/3, 1.5691 
e e t a t e  

Ethyl diphenylacetate 310 8 1  1 4 ' ~  187/20. (61) 
312 52 1 4 ' ~  (59) 

Ethyl >biphenylacetate 293 100 1 4  180-185/15 
1 - k e t o ~ ~ p h e n a n t h r e n e  287 100 14'" (134) 
4-Acetoxyphenanthrene 287 100 14'" (60) 

Heterocyclic Monocarboxylic Esters 

C6 Methyl fumate 
C 7  Methyl a-furylacetate 

Ethyl tetrahydmfuran-2- 
carboxylate 

Furfury1 acetate 
2 'Ihenyl-acetate 
N-Carbethoxypy rrole 
Methyl nicotinate 

C 8  Ethyl 2-methyl-3-furoate 
Ethyl 2-thienylacetate 

Ethyl a-pyrroleacetate 
Ethyl picolinate 

Ethyl nicotinate 

Ethyl isonicotinate 
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TABLE 50 (continued) 

Yield 
c, Compound Mahod (%) chapterref- B.p./mm., nh, (Up.), Deriv. 

Heterocyclic Monocarboxylic Esters (continued) 

Cp Ethyl P(tetrahydrofury1)- 
propionate 

Ethyl >(a-t amhydrofuryl) 
propanoat e 

Ethyl a-(1-pyrrolidyl) 
propionate 

Ethyl Epyridylacetate 

Ethyl Ppipa idylace ta te  
Ethyl piperidinoacetate 

Clo Furfuryl furoate 
Cl1 Ethyl >(a-fury1)valerate 

Ethyl >(a-teaahydro- 
fury1)-valerate 

Methyl tb ianaphthent3  
acetate 

Ethyl indolt2-carboxylate 

C ,, Ethyl >benzofurylacetate 
C ,, Ethyl a-quinolylacetate 

Ethyl &quinolineacetate 
C ,, 1-Carbethoxycarbazole 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 51. DICARBOXYLIC ESTERS 

c, Compound Method Yield ~ h a ~ t d ' f .  B.p./mm., nb. (Mp.) 
( X )  

Aliphatic Dicarboxylic Esters  

C,  Ethylene carbonate 
C, Dimethyl oxalate 

Trimethylene carbonate 
C, Teuamethylene carbonate 

C, Diethyl oxalate 

Methyl a-acetoxypropionate 

Ethylidene diacetate 
Glycol diacetate 
Pentamethylene carbonate 

-- - - - - - - - - - .. - . - - - - - . - -- 

For explanations and symbols see pp. 

294 
28 5 
294 
294 

28 5 
285 
287 
288 
315 
290 
294 

. xi-xii. 
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TABLE 5 1 (continued) 

c, Compound Method 
t chapterref- B.p./mm., nD, ( k p . )  

( %) 

Aliphatic Dicarboxylic Es te r s  (continued) 

C 6  Methyl a-carbomethoxyethyl 
carbonate 

C 7  Diethyl malonate 
Methyl a-acetoxyisobutyrate 
Ethyl a-acetoxypropionate 
Ethyl Pacetoxypropionate 
Propylidene diacetate  
Hexamethylene carbonate 
Tricarbomethoxym eth ane  

C e  Dimethyl adipate 
Diethyl methylmalonate 

Isopropyl a-acetoxypropionate 
Isobutylidene diacetate  
Taramethylene acetate  

Cp Diethyl methylsuccinate 
Dicthyl ethylmalonate 

Diethyl dimethylmalonate 
Ethyl t-butyl malonate 
Di-sbutyl carbonate 
Di-t-butyl carbonate 
Methyl a-acetoxyhexoate 
1,kDiacetoxy-Emahylbutane 
Propylidene dipropionate 

C, Diethyl adipate 
Diethyl @methylglutarate 
Diethyl isopropylmalonate 

Ethyl t-butyl a-methylmalonate 
Di-n-butyl oxalate  
Tricarbethoxymethane 

C,, Diethy1 pimelate 
Diethyl a-methyladipare 
Ethyl a,a-dimethylglutarate 
Diethyl isopropylsuccinate 
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TABLE 51 (continued) - 

c, Compound Method Chapterref. B.p./mm., nb, w p . )  (%) 

Aliphatic Dicarboxylic Esters  (continued) 

C l l  Diethyl n-butylmdonate 298 26 1 4 " ~  137/21, 1.425 

299 90  14U"30-135/20 
303 95 14'~' 129/17 
307 91 14'" 132/17, 1.4218" 

Diethyl sbutylmalonate 299 84 14''~ 110-120/18-20 
Diethyl diethylmalonate 298 36 1 4 ~ ~  103/11, 1.4240 

C,, Diethyl tetramethylsucdnate 299 30 14"' 120/15 

Alicyclic Dicarboxylic Esters  

C p  Dimethyl c i scyc lopen tanc1 ,E  
dicarboxylate 

Diethyl 1.1-cyclopropanedi- 
carboxylate 

C , Dimethyl 1,3-cyclohexanc 
dicarboxylate 

Dimethyl 1 , 6 c y c l o h u a n c  
dicarboxylate 

Diethyl l,l-cyclobutanedi- 
carboxyl a te  

Diethyl cyclopropy lmalonate 

Cla  Diethyl cyc lohexanc l ,  l- 
dicarboxylate 

c i sDie thy l  hexahydrophthalate 

Aromatic and Heterocyclic Dicarboxylic Esters  

C Methyl acetylsalicylate 287 9 5  14'" 
o-Diacetoxybenzene (o-phenyl- 287 100 14 

ene diacetate) 
m-Diacetoxybenzene (m 286 92  14 " 

phenylene diacetate) 287 95 14'19 
p-Diacetoxybenzene 286 95  14" 

287 98 14'" 

C,, Dimethyl phenylmalonate 307 6 1  1 4 ' ~  
Benzylidene diacetate  315 80 1 4 ~ "  
Diahy l  a-thienylmalonate 307 38 14'& 
2, f Dicarbethoxypiperidine 554 77 3995 
2,frDicarbethoxypiperidine 554 6 6  3995 

C1, Ethyl a-acetoxyphenylacetate 293 85 14lS9 
2,.tDimethyl-3,5-dicarbeth- 5G3 64 393a 

oxypyrrole 
- - - -- - --- . . . - -- - - . . - - . -- - - - - - - - -- - - . . . - - - - . 

For explanations and symbols see  pp. xi-xii. 
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TABLE 51 (continued) 

Compound 
Yield 

Method 
(so) 

~ h a p t d e f .  ~.p./mm., n h ,  (UP) 

Ammaac and Heterocyclic Dicarbxylic Esters (crmtinued) 

C1, Diethyl phenylmalonate 293 78 1 4 ' ~  165/18 
298 64 14"' 129/2 
307 85 14'" 160/10 

Diphenyl carbonate 289 66 1 4  (81) 

C Diethyl m-phenylenediacetate 293 81 14lS7 175-182/10 
Diethyl p-phenylenediacetate 293 73 14lS' (57) 

C,, Dimethyl a-naphthylmalonate 307 33 14"l (104) 
C ,, Di ethyl a-naphthylmalonate 307 69 14'" 182/3, (62) 
C Diethyl diphenylmalonate .... 17 1 4  193/5. (63) 

For explanations and symbols see pp. xi-xii. 

TABLE 52. OLEFINIC ESTERS 

‘A Compound Method (%) Chapterref. B.p./mm., n;, (M.P.), Deriv. 

Aliphatic Olefinic Esters 

C4  Methyl acrylate 24 84 ass 80. 
35 79 2s7 

C, Methyl methacrylate 285 99 1 4 ~  97- 10 1 
Ethyl acrylate 24 33 

294 99 14"' 43/103, 1.4068 
2 Acetoxy- 1-p ropene 300 30 1 4 ~ '  93/736, 1.4033 

C, Methyl f pentenoate 293 73 14" 128/625, 1.4217 
Methyl tiglate 285 G5 1 4 ~ '  138/757. 1.4371 
Methyl angelate 290 63 14"' 128/745, 1.4330 
Methyl 3-methyl-3- 290 47 141m 41/27, 1.4168 

butemate 
Mahyl /,Pdimethyl- 313 58 14"~ 60/50, 1.4382, 131An 

acryl ate 
Ethyl methacrylate 23 W 2" 120/760 
Ally1 acrylate 24 43 2U' 122/760, 1.4295 
Dimethyl maleate 287 92 14=' 205 

C, Methyl 2-hexenoate 285 98 14" 57/13 
Ethyl a-methylcmtonate 20 78 21U 56/15, 1.4347" 

(ethyl tiglate) 285 80 1 4 ~  155/760. 1.4347 
Methyl f methyl-2- 313 29 14"' 74/50, 1.4420, 82Am 

pentenoate (cis) 
Methyl 3-methyl-% 313 22 14s89 79/50. 1.4446. 98Am 

pentenoate (truns) 

TABLE 52. OLEFINIC ESTERS 5 07 

TABLE 52 (continued) 

Compound Method 
Yield 

( %) 
chapterref. B.p./mm., n h, (M.P.), Deriv. 

Aliphatic Olefinic E s t a s  (continued) 

C, Methyl t r m ~ f m c t h y l -  313 55 14'~' 74/50, 1.4306. 131Am 
f pentenoate 

Methyl Pmethyl-P 20 80 2'" 49.5/11 
ethylacrylate 

Ally1 methacrylate 23 90 2 pU 82/17 

C8 Methyl Pmethyl-P 20 30 2'" 57/12 
propylacrylate 

Ethyl lhexenoate 285 94 14" 73/15 
Methyl ,B.Pdictbylacrylate 20 87 2'" 57/11 
~ t h y l  fmethyl-2- ' 19 n zs9 62/13 

pentenoate 

Ethyl &methyl-2- 285 79 1 4 ~  60/13, 1.4341" 
pentenoate 285 84 1 4 ~  172, 1.4301'~ 

Ethyl f methyl-+ 19 43 2 58-63/14 
pentenoate 

Ethyl a-ethylcrotonate 20 80 2 'SS 

Ethyl 2.3-dimethyl--> 19 19 2*ao 
bu tenoate 

Ethyl 2,fdimethyl-f 19 25 2- 
butenoate 

I-Butyl methacrylate 286 48 1 4 ~  
Vinyl caproate 300 40 14~" 
2-Acetoxy-1-h exene 300 31 14= 
Methyl Pmethylsorbate 19 57 2 
Diethyl methylenemalonate 37 45 2'- 

C, Methyl-loctenoate 292 91 1 4 ' ~  97/18 
Ethyl lheptenoate 37 78 2'* 59/3, 1.4355'~ 

310 78 14"~ 58/3, 1.4355" 
Ethyl fethyl-f 19 75 2 80/16, 1.4350 

pentenoate 
Ethyl f methyl-lethyl- 19 33 294 67/13, 1.4430 

2- butenoate 
Ethyl f methyl-%ethyl- 19 31 294 57/13. 1.4250 

f butenoate 

C lo Diethyl pmpylidenc 37 46 2'" 120/15, 1.4402" 
malonate 

Diethyl isopropylidena 37 52 21rn 112/9, 1.4478" 
malonate 

C ,, Diethyl isopmpylidenc 37 41 2'" 115-12217 
s uccinate 

Diethyl butylidene- 37 59 2"7 123/10. 1.4425" 
malonate 

-- -- - - - - - .- - - -- -- -. - 
For explanations and symbols see pp. xi-xii. 



CARBOXYLIC ESTERS 

TABLE 52 (continued) 

Ch. 14 

TABLE 52 (continued) 

c, Compound Method 
Yield 
( %) 

chapterref. B.p./mm., n b ,  (M.P.), Deriv. 
% Compound Metho d Yidd ( %) Chapterref. B.p./mm..nb. (M.P.). Deriv. 

Aromatic Olefinic Esters (continued) 

C14 Ethyl 2phenylcyclo- 19 77  2"' 153/3 
hexenylacetate 

Ethyl benzalmalonate 37 91 2'55 14 1/4 
C,, Phenyl cinnamare 286 75 14" (76) 

Aliphatic Olefinic Esters (continued) 

C ,, Diethyl isotutyl idene 37 92 2'" 136/27, 1.4398" 
malonate 

Diethyl (1-methylpmpyl- 37 19 2 120/9, 1.4479" 
idenekmalonate 

Diethyl ethylvinyl- .... 54 14'" 123/30. 1.4341 C,, CCarbomethoxystilbene 28 52 a72 

27' 
(159) 

C ,, 4-Carboethoxystilbene 28 36 (106) 
C p  Diethyl 4,4'-stilbenc 293 6 7  141U (131) 

dicarboxylate 

malon ate 

Alicyclic Olefinic Esters 

C, Ethyl l-cyclopentenyl- 
carboxylare 

C 9  Methyl cyclohexyl- 
ideneacetate 

Ethyl 1-cyclohexenc 
carboxylate 

6Carbomethoxy-C 
methylcydohexene 

Ethyl 1-cyclopmtenyl- 
acetate 

C, Ethyl 1-cyclohexenyl- 
acetate 

C ,, Diethy1 f cyclohexcne 
1.1-dicarboxylate 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 53. HALO ESTERS 

Compound Method 
Yield 

(%) chapterref. B.p./mm.. n b ,  (Up.), Deriv. 

Aliphatic and Alicyclic Halo Esters  

C,  Methyl fluoroformate 
C ,  Methyl fluoroacetate 

Methyl chloroacetate 
Methyl dichloroacetate 
Methyl trichloroacetate 

C 4  Methyl a-fluoropropionate 
Methyl a-chloropropionate 
Methyl a-bromopropionate 
Methyl ,@-bromopropiona te 

Aromatic Olefinic Esters 

Cg Phenyl a a y l a t e  
Ethyl P ( 2 f u r y l )  

acrylate 
Ethyl P(2rh ienyl )  

acrylate 
Methyl a.8-dichloroprcr 

pionate 
Methyl a,,@-di bromopre 

pionate 
Methyl a s h l o r o a a y l a t e  
Methyl a-bromoacrylate 
Ethyl fluoroacetate 
Ethyl btomoacetate 
Ethyl difluoroacetate 
Ethyl uifluoroacetare 

C, Methyl 0-vinylbenzoate 
0-Vinylphenyl acetate 

C,, Ethyl cinnamate 
Methyl 0-methyl- 

c inyma te 
o-Allylphenyl acetate 

C ,, Ethyl 8 methylcinnamate 

C,, Ethyl a,&dimethyl- 1-Chlore2acetoxyethane 
(&chloroethyl acetate) cinnamate 

Ethyl 4,&dimethyl- 
cinnamate 

I-Butyl cinnamate 
,@-Bmmoethyl ch lore  

acetate 

For explanations and symbols see pp. xi-xii. 



CARBOXY L I C  E S T E R S  

TABLE 53 (conlinued) 

Ga Compound Method 
t ~ h a ~ t e P f 6  B.p./mm.. nD, (Np.), Deriv. 

(%) 

Aliphatic and A l i c ~ d i c  Halo Esters (continued) 

C, fiMahoxyetby1 chlorw 289 93 14'" 59/13, 1.4163" 
formate 

Ally1 chloroformate 289 90 14"' 56/97. 1.4223 
Isopropyl chloroformate 289 83 14'~' 47/100. 1.3981 
y-Chloropropyl chloro- 289 80 14'" 177, 1.4456 

formate 
Ethylenebischlorw 289 77 14'" 113/25, 1.4498 

formate 

C,  Methyl y-chlorobutyrate 

Methyl a-bromoiclo butyrate 
Methyl P-bromoiso butyrate 
Ethyl a- bromopropionate 
Ethyl ,B-chloropropionate 
Ethyl Pbromopropionate 

E i y l  PIodopropionate 
Ethyl a-bromoacrylate 
~sopropyl chloroacetate 
y-Chloropropyl acetate 

y-Bxomopropyl acemte 
y-Iodopropyl acetate 
1-Chlorcrkacetoxy- 

propane 
wButyl chloroformate 
s-Butyl chloroformate 
t -Buryl chl oroformate 
,B-Ethoryethyl ch lore  

formate 

C 6  Methyl 5-bromopentanoate 61 68 4'- 80/4 
285 71 14" 96/13, 1.4618 

Methyl 3,4-dibromw 285 94 14- 123/17. 1.5105 
pentanoate 

~ t h y l  y-bromobutyrate 

Ethyl a.P-dibromo-w 
butyra te 

Ethyl ,B-bromocrotonate 
Ethyl y-chlorocrotonate 
Ethyl y-bromocrotonate 
n-Butyl chloroacetate 
I-Butyl chloroacetate 
I-Butyl bromoacctate 
I-Butyl uichlomacetate 

T A B L E  53. H A L O  E S T E R S  511 

TABLE 53 (carinued) 
- 

c, Compound Method Chapterref. B.p./nm., nD. t (Np.). Dctiv. 
t%) 

Aliphatic and Alicyclic Halo Esters  (continued) 

acem te 
rCChlorobsty1 acetate 
Neopentyl chloroformate 
Ethyl 8-chlorovalerate 
Ethyl 8-bromovalerate 
Ethyl 8-iodovalerate 
Ethyl methylethylkomo- 

acetate 
Methyl ,B-meQyl-,&ethyl- 

8-chloropropionate 
1-ChlorwCacetozypmmne 
5-Chloroamyl acetate . 
2Chloro-f acaoxypmtane 
2-Methyl-lacetoxy-3- 

chlorobutane 
2,FDimethyl-1-bromwf 285 84 14" M/16 

acaoxypropane 
Diethyl bromomalonate 67 75 45" 121-125/16 
Ethyl a-bromo-8.P- 20 80 21M 89/13 

dimethylacrylate 

Ca Methyl 7-bromoheptanoate 61 69 4.9a 112/5 
Ethyl 6-chlorohexoate 53 80 4l- 106/14, 1.4398'' 
Ethyl GBromohexoate 52 80 4 l" 125/12 

309 55t 14'~" 120- 125/14, 1 . 4 5 6 e  
Ethyl a,&-dibromw 285 96 14"' 136/11 

caproate 
Methyl a- bromoi so- 67 70 4" 90/10 

heptylate 
Ethyl Ibromocyclw 52 50 4 I= 76/0.1, 1.4909" 

hexanoate 
Ethyl ,B-bromoisocaproate 73 87 4 lS5 64/0.1, 1.4557" 
Ethyl a-ethyl-y-bromw 52 78 4 93/8 

butyrate 
Methyl ,B-methyl-,&w 52 GO 4 1sa 59/13 

propy I-pchloroprw 
pionate 

Methyl P.,&diethyl-P- 52 59 4- 58/11 
chloropropionate 

3-Chlorwtacetoxyhelane 285 59 14" 125/100, 1.4340 
Dimethyl a.a'-dibrome 67 93 4'"' 163/3 

adipate 
Diethyl iodosuccinate 55 100 4s8~ 144/18 

For explanations and symbols s e e  pp. xi-xii. 



T A B L E  54. HYDROXY E S T E R S  

TABLE 53 (continued) 

CARBOXYLIC E S T E R S  

TABLE 53 (cordinucd) 

GI Compound Method Chapterref. B.p./mm.. n b ,  @%.pa), Dcriv. (%) Compound Method Chapterref. B.p./mm., n b .  (hlp.). Deriv. 
( %) 

Aliphatic and Alicyclic Halo Esters (continued) 

C8 Ethyl a - t r o m e a  39 86 2l" 31/0.1, 1.4688~' 
isopropylacrylate 

Aromatic Halo Esters (continued) 

C9 p-Carbomethoxybenzyl 
bromide 

p-Carbomethorybenzyl 
iodide 

a-Chloroethyl benzoate 
&Chloroethyl benzoate 

Cg Methyl 8-bromo&tanoate 61 70 p 9 2  124/6 
Ethyl y,y-dimethyl-P 73 75 qU' 66/0.1, 1.4588" 

bromovnlera te 
Ethyl 8-bromo-B,P 309 73 141n 90/1.8 

dimethylvalerate 
Ethyl P,&diethyl-P 52 62 1" 68/12 

chloropropionate 
1-Chloro-lacemxy- 285 56 1 4 ~  120/20, 1.4367 

heptane 
Ethyl-2- tromocyclo- P 7  73 14~' 125/15 

plodoethyl benzoate 

C , Methyl a-iodo-pchlorep- 
phenylpropionate 

Ethyl a-chlorophenyl- 
acetate 

Ethyl a-bromophenyl- 
acetate 

Ethyl o-tluorophenyl- 
acetate 

Ethyl m-fluorophenyl- 
acetate 

Ethyl p-fluorophenyl- 
acetate 

Ethyl p(chloromethy1) 
benzoate 

Ethyl m(chloromethy1 j 
benzoate 

-j+Chloropropyl benzoate 

penrylaceute 
Diethyl a-bromoglutarate 67 92 4550 124/2 

C,, Methyl I)-bromononanoate 61 75 4 ~ 9 z  131/2 
Ethyl a-tromocyclohexyl- 67  98 4 '" 98/1, 1.4708"* 

acetate 
Ethyl a-chloroadipate 67 90 4550 121/5 
Ethyl a-tromoadipate 67 90 4'm 135/5 
Diethyl y-bromopropyl- 73 79 4'= 140/5. 1.455' 

malonate 
Diethyl methyl-p-brome 299 32 14- 136/12 

ethylmalonate 

C,, Methyl l(Fbrome 61 71 4 '92 165/12 
decanoace 

Diethyl Cchloroburyl- 299 65 1 4 ~  147/ 10 C ,, Ethyl a-bromo-pphenyl- 
propiona te 

Ethyl a.,f3-dibromep- 
malonate 

C ,, Ethyl y-tromocaprate 75 57 4 's 94/0.2, 1.4599 
phenylpropionate 

C,, Ethyl diphenyl-a- 
fluomacetate 

Aromatic Halo Esters 
- 

C, Phenyl c+loroformate 
C8 Benzyl chloroformate 

Methyl o-chlombenwate 
hfethyl p-chlorobenzoate 
Methyl p-bromobenmate 
Chloromethyl benzoate 
Bromomethyl benzoate 

Cg Methyl phenylchloro- 
acetate 

Ethyl p-bromobenzoate 
Ethyl Ciodobenzoate 
rn-Carbornethoxy benzyl 

bromide 
rn-Carbornethoxybenzyl 

iodide 

For explanations and symbols see pp. xi-xii. 

TABLE 54. HYDROXY ESTERS 

% Compound Method 
t ~ h a ~ t e r ' e f .  B.p./mm., nD, (M.p.) 

(%) 

Aliphatic Hydrory E s v r s  

C, Methyl lactate 285 88 14% 
285 69 14" 144 

Methyl Phydroxypropim ate 309 85 1 4  71/13, 1.4225 

For explanations and symbols see  pp. xi-xii. 



CARBOXY LIC ESTERS 

TABLE 54 (contirrued) 

‘% bmpound Method 
t ~ l a ~ t e r r e f -  B.p./mm.. n D. (M.P.) 

(%) 

Aliphatic Hydrory Esters (continued) 

C, Methyl a,P-dihydroxybutyrate 
Ethyl Phydroxypropionate 

C6 Ethyl fl-hydroxybutyrate 

Ethyl 2,fdihydroxyhtyrate 

Methyl 2,fdihydroxy-3- 
methylbutyrate 

Isopropyl lactate 

C7 Ethyl y-hydroxyvalerate 
Ethyl a-methyl-Phydroxy- 

butyrate 
Methyl fmethyl-?ethyl-3- 

hy drorypropion ate 
Ethyl >ethyl-+ hydroxy- 

propionate 
l -~~e to ly4 -p~11mn01  

C8 Ethyl 6-hydroxyhexoate 
Ethyl a-methyl-a-hydrory- 

v a1 era te 
Ethyl f methyl-j-hydroxy- 

pentanoa te 
Ethyl a-ethyl-y-hydroxy 

butyrate 
Ethyl 2,2-dimethyl-j-hydroxy- 

butanoa te 
Ethyl j-methyl->(hydroxy- 

methyl>htyrate 
Methyl 3,fdiethyl-3-hydroxy- 

propion ate 
Methyl f methyl-j-propyl-f 

hydroxypropionate 

Ethyl 2-propyl-f hydroxy- 
propionate 

C, Ethyl 2-(bydroxyme&yl> 
haanoate 

Methyl fhydroxy3,4,4-mi- 
methylpentanoate 

Ethyl f ethyl-fhydroxy- 
pentanoate 

Ethyl 2,fdimethyl- f hydroxy- 
penmnoate 

TABLE 54. HYDROXY ESTERS 5 15 

TABLE 54 (continued) 

c.2 Compound Method 
Yield I 

(% ) 
~hapterref.  B.p./mm., nD.  (M.p.) 

Aliphatic Hydrory Esters (continued) 

methylhtanoate 

Ethyl /?-hydraxydurarate 79 76 5"' 133/8, 1.4381 
Diethyl Pmethylmalate 79 92 5'" 123/10, 1.4335 

Alicyclic Hydrory Esters 

C8 Methyl cis-lcyclohexanol- 1- 56" 105/14 
carboxylate 

Methyl tr-2-cyclohexanol- 1- 115/14 
carboxyla te 

C9 Ethyl 2-hydmxycyclohexanc 304 85 l a '  99/7, 1.4625 
carboxylate 

Ethyl j-hydmxycyclohexanc 304 75 14=' 133138/9, 1.4665 
carboxylate 

Ethyl Chydroxycyclohexant 304 87 14'- 136/8. 1.4698 
carboxylaa 

Ethyl cyclopenmnol-1-acetate 103 55 5aa4 91/4 

Clo Ethyl cyclohexanol-1-acetate 103 70 5aa4 90/3 
Ethyl bhydrorycyclohexyl- 304 89 14"' 140/7, 1.4705 

acetate 

Aromatic Hydrory Esters 

C7 o-Hydroxyphenyl formate 
C8 Methyl o-Hydroxybenzoate 

Methyl p-hydrorybenzoate 

C9 Methyl a-hydroryphenylacetate 
(merhyl mandelate) 

Ethyl p-hydroxybenzoate 
C,, Ethyl pphenyl-Phydlory- 

propionate 
Ethyl p-(a-hydroxyethyl> 

benzoate 
f Hydroxyhtyl benzoate 

- - 

For explanations and symbols see pp. xi-xii. 
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TABLE 55. ALKOXY AND ARYLOXY ESTERS 
- - 

Compound Method 
1 

c, chapterref. B.p/mm., n ,,, (Up.) 
( %) 

Aliphatic Alkoxy Esters 

Methyl a-methoxypropionate 115 6 3  
Methyl f-metboxypropionate 121 91  
1-Methoxyethyl acetate 290 51 

Methyl a-methoxyisobutyrate 285 80 
Methyl Bethoxypropionate 121 91  
Ethyl a-methoxypropionate 285 54 
Ethyl Pmethoxypropionate 121 27 
Ethyl ethoxyacetate 285 72 
Methyl diglycolate 285 76 

(CH301CCH10CHlU)lCH,) 

Ethyl a-ethoxypropionate 115 65 
Ethyl P-ethoxypropionate 121 84 

Ethyl a-ethoxy-n-butyrate 115 6 5  
Ethyl a-ethoxyisobutyrate 285 8 8  
Ethyl ,B,,Bdiethoxypropionate 121 8 4  

Ethyl a-mefhyl-8-ethoxy- 308 54 
valerate 

Ethyl a-ethyl-y-ethowbutyrate 308 30 
Diethyl meth~xymeth~lmerhyl- 299 50 

malonate 

Aromatic Alkory and Aryloxy Esters 

C 8  o-Mechoxyphenyl formate 305 99 1 4'76 109/12 
C9 Methyl o-methoxybenzoate 116 71 6m 133/15 

C , Methyl ,E-phenoxypropionate 121 59 6'" 85/0.4, 1.5071 
Ethyl y-phenoxycromnate 20 20 2'=' 183/12 
pMethoxybenzyl acetate 230 5 4 t  141W 115-120/4 

(anisyl acetate) 

Cl l  Ethyl ,E-phen~x~propionate 121 53 6 ~ 6 4  92/0.7, 1.5002 

285 90 146a 170/40 
Ethyl m-methoryphenylacetate 285 86 iP4 142/12 

C Ethyl y-phenoxy butyrate 293 80 14'" 160- 165/25 
Ethyl a-ethoxyphenylacetate 115 63 6 157/26 
Ethyl p-ethoxyphenylacetate 285 8 1 t  130/3 

C,, Ethyl a-pheno~y~henylacetate 115 68 6'' 156/0.8, 1.5452 

For explanations and symbols s e e  pp. xi-xii. 

T A B L E  57. KETO ESTERS 517 

TABLE 56. ALDO ESTERS 

Compound Method 
Yield 

(%) ~ h a p t e r ~ ~ f .  B.p./nun, nb. (Up.), Deriv. 

Cd Ethyl glyoxylate .... 50 9- 138, 131Ph. 218Se 
C ,  PCarbornethoxy- 162 6 5  9 70/14 

propionaldehyde 

C, Methyl y-formylbutyrate 162 52 9" lO6Dn 
y- Acetoxybutyraldehyde 145 8 4  9% 60/1, 1.4245". l8lDn 
P-Carbethoxypropion- 145 71 9'" 69/7, 1.4212". 137Se 

aldehyde .... 50 91m 87/10, 1.42514 

C I  Ethyl /?-formylbutyrate 145 6 5  9'" 59/0.01, 1.4236". 88Dn 
C8 DL-erytko-a,PDiacr 162 87 9 87/4 

toxybutyric aldehyde 

C9 Methyl mformylbenmate 164 84 9 153/15, (58) 
Merhyl p-formylbenzoate 148 72 9'" (63). 144Ph 

164 30 9" 135/12, (60) 
p-Acetoxybenzaldehyde 288 91  141Je 120/6, 241Dn 
Methyl phchalaldehydate 162 84 91U 138/13, 1.3411, 195Se 
Methyl terephthaldehydate 147 53 9 e6 97/2. (62) 

C u  Methyl 8-aldehydo;e 156 60 9'% 112/3, 1.4384, 105% 
tsnoate 

y.y-Dicarbethoxy- 301 SO 1 4 ~ ~  78/0.06, 1.4340". 76Dn 
butyraldehyde 

Ethyl m-formyl benzoate 164 86 9 164/13 
Ethyl p-formylbenzoate 164 86 9- 142/13 

C,, Methyl Faldehydonona 156 60 9l" 121/3, 1.4410, lOOSe 
noate 

C,, Methyl 11-aldehy d e  145 74 9'" 147/0.1, 1.443215, 70Dn 
undecmoate 

C14 Methyl l>aldehydo& 156 60 9 116 153/3, 1.4469, 118Se 

decanoate 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 57. K E M  ESTERS 

Compound 
Yield 

Method 
( %) 

Chapterref. ~.p./mm.. nb. (M.P.), Deriv. 
-- 

Aliphatic Keto Esters 

C 4  Methyl pyruvate 285 73 14" 136-140, 1 . 4 0 4 6 ~  

285 71 14" 136-140 
C, Ethyl pyruvate 285 59 14" 146150 

179 54 loega 57/20, 1.4053 
Methyl acetoacetate 211 50 10"' 74/12., 15ZSe* 

C 6  Methyl y-ketovalerate 285 85 14" 1.4223 
(methyl levulinate) 

- . - - - - - -- - - - - - - - - -- -- - - - - - - - - - -- - - - -- - - - 
For explanat~ons and symbols see pp. xi-x~i. 



518 CARBOXYLIC ESTERS Ch. 14 TABLE 57. KETO ESTERS 5 19 
TABLE 57 (cmtimred) 

G Compound Method 
chapterref- B.p./mm., nb, (Up.), Deriv. 

( %) 

Aliphatic Keto Esters (continued) 

C, Ethyl acetoacetate 211 29 loeY 80/18,129Sc0 
211 68  10li 80/16 

Methyl acetopyruvate 203 70 1 0  97/12, (63), 132Ama 

Ethyl a ,pdiketo-  183 35 10'" 68/9, (148) 

butyxate 

C, Meth yl a-propionyl- 211 71 10'" 76/10, 1.4211a6, 82Am0 

TABLE 57 (codnud) 

G Compound Method 
(%) awrerref' &p-/mm.. nb, (htp.), Deriv. 

Aliphatic Keto Esters (e'd) 

rovdery~acetate 298 64 14#= 98/14. 122Cu Cg Ethyl is 

ELyl a-isopropylacet* 213 42 
acetate 213 67  

Methyl i s o v d e t o p y ~ v a t e  203 84  
Methyl pivalopyruvate 203 75 
Ethyl a-ethoxdyl- 211 70 

propionate 
Dimethyl /?-kern-a- 212 50 

methyladipate 

propionate 
Ethyl a-kernvalerate 184 881 loMd 72/11, 1.41701', ll6Dn 
Ethyl propionylacetate 187 5 8  10'" 77/8.5. 149Cu 

211 44 10"' 92/17 

Ethyl y-ketovalerate 
(ethyl levulinate) 

Ethyl a-methylacete 
acetate 

Butyl pyruvate 
1-Acetoxy-Cpentanone 
2-hketory-2-methyl-?- 

butnuone 
Diethyl oxomalonate 

Diethyl Poxoglutarate 285 43  
Diethyl acetylmdonate 215 86  

C ,  Methyl Ckem->methyl- 189 22 
octanoate 

Methyl Ckern-&methyl- 189 60 
OC tanoate 

Methyl 4-keto-7-meth yl- 189 75 
octanoate 

Ethyl capmylacetate 200 80 
Ethyl a-n-butyryl-n- 211 76 

butyrate 
Methyl propionopynrvate 

C 1 Ethyl rrbutyrylacetate Ethyl a-iso butyryl-' 
isobutyrate 

Ethyl n-burytyldi- 
methylacetate 

Ethyl a-n-butylacet* 
acetate 

Ethyl a-isobutylaceto- 
acetate 

Ethyl a-s-butylactto- 
acetate 

Ethyl a-ehoxalyl-n- 
butyrate 

Ethyl a-ethoxdyliso- 
butyrate 

E thy1 /3-propionyl- 
propionate 

Methyl ,f%o.o-y,~- 
dimethylvaluate 

Ethyl a-propionyl- 
propionate 

Ethyl isobutyrylacetate 

Ethyl 2.2-dimethyl- 
acetoacetate 

r-Butyl acetoacetate 
Methyl butyropymvate 
Ethyl diacetylacetate 

Diethyl Pketoadipate 214 40 
Diethyl acetosuccinate 308 62 
Diethy1 acernnylmalonate 299 61 

C ,, Ethyl a-isoamylacem- 213 58 
acemte 

Ethyl a-methyl-a-is* 213 72 
butylacetoacetarc 

- - - - - 
For explanations and symbols see pp. xi-xii. 

C9 Methyl f o r ~ c t o a t e  
Methyl 4-oxo;jctoate 
Ethyl &oxoheptanoate 
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Yield 
% Compound Method (%) Chapter'ef- B.p./mm., nb, (M.P.), Deriv. 

Aliphatic Keto Esters (amfinucd) 

Cll Ethyl a-ethoxdyllr  211 85 10'~' 86Dn 
valerate 

Diethyl P-kctopimelate 21 5 30 10"' 121/0.15 

Diethyl a-acetodutarate 308 52 1 133/4 

C12 Ethyl a-ethoxdyl- 211 83 loa4 115/1 

succinate 

Alicyclic Keto Esters 

C, 3-Acetoxycyclohexanone 179 45 10"' 118/11.5 
Icarbethorycyclo- 211 81 loM 88/5, 1.4526"*, 143Seb 

pentanone 288 40 141a 104/11, 144Se 
Ethyl @cyclopropyl-P- 298 57 14"~ 100/11 

ketopropionate 

C9 2-Carbethowcyclohex- 298 37 14= 106/11 
anone 307 62f 1 4 ' ~  

a-Methyl-a-carbethory- 213 70 10- 106/14 
cyclopentanone 213 82 10'" 107/17, 1.4464'. 153Se 

213 80 lo6* 112/16, 1.4461 

Ethyl @cyclobutyl-P 212 19 10- 115/19 
ketopropionate 

Ethyl y-cyclopropyl- 203 55 1 0  149/23 
a,y-diketoburyate 

C ,, 2-Methyl-lcarbethow- 213 90 10" 100/4,1.4491'6 
cydohexanone 

a-Ethyl-a-carbethoxy- 213 74 1 0  100/7, 149Se 
cydopentanone 

Ethyl $cyclopenwl-P 212 36 lo6= 94/1.8 
ketopropionate 

Ethyl >cyclohexanone 203 67 1 0 ' ~  105-165/10-15 
glyoxalate 

C ,, a-Isopropyl-a-carbethow 2 13 59 10'" 137/34, 142Se 
cyclopentanone 

Aromatic Keto Esters 

C, Methyl phenylglyorylate 179 85 1 0 ' ~  111/6, 8 P h  
C U, Methyl benzoylacetate 211 45 10'" 12212.5, 1 . 5 3 5 5 ~ ~  113Amb 

p-Acetylphenyl acetate 183 79 10''~ 162/13 

Ethyl benwylformate 285 40 1469 118/5 

Methyl p-acetylbenzoate 183 54 10'" 145/4, (95.4) 

~Acetoxyacetophenone 311 55f 4 120/0.7, (49) 

c ,, ~ ~ t h ~ l  a-benzoYlpropion- 21 1 6 1 lo6'' 127/0.3, 1.5206", 146Am' 

TABLE 57. KETO ESTERS 

I TABLE 57 (continued) 

'=,I Compound Method '(y a a ~ ~ f l ~ ~ .  B.P./-., nb. (M.P.), DL 
Aromatic Keto Esters (codimcd) 

C,, Methyl Pbeozoyl- 189 
propionate 

Ethyl benzoylacetate 212 

2 12 
2 14 
293 
298 

P-Acetylbenzyl acetate 183 
Ethyl p-acecyl benzoate 183 

I C,, Methyl a-benmylbucyrate 211 41 lob" 129/3.0, 1.5215", 149Amb 

211 65 10'"' 134/4 
Ethyla-phenylacaoacr 293 81 14'" 141/12 

tare 
Ethyl a-methylbenzoyl- 293 64 14'" 129/1 

acetate 
1 Ethyl macerylphenyl- 178 40 10'" 118/0.5, 1.5185 

I acetate 
Ethyl P-acetylphenyl- 178 40 10'" (68) 

acemte 

C,, Ethyl benzoyldimethyl- 215 55 1 0  135/9 
acetate 215 65 10- 148/15 

234 52 10"' 13 5/9 
Ethyl benzylacetoacetate 213 61 lo6'* 160/13 
Ethyl a-benzoylaceto- 212 75 10"' 148/6 

I acetate 

I C ,, Ethyl benwylmethyl- 215 52 loLU 164/18 
ethylacetate 

I PNaphthyl acetoxymethyl 311 72t 14"" 

ketone 
(80) 

Ethyl a-naphthylgly- 178 46 10'" 167/3 
orylate 

Diahyl benwylmalonate 215 95 loaw 190/12 

C,, Ethyl ~naphthoylacetate 298 25 14'" (34) 
(=I, Ethyl p-biphenylylgly 178 70 lo1* 205/5. (39) 

oxylate 
Benzoin acetate 287 90 141U (82) 

C,, Ethyl a-phenylbenzoyl- 293 63 14'" (90) 
acetate 

Heterocyclic Kern Esters 

C, Methyl Ifuroylacetate 211 50 lo6" 145/20 
Ethyl a-thienylglyoxylate 178 50 loLw 

~ 120/3 
For explanations and symbols see pp. xi-xii. 
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TABLE 57 (continued) 

c, 
t 

Compound Method chapterref. B.p./-, nD, (Mp.), Deriv. 
( %) 

Heterocyclic Keto Esters (continued) 

Cg Ethyl lfuroylacetate 211 98 lobm 114/1, 132-ox* 
214 70 10"' 139/10 

Ethyl picolinoylacetate 211 70 l om 120/0.4, 1.5184 

C, Ethyl ppyd&ylacetate 211 67 low 123/0.4, 138/3 
211 70 1 0 ' ~  157HCI 

Ethyl y-pyridoylacetate 211 85 10 120/0.4, (55) 
C,, Ethyl indolcf gIyoxylate 203 50 10'" (178) 

For explanations and symbols seepp. xi-xii. 

TABLE 58. CARBOXY ESTERS 

% Compound Method Yidd chapteflef ~.p./mm., nD, (hlp.) 
t 

( %) 

C, Methyl hydrogen succinate 287 96 141U (58) 
Potassium ethyl malonate 249 82 13 lS4 

a-Acetoxypropionic acid 285 78 1 4 ~  90/ 1 
PAcetoxypropionic acid 339 73 1 4131 84/0.4, 1.431 1" 

C, Methyl hydrogen glutarate 287 92 14"' 15%165/23 
C7 MeJlyl hydrogen adipate 297 70 14'" 178/30, (9) 

Ethyl hydrogen glutarate 287 86 1 4 ~  1 5 9  165/17 
C8 Ethyl hydrogen adipate 297 84 14"' 140- 145/2, (29) 

Ethyl a,Pdimethylhydrogm 287 88 14"' 116/3, 1.4345 
succinate 

C9 Methyl hydrogen phthalate 287 83 14*' (83) 
p- Acemxybenzoic acid 287 91 14"' (186) 

C,, Ethyl hydrogen azelate 297 63 1 4 417 170/1, (29) 
Ethyl 1-carboxycydoherant 287 84 1 4U1 175- 180/11 

I-acetate 

For explanations and symbols see pp. xi-xii. 

REFERENCES FOR CHAF'TER 14 

REFERENCES FOR CHAPTER 14 

' ~ o w a  and Nieuwland, J .  Am. Chem Soc., 58, 271 (1936). 
'Hinton and Nieuwland, 1. Am Chem Sac., 54, 2017 (1932). 
' ~ o w a  and Nieuwland, 1. Am. Chem Soc.. 55, 5052 (1933). 
'Toole and Sowa, J .  Am Chem Soc.. 59, 1971 (1937). 
'smith, Mitchell, and Hawkins, 1. Am Chem Soc., 66, 715 (1944). 
6 ~ e i d ,  1. Am. Chem. Soc.. 69, 2069 (1947); Gilman and Jones,  i b i d ,  65, 1458 

(1943). 
' Brewer and Herbst, J. Org. C h a ,  6, 870 (194 1). 
'Reid, Ind  Eng. Chem, 29, 1344 (1937). 

Filachione and Fisher ,  Ind Eng. Chem., 36, 472 (1944). 
'O~ober tson,  Org. Syntheses, Coll. Vol. I, 138 (1941). 
llRuhoff, Org. Syntheses, Coll. Vol. 11, 292 (1943). 
l'Mitchovitch, Bull. sac. chim. France, (5) 4, 1661 (1937). 
"Milas, 1. Am Chem. Soc., 50, 493 (1928); Wagner, i b i d ,  50, 1233 (1928). 
'4Thompson and Leuck, 1. Am Chem Soc.. 44, 2894 (1922). 
"Hultman, Davis, and Clarke, 1. Am Chem Soc.. 43, 366 (1921). 
16Natelson and Gottfried, Org. Syntheses, 23, 37 (1943). 
" Zaganiaris and Varvoglis, Ber., 69B, 2277 (1936). 
"Newman, 1. Am Chem. Soc.. 63, 2431 (1941). 
19 Clinton and Laskowski,  1. Am Chem Soc., 70, 3135 (1948). 

Rinderknecht and Niemann, 1. Am Chem Soc., 70, 2605 (1948). 
11 Freudenberg and Jakob, Bet., 74. 1001 (1941). 
11 Gattermann and Wieland, Laboratory Methods of Organic Chemistry, The 

Macmillan Co., New York, 1938, p. 141. 
l'Barkovsky, Ann. chim., (11) 19, 489 (1944). 

Backer and Strating, Rec. trav. chim., 55, 903-912 (1936); 59, 936-939 
(1940). 

15 Vogel, J. Chem Soc., 1811 (1948). 

"Vogel, I.  Chem. Soc., 624, 644, 654 (1945); Jeffery and Vogel, i b id ,  658, 
674 (1 948). 

"Burrus and Powell, I .  Am Chem Soc., 67, 1469 (1945); Gilman and Broad- 
bent, i b id ,  70, 2757 (1948); LaForge, ibid., 50, 2479 (1928). 

1s Reichstein and Morsmad, Helv. Chim. Acta, 17, 1123 (1934). 

"pr ice  e t  al., 1. Am Chem. Soc., 63, 1859 (1941). 
' O H o f m a ~ ,  I. Am Chem Soc., 67, 421 (1945). 
"Kaufman, I .  Am Chem. Soc.. 67, 497 (1945). 
31 Barger, Robinson, and Smith, J. Chem Soc.. 719, 720 (1937). 

"Clarke and Davis, Org. Syntheses, Coll. Vol. I, 261 (1941); Jewel  and Burrs, 
1. Am Chem Soc., 53, 3560 (1931). 

Bowden, Org. Syntheses, Coll. Vol. 11, 414 (1943). 
' ' M i ~ o v i ~ ,  Org. Syntheses, Coll. Vol. 11, 264 (1943). 
36 Miller, Org. Syntheses, Coll. Vol. 11, 536 (1943). 

" ~ a r r e r  and Lee, Helv. Chim. Acta, 17, 544 (1934). 
30 Bardhan, Banerji, and Bose, 1. Chem Soc., 1127 (1935). 

' 9~k inne r ,  1. Am Chem. Soc.. 55, 2038 (1933). 
 orema man and McElvain, 1. Am. Criem Soc.. 62, 1439 (1940). 

Baker e t  al., 1. Org. Chem,  12, 144 (1947). 
41 Linstead, 1. Chem. Soc.. 2505 (1929). 
4 ' ~ l a t t f e l d  and Straitiff, I .  Am Chem Soc., 60, 1386 (1938). 
44Lindstrorn and McPhee, 1. Am Chem Soc.. 65, 2387 (1943). 



5 24 CARBOXYLIC ESTERS Ch. 14 

*Rehberg, Org. Syntheses, 26, 4 (1946). 
" 411en and Spangler, Org. Syntheses, 29, 33 (1949). 
4'Kendall and McKenzie, Org. syntheses, Coll. Vol. I ,  246 (1941). 
"Irwin andHennion, J. Am Chem. Soc., 63, 858 (1941). 
49 Goering, Cristol, and Dittmer, J. Am Chem Soc., 70, 3314 (1948). 
 isto ton and Dehn, J. Am Chem. Soc., 60, 1264 (1938). 
"Campbell and Campbell, 1. Am Chem Soc., 60, 1372 (1938). 
"Conant and Kirner, J. Am Chem Soc., 46, 243 (1924). 
" Fourneau, Benoit, and Firmenich, Bull. soc. ch im France. 47, 875 (1930). 
'4McDermott, Org. Syntheses, Coll. Vol. 11, 365 (1943). 
"Baer and Kates, J. Am Chem Soc., 67, 1483 (1945). 
'6 Filachione, Lengel, and Fisher,  l n d  Eng. Chem., 37, 388 (1945). 
"Ault e t  al., J .  Am Chem Soc., 69. 2003 (1947). 
"Cavil1 and Vincent, J. Soc. Chem I n d  (London), 66, 175 (1947); ~ o h m a n n  - 

and Koch, Arch. Pharm., 276, 161 (1938). 
59'$?eismann, Sulzbacher, and Bergmann, J. Am Chem. Soc., 70, 1154, 1156 

(1948). 
6 0 ~ e e v e  and Sadle, J. Am Chem Soc., 72, 1253 (1950). 
elCarter and Hey, 1. Chem. Soc., 152 (1948). 
6'Powell, J. Am Chem Soc., 45. 2710 (1923). 
" Backer and Stevens, Rec. hav. ch im,  59, 426 (1940). 
64Hunter and Hogg, J. Am Chem Soc., 71, 1923 (1949). 
"Corse e t  al., J. Am. Chem Soc., 70, 2840 (1948). 
66Fuson and Wojcik, Org. Syntheses, Coll. Vol. 11, 261 (1943). 
6'Weissberger and Kibler, Org. Syntheses, 24, 72 (1944); cf. ref. 71. 
6Qdams and Chiles,  Org. Syntheses, Coll. Vol. I, 237 (1941); cf. ref. 71. 
69Corson e t  al., Org. Syntheses, Coll. Vol. I, 241 (1941). 
'Oschuette and Cowley, J. Am Chem Soc., 53, 3485 (1931); Frank e t  al., i b i d ,  
4 (1344). 
" Archer and Pratt ,  J. Am Chem Soc., 66, 1656 (1944). 
"Jacobson, J. Am Chem Soc., 68, 2625 ( 1946). 
"UcElvain and Pryde, I .  Am Chem. Soc.. 71, 326 (1943). 
'4Marvel and Noyes, I .  Am Chem Soc., 42, 2265 (1920); c f ,  
"Shriner and Cross, 1. Am C k m  Soc., 60, 2339 (1938). 
'6 Tindall, Ind Eng. Chem, 33, 65 (1941). 
"Inglis, Org. Syntheses, Coll. Vol. I, 254 (1941). 
"Cohen and Schneider, J. Am Chem Soc., 63, 3386 (1941). 
'9Hauser e t  al., Org. Syntheses, 24, 19 (1944); Abramovitch 

, ref. 7. 

e t  al., J. 

Chem Soc., 65, 986 (1943). 
80 Spassow, Org. Syntheses, 20, 21 (1940); Ber., 70, 1926 (1937). 

Whitmore and Lewis, J .  Am Chem Soc., 64, 2964 (1942). 
"Whitmore and Forster,  1. Am Chem Soc., 64, 2967 (1942). 
"Stoughton, 1. Am Chem Soc., 57, 203 (1935). 
04Huber, Boehme, and Laskowski, J. Am Chem SOC.. 68, 189 (1946); McEl- 

vain and Adams, i b i d ,  45, 2744 (1923). 
' 'Bateman and Marvel, J. Am Chem Soc., 49, 2917 (1927)- 
06Huber and Stunner, Monatsh., 56, 325 (1930). 
'"hlenalda, Rec. trav. chim.. 49, 967 (1930). 
"Spassow, Ber., 75, 779, 780 (1942). 
O9 Adickes, Brunnert, and Lither, 1. prakt. Chem.. lU), 163 (193 1)- 

Burns, Jones ,  and Kitchie, 1. Chem. Soc., 714 (1935). 

REFERENCES FOR CHAPTER 14 5 25 

".Gresham, Jansen, and Shaver, J. Am Chem. Soc., 70, 1003 (1948). 
" ~ a u b e n ,  1. Am Chem. Soc., 70, 1377 (1948). 
9'W0mack and McWhirter, Org. Syntheses. 20, 77 (1940). 
9 4 ~ a r d n e r  and Rydon, J. Chem Soc., 52, 53 (1938). 
"Bartlett and Ross ,  I .  Am Chem Soc.. 63, 460 (1947). 
96 work, J. Chem Soc., 191 (1941). 
" F u o n  and Cooke, J. Am Chem Soc., 62, 1180 (1940). 
" Blicke and Lilienfeld, J. Am Chem Soc., 65, 2282 (1943). 
99 Kirner, J. Am Chem. Soc., 48, 2751 (1926); Ford-Moore, Org. Syntheses. 30, 

11 (1950). 
lW Blicke and Blake, J. Am Chem Soc., 53, 1018 (1931); cf. ref. 101. 
lo' Bogert and Slocum, J. Am Chem. Soc.. 46, 766 (1924). 
lo' Morgan and Porter, J. Chem. Soc.. 1258 (1926). 
'O'Roll and Adams, J. Am Chem Soc., 53, 3469 (1931). 
lo4McElvain and Carney, J. Am Chem. Soc., 68, 2599 (1946). 
lo' Mowry, J. A m  Chem Soc.. 66, 371 (1944). 
'06verkade, Van der Lee, and Meerburg, Rec. trm. chim., 51, 850 (1932); 

~ l a s c h e n t r g ~ e r  and Allemam, Ann., 552, 106 (1942). 
'O'Stahmam, Wolff, and Link, J. Am Chem Soc., 65, 2287 (1943); cf. ref. 119. 
"'Price and Schwarcz, J. Am Chem Soc., 62, 2894 (1940). 
'09Duvall and Mosettig, J. Am Chem. Soc., 60, 2411 (1938). 
"O Cheetharn and Hey, J. C k m  Soc., 77 1 (1937); Hazlet and Kornberg, J. Am 

C k m  Soc., 61, 3037 (1939). 
"'Auwers, Ann., 292, 178, 179 (1896); Fess ler  and Shriner, J. Am Chem. Soc., 

58, 1384 (1936). 
"' Elderfield e t  al., J. A m  Chem Soc.. 68, 1579 (1946). 
"'Emerson e t  al., J. Am Chem Soc., 68, 1665 (1946). 
l14The Miner Laboratories, OT, Syntheses, Coll. Vol. I, 285 (1941). 
"'Prichard, Org. Syntheses, 28, 68 (1948); cf. ref. 119. 

Baker and Bordwell, Org. Syntheses, 24, 18 (1944). 
"' ~ u r n s ,  Jones ,  and Ritchie, J. Chem Soc.. 403 (1935). 
"'Perkin andsimonsen, I .  Chem. Soc.. 858 (1905). 
l19Chattaway, J. Chem. Soc., 2495 (1931). 
"OColonge, Bull. soc. chim France, (5) 9, 731 (1942). 
l'' Adickes, J. prakt. Chem., 161, 275 (1943); Clemo and Graham, I .  Chem. Soc., 

215 (1930). . 
"'Cason, Org. Syntheses, 25, 19 (1945). 
"'Corson and Saliani, Org. Syntheses, Coll. Vol. 11, 69 (1943). 
1'4Malkin and Nierenstein, J. Am Chem Sor., 53, 241 (1931); Slotta and Lauer- 

sen, J. prak.  Chem, 139, 224 (1934). 
"'Hurd, Drake, and Fancher, J. Am. Chem Soc.. 68, 789 (1946). 
l Z 6 ~ a v i n e  andHerkness,  J. Am Chem Soc.. 70, 3951 (1948); Anderson and 

Kenyon, i b i d ,  70, 3952 (1948). 
"'Ilarris e t  al., 1. Am. Chem Soc., 67, 2098 (1945). 
"'Eliel and Burgstahler, J. Am Chem. Soc., 71, 2252 (1949). 
'" Adams and Wilkinson, J. Am Chem Soc., 65. 2207 (1943). 
130 Bachmann, Kushner, and Stevenson, J. Am Chem. Soc.. 64, 977 (1942). 

"' Rothstein and Thorpe, 1. Chem Soc., 2015 (1926). 
"'Marshall, Kuck, and Elderfield, 1. Org. Chem., 7, 450 (1942); cf. ref. 119. 
"'Galatis, J. Am Chem Soc., 69, 2062 (1947). 
lS4Rice, Greenberg, Waters, and Vollrath, J. Am Chem Sec., 56, 1764 (1934). 



5 26 CARBOXYLIC ESTERS 

"'Morey, Ind Eng. Chem., 31, 1132 (1939). 
'36Claborn and Smith, I. Am Chem Soc.. 61, 2727 (1939). 
'3'21urd and Roe, I. Am Chem Soc.. 61, 3357 (1939). 
"'Williams and Sadle, I. Am Chem Soc.. 62, 2801 (1940). 
"'Hurd and Hoffman, I. Org. Chem, 5, 217 (1940). 
'" Gwynn and Degering, I. Am Chem Soc., 64, 2216 (1942). 
14'Kimel and Cope, I. Am Chem. Soc.. 65, 1995 (1943). 
14' Sauer, I. Am Chem Soc., 69, 2444 (1 747). 

Boese, Ind. Eng. Chem., 32, 16 (1940). 
'*Adams and Thal, Org. Syntheses, Coll. Vol. I, 270 (1941). 
14' Geissman and Tess ,  I. Am Chem Soc., 62, 51 5 ( 1940). 
'"Blicke and Leonard, I. Am Chem Soc.. 68, 1934 (1946). 
14'Blicke and Feldkamp, I. Am Chem. Soc., 66, 1087 (1944). 
14'Jones e t  al., I. Am Chem. Soc., 70, 2846 (1948). 
'*Merchant and Marvel, I. Am Chem. Soc., 50, 1199 (1928). 
'"Rising and Zee, I. Am Chem Soc., 50, 1211 (1928). 
"' Adams and Marvel, I. Am Chem. Soc.. 42, 310 (1920). 
'5'Slater, I. Chem. Soc., 69 (1941). 
"'Hager, Van Arendonk, and Shonle,]. Am Chem Soc.. 66, 1982 (1944). 
'54Nelson and Cretcher, 1. Am Chem. Soc.. 50, 2758 (1928). 
"'Steele, I. Am. Chem. Soc.. 53, 286 (1931). 
'%Rising and Zee, I. Am Chem Soc., 49, 541 (1927). 
'" Ruggli, Bussenraker, and MGller, Helv. Chim Acta, 18, 617, 620 (1935). 
"' Gattermann and Wieland, Laboratory Methods of Organic Chemistry, The 

Vacmillan Co., New York, 1938, p. 254. 
lS9 Kinder, Ber., 74, 316 (1941). 
'mCook and Linstead, I. Chem Soc., 959 (1934). 
'"Prill and McElvain, I. Am Chem Soc.. 55, 1237 (1933). 
'" Fosdick and Wessinger, I. Am Chem Soc., 60, 1466 ( 1938). 

Ladenburg, Folkers, and Major, I. Am Chem. Soc., 58, 1294 (1936). 
'64Glattfeld and Lee, I. Am. Chem Soc., 62, 355 (1940). 
'" Braun, I. Am Chem. Soc., 52, 3170, 3173 (1930). 
'" Marvel and Tanenbaum, I. Am. Chem Soc., 44, 2647 (1922). 
'"Bennett and Hock, J .  Chem Soc.. 475 (1927). 
'68Kimball, Jefferson, and Pike, Org. Syntheses, Coll. Vol. 11, 284 (1943); 

Kimball,]. Am Chem Soc.. 58, 1968 (1936). 
'69Smirh e t  al., I. Am Chem Soc., 71, 3772 (1949). 
"OAbramovitch and Hauser, I. Am Chem Soc.. 64, 2721 (1942). 
"' Marvel, Org. Syntheses, Coll. Vol. 11, 3 10 (1943). 
"'Howk and McElvain, I. Am Chem. Soc., 54, 286 (1932). 
"' Kroeker and McElvain, I. Am Chem Soc., 56, 1172 (1934). 
"4Billman, Smith, and Rendall, I. Am. Chem Soc., 69, 2059 (1947). 
'75Weisel, Taylor, Wosher, and Whitmore, I. Am Chem Soc., 67, 1071 (1945). 
"'Dorsch and McElvain, I. Am Chem Soc., 54, 2963 (1932). 
"'Ferber and Bendix, Bet., 72, 841 (1939); Ferber and Leonhardt, ibid,  67, 

245 (1934). 
"' McElvain and Schroeder, I. Am Chem Soc.. 71, 43 (1749). 
"9 Reid et  al., Org. Syntheses, Coll. Vol. 11, 469 (1943). 
""Sauer, Hain, and Boutwell, Org. Syntheses, ZD, 67, 69 (1740). 
"'Rehberg, Org. Syntheses, 26, 18 (1946); Rehberg and Fisher, I. Am Chem. 

Soc., 66, 1203 (1744). 

REFERENCES FOR CHAPTER 14 527 

'" Frank et  al., I. Am Chem Soc., 66, 1503 (1944). 
" '~ar lson and Cretcher, I. Am Chem Soc.. 69, 1954 (1947); Morgan and 

Cretcher, i b i d ,  68, 783 (1946). 
''4Carothers and Van Natta, I. Am Chem Soc., 52, 322 (1930). 
" '~eimer and Downes, I. Am Chem Soc.. 43, 945 (1921). 
' " ~ a t c h  and Adkins, I. Am. Chem. Soc.. 59, 1694 (1937); Fehlandt and Adkins, 

ibid, 57, 193 (193 5). 
"'Fischer, Ber., 53, 1634 (1920). 
IM Emerson e t  al., I. Am Chem Soc., 69, 1906 (1947). 
"' Blicke and Sheets, I. Am Chem Soc., 71, 2857 (1949). 
190 Wagner, J .  Am Chem Soc.. 71, 3214 (1949). 

" ' ~ i ~ n i s ,  Soloway, and Omfelt, I. Am Chen  Soc., 71, 10 (1949). 
"'Tharp, Herr, e t  al., Ind Eng. Chem., 39, 1300 (1947); Rueggeberg, Ginsburg, 

and Frantz, ibid , 38, 207 (1 946). 
'*'Guest, J .  Am Chem Soc., 69, 301 (1947). 
lg41ngold and Mohrhem, I. C h e n  Soc., 1484 (1935). 
19s Gattermann and Wieland, Laboratory Methods of Organic Chemistry, The Mac- 

millan Co., New York, 1938, p. 114. 
"'ofnet, Helv. Chim Acta, 18, 955 (1935). 
'g'Hartman and Rahrs, Org. Synthese , 24, 79 (1944). 
"'Kinder and Blaas, Bsr., 77. 589,690 (1944). 
lg9 ~ u r d  and Green, I. Am Chem Soc., 63, 2201 (1941). 
'OOHill and Hibbert, I. A a  Chem Soc., 45, 3130 (1923). 
'OIBachmann and Struve in Organic Reactions, Vol. 1, John U'iley & Sons, New 

York, 1942, pp. 38, 52. 
M'Plattner and Heusser, Helv. Chim. Act4 28, 1047 (1945); Ruggli andKnecht, 

ib id ,  27, 1113 (1944). 
'OSB'ilds and Meader, I. 0%. Chem, 13, 763 (1948). 
'04 Blicke and Sheets, I. Am Chem Soc., 70, 3769 (1948). 
Ms Blicke and Zienty, J .  Am Chem Soc.. 63, 2945 (1941). 
'"'Arndt and Eistert, Ber., 68B, 204 (1935); cf. ref. 201. 
'''Kamm and Kamn, 0%. Syntheses, Coll. Vol. I, 104 (1941). 
a-Villani and Nord, I. Am Chem. Soc., 69, 2605 (1747); Kulpinski and Nord, I. 

Org. C h a ,  8, 256 (1943). 
'"Child and Adkins, I. Am Chem Soc., 45, 3013 (1923); 47, 798 (1925). 
' ' O ~ o d e r  and Whitmore, I. Am Chem. Soc.. 57, 2727 (1935); Org. Syntheses, 

Coll. Vol. 11, 282 (1943). 
 h  hit more ec al., J. Am Chem Sac., 64, 1802 (1942). 
" 'Ha~nes and Jones, I. Chem Soc.. 505 (1946). 
"'Yost and Hauser, I. Am Chem. Soc., 69, 2326 (1947). 
" 4 ~ i e l s e n ,  I. Am Chem Soc.. 66, 1230 (1944). 
"'Levine, Baurngarten, and Hauser, J .  Am Chem. Soc., 66, 123 1 (1944); cf. ref. 

216. 
"'Hudson and Hauser, 1. Am Chem Soc.. 62, 2457 (1940). 
"'Hudson and Hauser, 1. Am Chem Soc., 63, 3 161 (1941). 
"'Covert, Connor, and Adkins, I. Am Chem Soc., 54, 1659 (1732); -4dkins and 

Cramer, ibid, 52, 4355 (1930); cf. ref. 219. 
Gray and Marvel, I. Am. Chem. Soc., 47, 2779 (1725). 

""Fichter and Holbro, Helv. Chim. Acta. 21, 141 (1738). 
"'skim and ~ G s s l e r ,  Ber . ,  72, 267 (1737). 



CARBOXY LIC ESTERS 

"'Kindlet and Blaas, B e s ,  76, 1215 (1943). 
"'Owen andRobins,  J. Chem. Soc., 330 (1949); c f .  re f .  224. 
"4Ungnade and Morriss, J .  A m  Chem Soc., 70, 1898 (1948). 
"'Meincke and McElvain, J. A m  Chem. Soc.. 57, 1444 (1935). 
"6Linstead and Meade, J .  Chem. Soc., 943 (1934). 
n7Rydon, J. Chem. Soc., 1341 (1937). 
"'Brown andparmidge, J .  4 m  Chem Soc., 66, 839 (1944). 
"'Winterfeld and ~ g n s b e r ~ ,  Arch. P h m m ,  n 4 ,  44 (1936). 
'*Jones  andTattersal1, J .  C h e n  Soc.. 85, 1693 (1904). 
'"Cason e t  al., J. A n  Chem. Soc., 66,  1764 (1944). 
'"Gresham e t  al., J. A m  Chem. Soc.. 70,  999-1004 (1948); 72,  7 2  (1950). 
"' Adams and Kamm, Org. Syntheses, Coll. Vol. I ,  250 (1941); c f .  re f .  151. 
"4Marvel, Org. Syntheses,  21, 60 (1941). 
'"Weiner, Org. Syntheses,  Coll. Vol .  11, 279 (1943). 
'"Hurd. Tones. and Blunck, J .  A m  Chem Soc., 57, 2034 (1935). ----- 2 , - ~  . 
r r 7 ~ ~ ~ ,  J .  A m  Chem Soc., 46, 1708 (1924). 
'"shonle, Keltch, and Swanson, J .  Am. C h e m  SOC., 5 5  2445 (1930)- 
"@Peacock and Tha ,  J .  Chem. Soc., 2304 (1928). 
'"Kartrtr e t  al.. Helv. Ch im Acta. 13, 1296 (1930). - 

'"Marvel, Org. Syntheses,  21, 99 (1941). 
'UFieser  and Gates ,  J .  A m  C h e m  Soc., 62, 2338 (1940). 

Walter and McElvain, J. A m  Chem Soc.. 57, 1891 (1935). 
'44Kirner and Richter, J .  A m  Chem. Soc., 51, 3132 (1929); c f .  ref .  32. 
'45Shiiers,  Hudson, and Hauser, J .  A m  C h e m  Sac., 66, 309 (1944); Marshall, J. 

Chem Soc., 2336 (1931). 
'*Adkins and Davis, J. A m  Chem. Soc., 71, 2957 (1949). 
'47Hsl?eh and Marvel, J .  Am. C h e m  Soc., 50, 858 (1928). 
'" Koller and Kandler, Monatsh., 58, 233 (1931). 
'" Coleman, Callen, and Dornfeld, J .  A m  C h e m  Soc., 68, 
'50Kol lof f  e t  al., J .  A m  Chem. Soc., 70, 3862 (1948). 
" ' ~ i e r s  and Adams, J .  A m  Chem Soc., 48, 2390 (1936). 
'"Yohe andAdams. I .  A m  Chem Soc., 50, 1507 (1928); A 

1102 (1946). 

.win and Adams, 

ibid,-50, 1793 (1928); h9, 2941 (1927). 
2's L ~ ~ ~ ,  Ann. chim, (11)  9 ,  66 (1938); Cohen, Marshall, and 'JPoodman, Chem. 

Soc., 895,-896 (1915). 
"4Berger, J .  prakt. Chem,  152, 302 (1939). 
"'Linstead e t  al., J .  Chem. Soc., 580 (1933); 1971 (1937); 1998 (1934); 2163 

(1929); Noller and Adams, J. A m  Chem. Soc., 48,  2446 (1926). 
rs6Cope e t  al., J .  A m  C h e m  Soc.. 62, 314 (1940); 60, 2645 (1938). 
'57Heisig and Stodola, Org. Syntheseq 23, 16 (1943); J e f f e r y  and voge l ,  J .  

Chem Soc., 1805, 1806 (1948); Dox and Yoder, J .  A m  t h e m  Soc., 43, 680 (1921). 
"'Ulalborsky, J. A m  Chem. Soc., 7 1 ,  2941 (1949). 
"' Dox and Yoder, J .  A m  Chem Soc., 43, 2097 (1921); Cason and ~ l l e n ,  J .  Org. 

C h e m ,  14, 1036 (1949); c f .  ref .  257. 
'60DOx and Yoder, J .  A m  Chem. Soc.. 43, 1368 (1921); Jacobs and ~ l o r s h e i m ,  

i b i d ,  72 ,  258 (1950); Skinner, Limpems,  and Pettebone, i b i d ,  7 2 ,  1649 (1950)- 
"' Guha and Ranganathan, Ber., 69,  1202 (1936). 
'"Guha and Seshadriengar, Ber., 69, 1215 (1936); Arbusow and Schapschin- 

.kaja, i b i d ,  68, 440 (1935); Altman, Rec. fraw. c h i m ,  57, 950 (1938). 
" ' ~ ~ ~ + ~ b ~ ~ ~ ,  Kneeland, and Skinner, I .  A m  C h e n  Sot., 56, 1340 (1934)- 
' 6 4 ~ a r n e s  and Gordon, /. A m  Chem Soc., 71, 2646 (1949). 

REFERENCES FOR CHAPTER 14 529 
16s Sayles and Degering, J .  A m  Chem. Soc., 71 ,  3162 (1949). 

'"Kobayashi, Ann., 536, 156, 157 (1938). 
' 6 7 ~ a g n e r ,  J .  A m  Chem Soc., 71,  3217 (1949); E lks ,  Elliott, and Hems, J. 

Chem Soc., 627 (1944); c f .  ref. 275. 
'" Franke and Groeger, Monatsh., 43, 55 (,1922). 
16'Hurd and McAuley, J .  Am. Chem Soc., 7 0 ,  1651 (1948). 
ah  dams and Long, J .  A m  Chem Soc.. 62 ,  2291 (1940). 
"'Hill, Salvin, and O'Brien, J .  A m  Chem Soc., 59, 2385 (1937). 
"' McElvain and Burkett, J .  A m  Chem Soc., 64, 1831 (1942). 
"' work, J .  Chem Soc., 198 (1946). 
174 Carter, J .  A m  C h e n  Soc., 50, 1968, 1969 (1928). 

17'Hill and Keach, J .  A m  Chem. Soc., 48, 257 (1926). 
' 7 6 ~ w a l l e n  and Boord, J .  A m  Chem Soc., 52, 658 (1930); Palomaa and Kenetti, 

Be?., 64, 800 (1931); Prelog and Zalan, Helv. Chim. Acta. 27, 534 (1944). 
'77Prelog e t  al., Am. ,  545, 257 (1940); Gaubert, Linstead, and Rydon, J. Chem 

Soc., 1976 (1937). 
"'Hardegger, Redlich, and Gal, Helv. Chim Acta, 28, 632 (1945). 
'" Marvel e t  al., J .  A m  Chem Soc., 46, 2840 (1924). 
'"Karrer, Keller, and Usteri,  Helv. Chim. Acta, 27, 239 (1944). 
"'Marvel, Zartman, and Bluthardt, J. A m  Chem. Soc.. 49,  2302 (1927). 
'"Curtius and Sandhaas, J .  prakt. Chem., 125, 95 (1930); Weizmann, J .  Org. 

Chem,  8 ,  287 (1943). 
'"Curtius, J .  prakt Chem., 125, 291 (1930). 
' 0 4  Bernhard and Lincke,  Helv. Ch im Acta, 29, 1462 (1946); Rydon, J. Chem 

Soc., 1444 (1936). 
 don, J .  Chem. Soc., 595 (1936). 

Galat, J. A m  Chem Soc., 68 ,  376 (1946). 
" 7 ~ o p e  and McElvain, J. Am. Chem. Soc., 54, 4323 (1932). 
'"Cheney and Piening, J. A m  Chem Soc., 67, 733 (1945). 
"'Martin, Scheparcz, and Daubert, J .  A m  Chem. Soc.. 70,  2601 (1948). 
" O  Kobayashi, Ann., 536, 158 (1938). 
'"Magidson and Suukow, Arch. Pharm., 271, 573, 575 (1933). 
" ' ~ o j c i k  and Adkins,  J. A m  Chem Soc., 56, 2424 (1934); Marvel, Myers, and 

Saunders, i b i d ,  70, 1695 (1948); c f .  ref .  294. 
"' Baker and Dodson, J. A m  Chem. Soc., 68, 1284 (1946). 
"~Overberger and Roberts, J .  A m  Chem Soc., 71 ,  3618 (1949). 
'95Cope, Kovacic, and Burg, J. A m  Chem Soc., 71 ,  3659 (1949). 
'96Cymerman, Heilbron, and Jones ,  J .  Chem Soc.. 147 (1944). 
' " ~ o b i n s o n  and Walker, J .  C k m  Soc.. 193 (1936); van der Zanden, Rec. trm. 

chim., 57, 245 (1938). 
' 9 8 ~ h e p a r d  and Johnson, J .  A m  Chem Soc., 54, 4389 (1932). 
'" Krollpfeif fer and Rosenberg, Ber., 69, 465 (1936). 

Anker and Cook, J .  Chem. Soc., 3 12 (1945). 
'O'Kuhn andBrydowna, Ber., 70, 1333 (1937); Weinstock and May, J .  Am. 

Chem. Soc.. 62 ,  3266 (1940). 
'O' Eistert in  Newer Methods o/  Preparative Organic Chemistry, Interscience 

Publishers, New York, 1948, p. 518. 
' " ~ o h n s o n ,  McCloskey, and Dunnigan, J .  A m  Chem Soc., 72, 516 (1950); Alt- 

schul, i b i d ,  68,  2605 (1946). 
'aScovill ,  Burk, and Lankelma, /. A m  Chem. Soc., 66, 1039 (1944). 
' 0 5 ~ e m i o n  and Nieuwland, J .  Am. Chem Soc., 56, 1802 (1934). 



530 CARBOXYLIC ESTERS Ch. 14 

 orris, Sowa, and Nieuwland, J. Am C3em Soc., 56, 2689 (1934). 
m'Moffett, Hart, and Hoehn, J. Am. Chem Soc., 69, 1855 (1947); Buu-Hoi and 

Cagniant, Bull. soc. chim. France, (5) 9, 102 (1942). 
"'COMO~ and McClellan, J. Org. Chem, 3, 570 (1939); Michael andRoss, J. 

Am Cbem Soc.. 55. 1632 (1933). 
'OP~ichael and Ross, J. Am Chem Soc., 53, 1150 (1931); 52, 4598 (1930). 
"OKloetzel, J. Am Chem Soc., 70, 3571 (1948); Leonard and Beck, ibid, 70, 

2506 (1948). 
" '~arner  and Moe, J. Am Chem. Soc,, 70, 3470 (1948); 71, 2586 (1949). 
'''Connor, Fleming, and Clayton, J. Am Chem Soc., 58, 1386 (1936). 
'"Kohler and Butler, J. Am C k m  Soc.. 48, 1040 (1926). 
'14Doering and Weil, J. Am Chem Soc., 69, 2461 (1947); Boekelheide and 

Rothchild, ibid,  71, 882 (1949). 
'" Connor and Andrews, J. Am. Chem Soc.. 56, 2713 (1934); Bartlett and 

Woods, ibid, 62, 2937 (1940); M a ~ i c h  and Koch, Ber., 75, 803 (1942); Dey and 
Linstead, J. Chem Soc., 1065 (1935); Kohler, I. Am Chem. Soc., 44, 843 (1922); 
Holden and Lapworth, J. Chem Soc., 2368 (1931). 

"6Kobler, Graustein, and Merrill, J. Am Chem Soc., 44, 2536 (1922); Kohler 
and Souther, ibid, 44, 2903 (1922). 

'I7 Lin et  a]., 1. Chem Soc., 72 (1937); Rapson and Robinson, ibid,  1538 
(1935); Cook and Linstead, ibid,  959 (1934). 

'"Koelsch, J. Am Chem. Soc., 65, 437 (1943). 
"' Weiss and Hauser, J. Am Cbem Soc.. 71, 2026 (1949). 
"OLevine and Hauser, j. Am Cbem. Soc.. 66, 1768 (1944); cf. ref. 327. 
'"Walker et  a]., J. Am Chem Soc.. 68, 672 (1946). 
"'Baumgrten, Levine, and Hauser, J. Am Cbem Soc.. 66, 862 (1944). 
'"Hauser, Abramovitch, and Adams, J. Am Chem Soc., 64, 2714 (1942). 
"4~allingford, Homeyer, and Jones, J. Am Chem Soc., 63, 2056 (1941). 
"'Wallingford, Homeyer, and Jones, J. Am Chem. Soc., 63, 2252 (1941). 
''6Soloway and LaForge, J. Am Chem Soc.. 69, 2677 (1947); Green and La- 

Forge, ibid, 70. 2287 (1948). 
'"Jackman e t  al., J. Am Chem Soc.. 70, 2885 (1948); cf. ref. 320. 
"'LaForge, Green, and Gersdorff, j. Am Chem Soc.. 70, 3708 (1945). 
'" Jackman, Bergman, and Archer, $. Am Chem Soc., 70, 499 (1948). 
'"Weiss and Hauser, J .  Am Cbem Soc., 71, 2023 (1949). 
aa'Horning and Finelli, Org. Syntheses, 30, 43 (195q); I. Am Chem foc., 71, 

3204 (1949); Chamberlain e t  ak., ibid,  57, 353 (1935); cf. refs. 154 and 333. 
"'Croxall and Schneider, J .  Am Chem Soc.. 71, 1257, 1261 (1949). 
'" Wallingford, Jones, and Homeyer, J. Am. Chem. Soc., 64, 576 (1942). 
''4Wallingford and Jones, J. Am Chem Soc.. 64, 578 (1942). 
"'Levine and Hauser, J. Am Chem Soc., 68, 760 (1946). 
'" Swamer and Hauser, J. Am Chem Soc.. 72, 1352 (1 950). 
'"Rising and Zee, J. Am Chem Soc., 50, 1212 (1928). 
'"Rising and Zee, 1. Am Chem Soc., 49, 544 (1927); ~ l k s c h e i r n  and Holmes, 

J. Chem Soc., 2237 (1928). 
"' Lund, Ber., 67, 938 (1934). 
'" Buckley, Charlish, and Rose, J. Chem Soc.. 1514 ( 1947); Kohler and Potter, 

J. Am Chem Soc., 57, 1318 (1935). 
'"Levene and Meyer, Org. Syntheses, Coll. Vol. 11, 288 (1943); Souther, J. Am 

Chem Soc.. 46, 1303 (1924). 
'4'Kcach, J. Am Chem. Soc., 55. 3440 (1933); cf. ref. 147. 

REFERENCES FOR CHAPTER 14 531 

' U ~ e s s e r t  and Halverstadt, J .  Am Chem. Soc.. 70, 2595 (1948). 
s u  Snyder, Brooks, and Shapiro, Org. Syntheses, Coll. Vol. 11, 531 (1943). 

'&Blicke and Zienty, J. Am Chem Soc., 63, 2946 (1941). 
'4Floyd and Miller, J. Am. Chem Soc.. 69, 2354 (1947). 
' "~dkins,  Isbell, and Wojcik, Org. Syntheses, Coll. Vol. 11, 262 (1943); 1. Am 

Chem Soc., 54, 3685 (1932). 
sa Linstead and Rydon, J. Chem Soc., 2000 (1934); Clemo and \Velch, ibid,  

2626 (1928); cf. ref. 347. 
349 Chuang and Ma, Bet., 68, 872 (1935). 

'"Franke and Kroupa, Monalsh., 69, 192 (1936). 
'" Finkelstein and Elderfield, J. Org. Chem., 4, 371 (1 939). 
1s' Elderfield, Pitt ,  andwewen,  J .  Am Chem Soc.. 72, 1344 (1950). 

"' ~en f row  and Walker, j .  Am. Chem Soc., 70, 3957 (1948). 
"4Cornubert and Borrel, Bull. soc. chim France, 47, 305 (1930). 
11s Swann, Oehler, and Buswell, Org. Syn~heses, Coll. Vol. 11, 276 (1943). 

"'Jones, I. Am Chem Sot.. 69, 2352 (1947). 
'" Brown, Baker, et al., J. Org. Chem, 12, 163 (1947); cf. ref. 71. 
's'Fourneau and Sabetay, Bull. soc. chim. France, 43, 859 (1928), 45, 834 

(1929). 
"'Morgan and Walton, J. Chem Soc., 91 (1933). 
"Carter, Frank, and Johnston, Org. Syntheses, 23, 13 (1943); Farthing, J. 

C k m  Soc., 3215 (1950). 
"'Strain e t  al., J. Am Chem SOC., 72, 1254 (1950). 
'"Slimowicz and Degering, J. Am Chem Soc., 71, 1044 (1949). 
"choppin and Rogers, J. Am Chem. Soc., 70, 2967 (1948). 
"4~shburn,  Collett, and Lazzell, J. Am. B e m  Soc.. 60, 2933 (1938). 
"'Kenyon, Phillips, and Pittman, J. Chem. Soc., 1079 (1935). 
'" Bowden and Butler, J. Chem Soc., 78 (1939). 
"'Bowden and John, J. Chem Soc., 317 (1939); cf. ref. 372. 
W E  Ritchie, J. Chem Soc.. 1054 (1935). 

"'Robinson and Smith, J. Chem Soc., 394 (1926). 
'"Pierce and Adams, J. Am Chem Soc.. 45, 791 (1923). 
'"Oesper, Broker, and Cook, J. Am Chem. Soc., 47, 2609 (1925). 
"'Gomberg and Snow, 1. Am Chem Soc.. 47, 201 (1925). 
"'Hickinbottom, Reactions o/ Organic Compounds, 2nd ed., Longmans, Green 

and Co., New York, 1948, p. 99. 
'74Friess, J. Am Chem Soc.. 71, 14 (1949). 
"'Robinson and Smith, J. C k m  Soc.. 373 (1937). 
'"von Wacek and von Bezard, Ber., 74, 845 (1941). 
"'Van Dorp and Arens, Rec. trav. chim.66, 189 (1947). 
"'Young and Tarrant, J. Am. Chem Soc.. 72, 1860 (1950). 
"'~rnold, Buckles, and Stoltenberg, J. Am Chem. Soc., 66, 208 (1944). 
'MEmerson e t  al., J. Am Chem Soc., 68, 674 (1946). 
''I Cope and McElvain, J. Am Ckm.  Soc., 54, 4315 (1932). 
'"Houben and Fischer, Ber., 64, 244 (1931). 
3.33 Man, Sanderson, and Hauser, J. Am Chem Soc., 72, 847 (1950). 

"4~pZth and Schmid, Ber., 73. 248 (1940); cf. ref. 385. 
''Wlich and Adams, I. Am Chem. Soc., 43, 660 (1921). 
"'Burger and Yost, J. Am Chem Soc.. 70, 2198 (1948). 
an7 Clemo and Metcalfe, J. Chem Soc., 607 (1936); Nenitzescu and Solomonica, 

Ber., 64, 1927 (1931). 



5 3 2  CARBOXYLIC ESTERS 

'" Linville and Elderfield, j .  Org. Chem., 6. 271 (1941). 
'09 Wagner and Moore, j .  Am Chem Soc.. 72, 974 (1950); cf. ref. 392. 
'90 Aston e t  al., j .  Am. Chem. Soc., 64, 301 (1942). 
"' Aston and Greenburg. 1. Am Chem Soc., 6 5  2590 (1940). 
' 91~agner ,  j. Am Chem. Soc., 71, 3214 (1949). 
'9 '~uter and Evans. 1. Am Chem Soc., 60, 537 (1938). 
'94 waener and Moore, j .  Am Chem Soc., 72, 1873 (1950). 
"' Faworsky, j .  prakt. Chem., 88. 641 (1913). 
'9'Newman and Fones,  j .  Am Chem Soc., 69, 1046 (1947). 
"' Bourne e t  al., /. Chem Soc.. 2976 (1949). 
'"Feuer, I lass ,  and Warren, j .  Am Chem. Soc., 71, 3078 (1949). 
'99 'Voodward and Kornfeld, Org. Syntheses. 23. 44  ( 1949). 
mChurch and Lynn, I n d  Eng. Chem., 42. 772 (1950). 
"'Buckles and Mock, j .  Org. Chem., 15, 680 (1950). 
"' Vagner, 1. Chem. Education, 27, 245 (1950). 
Q'fleyboer andstaverman, Rec. trav. chim., 69, 794 (1950). 
"4~mi th  and McKenzie, 1. Org. Chem,  15, 74 (1950). 
 rank and Reiner, j. Am Chem Soc., 72. 4153 (1950). 
"'Emerson and Patrick,  j .  Org. Chem., 14, 792 (1949). 
" '~ewman and Beal, 1. Am Chem Soc.. 72, 5163 (1950). 
"'\Vagner and Tome, j .  Am Chem Soc.. 72, 3477 (1950). 
40P Weizmann, Dergmann, and Sulzbacher, j. Org. Chem., 15, 919 (1950). 
4'0van Tamelen and Van Zyl, j .  Am Chem. Soc., 72, 2979 (1950). 
4 1 ' A v i ~ ~ n  and Morrison, 1. Chem Soc., 1473 (1950). 
41'Smith and McKenzie, 1. Org. Chem.. 15. 78 (1950). 
4"Siegel and Bergstrom, 1. Am Chem. Soc., 72, 3816 (1950). 
"4Bahner and Kite, j .  Am Chem. Soc., 71, 3597 (1949). 

Leonard and Felley,  1. Am Chem Soc., 71, 1758, 1760 (1949); 72, 2542 
(1950). 

41'~mith and Engelhard& j .  Am Chem Soc.. 71, 2678 (1949); Kloetzel, i b i d ,  
69. 2272 (1947). 

Schmidt and Shirley, j. Am Chem. Soc., 71, 3804 (1949). 
4'8Adelman, j .  Org. Chem., 14, 1057 (1949); Swern and Jordan, Org. syntheses, 

30, 106 (1950). 
'I9 Wagner and Moore, 1. Am Chem Soc.. 72, 2887 (1950). 

Alexander, McCollum, and Paul ,  1. Am Chem Soc.. 72, 4791 (1950). 
Marvel. Mvers. and Saunders, j .  Am Chem Soc., 70, 1695 (1948). . -., ., , 

41'Hsing and Li. j .  Am Chem Soc., 71, 774 (1949). 
41'Uoffatt, Newbery. and Vlebster. 1. Chem Soc., 452 (1946). 
4141iennion, Hinton, and Nieuwland, j .  Am. Chem Soc.. 55. 2858 (1933). 
4 2 s L i n ~ t e a d  e t  al., j .  Chem. Soc., 33263335 (1950); Swann, Oehler, and pink- 

ney. Orx. Syntheses, 21, 48 (1941); Fichter and Holbro, Helv. Chim Acta, 21, 
14 i . ( i9 i s ) .  

Fuson. Corse, and liorning, j .  Am Chem Soc.. 61. 1290 (1939). 
4''Newman andwalborsky, j .  Am Chem Soc., 72. 4216 (1950). 
4'8 L e  Fave and Scheurer. J. Am Chem Soc., 7 5  2464 (1950). . . 

4'9 Norton, j. Am Chem Soc., 72, 3527 (1950). 
4"'Cope and Field. j .  Org. Chem., 14. 856 (1949). 

Lund and Voigt. Org. Syntheses, Coli. Vol. 11, 594 (1943). 
4'1Corson and Sayre, Org. Syntheses, Coll. Vol. 11, 596 (1943). 

Lactones 

METHOD 
CONTENTS 

323. Intramolecular Esterification of Hydroxy Acids ...................................... 
324. Cyclization of Olefinic Acids .................................................................... 
325. Cyclization of Halo Acids .......................................................................... 
326. Reduction of Anhydrides ............................................................................ 
327. Condensation o f  Ketene with Carbonyl Cornpounds ................................ 
328. Dehydrogenation of Diols .......................................................................... 
329. Olefinic Lactones  by Pyrolysis of Y-Keto Acids .................................. 
330. Keto Lactones  by Condensation Reactions ............................................ 
Table 59. Lactones .............................................................................................. 
References ................................................................... ......................................... 

I 323. Intramolecular Esterification of Hydroxy Acids 

PAGE 

533 
534 
535 
535 
536 
536 
537 
537 
538 

540 

The equilibrium between a hydroxy acid and i t s  lactone i s  catalyzed by 
hydrogen ion. This  equilibrium favors lactone forrfiation fron Y- and 
6 -hydroxy ac ids  ; removal of the water fornied co~nple tes  the reaction. 
P- acto ones are not obtained directly by this method. Under forced condi- 
tions y-lactones are  formed from certain P-hydroxy ac ids ,  presumably by 
dehydration of the latter to olefinic acids followed by lactonization ac-  
cording to method 324.'9'20 D k c t  lactonization of hydroxy ac ids  having 
the  hydroxyl group in the epsilon or a more remote position in the chain is 
difficult. Competing interesterification reactions occur which lead t o  
dimers and polyesters.,  Under certain conditions, however, E-caprolac to~~e 
has been obtained in 63% yield." 

Many of the methods l is ted for the preparation of hydroxy ac ids  (Table 
47)  have been used to prepare lactones directly. Reduction of levulinic 
acid, CH,COCH,CH,CO,H, by sodium and alcohol or by catalytic hydro- 
genation over Raney nickel leads t o  Y-valerolactone.' 6CaproIactone is  
prepared in a similar manner from y-acetobutyric acid.' Other 6 -1actones 
have been formed by catalytic hydrogenation of the corresponding aldehydo 
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acids." A number of Y-substituted-y-lactones are  bes t  made by the action 
of Grignard reagents on levulinic es ters  followed by acid hydrolysis?-4'6 

Sodiomalonic e s t e r s  behave like organometalic reagents toward alkene 
oxides. Acid hydrolysis of the adduct accompanied by decarboxylation 
and lactonization furnishes a-substituted lactones in high  yield^.""^ 
')'-Substituted y-butyrolactones result from sodiomalonic es ter  and sub- 
st i tuted ethylene oxides ."* '" "* '* 

Cyanoacetic ester  may b e  used in place of malonic ester .  The  intermediate 
a-cyano lactones are isolated in good yields.'6 

Other functional groups can  be present in the molecule during lactoniza- 
tion. Thus,  ~ l e f i n i c , ' ~ ~  l4 halo,17 hydroxy ,"-I0* " and carboxy ' lactones 
have been prepared by this  method. 

324. Cyclization of Olefinic Acids 

RCH = CHCI12C02H -4 R HCH'CH, 0 

P , y - ~ l e f i n i c  acids are readily converted to y-lactones by the action of 
boiling 50% sulfuric acid.'3* 34-36 Sranching on the y-carbon atom greatly 
increases the e a s e  of lactonization. The  same lactones are obtained from 
the mcrre readily available a ,p-olefinic ac ids ,  which are isomerized and 
l a ~ a n i z e d  under the same conditions. 

Vinylacetic acid,  CH,=CfICH,CO,H, is converted mainly to i t s  a,P- 
isomer rather than t o  y - b ~ t ~ r o l a c t o n e . ' ~  

The  lactonizat ion of allyiaceeic acid,  CH, = CHCH2CH2C02H, gives 
y-valerolactone free from the &-isomer, whereas lactonization of y,&-iso- 
heptenoic ac id ,  (CH,).,C= CHCH,CH,CO,H, involves six-membered ring 
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formation t o  give the corresponding 6-lactone. In the latter c a s e  the 
lactonization i s  a n  equilibrium reaction above 200°.'" 

325. Cyclization of Halo Acids 
I 

Several  variations of th is  reaction are possible. The halo acid is boiled 
with a solution of sodium in absolute alcohol a s  in the formation of 7-bu- 
tyrolactone (67%):* or the dry sodium s a l t  of a halo acid i s  heated under 
vacuum a s  in the preparation of 6-valerolactone (30%);" The  correspond- 
ing e s t e r s  are sometimes refluxed with alcoholic potassium hydroxide3@ or 
decomposed thermally at  150-180° whereby a tnolecule of an  alkyl halide 
is eliminated." The  latter process i s  valuable in making aa lkyl -y- lac-  
tones of higher-molecular-weight ac ids  s ince  the y-bromo es t e r s  are avail- 
able by the free-radical addition of a-bromo es t e r s  t o  1-olefins. 

The  a-bromine atom i s  s tab le  during laetone formation from a ,y-dibromo- 
butyryl bromide; the yield of a-bromo lactone i s  94%:' Under similar con- 
ditions the P-bromine atom of P,ydlbromohexanoic acid is  eliminated a s  
hydrogen bromide to  give the lactone of 4-hydroxy-2-hexenoic acid." 

Cyclization of alkali  s a l t s  of 15-bromopentadecanoic acid has  been 
studied using various solvents and concentrations. Bes t  yields of the 
m-lactone are  obtained from the potassium s a l t  in methyl ethyl  ketone." 

A related reaction which probably involves si lver  s a l t s  of U-halo acids 
a s  intermediates i s  useful in the preparation of P-substituted-y-lactones 
(cf. method 61). The  si lver  s a l t s  of Psubs t i tu ted  glutaric ac ids  are treated 
with iodine a t  100-150°, whereby the lactones are produced in 30-50% 
yields.40 

326. Reduction of Anhydrides 

Substituted 6-valerolactones are formed by reduction of the correspond- 
ing glutaric anhydrides by sodium in absolute ethanol. Most of the product 
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is hydrolyzed during the isolation proced&e, but the resulting hydroxy 
acid is lactonized by refluxing with mineral acid. In general, the yields 
are poor (25-50%), although P,pdimethyl-6 -valerolactone i s  reported in 
76% yield by this  method." 

The dihydroxy lactone from L-threonic acid i s  prepared from L-dibenzoyl- 
tartaric anhydride by catalytic hydrogenation over palladium." The sub- 
stituted anhydride i s  formed from tartaric acid and benzoyl chloride. 

327. Condensation of Ketene with Carbonyl Compounds 

ZnCl, 
CH3CH0 + CH, = C = 0 - CH, 

In the presence of suitable catalysts ,  P-lactones are formed by the ac- 
tion of ketene on aldehydes and ketones. Many catalysts  have been used; 
those preferred for aldehydes include boric acid,  triacetyl borate, zinc 
thiocyanate, and zinc chloride. Ketones require stronger catalysts  such 
as boron trifluoride etherate. The reactions are conducted a t  low tempera- 
tws (0-100) to minimize polymerization of the product. Yields of P-lac- 
tdnes from formaldehyde and acetaldehyde are 85%.47 The P-lactones 
formed' from conjugated olefinic ketones decompose to dienoic acids which 
isomerize to  olefinic 6-lactones.4' 

328. Dehydrogenation of Diols 

CuCrO 
CH,CH(OH)C%C&CHICHIOH - CH, 

Aliphatic glycols having one priaary hydroxyl group and a second hy- 
droxyl group in the 4- or 5-position dehydrogenate to Y- and 6-lactones, 
respectively. Loss  of hydrogen occurs a t  200-210' over copper chromite 
catalyst. y-Butyrolactone and Y- and 6-valerolactones have been prepared 
by this p r o c e d ~ r e . ' ' ' ~ ~  The reaction may go through the lactole form of the 
hydroxy aldehyde s ince  6-valerolactone i s  readily prepared by air oxidation 
of the corresponding hydroxy a ldeh~de . '~  

METHODS 3 2 F 3 3 0  

329. Olefinic Lactones by Pyrolysis  of Y-Keto Acidsa9 

CH3COCH2CH2C02H --+ CH3 = CHCH, 0 + H 2 0  

L o 2  
330. Keto Lactones by Condensation Reactionss0 

RCHO + C~13COCHzCOC02C,Hs - R FICH(COCH,)CO 0 
Ba8e F F 

(cOlc ,~  )1 HCHO; CH~CHZCOZC~HS - CH~CH(C~2C,HS)COC0,C2Ms ---4 
NaOCH, HC 1 
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TABLE 59. LACTONES 

c n Compound Method chapterref. B.p./mm., nb ,  (M.P.) 
(%) 

C 3  Propionolactone 327 84 1547 28/3, 1.4135 

C 4  P-Bufyrolactone 327 85 15" 61/10 

y -Butyrolactone 323 72 t 15" 201-205 
325 67 1SS 202-206, 1.4343'~ 
325 3 0 t  15" 84/12 

Isocrotonolactone 19 53 151° 80-8617 
a-Btomcry -butyrolactone 67 82 15" 131/8, 1.5094" 

325 94 15" 130-135/20 

-Hydroxybutyrolactone 323 35 15'' 1481'4 
a-Amincry-butyrolactone hydro- 55 1 (218) 

bromide 

C5 Y-Valerolactone 79 81 5' 1.4319- 
323 94 15' 90/10, 1.4301- 
328 87 1 91/16. 1.4290a6 

S-Valerolactone 323 100 1 133/7, (53) 
328 71 15" 105/8, 1.4553- 

P-~eth~l-Y-butyrolactone 325 35 15'" 88/12 

S-Chloro-Y -valerolactone 323 ~7~ 1517 134 
4-Hydrory-2-pentenoic acid 323 68 t 15% 84/10, 1.4532" 

lactone 
5-Hydroxy-2-pentenoic acid 323 6 1 t  15% 103/10,1.4827" 

lactone 
a-Hydrory-y-vderolactone 323 45 lsQ 89/0.2 
a-Hydroxy-8-valerolactone 323 64 1 5 ~  124/10 
a-Keto-P-methyl-Y-butyrcr 330 83 1550 129/12, (92) 

lactone 

C 7-Caprolactone 324 74 15" 86/10, 1.4387 
8-Caprolactone 323 50 t 15' 230 

E -Caprolactone 323 63 15" 99/2, 1.4608% 
a-Methyl-Y -valerolactone 324 81 15" 81/10, 1.4289 
P-~eth~l-S-valerolactone 326 25 1540 90/12 
a-Ethyl-Y -butyrolactone 323 88 t 15" 214/740 
P - ~ t h ~ l - y  butyrolactone 325 40 15.O 99/12 
a,a-Dimethylbutyrolactone 323 55 f 15'' 196 
P,P-Dimethyl-Y-butyrolactone 325 30 15'" 89/12, (56) 
Y ,Y-Dimethylbutyrolactone 323 62 t 156 201-206/760 
4Hydroxy-2-hexenoic acid 325 20 t 15% 95/11, 1.462" 

lactone 
4Hydroxy-4methyl-2-pentenoic 323 60 t 15" 80/10, 1.4470" 

acid lactone 
-Vinyl-Y-butyrolactone 2 64 t 1 75/2, 1.4603" 

a - ~ ~ d r o x ~ - ~ , ~ d i m e t h y I - Y  - 323 81 15' 120/15 
butyrolactone 

a-Amino-y ,Y-dimethyl-Y - 324 85 1 (209) 
butyrolactone 

a-Cyanay -valerolactone 323 61 t 1516 109/0.35, 1.4558- 
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TABLE 59 (continued) 

C n Compound Method t (%) chapterref. B.p./mm., nD, (M.p.) 

C7 Y -Pimelolactone 323 96 157 174/13 
P-~thyl-8-valerolactone 326 28 15'" 104/13 
P.P-~imeth~l-8-valerolactone 326 76 lSU 119/20, (29) 
a - n - P r o ~ ~ l - y - b ~ t p ~ l a ~ t ~ ~ ~  323 70 t lSa 107/15, 1.4410 
P- ethyl-P-ethyl-Y-butyrcr 325 40 15'" 98/10 

lactone 
Y-Methyl-Y -ethylbutyrolactone 323 65 t 1S4 103/15, 1.4412 
Cyclopentanol-2-acetic acid 324 78 15" 124/17 

lactone 
P- ethyl-P,Y-hexencr8- 327 95 15" 85/5, 1.4G40m 

lactone 
4Hydroxy-2-heptenoic acid 323 82 t 1 5  73/0.05, 1.4596" 

lactone 
a-Hydroxy-P-methyl-P-ethyl-Y- 323 76 t ISa7 140/20 

butyrolactone 
8 -Ethoxy-Y-valerolactone 115 90 15" 128/14 
a-Cyancry -isocaprolactone 323 82 t 1516 131/1.4, 1.4515'' 

C8 Y -Caprylolactone 323 70 t IS" 127/16, 1.4451" 
P-~ethyl-P-eth~l-8-valercr 326 30 15'" 122/10 

lactone 
P - t - ~ ~ t y l - y  -butyrolactone 323 94 IS" 117/22, (100) 
Y -Methyl-7-propylbutyrcr 323 73 t 15' 129/25 

lactone 
P,P-Diethyl-Y-butyrolactone 325 50 15'" 117/12 
trmu-Cyclohexanol-2-acetic 323 77 t IS1' 119/6 

acid lactone 
3-Methyl-3-hydroxycyclohexane- 324 77 151d (44) 

carboxylic acid lactone 
Phthalide 323 7 1 t  15" (73) 

CQ P.P-Diethyl-S-valerolactone 326 50 15* 144/15 
Y ,Y-Diethyl-S-valerolactone 323 80 t 15" 101/2.5, 1.4634" 
Y -Methyl-Y w-butylbutyrcr 323 60 t 154 86/2, 1.4452 

lactone 

C 10 Y -Decanolactone 325 48 15" 84/0.2, 1.4489 
P-~yclohexylbutyrolactone 323 79 15" 125h.2, 1.4794= 
Y -Phenyl-Y -butyrolactone 323 72 t l s U  130/1.5, (46) 

C 11 Y -Methyl-Y-phenylbutyrolactone 323 50 t IS' 129/3, 1.5310 
C u  a-PentadecanolactoAe 325 85 1 122/0.1, (37) 

a,a-Diphenyl-P-propiolactone 325 61 5 178/15, (92) 
Benzylphthalide .... 100 IS" 190-200/5, (61) 

For explanations and symbols see pp. xi-xii. 
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The chemistry of aliphatic ortho esters has  been reviewed to 1943, and 
their preparation by the following four methods, a s  well a s  several lesser 
used reactions, has  been treated in detail.I9 

331. Alcoholysis of Orthothiofamates 

This interchange reaction is a convenient process for making ortho- 
formates.' The equilibrium is shifted to the right by removal of the 
volatile mercaptan to  give high yields of the ortho esters. The reaction 
is catalyzed by Friedel-Crafts type catalysts. The ethyl orthothioformate 
is available in nearly quantitative yield from ethyl formate and ethyl 
mercaptan. 

332  Alcoholysis of Imino Ester Hydrochlorides 

R'O H R"OH 
RCN 4 RC(0R') -NH*HCl + RC(0R') (OR"), 

HCI 

This is the best reaction for the preparation of ortho esters. The imino 
ester hydrochlorides are available in excellent yields by partial alcoholy- 
sis of nitriles (method 402). In early procedures, the hydrochlorides and 
excess alcohol were allowed to stand at room temperature for 5 to 40 
days.'' The time of reaction can be reduced to 6 to 28 hours by carrying 
out the alcoholysis in refluxing ether s o l ~ t i o n . ~  Good yields are common 
for both steps in the process.17 The principal side reaction is the thermal 
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decomposition of the imino ester hydrochloride to an amide and an alkyl 
This reaction may be minimized by keeping the temperature 

of alcoholysis below 40". h i n o  esters of the type 
C6H,CHRC(OCH,)=NH.HC1 undergo alcoholysis with methanol to give 
dimethyl ether and esters, C,H,CHRCO,CH,, in addition to orther esters." 
Ortho esters with chloro9 or ethoxyl' groups in the alpha position or a 
cyano group in the alpha or beta position have been made. A variation in 
the procedure allows the preparation of a diortho ester from su~cinoni t r i le .~  

333. Interaction of Trihalides and Sodium Alkoxides 

CHCI, + 3NaOR --+ CH(OR), + 3NaCI 

This reaction i s  similar to the Williamson synthesis of ethers (method 
115). Orthoformates in which the alkyl group is methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, and isoamyl have been prepared from chloro- 
form? The yield of ethyl orthoformate i s  45%.' Mixed esters are obtained 
from a mixture of sodium alkoxides and chloroform.' Benzotrichloride, 
C,H,CCI,, is converted to  methyl orthobenzoate in 86% yield by sodium 
methoxide in methanol." 

334. Halogenation of Ortho Esters 

Ortho esters may be brominated in pyridine solution. The reaction takes 
place rapidly at 10-30' to give good yields of a-bromo8rtho esters.g1" 
Higher yields are obtained when a mixture of carbon tetrachloride and 
pyridine is used a s  solvent." The reaction fails for ethyl orthoiso- 
butyrate." Two a-hydrogen atoms of ethyl orthoacetate have been re- 
placed by bromine atoms to give ethyl orthodibromoacetate (53%).' 
Bromine is replaced by iodine when an orthobromo ester is heated with 
sodium iodide in absolute alcohol.* (cf. method 55). 
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TABLE 60. ORTHO ESTERS 

c n  Compound Method Yv Chapte6ef. B.p./mm., n b ,  (M.p.1 
-- 

C5 Methyl onhobromoacetate 334 70 16'" 75/17. 1.4501U 
C6 Methyl orthopropionate 332 69 1G1' 127 

Methyl ortho-/3,P,Ptrichlo- 332 84 16 ' 92/4, 1.4578" 
ropropionate 

Methyl orthocyanoacetat e 332 65 16' 100/13. 1.4215" 

C7 Methyl orthoisobutyrate 332 43 lG1' 136, 1.4003" 
Methyl ortho-&cyanopropionate 332 7 16" 74/0.5, 1.4269- 
Ethyl orthoformate 331 GG 16' 145, 1.3917'~ 

333 45 16' 

C Methyl orthovalerate 332 79 16" 165, 1.40!Na4 
Methyl orrho-cl,bmmovalerate 334 79 16 " 95/14, 1 .4507~  

Methyl ortho-/?-carbomethoxy- 332 63 16' 65/1, 1.4230'' 
propionate 

Ethyl orthoacetate 332 78 16 145/740 
Ethyl orthochlomacetate 332 73 16 63/10 

332 15 16' 75/13. 1.4199" 

Ethyl orthobmmoacetate 334 74 1GP 78/9. 1 .4393~  
Ethyl orthodikomoacetate 334 53 16' 103/8, 1.4691" 

E+yl orthoiodoacetate 55 60 16 ' 97/10, 1.4660~ 

C,, Ethyl orthopropionate 332 78 16' 71/32 
332 48 16 ' 44/9, 1.4000 

Ethyl ortho-*bromopropiotlate 334 67 16 ' 73/8. 1,4338" 
Ethyl orthocyanoacetate 332 62 16" 84/2, 1 .4189~  

C Ethyl orthoethoxyacetate 332 47 16' 70/10, 1.4055" 
Methyl onhobmwate 333 86 16 " 115/25, 1.4858= 

C ,, Ethyl ortho-c~.bromoisovalerate 334 67 1614 64/1.3. 1.4408- 

Ethyl orthocarboethoxyacet~te 332 82 16' 121/18, 1.4220" 
Methyl orthophenylacetate 332 46 16 la 7UO.S 

C Methyl *phenylorthopropionate 332 21 16 71/0.5, 1.4928" 

Phenyl diethyl orthochlo- 332 69 1 6 ~  79/10, 1.4988 

roacetate 
Phenyl diethyl orthobromo- 332 54 16'' 85/2, 1.5048 

acetate 

For explanations and symbols see pp. xi-xii. 
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335. Interaction of Carboxylic Acids and Inorganic Acid Halides 

SOC12. PX,, etc. 
RCOIH + RCOX 

The conversion of a carboxylic acid to i t s  halide is usually accom- 
plished by thionyl chloride or phosphorus halides. Phosphorus trichloride 
and glacial acetic acid give acetyl chloride (67%).15 The other product i s  
phosphorus acid. Phosphorus pentachloride i s  converted to phosphorus 
oxychloride (b.p. 105O), from which the acyl halide is sometimes separated 
with difficulty. This reagent, however, finds use  in the preparation of 
certain higher-molecular-weight  halide^.^'^"^.^^ Most acyl bromides are 
made from phosphorus t r ib r~mide . '~~~ '  

The most convenient reagent for the preparation of acyl chlorides is 
thionyl chloride. The halides are formed in excellent yields a t  room 
temperature or upon refluxing gently for a short time. The other prod- 
ucts of the reaction are the gases  hydrogen chloride and sulfur dioxide. 
Good directions are given for the preparations of benzoyl chloride (91%)," 
ethylphenylacetyl chloride (74%),' and mesitoyl chloride (97%).' Benzene 
i s  used a s  a s ~ l v e n t , ~ * ' ~ * ~ ~  and sometimes a few drops of pyridine are 
added6 Thionyl chloride has been used to prepare aliphatic acyl halides 
containing eleven to nineteen carbon atoms.21115 

Acyl halides free from traces of phosphorus or sulfur compounds may 
be made from carboxylic acids and silicon tetrachloridesB or oxalyl halides 
(method 3 39). 

METHODS 335-336 547 

Oxalyl chloride is the simplest diacyl halide. It is obtained in 55% 
yield from oxalic acid and phosphorus penta~hloride.~' Other diacyl 
halides are made in good yields by the thionyl chloride pr~cedure. '~~" 
Succinic and glutaric acids, however, give anhydrides, which are then con- 
verted to the halides by method 337. 

Olelinic acyl  halides are made from the corresponding acids by treat- 
ment with thionyl ~ h l o r i d e ~ ' " ~ ~ ' ~  or phosphorus pen ta~h lor ide .~ '~~ '  

A variety of halo acyl halides have been made by use of the above 
reagents. Table 61 includes examples of compounds containing halogen 
atoms in alpha, beta, gamma, and delta positions of an aliphatic carbon 
chain a s  well a s  on the aromatic nucleus. All four halogen elements are 
represented. 

Alkoxy and p h e n o ~ ~ ~ ~ * ' ~  acyl halides in which the ether group is on an 
aromatic n u c l e u ~ ' ~  or an aliphatic  hai in'^^'^^^' are made with thionyl 
chloride. 

Carboalkoxy acyl halides are made from mono esters of dibasic acids 
and thionyl chloride or phosphorus pentachloride. Examples are numer- 
0 U S . 4 6 s 4 7 s 5 1 s ~ ~  Halides with the ester group in the beta position are un- 

stable to prolonged heating. Alkyl halide i s  eliminated with the formation 
of an Under certain conditions a "rearrangement" occurs 
in the preparation of ester acid chlorides. The product obtained i s  a 
mixture of the expected compound and i t s  isomer in which the ester and 
acid chloride groups are interchanged, vir., RO,CCHR'(C&),CO,H + 
RO,C(CH,),CHR'COU. The cyclic anhydride is a likely 

~i~~ 4. 45. 59 and cyano 64 groups may be present in the carboxylic 

acid during i t s  conversion to the halide. 

336. Action of Inorganic Acid Halides on Carboxylic Esters or Salts 

In this procedure no possibility of the formation of water exists a t  any 
stage of the reaction. The method has been used for the preparation of 
several a , p o l e / i n i c  acyl halides from phosphorus ~ x ~ c h l o r i d e , ~ '  although 
the procedure is said to be l e ss  satisfactory than treatment of the free 
acid with phosphorus trichloride (method 335).67 

The method i s  applied to the greatest extent in making iluoro acyl 
halides such a s  fluoroacetyl chloride from sodium fluoroacetate and phos- 
phorus pentachloride." The products are distilled from a mixture of the 
dry reagents, usually without a solvent. Phosphorus t r i ~ h l o r i d e ' ~  and 
phosphorus oxychloride " have also been used for the preparation of com- 
pounds of this type. 
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Ethoxalyl chloride, C,H,O,CCOCl, is made either by the action of 
phosphorus pentachloride on ethyl oxalate or from thionyl chloride and 
potassium ethyl oxalate. The former procedure gives almost quantitative 
yields," but the latter gives a better product." 

Acetyl chloride adds to  Ppropiolactone in the presence of sulfuric 
acid t o  give ,8-acetoxypropionyl chloride, CH3C0,CH,CH,COC1 (67%)." 
The lactone ring is a l so  ope'ned by thionyl chloride to  give ,8-chloro- 
propionyl chloride, from which acrylyl chloride may be obtained by heating 
with anhydrous barium chloride. 

Ethyl acetoacetate and phosphorus pentachloride give ,8-chlorocrotonyl 
chloride (84%).71 

337. Action of Inorganic Acid Halides on Anhydrides 

(RCO),O 5 2RCOCl t SO, 

This  reaction has  limited value because most anhydrides are obtained 
from acyl halides. Acetyl chloride8' and acetyl bromideB7 have been made 
in this way from the  corresponding phosphons trihalides. 

Several dibasic acid halides are best prepared by th is  method from the 
readily available anhydrides. Thionyl chloride in the presence of a small 
amount of zinc chloride converts succinic and phthalic anhydrides to 
succinyl chloride (74%)" and phthalyl chloride (86%)," respectively. 
Phospliorus halides are  used in similar preparations of phthalyl bromide 
(83%)'>nd diphenic acid chloride (71%)." 

Phthalyl chloride is obtained in almost quantitative yield by passing 
dry chlorine gas  into molten thiophthalic anhydride, C,H,(CO),S, at 245O 
until sulfur monochloride no longer distils. Thioanhydrides are made 
from the oxygen analogs and sodium sulfide." 

33% Action of Hydrogen Halide a Metallic Halides on Acyl Halides 

RCOCl + HX + RCOX t H a  

Interchange of halogen is a means of syathesis of certain acyl halides 
which cannot be conveniently prepared by other methods. Acetyl fluoride 
is made from acetyl chloride and sodium hydrogen fluoride in acetic mhy- 
dride ~olut ion. '~  By passing a stream of hydrogen bromide though oxalyl 
chloride an 85% yield of oxalyl bromide, (COBr),, is ~ b t a i n e d . ' ~  The 
bromide cannot b e  made by the action of phosphorus pentabromide on 
oxalic a c i d  The  method has  also been applied to  the preparation of 
acetyl bromide and iodide and other acyl  iodide^."*'^ 

METHODS 339-340 

339. Interaction of Carboxy l ic  Acids and Acy 1 Halides 

Exchange of acyl groups on a halogen atom has frequently been applied 
to the synthesis of acyl halides. An excellent procedure for the prepara- 
tion of volatile acyl halides involves their distillation from a reacting 
mixture consisting of a higher-boiling acyl halide and a carboxylic a c i d  
Benzoyl chloride has  been employed in this procedure to  make a variety 
of aliphatic acyl halides including olefinic, halo, and methoxy acyl 

Oxalyl ch.loride, (COCI),, and oxalyl bromide are similarly used to make 
acyl chlorides and bromides in excellent yield. The only other products 
of these reactions are the gases  hydrogen halide, carbon monoxide, and 
carbon dioxide.,' For the preparation of acyl bromides, sodium sal ts  
rather than the free ac ids  have been treated with oxalyl bromide. This  
procedure requires a smaller excess  of reagent. 

Oxalyl chloride is recommended a s  the best reagent for the  preparation 
of highmolecular-weight olelinic acyl  chloride^.^^*^^ 

Phthalyl chloride, C6H4(COCI),, converts butyric acid to butyryl chloride 
(92%)'' and maleic anhydride to fumaryl chloride (95%).9' 

340. Chlorination of Aldehydes 97 

ArCHO + C1, --+ ArCOCl + HCI 
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TABLE 61. ACYL HALIDES 
- 

% Compound 
Method Yield ~ h a ~ t e ~ e f .  B.p./mm., nf,. (Up.) 

R 

Aliphatic and Alicyclic Acyl Halides 

C, Acetyl fluoride 338 66 1706 20-23 
Acetyl chloride 335 85 I 7'" 

335 67 17" 5 1 
337 89 17"l 5 2 
339 85 17" 50 

Acetyl bromide 335 80 17" 7 5/740 
337 82 17 " 7 5/ 740 
338 80 17" 84 

Acetyl iodide 338 70 17"O 105/735, 1.5491 

C 3  Propionyl chloride 339 89 1790 78 
C, tz-Butyryl chloride 335 85 17' 101/730, 1.4117. 

339 87 1 7 ~  10 2 
339 92 17" 

Isobutyryl chloride 335 75 1 712 91, 1.4070 
339 88 17" 92 

Cycloprohanecarbonyl chloride 335 95 17' 11 9/763 

C S  ~ V a l e r y l  chloride 339 84 17@" 126 
339 95 17" 109/756 

Isovaleryl chloride 339 84 17" 115 

Trimethylacetyl chloride 339 92 17" 104 
335 80 17" 7V250, 1.4118 

Cyclobutanecarbonyl chloride 335 90 17' 137/762 

C6 Caproyl chloride 335 95 17" 15V725 
339 80 1 790 153 

Diethylacetyl chloride 335 80 17. 140, 1.4234 
t- Butylacetyl chloride 335 86 17- 68/100. 1.4226 

C ,  Heptanoyl chloride 335 99 17" 60/11 
C ,, Octanoyl chloride 335 96 17U 75/11 

335 82 17" 83/15 
Me&yl-n-amylacetyl chloride 335 84 17O 180/ 727 

Cydohexylacetyl chloride 335 59 17" 96/2 1 

C p  Nonanoyl chloride 335 94 17" 95/11 
3.3,4,4-Temamethylpentanoyl 335 80 17'. 88/20, 1.4557 

chloride 
C Stearyl chloride 335 70 17- 182/3. (23) 

Aromatic and Hererocyclic Acyl Halides 
-- -- 
C, Furoyl chloride 335 90 17'. 60/7 

a-'Ibienoyl chloride 335 60 171° 85/14 
C 6  2-Thienylacetyl chloride 335 70 174 64/3 

Nicotinyl chloride 335 91 1726 
335 84 174 90/ 15 

-- 
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TABLE 61 (continued) 

C n Compound 
Yield 

Method chapter'  ef. B.p./mm., nf,, (M.p.) 

Aromatic and Heterocyclic Acyl Halides (coniiwd) 
-- - - - 
C, Benzoyl chloride 335 91 1715 194 

339 98 17" 93/20 
Benzoyl bromide 339 90 17M 2191739 
Benzoyl iodide 338 95 17" 109/10 

C, Phenylacetyl chloride 335 95 17" 95/12 
339 74 17M 100/ 12 

Phenylacetyl bromide 339 90 17- 153/50 
+Merhylbenzoyl bromide 339 90 17" 135/37 
m-Methylbenzoyl bromide 339 90 17" 137/52 
p-Merhyl benzoyl chlodde 335 92 17' 119/24 
p-Methylbenzoyl bromide 339 90 1760 147/42 

335 66 17'6 173/113 

C p  ,&Phmylpropionyl chloride 335 85 1711 118/17 
339 98 17" 116/ 15 

3.4-Dimethylbenzoyl chloride 335 86 1716 185/126 
C1o Echylphenylacetyl chloride 335 94 17' 114/15 

p-Isopropylbenzoy 1 chloride 335 87 171° 121/10 
Mesitoyl chloride 335 97 17' 146/60 

Cll ~Isopropylphenylacetyl chloride 335 91 174 128/15 
p-s-Butylbmzoyl chloride 335 89 1 7 ~  136/15 

C u 2-Phenanthroyl chloride 335 100 17l" (101) 
3 Phenanthroyl chloride 335 100 17'" (117) 
9-Phenanrhroyl chloride 335 91 17 (104) 

Diacyl Halides 

C2 Oxalyl chloride 335 55 17" 64/163 
Oralyl bromide 338 85 17" 17/10 

C 4  Succinyl chloride 337 74 17 74/9 
C6 Adipyl chloride 335 90 17 " 85/2 

C 8 c i s  1.4Cyclohexanedicarbonyl 335 73 17" 97/0.5. 1.5026 
chloride 

bmt~l,4Cycloheranedicsubonyl 335 49 17" (67) 
chloride 

Phthalyl chloride 337 86 17" 122/5 
Phthalyl bromide 337 83 17" 185- 193/24, (80) 
Isophthaloyl chloride 335 92 17 " 136/11, (43) 

C u Diphmic acid chloride 337 71 17" (94) 

Olefinic Acyl Halides 

C 1 Acrylyl chloride 20 74 17'' 73, 1.4337 

335 66 17 " 75, 1.4343 
336 60 17 " 77 

For explanations and symbols see pp. xi-xii. 
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TABLE 61 (continued) 

cn Compound 
c h a p t e P f -  B.p./mm., nf,, (M.P.) Method % 

Olefinic Acyl Halides (conlime4 

C, Accylyl chloride 339 72 1 7 ~  7 4 
(cont inuedJ 339 72 1 7 ~ ~  73/740 

C, Gotony1 chloride 335 86 17" 125 
339 80 17- 122 

Vinylacetyl chloride 335 76 17 " 99/774 
Methacrylyl chloride 335 80 17"' 96, 1.4435 

336 64 17 " 95 
Fumaryl chloride 339 95 17- 63/13 

Cs P,,f3-Dimethylaccyloyl chloride 335 8 1 17 " 60/M 

C tisf Hexenoyl chloride 335 97 17% 52/28, 1.4496 

&Methyl-2-pentenoyl chloride 335 89 17" 59/18 
Dimeth ylfumatyl chloride 335 92 1 7 " ~  80/ 2 2 

C9  Cinnamoyl chloride 335 94 17 lo 137/ 10 
Cinnamoyl bromide 339 90 17"O 18U40, (48) 

C Undecmoyl chloride 335 76 17 3o 128/13 
C Oleyl chloride 339 90 17=' 163/2 

Halo Acyl Halides 

C Fluoroacetyl chloride 335 68 17"' 72/760 
336 52 17" 711755, 1.3835'' 

Difhoroacetyl chloride 336 69 17'" 32-35 

Trifluoroacetyl chloride 336 53 17" -27 

336 90 - - 1 7 ~ "  

Chlorodifluoroacetyl chloride 336 80 17 '" 
(Ihloroacetyl chloride 335 55 17" 

339 80 17" 105/750 
339 76 17 90 106 

Dichloraacetyl chloride 339 73 17 90 106 
Trichloroacetyl chloride 335 60 17 l9 118/754. 1.4695 

339 56 17 118 
Trifluoroacetyl bromide 336 59 17 74 -5 
Bromoacetyl bromide 67 68 17% 147 
Chloroacetyl iodide 338 68 17 " 37/4, 1.5903 

Dichloroacetyl iodide 338 58 17" 55/15, 1.5754 

Trichloroacetyl iodide 338 72 17" 74/30, 1.5711 

c , a-Chloropropionyl chlotide 67 34 17 93 
53/100. 1.440 

P-Chloropropionyl chloride 67 42 17~ '  83/100, 1.454 

335 96 17 53/23 
336 87 1 7 ~ ~  80/ 100, 1.4566 

P-Iodopropiony l chloride 335 90 17" 71-75/11 

~~-Dich1oropropiony1 chloride 335 53 ' 17" 53/ 16 
4P-Dibromopropionyl chloride 335 77' 17" 83/18 

c4 7-Chlorobutyryl chloride 335 82 17'" 61/12 

7-Bromobutyryl chloride 335 60 171° 101/37 

TABLE 61. ACYL HALIDES 553 

TABLE 61 (continued) 

C n Compoqnd Method % ~ h a p t e P ~ .  B.p./mm., nf,, (M.p.) 

Halo Acyl Halides (continued) 
-- - 
C 4  a-Bromoisobutyryl chloride 335 90 17% 52/30, 1.4750" 

P-Chlorocrotyl chloride 336 84 17" 122-140 
C, >Bromopcntanoyl chloride 335 80 1 7 ~  103/15, 1.4879" 

,f3-Chloro~ime&ylacety1 chloride 67 80 1 7 ~ ~  86/60, 1.4539 
Cb a-Bromocaproyl chloride 335 67 17" 102- 105/30 
C7 a-Bromocyclohexane~arbon~l 67 93 4 125/20, 1.5429 

bromide 
o- Chlorobenzoyl chloride 
o-Bromobenzoyl chloride 
o-Chlorobenzoyl bromide 
o-Bromobmzoyl bromide 
m-Chlorobenzoyl chloride 
m-Chlorobenmyl bromide 
p -Chlorobenzoyl chloride 
p - Bromobcnzoyl chloride 

p-Chlorobmzoyl bromide 
p-Brwobenzoyl bromide 
p -1odobenzoyl bromide 

C, P-(Chloromethyl)-bmzoyl 67  89 17' 155- 160/35 
chloride 

C p a-Bromo-P-ph eny lpropion yl 67 69 17" 114/5, 1.5768 
chloride 

C a-Bromo-a-phmylbutyryl 67 74 1 7 ~ ~  152/22 
chloride 

C14 &Chlorodiphenylacetyl 335 75 17" (49) 
chloride 

Alkoxy and Aryloxy Acyl Halides 
-- 

C, Methoxyacetyl chloride 335 45 1719 5 1/69. 1.4195 
339 57 174 113 

C 4  ,f3-Meth~xy~ropionyl chloride 335 85 17U 64/44 
335 60 17" 27/3, 1.4237 

CS 7-Merhoxybutyryl chloride 335 30 1719 47/7, 1.4299 
335 81 17," 47/7 

PMethoxyisobutyryl chloride 335 90 17* 48-59/15 
P-Ethoxypropionyl chloride 335 96 17 41 78/52 

C, Phenoryacetyl chloride 335 89 17" 112/10 
o-Methoxybenzoyl chloride 335 90 17'' 133/ 10 
p-Methoxybmzoyl chloride 335 92 1 71° 1431 13 

335 99 1743 128/4 
p-Methoxybenzoyl bromide 339 90 1 7O0 185/27 

For explanations and symbols see pp. xi-xii. 
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TABLE 61 (continued) 

C n Compound Method chapter"f- B.p./mm., n b ,  (M.p.1 

Alkory and Arylory Acyl Halides (confinued) 
-- 

C9 p-Ethoxybenzoyl chloride 335 90 17 lo 144.1 10 
Clo 7-Phenorybutyrvl chloride 335 75 17- 155/20 

P-Mahory-P-phenylpropionyl .... 70 1 7 , ~  lOV3 
chloride 

3.4.5-Trimethoxybenzoyl 

Carbalkoxy and Acylory Acyl Halides 
- - - - -. - - - 
C, Methoxalyl chloride 336 65 17" 119 
C, Ethoxalyl chloride (ethyl 336 100 1 7 ~  40/ 18 

cbloroglyoxalate) 336 70 17'' 
336 59 17" 134 

chloride 
P-Acetoxypropionyl chloride .... 67 17* 80/12. 1.4365 

C, y -Carboethoxybutyryl chloride 335 75 17" 52-57/1 

C ,  y-Carbethoryvalewl chloride 335 86 17'O 140/16 
w-Carbetboryvaleryl chloride 335 98 17'* 12V13 
a-~arbethoxyisovale~l 335 29 17" 7218 

chloride 
P-<31rbethaxy-a,P-dimethyl- 335 52 17" 97/15, 1.4462 

gropioayl chloride 
a,PDiacetoxybutyryl chloride 335 97 17% 

C o-Carbethoxyoctanoyl chloride 335 84 17~' 

Cyano and Nitro Acyl Halides 

C, Cyanoacetyl chloride 335 54 17" 
C, 0-Nitrobmzoyl chloride 335 .... 1 7 ~  

m-Nitrobenzoyl bromide 339 90 17- 
p-Nitrobmzoyl chloride 335 96 1 7s9 
p-Niuobmzoyl bromide 339 90 17" 
3.5-Dinitrobmzoyl bromide 339 90 17 

C8 p-Niuophenylacetyl chloride 335 54 1 7 ~  
- -- - 

For explanations and symbols see pp. xi-xii. 

-. .--- 

57/0.5 
Explosive 
166/18, (43) 
155/20, (73) 
(64) 
(60) 
(48) 
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341. Acylation of Carboxylic Acids by Acyl Halides 

This  is the bes t  procedure for the preparation of simple' '3 and mixedS 
anhydrides. Benzoic anhydride i s  prepared simply by heating an equimolar 
mixture of benzoic acid and benzoyl ~ h l o r i d e . ~  The  reaction i s  general 
when carried out in the presence of pyridine. The  acyl halides react with 
pyridine to  give pyridinium sa l t s ,  which are powerful acylating agents. 
The pyridinium s a l t  formed from the acyl  halide and pyridine in the absence 
of a carboxylic acid is able to  diacylate water and hydrogen sulfide at -20° 
t o  give simple anhydrides and diacyl sulfides, respectively.' 

By means of these procedures anhydrides of aromatic ac ids  containing 
nuclear halo, methoxyl, and nitro groups have been made. 

METHODS 342-344 

342. Interaction of Acyl Halides and Salts  of Carboxylic Acids 

Although th is  is the c l a s s i ca l  method of anhydride formation it has been 
replaced t o  a large extent by the acylation of free carboxylic ac ids  (method 
341). The conditions employed and the solvents used in this  reaction vary 
widely. Excellent directions are given for the preparations of nicotinic 
anhydride (83%)" and acet ic  propionic anhydride (60%)'' from the respec- 
tive potassium and sodium sa l t s  of the carboxylic acids.  Silver s a l t s  of 
acids have a l so  been used?' The reaction has been extended to  the prepa- 
ration of mixed anhydrides of short- and long-chain fatty acids3' but has 
failed in the preparation of mixed anhydrides of substituted benzoic a ~ i d s . ' ~  

~ 343. Dehydration of Carboxylic Acids 

The formation of cyclic anhydrides from dibasic acids is often possible 
by means of simple distillation. Water i s  removed a s  an azeotrope with 
tetrachloroethane in the preparation of inaleic anhydride (90%)." Vacuum 
distillation of 1-carboxycyclohexane-1-acetic acid gives the corresponding 
five-membered anhydride in 76% yield.16 More often, dehydration is ac-  
complished by heating the dibasic ac id  with acetyl chloride,'-l4 phosphorus 
o ~ ~ c h l o r i d e , ~ ~ ~  or acetic ''*49 The cyclic anhydrides hav- 
ing five- and six-membered rings are very s table  compounds, whereas those 
with larger rings polymerize readily a t  low temperatures." This  method 
has been applied with somewhat l e s s  success  to  the synthesis  of simple 
and mixed " anhydrides from aliphatic "* '7* 29 and aromatic 17* '" '" '6 acids.  

344. Addition of Carboxylic Acids to Ketenes 

Acetic acid is quantitatively converted to  acetic anhydride by reaction 
with k e ~ e n e . ~ ~  Mixed anhydrides are  formed when hoinologs of acetic acid 
or aromatic ac ids  are used in the reaction. Upon distillation a t  atmos- 
pheric pressure, the mixed anhydrides disproportionate into acetic anhy- 
dride and the symmetrical anhydride corresponding to  the carboxylic acid. 
Yields of propionic, n-butyric, and n-caproic anhydrides prepared by this  
method are  in the range of 80% to 87%.45 
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345. Addition of Cyclic Olefinic Anhydrides to Dienes (Diels-Alder) 

Maleic anhydride and several related derivatives have heen added to a 
large number of dienes. Reaction of butadiene with maleic anhydride oc- 
curs a t  50' in benzene solution to give 1,2,3,6-tetrahydrophthalic anhy- 
dride (97%).'9' This method furnishes many important partially hydro- 
genated aromatic anhydrides, most of which are outside the scope of this 
book. .An excellent discussion of the reaction and survey of the literature 
to 1345 has been made" (cf. method 34). 

346. Interaction of Acyl Halides and  ester^'^ 

347. Interaction of Acyl Halides and Anhydrides 44 

(CH,CO),O + 2C6HsCOCl -4 (C6HsCOX0 + 2CH,COCI 

T A B L E  62. ANHYDRIDES 56 1 

TABLE 62. ANHYDRIDES 

C n Compound Method (%) ~ h a p t e d e f .  B.p./mm., n h ,  (M.P.) 

C , Formic ace t i c  anhydride 343 .... 8 29/17 
C4 Succinic  anhydride 343 95 18' (119) 

Maleic anhydride 343 90 18'' 198, 83/15 
Tiifluoroacetic anhydride 343 74 8 39 

C5 Acet ic  propionic anhydride 342 60 1 8 ~  154/760, 70-75/40 
Glutaric anhydride ' 343 93 ISu 165-170/20. (55) 
Methylmaleic (citraconic) .... 66 18" 105-110/22, (8) 

anhydride 

C6 Propionic anhydride 344 87 18U 169 
a,a-Dimethylsuccinic anhydride 343 82 189 223 
a,P-Dimethylsuccinic anhydride 343 79 18" 233, (88) 
Dimethylmaleic anhydride 343 20 f 8 (96) 

C ,  a-Ethylglutaric anhydride 343 51 t 18'' 10(/13 

C a  n-Butyric anhydride 344 87 18" 198 
a,P-Diethylsuccinic anhydride 343 91 18" 101/1 
cis-Cyclohexanedicarboxylic .... 93 18a 162/25. (31) 

anhydride 
trmrs-Cyclohexanedicarborylic 343 70 18@ (142) 

anhydride 
1,2,3,&Tetrahydrophthalic 345 90 18' (104) 

anhydride 
Phthal ic  anhydride .... 76 1 8  (131). 
4Bromophthal ic  anhydride 343 80 18U 305-309, (107) 
3-Niuophthalic anhydride 343 93 8 (164) 

C 9  a-n-Butylglutaric anhydride 343 76 l a 4  171/12 
Anhydride of I-carboxy-I- 343 76 1816 (55) 

cyclohexaneacetic acid  
Homophthalic anhydride 343 88 18 14 1) 

C U, Phenylsuccinic  anhydride 343 80 18'' 192/6, (54) 
Furoic anhydride . 341 64 18' (73) 

C ,, a -Pheny lg lu tq ic  anhydride 343 86 18w (96) 
Benzylsuccinic anhydride 343 95 l a4  185/2 

C ,, n-Caproic anhydride 344 87 18" 120/6 
Nicotinic anhydride 342 89 8 (123) 

C ,, P - ~ a ~ h t h o i c  ace t i c  anhydride 341 83 18' (51) 

C U  Heptoic anhydride 341 83 18 172/15 
Benzoic anhydride 341 85 la6 215-219 

341 85 18' (42) 
343 74 8 (43) 
347 80 18" (40) 

Monop-chlorobenzoic anhydride 34 1 69 18' (70) 
p-Chlorobenzoic anhydride 341 90 18' (193) 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 62 (cantinucd) 

Yield 

c n  Compound 
Method (%) chapterref- B.~./mm., ntD, (M.P.) 

C Mono-p-bromobenzoic anhydride 341 80 
18' (83) 

p-Bromobenzoic anhydride 343 82 1 8  (218) 
Monoo-nitrobenzoic anhydride 341 75 18 ' (65) 

Mon-niuobenzoic anhydride 341 75 
18' (103) 

m-Nitrobenzoic anhydride 343 90 1816 (160) 
Mono-p-nitrobenzoic anhydride 341 65 18' (130) 

Diphenic anhydride 343 97 18O (217) 

C Monowmethoxybenzoic 341 77 
18' (77) 

anhydride 
C Phenylacetic anhydride 343 70 18* (72) 

~ T o l u i c  anhydride 343 60 1 8  (39) 
~ T o l u i c  anhydride 343 65 1816 (71) 
p-Toluic anhydride 343 96 1816 (95) 
p-Methoxybenzoic anhydride 341 98 18' (99) 

C Acetic palmitic anhydride 342 70 18" (63) 
a-Naphthoic benzoic anhydride 341 69 18' (90) 

p-Ethoxybenzoic anhydride 343 80 1816 (108) 

C, a-Naphthoic anhydride 341 80 
la4 (146) 

C, L&C anhydride 343 75 18" (44) 
C U  Diphenylacetic anhydride 343 92 18" 182/3, (98) 

For explanations and symbols see pp. xi-xii. 
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348. Acylation of Ammonia or Amines by Acyl Halides 

This reaction represents the best general method for amide preparation. 
Cold, concentrated aqueous ammonia is used as  in the preparation of iso- 
butyramide (83%);' or the reaction may be carried out by passing dry am- 
monia into a solution of the acyl halide in anhydrous ether a s  in the for- 
mation of cyclopropanecarboxamide (91%):' Separation of the amide from 
ammonium chloride is usually accomplished by extraction of the amide by 
organic solvents. Aqueous sodium hydroxide is employed to take up the 
hydrogen chloride when amine hydrochlorides are used in place of the 
free amines a s  in the preparation of N-methylisobutyramide (75%).41 When 
phosphorus trichloride is added to a mixture of an amine and a carboxylic 
acid, phosphazo compounds, RN= PNHR, rather than acyl halides, are 
believed to be intermediates. These compounds have been shown to react 
with carboxylic acids to give a m i d e ~ . ~  

RN= PNHR + ZR'C0,H + ZR'CONHR + HPO, 

Olel inic  amides have been made by this method." The best laboratory 
preparation of oleamide consists in the reaction of oleyl chloride with 
aqueous ammonia." 

a-Halo acyl halides are treated with concentrated ammonium hydroxide 
at 0-10' to give a-halo amide~ .~"  'Op "* 55 In another procedure the ap- 
propriate primary or secondary amine and the acyl !!xlide are allowed to 
react in carbon tetrachloride:" " ethylene dichlori~!e,"* 46' 49 or ether 
solution. In general, the yields are exceptionally good. 

Acyl chlorides of various phenolic carboxylic acids are converted to 
the corresponding hydroxy N,N-diethylamides with diethylamine:' 

The reaction of ammonia with the acyl chloride grouping is much more 
rapid than with a methyl ester, as  is shown in the preparation of methyl 
sebacamate, NH,CO(CH2),C02CH,, in 95% yield from UI -carbomethoxy- 
pelaqonyl chloride ." 

Renzoylation of a-amino acids is carried out in aqueous sodium hy- 
droxide solution, which neutralizes the hydrogen chloride formed.'6* 5 7  

The literature of this reaction has been reviewed and an improved pro- 
cedure described .59 

Hydroxamic acids may sometimes be prepared from acyl halides and 
hydroxy lamine .IB4 

349. Acylation of Ammonia or Amines by Carboxylic Acids 

RNH, + R'C0,H c R'CONHR + H20 

The pyrolysis of an ammonium or an amine salt  of a carboxylic acid is 
an equilibrium reaction. Good yields of amides and N-substituted amides 
are obtained by using an excess of one of the reactants and distilling 
water from the mixture during the heating period. Acetamide is plepared 
in 90% yield by heating ammonium acetate in excess glacial acetic acid 
at lloO.' Higher-molecular-weight aliphatic amides are formed by pass- 
ing excess ammonia or amine through the molten acid at 160-210'. '~*~~ 
Water and aniline are distilled from a mixture of benzoic acid and aniline 
at 180-190' to give benzanilide, C6H8CONHC,H8, in 84% yield.2 Water is 
removed as  an azeotrope with toluene in the preparation of N-methyl- 
formanilide, HCON(CH,)C,H,, from formic acid and methylaniline.12 The 
cyclic amide, phenanthridone, is formed spontaneously from the corre- 
sponding amino acid prepared by the Hofmann degradation1' (cf. method 
446). 

CONH, qO,H $'HZ C 0,Na NH- CO 

Internal oxidation-reduction of chloral hydrate is accompanied by amicfe 
formation when the hydrate is treated with ammonium hydroxide in the 
presence of potassium cyanide. The yield of a,a-dichloroacetamide is 
78%.ID Distillation of ammonium succinate gives the cyclic imide, suc- 
cinimide, in 83% yield.' 

350. Acylation of Ammonia or Amines by Anhydrides 

RNH, + (R'COXO -+ RNHCOR' + R'CO,H 

This method has been used chiefly for the preparation of acyl derivatives 
of aromatic primary and secondary amines. The anhydride and amine are 
heated together, sonletimes with a small amount of sulfuric acid as  in 
the preparation of o-nitro-N-methylacetanilide (73%)."' Catalytic hydro- 
genation of nitriles in acetic anhydride solvent leads to high yields of 
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acetyl  derivatives of primary aminesY4 N-Acylcarbazoles are obtained 
by refluring a mixture of carbazole and the anhydride for 24 hours.lZ6 

Cyclic anhydrides of dibasic ac ids  react  with ammonia and certain 
amines to give cyclic imides, such a s  phthalimide (97%)"3 and a-ethyl- 
glutarimide (85%).L3' Aqwous  ammonia, ammonium carbonate, and dry 
ammonia gas  have been used. 2-Aminopyridine and phthalic anhydride 
react  a t  180° to  yield N-(2-pyridy1)-phthalimide (76%)."' t-Butylphthali- 
mide is made by the action of phthalic anhydride on t-butylurea a t  200- 
24O0.I4 The use of alkylureas in this  reaction i s  general.'38 

Acetylation of a-amino acids with acetic anhydride takes place in 
aqueous solution a t  room t e m p e r a t ~ e . " ~  

In the presence of pyridine or sodium acetate,  carbon dioxide i s  evolved 
and two acyl groups are introduced, one attached to the nitrogen and one 
to  the a-carbon atom. The products are a-acylamido  ketone^.'^^"^^ 

351. Acylation of Amines by Amides 

RNH, + R'CONH, -4 R'CONHR + NHa 

By heating methylamine hydrochloride and acetamide for a few minutes, 
ammonium chloride is precipitated and N-methylacetamide is obtained in 
75% yield." The reaction has been extended to  the preparation of N-alkyk 
amides of higher-molecular-weight mono- and di-basic acids.6 The free 
amine and amide are heated t o  150-200' until the evolution of ammonia 
ceases .  A ser ies  of mono- and di-alkylamides have been obtained by 
th is  process in the presence of boron trifluoride, which removes the am- 
monia a s  monoamminoboron trifluoride, NH,.BF,.~ 

352. Reaction of Esters with Ammonia and I t s  Derivatives 

RCOzCzH5 + NH, --+ RCOzNH2 + C,H50H 

The conversion of es ters  to  the corresponding amides i s  usually car- 
ried out by shaking with concentrated ammonium hydroxide, as in the 
preparations of chloroacetamide (67%);' c~anoacetamide  (88%)," and 
nicotinamide (78%).1' The reaction i s  catalyzed by water and other 
hydroxylated solvents." Malonic ester  gives a practically quantitative 
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yield of the corresponding diamide by heating for 2 days with 20% am- 
monium hydr~xide. '~ Malonmonoamide i s  prepared similarly from the 
potassium sa l t  of monomethyl malonate.' Monoalkylmalonic esters are 
bes t  converted t o  diamides by the action of ammonia in methan01.'~ Th i s  
reaction i s  catalyzed by sodium methoxide. Dialkylmalonic esters do 
not react  to an  appreciable extent. 

Lactic es ters  are converted to  a-hydroxy amides by liquid ammoniazz 
or amines.18 Hydroxyl groups may b e  present a l so  on aromatic nuclei 
( s a l i ~ ~ l a m i d e s ) ~ ~  and on the alkyl groups of the amine (ethan~lamides).~ '  

Acetal es ters  such a s  diethoxyacetic ester  and P ,~d ie thoxyprop ion ic  
e s t e r  a re  readily converted to  amides with concentrated amrnonium hy- 
d r ~ x i d e . ' ~  The former ester  gives an  N,N-dimethylamide by reaction with 
dimethylamine." 

Ethyl benzoylacetate, C6HSCOCHzCOaC,H5, reacts  with concentrated 
ammonium hydroxide in the cold or with aniline in xylene a t  150' to give 
the corresponding P-keto amides, benzoylacetamide ( 8 1 ~ ) ~ '  and benzoyl- 
acetanilide (76%)," respectively. 

Es ters  of a-amino acids undergo ammonolysis by methanolic ammonia to 
give good yields of amino acid amides.15 This procedure represents an 
improvement over the bomb reaction using liquid ammonia. 

The following i s  the most important method for the preparation of 
hydrazides: 

RCOzCaH5 + NH,NHz -+ RCONHNH, + CzH50H 

The reaction i s  carried out by heating the es ter  with 40% aqueous hydra- 
zine hydrate solution. The  yields of hydrazides are usually excellent 
from aliphatic and aromatic  ester^."'^ "3'"6 The  procedure i s  well il- 
lustrated by the conversion of methyl p-nitrophenylacetate to p-nitro- 
phenylacethydrazide (97%).36 Mono- and di-hydrazides of dibasic ac ids  
a lso  have been made."' 

Interaction of an ester  with hydroxylamine i s  the most general syn- 
thetic route to  hydroxamic acids."0* "O 

N H , O H .  HCI 
RC02C2H5 - RCOzNHOH 

Base 

353. Acidolysis of Amides 

RCONH, + R'CO'H RCO,H + R'CO'NH, 

This  little-used exchange reaction presents certain possibilities. 
Equilibrium i s  shifted to the right a t  230' by removal of formic acid from 
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i react ing mixture of  o le ic  a c i d  and fornamide. Oleamide is isolated in  
50% yield.3 T h e  react ion l ikewise g o e s  to  completion when urea is em- 
ployed a s  the amide. 

RC0,H + NH,CONH, -4 RCONH, + CO, + NH, 

T h u s ,  formamide, acetamide,  benzamide, and nicotinamide have been 
made in 60-95% yields,10 a n d  adipamide and sebacamide in bet ter  than 
85% yie lds  :* " 
3 54. Hydrolysis of Nitr i les  

RCN + H,O -+ RCONH, 

Hydrolysis of  a ni t r i le  of tent imes c a n  be  s topped a t  the amide s tage .  
A s e r i e s  of t r isubst i tuted ace tamides  have been made by hydrolysis  a t  
ZOOa with 80% sulfur ic  acid.68 Vigorous stirring with aqueous concen- 
t rated hydrochloric a c i d  a t  low temperatures converts  arylacetoni tr i les  t o  
aryla~etamides. '~ '  Nicot inoni tr i le  is hydrolyzed t o  nicotinamide in 90% 
yield b y  boiling with b a s i c  IRA-400 res in  and in 73% yield by the act ion 
of concentrated ammonium hydroxide a t  l 0 8 O . ~ '  Optimum condit ions have 
b e e n  determined for the dehydration and  part ia l  hydrolysis of ace tone  
cyanohydrin t o  the olefinic amide,  methacrylamide (70%):' Several  cya-  
n ides  c o n t a k i n g  alkylamino groups have  been  hydrolyzed by dissolving 
in concentrated sulfur ic  acid and,  af ter  a time, pouring the resul t ing so-  
lutions onto i c e  .72* 73s '" 

Hydrogen peroxide reac t s  with a l ipha t ic  and aromatic ni t r i les  in alka-  
l ine  solut ion a t  50' t o  g ive  amides in  50-95% yie lds .  

NaOH 
2RCN + 2H10, - ZRCONH, + 0, 

T h e  react ion is exothermic and  may be followed by the  evolution of oxy- 
gen. T h e  hydrogen p r o x i d e  is used  in concentrat ions varying from 3% t o  
30%:6' ''  substituted benzonitr i les  which a r e  diff icul t  t o  hydrolyze re- 
quire  the  higher concentrat ions.  Par t i a l  hydrolysis of adiponitrile and  
sabaconitr i le  to  the  corresponding u -cyanocarboxamides h a s  been  
ach ieved  in 6-31% yie lds  by th i s  procedure.'70 Certain olef inic  ni t r i les  
a r e  converted t o  glycidamides by th i s  reagent  (cf. method 126).~O 

RCH = C(C6HS)CN H'O'-' RCH- C(C,FI,)CONH, 
NeOH \ ,' 

0 

355. Addition of Olef ins  t o  Nitr i les  

R C N  = NC(CH,& 3 RCONHC(CH,), 

OS 0, H 

T h i s  is a new react ion for the  preparation of N-alkyl amides.'OO Nitr i les  
and various subs t i tu ted  cyano  compounds a r e  treated with a c t i v e  olef ins  
in t h e  p resence  of sulfur ic  ac id .  Reac t ion  occurs  a t  room temperature in 
g lac ia l  a c e t i c  ac id  or dibutyl e ther  solut ion.  T h e  u s e  of hydrogen cya- 
nide in the  react ion leads  t o  t h e  formation of N-alkylformamides. C-Butyl 
a lcohol  and  sodium cyanide a r e  used  in place of the olefin and hydrogen 
cyanide in  the preparation of N-t-butylformamide (50%).'0° T h e  react ion 
h a s  been  extended t o  the s y n t h e s i s  of N-alkyl diamides from dini t r i les  
and olef ins  or alcohols?* 

356. Addition of Amines to  Ketenes  

CH,COCH= C =  0 + RNH, -+ CH,COCH,CONHR 

T h i s  react ion h a s  found grea tes t  u s e  in the  preparation of ~ - a r ~ l - P -  
ketoamides from diketene and arylamines.  Acetoacetani l ide is formed in 
74% yield from d ike tene  and an i l ine  in  benzene  s ~ l u t i o n ? ~  N-Al-kyl- 
ace toace tan i l ides  a r e  similarly prepared when a n  alkylani l ine i s  sub-  
s t i tu ted  for an i l ine  in  the reaction?' 

A s e r i e s  of N,N-dialkylmalonamides have been  made by the addi t ion of 
amines t o  carbon suboxide." 

357. Addition of Grignard Reagents  t o  I socyana tes  

Anil ides ,  toluides,  and a-naphthal ides a r e  prepared from phenyl, 
P-tolyl, and a-naphthyl  i sdcyana tes ,  respect ively,  by react ion with a 
Grignard reagent .  T h e  react ion is valuable for the identification of halo- 
gen compounds of the type that  form ~ r ~ a n o r n e t a l l i c   derivative^.'^^ T h e  
react ion occurs  in ether  solut ion a t  room temperature. In general ,  t h e  
y ie lds  of N-arylamides a r e  excel lent .  T h i s  method h a s  been  used in the 
preparation of N-(a-fury1)-propionamide 
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358. Alkylation of Amides and  Imides 

N-Methylacetanilide is obtained in 96% yield by the  act ion of  methyl 
iodide or dimethyl su l fa te  on the  sodium s a l t  of a ~ e t a n i l i d e . " ~  T h e  l a s t  
compound i s  prepared from acetani l ide and  sodium wire in hot  benzene. 
T h e  react ion h a s  been  extended t o  other al iphat ic  and aromatic N-sub- 
s t i tu ted  amides.  Sodium hydride s e r v e s  to  convert  the amide to its s a l t ,  
and a variety of s imple ha l ides  have been success fu l ly  employed a s  
alkylat ing agents.'75 

Alkylation of phthalimide is the  f i r s t  s t e p  in the Gabriel s y n t h e s i s  of 
primary amines. T h e  s c o p e  of th i s  alkylation is d i s c u s s e d  in method 452 
b e c a u s e  the phthalimides a re  often hydrolyzed direct ly ,  without purifica- 
tion, to  primary amines.  

359. Rearrangement of Oximes (Beckmann) 

PC13 
R,C = N- OH RCONHR 

T h e  rearrangement of oximes is of importance in  es tab l i sh ing  the  geo- 
metrical configurations of t h e s e  compounds. Ketoximes are  rearranged 
by a c i d i c  reagents  s u c h  as benzenesulfonyl  chlorides,  phosphorus penta- 
chloride, or sulfur ic  a c i d .  T h e  R group which is trans t o  the  hydroxyl 
group migrates in the  reaction. 

T h e  preparative value of t h i s  react ion is limited to  a few s p e c i a l  c a s e s .  
Oximes of  cyclopentanone 6a and cyclohexanones6*6' a r e  rearranged by 
concentrated su l fur ic  a c i d  t o  cyc l ic  amides of a - a m i n o  a c i d s  (cf. method 
248). 

H SO 
(CH,)5 C = NOH 3 TH(CH, &YO 

T h e  oxime of 2ace ty ld ibenzoth iophene  rearranges i n  the presence of 
phosphorus pentachloride t o  give 2-acetamidodibentothiophene i n  70% 
yield.b3 T h e  rearrangement a l s o  s e r v e s  a s  a preparative method for the 
a c e t y l  der ivat ives of I-, 2-, 3-, and 9-amin0~henanthrenes.'~~ 

Aldoximes a r e  rearranged t o  amides a t  100-150' under the catalyt ic  in- 
f luence of Raney nickel.6s T h e  yields  of amides from t h e  oximes of 
acetaldehyde,  h e p t a l d e h ~ d e ,  benzaldehyde,  and furfural a re  good (75-%%I, 
although the reac t ions  a r e  carr ied out on a smal l  s c a l e  only. 

R ane y Ni 
RCH= NOH RCONH, 

360. Ammonolysis a n d  Rearrangement of Diazoketones (Arndt-Eistert) 

C%N2 R C K I  - RCOCHN, 3 RCH,CONH, 

Preparat ion of diazoketones and  their rearrangements during hydroly- 
sis (method 271) and a lcoholys i s  (method 295) a re  d i scussed  elsewhere.  
Ammonolysis of diazoketones l eads  t o  amides of a c i d s  containing one  
more carbon atom than the original a c y l  halide?'  Halogen atoms may be  
present  in  a remote posi t ion on a n  a l ipha t ic  chain.'I7 The  react ion is 
carr ied out  by heat ing t h e  diazoketone in a l c o h ~ I ~ ~ ~  '03 o r  dioxanelO' solu- 
tion with aqueous  ammonia in  the  p resence  of s i lver  oxide or  s i lver  nitrate 
c a t a l y s t s .  Subst i tuted ace tan i l ides  a r e  formed when ani l ine i s  used in 
place of a m m ~ n i a ? ' ~  '04 

CIHSNH, RCOCHN, - RCH,CONHC6H, 
1 80' 

361. Willgerodt React ion 

From a preparative s tandpoint  th i s  react ion is most useful  in the syn- 
t h e s i s  of a ry lace t ic  ac ids  and  amides from subst i tuted methyl aryl ke- 
tones or vinyl aromatic  compounds. T h e  conversion is effected by heat- 
ing the aromatic compounds under p ressure  a t  160-200' with aqueous am- 
monium p ~ l ~ s u l f i d e . ~ ~  Severa l  modifications of th i s  process  have  found 
more general  application. Higher yields  and purer products resu l t  a t  
lower terrlperatures when dioxane i s  used as  a ~ o l v e n t . ' ~ ~ ~ ~ ' ~ '  A combina- 
tion of sulfur, ammonium hydroxide, and pyridine h a s  given equa l  suc-  
~ e s s . ~ ~ '  75 In the Kindler modification, the  ketone or s tyrene is refluxed 
with a mixture of sulfur and a n  amine, usual ly morpholine, t o  give a thio- 
amide, A ~ C ~ C S N R , . ~ ~ * ~ ~ ' ~ " ~ ~  T h e  terminal methyl group is always 
oxidized a t  the expense  of the double bond or carbonyl group regardless  
of their posi t ion in  the  carbon chain.  

Thus ,  P-phenylpropionamide, y-phenylbutyramide, and 6-phenylvaleramide 
a re  formed in decreas ing  yields  from the homologs of acetophenone, where 
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n =  1, 2,  and 3 ,  respectively.7' Carbon-skeleton rearrangement d o e s  not 
t a k e  place during the  r e a ~ t i o n . ~ "  '' 

Willgerodt react ions have been carr ied out on aromatic compounds con- 
taining halo:" "' "* O9 hydroxyl:7* "* " alkoxyl,8& 039  85.  90 amino,"* " 

acetamido:' methylmercapto,89 and  nitro'' groups on the aromatic nucleus.  
Several  heterocyclic compounds including a c e t y l  or vinyl der ivat ives of 
d i b e n ~ o f u r a n , ~ ~  pyridine,75*'5*8' and  quinoline'5 a l s o  have been  used. 

Simple a l ipha t ic  a ldehydes ,  ketones,  a lcohols ,  olef ins ,  thiols ,  and 
ace ty lenes  r e a c t  in  the same manner as the related a ry l  der ivat ives,  but 
t h e  y ie lds  of products a r e  usual ly very low."979 a , P - ~ l e f i n i c  a c i d s  a re  
decarboxylated during t h e  process  t o  g ive  amides with one l e s s  carbon 
atom?' 

T h e  literature of the  Willgerodt react ion to- 1746 h a s  been reviewed." 

362. Action of Hydrazoic Acid on Ketones (Schmidt) 

H + 

RCOR + HN, + RCONHR + N, 

Ketones r e a c t  with hydrazoic a c i d  a t  room temperature in  t h e  presence 
of ac id  catalysts.150 T h e  products are  N-substituted amides.  Hydrazoic 
a c i d  is prepared in benzene or chloroform solut ion from sodium azide.  A 
modification involves the  addi t ion of sodium a z i d e  t o  a solut ion of ac id  
c a t a l y s t  and  ketone. Improved experimental procedures have been based  
on a s tudy  of the react ion mechanism."' Severa l  s e r i e s  of a lkyl  and  
N-aryl amides have been  prepared from symmetrical and methyl ke- 
tones -64, 151.161 Higher alkyl  and aryl  groups migrate more readi ly than 
methyl groups t o  the  nitrogen atom. In the presence of large amounts of 
a lcohol ,  i p i n o  e s t e r s  a r e  formed instead of amides (cf. method 410). 
Hydrazoic a c i d  a t t a c k s  the  keto group of keto e s t e r s  t o  give amido e s t e r s  
from which amino a c i d s  a r e  obtained upon hydrolysis (method 447). 

363. Cleavage of Ketones  by Sodium Amide 

NaNH 
C6HSCOCR, 2 C6H, + R,CONHNa 

Cleavage by sodium amide i s  a general  react ion of diary1 ketones, 
hexaalkylacetones,  and t-alkyl aryl ketones."' T h e  react ion h a s  found 
preparative value in the cleavage of trialkylacetophenones t o  amides of 
u ia lky lace t ic  a c i d s  (method 248).14' F i s s i o n  occurs  when the  ketones 
a r e  refluxed with sodium amide in benzene,  toluene, or xylene solut ions.  

METHODS 363-367 375 

T h e  s y n t h e s i s  h a s  been  extended t o  higher-molecular-weight compounds 
but f a i l s  for the  preparation of t r ia lkylacetamides containing more than 
twelve carbon atoms u n l e s s  two of the  alkyl  groups a r e  methyl.'" 

364. Acyl Azides  by the Action of Nitrous Acid on Hydrazides 

NeNOl 
RCONHNH, - RCON, 

HC I 

T h i s  react ion is carried out in  t h e  same manner as t h e  diazot izat ion of 
primary amines.  Most a z i d e s  a re  relat ively unstable  compounds and ex- 
plode upon heating. Hydrazides of a l l  t y p e s  of a c i d s  have been con- 
verted t o  azides."" ",* Ha lo  alkoxyl, and  nitro groups on a n  aromatic 
nuc leus  d o  not interfere. The  react ion is i l lustrated by t h e  preparations 
of p-nitrophenylacetyl a z i d e  (84%)36 and G-methylnicotinyl az ide  (70%).'07 

365. Acyl  Azides by Interaction of Sodium Azide and  Acyl Halides 

R C O C l +  NaN, --+ RCON, + NaCl 

Acyl a z i d e s  a r e  convenient ly prepared by t reat ing a n  acetone,  ether, 
or dioxane solut ion of the  corresponding a c y l  ha l ides  with a n  aqueous 
solut ion of sodium azide."' T h e  react ion is rapid a t  0-25O, and,  in gen- 
eral ,  the  a z i d e s  a r e  isolated in  exce l len t  yields .  Many t y p e s  of acy l  
ha l ides  have been used.'06' "' 

366. Condensat ion of Carbonyl Compounds with a-Halo Amides (Refor- 
matsky)  

RCOR + R'CHRrCQNIl': 3 H,C(OH)CH(R')CONR'> 
l I20  

N,N-Dialkyl-a-halo amides may be s u b s t i t u t r d  for 0.-halo e s t e r s  in the 
Reformatsky r e a ~ t i o n . ~ '  T h e  y ie lds  of K ,N-dialkyl-P-hy&oxyamides com- 
pare favorably with those  of the  corresponding hydroxy e s t e r s  (cf. rnethod 
103 ). 

367. Condensat ion of Aldehydes with Amides a n d  Imides 

RCONH, + HCHO 5 RCONHCf!,OH 

N-Methyl01 derivat ives of amides and cyc l ic  imides a re  obtained by 
heat ing these  compounds with formaldehyde and a b a s i c  ~ a t a l ~ s t . ~ ' ~ " ~ ~ ' ~ ~ ~  
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The yields a re  exceptional ly good. In the presence of a ce t i c  ac id  two 
molecules of acetamide and orle molecule of aldehyde condense to 
alkylidenediacetamides in poor yields.'48 

368. Condensation of Aldehydes with Malonmonoamide 40 14' (cf. method 37) 

CsHsN 
RCHO + C H , ( C C ) , H ) ( C O N I - I l ) h  RCII=CHCONH, + CO, 

369. Condensat ion of Amides '49 

370. Coupling of Diethylaminocarbonyl Chloride with Organometallic Com- 
pounds lo' 

371. Pyrolys i s  of Imino Es t e r  t l y d r ~ c h l o r i d e s * ~  

lsoO 
RC(OC,H,)= NH . HCI - RCONH, + C,H,CI 

372. Acylation of Amides 

373. Action of Diazomethane on I socyana tes  "O 

C6H,NC0 + 2CbI 1 N 2-  C a H s r - y  + 2N2 

CH, - CH, 

374. Action of Ammonia or Amines on L a ~ t o n e s " ~  

375. Hydroxamic Acids by Oxidation of Aldoximes "" la4 

RCRO + NH,OH + H,O, + RCONtIOH + 2H,O 

376. Hydroxamic Acids by Rearrangement of  Nitroparaffins "I' (cf. 
method 252) 

METHOD 377 577 

377. Hydroxamic Acids by Interaction of Aldehydes and  Sodium Nitro- 
hydroxamate "' 

RCHO + NalN,03 -+ RC(OH)= NONa + NaNO, 
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TABLE 63. AMIDES 

'42 Compound Method chapterref. B.p./mm.. nb, (h4.p.) 
( %) 

Aliphatic and Alicyclic Amides 

Formamide 353 84 1 9 ~  
Acetamide 349 90 19 

353 95 19'O 

P ropionamide 349 95 1917 
N-Methyl acetamide 351 75 19 
N.N-Dimethylformamide 349 73 19" 

Butyramide 349 88 1917 
Isobutyramide 348 83 19" 
N,N-Dimethylacetamide 349 78 19O 

358 69 19 17" 

Cyclopropanecarboxami de 348 91 1 9 ~  

Valeramide 349 82 19" 
N-Methylisobutyramide 348 75 1 9 ~  
N,N-Dimethylpropionamide 349 78 1917 
Trimethylacetamide 363 100 191U 
N-t-Butylfomamide 355 50 191m 

Caproamide 349 75 1917 
Dimethylerhylacetamide 363 100 19 14' 

,B,~Dimethylbutyramide 361 58 1 9 ' ~  
N,N-Dimethylbutyramide 349 84 19 l7 

N+-Butylacetamide 351 37 1 9 ~  
N-t-Butylacetamide 355 85 19 lrn 

Heptamide 349 75 1917 
361 46 19'~ 

y,y-Dimetbylvaleramide 361 30 1 9 ' ~  
N,N-Dimethylvaletamide 349 87 1917 
N-Isoamylacetamide 351 64 1 9 ~  

Caprylamide 349 80 19 l' 

Dimethyl-n-butylacetamide 363 56 19 la 

N,N-Dimethylcaproamide 349 88 19 l7 

Cyclohexylacetamide 361 40 1 9 ' ~  
348 40 19 lG7 

N,N-Dimethylheptamide 349 81 1917 
3,3,4,4-Teaamethylvderamide 348 77 1 9 ~  
/?-Cycloh uylpropionarnide 361 27 

- 
1 9 ' ~  

Aroma tic Arni des 

C, Bazamide 
C 8  Phenylacetamide 

o- Toluamide 

TABLE 63. AMIDES 579 

TABLE 63 (continued) 
- 

- 

c, Compound Mehod Iidd aapterref.  B.p./mm., n b ,  (M.P.) 
(%) 

- Aromatic Amides (continued) 

C8 N-Phenyl acetamide 350 85 19"' (115) 
(acetanilide) 351 99 19' (114) 

N-Methylformanilide 349 97 19" 131122, (14), 1.554'' 

( c 6 b  N(CHs)CHO) 

C9 ,E-Phenylpropionamide 361 82 9 (99) 
N-Phenylpropionamide 351 97 1 9 ~  - 221, (103) 
c-Methylacetanilide 350 82 1 9 ~ ~  (111) 

P-Merhylacetanilide 350 100 19'" (155) 
N-Methylacetanilide 351 54 w9 255, (98) 

358 89 191r5 (101) 
358 98 19l" (98) 

C 10 a-Phenylbutyramide 348 97 
Y-Phenylbutyramide 

19" (85) 
361 42 9 (84) 

CI,  8-Phenylvaleramide 361 29 9 (108) 

N-n-Butylbenzamide 348 45 19' (42) 
N-t-Butyl bcnzamide 355 30 191m (135) 
a-Naphthamide 354 100 1 (202) 

C a-Naphthylacetamide 360 80 19~ '  (181) 
/?-Naphthylacetamide 348 96 1 9 ~  (204) 
1Acetamidonaphthalene~ 350 97 1 9 ~ ~  (132) 

362 95 19lS1 (134) 
N-a-Naphthylacetamide 351 45 1 9 ~  (159) 

C ,, Benzanilide 349 84 19' (161) 
C,, N-Methylbazanilide 358 62 1917' (59) 

4-Diphenylacetamide 361 84 9 (243) 
2-Acetamidobiphmyl 350 93 1 9 ~ '  (121) 

C 2-Fluoreneacetamide 361 70 9 (266) 
C ,, 2-Phmanthlylacetamide 361 82 9 (248) 

3- Phenanthrylacetamide 361 81 19" (171176) 

C 17 ,B-(2-Phenanthryl)propionamide 361 66 9 (189) 
C 19 Y-(3Phenanthryl)valeramide 360 72 191a' (139) 

Lactams 

C4 1Pyrmlidone (y-Butyrolactam) 374 01 19l" 103/1, (24) 
C, 1-Methyl-2-pyrrolidone 374 93 lgl" 202 

5-Methyl-2-pyrrolidone (y 374 74 19 l" 
valerolactam) (44) 

C6 1Ketohexmethyleneirnine 359 65 19" 127-133/7, (68) 
(E-caprolactarn) 362 63 19 l" (64) 

1,FDimethy~Ipyrrolidone (N- 349 77 19l" 85/13, 1.4611'" 
methyl-y-valerolactam) 

For explanations and symbols see pp. xi-xii. 
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TABLE 63 (continued) 

Yield t 
c n  Compound Merbod ~ h a ~ t e r r e t  B.p./mm.. nD, (Up.) (%I 

Lactams (continued) 

C,, N-Phenyl-/3-propiolactam 373 20 19'" (79) 
C 5-Phenyl- 2-pipetidone 574 88 391° 228/20, (128) 

C,, Phaanbudone 349 83 1919 (293) 

Heterocyclic Amides 

cb ~Thienylacetamide 354 35 19'" (148) 
Nicotinamide 352 78 19" (132) 

353 85 19'O (122) 
354 86 19" (130) 

C, N-(a-Furylppropionamide 357 89 19~ '  13/12,  (81) 
2-Pyridineacetamide 361 31 19" (121) 

C,, N,WDiethylindolcf 370 44 1 9 ~ '  (152) 

carboxamide 
N,N-Dietbylthianaphthenc 370 21 19l"l 220/11 

3-carbxamide 

C ,, 2-Di benwfurylacetamide 361 70 19" (210) 
4-Di benzofuryl acetamide 360 67 19~ '  (212) 

2-Acetamidodibenzothiopha e 359 70 1 (178) 
N- Acetylcarbazole 3U) 8 3  19'' (69) 

Amides of Dicarboxylic Acids 

C, Malonamide (rnalondiamide) 352 99 9 (169) 

C, Ethylmalondiamide 352 91 19" (215) 
N,N'-~imethylmalonamide 356 70 19" (133) 
Methylencdiacetamide 367 54 1 9 ~ ' ~  (198) 

C6 Ethylidenediacetamide 367 44 19" (180) 
C, n-Butylmalondiamide 352 87 19" (198) 

~,d-Diethylmalonamide 356 63 19~'  (147) 

C8 N-Mono+ butylsuccinamide 355 25 1 9 ~ ~  (149) 
Phthdamide ,... 90 191U (23-V 

Cg N,N'-~iisopro~~lmalonamide 355 40 1 9 ~ ~  (115) 
Cu, Ben ylmdondiamidc 352 96 19" (226) 

Diacetylophenylenediamine 350 80 19'"' (188) 

Olefinic Amides 

C, Vinylacetamide 354 80 19" (72) 
Methacryl amide 352 75 19 (111) 

354 70 19" 1110) 

C, N-Methylmethacrylamide 348 87 19'" 85/4 

C, ~Isopropylacrylamide 368 70 19'" (86) 

TABLE 63. AMIDES 581 

TABLE 63 (continued 

c, Compound Yield (%) ~ b a p t e f l ~ ~ .  B.p./rnm., n b  (M.p.) 

Olefinic Amides (continued) 
- 

C8 Wt-Butylmethacrylamide 355 88 19'" 94/20, (59) 
C9 Cinnamamide 368 57 1 9 ~  (147) 
CI1 a-Allylphenylaceramide 348 82 1 9 ' ~  (541 

Y-Chloroacetamid e 
a.a-Dichlomacetamide 
Trichloroacetamide 
N- Bromoacetarnide 

Cl WMerhylfluoroacetamide 
N-Methyl-a.a-dichloroaceb 

amide 
N-Mehyl-a-bromoacetamide 

C 4  a-Chloroisobutyrarnide 
N-M ethyl-a- bromopropionamidc 
N-Ethyl-a,a-dicbloroacetarnide 
N,N-Dimethyl-a.a-dichloro- 

acctarnide 
N,N-Dimethyl-a- bromoacet- 348 32 1 9 ~  116/18, 1.5097 

amide 

N-Etbyl-a- bromoacetamide 348 82 1 121/17, (47) 
N-Bromosuccinimide 68 81 4" 

C, a-Bromen-valerarnide 348 60 19" (79) 

N-Ethyl-a- bromopropionamide 348 89 19& 82/2, (62) 
N,N-Dimethyl-a-brorne 348 85 19" 75/3, 1.4979 

propionamide 

C 6 a-Bromet-butylacetamide 348 71 
N,N-Dierbyl-a,a-dichlorw 348 85 

acetamide 
N,N-Dietbyl-a-brornoacetmide 348 67 

C, N.N-Dierhyl-a-brorne 348 79 
propionamide 

N- Bromoknzami de 68 55 

For explanations and symbols see pp. xi-xii. 
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TABLE 63 (continued) 

Yield t 

Cn Compound Method (%) chapterref. B.p./m., nD ,  (UP.) 

Halo Amides (coniimred) 

C9 N-MethyCa-bromophenyl- 348 68 19" (74) 
acetamide 

&Methyl+-chloroacetanilide 358 72 l 5  (93) 

C ,, o-Iodobenzanilide 348 74 19" (143) 
C,, N-Phenyl-a-bromophenyl- 348 40 19' (123) 

aceramide 

Hydroxy Amides 

C, Lactamide 352 74 19" (75) 

C 4  N-Methyllactamide 352 91 l a  (72) 

C, N,N-Dimcrhyllactamide 352 86 l a  57/0.6, 1.4588 

C6 N-Hydroxyrnetbylisw 367 65 19lSa (79) 
valeramide 

Ca a-Hy&oxyphenylacetamide 349 62 19" (132) 
(rnandelamide) 352 81 19" 

p-Hydroxyphenylacetamide 361 68 19" (174) 
p- Acetarnidophenol 350 56 19178 (168) 

Cp N-~~&oxymethylphen~l- 367 82 19"~ (78) 
acetamide 

C1, o-Hydroxybenzanilide 352 70 9 (132) 

Alkoxy Amides 

C5 a-Methoxyisotutymmide 352 €6 1916' (118) 

C, Diethmyacetamide 352 84 1919 (78) 

C, P,&Dierhoxypropionamide 352 80 1 9 ' ~  (55) 

Ca N,NDirnethyldietho~- 352 51 19" 105/12 

acetamide 

C9 m~ethoxy~henylacctamide 361 53 19" (126) 

p-Methoxyphenyl acetamide 360 81 19," (189) 

(p-homoanisamide) 
p-Methoxyacetanilide (0- 350 96 19"' (128) 

acemanisidide) 350 95 1 9 ~ '  (128) 

C,, N-~eth~lo-methoxyacetanilide 358 36 19l" (57) 

Keto Amides 

C8. Isatin .... 78 191U (197) 

C, B e n ~ ~ l a c e t a m i d e  352 81 19" (113) 
C ,, a- Benzoylpmpionamide 352 67 19" (153) 

Ace toacetanilide 356 74 1g9, (85) 

9- Acetaminoacetophenone 178 82 19'" (163 

C,, a-Benzoyltutyramide 352 42 19" (155) 

N-~eth~lacetoacetanilide 356 69 1g9' 131/4 

c,, ~m wylacetanilide 352 76 19'. (106) 
-- - 

- 

TABLE 64. IMIDES 583 

TABLE 63 (continued) 

c, Method Yield Compound 
( %) 

chapterref- B.p./mm, ntD, (h.1.p.) 

Carboxy Amides 

C, Malon-monoamide 352 61 19, (110-115) 
C, Acetylglycine 350 92 191U (208) 
CI  Diethyl formylaminomalonate .... 55 19lS (49) 

Cg Benzoylaminoacetic (hippudc) 348 68 19" (187) 
acid 

C 1, N-Benzoyl-a-aminoisobutyric 348 88 19" (202) 
acid 

C, N-Benzoyl-a-aminophenylacetic 348 97 19', (178) 
acid 

Amino Amides 

C1 a-Aminoacetamide 352 56 9 '  (68) 
C , Da- Aminopropionamide 352 84 19" (72) 

Methylaminoacetamide 354 90 19160 (72) 

C4  Dimethylaminoacetmide 354 76 19" (96) 
C I  o-Aminoacetanilide 425 90 19"~  (133) 
C ,, p-Aminobenzanilide 425 90 19'" (136) 

Cyano Amides 

C, Cyanoacetamide 352 88 19'' (120) 
C a- Cyanopropionamide 352 41t  19'" 
C ,  o-Cyanobenzamide 384 65 20 (171) 

Nitro Amides 

C. o-Nitmphenylaceramide 360 55 19'' (161) 
o-Nitroacetanilide 350 97 19lW (93) 
p-Nitroacetanilide 350 100 19 la' (216) 

486 95 28" (207) 
Cp O-NitreN-methylacetanilide 350 73 19 (71) 

For explanations and symbols s ee  pp. xi-xii. 

TABLE 6 4  IMIDES 
-- 

% Compound Yield 
(%) Chapterref* (M.p.) . ~ 

C, Succinimide 349 83 19 ' (125) 
C, Glutarimide 3 50 ..,. 19 '" ( 165) 
C, a-Methylglutarimide 3 50 80 19lS4 (91) 
C, a- Ethylglutarimide 350 8 5 19"' (108) 
C8  Phthalimide 3 50 97 19 "' 

4 688 
(235) 

N-Bromophthalimide 68 80 
4-Ni troph thalimide 4 86 53 19157 (198) 

For explanations and symbols see pp. xi-xii. 
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TABLE 64 (continuedl 

Gz Compound 
Method chapterref- (M.P.) (%) 

C9 N-~eth~lphthalimide 358 90 19IU ( 1 34) 

N-~romomethylphtbalimide 5 1 70 19Ie (148) 

~ - ~ ~ & o ~ m e t h ~ l ~ h t h a l i m i d e  367 94 19 l4 (140) 

cm Succinanil (N-phenylsuccinimide) 349 7 5 191U (158) 

P~romoethylphthalimide 358 79 19IU (83) 

C N-n-Burylphthalimide 358 
74 19IU (37) 

N-t-Butylphthalimide 350 76 19 l4 (60) 

C,, 2-Pyddylphthalimide 350 
76 19*? (225) 

CIS ~ - ~ e n z ~ l p h t h a l i m i d e  358 6 3 19"' ( 116) 

Diethy1 phthalimidomalonate 3 58 7 1 19 lU (74) 

~0~ and symbols see pp. xi-rii. 

TABLE 65. HYDRAZIDES AND AZiDES 

cn Compound 
Yield chapterref. 

(%) 
(UP.) 

C, Betainehydrandehydmchloride 352 90 
19'" (175-180) 

(Girard's reagent) 
2-Fumy1 azide 365 92 

19 '" 
C 6  Nicotinyl azide 364 88 1 9 1 7 V 4 8 )  

C7 ~ e n z h ~ d r a z i d e  352 80 
1 9  (112) 

Benwyl azide 364 70 1 (28) 
365 54 19*' (32) 
365 50 1 (28) 

p-Iodobenzoyl azide 364 90 l9lU (56)  
2,~Dini tm benzoyl azide 365 91 19'" (68) 

6-Methylnicotinyl a a d e  3G4 70 19Im (45) 

cs ~th~lisobutylacerhydrazide 352 76 19"~  (74) 
p-~ethoxybcnzhydr adde 352 95 19IU (136) 

p-~itrophenylacethydrazide 352 97 19" (167) 

p - ~ i u o ~ h e n ~ l a c e t y l a ~ d e  364 84 19- (4 5) 

c9 p-Ethoxybenzhydrazide 352 95 19IU (127) 
p-Ethoxybenwyl azide 352 95 1 9 ~  (31) 

cIs 9-phenanthmyl azide 365 98 1 9 ~  (95), Explodes 

F~~ and symbols see pp. xi-xii. 
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In  th i s  chapter a re  gathered twenty-four methods for t he  preparation of 
cyanides. An excel lent  review of methods for the introduction of cyano 

METHOD 378 

groups appeared i n  1948." In addition, a monograph on the  chemistry of 
organic cyanogen compounds h a s  been p ~ b l i s h e d . ' ~ ~  

37% Interaction of Metallic Cyanides a n d  Halogen Compounds 

RX + NaCN 
CIHIOH 

RCN + NaX 

The  alkal i  cyanides reac t  with alkyl  ha l ides  to furnish predominantly 
nitriles. Primary a l ipha t ic  ni t r i les ,  including those  of high-molecular 
weight, a r e  readi ly formed i n  high  yield^.^'^*^' Secondary alkyl ha l ides  
g ive  poor y ie lds  (30%), and tertiary alkyl  ha l ides  give l i t t le  or no nitrile, 
T h e  react ivi ty of t he  different hal ides i n  t h i s  react ion is in t h e  increas ing  
order of chloride, bromide, and iodide. T h i s  is i l lustrated by the  forma- 
t ion of t h e  chloronitrile from trimethylene chlorobromide in  70% yield.70 
Often t h e  reaction of an  alkyl  chloride can  b e  faci l i ta ted by t h e  addition 
of sodium iodide, which rapidly forms t h e  faster-acting alkyl iodide (cf. 
method 55).' Sometimes alkyl su l fa tes  and su l fona tes  a r e  u s e d  in  place 
of alkyl  halide^.'^""^^ Small amounts of isocyanides formed i n  these  re- 
act ions c a n  b e  removed by washing the crude products with warm 50% 
sulfuric ac id  or cold concentrated hydrochloric acid.' 

Benzyl-type chlorides a r e  converted t o  t he  corresponding cyanides  
much more rapidly (85-70%). Ring subs t i tuen ts  include alkyl,9'12 halo,363 
car be tho^^'^^^^ and nitro365 groups. T h e  more reac t ive  benzyl hal ides,  
particularly t he  p-methoxy derivatives, a r e  subjec t  to  ex tens ive  alcoholy- 
sis when ethanol is employed a s  t h e  The  success fu l  u s e  of 
acetone," a ~ e t o n i t r i l e , ~ ~  and phenylacetonitrile 55 a s  so lvents  h a s  been 
described. Conversion by  cuprous cyanide and pyridine ha s  been suc-  
cess fu l ly  applied t o  benzyl chloride1' a s  well a s  t o  di-o-tolylchloro- 
metha t~e .~ '  It  is interest ing t o  find that  treatment of a-chloroethylbenzene, 
C,H,CH(CI)CH,, with cuprous cyanide g ive s  1,3-diphenyl- I-butene, 
C6H5CH =CH -CH(CH3)C,H5, ins tead  of t he  ant icipated n i ~ i l e . ' ~ ~  

T h e  replacement of a n  aryl halogen atom by t he  cyano group can  b e  
accomplished by t he  act ion of anhydrous cuprous cyanide a t  150-250° 
with or without a n  organic b a s e  (usual ly pyridine) a s  a promoter or solvent  
(Rosenmund-von Braun nitrile synthesis) .  T h e  reaction is autocatalyt ic  
and may be  accelerated by t h e  addition of small  amounts of a nitrile and  
copper ~ u l f a t e . ~ '  Typical  laboratory procedures a r e  found i n  the  syn the se s  
of a-naphthonitrile (90%)25 and  7-cyanophenanthrene (87%).'6 The  adapta- 
tion of t h e  process  t o  commercial pract ice h a s  been discussed.'" 

For t h e  most part, t h e  cyanides of  heterocycl ic  compounds a r e  similarly 
prepared by t he  act ion of alkal i  cyanides  or cuprous cyanide on  side- 
chain or nuclear halogen atoms, respect ively.  -Several notable exceptions 
a r e  found in t h e  furan series .  Thus,  t he  product from the  reaction of 
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f d u r y l  chloride is mainly 5-methyl-2-furonitrile instead of the expected 
2-f~ranacetoni t r i le .~~ 

HC-CH - HC-CH 
I1 II ---+ II I1  

HC CCH,Cl + KCN CH,C CCN 
\ / \/ 

A similar rearrangement occurs with a-(1-chloroethy1)-furan; 5-ethylfuryl 
cyanide is formed." Also, ffurylmethyl chloride and aqueous potassium 
cyanide furnish an isomeric mixture of nitriles, a 9: 1 ratio of 3-fuylaceto- 
nitrile and 3 -methy l -2 - fu ron i~ i l e .~  Tetrahydrofurfuryl chloride behaves 
normally although i t s  halogen is more firmly he ldz9  As expected, the  
halides of pyridine," quinoline,37 and i ~ o ~ u i n o l i n e ' ~  react satisfactorily 
without a solvent-promoter. 

Polymethylene dicyanides are readily prepared from the corresponding 
dibromide~,'~ a s  illustrated by the preparation of trimethylene cyanide, 
CN(C&),CN (86%)." The o- and p-w,w'-dibromoxylenes react rapidly t o  
give only the corresponding phenylenediacetonitriles (70-90%); with the 
meta isomer, the  reaction may be  controlled to  yield the bromonitrile 
(30%).11.50 ~ $ 1  

The formation of olelinic nitriles from allylic halides is best  accom- 
plished with dry, powdered cuprous cyanide rather than with alcoholic 
alkali cyanides, with which s ide  reactions such a s  isomerization and 
alcoholysis of the double bond are parricularly b~thersome.~ '  With 
cuprous cyanide the yields in the synthesis of ally1 cyanides6 and methal- 
lyl cyanides' are 84% and 86%, respectively. Higher allylic halides are 
subject to allylic rearrangements; thus cuprous cyanide ac t s  on crotyl 
halide (CH,CH-CHCH,X) and methylvinylcarbinyl halide 
(CH,CHXCH - CH,) to  produce the same mixture of isomeric nitriles (9 : 1) 
regardless of which halide is treated.sg Numerous cyanides of the allylic 
type (C5CI4) have been prepared, although the possibility of an  isomeriza- 
tion has not been c ~ n s i d e r e d . ~ "  A similar isomerization has been ob- 
served in the reaction of sorbyl chloride and potassium ~ y a n i d e . ~ '  

For the mast part, vinyl halides are unreactive; however, a few have 
been converted to vinyl-type cyanides under conditions employed for 
aromatic halogen compounds. Thus, sym-diiodoethylene has  been con- 
vened by cuprous cyanide with an amine promoter to  fumaronitrile (74%).65 
The halogen atom in certain triarylvinyl bromides h a s  a lso  been replaced 
by che cyano group under these  condition^.^^ 

Acetylenic nitriles are best prepared by heating the corresponding 
iodides with alkali cyanides in aqueous acetone or with cuprous cyanide 
in ~ ~ l e n e . ~ '  With methanolic potassium cyanide, 1-chlorel-heptyne yields 
a cyanovinyl ether of the structure C,H,,C(OCH,)=CHCN which results  
from the addition of methanol to the triple bond.69 

Halo nitriles are prepared from the corresponding dihalides or from 
mixed halides by taking advantage of the different reactivities of two dis- 
similar haIogen atoms."~" 

Hydroxy nitriles are obtained from halo alcohols a s  illustrated by the 
preparation o f  ethylene cyanohydrin from ethylene chlorohydrin (80%)." 
In the reaction of the next higher homolog, 2-chloropropanol, with alcoholic 
potassium cyanide, a 60% yield of the secondary alcohol (CH,CHOHC%CN) 
i s  obtained instead of the expected 2-cyanopropanol." Other chloro- 
hydrins containing a third functional group have been converted to valuable 
synthetic starting materials, e.g., ,8-hydro~y-~metho~ybutyronitrile~~ 
and I-cy a n e  3-buten-2-01.'' 

Treatment of a-halo ethers with metallic cyanides such a s  cuprous, 
mercuric, or silver cyanides gives the corresponding cyano ethers; the 
alkali cyanides are  without e f f e ~ t . ~ ~ ~ ~ ' ~ ~ ~  Very l i t t le  of the corresponding 
isonitriles are encountered despite the fact  that these compounds often 
result from the interaction of heavy-metal cyanides and alkyl halides. 
Generally, cuprous cyanide, the most commonly used reagent, i s  sus- 
pended in dry anhydrous ether or dry benzene and treated with the halo 
ether under gentle reflux (55-80%). 

More often than not, a halogen atom on the carbon beta to the ether 
linkage i s  unreactive. For example, the comparative reactivities of a- 
and P-halogens may be illustrated by the  reaction of ethers containing 
both these  groups.'4*" In each case,  the  ,&halogen i s  retained. On 
the other hand, the bromine atom in P-ethoxyethyl bromide, 
C,H,OCH,CH,Br, is readily replaced by the cyano group from sodium 
cyanide ( 5 ~ % ) . " ~  It i s  interesting t o  note that aqueous potassium cyanide 
effects a cleavage of the carbon-oxygen bond in a,&dichloroethyl ether, 
giving the cyanohydrin of chloroacetaldehyde, CH,ClCHOHCN (40%).~' 

The formation of cyano ketones by th is  method i s  illustrated by the 
conversion of phenacyl halides to the corresponding nit rile^.^'^ 99 Ring 
closure to  cyclopropane derivatives is a s ide  reaction which has  been 
encountered with y-halo ketones. Benzalacetophenone dibromide i s  
converted by alcoholic potassium cyanide to the ,8-cyano ketone, the 
a-halogen atom being reduced.lO' Several a-chloro ketones have been 
found to yield a-cyano epoxide~."'"'?~ 

Cyano acids  are prepared by first neutralizing the corresponding halo 
acids with sodium carbonate and then treating the aqueous solutions with 
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sodium cyanide. The  organic acid i s  liberated with concentrated hydro- 
chloric acid."'*"9'"' Sometimes the halogen atom in a halo es ter  is re- 
placed by cyanide and the ester  group i s  then preferentially hydrolyzed 
with cold alcoholic potassium hydroxide."' 
y-Diethylaminobutyroninile is prepared in 50% yield from trimethylene 

chlorobromide by success ive  treatment with diethylamine and potassium 
cyanide. This  i s  almost twice the yield reported for the more common 
procedure of introducing the cyanide group first."' 

379. Fusion of Alkali Cyanides and Sulfonic Acid Salts  

ArS0,K + KCN 3 ArCN 

The fusion of alkali arylsulfonates with potassium cyanide forms aro- 
matic nitriles by a replacement of the sulfo group. For the most part, 
the yields are low, although the reaction has  been applied successfully 
in the preparation of n a p h t h o n i t r i l e ~ ' ~ ~ * ' ~ ~  and cyanopyridines.'7's'71 
Sometimes potassium ferrocyanide is substituted for the alkali cyanide 
with better results.'67 Ten isomeric cyanonaphthalenesulfonates have 
been converted to the dinitriles by fusion with this  reagent in yields 
ranging from 8% to 75%.16' Migration of the cyano group from the beta 
to  the  alpha position h a s  been observed in the formation of these  
corn pound^.'^^ 

380. Replacement of the Diazonium Group by Cyanide 

HCI CuCN ArNH, d ArN: C1- ArCN 
NaNO, 

The replacement of aromatic amino groups by cyanide i s  easi ly ac- 
complished by the action of cuprous cyanide on the diazonium compound 
(Sandmeyer). The procedure i s  illustrated by the preparation of o- and 
p-tolunitriles; each i s  obtained in 64% to  70% yield."' Several features 
are  noteworthy. The  diazonium solution i s  neutralized with sodium 
carbonate before treatment with.cuprous cyanide solution s o  that the 
liberation of hydrogen cyanide i s  avoided. Also, vigorous stirring in 
the presence of an inert solvent is required during the addition of the 
cold neutralized diazonium solution to  the cold cuprous cyanide solution 
s o  that the decomposition proceeds without v io len~e. '~ '  Methods for the 
preparation of cuprous cyanide have been described."""' 

In the preparation of a-naphthonitrile, somewhat better yields are ob- 
tained by substituting nickel cyanide for the usual cuprous cyanide 
reagent (55% vs. 78%)."' 5-Cyanoquinoline i s  prepared satisfactorily 
by the Sandmeyer reaction, but the 8-isomer could not be obtained by this  
proced~re .~ '"  
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The diazonium group may be replaced in the presence of other nuclear 
groups including halogen,"7 h y d r ~ x y l , ~ ~ '  a l k o ~ y l , " ~  acyl,lo7 c a r b ~ x ~ l , ~ " ~ " ~  
ca rborne tho~y l , ' ~~  and nitro.a34 

381. Replacement of Halogen in Acyl Halides by the Cyano Group 

RCOBr + CuCN -4 RCOCN + CuBr 

The conversion of aliphatic and aromatic acyl halides to  a-keto nitriles 
has  been effected by heating the halides with dry metallic cyanides, of 
which cuprous cyanide has given the most satisfactory results  (60-87%). 
T h e  acyI bromides rather than the chlorides are preferred, at leas t  in the 
formation of aliphatic c o m p o ~ n d s . ' ~ ~  Thus, pyruvonitrile i s  prepared in 
77% yield from acetyl bromide and cuprous cyanide whereas no product i s  
obtained if acetyl chloride i s  e r n p l ~ y e d . ' ~ ~  Benzoyl cyanide i s  made in 
65% yield by heating the corresponding acyl chloride with cuprous 
c yanide.a97 

Another procedure consists  in slowly adding pyridine t o  an ethereal 
solution of an acyl chloride and anhydrous hydrogen cyanide. This order 
of addition of the reactants i s  important in order to  retard the formation 
of acyl cyanide dimers. In th is  manner, certain benzoyl cyanidesa9' as 
well a s  furoyl cyanideag9 have been prepared (40-80%). 

382. P - ~ e t o  Cyanides by Interaction of Alkali Cyanides and P - ~ e t o  
Amines 

KCN ArCOCH,CH,N(CH,), + ArCOCHICHaCN + (CH,),NH 
H a 0  

Certain P-dialkylaminoethyl aryl ketones, readily prepared by the 
Mannich reaction (method 444), a re  converted to  P-aroylpropionitriles in 

good yields by the action of hot aqueous potassium cyanide.'9' ,& 
Benzoylpropioninile is made ip th is  way in 67% yield. The reaction has  
been successfully applied t o  the formation of P-2-fur~~lpropioni t r i le  
(57%) and &2-thien~~lpropionitrile (67%). 

383. Cyanogenation of Aromatic Gmpounds  

NH . HCI 
It 

N a O H  ArH t CC1,CN 3 A ~ ~ C C I ,  - ArCN t CHCL, 

The introduction of a cyano group Into an aromatic nucleus has  been 
accomplished by the action of trichloroacetonitrile in the presence of 
anhydrous aluminum chloride followed by degradation of the intermediate 
ketimine. It i s  not necessary to isolate the trichloromethyl ketimine. 
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Instead, in a single process, the latter is liberated from its hydrochloride 
by the addition of dry ammonia and then degraded by the action of dry, 
powdered sodium hydroxide. Dry hydrogen chloride i s  a more satisfactory 
condensing agent than aluminum chloride for the cyanogenation of phenols 
and aromatic ethers. Typical aromatic nitriles obtained by this procedure 
include benzonitrile (67%), 2,4-, 3,4-, and 2,5-dimethylbenzonitriles from 
the corresponding xylenes (82-86%), 2,4,Gtrimethylbenzonitrile from 
mesitylene (68%), 2-methoxy-5-methylbenzonitrile from the methyl ether 
of p-cresol (67%), and fcyano-2-methylindole (95%).3a9 

Cyanogenation of aromatic compounds can a lso  be carried out directly 
by the action of cyanogen bromide and aluminum chloride in carbon disul- 
fide. 

ArH + BrCN 3 ArCN + kIBr 
csa 

The success  of the reaction depends largely on the u s e  of finely ground 
aluminum chloride and freshly prepared cyanogen bromide. Aromatic 
hydrocarbons-benzene, toluene, anthracene, and acenaphthene-and 
phenolic ethers respond f a ~ o r a b l y ? ~ "  However, phenanthrene gives none 
of the anticipated nitrile.331 As might be expected, a by-product i s  the 
aryl bromide."' Indeed, thiophene3"and f ~ r a n ' ~ ~  are converted largely 
t o  the a-bromo derivatives. 

384. Dehydration of Amides 

RCONH, - -HaO 
RCN 

The preparation of nitriles by the removal of water from amides can be 
accomplished in high yields by numerous dehydrating agents including 
phosphorus pentoxide, phosphorus oxychloride, and thionyl chloride. A 
commonly used procedure for the preparation of simple aliphatic nitriles, 
e.g., isobutyronitrile (86%), consists  in heating an intimate mixture of the 
dry, powdered amide and phosphorus pentoxide a t  100-220° and distilling 
the product as i t  i s  formed, sometimes under diminished pressure."' 
Thionyl chloride i s  frequently the reagent of choice for the dehydration 
of higher-molecular-weight amides, since the secondary products are 
gaseous and the nitrile i s  more readily purified.119 Oftentimes, the higher 
fatty acids are converted to the nitriles in a single operation via the inter- 
mediate ammonium s a l t s  and amides. For this purpose, dry ammonia gas  
i s  passed into the molten acids a t  290-300°; the yields of nitriles are ex- 
cellent (80-85%).117' "' A small amount of 85% phosphoric acid appreciably 
reduces the reaction time.Is7 Another procedure consists  in passing the 
acid vapors mixed with ammonia over s i l ica  gel at 500'. This  technique 
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is particularly successful  for lower aliphatic acids (C,-C6) and certain 
aryl-substituted acids such as phenylacetic and P-phenylpropionic acids 
(80-75%); i t  is l e s s  satisfactory for long-chain fatty acids.'" Boron 
trifluoride has  been used to  effect the dismutation of an amide to an acid 
and a nitrile, vi~.:'~ 

ZRCONH, + BF, 
CH,COOH 

5 RCN + RC0,H + BF,. NH3 

Aromatic nitriles are  also prepared by heating amides with phosphorus 
pen~oxide,'~" phosphorus o~ychlor ide ,"~ phosphorus pentachloride,Laa 
thionyl chloride,"' and ammonium ~ u l f a m a t e . ~ ~ ~  In addition, the action 

' of a double sa l t  of aluminum and sodium chlorides, NaCl- AICI3, gives 
excellent yields of nitriles from both aliphatic and aromatic amides."" 
Heating an amide with phthalic anhydride causes  dehydration.'" A novel 
synthesis consis ts  in treating a mixture of an  aromatic acid and p-toluene- 
sulfonamide with phosphorus pentachloride; the  yields of nitriles range 
from 63% to 77%."6'1sb 

ArC0,H + CH,C6H,S0,NH, + 2PC1, 4 ArCN + CH3C6H4S0,CI + 

Pyridinecarboxamides are dehydrated with phosphorus pentoxide.13' 
Preparation of malonitrile, the simplest dinitrile, has been extensively 

studied. A convenient and rapid synthesis i s  brought about by the  action 
of phosphorus pentachloride on cyanoacetamide in ethylene dichloride 
solution.'3s The  simplest unsaturated dinitriles-fumaronitrile (70%), 
maleonitriIe (37%), and acetylene dicarbonitrile (37%)--are prepared by 
the rapid heating of the corresponding diamides with phosphorus pen- 
t~xide." '* '~ The chief by-products in the above reactions are  probably 
the cyclic imides. Similarly, o-diamides are deaminated as well as 
dehydrated to  give a mixture of products. An interesting synthesis of 
sebaconitrile consists  in heating the corresponding dicarboxylic acid 
with urea to form the intermediate diamide, H,NCO(C&),CONH,. Stronger 

heating gives the dinitrile, NC(CH,),CN, and w-cyanopelargonic acid, 
NC(C&),COOH, in 47% and 34% yields, respectively.'39 

Unsaturated nitriles prepared by the dehydration of amides include 1- 
cyano- 1-alkynes, e.g. 1-cyano- 1-heptyne (85%),'" and I-cyano- 1-alkenes, 
e.g. P-isopropylacrylonitrile (80%).'" Some dehydrating agents such as 
phosphorus pentachloride may lead to  the formation of halogen-containing 
products; phosphorus pentoxide is preferred in these  case^."^ In a com- 
parison of methods for preparing olefinic nitriles, i t  has  been shown that 
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dehydration of a,& and 0 ,~ -unsa tu ra t ed  amides can be  accompli.shed 
without noticeable migration of the double bond.'" 

The dehydration of an amide containing an acid-sensitive acetal group 
t o  a cyano acetal l ike b,P-diethoxypropionitrile has  been carried out with 
phosphorus pentoxide in the presence of triethylamine."' 

Other functional groups which may be present in the atnide are 
a l k o ~ ~ l , ' ~ ~ ~  lS3' Is' c a r b a l k ~ x ~ l , ' ~ ~  and nitro.156 

385. Dehydration of Oximes 

Acetic 
RCH=NOH - RCN 

anhydride 

The conversion of an aldoxime to a cyanide by the removal of water 
h a s  been successfully applied in many instances. Hot acetic anhydride 
i s  the most common dehydrating agent. The  reaction i s  important in 
sugar c h e m i s q  a s  a s t ep  in the degradation of an aldose to  the next 
h~molog.'~' Oximes of aromatic aldehydes respond particularly well to 
th is  treatment, giving nitriles in good yields, e.g., a-methylbenzyl 
cyanide (90%),"' 9-cyanoanthracene (98%),"' and 3,4dimethoxybenzo- 
nitrile (76%)."' Oximes of unsaturated aldehydes like the a-alkylacro- 
leins, H,C-C(R)CHO, undergo dehydration without apparent migration 
of the double bond to futnish a-alkylacrylonitriles."'* "" 

Nitriles are a lso  formed in excellent yields by the decarboxylation 
and dehydration of oximino acids with warm acetic anhydride. A good 

route for obtaining the starting materials cons is ts  in the condensation 
of aldehydes with rhodanine followed by cleavage of the product with 
alkali and treatment with hydroxylamine. 

RCHO + H,$-$O RCH=F-FO 

RCH,CCO,H 
RCH,CN so /I 

NOH 

Yields in each s tep  are in the range of 80% to  97%. The facile prep- 
aration of rhodanine in large quantity h a s  been described along with im- 
proved directions for each Aliphatic, aromatic, and hetero- 

cyclic aldehydes undergo the initial condensation;"' however, only prod- 
ucts  from the las t  two ser ies  are frequently carried to the final step, for 
example, 3,4-dimethoxyphenylacetonitrile (90% ~ v e r - a l l ) , ' ~ ~  2-furanaceto- 
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nitrile (80% ~ver -a l l ) , l ' ~  and 2-thienylacetonitrile (74% over-all)."O The 
rhodanine synthesis  has  been extended t o  the preparation of phenyl- 
acetonitriles having chlorine or bromine atoms in the o-, m-, or p-position 
(3&62% ~ v e r - a l l ) . ' ~ ~  Oximino ac ids  are a l so  obtained from the  corre- 
sponding a-keto acids,  which are readily available by the azlactone 
synthesis  (method 210). This  route has  been found satisfactory for the 
preparation of certain alkoxyphenyla~etonitriles.~~~~~~' 

A closely related reaction involves the conversion of a-oximino ketones 
t o  nitriles by pyrolysis or by the action of thionyl chloride (75%). This  
reaction constitutes a s tep  in a ser ies  for the synthesis  of aliphatic 
ac ids  from valeric to  lauric acids.'74 

NOH 
II 

RCH,COCI 3 RCH,COC6H5 3 RCCOGH, & RCN + GH,COOH 
AICIS 

386. Alkylation of Cyano Compounds 

RCH,CN + R'X + NaNH, 4 RR'CHCN + NaX + NH, 

The alkylation of nitriles has  been developed a s  a general method for 
the preparation of substituted ace ton it rile^."^ An excellent discussion 
of the literature to 1937 has  been given.176 The procedure cons is ts  in 
treating a nitrile in an inert solvent with finely divided sodium amide 
and the halogenated compound, followed by careful hydrolysis with water. 
Common solvents are ether, benzene, toluene, or liquid ammonia. Mono-, 
di-, and tri-alkylated products are  possible, a s  shown by the alkylation 
of acetonitrile with ethyl bromide;"' however, the mixtures can often 
be  separated by fractional distillation. 

The degree of alkylation has  been controlled in certain instances. 
Straight-chain nitriles and equimolar quantities of low-molecular-weight 
bromides react in boiling ether solution to give mainly monoalkylated 
products. Nitriles prepared'in th is  manner include capronitrile from the 
action of n-butyl bromide on acetonitrile (60%), diethylacetonitrile from 
ethyl bromide on butyronitrile (77%), and a-isopropylbutyronitrile from 
isopropyl bromide on butyronitrile (71%).17, Higher temperatures, ob- 
tained with refluxing benzene or toluene solutions, favor the formation 
of trialkylacetonitriles when excess  alkylating agent i s  used. The  higher 
temperatures are necessary for alkylation with high-molecular-weight 
halides, e.g., n-decyl bromide on pr~pionitr i le . '~ '  

The versatility of the reaction i s  illustrated by the preparation of tri- 
n -b~ t~ lace ton i t r i l e  from n-butyl bromide on either capronitrile (88%) or 
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acetonitrile (80%)."' In most preparations, the alkylating agents are 
bromides rather than chlorides, since bromides react more smoothly and 
a t  a lower t e m p e r a t u ~ e . ' ~ ~ * ' ~ ~  

Alicyclic nitriles are prepared by the intramolecular alkylation of halo 
nitriles. For example, cyclopropyl cyanide i s  obtained in 75-90% yield 
by the action of sodium amide on y-chlorobutyronitrile in ether or liquid 
ammonia.", 

?? 
CICH,CI-I,CH,CN + NaNkI, -+ CH,--CHCN + NaCl + NH, 

Among the aryl-aliphatic nitriles subject to alkylation, phenylaceto- 
nitrile, C,H,CH,CN, is especially reactive and i ts  methylene hydrogens 
are readily replaced by one or two alkyl groups. Alkylation of this sub- 
stance has been performed with alkyl halides or dialkyl  sulfate^.'"''^ 
It unites with both halogens in polymethylene halides (two equivalents 
of sodium amide are required) to form I-phenylcycloalkyl ~ y a n i d e s . ~ ~ ' ~ ' ' ~ ~ ' ~ '  
The action of substituted alkyl halides on phenylacetonitrile and i ts  
homologs furnishes valuable intermediates for ~ ~ n t h e s e s . ' ~ '  

Ch: 

where Z = CN, X, HO, RO, or NH,. In this manner,  cyan^,"^ halo,'"0 
hydroxyl,"7 a lk~xyl , '~ '  and groups have been introduced. 
The yields are good. 

Certain unsaturated nitriles are prepared by the alkylation of reactive 
olefinic niuiles like vinylacetonitrile, I-cycIohexenylacetonitrile, and 
3-ethyI-~-pentenonitrile.~~' 

KaNFi, 
H,C = CHCH,CN + 2RX + H,C =CHC(R,)CN 

Liquid NH, 

Other olefinic nitriles may be obtained by the alkylation of malonitrile 
with unsaturated haIides.I9' 

Ethyl cyanoacetate is readily alkylated under the usual conditions 
employed for the malonic and acetoacetic ester syntheses (methods 299 
and 213) to yield mono- and di-substituted cyano acetates. These sub- 
stances may then be hydrolyzed and decarboxylated to furnish mono- 
carboxylic acids (method 265). In many instances, it i s  difficult to avoid 
the formation of the dialkylated ester, the yields may be Sev- 
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era1 disubstituted cyano esters such a s  diisopropyl- and alkylphenyl- 
cyanoacetic esters are valuable intermediates in the synthesis of other- 
wise difficultly obtained acids .I9'* 19' 

Certain unsaturated cy anoacetic esters, RCH= C(R')CH(CN)CO,C,H,, 
derived in excellent yields by the condensation of ketones, RCYCOR', 
with cyanoacetic ester are alkylated to produce (dialkylviny1)-alkyl- 
cyanoacetic esters, RCH= C(R')C(R'f) (CN)COOC,H,. The yields are 
highest when sodium isopropoxide in isopropyl alcohol is employed a s  the 
condensing agent.'0'*2'7 

The cyanoacetic ester synthesis of certain alicyclic compounds is pre- 
ferred to the malonic ester synthesis. Thus, cyclopropane-1, l-cyano- 
carboxylate is readily obtained by the condensation of ethylene bromide 
and ethyl cyanoacetate in the presence of two equivalents of sodium 
ethoxide (76%).Ig9 A second procedure for synthesizing alicyclic com- 
pounds consists in treating a,~'-dibromodicarboxylic esters with alcoholic 
cyanide, whereby simultaneous replacement and ring closure occurs.100 

co,c,H, 
I CO, C, Hs 

I 
CH, - C H B ~  CH, -CHCN -HBr 

I 
CH, - C(CN)CO, q H s  

CH, -CHBr 
NeSN I 

CH, -CHBr 
I I 

I 
CH, - CHCO, C,Hs 

CO,C,H, 
I 

CO,C, H5 

The cyano ester ring closure has  been applied to the synthesis of four-, 
five-, and six-membered rings.lO' 

a-Cyanosuccinic esters are readily obtained by alkylating ethyl cyano- 
acetate with a-bromo  ester^.'^^*^^^ These compounds may then be further 
alkylated to form a,P-dialkyl-a-~~anosuccinates. 

CIH,ONa RCHCO, C, & 
NCCH,C02C2Hs + RCHBrC02qH5 + I 

NCCHCO,C,Hg 

387. Decarboxylation of Cyano Acids 

KOH. RCHO + H,C(CN)CO,Na 4 RCH =C(CN)CO,H % RCH = CHCN 
HCI 

Cyanoacetic acid reacts readily with aliphatic and aromatic carbonyl 
compounds to form a-cyanoacrylic hcids, which can be decarboxylated by 
heating to give P-substituted a ~ r y l o n i t r i l e s . ' ~ ~  

The over-all synthesis is carried out in several ways. One very satis- 
factoryprocedure employs ammonium acetate a s  the condensing agent 
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and benzene as  solvent. The liberated water i s  removed by means of a 
water separator. The crude unsaturated cyano acid i-s decarboxylated 
directly by heat.19a Aqueous alkali has been used as the condensing 

and various organic bases such as  pyridine and piperidine 
are also e f fe~t ive .~"~ 'la By proper choice of the base, the reaction can 
be controlled to yield either the cyano acid or the unsaturated nitrile. 
Copper-bronze powder and cjuinoline with copper oxide have been used 
for the d e c a r b ~ x ~ l a t i o n . " ~ ' ~ ~  

An interesting reaction for the preparation of a,pdisubstituted acrylo- 
nitriles consists in the cleavage of (dialkylviny1)-alkylcyanoacetic esters 
by sodium a lkox ide~ .~ '~  Although an equilibrium mixture of a,P- and 
P,Y-olefinic nitriles is  possible,144 the products are predominantly the 
a,P-isomers. The yields are about 93%. 

C H ONa 
R"CH=C(~')C(CN)COaCaHs R8'CHaC(R')=C-CN + CO(OCaHS)a 

1 C ,HsOH I 

Simple saturated nitriles are seldom prepared by the decarboxylation of 
cyano acids derived from the cyanoacetic ester synthesis (cf. method 265). 
However, difunctional compounds are frequently obtained by this route, a s  
in the preparation of a-methyl-Y-phenoxybutyronitrile from P-phenoxy- 
ethyl bromide and ethyl methylcyanoacetate (52% overall)."' 

This synthesis has been adopted for obtaining 4-dialkylaminobutyro- 
nit rile^.^" 

388. Cyanoethylation 

(a) ROH + q C  =CHCN Kz ROCH,CH,CN 

(6) CH,COCH, + 3 q C  = CHCN Kz CH,COC(CH,Ch CN), 

Compounds possessing labile hydrogen atoms add readily to acrylo- 
nitrile, thereby placing a P-cyanoethyl group at the location of the re- 
active hydrogen atom. The hydrogen atom may be attached to nitrogen, 
oxygen, or sulfur atoms like those present in a r n i n e ~ , ' ~ ~ " ~ ~  alcohols,'54 
phenols,256 rnercaptans, etc.; or it  may be present in reactive -CH,-- 
or -CH- groups contained in aldehydes,"'  ketone^,"^ nicropa~affins,'~' 
haloforrns, malonic  ester^,'^^^'^^ acetoacetic  ester.^,^^^"^' and cyanoacetic 
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esters."' The reaction i s  a form of the blichael condensation (cf. method 
301). It i s  base-catalyzed and requires a solvent such as  benzene, di- 
oxane, pyridine, or acetonitrile. 

This versatile and convenient reaction results in the formation of a 

large number of polyfunctional nitriles. The scope, limitations, and 
experimental procedures along with many examples of cyanoethylation 
reactions have been p re~en ted . ' ~~  

389. Addition of Hydrogen Cyanide to Unsaturated Compounds 

HC N HC N 
HC = CH -+ H,C= CHCN --* CNCH,CH,CN 

The addition of hydrogen cyanide to olefins and acetylenes has been 
the subject of many patents.36 An important application i s  the addition 
of hydrogen cyanide to acetylene under special catalytic conditions 
leading to acrylonitrile or succinonitrile, as  illustrated above. 

Important laboratory applications involve the addition of hydrogen 
cyanide to an olefinic linkage which i s  activated by another group such 
as carbonyl,"' c a rba lk~xy l , ' ~~   cyan^,"^ or nitro307 on the adjacent 
carbon; P-cyano compounds are formed The reaction i s  related to the 
Michael condensation (method 301). For the most part, the additions 
are base-catalyzed and are carried out by treating the unsaturated com- 
pound with an alkali cyanide in aqueous or aqueous-alcoholic solution. 

The reaction of a,punsaturated ketones with alkali cyanides may be 
complicated by side reactions. Cyanohydrin formation may occur, and 
also, since alkali hydroxide i s  generated during the reaction, hydrolysis 
of the y-keto cyanide to a y-keto acid may take place.30' 

KCN KOH 
(CH3),C = CHCOCH, - (CH,),C(CN)CH,COCH, - 

H2O HlO 

This difficulty may be overcome by partial neutralization with acetic 
acid. In this manner, a-phenyl-P-benz~ylpro~ionitrile has been pre- 
pared from benzalacetophenone and alcoholic potassium cyanide (96%).'03 

If two activating groups are attached to the a-carbon atom, then the 
double bond i s  especially susceptible to hydrogen cyanide addition. Thus, 
unsaturated cyanoacetic acids'" or  ester^,'^'*"^ RCH=C(CN)COaC,Hs, 
unsaturated ma lo nit rile^,'^' RCH = C(CN),, and unsaturated malonic 
 ester^,'^^^"^'^^^ RCM=C(CO,C,H,),, add hydrogen cyanide in good yield. 
The products are readily converted by hydrolysis and decarboxylation to 
substituted succinic acids, tllus affording a good synthesis for these sub- 
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s tances  (cf. method 247). Oftentimes, the intermediate addition products 
are not isolated but a re  hydrolyzed d i r e ~ t I ~ . ' ~ ~ * ~ ~ '  

CN CNCN COOH 
I HCN 1 I I 

RCH= CCO,C,H, - RCHCHCO,C,H, 5 RCHCH,COOH 
H a 0  

Sometimes, the alkaline condition of the addition reaction i s  sufficiently 
strong to cause  hydrolysis of the ester  group but not of the cyano groups. 
Decarboxylation then occurs to  give a dicyanide, a s  in  the preparation of 
phenylsuccinonitrile from ethyl a-cyano~innamate. '~ '  

I I 
C,HsCH=CC02C1H, + NaCN + 2H,O + C,H,CHCH,CN + 

NaHCO, + C,H,OH 

A convenient procedure has been developed for the synthesis  of a,& 
dicyano es ters  whereby an  unsaturated cyano es ter  is prepared and treated 
with hydrogen cyanide in  a single ope~ation. '~' For this  purpose, a hot 
mixture of the carbonyl compound, cyanoacetic ester ,  and pyridyl acetate 
's treated with ethanol and potassium cyanide. 

The  condensation equilibrium is displaced to the right by removing the  
unsaturated cyano es ter  a s  it i s  formed by the addition of hydrogen cyanide 
The effect i s  analogous to the single-step formation and hydrogenation of 
a,&unsaturated cyanoacetic esters (method 394). The yields are good 
with most aliphatic ketones and aldehydes (49-75%), but poor results  a re  
obtained with aromatic carbonyl compounds and diisopropyl ketone. 

390. Addition of Hydrogen Cyanide to Carbonyl Compounds 

RCHO + HCN RCHOHCN 

The  addition of hydrogen cyanide to carbonyl compounds gives a-hydroxy 
cyanides (cyanohydrin synthesis). The reaction i s  reversible, and the 
extent of the cyanohydrin formation depends upon the structure of the 
carbonyl compound. The equilibrium highly favors the formation of ali- 
phatic and alicyclic cyanohydrins; however, aryl alkyl ketones react to 
a lesser  extent, and diary1 ketones, not a t  The  reaction may 

b e  accomplished by mixing the carbonyl compound with liquid hydrogen 
cyanide in the presence of a basic catalyst.'65*266~'75*'87 The equilibrium 
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i s  quickly reached, and the  product i s  stabilized by acidification before 
processing. More conveniently, hydrogen cyanide can  be generated i n  
the reaction mixture by the action of s ~ l f u r i c , " ~  nitric,'"' pho~phoric, '~' 
or ace ti^''^ acid on an alkali cyanide. Oftentimes, the bisulfite addition 
product i s  f irst  prepared and then treated directly with an alkali cyanide. 

R,CO 
NeHS03+ N e C N  

R,C(OH)SO,Na - R,C(OH)CN 

These  procedures are illustrated by the preparation of acetone cyanohydrin 
(78%).263p264 

Quite often, the bisulfi te  product i s  isolated and purified before the 
treatment with alkali cyanide, particularly in the conversion of aromatic 
aldehydes since their b i s d f i t e  compounds are easily manipulated. The 
preparation of aromatic cyanohydrins from their bisulfite products i s  
advantageous s ince  benzoin formation, which is catalyzed by alkali 
cyanides, i s  largely avoided. Furthermore, because of the bas ic  environ- 
ment, hydrogen cyanide fumes are  curtailed. 

The simplest aldehyde cyanohydrin, glycolonitrile, has been prepared 
by a cyanohydrin interchange between formalin and methyl ethyl ketone 
~ ~ a n o h y d r i n . ' ~ ~  

Under acidic conditions, acetal  formation may occur between the cyano- 
hydrin and the unreacted carbonyl corn pound^.'^^ 

Other carbonyl compounds carrying a second functional group undergo 
this reaction, e.g., a ~ r o l e i n , ' ~ ~  c h l o r ~ a c e t o n e , ' ~ ~  p-hydroxybenzaldehyde,'" 
acetoacetic ester,17' and p-dimethyla~ninobenzaldehyde.'~~ The  method is 
important in the synthesis  of sugars (Kiliani cyanohydrin synthesis).'" 

391. Cyanoaminolysis of Carbonyl Compounds 

R,CO + NaCN + NH,CI + R,C(NH,)CN + NaCl + H,O 
I 

a-Aminonitriles are  prepared by replacing the carbonyl oxygen in alde- 
hydes and ketones with amino and cyano groups (Strecker synthesis). The 

. reaction i s  valuable a s  the initial s tep  in a practical laboratory synthesis  
of a-amino acids (method 247). 

Many modifications of the original procedure have been developed, 
furnishing the aminonitriles over a wide range of yields. A convenient 
procedure cons is ts  in adding an alcoholic solution of the carbonyl com- 
pound to an aqueous solution of sodium cyanide and ammonium chloride. 
Both aliphatic and aromatic carbonyl compounds react, e.g., diethyl 
ketone, acetophenone, m d  bentaldehyde.'" Similar treatment of formal- 

I 
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dehyde is more complicated; methylene aminoacetonitrile (molecular 
formula, GHl,N6) is formed"' 

2HCHO + NaCN + NH4Cl --* H,C=NCH,CN + NaCl + 2H20 

Certain N-alkylamino nitriles have been made by replacing the ammonium 
chloride with a primary or a secondary amine hydrochloride. An aqueous 
solution of amine hydrochloride, alkali cyanide, and aldehyde (or ketone) 
is shaken a t  room temperature for 2 to 48 hours (39-78%)."9 A variation 
of th is  procedure consists  in adding concentrated hydrochloric acid to  an 
aqueous solution of amine, aldehyde, and sodium cyanide. In th is  manner, 
dimethylaminoacetonitrile i s  prepared by the condensation of dimethylamine 
and formaldehyde in 7 3 4 3 %  y ie ldu3  Acetic acid serves a s  a solvent for 
the reaction of l e s s  soluble aromatic 

Another procedure replaces the above combination of ammonium chloride 
and alkali cyanide with ammonium cyanide. This  reagent and the carbonyl 
compound in alcoholic solution are allowed to react at  room temperature 
for several days. Aliphatic " 7'31" and alkyl aryl"4'316 ketones, but not 
diary1 ketones, give products in 20% to 90% yield. 

The sodium bisulfite addition products of aldehydes have been con- 
verted by the  action of potassium cyanide and an m i n e  to  a-alkylamino 
cyanides. The procedure i s  best  suited for obtaining amino nitriles de- 
rived from formaldehyde and simple m i n e s u 9  and i s  illustrated in the prep- 
aration of diethylaminoacetonitrile (90%)?" 

R ,NH KCN 
H2C(OH)S03Na ---* H,C(NR,)SO,Na - R,NCH,CN 

Higher homologs have been prepared by employing other amines "9"90 

or aldehydes."4*390 The yields are improved in the reaction of hindered 
amines by the addition of a dispersing agent."' The procedure is of 
little importance for the conversion of ketones. 

Still another variation consists  in the treatment of cyanohydrins with 
ammonia or amines. Th i s  procedure has  given very successful results  
in the conversion of acetone cyanohydrin to  the corresponding amino 
cyanides by the  action of ammonia (BOX), dimethylamine (88%). diethyl- 
amine (59%), aniline (93%), or piperidine (71%):'' Methylaminoacetonitrile 
is made in the same way in 93% yie ld390 

3 9 2  Addition of Hydrogen Cyanide to  Carbon-Nitrogen Double Bonds 

Hydrogen cyanide adds to the carbon-nitrogen double bonds present in 
various aldehyde and ketone derivatives, like those in imines, hydrazones, 
oximes, and Schiff bases.""n each instance, a new carbon-carbon link- 
age is formed. Thus, the reaction of dry hydrogen cyanide with an imine 

METHODS 392-393 607 

gives an a-amino cyanide.391 The procedure is illustrated by the treat- 
ment of benzophenoneimine in alcohol solution to form a-aminodiphenyl- 
acetonitrile (77%).339 Ether has  a lso  been employed a s  a solvent.340 

(C6H,)2C =NH + HCN -4 (C,H,),C(NH,)CN 

The addition of dry hydrogen cyanide t o  the trimer of methylenearnin- 
acetonitrile, CH,=NCH,CN, in the presence of hydrochloric acid yields 
iminodiacetonitrile, NH(CH,CN)2.341 

Oximes add hydrogen cyanide to form a-hydro~~laminonitriles.~~~ The 
yields are greatly improved by substituting a sodium cyanide-phosphate 
buffer for liquid hydrocyanic acid, a s  in the preparation of a-hydroxyl- 
aminoisobutyronitrile (67%) from a~etoxime.'~' 

K H 2 P 0  
(CH3)2C=NOH + NaCN (CH,),C(NHOH)CN 

Aqueous hydrogen cyanide In the presence of pyridine has  a lso  been 
proved a successful reagent.344 

Aldonitrones, prepared by the condensation of aromatic aldehydes and 
phenylhydtoxylamine, are converted by the action of aqueous potassium 
cyanide to substituted m i l s  of aroyl cyanides.34s 

The interaction of acyl chlorides, hydrocyanic acid, and quinoline in 
absolute benzene forms l-acy1:1,2-dihydr0~uinaldonitriles.~~~ 

Treatment of the 1-benzoyl derivative with phosphorus pentachloride in 
chloroform solution regenerates benzoyl chloride and forms 2-cyanoquincr 
line in an over-all yield of 50-63%.347 Isoquinoline behaves in a similar 
manner to  give l-cyanoisoquinoline. 

393. Addition of Hydrogen Cyanide t o  Lactones 

CH,CN 
0 + KCN "a 

CO,K 
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The heating of lactones with powdered alkali cyanides leads  to  s a l t s  
of cyano acids. The  procedure is illustrated (above equation) by the 
synthesis of o-carboxybenzyl cyanide from phthalide and potassium 
cyanide (67083%).'~~ In another instance, the reaction of potassium 
cyanide with panisyl-y-butyrolactone involves a rearrangement thereby 
forming a p c y a n o  acid instead of the anticipated y-cyano acid."' 

A similar rearrangement has  been obser, ed in the treatment of pmethyl-  
7-valerolactone with potassium cyanide whereby y-methyl-ficyanovaleric 
acid is formed instead of the expected y-cyano acid.35' 

394. Reduction of Unsaturated Cyano Compounds 

RCH .c CHCN + Hz 2 RCHaCHzCN 

Unsaturated nitriles are  converted smoothly to  the saturated compounds 
by selective hydrogenation over palladinized charcoal or by chemical 

reduction.19' The  reaction i s  of special value in the preparation of a 
variety of substituted cyano compounds from the olefinic nitriles obtained 
in  c y ~ o a c e t i c  ester  condensations (method 387). 

Conditions have been found whereby the condensation and hydrogenation 
s teps  are carried out a s  a single operation.292 In this procedure, a solu- 
tion of carbonyl compound and ethyl cyanoacetate in glacial acetic acid 
is shaken with hydrogen in the presence of palladium-on-carbon and a con- 
densing agent, such a s  ammonium aceta te  or piperidine. The yields are 
excellent for the conversion of aldehydes and simple ketones (6348%). 
The  condensation-reduction of aromatic ketones like acetophenone and 
pmpiophenone gives mixtures, apparently because of incomplete hydro- 
genation of the condensation products. The procedure is given in detail 
for the synthesis of ethyl n-butylcyanoacetate (96%).293 

395. Reduction of a-Halo Cyanides 

A synthesis of nitriles from the cyanohydrins of aromatic aldehydes 
via the reduction of the corresponding a-halo cyanides has  been proposed. 
As an example, benzaldehyde cyanohydrin i s  converted by the action of 
thionyl chloride to phenylchloroacetonitrile (80%). This  substance is 
reduced with zinc in acetic acid to phenylacetonitrile (70%)."~ 

METHODS 396-401 

396. Action of  Hydrazoic Acid on Aldehydes 

The reaction between equimolar quantities of hydrazoic acid and a l d ~  
hydes in the presence of strong mineral acid yields nitriles and, to a 
lesser extent, N-substituted formyl derivatives, RNHCHO (Schmidt re- 
action). A number of aldehydes, including acetaldehyde, benzaldehyde, 
rn-nitrobentaldehyde, and vanillin, have been converted to the nitriles in 
yields of 64% to 83%."'~"~ 

397. Hy drogenoly sis of a-Benzoy loxy Cyanides "' 

ArCHO 6H'C0C1t ArCH(OaCC6H6)CN 3 ArCYCN (70% over-all) 
KCN P d  

398. Dehydrogenation of A m i n e ~ ~ ~ ' * ' ~ '  

Catalyst RCH,NH, - RCN + 2H, 
Heat 

399. Action of Metallic Thiocyanates on Salts  of Carboxylic Acids3" 

(RCOO),Zn + Pb(CNS), -4 2RCN + PbS + ZnS + 2C0, 

400. Addition of Hydrogen Cyanide t o  Oxides 

/ \  
NaCN 

CYCHzCHzCI + HCN + CH2CICH,0HCH,CN (85%) 

401. Coupling of Diazonium Salts with Acrylonitrile"' (cf. method 28) 
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TABLE 66 fcl~nlirrued) 

GI Compound Method 
Yield (%) 

B.~./mm., n t D, (M.P.), Dtriv. 

Alicyclic Cyanides 

C 4  Cyclopropyl cyanide 386 60 2 0 ' ~  93- 96/26 
C5 2-Metbylcyclopropane 386 60 20" 146, 1.4259 

carbonitril l 
C, Cyclopentyl cyanide 378 27 20' 75/30, 1.4404" 

C7 Cyclohexyl cyanide 384 93 20"' 80-84/18 
C, 8-Cyclopentylbutyl 378 85 20' 126/17, 1.4542 

cyanide 
C,, Dicydopentylace 384 100 20'" 90/0.3, (35) 

tonitrile 

Aromatic Cyanides 

C, Benzonimile 383 69 2 0 ' ~  79/17 
384 80 2 0 ' ~  190 
384 97 2om 191 
3% 70 2 0 ' ~  

Ca Benzyl cyanide 378 90 209 135- 140/38 
384 87 20" 129/31 
395 70 20"' 234 

o-Totunitrile 380 70 2 0 ' ~  96/20 
mTolunitrile 380 59 20'19 100/20 
p-Tolunimile 380 70 20'" 106/20, (27) 

384 89 ?Dm 220 

Cp a-Methylbenzyl cyanide 385 90 20'" 107-1 10/11 

386 66 20'" 94/6, 1.5084" 
,B-Phenylethyl cyanide 384 81 20'" 142/25 

386 49 2017' 125/11 
o-Methylbenzyl cyanide 378 89 20" %/I4 
mMethylbenzy1 cyanide 378 85 20" 133/15 
2,fDimethylbenzonitrile 380 40 20lU 107/11 
2,ODimethylbedzonivile 383 87 mSm (111) 
2,FDimethylbenzoni~ile 383 82 20''~ 109/17 
3 ,~~imetbylbenzoniui le  383 86 20'" 118-122/15, (69) 

C, a-Phenylbu~ronitrile 384 78 201U 112/9, 1.5075 

386 87 20'" 115/16- 
1-Phenylcyclopropyl 386 44 20"' 253/751, 1.5386 

cyanide 
p-Ethylbenzyl cyanide 378 82 127-130/14 
a,a-Dimethylbenzyl 386 78 20'" 82/2.2, 1.504355" 

cyanide 
2,FDimethylbenzy 1 378 75 2 0 ' ~  l l8/6,  l43/19 

cyanide 

For explanations and symbols see pp. xi-xii. 

TABLE 6 6  CYANIDES 

C, compound Method qz ~ ~ 6 a p t e ~ e f .  ~q.1-., n6, (M.P.), ~ r i r .  

Aliphatic Cyanides 

C, Methyl cyanide (ace* 378 100 20"' 76-82 
niuile) 378 63 20- 

384 50 204 81/757, 1.3441 
384 91 2om 82 
396 64 20'" 

C, Ethyl cyanide 

C, n-Propyl cyanide 378 36 204 118/757, 1.3842 
384 94 20'" 

Isopmpyl cyanide (iso- 384 86 20"' 101-103/740, 1 .3713~  
butyronitrile) 

C, ~ B u t y l  cyanide 378 80 20' 141/764, 1.3969 
Isobutyl cyanide (i so- 384 80 20'" 129 

valeronitrile) 
t-Butyl cyanide (td- . . 

metbylacetoni mile) 

C, *Amy1 cyanide 
(capronitril e) 

Isoamyl cyanide 
Methyl-n-propyl- 

acetonitrile 
Diethylacetonitrile 

Ncopentyl cyanide (t- 
butylacewnitrile) 

C, n-Hew1 cyyanide 
Ethylisopropylace 

tonitrile 
C, ~th~l-n-butylacetoni t r ik  
Cp lEthyl-f  methylhexano- 

nitrile 

C ,  ~ieth~l-n-butylacemnivile 
C,, n-Decyl cyanide 

Tri?rpropylacewnitrile 

C,, Lauronitrile 
C,, n-Dodecyl cyanide 
C,, Myristonitrile 

C,, Palmi tonitrile 
C17 Cetyl cyanide 

C la Stearonitrile 
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TABLE 66 (continued) 

Ch. 20 TABLE 66. CYANIDES 613 
TABLE 66 (mntinuedJ 

% Compound Method 
Yield 

(%) a a p t e f l e f .  B.p./mm., n h ,  (Mp.), Denv. 

Aromatic Cyanides (colllinued) 

C16 a.a-Diphenylbucym 386 8 8  20"' 147/0.3, 1.5660'~ 
nitrile 

a,yDiphenyl bucyro- 386 63 20m 14$151/0.5-1 
n ia i le  

Dibenzyl acetonitrile 386 40 20"' 20+215 
Di-tolyl acetoni a i le  378 54 2oU (115) 

C,, a.a,PTtiphenylpropio- 386 67 2oST6 (126) 
nitrile 

P.P,P-Triphenylpropio- 384 89 2oU5 
nitrile 

(140) 

Heterocyclic Cyanides 

C, a-Cyanotetrahydrofuran 385 76 20'~' 82/23, 1.435 1" 
C 6  >Fury1 acetonitrile 384 1 5 t  80/20, 1.4715" 

385 88 20"' 84/17, 1.4691'' 
5-Methyl-lfuronitrile 385 67 20lW 67/15, 1.4848 
a-Teaahydrofuryl- 378 52 2 0 ' ~  92/13, 1 . 4 4 7 ~ ~  

acetoni tril e 378 36 2 0 " ~  45/2, 1.4625 
1Thienylacetonitrile 385 74t 20'" 90/3, 1.5041"' 

378 81 20" 115-120/22 
1Cyanopyridine 378 74 20'' 120/25 
3-Cyanopyridine (nico- 378 50 2 0 ' ~  (50) 

tinoniail e) 379 46 20~"  (50) 
380 50 20a7' 
384 100 2oU' 201/760 

4-Cyanopyridine 384 55 2oU4 (79) 

C 7  N-@-Cyanoethyl) 388 86 2 0 ' ~  135-150/%10 
pyrrole 

3 Pyridylacetoninile 384 34 20'~' 108/0.5, l 6 l P i  
4-Pyridylacetonitrile 384 55 20'~' (79), 230Pi 
3-Cyano-ltmethylpyridine 379 33 201n 64/1-2, 185Pi 
f Cyano-Fmethylpyridine 379 35 20"' (84) 
N-Cyanomethylpipetidine 391 94 20"~  83/9 

C, N-(B-Cyanoethyl) 388 93 2 0 ' ~  130/30, 1.4697 
pipaidine 

C9 yPiperidinoburyroniuile 436 87 2419' 129/25, 1.4653, 117Pi 
a-Piperidinoimbucyro- 391 71 2 0 ' ~  94/14 

nitrile 

C m  1Cyanomethylbcnzo- 378 51 20" 12W0.2, (67) 
thiophene 

3Cyanomethylbenzo- 378 53 20" 140/2, (67) 
thiophene 

f Cyano-lmethylindole 383 95 20"' 208 

_For explanations and symbols see pp. xi-xii. 

Compound Method 
1 chapterref. B.p./mm.. nD,  (M.P.), Deriv. 

(%) 

Aromatic Cy aaides (continued) 

C, 2,4,GTrimethylbeno~ 383 73 20'" 125/16, (55) 
n ia i le  

C,, p- Isopr~~ylphenylace  
tonitrile 

p - s  Burylbenwnitrile 
Mesitylacetonitrile 
a-Naphthonitrile 

C,, PEthyl -y-phenylpro~~l  
cyanide 

1-Cyanomethyl-2,3,4,6- 
tenamethylbenzene 

1-Cyanomethyl-2,3.4,5- 
tetramethylbenzene 

I-Phenylcyclopentyl 
Cyanide 

a - ~ a ~ h t h ~ l a c e t o n i t r i l e  378 87 2 0 ~  18*186/12, (33). 1.6173" 
SNaphthyl acetonitril e 384 77 2oU9 (86) 

C,, Diphenylacetonitrile 

a-Cyclohexylphenyl- 
acetonitrile 

o- Benzylbenzanitrile 

C,, 1-Cyanophenanthrcne 
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TABLE 66 (conlimedl 

t 
GI Compound Method (%) ~ h a p t c r ~ ~ ~ .  B.p./mm.. nD. (M.p.), Deriv. 

Heterocyclic Cyanides (cvntinued) 

5-Cyanoquinoline 
&Cyanoquinoline 
I-Cyanois.oquinoline 
f Cymoquinoline 
rtCy anoisoquinoline 
K y a n o i  soquinoline 

GCyanoisoquinoline 
&Cyanoisoquinoline 

CII  &Cyanomethylquinoline 378 78 
CIS N-(PCyanoethyl) 388 85 

carbazole 

For explanations and symbols see pp. xi-xii. 

TABLE 67. DIC YANIDES 

Yield t 
% Compound Method chapterref. B.p./mm..nD, (M.p.) 

(%) 

C, Malononitrile 384 66 2 0 " ~  11f 118/25, 94/8 
C, Succinoniuile 388 93 20 '" 160/20 

378 80 20" . 147/10 
Methylmalononitrile 384 78 201" 198. (26). 

C 5  Trimethylene cyanide 
C8 Hexamethylene cyanide 

>Methyl- 1,f dicyanopentane 
1-~eth~lbut~lm~lononitrile 

cis 1 ,rtDicyanocyclohexaae 
t r a n s  1.4-Di~~anocyclohexane 
Phrhaloniuile 

CQ Heptamethylene cyanide 

C lo Sebaconitrile 
Phenylsuccinoni~ile  
mPhrnylenediacetonitrile 
p-Phenylrnediacetoniaile 

TABLE 68. OLEFINIC CYANIDES 615 

TABLE 6 7 (cvntimced) 

c, Compound Method 
Yield 

(%) 
~ h a p t e r ~ ~ ~ .  B.p./mm., n b ,  (M.P.) 

C,, a-Methyl-a-phenyladiponi~ile 386 88 20 1" 150-160/1 
C,, Biphenyl-4,gdicyanide 380 45 20 (233) 

For explanations and symbols see pp. xi-xii. 

TABLE 68. OLEFINIC CYANIDES 

c, Compound Method Yield t 
(%) 

~ip./mm., n D, (M.P.) 

Aliphatic Olefinic Cyanides 

C, Acryloniuile 19 80 2*Q 78 

24 6 3  2 "9 77/760 
398 85 20 '9a 

C, ttmrs2-Butenoni trile 384 
(crotononiuile) 

Ally1 cyanide 378 

3 78 
a-Methylacryloni ui le  19 

19 
384 
385 
398 

Maleonitrile 384 
Fumaronitrile 378 

384 

C 5  >Pentenonitrile (P-ethyl- 
acrylonitril e) 

f Penteaonitrile 
&Pentenonitrile 
Methallyl cyanide 
I-Cyaaw1,f butadiene (cis 

and t rmu)  

4-Methyl-tpentenoniuile 384 
f Methyl-f pentenoniuile 3 84 
4-Methyl-f pentenonitrile 387 

For explanations and symbols see pp. xi-xii. 
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TABLE 68 (continued) 

Yi d d  
% Compound Method aapterref.  B.p./mm., nb, (M.P.) (%I 

Aliphatic Olefinic Cyanides (continued) - 

C, f Heptenoniuile 378 76 2oM 68.5/11, 1.4323" 
4-Heptenoni trile 378 79 20,' 50/5, 1.4367'' 
3-Ethyl-fpentenoniuile 387 72t 20'~' 105/72, 1.4394'' 
2,fDimerhy1-2-pentenoniuile 387 30 20"' 64/17, 1.4459" 
P-l-Butylacryloniuile 387 70 2014 60/28. 1.4344 

Cn f Octenoniaile 378 70 ZIM 95/19, 1.4350" 

2.3 Dimethyl-Ehexenonitrile 387 90 20"' 73- 77/14-16, 1.4491" 
3-Erhyl-Emerhyl-2-pcnten* 387 90 20"' 76/17, 1.4500~' 

nitrile 

Cp 2-Ethyl-pmethyl-Ehexen* 387 90 20'" 78/8, 1.4512'' 
niuile 

2,3,FTrimethyl- Ehexen* 387 89 2oa" 76/9, 1.4503" 
nitrile 

Diethylallylacetonitrile 386 90 20''' 79/14 

Alicyclic Olefinic Cyanides 

C, 1-Cyanw 1-qclopentene 19 75 zpO 69/15 
19 50 2" 69/15 

f Cyan* 1-cyclopentene 378 76 20" 50/15 
369 24 2oSw 56/15, 1.4669'' 

cyclopentene 

Cn Cyclohesylidcneacemnitri~e 384 58 20'" 10W22, 1.4928" 

1-Cyclohexenylacemniui~e 384 56 20'" 105/22, 1.4843" 
387 79t 20'" 99/15,1.4769a' 
387 91 20'* 111/25, 1.4769" 

C9 CyclohexyIidenemalononitriIe 37 30 
2'nl (174) 

Aromatic Olefinic Cyanides 

Cp Cinnamonitrile (ttcms) M 33 2''' 118/12, (20) 

385 84 20'" 137/16, 1.6005", (23) 
387 60 2oaU 139/30, (22), 1.6031 

(cis) 387 152130, (-4.4), 1.5843 
o-Cyanostyrene 27 29 2'= 53/0.15, 1.5756 

mcyanostyrene 27 51 2"' 83/3.5, 1.5630 

P-Cyanostyrene 19 71 2'" 89/1.5, 1.5750" 
24 76 2 "  93/3. 1.5772 

C m  a-Phenylcrotononitrile 37 36 2'" 102/1. 1.555 
4-phenyl-f butenoniuile 384 62 2Ule (60) 
Benzalmalononitrile 37 96 20'~' (84) 

TABLE 70. HALO CYANIDES 6 17 

TABLE 68 (continued) 

% Compound Method lidd a t e e f  ~.p./mm.. nb, (M.P.) 
(%) 

Aromatic Olefinic Cyanides (continued) 

Cll Cinnamylidenacetonivile 387 78 2oaU 160/11, (41.5) 
a-Methylbenzalmalononivile 37 70 20'" 123/2, (94) 

C1, a -Pheny l -~ r rp ropy lac~ lw  37 54 2'" 118.5/3.5, 1.5404 
niuile 

C a-Phenylcinnamoniuile 37 91 2" (88) 
C16 Stilbene Eacetoniuile 378 63 20,' (82) 
Ca1 Triphenylacryloniuile 378 100 2oW (165) 

For explanations and symbols see pp. xi-xii. 

TABLE 69. ACETYLENE CYANIDES 

c, Compound Method chapteflef. B.p./mm., nh, (Kp.) 
(%) 

- 

Cq Acetylmedicatbonitrile 384 37 20 u" 
Cn 1-Cyano- 1-heptyne 384 85 20 lu 81/13, 1.4551" 

1-CymwEheptyne 378 9 2 2060 124/56, 1.4475" 
1-Cyan*? heptyne 3 84 50 2060 71/3, 1.4492" 
1-Cyan*theptyne 378 82 206* 111/29, 1.4514'' 
1-Cyan*Fheptyne 378 75t 206' 79/2. 1.4530" 
1-CyaneGheptyne 3 78 74 20 80/3, 1.4460" 

Cp 1-Cyanel-octyne 384 80 2OlU 36/13, 1.4564'' 
Cycloh exylpropiolonitrile 50 67 367 96/21, 1.4947" 

For explanations and symbols see pp. xi-xii. 

TABLE 70. HALO CYANIDES 

GI Compound Method 
Yield 

(%) chapterref. B.p./mm., nb, (M.p.) 

Aliphatic Halo Cyanides 

C a Fluoroacetonitrile 384 65 
Chloroacetoniuile 384 70 
Trifluoroacetonitrile 384 74 
Trichloroacetonitrile 384 80 

C, y-Chlorobutyroniuile 378 70 
y-Iodobutyronitrile 55 96 

For explanations and symbols see pp. xi-xii. 
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TABLE 70 (contintred) 

t 
cn Compound Method chapterref. B.p./mm.. nD,  (M.p.) 

(%) 

Aliphatic Halo Cyanides (continued) 

C,  a-Chloroisobutyronitrile 52 38 4 la 100/60, 1.4310 
384 84 20 116, 1.4045" 

a- Bromoisobutyronimle 384 86 
2o 147 139, 1.4460" 

.... 76 p 140, 1.4447" 

,L?-Chloroisobutyroniuile 73 79 4'" 52/6, 1.4323" 
P B r o m o i s ~ h t ~ r o n i t r i l e  73 72 4 62/5, 1.4680'~ 

C, 8-Chlorovalemnitrile 378 52 20" 102/17, 1.4441'~ 

8-Bromovaleronimle 378 43 20 " 111/11, 1.4781 

PMethyl-ychlorobutyronitrile 378 26 20 71 83/ 16. 1.4426 

C 6  E-Bromocapronitrile 378 26 2f? 134/15, 1.4754" 
384 76 201M 117/6 

-___  
Aromatic Halo Cyanides 

-- 

C7 o-Chlorobenzmiuile 384 93  20 (44) 
o- Bromobenzonitrile 384 79 M W  (53)' 
p- Bromobenzonitrile 380 70 20 "' (113)' 

pIodobenzoniuile 380 70 20 "' (1 14) 

C1 o-Chl~ro~hen~lacetonitrile 385 64  2oaa 125/11 
o-Bmmophenylacetonitrile 385 88 20'" 141/13 
m-Chl~rophen~lacetonitrile 385 55 20 '" 13G/10 
mBromophenylacetmitrile 385 70 20 147/10 
p-~luoro~hen~lacetonitrile 378 72 2 0 ~  116/16 
p-Chl~rophen~lacetonitrile 385 80 2oa4' 1391 12, (32) 
p-Br~rnophen~lacetoniuile 385 72 20 '" 156/12, (48) 
o- Cyanobenzyl bromide 64  57 292 (72.5) 

o-Cyanobenzyl iodide 55 97 4'= (78) 
o-Cyanobenzal bromide 64  40 4m4 (65) 
p-Cyanobenzyl bromide 6 4  47 4 (116) 

53 m 4179 
Phenylchlomacetoniui~e 131/13 

C9 a-Chl~roh~drocinnamoni tn le  401 34 2 0 ' ~  140/15, (21) 
mBromomethylphenylace 378 90 20 51 14 1/ 18 

toniuile 
p. (p Brornoethyl) benzonitrile 384 68 ZOU1 151/5, (50) 

Cl0 a-Phenyl-~chlorobutyronitrile 53 30 4'" O 129/4, 1.5327 

C1, y~hlorwa-ethyl-a-phenyl- 3% 53 20 106/1.5 

butyroniuile -- 
For explanations and symbols s e e  pp. xi-xii. 

TABLE 71. HYDROXY CYANIDES 
- 

41 Compound Method Yield 
t%) Chapterref. B.p./mrn., n;, (M.p.) 

- 
C ,  Formaldehyde cyanohyddn 330 m 20'" 88/8 

(glyklonitrile) 390 40 100/17, 1.4030" 
C, Ethylene cyanohydrin 378 80 al" 107-109/12 

C, Acetone cyanohydrin 390 78 20'" 78-82/15 
Chloroacetone cyanohydrin 330 Sx) 20 "5 110/M, 1.4520 

CChlorwfhydroxybutyroninile 400 85 20'& 135/15, 1.4735" 
pMydroxybutyroni e l e  378 60 207' 215 
Acrolein cyanohydrin 390 9G 20 '" 

C, Methyl ethyl ketone cyanohydrin 390 100 al lss 

PHydroxy-~methoxybu~ronin i le  378 85 133/18 
Butadiene cyanohydrin 378 74 20" 133/30, 1.4559 

C6 Diethyl ketone cyanohydrin 390 75 20 93/13 
Cyclopentanone cyanohydrin 390 87 20'- 114/14 

C7 a-Methyl-a-hydroxycaprmitrile 378 70 20" 113/10 

Cyclohexanone cyanohydrin 390 98 2 0 ' ~  120/10, (26) 
P-tIydroxybenzonitrile 380 70 20 218 148/ 1 
Acetoacetic ester cyanohydrin 390 85 20 178 120- 124/13, 1.4298" 

C8 Mandelonitrile 330 86 20'" 170d' 

1Hydroxymandelonitrile 330 90 20'" 
6Hydroxymandeloniuile ,330 90 20284 (102) 
P-Cyanobenzyl alcohol 36 85 5 549 203/53, (42) 
p-Hydroxybenzyl cyanide 93 7 1  5-' (70) 
Phenylacetaldehyde cyanohydrin 390 67  202* (55) 

C p  P-Cyanophenylmethylcarbinol 8 0  88  5'79 157/6, 1.5474 

378 36 23" 136140/5,  1.5477 
C, a-Phenyl-y-hydroxybutyronitrile 386 40 20"' 146149/1.F2.0 

0-Dimethylaminobenzaldehyde 390 59 20a85 (113) 
cy anohy drin 

CIS 2-Phenylcyclohexanone 390 89 20 270 ( 1  17) 
cyanohydrin 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 72. CYANO ETHERS 
- 

C Yield Compound Method (%) chapterref. B.p./mm., n h ,  (M.p.) 

- Aliphatic Cyano Ethers 
-- 

C, Methoxyacetoni wile 116 77 10' 118- 122 
378 74 20 'O 121/759, 1.3831 

C4 a-hf ethoxypropionitrile 378 36 20" 118/740, 1.3818 
6-bfeth~x~propioniui le  121 83 6"6 85/49.1.4032 

388 89 2 0 " ~  85/49, 1.4032 

For explanations and svmbols see pp. xi-xii. 
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TABLE 72 (mntinued 

t 

c, Compound 
aap te$e f .  ~.p./-., n D, (UP.) 

(7%) .. . 

Aliphatic Cyano Ethers (co#imed) 

C4  Ethoayacetoniuile 378 83 20" 135/755, 1.3898 
384 60 2019 134, 1.3888" 

~ethoryethoxypropionitrile 

bis(,&Cyanoethyl) ether 

butyroni wile 
fin-Bu toxypropioni t l i le  388 86 20"~  98/20, 1.4180 . 

C, l,>bis(PCyanoethoxy)- 388 83 2oU5 158/2 \ 

Aromatic Cyano Ethers 

C, Phenoryacetonirdle 115 75 6lS5 123/12, 1.5243 
384 40t 20lS 128/17,1.5246 

mMethoxy benzoniuile 384 79 201% 
385 70 20'" 116120/13 

C9 ,&Phenoaypropionitrile 
o-Methoaybenzyl cyanide 
mMethoxybenzy1 cyanide 
p-Merhoxybenzyl cyanide 

pcyanobenzyl methyl ether 
p-Ethoxybenzoniuile 
3,4-Dimethoxybenzoniuile 

(veratroni ui le) 

C, y-Phenoxypropyl cyanide 
f Ethoxyphenylacetonitrilc 
3.4-Dimethoxyphenylacetoniuilc 

TABLE 73. CYANO ALDEHYDES AND KETONES 

TABLE 72 (continued) 
- 

-. 

% Compound Method ~haptef lef .  B.p./m., n(D, w P . )  ts.) . 
Aromatic Cyano Ethers (continued) 

-- 
C, P-Propoxyphmyl cyanide 115 54 122/3, (47) 
C,, a-Methyl-yphenowbutyronitrile 387 64 16% 170/ 19, 1.5060" 

7-Bm zyloxypropyl cyanide 378 57 20" 157/12 
1Ethoxy-fmethoxyphenylact 385 80 2oau 133/2.0 

toniuile 
3Methory-4-ethoxypbenylact 385 53 20'" 158/0.4,(54) 

toniuile 
3 Ethoxy-Cmethoryphenylact 385 80 20 la 151/2.5 

tonitrile 
C1, B(2Naphthoxy)-propionirrile 388 79 20as7 (107) 

For explanations and symbols see  pp. xi-xii. 

TABLE 73. CYANO ALDEHYDES AND KETONES 

c, Compound Method chapterref. B.p./mm.. nD,  t (h1.p.) 
tss) 

I 
Aliphatic Cyano Aldehydes and Ketones 

C, Acetyl cyanide (pyruvonitrile) 381 87 20a9' 93. 1.3743 
C4 Propionyl cyanide 381 60 a a95 110, 1.3225 
C5  Isobutyryl cyanide 381 GO 20 a95 118 

C6 n- Butyrylacetoni a i le  216 52 iQw 105/11 
5-Oxocapronitrile 184 71 iOaa 86.5/5.2, 1.47M" 
Isobutyrylacetonitrile 216 44 10'" 

-if) a95 
1041 13 

381 78 1 49 
Trimethylacetyl cyanide 381 87 20'- 122, 1.3940" 

C7 2,CDimethyl-fkerovderonitrile 216 40 10"~ 95/24, 1.4213" 
Trimethylacetylacemnitrile 378 80 201m (68) 
%Cyanocydohcxanone 378 64 201m 131/15 

C, a-Butyrylbutyronitrile 216 60 1 0 ' ~  135/3 
C, >(,&Cyanoethy1>2ethyl- 388 77 20'" 128/4, 1.4500'~ 

butyraldehyde 
Cll %(,&Cyanoethyl) 2erhylhemal  388 80 20'" 142/5, 1.4515" 
C,, 1,1,l-tris(,&Cyanoethyl>acerone 388 80 20'" (1 54) 

Aromatic Cy ano Aldehydes and Ketones - 
Ca 0-Cyanobenzaldehyde 155 29t 91s2 ( 104) 

m-Cyanobenzaldehyde 151 45 9U8 (77) 
P-Cyanobenzaldehyde 147 70 91M (100) 

148 70 9=l  (96) 

For explanations and symbols see pp. xi-xii. 
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TABLE 73 (cnntinued) 

cn Compound Method idd chapterref. B.p./mm., n h ,  (M.p.) 
( %) 

T 

Aromatic Cyano Aldehydes and Ketones (wnlinued) 

C8 p- Cyanobenzaldehyde ( a m  155 1 s t  9"' (76) 

t inued) 158 90 9l' (95) 

Benzoyl cyanide 381 65 20'~' 209/745,(33) 

C9 Benzaylacet~niai l  e 216 56 10'" (81) 
216 70 10 (81) 
235 42f loa' (81) 
378 ~ 0 ' ~  

o-Cyanoacetophenone 378 80 20'"' 148/ 12 
p-Cyanoacetnphenone 378 70 20 lo (56) 

C U ,  a-Phenylacetoacemnitrile 216 60 10 '60 (89) 
a-Benzoylpropioniuile 216 53 10 6" 130/3 
/?- Benzoylpropionitrile 382 67 20 (76) 
~~erb~ lbenzo~ lace tnn i tr i l e  378 67 20 6 9) 

C l l  4-Benmylbutyronitrile 184 52 20 '" 12Y0.1, 1.5326" 
C,, a-Cyanopropiomesitylene 178 19 0 (128) 
CIS  4.4-Dicyanobenmphenone 380 60 20 "8 (112) 

C 16 a-Phenyl-,B benzoylpmpionitrile 389 96 20'" (127) 

Heterocyclic Cyano Ketones -- 
C6 Furoyl cyanide 381 60 20a9' 32/0.15, (25) 

C, a-~hroylacetonitr i le  216 3 1  1 0 ' ~  (79) 

a-Thieaoylacetoniuil e 216 50 lom (135) 

C8 /?-2-F~ro~lpmpionitrile 382 57 20'~' (76) 
p > ~ h i e n o y l ~ r o p i o n i u i l e  382 67  20 - (66) 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 75. CY AN0 ESTERS 

c, Yield 
Compound Method (%) chapteflef. B.p./rnm., n b ,  (M.p.) 

C5  Ethyl cyanoacetate 285 80 14" 97/16 

298 40 14-' 107/22 
378 50 20"' 107/27*, 1.4179. 

Methyl P-cyanopmpionate 293 75 14'" 96/8 

C8 Ethyl a-cyanovropionate 378 20 20"' 77/9.5, 1.4104'~ 
Ethyl P-cyanopropionate 378 82 20 110 106/11, 1.4233 

C 7  Ethyl ethylcyanoacetate 298 40 14'- 110/24. 1.418 

394 8 5 t  20am 85/7, 1.4163" 
Ethyl y-cyanobutyrate 378 78 20''' 122/18 
Ethyl cyclopropane-1-cyan* 386 76 201W 212-216 

1-carboxyl ate  

C8 Ethyl rr-propylcyanoacetate 

Ethyl isopropylcyanoacetate 

Cp Ethyl n-butylcyanoacetate 

Ethyl isobutylcyanoacetate 

Echyl s-butylcyanoacetate 
~ t h y l  I-butylcyanoacetatc 
Ethyl a,/?-dicyan*,B- 

methylbutyrate 
Ethyl (2-cyanoethyl> 

acetoacetate 
Methyl o-cyanobenwate 

C,, Ethyl isoamylcyanoacetate 

Ethyl I-methylbut~lcyanoacetate 
Ethyl cyclopentylcyanoacetate 
Ethyl a,P-dicyanocaproate 
Ethyl a,P-dicyano-P-methyl- 

valerate 
Diethyl a-cyano-P-methyl- 

succinate 
Ethyl a-carboethoxy-y- 

cyanobutyrate 

C1, Ethyl diisopropylcyanoacetate 
Methyl w-cy anopelargonate 
Ethyl 1,f dimethylbutylcy- 

anoac etate  
Ethyl n-propylisopropylcy- 

anoacetate 

For explanations and synrbols see  pp. 

TABLE 7 4  CYANO ACIDS 
-- 

Yield t 
% Compound ( A )  chapterref. B.p./mm., nD, (M.P.) 

---- 
C, Cyanoacetic acid 378 89 20 am (65) 

C 7  GCyanocapmic acid 378 56  23'" 1GO/3 
380 6 1  20"' 

C 8  mCyanobenzoic acid (217) 
p- Cyanobenzoic acid 380 45 20 =I (210) 

C9 o-Carb~x~phenylacetonitrile 393 8 3  2 0 ' ~  (115) 
380 50 a e  

p-Cyanophenylacetic acid (152) 
C U, ~ C y a n o p e l a r g o n i c  acid 384 34 - 2 0 ~ ' ~  -- ( 49) 

For explanations and symbols s e e  pp. xi-xii. 

xi-xii. 
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TABLE 75 (continue4 

t 
GI Compound 

~ h a ~ t e ~ e f .  ~.p./mm., n D, (M.P.) 
(%) 

- -- 

C,, y-Carboelory-ycyanopimelo- 388 97 20'" (37) 

caproate 
~ t h y l  p,pdiethyI-a,P-dicyanc- 389 40 20"' 165115 

propionate 
Diethyl a-cyano-&ethylsuccinate 386 67 20'"' 164121 
Dietbyl a-cyano-a,!-dimethyl- 386 75 20m 159-162/15-20 

succinate 
Ethyl a-carbethorn-P- 389 62 20'" 130- 140/2.5 

cyanovalerate 
Methyl ara-di-(2-manoethyl> 388 50 20'* (154) 

acetoacetate 
Ethyl cycloherylcyanoacetate 394 98t 20"' 139/8, 1.4574" 

Ethyl phenylcyanoacetate 238 79 1 4  1351.5, 1.5015" 

o- Cerbaho~~phenylacetonitrile 378 76t 20%' 170/ 16, 1.5 172 

C,, Ely l  n-heptylcyanoacetate 
Ethyl beazylcyanoacetate 
E ly l  &cyancrpphmyl- 

propionate 

C,, E ly l  ethylphenylcymoacetatc 
Diethyl a-cyano-a,Pdiethyl- 

succinate 
Dimethyl P-cyanobenzylmalonate 
y, y-Dicarbethoxypimelonitrile 

C,, a-phmyl-a-carbethoxyglutar* 
ni tril e 

For erplanations and symbols see PP. xi-xii. 
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T h e  relat ionship of imino e s t e r s ,  RC(OR')=NH, a n d  amidines,  
RC(NH,)=NH, t o  e s t e r s  and amides,  respect ively,  s u g g e s t s  analogous 
methods 'of preparation. For  example, amidines a r e  obtained by the ac t ion  
of ammonia on imino e s t e r s  (method 403). T h e  chemistry of t h e  amidines 
to  1944 h a s  been reviewed. In addition t o  the methods d i s c u s s e d  here, 
many l e s s e r  used  reac t ions  for their preparation a re  listed." 

402. Imino E s t e r s  by the Addition of Alcohols  t o  Nitr i les  

Aliphatic and  aromatic imino e s t e r  hydrochlorides a r e  most  e a s i l y  ob- 
t a ined  by pass ing  dry hydrogen chloride into a n  equimolar mixture of a 
nitrile and a n  alcohol  in e ther  solution.'* 2'9'1' S tr ic t ly  anhydrous con- 
di t ions a re  e s s e n t i a l  for s u c c e s s f u l  conversions.  T h e  time of react ion is 
greatly reduced by r e  fluxing the e ther  solution: Dioxane is superior a s  
a so lven t  in ce r ta in  cases." At temperatures above  60-80°, decomposi- 
tion of the imino e s t e r  hydrochloride t o  a n  alkyl  chloride and a n  amide 
occurs .  T h e  f ree  imino e s t e r s  a re  obtained by neutral izat ion of the hydro- 
chlorides with sodium bicarbonate '  or potassium carbonate" ''' " under 
ether. 

METHODS 402-405 

Imino e s t e r s  containing halo,?' lo* " hydroxyl,' carbalkoxyl,5* " and 
cyanol '  groups have been prepared. 

T h i s  method, a long with s e v e r a l  other l e s s e r  used  react ions for the 
preparation of imino e s t e r s ,  h a s  been d i s c u s s e d  in more detail." 

403. Amrnonolysis of Imino E s t e r s  

Exce l len t  examples of th i s  react ion a r e  found in the  preparat ions of 
acetamidine (91%)" and nicotinamidine (60%).'4 T h e  conversion is ac-  
complished by treatment of the imino es te r  hydrochloride with alcoholic  
ammonia or by the  act ion of ammonium chloride on t h e  free imino ester .  
The  amidines a r e  frequently i so la ted  a s  s a l t s  s u c h  a s  the su l fa tes  or 
pic rate^.^ N-Substituted amidines resu l t  when amines a r e  used  in place 
of ammonia 

404. Addition of Ammonia or  Arnines to  Nitr i les  

RCN 3 RC(NH,)=NH 
AlCl, 

T h e  addi t ion of ammonia or ammonium chloride t o  ni t r i les  d o e s  not oc- 
cur  readily.'" 'O Some s u c c e s s  h a s  b e e n  achieved by condensing t h e s e  
s u b s t a n c e s  in  the p resence  of aluminum chloride or c a t a l y s t s  of s imilar  
nature 

Cer ta in  n i t r i l es  add amines t o  form N-substituted amidines. T h i s  re- 
ac t ion  h a s  been modified and extended through t h e  u s e  of ammonia and 
alkyl- or aryl-ammonium s a l t s  of sulfonic  ac ids .  Many amidines have 
been prepared i n  yields  ranging from 13% t o  86%.15 Some amidines a r e  
obtained in bet ter  y ie lds  by heat ing a cyanide with ammonium thiocyanate  
or a n  alkylammoniun~ t h i ~ c ~ a n a t e . ' ~  

405. Condensat ion of Amines with Amides 

A number of aromatic amidines have been readi ly obtained by boiling a 
primary or secondary amine with a subs t i tu ted  amide in a solut ion of 
phosphorus trichloride.16 Several  a l iphat ic  amides undergo a similar con- 
densa t ion  with amines and  phosphorus ~ x ~ c h l o r i d e . ' ~  An i ~ n i n o  chloride, 
RC(CI)=NR', is a n  intermediate in th i s  p rocess .  N-Phenylbenzzrnidine, 
C,H,C(NHCsH5)=NH, is obtained by the  ac t ion  of methanolic ammonia on 
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the corresponding imino ~ h l o r i d e . ' ~  Also, amidines a re  formed in the 
Beckmann rearrangement of ketoximes i n  which irnino chlorides are  sorne- 
t imes intermediates .I8 

406. Addition of  Dialkylaminomagnesium Hal ides  to  Nitr i les  

407. Amination of  Ni t r i l es  by Sodium Amide" 

R ' X  

NaNH, - R,CC(NH, )= NR' 
R,CCN + R,CC(NH,)= NNa & 

R3CC(NH,)= NH 

408. Ammonolysis of N-Arylamidiniurn S a l t s  l6 

+ - NH3 
RC(NHAr)=NH, X + RC(NH,)=NH,+X- 

409. Interaction o f  Arylamines a n d  Orthoformates " 

2ArNH, + HC(OC,H5), -+ HC(NHAr)= NAr 

410. Imino E s t e r s  by the  Action of Hydrazoic Acid o n  Ketones" 

HCI 
CH,COCH, + HN, + C,H50H + CH3C(OC,H5)= NCH, HCI 

TABLE 76. IMINO ESTERS (IMINO ETHERS) 637 

TABLE 76. IMINO ESTERS (IMINO ETHERS) 

Yield 
C n Compound Method (%) chapterref. B.p./mm., nb, (M.p.), Deriv. 

C 4 Ethyl iminoacetate 402 22 21' 90/765, 1.4025" 
402 95 218 

Ethyl chloroiminoacetate 402 90 218 
Methyl cyanoiminoacetate 402 87 2 l u  

Cs Ethyl iminoptopionate 402 95 218 
Ethyl N-methylacetimidate 410 50 2lZ1 100 
Methyl y,y,Y-uichlotc- 402 92 211' 

iminoburyrate 
Methyl b-cyanoiminoptc- 402 80 2111 

pionate 
Ethyl cyanoiminoacetate 402 97 21" 103/10, (79) 

C 6  Methyl iminovalerate 402 79 21' 
Ethyl iminobutyrate 402 63 218 
Ethyl iminoisobutytate 402 80 218 
Methyl P-carbomethoxy- 402 93 21" 

iminoptopionate 

C 7  Ethyl iminovalerate 402 75 21 
Ethyl iminoisovaletate 402 40 218 
Diethyl iminomalonate 402 44 21" 63/0.4, 1.4530U 
Ethyl carboethoxyiminc- 402 93 21" 

la acetate 

C, Phenyl iminoacetate 402 27 21' 113HCI 
Phenyl chloroiminoacetate 402 79 21' 97HC1 

C, Ethyl crhydroxyimine 402 41 21 151HU 
benzoate 

Ethyl m-hydroxyimino- 402 93 216 164HC1 
benzoate 

C , Methyl a-phenyliminopto- 402 73 21U 73/1, 1.5185" 
pionate 

Ethyl phenyliminoacetate 402 73 211 99/2, 1.5126 
Ethyl p-hydroxyphenyl- 402 97 216 148HC1 

iminoacetate 
Cl l  Methyl a-phenyliminc- 402 77 219 92HC1 

butyrate 
I( 

Y For explanations and symbols see  pp. xi-xii. 
S 
I 
? 
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TABLE 77. AMIDINES 

Yield 
Cn Compound Method (%) 

chapterref- B.p./mm., nb, (M.p.), Deriv. 

Acetamidine hydrochloride 
n-Valeramidine 
l,f Diamidinopropane 

(glutaramidine) 

C6 2-Amidinopyridine 
3-Amidinopyridine (nicotin- 

amidine) hydrochloride 

C , Benzamidine 

Benzamidine hydrochloride 
p-Chlorobenzamidine 
p-Bromobenzamidine 
~Nitrobenzamidine 
~Niuobenzamidine 
p-Nitrobenzamidine 

C, Phenylacetamidine 

p-~~droxyphenylacetami- 
dine hydrochloride 

p-Methoxybenzamidine 

C9 N,N'-Dimethylbenzamidine 
pHydroxypheny1-N-methyl- 

acetamidine hydro- 
chloride 

C ,, Tributylacetamidine 
N-Phenyl-N-methylbenz- 

amidine 
C N,N-Dibutylbenzamidine 

C l6 N,N-Diphenylbutyramidine 
C m  N,N-Diphenylbenzarnidine 

N,N'-Dirnethylbenzarnidine 

For explanations and symbols 

405 
404 
40 5 

see pp. xi-xii. 
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411. Action of Phosgene on Amines 

COC12 - HCI 
RNH, d RNHCOCI - RNCO 

Simple isocyanates containing up to  twelve carbon atoms are best  pre- 
pared by ,a vapor-phase reaction of phosgene and a primary amine reported 
in 1950.2 The reaction occurs without a catalyst  a t  240-350' to form 
carbamyl chlorides from which the isocyanates are obtained by refluxing 
in an  inert solvent or by treating with a tertiary amine. Over-all yields 
range from 58% t o  88%. Secondary amines are converted to disubstituted 
carbamyl chlorides, R2NCOC1.Z' 

Higher-molecular-weight amines are treated in the liquid phase usually 
in solvents like ethyl acetate, '  t ~ l u e n e , ~ ' "  ~hlorobenzene ,~"  or chloro- 
naphthalene: This  process i s  illustrated by the preparation of p-nitro- 
phenyl isocyanate (95%).' Amine hydrochlorides or carbamic acids are 
sometimes used in place of the free amine? 

412. Pyrolysis  of Acyl Azides (Curtius) 

RCON, 4 RNCO + N2 

Pyrolysis of acid az ides  results  in the loss of nitrogen gas  and intra- 
molecular rearrangement of an R radical from carbon to nitrogen. Deg- 
radation to the isocyanate i s  best  carried out by warming the azide in 
a solution of b e n ~ e n e , ~  t ~ l u e n e , ' ~ '  "' 29 or dipheny 1 ether.I3 Kinetic 

METHODS 412-41 5 64 1 

studies have been made in thirteen  solvent^.'^ Yields of isocyanates are 
usually in the range of 75-95%. In the preparation of methyl isocyanate 
by this method, acetic anhydride rather than acetyl chloride i s  best  em- 
ployed in the preparation of the azide from sodium azide. Otherwise, the 
isocyanate i s  contaminated with acetyl chloride.16 Azides are a l so  pre- 
pared by diazotization of hydrazides (method 364). 

The conversion of azides to amines i s  discussed elsewhere (method 
447). The related Hofmann and Lossen rearrangements (methods 446 and 
448) are inferior for the preparation of isocyanates. 

413. Alkylation of Metallic Cyanates 

N a  CO 
KNCO + R2S04 4 RNCO + ROS03K 

Alkyl isocyanates where R i s  methyl and ethyl have been prepared by 
this reaction in yields of 43% and 95%, respectively.24 Diphenylmethyl 

- .  

bromide a lso  serves a s  an  alkylating agent to give diphenylmethyl iso- 
cyanate (8%).30 

414. a-Keto Isocyanates by Acylation of Silver Cyanate 

RCOCl + AgOCN 4 RCONCO + AgCl 

Ten a-keto isocyanates have been prepared in 40-90% yields by re- 
fluxing ethereal solutions of the corresponding acyl halides with a sus- 
pension of silver cyanate?' Adipyl isocyanate has been made in this way, 
but the yield i s  not ~ t a t e d . 2 ~  

415. Action of Phosphorus Pentachloride on Urethanes " 

RNHC02R 3 RNCO 



ISOCY ANATES 

TABLE 78. ISOCYANATES 

Ch. 22 

C n  Compound Method (%) chapterref. B.p./mm., nb,  (M.p.) 

Methyl isocyanate 

Chloromethyl isocyanate 

Ethyl isocyanate 

P-Chloroethyl isocyanate 

n-Propyl isocyanate 

Isopropyl isocyanate 

Ethylene isocyanate 
.y-Chloropropyl isocyanate 

n-Butyl isocyanate 

Isobutyl isocyanate 

I-Butyl isocyanate 
Carboethoxymethyl isocyanate 
2-Fury1 isocyanate 

Cyclopentyl isocyanate 
Diethylacetyl isocyanate 
Phenyl isocyanate 

o-Nitrophenyl isocyanate 
nrNitropheny1 isocyanate 

p-Nitrophenyl isocyanate 

Hexamethylenediisocyanate 

p-Methoxyphenyl isocyanate 
Benzoyl isocyanate 

Phenacetyl isocyanate 
1.3.5-Benzenetriisocyanate 

p-Ethoxyphenyl isocyanate 
p-Carbomethoxyphenyl isocyanate 
p-Dimethylaminophenyl isocyanate 

Undecyl isocyanate 

TABLE 78. ISOCYANATES 

TABLE 78 (continued) 

Cn Compound Method chapterref. B.p./mm., nb,  (M.P.) (%) 

C, CBiphenylyl isocyanate 411 30 22s (57) 
C, Diphenylmethyl isocyanate 413 80 22" 148/4 

2-Fluoryl isocyanate 411 89 22' (70) 

For explanations and symbols see pp. xi-xii. 



644 REFERENCESFORCHAPTER22 Ch. 22 

REFERENCES FOR CHAPTER 22 

' Shriner, Home, and Cox, Org. Syntheses,  Coll. Vol. 11, 453 (1943). 
'Slocombe, Hardy, Saunders, and Jenkins, J .  Am. Chem. Soc.. 72, 1888 (1950)- 
' Ray and itieveschl, J .  Am. Chem. Soc., 60, 2676 (1938). 

Gill, MacGillivray, and Munro, 1. Chem. Soc.. 1753 (1949). 
'Gelderen, Rec.  trav. chim., 52, 970 (1933). 
6Hoeke, Rec. trav. chim., 54, 506 (1935). 
'Saunders and Slocombe, Chem. R e v s . ,  43, 203 (1948). 
'Siefken, Ann., 562, 76, 111 (1948). 
'Allen and Bell, Org. Syntheses,  24, 94 (1944). 

'"Smith in Ornanic Reactions.  Vol. 3, John Wiley & Sons, New York, 1946, pp. - 
337, 376, 392. 

"Biihler and Fierz-David, Helv. Chim. Acta, 26, 2133 (1943). 
"Newman, Lee, and Garrett, J .  Am. Chem. Soc., 69, 113 (1947). 
"Singleton and Edwards, J .  Am. Chem. Soc.. 60, 542 (1938). 
l4 Boehmer, Rec. trav. chim., 55, 379 (1936). 
"Sah, Rec,  trav. chim., 59, 233.(1940). 
16Colucci, Can. 1. Research,  23B, 111 (1945). 
"Stevenson and Johnson, J .  Am. Chem. Soc., 59, 2529 (1937). 
la Sah and Woo, Rec. trav. chim., 58, 1014 (1939). 
"Brunner and WShrl, Monatsh., 63, 376 (1934). 
lo Schroeter, Ber., 42, 2339 (1909). 
"Schroeter, Ber., 42, 3358 (1909). 
"Curtiu? and Hechtenberg, J. prakt. Chem.. 105, 316 (1923). 
"Curtius and Ulrner, J .  prakt. Chem.. 125, 59 (1930). 
"Slotta and Lorenz, Ber., 58, 1320 (1925). 
"Hill and Degnan, J .  Am. Chem. Soc., 62, 1595 (1940). 
16Liesec and Macura, Ann., 548, 243 (1941). 
" Wenker, 1. Am. Chem. Soc, ,  58, 2608 (1936). 
" Raiford and Alexander, J .  Org. Chem., 5. 306 (1940). 
" Breslow, 1. Am. Chem. Soc., 72, 4246 (1950). 
"'Donleavy and English, J .  Am. Chem. Soc., 62, 218 (1940). 
" Farlow, Org. Syntheses,  31, 62 (1951). 

Carbamates (Urethanes), Semicarbazides, and Ureas 

CONTENTS 
METHOD 

416. Action of Amines, Hydrazines, or Alcohols on Isocyanates ................ 
417. Action of Amines on Urea or Nitrourea .................................................. 
418. Action of Ammonia or Amines on Chloroforrnates .................................. 
419. Action of Alcohols on Urea or Urethanes .............................................. 
420. Action of Carbamyl Chlorides on Alcohols, Ammonia, or Hydrazines 
42 1. Acylation of Ureas .................................................................................... 
422. Reaction of Amides with Isocyanates .................................................... 
423. Urea and Alkylisoureas from Cyanamides .............................................. 
424. Reduction of Nitro- or Nitroso-ureas ...................................................... 
Table 79. Carbamates (Urethanes) .................................................................. 
Table 80. Semicarbazides and Ureas .............................................................. 
References .......................................................................................................... 

416. Action of  Amines, Hydrazines, o r  Alcohols  o n  I socyana tes  

PAGE 

645 
646 
6 46 
647 
647 
647 
647 
647 
648 

6 49 
649 
651 

RNCO 
R ' NHNH1 

RNHCONHNHR' + RNHCON(R')NH, 

RNHC O,R' 

T h e s e  reac t ions  indicate  the relat ionship of u reas ,  urethanes,  and  
semicarbaz ides  t o  e a c h  other but a r e  not general ly  used for the  prepara- 
tion of these  compounds. I socyana tes  a r e  formed in the Hofmann5 a n d  
Cur t ius6  rearrangements (methods 446  a n d  447) and may be  converted 
direct ly  t o  u re thanesav9  and  symmetrically subst i tuted u r e a s l  by  modifi- 
ca t ions  of these  react ions.  For  example,  N-bromoamides a r e  rearranged 
direct ly  t o  urethanes by a solut ion of sodium methoxide in methyl a l -  
~ o h o l . ' ~ ~  Hydrazines c a n  reac t  with i socyana tes  t o  g ive  e i ther  1,4- or 
2,4-disubstituted semicarbazides. '  Alkylhydrazines produce only 2,4- 
dialkylsemicarbazides,  RNHCON(R)NH,. A general  method of preparation 
of arylureas involves treatment of an arylamine with aqueous  sodium 

cyana te  a n d  a c e t i c  a c i d ,  viz.,  ArNH, + HNCO + ArNHCONH, (54-95%);' 
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417. Action of Amines on  Urea or Nitrourea 

RNH, + CO(NH, -4 CO(NH, )NHR + NH, 

Symmetrical dialkyl- and diaryl-ureas a re  formed in 43-78% yields by 
heating primary amines and ureas in the dry s t a t e  a t  160°14 or by  boiling 
a n  aqueous  solution of the  amine hydrochloride and urea."' " Urea is 
converted t o  ammonium cyanate,  which reac ts  with the  amine t o  give a 
monosubstituted urea. Th i s  compound, in turn, breaks down into an  al- 
kylisocyanate from which the sym-d i a lk~ lu r ea  is obtained by the act ion of 
more primary amine. By interrupting th i s  p rocess  from time t o  time, 
phenylurea can  be  made from anil ine and urea in 55% yield. The  remainder 
of t h e  product is ~ ~ r n - d i p h e n ~ l u r e a . ' ~  

Nitrourea i s  decomposed quantitatively into cyanic acid and nitrous 
oxide when heated in  aqueous solution. If primary or secondary amines 
a re  present, the products a re  alkylureas or N,N-dialkylureas, respec-  
tively.''* l 2  Alcohol is used  a s  a solvent  for amines which a r e  only 
s l ight ly soluble in water . l6~ " The  yields in general a re  excel lent  (70- 
98%), and the react ion i s  preferred t o  the exchange with urea described 
above. .Alkanolamines g ive  h y d r ~ x ~ a l k y l u r e a s  in 85-95% yields.'3 
Nitrourea is conveniently prepared in 90% yield from urea nitrate." 

A similar  exchange reaction occurs  between arylureas and hydrazine 
hydrate.in boiling alcohol  solution; arylsemicarbazides a r e  formed in fair 
yields .') 

418. Action of  Ammonia or Amines o n  Chloroformates 

RNH, + C1C02R' % RNHC02R' + (HCI) 

T h e  acylat ion of ammonia or primary and secondary amines by chloro- 
formic e s t e r s  (chlorocarbonates) is the  most general  method for the syn- 
t h e s i s  of urethanes. Chloroformates a re  obtained by the act ion of phos- 
gene on alcohols  (method 289) and, without purification, a r e  converted t o  
carbamates by cold concentrated ammonium hydroxide. Over-all yields 
from primary and secondary alcohols  range from 55% to 34%.20' 24 N -sub- 
s t i tuted carbamates resu l t  in s imilar  yields when primary '' or secondary2' 
amines a re  subst i tuted from ammonia in the react ion.  Aqueous sodium 
hydroxide is sometimes used  t o  neutralize the ac id  formed.'' 

In the presence of sodium, further a c ~ l a t i o n  of ethyl  carbamate by 
chloroformic e s t e r  gives ethyl  N-tricarboxylate, N(C02C2H5),, in 57% 
yield.,' 

METHODS 418-423 64  7 

~ h l o r o h ~ d r i n s , ~ ~  hydroxy ethers:' and dialkylaminoalkylaminesa7 furnish 
urethanes containing an additional functional group in yields ranging 
from 60% t o  93%. 

419. Action of Alcohols on  Urea and Urethanes 

ROH + NH,CONH, 4 NH,CO,R + NH, 

Primary alcohols  when heated to 175-190' with urea give 43-60% 
yie lds  of urethanes.29* Alcohols below n-butyl require pressure.  The  
react ion probably goes  through the  intermediate cyanic acid obtained by 
decomposition of the  urea. The  reversible  react ion HNCO + ROH 
NH2C02R is well  known, and urethanes a r e  sometimes prepared by the 
exchange react ion of  an alcohol  and another urethaness2 

In concenuated  sulfuric a c id  solution a t  20-25O urea is alkylated by 
ter t iary alcohols  t o  give t-alkylureas in 33-58% yields.)3 

420. Action of Carbamyl Chlorides on  Alcohols, Ammonia, or Hydrazines 

R,NCOCl + NH, 4 R,NCONH, 

Asymmetric ureas ,35 N,N-dialkylurethanes ,16 and  4,4-dialkylsemicarba- 
z ides  ' a r e  avai lable by t h i s  method. In general ,  the yields a r e  excel lent .  
Carbamyl chlorides a r e  prepared by the  ac t ion  of phosgene on secondary 
amines (cf. method 411). 

421. Acylation of Ureas 

RCOCl R ' COCI 
NH,CONH, - RCONHCONH, - RCONHCONHCOR' 

Both straight-chain and branched acy l  hal ides success fu l ly  acy la te  

urea t o  the  mono- and di-acyl derivat ives.  Yields of 7 5 4 5 %  of either 

I 
derivative may be  obtained." A review of four additional methods for the 
preparation of acylureas h a s  been  made.)' 

i 422. React ion of Amides with I socyana tes  34 

RCONH, + R'NCO -+ RCONHCONHR' 
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BrCN CHsOH 
RNH, - RNHCN ,--, H RNHC(OCH,)= NH 

TABLE 80. SEMICARBAZIDES AND UREAS 649 

TABLE 79. CARBAMATES (URETHANES) 

C n Compound Method (%) chapterref. B.p./mm., ntD. (I4.p.) 

424. Reduction of Nitro- o r  Nitroso-ureas " " 

NH,CONHNO, 5 NH2CONHNHl 

C n-Propyl carbarnate 418 68 23U (53). (60) 
Isopropyl carbamate 418 68 23'4 (92) 
Ethyl methylcarbamate 418 30 23" 55-60/12 

CI  n-Butyl carbamate 418 65 23U (54) 
419 76 23"' 109/14, (54) 

Isobutyl carbamate 419 42 23" 117/25, (66) 
418 72 23U (62) 

s-Bury1 carbarnate 418 57 23U (94) 

I Methyl n-propylcarbamate 416 77 23 76/20 
Methyl cyclopropylcarbamate 416 78 23 85/11, (31) 

C b  n-Amy1 carbamate 418 76 i; 2314 (56) 

I C,  Ethyl s-butylcarbamate 418 75 2315 88/14 
I C,  Benzyl carbamate 418 94 t 23" (87) 

419 86 23" (87) 

C p  Methyl n-heptylcarbamate 416 81 23 130/14 
Ethyl N-tricarboxylate 418 57 23" 147/12 

C Diethyl 1,3-cyclohexanedi- 416 79 239 ( 150) 
carbamate 

For explanations and symbols see pp. xi-xii. 

TABLE 80. SEMICARBAZIDES AND UREAS 

C n Compound Method ( %) chapterref. B.p./mm., (M.p.) 

C Semicarbazide (carbamic acid 4 16 60 23 (96) 
hydrazide) 

Semicarbazide sulfate 4 24 69 2331 (145) 
Urea 423 95 23* (133) 
Nitrourea .. . 87 23 aa (156) 

C a 2-Methylsemicarbazide 4 24 40 23 (115) 
CMethylsemicarbazide 4 16 60 23 (117) 
Methylurea 4 17 85 23 l1 (102) 

C J  2,CDimethylsemicarbazide 4 24 28 237 (150) 
4,4-Dimethylsemicarbazide 4 20 77 23 (83) 
Ethylurea 4 17 90 23" (92) 
synrDimethylurea 4 17 78 23U (100) 
unsyrrDimethylurea 4 17 88 23 l1 ( 182) 
Ethyleneurea 4 17 98 23 l7 187/10. (134) 
P-~ydroxyeth~lurea 4 17 90 23 (95)  
Acetylurea 421 80 23" (217) 

For explanations and symbols see pp. xi-xii. 





65 2 CARBAMATES (URETHANES) . SEMICARBAZIDES. UREAS Ch . 23 

"Murray and Ronzio. J . Am . Chem . Soc., 71. 2245 (1949) . 
Lamchen. J . Chem . Soc .. 748 (1750) . 

4' Kurzer. Org . Syntheses .  3 1. 8 (1951) including note 5 . 
4' Kurzer. Org . Syntheses .  31. 11 (1951) including note 5 . 

Amines 

CONTENTS 

METHOD 

425 . Reduction of Nitro Compounds ................................................................ 
426 . Reduction of Oximes .................................................................................. 
427 . Reduction of Nitriles ................................................................................ 
428 . Reduction of Amides .................................................................................. 
427 . Reduction of Schiff B a s e s  ........................................................................ 
430 . Reduction of Aromatic Amines ................................................................ 
431 . Reductive Alkylation (or Reductive Amination) .................................... 
432 . Reductive Alkylation of Amines (Leuckart) .......................................... 
433 . Reductive Cleavage of Azo Compounds .................................................. 
434 . Catalytic Debenzylation of N-Benzy ld ia lkylam~nes  .............................. 
435 . Ammonoly s i s  of Halogen Compounds ...................................................... 
436 . Alkylation of Amines ................................................................................ 
437 . Interaction of Hexamine and Halogen Compounds ................................ 
438 . Replacement of Hydroxyl Groups by Amino Groups .............................. 
437 . Amination of Aromatic Nuclei .................................................................. 
440 . Rearrangement of N-Alkylanilines .......................................................... 
441 . Amination of Cyclic Imines ...................................................................... 
442 . Amination of Oxides .................................................................................. 
443 . Amination of Unsaturated Compounds .................................................... 
444 . Aminomethylation (Mannich) .................................................................... 
445 . Aminomethylation of Alcohols .................................................................. 
446 . Degradation of Amides (Hofmann) ............................................................ 
447 . Degradation of  Acyl Azides (Curtius) .................................................... 
448 . Degradation of Hydroxamic Acids ( ~ o s s e n )  .......................................... 
447 . Interaction of Hydrazoic Acid and Carbonyl Compounds (Schmidt) .... 
450 . Hydrolysis of Isocyanates, Isothiocyanates, Urethanes, and Ureas .. 
451 . Hydrolysis of N-Substituted Amides ........................................................ 
452 . Hydrolysis of NSubstituted Phthalimides (Gabriel) ............................ 
453 . Hydrolysis of Nitrosoanilines .................................................................. 
454 . Hydrolysis of Quaternary Imine Salts ...................................................... 
455 . Hydrolysis of Cyanamides ...................................................................... 
456 . Ring Dehydrogenation ................................................................................ 
457 . Condensation of Grignard Reagents and CbMethylhydroxylamine ........ 
458, Addition of Grignard Reagents to Schiff Bases  .................................... 
459 . Interaction of Grignard Reagents and Halo Amines .............................. 
460 . Reduction of Unsaturated Amines ............................................................ 
461 . Interaction of Sodium Amide and Halogen Compounds .......................... 
462 . Rearrangement of Hydrazobenzenes ........................................................ 

PAGE 

654 
658 
658 
660 
660 
661 
662 
663 
665 
665 
665 
666 
670 
670 
670 
671 
671 
672 
672 
673 
674 
674 
675 
676 
677 
678 
678 
677 
680 
680 
680 
680 
681 
681 
681 
(581 
682 
682 



CONTENTS (continued) 
METHOD 

463. interaction of Amines and P-Keto Esters ............................................. 
464. Condensation of Unsaturated Amines and Aromatic Compounds ........ 

................................................................................................ Table 81. Amines 
............................................................................................ Table 82. Diamines 

Table 83. Olefinic Amines ................................................................................ 
Table 84. Acetylenic Amines ............................................................................ 

...................................................................................... Table 85. Halo Amines 
Table 86. Hydroxy Amines ................................................................................ 
Table 87. Amino Ethets .................................................................................... 
Table 88. Amino Aldehydes .............................................................................. 
Table 89. Amino Ketones .................................................................................. 
Table 90. Amino Acids  ...................................................................................... 
Table 91. Amino Esters .................................................................................... 
Table 92. Amino Cyanides ................................................................................ 
References .......................................................................................................... 

PAGE 
682 
682 
683 
691 
694 
695 
695 
698 
70 2 
704 
705 
706 
710 
711 

71 5 

425. Reduct ion of  Nitro Compounds 

T h i s  method has  had limited appl icat ion for making a l ipha t ic  amines2  
although it  a s s u m e s  increasing importance in view of the  commercial 
avai labi l i ty  of the nitroparaffins and the  development of p rocesses  for 
their  ready conversion t o  ni t ro olefins:'* 487v5'8 n i t ro alcohols , '  nitro 
ethers,'" nitro a m i n e ~ , ~ ' ~  and nitro a l l  of which have been 
reduced to the corresponding amino compounds. 

Aromatic primary amines a r e  commonly prepared from nitro compounds 
by t h e  ac t ion  of one of s e v e r a l  reducing agents ;  the  react ion has  been 
d i s ~ u s s e d . ' ' ~  Reduct ion with a metal-acid combination like g a n u l a t e d  
iron and a smal l  quant i ty  of a c i d  g ives  exce l len t  resu l t s .  B y  th i s  proce- 
dure, many aromatic amines have been  prepared, including ani l ine (86%), 
0-toluidine (73%), 4-aminobiphenyl (93%), and  a-naphthylamine (96%).'** 
Another common combination is t in  and hydrochloric acid,  but reduction 
may be accompanied by nuclear  halogenation, particularly in the  treat- 
ment of 0-substituted ni t robenzenes.  T h e  ac t ion  of z inc  d u s t  and aqueous 
alcohol  in the p resence  of calcium chloride, e s s e n t i a l l y  neutral  condi- 
t ions ,  is suf f ic ien t  t o  convert  2-nitrofluorene t o  2-aminofluorene (82%).11 
Aluminum amalgam and aqueous alcohol ,  s t i l l  another neutral  combina- 
tion, h a s  been success fu l ly  appl ied in the formation of 3-aminoacenaph- 
thene (85%)" and the isomeric  aminoacridines (70-75%):' Lithium alumi- 
num hydride is a n  effect ive reductant  for cer tain nitroiilefins in  the thio- 
phene s e r i e s  .'Ip 559 

METHOD 425 655 

Cata ly t ic  hydrogenation is performed in alcohol  solut ion over Raney 
nickel  a t  25" t o  100" and 3 0  atm.14 or over platinum oxide a t  room tem- 
perature and 1 t o  2 am.'* T h e  react ion is highly exothermic; therefore, 
precaut ions should b e  taken aga ins t  e x c e s s i v e  reaction temperatures. 
Typica l  i l lustrat ions a r e  found in the preparations of 2-amino*-cymene 
(90%)15 and 3,4-diethylaniline (90%).13 Heterocycl ic  nitro compounds in  
the  quinol ineZ5 and d i b e n z ~ t h i o ~ h e n e ' ~  s e r i e s  a l s o  respond favorably t o  
ca ta ly t ic  hydrogenation. 

In addition t o  t h e s e  procedures, e lectrolyt ic  reduction of the nitro 
group h a s  been  accomplished,  a s  i l lustrated by the  preparation of o-amino- 
cyclohexy lbenzene (85%); however, the  procedure is rarely employed. An 
apparatus  for large-scale  runs h a s  been described,17 and a comprehensive 
review of electrolyt ic  reac t ions  h a s  been given?0' 

Often under the  non-acidic condit ions,  the  reduction s tops  a t  the hy- 
droxylamine s t a g e  .16' "* T h u s  phenylhydroxylamine, C6HSNHOH, is syn-  
thesized in 68% yield by the ac t ion  of z inc  dus t  and water on 
nitrobenzene .527 

Certain al iphat ic  diamines have been  prepared by reduction of nitro 
amines with or aluminum amalgam.39 The  s tar t ing materials 
a re  readi ly obtained by the  react ion of nitroparaffins with formaldehyde 
and amines (method 444). 

Aromatic diamines and other polyfunctional aromatic amino compounds 
a r e  prepared by the above genera l  procedures. In the hydrogenation of 
polynitro compounds in  the  p resence  of Raney  nickel  ca ta lys t ,  e thy l  
ace ta te  has  been  found t o  be a bet ter  so lven t  than al iphat ic   alcohol^.'^ 
T h e  s y n t h e s i s  of 2,4-diaminotoluene is accomplished by reduction of the 
corresponding dinitro compound with iron f i l ings and hydrochloric ac id  
(8%):' Alkaline reducing agents ,  including ammonium sulf ide,  sodium 
su l f ide ,  z inc  and alcoholic  a lka l i ,  e tc . ,  have a l s o  been  employed. For  
example, o -phen~lenediamine  is syn thes ized  in 85% t o  9C% yield by re- 
ducing o-nitroaniline with z inc  and alcoholic  alkali." 

Certain unsaturated amino compounds l ike the  cis- and trans-p,p'- 
diaminostilbene? and p,p'-diaminotolane a r e  prepared by s e l e c t i v e  hydro- 
genation of the corresponding dinitro cornpounds using Raney  nickel  
ca ta lys t  (60-89?4)."' 47 T h e  reduction has  a l s o  been  accomplished with 
hydrazine hydrate in the  presence of alkali.'6 

Haloani l ines  a r e  obtained from haloni trobenzenes preferably by  the 
iron-acid reduction procedure ." " Nuclear halogenation occurs  during 
the reduction of nitrobenzene by s tannous  chloride in the presence of 
a c e t i c  anhydride; a quant i ta t ive yield of p-chloroacetanilide is ~btained. '~ 
Hydrogenation of halonitrobenzenes over Raney  nickel  c a t a l y s t  is ~ O S -  

s ib le  provided tha t  the temperature is kept  below 150°, a t  which point 
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dehalogenation occurs.50* The  iodine atom i s  the most susceptible of 
the halogens to  replacement during catalytic hydrogenation of the nitro 
group; however reduction by stannous chloride and hydrochloric acid has 
been successful, e.g., m-iodoaniline (83%).'= 

Aliphatic nitro alcohols, conveniently derived by the condensation of 
nitroparaffins with  aldehyde^,'^ are reduced to amino alcohols in almost 
quantitative yields by the action of iron powder and mineral acid.' Rest 
results are obtained when an excess  of acid i s  present. The procedure 
i s  illustrated by the synthesis  of 2-amino-1-butanol (70%); 

This  same reducing agent has  been successfully employed in the syn- 
thesis  of 2-amino-1-phenyl-1-propanol (70%)." The formation of amino 
alcohols by catalytic hydrogenation over Raney nickel catalyst  has been 
accomplished. However, because of the instability of the nitro alcohols 
in bas ic  media, lower amines are a l s o  formed. 

RcHOHCH(NO, )CH3 & RCHO + C2HsN02 

RCHO + C,HSNH, + H, 5 KCH,NHC2HS 

These  by-products are suppressed by hydrogenating in an  acid mediun;, 
e.g., in the presence of carbonic, acetic, or oxalic 56s "' 

The acid-sens itive amino phenols can be obtained by the reduction of 
nitro phenols with sodium sulfide or sodium hydrogen sulfite5' or by treat- 
ment of the p-tolylsulfonic es ters  with iron and acet ic  acid.59 Also, hydro- 
genation over Raney nickel a t  100° gives excellent results.14 

Aromatic nitro alcohols are converted by hydrogenation6" or by the 
action of metals and acids.  Various combinations have bcen compared in 
the preparation of ~-(4-amin0~hen~l)-ethanol.~~ 

Other functional groups may be present during reduction. Aromatic 
amino ethers are prepared by the same general procedures described above, 
e.g., m-aminoanisole (80%)63 and 2aminodiphenyl ether (74%).6s The 
reduction of o-nitrobenzaldehyde t o  the sensit ive o-aminobenzaldehyde i s  
successfully accomplished by the action of ferrous sulfate and ammonia 
(75%).67 m-Dimethylaminobenzaldehyde i s  formed by reduction of the 
nitro acetal  in aqueous solution with sodium sulfide followed by methyla- 
tion (74% over-all)68 or by catalytic reduction of m-nitrobenzaldehyde in 

METHOD 425 657 

the presence of formaldehyde (27%)530 (cf. method 431). Reduction of the 
nitroacetophenones has been accomplished by metal-acid combinations 
and by selective hydrogenations over Raney nickel and platinum oxide 
catalysts;  a comparison of these  procedures has been made in the prepara- 
tion of o- and m-aminoacetophenones.69* 70 Other methods of preparation 
for oamino  ketones have been summari~ed.~ '  p-Aminophenylacetic ac id  
i s  best  obtained by reduction of the nitro compound with ammonium sul- 
fide (84%).'3 Amino e s t e r s  are readily obtained by catalytic reduction of 
nitro es ters  over platinum oxide, e.g., ethyl p-aminobenzoate (lOO%).'s A 
novel synthesis  of ethyl m-aminophenylacetate from m-nitrobenzaldehyde 
consists  in converting th is  substance to  mnitro-0-benzoylmandelonitrile 
by the action of benzoyl chloride and sodium cyanide, followed by al-  
coholysis and hydrogenation with simultaneous hydrogenolysis (67% 
~ver-all).'~ 

3-Aminobenzonitrile i s  prepared by reduction of 3-nitrobenzoniuile by 
sodium disulfide in aqueous suspension (63%). This  reagent causes some 
hydrolysis of the cyano A selective hydrogenation of the more 
reactive nitro group in the presence of the cyano group can a l s o  be done, 
e.g., in the preparation of p-aminobenzyl cyanide (73%).7' 

Partial reduction of aromatic pol ynitro compounds leads to  nitro amines. 
The most successful  reagents are the alkali  metal or ammonium sulfides 
in aqueous alcohol."' In some instances, sodium bicarbonate combined 
with sodium sulfide gives better results  because of the formation of 
sodium hydrosulfide, which i s  believed t o  be  the main reducing agent. 
Also, aqueous methanol is preferred t o  aqueous ethanol." Nitro com- 
pounds that are sparingly soluble in alcohol solutions may be reduced by 
hydrogen sulfide in pyridine so l~ t ion . '~  

Very often reduction of an aromatic nitro compound i s  carried out in the 
presence of acetic anhydride, whereby the corresponding acetamido com- 
pound i s  formed .49 Amino amides are prepared by catalytic hydrogenation 
of nitro amides, e.g., 2-aminoacetanilide (70%):" 
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426. Reduction of Oximes 

Ch. 24 

R,C = NOH (H? R,CHNH, 

Reduction of oximes to primary amines proceeds readily and can be 
accomplished with hydrogen and Raney nickel ca ta lys t  with or without 
high pressures (50-90%).174* '06* 308' 346-349 Primary amines formed from 
aldoximes are accompanied by secondary amines, (RCH,),NH. The  re- 
duction may a l s o  be carried out with sodium and absolute ethanol, a s  il- 
lustrated by the synthesis  of n-heptylamine (73%).'50 The  action of zinc 
dus t  and acetic  acid i s  effective in the formation of Pfluorylamine 
(74%)?51 Lithium aluminum hydride i s  a good reagent, a s  shown by the 
reduction of  2,2-diphenylcyclohexanone oxime to  2,2-dipheny Icyclohexyl- 
amine (80%).545 

Aliphatic diamines are made by reduction of amino oximes by these 
same general procedures.352' 353 Sometimes catalyt ic  hydrogenation gives 
low-boiling cleavage products ?I9 

The  reduction of isonitroso ketones with hydrogen and platinum in the 
presence of hydrochloric acid gives amino ketones or amino alcohols, 
e.g . , 1-phenyl-2-amino-1-propanol (98%)356 and a-aminopropiophenone 
(88% ).'57 

The  reduction of a-oximino ac ids  to a-amino ac ids  i s  accomplished by 
catalyt ic  hydrogenation with a Raney nickel361 or palladium-charcoal36" 363 

ca ta lys t  or by the action of sodium or aluminum amalgam.'141 364-367 

Several procedures involving the formation of a-oximino ac id  inter- 
mediates for the synthesis  of a-amino ac ids  have been 
(cf. method 385). One outstanding synthesis  cons is t s  in the production 
of a-oximino acids or es te rs  by the act ion of a nitrite on a substituted 
acetoacetic or malonic ester?60* 

CH,COCH(R)CO,R', 
/- HON= C(R)COOH (H! RCH(NH,)COOH 

Oximes carrying a second group like a hydroxyl, carbonyl, or car- 
balkoxyl may form cyclic products, such a s  pyrazines from a-keto  oximes 
and pyrrolidones from y-oximino es ters ,  upon reduction?41 

427. Reduction of Nitriles 

Ni H 
RCN + H, --+ RCH = NH -$ RCH,NH, 

RCH- NH + RCH,NH, --+ RCH(NH,)NHCH,R 5 (RCH,),NH + NH, 

Catalyt ic  hydrogenation of aliphatic and aromatic n iu i les  yields pri- 
mary and secondary amines ."5* 309 Formation of the secondary products 
can  be suppressed (1) by carrying out the reduction in ace t ic  anhydride, 
which acetylates the primary amine an'd prevents i t s  reaction with the 
intermediate aldimine (platinum catalyst);307 (2) by reducing in the pres- 
ence  of ammonia (nickel catalyst);'03* or (3) by simply hydrogenating 
a s  rapidly a s  possible with a relatively large amount of ~ a t a l y s t . ' ~  
Temperatures above 150' during hydrogenation favor the formation of the 
secondary amine by the elimination of ammonia from the  primary amine, 
viz., ZRNH, --+ R,NH + NH3?15 A typical procedure employing high- 
pressure equipment and ammonia i s  illustrated by the s y n t h e s ~ s  of 
P-phenylethylamine (87%)?1° If hydrogenation of the nitrile i s  performed 
in the presence of a n  amine like methylamine or dimethylamine, then the 
corresponding N-mono- or N,N-di-alkylamine i s  formed.34' A Raney nickel 
catalyst  that  i s  useful for hydrogenation a t  room temperature and low 
pressure has  been described?08 

Reduction may a l s o  be brought about by sodium and alcohol, although 
extensive cleavage, of the cyanide group may occur, viz., RCN -+ RH 
+ NaCN.303-306 Lithium aluminum hydride has  been successfully em- 
ployed for the reduction of al iphatic and aromatic nit rile^^^"^^^ a s  well 
a s  several  cyanides in the thiophene ser ies  .314* 544 

A large number of al iphatic diamines have been made by the reduction 
of amino nitriles. Dialkylaminoacetonitriles, R,NCH,CN, are reduced 
with hydrogen in the presence of ammonia (Raney nickel catalyst)316' 3"s 

or with sodium and alcohol (40-80%)?049 320 Unsubstituted a-amino 
nitriles lose hydrogen cyanide on attempted hydrogenation and poison the 
catalyst ;  consequently, the s tab le  acetyl  derivatives are reduced in 
acetic  anhydride t o  give the diacetyl d i a r~ ine .~"  Also, the acetamido 
nitriles may be converted to  1,2-diamines through the dihydroimidazoles 
with subsequent hydrolysis, a s  illustrated by the preparation of 2-methyl- 
1,2-diaminobutane (53% over-all)?" 

T h e  addition of primary or secondary amines t o  acrylonitriles, fol- 
lowed by catalyt ic  reduction of the P-amino cyanides,  consti tutes a good 
synthesis  of y-aminopropylamines. The  yields in the first s t ep  are 
usually in the  range of 60% to  95% and in the second about 50% to 
7577.195.319, 310 
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Hz 8 NHs RNH, + H,C = CHCN -+ RNHCH,CH,CN - RNH(CH,),NH, 
Nl 

In a s imilar  manner, higher amino nl t r i les  a r e  reduced."' 
Amines containing o ther  functional groups have  been  prepared. Amino 

e thers  a r e  readi ly made by ca ta ly t ic  hydrogenation or sodium-alcohol 
reduction of t h e  corresponding cyanides  .'28'3" P - H ~ ~ ~ O X ~  amines  may b e  
prepared by reduction of a-hydroxy or a - k e t o  ni t r i les .  B e s t  resu l t s  are. 
obtained when the  reduction is carr ied out with hydrogen and platinum or 
palladium c a t a l y s t  in  t h e  p resence  of mineral ac id .  In t h i s  manner, sub-  
s t i tuted mandelonitriles, ArCHOHCN,"' and aroyl cyanides,  ArCOCN,3ss 
yield P-hydroxy-p-arylethylamines (24-94%). Reduct ion of P-ke to  
n i t r i l es  g ives  ke to  amines or amino alcohols;  however, the  y ie lds  a r e  
p00r.)'~ Amino a c i d s  and amino e s t e r s  a r e  similarly prepared in good 
y ie lds  ."6-540 

Cyanides  bearing a second  group i n  a s u i t a b l e  position may undergo 
ring c losure  on hydrogenation, a s  i l lustrated by the  formation of piperidine 
from trimethylene cyan ide  and pyrrolidines from P-cyapo e s t e r s  341 (cf. 
method 574). 

428. Reduction of  Amides 

R C  ONH, (2 RCH2NH2 

Cata ly t ic  hydrogenation of amides t o  amines requires  d r a s t i c  condi- 
t ions:  in  general ,  a temperature of 250° t o  265 and  a pressure of 200 t o  
3 0 0  atm. over copper-chromium oxide ca ta lys t  using dioxane a s  the 
~ o l v e n t . ' ~  T h e  y ie lds  of primary amines from unsubst i tuted amides are  
lowered mainly by the  formation of secondary amines,  viz., 
2RNH2 -+ R,NH + NH,. N-Mono- and di-substituted amides yield second- 
ary and  tertiary amines,  respect ively;  however, considerable  c leavage  of 
t h e  carbon-nitrogen bonds occurs  .'4' 

Amides a r e  more convenient ly reduced with lithium aluminum hydride 
in e ther  solut ion t o  yield amines with the  s a m e  carbon content ,  e.g., tri- 
ethylamine from N,N-diethylacetamide (50%) and ethyl-n-propylamine from 
N-ethy lpropionamide (53%)."01 '44s 'I9 T h e  s a m e  conversion h a s  been ac- 
complished by a n  e lec t ro ly t ic  r e d ~ c t i o n ? ~ ' " ~ '  

429. Reduction of Schiff B a s e s  

Hl 
RCH= NR' ---+ RCH'NHR' 

Catalyst 
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Unsymmetrical secondary amines a r e  readi ly prepared in good y ie lds  by 
t h e  ca ta ly t ic  reduction of  Schiff b a s e s  a t  moderate temperatures in high- 
or low-pressure equipment. Many examples have b e e n  cited."' T h e  inter- 
mediate imines a r e  prepared from primary amines and  aldehydes-very 
seldom from ketones-and may b e  used  without isolat ion (cf. method 431). 
F o r  t h e  preparation of a l ipha t ic  amines ,  e.g., ethyl-n-propylamine and 
n-butylisoamylamine, a prereduced platinum oxide c a t a l y s t  is preferred 
with a lcohol  a s  the  solvent.368s Schiff b a s e s  from the condensat ion of 
aromatic a ldehydes  with ei ther  aroma ti^"^^ "' or aliphatic1"* "' amines  
a re  more readi ly prepared and a r e  reduced over a nickel  ca ta lys t .  In t h i s  
manner, a large number of Nalky lbenzylamines  having halo,'" hydroxyl,"' 
or m e t h o ~ ~ l " ~ ~ " ~  groups on the  nucleus have been made. Reduct ions by 
means of sodium and  alcoh01"~ a n d  lithium aluminum hydride'O" 559 have 
a l s o  been  described.  

430. Reduct ion of Aromatic Amines 

Cer ta in  amines a r e  readi ly prepared by  the  reduction of aromatic, a r y l  
a l iphat ic ,  and heterocycl ic  amines.  F o r  example, an i l ine  is reduced t o  
cyclohexylamine by high-pressure hydrogenation in the  p resence  of Raney 
nickel  c a t a l y s t  o r  a cobal t  oxide-calcium oxide ca ta lys t .  T h e  reaction 
occurs  a t  a temperature above  200°, where condensat ion of t h e  primary 
amine a l s o  t a k e s  p lace ,  viz., 2C6Hl1NH, -+ (C6Hll)2NH + NH,. If t h i s  
s i d e  react ion is repressed  by the  presence  of dicyclohexylamine a t  the  
s t a r t  of the  react ion,  a 94% yield of cyclohexylamine is obtained.)" 
Hydrogenation of a r y l  a l ipha t ic  amines proceeds more readi ly,  occurring 
a t  moderate temperatures and  pressures  over platinum c a t a l y s t  in  g lac ia l  
a c e t i c  a c i d  '" Other reduct ions using th i s  c a t a l y s t  a r e  b e s t  performed 
on the  amines in  t h e  form of their   hydrochloride^.^'^ 

T h e  reduction of N-alkyl-p-nitroanilines t o  the  corresponding cyclo- 
hexanediamines h a s  been  carr ied out with hydrogen over cobalt-on-alumina . - 

and ruthenium catalysts.'98 Sometimes a nuclear-substituted ani l ine is 
ace ty la ted  before reduction in order t o  avoid s i d e  react ions.  Thus,  ca ta -  
lyt ic  hydrogenation of p-acetaminophen01 "' and e t h y l  p-acetaminophenyl- 
acetate"' h a s  been  success fu l ly  accomplished with platinum ca ta lys t  a t  
50-60° i n  the p resence  of a c e t i c  acid.  

Other condit ions for the  reduction of the  aromatic nucleus a r e  d i s -  
c u s s e d  in method 4. T h e  hydrogenation of heterocycl ic  nuclei  is treated 
in method 554. 
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431. Reductive Alkylation (or Reductive Amination) 

RCOR' + NH, + H, 2 RR'CENH, + HaO (R8= H or alkyl) 

Alkyl groups may be introduced into ammonia, a primary amine, or a 
secondary amine by means of an aldehyde or ketone in the presence of a 
reducing agent, such a s  molecular hydrogen and a catalyst, active metals 
and acids,  or formic acid or one of i t s  derivatives. When the reducing 
agent i s  formic acid or a derivative, the reaction i s  known a s  the Leuckart 
reaction and i s  discussed elsewhere (method 432). An excellent review 
of the preparation of amines by reductive alkylation has  been presented. 
This  article includes a discussion of the scope and utility of the reaction, 
a selection of experimental conditions, illustrative preparations, and a 
tabulation of primary, secondary, and tertiary amines prepared thereby.''' 

Reductive alkylation of ammonia has been proved an effective and 
highly versatile method for obtaining primary amines. The most sat is-  
factory conditions have been catalytic hydrogenation (Raney nickel) of 
the carbonyl compound in an ethanolic solution of ammonia under pres- 
sure ranging from 20 t o  150 atm. and a t  temperatures in the range of 40° 

15 00.203-206 Typical amines prepared in this  manner include benzyl- 

amine (89%)204 and 2-aminoheptane (8%)."6 With liquid ammonia and no 
solvent, a higher pressure (330 atm.) a t  the higher temperature (150°) i s  
required, a s  illustrated by the synthesis  of a-phenylethylamine from 
acetophenone (52%).'08 More recently, improved procedures for hydro- 
genation a t  lower pressures over platinum oxide or Raney nickel have 
been de~cr ibed.?"~ '07 Treatment of benzalacetone and furfuralacetone 
under these conditions leads t o  saturation of the a,P-olefinic linkage a s  
well a s  t o  reductive alkylation?'' In general, the method is  particularly 
successful  for obtaining aliphatic amines having five or more carbon 
atoms. In a l l  these  reactions for making a primary amine, ammonia i s  
present in excess  to  minimize the formation of a secondary amine. 

Secondary amines are prepared by several  procedures of reductive 
alkylation. A procedure similar t o  that described for primary amines 
may be employed; the ratio of reactants must be  changed to  a t  least  two 
moles of the carbonyl compound to  one of ammonia. The procedure leads 
to  symmetrical secondary amines and i s  most successful  starting with 
aromatic aldehydes, a s  in the formation of dibenzylamine (67%)104 

Symmetrical and unsymmetrical secondary amines are made by substituting 
a primary amine for the ammonia. In th is  reduction, the higher aliphatic 
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aldehydes (above C,) and simple ketones '15 respond best ,  usually over a 
platinum catalyst .  

Aromatic amines like aniline, a- and P-naphthylamines, etc., a re  readily 
convened to  the Nalkylamines by using aldehydes in the presence of 
Raney nickel, hydrogen, and sodium acetate (24-88%).210'21' Since many 
aromatic amines are prepared under similar conditions by the reduction of 
nitro compounds, it i s  possible t o  combine both reductions in a single , 

operation and convert nitro compounds t o  secondary amines (31-36%):" 
Tertiary amines are formed if the reduction of the nitro compound and 

aldehyde i s  carried out with hydrogen and platinum) in the presence of 
acetic acid. Nitroparaffins a s  well a s  aromatic nitro compounds react 
(34-92%)?12 Reductive dimethylation of amines of the type 
ArCH(CH,)CH,NH, and ArCH,CH(CH,)NH, with formaldehyde and hydrogen 
over Raney nickel catalyst  occurs in 48-97% yields?14 N-Monoalkylated 
anilines are methylated in good yields by the action of formaldehyde in 
the presence of zinc and mineral acid?" Many tertiary aliphatic amines 
have been prepared by reductive alkylation of secondary amines with 
aldehydes and ketones, the aldehydes giving better  result^."^ 

Difunctional compounds are formed by these procedures. Diamines are 
prepared by reductive amination of amino ketones ''' or by reductive 
alkylation of diamines .219 A few aromatic halo amines '08 "' and amino 
ethers2" have been made. Hydroxy amines are conveniently formed by 
the reductive alkylation of amino  alcohol^^^'^'^'-"^ a s  illustrated by the 
synthesis  of 2-isopropylaminoethanol (95%)Y3 N-Alkyl derivatives of 
5amino-1-pentanol are readily obtained by the reductive amination of 
5-hydroxypentanal.228-2'0 Several a-diketones have been treated under 
these conditions giving amino ketones or amino alcohols, only one car- 
bony1 group undergoing reductive amination and the other being unaf- 
fected or reduced t o  a hydroxyl group."1 Aliphatic and aromatic amino 
ac ids  can  be converted to  their N,N-dimethyl derivatives in excellent 
yields with formaldehyde and hydrogen over palladium-charcoal catalyst?" 
Aromatic nitro acids may be reduced and methylated in one operation. 
Reductive amination of a-keto ac ids  yields a-amino acids ?" Sometimes 
a considerable quantity of the corresponding hydroxy acid i s  a l s o  formed; 
p- and y-keto acids give little or no amino  acid^.^" 

432. Reductive Alkylation of Amines (Leuckart) 

R,CO HC0aNH4+ R'CHNHCHO 3 R,CHNH, 
Heat 
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Reductive amination of carbonyl compounds with ammonia or amines in 
the presence of a reducing agent has been discussed (method 431). When 
the reducing agent i s  formic acid or a derivative, the products are the 
formyl derivatives of primary or secondary amines or the formates of 
tertiary amines. These  intermediates readily furnish the amines. A 
critical discussion of the reaction along with experimental conditions and 
procedures and a tabular survey of compounds has been presented.'" 

Many water-insoluble ketones, aliphatic, aryl aliphatic, and hetero- 
cyclic, respond favorably to  treatment with ammonium formate or formamide 
tp form with subsequent hydrolysis the primary amines. A typical pro- 
cedure for the synthesis  of a-phenylethylamine (66%) from acetophenone 
and ammonium formate has been applied t o  many other ketones (65-84%).'- 
Nuclear alkoxyl, halo, and nitro groups are not disturbed.'99* 40' The re- 
action with formamide a s  the reducing agent is  catalyzed by ammonium 
formate, ammonium sulfate, or magnesium chloride.'05 

If the ammonium formate is  substituted by Nalkylformamide, then the 
formyl derivative of a secondary amine i s  formed. 

In a similar manner, treatment with an  N,N-dialkylformamide leads to 
tertiary amines; moreover, magnesium chloride, or better s t i l l  calcium 
chloride, catalyzes the reaction.'@ Other factors have been studied."' 

The method i s  employed extensively for the methylation of primary and 
secondary t o  the corresponding tertiary amines by the action of formalde- 
hyde and formic acid. 

In th is  manner, N,N-dimethyl-n-butylamine"' and N,N-dimethylphenethyl- 
amine400 are obtained in yields over 80% from the corresponding primary 
amines. Higher aliphatic aldehydes do not respond a s  satisfactorily a s  
formaldehyde. 

By means of a modification of the procedure, aromatic aldehydes may 
be converted by the action of ammonium formate t o  primary amines, e.g., 
benzylamine (60%) and p-methoxybenzylamine (23%).547 

Methylation of diamines with formaldehyde and formic ac id  yields the 
tetramethyl derivatives, e.g., tetramethyldiaminobutane (92%);" In most 
instances, alkylation of amino ac ids  by th is  same combination gives com- 
plex products, although a-dimethylaminobutyric acid can be  made from 
the corresponding a a m i n o  acid in 80% yield."' Reaction of the readily 
available amino alcohols like N-methylethanolamine and 2-isopropylamino- 
ethanol gives the N,N-dialkyl de r i~a t ives .4~ '  

METHODS 433-435 

433. Reductive Cleavage of Azo Compounds 

The introduction of amino groups into phenols and ethers can  be ac- 
complished by the formation and reductive cleavage of their a z o  com- 
pounds. The diazotizing agent may be prepared from sulfanilic acid, and 
the reduction can  be performed with sodium hydrosulfite. Excellent ex- 
amples are found in the synthesis  of lamino-2-naphthol'(85%) and 4- 
amino-I-naphthol (75%).554 

434. Catalytic Debenzylation of N-Benzyldialkylamines 

H 
C6H,CH,NR, A R,NH + C6H5CH3 

Catalyst 

The reductive debenzylation of N-benzyldialkylamines with hydrogen 
in the presence of a platinum or palladium catalyst  affords an  excellent 
synthesis  for symmetrical and unsymmetrical secondary amines.'22' la5' 444 

The starting materials are readily available by dialkylation of benzyl- 
amine or by the nonoalkylation of alkylbenzylamines, which in turn are 
prepared by the reduction of Schiff bases  (method 429). The  method has 
been extended to  the formation of hydroxy amines? amino esters,'47 
and amino acids.447 

435. Ammonolysis of Halogen Compounds 

RCI + NH3 -+ RNH, HCI 

The direct conversion of halides to  prinary amines i s  d iscussed here. 
However, it i s  usually much nore  desirable to use  one of the indirect 
methods such a s  method 437 or 452. 

The  reaction of ammonia with primary alkyl halides generally forms a 
mixture of primary, secondary, and tertiary amines and even a certain 
amount of the quaternary ammonium halide. Still,  the method may be 
profitable for obtaining primary amines if the halogen compound is  above 
C, and excess  ammonia i s  employed, for then polyalkylation i s  less  likely 
and the products, having widely different boiling points, are more readily 
separated. Thus n-butyl bromide and a large excess  of ammonia in al- 
cohol solution a t  room temperature give a 47% yield of n - b ~ t ~ l a m i n e : ~  
In general, primary alkyl halides react  better than secondary; tertiary 
halides undergo dehydr~ha lo~ena t ion .  High-molecular-weight alkyl 
halides are slow t o  react and must be  heated with alcoholic ammonia.'5 
Anhydrous liquid ammonia favors the formation of primary amines.g6 Aryl- 
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substituted aliphatic halides such  a s  the arylchloropropanes give 21-51% 
yields of the corresponding a m i n e ~ : ~  

Aryl halides react  t o  form largely primary amines. High-pressure am- 
monolysis at an  elevated temperature (100-200') in the presence of a 

copper catalyst  i s  required."*" T h e  Phalofluorenes take an  anomalous 
course." Heterocyclic amines are quite often prepared by ammonolysis of 
the halides over a copper ~ a t a l ~ s t . P ~ - ' ~  The  halogen atom in 9-chloro- 
acridine i s  eas i ly  replaced by an  amino group by heating to 120' with 
ammonium carbonate and phenol:' Similarly, 2-chlorolepidine i s  con- 
verted to  2-aminolepidine (2amino-4-methylquinoline) (78%):' Aryl 
halides in which the halogen atom i s  activated by nitro groups are eas i ly  
converted to  the amines without catalyst ,  as in the preparation of 2,4- 
dinitroaniline (76%)Y3 

Preparation of the simplest diamine, ethylene diamine, by ammonolysis 
of the dihalide i s  accompanied by the formation of diethylenediamine and 
miethylenetetrarnine;'' other methods for i t s  preparation are more suitable. 
Only the higher homologs of P-dialkylaminoethyl bromide respond favor- 
ably t o  this treatment. Thus,  di-n -butylaminoethyl bromide i s  converted 
to  the diamine in 55% yield whereas the dimethylaminoethyl bromide 
undergoes extensive dimerization.P7 Trimethylene bromide reacts  with 
liquid ammonia to form trimethylenediamine (50%);'~ however, experi- 
mental detai ls  are lacking. When the two halogens in the dihalide ap- 
proach one another in space  as in tetra- and penta-methylene dibromides, 
then nitrogen spiranes a r e  the main products.P6 

T h e  exchange of halogen for the amino group i s  important in the forma- 
tion of other polyfunctional compounds, particularly the amino acids. In 
severa l  of these transformations with aqueous or liquid ammonia, it ha s  
been shown that the presence of ammonium s a l t s  minimizes the formation 
of secondary and tertiary a m i n e ~ . ' ~ ~ '  lo' Excellent  directions for the syn- 
thes is  of a-amino ac ids  (C2C6)  from a-halo  ac ids  and ammonia are 
given,~04-~~o The  methods have been reviewed lo' Long-chain amino 
ac ids  are prepared by th is  and other procedures."' 

Other aspects  of the ammonolysis process have been d isc~ssed ."~ '  '" 
436. Alkylation of Amines 

R ' X  R'X 
RNH, -+ RR'NH --+ RR',N - HX 

METHOD 436 667 

The  direct alkylation of a primary amine with an alkyl halide results  in 
the formation of secondary and tertiary amines in varying amounts, de- 
pending on the conditions of the reaction. Quite often, these products 
are accompanied by unchanged amine and quaternary ammonium salt .  As 
in the ammonolysis of halides, formation of a particular product i s  favored 
by employing a large exces s  of one reactant: exces s  alkylating agent for 
the tertiary amine or exces s  amine for the secondary amine. The reaction 
i s  important in the synthes is  of aromatic secondary and tertiary amines 
as well as some aliphatic tertiary amines. Thus,  in the synthesis  of 
N-phenylbenzylamine, a n  unusually high yield of this  secondary amine 
(96%) i s  obtained with a 4 : 1 molar rat io of aniline t o  benzyl chloride.l14 
Other N-monoalkylated anil ines are obtained in a similar manner (75- 
85%).11' Also, certain ~ a r y l e t h y l a m i n e s ,  ArCH,C&NHR, are prepared 
from P-arylethyl bromides and primary amines by using a large exces s  of 
the latter."' Very often, alkylations of th is  nature which are carried out 
in aqueous ethanol are accompanied by hydrolysis and alcoholysis  of the 
halide.06 Some N-alkylated aryl amines like N-ethylm-toluidine may be 
synthesized in fair yields from reactants  which are present in equimolar 
quantities (66%).11' Conditions for the exclusive formation of N-methyl- 
aniline from chlorobenzene and methylamine have been found."' 

Cu 
C6H,CI + 2CH3NH2 + C6H,NHCH3 + CH3NH2. HCI 

Heat 

Such a process parallels that for making aniline from chlorobenzene and 
ammonia and involves a copper catalyst  which promotes the reaction of 
the aryl halogen atom. 

Sometimes the degree of alkylation can  be controlled more carefully by' 
employing other alkylating agents.  Thus,  primary amines may be al- 
kylated t o  secondary amines free from tertiary amines by the action of 
aluminum alkoxides a t  250-350' in a sea led  tube. The procedure i s  il- 
lustrated by the treatment of aniline with aluminum ethoxide a t  275' to 
form N-ethylaniline (94%)F6 On the other hand, alkylation with alkyl 
phosphates leads t o  tertiary amines, e.g., N,N-diethylaniline (9%) and 
N,Ndi-n-butylaniline (7!9%)."lg "' These  reagents afford a simple and 
convenient procedure furnishing yields in the range of 53% to  95%. Other 
alkylating agents for the formation of dialkylarylamines include the e s t e r s  
of sulfuric, sulfurous, and p-toluenesulfonic acids."' It has  been noted 

, that  pyridine a c t s  as a catalyst  in the production of N,Ndimethyl-a- 
naphthylamine from aaaphthylamine  and dimethyl sulfate."' 

Commercial processes for obtaining the N-a lk~ la t ed  anil ines are based 
on the reaction of aniline s a l t s  with alcohol in a n  autoclave a t  about 200' 
A laboratory adaptation of this application of an  alcohol as the alkylating 
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agent cons is ts  in heating the alcohol and aniline with a small amount of 
iodine in an autoclave for 10 hours a t  220° t o  230°. In this manner, either 
mono- or di-alkylated anilines are prepared (60-90%).'35 Other ca ta lys ts  
include copper and sodium halides.'OO The mono- and d ia lkyla ted  amines 
may be separated by treatment with ace t ic  anhydride and d i ~ t i l l a t i o n . ' ~ ~  

Aliphatic tertiary amines are prepared by the interaction of secondary 
amines and alkyl bromides. Equimolar quantities of the reactants are 
treated in alcohol solution in the presence of a n  inorganic base  for 2 to  
6 days a t  room temperature or more quickly in an autoclave a t  a higher 
temperature. Many compounds have been characterized; however, the 
yields are not always stated.121*124 N-Alkylated benzylamines are com- 
monly prepared by this  procedure;'22* '"* 13' these  compounds are impor- 
tant intermediates in the synthesis  of pure secondary amines (method 
434). Alkylation of diethylamine with isopropyl bromide has been ac- 
complished, after many unsuccessful attempts, by heating the reactants 
under r e f lw  in glycerol solution for 72 hours (60%).lz6 

Preparation of aromatic secondary and tertiary amines like diphenyl- 
and uiphenylamine i s  catalyzed by copper p ~ w d e r . ' ~ "  

Further alkylation of tertiary amines yields quaternary ammonium sa l t s .  
These compounds are numerous and are readily prepared by heating the 
alkyl halide and tertiary amine in the absence of a solvent or in the 
presence of alcohol.""-141 Methylation of tertiary amines t o  quaternary 
ammonium sa l t s  can be accomplished with methyl or di- 
methyl sulfate.143 

Monoalkylation of ethylenediamiae with high-molecular-weight alkyl 
chlorides and bromides (C, to  C,,) can  be successfully carried out when 
a highly concentrated solution (95%) of the diamine is employed. The 
);ields are in the range of 83% t o  98%.14' N,N-Dialkylethylenediamines, 
R,NCH,CH,NH,, are prepared by other methods (methods 427, 435, and 
452). sym-N,N'-Dialkylethylenediamines, RNHCH,CH2NHR, may be ob- 
tained either by the treatment of ethylenediamine with two moles of 
halide (84-90%)145 or by the reaction of ethylene chloride with an  excess  
of the primary amine in an  autoclave, as in the preparation of N,N'-di- 
n-butylethylenediamine (50%).146 Other alkylated diamines are formed by 
the amination of dialkylaminoethyl ~hloride."~'  14' In some instances, a 
copper-bronze catalyst  has been employed;14" 149 the yield of diethyl- 
aminoethylaniline from the alkylation of aniline by diethylaminoethyl 
chloride is increased from 72% to 88% with this catalyst.149 A copper- 
bronze or cuprous chloride catalyst  i s  more frequently employed in the 
condensation of aryl halides with a m i n e ~ . " ~  

Alkylation with ally1 halides gives olefinic amines .I5.' 

Halo amines are formed by these procedures. Partial amination of a i -  
methylene chlorobromide with diethylamine yields l-diethylamino-3- 
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chloropropane (70%) accompanied by the formation of diethylamine hydro- 
bromide.153 Halo anilines respond to  the usual  treatment with dimethyl 
~ u l f a t e , ' ~ ~ * * ~ ~  alkyl halides,Is4 or alkyl  phosphate^.'^' 

Amino alcohols are commonly made by the amination of halo alcohols 
or by alkylation of amino alcohols. Thus P-diethylaminoethyl alcohol i s  
synthesized from diethylamine and ethylene chlorohydrin (70%).'* Higher 
amino alcohols are made in a similar manner ."" 165-16' NO isomerization 
through the formation of an ethylene oxide intermediate occurs during the 
reaction of a 1 ,2-~hloroh~drin. '"~ Several ser ies  of alkylaminoalkylcar- 
binols, RNHCH,(CH,),OH, have been prepared by alkplations of ethanol- 
amine (16-53%),Is7 2-amino-2-methyl-1-propanol, and 2-amino-l-b~tanol. '~~ 
For the preparation of mixed N,N-dialkyl derivatives, better yields are 
obtained when the larger alkyl group is introduced first.160* Aliphatic 
tertiary amino alcohols of the type (CH3)2COH(CH2)nN(CH3~, n = 1 to 4, 
have,been prepared by amination of the corresponding bromohydrins 
(52a.'"' The latter compounds are readily obtained by the action of 
methylmagnesium bromide on bromo es t e r s  (method 91). The alkylation of 
2-amino-2-methylpropanol with tetramethylene bromide leads to  2-(1- 
pyrrolidyl>2-methylpropanol (76%).Ie9 

Amino ethers are obtained by the same reactions employed for amino 
.152.170-17* 

Aliphatic and aryl aliphatic amino ketones are made by the amination 
of the halogenated carbony 1 compounds ,17'-18s e .g., dimethylaminoacetone 
(74%),'7' 1-diethylamino-2-penmnone (79%),538 and a-methylaminopropio- 
phenone (57%).185 It i s  noteworthy that this system may undergo a rear- 
rangement, viz., ArCOCH,Br + (C,H5XNH -+ ArCH,CON(C,H,), (45%).539 
The reaction of a-halo ketones with arylamines is even more complex.540 
Examples of the formation of a-aminoaldehydes by this method are few.I7' 
However, the same results  may be achieved by the amination of the halo 
acetals  with subsequent hydro lys i s~"  17"* 177 

Amination of halogenated acids or es ters  i s  possible.'87-191 When 
circumstances are favorable, dehydr~ha lo~ena t ion  occurs, a s  in the treat- 
ment of ethyl a-bromoisovalerate with diethylamine; the product i s  pe- 
dominantly the a,P-unsaturated ester.19' The amination of aliphatic 
chloro and bromo nitriles i s  facilitated by the presence of potassium 
iodide .IPS-196 Halogen atoms in the o- and p-nitrohalobenzenes are readily 
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replac'ed by the dialkylamino group, a s  in the preparation of p-nitrodi- 
methylaniline (97%).19'* 19' 

437. Interaction of Hexamine and Halogen Compounds 

RX + (CH1),N4 -+ (CH,),N4 RX RNH, HCI + NH,CI 

The interaction of alkyl  halides, preferably iodides or bromides, with 
hexamine in chloroform or alcohol solution forms quaternary ammonium 
s a l t s  which on heating with hydrochloric acid are readily converted t o  
primary amine~."~'  The procedure has been employed successfully 
in the reaction of primary, but not secondary or tertiary, aliphatic hal- 
ides,"~, "6 certain benz yl halides ,lS4* '" halo ketones,"' halo acids,"" '" 
and halo es ters  ?40* 241 The  yields range from 40% to  85%. - 

Certain quaternary ammonium sa l t s ,  particularly the hexaminebenzyl 
halides, form aldehydes when heated with water (method 147). 

438. Replacement of Hydroxyl Groups by Amino Groups 

(NH4)lSOl 
Cl0H7OH + NH, \ Cl0H7NH, + H,O 

Th i s  equilibrium reaction in the presence of sulf i tes i s  important f a  
the preparation of certain polyfunctional benzenes and naphthalene 

derivatives bearing hydroxyl or amino groups (cf. method 74) (Bucherer). 
A review of the literature to  1342 has been made.'" The  hydroxy com- 
pounds are converted t o  the corresponding primary amines by treatment 
with aqueous ammonia and ammohium sulfite a t  70-150°, good mixing 
being essential ,  a s  illustrated by the preparation of 2-naphthylamine (76%) 
and 7-methyl-1-naphthylamine (70%).'" In a similar manner, resucinol  
and its alkylated derivatives have been changed t o  the corresponding 
amino phenols (5 0-80%).390s '" Benzene derivatives containing one hy- 
droxyl or one amino group are  much l e s s  reactive. Hydroxyquinolines 
undergo this reaction (65-88%).'92* '"* 646 

Sometimes, replacement can  be effected by heating with ammonia under 
pressure in the presence of zinc chloride, e.g., 3-amino-2-naphthoic acid 
from 3-hydroxy-2-naphthoic acid (70%).'" 

437. Amination of Aromatic Nuclei 
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Certain aromatic and heterocyclic compounds having reactive nuclear 
positions undergo direct amination. Thus a-nitronaphthalene on treatment 
with hydroxylamine in methanolic potassium hydroxide yields 4-niucrl- 
naphthylamine (60%)y7 following the rules of orientation for substitution 
by a nucleophilic reagent rather than an electrophilic reagent. 

The  amination of heterocyclic bases  such a s  pyridine, quinoline, and 
their derivatives by alkali  amides furnishes a good method for obtaining 
the 2amino  compounds (50-100%). The scope and limitations of the 
reaction have been reviewed; the procedure i s  illustrated by the prepara- 
tion of 2-aminopyr idine (76%).'08 

440. Rearrangement of N-Alkylanilines 

C6H,NHR COCI' P-RC6H,NHl 
Heat 

Treatment of N-monoalkylanilines with anhydrous cobalt chloride a t  
about 220' for 13 hours causes  a nitrogen-to-carbon rearrangement t o  form 
p-alkylanilines .'59* lP6 Normal alkyl  groups migrate without a.pparent iso- 
merization within the group to give good yields (60-85%); however, s- 
and ta lkylani l ines  undergo extensive decomposition to  give olefins and 
aniline. Similar treatment of the aniline sa l t s  gives the rearrangement, 
viz., N-isobutylaniline . HCI -4 p-amino-t-butylbenzene. In this  case ,  
isomerization &curs within the alkyl group. . 
441. Amination of Cyclic Imines 

N-Alkyl- and N,N-dialkyl-ethylenediamines are prepared in a single s tep  
(cf. methods 427, 435, and 452) by the addition of gaseous ethylenimine 
to primary or secondary amines in the presence of anhydrous aluminum 
chloride (77-87%).4'1 Primary m i n e s  react  a t  about No with benzene a s  
solvent, whereas secondary amines react  a t  180° with tetralin or biphenyl 

. a s  solvent. In a similar manner, homologs of ethylenimine and ammonia 
(or m i n e s )  react  in high-pressure equipment a t  loo0 in the presence of 
ammonium ch10ride.'~' 
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442. Amination of Oxides 

Ammonia and amines open oxide rings to form amino  alcohol^;'^"'^^ the 
yields are markedly higher when amines are employed (55-9075 vs. 18- 
40%).464.467.468 The ready availability of ethylene and propylene oxides 
makes this procedure attractive for preparing 2-dialkylaminoethan~ls'~~ 
and 1-dialkylamino-2-~ro~anols.'~' Thus P-diethylaminoethanol i s  con- 
veniently prepared by the addition of ethylene oxide to diethylamine in 
methanol at 45' to 60° or by a combination of the two reactants in an 
autoclave at 100' (81%)." Isopropylamine reacts with ethylene oxide in 
the presence of water and a small amount of hydrochloric acid to form 
P-isopropylaminoethanol (76%).'63 The reaction is  general and i s  shown 
by higher oxides like isobutylene ~xide, '~'  styrene oxide,'68 and stilbene 
oxide.'69 

443, ,h ina t ion  of Unsaturated Compounds 

RaNH H C 3  CH 
HC=CH * [R,NCH=CH,] - R,NCH(CH,)C = CH 

Catalyst 

Acetylene and either primary or secondary aliphatic amines react under 
pressure at 80' to 100' in the presence of a copper catalyst to form N- 
mono- and N-&-substituted +aminobutynes, e.g., 3-diethylamino-I-butyne 
(65%).'7a Although benzylamine responds favorably, aniline and acetylene 
furnish only a 25% yield of 3anilino-1-butyne. 

The treatment of ally1 alcohol with amines in the presence of an equi- 
molar quantity of alkali in an autoclave at about 115' represents a 
general method for the preparation of N-alkyl-+aminopropanols, e.g., 
3-dimethy lamino- I-propanol (65%).'73 

R NH 
C& =CHCYOH R,NC&C&C&OH 

NaOH 

Ammonia and amincs add more easily to a double bond which i s  con- 
jugated with a carbonyl or carbalkoxyl group to form P-amino compounds. 
Thus, mesityl oxide and aqueous ammonia react under mild conditions to 
form diacetonamine (70%).'7' 

METHODS 443-444 6 7 3  

The addition of aliphatic and aromatic amines to other unsaturated ketones 
has been d i s c u s ~ e d . ' ~ ~ ~  a,P-Unsaturated aldehydes like acrolein and 
crotonaldehyde combine with two moles of amine to form unsaturated 1 , s  
diamines, RCH(NR,)CH=CHNR,.'53 The addition of primary or secondary 
amines to acrylic esters has provided a good route to the ~-alkyl-P-amino- 
propionic esters.'77480 The product may add a second molecule of ester 
to furnish alkyl di-(carbalkoxyethy1)-amines;'" however, the course of 
the reaction can be controlled in many instances to provide largely the 
secondary or tertiary amine. 

CHlm CHCOS' 
+ RNHCH,C&CO,R' cy- CHCO,R' RNH, + 

Other a,P-unsaturated esters including methyl metha~ryla te , '~~  ethyl 
cr~tonate,"~ and ethyl cinnamate'" respond to this treatment. Ammonia 
adds to ethyl crotonate to form a 55% yield of ethyl P-aminobutyrate; on 
the other hand, the interaction of ammonia and ethyl acrylate produces 
only di- and tri-substituted products.'8' 

Amination of a,punsaturated acids i s  brought about by treatment with 
two moles of hydroxylamine in alcohol solution, as  illustrated by the 
synthesis of dl-~-amino-~-phenylpropionic acid (34%).'8'1'86 

C,H, CH(NH,)CH, CO,H 
\ 

I 
I The interaction of ammonia or amines with a-nitro olefins, 
I RCH=CHNO,, in alcoholic solution at 0' forms nitroamines, e .g., 

I-nitro-2-aminopropane (55%) and 2-nitro-3-aminobutane (60%). The re- ~ action is general and is applied to numerous nitro olefins readily obtained 
by the dehydration of aldehyde-nitroparaffin condensation products .'87*'88 

I RCH = CHN02 + NH, -4 RCH(NH,)CH,NO, 

~ 444. hinomethyla tion (Mannich) 
I 

-H,O 
RCOCH, + CH,O + (CH,),NH HCl - RCOCH,C&N(CH,)a HCI 

Compounds possessing labile hydrogen atoms readily condense with 
formaldehyde and an amine (primary or secondary) or ammonia, thereby 
placing an aminomethyl or substituted aminomethyl group at the location 
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of the reactive hydrogen atom. The reactive hydrogen may be present in 
the  alpha position of an aldehyde,'16 ke t~ne , "~"~ '  acid,'" ester, or  nitro- 
paraffin;sg.~.4as.4a6 or i t  may be  in the ortho or para position of a phenol4" 

or in certain heterocyclic  compound^."'"^^ 
Secondary products are often formed by the replacement of a second 

active hydrogen with an aminomethyl group. 

RCOC\CH,N(CH,), HC1 
CH,O * RCOCH[C\N(CH,), HCI], 

(CH,) 2NH' HCl 

Also, Mannich bases  which are themselves primary or secondary amines 
may undergo further condensation to  yield tertiary amines. 

RCOCH,CH,NHR HCI 
CH,O 

> (RCOCH,CH,)2NR - HCI + H,O 
RCOCH, 

The literature of this  reaction to  1942 has  been reviewed.'" Later 
observations have been made.'""22*51' The synthesis  of P-dimethylamino- 
propiophenone (72%) exhibits a typical procedure."' 

445. Aminomethylation of Alcohols 

R,NH + CH,O + R'OH + R,NCH,OR' 

The interaction of paraformaldehyde, a secondary amine, and an alcohol 
occurs vigorously t o  form in good yields an aminomethyl alkyl ether. 
The method i s  general and has been applied to the formation of many 
amino ethers.'" 

446. Degradation of Amides (Hofmann) 

NaOBr 
RCONH, - RNCO 3 RNH, 

Amides react  with alkaline hypochlorite or hypobromite solutions to 
form primary amines having one l e s s  carbon atom. The reaction involves 
the hydrolysis o f  an isocyanate, which is seldom isolated. Isocyanates 
are a l so  intermediates in the  Curtius and Lossen rearrangements (methods 
447 and 448). Although these methods have a common mechanism and 
intermediate, they involve three separate and distinct types of starting 
materials and are, therefore, treated individually. A comparison of these 
reactions has  been made."' A detailed discussion of the Hofmann re- 
action, which includes conditions, typical procedures, and compounds 
prepared thereby, has  been presented."' 

The method h a s  been used for the preparation of aliphatic, aryl ali- 
phati~,"'-"~ aroma ti^,"^^^'^ and heterocyclic '4,160. 261, 522.5'2 amines. 
Yields for the  lower aliphatic amines (C,-C,) a re  about 70-90% but are 
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poor for the higher amines because of the formation of the corresponding 
nitriles and acyl alkyl u r e a ~ . ~ ' ~ ~ "  In order to overcome th is  difficulty, 
the high-molecular-weight aliphatic amides are treated with bromine and 
sodium methoxide with subsequent hydrolysis of the  resulting urethanes."' 

RCONH, + Br, + 2NaOCH, 4 RNHCO,CH, + 2NaBr + CH,OH 

Alicyclic amines have been produced by the  same modification."'*"' 
A few diamides have been converted t o  d i a m i n e ~ . ~ ' ~ ~ ~ ' * ' ~ ~  F or the 

most part, the conversion of unsaturated amides i s  unsatisfactory; how- 
ever, a-allylphenylacetamide i s  transformed to  a-allylbenzylamine in a 
90% yield.264 Aromatic amides having free or methylated phenolic groups 
are treated preferably with sodium hypochlorite rather than hypobromite 
in order t o  avoid excessive ring hal~genation.~'~*~~'~~~~ Certain amino 
acids l ike anthranilic acid and P-alanine have been synthesized from the 
appropriate imide~. '~ '  

(45% yield) 
CH,CO,H 

CH,CO 

447. Degradation of Acyl Azides (Curtius) 

C,HSOH 
RNHCO,GH, 

- 

RCON, RNCO E! '-7 
(RNH),CO 

The conversion of an acid to  an amine of one l e s s  carbon may be con- 
veniently accomplished by way of the  azide and rearrangement t o  the is* 
cyanate. The azide may b e  obtained either from the acyl chloride and 
sodium azide or from an ester  by treatment with hydrazine and subsequent 
diazotization. An excellent review including scope and limitations of 
the reactions, selection of experimental conditions and procedures, and a 
tabulation of compounds prepared thereby h a s  been presented."' 

The  acyl azide undergoes a rearrangement similar to the  Hofmann re- 
arrangement (method 446) and to  the  Lossen rearrangement (method 448). 
This  step is carried out in inert solvents l ike benzene and chloroform to 
give the  isocyanate directly or in solvents l ike alcohol and water which 
will react  with the  isocyanate to  form urethanes and ureas. 

The amines are obtained by hydrolysis of any of these  three inter- 
* mediates. When hydrolysis is impracticable, the alkylureas or urethanes 
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may be  converted with phthalic anhydride to  alkylphthalimides which are 
formed in excellent yields. These  compounds are  then readily decom- 
posed by hydrazine according to  the usual Gabriel synthesis (method 
452).272 

0 + (RNH),CO --, 2 NR + CO, + H,O 

The  Curtius reaction can be  performed on aliphatic,27' alicyclic,273127'*279 
aroma or heterocyclic 2"'2'3 azides. 

The  application of the procedure to azides containing other functional 
groups has a l so  been described.17' Diamines (from dicarboxylic 
a ~ i d s ) , 1 ~ ' - ~ ' ~  arylhiloamines ,2'5' and nitroarylamines 2'5* have been 
successfully prepared, whereas certain groups like the double bond, hy- 
droxyl, carbonyl, and amino often cause the formation of products other 
than the anticipated amine. For the synthesis  of a-amino ac ids ,  the 
readily accessible alkylcyanoacetic es ters  may be employed as starting 
materials. Their azides rearrange to cyano isocyanates, which can be 
eas i ly  "' 

a-Amino acids may a l so  be obtained by applying the Curtius reaction to 
substituted malonic acid esters a s  in the preparation of ,8-phenylalanine 
(44% o ~ e r - a l l ) . ~ ~ ' * ~ ' ~ ~ ~ ~ ~  

7" 
C6H5CH,CH 

NaNO 
C,H,CH,CH 

FH 44% 
-----3C6H5CH2CH ---4 

\ \ H +  
CONNH, 

\ 
CO2 C2Hs CON, 

448. .Degradation of Hydroxamic Acids (Lossen) 

RCONHOH -% RNCO so RNH, + CO, 
Heat 
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Alkali s a l t s  of hydroxamic acids and their derivatives undergo a re- 
arrangement to give isocyanates. The  method has  had l i t t le  synthetic 
application; i t  has  been re~iewed. '~ '  

449. Interaction of Hydrazoic Acid and Carbonyl Compounds (Schmidt) 

H SO 
(a) RC0,H + HN, -U RNH, + CO, + N, 

H ,SO 
(6 )  RCOR + HN, -3 RCONHR --, RNH2 

The reaction of equimolar quantities of hydrazoic acid with an acid or 
ketone affords a convenient method for preparing certain m i n e s .  The 
reaction is carried out by treating the organic compound in an inert sol- 
vent in the presence of sulfuric ac id  with gaseous hydrogen a ~ i d e , ' ~ ~  
hydrazoic acid in solution, or sodium azide dire~tly. '~ '  An excess  of 
hydrazoic acid should be  avoided in the reaction of ketones, for then 
tetrazoles are formed. It should be  recalled that hydrazoic acid is toxic 
and explosive. A discussion of the method including scope and limita- 
tions, experimental conditions and procedures, and compounds prepared 
thereby has  been pre~ented . '~ '  

Aliphatic,293 a l i c y ~ l i c , ' ~ ~  and aromatic  acid^^^"'^' which are stable to 
concentrated sulfuric acid undergo the reaction in good yields, a1 though 
detailed directions are frequently lacking. Amines prepared by this 
single-step process are often obtained in higher yields than when pre- 
pared by either the Hofmann or Curtius degradation. * 

Benzoic acids substituted with alkyl, halo, hydroxyl, alkoxyl, cyano, 
or nitro groups react  to give the corresponding substituted anilines in 
41-8074 yields.29s The carboxyl group in an a-amino acid does  not react  
with hydrazoic acid; the reaction proceeds, however, if the amino group 
is further removed. This difference in reactivity is shown by the  con- 
version of a-aminoadipic acid to dl-ornithine (75%).,0° 

HO,C(CH,),CH(NH,)CO,H + HN, H,N(CHa),CH(NHa)COaH 

The conversion of ketones to amides by the Schmidt reaction has  been 
mentioned elsewhere (method 362). Since the hydrolysis of the m i d e s  s o  
obtained proceeds readily, the two s teps  provide a convenient synthesis  
of amines from ketones. The  yields are often higher than those obtained 
from the Beckmann rearrangement with subsequent hydrolysis (method 

*For a comparison of the Schmidt, Hofmann, and Curtius reactions,  see ref. 
270, p.  363. 
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451).297'299 The procedure is convenient for the synthesis  of a-amino 
acids from mono- or &-substituted acetoacetic es ters  (80-98%).3D1 

H SO 
CH,COC(R),CO,~H, + HN, CH,CONHC(R),CO, GH,  !% 

IH6 

450. Hydrolysis of Isocyanates, Isothiocyanates, Urethanes, and Ureas 

RNCO + H,O + RNH, + CO, 

Many important amines have been obtained by the hydrolysis of one 
of these  substances. Thus, t-butylamine is formed by alkaline hydrolysis 
of t-butylurea (78%)4s4 or by treatment of  t-butylisothiocyanate with formic 
acid (79%).45B Allylamine is synthesized by hydrolysis of ally1 isocyanate 
with dilute hydrochloric acid (73%).4s6 The hydrolysis of isocyanates, 
urethanes, and ureas, which occur a s  intermediates in the degradation of 
amides and azides, has  been discussed under methods 446 and 447, where 
many examples have been cited. 

6-~rylaminoethanols  are made by the condensation of arylamines with 
chloroethyl chloroformate followed by treatment of the resulting carba- 
mates with excess  alkali. The  reaction proceeds by way of an inter- 
mediate oxazolidone which need not be  isolated.458 

In a similar manner, y-chloropropyl arylcarbamates formed from aromatic 
amines and y-chloropropyl chloroformate are converted to y-arylamino- 
propanols.4s9 

451. Hydrolysis of N-Subs tituted Amides 

The  N-alkylation of amides followed by hydrolysis furnishes a good 
route for making secondary amines. The f o r ~ n y l , ~ ~ ~  acetyl,"" and aryl- 
sulfonyl 4Ba*"0 derivatives of amines are best  suited for alkylation 
(method 358). Hydrolysis is accomplished by refluxing concentrated 
hydrochloric acid alone3B*37s*494p497 or in acetic acid.49a*s0a*So3 N-Alkyl- 
formamides prepared by the addition of olefins to  nitriles (method 355) 
are hydrolyzed with aqueous alkali.'06 Similar hydrolytic procedures 
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have been employed for obtaining d i a m i n e ~ , ' ' ~ * ~ ~ ~  unsaturated a ~ n i n e s , ~ ~ ' ~ ~ ~ ~  
and amino a ~ i d s . ~ ~ ~ ' ' ~  The deacylation of p-  and o-nitroacetanilides is 
carried out with sodium ethoxide in boiling 

Certain amines are conveniently prepared by the hydrolysis of N- 
substituted amides which are made by the Beckmann rearrangement (method 
359) and the Schmidt reaction (method 362). 

452. Hydrolysis of N-Substituted Phthalimides (Gabriel) 

COOH 
+ RNH, 

CO CO 

The facile alkylation of phthalimide and subsequent hydrolysis of the 
N-substituted derivatives furnishes a convenient synthesis  for primary 
amines. The  substituted phthalimide was originally prepared by heating 
a mixture of phthalimide, potassium carbonate, and organic halide in a 
non-polar solvent for 2 to  24 hours at loo0 to  150°.420 An improved 
procedure cons is ts  in performing th is  initial s tep  in a polar solvent like 
dirnethylformamide, in which potassium phthalimide is appreciably soluble; 
the reaction occurs at room temperature within 10 minutes.429 Various 
esters of p-toluenesulfonic acid may be substituted for the organic halides 
a s  alkylating agents4) '  

Tertiary alkyl halides lose  hydrogen halide in their reaction with potas- 
sium phthalimide. However, the t-alkylphthalimides are readily prepared 
by heating the  corresponding t-alkylureas and phthalic anhydride to 200° 
to  240° .430 

Hydrolysis may be carried out directly by refluxing the alkylated 
phthalimide in bas ic  or acidic solutions or by the action of hydrazine 
hydrate followed by a~idification.~" This  procedure is illustrated by the  
synthesis  of t-butylamine (67% ~ v e r - a l l ) . ~ ~ ~  

Alkylation with organic halides carrying a second functional group 
affords a good synthesis  of some difficultly obtained difunctional com- 
pounds including d i a m i n e ~ , ' ~ ~ ~ ~ ' ~ ' ~ ' ~  amino halides,43o hydroxy a m i n e ~ , " ~  
amino  ketone^,^'^'^^^ amino acids,429*44"443 amino and 
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nitro .amines.'" Also the stability of the N-substituted phthalimide allows 
further changes to be made, for example, (a) amination of y-bromopropyl- 
phthalimide with various secondary amines (60-80%),"~ (b) catalytic re- 
duction of N-(m-nitr~benyl>phthalimide,~~ (c) oxidation of 0-hydroxy- 
ethylphthalimide,'" and (4 the action of halogen acids on epihydrin- 

phthalimide."' 

453. Hydrolysis of Nitrosaanilines 

(HONO) 
C,&NRR'.- p-RR'NC,H,NO Hz RR'NH + p-HOC6H,N0 

This classical  method for preparing secondary amines i s  rarely used. 
It has  been applied in the preparation of some a-dialkylamino-w-methyl- 
aminoalkanes (65-70%)."' Higher yields have been obtained by hydro- 
lyzing with sodium bisulfite rather than with sodium hydroxide, which 
i s  the common reagent. 

454. Hydrolysis of Quaternary Imine Salts 

The alkylation of Schiff bases and hydrolysis of the resulting quater- 
nary sa l t s  i s  an excellent method for obtaining certain secondary amines, 
RR'NH, particularly where R'-= CH,.21' The procedure i s  l e s s  satisfactory 
for the introduction of large alkyl groups. The Schiff base i s  usually a 
derivative of benzaldehyde. It i s  readily prepared, and, without isolation, 
i s  alkylated; furthermore, the sa l t  i s  seldom isolated. An example is the 
treatment of the Schiff base from allylamine and benzaldehyde. Methyla- 
tion i s  accomplished by the action of methyl iodide at 80° for 16 hours; 
subsequent hydrolysis furnishes methylallylamine in 71% yield."' 

455. -Hydrolysis of Cyanamides 

2 ~ ~ r ~ ~ ' ~ ~ ~ *  R,NCN R2NH + CO, + NH, 

Examples include the synthesis of diallylamine (88%) and di-n-butyl- 
amine (75%)."' 

456. .Ring Dehydrogenation 
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Azines of certain carbonyl compounds like f methyl-Falkyl-2-cyclo- 
hexen-bones and the alkylated I-teualones have been aromatized to the 
corresponding fmethyl-5-alkylanilines and I-aminonaphthalenes by boil- 
ing with a palladium-carbon catalyst in t r ie thylben~ene.~~ '  The yields 
in the first step are in the range 24% to 74% and in the second 20% to 
55%. 

The nuclear amino group i s  stable during the sulfur dehydrogenation of 
2-amino-9,lO-dihydrophenanthrene (cf. method 2).,." In another instance, 
i t  i s  protected by acetylation before dehydrogenation:91 

457. Condensation of Grignard Reagents and (TMethylhydroxylamine 

2RMgX 
CH,ONH, - RNHMgX 2 RNH, 

A general method for the preparation of primary amines, free from 
secondary and tertiary amines, involves the interaction of Grignard 
reagents and (Tmethylhydroxylamine. The yields range from 45% to 90% 
for many amines including ethylamine (81%), t-butylamine (70%), namyl- 
amine (65%), and P-phenylethylamine (68%).'12 

Grignard reagents which have been prepared from polymethylene halides 
and magnesium in the presence of 0.1% water in the ether react readily 
with 0-methylhydroxylamine to form the corresponding polymethylene di- 
amines (50-68%)."~ 

458. Addition of Grignard Reagents to Schiff Bases 

This method is particularly desirable when the stable and readily 
available Schiff bases from substituted benzaldehydes are employed. 
It furnishes a good synthesis for amines of the type ArCH(R')NHR where 
the two R groups may be widely varied to include those from many Grig- 
nard reagents and primary aliphatic amines, e.g., N-methyl-1,ldiphenyl- 
ethylamine (95%)"' and 1-ethylamino-1-phenylbutane (90%)."l The re- 
action of aliphatic aldimines and Grignard reagents has been found to 
proceed l e s s  readily."' 

459. Interaction of Grignard Reagents and Halo amines'" 

RMgX + NH,U -+ RNH, + MgXCl or RCl + MgXNH, 

460. Reduction of Unsaturated Amines 36'*'53 (cf. methods 431 and 443) 

2HNR 
RCH= CHCHO 4 RCH(NR,)CH= CHNR, H"pt* RCH(NR,)CH,CH,NR, 

70-9370 
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461. Interaction of Sodium Amide and Halogen C~mpounds'~~"'' 

L1 plid RX + NaNH, - RNEI, + NaX 
Arnrnonfa 

462. Rearrangement of Hydrazobenzenes 489s490 

463. Interaction of Amines and P - ~ e t o  Esters"' 

464 Condensation of Unsaturated Amines and Aromatic 

CH, = CHCH,NH, + ArH A% ArCH(CH,)CH,NH, 

T A B L E  81. AMINES 683 

TABLE 81. AMINES 

Yield 
% Compound Method ( %) ~ h a ~ t e r r e f .  B.p./mm., nb, ( u p . ) ,  Deriv. 

C I  Methylamine 

C ,  Ethylmine 

Isobutylamine 

Methylisopropylamine 

Teaamethylammonium 
chloride 

1Aminopenmne 
3 Aminopenmne 
lsoamylamine 

Neopentyl m i n e  hydro- 
chlaide 

Aliphatic Amines 

For explanations and symbols see  pp. xi-xii. 
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TABLE 8 1  (continued) 
- 

GI Compound (%) chapterref. B.p./mm.. nb. (M.P.), Deris. 

Aliphatic Amines (continued) 
- 
C 5  Methybn-butylamine 429 26t 24'69 91/750, 1.4011 

Efhykn-propylamine 428 53 24'- 78, 2 2 3 H a  
429 43t  24'" 80/738, 1.3966, 224HU 

N,N-Diethylmethylamine 431 92 24'" 185Pi 

CI  ~ H e x y l a m i n e  427 70 
446 70 
449 75 
461 74 

>Methyl-4-aminopentane 431 55 
Z,>Dimethyl-faminobu- 43 1 51 

tane 
Ethyl-n- butylamin e 429 52t  
Dimethyl-n-butylamine 432 80  
Triethylamine 428 50 

C, ~ H e p t y l a r n i n e  4 26 

4 26 
427 
43 1 
446 
449 

2-Aminohep tane 426 

431 
432 

n-Propy I-n-butylamine 429 
Isopropyl-n-butylamine 429 
Diethyli sopropylamine 436 
n-Butyltrimethylammonium 436 

bromide 

C, Ethyl-n-hexylamine 434 76 24'" 158/743, 191HU 
Di-n- butylamine 455 75 24- 160 

C ,, Di-n-hexylamine 434 l o b  24"' 122/15, 2 7 0 H a  

Alicyclic Amines 

C ,  Cy clopropylamine 446  5 0 t  24lW 50/750, 149Pi 
C 5  Cyclopentylamine 426 80 24U 

C 6  Cydohexylamine 426 60 24'- 135 

426 9 24= 48-52/30, 1.4569", 206HU 
430 9 4  24'n 
431 50 24'" 
432 75 2454' 
449 82 24'94 

C, 2Methyl-1-aminocyclo- 446 7 7 t  24"' 150, 1 . 4 5 7 ~ " ~  147Bz 
hexane 
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TABLE 8 1 (continued) 

Yield 
GJ Compound (%) aap te r ' e f .  ~.p./mm., nb, (M.P.), Deriv. 
-~ 

Alicyclic Amines (continued) 

C, f Methyl- 1-aminocyclohex- 446 66 t 24'" 150/747, 1 . 4 4 8 8 ~ .  163BZ 
I ane 

1 &Methyl- 
1-aminocycloher 446 90 24'" 150/743, 1.4535 15, 260HC1 

propane 
,E-Methyl-pcyclohexyl- 430 86  24"' 91/17, 1.4718, 1 % ~ d  

ethylamine 
N-Methyl-pcydohexyl- 430 85 24''' 78/9. 1.4586. 172HC1 

I 
ethylamine 

Clo Fhminodecal in  425 73  24' 92/12, 148Bz 
C,, Dicyclohexylamine 430 9 5  2414 145/30 

431  70 24'" 115-120/10, 3 3 3 H a  

Aroma tic Amine s 

C 6  Aniline 425 8 6  24' 184, 1 9 5 H a  
447 76 24''' l l 5 A c  
449 85 24'94 

C, a-Phenylethylamine 426 97  2414' 76/13, 158HC1 
431  52 24'w 8 V  18 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 8 1  (confinued) TABLE 81 (continued) 

Method 
Yield 

(%) 
chapterref. B.p./mm., nb,  (M.P.), Deriv. 

Aromatic Amincs (continued) 

431 69 24'"' 
432 66 24"' 186 

446 60 24"' 73/14, 104Ac 
447 6 8 t  24"' 70/12, 104Ac 
427 87 241M 93/15, 219HC1 
427 72 24- 107/37, 1.5306, 174Pi 
437 54 24U' 
446 60 24'" 
449 70 24=' 

452 9 5  24- 205 
457 68 24'U 78/10, 167Pi 
427 69 24- 105/20 
427 88 24"' 134'85, 1.5412 
431 83 24m' 
427 88 24'"' 108/54, 234HCI 
432 62 24%' 200/680, 205Pi 
425 90 24' 
440 8 3  24"' 216, 94Acb 
425 92 24" 119/25. 134Ac 

pp - -  

c, Compound Chapterref- B.p./mm., n;, (M.P.). Deriv. 
(%) 

Aromatic Amines (contimted) 

GI Compound 

- 
C, a-Phenylehylamine 

(cod imred 

- 

C p  &Ethyl mtoluidine 436 66 
Benzyldimcthylamine 436 80 
N-Methyl-N-ethylaniline 431 88 
N.N-dimethyl-m-mluidine 436 60 
N,N-Dimcrhyl-p-toluidiac 436 53 

sulfate 
FAminohydrindeuc 451 9 2  

C,,, I-Phenyl-Faminobutane 
%Amino- 3-phenyl butane 
o-Amino-t- butylbeuzene 
p-Amino-;- butyl benzene 
2-Amino+-cymene 
3,rtDiethylaniline 
1-Methylamino-I-phenyl- 

propane 
I-Methylamino-Ipheayl- 

Propan e 3-Amino- 1, Idimethyl- 
benzene 

C h i n o -  1,Idimerhyl- 
benzene 

IMethylamino- l-phenyl- 
propane 

N-Ethyl-a-phenerhylamine 
N,&Dimethylphenethyl- 1, >Dimethyl- Famino- 

benzene 
N- Erhylaniline 

amine 
Denzylmethylethylamine 436 100 
N,N-Diethylaniline 431 70 

436 87 
436 99 

p-Dimethylaminoethyl- 4 %  27 
benzene 

1-Naphthylamine 425 96 
449 70t  

INaphth ylamine 438 96 
l,2,3,4-Tetrahydro-2- 430 57 

Cll  1-Ethylmino-2-phenyl- 431 94 
propane 464 77 

1-Dimebylamino-I 464 62 
~ h e n ~ l p  ropane 

2-Dimethylamino- 1- 431 67  a,a-Dimerhylbenzylaminc 
p-~Propylanil ine 
0-Isopropylaniline (p- 

cumidine) 
N-Methyl-a-phene rhyl- 

amine 

phenylpmpane 
7-Methyl- I-naphrbylamine 438 90 
a- Aminomethylnaphthdae 435 72 

For explanations and symbols see  pp. xi-xii. 
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TABLE 8 1  (continued) 
TABLE 8 1 (continued) 

GI Compound Method 'jdd ( %) chapterref. B.p./mm., n;, (M.p.). Deriv. 

- --- - - - -- 

GI Compound Method ( 7.) chaprefief.  B.p./mm, n b .  (Up.). Deriv. 

Ammatic Amines (continued) 
Aromatic Amines (continued) 

CIS P,y-Diphenylpropylamine 427 88  24"' 
7.7-Diphenylpmpylamine 427 8 1  24"' 
N-Methyl- 1,2diphenyl- 458 95 244'0 

ethylamine 
FAminomethylphenaw 427 100 24JU 

threne 435 70 24" 

Cia p(a-Naphthyl>eQylamine 447 4 5 t  
a-(pNaphhyl>ethylarnine 432 8 4  
N-Ethyl-a-naphthylamine 431 88 
N-Ethyl-pnaphthylamine 431 64  
N,N-~imehyl-a-naphthyl- 436 70 

amine 
N,N-Emethyl-pnaphthyl- 436 64 

CI0  Triphenylamine 436 85 24U6 
C,, p- Aminoteuaphenyl- 1 74 24"' 

methane 

Heterocyclic Amines 

amine 
2-Aminobiphenyl 425 9 3  
3-Aminotiphenyl 425 9 9  
4Aminobiphenyl 425 9 3  
o - A m i n ~ c ~ d o h e x y l b e n z e n e  425 8 5  
3- Aminoacenaphthene 425 8 5  

CIS Benzhydrylamine 

o-Phenylbenzylamine 
N-Phenyl benzylamine 

(benzylaniline) 
KPhenyl-p-mluidine 
Methyldiphemylamine 
2Aminofluorene 
~ A m i n o t l u o r e n e  

C, N-Methylfurfurylamine 
1-(a-Thienyl) 1- 

aminoethane 
,E-(%lhienyl>ethylamine 

2Dimethylaminobiphenyl 
N,N-Diehyl-a-naphthyl- 

amine 
1-Aminophenanthrene 

6-AmincrFpicoline 
2Aminomethylpyridine 
f Aminomethylpyridine 
4Aminomethylpyridine 
2Aminomethylpiperidine 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 81 (contimed) 

GI Compound Method 
t 

Yield Chapteflef. B.p./mm.. n D. (M.P.), Deriv. (s.) 
Heterocyclic Amines (continued) 

2Dimethylaminomethyl- 
pyrrole 

a-(Ethy1amino)-pyridine 

CI 1-(a-Fury1)-3aminohtsne 
N-Ethyl-Zmethylfurfuryl- 

amine 
NJU-Dimethyl- 5-methyl- 

furfurylamine 
P(3Pyridyl)-isopropyl- 

amine 
'pPipaidinopropylamine 
f Aminothianaphthene 
FAminothianaphthene 

1- Aminoisoquinoline 
CAminoisoquinoline 
Z Aminoisoquinoline 

GAminoisoquinoline 
c i s t r r a~Decuhyd ro -  

quinoline 

C, Pf Tbianaphthylethyl- 
amine 

l-(J3-Diethylaminoethyl)- 
pyrrole 

T A B L E  82. DIAMINES 

TABLE 81 (continued) 
- - - --- 

GI Compound Method (%) Chupteflef- B.p./mm.. n h ,  (h4.p.). Deriv. 

Heterocyclic Amines (continued) 
- - - - 

C N,N-Diethyl-ppyridyl- 
methyl m i n e  

2 Aminolepidine 

C,, f Dimethylaminomethyl- 
indole 

2-Dimethylaminoquinoline 

C ,, 1- Aminodi benzofuran 
f Aminodi benzofuran 
44minodi benzofuran 

2Aminodi benzothioph ene 

f Aminodibenmthiophene 
4-Aminodibenzothiophene 

For explanations and symbols s ee  pp. xi-xii. 

TABLE 82. DIAMINES 

GI Compound Method Yield chapterref* 8.p.hm.. n D ,  (h4.p.). Deriv. 
t 

(%) 

Aliphatic Diamines 
-- - 

C,  Ethylenediamine 447 751 24= 172Ac 
452 60 24"' 116, 172Ac 

C, 1,2Diminopropane 425 52 24" 221HC1 
Trimethylenediamine 427 23 24"' 138/735, 1.4600, 178Pi 

446 54 24= 131/760e, 25OPi 
449 65 ~ 4 ' ~  25OPi 
452 90 24"' 136, 140Bz* 

N-Methylethylenediamine 427 66 ~ 4 ' ~  111, 112Bza 
451 331 24- 116/757, 220Pi 

C, 1,2Buwlenediamine 441 55 ~4~ 140, 1.4490, 187Bz 
Tetramethylmediamine 446 60 24%' 177Bz 

447 481 24'" 
449 80 24'04 
452 74 24", 159/7a  

For explanations and symbols see pp. xi-xii. 
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TABLE 8 2  (nmtinued) 

GI Compound Method t 
(%) 

chapterref-  B.p./mm., nD,  (M.P.). Deriv. 

&liphatic Diamines (continued) 

C 4  2,f Diaminobutane 425 40 24m 3 lWCl  
Isobutylenediamine 427 8 0  24'" 115/754*, lOOAc 
y-Methylaminopropylamine 427 70 24'19 141, 1.4479, 22GPi 
N-Monoethylethyl- 451  201 24m 131/759. W5pi 

diamine 

C S  Pentamethylmediamine 457 6 8  24'= 180, 237Pi 
(cadaverine) 

2-Methyl- l ,>diamine 427 611 24'= 143/752. 1.4483. 229Pi 
butane 

>Methyl- 1,4-diamine 446 72 24'" 154Bz 
butane 

2,lDimethyl-1,fpmpane- 425 90 24' 78/50, (29), 257HCla 
di ami ne 425 67 24" 153/737, 1.4566, 240Pi 

y-Ethylaminopro~lamine 427 74 2419' 156/735, 1.444 1, 193Pi 
1-Dimethylaminel- 431 40 24"' 113. 1 . 4 1 7 7 ~  

aminopropane 

C, Hexamethylenediamine 452 861 24U' 258HCI 

457 51 24'= 204, 220Pi 
I -E thy lamine l  441 20 24- 157, 1.4431, 116Bz 

aminobu cane 
>Methyl->methylamine 427 24'= 155/737. 1.4502, 203Pi 

1-aminobutane 
f Ethylamino-2-methyl-> 441 42 24U' 141, 1.4300, lO8Bz 

m i  nopropane 
BDiethylaminoethylamine 427 53 24'M 145/760, 99/13, 207Pi 

427 62 24=' 144- 150, 2 1  P i  
441  89  244U 
452 57 24's 145- 149 

C 7  1-Diethylamine> 431  6 2  
aminopropane 431 6 5  

Y-Dieth~laminoprop~l-  427 72 
amine 452 GO 

1-Dimethylamine3- 436 100 
methylaminobutane 

1,fbisDimethylamine 460 78 
propane 

,&Diethylaminoethyl- 436 40 
methyl amine 

T A B L E  82. DIAMINES 693 

TABLE 82 (nmtinued) 

GJ Compound Method (%) ~ h a ~ t e r r e f .  B.p./mm., n b ,  (M.P.). Derir. 

Aliphatic Diamines (nmtinued) 

Cs 1-Diethylamine>amino- 425 55 24" 80/ I6 

I 
butane 441 54 24- 173, 1.4347 

1 - ~ i e t h ~ l a m i n e  f amino- 426 24'U 74/12, 1.4428'' 
butane 431 72 24'- 70/10, 1.4430" 

4-Diethylaminobutylamine 427 97  24'= 88/ 18, 1.4462.. 15GPi 
427 50 24'" 86/16, 1.4420" 

1,3-bisDimethylamine 436 100 24" 56/ 12 
butane 4G0 74 24m 

1,4-bisDimethylamine 436 92  241U 167, 199Pi 
butane 

1-Diethylamine3 453 65 24'" 60/8, t439019 
methylaminopropane 

C 9  1-Diethylamine3- 426 75 24U* 86-95/22, 1.4421, 155Pi 
amino pen tan l 

Teaaethylmethylene- .... 76 24'U 167/757 
diamine 

C lo Decamethylenediamine 427 8 0  24'= 146/ 14, (GO) 
1-Diethylamine4- 426 64 24'" 105-1 12/20 

aminohexane 
P-Diethylaminoethyl- 436 50 24'" 151Pi 

diethylamine 

Alicyclic Diamines 

C 4  t r a n s  1,2-Diaminocyc1e 447 121 2417' 74/50, 1.4837 
butane 449 551 24"' 74/50, 1.4837 

C, 1,f Diaminocyclohexane 430 60 24'" 265Pi 
447 501 24'" W8/760, 2 6 F i  
450 100 24'" 198/760, 265Pi 

1,4-Diaminocyclohexane 447 72 1 24"' 

C n  cis- l,&Diaminomethyl- 427 331 24'14 115/8, 350HC1 
cyclohexane 

tr-1,4-Diaminomethyl- 427 221 1 18/10, (27), 380HC1 
cyclohexane 

N-Ethyl- 1.4-cyclohexane- 430 63 24"' 87/11, 1.4767" 
di ami ne 

Clo  ~,N-~ieth~l-1,4-cyclohex- 430 70 2419' 85/4, 1 . 4 7 2 0 ~  
anediamine 

Aromatic Diamines 

C ,  o-Phenylenediamine 425 85 24U ( 101) 
m-Phenylenediamine 425 95 2414 154/10, 70Ac 
sym-Tri amino benzene 425 76 244 (84). (112). 357Bz 

For explanations and symbols see  pp. xi-xii. 
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TABLE 82  (carlimed) 

GI Compound 
Yield 

Method 
(%I chapteflef. B.p./mm., n h ,  (M.p.), Deriv. 

-- 

Aromatic Diamines (continued) 

C, o-Aminobenzylamine 425 43 24" 85-90/1, (59), 138Ac 
m-Aminobenzylamine 452 28t 24" 134/4, 16092, 174Bz 
2,ltDiaminotoluene 425 74 24U (9s) 
symTriaminotoluene 425 60 24U (122) 

C8 Phenylethylenediamine 427 90 24'U 159Ac 
mXylylendiamine 452 38t 24- 141/14, 135Ac 
N-Phenylaminoethyl- 441 89 24& 

amine 
P-Aminodimethylaniline .... 75 24"' 140/12, 130Ac 

C,, m-~henylen-P,P'- 427 79 24'- 161/14, 302HCI 
diethylamine 

p-~henylen-P,P: 427 75 24- 116/0.9, (36), 2lOAc 
dierhylnmine 

N-(ZDimethylmino- 436 88 24" 127/3, 1.5251", 124HCI 
erhylpaniline 

Cia 3,3'-Diaminobiphenyl 425 95 2414 
4,4'-Diaminobiphenyl 425 82 24U (125) 

(benzidine) 
CIS 4,d-Diaminodiphenyl- .... 70 24'" (91). 237Ac 

merhane 

C,, p,pcbis- min no methyl- 427 80 24" 180/0.5, (145). 235Pi 
biphenyl 

CIS p,p'-bis- Aminomethyl- 427 80 24'" (90). 224Bz 
diphenylmethane 

For explanation8 and symbols s e e  pp. xi-xii. 

TABLE 83. OLEFlNIC AMNES 

GI Compound Method 
Yield 
( %) 

Chapterref. B.p./mm., n;, (M.P.), Daiv.  

C, Allylamine 450 73 24m 57/746 
C, Methallyl m i n e  435 70 24'" 78.8, 1.431 

450 35 244n 62, 1.4155, l 5 W i  
Allylmethylarnine 451 48 24- 65, 1.4065 

454 71 24'- 64 

! 
T A B L E  85. HALO AMINES 695 

TABLE 83 (continued) 

GI Compound Method chapterref. B.p./mm.. n;, (M.p.). Deriv. 
(7.) 

C, 1-Dimerhylamino-4-pentme 29 80 19s 118/750, 1.4202" 
Allyldierhylamine 436 84 24"' 111, 1.4170m, 91Pi 

C8 pAminostyrene 19 20 2'- 79/2.5. 1.6070" 

C9 1-Dierhylamino-bpentene 29 85 19s 156/746. 1.4310 
~(o-Aminophenylppropene 19 87 2'" 87/2, 1.5676" 
N-Allylaniline 451 63 24405 80/2 

Cio a-Ally1 benzylamine 4 46 
p-Dimethylaminoscyrene 19 

C,, cisp Aminostilbene 425 
tr-p Aminostilbene 
ciso,ot-~iaminort i lbene 30 
c i spap ' -~ iminos t i lbene  30 
trcolsp,p'-Diaminosdlbene 425 
cis-pep'-~iaminostilbene 425 
tr-p.p'-Diaminostilbene 1 

For explanations and eymbols s e e  pp. xi-xii. 

TABLE 84. ACETYLENIC AMNES 

'GI Compound Method '"ld (So) d n p t d e f .  B.p./mm., n;, (Yp.), Deriv. 

propyne 
C,, p,p'-~iaminotolane 425 60 244 (235). 281Ac 

For explanations and aymbolr s e e  pp. xi-xii. 

TABLE 85. HALO AMINES 

'GI Compound Merhod 
t C h a p t a ~ f .  B.p./mm.. nD, (M.P.), Deriv. 

( %) 

Aliphatic and Alicyclic Halo Aminer 

C,  PBromoethylamine 5 1  8 3  4 'O 

52 72 4"' 173HBr 
.... 80 24'= . (174) 

P-lodoerhy lamine 51 n 4 
N-Tetrachloro- 1, Z 69 92 4- 78/10, (4.5) 

diaminoethane 

For explanations and symbols see pp. xi-xii. 
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TABLE 85 (cont ime4 

Gz Compound Method t ~ h a p t e r " ~ .  B.p.hm., nD. (Mp.). Deriv. 
( %) 

Aliphatic and Alicyclic Halo Amines (continued) 

C, l-Amino-2- bromopmpaoe 52 70 159IlBr 
'y- Bromopropylamine 452 89  2408 163HBr 
Isopropyldichloroamine 69 76 4 6s 43/15, 1.4572= 

C 4  2-Chloroethylethylamine 53 91 4 ~ 1 6  2 2 3 H a  

P,,B'-Dichlorodiethylamine 53 59 4111 217HC1, 136Bz 
P-Dimethylaminoethyl 53 30 4 6w 203HC1 

chloride 
PDimethylaminoethyl 51 83  41° 

bromide 
t-Burylchloroamine 69 75 46n 
n-Butyldichloroamin e 69 92 4m 4 / 1 7 ,  46/30, 1.4553 
N-Chlorodiethylamine 69 94 465s 

C5 l-Dimethylamino-2- 53 68 111 186HU. 103Pi 
chloropropan e 

l-Dimethylamino- f 53 96 4 145Ha 
chloropropaoe 

FDimethylaminw 1- 53 41  111 104HCl, 167Pi 
chloropropane 

f Bromopropyldi- 54 75 4 ~ 1 6  51/15, 1.4602 
methylamine $ 

C6 l-Dimethylamino- f 53 85 4 ~ l s  39/10, 168HCl 
chlorobutaue 

PDiethylaminoethyl 53 85f 4"O 69/50 
chloride 

PDiethylaminoethyl 51 80 4'O 
bromide 

P,P '$"-~richloroui- 53 66 118 1 3 3 H a ,  137Pi 
ethylamine 

o-Chlomcydohexylamine 52 80 85/15 
o-Bromocyclohexylamine 52 70 4 *' 168HCl 
Cyclohexyldichloroamine 69 95 4 8s 9 / 1 7  

l-Diethylamino-2-chloro- 53 78 4 ~ i a  107HC1, 126Pi 
propane 

l-Diethylamino-f chloro- 53 57 4113 82/28, 171/169, CdHCl 
propane 436 70 24- 86HC1 

436 70 241U 70/20 
>Diethylamino- l-chloio- 53 73 4 ~ l a  107HCl, 113Pi 

propane 
f Bromopropyldiethyl- 54 80 4 ~ l s  94HBr 

amine 

T A B L E  85. HALO AMINES 

TABLE 85 (continued) 
- - - - - 

Method 
Yield 

GI Compound (%I Chapterref- ~ . p . / m . ,  n 6 .  (M.P.). Daiv. 

Aliphatic and Alicyclic Halo Amines (continued 

hexane 
l-Diethylaminw f chloro- 53 87 4 114 72/17, 82HC1 

butane 436 6 8  24541 84HC1 

C P  1-Diethylaminwf chlorw 53 72 4 114 87/18 
pentane 

l-Diethylamino-tchloro- 73 30 4- 67/5 
pentane 

Clo l-Bromo-6diethylamino- 54 9 8  "1 

hexaoe 
l-Diethylaminwtmethyl- 73 75 4- 65/3, 1.4459 

tchloropenrane 
- ---- ~ - - ~  ~ 

Aromatic Halo Amines 

o-Aminobenzyl chloride 
o-Aminobenzyl bromide 
t Amino-f chlorotoluene 

C8 l-Phmyl-l-amino-2- 
chloroethane 

N,N-Dimethyl-o-chloro- 
aniline 

N,N-Dimethyl-o-bromo- 
aniline 

For explanations and symbols see pp. xi-xii. 



i 1 

698 AMINES Ch. 24 T A B L E  86. HYDROXY AMINES 699 

TABLE 85 (wtllinued) TABLE 86 (continued) 

c, Compound Method (%) Chapterref* B.p./mm., n b, (M.P.), Deriv. % Compound Merhod ~ l a ~ t e r r e f .  B.p./mm., nb (M.p.), Duiv. 
( s.) 

Aromatic Halo Amines (conti-d) Aliphatic Hydroxy Amines (continued) 

Ca N,N-Dimethyl-mchloro- 436 75 24"' 232/740 C, 1-Amino-%methyl-l .442 30 24& 1 4 5 1 5 5  
aniline propanol 

N,N-Dimebyl-mbromo- 436 54 24IU 119/8. 135Pi p-Ethylaminoethanol 436 35 24- 169, 1.4440 
aniline 442 55 24-' 1@ 

N.N-Dirnethyl-p-fluoro- 436 45 24'" (35) p h i n o - l , f  tutanediol 8 4  80 5 l5 
113/2, 1.4833" 

aniline %Amino-lmethyl- 1,f 425 96 ~4~ 
N.N-Dimethyl-p-chloro- 56 80 4'" (33.5) propanediol 

anilin 436 70 (35.5) C, &Amino-1-pentanol 426 80 24'" 119/25, lOOBz 
436 72 24U' 2361740, (33) ?Amino- 1-pentmol 

N,N-Dimethyl-piodo- 
431 77 24" 81/1, (39) 

59 48 4-' (81) 452 GO 24- 271 
aniline 

f Amino-lpentanol 425 92 24" 100/10, 1.4419 
C, N,N-Diethyl+-chloro- 436 91 ~ 4 ~ '  221/740, 164Pi 1-Aminw4pentaml 436 32 ~ 4 ~ '  81/1,1.45512s 

aniline %Methyl-lamino- 1- 425 86  24" 98/10, 1.4468 
N,N-Diethyl-mchloro- 436 95 ~ 4 ~ '  250/740 tutanol 

aniline ~ A m i n o - f  methyl- 1- 8 4 5" (119) 
N,N-Diethyl-p-chloro- 436 95 ~ 4 ~ '  253/740. (46) bu tanol ( w l  inol) 

aniline 1Mebyl-f  amino- l  91 6(, 5*' 1 1 7 H d  
C,, 3,3'-~ibromobenzidene 462 75 24-' (129) butanol 

For explanations and symbols see  pp. ~ i - ~ i i ,  
f Methylamino-lmebyl- 436 52 ~4~ 143. 1.4338. 1 3 8 ~ i  

lpropanol 
~Isopmpylaminoethanol 431 95 24= 87/23 

442 76 24" 171 

TABLE 8 6  IfYDROXY AMINES 2-Dimethylamino-1- 436 82 24" 65/37 
propanol 

c, Compound Method fiapterref- B.p./mm.. nb. (M.P.), ~ e d v .  ' f Dimethylamino- 1- 443 65  24'" 113/150 
(%) propmol 

Aliphatic Hydroxy Amines 1-Dimethylamino-l 442 70 24- 126/758 

- propanol 
C, 2-Amino-1-propanol 84 80 5L5 80/18. 1.4502, 114Pi %Amino-i-cbyl-1.3 425 92 2dL 

425 74 24'' 78/15 propanediol 
434 95 24- 73/ 11 C 6  %Amino-1-hexmol 84 65 5* 104/13, 114Pi 1-Amino-lhydroW- 442 25 24-' 65/4. 158/738 ~ H y h x y - f  aminohexme 97 45 

propane 
5"' 95/20,207Db 

3 H ~ d r ~ ~ y p r o p y l a m i n e  
%Amino-&methyl-1- 84 55 5 95/11, (44), 163Hd 

452 85 24= 1% 
lAmino-l,f propanediol 

pentanol 434 30 24- 99/11 
8 4  80 5 lS 116/1, 1.4891, 97HU 

I@-Methylamino)- 1- 
&Methyl-&amino-1 79 34 5" 75/15 

84 63 5" 56/11, 1.4385, 14Wi 
ethanol p m m o l  

Dimebylaminomethanol ~Meth~lamino-1-pentanol 431 50t 24- 97/3 .... 70 24"' 1.4050 2 ,~Dimethyl - f  methyl- 79 72 
567s 73-82/12 

C 4  %Amino-1-butanol 425 90 24' 173. amino- 1-propmol 436 57 24= 71/14, (46). 173HC1 
434 100 24- 80/11 I-Isopropylaminwl 431 97 24= 76/22. 1.4322", 131Pi 

I-Amino-lhtanol ( a s  425 83 24"' (ZOOd), 113Bz propanol 
oxdate)  fEthylamino-lmebyl-1 436 56 24'- 153. 1.4344. 133Pi 

3 Amino-lbutanol 435 49 24-' 162/742, 1.4482 propanol 
1Amino-lmerhyl- 1- 84 80 5" 69/10, 1.4486, iU5HU fDimethylaminwl-burn01 79 35 5'" 78/14. l 0 5 ~ z ~ C l  

propmol 425 90 24' 
For explanations and symbols see PP. xi-xii. 
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TABLE 86 (continued) 

Compound Method y(i;:d ~ h a p t e r m f -  B.p./mm.. n b ,  (h4.p.L Deriv. 
. . 

Aliphatic IBdroxy Amines (continzed) 

C, 4Dimethylamino-2butanol 79 85 5~7a 
f Dimethylamino->methyl- 84 50 5" 164 

1-pmpanol 
f Dimethylamino- >methyl- 436 40 t 24'" 130/743, 1.42 15, 115HC1 

2 propanol 
/%Dierfiylaminoethanol 436 70 24= 65/18, 1.4389'' 

442 8 1  24*' 160/741, 1.4389'' 

C,  >Amino-2,4dimethyl-1- 84 80 5" 98/12, 1.4563 
pentanol 

1-Ethylmino-4pentanol 436 32 24Ua 81/1.0, 1.45511', 148HBr 
SDimethylamino- 1- 431 59t  24'" 114/23 

pentanol 
4Dimethylamino->methyl- 436 34t  24'" 160/743, 1.4295, 141HCI 

2 butanol 
>Diethylamino- 1-propanol 84 63 5" 66/18, 1.4332 
f Di ethylamino-1-propanol 436 91 24'" 95/28 
2,EDimethyl-f dimethyl- 436 64 24m 63/15, 132liC1 

amino- 1-propanol ' 

1-Diethylamino->propano1 442 88 24m 63/22, 1.4265.. 139HCIm 

Ca SIsopropylamino- 1- 431 71t  24U0 9 8 l i a  
pen tanol 

5-Dimethylamino->methyl- 436 34f 24'" 99/30, 1.4400, 154HCI 
Epentanol 

f Diethylamino- 1-butanol 79 45 5 ~ a s  85/13, 16lBzHCl 
4Diethylamino-1-butanol 84 52 5" 92/9. 1.4474 
1-Diethylamino-f h t a n o l  79 40 5 73/20, ll6HCl 

436 EO 24'- 82/18, 1.4372". 116HC1 

C p  %Diethylamino- 1-pentanol 95 68 5 131/23, 1.4544 
>Diethylamino- f methyl- 84 44 5" 90/14 

1- butanol 
2,EDimethyl-f diethyl- 79 86  675 88/12 

amino-1-propanol 
C ,, 1-Diethylamino-5hexanol 80 88 5"' 108/10, 1.4490" 

Alicyclic Hydroxy Amines 

C,  trans- 2Aminocydo- 442 40 24- 194HCI 
pentanol 

C6 >Aminocyclohexanol 442 6 3  24"' 214, (66) 
cis>Aminocyclohexanol 447 68 24'" 110/15, (70), 185HC1 

ems-2-Aminocydo- 1 108/15, (679, 1751iU 
hexanol 

ds>Aminocyclohexanol 435 50 2dP9 (73)- 187HC1 
t r m s  >Aminocydo- 43'5 72 24'' 104/7, (66). 175MC1 

hexanol 442 64 ~4~ l l l / l 6 ,  (69), 16902 

T A B L E  86. HYDROXY AMINES 

TABLE 86 (mntimted) 

c, Compound Method ( %) Chapteflef. B.p./mm.. n b .  (h4.p.). Dcriv. 

Alicyclic liydroxy Amines (mnfimted) 

C, cis-trans-4Aminocyclo- 
hexanol 

1- Amino- 1-hydroxymethyl- 
cyclopen tane 

1-Aminomethyl cydo- 
pentanol 

C, 1- Aminomethylcyclo- 
hexanol 

2-Aminomethylcyclo- 
hexanol 

1-Amino- l-hydroxy- 
methylcyclohexane 

C8 >(N-Cydohexylamino> l- 
ethanol 

C Q  >Amino->cyclohexyl- l- 
propanol 

>Amino-f cyclohexyl-1- 
propanol 

Aromatic Hydroxy Amines 
- - 

C 6  o-Aminophenol 446 72 24= 
m Aminophenol 438 50 241W 

C, o-Aminobenzyl almhol 84 78 5" 
mAminobazyl  alcohol 425 100 24" 

Ca  /?-Amino-a-phenylethyl 427 80 24"' 
alcohol 442 18 24- 

&Amino-/%phenylethyl 84 93 5 ad 

alcohol 
/%(rtAminophenyl> 425 88 24" 

ethanol 
mAminophenylmethyl- 425 94 ~4~ 

car tin01 
> Anilinoethanol 450 75 24&' 

CQ >Amino-1-phenyl-1- 425 87 24" 
propanol 426 71t  24'= 

2-Amino- f phenyl-1- 84 52 5 
propanol 

fAmino- 1-phenyl- 1.- 79 70 5 m  
propanol 

a-Phenyl-&methyl- 79 90 5 "' 
aminoethanol 

f Anilino- I-propanol 436 60 24"' 
450 80 24&' 

For explanations and symbols see  pp. xi-xii. 



702 AMINES Ch. 24 

TABLE 86  (continued' 

Compound Method 
(%) 

Chapteflef. B.p./mm., n b ,  (M.P.), Deriv. 

Aromatic HydFoxy Amines (continued) 

C 9  p-Dimethylaminobenzyl 79 96 5' 1.5775" 
alcohol ... 65 5 7B1 125/1, 1.5727" 

C, I-Aminwlphenyl-lbutanol 89 73 5a 18 lHC1 
 mino no-f phenyl-3-butanol 89 63 5e 239HC1 
lhfethylamino-I-phenyl- 1- 431 8 1  24" l l F 1 2 0 / 5  

propanol 79 90 5 ~ b 7  (77) 
,R Erhylaminwa-phenyl- 442 56 ~4~ 1&164/14,(78) 

ethyl alcohol 
&Amino- I-naphthol 433 75 24'" 
I-Aminwlnaphthol 433 85 24'" 

C,, IAmino-3-phenyl-3- 89 93 5e 222HC1 
pentanol 

I-Phenyl- lmethylamino- 79 Go 5'- 202HC1, 168Pi 
I-bulanol 79 90 5 167 (90) 

1Merhylaminwf phenyl- 89 75 5e 235HU 
f bu tan01 

5-Aniline 1-pentanol 436 45 16411.4 
2-Diethylaminomethyl- 444 69 ~ 4 ~ '  67/2, 1.5108" 

phenol 

C,, Phenyl-ydimethyl- 
89 ? 5a 107/0.07, (48) 

aminopropylcarbinol 
p-Diethylaminwa-phenyl- 436 66 ~4~ 145/14, 1.5101" 

ethyl alcohol 
6-Anilinw I-hexanol 436 74 241e7 138/0.05, (42) 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 87. AMINO ETHERS 

% Compound Method chapterref. B.p./mm., n b ,  (M.P.), Detiv. 
( %) 

Aliphatic Amino Ethers 

C, y-Methoxy-~propylamine 
C, y-Ethoxy-~pmpylamine 

/-Meth~xyisobut~lamine 
y-Methoxyisobutylamine 

C b  P E t h ~ ~ - ~ b u t y l  amine 
Diethylaminomethyl 

methyl ether 
Di-(y-aminopropyl) ether 

C,  EMerhoxy-f aminohexme 

i 
T A B L E  87. AMINO E T H E R S  

TABLE 87 (continued) 

c, Compound Method (%) chapterref. B.p./mm., n b .  OI(.p.), Deriv. 

Aliphatic Amino Ethers (continued) 

C 7  PErhoxy-n-amyl amine 435 44 241°' 56/15, 1.4220 
Dierhylaminomethyl ethyl 445 69 24'* 134/756 

e r h u  

C,  P E r h o x y ~ h e x y l  amine 435 60 241°' 69/13, 1.4271 
I-MerhylaminwGmethoxy- 436 79 24LU 84/15 

hexaue 

C 9  I-ErhylaminwGmethoxy- 436 73 24'" 90/2, 1.4269'~ 
h e m e  

I-Methoxy-4-ethylamino- 436 Go 24'" 89/16 
hexaue 

I-DimethylaminwG 436 78 2417' 78/11 
methoxyhexane 

C,, 1-Dierhylaminw5-merhoxy- 436 91 24'" 77/18, 1.2490 
pentane 

C,, ,R,,R',p"-~riethoxytri- 115 66 6 137/12, 195HC.l 
ethylamine 

Aromatic Amino Ethers 
- -  - 

C, mAminoanisole ( m  425 80 24" 125/13 
anisidine) 

C, p-Phenoxyethylamine 428 80 24'- 104/12, lGBPi 
435 65  ~ 4 ' ~  115/12 

p- Aminophenetole 425 78 24' 254*, 138Ac* 
3,&Dimethoxyaniline 446 82 24" 174/24, (88) 

(4- aminoveratrole) 

C9 y-Phenoxypropyl amine 435 71 24" 126/15, (13) 
lPhenoxyisopropylamine 426 65 24"' 120/13, 1.5237, 148HU 
N-Ethyl-p-anisidine 431 51 24'* 13F140/20, 1.5444 
p-Methoxydimethylaminw 436 55 24*' 234/740, (38.5) 

benzene 

C,, 6-Phenoxy-n-burylamine 427 87  24"' 148/17 
f Phenoxypropylmethyl- 436 61 2417' 133138/23, 1.5255, l 5 l ~ U  

amine 
PEthoxy-Pphenylethyl 435 62 24"' 109/12, 1.5102 

amine 

C,, f Phen~xy~ropylethylamine 436 66 2417' 1 4 / 2 6 ,  1.5127, 155HC1 
3-Phenorypropyldimethyl- 436 8 2  2417' 132120 

amin l 
p-Methoxydiethylaminw 436 74 24*' 247/740 

benzene 

C,, EAminodiphenyl ether 425 94  24" 173/14, (47). 81Ac 

For explanations and symbols see pp. xi-xii. 
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TAUL E 8 7  (continued) 

GJ Compound Method 
( %) 

a a p t e s e f .  B.p./mm-, n L ,  (M.p.), Deriv. 

Aromatic Amino Ethers  ( con t inue4  

C1, f Aminodiphenyl ether 115 57 614 191/14. (37) 

425 8 4  2464 148/1, 141HCI 
4-Aminodiphenyl ether 115 65  614 (83.5) 

425 100 24= 189/14. (83.5) 

C,, f Phenoxypropyldiethyl- 436 94 24'" 150/20, 1.4387, 102tlCl 
amine 

C,, 1-Phenoxy-Gethylamino- 436 90 24'14 148/3. 1.5010, 135HCI 
hexane 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 88. AhiINO ALDEHYDES 

c n  Compound Method (%) Gapte r re f .  B.p./mm., n;, (M.P.), Deriv. 
Yield 

C,  a-Dimethylaminoisobutyr- 436 32 24"' 129 
aldehyde 

C ,  a,a-Dimethyl-pdimethyl- 444 8 0  2dU6 144, 153tlCl 
aminopropionaldehyde 

o-Aminobenzaldehyde 425 75 24,' (40). 
nr- Aminobenzaldehyde 149 52 91n 162Ph 
p-Aminobenzaldehyde 155 52 9I" 

425 50 24= ( 70) 

Cg m-Dimethylaminoben~ 425 7 4 t  24,' 112/7, 229% 
aldehyde 431  27 24-O 114/3, 7GOxD 

p-Dimethylaminobenz- 142 80 9 '" 166/15, (73) 
aldehyde 144 45 9 OP lEi lD0,  (73), 148Ph 

150 59 9 "' (73), 144-Ox* 

C , p-Formylphenyl-tri- 148 6 8  9"' ( 1 5 2 4  
methylammonium iodide 

C , ,  mDiethylaminobenz- 436 4 8 t  24'" 138/7, 165% 
aldehyde 

p-Diethylaminobenz- 144 45 999 (41). 121Ph 
aldehyde 150 50 188 (41), 93-ox* 

For explanations and symbols s e e  pp. xi-xii. 

I T A B L E  89. AMINO K E T O N E S  70 5 

I TABLE 89. AMINO KETONES 

Compound Method Chapterref. B.p./mm., n h .  (M.P.), Deriv. 
(%) 

Aliphatic and Alicyclic Amino Ketones 

C,  Aminoacetone 426 9 6  24"' 75HCI 
Diaminoacetone 426 83  24'" 

C ,  Dimethylaminoacetone 436 74 24"' 36/25. 1.4128, 137SeD 
C,  1-Dimethylamino-3- 444 45 24U' 70/40, 1.4213" 

butanone 
Diacetonamine 443 70 . (127) 

( a s  ac id  oxalate)  

C ,  Diethylaminoacetone 436 72 24'" 70/32, 1.4249, 143Se 
C a  1-Diethylamino-f 444 59 24411 70/11, 1.4333'~ 

butanon e 
Diacetonethylamine 443 42 24" 19 1 

C p  1-Dimethylamino-f 184 4 6  10- 83/11 
I methyl- ?hexanone 

l-Diethylamino-2- 4% 79 24*' 91/24, 104Se 
pentanone 

1-Diethylamino- f 436 55 24'- . 84/13, 1.4368'' 

pentanone 443 37 24'" 56/36, 102Se 
2-Dimethylamiaomethyl- 444 7 1  244'0 97/11.5, 146HCl 

cyclohexanone 

Clo ?Diethylamino-2- 184 42 10'" 95/16, 1.4337" 
hexanone 

1-Diethylamino-4 184 4 4 t  losm 108/20 
hexanone 

1-Diethylamino-? 184 60' loaM 98/11, 1.4380" 
hexanone 

2-Diethylaminomethyl- 444 85 2441' 103/13 
cyclopentanone 

Aromatic Amino Ketones 

Ca  ~ A m i n o a c e t o p h e n o n e  437 75 24"' (187) 
hydrochloride 

o -h inoace tophenone  425 78 24,' 113/6, 75Ac 
m-h inoace tophenone  425 71 24" (99), 128Ac 
p-Acetylandine 178 19 10" 168/6, (106), 166Ac 
N.N-Dimethyl-0- 431 88  24"' 145/22, (53) 

brormaniline 

CI0 2-Phenylamino-f butanone 436 80 24"' 121/4, (52) 

For  explanations and symbols s e e  pp. xi-xii. 
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I TABLE 89 ( c o n t i m r e ~  

1 GI Compound Method Yield 
(%) 

Chapterref- B.p./mm., n b ,  (M.P.), Deriv. 

Aromatic Amino Ketones (mnfinued) 

Clo a-Methylamino- 436 57 24lU 177HCl 
propiophenone 

o- Dimethylamino- 436 56 24'- 94/1.5, 184Pi 
acetophenone 

C1, 3 Phenylamino-2- 436 72 24m 120/ 1 
pentanone 

a-Merhylminoburyr 436 70 24'- 19QIU 
ophenone 

1-Phenyl->dimethyl- 187 53 141/26, 127Pi 
amino- Ipropanon e 

P-Dimethylaminopro- 444 72 24-O 156Ha 
piophenone 

Cll  1-Dirncthylaminw& 436 43 24'" 107/3.5, 1.5070 
phenyl-Ibutanone 

PDimethylamino-a- 444 74 24a 82/1, 1.5162", 154HC1 
mechylpmpiophenone 

C IAminobcnzophenone 446 92 241S9 ( i o n  
44'-~iaminobenzophenone 183 70 t loaU (245), 241Ph 
1-Amino fluorenone 446 56 24'" (118.5), 138Ac 
4-Aminofluorenone 446 74 24'" ( 139) 

CIS 1-Phenyl- 1-phenylaminw 4% 74 24"' (91.5) 
propanone 

C16 P-Dimethylarninobenzil 179 90 lo'99 (116) 

For explanations and symbols s e e  pp. d-xii. 

TABLE 90. AMINO ACIDS 

GI Compound Method 
Yield 
(M chapterref. B.p./mm., fib, (Map.), Deriv. 

C,  Aminoacetic acid 247 92 13'" (263), 67Am* 
( ~ l y c i n e )  247 87  13'" (246), 62.40. 

435 77 24- (236d) 
447 54t  24'" 
452 8 5 t  24- 

C S  a- Aminopropionic acid 247 7 2 t  13"' (295), 62Am* 
(alanine) 247 60 1 3 ' ~  (295) 

253 44t  13'" 163Bz 
435 70 24"" (2954  
451 71 24- 

PAminopropionic acid 247 90 13= (198), 123HC1* 
(pa lan ine)  247 86 13"' 

TABLE 90. AMINO ACIDS 7 0 7  

TABLE 90 (continued) 

GI Compound Method Chapterref. B.p./mm., n b ,  (Mp.), Deriv. 
(%I 

C s  p ih inopropionic  acid 247 90 13"' (198) 
(pa lan ine)  (confinued) 247 75t  13'14 (200) 

247 6 9 t  13"~  (197) 
248 70 13'01 
249 72 1 3 ' ~  (195) 
427 75 24lS (19 5) 
437 85 24'" (200d) 
446 45 24'" (198d) 

a- Aminwphydroxyprw 9 7  40t  5'" 
pionic acid (serine) 247 511 13'" (244), l5OBz 

C, a-Amino-n-buryric acid 247 6 l t  13'" (504). 75hm* 
253 50t  13''~ 140Dz 
278 82 1 3 ' ~  142Dz 
431 58 24=' 
435 60 24'" 
447 21t 24'- 182HC1 

y-Aminoburyric acid 452 62 24"' 
a-Aminoisobutyric acid 247 70 13'" 

247 33 13'" 
247 73t  13'19 
253 77t  13'= 19882 
280 76 1 3 ~  127Am* 

a-Methyl-P-alanin e 427 73 24'" (182) 
N-Methylalanine 451 81 24"9 (317d). 129Bz 

N-Ethylslycine 451 70 24OP (182d) 

N,N-Dimethylglycine 431 100 24=' (183) 
a- Amino succinic (d- 278 43  1 3 ~  162Bz 

aspartic) acid 451 95 24"' ( 280d) 
a,y-Diarninoburydcacid 449 41 24MD (215d), 181Pi 

mesv- a.&Diaminw 434 90 24w (306d) 
succinic acid 

a- Aminpa-hydroxy- 9 7  90 5'* (235) 
buryric acid 

C, a-Aminovaleric acid 247 6 8 t  1 3 ' ~  (291), 188HU* 

(norvaline) 278 86 1 3 ' ~  117hc 
447 43 24u9 l88HCl 
447 31 24"' 152Bz 

y-Aminovaledc acid 425 99 24"' (197) 
6-Aminovaleric acid 248 71 13*' (158)*, 90Bz 

248 80 1 3 ~ ~  9 4 H a  
a-Aminoisovaleric acid 278 85 1 3 ~  

(d-valine) 435 48 24= (282d) 
447 331 24"9 
447 60 24'" 

y- min no-pmethylburydc 452 40 24a (174) 
a d d  

For explanations and symbols s e e  pp. xi-xii. 



708 AMINES Ch. 24 

TABLE 90 (continued) 

GJ Compound Method chaptebef.  d.p./mm., 06. (M.P.), Deriv. 
(%) 

C, d-a-Methylaminobutyric 431 62 24-' 

acid 
y-N-Methylaminobucyric 248 90 13"' l2lHCl 

acid 
N-Methyl-a-aminoisobutyric 247 43 t 13''~ 

acid 
N,N-Dimethylalanine 431 100 24"' (l82), 1 4 8 ~ ~ 1  

monohydrate 
a- Aminoglutaric ( d -  247 75 13"' 

glutamic) acid 278 6 4 i  13"' (199)', 193HC11 

278 75 13"' 
. . . . . . . . 13'- (213), 202HCIo 

a-Amincra-methyl- 247 51f 13'19 (230) 
succinic acid 

a, 8-Diamino-~valeric 449 75 24'm ZOOPi, 187Bz 
acid (d-ornithine) 

Methyliminodiacetic acid 436 71 24'" (2 15) 
y-Methylmercaptcra-amincr 278 85 1 3 ' ~  (280), 145Bz 

butyric acid ( d -  
methionine) 

C b  d-a-Aminen-caproic acid 435 67 24'" 
(norleucine) 

7-Aminen-caproic acid 426 47 24'- (181). l2lHCl 
E- Aminocaproic acid 248 100 13'" (202), 105HDrm 

248 92 13'~' (203) 
dl- a- Amino-pmethyl- 247 741 13'19 (318) 

valeric acid 435 49 24'' (28'34 

a- Aminoisocaproic acid 278 64  13"' (295)*, l6lAc 
(leucine) 278 87 1 3 ' ~  (283). 141Bz 

435 45 241m (2924 
447 51 24'07 (293) 
447 68  24'" (28 2) 

a- Amino-a-ethylbutyric 247 43t  1 3 ~  
acid 

a-Dimethylaminoise 436 80 241U 264HC1 
butyric acid 

a-Aminoadipic acid 253 48t  13- (IW) 
435 86 245'4 (202) 
452 84 24U4 (202) 

a ,  8-Diaminoadipic acid 452 91 2409 
(300) 

a,€-r)iaminocaproic acid 280 78 13- 253HCl 
(d-lysine) 435 69 241m 189HC1 

449 74 24- 1 WHCI 
d-lysine dihydrochloride 435 6 2  24"' 188HC1 

1-Cystine .... .... 1 3 ' ~  (261). 
.... .... 1 3 ~ ' =  

TABLE 30 (continued) 

Compound Method 
I 

GJ (%) chapterref. B.p./mm., nD.  (M.P.). Deriv. 

C,  Histidine 278 45 13'~' (272) 
1-Histidine hydrochloride .... .... 13- (252) 

d-Arginine hydrochloride .... 90 13'" (220) 

C, a- Aminoheptanoic acid 278 55 1 3 ' ~  (281). 135Bz 
7-Aminoheptanoic acid 427 30 243'7 (1 87) 

P,PDiethyl-pamincr 443 30 24a' (184) 
propionic acid 

N,N-Dimethyl-d-valine 431 100 24"' ( 152), 164HCl 

a-Methyl-y-dimethyl- 249 30 13'- (76) 
aminobutyric acid 

P-Dimethylaminopivalic 253 74 1 3 ~  (99) 
acid 

p2-Thienylalanine 426 68 24"4 (275) 

C, a-~min&ctanoic acid 247 47t  13'- 
278 82 1 3 ' ~  (270). l28Dz 

N,N-Dimethyl-dl-leucine 431 100 24"' (188) 

a- Aminophmylacetic 247 37t  13"' 176Dzm 

acid 
o:Aminophenylacetic acid 425 85 24T4 (1 19) 
m-Aminophenylacetic acid 248 6 1  13" (146), 166Am' 
p- Aminophenylacetic acid 248 51 13'" (197), l62Amm 

425 84 247' (200) 

p-Aminomethyl)benzoic 427 80 243" (342), 28811C1 
acid 437 6 4 t  24'" 

C, a-Aminononanoicacid ' 278 55 13= (273), l28Bz 
280 92 13'" 

a-Aminea-phmyl- 247 401 13"' (267) 
propionic acid 

a- Amincrpphenyl- 278 83 1 3 ~ ' ~  146.4~ 
propionic acid 278 67 1 3 ' ~  (257), 184Dz 

273 67 1 3 " ~  (288) 

d- a-Amino-pphenyl- 431 62 -241U 
propionic acid 435 621 24"' (2734  

447 50 24'" (265) 
447 44 1 2417' 235HC1 

PAminea-phmyl-  446 66 241b9 (223) 
propionic acid 

p Amino-pphenyl- 264 X) 1 3 " ~  
propionic acid 264 70 13"' (222) 

443 34 24a' (2214 

p-@-hinoethyl) 260 481 13~'' 175Ac 
bmzoic acid 

m-Dimethylaminobenzoic 431 100 24"' (1 50) 
acid 

p-Dimethylaminobmmic 431 80 24"' (240) 
acid 263 50 13'19 (243). 

For explanations and symbols see ppr xi-xii. 



TABLE 90 (mnllrwd) 

Compound Method ~haptef lef*  B.p./u.. n;. (M.p.). k r i v .  
(%) 

C, /3-Anilinopropionic acid 249 65 13" (60) 

Cm d-y-Phenyl-a-amin* 431 62 24- 
buryric acid 

C 11 T r ~ ~ m ~ h a n e  278 45t 13- (282). 206Ac 
278 88 13=' --- 193Bz 

For explanations and symbols s ee  pp. xi-rii. 

TABLE 91. AMINO ESTERS 

% Gmpound Merhod (53 ~ h a ~ t e r " ~ .  B.p./mm., nh, (M.P.), Deriv. 

Aliphatic Amino Esters 
- - 

C 4  Merhy 1 paminopropionate 292 67 14" 51/12 
Erhyl aminoacemte 293 90 14'" 143HU 

Cs Merhyl a-aminoisobutyrate 285 64 14" 134, 183HCI 
Ethyl a-aminopropionate . 285 95 14' 
Ethyl paminopropionate 427 74 241a 56/ 10 

434 100 24*" 67HU 
Methyl pmethylnmino- 443 40 24*" 50/ 11 

propionate 

C 6  Ethyl pamincm-butyrate 426 21 t 24'6' 69/17, 148Pi 

443 55 24a 62/10. 74Am 
Erhyl pmerhylamino- 443 49 244' 68/18. 1.4218~' 

propionate 

C7 Erhyl /3-amhcm-vderate 426 23t 24&' 84/17 
Ethyl a-metbylamine 436 63 24- 65/20, 1.4174, 104Pi 

buryrate 
Ethyl P-merhylaminen- 443 89 66/10 

butyra te 
Ethyl aminomdonate (as  426 &It 24'- ( 9 0  . 

acecyl derivative) 

C, Erhyl a-amincm-caproate 426 86 24&' 88/11 

Erhyl pamin-caproate 426 48 24s7 104/25 
Isobutyl a-aminoise 285 66 14" 6 V 4  1.4210, 103HU 

buryrate 
Erhyl pethylamincm- 431 68 24s' 75/12 

brryrate 
Merhyl pdierhylamine 443 LOO 24- 66.5/8 

propionare 
Ethyl a-eminosuccinate 426 70 24% 98/ 1 

(dl-aspartic l stet) 

TABLE 92. AMINO CYANIDES 71 1 

TABLE 91 (continued) 

Yield 
C Compound (7%) 

~ l a ~ t e r ' e f .  B.p./mm.. ntD, (M.P.), Deriv. 

_____--_-_ _. . . _  -_ . . . . -. _ _  . ._.__. 

Aliphatic Amino Esters (mntinud) _ . ___ 
C9 Ethyl a-methyl-y- 285 63+ 14'- 83/16 

dimethylaminohrtyrate 
Methyl y-diethylamine 436 74 24"' 63/3, 102HU 

tutyrate 
Ethyl a-diethylamine 436 84 24'" 75/13 

propionate 
Diethy 1 dimethylamine 436 74 24"' 117/15, 1.4320" 

malonate 
C,, Ethyl y-diethylamine 285 70t 14"' 105/17, 1.4342 

Aromatic Amino Esters 
- -- -- - - -  - - 

C,, Methyl o-aminobenzoate 285 85 14' 1391 19 
Methyl m-amino benzoate 321 48 14*' (37) 

425 95 2476 153/11, (371, 137Ac 
Methyl p-aminobenwate 285 53 14' 

C p  Ethyl 0-aminobenzoate 425 100 24" (9) 
C ,, Ethyl a-aminophenyl- 285 65 1 4 ' ~  11 5/ 5, 1.500", 2OOHCl 

acetate 
Ethyl m-aminophenyl- 425 87 24" 140/4, 1.5435"~ 131HU 

acetate 
Ethyl p-(aminomethyl) 437 40 24U0 148/8, 237HU 

benzoate 
Methyl Panilinopropionate 443 69 24"' 160/14. (38) 
Methyl o-dimethylamine 436 60 24''' 137-142/17 

benzoate 

C,, Ethyl a-aminepphenyl- 426 53 24%' 14U10 
propionate 

Ethyl paminepphenyl-  443 35 24-' 146/11 
propionate 

- . - -- - - - - - -. - . - - - . - -- - - - -- - 
For explanations and symbols see pp. xi-xii. 

TABLE 92. AMINO CYANIDES 

t 
GJ Compound Chaptermf. B.p./mm., nD, (M.P.), Dedv. 

(7%) 
. - .- - - - - - - - - - - - -- - - - - - - - - - . . - - - - - - - - - -- 

Aliphatic and Nicyclic Amino Cyanides _ . . -_-- 
C, Aminoacetonitrile hydre 391 95 20'" ( 166) 

chloride 
Aminoacetonitrile hydrogen .... 81 24"' 

sulfate 

For explanations and symbols see pp. xi-xii. 
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TABLE 92 (continued) 

cn Compound Method 
(%) 

chapterref. B.p./mm., n;, (M.P.), Deriv. 

Aliphatic and Alicydic Amino Cyanides (codinued) 

C, ,E-Aminopropionitrile 388 33 20'" 89/20, 1.3496 

Merhylaminoacetonitrile 391 9 3  2oSQ0 65/20 
Methyleneaminoacem 391 71 20'" (129) 

niui le  

C 4  3Aminen-propyl cyanide 452 38f  24- 97/20. 14oHU 
a- Aminoisotutyronitrile 391 77 20'" 48/11 

391 80 20'" 68/24, 1.4198 
P-Methylaminopropio- 388 78 20" 74/16, 1 . 4 3 4 2 ~  

n iu i l e  
Erhylaminoacetoniuile 391 70 2 0 " ~  83/29 
Dimethylaminoacetoniuile 391 83  2 0 ' ~  1 3 4 - 1 3 7 , 1 . 4 0 9 5 ~ ~  
Iminodiacetonitrile 392 100 2oSU (75) 

C,  a-Methylaminoisobutyro- 391 57 20'" 54/18, 133/747, 1.4176 
nini le  

,E-Efhylaminopropioni trile 388 30 20"' 95/30, 1.4322 
Isopropylaminoaceto- 391 89  20'" 169HC1 

nitrile 391 90 20'" 85/20 

C, 5-Amino-n-amyl cyanide 452 68f  24" 118/14, 98Bz 
a- Aminodiethylacete 391 40 20'" 71/11 

n ia i l e  
a-Methylamino-n- 391 8 5  20'" 85/25 

valeronitrile 392 77 20"' 74/14, 167, t436214, 103Pi 
a-Methylaminoise 391 80 20"' 70/20 

valeronitrile 
a-Methylamino-a-merhyl- 391 8 3  20'" 68/17, 1.4282". 83Bz 

n-butyronitrile 
a-Ethylaminoisobutyre 391 94 20'" 144/761 

nitrile 
P-n-Propylaminopropie 388 92 2 0 ' ~  121/K), 1.4362 

niui le  
P-Isopropylaminopropie 388 95  20U' 87/17, 1 . 4 2 9 0 ~  

niui le  
a-Dimethylaminobutyre 391 78 20"~  68/23 

nitrile 
4-Dimethylaminobutyre 387 64 20"' 44-47/1.5 

n ia i l e  
a-Dimerhylaminoisobutyro- 391 69 20"~  57/25 

nitrile 391 88 20"' 50/20, 1.4215 
Diethylaminoacetoniuile 391 90 20'12 63/14. 1.4230" 

C, a- Aminomefhyl butylacete  391 51 20'" 88/ 10 
nitrile 

a- Aminomethylisobutylact 391 53 20"' 76/ 10 
toniuile 

TABLE 92 ( c o n t i m d )  

Ga Compound Method chapterref. B.p./mm., n;, (M.P.), Deriv. 
(%) 

Aliphatic and Alicyclic Amino Cyanides (continued) 

C7 a-Methylaminea-ethyl- 391 73 20'" 167/765 
butyronitrile 

a-Dimethylamino-a-methyl- 391 70 20'" 63/12 
butyroniuile 

a-Mefhylethylaminoiso- 391 53 20"~ 58/14 
butyronitrile 

a-Diethylaminopropie 391 6 5  20'- 49/7, 68/17 
nitrile 391 6 8  20'" 55/11 

,E-Diethylaminopropic- 388 9 7  2 0 ' ~  120/70. 1.4353 
nitrile 436 56 24lg4 84/13, 1.4343" 

1 -Amine l -cyanocyde  77 2 0 ' ~  (204) 
hexane hydrochloride 

Ca a-Efhylamino-a-isotutyl- 391 84 2 0 ' ~  84/12 
acetoni mile 

a-Dimethylaminea-methyl- 391 49 20" 75/10 
~ v a l e r o n i u i l e  

a-Dimerhylamino-a-methyl- . 391 49 20'" 63/7 
isovaleronitrile 

a-Dimefhylaminea-erhyl- 391 75 20 "9 69-73/10 
butyroniuile 

7-Diefhylaminobutyre 378 84 20U3 93/14 
n iu i l e  387 8 3  ~ 0 ' ~  89/9 

436 97 24"' 103/21, 1.4351, 70Pi 
a- Diethylaminoisobutyre 391 59 20"~  68/14, 1.4312 

niui le  391 39 20"~  74/14 

C 9  a- Diethylamino-n- 391 44 2 0 ' ~  95/15 
valeronitril l 

a-Dierhyl aminoise 391 39 20'" @/4 
valeroniuile 

,E-Cyclohexylamine 388 92  20'- 124/4, 1.4764 
propionitrile 

C , a-Diefhylaminocaprmiuile 436 90 24"' 10214, 62Pi 
a-Dierhylaminea-iso- 391 92 2 0 " ~  89/11 

tutylacetoniuil l 

Aromatic Amino Cyanides 

C, m-Aminobenzoniuile 425 6 3  24" (53). 131Ac 
C, c-Aminobenzyl cyanide 425 88  24"' (72) 

p-Aminobenzyl cyanide 425 79 24" 147/1 
Anilinoacetonitril l 391 35 2 0 " ~  (47) 

C ,  Merhylphenylaminoacem 391 76 20'" 1 4 V 9  
n iu i l e  

For explanat ims and symbols s e e  pp. xi-xii. 
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TABLE 92 (continued) 

Gz Compound Method 
Yield 

(%) chapterref. B.p./mm., ntD, (M.P.), Deriv. 

Aromatic Amino Cyanides (continued) 

C PBen~ylaminopro~ie 388 73 20'" 185/23 
nitrile 

a-~methylamin~phen~l- 391 29 2 0 ' ~  90/6 
acetoniuile 

C la a-Diethylaminopheayl- 391 83 2 0 ' ~  11217. 131/11 
acetoniuile 391 16 20" 124/9 

C ,, a-Aminodiphenylaceto- 392 77 20"' (102) 
nitrile 

y-Dierhylamino-a-phenyl- 386 74 20'= 122/1 
bu tyron i tril e 

pAmine9-cyanofluorene 392 X )  2 0 ' ~  (%) 

For explanations and symbols see pp. xi-xii. 

I 
REFERENCES FOR CHAPTER 24 

REFERENCES FOR CHAPTER 24 

'Senkus, Ind. Eng. Chem, 40, 506 (1948); cf. ref. 54. 
'Johnson and Degering, J. Am. Chem Soc.. 61, 3194 (1939); Hass  and Riley, 

Chem Revs., 32, 389 (1943). 
' Clemo and Ormston, J. Chem Soc.. 1778 (1932). 
4Hazlet and Dornfeld, J. Am. Chem Soc.. 66, 1781 (1944); cf. refs. 6 and 18. 
'Gattermann and Wieland, Laboratory Methods of Organic Chemistry. The 

Macmillan Co., New York, 1938, p. 165; cf. ref. 4. 
*West, J .  Chem Soc., 127, 494 (1925). 
'Cline and Reid, J. Am Chem Soc., 49, 3150 (1927). 
'Haworth and Barker, J .  Chem Soc.. 1302 (1939); Stevens and Beutel, J. Am 

Chem Soc.. 63, 311 (1941). 
'Marvel e t  al., J. Am Chem Soc.. 66, 916 (1944); ref. 10. 

lo Craig, J. Am Chem Soc.. 57, 195 (1935). 
I' Fieser and Cason, J. Am Chem Soc.. 61, 1744 (1939); Emerson and Smith, 

ibid,  62, 141 (1940). 
"Birch e t  al., J. Am. Chem. Soc.. 71, 1362 (1949). 
" Lambooy, J. Am Chem Soc.. 71, 3756 (1949). 

I l4 Adkins, Reactions of Hydrogen, University of Wisconsin Press, Madison, 
1937. 

" Allen and Van Allan, Org. Syntheses, 22, 9 (1 942). 
'* Adams, Cohen, and Rees, J. Am. Chem Soc.. 49, 1093 (1927). 
" UcGuine and Dull, J. Am Chem Soc., 69, 1469 (1947). 
"Jenkins, McCullough, and Booth, I n d  Eng. Chem, 22, 31 (1930). 
l9 Campaigne and Reid, J. Am Chem Soc.. 68, 1663 (1946). 
'O Bartlett and Cohen, J. Am Chem Soc.. 62, 1187 (1940). 
" Kuhn, Org. Syntheses, Coll. Vol. 11, 447 (1943); Sampey and Reid, J. Am 

Chem. Soc., 69, 712 (1947). 
"Morgan and Harrison, J. Soc. Chem l n d  (London), 60, 120T (1941); Fried- 

man et  al., J. Am Chem Soc.. 71, 3012 (1949). 
la Binz and v. Schickh, Ber., 68, 320 ( 1935). 
a4Renshaw and Friedman, J. Am. Chem. Soc., 61, 3320 (1939). 
"Drake e t  al., J. Am. Chem. Soc., 68, 1605 (1946); refs. 26 and 27. 
'" Fieser and Hershberg, J. Am. Chem. Soc., 62, 1640 (1940); cf. ref. 27. 
"Winterbottom, J. Am. Chem. Soc., 62, 160 (1940). 
"Linsker and Evans, J. Am. Chem. Soc., 68, 149 (1946); also ref. 27. 
*Linsker and Evans, J .  Am Chem. Soc.. 68, 874 (1946). 
'OAlbert and Ritchie, J .  Soc. Chem. lnd. (London), 60, 120T (1941). 
"Gilsdorf and Nord, J. Org. Chem., 15, 807 (1950). 
" Fieser and Kennelly, J. Am Chem Soc.. 57, 1614 (1935). 
"Craig and Cass ,  J. Am Chem Soc., 61, 783 (1942). 

Fries and Hemmecke, Am., 470, 7 (1929). 
"Gilman and Nobis, J. Am Chem Soc., 71, 274 (1949); cf. ref. 36. 
"Gilman and Avakian, J. Am Chem Soc.. 68, 1514 (1946). 
''Rockett and Whitmore, J. Am Chem Soc.. 71, 3249 (1949). 
"Kornblum andIffland, J. Am Chem. SOC., 71, 2137 (1949). 
*Cerf, Bull. soc. chim France, (5) 4, 1460 (1937). 
"Senkus, J. Am Chem Soc., 68, 10 (1946); Johnson, ibid,  12, 14 (1946). 
4'Martin, Org. Syntheses. Coll. Vol. 11, 501 (1943). 
4'Gill, MacGillivray, and Munro, J .  Chem Soc.. 1753 (1949). 



7 1 6  AMINES Ch. 24 REFERENCES FORCHAPTER24 7 17 

Mahood and Schaffner, Org. Syntheses, Coll. Vol. 11, 160 (1943). a'Westphal and Jerchel, Ber., 73, 1002 (1940); V. Braun and Klar, ibid.. 73. 
*Morgan and walls, 1. Soc. Chem Ind., (London), 50, 94T (1931). 
45Ruggli and Lang, Helv. Chim. Acta, 19, 996 (1936). 1417 (1940). 

-Parnick, McBee, and Hass, I. Am. Chem Sot. 0 68, 1009 (1946). " Huang-Minlon, 1. Am Chem SOC., 70, 2802 (1948); cf. ref. 326. "Wisansky and Ansbacher, Org. Syntheses. 28, 46 (1948). 
Ruggli and Lang, Helv. Chim Acta, 21, 38 (1938). 'aGroggins and Stirton, Ind. Eng. Chem, 28, 1051 (1936); 29, 1353 (1937). 

"Weygand and Gabler, Ber., 71, 2474 (1938). a9Pinck and Hilbert, /. Am. Chem SOC.. 68, 377 (1946). * Kiewiet and Stephen, /. Chem SM., 82 (1931). 90Gilman and Van Ess,  I .  Am Chem Sot.. 61, 1369 (1939). 
"Winans, 1. Am Chem Soc., 61, 3564 (1939). 9'Gilmn and Jacoby, I .  Org. Chem. 3, 108 (1938). 
"Mathieson and Newbery, 1. Chem SOC., 1136 (1949); Natelson and Gottfried, PaAlbert e t  al., Org. Syntheses, 22, 5 (1942); 1. Sot. Chem. 1nd. (London), I. Am Chem Soc., 61, 1001 (1939). 

64, 170 (1945). " Bradlow and Vanderwerf, 1. Am Chem Soc., 70, 654 (1948); Dunker and 9'Hertog and Wibaut, Rec. trav. chim, 55, 122 (1936); Maier-Bde, Bet., 69, Starkey, ibid,  61, 3005 (1939); Schiemam and Pillarsky, Ber., 62, 3041 (1929). 
1534 (1936)- s3Steck, Hallock, and Holland, 1. Am. Chem Soc.. 68, 1243 (1946); 94Jansen and Wibaut, Rec. trav. chim. 56, 709 (1937). 

Baeyer, Bey., 38, 2761 (1905). "Kaye, I .  Am Chem Soc.. 71, 2322 (1949)- 
54Johnson and Degering, 1. Org. G e m .  8,  7 (1943); Vanderbilt and Hass, -v. Braun, Ber., 70, 979 (1937). 

1nd. Eng. Chem. 32, 34 (1940). 9'Amundsen and Krantz, I.  Am. Chem S0c.0 63, 305 (1941); Org. Syntheses# 
ssHoover and Hass, I .  Org. Chem, 12, 506 (1947). 

23, 23 (1943). 
'"Gakenheimer and Hartung, 1. Org. Chem, 9, 85 (1944). '*Fargher, I .  Chem Soc.. 117, 1351 (1920); Groggins and Stirton, 1nd- Engo 
"Attenburrow e t  al., I. Chem Soc., 514 (1949). Chem, 29, 1355 (1937). 
"Galatis, 1. prakt. Chem, 151, 334 (1938); Hewitt and King, I. Chem. Soc., 990sterberg and Kendall, I .  Am Chem S0c.0 42, 2616 (1920); Johnson and 

822 (1926). Schubert, &id., 72, 2189 (1950); Wilson and Read, 1. Gem. S0c.p 1272 (1935). 
"Rupe and Brentano, Helv. Chim Acta, 19, 594 (1936). 'OOTamele e t  al., 1nd Eng. Chem.. 33, 115 (1941). 
"'Marvel and Overberger, I. Am. Chem SOC., 68, 185 (1946). 'O'Wernert and Brode, I .  Am Chem Sot., 54, 4365 (1932)- 
"Phillips and Maggiolo, I .  Org. Chem, 15, 659 (1950). 'OaCheronis et  al., I.  Org. Chem, 6, 349, 467 (1941). 
"Woodburn and Stuntz, I.  Am. Chem Soc., 72, 1361 (1950). '03Block, Chem Revs., 38, 501 (1946). 
" ~ e m ~ e r t  and ~ o b i n s m ,  1. Chem Soc., 1420 (1934); cf. ref. 6. '040fien and Hill, Org. Syntheses, Coll. Vol. I, 300 (1941); Tobie and Ayres, 
64Clinton and Suter, I. Am. Chem. Soc., 69, 704 (1947). I.  Am Chem Soc., 64, 725 (1942). "' Tarbell e t  al., 1. Am Chem Sot.. 70, 1384 (1948); cf. ref. 66. 'wTobie and Ayres, Org. Syntheses, Coil. Val. 1, 23 (1941). 
'"Suter, I. Am. Chem Soc., 51, 2581 (1929). 106Marvel, Org. Syntheses, 20, 106 (1940). 
aTSmith and Opie, Org. Syntheses, 28, 11 (1948). 1°'Marvel, Org. Syntheses. 21, 74 (1941). 
"'Cocker, Harris, and Loach, 1. Chem. Soc., 751 (1938). 1°'Marvel and du Vigneaud, Org. Syntheses, Coll. Vol. I, 48 (1941). 
"Leonard and Boyd, 1. Org. Chem., 11, 405 (1946). lWMarvel, Org. Syntheses. 21, 60 (1941). 
TOMmel, Allen, and Overberger, I. Am. Chem Soc., 68, 1088 (1946); King, 1 i O ~ ~ k  and Marvel, Org. Syntheses, Coll. Vole 11, 374 (1943). 

McWhirter, and Barton, ibid., 67, 2091 (1945); a lso ref. 69. "'Marvel, Org. Syntheses, 21, 101 (1941). 
"Keneford and Simpson, I. Chem Soc., 356 (1948). ' l a ~ l k s ,  Hems, and Ryman, I .  Chem Sot., 1386 (1948)- 
"Simpson et  al., 1. Chem Soc., 646 (1945). 113wells and Allen, Org. Syntheses, Coil. VO~. 11, 221 (1943)- 
"Robertson, Org. Syntheses, Coll. Vol. I, 52 (1941). 114willson and Wheeler, Org. Syntheses, Coil. Val. 1, 102 (1941). 
"Hahn and Tulus, Ser., 74, 515 (1941). fisBuck and Ferry, Org. Syntheses. Coll. ~ o l .  II, 290 (1943). 
 dams and Cohen, Org. Syntheses, Coll. Yol. I, 240 (1941). l ' " ~ ~ ~ i ~ ~  and Adkins, 1. Am Chem SM., 46, 741 (1924). 
'"Ungnade and Henick, I .  Am Chem Soc., 64, 1737 (1942). 1 l ' ~ ~ ~ h ~ ~ ,  Veatch, and Elersich, Ind Eng. Chem, 42, 787 (1950). 
"Gonyn, 1. Org. Chem. 14, 1013 (1949). "aspeer and Hill, I.  Org. Chem., 2, 139 (1937)- 
"Wawzonek, I .  Am. Chem Soc., 68, 1157 (1946). "9Hickinb~ttom, I .  Chem. S0c.n 992 (1930). 
"Blanksma and Pea i ,  Rec. trav. chim, 66, 353 (1947). l'OZanetti and Bashour, 1. Am. Chem Soc., 61, 3133 (1939), cf. ref. 138. 
"Gattermann and Wieland, Laboratory Methods of Organic Chemistry, The n l ~ l i ~ k ~ ,  M ~ ~ ~ ~ ~ ,  and Zienty, I.  Am Chem Sot.. 61, 91, 93, 77 1, 775 (1939). 

Macmillan Co., New York, 1938, p. 171. l " ~ ~ ~ k  and Baltzly, 1. Am. Chem Sot., 63, 1964 (1941). 
UHodgsoa and Ward, I .  Chem Soc., 663, 794 (1945). l'3Clarke, Gillespie, and Weisshaus, 1. Am. Chem S0c.V 55, 4571 (1933)- 
UHodgson and Birtwell, 1. Chem Soc., 318 (1943); Bradyet al., ibid, 2264 1'4Borrows et  al., I.  Chem Sot., 197 (1947). 

(1929). usKing and Work, 1. Chem Sot., 401 (1942). 
" ~ i e s e r  and Martin, I .  Am Chim. Soc., 57, 1838 (1935). l'"Caspe, I.  Am. Chem SOC.. 54, 4457 (1932). 
-Whitmae and Langlois, 1. Am. Chem Soc.. 54, 3441 (1932). 1 2 ' ~ d ~ ~ ~ ,  Brown, and Marvel, Org. Syntheses. Coil. Val. 1, 528, 531 (1941). 

laaMarvel and Jenkins, Org. Syntheses, Coil. Vole 1, 347 (1941). 



71 8 AMlNES REFERENCES FOR CHAPTER 24 

L'qWerner, J .  Chem Soc., 1 11, 850 (1917). 
lwEvans and Williams, J .  Chem Soc., 1199 (1939). 
'"Billman, Radike, and Mundy, J .  A m  Chem Soc., 64, 2977 (1942). 
laaThomas, Billman, and Davis, J .  Am. Chem Soc.. 68, 835 (1946). 
' " ~ o k h l ;  and Mason, J .  C k m  Soc.. 1757 (1930); c f .  ref.  134. 
"'Germuth, J .  Am. Chem. Soc.. 51, 1555 (1929). 
"5Knoevenagel, J .  praki. Chem,  89, 30 (1913). 
''6Hager, Org. Syntheses, Coll. Vol.  1, 544 (1941). 
'"Gilman e t  al., J .  A m  Chem Soc.. 67, 2106 (1945). 
'"Lutz e t  al., J .  Org. Chem,  12, 760 (1947). 
" 9 H ~ r d  and Drake, J .  A m  Chem Soc., 61, 1943 (1939). 
'"Shelton et al., J .  A m  Chem Soc., 68, 753, 755, 757 (1946). 
'"Weilmuenster and Jordan, J .  A m  Chem Soc.. 67, 415 (1945). 
'"Reck, Harwood, and Ralston, J .  Org. Chem., 12, 517 (1947). 
'"Groenewoud and Robinson, J .  Chem Soc., 1692 (1934). 
' " ~ i n s k e r  and Evans, J .  A m  Chem Soc.. 67, 1581 (1945). 
IYLinsker and Evans, J .  Am. Chem. SOC., 68, 1432 (1946). 
'''Donia et al., I. Org. Chem,  14, 946 (1949). 
"'Kermack and Wight, J .  Chem. Soc.. 1425 (1935). 
"'Mannich and Margotte, Ber., 68,  273 (1935). 
" 9 S t a h m a ~  and Cope, J .  Am. Chem Soc., 68,  2494 (1946). 
" ' ~ i n s k e r  and Evans, J .  Org. Chem,  10, 283 (1945). 
"'Cope and Towle, J .  A m  Chem Soc.. 71 ,  3423 (1949). 
"'Elderfield e t  al., J .  A m  Chem Soc., 68,  1579 (1946). 
"'Breslow et al., J .  A m  Chem Soc., 67, 1472 (1945). 
"'Davies and Cox, J .  Chem Soc., 614 (1937); c f .  ref. 130. 
15aGilman and Banner, J .  A m  Chem Soc., 62, 344 (1940). 
'56Hartman, Org. Syntheses, Coll. Vol. 11, 183 (1943). 
'"Pierce, Salsbury, and Fredericksen, J .  A m  Chem Soc.. 64,  1691 (1942). 
"'Muncb, Thannhauser, and Cottle, J .  A m  Chem Soc.. 68, 1297 (1946). 
'a9Rindfusz  and Harnack, J .  A m  Chem Soc., 42, 1723 (1920). 
""'Hancock e t  al., J .  A m  Chem Soc.. 66, 1747 (1944). 
'"Bachman and Mayhew, J .  Org. Chem., 10, 243 (1945). 
"'Kremer and Waldman, J .  A m  Chem Soc., 64, 1089 (1942); Pierce et al., 

ibid.. 64, 2884 ( 1942). 
"'Campbell and Campbell, J .  A m  Chem Soc., 60, 1372 (1938). 
'6'Goldberg, Ringk, and Spoerri, J .  A m  Chem Soc., 61, 3562 (1939). 
'"Elderfield e t  al., J .  A m  Chem Soc.. 68, 1516 (1946). 
'"Fourneau, Benoit, and Firmenich, Bull. soc. c h i m  France, ( 4 )  47, 880 (1930). 
"'Kon and Roberts, J .  Chem Soc.. 980 (1950). 
"Elderfield e t  al., J .  Am. Chem. Soc., 69, 1258 (1947); Campbell et  al., i b i d ,  

68, 1556 (1946); c f .  ref. 174. 
'b9Moffat ,  1. Org. Chem.  14, 862 (1949). 
'''Marvel, Zartman, and Bllnhardt, J .  A m  Chem Soc.. 49, 2300 (1927). 
"'Gibbs, Littmann, and Marvel, J .  Am. Chem Soc.. 55, 753 (1933). 
'"Cowan and Marvel, J .  A m  Chem Soc., 58, 2277 (1936). 

, 
'"Drake et al., J .  Am. Chem. Soc.. 68, 1536 (1946). 
'"Campbell e t  al., J. Am. Chem Soc.. 68, 1556 (1946). 
'"Alexander, J .  A m  Chem. Soc.. 70, 2592 (1948). 

Johnson et al., I. A m  Chem. Soc.. 69, 2364 (1947). 
"'Cocker and Harris, 1. Chem Soc.. 1092 (1939). 

""Zaugg and Horrom, J .  A m  C,em. Soc., 72, 3004 (1950). 
'*Magee and Henze, J .  A m  Chem. Soc., 60, 2148 (1938); c f .  ref. 218. 
"'Adamson et al., J .  Chem. Soc.. 1578 (1937). 
" 'Janetzky and Verkade, Rec. trav. ch im,  65, 903 (1946). 
'"Janetzky and Verkade, Rec. trav. ch im,  65, 697 (1946). 
'"Verkade and Janetzky, Rec. trav. ch im,  62, 780 (1943). 
'"Henze and Holder, J .  Am. Chem Soc., 63, 1943 (1941). 
'"Hyde, Browning, and Adams, J .  Am. Chem. Soc.. 50, 2287 (1928); Fourneau 

and Barrelet, Bull. soc. chim. France, 47, 72 (1930). 
1'6Bogert and Nabenhauer, J .  Am. Chem Soc.. 46, 1702 (1924). 
"'Berchet, Org. Syntheses, Coll. Vol. 11, 397 (1943). 
"'Biilmann and Berg, Bull. soc. c h i m  France, ( 5 )  1 ,  1657 (1934). 
'"Blicke, Wright, and Zienty,  J .  Am. Chem. Soc.. 63, 2488 (1941). 
'"Leonard and Ruyle, J .  A m  Chem Soc.. 71,  3094 (1949). 
L9'Magidson et al., Arch. Pharm, 272, 77' (1934). 
19'Mills and Dazeley, J .  Chem Soc., 460 (1939). 
19aClark and Mosher, J .  A m  C k m  Soc., 72 ,  1026 (1950); ref. 195. 
'9'Utermohlen and Hamilton, J .  A m  C h e m  Soc., 63 ,  156 (1941). 
'9'Mitmore et al., J .  Am. Chem Soc., 66, 725 (1944). 
'9bBreslow and Mauser, J .  A m  Chem. Soc., 67, 686 (1945). 
197Campbell, J .  Am. Chem. Soc.. 7 1 ,  740 (1949). 
19'Behr et al., J .  Am. Chem Soc., 68, 1296 (1946). 
'99Burckhalter et  al., J .  Am. Chem. Soc.. 70 ,  1363 (1948). 
' m J o h n s ~ n ,  Hill, and Donleav~ ,  Ind Eng. Chem,  12, 636 (1920); ibid., 13, 

504 (1921). 
"'Swann in Technique o/ Organic Chemistry, Vol.  11, Interscience Publishers, 

New York, p p  143-208. 
'"Emerson in  Organic Reactions, Vol.  4, John Wiley & Sons, New Y a k ,  1948, 

p. 174. 
'O'Schwoegler and Adkins, J .  Am. Chem SOC., 61, 3499 (1939). 
'"Winans, J .  A m  Chem Soc., 61,  3566 (1939). 
"'Haskelberg, J .  A m  Chem. Soc., 70 ,  2811 (1948). 
'QRohrmann and Schonle, J .  A m  Chem SW., 66,  1516 (1944). 
aO'Alexander and Misegades, J .  Am. Chem Soc.. 7 0 ,  13 15 (1948); c f .  ref.  203. 
'mRobinson and Snyder, Org. Syntheses, 23, 68 (1943). 
'OPFleury-Larsonneau, Bull. soc. c h i m  France, ( 5 )  6 ,  1576 (1939). 
"'Emerson and Walters, J .  A m  Chem. SOC., 60, 2023 (1938). 
"'Emerson and Mohrman, J .  A m  Chem Soc., 62, 69 (1940); c f .  ref.  210. 
"'Emerson and Uraneck, J .  A m  Chem Soc., 63, 749 (1941). 
'"Emerson and Robb, J .  Am. Chem SW., 61, 3145 (1939). 
"'Woodruff, lam boo^, and B u t ,  J .  A m  Chem. S a . ,  62, 922 (1940). 
"'Winans and Adlrins, J .  A m  C h e m  S a . ,  54, 306 (1932). 
"%kits, Keil, and Havemann, Ber., 63, 39 (1930); i b i d ,  66, 1400 (1933). 
"'Wagner, J .  A m  C k m .  Soc., 55, 724 (1933). 
"'Breslow e t  al., 1. A m  Chem Soc., 68, 100 (1946). 
lL9Pearson, Jones ,  and Cope, J .  A m  Chem Soc., 68, 1225 ( 1946). 
"OGum and Robinson, 1. Chem Soc., 561 (1943). 
"'Emerson, Dorf, and Deutschman, J .  Am. Chem Soc., 62, 2159 (1940). 
" ' C o p  and Hancock, J .  A m  Chem S a . ,  64, 1503 (1942). 
"'Hancock and Cope, Org. Syntheses, 26, 38 (1946). 
"'Cope and Hancock, J .  A m  Chem Soc.. 66, 1453 (1944). 
"'Hancock and Cope, J .  A m  Chem SOC., 66. 1738 (1944). 



It 
/I 

720 AMINES 

"'Engelhirdt, G o s s l e y ,  and  Sprague, 1. Am. Chem. Soc., 72, 2718 (1950). 
"7Drake e t  al., j .  Am. C h e m  Soc.. 71, 455 (1949). 
"'Woods and Sanders,  j. Am. C h e m  Soc.. 68, 21 11 (1946); cf. ref. 229. 
"'Scriabine, Bull. soc. c h i m  France, (5) 14, 455 (1947). 
"'Drake e t  al., 1. Am. Chem Soc.. 68, 1529 (1946). 
"'Skita, Keil, and  Baes ler ,  Ber., 66, 858 (1933). 
"'Bowman and Stroud, j. C h e m  Soc., 1342 (1950). 
" ' ~ n o o p  and  Oesterl in,  Z. physioL Chem.. 148, 294 (1925); 170, 186 (1927). 
"4Heidelberger, An Advanced Laboratory Manual /a Organic Chemistry, 

Chemical Cata log  Co., New York, 1923, p. 24; Delgpine,  Bull. soc. chim. 
France, (3) 17, 293 (1897); cf. ref. 235. 

"'Galat and Elion, j .  Am. Chem Soc.. 61, 3585 (1939). 
" ' ~ e l ; ~ i n e ,  Bull. soc. c h i m  France, (4) 31, 108 (1922). 
"7Graymore, j. Chem Soc.. 1116 (1947). 
"'Mamich and  Hahn, Ber., 44, 1542 (1911). 
"'Wendler, j .  Am. C h e m  Soc.. 71, 375 (1949). 
14'Blicke and  Lilienfeld, j .  Am. Chem Soc., 65, 2281 (1943). 
'41Baniel e t  al., 1. Org. C h e m ,  13, 791 (1948). 
'4'Blicke and Burckhalter, j .  Am. Chem Soc., 64, 477 (1942). 
'"Blicke and  Maxwell, j .  Am. Chem Soc.. 61, 1780 (1939). 
'UWallis and  Lane  in Organic Reactions,  Vol. 3, John Wiley & Sons,  New 

York, 1946, p. 267. 
' 4 ' H ~ f ~ a ~ ,  Ber.. 15, 762 (1882). 
'"Hoogewerff and van  Dorp, Rec. trav. c h i m ,  6, 386 (1887). 
'47Whitmore and  Thorpe, j. Am. C h e m  Soc.. 63, 1118 (1941). 
'4'Whitmore and  Horneyer, j .  A m  Chem. Soc., 54, 3435 (1932). 
14'Jeffreys, Am. Chem. j . ,  22, 14 (1899). 
"'Schlatter, j .  Am. Chem Soc.. 63, 1733 (1941). 
"'Gum, Ber., 40, 2061 (1307). 
'=Hauser and  Renfrow, j .  A m  C h e m  Soc.. 59, 121 (1937). 
"'Beckmam and Correns, Ber.. 55, 848 (1922). 
"4Hoogewerff and van Dorp, Rec. traw. ch im .  5, 252 (1886). 
"'Arcus and  Kenyon, j .  Chem. Soc.. 916 (1939). 
"'Woodruff and  Conger, j .  Am. Chem Soc., 60,  465 (1938). 
"7Woodruff a n d  Pierson ,  j. Am. Chem Soc.. 60, 1075 (1938). 
"'Cope, Fos ter ,  and  Towle, j. Am. Chem Soc.. 71, 3932 (1949). 
"'Hewett e t  al., j .  Chem. Soc.. 292 (1948). 
lWGraf, j. p a & .  C hem,  133, 19 (1932). 
'6'Gilman and  Swiss,  j .  Am. C h e m  Soc., 66, 1884 (1944); cf. ref. 90. 
16'v. Braun and  Lemke, Ber., 55, 3526 (1922). 
16'v. Braun and  Jo s t e s ,  Ber., 59, 1091 (1926). 
'64Horowitz and  Geissman, j .  Am. Chem. Soc., 72, 1518 (1950). 
'"Buck and  Ide, Org. Syntheses,  Coll. Vol. II, 44 (1943). 
'"Graebe and  Rostovzeff, Ber.. 35, 2747 (1902). 
'67Hunuess, Pf i s te r ,  and  Pf i s te r ,  j .  Am. Chem. Soc., 64, 2845 (1942). 
"'Clarke and  Behr, Org. Syntheses,  Coll. Vol. 11, 19 (1943). 
16'Natarajan and  Swaminathan, j .  A m  Chem. Soc.. 69, 2560 (1947). 
'70Smith in Organic Reactions,  VoL 3, John Wiley & Sons,  New York, 1946, 

p. 337. 
'7'Naegeli, Griintuch, and  Lendorff, Helv. Chim Acta, 12, 227 (1929). 
lnManske, j .  A m  Chem. Soc.. 51, 1202 (1929). 

1 
REFERENCES FOR CHAPTER 24 

I 

'7'Buchman e t  al., j .  Am. Chem Soc., 64, 2696 (1942). 
'74McCoubrey and  Mathie son, j .  Chem. Soc.. 696 (1949). 
'7'Kenyon and  Young, j .  Chem Soc.. 263 (1941). 
17'Mayer and  Siegli tz ,  Ber., 55, 1847 (1922). 
'77Goldberg, Ordas, and  Carsch,  j. Am. C h e m  Soc., 69,  260 (1947). 
'7'Smith, ref. 270, p. 381. 
17'Skita and  Rzss le r ,  Ber., 72, 461 (1939). 
"'Naegeli and  Lendorff, Helv. Chim. Acts 15, 49 (1932). 
"'Stevenson and  Johnson,  j .  A m  C h e m  Soc., 59, 2525 (1937). 
'"Singleton and  Edwards, j .  Am. Chem Soc.. 60, 540 (1938). 
'"Mayer and  Krieger, Ber., 55, 1659 (1922). 
'"Mousseron and  Jacquier ,  Bull. soc. chim. France, (5) 17, 238 (1950). 
'''Curtius, j .  p a k t .  Chem., 89, 508 (1914). 
"'Curtius, j .  p a k t .  Chem,  58, 190 (1898); Naegeli  and Tyabji, Helv. C h i m  

Acta. 16, 349 (1933). 
"7Darapsky, j .  p a k t .  Chem,  146, 250 (1936). 
"'Gagnon, Galldry, and King, j. C h e m  Soc., 13 (1944). 
"'Curtius, j. prakt. Chem,  125, 211 (1930). 
'"Curtius and  Sieber, Ber., 55, 1543 (1922). 
'''Yale, Chem. Revs., 33, 209 (1943). 
"'Wolff in Organic Reactions,  Vol. 3, John Wiley & Sons, New Y a k ,  1946, 

p. 307. 
'''Adamson and  Kenner, j .  Chem. Soc., 842 (1934). 
'940esterlin, Z. angew. Chem,  45, 536 (1932). 
19'Briggs and  Lytt leton,  j .  Chem. Soc., 421 (1943). 
"'v. Braun and  Friehmelt, Ber., 66, 684 (1933). 
'g7Benson, Hartzel ,  and  Savell ,  j .  Am. C h e m  Soc.. 71, 1111 (1949). 
"'Dice a n d  Smith, j .  Org. Chem,  14, 179 (1949). 
'"Fuson, Maynert, and  Shenk, j .  Am. Chem Soc., 67,  1939 (1945). 
'ODAdamson, j .  Chem Soc.. 1564 (1939). 
'OISchmidt, Ber., 57, 704 (1924). 
"'Nystrorn and  Brown, j .  Am. C h e m  Soc.. 70, 3738 (1948). 
"'Adams and  Marvel, j .  A m  C h e m  Soc., 42, 314 (1920); Suter and  Moffett, 

ib id .  56, 487 (1934). 
s 0 4 B l ~ ~ m ,  Breslow, and  Hauser,  j .  A m  Chem. Soc., 67, 539 (1945). 
'05Walter and  McElvain, j .  A m  C h e m  Soc., 56, 1614 (1934). 
'-Suida and  Drahowzal, Ber., 75, 995 (1942). 
'''Carothers and Adams, j. A m  C h e m  Soc., 47, 305 1 (1925). 
'"Adkins and  Bil l ica,  j. Am. C h e m  Soc., 70,  695 (1948). 
'"Adkins and  G a m e r ,  j. A m  Chem. Soc., 52, 4349 (1930). 
"'Robinson and  Snyder, Org. Syntheses,  23, 71 (1943), footnote 5. 
"'Freeman, Ringk, and Spoeni ,  j .  Am. C h e m  Soc., 69, 858 (1947). 
"'Geissman and  T e s s ,  j .  Am. Chem Soc.. 62,  514 (1940); St. Goldschmidt 

and Veer, Rec. trav. ch im ,  67,  489 (1948). 
"'van d e  Kamp, Burger, and  Mosettig, j .  A m  C h e m  Soc.. 60, 1321 (1938). 
"4Crowe and  N a d ,  j .  Org. Chem,  15, 81 (1950). 
'"Kolloff and  Hunter, j .  Am. Chem. Soc., 63, 490 (1941); cf. P r i j s ,  Lutz, and  

Erlenmeyer, Helv. Ch im  Acta. 31, 571 (1948,. 
"'Turner, j .  A m  Chem Soc., 68, 1607 (1946). 
'I7King and  Acheson, j .  Chem Soc., 683 (1946). 
"'Reihlen e t  al., Ann., 493,  20 (1932). 



u*Tarbell ec al., 1. A m  C h e m  Soc., 68, 1217 (1946). 
"OCorse, Bryant, and Shonle, 1. Am. Chem. Soc., 68, 1905 (1946). 
snHuber, 1. A m  C h e m  Soc., 66, 876 (1344). 
'"Hawkins and Briggs, I.  Am. Chem. Soc., 71, 2530 (1949). 
"'Biggs and Bishop, Olg. Syntheses,  27, 18 (1947). 
"4Malachowski et  al., Rer., 71, 759 (1938). 
"'Ruggli and Prijs, Helv. Chim. Acta,  28, 674 (1945). 
'a6Albert, Mills, and Royer, I. C h e m  Soc., 1452 (1947). 
"'Paul and Cottin, Bull. soc. c h i m  France, (5) 4, 933 (1937). 
"aWiley, j. A m  C h e m  Soc., 68, 1867 (1946). 
'agUtermohlen, I .  A m  C h e m  Soc., 67, 1505 (1945). 
"OTarbell and Noble, I. Am. C h e m  Soc., 72, 2657 (1950). 
"'Marvel and Tanenbaum, I. A m  C h e m  Soc., 44, 2649 (1922). 
'"Buck, j .  A m  C h e m  Soc.. 55, 2593, 3388 (1933). 
"'Kindler and Peschke, A r c h  P h a n n ,  269, 581 (1931). 
"4Wiley and Adkins, j. A m  C h e m  Soc., 60, 914 (1938). 
"'Mousseron, Jullien, and Wincernitz, Bull. soc. c h i m  France,. (5) 15, 884 

(1 948). 
aa6Ruggli and Businger, Helv. Ch im  Acta, 25, 35 (1942). 
"'Schultz, j. A m  C h e m  Soc., 69, 1056 (1947). 
'"Albert and Magrath, I. C h e m  Soc., 678 (1944); Havinga and Veldstra, Rec. 

trov. c h i m ,  66, 27 1 (1947). 
"PPollack, I. A m  C h e m  Soc., 65, 1335 (1343). 
'*Weygand, Ber., 74, 256 ( 1341). 
'41Winans and Adkins, I .  A m  C h e m  Soc., 55, 4167 (1933). 
aaBiggs and Bishop, Ind. Eng. C b e m ,  38, 1084 (1946); Kindler and Hess, 

Arch. P k m ,  271, 439 (1933). 
'UWojcik and Adkins, j ,  A m  C h e m  Soc., 56, 2419 (1934). 
'"Uffer and Schlialer, Helv. Chim. Acta, 31, 1397 (1948). 
'UGavrilw, Koperina, and Klyuchareva, Bull. soc. c h i m  France, (5) 12, 773 

(1945). 
'"Winans and Adkins, j .  A m  Che? Soc., 55, 2051 (1933). 
'47Paul, Bull. soc. c h i m  France, (5) 4, 112 1 (1937). 
'48King, Barltrop, and Walley, j. C h e m  Soc., 277 (1945). 
"'Hass, Susie, and Heider, I .  Org. C h e m ,  15, 8 (1950). 
"OLycan, Puntambeker, and Marvel, Org. Syntheses,  Coll. Vol. I4  318 (1943). 
'"Pinck and Hilben, I .  A m  C h e m  Soc., 54, 710 (1932). 
'"Breslow e t  al., I. A m  C h e m  Soc., 66, 1921 (1944). 
"'Magidson and G i g a m s k y ,  Ber., 69, 396 (1936). 
"4Carmack e t  al., j .  A m  C h e m  Soc., 68, 1220 (1946). 
'mHurd and Perlecz, I .  Am. C h e m  Soc.. 68, 38 (1946). 
'"Hartung and Munch, j. A m  C h e m  Soc., 51, 2262 (1929). 
"'Mills and Grigor, I .  Chem. Soc., 1568 (1934). 
"'Fischer, Sturm, and Friedrich, A n n ,  461, 257 (1928). 
""Koessler and Hanke, I. A m  C h e m  Soc., 40, 1716 (1918). 
16"Barry and Hanung, j. Org. C b e m ,  12, 460 (1347). 
'61Shivers and Hauser, I. A m  C h e m  Soc., 69, 1264 (1947). 
'aHamlin and Hartuag, j. Biol. C h e m ,  145, 349 (1942). 
'"Snyder and Smith, I.  Am. C b e m  Soc., 66, 350 (1944). 
'UGrlinacher, Helv. Chim. Acta. 6, 458 (1923). 
'"Cocker, I.  C h e m  Soc., 1489 (1340). 

REFERENCES FOR CHAPTER 24 

'mhGiller and Feld, M o ~ t s h . ,  58, 22 (1931). 
'67Decombe, Ann. c h i m .  (10) 18, 126 (1932). 
'68Campbell, Sommers, and Campbell, j. Am. Chem. Soc.. 66, 82 (1944). 
'6PHenze and Humpheys, I .  A m  Chem. SOC., 64, 2878 (1942); cf. ref. 368. 
"OTiollais, Bull. soc. c h i m  Fmnce,  (5) 14, 959 (1947). 
'"Campbell, Sommers, and Campbell, Otg. Syntheses,  27, 12 (1947). 
"aAllen and Van Allan, Org. Syntheses.  21, 108 (1941). 
"'Gomwell, Babson, and Harris, I. A m  C k m  Soc., 65, 312 (1943). 
"4Gomwell and Heksema, j. Am. C h e m  SOC., 67, 1658 (1945). 
"'Phillips, I .  Soc. C h e m  l n d  (London), 66, 325 (1947). 
a'6Coleman and Blomquist, j .  A m  C h e m  Soc., 63, 1692 (1941). 
'"Winans, I d  Eng. C h e m ,  32, 1215 (1940). 
"OZenitz, Macks, and Moore, I. Am. C h e m  Soc., 69, 1117 (1947); cf. ref. 379. 
swKindler, Hedemann, and SchGrfe, Ann., 560, 215 (1948); ~ & m ~ e r ,  Ann. chim., 

(12) 4, 226 (1949). 
"ONienberg, Ber., 70, 635 (1937). 
'"Ferber and BGckner, Ber., ?2, 995 (1939). 
IUFerber and &ndir, Ber., 72, 839 (1939). 
'"Waser and Miillering, Org. Syntheses,  Coll. Vol. I, 499 (1941); cf. ref. 309. 
'Usbreve e t  al., I d  Eng. C h e m ,  29, 1361 (1937); 33, 218 (1941). 
'"Gilrnan and Nobis, I.  A m  C h e m  Soc., 67, 1479 (1945). 
Ia6Horning and &rgstrom, I.  Am. C h e m  Soc., 67, 2110 (1345). 
'"Hauser and Weiss, I.  Org. Chem., 14, 310 (1949). 
"aEisleb, Bar., 74, 1433 (1941). 
'"'Drake in Organic Reactions,  Vol. 1, John Wiley & Sons, New York, 1942, 

p. 105. 
'goIkuta, A m  C h e m  I., 15, 39 (1893). 
'"Hartuag, Minnick, and Koehler, I .  A m  C h e m  Soc., 63, 507 (1941). 
'"Robinson, I .  A m  C h e m  Soc., 69, 1942 (1947). 
'g'Waoshtzow and Kogan, Ber., 65, 142 (1932). 
'04Gilman and Swiss, I .  A m  Chem. Soc., 66, 1884 (1944). 
'"Davies and Hulben, j. Soc. C b e m  Ind (London), 57, 349T (1938). 
'g6Hickinbottom, I. Chem. Soc., 11 19 (1937). 
'"Moore in Organic Reactions,  Vol. 5, John Wiley & Sons, New York, 1949, 

p. 301. 
'"Stevens and Richmond, I .  A m  C h e m  Soc., 63, 3132 (1941); cf. ref. 397. 
'PPIngersoll, Org. Syntheses,  Coll. Vol. II, 503 (1943); Ingersoll e t  al., I. A m  

C h e m  Soc., 58, 1808 (1936). 
4mIcke, Wisegarver, and Alles, Org. S y d h e s e s ,  25, 89 (1945). 
4aNovelli, I .  A m  C h e m  Soc., 61, 520 (1939). 
U"Bunda  and Marks, I.  A m  C h e m  Soc., 71, 1587 (1949). 
4"Staple and Wagner, I .  Org. C h e m ,  14, 559 (1949). 
4MSchiedt, I.  prakt. C h e m ,  (2) 157, 203 (1941). 
-Webers and Bruce, I.  A m  C h e m  SOC., 70, 1422 (1948). 
4WBurger and Walters, I. A m  C h e m  Soc., 72, 1988 (1950). 
O'Niemann, Benson, and Mead, I .  Org. Chem., 8, 401 (1943). 
4'"Wrinht e t  al., I .  Am. C h e m  Soc., 72, 3536 (1950); Biel, ibid., 71, 1306 - 

( 1949). 
-Herz. Dittmer, and Gistol ,  I. A m  C h e m  Soc., 69, 1698 (1347); ~ a c h m a n  

and ~ e i s & ,  ibid,.68, 2496 (1946). 
410Holdren and Hixon, I .  A m  C h e m  SOC.. 68, 1198 (1940. 



AMINES Ch. 24 

411Hartough et  al., J. ' ~ m .  Chem Soc.. 70, 4013, 4018 (1948). 
'"Kiihn and Stein, Ber., 70, 567 (1937). 
41'Mannich and Chang, Ber.. 66, 418 (1933). 
'"Jones, Marszak, and Bader, J. Chem Soc.. 1578 (1947). 
41'Grillot and Gumley, 1. Am Chem. Soc.. 67, 1968 (1945). 
'16Mamich, Lesser, and Silten, Ber., 65, 378 (1932). 
'17Wilds and Shunk, I .  Am. C k m  Soc.. 65, 469 (1943); Spaeth, Geissman, and 

Jacobs, I .  Org. Chem, 11, 399 (1946). 
'lnSkoda, soc. chim France, (5) 13, 328 (1946). 
U9Howton, J .  Org. Chem. 12, 379 (1947); cf. Mannich, Bet., 75, 49 (1942). 
4'0Maxwell, Org. Syntheses, 23, 30 (1943). 
'"Ruddy and Buckley, I .  Am. Chem. Soc., 72, 718 (1950); Burckhalter and 

Fuson, ibid., 70, 4184 (1948). 
'"Fry, I .  Org. Chem, 10, 259 (1945); Winstein e t  al., ibid.. 11, 215 (1946). 
U'Plati e t  al., 1. Org. Chem., 14, 543, 873 (1949). 
4 ' 4 M a ~ i c h  and Ganz, Ber., 55, 3486 (1922). 
*'Butler and MacMillan, I .  Am. Chem. Soc., 72, 2978 (1950). 
4'6Blomquist and Shelley, J. Am Chem. Soc.. 70, 147 (1948). 
"'Blicke in Organic Reactions, Vol. 1, John Wiley & Sons, New York, 1942, 

P. 303- 
"Ing and Manske, J .  Chem Soc., 2348 (1926); cf. Org. Syntheses, Coll. Vol. 

II, 83 (1943). 
4'9Sheehan and Bolhofer, J. Am. Chem. Soc., 72, 2786 (1950). 
'"Smith and Emerson, Org. Syntheses, 29, 18 (1949). 
'"Loevenich, Becker, and Sch"or ,  I .  prakt. Chem, 127, 254 (1930). 
4'aPutochin, Ber., 59, 625 (1926); C. A. 24, 3756 (1930); cf. ref. 428; also 

Bailar, J. Am Chem Soc., 56, 955 (1934). 
'"Amundsen and Sanderson, Org. Syntheses, 24, 44 (1944); Shiner and Hickey, 

I .  Am C k m  Soc.. 61, 888 (1939). 
U4Chambret and Joly, Bull. soc. chim. France, (5) 14, 1023 (1947). 
"'Miiller and Feld, Momtsh, 58, 15 (1931). 
4J6Rug61i, Leupin, and Dahn, Helv. Chim. Ac&, 30, 1845 (1947). 
'"Sakellarios, Helv. Chim Acta, 29, 1675 (1946). 
'"Hamer and Rathbone, J .  Chem Soc., 246 (1943). 
4'9 Weizmann and Makowa, Bull. soc. chim France, (4) 47, 356 (1 930). 
*Davies and Powell, J .  Am Chem Soc., 67, 1466 (1945). 
"'DeWitt, Org. Syntheses. Coll. Vol. 11, 25 (1943). 
"'Cloke e t  al., J. Am. C k m  Soc.. 67, 1587 (1945). 
"'Billman and Parker, J. Am. Chem Soc.. 65, 761 (1943). 
"'Birkofer, Ber., 75, 429 (1942). 
U'Goldberg and Kelly, I .  C h a  Soc., 1369 (1947). 
"'Stall, Peyer, and Hofmann, Helv. Chim. Acta, 26, 929 (1943). 
"'Mattocks and Hartung, J .  Am. Chem. Soc., 68, 2108 (1946). 
" 'We~er, 1. Org. Cbem., 13, 26 (1948). 
44g~orning, Horning, and Platt, I .  Am Cbem Soc.. 70, 288 (1948). 
"ORiegel, Gold, and Kubico, I .  Am. Chem Soc., 64, 2221 (1942). 
'"Coleman and Callen, I .  Am Chem Soc., 68, 2006 (1946). 
"'Clapp, I .  Am. Chem Sot.. 70, 184 (1948); cf. ref. 451. 
"'Mannich, Handke, and Roth, Ber., 69, 21 12 (1936). 
"'Pearson, Barter, and Carter, Org. Syntheses, 29, 21 (1949); cf. ref. 455. 
'"Schmidt e t  al., Ann., 568, 192 (1950). 

REFERENCES FOR CHAPTER 24 

4'6Leffler, Org. Syntheses, Coll. Vol. 11, 24 (1943). 
45'Krueger and Schwarcz, J. Am Chem. SOC., 63, 2512 (1941). 
'"Adams and Segur, I .  Am Chem. Soc., 45, 785 (1923). 
4'9Pierce and Adams, J. Am Chem. Soc., 45, 790 (1923). 
460Vliet, Org. Syntheses, Coll. Val. 1, 201, 203 (1943). 
461Headlee, Collett, and Lazzell, J. Am. Chem. Soc., 55, 1066 (1933); Horne 

and Shriner, ibid, 54, 2925 (1932). 
46aLasselle and Sundet, J. Am Chem SM., 63, 2374 (1941). 
e3Biel,  1. Am. Chem. Soc., 71, 1306 (1949). 
"Goldfarb, I .  Am. Chem Soc.. 63, 2280 (1941). 
"Cairns and Fletcher, J. Am Chem Soc.. 63, 1034 (1941). 
"6McCasland and Smith, J. Am. Ckm.  Soc., 72, 2190 (1950). 
467Leffler and Adams, J. Am Chem. Soc., 59, 2252 (1937). 
46nEmerson, J .  Am. Chem. Soc.. 67, 516 (1945). 
469L~tz ,  Freek, and Murphey, I. Am Chem. Soc.. 70, 2015 (1948). 
4mMoffett and Hoehn, J. Am. Chem Soc., 69, 1792 (1947). 
471Campbell e t  al., J. Am. Chem Soc., tO, 3868 (1948). 
"'Gardner et  al., J. Chem. Soc., 780 (1949). 
"'Kyrides et  al., J .  Am. C k m  Soc.. 72, 745 (1950); Gawron and Spoeni, ibid,  

67, 514 (1945); Hromatka, Ber., 75, 131 (1942). 
'"Haeseler, Org. Syntheses, Coll. Vol. 1, 196 (1941). 
4''Gomwell, Chem. Revs., 38, 83 (1946). 
476Kohn, Mowtsh., 25, 841 (1904). 
"'Morsch, Mowtsh., 63, 220 (1934). 
47nHolley and Holley, J. Am. Chem Soc.. 71, 2124 (1949)- 
4wJohason, Woroch, and Buell, J. Am. Chem Soc., 71, 1901 (1949); Southwick 

and Seivard, ibid., 71, 2532 (1949). 
480Stork and McElvain, J. Am Chem SOC., 69, 971 (1947). 
'"'Mozingo and McCracken, Org. Syntheses, 20, 35 (1940); Fuson, Parham, and 

Reed, I .  Am Chem Soc., 68, 1239 (1946); McElvain and Rorig, ibid,  70, 1820, 
1826 (1948). 

48'Morsch, Mowtsh., 60, 50 (1932). 
48'Morsch, Monatsh., 61, 299 (1932). 
'"McElvain and Stork, J. Am. Chem Soc., 68, 1049 (1946)- 
48'Steiger, Org. Syntheses, 22, 26 (1942). 
4n6Philippi, Hendgen, and Hernler, Mowtsh.. 69, 282 (1936). 
'"Heath and Rose, J. Chem. Soc., 1471, 1486 (1947). 
4nnWonall, 1. Am Chem. Soc., 49, 1598 (1927). 
489Snyder, Weaver, and Matshall, J .  Am Chem Soc., 71, 289 (1949). 
490Robinson, J. Chem Soc., 220 (1941). 
491Bachmann, J. Am. Chem SOC.. 59, 420 (1937). 
"'Pschon and Karo, Ber.. 39, 3140 (1906). 
49'Weston and Adkins, J .  Am. Chem Soc., 50, 859 (1928). 
494Blicke and Tsao, J. Am Chem Soc.. 68, 905 (1946). 
"'Fones, J. Org. Chem. 14, 1099 (1949). 
"6Weston, Ruddy, and Suer ,  J. Am Chem. Soc., 65, 674 (1943). 
"Aspinall, J. Am C k m  Soc., 63, 852 (1941). 
49nKlosterman and Painter, I .  Am. Chem Soc.. 69, 1674 (1947). 
'"Cocker, J. Chem Soc., 1693 (1937); 1290 (1940). 
'WBillman and Parker, J. Am. Chem Soc., 65, 2455 (1943). 
'"'Verka& and Witjens, Rec. trav. chim.. 62? 201 (1943). 



7 2 6  AMINES Ch. 24 

'OaKrueger and Mosettig, J .  Org. Chem., 5, 313 (1940). 
'05~oset t ig  and Krueger, I .  Org. Chetn. 3, 317 (1938). 

I '"'Bachmann and Boatner, 1. Am Ckm. Soc.. 58, 2097 (1936). 
"Baker, I .  Chem Soc.. 476 (1937). 
'06Ritter and Kalish, I .  Am. C k m  Soc., 70, 4048 (1348). 
"'Price and Voong, Org. Syntheses, 28, 80 (1948). 
" ~ e f f l e r  in Organic Reactions. Vol. 1, John Wiley & Sons, New York, 1942, 

p. 91; cf. Deasy, I .  Org. C k m .  10, 141 (1945). 
'09Parker and Shive, I. Am. Chem Soc., 69, 63 (1947). 
510Bergstrom, Sturz, and Tracy, 1. Org. Chem, 11, 239 (1946). 
"'Glickman and Cope, I. Am Chem Soc., 67, 1017 (1945); Coffey, Thomson, 

and Wilson, I. Chem Soc.. 856 (1936); Dgcombe, Ann chim., (10) 18, 103 (1932). 
"'Brown and Jones, I .  Chem. Soc.. 781 (1946). 
"'Stewart and Bradley, I .  Am Chem. Soc., 54, 4172 (1932). 
"4Alexander and Underhill, I .  Am Chem Soc., 71, 4014 (1949). 
5L'Masters and Bogert, I. Am Chem Soc., 64, 27 10 (1942). 
"'Rivier and Farine, Helv. Chim Acta, 12, 866 (1929); Scanlan, I .  Am Chem. 

Soc.. 57, 887 (1935). 
"'Gattermann and Wieland, Laboratory Methods o/ Organic Chemistry, The 

Macmillan Co., New York, 1938, p. 317. 
"'Lambert, Scaife, and WilderSmith, I .  Chem. Soc.. 1474 (1947). 
"9Buckley, Heath, and Rose, I. C h a  Soc., 1500 (1947). 
"ORousseau and Lindwall, I .  Am Chem. Soc.. 72, 3047 (1950). 
"'Jones and Wilson, I .  Chem. Soc., 550 (1949). 
"'Barger and Easson, I. Chem Soc., 2100 (1938). 
'"Hiers and Adams, I. Am. Chem Soc.. 49, 1099 (1927); Ber., 59, 162 (1926). 
'UAllen and Bell, Org. Syntheses, 22, 19 (1942). 
5nAnslow and King, Org. Syntheses. Coll. Vol. I, 298 (1941). 
'Z'Neunhoeffer and Liebich, Ber., 71, 2247 (1938); Bell, Kenyon, and Robinson, 

I. Cbem. SOC., 1243 (1926). 
"'Kamm, Org. Syntheses, Coll. Vol. 1, 445 (1941). 
"'Salzberg, I .  Am. Chem Soc., 72, 4307 (1950). 
"9Ettlin8er, I .  Am. Chem. Soc.. 72, 4795 (1950). 
"qngram, I. Chem. Soc., 2247 (1950). 
'UTheilacker and Wendtland, Ann, 570, 50 (1950). 
'5aHauser and Reynolds, I .  Org. Chetn. 15, 1224 (1950). 
"'Degering and Boatright, I. Am. Cbem Soc.. 72, 5137 (1950). 
"4Waalkes et  al., I .  Am. Chem. Soc., 72, 5760 ( 1950). 
'"Groggins, Unit Processes in Organic Synthesis, McGraw-Hill Book Co., New 

Yak,  1947, pp. 73-128. 
"'Ref. 535, pp. 338-423. 
"'Baret and ~ g v e ~ u e ,  Bull. soc. chim France, (5) 16, 832 (1949). 
"'Elderfield and Ressler, I. Am. Chem Soc., 72, 4067 (1950). 
"9May and Mosettig, I. Am. Chem. Soc., 70, 1077 (1948). 
'40JJian et  al., I .  Am Chem. Soc., 67, 1203 (1945). 
'"Hass and Huffman, I .  Am Chem Soc., 63, 1233 (1941). 
'4aAllen and Wolf, Org. Syntheses, 30, 3 (1950). 
'4'Tchouhr, Bull. soc. chim France, (5) 16, 160 (1949). 
'UHaz, I .  Am. Chem Soc., 72, 4999 (1950). 
CUBurger and Bennet, I .  Am Chem Soc.. 72, 5414 (1950). 
'UManake and Kulka, I .  Am Chem Soc., 72, 4997 (1950). 

REFERENCES FOR CHAPTER 24 

'4'Lewis, I. Chem Soc.. 2249 (1950). 
'-Snyder and Hamlin, I .  Am C h a  Soc., 72, 5082 (1950). 
'*Winstein and Boschan, I .  Am Chem. Soc., 72, 4675 (195 / 

"'Roeder and Day, I .  Org. Chem., 6, 28 (1941). 
"'Gilman and Avakian, I .  Am Chem. Soc., 68, 580 (1946). 
-'Witten and Reid, Org. Syntheses. 30, 5 (1950). 
s5'Morrison and Rinderknecht, I .  Chem. Soc., 1478 (1950). 
"4Fieser, Org. Syntheses, Coll. Vol. II, 35, 39 (1943). 
"'Stevenson, Ind Eng. Chem., 42, 1664 (1950). 
"'Kremer, I .  Am. Chem Soc., 61, 1321 (1939). 
15'King and Work, I .  Chem Soc., 1307 (1940). 
"'Wilkinson and Finar, I .  Chem. Soc.. 759 (1947). 
s 5 9 B r o ~  in Organic Reactions, Vol. 6, John Wiley & Sons, 

cf. 

!W 

, ref. 

Yak ,  

p. 469. 
'@Campaigne, Budde, and Schaefer, Org. Syntheses. 31, 6 (195 1). 
56'Schultz, Org. Syntbeses. 31, 45 ( 1951). 



METHODS 465-468 729 

Imines 

CONTENTS 
METHOD PAGE 
465. Condensation of Carbonyl Compounds with Amines .................................. 728 
466. Cyclization of ,B-Amino Alcohols .................................................................. 727 467. Action of Grignard Reagents on Oximes ...................................................... 727 468. Action of Grignard Reagents on Nitriks ...................................................... 727 
469. @-hinonitriles by Condensation of Nitriles ................................................ 730 
470. Ethylene Imino Ketones by the Action of Amines on a,@-Dibromo 

............................................................................................................ Ketones 730 
...................................................................................................... Table 73. Imines 73 1 

References ................................................................................................................ 732 
465. Condensation of Carbonyl Compounds with Amines 

RCHO + R'NH, + RCH =NR' + H,O 

Both aliphatic and aromatic aldehydes condense with primary amines, 
aliphatic and aromatic, to form N-substituted imines. The purely aliphatic 
imines (C, to  C,,) can be obtained in 5 0 4 0 %  yield; however, these  com- 
pounds are unstable and should b e  used immediately after distillation.' 
Side reactions which may occur during their formation have been studied.' 
On the other hand, Schiff bases  from substituted bentaldehydes and 
amines, aliphatic and aromatic, are more stable and have been prepared in 
large n~mbers . "~  The bentaldehyde entity may carry a halo, hydroel ,  
methoxyl, dialkylamino, or nitro group.' Usually, an immediate reaction 
occurs upon mixing the two reactants either without a solvent or in dilute 
alcohol, a s  illustrated by the synthesis of bentalaniline, C,H,CH=NC,H, 
(87%).' 

The  formation of Schiff bases  by the reaction of ketones with amines 
i s  more difficult. Acetophenone and other aryl alkyl ketones which are 
slow to  react under the usual conditions will combine with aromatic amines 

a t  160-180° in the presence of a zinc chloride-aniline salt." In another 
procedure, 2-acetylthiophene and aniline are condensed in boiling toluene 
with the aid of a water separator." 

Ketones like acetophenone have been heated with ammonia in the 
presence of a dehydrating agent, but the formation of the ketimines i s  

poor.' A successful conversion of pfluorenone to  i t s  ketimine has  been 
described in which anhydrous ammonia i s  passed through the moltel? ketone 
a t  l65O (66%).' 

Invariably, the combination of ammonia and aldehydes forms other 
products; these reactions have been reviewed.' Monochloramine (NH,CI) 
reacts  readily with substituted bentaldehydes to form aldchlorimines 
( ArCH =NU).'' 

466. Cyclization of p- min no Alcohols 

Ethylenimine is conveniently prepared from ethanolamine by heating 
the inner salt of the sulfate es ter  with aqueous alkali (37%)." The 

method h a s  been applied to other p-amino alcohols to form the C-alkyl 
homologs of ethylenimine in which one to  three of the four hydrogens may 
b e  substituted." The general procedure i s  illustrated by the synthesis  
of 2,2-dimethylethylenimine (51%)." The  N-alkyl analogs can be made by 
treating the N-alkylethanolamine hydrochlorides with chlorosulfonic acid 
followed by the action of base  on the intermediate sulfuric acid esters,  
a s  in the preparation of N-ethylethylenimine (70%).14 

Aryl-substituted amino alcohols fail to  undergo th is  reaction but in- 
s tead  are dehydrated to vinylamines. 

The reactions of ethylenimine have been studied extensively." 

467. Action of Grignard Reagents on Oximes 

R R 

2RMgX I H 0 

AIC - CH, 
I 

+ Ar-C-CH, Ar-C-CH, 

II \ /  
NMgBr 

\ /  
NOH NH 

Certain substituted ethylenimines are obtained by the action of ali- 
phatic or  aromatic Grignard reagents on aryl alkyl ketoximes with s u b  
sequent non-acidic decomposition of the intermediate complex (20- 
60%).~~*'~ 

468. Action of Grignard Reagents on Nitriles 

RMgX NH ArCN - ArRC= NMgX 4 ArRC= NH 
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The interaction of Grignard reagents and nitriles produces ketimines 
which may be hydrolyzed to ketones without isolation (method 187). 
Many of the alkyl aryl ketimines have been isolated for further study. 
For this purpose, the intermediate addition compound i s  decom~osed hv 

K ---- -I treatment with anhydrous hydrogen chloride or, preferably, with anhydrous 
ammonia."-19 The yields range from 50% to 86%. Often, the ketimines 
are  non-hydrolyzable or h7drolyzed with difficulty, allowing them to be 
easily isolated; ' Gathers musr be isolated and stored under anhydrous 
 condition^.'^*'^ 

469.  mino no nit riles by Condensation of Nitriles " 

470. Ethylene Imino Ketones by the Action of Amines on a , P - ~ i b r o m o  
Ketones '3 

TABLE 93. IMINES 73 1 

TABLE 93. IMINES 

Yield 
C n Compound Method % Chapterref. B.p./mm.. nb, (Kp.). Deriv. 

- - 
C, Ethylenimine 466 37 25" 58, 1.4123" 

C,  1.2-Propylenimh e 466 6 5  25" 64, 1.4095" 

Ethylidenemethylamine 465 55 25' 28/754. 1.40 10" 

c4 1,2-Butylenimine 466 46 25" 89, 1.4165'' 

tr--2.3- Butylenimine 466 4 7  25 " 76, 1.4O7OU 

2.2-Dimethylethylen- 466 51 25" 72, 1.4050" 

imine 
N-Ethylethylenimine 466 70 25 " 222HC1 
Propylidenemethyl- 465 77  25' 53/758. 1.4033" 

amine 
Ethylidene-ethyl- 465 77 25' 48/774, 1.3953" 

amine 

C ,  Propylidene-ethyl- 465 8 1  25' 74/764, 1.4053'~ 

amine 
Butylidenemethyl- 465 7 6  2 s  81/764, 1.4095" 

amine 
C, Butylidene-ethyl- 465 84 25' 102/763, 1.4105" 

amine 

C,  N-Benzylidenemethyl- 465 70 25' 185, 69/20. 1.5519 

amine 
C9 N-Benzylidencethyl- 465 90 25" 99/28, 1.5397 

amine 
C 2-Phenyl-2-ethyl- 467 60 2 516 8W7, 1.5318. 191HC1 

ethylmimine 

C,, N-Pheiyl 2-thienyl 465 46 256 155/5, (70) 
methyl ketimine 

C U  Diphenylmethane .... 66  25" 
imine hy Qochloride 

Fluorenyllidenimine 465 66  25' (124) 
N-Benzylideneaniline 465 8 7  25' (52) 

(bmzalaniline) 

C U  Acemphenonanil 465 42 2 5" 167/12, (99) 

CIS 2,2-Diphmyl-3 467 70 25" 132/1, (75). 140HCl 
methylethylenimine - 

FOC explanations and symbols s e e  pp. xi-xii. 
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Hydrazines 

CONTENTS 

METHOD PAGE 

471. Alkycylation of Hydrazines .............................................................................. 733 
472. Interaction of Amines and Hydroxylamine-GSulfonic Acid ...................... 734 

473. Reduction of Diazonium Compounds ............................................................ 734 

474. Reduction of Nitrosoarnines ...................................................................... . 734 

I 475. Reduction of Azo Compounds .................................................................. 735 

476. Action of Gignard Reagents on Diazomethane .......................................... 735 

I 477. Reductive Hydrazination of Carbonyl Compounds ...................................... 735 

478. Addition of Grignard Reagents to Dialkyl-alkylidenhydrazones .............. 735 

I These compouads are prepared in part by methods similar to those for 
amines; in addition, specific methods are employed including the re- 
duction of diazonium compounds, reduction of azo compounds, and re- 
duction of nitrosamines leading to sym- or unsym-substituted hydrazines. 

471. Alkylation of Hydrazines 

High-molecular-weight monoalkylhydrazines (C, and above) can be 
made from anhydrous h y d r a ~ i n e ~ ~  and alkyl halides in a manner similar 
to the alkylation of amines.' On the other hand, alkylation with the 
lower halides leads chiefly to di-, tri-, and tetra-substituted hydrazines.' 
Ethylhydrazine has  been obtained by alkylation of hydrazine with ethyl 
sulfate (32%).' Methylhydrazine is synthesized by a special variation of 
this method (54%).9 

If activated by nitro groups, aryl halogens are easily replaced by the 
hydrazino group, a s  illustrated by the synthesis of 2,4-dinitrophenyl- 
hydrazine (81%): Other nitrophenylhydrarines may be obtained by the 
action of hydrazine or methylhydrazine.' 

Alkali metal phenylhydrarines, ArN(Na)NH,, which are prepared by 
the direct reaction of primary hydrazines with alkali amide in liquid 
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ammonia are readily alkylated by alkyl halides to furnish N,N-alkyl- 
aryihydrazines, Ar(R)NNH, (73-94%).' 

sym-Hydrazines, RNHNHR, are prepared by the alkylation of dibenzoyl- 
hydrazine (GH,CONHNHCOGI&) followed by hydrolytic treatment, as 
shown by the synthesis of sym-dimethylhydrazine (73% over-all).' This 
procedure may be applied to dibenzoylalkylhydrazines which upon altyl* 
tion and hydrolysis yield sym-hydrazines substituted with different groups, 
e.g., sym-methylisopr~pylhydrazine.~~ 

The interaction of hydrazine hydrate and ethyl chlorocarbonate in 
- --- 

methanol solution yields methyl hydrazinecarboxylate, I-&NNHCO,CH, 
(49%)." 

4 7 2  Interaction of Amines and Hydroxylamine-0-Sulfclnic Acid 

RNH, + NH,O.SO,OH % RNHNH, 

Monoalkylhydrazines (C, to C,) are readily prepared by heating amines 
with hydroxylamine-0-sulfonic acid in the presence of alkali (31-a%).' 
The products are isolated a s  the oxalate salts. 

473. Reduction of Diazonium Gmpounds 

The reduction of diazonium sal ts  by sodium sulfi te forms monosub- 
sututed arylhydrazines. An improved procedure for the synthesis of 
phenylhydrazine in 84% yield is typical." Arylhydrazine sa l t s  sub- 
stituted in the nucleus with halo,14 ether," ~ a r b o x y l , ' ~ * ' ~  or nitroa7*" 
groups have been prepared The free bases  are liberated from the sa l ts  
by the action of aqueous sodium hydroxide or sodium acetate. 

474 Reduction of Nitrosoamines 

R,NH CHoN0)+ Zn &NNO - R,NNH, 
CH,COOH 

unsym-Disubstituted hydrazines, R&NH,, are prepared by the zinc- 

acetic acid reduction of either aliphatic or aromatic nitrosoamines. In 
this manner, unsym-dimethylhydrazine is synthesized in 73% yield from 
ni t ros~dimethylamine.~~ Similarly, a-methyl-a-phenylhydtatine is pre- 
pared (56%)." Preparations of the nitrosoamines from the corresponding 
secondary amines are a lso  described. 

Ethylhydrazine is made from nitrosodiethylurea, C,H,N(NO)CONHGH,, 
by the usual s teps  of reduction and hydroly~is . '~  

METHODS 475-478 

475. Reduction of Azo Compounds 

Aromatic sym-&substituted hydrazines are obtained by reduction of 
azo compounds, which in turn are intermediates in properly controlled 
reductions of nitro compounds. The over-all reduction can be accom- 
plished with zinc dust and alkali or electrolytically. For example, 
hydrazobenzene, the simplest member, is made by both procedures.us24 
Chemical reduction is carried out on o-nitrobromobenzene to form 2,y- 
dibromohydrazobenzene (57%), the halo groups remaining intact." Many 
examples of the electrolytic procedure have been cited; the yields vary 
from 50% to 95%.16 To a limited extent, a magnesium-magnesium iodide 
system has  been employed a s  a reducting agent for the a~obenzenes . '~  

476. Action of Grignard Reagents on Diazomethane" 

477. Reductive Hydrazination of Carbonyl Compounds 'O 

2R,CO + I-&NNH, P R,CHNHNHCHR, 
Catalyat 

R =iaapmpyl  (80%) 

47% Addition of Grignard Reagents t o  Dialtylalkylidenhydrazonesaa*a' 

R = ethyl (227. o v e r - d )  
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- .  
TABLE 94. HYDRAZINES 

c n  Compound Method yi:d chapteflef. B.p./-., n &, (Kp.), Derir. 

C l  Methylhydrazine (as 471 54 269 (142) 
sulfate) 

C1 Ethylhydrazine 471 32 26' 99.5/709. 1 lOHU 
Ehylhydrazine (as 472 42 26' (171) 

symDimethylhydrazine 471 78 26' (167) 
(as  hydrochloride) 

u n s p D i m e t h ~ l h ~ d r a z i n e  474 73 26w 65/765, 82HC1 
Methyl hydrazino- 471 49 26" 108/12, (63), 160HC1 

c u b  xyl ate 

C 3 rrPropylhy drazine (as 472 52 26' (175) 
oral  ate) 

Isopropylhydraiine 477 90 26* 107/750, 114HC1 
Isopropylhydrazine (as  472 44 26' (172) 

oxalate) 

C4 whtylhydraz ine  (as 472 45 26' (165) 
oxalate) 

symMethylisopropy1- 471 50 26" 79/37 
hydrazine 

N,N-~imethyl-N'- 478 65  26'' 77/720, 93Pi 
ethylhydrazine 

C, n-Amylhydrazine (as 472 31  26' (164) 
oralate) 

symMerhyl-rrbutyl- 476 53 26" ll5HCl 
hy drazin e 

C 6 n-Hexylhydrazine 
s y m  Xi sopmpyl- 

hydrazine 
Triethylhydrazine 
Phmylhydrazine 
pFluorophaylhydrazine 
cr Ni~ophenylhy drdzine 
PNitmphaylhydrazine 
2.4-Diniwphenylhydrazine 

C 7  a-Methyl-a-phayl- 474 56 26O 109/13 
h ydrazine 

crCarbxyphenylhydrazine 473 84 2616 (247), 190HCI 
p-Carboryphmylhydrarine 473 76 26" 253HC1 

C a  N.N-Ethylpheoylhydrazine 471 88 267 120-7/25, 147HC1 
C U  2-Phm~xy~henylhydrarine 473 45 26" (154) 

Hydrazobenzene 475 85 26= ( 124) 
2,~'-Dibtomohydraw- 475 57 26" (98) 

benzene 
-- 

T A B L E  94. HYDRAZINES 737 

TABLE 94 (c~nt'm#d) 

t 

c n Compound 
Method c h a p t s r e t  B.p./mm., n D. Wp.), Deriv. 

(%I 

c1, 4,4'-~ih~drazinodiphenyl- 473 35 26'' (141) 

For erplanarions and symbols see pp. xi-xii. 



HYDRAZLNES 

REFERENCES FOR CHAPTER 26 
'Gever and Hayes, I. 0%. Chem. 14, 813 (1949). 
'Westphal, Ber., 74, 759 (1941). 
'Brown and Kearley, 1. Am Chem. Soc., 72, 2762 (1950). 
4Allen, Org. Syntheses, Coll. Vol. 11, 228 (1943). 
'Vis, Rec. trav. ch'm.. 58, 387 (1939). 
6Koenigs and Loesch, I. prakt. C h a ,  143, 59 (1935). 
'Audrieth, Weisiger, and Carter, I. Org. Chem., 6, 417 (1941). 
"Ham, Org. Syntbeses, Coll. Vol. 11, 208 (1943). 
'Ham, .Org. Syntheses. Coll. Vol. II, 395 (1943). 

"Ramsperger, I.  Am Cbem Soc.. 51, 918 (1929). 
"Diels and Fritzsche, Ber., 44, 3022 (1911). 
"Coleman, Org. Syntheses, Coll. Vol. I, 442 (1941). 
"Parkes and Morley, I .  Chem Soc.. 315 (1936). 
14Schiemann and WinkelrnUler, Ber., 66, 729 (1933). 
UTarbell et al., I .  Am Chem Soc., 70, 1381 (1948). 
'6Pfannstiel and Janecke, Ber., 75, 1096 (1942). 
"Davies, I.  Chem Soc.. 715 (1922). 
"Brady and Reynolds, 1. Chem. Soc.. 196 (1928). 
"Veibel and Hauge, Bull. soc. chim. France, (5) 5, 1506 (1938). 
' O ~ a c t ,  Org. Syntbeses. Coll. Vol. 11, 211 (1943). 
"Hartman and Roll, Org. Syntheses, Coll. Vol. 11, 418 (1943). 
"Weygand, Organic Preparations, Interscience Publishers, New York, 1945, 

p. 241. 
"Gamermann and Wieland, Laboratory Methods o/ Organic Chemistry, The 

Macmillan Co., New York, 1938, p. 183; cf. ref. 24. 
'4McKee and Gerapostolou, Tmns. Electrochem. Soc.. 68, 329 (1935). 
USnyder, Weaver, and Marshall, I. Am Chem. Soc., 71, 289 (1949). 
"Swann, Trans. Electrocbem Soc.. 69, 307 (1936); 77, 479 (1940); Swann in 

Technique o/ Organic Chemistry, Vol. 11, Interscience Publishers, New York, 
1948, P. 143. 

"Bachmann, I. Am Chem Sot.. 53, 1524 (1931). 
"See ref. 23, p. 355. 
''Coleman e t  al., I.  Org. Chem. 3, 99 (1938). 
"Lochte, Noyes, and Bailey, I.  Am Cbem. Soc.. 44, 2556 (1922). 
3 1  Klages e t  al., Ann. 547, 1, 28 (1941). 

"Westphal and Eucken, Be?., 76, 1137 (1943). 
"Smith and Howard, Org. Syntheses, 24, 53 (1944); cf. Barber and Wragg, 

I. Chem Soc.. 1458 (1948). 

Oximes and Nitroso Compounds 

CONTENTS 

METHOD PAGE 

479. Oximination of Carbonyl Compounds .......................................................... 739 
480. Nitrosation of Active Methylene Compounds ............................................. 740 
481. Partial Reduction of Nitro Compounds .................................................... 740 

482. Hydroxylamination of Dihydropyridines ...................................................... 741 
483. Nitrosation of Secondary Amines ............................................................. 741 
484. Nitrosation of an Aromatic Nucleus ............................................................ 742 

485. Oxidation of Hydroxylamines and Amines ............................................... 742 

Table 95. Oximes (Isonitroso Compounds) ........................................................ 743 
Table 9 6  Nitroso Compounds .................................................................... . . . .  744 

479. Oximination of Carbony 1 Compounds 

R,CO + H,NOHo HCI + NaOH 4 R,C=NOH + H,O + NaCl 

Oximes are commonly prepared by t h e  interaction of ke tones  with hydrox- 
ylamine hydrochloride (or sulfate)  i n  t h e  p resence  of a n  inorganic base. 
T h e  reaction is reversible, but t h e  s t a t e  of equilibrium highly favors  the  

des i red  products. Prepara t ions  of l a rge  quant i t ies  for syn the t ic  work a r e  
i l lustrated for methyl ethyl ketoxime,' cyclohexanone oxime,',' hept- 
a l d ~ x i m e , ~  and benzophenone ~ x i m e , ~  t h e  procedures varying somewhat  
with t h e  nature of t h e  carbonyl compound. In some ins tances ,  a readily 

avai lable  and cheap  reagent  l i k e  sodium hydroxylamine disulfonate, 
HON(SO,Na),, is f i rs t  prepared from sodium ni tr i te  and sodium bisulf i te  

and, without isolation, t reated with t h e  carbonyl compound,'*617e" 
Hydroxylamine-0-sulfonic acid, H,NOSO,H, is s t i l l  another reagent  and, 

l i k e  sodium hydroxylamine disulfonate, is u s e d  i n  the  a b s e n c e  of a base. 

T h e  preparation of hydroxylamine hydrochloride is d e ~ c r i b e d . ~  
T h e  oximes of ke tones  with l a rge  hydrocarbon rad ica l s  l i k e  t h e  acetyl- 

phenanthrenes are readily prepared by t h e  act ion of hydroxylamine hydro- 

chloride i n  the presence  of pyridine." Special  s t u d i e s  have  been  made 

for the s y n t h e s i s  of 1,2-cyclohexanedione dioxime14 a s  well a s  the next  
higher h ~ m o l o g . ' ~  Dimethylglyoxime, CH,C( =NOH)C( =NOH)CH,, is 
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prepared by the action of sodium hydroxylamine monosulfonate on biacetyl 
monoxime." 

480. Nitrosation of Active Methylene Compounds 

RCOCH,R + R'ONO % RCOC(=NOH)R + R'OH 

Compounds having active methylene groups react  with nitrous acid to 
form oximino derivatives. The attack on the a-methylene group of ketones 
i s  il1ust;ated by the action of ethyl nitrite on methyl ethyl ketone, and 
by the action of methyl nitrite on propiophenone, to form biacetyl monoxime 
(60%)" and isonitrosopropiophenone (68%),16 respectively. Methyl and 
ethyl nitrites are passed  in gaseous  form into the ketones in the presence 
of hydrochloric acid. In other preparations, ~ b u t y l ,  amyl, or octyl nitrite 
in liquid form is empl~yed."~'~*" 

Similarly, the a-methylene group of acetoacetic ester  is oximinated 
by the action of sodium nitrite in glacial  acetic acid (63%).19 Nitrosa- 
tion of alkylated malonic, "*" acetoacetic," and benzoylacetic2' es ters  
with subsequent cleavage affords an excellent synthes is  for a-oximino 
esters, RC(==.NOH)CO,GHS. A survey of several possible procedures 
for this  conversion h a s  been made." If a P-keto a c i d  is nitrosated, then 
the carboxyl group is los t  and an a-oximino ketone is formed, viz., 

(HONO) 
CH,COCHRCOIH - CH,COC(=NOH)R + CO, 

The conversion of o- and p-nitroethylbenzenes with t-butyl nitrite and 
sodium t-butoxide into the corresponding nitroacetophenone oximes is 
accomplished in 67-74% yields." 

481. Part ial  Reduction of Nitro Compounds 
Various procedures have been developed for the production of oximes 

from nitroparaffins. Direct reduction with zinc dust  and acet ic  acid has  
been proposed, but the yields are poor because of the simultaneous forma- 
tion of a m i n e ~ . ' ~  A synthesis  for cyclohexanone oxime has  been demon- 
strated which involves the formation and selective hydrogenation of 1- 
chloro-1-nitrocyclohexane. The halogenated intermediate is prepared in 
quantitative yield by chlorination of the sodium sa l t  of aci-nitrocyclo- 
hexane, and subsequent hydrogenation is performed in an 80% yield over 
palladium-on-~harcoal,~~ 

Still another scheme is concerned with the zinc-acetic acid reduction 
of an  aliphatic nitro olefin, which i s  readily prepared by the condensa- 
tion of an aldehyde with the nitroparaffin (method 37)." 

METHODS 481-483 74 1 

a-Nitrostilbene, C6HsCH=C(N0,)C6Hs, is selectively hydrogenated over 
a palladium catalyst  to desoxybenzoin oxime in an almost quantitative 
yield." 

4 8 2  Hydroxylamination of Dihydropyridines" 

H (9090 over-all) 

483. Nitrosation of Secondary Amines 

(HONO) 
R,NH HCI + R,NNO 

Aliphatic and aromatic amines react  with nitrous acid to form N-nitroso 
derivatives. For example, dimethylamine hydrochloride on treatment with 
sodium nitrite and hydrochloric acid is converted to  nitrosodimethyl- 
amine in 90% ~ i e l d . ' ~  In l ike manner, N-nitrosomethylaniline i s  synthe- 
sized from N-methylaniline in 93% yield.40 The ready formation of these 
derivatives and the easy  reconversion to the amine by reduction affords 
an advantageous procedure for separating secondary amines from primary 
and tertiary amines, a s  shown in the synthes is  of N-ethyl-m-toluidine and 
other N-alkyl derivatives by the  alkylation of m-t~luidine.~ '  

Certain N-nitroso derivatives are important intermediates in the synthe- 
sis of diazomethane and homologs. One synthesis  involves the nitro- 
sation of a P-alkylaminoisobutyl methyl ketone; the corresponding N- 
nitrosoamine is readily decomposed to the diazoalkane and mesityl oxide 
by treatment with sodium isopr~poxide .~ '  

(HONO) NaOR 
(CH,),CC~COCH, * (CH,),CCH,COCH, -+ CH,N, + 

I I 

Other intermediates for the synthesis  of diazomethane are nitrosomethyl- 
urea, CH,N(NO)CONH,," and nitrosomethylurethane, CH,N(NO)CO,C,H,.'~ 

Certain a-anilino ac ids  l ike phenylglycine and a-anilinopropionic acid 
have been converted to their N-nitroso  derivative^.^' 
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484. .Nitrosation of a n  Aromatic Nucleus 

C6HSN(CH3), 
(HONO) 

P-ONC,H4N(CHs), 

Aromatic tertiary amines and phenolic compounds undergo nuclear nitro- 
sation, a s  illustrated by the synthesis  of p-nitrosodimethylaniline (89%)," 
p-nitrosophenol (80%)," and 1-nitroso-2-naphthol (99%).'2 In the reaction 
of a-naphthol, an isomeric mixture of the  nitrosonaphthols is o b ~ a i n e d ' ~  
The nitrosation of phenols with nitrous acid usually produces pn i t roso  
compounds; however, o-nitrosophenols can be  prepared by nitrosating 
phenols in the  presence of cupric s ~ l f a t e . ' ~  

N-Nitroso derivatives of secondary amines are  transformed into p 
nitroso derivatives by the  action of hydrogen chloride in alcohol and 
ether solution (Fischer-Hepp). 3%e conversion is believed to  occur 
through the liberation of nitrosyl chloride followed by p-nitrosation, 
v i z  

485. Oxidation of Hydroxylamines and Amines 

Nitrosobenzene is readily synthesized by the chromic acid oxidation 
of &phenylhydroxylamine, which in turn is prepared by the reduction of 
nitrobenzene by the action of zinc dust and ammonium chloride (53%).46 
The  hydmxylamines need not be  isolated. In other preparations, ferric 
chloride is employed a s  oxidant.47148 

Primary aromatic amines react  with Caro's ac id  to form nitroso deriva- 
tives, a s  in the preparation of 5-nitro-2-nitrosotoluene from 2-amino-5- 
nitrotoluene (71%) .~~  

TABLE 95. OXIMES (ISONITROSO COMPOUNDS) 743 

TABLE 95. OXIMES (ISONITRQSO COMPOUNM) 

C, AcetalQnme 479 SO 27% 
C, Acetorime 479 76 27' 

Methyl,dyonme 479 62 27- 
&ximinopropionic a d d  480 90 27" 

C4 Methyl ethyl ketoxime 479 85 27' 
Biacetyl mononme 480 60 27" 
1)imethylglyoxime 479 60 27" 
a-Oximinobutyric acid 480 65 27% 

C, Glutardial&nme 482 90' 27" 
Cyclopentaaone onme 479 93 27' 

C, Cyclohexanone oxime 479 93 27' 
479 65 27' 
481 80 27" 

2-Ismiuosocydohexanone 480 82 27, 
1.2-Cydobexanedione dioxime 479 70 27U 
a-Oximinocaproic a d d  480 70 2 7" 
Ethyl a-oximinoacemacetate 480 63 2 719 

C, Heptd&rime 479 93 27' 
f Heit .none oxime 481 60 27" 
1.2-Cydoheptmedione dioxime 479 46 27" 
Ethyl a-oximinovalerate 480 75 27" 

C, Acetophenone oxime 479 90 27 
pChloroacetophmone orime 479 94 27" 
o-Niuoacemphenone oxime 480 74 2 7= 
pNiuoacemphmone onme 480 67 27= 
Ethyl a-oximinocaproate 480 80 27m 

Cp Isonitmsopropiophmme 480 68 27' 
pMethylacetophenon l onme 479 95 27" 
a-Onmino-@-phenybropionic acid 480 95 27= 

C, Methyl a-naphthyl ketonme 479 98 27" 

C, Bmwphenwe onme 479 99 27 
479 98 27'' 

C, pPhenylacetophenone osime 479 90 279 
Desoxybmwin onme 481 100 27" 

Cu f Acerylphmaachrene onme 479 100 27" 

*For explanations and symbols see pp. xi-xii. 
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TABLE 96. NITRarO COMPOUNDS 

C n Compound MetJmd Yt$ chapterref- ~ . p . / m . ,  n b ,  wp.) 

GNiuoso GmpounQ 

1 C6 Nitrosobenzene 485 53 27' (67) 
pfinitrosobenzene 484 4ot 27'' 
*Chloronitrosobenzene 

(180) 
485 40 27 " 

~Bromonitrosobenzene 
(56) 

485 35 27" (97) 
pNitrosopheno1 484 80 27= (1254 

C , o-Nitrosotoluene 485 20 2747 (72.5) 
Ca pNitmsodimethylaniline 484 89 27" 
Co p-Nitmsodiethylmiline 484 95 27" 

N-Nitroso Compounds 

C2 Nitrosodimethylamine 483 90 27'9 150/755 
Niuosomethylurea 483 72 27U 

C4 Nitrosomethylurethane 483 76 27U 6V10 

C, N-Nitroso-fl-methylamino 483 8ot 27U 10Yl.5 
isobutyl methyl ketone 

N-Nitrosomethylmiline 483 93 274 137/13 
C, N-Nitrosophenylglycine 483 90 27U (403d) 

For explanations md symbols see pp. xi-xii. 
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486. Direct Nitration 

RH + HNO, -+ RNO, + H,O 

Paraffins and cycloparaffins undergo nitration a t  high temperatures 
(400') uponshort  contact with nitric acid vapor. In general, a mixture 
of mononitroparaffins i s  obtained which includes compounds corresponding 
to  the replacement of any hydrogen or alkyl group present in the original 
paraffin. For example, nitration of n-butane in the vapor phase produces 
nitromethane, nitroethane, 1-nitropropane, 1-nitrobutane, and 2-nitro- 
butane. Pvrolysis and oxidation products a l s o  occur. Vapor-phase nitra- 
tion of paraffins under these conditions does  not produce dinitroparaffins: 
a l so  a nitroparaffin a s  reactant i s  oxidized and pyrolyzed rather than fur- 
ther nitrated. However, a t  a lower temperature and a high pressure, 
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METHOD 486 

2-nitropropane has been successfully converted t o  2,2-dinitropropane 
(50%).'3 Commercial products from the nitration of propane include nitro- 
methane, nitroethane, 1-nitropropane, and 2-nitropropane. These  reac- 
tions are  not conveniently adapted to  laboratory work. Extensive reviews 
have been presented. 

Aromatic compounds are usually nitrated in liquid phase by treatment 
with a mixture of concentrated nitric acid and concentrated sulfuric acid. 
Sulfuric acid serves a s  a dehydrating agent which prevents dilution of the 
nitric acid by the liberated water. Acetic anhydride in acetic  ac id i2  and 
boron trifluorideZ6 a l s o  serve this  purpose. 

- - 

Mononitration of benzene i s  carried out a t  about 60' and dinitration 
(meta isomer) a t  about 95'; further nitration i s  d i f f i ~ u l t . ~ '  27 In a similar 
manner, toluene gives r ise t o  o- and Q-nitrotoluenes (90%) and a small 
quantity of the meta isomer,"sopropylbenzene (cumene) goes predomi- 
nantly to Q-nitrocunene (8901,' and t-butylbenzene to Q-nitro-t-butyl- 
benzene (74%).6 For the nitration of an  eas i ly  oxidizable substance like 
Q-cymene, a good emulsion and careful temperature control a re  important." 

Polymethylbenzenes undergo nitration more readily a s  illustrated by 
the conversion of sym-trimethylbenzene (mesitylene) to nitromesitylene 
(76%):' Durene (sym-tetramethylbenzene) gives dinitrodurene (94%); no  
mononitrodurene i s  ever obtained .14 In the nitration of other polysub- 
stituted benzenes, certain anomalous reactions occur." Thus  nitration of 
Q-cymene (p-isopropyltoluene) and p-diisopropylbenzene gives in part 
Q-nitrotoluene (8%) and Q-nitroisopropylbenzene (50%), respectively, each  
resulting from the replacement of an  isopropyl group by the nitro group. 
In other instances,  several  alkyl groups in polymethylbenzenes l4  and 
polyethylbenzenes l5 are replaced. The  nitration of pentamethylbenzene 
gives dinitroprehnitene (70%).14 

Nitration of polycyclic aromatic compounds has  a l so  been well  studied, 
e.g., 1-nitronaphthalene (92%),17' " 4-nitrobiphenyl (49%),16 and 2-nitro- 
fluorene (73%).18 One unusual aspect  i s  the nitration of acenaphthene 
to 2-nitroacenaphthene (41%) by the action of benzoyl nitrate, whereas the 
customary nitration procedure yields mainly 4-n i t r~acena~hthene ."  

Benzoyl and ace ty l  nitrates direct the nitro group to the ortho position 
of substituted benzenes; however, detailed procedures are lacking.lo4 
Acetyl nitrate i s  presumed t o  be present in solutions of nitric acid in 
ace t ic  anhydride. Another reagent i s  the combination of nitrogen 
tetroxide and sulfuric acid.'' A review of these  and other nitration 
processes to 1950 has been made;" in addition, the general mechanisnis 
of aromatic nitrations have been extensively studied.loO 

Certain nitro-substituted heterocyclic compounds are formed by direct 
nitration,"-" e.g., 2-nitrothiophene (85%);' 7-methyl-8-nitroquinoline 
(67%),33 and 3-nitrodibenzofuran (76?)." 
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Examples of nitration of nuclear and side-chain halogenated compounds 
a re  found in the preparation of p-nitrof luorobenzene (80%) 36 and the iso- 
meric o-  and p-nitrophenylethyl bromidess7 in 30% a n d  5 P o  yields ,  
respect ively.  

Phenol  is l iable  t o  undergo extensive oxidation during nitration s o  that 
careful ly controlled condit ions a re  required; i t  forms 40% o- and  13% 
p-nitrophenol.'Q so lven t  l ike chloroform or a c e t i c  acid is recommended. 
The  nitration of p-cresol is carr ied out  in benzene and a c e t i c  acid solu- 
t ion a t  0°, the product being 3-nitro-4-hydroxytoluene (77%):' T h e  nitra- 
tion of m-cresol i s  d i s c u s s e d  under method 491.  Benzene  i s  oxidized and 
ni t rated (oxynitration) t o  2,4-dinitrophenol (72%) or t o  picric acid (2,4,6- 
trinitrophenol) by the ac t ion  of mercuric ni t rate  in nitric acid.4' Aromatic 
a lcohols  like P-phenylethanol a re  nitrated as the e s t e r s  t o  avoid oxidation 
products 

T h e  nitration of aromatic  e thers  l eads  t o  a mixture of nitro e thers  and  
nitropbenols in  proportions which depend upon experimental conditions.4' 
Benzoyl  ni t rate  favors  almost  exclusively the  formation of 0-nitrophene- 
to le ;  however, detai led direct ions a re  Treatment of diphenyl 
e ther  with nitric acid in a c e t i c  a n h y d r i d e a c e t i c  ac id  g ives  a separab le  
mixture of t h e  ortho and para isomers (86% total)." 

T h e  nitration of  acetophenone h a s  been ex tens ive ly  studied.16 It i s  
carr ied out a t  a low temperature (5' t o  -20°) by the  act ion of nitric and  
sulfur ic  ac ids  and g ives  m-nitroacetophenone ( 5 5 4 3 % )  and smaller  
amounts of o-nitroacetophenone. Under s imilar  conditions, benzalde- 
hyde i s  converted to  m-nitrobenzaldehyde (84%).,' If nitration is per- 
formed on b tnza ldehyde  d iace ta te ,  C6HsCH(OCOCH3),, with subsequent  
hydrolysis ,  p-nitrobenzaldehyde (73%) i s  obtained;  furthermore, a s l ight  
modification of th i s  procedure c a u s e s  the formation of mainly the ortho 
isomer (43%):'' 

Aromatic amines  are  often acetylated before nitration. Examples in- 
c lude  the nitration of p a c e t o t o l u i d e  " and  2-a~et~laminonaphchalene,~~ 
the products being 3-nitro-p-acetotoluide (90%) and 1-nitro-2-acetylamino- 
naphthalene (49%), respect ively.  The  p-tolylsulfonyl derivat ive is readily 
formed and hydrolyzed af ter  n i t r a t i ~ n . ~ '  On the other hand, if unacetylated 
and in the presence of a large e x c e s s  of sulfuric ac id ,  p-toluidine g i v e s  
mainly 2-nitro-p-toluidine (71%);' the ary 1ammon:um ion being meta- 
direct ing.  

CH3 CH3 CH3 
YNO, ~ 0 3  on 0 0 8 No,  a c e t y l  der.  
- 
E x c e s s  H2S04 

NHCOCH, NH2 NH,+ HSO,- 
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Similarly, m-nitrodimethylaniline is syn thes ized  by nitration of the  amine 
in concentrated sulfur ic  ac id  (63%):' 

487. Replacement  of the  Diazonium Group 

NaNO 
A~N:X- ArNO, + N, 

Catalyst  

Aromatic diazonium s a l t s  on treatment with sodium nitrite decompose 
t o  form nitro compounds. T h i s  method represen ts  a good procedure for 
obtaining o -  and p-dinitrobenzenes, in 70% and 76% yield, respect ively,  
from the  corresponding diazonium  sulfate^.^, Inproved yields  in the 
preparation of dini t ronaphthalenes are  obtained when the  decomposition 
of the diazonium s u l f a t e s  is ca ta lyzed  by a cupro-cupri su l f i t e  prepared 
by the interact ion of copper su l fa te  and sodium nitrite.  T h e  procedure is 
i l lustrated by t h e  s y n t h e s i s  of 1,4-dinitronaphthalene (60%):' Occasion- 
a l ly ,  diazonium fluoborates  a re  f i r s t  formed,66 and these  compounds a re  
t reated with sodium nitrite in  the p resence  of copper powder, viz., 

A~N:BF, + NaNO, 2 ArNO, + N, + NaRF, 

In t h i s  manner, p-dinitrobenzene is obtained in 82% yield from p-nitro- 
aniline.67 Similar treatment of d i a z o n i u o  coba l t in i t r i t es  h a s  led t o  nitro 
compounds .6''' 69 

488. Interaction of Silver Nitrite a n d  Alkyl H a l i d e s  

RX + AgNO, -+ RNO, + AgX 

T h e  interact ion of alkyl  ha l ides  with s i lver  nitrite produces a mixture 
of the  alkyl  nitrite and the  isomeric  nitro c ~ m p o u n d ; ~ " ~  73 in  addition, 
a lkyl  ni t rates  may be formed .71 Straight-chain primary hal ides,  preferably 
the  bromides, give bet ter  yields  than branched-chain primary, secondary,  
and ter t iary ha l ides .  For  the most  part,  the yields  are  low. In a similar 
manner, polynitroparaffins are  obtained from polyhalides .74 

In t h e  laboratory preparation of nitroethane, the  subst i tut ion of ethyl  
su l fa te  for e thy l  iodide and sodium nitrite for s i lver  nitrite leads t o  a 
more economical  and convenient  p rocess  (46%).72 

Sa l t s  of a-halocarboxylic  a c i d s  react  s imilar ly with sodium nitrite t o  
yield s a l t s  of a - n i t r o  a c i d s  (method 490). 

'89. Alkylation of Nitro Compounds 

RX + RCH = NONa + R,CHNO, and RCH = NOR 
.1 
0 

J. 
0 
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A few nitro compounds have been obtained in good yields by the inter- 
action of reactive halogen compounds with aci-nitro alkanes. The reaction 
i s  usually complicated in that both C- and Oalkylat ion occurs. If the 
stability of the ac i  form of the nitto compound i s  high, then the tendency 
is toward alkylation on carbon rather than on oxygen. An example i s  the 
condensation of p-nitrobenzyl chloride with the sodium sa l t  of nitro- 
ethane t o  give an 83% yield of I-p-nitrobenzylnitroethane, 

p-02NC6H4CH,CH(N0,)CH3 .'7 

Certain tertiary dinitroparaffins are produced by treqting secondary 
nitroparaffins with one mole of alkali and one-half mole of halogen. 

B r ~  R2C'N02Na R,C= N0,Na 4 R,CBrNO, - R, - CR, F I 
NO, NO, 

The yield for the conversion of 2-nitropropane to  2,3dimethyl-2,3-dinitro- 
butane (H = CH,) i s  80% .7a 

490. Decarboxylation of Nitro Acids 

CICH,CO,H + NaNO, --, NO,CH,CO,H --, CH,NO, + CO, 

A number of a-nitro carboxylic acids are easi ly dicarboxylated to  fur- 
nish nitro compounds. The synthesis  of nitromethane in this  manner i s  a 
c lass ica l  example (38%).'9 Nitroethane and higher homologs have been 
similarly prepared from the a-bromo acids and sodium nitrite?' Another 
example i s  found in the synthesis  of phenylnitromethane. Treatment of 
benzyl cyanide with methyl nitrate in the presence of sodium ethoxide 
gives the sodium sa l t  of the aci-nitro compound, which i s  then hydrolyzed 
and d e c a r b ~ x ~ l a t e d . ~ '  

CH O N 0  NaOH 
C6HSCH2CN 2 C6HsC(CN)= M0,Na - C,HsC(COONa)= N0,Na 

N a O C 2 b  

Other than in the preparation of nitromethane and phenylnitromethane, the 
method has had limited application. 

Other decarboxylations are noteworthy. Thermal decomposition of 
2,4,6-trinitrobenzoic acid furnishes 1,3,5-trinitrobenzene in 46% yield.a2 
In an  adaptation of a procedure for the decarboxylation of halogenated 
furoic acids with boiling quinoline and powdered copper, 2- and 3-nitro- 
benzofuran are prepared from nitro ac idsa3  and Fnitrothionaphthene i s  
formed from the corresponding 2-carboxylic acid.9' 

491. Oxidation of Aromatic Amines and Nitroso Compounds 

The oxidation of amines t o  nitro compounds has preparative value when 
the amines are  more readily available than the corresponding nitro com- 
pounds, a s  in the c a s e  of the aminopyridines and aminoquinolines (cf. 
method 439). Oxidation is accomplished with hydrogen peroxide, a s  
shown in the formation of 2-nittopyridine (75%)P4 

The direct nittation of m ~ r e s o l  i s  unsatisfactory for obtaining 4-nitro- 
3-methylphenol (23%). A better procedure is to  form the nitroso compound 
and oxidize it to  the nitro compound (66% over-all)?= 

In a similar manner, p-nittophenol is prepared from p-nitrosophenol (60%)? 
also,  several  od in i t ro  compounds including o-dinitrobenzene and 1,2- 
dimethyl-4,Sdinitrobenzene are obtained from the corresponding nitro- 
nitroso compounds ?7 

492. Addition of Nitroparaffins to a-Nitro Olefins 

NaOCp& RR'CHNO, + R"CH = C(R"')NO, RR'C(NO,)CHR"CH(R"')NO~ 

In a variation of the Michael condensation, nitroparaffins having active 
a-methylene groups add to  reactive olefinic compounds including a,@- 
unsaturated es ters  (method 301 ), a ,P-unsaturated cyanides (method 388), 
and a-nit to olefins?' Interaction of primary or secondary aliphatic nitro 
compounds with the unsaturated nitro compounds in the presence of 
sodium ethoxide in alcohol yields l , jdinitroparaffins.  The reaction i s  
general, but the yields vary, depending on the degree of polymerization 
that the nitro olefin undergoes and the amount of addition of alcohol to  it 
a s  well a s  on the reactivity of the product toward further condensation. 
The principal product from the reaction of 2-nitro-2-butene 
(R"= R"'=CH,) and 2-nitropropane is 2,4-dinitro-2,3-dimethylpentane 
(R= R'=R"= R"'= CH,) in 47% yield. 

493. Addition of Nitryl Chloride to Unsaturated Halidesa9 

H,C = CHBr + N0,Cl --, O,NCH,CHBrCl (85%) 



752 NITRO COMPOUNDS Ch. 28 

TABLE 97. NITRO COMPOUNDS 
- -- - . - - -- - - - - - -- - - -- - - - - 

c n  Compound Memod (aapterref. ~.p./mm., n:, (M.P.) 
( %) 

Aliphatic and Aromatic Nitro Compounds 
. .  - ----_- 

C,  Nitromemane 490 38 2ET9 101 

C a  Nitmethane 488 46 281a 115 
490 50 28" 

C ,  1-Niuobutane 488 37 28" 152/780, 1.4103 

C, 1-Nitropentane 488 39 28" 66/16, 1.4175 

C 6  Nitrobenzene 486 85 28 ' 207 

C 7  Phcnylnitromethane 430 55 28" 9 Y 3  

m-Nitrotoluene 14 72 289a 114/15, (16) 

C8 1-Nitrc- >phenylethane 488 60 28" 133/14 
o-Nitroethylbenzene \ 486 51 28 ' 135/37 
p-Nitroethyl benzene 42 28' 1 54/37 
f Nitro-1,ldimethylbenzene 486 86 28 130/18 
&Nitro-1,Idimethylbenzene 486 30 28' 130/12, (28.5) 
2-Nitro-1 ,Odimethyl benzene 486 89  2~~ 65/0.35 

Cs p-Niuocumene (p-Niuoisopropyl- 486 89 28' 132/15 
benzene) 

Nitromesitylene 486 76 28" 243250,  (44) 

C lo p-Nitro-s butylbenzene 486 57 28' l 9 / 9  
p-Nitro-t- butylbenzcne 486 74 28 158/30, (28) 
2Niqo-4-isopropyltoluene 486 8 2  28" 126/10, 1.5287 

4-Nitro-1,Edietbylbenzene 486 41 28" 141/10, 1 . 5 4 4 0 ~  

1-Nitronaphthalene 486 92 28" (56.6) 
2Nitronaphthalene 487 40 2 ~ ~ '  (79)' 

C1, %Nitrobiphenyl 12  GO 28 9' (36) 
2-Nitrobiphenyl 1 486 27 28" 166/4, (37) 

CNiaobiphenyl 49 (1 14) 
fNitrobipheny1 12 GO 2g9' (59) 

14  40 2g9' (62) 
4-Nitrobiphenyl 12 60 2 ~ ~ '  (113) 
1Nitroacenaphthene 486 41 28 'O (151) 

C,, 2Niuofluorene 486 79 28 la (157) 
C14 pNitromthracene 486 56 28'' (146) 

486 70 28 '" (146) 

Hetemcyclic Niuo Compounds 
A- 

. - 

C, 2Nitrothiophene 486 85 28" (45) 

C, ENiuopyridine 491 75 28" 256, (71) 

C 8  3-Nitrorhionaphthene 486 48 28 a9 (81) 
ZNitrothionaphthene 490 69 ~ 8 ~ '  ( 150) 

559 69 39 6a (1 50) 
f Nitro-2,4,Grrimerhylpyridine 486 90 28" 229/733 

TABLE 98. DINITRO COMPOUNDS 7>3 

TABLE 97 (cvntimced) 
- - . I - - - -  __  - -- 

c, Compound Method Yield t 
( %) 

chapteflef. B.p./mm., nD,  (M.p.) 
- - 

Heterocyclic Nitro Compounds (c~ruimrc9 
-- - - ----- 

C9 3-Nitroquinoline 575 48 39 " (1 26) 
5-Ni troquinoline 559 16 39'" (70) 
GNitroquinoline 575 72 39 (151) 
7-Nitroquinoline 575 14 39'" (130) 
5-Niuoquinoline 486 35 28" (71) 
8-Niuoquinoline 43 (89) 

C,, 7-Methyl-Bniuo~.~inolinc 486 67 28 " (187) 
Cia f Niuodibeozofuran 486 76 28" (182) 

%Nitro& benzothiophene 486 28 28" (187) 
f Nitrocarbazole 557 85 39 (206) 

C,, 1Nitroacridine 486 60 28" (215) 
- _ --- -_ - 

For explanations and symbols s e e  pp. xi-rii. 

TABLE 9 8  DINITRO COMPOUNDS 

Compound 
- - -- - 

C ,  Tetranitromethane .... 65 28 9' 40/26, 1.4384 
C 3  1, f Dinitropropane (purified) 488 7 28" 103/1. 1.4638" 

C 6  2,4-Dinitro-f methylpentane 492 28 
2,f Dimethyl-2,f dinitrobutane 489 80  
o-Dinitrobenzene 487 70 

491 60 
m-Dinitrobenzen e 486 8 8  

C 7  2,ODiniuo-2.3 dimdhylpentane 492 47 2~~ 92/0.5 
C, Diniuodurene 486 94 2ga4 (208) 

Dinitroprehnitene 486 70 28 (177) 
1,f Dinitronaphthalene 7 74 28 UU (146) 
1.0 Dinitronaphthalene 487 60 28 '' (134) 

CI1 2,2'-~initrobiphenyl 11 6 1  2~~ (124) 
C 4 , 4 L ~ i n i t r o d i p h e n y l e a  
- - -- - 486 9 5  28'' 

. - - --- (180) 
i 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 99. NITRO OLEFINS 

t 
Compound Method Chapte6ef. B.p./mm., n D, (M.p.) 

(%) 
- - -. ~ - 

C1 Niuoechylene 24 67 2'4' 39/ 80 
C , 1-Nitro- 1-propene 24 67 2*U 54/28 

2- Nitro- 1-propene 24 56 2'4' 58/90 
24 84 2'" 49/60, 1.4292" 
26 50 

2284 

C, >Nitro-1-hexene 
>Nitro-Fhexene 
f Nitro-f hexene 
2-Nitro-&methyl-lpentene 
*Nitro-lvinylthiophene 

C, >Nitro-.+ethyl-lhexene 24 90 2lu 84/1, 1.4602" 
,&Nitrostyrene 37 8 3 2a9 (58) 
m-Nitrostyrene 27 60 2'% 96/3.5, 1.5830 
p-~ i t ros tyrcne  20 70 2 US (21) 
2,4,6-Trinitrost~rene 26 49 479 (65) 
w, f Dinitrostyrene 37 76 2- (125) 

C, f ~iuo-5-ethyl-fheptene 24 9'3 2lU 65/1, 1.4598" 
14  45 28 91 

2a71 
(73) 

28 32 (72) 
mNitrostilbene 28 33 247 (112) 
cisp-Nitmsti lbene . 27 64 2U9 (65) 
p-Ni tmstilbene 28 48 171 

- 
(155) 

-- 
For explanations and symbols s e e  pp. xi-xii. 

TABLE 100. NITRO HALIDES 

c, Compound Method (%) chapterref. B.p./rnm..nL (M.p.) 
-- --- -- 

C,  1-Chloro- 1-bromo-Initroethane 493 8 5  28 "9 77/15 
C ,  1-Chlorw Pnitropropane 52 47 4 82/28 

2- Bromo-lniuopropane 64 89 
197 151.8/745 

C 4  1-Cbloro-4-nitrobutane 64 35 
4 s ~ ~  105/10 

C , o-Chloronitro benzene 487 81 2868 (33)' 
- - - - - -- _ -_ _ .. _ -  -- - 

TABLE 101. NITRO ALCOHOLS AND PHENOLS 755 

TABLE 100 (confirmed) 
- - -- -- - - 

Compound Method 
Yield t 
( %) 

~ h a p t e 6 ~ ~ .  B.p./mm., n D ,  (k1.p.) 

C7 o-Nitrobenzyl bromide 6 4  51 4 l" (46) 
m N i m  benzyl chloride 5 1 57 411 

4181 
(47) 

mNitrobenzy1 bromide 52 85 (58) 
P-Nitmbenzyl chloride 5 1 67 411 (71) 
p-Nitmbenzyl bromide 6 4  59 4% 

4178 
(99) 

P-Nitroknzyl iodide 55 100 (1 24) 

C 8  o-Nitrophenylethyl bromide 486 30 28" 120/0.5, (38) 
p-Nitrophenylethyl bromide 54 - (70) 

- 
For explanations and symbols see  pp. xi-xii. 

TABLE 101. NITRO ALCOHOLS AND NITRO PHENOLS 
-- - -- - - - - - -. 

Ga Compound Method 
Yield 
( %) 

chapterref. B.p./mm., n b ,  (M.p.). Deriv. 
--- - - - -- - -- 
C,  2,2,lTrinitmethanol 102 75 747 103/14, (30) 
C,  2- Nitro- 1-propanol 102 6 5  5 100/12 
C, f N i t m l b u r a n o l  102 92 5 90/11, 1.4425"~ 123Nu 

Nirrcrt-butyl alcohol 102 30 5 7u .77/ 10 

C, 1-Nitrcrlpentanol 102 71 5'" 88/3, 1.4439'" 100Nu 
1-Nitro-+methyl-lbutanol 102 68 5 84/4, 1 . 4 4 5 5 ~ ~  98Nu 
2- Ethyl- 2-ni uo- 1, f 102 9 9  5 '" (56) 

propanediol 

C 6  >Nitro-f hexanol 102 73 
f Nitro-Chexanol 102 8 1  
1-Nitrwtmethyl- lpmranol  102 6 5  
o-Nitrophenol t 486 40 
p -Nitrophenol 1 3  
mNiuopheno1 9 3  8 6  
P-Nitrophenol 491 60 
2-Ni t r o h y d r o ~ i n o n e  110 30 
2,CDinitrophenol 486 72 

For explanations and symbols s e e  pp. xi-xii. 
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TABLE 101 (confinred) 

GI Compound Method 
tR 

chapccr'ef. B.p./mm.. n;, (M.p.). Deriv. 

helano1 
o-Nitrobenzyl alcohol 80 90 5 19' (74) 

8 1  91 5"' (74) 
96 50 658 

mNiuobenzy1 alcohol 79 82  5' (31) 
80  86 5'P' 169/6, 1.5731" 

p - N i u o h z y l  alcohol 80 92 111 

95 71  5s4 (93) 
2-Nitrw4-methylphenol 93 69 5%' (36) 

486 77 28'9 (33) 

C8 1-Nitrc-2-0cranol 102 8 8  5 120/ 2 
~Nitrc-Coctanol  102 89 5 7U 124/10, 1.4463 
1-Phenyl-2-niuocthanol 102 78 5"= 
mNitrophenylmethylcarbinol 80 76 5 (63) 
p(4-NitrophenyI>cthanol 486 50 ~8~ (62) 

C p  INiuel-phenyl-1-prcganol 102 6 2  57m 125/3 
-- 

For explanations and symbols see  pp. xi-xii. 

TABLE 102. NITRO ETHERS 

Method 
t 

Gz Gmpound (%) chapterref. B.p./mm., n D, (h4.p.) - 
C, Methyl 2-nitroethyl ether 121 GO 6 m  38/1, 67/12, 1.417 
C 7  o-Nitmanisole 487 6 3 t  28" 277.. (lO)* 

p -Nitroani sole 487 68 2ge9 274*, (54). 

C,, o-Nitrodiphenyl ether 115 8 4  6 l4 185/8 
p-Nitrodiphenyl ether 115 82 614 190/8, (58) 

486 36 28 
- 

( 5 3  

For explanations and symbols s e e  pp. xi-xii. 

TABLE 104. NITRO ACIDS 

:$% 
..,., TABLE 103. NITRO ALDEHYDES AND KETONES 
:g -- -- - - - - - . - - -- - 

% Compound Method Chaptercef- B.p./mm., n;, (M.p.), Deriv. 
(so) ___ 

C 7  >Nitro-4.0dimethyl-2- 301 63 1 4 ~ ~  110/11, 1.4422" 
pentanone 

o-Nitrobentaldehyde 147 36 9'- (3 8) 

155 1 8 t  9'% (45) 
158 85 9 l4 (45) 
486 43 28' (43) 

mNitro benzaldehyde 147 45 91u (52) 

149 42 9 I= 
436 8 4  28 47 119- 123/4, (58) 

p-Nitroben~aldeh~de 147 59 9lu ( 105) 
155 51+ 9" (106) 
155 56 9 91 (106). 159Ph 
158 80 914 ( i o n  
162 91  9 65 (lob), 15@h 
486 73 28' (106), 132-Ox 

2,ODinitrobenzaldehyde 1% 32 9- (71) 

C8 Nitroterephthaldehydc 486 52 28- (97), 17GOx 
a-Nitroacetophenone 179 80 10'" (105) 
o-Nitroacetophenone 179 23' 1 0 ' ~  135/4 

185 83 10314 159/16, 1.551 
mNitroacetoph enone 486 55 28 ' (78) 
p -Nitroacetophenone 179 21t loap (80) 

185 74 losU (801, 132Ph l 
228 47 losS8 (80) 

Cp m-Niuopropiophenone 
4 

486 75 28 53 (102) 
C,, o-Niuophcnyl I t h i m y l  178 60 lo'55 (98) 

ketone 
C,, 2,4,FTrhitrofluorenone 486 78 2gM (176) 
C ,, 0.0'-~iniuobenzil 230 60 10'~' 

-- ( 2 0 0  

For explanations A d  symbols seepp.  xi-xii. 

TABLE 104. NITRO ACIDS 
----- - 

% Compound Method 
Yield 

! (%I Chapterref. B.p./mm., n h ,  (M.P.). Deriv. 
1 -- - - - -- -- 

C 5  4-Nitropentanoic acid 
I 

249 92 13"' 118/0.6. (34) 
CT o-Nitrobenzoic acid , 255 98 13=' (147). 155Ane 

257 80 13" (148). 174.Ame 
261 91  13'" (146) 

?$. , , mNitrobenzoic acid 249 96 13- ( l a ) ,  142Ame 
. "  8 

I 253 90 1 3 % ~  (141) 
p-Nitrobazoic acid 257 62 13lS9 (242) 

257 86 13566 (2381, 204.411. 

For explanations and symbols see pp. xi-xii. 
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TABLE 104 (continued) 
-- 

Compound Method 
Yield 1 

'=TI (%) chapterref- B.p./mm, n D, (M.P.). Deriv. 
_ _  
C 7  2.4-Diniuobenzoic acid 247 95 13 (180), 2 0 3 b *  

3,yDiniuobenzoic acid 486 60 28'" (207) 
2,4,GTrinitrobmzoic acid 257 90 1 3 ~ ~  (228). 

C 8  o-Nitrophenylacetic acid 259 
mNitrophenylacetic acid 247 

248 
p-Niuophenylacetic acid 247 

247 
~ N i u o p h t h a l i c  acid 250 

486 
4-Nitrophthalic acid 2 48 

- - -- 
For explanations and symbols see  pp. 

..... 
62 t 
22 t 
95 
97 
26 
31 
99  
-- 

xi-xii. 

TABLE 105. NITRO ESTERS 

Compound 
Yield t 

(%) 
Chapterref. B.p./mm., nD,  (M.P.) 

- 

C ,  Methyl nitroacetate 285 60 14"O 94/15, 1.4245 
C 4  Ethyl nitroacetate 285 60 1 d3* 106/25, 1.4252 

486 30 28'01 91/12 

C,  Methyl y-niuoburyrate 301 35 1 4 ~  68/0.3, 1.4375 
2-Niuobutyl formate 287 88 1 41U 76/5, 1.4345" 
2-Nitroisobutyl formate 287 61 1 41U 87/10, 1.4327% 
>Nitroethyl propionate 285 90 1 4 , ~  107/ 10, 1.4336 

Dimethyl nitromaloo ate 486 59 28'* 124/16, 100/1 

C, Ethyl f methyl-4nitmbutanoate 301 55 1 4 ~ -  85/ 1, 1.4350 
Diethyl nitromalonate 486 92 28', 83/0.3, 1.4274" 

C8 Methyl mniuobenzoate 321 52 14- (78) 
486 85 28" (78) 

Methyl pniuobenzoate 285 100 14' (9 3) 
294 100 1 418" (96) 

Methyl 2,Cdinitrobenzoate 285 9 1  1 419 (83) 
o-Niuophenyl acetate  287 93 idLU (38) 

287 90 l 4 l w  (41) 
p-Nitrophmyl acetate 286 96  14'' (82) 

287 94 141w (83) 

C 9  Methyl p-nitrophenylacetate 285 84 14'" (54) 
Ethyl p-nitrobmzoate 294 100 1 4'O" (57) 
p-Nitrobenzyl acetate  290 82 14'" (78) 

C,, Ethyl o-nitrophenylacetate 486 25 28" (67) 

Ethyl p-niuophenylacetate 293 97  14l" (66) 
._ _ _ 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 107. NITRO AMINES 757 

TABLE 106. NITRO CYANIDES 

c, Compound Yield 
(%) 

1 ~ h a p t c r " ~ .  B.p./mm., n D ,  (M.p.) 
- - 

C 4  INitmn-propyl  cyanide 389 15 2oM 82/0.5 
ENitroisopropy 1 cyanide 389 25 20- 70/0.5 

C, 4-Nitro-n-bury1 cyanide 388 30 20'" 8U0.25 
ENiuo-1-methyl-n-propyl cyanide 389 50 20'~' 6 1-65/0.2 
Niuo-1-butyl cyanide 389 75 20- 67/0.2, (42) 

C , fNitro-3-methyl-~buryl cyanide 388 80 20 'a, 
C7 f Nitro-1,ldimethyl-w butyl cyanide 388 80 20 '" 

0-Ni tmbenzonitrile 384 95 20 la' 

m-Nitrobenzoniuilr 384 90 2oUa 
396 83  2oU6 
486 82 m 

P-Nitrobmzonitrile 384 90 20'" 
2,4-Diniuobenzonitrile 380 8 5  20''~ 
3,~Dinitrobcnzoniui le  384 55 20 15s 

C, o-Niuobmzyl cyanide 385 66 20 'm (84) 
m N i  uobenzyl cyanide 378 85 20%' 180/1.5 
P-Nitrobmzyl cyanide 380 75 20 J84 ( 146) 

486 54 - 28' - . (117) 
- -- - - 

For explanations and symbols s e e  pp. xi-xii. 

TABLE 107. NITRO AMINES 
- --. - - --- - -. - - - -- - -- -- - . pp - - - - - . - - -- 

GI Compound Method a g t e r r e f .  B.p./mm., n b .  (M.P.), Deriv. 
(%) _-_ - 

C, 2-Amino-1-nitropropane 443 55 24" 55/10, 114HC1 
C 2-Ni u* f aminobutane 443 60 24" 78/20, 1.472018, ll5HCl 

1-Nitro-2-amino-Emethyl- 443 40 24" 65/11, 182HCl 
propane 

C, N-(tNitmisobutyl)- 444 48 24O 62/6, 1.4368 
methylamine 

C ,  N-(2-Nitrobuty1)- 444 70 24- 94/15, 1.4338 
dimethylamine 

K(2-Nitroisobuty1)- 444 74 24O 66/10, 1.4330 
dimethylamine 

o-Nitroaniline 15  56 2899 (70) 

451 97  24%' (7% 93Ac 
449 8 3  24'" 

m-Nitroaniline 425 80 24" (114) 
2,4Diniuoaniline 435 76 241U (1 77) 
2,GDinitroaniline 435 3 6 i  24- (140) 

C ,  N-(2-Nitropropyl) 444 83  24U6 1.4420 
diethylamine 

- ---- - - - _ -  _- -  
For explanations and symbols see  pp. xi-xii. 
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TABLE 107 (continued 
-- 

c n  Compound (%) ~ha~te t ' e f .  B.p./mm., n b ,  (M.P.), Deriv. 

C, K(2Nitro-2-methylbuw1)- 444 76 24a 64/3, 1.4410 
dim ethyl mine 

o-Nitrobenzylamine 452 90 24- 248Ha 
~Nitrobenzylamine 452 90 24m 220HC1 
p-Niuobenzylamine 437 61 24"' 

447 911 24"' 222HC.l 
452 80 24- 250Ha 

f Niac-ptoluidine 486 90 28" (113, 95Ac 
~Niao-p-toluidiae 486 71 28" (77) 

o-Nitromethylaniline 451 B9 24'% (34,  71Ac 

C, I-Diethylamino-2-niw 444 100 24'9 103/14 
butane 444 79 24% 79/2, 1.4405 

2-Niao-3-diethylamino- 443 65 24m7 ~ 9 5 / 1 1 ,  267Pi 

butane 
1-Diethylamino-lmechyl- 444 74 24"' M/2, 1.4393'' 

C 1D N-(2-~itroisobu~1)aniline 444 93 24a (64) 
~ , K ~ i e t h ~ l - p - n i t r o a n i l i n e  436 94 24'" (76) 

Cll N,N-Diechyl-f nitrobenzyl- 436 60 24199 148/6, 161Pi 

ahine 
N,N-Diethyl-tnitrobenzyl- 436 45 241PP 162Hd 

amine 
C1, a-Niao-panilino-p 443 79 24m' (87), 127Ha 

phenylethane 

For explanations and symbols seepp. xi-xii. 
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494. Coupling o f  Aromatic Diazonium Compounds with Phenols  and Amines 

ArGC1-  + C6HSO11 -4 P-HOC6H,N= NAr 

Aromatic diazonium compounds react  with phenols  a n d  an i l ines  i n  
aqueous solut ion to produce a z o  compounds, t h e  a z o  group occupying the 
ortho or preferably the  para position. It h a s  been  shown that  the  ac t ive  
components a re  the diazonium cat ion and the phenoxide ion or free amine.' 
Hence free mineral a c i d  should be  absen t .  On the other hand,  strong 
b a s i c  solut ions should be  avoided in order t o  prevent t h e  formation of the 
s tab le ,  inact ive antz-diazotate;' for these  reasons  the acidi ty  of the  
diazonium solut ion is careful ly regulated. T h e  s tabi l i ty  of the diazoniun: 
compound is influenced by severa l  factors  including nuclear substituents. '  
Also,  the  coupling capac i ty  of phenols  and amines is affected by sub-  
~ t i t u e n t s . ~  Sometimes cer tain groups are  eliminated during the coupling 
~ e a c t i o n . ' ~  

Primary and  secondary arnines reac t  with d i a z o n i u n  s a l t s  t o  form ini- 
t ia l ly  the N-azo derivat ives,  e.g., diazoaminobenzene, C6HSNHN=NC6Hs, 
from ani l ine and benzenediazonium ~ h l o r i d e . ~  In the presence of ac ids ,  

t h e s e  compounds isolnerize t o  the  corresponding p-afiiinoazo derivat ives;  
for example, t h e  above compound g o e s  t o  p-aminoazobenzene, 
p-h'H,C,H,h =NC,HS. If the para position is not f ree ,  isomerization to 
the ortho position occurs.15 The  isorcerization may proceed by a f iss ion 
of the  diazoamino compound t o  the progenitors, which then undergo 

coupling. Aminonaphthalenes couple with diazonium compounds t o  foris 
the  amino a z o  compounds directly. 

In some ins tances ,  d i a z o  compounds and primary aromatic amines 
undergo a n  exchange react ion.  T h u s  p-nitrobenzenediazonium chloride 
and ani l ine hydrochloride in a weakly ac id ic  solut ion a re  converted t o  
p-nitroaniline and benzenediazonium chloride." 

T h e  coupling react ion is important in the industrial preparation of a z o  
d y e s  a s  well a s  in the  analyt ical  determination of diazonium compounds. 
T h e  react ion h a s  been ~ e v i e w e d , ~  and experimental procedures have been 

495. Condensat ion of Nitroso Compounds with Amines 

ArNO + Ar'NH, 4 ArN = NAr 

Condensat ion of aromatic ni t roso compounds with primary amines i s  
a sa t i s fac tory  procedure for obtaining a z o  compounds. An example i s  the 
combination of nitrosobenzene and ani l ine in a c e t i c  acid,  which resu l t s  
in  a quant i ta t ive yield of azobenzene? Similarly, a s e r i e s  of methyl- 
subst i tuted azobenzenes  have been prepared, although the y ie lds  a re  poor 
in the c a s e  of the ortho-substituted  compound^.'^ A s  a n  illustration of 
the versat i l i ty  of the  react ion,  ni t rosobenzene c a n  b e  condensed with 
0-methoxyaniline (0-anisidine)," p-aminobenzoic acid," o-phenylene- 
diamine monobenzoate," and m-nitroaniline14 t o  form the  corresponding 
subs t i tu ted  azobenzenes .  

496. Reduct ion of Nitro Compounds 

(H) (HI 
2ArN0, --+ ArN= NAr ArN= NAr 

.1 
0 

Aromatic a z o  and azoxy  compounds may be prepared by chemical  or 
e lec t ro ly t ic  reduction of nitro compounds, the  degree of reduct ion de- 
pending upon the  experimental condit ions.  

Severa l  chemical  reducing agents  a re  avai lable  for obtaining the a z o  
compounds. An example is the  s y n t h e s i s  of azobenzene by the ac t ion  of 
z inc  d u s t  and a l k a l i  on nitrobenzene (86%).18 Lithium aluminum hydride 
in  e ther  g i v e s  sa t i s fac tory  resu l t s  in the conversion of nitrobenzene and 
nitromesitylene t o  t h e  a z o  c0mpounds.7~ Reduction by the ac t ion  of 
hydrazine in alcohol  solut ion over a palladium ca ta lys t  h a s  been a suc-  
c e s s f u l  procedure for converting the haloni trobenzenes t o  the a z o  
compounds ." 

Other agen ts  a r e  employed for obtaining azoxy compounds. T h e  
ear l i es t  procedure involved the  reducing act ion of sodium methoxide, 
uiz. ," 
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When sodium arsenite i s  the reducing agent, nitrobenzene i s  changed t o  
azoxybenzene in an 85% yield.'a 

Another convenient procedure utilizes dextrose a s  the reductant, fur- 
nishing azoxybenzene in an  82% yield.'2 This same reductant converts 
p-nitrobenzoic acid to i t s  azoxy derivative or i t s  azo  derivative, depend- 
ing upon slight changes in the experimental  condition^.^^ Also, by slight 
changes in the procedure, m-nitrophenol may be converted by the action 
of zinc dust  and alkali to the corresponding azo or azoxy compound." A 
combination of magnesium and methanol has been applied t o  the nitro- 
toluenes and halonitrobenzenes to yield the alkyl- and halo-substituted 
azoxy compounds in good yields .12 

Directions have been given for the electrolytic reduction of nitrobenzene 
to azobenzene.19 Azoxy compounds are a lso  formed by this technique.36 

497. Oxidation of Hydrazines 

RNHNHR -% RN= NR 

Aromatic hydrazines like hydrazobenzene are readily oxidized to  azo- 
benzenes with air in the presence of alkali or by the action of sodium 
hypobromite." Aliphatic a z o  compounds are a lso  prepared from the cor- 
responding hydrazo compounds. Thus azomethane, CH,N= NCH,, i s  pre- 
pared by the oxidation of sym-dimethylhydrazine with cupric chloride 
(70%):' The oxidation of w,w '-hydrazotoluene, C6HSCH2NHNHCH2C6H5, 
to  the azo compound is  accomplished with mercuric oxide in boiling ether 
(76%hZ5 

Aliphatic hydrazines of the type R,C(CN)NHNHC(CN)R, are prepared 
by the interaction of ketone Gyanohydrins and h~draz ine .  These com- 
pounds can be oxidized t o  azonitriles with hypobromous acid in methanol.' 
In a similar manner, ethyl azodicarboxylate, C2H50,CN=NCOzC2H5, i s  
synthesized by the action of hypochlorous acid on ethyl hydrazodicar- 
boxylate (83%);' 

498. Oxidation of Azo Compounds 'O"' 

499. Isomerization of Diazoamino Compounds (cf. method 494) 

T A B L E  108. A Z O  AND AZOXY COMPOUNDS 767 

TABLE 108. AZO AND AZOXY COMPOUNDS 

Cn Compound Method chapterref. B.p.hm.. nb.  (M.P.) (so) 
C, Azomethane 497 70 2918 
C 6 Ethyl azodicarboxylate 497 83 29" 111/15 
C, 2,2'-Azomethylethylacetonitrile 497 70 2916 (57) 

Dimethyl 2,2'-azoisobutyrate 497 30 29'"32) 

C , Azobenzene 

P.p '-Dibromoazobenzene 
m,mr-Dihydroxyazobenzene 
~Aminoazobenzene 
m- Aminoazobenzene 
p-Aminoazobenzene 
P ,p '-Diaminoazobenzene 
m-Nitroazobenzene 
Azoxybenzene 
p,p '-Dichloroazoxybenzene 
P,p'-Dibromoazoxybenzene 
m,m'-Dihydroxyazoxybenzene 

C ,, 2-Methoxyazobenzene 495 45 29" 197/14, (41) 
2-Methylazobenzene 498 49 29" 186/25 
p-Phenylazobenzoic acid 495 61 29" (249) 

C 14 up'-Azotoluene 497 76 29" (29) 
o-Aminoazo-p-toluene 494 70 29" (118) 
p,p'-Dimethylazoxybenzene 496 61 29" (70) 
p-Azoxybenzoic acid 496 95 29" 

C Methyl red 494 GG 29' (182) 
C m  I,  1'-Azonaphthalene 14 30 29 19 (189) 
C,, 2 , ~ ' - ~ z o x ~ f l u o r e n e  496 60 2915 (279) 

For explanations and symbols see  pp. xi-xii. 
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T h e  chemistry of a l iphat ic  d iazo  compounds of the  genera l  formula 
RCHN,, among which a re  the important d i a z o  ketones RCOCHN, and d iazo  
e s t e r s  N,CRCO,R, h a s  been r e v i e ~ e d ? ~ - ~ '  In addi t ion,  the  formation of 
aromatic  diazonium s a l t s ,  A r G C l - ,  has  been extensively s tudied and  fully 
described in s e v e r a l  monographs.' F o r  th i s  reason,  only the most perti- 
nent  points  a r e  included here along with key references.  

500. Decomposition of N-Nitroso Compounds 

(1) RCH,N(NO)CO,C,HS + 2KOH -+ RCHN, + K2C03 + C,HSOH + H,O 

RCH,N(NO)CONH, + KOH + RCHN, + KCNO + 2H,O 

'F 
NaOR 

(3) RCHzN(N0 CH2COCH3 - RCHN, + (CH,),C=CHCOCH, + H,O 

(CH3)2 

Low-molecular-weight d iazoa lkanes  are  prepared by three general 
methods, a l l  of which involve the  b a s i c  decomposition of a n  N-nitroso 
compound. T h e  f i r s t  is concerned with the  a lka l ine  degradation of a n  
N-nitroso-N-alkylurethane (equation 1). T h u s ,  t h e  syn thes i s  of diazo-  
e thane  a n d  1-diazopropane i s  accomplished in 75% and 57% yields ,  re- 
spec t ive ly ,  by the rapid addition of the corresponding nitrosourethane t o  
a solut ion of potassium hydroxide in n-propyl alcohol.34 T h e  procedure 
h a s  been extended t o  the formation of a more complex product,  diazo- 
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,8,,8,,8-triphenylethane (loo%)." Diazomethane i s  a l s o  prepared in this  Z 'J 
way from the commercially available nitros~meth~lurethane;~~ however, I 

% 
other procedures are preferred. 

A closely related method cons is t s  in treating a n  N-nitroso-N-alkylurea 
with strong aqueous potassium hydroxide (equation 2). Although this  pro- 
cedure has  been adapted to the formation of several  d i a z o a l k a n e ~ : ~  i t  i s  
particularly suited for forming d i az~methane . "~  

Treatment of methyl ~-nitroso-,8-a1k~laminoisobut~1 ketones with 
sodium isopropoxide or sodium cyc lohexoxide furnishes a third method 
(equation 3). The  preparation of the starting materials involves simply 
the addition of a n  amine to mesityl oxide with subsequent n i t r o ~ a t i o n . " ~ ' ~ '  
In th is  c a s e  the starting material (equation 3, R =  H) for diazomethane i s  
more stable than nitrosomethylurea and does not have an  irritating action 
like methy l n i t r ~ s o u r e t h a n e . ~ ~  9 

The  diazoalkanes are not isolated but are collected in ether for im- . > 

mediate consumption. The quantity and yield from the N-nitroso com- 
pound are  determined by treating an aliquot with exces s  benzoic acid and 
titrating the unreacted acid with standard alkali."$ The  diazoalkanes 
should be handled with careaS9 

501. Diazotization of Aliphatic Amino Compounds 

Primary amino groups alpha t o  a carbethoxyl, cyano, ketone, sulfonic 
acid:, or trifluoromethyl group44 react  with nitrous acid to form stable 
diazo groups. An example i s  the conversion of glycine ethyl  es te r  hydro- 
chloride to ethyl diazoacetate (85%).'5 The reaction has  been applied to  
higher amino esters.'6 It may be recalled that aliphatic primary amines 
in general react  with nitrous ac id  to give nitrogen, alcohols, and olefins. 
However, the above groups adjacent  t o  the amino group have spec ia l  ef- 
fects;  even the closely related a-amino acids a re  converted to  hydroxy 
acids by this  treatment. 

502. Oxidation of Hydrazones 

R,C = NNH, + HgO -4 R,CN, + H,O + Hg 

Certain aromatic diazohydrocarbons are conveniently prepared by the 
oxidation of hydrazones. Thus benzophenone hydrazone (R = C6FJ5) reacts  
with mercuric oxide in petroleum ether a t  room temperature during 6 hours 
to furnish diphenyldiazomethane in 89% to 96% yield.47 Hydrazones of 
substituted benzophenones have been similarly treated:' Phenylbenzoyl- 
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diazomethane i s  synthesized by th is  same procedure (94%)." A few 
simpler d iazo  compounds like dimethyldiazomethane (R=CH3), phenyl- 
diazomethane, C6HSCHN,, and phenylmethyldiazomethane, C6H5(CH3)CN,, 
have been made, although no indication of yields i s  given.'9 

503. Interaction of Acyl Halides and Diazoalkanes 

2CH,N, + RCOX -+ RCOCHN, + CH,X + N, 

The  preparation of diazo ketones by the interaction of acyl  chlorides 
and diazoalkanes has  become a well-established reaction, for these com- 
pounds represent important s tart ing materials for the synthes is  of many 
ketone and acid derivatives. Excellent surveys of the reaction and i t s  
u se s  have been made 

Diazomethane i s  the most common reagent for th is  reaction although 
other diazohydrocarbons have been successfully employed." In the stand- 
ard procedure, the acyl  chloride i s  added slowly to a n  ethereal solution of 
exces s  diazomethane (2.5 to 3 moles) a t  0' and the mixture i s  allowed to  
stand for varying periods of time. The  yields are practically quantitative. 
The initial reaction i s  the formation of the diazo ketone with the libera- 
tion of hydrogen halide, which then reac ts  with a second molecule of 
diazomethane to  form methyl halide and nitrogen. If the hydrogen halide 
i s  not consumed by exces s  diazomethane, i t  will react with the diazo 
ketone to  yield a n  w-halogenated ketone. In some instances,  a n  organic 
base  like trimethylamine i s  present a t  the s ta r t  of the reaction for the 
purpose of removing the liberated acid,  thus curtailing the consumption 
of the expensive diazomethane.'' Quite often the diazo ketones are used  
without purification, but many have been crystallized. A few compounds 
have been dist i l led a t  reduced pressure without violent decornpos i t i~n . '~  

The method has  been adapted t o  the formation of bis-diazoacetylalkanes 
from dibasic acid  chloride^.'^ Diazo ketones have been obtained from 
acyl  chlorides containing a ,8,?/-double bond, a n  e s t e r  group, and certain 
heterocyclic and aryl nuclei having alkyl, methoxyl, and nitro substitu- 
en ts .  On the other hand, functional groups such as phenolic hydroxyl, 
arylamino, aldehyde, act ive methylene, and a,P-unsaturated linkages may 
interfere. T h e  method i s  ideal for application to complex molecules. 

Experimental conditions and ,procedures have been presented.'" '" It 
should be  recalled that diazomethane i s  toxic and explosive in the gase- 
ous s t a t e  . 

The  applications of diazo ketones for the synthesis  of other hornol- 
ogous ser ies  are summarized elsewhere, i.e., halo ketones (method 57), 
hydroxy ketones (method 114), alkoxy ketones (method 124), keto e s t e r s  
(method 311), higher acids (method 271), higher es ters  (method 2%),  and 
amides (method 360). 
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504, Diazotization of Aromatic Amines 

Salts  of primary aromatic amines react with nitrous acid to  produce 
diazonium salts. '  The reaction i s  usually performed by adding a cold 
solution of sodium nitrite to a cold solution of the arylamine in aqueous 
mineral acid. The end point of the reaction i s  conveniently determined 
by the detection of excess  nitrous acid with potassium iodide-starch 
paper. Sulfamic acid has  long been used both in industry and in the 
laboratory to remove excess  nitrous acid. It has been found to  react with 
the more active diazo compounds.' In most c a s e s ,  high temperatures are 
avoided to prevent the formation of phenols and the decoinposition of the 
unstable nitrous acid. An excess  of mineral acid i s  necessary to prevent 
coupling between the diazonium sa l t  and unreacted amim (cf. method 
474). If the amine sa l t  i s  somewhat insoluble, a fine crystalline form, 
which i s  produced by rapid crystallization from a warm aqueous solution, 
may be employed.'7 

Amines having sulfonic acid or carboxyl groups may be mixed with 
sodium nitrite in basic solution and the mixture then added to  excess  
mineral acid,  or the amine may be ground with concentrated acid and the 
mixture then treated with aqueous sodium nitrite?' 

Many diazonium sa l t s  are unstable and must be handled with care, 
preferably in solution rather than in the dry s ta te .  Procedures have been 
perfected for making stabilized diazonium sa l t s ,  which can be isolated 
and dried." If a solid non-stabilized diazonium sa l t  i s  desired, an al- 
coholic solution of the amine sa l t  i s  treated with an alkyl nitrite, and the 
product i s  crystallized or precipitated with ether. Glacial ace t ic  acid 
and dioxane may a l so  be employed a s   solvent^.^ 

In the event that the amine i s  only slightly soluble in the aqueous 
mineral acid, a s  is  true of weakly basic amines having negative sub- 
st i tuents,  special  techniques are employed to  bring about the reaction. 
A successful  procedure involves the treatment of the weakly basic amine 
in concentrated acid,  sulfuric, phosphoric, or glacial  acetic,  with nitrosyl- 
sulfuric acid." " In this manner, the more intractable amines having two 
or more meta-directing or halogen substituents are subjected to diazotiza- 
tion, e.g., 2,4,6-trinitroaniline (picramide)' and 2,6-diiod0-4-nitraaniline.~ 
Pyridine has been used a s  a solvent in diazotizations with nitrosylsul- 
furic acid.6 

The common procedure for diazotization by means of nitrous acid in 
aqueous solutions i s  illustrated by the synthes is  of benzenediazonium 
chloride,' o-, m-, and p-methylbenzenediazonium s u ~ f a t e s , ~ ' "  and P-naph- 
thalenediazonium ~ h l o r i d e . ' ~  

The teuazotlzation of m-phenylenediamine has  been described;'' also, 
under specia l  conditions (nitrosylsulfuric acid in glacial  ace t ic  acid) a 
similar conversion of the ortho isomer has been accomplished." This  
procedure has been adapted to the tetrazotization of certain naphthalene 
diamines." The simultaneous diazotization of two amino groups in the 
biphenyl ser ies  i s  illustrated by the synthesis  of 4,4'-biphenylene-bis- 
diazonium chloride l5 and i t s  3,3'dimethyl analog.16 

Syntheses are a l so  recorded that illustrate diazotization in the pres- 
ence of a single substituent like a halo,17' " phenolic hydroxy l~ '  
a l k ~ x ~ l , ~ '  aldo,?" " carbethoxyl,?' carboxyl,"~ " or nitro group.?6"' 

Certain nuclear substituents ortho to  a newly formed diazonium group 
may interact to  form a cyclic structure with or without retention of the 
nitrogen atoms."' Such is  the c a s e  in the diazotization of o-phenylene- 
diamine in aqueous solution, the product being 1,2,3-benzotriazole (81%)."' 
If the ortho substituent i s  an  activated methyl group, a n  indazole i s  
formed." Hydroxyl groups ortho or para to  the diazonium group may inter- 
ac t  to form internal condensation products called diazo oxides." These 
compounds may a l so  form in the reaction of halo- and nitro-substituted 
aminophenols . 

Further discussion of the formation of diazonium sa l t s  and their reac- 
tions i s  found under the many methods involving the replacement and 
modification of the diazonium group (methods 12,  14, 56, 73, 380, 401, 
473, 487,494,  506, and 521). 
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TABLE 109. DIAZO AND DIAZONIUM COMPOUNDS 

c n Compound Method (7.) chapterref. B.p./mm., nb, (M.p.) 

TABLE 109 (continued) 

C n Compound 
Yield 

Method (%) Chapterref- B.p./-., nb, (M.P.) 

Diazonium Compounds (=dimred) 

C p-Methylbenzenediazonium 5 04 309 

pp - -  

Diazo Compounds 

Diazomethane 500 84 
500 70 

Diazoethane 500 50 
500 75 

Trifluorodiazoethane 501 67 

bromide (sulfate) 
2-Bromcrrl-methylbenzene- 504 30 l9 

diazoaium sulfate 
m-Benzaldehydediazonium 5 04 30" 

sulfate 1-Diazopropane 500 47 
500 57 

Vinyldiazomerhane 500 23 
p-Benzaldehydediazonium 504 30" 

sulfate 
o-Carboxybenzentrliazonium 5 04 30a4 

chloride 
2-Nitro-4-methylbenzenedia- 5 04 3OS 

I-Diazobutane 

Ethyl diazoacetate 
zonium sulfate 

Isovaleryldiazomethane 503 85 
Diazoacetophenone 503 100 
1,4-bis-Diazoacetylw-butane 503 73 

C g p-Carbetho~benzenedia- 504 30U 
zonium chloride 

C 10 fi-Naphthalenediazonium 504 3010 
chloride l-p-Chlorobenzoyl-I-diazo- 503 71 

ethane 
Benzyl diazomethyl ketone 503 85 
p-Methoxybenzoyldiazcr 503 70 

4-Nitronaphthalenediazonium 5 04 30m 
sulfate 

C ,, 4,4'-Biphenylene-bis 504 30 
methane diazonium chloride 

For explanations and symbols s e e  pp. xi-xii. a-Naphthoyldiazomechaae 503 92 
Diphenyldiazomethane 502 96 
I-(2'-Naphthoy1)-1-diazocthane 503 78 

Phenyl benzoyldiazomethane 502 94 
Diazo-P,fi,fi-triphenylethane 500 100 

Diazonium Compounds 

C 6 Benzenediazonium chloride 504 308 
0-Benzenetetrazonium chloride 504 3013 
nrBenzenetetrazonium chloride 504 30 la 

o-Chlorobenzenediazonium 504 30" 
bromide 

p-Bromobenzenediazonium 504 3017 
chloride 

p-Hydroxybenzenediazonium 504 30'l 
sulfate 

m-Nitrobenzenediazonium chlo- 504 30B 
ride (sulfate) 

p-Nitrobenzenediazonium 5 04 30" 
fluoborate 

C , o-Methylbenzenediazonium 504 30 
bromide (sulfate) 

m-Methylbenzenediazonium 504 30" 
chloride 
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505. ~ l k ~ l a t i o n  of Metallic Hydrosulfides 

KX + NaSH -+ RSH + NaX 

The  direct introduction of t he  lnercapto group into the organic molecule 
i s  accomplished by the alkylation of hydrogen sulfide' '  or a n  alcoholic 
solut ion of sodium or potassium hydrosulfide. The  hydrosulfide solution 
i s  prepared by saturat ing alcoholic potassium hydroxide,I6 molten sodium 
sulf ide n ~ n a h ~ d r a t e , ' ~  or a solut ion of sodium in absolute alcohol" with 
hydrogen sulfide. Alkyl su l fa tes  and primary or secondary alkyl  ha l ides  
serve a s  alkylating agents .  Dithiols a re  obtained from polymethylene 
hal ides in 70-85% yields.'4 C h l ~ r o h ~ d r i n s , ' ~  ,b-chloro e t h e r s t 9  a-chloro 
ketones:' and diethylaminoalkyl chloridesa3 have a l s o  been converted t o  
mercaptans by th i s  method. Potassium hydrosulfide in propylene 
a t  175O converts 2-bromopyridine to 2-mercaptopyridine in 87% yield." 
T h e  nitro group of p-nitrochlorobenzene is  reduced in the preparation of 
p-amirlothiophenol (69%):' The  act ive hal ide,  p-cyanobenzyl chloride, 
g ives  only a 10% yield of mercaptan; the main product i s  the  sulfide 
formed by further alkylation of the n e r c a ~ t a n . "  Alkyl sulf ides are often 
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by-products of the  react ion (cf. method 515). Their  foraat ion is mini- 
mized by a n  e x c e s s  of hydrogen sulfide. 

506. Hydrolysis of S-Alkylthiouronium Sal t s  

T h e  carbon-sulfur linkage is readily establ ished by  alkylation of 
thiourea by means of halides," sulfates," or alcohol-hydrogen halide 
mixtures.' Many types of groups have been  introduced, including pri- 
mary,'*' secondary," '* ' tertiary," allyl," benzyl," ' and furfuryl." A 
few aryl  groups have been  introduced by means of ac t ive  aromatic8 and 
heterocyclic" hal ides or by treating the thiourea with a diazonium salt.' 
Mercaptans a re  formed by alkal ine hydrolysis of the  resulting isothiou- 
ronium s a l t s .  Over-all yields vary from 4m t o  90%. Polymethylene 
hal ides give dithiols:* "' and halo alcohols  and halo a c i d s  lead t o  
mercapto  alcohol^'^ and metcapto ac idsn9  respect ively.  A convenient 
procedure for the d i sposa l  of mercaptan vapors in the  laboratory ha s  
been described." 

507. Hydrolysis of Xanthates  

Cl&OCSSK KOH. 
A~N,+X- - C,HSOCSSAr tj ArSH + COS + C,HIOH 

H 

T h e  replacement of a n  amino group by a mercapto group on a n  aromatic 
nucleus is effected by treating the  diazot ized amine with potassium ethyl  
xanthate and hydrolyzing the resul t ing aryl  e thy l  xanthate (Leuclcart). 
Yields of 43-80% a re  reported for thiophenols containing methyl:' 
ha10,'~' '' and methoxyl 57 groups. Potassium ethyl  xanthate is readily 
prepared from alcoholic  potassium hydroxide and carbon disulfide." 

508. Hydrolysis of Thiol  Es t e r s  

H 0 
RCOSR' A RCO'H + R'SH 

H + or OH- 

The  hydrolysis of thiol e s t e r s  is achieved in  ei ther  ac id ic  or bas ic  
media. Alcoholic solut ions of hydrogen chloride or potassium hydroxide 
a re  the most conlmon reagents .  Dithiols,4' hydroxy r n e r ~ a p t a n s , ~ ~  and 
mercapto erhers," ketones," and ac id s  have been prepared by th i s  
method. T h e  corresponding thiol e s t e r s  are obtained by the addition of 
thioacet ic  acid to oxides 33 and olef inic  ac ids"  or by the  act ion of its 
potassium s a l t  on halo ketones '' or sulfonic e s t e r s  .4' 
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509. Reduction of Sulfonyl Halides 

RSO,Cl% RSH 

Arylsulfonyl chlorides are r e d u ~ e d  by zinc dus t  and sulfuric acid at 

0' to give high yields of thiophen~ls. '~ '  "@ 56 T in  and hydrochloric ac id7  
and a mixture of phosphorus, potassium iodide, and phosphoric acid3' 
have a l so  been used.  Preliminary experiments with lithium aluminum 
hydride on both alkyl- and aryl-sulfonyl chlorides gave 45-50% yields 
of m e r c a p t a n ~ . ~ ~  Halogen atoms on the benzene ring are  s tab le  during 
the reduction.' 

510. Reduction of Disulfides 

RSSR 'H! 2RSH 

Th i s  reaction has found little application to  mercaptan syntheses s ince  
- - 

the rnercaptans are usually a s  readily available (by other methods) a s  the 
disulfides. The  S-S linkage is  reduced by zinc in ace ti^^^"^* 53 or sul- 
furic3' acid, lithium aluminum h ~ d r i d e ; ~  or metallic s ~ d i u m . ~ '  y-Hydroxy- 
propyl disulfide is reduced electrolytically in 70% yield." Reduction by 
sodium disulfide does not reduce the nitro group in the preparation of 
p-nitrothiophenol (65%): whereas zinc and ace t ic  acid converts o-nitro- 
phenyl disulfide to o-aminothiophenol (90%).32 Disulfides made by the 
action of ammonium hydrogen sulfide on aldehydes are  sources for dif- 
ficultly available aromatic and heterocyclic mercaptans. The disulfides 
a re  reduced by aluminum amalgam and water.49 

511. Action of Sulfur on Organometallic Reagents 

S H 0 
ArLi + ArSLi ArSH 

H 

Phenyllithium and p-dimethylaminophenyllithium react with sulfur with 
the liberation of heat. Hydrolysis of the products by dilute hydrochloric 
ac id  gives thiophenol (62%) and p-dimethylaminothiophenol (50%), respec- 
t i ~ e l ~ . ~  The  Grignard reagent has  been employed in a similar 

512. Addition of Hydrogen Sulfide to Olefinic Compounds 

(CH,),C = CH, + H,S + (CH,),CSH 

Small yields (4-36%) of mercaptans have been obtained by the addition 
of hydrogen sulfide under pressure to simple 01efins.'~ The addition fol- 
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lows Markownikoff's rule. Hydrogen sulfide has  been added to conjugated 
olefinic ketones, acids,  and nitro compounds .la 

513. Action of Hydrogen Sulfide on  alcohol^^^ 

ROH + H,S 2 RSH + H,O 
380 

514. Addition of Amines to Olefin  sulfide^*^*^^ 
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TABLE 110. MERCAPTANS 

Compound Method 
t 

C n  (%) chapterref. B.p./mm., n ~ .  (M.p.) 

Aliphatic Mercaptans 

C Methyl mercaptan 
C l  Ethyl mercaptan 

C 3 n-Propyl mercaptan 
Isopropyl mercaptan 
Allyl mercaptan 

C 4  n-Butyl mercaptan 
n-Butyl mercaptan 
s-Butyl mercaptan 
Isobutyl mercaptan 
Isobutenyl mercapran 

C5 n-Amy1 mercaptan 
3-Pentanethiol 
t - h y l  mercaptan 

C 6  n-Hexyl mercaptan 

Aromatic and Heterocyclic Mercaptans 

Cg a-Furfury1 mercaptan 

C, Thiophenol 

C 7  Benzyl mercapran 
nr l l iocreso l  
p-Methylthiophenol (p-thio- 

cresol) 

C8 P-Phenylethyl mercaptan 
o-Ethylthiophenol 

C g  aPropyl th iopheno1 
o-Isopropylthiophenol 
p-Isopropylthiophenol 

C Triphenylmethyl mercapran 

Dithiols 

C , Ethylene mercapran (1.2- 506 62 3 1 " 63/46 
erhanedirhiol) 

C ,  Trimethylene mercapran 508 57 31" 110/120, 1.5380'' 
C , Terramerhylene mercapran 506 85 3 128/100, 1.5265" 

T A B L E  110. MERCAP.TANS 783 

TABLE 110 (continued) 

Yield 
C n Compound Method (%) Chapterref. B.p./mm., nb, (M.P.) 

Dit hiols (continued) 

C 5 Pentamethylene mercaptan 506 83 31 l4 147/100, 1.5194'5 
C6 Hexamethylene mercaptan 506 63 31' 
C 7  Heptamethylene mercaptan 505 88 31U 178/100. 1.4950a5 

Halo Mercaptans 

C 3 P-Chloropropyl mercaptan 51 69 31'' 125/764, 1.4852 
Y-Bromopropyl mercaptan 52 53 31M 56/12 

Mercapto Alcohols, Ethers, and Ketones 

C 3 2-Methoxyethyl mercaptan 508 55 3 112, 1.4488'3 
~ - ~ ~ d r o x ~ ~ r o ~ ~ l  mercaptan 508 85 31" 51/12, 1.4862 
Y-Hydroxypropyl mercaptan 505 65 3 1 82/ 10 

506 43 31'' 75-80/7 
510 70 31'' 80/1.2, 1.4952 

Mercaptoacetone 505 68 31" (110) 

C 4  P-Ethoxyethyl mercaptan 505 74 31LP 126 
Cg P-Ethoxypropyl mercaptan 505 36 31LP 134 
C 6  P-Ethoxybutyl mercaptan 505 61  31" 157 

C 7  p-Methoxythiophenol 507 79 315' 89/5, 1.58Ola5 
C 8  2-Phenoxyethyl mercaptan 508 90 3 l u  134/29, 1.5597" 
Cg a-Mercapro-a-phenylacetone 508 80 31" (110) 

Metcapto Acids and Esters 

C 3 P - ~ e r c a ~ r o p r o p i o n i c  acid 506 72 31' 
C 4  Ethyl mercaptoacetate (ethyl 285 89 31" 

thioglycolate) 

Cs  P -Mercaptovaleric acid 508 80 3141 
Y-Mercaptovaleric acid 508 85 3 1 41 

8 - ~ e r c a ~ t o v a l e r i c  acid 508 83 3 1 41 

Ethyl P -mercaptopropionate 285 79 31" 

C 7  o-Carboxythiophenol (thio- 510 84 t 3lS3  
salicylic acid) 

m-Mercaptobenzoic acid 509 84 3 1 

For explanations and symbols see  pp. xi-xii. 
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TABLE 110 (cunfinued) 

R E F E R E N C E S  F O R  C H A P T E R  31 

R E F E R E N C E S  F O R  C H A P T E R  31 

C n Compound Method (%) chapterref .  D.p./mm., n h ,  (M.p.) 
t 

Mercapto Amines and Nitro Compounds 

C , P-Aminoethyl mercaptan .... 97 31a7 
C 6  P-Diethylaminoethyl mer- 505 57 31 ,a 

captan 514 48 31" 
0-Aminothiophenol 510 90 3 1 " 
p-Aminothiophenol 505 69 3 1 U  
p-Nitrothiophenol 510 65 31' 

C ,  P-Phenylaminoethyl mercaptan 5 14 52 31" 
p-Dimethylaminothiophenol 511 50 3 l S  

For explanations and symbols s e e  pp. xl-xii. 
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1 515. Alkylation of Mercaptans 

NaOH R ' X  or 
RSH --+ RSNa - RSR' 

R ' ,SO4 

Th i s  reaction i s  analogous to similar methods for the preparation of 
ethers (methods 115 and 116). Both simple and mixed sulf ides may be 
made from aliphatic rnercaptans or thiophenols. The  sodium mercaptides 
are formed from the mercaptans and aqueous or alcoholic solutions of 
sodium hydroxide or alcoholic sodium ethoxide. Alkylation is effected 

by alkyl s u l f a t e s , 5 ~ ~  or e s t e r s  of sulfonic acids." The 
over-all yields of sulfides are usually a b w e  70%. t-Butyl mercaptan i s  
alkylated directly by t-butyl alcohol in strong sulfuric acid t o  give 
t-butyl sulfide in 87% yield.9 

A variety of other functional groups may be  present in either the 
halide or the mercaptan. Olefinic sulf ides a re  obtained by the action of 
ally1 halides on benzyl or phenyl rne r~ap t ides . ' ~ "~  Ethylene, tri- 
methylene, and 1-pentene chlorohydrins give hydroxyalkyl sulfides, from 
which chloroalky.l sulfides are obtained by the Darzens procedme (method 
53).16-" Phenacyl chloride gives keto sulf ides of the type 
C6HsCOCHlSR." Alkylmercapto ac ids  a re  prepared from either halo ac ids  
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or mercapto acids ."' " In addition, halo? a l k o ~ y l , ~ '  c a r b o ~ ~ l : ~  
cyano,z3s24 and nitro2'* 'O groups on aromatic nuclei have been present 
during the alkylation. 

516. Action of Halides on Metallic Sulfides 

2RX + Na2S -+ RSR + 2NaX 

Symmetrical sulf ides are obtained in 70-9075 yields by refluxing 
aqueous alcoholic solutions of halides with sodium ~ u l f i d e . ~ "  The 
nonahydrate of sodium sulfide is a satisfactory reagent for the reac- 
tion!*" Tetramethylene" and pentamethylene2' halides give cyclic 
sulfides, e.g., tetramethylene sulfide (tetrahydrothiophene) (64%). Hal- 
ides containing several  other important functional groups have been em- 
ployed. Typical examples include methallyl chloride,I4 and halides with 
hydroxyl,'9 e t h o ~ ~ l , ~ ~  c a r b ~ x ~ l ~ ~  and diethylamino2' groups in the beta 
position. A "dry" synthesis  of phenyl sulfide from calcium oxide, sulfur, 
and chlorobenzene a t  300' has  been reported.' 

517. Addition of Mercaptans to Olefinic Compounds 

Mercaptans add to  olefins according to Markownikoff's rule in the pres- 
ence of sulfur3' or sulfuric acid.'6 The mode of addition is reversed by 
peroxides."~ The yields of sulfides are  generally in the range of 60- 
9%. Somewhat lower yields (50-6076) are obtained by the addition of 
mercaptans to  vinyl chloride and ally1 alcohol.37s 39' 42 Conjugated ole- 
finic aldehydes ,"* " ketones :* 42 esters:'* 44s 45s 69 and cyanides 42-'5 add 
mercaptans and thiophenols in excellent yield. In certain c a s e s  the un- 
saturated compound may be converted directly to  a symmetrical sulfide 
by addition of hydrogen sulfide 45 (cf. method 388). 

C%' CHCN 
CH, = CHCN % HSCH2CH2CN S(CH,CH,CNX 

These  additions to  the conjugated system are catalyzed by bases  such 
a s  sodium hydroxide, sodium methoxide, tertiary amines, piperidine, and 
quaternary ammonium hydroxides. Cupric acetate catalyst  is used in the 
conversion of acrolein to P-methylmercaptopropionaldehyde, 
CH3SCH,CH2CH0 (84%)." The addition of mercaptans is analogous to  
the addition of alcohols to these systems (method 121). However, the 
thiol group is more active than the hydroxyl group, a s  is shown by 

METHODS 517-522 789 

the formation of P-(2-hydroxyethylmercapto>propionitrile, 
HOCH2CH2SCH2CHzCN, from acrylonitrile and 2-mercaptoethanol, 
HOCH,CH,SH .44 

i 

518. Haloalkylation of Mercaptans 

a-Halo sulfides are available from mercaptans by direct haloalkylation. 
Chloromethylation and b r~mometh~ la t ion  of the simpler mercaptans is  ef- 
fected by shaking a t  -15' with paraformaldehyde and hydrogen halide. 
T h e  yields of halomethyl derivatives are 43-93%:'-" Somewhat lower 
yields ( 3 0 4 7 % )  are obtained when acetaldehyde is substituted for para- 
formaldehyde :' 
519. Cleavage of Ethylene Oxide and Analogs 

Ethylene oxide reacts  with hydrogen sulfide a t  45-60° to  produce 
P-hydroxyethyl sulfide in 9% yield.6' The reaction can be  stopped a t  
the mercaptan s tage  with excess  hydrogen sulfide. Analogous reactions 
of ethylenimine 60 and ethylene sulfide produce both the sulfides and 
substituted mercaptans. Cleavage of the ethylene oxide ring by mer- 
captans gives P-hydroxyethyl alkyl sulfides in 70-9% yields.61 

1 

520. Conversion of Oxides to Cyclic Sulfides 

Thiourea or potassium or ammonium thiocyanates react with alkene 
oxides a t  room temperature in aqueous solution to give cyclic sulfides 

5 
1 in 50-73% yields.63* 64 

I 521. Decomposition of Diazosulfides 53 
1 

RSNa 
A~N,+x- + A ~ N  = NSR 4 A ~ S R  

I 

t 

f 522. Action of Organometallic Compounds on Disulfides 5 a  

ArSSAr + C6H5Li 4 ArSC6H5 + ArSLi 

a 
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523. Action of Mercaptides on Lactones '' 

Ch. 32 

524. Action of Sodium Sulfide on Dithiocyanates 

TABLE 111. SULFIDES 

TABLE 11 1. SULFIDES 

Compound c h a p t e r r e f  B.p./mm., ntD, (h4.p.) Method (%) 

I 
- 

Aliphatic Sulf ides  
.- 

C a Methyl sul f ide  516 50 32" 38 
C 4  Ethyl sul f ide  516 78 32U 91 

I Vinyl sul f ide  20 25 t 32' 84/759 

I C s  Ethyl n-propyl sul f ide  517 64 32" 116/750, 1.4471 
bis-Ethylthiomethane 515 90 32" 181/760 

! 
C 6  n-Butyl e thyl  sulfide 515 78 32" 144 

I n-Propyl sul f ide  516 85 32' 142 

C ,  t-Butyl sul f ide  515 87 32' 149 

i Methallyl sul f ide  516 75 32U 173, 1.4862 

Cycl ic  Sulfides 

C ,  Propylene sulfide 520 70 32" 75 
C 4  Isobutylene sulfide 520 73 32" 85. 1.4641 

Tetramethylene sul f ide  (cf. 516 64 32" 120, 1.5037" 
tetrahydrothiophene) 

C s  Pentamethylene sulfide 516 34 32" 140/756, 1.5055 
C 6  Tetramethylethylene sulfide 524 90 32" 127, (77) 

Cyclohexene sulf ide  520 60 32" 85/46. 1.5292 

Aromatic and Heterocyclic Sulfides 

Phenyl  methyl sul f ide  
2-Thenyl ethyl sul f ide  
a-Furfuryl ethyl sul f ide  

Phenyl  ethyl sul f ide  

Methyl r t o l y l  sulfide 

Phenyl  n-propyl sul f ide  
Phenyl  isopropyl sulfide 
Allyl phenyl sul f ide  

Phenethyl  ethyl sul f ide  
Phenyl  t-butyl sulfide 
Allyl benzyl sul f ide  

Phenyl  sul f ide  
Benzyl phenyl sul f ide  

Benzyl culfide 
a-Naphthylmethyl sulfide 
P - ~ a p h t h y l m e t h ~ l  sulfide 

Halo Sulfides 

C Methyl chlorornethyl sulfide 518 60 3257 106/760 
Methyl brornornethyl sulfide 518 56 3ZS5 134/760 

-- - - -. - - - - pp-ppp - -- 

For explanat ions  and sy.nbols s e e  pp. xi-xii. 
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TABLE 111 (mntinued) 

Compound Method 
Yield 
( %) chapterref: 

Halo Sulfides (continued) 

Methyl a-chloroethyl sulfide 518 30 32- 53/100 
P-Chloroethyl methyl sulfide 53 80 32" 44/20, 1.4902" 

53 85 32" 56/30 
Ethyl chloromethyl sulfide 518 60 32" 128/760 
Ethyl bromomethyl sulfide 518 44 32" 67/45 

n-Propyl chloromethyl sulfide 518 93 32" 150/760 
Y-Chloropropyl methyl sulfide 53 75 32 '"1/29, 1.4833w 
Etliyl a-chloroethyl sulfide 518 47 3255 39/24 
Ethyl P-chloroethyl sulfide 53 94 32" 70/51 

t-Butyl chloromethyl sulfide 518 24 32- 58/12 
I-Methylthiol-2-chloropen- 53 70 32" 85/20, 1.4860 

fane 
Phenyl chloromethyl sulfide 518 50 32" 98/12 

Benzyl chloromethyl sulfide 518 75  32" 138/25 
P-Chloroethyl phenyl sulfide 53 85 32" 101/4, 1.5838 

y-Chloropropyl phenyl sul- 53 8 5  32" 117/4, 1.5752 
fide 

p ,p '-Dichlorobenzyl sulfide 5 16 86 32' (4 1) 

Hydroxy and Alkoxy Sulfides 

C ,  P-Hydroxyethyl methyl sul- 
fide 

C 4  7-Hydroxypropyl methyl sul- 
fide 

Ethyl P-hydroxyethyl sulfide 
P - ~ y d r o x ~ e t h ~ l  sulfide (thio- 

diglycol) 

C ,  Ethyl 2-hydroxypropyl sul- 
fide 

Ethyl 2-hydroxyisopropyl 
sulfide 

Ethyl ethoxymethyl sulfide 

C 6  I-Methylthiol-2-pentanol 

C 7  p-Hydroxyphenyl methyl sul- 
f ide 

C ,  P - ~ ~ d r o x ~ e t h y l  phenyl sul- 
fide 

P-~ thoxye thy l  sulfide 
p-Methoxyphenyl methyl sul- 

fide 
C 9  7'-HydroxypropyI phenyl sul- 515 100 32" 135/2, 1.5813 

fide 

TABLE 111. SULFIDES 7 93 

TABLE 111 (continued) 

w 
Method t 

C n Compound (%) chapterref- B.p./mm., nD, (M.p.) 

Aldo and Keto Sulfides 

C P-Methylmercaptopropion- 517 84 32@ 53/11, 1.4850 
aldehyde 

C 6  P-Ethylmercaptobutyralde- 517 60 32U 93/24, 1.4720 
hy de 

P - ~ t h ~ l m e r c a ~ t o e t h ~ l  methyl 517 6 1  329 79/ 10 
ketone 

C 9  Methyl phenacyl sulfide 515 88  32" 104/2, 1.5836 
p-Methylmercaptoaceto- 178 70 32e (80) 

phenone 
Clo  Ethyl phenacyl sulfide 515 87 32" 106/2, 1.5700 
C 11 P-Ethylmercaptopropiophe- 517 53 329 (47) 

none 

Carboxy and Carbalkoxy Sulfides 

C Ethylrnercaptoacetic acid 
2-Methylrnercaptopropionic 

acid 
3-Methylmercaptopropionic 

acid 

C s  Y-Methylrnercaptobutyric 

acid 
Methyl pmethylmercapto- 

propionat e 

C 8  Methyl pthiodipropionate 
Diethyl thiodiglycolate 
3-Methylrnercaptobenzoic 

acid 

C Methyl P-phenylmercapto- 
propionate 

Ethyl phenylmercaptoacetate 

Cyano Sulfides 

C 4  ~-~eth~lrnerca~to~ro~io- 517 91 32" 97/15, 1.4840 
nitrile 

Ethylmercaptoacetonitrile 378 45 32% 73/13 
C s  P-Ethylrnercaptopropio- 517 83  32" 109/21, 1.4790 

nitrile 

C 6  2-Cyanoethyl sulfide 517 9 3  32U 193/7 
C ,  p-Methylmercaptobenzo- 380 52 32" 272/760, (64) 

nitrile 
--- - -- - -- - - pp - - - pp 

For explanations and symbols see pp. xi-xii. 



SULFIDES 

TABLE 111 (continued) 

C n Compound Method (%) chapterre?- B.p./mm., n; (M.p.) 

Cyano Sulfides (continued) 

C 9  Phenylmercaptopropicr 517 97 32" 154/8, 1.5735 
nitrile 

p-Cyanobenzyl methyl sul- 515 85 32- 178/25 
fide 

C lo ~ - ~ e t h ~ l - ~ ~ h e n ~ l m e r c a ~ t c r  517 89 32U 1!4/0.9, 1.5581 
propionitrile 

C p-Cyanobenzyl sulfide 515 68 32" (115) 

C 3  Methyl 2-nitroethyl sulfide 
C P-Aminoethyl sulfide 
C ,  Ethyl m-aminophenyl sulfide 

Ethyl m-nitrophenyl sulfide 

C ,, P-Diethy laminoethyl sulfide 
2-Aminodiphenyl sulfide 
4-Aminodiphenyl sulfide 
2-Nitrodiphenyl sulfide 
4Nitrodiphenyl sulfide 
p-Aminophenyl sulfide 
pNiuopheny l  sulfide 

Amino and Nitro Sulfides 

517 80 32" 
519 50 32" 
425 80 32" 
515 50 t 32" 

516 36 32= 
515 46 32" 
425 89 32" 
515 87 32= 
515 86 32" 
425 82 32" 
515 82 32m 

Other Sulfides 

C3  Methylmercaptoacetyl 335 45 32" 50/14. 1.496715 
chloride 

C4 Diacetyl sulfide .... 90 3266 63/20,1.48101' 
2-Methylmercaptopropionyl 335 52 32" 78/45, 1.487325 

chloride 
3-Methylmercaptopropionyl 335 37 3231 97/45,1.49412' 

chloride 
E t h y l m e r c a p t ~ a c e t ~ l  chloride 335 75 32" 63/14, 1.4888" 

C ,  Phenylmercaptoacetyl chlo- 335 93 32" 118/6, 1.5806" 
rtde 

C 14 Dlbenzoyl sulftde 341 85 18' (48) 
- - - - -- - - - - - - - - - - .- - - - - - - - - - . - - - - - - - - - . 

For explanations and symbols s e e  pp. XI-xtt. 
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525. Oxidation of Mercaptans and Related Compounds 

2RSH + H,O, -+ RSSR + 2H20 

Sulfhydryl compounds are oxidized with e a s e  to disulfides. It is neces- 

sary to  employ mild oxidizing agents that do  not attack the product. h i -  
dation of an  alkaline solution of n-amyl mercaptan by iodine is described 

for n-amyl disulfide (68%).11 A mixed disulfide, ethyl t-butyl disulfide, is 
obtained in 63% yield by treatment of an equimolecular mixture of ethyl 

and t-butyl mercaptans with iodine in ethanol.' Hydrogen peroxide is 
probably the bes t  reagent for the oxidation."-' Halo and amino groups in 

the molecule are unaffected. Benzoyl disulfide, C6H5COSSCOC6Hs, is 
conveniently prepared by the iodine oxidation of the potassium sal t  of 

thiobenzoic acid, C6H,COSK: 

526. Decomposition of Alkyl Thiosulfates 

2RSS0,Nc -+ RSSR + SO, + Na,S04 

Sodium thiosulfate reacts with alkyl halides to  form sa l t s  of the type 

RSS0,Na (Bunte salts) .  Alkyl disulfides may be obtained from these 

sa l t s  by pyrolysisD or reaction with iodine or hydrogen peroxide.' The 

yields range from 47% t o  63%. Cyano and carboxyl groups d o  not inter- 

fere? Benzoylation of sodium thiosulfate poduces  benzoyl disulfide in 

58% yield." 
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527. Alkyla t ion of Sodium D i s u l f i d e  

2RX + NaS, -+ RSSR + 2NaX 

Alkyla t ion of a n  ethanolic s o l u t i o n  of sod ium s u l f i d e  con ta in ing  an 
e q u i v a l e n t  amoun t  of dissolved su l fu r  p roduces  d i s u l f i d e s  in 60-80% 
y i e l d s  from a lky l l '  or o- and  p-ni t rophenyl  halides.14 C y c l i c  disulfides 
ace prepared by  a l k y l a t i o n  wi th  1,3dihalides .'a Hydroxyl  " a n d  nitro'' 

g roups  d o  not in ter fere .  A lky la t ion  of a s o l u t i o n  of sodium s u l f i d e  con- 
t a in ing  2-5 e q u i v a l e n t s  of su l fu r  p roduces  po lysu l f ides .  

528. Reduc t ion  of Sulfonyl  Halides 16-" 

2RS0,Cl 2 RSSR 

TABLE 112. DISULFIDES 799 

TABLE 112. DISULFIDES 

I 

C n Compound Method (%) chapterref- B.p./mm., nb, (M.p.) 

C, Methyl disulfide 528 26 33" l08/748 
C, Trimethylene disulfide 526 60 33* 

C4 Ethyl disulfide 528 54 33" 15 2/7 36 
2-Chloroethyl disulfide 525 94 33' 98/0.4, 1.5656 
P-hinoethyl disulfide di- 525 80 334 (217) 

hydrochloride 
Dithiodiacetic acid 526 50 33' (106) 

Cg Ethyl t-butyl disulfide 525 63 33' 60/ 11 
Ally1 disulfide 525 70 33' 59/5 
Y-Hydroxypropyl disulfide 527 60 33" 160/0.8 
a,a-Dithiodipropionic acid 526 57 33" 
P,P-Dithi~di~ropionic acid 526 80 33' (154) 

C8  ~ B u t y l  disulfide 526 47 339 123/30, 1.4926 
528 52 33" 229/735 

Y,Y-Dithiodibutyronitrile 526 70 33' 1.606 

Clo n-Amy1 disulfide 

C 1, o-Aminophenyl disulfide 525 65 33' (93) 
p-Aminophenyl disulfide 525 64 33' (76) 
o-Nitrophenyl disulfide 527 66 3314 (195) 
mNitrophenyl disulfide 528 80 3316 (82) 
pNitrophenyl disulfide 527 68 33U (180) 

C 14 mcarboxyphenyl disulfide 528 85 33" (246) 
p-Cyanophenyl disulfide 528 66 33" (173) 
Benzoyl disulfide 525 73 336 (130) 

526 58 33'' (135) 

For explanations and symbols see pp. xi-xii. 
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529. Oxidation of Sulfides 

The  bes t  general reagent for this  oxidation is 30% hydrogen per- 
oxide.'-' Sulfoxides are isolated in 60-90% yields when a limited quan- 
tity of reagent i s  used in acetone or ace t ic  ac id  solution a t  room tempera- 
ture. With more peroxide and sometimes higher temperatures the yields 
of sulfones are equally high. In ace t ic  acid solution, the act ive oxidizing 
agent  is peracetic acid." This reagent is improved by substituting a 
part of the ace t i c  acid by ace t i c  anhydride.'0*'' Other oxidizing agents 
that sometimes give good results  include chromic anhydride:' ' per- 
benzoic acid,' and potassium permanganate.le '' Symmetrical sulfoxides 
and sulfones form a continuous ser ies  of mixed crys ta ls?  

Hydrogen peroxide a t tacks  the sulfur atom in preference to the double 
bond in al lyl  phenyl sulfide and al lyl  benzyl sulf ide to give al lyl  phenyl 
sulfoxide (64%)' and al lyl  benzyl sulfone (85%): respectively. Ole f in i c  

s u l f o n e s  may a l s o  be  obtained by deh~drohalogenation of P-haloalkyl  

s u l f o n e s  prepared by this  method P' "9 Oxidation of sulf ides has been 
utilized in  the preparation of sulfones containing other common functional 
groups such a s  the amide  ,I4* l5 n i t ro  ,I3' 14* 16* '' amino," and es ter1 '  groups. 

530. Sulfones by the Alkylation of Sulfinates 

R ' X  or 
RS0,Na - RS0,R' 

R ',SO4 
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Salts  of sulfinic acids are converted to sulfones by the action of pri- 
~ary,"~ '' secondary," and benzyl halides: alkyl sulfates:' and aryl 

halides in which the halogen atoms are activated by nitro groups in the 
ortho or pma positions.a4'a5 The reaction fails with t a m y l  halide?' The 
yields vary widely, depending upon. the nature of the reactants. From 
sa l t s  of benzenesulfinic acid and simple alkylating agents, sulfones are 
produced in 50-90% yields. Satisfactory results  have been obtained when 
the aryl sulfinic acid contains nitro, cyano, and acetamido groups. Keto 
sulfones are made in 48-62% yields by alkylation with a-halo ketones.1° 

531. Sulfonation of Aromatic Hydrocarbons 

ArS0,H + Ar'H -+ ArS02Ar8+ H 2 0  

Sulfoaes are often produced a s  by-products in the sulfonation of aro- 
matic hydrocarbons (method 540). Aromatic hydrocarbons react with sul- 
fonic ac ids  l e s s  readily than with sulfuric acid. The success  of the re- 
action depends upon the removal of the water a s  it i s  formed. An auto- 
matic water separator i s  used in the conversion of a refluxing mixture of 
benzene and sulfuric acid to diphenyl sulfone (80%)." A similar tech- 
nique has been employed in the preparation of unsymmetrical sulfones. 
The va+r of an  aromatic hydrocarbon is passed through the sulfonic acid 
at  150-200°, and water is removed by the excess  hydrocarbon vapor?003a 
Chlorobenzene has been substituted for the aromatic hydrocarbon in this 
reaction. Intermolecular migration of the sulfonic acid group occurs in 
some cases .  

532. Diary1 Sdfoxides and Sulfones by the Friedel-Crafts Reaction 

2ArH + SOC1, ArSOAr + 2HC1 when Ar=C6H5 (51%)" 3'a6 

AlCl 
ArH + Ar8SOaC1 4 ArS0,Ar' + HCl (47-79%)"' 

533. Addition of Sulfur Dioxide to Dienes 

METHOD 534 803 

534. Action of Grignard Compounds on Sulfonyl Halides and Sulfonates ',-" 

Ar " MgX ArsOacl I-, ArS0,Ar '' 
ArS0,Ar ' 
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TABLE 113. SULFOXIDES AND SULFONES 

Compound Method 
Yield  

(%) 

Sulfoxides 

C a  Dimethyl sulfoxide 
C 4  Diethyl sulfoxide 

Tetramethylene sulfoxide 
bisp-Aminoethyl  sulfoxide 

C p  Ethyl benzyl sulfoxide 
Allyl phenyl sulfoxide 

C 1' Diphenyl sulfoxide 

C Benzyl phenyl sulfoxide 
C Dibenzyl sulfoxide 

Sulfones 

C 3  Methyl vinyl sulfone 
Chloromethyl ethyl sulfone 

C 4  Tetramethylene sulfone 
Vinyl ethyl sulfone 
Divinyl sulfone 

C 5  Allyl vinyl sulfone 
Ethoxymethyl ethyl sulfone 

C ,  Pheny l  methyl sulfone 
r rButylsulfonylacetone 

Methyl p-aminophenyl sulfone 
Methyl p-niuo2henyl sulfone 

C 8  Phenyl  ethyl sulfone 
Phenyl  vinyl sulfone 
Phenyl  2-chloroethyl sulfone 

Cp Ethyl benzyl sulfone 
Phenyl  rrpropyl sulfone 
Phenyl  isopropyl sulfone 
Allyl phenyl sulfone 
Ethyl p-cyanophenyl sulfone 

Clo Phenyl  n-butyl sulfone 530 80 3413 165-170/1 
s-Butyl phenyl sulfone 529 78 345 114/0.2, 1.5271" 
Ally1 benzyl sulfone 529 85 34p (64) 
Crotyl phenyl sulfone 529 43 345 108/0.1, 1.5421" 

TABLE 113 (continued) 
- 

c n Compound Yethod chapterref .  B.p./mm.. n b ,  (M.P.) 
(%) 

Sulfones ( m i m e d )  

C 1' p,p8-Diaminodiphenyl sulfone 425 77 34" (176) 
435 78 34= (177) 

C 13 Phenyl  benzyl sulfone 530 52 34 ' (146) 
Phenyl  p-tolyl sulfone 534 33 34 3' 

534 44 34 " 
C 14 Dibenzyl sulfone 529 98 34" (153) 

Di-ptolyl  sulfone 531 80 34" (158) 
534 45 34 " 

C ,  Dimesityl sul fone 532 75 34 '-204) 

For explanat ions  and symbols s e e  pp. xi-xii. 

C1, Diphenyl sulfone 531 80 3431 (128) 
532 82 34" (124) 
534 35 34 3' 

p ,p  '-Dichlorodiphenyl sulfone 53 1 42 34- (149) 
p-Aminophenyl phenyl sulfone 425 68 3416 (175) 
p-Nitrophenyl phenyl sulfone 529 98 3416 (143) 
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535. Reduction of Sulfonyl Halides 

Zinc sa l t s  of sulfinic acids are  formed by reduction of sulfonyl chlo- 
f 

I rides by zinc and hot water. The zinc sa l t s  may be converted to  sodium , 

sa l t s  by the action of sodium carbonate. Over-all yields of the sodium 
sa l t s  of p-toluenesulfinic acid3 and 2-dibcnzofuransulfinic acid4 are 
64-67%. Equally good results have been obtained by reduction of sul- 
fonyl halides with aqueous sodium ~u l f i t e . ' *~*  Complete reduction to  
sulfhydryl compounds occurs with certain reducing agents (method 509). 

536. Action of Sulfur Dioxide on Diazonium Salts  

The replacement of the amino group by the sulfinic acid group on an 
aromatic nucleus i s  effected by treating the corresponding diazonium 

. sulfate with sulfur dioxide in the presence of copper catalyst (Gatter- 
mann).1° Copper bronze, powder, and paste have been used; the last  i s  
obtained by decomposing copper sulfate with zinc dust.' The sulfinic 
acids may be isolated a s  the ferric8 or sodium5 salts .  The yields are 
often excellent (74-92%). Surprising exceptions are the lower yields 
sometimes obtained for meta- and para-substituted acids compared with 
the corresponding ortho  isomer^.^' lo 
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537. Action of Organometallic Compounds on Sulfur Dioxide 

Magnesium sal ts  of aliphatic sulfinic acids are conveniently prepared 
in high yield by passing sulfur dioxide into a rapidly stirred, cooled, 
Grignard reagent."'" Excess sulfur dioxide should be avoided." The 
magnesium sa l t s  are readily converted to the corresponding sodium sal ts  
by treatment with sodium carbonate or sodium hydroxide," or to  the free 
sulfinic acids by the action of dilute mineral  acid."^ l3  1-Dodecanesul- 
finic acid is more stable than lower-molecular-weight aliphatic sulfinic 
acids ." 
538. Reaction of Aromatic Compounds with Sulfur Dioxide (Friedel-Crafts) 

AICI, 
ArH + SO, A ArS0,H (75-34%)61 

539. Cleavage of Ethylene Disulfones 

T A B L E  114. SULFINIC ACIDS 809 

TABLE 114. SULFINIC ACIDS 

C n Compounrj Method chapterref. 
(%) (M.P.) 

C 4  1-Butanesulfinic acid (Mg 537 69 35l' 
sa l t )  

1-Butanesulfinic acid (Na 539 72 3515 
sal t)  

C 6  Benzenesulfinic acid 536 86 351° 
536 100 35' 
538 80 3514 (83) 

p-Fluorobenzenesulfinic acid 538 75 356 
(Na sal t)  

p-Chlorobenzenesulfinic acid 535 8 1  35' (99) 
538 38 35 l4 (99) 

p-Bromobenzenesulfinic acid 538 56 3514 (114) 

C o-Toluenesulfinic acid 536 90 351° 
536 80 351° (86) 
538 94 3514 (84) 

p-Toluenesulfinic acid (Na 535 64 35' 
sal t)  

crMethoxybenzenesulfinic 536 90 351° . (99) 
acid 

p-Methoxybenzenesulfinic 536 50 351° (98) 
acid 

C,  1-Octanesulfinic acid (Mg 537 42 35'' 
sal t)  

pAcetaminobenzenesulfinic 535 4 7 t  35 l  (155) 
acid 

C rn a-Naphthalenesulfinic acid 536 74 351° (85) 
538 62 3514 (85) 

C ,, I-Dodecanesulfinic acid 537 77 35" (30) 
2-Dibenzofuransulfinic acid 535 67 354 

(Na salt) 

For explanations and symbols see  pp. xi-xii. 
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540. Direct Sulfonation 

ArH + H,S04 ArS03H + H,O 

Sulfonation of aromatic hydrocarbons i s  usually accomplished by treat- 
ing with sulfuric acid, preferably containing 5-2076 sulfur trioxide t o  re- 
move the  water formed in the reaction. Other sulfonating agents are 
generally l e s s  satisfactory. Sulfur trioxide14* gives sulfones a s  by- 
products, and chlorosulfonic acid frequently produces sulfonyl chlorides 
rather than sulfonic ac ids  (method 550). Sulfonation by these and ten 
additional reagents has been extensively reviewed.''-l4 The  sulfonation 
reaction is reversible (method 15). Cata lys ts  such a s  boron trifluoride," 
mercury,1D19 and vanadium sa l t s  lo are  used for compounds that sulfonate 
with difficulty. For example, benzene i s  readily sulfonated a t  room 
temperature t o  the monosulfonic acid8*" and at 70-90° to m-benzenedi- 
sulfonic acid (90%).17 Finally, a t  275O with 15% oleum and a mercury 
catalyst ,  sodium m-benzenedisulfonate i s  converted to  1,3,5-benzene- 
trisulfonic acid (73%); Intra- and inter-molecular migration of alkyl and 
halo groups may occur in the sulfonation of polymethylated or halogenated 
benzenes (Jacobsen reaction, method 16).6* 

Sulfonation of naphthalene a t  40° gives chiefly the a-sulfonic acid; 
above 160° the beta isomer i s  f ~ r m e d . ~ "  The mono-, di-, and poly- 
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sulfonation of naphthalene and alkylnaphthalenes has  been extensively 
studied.' From phenanthrene and concentrated sulfuric acid a t  120°, low 
yields of the 2- and 3-sulfonated derivatives are obtained. The  ploduct 
i s  separated by crystallization of the sodium, barium, and potassium 
salts.' Substitution in the 1-position of anthracene i s  highly favored by 
sulfur uioxide in pyridine.35 

Most heterocyclic nuclei undergo the sulfonation reaction. Sulfonation 
of pyridine is diffjcult. The yield of 3-pyridinesulfonic acid by sulfona- 
tion a t  390° with oleum i s  only 13%. The yield i s  g e a t l y  improved by 
the use of vanadium or mercury sa l t s  a s  catalysts .  A cri t ical  study of 
the factors influencing the ~ i e l d  has been made, and a maximum yield of 
71% i s  reported." Fuming sulfuric acid converts quinoline t o  practically 
pure 8-quinolinesulfonic acid (54%):' The action of concentrated sulfuric 
acid on dibenzofuran gives 2-dibenzofuransulfonic acid (75%):' 

Although aliphatic and al icyclic hydrocarbons react  with most sul-  
fonating agents,  the reactions are not sui table for the preparation of the 
pure sulfonic acids." l1 Certain olefins react  with sulfur dioxide-dioxane 
complex t o  give olefinic sulfonic acids?' In t h i s  way, cyclohexene i s  
converted t o  1-cyclohexene-3-sulfonic acid," whereas with concentrated 
sulfuric acid in a mixture of acetic  acid and acetic  anhydride the  main 
product is 2-hydroxycyclohexanesulfonic acid.16 1-Propene-1-sulfonic 
ac id  i s  obtained in low yield by the act ion of oleum on n- or isoplopyl 
alcohol."4 

Aliphatic carboxylic acids may be sulfonated directly t o  sulfocar- 
boxylic ac ids  in which the sulfonic acid group is on the a-carbon atom. 
Better results  are sometimes obtained by sulfonation of the correspond- 
ing alkylmalonic acid followed by d e c a r b ~ x ~ l a t i o n ~ ~  Sulfonation of 
propionic anhydride with pyrosulfuric acid gives a-sulfopropionic acid 
(75%);' Several simple olefinic acids containing a sulfonic acid group 
in the a-posi t ion have been made by direct sulfonation of a ,p-olefinic 
ac ids  or P-halo acids." In the latter ca se ,  dehydrohalogenation accom- 
panies sulfonation. 

Several other functional groups may be present on the aromatic nucleus 
during the sulfonation reaction:' including halo,"' "' 29 hydroxyl,'9 phen- 
~ x y l , ' ~  c a r b o ~ ~ l , ' ~  and amino"44 groups. Sulfonations of aniline and of 
dimethylaniline take place by different  mechanism^."^ 

541. Oxidation of Thiols  and Related Compounds 

RSH 3 RSO,H 

The  end product of the oxidation of mercaptans, sulfides, disulfides, 
sulfoxides, sulfones, etc. ,  i s  a sulfonic acid. From a preparative stand- 

METHODS 541-543 813 

point the mercaptan i s  the most important of the source materials. Oxi- 
dations by potassium permanganate," chromic anhydride,56 bromine 
water,57 hydrogen peroxide:' and nitric acid5' are reported. Best results  
are obtained by the action of nitric acid on lead mercaptides. The  lead 
sulfonates are obtained in 59-83% yields and are converted to  the free 
sulfonic ac ids  by treatment with dry hydrogen chloride in isopropyl al- 
c o h 0 1 . ~ ~  Tetradecamethylene disulfonic acid,  H03S(CH,)14S03H, i s  made 
in 54% yield by the oxidation of a xanthate e s t e r  by bromine water (cf. 
method 507).59 

542. Alkylation of Alkali Sulfites (Strecker) 

Many halogen compounds react with sodium, potassium, or ammonium 
sul f i tes  t o  give high yields of sulfonic acid sa l t s .  High- and low-molecu- 
lar-weight al iphatic halides have been converted in 70-8% yields.46s49 
Branched-chain sulfonic ac ids  have been obtained from several  simple 
halides such  a s  isopropyl and t-butyl bromides. The o v e r a l l  yield from 
the lat ter  compound i s  only 23%.47 Other halides studied include cyclo- 
pentyl chloride ," benzyl chloride,52 and various phenyl-substituted alkyl  
halides.'l The reaction i s  carried out by refluxing the halide with a con- 
centrated aqueous solution of the sulfite. A temperature of 200° in a n  
autoclave has  been employed for several  higher-molecular-weight hal- 
i d e ~ . ~ ~  Polymethylene bromides, Br(CH,hBr, lead to a,w-disulfonic 
ac ids  in 3 0 4 6 %  yields .'49 45s 50 When one mole of sodium sulf i te  is 
treated with 3.3 moles of ethylene bromide, sodium 2-bromoethane- 
sulfonate is obtained in 80% ~ i e l d . ~ '  Sulfonic ac ids  containing keto,,' 
~ a r b o x y l , " ~ ~ '  and amino53s54 groups in various positions on the al iphatic 
chain have been prepared by this  method. 

543. Addition of Bisulf i tes  t o  Unsaturated Compounds 

RCH= CH, + NaHSO, RCH,CH,SO,Na 

Aqueous solutions of bisulfites react with olefins in the presence of 
oxygen or certain oxidizing agents. Addition of the bisulfite takes place 
by a free-radical mechanism contrary t o  Markownikoff's rule. The yields 
of sulfonates a r e  usually low (12-62%). Styrene gives mainly 2-hydroxy- 
2-phenylethanesulfonic acid.,' Bisulf i te  has  a l s o  been added to the 
double bonds in ally1 and cinnamyl  alcohol^.'^ P - S u l f o c a r b ~ x ~ l i c  ac ids  
are prepared in this way from a,P-olefinic acids.,' P ,P-~isu l fopropionic  
acid i s  made in 80% yield by the addition of two molecules of bisulfite t o  
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the a i p l e  bond of propiolic acid." 2-Nitro olefins add sodium b ~ s u l f l t e  

or sulfurous ac id  t o  give 55-99% yields of 2-nitroallianesulfonic ac ids?  

544. Action of Bisulf i tes  on Aromatic Compounds 

T h e s e  and s i h i l a r  additions of bisulf i tes  t o  tautomeric sy s t ems  within 
the aromatic nucleus have been extensively reviewed:' 

545. Sulfomethylation 

546. Addition of Bisulf i tes  to Carbonyl C o m p o ~ n d s ' ~  

RCHO + NaHSO, + RCHOHS0,Na 

547. Addition of Bisulf i tes  t o  Alkene Oxides 

CH, H, + NaHS03 4 HOCH,CH,SO,Na (60%)71 
\ 0 F 

T A B L E  115. SULFONIC ACIDS 815 

TABLE 115. SULFONlC ACIDS 

C n Compound Method chapterref- B . ~ . h n . ,  n b  (h4.p.) 
(70) 

Monosulfonic Acids 

C I Methanesulfonic acid (Ba sal t)  542 82 36O 
C ,  Ethanesulfonic acid (Ba salt) 542 83 36" 
C 2-Propanesulfonic acid 542 37 t 36 47 159/1.4, 1.4332 

C 4  1-Butanesulfonic acid (Pb 541 36 36 ss 147/0.5 
sa l t )  

2-Methylpropane- 1-sulfonic 542 4 3 t  36 47 17U1.2, 1.4364 
acid 543 62 36 s9 

2-Methylpropane-2-sulfonic 542 23 t 3G4' 173/1.5, 1.4315 
acid 

C s  3-Pentanesulfonic acid (Ba 541 62 36" 
sal t)  

Cydopentanesulfonic acid 542 90 36 
(Na salt) 

3-Methylbutane-1-sulfonic 542 8 7 t  3G4' 177/1.5, 1.4400 
acid 

3-Pyridinesulfonic acid 540 71 36" (356) 

C 6  Benzenesulfonic acid 540 56 36" (53) 
C 7  Benzylsulfonic acid (Na salt) 542 98 36s' 

p-Toluenesulfonic acid (Na 540 63 36 74 

sal t)  

C,  a-Phenylethanesulfonic acid 542 45 36 
(Na salt) 

P-~hen~le thanesu l fonic  acid 542 90 36 
(Na sal t)  

C9 a-Phenylpropanesulfonic acid 542 32 36s1 
(Na salt) 

p-Isopropylbenzenesulfonic 540 65 36 '" 
acid (Na salt) 

Mesitylenesulfonic acid 540 90 361° (78) 
EQuinolinesulfonic acid 540 54 36 'I 

C ,O p-n-Butylbenzenesulfonic acid 540 23 36" 
(Na salt) 

Prehnitenesulfonic acid 540 70 36 (104) 
Durenesulfonic acid 540 70 36 (113) 
Isodurenesulfonic acid 540 70 36 (79) 
P-~aphthalenesulfonic acid 540 70 36' 

C,, 2-Dibenzofuransulfonic acid 540 75 36 " (147) 
C 14 2-Phenanthrenesulfonic acid 540 21 36' 

(Ba salt) 
3-Phenanthrenesulfonic acid 540 26 36' 

(K sal t)  

For explanations and symbols see  pp. xi-xii. 
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T A B L E  115 (continued) 

Compound Method 
1 

chapterref. B.p./mm., nD, (M.P.) 
(%) 

Disulfonic Acids 

Cp 1.2-Ethanedisulfonic acid 542 46 3G4' (174) 
C3 l,f Propanedisulfonic acid 542 56 3645 157/1.4, (124) 

C4 1.4-Butanedisulfonic acid (Na 542 93 36" 

salt) 

Cs 1,5-Pentanedisulfonic acid 542 80 3GU 198/1.7 

C 1,GHexanedisulfonic acid 542 GE MU (78) 
1,3-Benzenedisulfonic acid 540 90 36 l7 
(Na salt) 

1,3,1.Benzenetrisulfonic acid 540 73 3G1 
(Na salt) 

C ,, 1,14-Tetradecanedisulfonic 541 54 36"' 
acid (Na salt) 

Sulfo Cmboxylic Acids 

C , Disulfoacetic acid 253 61 36" (86) 
C a-Sulfopropionic acid 540 75 36 * 

P,P-Disulfopropionic acid 543 80 36 41 (93) 
a-Sulfoacrylic acid (Ba salt) 540 70 36"' 

C4 a-Sulfocrotonic acid (Ba salt) 20 57 36 

Cs a-Sulfc-wvaleric acid 264 73 3G4' (66) 
a-Sulfoisovaleric acid 264 80 3638 (68) 
P-Sulfoisovaleric acid (Ba 543 67 36" 

salt) 
a-Sulfomethylethylacetic acid 540 34 36" (83) 

a-Ethyl-P-sul fopropionic acid 543 70 36" 

(Ba salt) 
a-SulfwP,P-dimethylacrylic 540 72 36" 

acid 

Amino Sulfonic Acids 

C3 2-Aminopropane-I-sulfonic 
acid 

3-Aminopropaaesulfonic acid 
I-Aminopropane-2-sulfonic 

acid 

C 4-Aminobutanesulfonic acid 
C, 5-Aminopentanesulfonic acid 

C, o-Aminobenzenesulfonic acid 
(orthanilic acid) 

p-Aminobenzenesulfonic acid 
(Na salt) 

3 
(I. :g 

TABLE 115. SULFONIC ACIDS 8 1 7  

T A B L E  115 (contiwed) 

C n Compound ~=thod (%) chapterref. B.p./mm., n:. (M.p.) 

Amino Sulfonic Acids (contiwed) 

C 6 p-Aminobenzenesulfonic (sul- 540 95 36 
fanilic) acid 

C7 p-Methylaminobenzenesulfonic 540 39 36 a4 (245) 
acid 

Ca p-Dimethylaminobenzenesul- 540 7 3Ga3 
fonic acid 

Cp 3-P6enylaminoproPanesul- 542 35 36" (265) 
fonic acid 

C14 1-Anthracenesulfonic acid 540 40 36" 
(Na salt) 

Other Sulfonic Acids 

C, Ethylenesulfonic acid (NH4 .... 55 36- 
salt) 

2-Bromoethanesulfonic acid 542 72 3GT3 
(Na salt) 

P-~ydroxyethanesulfonic acid 547 60 36" 
(Na salt) 

2-Nitroethanesulfonic acid 543 75 36" 
(Na salt) 

C3 1-Propene-1-sulfonic acid 540 18 3614 135h.5 
2-Chloropropanr 2-sulfonic 53 18 36 
acid (Na salt) 

1-Nitropropane-2-sulfonic 543 78 36" 
acid (Na salt) 

2-Nivopropane-I-sulfonic 543 88 36 " 
acid (Na salt) 

C4 I-Nitro-2-methylpropanr2- 543 95 M" 
sulfonic acid (Na salt) 

P,P-Disulfodiethyl ether (Ba 541 70 M4 
salt) 

2-Methyl-2-propene-I-sulfonic 540 .... 36 
acid 

C6 m-Hydroxybenzenesulfon~c 544 26 
4' 

36" 
acid (Na salt) 

2,5-Dichlorobenzenesulfonic 540 9 0  
acid 

36 '9 

p-Bromobenzenesulfon~c acid 540 37 M '" 
(Na salt) 

mHydroxybenzenesulfon~c 9 2  78 
acid 

5s7 

C, Acetophenone-w-sulfonic acid 542 14 t 36" (75) 

For explanations and syn.bols see pp. xi-xii. 
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TABLE 115 (conlimedl 
/ 

t 
C, Compound Method (%, chapterref. B.p./mm.,n~,(~.p.) 
" I 

. . 

Other Sul fonic Acids (con1 inued) 

C CBromonaphrhalenc2-sul- 56 71 36 @ 

fonic acid (Na salt) 

C ,, p-Phenoxybenzcnesulfonic 540 93 
36" 

-- - 
acid (Na salt) 

AzobenzencCsulfonic acid 540 90 36% (129) 

C , 1-hthrapuinonesulfonic acid 540 86 36" 
-. 

(K salt) 2273 
Stilbene-Csulfonic acid 28 42 

For explanations and symbols see pp. xi-xii. 
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Sulfonic acids are converted to  the corresponding acid halides in much 
the same way a s  carboxylic acids. Thionyl chloride i s  the best reagent 
for the preparation of methanesulfonyl chloride (83%).4 By heating with 
a large excess of thionyl chloride, however, p-toluenesulfonic acid is 
converted into i ts  anhydride (87%):' Benzenesulfonyl chloride i s  made 
in 80% yield by the action of either phosphorus pentachloride or phos- 
phorus oxychloride a t  180' on sodium benzenesulfonate? Chlorosulfonic 
and fluorosulfonic acids are used in the conversion of sodium p-chloro- 
benzenesulfonate to the corresponding sulfonyl halides (85-83%).19 

ArS0,Na + FS0,H --, ArS0,F + NaHSO, 

Nitro:' and azo14 groups on the aromatic nucleus are stable 
during these conversions. 

549. Sulfonyl Halides by Halogenation of Mercaptans and Related Com- 
pounds 

RSH + 3X, + 2 H 1 0 +  RS0,X + 5HX 

821 
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A variety of sulfur compounds are converted directly to sulfonyl hal- 
ides by the action of bromine or chlorine water. The l i s t  includes mer- 
cap tan^,'^ sulf ides ,' disulfides ,'* " 16' 24 thiol es ters  ,14 thiocyanates ,I7 

I 

alkyl xanthates," and S-alkylthiouronium salts.7 Chlorination of the 
thiouronium sa l t s  sometimes leads to highly explosive products.25 Most 

I 

of the reactions occur a t  low temperatures and give excellent yields of 
sulfonyl chlorides. The corresponding bromides are formed in somewhat 
lower yields (36-67%): Under anhydrous conditions halogenation of di- 
sulfides gives sulfenyl halides,' viz., RSSR + X, + 2RSX. 

550. Direct Halosulfonation of Aromatic Compounds 

ArH + 2XS03H -+ ArS0,X + HX + H2S04 

The replacement of a hydrogen atom on an aromatic nucleus by the 
sulfonyl halide grouping in a one-step process i s  accomplished by treat- 

f 
ing the aromatic compound with chloro- or fluoro-sulfonic acid. Two 
equivalents of the halosulfonic acid are required, and frequently three 
equivalents are used. The aromatic sulfonic acid i s  presumably an inter- 
mediate in the process and i s  converted to the sulfonyl halide by the 
second equivalent of halosulfonic ac id  (cf. method 540). Reaction usually 
occurs a t  -5' to  30' in chloroform or carbon tetrachloride solution. 
Higher temperatures (100-125 ') are employed when carboxyl or nitro 
groups are on the nucleus. Benzenesulfonyl fluoride i s  obtained in 62% 
yield by the action of excess  fluorosulfonic acid a t  20' on benzene in an 
iron vesse l?  

Alkyl groups are sometimes displaced from the a r o m ~ t i c  nucleus during 
the reaction.'' Various functional groups may be  present in the aromatic 
compound during the halosulfonation reaction. These  groups include 
m e t h o ~ ~ l , ' ~  alkyl,"' halo, " carboxyl," acetamino; and niuo.15 The 
yields range from 55% t o  100%. Acetophenone gives a disulfonyl chloride 
in which the sulfonyl groups are in the oriho position and on the methyl 

Simple aliphatic chlorides are  chlorosulfonated by a mixture of chlorine 
and sulfur dioxide in the presence of light. For example, n-propyl chlo- 
ride gives 3-chloropropanesulfonyl chloride (23%):' 

I 

551. Action of Sulfonyl Halides on Ammonia or Amines 

RS0,X + NH, + RSO,NH, + (HX) 

METHODS 551-553 823 

times heated with dry, powdered ammonium carbonate." Aniline and i t s  
derivatives react smoothly a t  100-120' in acetic acid solution to which 
are periodically added portions of sodium acetate.  The yields of sulfon- 
amides, ArS0,NHAr ', vary from 5 0% to 91% .la hiany sulfonamides have 
been prepared on a small s ca l e  by this method, but the yields are not 
always stated:" 4' Sulfanilamide, NH2C6H4S02NH2, i s  prepared from ani- 
line by first protecting the amino group by conversion to  formanilide or 
carbanilide followed by direct halosulfonation and reaction with ammonia. 
The over-all yields are 62-65%:' 

552. Action of Sulfonyl Halides on Hydroxy Compounds 

Esters  of aliphatic and aromatic sulfonic acids are conveniently pre- 
pared in high yields from alcohols and sulfonyl halides. A basic medium 
i s  required. By substituting sodium butoxide for sodium hydroxide in 
butanol, the yield of n-butyl p-toluenesulfonate i s  increased from 54% to 
98%." Ethyl benzenesulfonate and nuclear-substituted derivatives carry- 
ing bromo, methoxyl, and nitro groups are prepared from the corresponding 
sulfonyl chlorides by treatment with sodium ethoxide in absolute ethanol; 
the yields are 74-81%.12 Pyridine i s  by far the most popular basic 
medium for th is  reaction. Alcohols (C4-C,,) react a t  0-10' in 80-90% 
yields,'244* 36 and various phenols can be converted to aryl sulfonates 
in this base.'" 40 

A related reaction i s  the formation of alkyl chlorosulfonates from al- 
cohols and sulfuryl ~ h l o r i d e ? ~  

ROH + SO,Cl, + ClS0,R + HCI 

553. Sulfonic Es t e r s  by Rearrangement of Alkyl Sulfites 

The  action of ammonia ''' 26 or amines 30 on sulfonyl halides gives sul- 
fonamides and N-substituted sulfonamides. The sulfonyl halide i s  some- 
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TABLE 116 (continued) 
TABLE 116. DERIVATIVES O F  SULFONIC ACIDS 

Yield 
C n Compound Method (%) chapterref .  B.p./mm., n b ,  (M.~ . )  

C n Compound Method (%) chapterref .  B.p./mm., n b ,  (M.p.) 

Sulfonyl Halides 

C 1  Methanesulfonyl chloride 548 8 3  374 65/20. 1.451" 
549 75 37 l7 55/11 
549 7 6  37 62/21, 1.4490" 

E s t e r s  of Sulfonic Acids 

Methyl methanesulfonate 
n-Butyl chlorosulfonare 
P-Methoxyethyl methanesul- 

fonate  
Ethanesulfonyl chloride 

n-Butyl methanesulfonate 
Methyl p-toluenesulfonate 
Ethyl benzenesulfonate 
Ethyl p-bromobenzenesul- 

fonate 
Ethyl p-nitrobenzenesul- 

fonate  

2-Propanesulfonyl chloride 
3-Chloropropanesulfonyl 

chloride 

2-Butanesulfonyl chloride 
2-Methyl- I-propanesulfonyl 

chloride 
Ethyl p-toluenesulfonate 
Ethyl p-methoxybenzenesul- 

fonate 
P-Chloroethyl p to luenesu l -  

fonate 

.l-Pentanesulfonyl dhloride 
Benzenesulfonyl fluoride 
Benzenesulfonyl chloride 
p-Chlorobenzenesulfonyl 

fluoride 
p-Chlorobenzenesulfonyl 

chloride 
o-Nitrobenzenesulfonyl 
' chloride 
m-Niuobenzenesulfonyl 

chloride 
pNitrobenzenesdfony1 

chloride 
2,6Dinitrobenzenesulfonyl 

chloride 

n-Propyl ptoluenesulfonate  
Y-Chloropropyl p-toluenesul- 

fona te  
,8-Methoxyethyl ptoluenesul-  

fonate 

n-Butyl ptoluenesulfonate  
~ B r o m o p h e n y l  benzenesul- 

fonate 
Phenyl p-bromobenzenesul- 

fonate 

P-Phenoxyerhyl p-toluenesul- 
fonate 

n-Dodecyl ptoluenesulfonate  
1-Heptanesulfonyl chloride 
a-Toluenesulfonyl chloride 
p-Toluenesulfonyl chloride 
p-Methoxybenzenesulfonyl 

chloride 
m-Carboxybenzenesulfonyl 

chloride 

For explanations and symbols s e e  pp. xi-xii. 

P-Phenylethanesulfonyl 
chloride 

p-Acetaminobenzenesulfonyl 

chloride 

Mesitylenedisulfonyl chloride 
p-Azobenzenesulfonyl chloride 
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Thioanalogs of ketones, '  acetals ,"  'I' l3 carboxylic  ac ids  , 3 *  4* 

esters,6. , ' 9~ ,10 ,12 .15  amides,17v 18' 50 i ~ o c ~ a n a t e s ~ ~ - ~ ~   urethane^:^ and 
weas 40-43, 51. 52 a re  often prepared by reac t ions  similar t o  those  used  for 

the  corresponding oxygenated compounds. In T a b l e  117 are l is ted a few 
of t h e s e  compounds. T h e  method numbers are  those  for the introduction 
of the  corresponding oxygenated group. Sometimes the thioanalogs a r e  
obtained direct ly  from the oxygenated compounds by heat ing with sulfur 
or compounds of sulfur ,  for example the preparation of thioamides by the 
act ion of phosphorus sulf ide on acid a m i d e ~ . ~ '  14*16 

Aryl th iocyana tes ,  ArSCN, a r e  formed by direct  thiocyanation of the  
aromatic nucleus 30' 3 1 p  49 or by t reat ing diazonium s a l t s  with metallic thio- 
~ ~ a n a t e s . ~ ~ " ~  Methods for the thiocyanation of organic compounds have 
been reviewed." 



5! 
1 
I 

THIOANALOGS O F  OTHER OXYGENATED COMPOUNDS Ch. 38 
a 

828 +A 

TABLE 117. SULFUR ANALOGS OF OTHER OXYGENATED ORGANIC COMPOUNDS g 

Compound Method chapterref, B.p./mm., ntD, (h4.p.) 
j 

c n  (%) ? 
Thioacids and Thiolesters 

C ,  Thioacetic acid (thiolacetic 250 72 38' 88-92 
acid) I, 

286 55 t 38" 96/760, 1.46OOU C Methyl thiolacetate 
286 82  38 I' 77/15 Methyl bromothiolacetate 

C 4  Ethyl thiolacetate 286 70 38 116, 1.4503'' f 
288 92 38 ' 109-115 

C s  Thiofuroic acid 250 6 2  38 ' 102/16, 1.589- 
C 6  Isobutyl thiolacetate .. . 60 3g9 152/744 

t-Butyl thiolacetate 286 8 1  38 lo 38/14, 1.4490U 

C ,  Ethyl orthoth~oformate . . 26 38 234 
C ,, Y-Bromopropyl thiolbenzoate 286 75 38 l9 149/1, 1.5950" 
C ,, Methyl thiolaurate 286 89  38 113/1, 1.4G42" 

Thioamides 

C , Thiopropionamide .. . 3 2 3gm (42) 
C 6  Thionicotinamide 354 86 38 l7 (18 1) 
C ,  .Thioformanilide .... 100 38 

C, p-Chlorothioacetanilide . .. . 54 38 ' (142) 
p-Nitrothioacetanilide . .. . 70 3gU (175) 

Thioureas 

C , S-Methylthiouronium sulfate . .. . 84 38* (235) 
N-Methylthiourea 416 8 1  3g4I (121) 

C 3  Ethylene thiourea .... 89 38" (198) 
~ B r ~ m o e t h ~ l t h i o u r e a  416 60 38" (174) 

C S  N-t-Butylthiourea 416 99 38" (17 1) 
C,  a-Phenylthiourea . . 76 38" (153) 

crChlorophenylthiourea 416 43 38 " ( 146) 
o-Nitrophenylthiourea 416 6 1  38 " (136) 

C, S-Benzylthiouronium chlor~de .... 100 38" (174) 
C a-Naphthylthiourea 416 80 38 41 (194) 

Thiocyanates 

C 4  Isopropyl thiocyanate 413 79 38" 150 
C 6  n-Amy1 thiocyanate 413 85 38 91/16, 1.46201' 

a-Furfuryl thiocyanate 413 70 38 112/27, 1.5614 fa 4 

C ,  o-Chlorophenyl thiocyanate .. . 5 3 38 36 160/4 5 
o-Nitrophenyl thlocyanate . . 64 38 3' (136) 

C, Tetramethylethylene drth~o- 413 55 38 " (61) 
cyanate 

C9 p-Thiocyanodimethylan~l~ne .. . 67 38' (74) 

T A B L E  11 7. OTHER SULFUR ANALOGS 

TABLE 117 (contiwed) 

c n Compound 
Yield 

(%) Chapterref. B.p./mm., nb, ( M . ~ . )  

Isothiocyanates 

C2 Methyl isothiocyanate . .. . 76 38 118 
C s  Methallyl isothiocyanate 413 95 38" 64/10 

C,  Phenyl isothiocyanate .... 78 38" 121/35 
p-Chlorophenyl isothiocyanate 411 8 1  38" (45) 
o-Nitrophenyl isothiocyanate 411 96 38 (72) 
p-Nitrophenyl isothiocyanate 411 85 38" (113) 

C,  Benzoyl isothiocyanate 414 64  38 3s 135/ 18 

Other Sulfur Analogs 

C 1 Thiosemicarbazide 416 70 38 39 ( 184) 
C3 Formaldehyde dimethyl met- 129 85 38 l3 149 

captal 
C s  4-t-Butylthiosemicarbazide 416 90 38" (138) 

C, Methyl phenyl thiourethane 416 6 3  38 33 (93) 
C p  .Formaldehyde dibutyl mer- 129 60 38' 

captal 
CI3  Thiobenzophenone 222 50 38' 174/14, (54) 

For explanations and symbols see  PP. xi-xii. 
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In this chapter are listed twenty-three methods for  the formation of the @ 

more common heterocyclic nuclei and several  reactions for their modifica- L 

tion, namely, reduction, dehydrogenation, and alky lation. 
The  syntheses of heterocyclic compounds containing various functional 

groups are discussed in preceding chapters. 
The chemistry of the heterocyclic compounds has  been reviewed in 

several  excellent works.'" 19' "' 

554. Reduction of the Heterocyclic Nucleus 

H - H  H a - &  S C ! E + F F  
HC\ /CH H, H2C\ /CH2 

0 0 

Reduction of heterocyclic compounds paral lels  reduction of aromatic 
compouds  with the added factor that  f i ss ion  of the ring may occur. In 
most instances,  catalyt ic  hydrogenation i s  preferred to chemical reduc- 
tion, purer products and more consistent  results  being obtained. 

In the furan ser ies ,  extensive s tudies  have been made for the catalyt ic  
hydrogenation of furan and furfural. Furan i s  converted to tetrahydrofuran 
in almost quantitative yields. Cata lys ts  and conditions include palladous 
oxide a t  50° and 7 atm., Raney nickel a t  150° and 150 atm., and Raney 
nickel in butyl alcohol a t  50' and atm., p r e ~ s u r e . 9 ~  Furfural i s  hydro- 
genated quantitatively t o  furfuryl alcohol upon absorption of one molecu- 
lar equivalent of hydrogen (platinum oxide) and further reduced to  tetra- 
hydrofurfuryl alcohol with traces of ring-cleavage products, namely, 1,2- 
and 1,5-pentanediols and I - p e n t a n ~ l . ~ ~  a-Furoic acid gives the tetrahydro 
compound in a similar way. Lmportant derivatives of furfural like P-(2- 
fury1)-acrolein, furfuralacetone, and ethyl P-(2-furyl)-acrylate are reduced 
to  tetrahydrofuryl compounds in excellent  yields over nickel catalysts  a t  
125-1 75 0.95s 98 The  interaction of Grignard reagents and furfural followed 
by nuclear hydrogenation i s  a good route for making alkylcetrahydrofuryl- 
carbinols of the type (c,H,O)CHOHR.~~ Catalyt ic  dehydration of the al- 
cohols with subsequent  hydrogenation furnishes tetrahydrofurylalkane~.'~~ 

Catalyt ic  hydrogenation of the thiophene nucleus has  been success-  
fully accomplished over a supported palladium catalyst  a t  low temperature 
and p re~su re . ' ~ '  

Pyrroles may be hydrogenated over a platinum catalyst  in ace t ic  acid 
a t  4 atm. and 70° or over a nickel catalyst  without solvent a t  110 atm. 
and 1 80°.75* lo9 N-Substituted pyrroles are more reactive .75p 11°' "' Partial  
and complete hydrogenation of phenylpyrroles, phenylindoles, carbazoles, 
and acridines may be accomplished with either a copper chromite or Raney 
nickel catalyst."' 

Synthesis  of a piperidine compound is  commonly carried out by reduc- 
tion of the corresponding pyridine derivative. An excellent discussion 
has been presented.l13 Earlier techniques concerned with reduction by 
the action of sodium and alcohol have been largely replaced by procedures 
of catalyt ic  hydrogenation. An example i s  the reduction of pyridine t o  
piperidine in 83% yield over nickel a t  170-200°.95 Reduction of i t s  homo- 
logs occurs in the same way. Platinum oxide is poisoned by pyridine 
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bases, but it will catalyze reduction of the hydrochlorides or acetates 
conveniently a t  low temperature and pressure. Absolute ethanol, dioxane, 
and acetic acid are preferred a s  solvents. In this manner, a number of 
N-substituted pyridines like N-ethylpyridine, ~ - ~ - h ~ d r o x ~ e t h ~ l ~ ~ r i d i n e ,  
and N-carbethoxymethylpyridine are reduced.'16 Nicotinic acid is a l so  
hydrogenated to piperidine-3-carboxylic acid over platinum oxide cata- 
lyst;'17 the corresponding ester is  reduced over a nickel ~ a t a l ~ s t ~ ~  3- 
and 4-Hydroxypyridines are reduced by catalytic hydrogen at^ and by 
sodium-ethanol, respectively, to the corresponding hydroxypiperidines, 
but the 2-isomer is changed to 2-piperidone instead of 2-hydroxypiperi- 
dine .ll'. 119 The aminopyridines respond to reduction in a way similar to  

their hydroxy analogs; 3- and 4-aminopiperidine can be made, but 
2-iminopiperidine is formed rather than 2-amin~piperidine."~'"' 

Pyridines containing side chains are hydrogenated to piperidine deriva- 
tives in good yields over platinum catalyst. The products include, for 
example, P-(4-piperidyl>propionic acid,'" y-(2-piperidyl>propionic 
acid,'" l-(a-piperidyl>2-ethanol,124 4-(a-piperidyl>1-methoxybutane,12s 
and 2aminomethylpiperidine .'26 

The pyridine ring a s  present in quinoline and i ts  derivatives may be 
selectively hydrogenated. Thus, quinoline hydrogenated over copper- 
chromium oxide yields py-tetrahydroquinoline (97%)P5 Partial or com- 
plete hydrogenation to py-tetrahydro- or decahydro-quinoline is accom- 
plished with Rane y nickel catalyst .Is1 Isoquinoline gives py-tetrahydro- 
isoquinoline in 92% yield by means of copper-chromium oxide catalyst 
and hydrogen.lS0 Catalytic hydrogenation of isoquinoline over platinum 
in glacial acetic acid with sulfuric acid leads to a mixture of cis- and 
transdecahydroisoquinolines.1s2 The quinolines may also  be reduced 
with sodium and alcohol.'s3 

555. Reduction of Cyclic Amides 

The reduction of substituted 2-pyridones with sodium and hot n-butyl . . 

alcohol represents the final step in a convenient synthesis for certain 
piperidines having alkyl, aryl, or carbethoxy groups in the 3- or 4-posi- 
tions. The yields range between 60% and 90%. The starting 2-pyridones 
are made by the catalytic reduction of y-cyano esters.lo6 For example, 
hydrogenation of methyl y-cyano-y-phenylbutyrate, 
C6HsCH(CN)CH2CHaC02CH,, over Raney nickel gives 5-phenyl-2-pyri- 

done, R=C6Hs in above equation, which i s  then reduced with sodium and 
n-butyl alcohol to  3-phenylpiperidine (50% over-all). 

556. Reduction of Heterocyclic Aldehydes and Ketones 

Many heterocyclic compounds are made from aldehydes and ketones by 
reduction procedures which have been applied in the synthesis of hydro- 
carbons (method 3). Typical examples are considered here. 

2-Methylfuran i s  best prepared by the vapor-phase hydrogenation o f  
furfural over a copper chromite catalyst at 1 atm. and 200-300'. Full 
experimental details have been given.19' Homologs have been made by 
reduction of 2-acylfurans by the Wolff-Kishner procedure!"' 

2-Ethylthiophene may be obtained in 91% yield by a modified Wolff- 
Kishner reduction of 2-acetylthiophene. Other thiophene ketones, also 
aldehydes, have been converted in the same way in 70% to 90% yields.'99 
Reduction by the Clemmensen procedure gives 38% to 55% yields.'00 

3-kthylpyridine i s  made in 80% yield by heating 3-acetylpyridine by a 
modified Wolff-Kishner procedure ,'04 Other 2- and 3-alkylpyridines have 
been formed in the same way.20s1 '06 

A unique method for preparing 4-alkylpyridines consists in treatment of 
pyridine with aliphatic anhydrides in the presence of zinc dust. The 
intermediate 1,4-diacyl-1 ,4-dihydropyridines are not isolated but are 
further reduced to the 4-alkylpyridines by the action of zinc dust and 
acetic acid.'9s The procedure i s  illustrated by the synthesis of 4-ethyl- 
pyridine (38% ~ v e r - a l l ) . ' ~ ~  

(RCO),O m m C6HsN -4 RCON CH-CH NCOR 
Zn W W 1 Heat 

Zn rn 
-CH2R - RCON CHCOR + C,H5N 

CH,COOH G 

557. Dehydrogenation of Heterocyclic Compounds 

Certain heterocyclic compounds, particularly those containing a nitro- 
gen atom, have been prepared in high yields by catalytic dehydrogenation. 
Several catalysts are available including those employed for hydrogena- 
tion (cf. method 2). 



METHOD 558 8 3  7 
8 36 HETEROCYCLIC COMPOUNDS Ch- 37 

Representat ive compounds having a pyrrolidine or piperidine nucleus 
have been dehydrogenated in benzene solution under pressure a t  25& 
350' over a nickel  ca ta lys t ,  e.g., 1-(namyl>pyrrolidine to  1-(n-amy1)- 
pyrrole (88%), indoline t o  indole (75%), and 1,2,3,4-tetrahydrocarbazole 
t o  carbazole (95%).lS4 Indole is  a l s o  prepared by the  dehydrogenation of 
i t s  2,3-dihydro derivat ive over palladium in boiling xylene (62%);'' 
Par t i a l ly  hydrogenated a1 kylpyridines a re  dehydrogenated over  pal ladized 
asbestos . lo5 2,4-Diphenylpyrrole i s  synthesized by the  selenium dehydro- 
genat ion of i t s  2,3-dihydro corapound (46%).lsS 

Decahydrquino l ine  and decahydroisoquinoline a r e  dehydrogenated over 
palladium to the corresponding bz-tetrahydro derivat ives,  a valuable pro- 
cedure for making these  compounds .'52' lS6 1-Methylisoquinoline is pre- 
pared by refluxing i t s  3,4-dihydro derivat ive with e x c e s s  Raney  nickel 
until  the temperature reaches  248O, the boiling point of the desired prod- 
uct  (75%). 

Chlorani l  in boiling xylene has  been shown t o  be a n  exce l len t  dehydro- 
genat ion agen t  for the preparation of ca rbazo les  from 1,2,3,4-tetrahydro- 
carbazoles  (75-95%). By th i s  procedure, ca rbazo les  subs t i tu ted  in the 1-, 
2-, and 3-positions with alkyl,  halo, alkoxyl, carboxyl, or nitro groups 
are  readily made.''' T h e  s tar t ing materials a re  avai lable  by ring c losures  
of cyclohexanone-m-phenylhydrazones. A palladium-carbon c a t a l y s t  for 
the  same purpose i s  a l s o  noteworthy, the yields  of a lkylcarbazoles  being 
86-1 00% .Is9 

T e t ~ a h ~ d r o t h i o p h e n e  can b e  dehydrogenated t o  thiophene over platinum 
in 32% yield.'60 . 

558. Alkylation of the Heterocycl ic  Nucleus  

Heterocycl ic  compounds containing a nitrogen atom commonly undergo 
F-alkylation or C-alkylation. &Methyl pyrrole c a n  be  prepared by inter- 
ac t ion  of methyl iodide with potassium pyrrole (4%).170 N-Carbethoxy 

' pyrrole i s  made from chloroformic e s t e r  and potassium pyrrole.171 T h e  
C-alkylation of pyrroles h a s  been discussed.177 3-Alkylindoles are made 
by the alkylat ion and decarboxylation of indole-2-carboxylic acid.64 T h e  
conditions for alkylation of  pyrrolidine a re  analogous t o  those  employed 
for the alkylation of a secondary amine. Thus ,  pyrroIidine on treatment 
with n-butyl bromide and potassium hydroxide in boiling benzene i s  con- 

verted t o  the N-butyl der ivat ive i n  40% y i e l d ! 6 ~ o n l p o u n d s  having func- 
t iona l  groups in  the s ide  chain a re  made in the same way. An i l lustrat ion 
i s  the  interaction of pyrrolidine and  propylene chlorohydrin in the  pres- 
e n c e  of sodium hydroxide to  form 1-(1-pyrrolidyl>2-propanol (77%).'09 
Carbazo le  a l s o  undergoes N-alkylation with a lky l  su l fa tes  and  chloro- 
hydrins in  s t rong c a u s t i c  s o l u t i ~ n . ' ~ ~ ' ' ~ ~  It r e a c t s  with iodobenzene a t  
200° in the presence of copper-bronze and potassium carbonate t o  give 
N-phenylcarbazole (65% 

Alkyl or aryl  groups may be  joined t o  pyridine compounds (1) through 
a n  a c t i v e  metllyl group jn the alpha or gamma posi t ion,  (2) direct ly  a t  a 
nuclear  carbon atom, or (3)  a t  the nitrogen atom t o  form quaternary alkyl- 
or aryl-pyridinium s a l t s .  A comprehensive d i scuss ion  of the alkyl- and  
aryl-pyridines made by these  routes  has  been presented.'78 

In the f i rs t  ins tance ,  e x c e s s  a- or y-picol ine i s  treated a t  low tempera- 
tures  with sodium amide and a n  a lky l  Ilalide. The yields  of C-monoalkyl- 
pyridines a re  lowered by alkylat ion a t  the  nitrogen atoms, dehydrohalo- 
genat ion of the alkylat ing agent ,  and further alkylation of the product a t  
the s i t e  of the remaining a c t i v e  hydrogens.'87 

CHR, 

Long-chain ha l ides  undergo th i s  react ion a t  100°, no C-dialkylated prod- 
uc t s  being forrned.la9 In alkylat ions with aryl-substituted a lky l  hal ides,  
Ar(CH,),X, n =  1 to  3, yields  a r e  improved by performing the reaction 
rapidly in  liquid ammonia (56-97%). Also,  quinoline methylated in the  2- 
or 4-position r e a c t s  in the same way.''' A methyl group in the 3-position 
of pyridine or quinoline i s  unreactive. 

Direct  nuclear attacllment is accomplished by the interaction of a n  
organometallic cornpound and  pyridine. An exarnple i s  the syn thes i s  of 

2-phenylpyridine in 4% yield from phenyllithium and pyridine.'90 T h e  
procedure h a s  been appl ied in the preparation of 2-ethylquinoline ( 3 0 % ) . ' ~ ~  
Another procedure c o n s i s t s  in coupling aryldiazoniurn s a l t s  with pyridine 
t o  form arylpyridines in 2m t o  80% yield;  however, a mixture of a,  f i ,  
a n d  7-isomers  result^.'^' Ry heat ing benzyl  chloride and  pyridine in the 
p resence  of a copper c a t a l y s t ,  a mixture of 2- and 4 - b e n ~ y l p ~ r i d i n e s  i s  
obtained;  these  colnpounds c a n  be separa ted  by fractional d i s t i l l a t i ~ n . ' ~ ~  
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Extensive studies of the alkylation of thiophene and i t s  derivatives 
with olefins and alcohols have been rnade.Ip6 The  catalysts  are the same 
a s  those employed for the alkylation of hydrocarbons. Alkylation occurs 
predominently in the 2-position, and the yields a r e  in the range of 60% to  
80%. 

The  interaction of furan and aryldiazonium chlorides in the presence of 
a lka l i  leads to Zarylfurans, e.g., 2-phenyl-, 2-p-halophenyl-, and 2-P- 
nitrophenylfuran; however, the yields are low (15-22%).'~' 

559. Decarboxylation of Heterocyclic Acids 

H - H  H - H  t li % F  li 
Rc\ 0 /CC02H 

RC\ 0 /CH 

A carboxyl group i s  removed from a heterocyclic nucleus in rcuch the 
same way a s  from an  aromatic nucleus (method 13), i.e., by thermal de- 
composition. The pyrolysis i s  catalyzed by copper or copper s a l t s  and i s  
frequently carried out in quinoline solution. The reaction i s  important in 
the synthes is  of various alkyll" and halo furans. Furoic acid loses 
carbon dioxide a t  i t s  boiling point (205O) to  give furan (85%).Ia2 A se r i e s  
of halo furans have been made in 2 0 9 7 %  yields by pyrolysis of the cor- 
responding halofuroic acids.  The 5-iodo acid decarboxylates a t  a tem- 
perature of 140°,18\herea~ the 3- and 5-chloro ac ids  require copper- 
bronze catalyst  a t  250°.184 

Carboxyl groups on the pyrrole nucleus are removed by the action of 
superheated steam on aqueous alkaline solutions of the carboxylic 
acids ."6 

Carboxyl groups adjacent  to carbonyl groups in the nucleus present 
the familiar P-keto acid structure and are decarboxylated by refluxing 
with hydrochloric acid."' 

Heterocyclic carboxylic acids have a l s o  been decarboxylated by 
pyrolysis of their c a l ~ i u m , ' ~  s i l ~ e r , ' , ~  and ammonium lo' s a l t s .  

560. Cyclization of 1,4-Glycols and Related Compounds 

HOCH,CH,CH,CH,OH 

XCH,CH,CH,CH,X 

XCH,CH,CH,CH,NH, NaOH 
z 

where 2'0, S, or NH 

METHOD 560 839 

1 ,4Glycols  readily lose water in the presence of acid catalysts .  1,4- 
?:aanediol is dehydrated by 1% phosphoric acid a t  270° t o  tetrahydrofuran 
(95%).' Furfural i s  obtained by acid treatment of carbohydrate materials 
containing pentoses,  CH,OH(CHOH),CHO.~ Analogous furan aldehydes 
may be prepared from other sugars;  e.g., the fructose portion of sucrose 
yields 5-hydroxymethylfurfural. With hydrochloric acid,  the correspond- 
ing 5-chloromethylfurfural i s  obtained., The  chloromethyl group in the 
latter compound may be reduced in the presence of the aldehyde group by 
stannous chloride. The over-all yield of 5-methylfurfural from cane sugar 
i s  ll%.' 

Elimination of hydrogen bromide from 1,2-dibromo-4-butanol, 
BrCH,CHBrCH,CH,OH, i s  accomplished with powdered potassium hy- 
droxide in dry ether." The  resulting P-br~mote t rah~drofuran  loses 
another molecule of hydrogen halide when heated with excess  powdered 
base.  The over-all yield of dihydrofuran i s  62%.9 This  elimination re- 
act ion has  been extended to the preparation of p-bromofurans and 2,5- 
dihydrofurans having two alkyl groups on one of the a-carbon atoms." 

For  the  preparation of tetrahydrothiophenes, 1,4-dihalides are allowed 
to react  with sodium sulfide ." 9' "' 

Pyrrole and N-substituted pyrroles a re  formed by a reaction analogous 
to the conversion of sugars to furan aldehydes. Ammonium and substituted 
ammonium sa l t s  of mucic acid,  HO,C(CHOH),CO,H, are cyclized and de- 
carboxylated by pyrolysis. The yields of pyrr01e'~ and i t s  N-phenylU 
and N-methyl1' derivatives are about 40%. Tetrahydropyrroles (pyrroli- 
d ines)  are formed from various 4-substituted amines by elimination of 
water, ammonia, or hydrogen halide.',-IT 

Similar elimination reactions are employed in the synthes is  of the 
benzologs of five-membered heterocyclic compounds. For example, 
P - ~ h e n ~ l e t h ~ l  alcohols having h ~ d r o x y l ,  sulfhydryl, and amino groups in 
the ortho position are cyclized to the dihydro derivatives of benzofuran, 
benzothiophene, and benzopyrrole, r e ~ p e c t i v e l ~ . ' ~  Likewise, dehydro- 
halogenation of P-(0-hydroxyphenyl)-ethyl bromide gives dihydrobenzo- 
furan in 72% yield.'a 

The a-methyl derivative i s  produced from the ace ta te  of o-allylphenol, 
HOC4H6CH2CH=CH,, by the addition of hydrogen bromide in the absence 
of peroxides followed by dehydrohalogenation of the free phenol with 
potassium hydroxide. In the presence of air or peroxides the mode of 
addition of hydrogen bromide i s  reversed and cyclization gives benzo- 
 ran.'^ b - ~ e t o  derivstives are prepared by a similar ring closure.51 
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56 1. Cyclization of 1 ,4-Dicarbonyl Compounds 

METHODS 562-565 84 1 

ably involves an intermediate P-aminocrotonic ester ,  
R'C(NH2) = C H C O ~ C , H ~ . ~ '  The synthesis of furans by this method has 
been improved and extended by substituting pyridine for ammonia a s  the 
condensing agent4' and by using a,P-dichloroethyl ether a s  a source of 
c h l o r ~ a c e t a l d e h ~ d e . ~ ~ *  4s 

563. Condensation of a-Amino Ketones and Carbonyl Compounds (Knorr) 
where Z - 0,  S ,  or NH 

Dienolic forms of 1,4-dicarbonyl compounds are dehydrated by sulfuric 
acid, phosphorus pentoxide, and like catalysts to  substituted 
furanS.20. 23, 2 2 1  Diacylethylenes, RCOCH=CHCOR, undergo similar 

ring closure in reducing media .21' 22 

In the thiophene series,  phosphorus sulfide converts 1,4-dike- 
24. 26 ,223 and sodium sal ts  of succinic 25 and alkylsuccinic 27 acids 

to the five-membered heterocyclic compounds. The yields are low, usually 
20-30% from the succinates and 60% from the diketones. 

Acetonylacetone, CH3COCH2CH2COCH3, i s  cyclized to 2,5-dimethyl- 
pyrrole by heating to 100° with ammonium carbonate. The yield i s  86%. 
This reaction has been modified and extended to the syntheses of N-alkyl- 
2,5-dimethylpyrroles by the substitution of amines for ammonia and re- 
moval of water by azea rop ic  distillation with benzene:' 

Five-membered heterocyclic compounds of the furan, thiophene, and 
pyrrole series are interconvertible by one-step catalytic p r o ~ e s s e s . ~ ~ " ~  
For example, a t  450' over aluminum oxide catalyst ,  furan i s  converted to  
pyrrole by ammonia and to thiophene by hydrogen sulfide. The yields are 
30%. 

562. Condensation of a-Chloro Ketones with P K e t o  Esters 

and 

Interaction of a-chloro ketones and P-keto es ters  in the presence of 
ammonia leads to both furans and p y r r ~ l e s . ~ '  The ring closures are dis- 
similar, however, in that the positions of the substituent groups on the 
nuciei are not the same in the two series.  The pyrrole ring closure prob- 

R2 - R3 

R1-CH 
F ii 

\ 
C-R4 4 RIC 

NI-!, 0 
// \ fR4 

NH 

A general reaction for the formation of the pyrrole nucleus consists  in 
the treatment of an  a-amino ketone with another ketone having a reactive 
a-methylene group.'7 The a-amino ketone is conveniently prepared from 
the ketone by nitrosation and reduction and then, without isolation, it i s  
allowed to condense with a second carbonyl compound, viz., 
RCOCH2R + RCOC(= N0H)R + RCOCH(NH2)R. An example i s  the 
condensation of ethyl a-aminoacetoacetate (R, =C0,C2H5, R2 = CH,) 
with acetoacetic ester  (R3= CO,C,H,, R4 = CH,) to  give 2,4-dimethyl-3,5- 
dicarbethoxypyrrole (64%).,' The synthesis of 3-acetyl-5-carbethoxy-2,4- 
dimethylpyrrole from ethyl acetoacetate and acetylacetone a lso  illustrates 
the procedure." 

564. Interaction of Grignard Reagents and 7-Chloro Nitriles 

 substituted pyrrolines are conveniently made by the action of ali- 
phatic or aromatic Grignard reagents on 7-chloro nitriles followed by 
hydrolysis, ammonolysis, or pyrolysis of the intermediate N-bromomag- 
nesium ketimine.'6 An example i s  the conversion of 7-chlorobutyronitrile 
and phenylnagnesium bromide to 2-phenylpyrroline (55%)." The l-posi- 
tion of the double bond is  favored. 

565. Sulfurization of Hydrocarbons 
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Thiophene i s  obtained in 6% yield by passing butadiene into molten 
sulfur a t  320-420'. The reaction i s  general and affords somewhat higher 
yields ( 3 1 4 0 % )  of methylated thiophenes from homologs of b~ tad iene . ' "~~  
The free-radical nature of the reaction has been d i s c ~ s s e d . ' ~  Dibenzo- 
thiophene is  conveniently prepared by heating biphenyl and melted sulfur 
with aluminum chloride a t  120°. The yield i s  47%.57 

566. Interaction of 1,2-Dicarbonyl Compounds with Ethers or S ~ J f i d e s ' ~ ~  

R - K  fi t R - R  

0 0 
N a O C o e  fi fi 

CzH50zCC CCO,CzH, 
\-I 

L 

where Z = 0 or S 

567. Elimination of Hydrogen Chloride from N-Chloro Amines 34 

568. Catalytic Dehydrocyclization 

where Z - 0 or S 

Several benzologs of furan and thiophene are conveniently formed by 
procedures of ring closure over dehydrogenation catalysts. o-Ethylphenol 
is cyclized a t  620' over a palladium catalyst to  benzofuran (ll%).'3 
Chromium oxide on alumina at  450' converts o-ethylthiophenol to benzo- 
thiophene (42%)." Alkyl groups in the alpha and beta positions are ob- 
tained by suitable variation of structure in the alkyl s ide  chain. For the 
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preparation of benzothiophene, o-ethylthiophenol may be replaced by the 
more convenient starting materials, hydrogen sulfide and styrenes6 or 
hydrogen sulfide and ethylbenzene.55 

569. Cyclodehydration of Aryl Ketones 

where Z = 0, S, or NH 

The formation of these hetcrocyclic systems by this method of ring 
closure has been r e ~ i e w e d . ~ '  Yields in the benzofuran series are poor. 
A successful  application t o  the synthesis of certain benzothiophenes has 
been described involving cyclization of arylketosulfides in the presence 
of zinc chloride or phosphorus pentoxide (85-90%).59 

The indole system has been the most extensively studied, particularly 
in regard to  the mechanism of cyclization." It i s  noteworthy that in some 
instances an isomerization of the anilinoketone occurs, viz., 
R'CH(NHR)CORP' to  R'COCH(NHR)R ". From a preparative standpoint, 
the method i s  valuable in the formation of several indoles in excellent 
yields, e.g., 2,3-dimethylindole (85%)79 and 2-ethyl-3-methylindole (92%):' 
Condensation of aniline derivatives of 2-chlorocyclohexanone yields the 
corresponding tetrahydrocarbazoles." 

570. Intramolecular Condensation of Substituted Aryl Carbonyl Compounds 

0 0 

where Z - 0 or S and Y CHI or OR 

Benzofurans and benzothiophenes are sometimes obtained by condensa- 
tion of active methylene and aldehyde groups in ortho substituents on the 
benzene ring.''-'' The starting materials in the furan series are con- 
veniently prepared in situ from phenolic aldehydes and a-halo ketones or 
a-halo esters.  
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The Claisen-type condensation of acyl derivatives of 0-toluidine fur- 
nishes a useful general synthesis of indoles. 

where Y ' H or R 

Cyclization of acetyl--tohidine occurs with sodium amide a t  250° to 
give 2-methylindole (83%).76 The formyl derivative of toluidine requires 
the presence of potassium ions for condensation to  indole (79%).'7 
Potassium alkoxide or a mixture of sodium alkoxide and potassium ace- 
tate is effective. 

571. Elimination of Ammonia from Phenylhydrazones (Fischer Indole 
Synthesis) 

An important general method for preparing indoles involves the cata- 
lytic elimination of ammonia from phenylhydrazones of carbonyl com- 
pounds having an a-methylene groupP' Catalysts include zinc chloride:' 
cuprous ~ h l o r i d e , ~ '  boron fluoride etherate,7a dilute sulfuric acid, alco- 
holic hydrochloric acid, and glacial acetic acid.71 

Some ring closures occur rapidly at room temperature, others on heat- 
ing. As an example (equation above), the phenylhydrazone of acetone on 
heating with zinc chloride in methylnaphthalene ~ i e l d s  2-methylindole in 
80% yield:9 In a similar manner 2-phenylindole i s  synthesized ( 8 ~ 1 . ~ '  
If N-methylphenylhydrazine is employed, the N-methylindole results?2 
The phenylhydrazone of ethyl pyruvate on heating with sulfuric acid in 
acetic acid forms indole-2-carboxylic acid (58%)P6 When the phenyl- 
hydrazone has nuclear substituents like alkyl, halo,73 or nitro7' groups, 
the corresponding 4-, 5 - ,  6-, or 7-substituted indoles are obtained. When 
phenylhydrazine is added to a boiling mixture of cyclohexanone and 
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acetic acid, hydrazone formation and ring closure occur in a single opera- 
tion to  yield 1,2,3,4-tetrahydrocarbazole (87% )." 

572. Intramolecular Condensation of o-Aminobenzyl Ketones and Re- 
lated Compounds 

where Y-H, C02H, or CO,C,H, 

This ring closure takes place readily whenever the carbonyl and amino 

groups occur in the relative positions shown above. Reduction of o-nitro- 
phenylacetonitrile by stannous chloride produces indole rather than the 

7. corresponding amino aldehydeP7 The synthesis is most useful for the 
X 
-i preparation of indole-2-carbox ylic acid by reduction of o-nitropheny l- 9 

Y pyruvic acid with ferrous sulfate and ammoniaa3' or with sodium hydro- * sulfite:' The ethyl ester is obtained by a similar reduction with zinc 
k and acetic acida3 or by catalytic hydrogenation of ethyl o-nitrophenyl- 
8 pyruvate over platinum oxide ~ a t a l y s t . ~ '  

573. Pyridine Compounds by Ring Closure 

RCHO 

R02CP ~~~~f HN03 R O ~ C ~  ' ~ C O ~ R  
+ - 

RCO OCR RC. CR RC CR 

The above equation represents the classical  pyridine synthesis of 
Hantzsch, the starting materials being an aldehyde, a @-keto ester, and 

3 ammonia. The overal l  yield of 3,5-dicarbethoxy-2,6dimethylpyridine 
from formaldehyde, acetoacetic ester,  and ammonia i s  43-58%.87 A study 
of substituted aromatic aldehydes in this synthesis has been made." 
This i s  one of many condensations of aliphatic compounds that leads to 
pyridine derivatives. Although these condensations have been sub- 
divided in various ways for purpose of d i s c u ~ s i o n , ~ ' ~ ~ ~  the lines of de- 
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marcation among them are not sharp. The P-keto es ter  may be replaced 
by most 1,3dicarbonyl compounds or potential 1,3-dicarbonyl compounds. 
The nitrogen atom may be a part of a simple organic molecule such a s  
,L3aminocrotonic ester  " or c yanoacetamide .907 93 With cyanoacetamide, 
the amide group is  active in the condensation and the product i s  a 
3-cyano-2-pyridone. In several  of these reactions, formation of a 1,5- 
dicarbonyl compound or derivative thereof i s  possible before ring clos- 
ure takes place. 1,5-Diketonesa9 or ~ ~ c l o h e x e n o n e s ~ ~  which are 
cleaved to  1,5-diketones, may be used directly in this synthesis. 

Simple saturated and olefinic aldehydes condense with ammonia to  
give alkylpyridines (Chichibabin), but the products are  frequently com- 
plex mixtures from which pure compounds are separated with d i f f i ~ u l t ~ . ' ~  
An exception is the preparation of 5-ethyl-2-methylpyridine in 53% yield 
from paraldehyde and ammonium hydroxide.'5 In an extensive study of 
the reaction, it has  been pointed out that other single products can some- 
times be obtained in fair  yields by proper choice of reagents and con- 
ditions .Ia7 

574. Piperidines by Ring Closure 

AlaOl I I 
RNH(CH,),OH - 

, g o 0  "lC\ / 
CH, + H,O 

A variety of difunctional compounds having groups in the 1,5-positions 
undergo intramolecular reaction to  give piperidines. Common interacting 
groups are ha10,'~' hydroxyl,'O' and amino. The yields vary within wide 
limits. l,5-Diamino compounds are cyclized during reduction of the cor- 
responding dicyanides. For example, catalytic hydrogenation of glutaro- 
nitrile over a nickel catalyst  gives piperidine (22%).'07 Likewise, the 
cyclic amides, 2-piperidones, are formed by interaction of amino and 
es ter  groups during the catalytic reduction of Y-cyano esters.'06 1,4,5,6- 
Tetrahydropyridines are sometimes prepared in good yield by the action 
of ammonia on 6 -bromo ketones .Io3' lo' 

Ring closure in the 4-position of the piperidine nucleus by an intra- 
molecular Claisen condensation of di-@-carbethoxyethyl)-amines and re- 
lated compounds leads to 4-piperidones in excellent yields.115 

575. Quinoline Compounds by Ring Closure 

Quinolines are formed by refluxing aniline or substituted anilines with 
glycerol and nitrobenzene (Skraup). The yield of quinoline from aniline 
is 84-91%.'36 The nitrobenzene serves a s  an oxidizing agent and may be 
replaced by arsenic acid,'33* lS7* by nitrobenzenesulfonic acid,143 or 
in some modifications of the reaction by ferric chloride!40 The reaction 
i s  exothermic and sometimes difficult to control. Various techniques, 
catalysts,  and solvents have been proposed to alleviate this diffi- 
culty . l ~ ,  137. 139 The reaction may proceed by way of the intermediate 

formation of acrolein and i t s  anil or by the addition of the aniline to  the 
double bond of acrolein. These possibilities have suggested other com- 
pounds a s  starting materials in the synthesis. Thus, the glycerol may be 
replaced by two molecules of acetaldehyde or glycol (DEbner-Miller),'*O 
substituted glycerols,'48 pyruvic acid, acetoacetic es ter  (Conrad-Limpack- 
Knorr),13" '*' or various combinations of simple carbonyl com- 

.135,:37, 143 The relationship of these modification~ to  the original 

Skraup reaction has been d i s c ~ s s e d . ' ~ '  Many quinoline derivatives have 
been prepared by these reactions, but most of the compounds are beyond 
the scope of this b ~ o k . ' ~ ~ - ' ~ ~ ~  l7'. Many functional groups including 
halo,1*3 methoxyl,l181 133. 140, 147 c a r b ~ x ~ l , ' ~ "  13' and nitro 1308 133. 145 have 
been present in the reactants. Substituents in the ortho or para positions 
of the aniline present no problem in orientation. An excellent study of 
the directive influence of various substituents in the meta position has 
been made.'*' Rearrangement of nuclear substituents i s  rare but accounts 
for the failure of a t  least  one Skraup reaction.'*' 

Ring closures are a lso  effected from precursors obtained by condensa- 
tions of o-aminobenzaldehyde and related compounds. These condensa- 
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tions differ from the above reactions in that the number 4 carbon of the 
I 

quinoline was originally in the ortho position of the a11i1ine.l~~' 17' 
- 1  

The preparation of isoquinolines by methods of ring closure has been 
I 

reviewed .'14 

576. Interaction of Grignard Reagents and N-Methyl-a-pyrrolidone2" 

Heat 

CH, CH, 

RsMethyl, ethyl, n-propyl, n-butyl, or phenyl (50-70% wer-all) 

TABLE 118. HETEROCYCLIC COMPOUNDS 849 

TABLE 118. HETEROCYCLIC COMPOUNDS ' 
c n  Compound 

t 
Method ';;id Chapterref. B.p./mm., n ~ ,  (M.P.), ~ ~ ~ i ~ .  

Furans 

C 4  Furan 559 71 39'" 31/760 
. .. . 65 39 la' 

Dihydrofuran 560 62  399 67/744, 1.4321 
A37 4-Dihydrofuran 560 28 393 67, 1.42815 
Tetrahydrofuran 554 93  3996 66 

C 8 2-n-Butylfuran 556 54 39u1 138, 1.4460'' 
2-t-Butylfuran 559 60  39"' 120, 1.4380'' 
a-n-Butyltetrahydrofuran 554 68 39lW 160/768, 1.43159 
Benzofuran (coumarone) 559 72 39'01 60/12 

568 11  3 9 U  172, 1.563114, 103Pi 
2,).Dihydrobenzofuran 560 72 394 79/17, 1.5495 

C 9  a-n-Amyltetrahydrofuran 554 70 39lW 71/14,1.43621° 
2-Methylbenzofuran 568 30 39" 196/730, 1 . 5 5 3 9 ~ ,  74Pi 
2-Methyl-2,3-dihydrw 560 30 39* 81/15, 1.5309 

benzofuran 

Cl, 2-Phenylfuran 558 22 3919' 95/10, 1.5920 
C l1 Dibenzofuran 560 95 3947 (87) 
C 16 2,s-Diphenylfuran 561 86 39" (90) 

Thiophenes 

C 4  Thiophene 561 31 39" 8 4  
561 30 39= 86 

Tetrahydrothiophene 560 50 39 120/760, 1.5046 
560 64  39'" 120, 1.5037" 
554 7 1  39 lo' 

f ~ e t e r o c ~ c l i c  compounds containing the common functional groups are listed in the 
tables in the appropriate chapters. 

For explanations and symbols see  pp. xi-xii. 
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TABLE 118 (continued) 
- TABLE 118 ( cod inued)  

C n Compound Method (X) chapterref .  B.p./mm., ,fD, (h1.p.). Deriv. 
C n Compound Method (%I c h a p t e r r e f  B.p./mm., (M.p.), Deriv. 

Pyrroles  (continued) 
Thiophenes  (continued) 

C ,  2,4-Dimethyl-3-ethyl- 
pyrrole 

N-n -B~t~ lpy r ro l id ine  

2-lsobutylpyrrolidine 

Benzopyrrole (indole) 

2-n-Propylthlophene 
2-lsopropylth~ophene 

2 3 5-Trtmethylrh~ophene 
2-~-~3utyl th1ophene 
2-t-P~ty!ri  s rphc, l r  
l>en?oth~ophene (thla- 

naphthene) 
2.3-Dlhydrobcnzothlo- 

phene 

C 2-Ethyl-3-methylindole 

1,2,3- Trimethylindole 

C ,, 2.3-Diethylindole 

Dibenzopyrrole (car- 
bazole  

Pyrroles  

C 4  Pyrrole 

1 ,2 ,3 ,4Tetrahydrocar-  
bazole  

7 -Verhylpyrrole 
'.-'.:rrh;.lpyr:c,!td:nl. 

' 1.2-U~methylpyr:~>le 
:. i-i;:met'yl:.7 I:L!,. 

; , - i , l .nr rh ,  I;, c r  - . i : .  

: - ' . i e ; n y ~ - Y ~ - ~ a c ~ h y i p v : .  

c u l i n e  
. - - - - . . - 

For  explanations and symbols s e e  pp. xi-xii. 



HETEROCYCLIC COMPOUNDS 

TABLE 118 (contilered) 

TABLE 118. HETEROCYCLIC COMPOUNDS 853 

TABLE 118 (continued) 

Cn Compound Method chapterref- B.p./mm., nb ,  (M.P.), Deriv. 
(%) 

Cn Compound Method (%I chapterref. B.p./mm., nb. (M.p.), Deriv. 

Pyridines - 

Pyridines (continued) 

C u 2-Benzylpyridine 558 75 39"' 277/730, 140Pi 
4-Ben~~lpyr id ine  2891730, 139Pi 
N-Benzylpiperidine 574 33 39"' 120/11, 166Pi 

C s  Piperidiae 

C 6  2-Methylpiperidine 
4-Methylpiperidine (4- 

pipecoline) C 1, 2-Phenethylpyridine 558 68 3918"146/10, 127Pi 
4-Pheae th~lp~r id ine  558 94 39 (7 1) 

(hinolines and Isoquinolines 

C 9  Quinoline 575 60 3906 112/14 
py-Tetrahydroquinoline 554 97 39 95 

554 100 39"' 121/13, 1.5897" 
brTetrahydroquinoline 557 36 39= 103/10, l58Pi 
py-Tetrahydroisoquino- 554 92 39 236, 1.5749=. 195Pi 

line 

3-Ethylpyridine 
4-Ethylpyridine 
2,%Dimethylpyridine 
2.6-Dimethylpyridine 
P-Vinylpyridine 
2,%Dimethyl-1,4,5,G 

tetrahydropyridine 
N-Ethylpiperidine 
3-Ethylpiperidine 

brTetrahydroisoquino- 557 25 39"' 144Pi 
line 

Decahydroquinoliae 554 90 39"' 90/13, 1.491lZ, (27) 
Decahydroisoquinoline 

( c i s )  554 80 39 "' l50Pi 
(trans-) 10 177Pi 

C, 4-n-Propylpyridine 
2-Methyl-%ethyl- 

pyridine 
5-Ethyl-2-methyl- 

pyridine 
2,3,4-Trimethylpyri- 

dine 
2,4,6-Trimethylpyridine 

(syn-collidine) 

CI1 2-Ethylquinoline 558 30 39'94 130/15, 149Pi 
3-Ethylquinoline 575 54 391U 266, 1.5988, 199Pi 
2,%Dimethylquinoline 575 50 39 lb6 (69), 229Pi 
2.4-Dimeehylquinoline 575 80 39 *' 150/20 

C 3-Phenylquinoline 575 12 391a (52),205Pi 

For explanations and symbols see pp. xi-xii. 

hydropyridine . 
a* Amylpiperidine 

hydropyridine 
N-Phenylpiperidine 
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olefinic, preparation, 54 
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partial, 417 
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from olefinic diesters,  493 
preparations listed in table 51, 503 
reaction, with ammonia, 568 

with hydrazine, 569 
reduction to diols, 157 

1,l-Dicarboxylic es ters ,  acylation, 330 
alkylation, 426, 489 
cyanwthylation, 602 
decarboxylation, 496 
halo, preparation, 491 
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1,l-Dicarboxylic esters-Continued 
hydrolysis, 427 
olefinic, preparation, 491 
preparation, 426, 488, 493, 494 
preparations listed in table 51, 503 
reaction with nitrous acid, 658 

Dicyanides, hydrolysis, 413 
olefinic, addition of hydrogen cya- 

nide, 603 
preparation, 55 

preparation, 592, 597, 604 
preparations listed in table 67, 614 

a , P - ~ i c ~ a n o  es ters ,  preparation, 604 
Dieckmann reaction, 345 
Diels-Alder reaction, 48, 560 
Diene synthesis with quinones, 401 
Dienes, s e e  Diolefins 
Diethers, preparation, 227 

preparations listed in table 17, 238 
Dihalides, alkylation of malonic e s t e r  

by, 490, 491 
ammonolysis, 666 
dehydrohalogenation, 78 
in the U'illiamson reaction, 225 
partial amination, 668 
preparation, by halogen exchange, 94 

from diols, 91, 92 
from olefins, 107 

preparations listed in table 8, 120 
reaction, with carboxylic ac id  sa l t s ,  

169 
with metallic cyanides, 593 

gem-Dihalides, dehydrohalogenation, 37 
hydrolysis, to aldehydes, 285 

to  ketones, 349 
preparation, 105 

1.2-Dihalides, dehalogenation, 39 
dehydrohaloenation, 37 
hydrolysis and rearrangement, 296, 

341 
hydrolysis to  diols,  169 
olefinic, dehalogenation, 40 

1.4-Dihalides, preparation, 93 
reaction with sodium sulfide,  838 

1,5-Dihalides, preparation, 93, 97  
Dihalo acetals,  elimination of halo and 

alkoxyl groups from, 39  
Dihalo acids,  preparation, 107 
a,a-Dihalo ac ids ,  preparation, 103 
a $ - ~ i h a l o  acids,  d e c a r b o ~ ~ l a t i o n ,  44 
Dihalo aldehydes, preparation, 107 

Dihalo es ters ,  dehydrohalogena tion, 38 
preparation, 107 

a,P-Dihalo ethers,  coupling with Gri- 
gnard reagents, 39, 231 

preparation, 100 
a ,P ' -~ihalo  ethers, preparation, 230, 

234 
P,P ' -~ihalo  ethers,  preparation, 232 
Dihalo ketones, preparation, 107 
a,a-Dihalo ketones, preparation, 100 
a,P-Dihalo ketones, reaction with 

amines, 730 
Dihydrazides, preparation, 569 
Dihydrobenzofurans, preparation, 839 
Dihydrobenzopyrroles, preparation, 839 
Dihydrobenzothiophenes, preparation, 

839 
Dihydroxy acids,  preparation,. 179 
Dihydroxy compounds, alkylation in the 

Williamson reaction, 227 
dehydration, 33, 256 
dehydrogenation to  lactones,  536 
esterification, 481 
preparation, by bimolecular reduc- 

tion of ketones, 154 
by cleavage of oxides, 172 
by hydrolysis of esters,  169 
by reduction of dihydric phenols, 

158 
by reduction of es ters ,  157 
from dicarbonyl compounds, 150 

preparations l isted in table 12, 193 
1 ,I-Dihydroxy compounds, dehydration 

and rearrangement, 341 
oxidative cleavage, 290 
preparation, from dihalides, 169 

from diketones, 150 
from hydroxy ketones, 162 
from olefins, 179 
from oxides, 172 

1.3-Dihydroxy compounds, preparation; 
150, 157 

1.4-Dihydroxy compounds, c ~ c l i z a t i o n  
to  furans, 538 

dehydrogenation, 325 
preparation, 150 

Diketenes, hydrolysis, 330 
reaction, with aldehydes, 350 

with aromatic hydrocarbons, 320 
with olefinic alcohols, 343 

Eiketo esrers ,  cleavage, 346 

a , ~ - ~ i k e t o  es ters ,  preparation, 326 
a , ~ - D i k e t o  es ters ,  decarbonylation, 495 

preparation, 342, 495 
Diketones, alkylation, 339 

aromatic, preparation, 320 
preparations l isted in table 33, 363 

a-Diketones, cleavage, 423 
oxidative cleavage, 290 
partial reduction, 151 
preparation, 323, 325, 326, 350 
reaction with ethers or sulfides,  842 
rearrangement, 43 5 
reduction, 150 

P-Diketones, cyclic,  cleavage, 438 
hydrogenolysis, 348 
partial reduction, 151 
preparation, 338, 342 
reaction with acyl halides, 482 
reduction, 150 

Y-Diketones, cleavage, 438 
internal condensation, 51 
preparation, 350 
reduction, 150 

3-Diketones, internal condensation, 52 
Dinitro compounds, aromatic, partial re- 

duction, 657 
preparation, 750 
preparations l isted in table 98, 753 

1.3-Dinitroparaffins, preparation, 751 
Diolefins, s e e  a l so  Allenes 

addition, of halogen, 107 
of hydrogen halide, 106 
of hypohalous acid,  109 

oxidation, 421 
preparation, 33, 41, 46 
preparations l isted in table 3, 63 

1,3-Diolefins, addition, of a-chloro 
ethers,  108 

of dienophiles, 48 
of olefinic anhydrides, 560 

allylic bromination, 105 
preparation, 36, 40 
reaction with sulfur dioxide, 502 
sulfurization, 841 

1.4-Diolefins, preparation, 39 
Diols, s e e  Dihydroxy compounds 
Dioxolones, reductive cleavage, 435 
Disulfides, preparations l isted in table 

112 ,799  
reaction with organolithium com- 

pounds, 789 
reduction, 780 

Disulfones, ethylene, cleavage, 808 
Dithiocyanates, action of sodium sul- 

f ide,  790 
Dithiols, preparations l isted in table 

110, 782 
Doebner condensation, 52 
Dcbner-Miller synthesis of quinolines, 

847 
Duff reaction, 282 

Elbs  hydrocarbon synthesis,  16  
Elbs  oxidation of phenols, 181 
Enolate sa l t s ,  carbonation, 425 
En01 es ters ,  acylation, 342 

halogenation, 102, 263 
preparation, 102, 482, 483 

Epoxides, s e e  Oxides 
Epoxy ethers,  preparation, 234 
Epoxy ketones, preparation, 255 
a-Epoxy ketones, rearrangement, 435 
Esters ,  s e e  Carboxylic es ters  
Etard reaction, 288 
Ethers, aromatic, acylation, 322 

cyanogenation, 596 
haloalkylation, 37 
halogenation, 99 
nitration, 748 

cleavage, 92, 171, 498 
elimination of alcohol from, 40 
halogenation, 99 
preparation, 226 
preparations listed in table 16, 235 

Fischer-Hepp reaction, 742 
Fischer  indole synthesis,  844 
Friedel-Crafts reaction, acylation, 317 

alkylation, 2 
halohydrins in, 36 
limitations, 330, 332 
preparation, of sulfinic ac ids  by, 808 

of sulfones and sulfoxides by, 802 
unsaturated acids  in, 434 

Fries rearrangement, 344 
Furans, acylation, 319 

cleavage to  y-diketones, 350 
halogenation, 99 
in Friedel-Crafts reaction, 422 
preparation, by decarboxylation re- 

actions,  838 
from carbonyl compounds, 835 
from dicarbonyl compounds, 840, 

842 
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Furans, preparation-Continued 
from halo ketones and keto es ters ,  

840 
from hydroxy halides, 839 

preparations listed in table 118, 849 
reaction with diazonium sa l t s ,  838 
reduction, 833 

Gabriel reaction, 679 
Gattermann-Koch reaction, 280 
Gattermann reaction, 94, 280 
Glycerides, preparation, 481, 482 
Glycidamides, preparation, 570 
Glycidic ac ids ,  decarboxylation, 295 

pyrolysis, 348 
Glycidic es ters ,  preparation of, 254, 

255 
Glycols, s e e  Dihydroxy compounds 
Glyoxals, s e e  a-Keto aldehydes 
Grignard reagents, s e e  Organomag 

nesium compounds 
Guareschi reaction, 434 
Guerbet reaction, 181 

Halides,  alkylation, of ace ty lenes  by, 
80 

of amides by, 572 
of amines by, 666 
of a-cyano e s t e r s  by, 429 
of hydrazine by, 733 
of P-keto e s t e r s  by, 346 
of ketones by, 339 
of malonic es ters  by, 426, 489 
of nitriles by, 599 
of nitro compounds by, 749 
of phthalimide by, 679 
of quinones by, 400 ' 

ammonolysis, 665 
aryl, alkylation, 109 

alkylation of amines by, 667 
coupling of,  12 
nitration, 748 

condensation, by sodium amide, 47 
with hydrocarbons, 108 

coupling with organometallic com- 
pounds, 9 

dehydrohalogenation, to ace ty lenes ,  
7 8 

to olefins, 36 

Halides-Continued 
halosulfonation, 822 
hydrolysis, 170 
preparation, 88  
preparations l isted in table 7, 11  1 
reaction, with alkali  hydrosulfides, 

778 
with alkali  sulfi tes,  813 
with alkoxides, 226 
with hexamine, 282, 670 
with metallic cyanides, 591 
a i th  metallic halides, 93 
with metallic sulfides,  788 
with s a l t s  of carboxylic acids,  

484 
with Schiff bases ,  680 
with s i lver  nitrite, 749 
with sodium amide, 682 
with sodium disulfide, 798 

reduction, 8 
Halo aceta ls ,  amination, 669 

dehydrohalogenation, 37, 79 
preparation, 101, 263, 269 

Halo ac ids ,  amination, 669 
decarboxylation, 79 
dehydrohalogenation, 38, 79 
esterif ication,  481 
in the Williamson reaction, 228 
lactonization, 535 
preparation, by cleavage of ethers,  

93 
from halo alcohols,  419 
from halo cyanides, 413 

preparations l isted in table 46, 455 
reaction with metallic cyanides,  593 

a-Halo ac ids ,  ammonolysis, 666 
preparation, 102, 418, 428 

$Halo ac ids ,  decarboxylation, 44 
preparation, 106, 496 

Haloacyl halides,  dehalogenation, 406 
dehydrohalogenation, 38 
hydrolysis, 418 
preparation, 547 
preparations l isted in table 61, 552 

Halo alcohols,  s e e  Hydroxy halides 
Halo aldehydes,  oxidation, 419 

preparations l isted in table 29, 305 
reaction with alcohols,  236 
se lec t ive  reduction, 152 

a-Halo aldehydes,  amination, 669 
preparation, 101 

Haloalkylation, of alcohols, 230 
of aromatic compounds, 104 

a-Haloalkyl es ters ,  preparation, 498 
P - ~ a l o a l k ~ l  es ters ,  preparation, 485 
Halo amides, preparations l isted in 

table 63, 581 
a-Halo amides, preparation, 566 

reaction with carbonyl compounds, 
575 

N-Halo amides, preparation, 103 
Halo amines, alkylation, 669 

aromatic, preparation, 655 
coupling with organometallic com- 

pounds, 46  
preparation, 92, 93, 668, 679 
preparations l isted in table 85, 695 

N-Halo amines, cyclization, 842 
preparation, 103 

a-Halo az ides ,  rearrangement, 349 
Halo cyanides, amination, 669 

hydrolysis, 414 
in the Williamson reaction, 228 
preparation, 92, 94, 593 
preparations l isted in table 70, 617 

a-Halo cyanides,  dehydrohalogenation, 
3 8  

preparation, 91 
reduction to cyanides, 608 

y-Halo cyanides,  interaction with 
Grignard reagents, 841 

P - ~ a l o  cyanides,  preparation, 106 
Halo es ters ,  alkylation of e s t e r s  by, 

489, 491 
alkylation of P-keto e s t e r s  by, 495 
amination, 669 
dehydrohalogenation, 34 
hydrolysis, 417 
in the Williamson reaction, 228 
preparation, 92, 93, 94, 110, 496 
preparations l isted in table 53, 509 

a-Halo es ters ,  addition to  olefins, 108 
alkylation of cyano e s t e r s  by, 601 
condensation with ketones, 35 1 
preparation, 103 
reaction with ethyl orthoformate, 

265 
P-Halo e s t e r s ,  preparation, 91, 106 
Y-Halo es ters ,  preparation, 108 

reaction with alkali ,  254 

o-Halo es ters ,  preparation, 97 
Halo ethers,  addition to olefins, 232 

alkylation of malonic e s t e r  by, 491 
amination, 669 
coupling with organometallic com- 

pounds, 39, 46 
dehydrohalogenation, 37, 79 
in acetoacet ic  e s t e r  synthes is ,  347 
olefinic, preparation, 39  
preparation, 91-94, 100, 110, 228, 

229 
preparations l isted in table 20, 240 

a-Halo ethers,  addition to  butadiene, 
108 

bromination, 100 
coupling with organomagnesium com- 

pounds, 231 
preparation, 230, 234 
reaction with metallic cyanides, 593 

P - ~ a l o  ethers,  elimination of halo and 
alkoxyl groups, 39  

preparation, 231 
reaction with metallic cyanides, 593 

Y-Halo ethers,  preparation, 232 
Haloform reaction, 422, 488 
Haloforms, s e e  Trihalides 
Halohydrins, s e e  Flydroxy halides 
Halo ketals,  preparation, 266, 274 
Halo ketones, amination, 669 

dehydrohalogenation, 37 
in the Williamson reaction, 228 
olefinic, reaction with alcohols,  266 
preparation, 92, 93, 321, 324, 332, 

334 
preparations l isted in table 36, 370 
reaction, with alcohols, 236 

with metallic cyanides,  593 
with organomagnesium compounds, 

335 
se lec t ive  reduction, 152 

a-Halo ketones, alkylation of malonic 
e s t e r  by, 491 

cleavage,  422 
condensation, with aldehydes, 256 

with P-keto es ters ,  840 
Favorsky rearrangement of, 497 
hydrolysis, 170 
preparation, 95, 100, 328, 344, 422 
reaction, with Grignard reagents, 163, 

253, 296 
with sodium ethoxide, 267 
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a-Halo  ketones-Continued 
rearrangement, 435 
reduction, 151 

P-Halo ke tones ,  dehydrohalogenation, 
320 

preparation, 104, 343 
Halo  lac tones ,  preparation, 534, 535 
Halomalonates,  reduction, 499 
14alo phenols,  preparat ions l i s t e d  i n  

tab le  15, 205 
Hell-Volhard-Zelinsky react ion,  103 
Heterocyc l ic  compounds, preparation, 

832 
preparat ions l i s ted  in t a b l e  118, 

849 

Hydrocarbons, aromatic-Continued 
condensation with olefinic hal- 

i d e s ,  108 
coupling with diazonium s a l t s ,  12 
cyanogenation,  595, 596 
formylation, 280, 281 
haloalkylat ion,  104 
halosulfonation,  822 
oxidation,  287, 398, 421 
preparat ion,  1 
preparat ions l i s ted  i n  table 1, 18 
react ion with SO2, 808 
reduction,  6 
sulfonation,  802, 811 

dehydrogenation, 3 
Hexamine,  react ion with ha l ides ,  282, halogenation,  98 

670 naphthenic,  preparation, 1 
Hoesch-Ilouben react ion,  321 preparat ions l i s ted  in  tab le  1, 17 
Hofmann degradation of amides ,  103, nitration, 746 

296. 674 oxidation of methylene groups in, 
Hofmann exhaus t ive  methylation, 43 
Hydantoins,  hydrolysis ,  437 

preparation, 437 
H ~ d r a z i d e s ,  conversion to  a ldehydes ,  

2 8 3  
preparat ion,  565, 569 
preparat ions l i s ted  i n  tab le  65, 584 
reac t ion  with ni trous acid,  575 

~ ~ d r a z i n e s ,  alkylat ion,  733 
oxidation,  766 
preparation, 733 
preparat ions l i s ted  i n  tab le  94, 736 
react ion,  with carbamyl chlorides,  

647 
with i socyana tes ,  645 

Hydrazobenzenes,  rearrangement, 682 
~ y d r a z o n e s ,  addit ion of hydrogen 

cyanide,  606 
a lka l ine  decomposition, 5 
hydrolysis ,  286 
oxidation, 82, 406, 770 
preparation, 337 

Hydrocarbons, aromatic, acylat ion,  317 
alkylat ion,  2 
carboxylat ion,  425 
condensation with chloral ,  297 
condensation with e thy lene  oxide,  

181 
condensation with olefinic 

amines,  682 

326 
paraffinic, preparation, 1 

preparat ions l i s ted  in  tab le  1, 17 
react ion with carbon monoxide, 350 

Hydroxamic a c i d s ,  L o s s e n  degradation 
of, 676 

preparation, 419, 565, 569, 576, 577 
P - ~ ~ d r o x ~  a c e t a l s ,  dehydration, 34 

preparat ion,  267 
Hydroxy ac ids ,  alkylat ion,  229 

es te r i f ica t ion ,  481 
intramolecular  esterif icat ion,  533 
preparation, from lac tones ,  417 

from o le f in ic  a c i d s ,  179 
preparat ions l i s ted  in tab le  47, 458 

a-Hydroxy a c i d s ,  condensation with 
ace tone ,  435 

cyanohydrin synthes i s ,  414 
decomposit ion,  294 
degradation to ketones,  349 
dehydrat ion,  34 
oxidation,  295 
preparation, by the Ando s y n t h e s i s ,  

428 
by the  benzil ic  a c i d  rearrange- 

ment, 435 
from a-bromo ac ids ,  170 
from a k e t o  ac ids ,  164 
from anitroElefins,  419 

reduction,  431 
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P - H ~ ~ C O X ~  a c i d s ,  dehydration, 34 
Hydroxy a ldehydes ,  a lky la t ion ,  229 

oxidation,  419 
preparat ions l i s ted  in tab le  30, 306 

a-Hydroxy a ldehydes ,  preparation, 164, 
170, 287 

a-Hydroxy a ldehydes ,  dehydrat ion,  49 
preparation, 174 
reduction,  150 

Hydroxy amides,  preparation, 566, 569 
preparat ions l i s ted  in  tab le  63, 582 

Hydroxy amines ,  s e e  a l s o  Amino phe- 
n o l s  

oxidation,  420 
preparat ion,  by Gabriel  reac t ion ,  

679 
by Grignard react ion,  16 1, 164 
by reduc t ive  alkylat ion,  663, 664 
from amino e s t e r s ,  157 
from amino ke tones ,  152 

I 

I from ha lo  a lcohols ,  669 
from i soni t roso  ke tones ,  658 

preparat ions l i s ted  in  table 86, 698 
reduc t ive  alkylat ion,  663, 664 

P - ~ y d r o x y  amines,  cyc l iza t ion  t o  
imines,  729 

oxidative c leavage ,  290 
I preparat ion,  from carbamates ,  675 

from d i a z o  ke tones ,  152 
from hydroxy cyanides ,  660 
from nitro a lcohols ,  656 
from oxides ,  672 

y-Hydroxy amines,  preparation, from 
ally1 alcohol ,  672 

from P-aminoacrylates,  158 
from P-amino a ldehydes ,  152 

I from carbamates,  67R 
Hydroxy cyanides ,  preparat ions l i s t e d  

i n  tab le  71, 619 

I ,a-Hydroxy cyanides ,  a lcoholys i s ,  486 
dehydrat ion,  35 
preparat ion,  604, 605 
react ion,  with a ldehydes ,  605 

with ammonia, 606 
with Grignard reagents ,  332 
with phosphorus ha l ides ,  91 
with thionyl chloride, 608 

reduction,  660 
O - H ~ ~ C O X ~  cyanides ,  hydrolysis ,  414 
~ y d r o x y  e s t e r s ,  preparation, by Gri- 

gnard react ion,  161 
from k e t o  e s t e r s ,  151 

Hydroxy e s t e r s ,  preparation- 
Continued 

from lac tones ,  496 
preparat ions l i s ted  in  tab le  54, 513 

a-Hydroxy e s t e r s ,  oxidation,  324 
preparat ion,  151, 486 
reac t ion  with ke tenes ,  483 

P - ~ ~ d r o x ~  e s t e r s ,  dehydration, 34 
preparation, 151, 176, 177 
reac t ion  with phosphorus ha l ides ,  91 
reduction,  157 

7-Hydroxy e s t e r s ,  preparation, 152 
W-Hydroxy e s t e r s ,  preparation, 494 
Hydroxy e thers ,  oxidation,  419 

preparation, by a lcoholys i s  of 
ox ides ,  233 

by alkylat ion of glycols ,  227 
by alkylat ion of phenols,  229 
by Grignard react ions,  161, 163, 

165 
from a l d o  e thers ,  151 
from alkoxy e s t e r s ,  157 

preparat ions l i s ted  in  tab le  21, 246 
a-Hydroxy e thers ,  dehydration, 34 

preparation, 165, 167 
O - ~ ~ d r o x ~  e thers ,  decomposit ion,  294 

preparation, 294 
kIydroxyethylation of phenols,  229 
Hydroxy ha l ides ,  alkylat ion,  229 

amination,  669 
cyc l iza t ion  t o  furans,  838 
dehydrat ion,  34 
haloalkylat ion,  230 
in  the  Friedel-Crafts  react ion,  36 
i n  the  Williamson react ion,  228 
oxidation,  419 

by a ldo l  condensation,  
176 

by Grignard react ions,  161, 163, 
165 

from h a l o  e s t e r s ,  157 
from ha lo  ketones,  151, 152 
from olefins,  109 
from oxides. 110 

preparat ions l i s t e d  in  tab le  15, 202 
react ion,  with a lka l i ,  253, 254 

with meta l l i c  cyanides ,  593 
Hydroxy k e t a l s ,  preparation, 263, 267, 

274 
Hydroxy ke tones ,  alkylat ion,  229 

in  haloform reaction,  423 
oxidation,  323 



Hydroxy ketones-Continued 
preparation, from acetylenic car- 

binols, 341 
from cyanohydrins, 332 
from diketones, 151 
from diols,  325 

INDEX 

from keto oximes, 163 
preparations l isted in table 37, 375 

a-Hydroxy ketones, alkylation, 340 
isomerization, 170 
oxidation, 289 
oxidative cleavage, 290 
preparation, by alkylation of acyl- 

oins,  340 
by benzoin condensation, 178 
from a-diazoketones, 181 
from diketones, 151 
from Grignard reagents on a-ni- 

troso ketones, 163, 336 
from keto esters,  170 

preparations listed in table 37, 375 
reduction, 150 

P-Hydroxy ketones, dehydration, 50 
preparation, 150, 151, 164, 174 

Hydroxy lactones, preparation, 534 
Hydroxylamines, preparation, 655 
a-Hydroxylamino cyanides, preparation, 

6Q7 
Hydroxyl group, protection, 171, 266, 

483 
Hydroxy olefins, s e e  Olefinic alcohols 
a-Hydroxy sulfonic acids,  conversion 

to a-amino cyanides,  606 
preparation, 606 
reaction with metallic cyanides,  605 

Imides, N-alkylation, 572 
condensation with aldehydes, 575 
N-halogenation, 103 
preparation, 565, 568, 576 
preparations listed in table 64, 583 

Imines, addition of hydrogen cyanide, 
606 

amination, 671 
cyclic,  reaction with mercaptans, 

789 
preparation, 293, 728 
preparations l isted in table 93, 731 

Imino chlorides, preparation, 284, 292 
reduction, 284, 292 

Imino es ters ,  alcoholysis, 542 
ammonolysis, 635 

Imino esters-Continued 
preparation, 485, 634 
preparations listed in table 76, 637 
pyrolysis to amides, 576 

Imino ethers,  s e e  Imino e s t e r s  
Imino ketones, preparation, 730 
P-Iminonitriles, hydrolysis, 351 

preparation, 730 
Indoles, alkylation, 836 

preparation, by Fischer synthesis,  
844 

from o-aminobenzyl carbonyl com- 
pounds, 845 

from anilinoketones, 843 
from o-toluidines, 844 

preparations l isted in table 118, 851 
Isocyanates,  hydrolysis, 674, 675, 678 

meparation, 640 
preparations l isted in table 78, 642 
reaction, with alcohols, 645 

with amides, 647 
with amines, 645 
with diazomethane, 576 
with Grignard reagents, 571 
with hydrazines, 645 

Isonitroso compounds, s e e  a lso  Oximes 
a-Isonitroso ketones, reaction with 

Grignard reagents, 163, 287 
preparations listed in table 95, 743 
reduction to amino ketones, 658 

Isoquinolines, cyanogenauon, 607 
dehydrogenation, 836 
hydrogenation, 834 
preparation, by ring-closure reac- 

tions, 848 
from polyhydro derivatives, 836 

preparations l isted in table 118, 853 
I s ~ t h i o c ~ a n a t e s ,  hydrolysis, 678 

preparations l isted in table 117, 829 

Jacobsen reaction, 15 
Japp-Klingemann reaction, 337 

Ketals, carbalkoxy, reduction, 157 
preparation, 261 
preparations listed in table 24, 273 

Ketene, condensation with carbonyl 
compounds, 536 

Ketene aceta ls ,  preparation. 267, 269 
Ketene dimers, depolymerization, 407 

reaction with alcohols, 483 

INDEX 

Ketenes,  addition of carboxylic ac ids ,  
5 59 

preparation, 404 
preparations l isted in table 41, 409 
reaction, with amines, 571 

with hydroxy compounds, 483 
Ketimine sa l t s ,  hydrolysis, 332 

preparation, 332 
P - ~ e t o  aceta ls ,  preparation, 266 

reaction with Grignard reagents, 267 
Keto acids ,  esterification, 481 

lactonization, 533 
preparation, by cleavage of P-keto 

es ters ,  328 
by succinoylation, 322 
from acylcyclohexanones, 438 
from cyclic ter.-alcohols, 437 
from Grignard reagents and e s t e r  

acid halides, 334 
preparations l isted in table 49, 462 

a-Keto acids,  decarboxylation, 295 
olefinic, preparation, 54 
oxidative degradation, 422 
preparation, by oxidation of  acetyl 

groups, 422 
by oxidation of methylene groups, 

3 26 
from acyl cyanides, 414 
from azlactones,  344 
from hydroxy acids ,  324 
from keto amides, 416 
from keto es ters ,  41 7 
from oximino es ters ,  337 

reaction with organometallic com- 
pounds, 164 

reduction, 432 
reductive amination, 663 

P-Keto acids ,  cleavage, 430 
nitrosation, 740 
preparation, 341, 425, 429 

Y-Keto acids ,  preparation, 324, 495 
pyrolysis to lactones, 537 
reduction, 432 

Keto alcohols,  s e e  Hydroxy ketones 
Keto aldehydes, preparations l isted in 

table 39, 381 
reaction with alcohols, 263 

a-Keto aldehydes, condensation with 
aromatic hydrocarbons, 178 

internal oxidation-reduction, 435 
oxidative cleavage, 290 
preparation, 282, 285, 288 

P -~e toa lky lp~r id in ium iodides, alka- 
line cleavage, 434 

Keto amides, hydrolysis, 416 
preparation, 569, 571, 576 
preparations l isted in table 63, 582 

Keto amines, s e e  Amino ketones 
Keto cyanides, preparations l isted in 

table 73, 621 
a-Keto  cyanides, hydrolysis, 414 

preparation, 414, 595 
P - ~ e t o  cyanides,  alcoholysis, 486 

preparation, by acylation of nitriles, 
348 

by hydrolysis of P-iminonitriles, 
351 

from P-keto amines, 595 
from phenacyl halides, 593 

reduction to P-hydroxy amines, 650 
Y-Keto cyanides,  preparation, 603 
Keto diesters,  preparation, 326 
P - ~ e t o  diesters,  cleavage to ketones, 

330 
Keto es ters ,  internal condensation, 

5 1 
preparation, 322, 334 
preparations l isted in table 57, 517 
reaction, with diols, 263 

with organometallic compounds, 
534 

reduction, 151, 498 
a-Keto es ters ,  decarbonylation, 494 

hydrolysis, 41 7 
partial reduction, 151 
preparation, 322, 324, 337 
reaction, with organometallic com- 

pounds, 164 
with or thwsters ,  264 

P-Keto es ters ,  a c ~ l a t i o n ,  346 
0-acylation, 330, 482 
a l k ~ l a t i o n ,  327, 328, 346 

by halo es ters ,  495 
ammonolysis, 569 
cleavage, to es ters ,  495 

to ketones, 327 
cyanwthylation, 602 
halogenation, 323 
nitrosation, 407 
olefinic, 54, 343 
preparation, by alcoholysis of keto 

cyanides,  486 
by alkylation of P-keto es ters ,  

347 
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8-Keto esters,  preparation-Continued 
by carbethoxylation of ketones, 

488 
by Claisen condensation, 494 
by cleavage of diacyl es ters ,  346 
by condensation of es ters ,  345 
by diazomethane on keto acids,  

485 
by ketene dimers on alcohols, 483 
by the Reformatsky reaction, 351 
from Grignard reagents on cyano 

es ters ,  333 
from olefinic keto es ters ,  338 

preparations listed in table 57, 517 
reaction, with aldehydes, 54, 176 

with amines, 682 
with a-halo ketones, 840 
with hydrazoic acid, 678 
with nitrous acid, 333, 658 

reduction. 157 
y-Keto es ters ,  preparation, 495 

reduction, 152 
Keto ethers, preparation, 322, 324, 328, 

333, 334 
preparations listed in table 38, 378 
reduction, 151 

a-Keto ethers, reaction with Grignard 
reagents, 163, 294 

.O-Reto ethers, preparation, 234 
Y-Keto ethers, preparation, 233 
a-Keto isocyanates,  preparation, 641 
Keto lactones, preparation, 537 
a-Keto lactones, cleavage, 56 
Ketols, see Hydroxy ketones 
Ketones, acylation, 342 

addition of hydrogen cyanide, 604 
alkylation, 339, 416 
aminomethylation, 673, 674 
aryl, cyclodehydration, 15, 843 
bimolecular reduction, 153 

Ketones, condensation-Continued 
with e s t e r s  of d ibas ic  acids,  54 
with a-halo es ters ,  34, 177, 254, 

255, 351 
with malononitrile, 55 
with nitro compounds, 55 
with pyridine or quinoline, 181 

conversion, to amides (Willgerodt), 
573 

to a-amino cyanides, 605 
cyanoethylation, 602 
cyclic, dehydrogenation, 180 

oxidation, 420 
formylation, 282 
haloalkylation, 104 
halogenation, 100 
heterocyclic, reduction, 835 
iodination in pyridine, 434 
nitrosation, 599, 740 
oxidation, by selenium dioxide, 288 

of a-methylene groups in, 326 
to es ters ,  494 

oximination, 739 
preparation, 316 
preparations listed in table 32, 352 
pyrolysis, 404 
reaction, with a c e t ~ l e n i c  organome- 

tall ic compounds, 162 
with diazomethane, 340 
with diols, 262 
with epoxides, 266 
with formamide, 664 
with a-halo amides, 575 
with hydrazoic acid, 574, 636, 677 
with ketene, 483, 536 
with organometallic compounds, 

161 
with orthoesters, 264 
with phosphorus pentahalides, 105 

reduction, by alcohols, 152 
carbethoxylation, 488 
cleavage, 416, 574 
condensation, aldol, 50, 174 

by diacetyl peroxide, 350 
with amines, 728 
with a-amino ketones, 841 
with benzyl cyanide, 55 
with chloroform, 176 
with cyanoacetic acid, 601 
with cyanoacetic ester,  54,604, 

by Grignard reagents, 162 
to hydrocarbons, 5 
to hydroxy compounds, 149 

reductive amination, 662, 663 
reductive hydrazination, 735 

Kiliani cyanohydrin synthesis,  605 
Knoevenagel condensation, 52, 496, 

608 
Knorr reaction, 841 

,608 Kolbe reaction, 426 
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 lac^, s, hydrolysis, 416 
prepdration, 576 
preparations listed in table 63, 579 

Lactones,  addition of hydrogen cya- 
nide, 607 

alcoholysis,  496 
conversion to cyclic ketones, 320 
hydrolysis, 417 
preparation, 533 
preparations l isted in table 59, 538 
reaction, with alcoholic hydrogen 

halide, 496 
with amines, 576 
with mercaptides, 790 
with thionyl chloride, 496 

reduction, 155 
P-Lactones, decarboxylation, 42 

preparation, 483 
y-Lactones,  dehydration to cyclopente- 

nones, 343 
oxidation with bromine, 324 

Leuckart reaction, 663, 779 
Lossen degradation of hydroxamic 

acids,  676 

Malonic e s t e r  synthesis,  426 
Mannich bases ,  preparation, 674 

pyrolysis, 43 
reaction with enolates, 51 

Mannich reaction, 43, 673 
Markownikoff rule, 788 
Meerwein-Ponndorf -Verley reaction, 

Nencki reaction, 321 
Nitriles, see Cyanides 
Nitro acetylenes,  preparation, 79, 81 
Nitro ac ids ,  decarboxylation, 750 

esterification, 481 
preparation, 415, 417 
preparations l i s t ed  in table 104, 757 

Nitro acyl halides, preparation, 547 
preparations l isted in table 61, 554 

~ i t r o  alcohols, cleavage in basic 
media, 656 

dehydration, 35 
oxidation, 324 
preparation, 152, 176 
preparations l isted in table 101, 755 
reduction to amino alcohols, 654, 655 

Nitro aldehydes, aromatic, reduction to 
amino aldehydes, 656 

preparation, 289 
preparations l isted in table 103, 757 
selective reduction, 152 

Nitro amides, preparations l isted in 
table 63, 583 

Nitro amines, preparation, 657, 680 
preparations l isted in table 107, 759 
reduction to diamines, 654, 655 

Nitro compounds, a l k ~ l a t i o n ,  749 
condensation with carbonyl com- 

pounds, 176 
hydrolysis, to acids,  418 

to ketones, 348 
preparation, 746 

152 
Mercaptans, alkylation, 787 

cyanoethylation, 602 
haloalkylation, 789 
halogenation, 821 
oxidation, 797 
preparation, 778 
preparations l isted in table 

preparations l isted in table 97, 752 
rearrangement to hydroxamic acids,  

576 
reduction, to amines, 654 

to azo  and azoxy compounds, 765 
to hydroxylamines, 655 
to oximes,-740 

110, 782 reductive alkylation, 663 
reaction with lactones, 790 Nitro cyanides, hydrolysis, 415 

Methylene groups, nitrosation, 740 preparations l isted in table 106, 759 
oxidation, 326 

reduction to amino cyanides, 654, 
O-Methylhydroxylamine, reaction with LC+ 

U J I  
Grignard reagents, 681 

Methyl xanthates, pyrolysis, 42 Nitro es ters ,  hydrolysis, 417 

Michael condensation, 52, 436, 492, preparations l isted in table 105, 758 

603, 751 reduction to amino es ters ,  657 

Nitro ethers,  preparations l isted in 
Naphthols, s e e  under Phenols table 102, 756 
Naphthoquinones, oxidation. 399 reduction to amino ethers,  654 
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Nitro halides,  aromatic, ammonolysis, 
666 

reduction, 655 
dehydrohalogenation, 79 
preparations l isted in table 100, 754 

Nitro ketals,  hydrogenation, 264 
Nitro ketones, aromatic, reduction to  

amino ketones, 657 
preparations listed in table 103, 757 

a-Nitro ketones, preparation, 324 
Nitrones, 607 
Nitro olefins, preparation, 35, 42, 43, 

5 5 
preparations listed in table 99, 754 
reduction to  olefinic amines, 654 
reduction to oximes, 740 

a-Nitro olefins, addition, of alcohols, 
233 

of anions (Michael), 492 
hydrolysis, 419 
reaction, with amines, 673 

with ammonia, 673 
with nitroparaffins, 751 

reduction to oximes, 337 
Nitroparaffins, s e e  a l so  Nitro com- , 

pounds 
acid  treatment, 296 
addition to  a-nitro olefins, 751 
aminomethylation, 674 
condensation with aldehydes, 337 
~ ~ a n o e t h y l a t i o n ,  602 
reduction to  amines, 654 
reductive alkylation, 663 

Nitro phenols, preparations l isted in 
table 101, 755 
reduction, 656 

N-Nitrosoamines, decomposition, 741 
reduction to hydrazines, 734 

Nitrosoanilines, hydrolysis, 680 
Nitroso compounds, condensation with 

amines, 765 
oxidation, 751 
preparation, 739 
preparations l isted in table 96, 744 
reduction, 407 

C-Nitroso compounds, preparations 
l isted in  table 96, 744 

N-Nitroso compounds, decomposition, 
769 

preparations l isted in table 96, 744 
Nitrosoureas, reduction, 648 

Nitrourea, reaction with amines, 646 
reduction, 648 

i I 
Olefinic aceta ls ,  preparation, 263 

preparations l isted in table 23, 268 
a ,P-Olefinic acetals,  preparation, 37 
Olefinic acetylenes,  addition of alco- 

hols, 233, 266 
alkylation, 30 
partial reduction, 46 
preparation, 34, 39, 46, 48, 80 
preparations listed in table 6,  54 

Olefinic acids,  addition, of halogen, 
107 

of hydrogen halide, 106 
of hypohalous acid, 109 

alkaline degradation, 434 
decarboxylation, 44 
esterification, 481 
hydroxylation, 179 
lactonization, 534 
preparation, by Grignard reaction, 

42 5 
by malonic es ter  synthesis,  428 
from acetylenic ac ids ,  46 
from acyl halides, 418 
from hydroxy acids ,  34 
from olefinic aldehydes, 419 
from olefinic cyanides, 413 

h reparations listed in table 44, 451 
reduction, 431 
selective reduction, 157 

a , P - ~ l e f i n i c  acids,  amination by hy- 
droxyl amine, 673 

coupling with diazonium sa l t s ,  45 
preparation, 38, 43, 52, 55, 423, 426 

8 , ~ - O l e f i n i c  acids,  isomerization, 47, 
52, 54 

Olefinic acyl halides, hydrolysis, 418 
preparation, 547, 549 
preparations l isted in table 61, 551 

Olefinic alcohols, alkylation by alkyl 
sul fa tes ,  229 

dehydration, 33, 42 
isomerization, to  aldehydes, 296 

f J  
to  ketones, 349 

preparation, by Grignard reaction, 
160, 162, 165 < 

from acetylenic alcohols, 46 I 

from dihydropyran, 173 
from olefinic es ters ,  157 

7? 

Olefinic alcohols, preparation- 
Continued 

from olefinic ketones, 151, 152 
preparations l isted in table 13, 197 
reaction, with diketene, 343 

with hydrogen halide, 90 
with phosphorus halides, 91 

reduction, 158 
Olefinic aldehydes, addition of halo- 

gen, 107 
bimolecular reduction, 154 
oxidation, 419 
preparation, 287, 289 
preparations l isted in table 27, 303 
reaction, with alcohols,  263 

with organometallic compounds, 
160 

se lect ive  reduction, 149, 151, 152 
a,P-Olefinic aldehydes, addition, of 

amines, 673 
of anions (Michael), 492 

condensation, aldol, 49 
with anhydrides, 56 
with malonic acid, 53 

preparation, 34, 37, 42, 43, 49, 281, 
285 

se lect ive  reduction, 291 
Olefinic amides, dehyaration, 593 

preparations listed in table 63, 580 
Olefinic amines, condensation with 

aromatic hydrocarbons, 682 
preparations l isted in table 83, 694 

a,P-Olefinic amines, reduction, 681 
Olefinic cyanides,  addition of hydrogen 

halide, 106 
alcoholysis,  485 
alkylation, 600 
hydrolysis, 413 
preparation, 592, 600 
preparations l isted in table 68, 615 
reaction with hydrogen peroxide, 

5 70 
a,P-Olefinic cyanides,  addition of al- 

cohols,  233 
epoxidation, 255 
hydrogenation, 608 
preparation, 35, 38, 55, 597, 598, 

601, 602 
Olefinic es ters ,  see a lso  Alkenyl 

e s ters  
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Olefinic esters-Continued 
addition, of alcohols, 233 

of halogen, 107 
of hydrogen halide, 106, 491 

epoxidation, 255 
hydrolysis, 417 
preparation, 34, 485 
preparations l isted in table 52, 506 
reaction with organometallic com- 

pounds, 167 
selective reduction, 157 

a ,8-Olef in ic  es ters ,  addition, of 
amines, 673 

of anions (Michael), 492 
of organometallic compounds, 492 

alcoholysis,  486 
a-bromo, preparation, 56 
preparation, 40, 43, 53, 486, 497 
se lect ive  reduction, 493 

Olefinic ethers,  preparation, by alkyla- 
tion of alcohols, 227, 229 

by Grignard coupling reactions, 46 
from acetylenic ethers, 46 
from halo ethers, 37 

preparations l isted in table 18, 238 
a , P - ~ l e f i n i c  ethers,  preparation, 34, 

37, 41 
Olefinic halides, addition of halo 

ethers, 232 
alkylation, of amines by, 668 

of  malonic es ters  by, 491 
condensation, by sodium amide, 47 

with hydrocarbons, 108 
coupling with organometallic com- 

pounds, 45  
dehydrohalogenation, 36, 78 
hydrolysis, 170 
in acetoacetic es ter  synthesis,  328, 

347 
in the Williamson reaction, 227 
preparation, by allylic bromination, 

104 
by Grignard coupling reactions, 46 
by halogen exchange, 94 
from dihalides, 36 
from dihalo acids,  44 
from diolefins, 106 
from halo alcohols,  34 
from olefinic alcohols,  90, 91, 92 

preparations l isted in table 9,  125 
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~ l e f i n i c  halides-Continued 
reaction, with metallic cyanides. 

592 
with nitryl chloride, 751 

Olefinic ketones, addition, of halogen, 
107 

of hypohalous acid, 109 
aromatic, preparation, 321 
cyclic, preparation, 51, 52 
preparation, by acetoacetic es ter  

synthesis,  328 
by the Grignard reaction, 332, 334 

preparations l isted in table 34, 366 
reaction with organometallic com- 

pounds, 162 
selective reduction, 152 

a $ - ~ l e f i n i c  ketones, addition, of al- 
cohols, 233 

of anions (Michael), 492 
of malonic ester,  330 

amination, 672 
a-bromo, preparation, 56 
condensation with furans, 349 
epoxidation, 255 
in haloform reaction, 423 
preparation, by acylation of olefins,  

,320 
by aldol condensation, 49 
by e s t e r  pyrolysis, 42 
from acetylenic alcohols, 343 
from halo ketones, 37 
from Mannich bases,  43 

reaction, with alkali  cyanides, 603 
with Grignard reagents, 335 
with ketene, 536 

reductive alkylation, 662 
selective reduction, 337 

y,8-Olefinic ketones, preparation, 340, 
343 

Olefinic lactones, preparations, 534- 
537 

Olefinic phenols, preparations l isted 
in table 13, 200 

a ,P-olef in ic  sulfones, addition of 
anions (Michael), 492 

Olefins, acylation, 38 
addition, of acyl halides, 343 

of alcohols, 232 
of aldehydes, 350 
of a-bromocarboxylic es ters ,  108 
of carboxylic ac ids ,  491 

, . 
Olefins, addition-Continued ?& 

of diazoacetic ester,  498 
of halo ethers, 232 
of halogen, 106 
of hydrogen cyanide, 603 
of hydrogen halide, 105 
of hypohalous acid, 109 
of polyhalides, 107 
to cyanides, 571 

allylic bromination, 36, 104 
condensation, with halides, 108 

with phenols, 179 
conversion to  amides (Willgerodt), 

573 
hydration, 174 
hydroformylation, 282 
hydroxylation, 179, 254 
isomerization, 47 
oxidation, of methylene groups in, 

3 26 
to acids,  420 

ozonolysis, 288, 325, 421 
preparation, 31 
preparations listed in table 2, 58 
reaction, with acyl  halides, 320 

with anhydrides, 320 
with peracids, 254 

reduction to  paraffins. 7 
sulfonation, 812 

Oppenauer oxidation, 289, 324 
Organocadmium compounds, reaction 

with acyl halides, 333 
reaction with anhydrides, 333 

Organocopper compounds, acetylenic, 
oxidation, 81 

Organolithium compounds, acetylenic,  
reaction with ketones, 163 

carbonation, 424 
coupling with halides, 9, 10, 11 
olefinic, reaction with aldehydes, 

1 60 
oxidation, 159 
reaction, with disulfides, 789 

with halogen, 96 
with ketones, 162 
with pyridines, 837 
with sulfur, 780 

Organomagnesium compounds, acety- 
lenic, alkylation, 80 

carbonation, 425 
coupling with CICN, 82 

Organomagnesium compounds, acety- Organomagnesium compounds, reac- 

reaction with aldehyde, 160 with haloalkyl sulfonates, 96 
reaction with anhydrides, 333 with halogen, 96 
reaction with ketones, 162, 163 with halo ketones, 163, 253, 296, 
reaction with oxides, 165 335 

alkoxy, reaction with aldehydes, 161 with a-hydroxy ketones, 162 
reaction with halides, 46 with isocyanates,  571 
reaction with oxides, 165 with isonitrosoketones, 287 

amino, reaction with ketones, 164 with keto acids,  164 
carbonation, 424 
coupling, with a c e t ~ l e n i c  halides,  81 

with diethylaminocarbonyl 
chloride, 576 

with halides, 9 
with halo ethers,  39, 231 
with olefinic halides,  45  

from dihalides, 681 
hydrolysis, 9 
in the Claisen condensation, 345 
olefinic, coupling with halides, 45 

reaction with aldehydes, 160 
reaction with ketones, 162 
reaction with nitriles, 332 
reaction with oxides, 165 

oxidation, 159 
reaction, with ac ids ,  166 

with acyl halides, 166, 334 
with aldehydes, 159 
with aldo es ters ,  161 
with alkoxy esters,  167, 294 
with alkyl carbonates, 497 
with alkyl sulfates,  11 
with alkyl sulfonates, 11, 803 
with amides, 335 
with amino aldehydes, 161 
with amino es ters ,  167 
with amino ketones, 164 
with anhydrides, 333 
with carboxylic acids,  166 
with chloral, 418 
with chloroamine, 681 
with y-chloro nitriles, 841 
with cyanides, 332, 636, 729 
with diazomethane, 735 
with N,N-diethyloxamate, 416 
with dihalotetrahydropyrans, 173 
with dioxolones, 435 
with e s t e r s ,  165, 336 
with e th~xymeth~ lenean i l ine ,  293 

with keto es ters ,  164, 534 
with keto ethers,  163, 294 
with ketones, 161 
with keto oximes, 163 
with 0-methylhydroxylamine, 681 
with N-methyl-a-pyrrolidone, 848 
with olefinic aldehydes, 160 
with a$-olefinic esters,  492 
with olefinic ketones, 162, 335 
wffh orthoformic es ters ,  264, 293 
with oxides, 164 
with oximes, 729 
with sa l ts ,  336 
with Schiff bases,  681 
with sulfur, '780 
with sulfur dioxide, 808 

reduction by, 162, 166 
Organomercury compounds, reaction 

with halogen, 96 
@rganopotassium compounds, coupling 

with halides, 10 
Organosodium compounds, acetylenic, 

alkylation, 80 
carbonation, 42 5 
reaction with aldehydes, 160 
reaction with anhydrides, 333 
reaction with ketones, 162, 163 
reaction with oxides, 165 

coupling with halides, 10 
oxidation, 159 
reaction with oxides, 165 

Organozinc compounds, coupling with 
halides, 9, 10 

reaction, with acyl halides, 334 
with ketones, 177 

Ortho es ters ,  a-halo, elimination of 
halo and alkoxy groups, 39 

preparation, 543 
halogenation, 543 
preparation, 542 
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Ortho esters-Continued Ozonides, cleavage to acids,  421 
preparations l isted in table 60, 544 hydrogenation, 288, 326 
pyrolysis, 267 
reaction, with arylamines, 636 Paraconic acids,  pyrolysis, 54 

with carbonyl compounds, 264 Perkin condensation, 52 
with Grignard reagents, 264, 293 Phenolic aldehydes, preparation, 281, 

Orthothioformates, alcoholysis, 542 282 
Oxides, addition, of alcohols, 233 Phenolic es ters ,  see Aryl e s t e r s  

of bisulfites, 814 Phenolic ketones, preparation, 321, 
of hydrogen cyanide, 609 3 44 
of hydrogen halide, 110 Phenols,  acylation, 321, 322 

amination, 672 addition to olefinic compounds, 232 
conversion to cyclic sulfides, 789 alkylation, by alcohols or olefins, 
a-cyano, preparation, 593 179 
halo, reaction with organometallic by alkyl sulfates,  229 

compounds, 165 
isomerization, 296 
preparation, 253 
preparations listed in table 22, 257 
reaction, with carbonyl compounds, 

2 66 
with hydrogen sulfide, 789 
with mercaptans, 789 
with organometallic compounds, 

164 
with water, 172 

reductive cleavage, 172 
Oximes', addition of hydrogen cyanide, 

606 
dehydration, 598 
hydrolysis of, 286. 336 
oxidation to hydroxamic acids ,  576 
preparation, 739 
preparations listed in table 95, 743 
reaction, with Grignard reagents, 729 

with phosphorus pentachloride, 
285 

rearrangement, 572 
reduction to amines, 658 

a-Oximino acids,  dehydration and de- 
carboxylation, 598 

by halogen compounds, 227 
aminomethylation, 674 
carboxylation, 426 
coupling with diazonium sal ts ,  764 
cyanoethylation, 596, 602 
dehydration to ethers,  231 
dimethylaminomethylation, 179 
esterification, 481 
formylation, 281, 282 
halogenation, 99 
nitration, 748 
nitrosation, 742 
oxidation (Elbs), 181 
oxidation to quinones, 399 
partial reduction, 338 
preparation, by dehydrogenation of 

cyclic ketones, lr30 
by Elbs  oxidation of phenols, 181 
by nuclear alkylation of phenols, 

179 
by rearrangement of ally1 ethers,  

173 
from aryl amines (Bucherer), 168 
from aryl es ters ,  169 
from aryl ethers, 171 
from diazonium sa l t s ,  167 

preparation, 598, 599, 658 from organometallic compounds, 
reduction to amino acids,  658 159 

a-Oximino aldehydes, preparation, 164 from quinones, 154 
a-Oximino es ters ,  hydrolysis, 337 from sulfonic acid sa l ts ,  167 

preparacion, 740 preparations l isted in table 11, 187 
reduction, 330 protection, see Hydroxyl group, 

a-Oximino ketones, preparation, 163, reaction, with acyl halides, 481 
740 with ammonia, 670 

pyrolysis, 599 with anhydrides, 482 
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Phenols, reaction-Continued 
with bisulfites, 814 
with chloroform, 484 
with ketenes, 483 
with phosgene, 483 
with phosphorus halides, 91 

reduction, 8 
s ~ l f o m e t h ~ l a t i o n ,  R14 

Phenylhydrazones in Fischer indole 
synthesis,  844 

Phthalimide, alkylation and hydrolysis, 
679 

Picolines,  alkylation, 837 
carbethoxylation, 489 

Pinacol rearrangement, 341 
Pinacols,  see Dihydroxy compounds 
Piperidines, dehydrogenation, 836 

preparation, by ring-closure reac- 
tions, 846 

from pyridines, 833 
from 2-pyridones, 834 

preparations l isted in table 118, 852 
Piperidones by ring-closure reactions, 

846 
Polyhalides, reductive elimination of 

halogen, 97  
Polyhydric alcohols, preparation, 153 
Pschorr synthes is ,  13 
Pyrazines; preparation, (558 
Pyrazolines, pyrolysis, 485, 
Pyridines, acylation, 349 

alkylation, 837 
amination, 671 
halogenation, 99 
hydrogenation, 833 
hydroxylamination, 741 
preparation, by Hantzsch synthesis,  

845 
from carbonyl compounds, 835 
from piperidines, 836 

preparations listed in table 11R, 852 
reaction with organolithium com- 

pounds, 837 
sulfonation, 812 

Pyridinium sa l t s ,  interaction with p- 
nitroso-dimethylaniline, 285 

2-Pyridones, preparation, 834 
Pyrroles, alkylation, 836 

hydrogenation, 833 
preparation, by decarboxylation re- 

actions,  R3R 

Pyrroles, preparation-Continued 
from amino ketones, 841 
from ammonium sa l t s ,  839 
from dicarbonyl compounds, 840 
from halo ketones and keto es ters ,  

840 
from pyrrolidines, 836 

preparations l isted in table 118, 849 
pyrrolidines, dehydrogenation, 836 

preparation from N-chloro amines, 
842 

Pyrrolidones, preparation, 658, 660 
Pyrrolines, preparation from y-chloro 

nitriles, 841 

Ouaternary ammonium sal ts ,  prepara- 
tion, 665, 668 

pyrolysis, 43 
3uaternary imine sa l ts ,  hydrolysis, 680 
puinolines, alkylation, 537 

amination, 671 
cyanogenation, 607 
dehydrogenation, 836 
halogenation, 104 
nitration, 747 
preparation, by ring closure, 847 

from polyhydro derivatives, 836 
preparations listed in table 118, 853 
selective hydrogenation, 834 
sulfonation, 812 

quinones,  alkylation, 400 
oxidation, 289, 420 
preparation, 398 
preparations l isted in table 40, 402 
reduction, 154 

Reductive alkylation of ammonia or 
amines, 662 

Reductive amination of carbonyl com- 
pounds, 662 

Reformatsky reaction, 177, 351, 575 
Reimer-Tiemann reaction, 281 
Rhodanine synthes is  of nitriles, 413, 

598 
Rosenmund reduction of acyl halides, 

291 
Rosenmund-von Braun nitrile syn- 

thesis,  591 

Salts of carboxylic acids,  reaction, 
with acyl halides, 559 



Sal ts  of carboxylic acids,  reaction- 
Continued 

with alkyl sulfates,  484 
with dihalides, 169 

INDEX 

with Grignard reagents, 336 
with halides, 484 
with halogen, 96 

Sandmeyer reaction, synthesis,  of 
aryl cyanides, 594 

of aryl halides, 94 
Schiemann reaction, 95 
Schiff bases,  s e e  a l so  Imines 

addition, of Grignard reagents, 681 
of hydrogen cyanide, 606 

alkylation, 680 
hydrolysis, 284 
preparation, 284, 295 
reduction to  amines, 660 

Schmidt reaction, 574, 609, 677 
Schotten-Baumann reaction, 482 
Semicarbazides, interaction with 

dithio ac ids ,  286 
preparation, 645 
preparations listed in table 80, 649 

Semicarbatones, alkaline decomposi- 
tion, 5 

hydrolysis, 286, 337 
prepra t ion ,  286 

Simonini reaction, 96 
Skraup synthes is  of quinolines, 847 
SGrensen reaction, 435 
Somaelet  reaction, 282 
Stephen reaction, 292 
Stilbenes, preparation, 44, 45, 47, 56 
Stobbe condensation, 54 
Strecker reaction, 605, 813 
Strecker synthes is  of a-amino acids,  

414 
Styrenes, a-alkyl, preparation, 36 

P-halo, preparation, 44 
preparation, 33, 37, 41, 44 

Sulfenyl halides,  preparation, 522 
Sulfides, oxidation, 801 

preparation, 787 
preparations l isted in table 111, 791 

Sulfinates, alkylation, 801 
Sulfinic ac ids ,  oxidation, 812 

preparation, 807 
preparations l isted in table 114, 809 

Sulfo group, s e e  Sulfonic ac ids  
Sulfonamides, preparation, 822 

Sulfones, ethylene, pyrolysis, 56 
oxidation, 812 
preparation, 801 
preparations l isted in table 113, 304 

Sulfonic acids,  preparation, 81  1 
preparations l isted in table 115, 815 
reaction with inorganic ac id  halides, 

82 1 
rearrangement of alkyl groups in, 15  
replacement of sulfo group, by 

cyano, 594 
by halo, 9 5  
by hydrogen, 15  
by hydroxyl, 167 

Sulfonic es ters ,  alkylation. of amines 
by, 667 

of e s t e r s  by, 489 
of hydroxy compounds by, 228 
of ,B-keto es ters  by, 347 
of phthalirnide by, 679 

cleavage by metallic halides, 91 
haloalkyl, coupling with Grignard 

reagents, 96 
preparation, 823 
preparations l isted in table 116, 825 
reaction, with Grignard reagents, 

803 
with metallic cyanides, 591 

Sulfonyl halides, ammonolysis, 822 
preparation, 821 
preparations l isted in table 116, 824 
reaction with Grignard reagents, 803 
reduction, 780, 798, 807 

Sulfoxides, oxidation, 812 
preparation, 801 
preparations l isted in table 113, 804 

INDEX 887 

T e t r a c a r b ~ x ~ l i c  es ters ,  preparation, 
490 

Tetrahalides,  de  halogenation, 40 
Teaahydrocarbazoles,  preparation, 843, 

845 
T e t ~ a h ~ d r o f u r a n s ,  preparation, from 

from furans, 833 
Tetrihydrothiophenes, preparation from 

1,4-dihalides, 839 
Tetramethylammonium sa l t s ,  pyrolysis, 

497 
Thioamides, preparation by Willgerodt 

reaction, 573 

Thioamides-Continued 
preparations l isted in table 117, 828 

Thiocarbonyl compounds, catalytic de- 
composition, 47 

Thiocyanates, preparations l isted in 
table 117, 828 

Thiol es ters ,  hydrolysis, 779 
preparation, 292, 779 
preparations l isted in table 117, 828 
reduction, 292 

Thiols,  oxidation, 812 
Thiophenes, acylation, 319 

alkylation, 838 
formylation, 281 
haloalkylation, 104 
halogenation, 99 
hydrogenation, 833 
nitration, 747 
preparation, by cyclization reac- 

t ions,  839 
from carbonyl compounds, 835 
from dicarbonyl compounds, 840, 

842 
from diolefins, 842 
from tetrahydro derivatives, 836 

preparations l isted in table 118, 849 
Thiophenols, alkylation, 787 

preparation, 778 
preparations l isted in table 110, 782 

Thiosulfates,  alkyl, decomposition of, 
797 

preparation, 797 
Thiourea, alkylation, 779 

Tricarboxylic es ters ,  preparation, 490 
Trienes,  preparation, 47  
Trihalides,  alcoholysis,  499 

cyanoethylation, 602 
hydrolysis, 418 
reaction with sodium alkoxides, 543 

Trihalo ketones, alcoholysis,  488 
Triketones, preparation, 326 

Ullmann synthes is ,  of biaryls, 12 
of ethers,  227 

Ureas, acylation, 647 
hydrolysis, 675 
preparation, 645 
preparations listed in table 80, 649 
reaction with p hthalic anhydride, 

676, 679 
Urethanes, s e e  Carbamates 

Varrentrapp reaction, 434 
Vinylation, 48 
Vinyl carbinols, isomerization to 

ketones, 349 
Vinyl es ters ,  reaction with alcohols,  

26 5 

Willgerodt reaction, 573 
Williamson reaction, 226 
Wohl-Ziegler reaction, 104 
Wolff-Kishner reduction, 5, 432 
Wurtz-Fittig reaction, 10 
Wurtz reaction, 10  

preparations l isted in table 117, 828 Xanthates, s e e  a l so  Methyl xanthates 
Tischenko reaction, 494 hydrolysis, 779 
Tolanes,  preparation, 82 oxidation, 813 
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