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Preface

Syntbetic Organic Chemistry is designed to summarize in a single
volume methods of organic syntheses most frequently employed in the
preparation of mono- and di-functional compounds. The methods are col
lected in chapters each of which is devoted to the formation of compounds
containing a particular functional group or related groups. In order to
ptesent a wide coverage of organic chemistry, detailed discussions were
omitted; however, frequent references to the original literature as well as
to other books and review articles are given. An effort has beea made o
include among these references examples of the better preparative pro-
cedures. Tables supplement the text in recording additional references
and other examples, Moreover, the cabular macerial stands alone as a
handy index 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 is listed in the tables only
if its preparation appears adequately described. 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
pteparations serve as 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 to 1950 inclusive have
been reviewed page by page:

Annalen der Chemie Joumal of Biological
Annales de chimie , Chemistry
Archiv der Pbarmazie Journal of Chemical Education
Berichte der deutschen Journal of the Chemical
chemischen Gesellschaft Society of London
Bulletin de la société Joumal of Organic Chemistry
chimique de France Journal fiir praktische Chemie
Chemical Reviews Joumal of the Saciety of
Chemische Berichte Chemical Industry (London)
Helvetica Chimica Acta Monatshefte far Chemie
indusitrial and Engineering Organic Reactions
Chemistry Organic Syntheses
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Journal of the American Recueil des travaux
Chemical Society chimiques

Numerous other books and articles have also been examined. Although
the survey is not complete, an attempt has been made to include those
journals most readily accessible and most frequently consulted.

Because the methods and compounds have been arranged in a system-
atic manner already familiar to chemists, information concerning the forma-
tion of a particular functional compound may be found rapidly by consule-
ing the table of contents, the individual chapter contents, or the tables,
The index has 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 ha¢ given many helpful sugges-
tions. We are grateful to Elizabeth F. Wagner and Margaret H. Zook for
their valuable assistance in the preparation of the manuscript,

Hercules Powder Company ROMEO B. WAGNER
Wilmington, Delaware
The Pennsylvania State College HARRY D. ZooX

State College, Pennsylvania
January, 1953
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Explanation of Tables

Arrangement. The compounds are classified according to functional
groups and are arranged with respect to their carbon content. For con-
venience, the larger classes are subdivided into aliphatic, alicyclic,
aromatic, and heterocyclic series.

Nomenclature. For the most part, compounds are listed 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 listed 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 as miscellaneous by a dash.

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

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

Pbysical 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 °C and are at “‘atmospheric pressure” unless the investigator
has been specific inrecording the actual pressure (millimeters of mercury).
Melting points (M.p.) are given in °C and are enclosed in parentheses to
set them off from boiling points. Decomposition points are indicated by
the abbreviation *'d.”” Indices of refraction (np,) 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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2 PARAFFINIC, NAPHTHENIC, AROMATIC HYDROCARBONS Ch. 1

cellent works on this subject.*** A review of the properties of alkylben-
zenes is worthy of mention.®

1. Alkylation of Hydrocarbons (Friedel-Crafts)

ArH + RX 225 ArR + HX

Alkylation of aromatic hydrocarbons has been accomplished by a vari-
ety of reagents including alkyl halides, alcohols, olefins, ethers,’?**
esters,**'*° and alkyl sulfates.!®?’ Catalysts for the reaction are those
which tend to produce carbonium ions (R*) from the alkylating agents.*’
Isomerization frequently occurs within the alkyl group.'**® Thus, s-alkyl
derivatives are obtained when n-alkyl halides or primary alcohols are em-
ployed as alkylating agents. Similarly, isobutyl halides give ¢-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 side chain. An exception is the formation of n-propylbenzene from
cyclopropane, benzene, and aluminum chloride.’***®*° 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 alcohol.’**

Alkyl halides are common alkylating agents in this reaction. Benzene
is converted to toluene at atmospheric pressure by methyl chloride in the
presence of aluminum chloride.'® Nitroparaffins have been used as sol-
vents for'the aluminum chloride catalyst.*® An amalgamated aluminum
catalyst is more effective than aluminum chloride in certain alkylations
by alkyl chlorides.*® Boron trifluoride must be accompanied by water,
alcohol, or some other polar compound in order to be effective in similar

. alkylations."* Hydrogen chloride,” hydrogen fluoride,* ferric chloride,*
and beryllium chloride** also 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
also catalyzed by aluminum chloride,**** ferric chloride,* silicophos-
phoric acid,?** and hydrogen fluoride.**?*** The last catalyst is the best
of four studied for the preparation of phenylcycloheptane from benzene
and cycloheptene.”

Acetylene adds two molecules of benzene or other aromatic hydrocarbon
in the presence of sulfuric acid and a little mercuric sulfate to give 1,1-
diarylethanes.®

Benzene has been alkylated by several series of secondary and tertiary
alcohols in the presence of aluminum chloride.*'* Ferric chloride is.
recommended over aluminum chloride for alkylation by ¢-butyl alcohol.’*

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 or sulfuric acid.'®
The products, however, are secondary-alkyl benzenes formed by isomer-
ization 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?'"***”*® or from one mole-
cule to another.’’*® ¢-Butylbenzene is formed in 85% yield from benzene
and p-di--butylbenzene in the presence of ferric chloride.™

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 alkylation.'® The composition of the alkylated product varies
widely, depending upon the conditions of the reaction. Appreciable quan-
tities of m-dialkylated***’ and sym-trialkylated’® products are obtained
under vigorous conditions. The composition of many products is in doubt,
as has been shown by later, more accurate analyses.*® Methylation of
xylene gives 1,2,4,5-tetramethylbenzene (durene), pentamethylbenzene,
and hexamethylbenzene.’

Alkylation of naphthalene gives both a- and 3-monoalkyl products, the
B-compound usually predominating.'***’

Excellent reviews of the alkylation of aromatic hydrocarbons have been
published.!”*****7 The production of paraffins by the alkylation of iso-
paraffins by olefins is important industrially *>*! but is not common on a
laboratory scale for the preparation of pure hydrocarbons.

Alkylation of aryl halides (method 76) and phenols (method 106) is dis-
cussed elséwhere as is the application of the Friedel-Crafts reaction to
the synthesis of ketones (method 178) and carboxylic acids (method 273).
Nitro and alkoxy groups also have been present on the aromatic nucleus
during alkylations.**

2. Aromatic Hydrocarbons by Dehydrogenation

__~H
Catalyst

Saturated and partially saturated alicyclic 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.**® Compounds containing quaternary carbon
atoms in the ring such as 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.%®*”"? Other carbon-skeleton changes are described in a critical
review of the dehydrogenation techniques.’*

The usual hydrogenation catalysts may be used to effect dehydrogena-
tion. The reaction is 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
desirable.” Benzene is an effective hydrogen acceptor for liquid-phase
dehydrogenation.**** Platinum and palladium catalysts have been widely
used for the preparation of alkylbenzenes from cyclohexanes™ and alkyl-
naphthalenes from di-, tetra-, octa-, and deca-hydro derivatives, 3 % °725!
Nickel catalysts have also been used.®® Thiophene or dipheny! sulfide are
necessary promoters for nickel catalysts.*® A comparison of platinum and
nickel catalysts on various supports has been made; the most active is
nickel on chromium oxide.** Ten metallic oxide catalysts have been
studied in the dehydrogenation of acenaphthene to acenaphthylene (90%)%*
The use of steam as 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 cyclohexenes.** At higher temperatures (600-650°) alkyl-
benzenes are dehydrogenated to styrenes® and polynuclear hydrocarbons'
over catalysts of this type.

Among the better non-catalytic procedures are dehydrogenations by sul-
fur or selenium. The hydrogen is removed as 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 (94%)*’
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°.* Higher temperatures
(300—350°) are required when selenium is used in place of sulfur. Phe-
nanthrene has been synthesized from 3,4-dihydronaphthalene-1,2-dicar-
boxylic anhydride and butadiene by a Diels-Alder reaction followed by
decarboxylation and finally dehydrogenation of the resulting hydrophe-

nanthrenes by selenium.®
Low-temperature-dehydrogenation techniques have been described.
Biphenyl and terphenyl compounds have been made by dehydrogenations

METHOD 3 5

with chloroanil in refluxing xylene.* Bromination-dehydrobromination
with N-bromosuccinimide in boiling carbon tetrachloride has been used
successfully to make naphthalene, anthracene, and phenanthrene.®

Cyclic nuclei containing hydroxyl, alkoxyl, keto, carboxyl, and ester
groups have been dehydrogenated.®****"» ™" Secondary and tertiary hy-
droxy!l groups are often eliminated as water.?**
converted to phenols (method 108).

4 .
¢ Cyclic ketones are

3. Reduction of Aldehydes and Ketones
RCOR’-H; 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 1), 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, Many of the yields recorded
in Table 1 have been obtained by Clemmensen’s original procedure'*® and
very likely could be improved by the use of solvents.'® The yields of
paraffins and alicyclic hydrocarbons are poor, and the products are fre-
quently contaminated with olefins ! »'*#1?5%137  Acy] derivatives of ben-
zene,'*"'** toluene,'* naphthal ene, tetralin,” 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-Crafts reactions of -
arylbutyryl chlorides.*®'*® A review of the Clemmensen reduction with
476 references has been published,'**

154,185

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

RR’C—NNH, X°®, 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.!>#~14%1%8 Ip 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.?®

Catalytic hydrogenation of alkyl atyl ketones and diaryl ketones to
hydrocarbons is most convenient provided that high-pressute 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 obtained.'*****

Various groups on the aromatic nucleus including halo,?®!%"*%° hy-
droxyl 151157189 alkoxy] 1** and amino'®” groups are stable during reduction
of the catbonyl group by one or more of the above procedures. The Clem-
mensen reduction of keto acids is treated in method 269.

4. Reduction of the Aromatic Nucleus

Qe
125

Benzene and alkylbenzenes are quantitatively converted to cyclo-
hexanes by catalytic hydrogenation. Modern procedures employ liquid=
phase hydrogenation over nickel catalysts at 100-200°7%"%*" or over
platinum catalysts at room temperature.’#*" Nickel catalysts are poisoned
by traces of thiophene and water.”” Small quantities of hydrogen halide
increase the effectiveness of platinum catalysts.’*' Isomerization occurs
during the reduction of benzene over nickel at 170°%; the cyclohexane
formed is probably contaminated with methylcyclopentane.”” Partial re-
duction of benzene to 1,4-dihydrobenzene is accomplished by sodium in
liquid ammonia at —45°.*°

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) is
formed from naphthalene by sodium in amyl alcohol or by reduction with
nickel-aluminum alloy and aqueous alkali.” Catalytic hydrogenation of
naphthalene can be stopped at the tetralin stage over copper chromite,®
Raney nickel,* or alkali metal * catalysts. cis-Decahydronaphthalene is
produced by high-pressure hydrogenation of tetralin over Adams catalyst,
whereas a mixture of cis- and trans-decalins is obtained from naphthal ene
under the same conditions.”® ®*

Anthracene and phenanthrene may be parily or completely reduced by
the above procedures. Sodium in either amyl alcohol®® or ammonia’® con-

METHOD 5 7

verts anthracene to its 9,10-dihydro derivative. Catalytic hydrogenation
over copper chromite catalyst can be stopped at the dihydro or tetrahydro
stages.” Octahydroanthracene is formed over nickel catalysts.*? Coy er
chromite catalyst is best for the preparation of 9,10-dihydrophenan- PP
threne.®®*** Raney nickel is preferred for further reduction to the tetra-
hydro, octahydro, and dodecahydro derivatives.**™

Reductions of aromatic nuclei containing hydroxyl (method 86), carboxyl
(method 270), ester (method 304), and amino (method 430) groups’are dis-y
ctlssed elsewhere. Hydrogenation of 2-methoxynaphthalene over Rane
nickel occurs in the ring containing the methoxyl group.” ’

5. Reduction of Olefinic Compounds

RCH=CHR + H, 2™ pci,cH,R

Mosc-paraffin hydrocarbons are best prepared by catalytic hydrogenation
o‘f olefins, The preparation of catalysts and the procedure for hydrogena-
tion are well described.” Platinum oxide catalyst effects hydrogenation
at room temperature and low pressure.'**"** Nickel-on-kieselguhr!*3*** of
Ran.ey nickel catalysts are less expensive but require high-pressure
equipment. Temperatures required for hydrogenation with these catalysts
vary from 25° to 250°. In general the yields are quantitative, although a
second hydrogenation over fresh catalyst is sometimes requir’ed to remove
last traces of olefin. Simultaneous dehydration and hydrogenation of al-
cohols over activated alumina and nickel oxide has been described**
(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 is obtained from p-bromotoluene and methyl ethyl keto’ne
via the Grignard reagent, tertiary carbinol, and olefin.'*’ Other examples
of the introduction of an alkyl group into the benzene ring by this proce-
dure include the preparations of various alkylbiphenyls®*® and alkylbromo-
benzenes.?” In the selective hydrogenation of the double bond of 11-
phenyl-10-heneicosene, it is necessary to purify the olefin by passage
through silica gel and to use a very active Raney nickel catalyst,'*

Studies have been made on the influence of various groups on the rate
of hydrogenation of the double bond.'*” 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(CH,),CH,CH — % (CH,),CHC(CH;),

Catalyst

This method shows much promise for the direct conversion o.f alcohols
to hydrocarbons. In the above example, triptane is prepared without re-
arrangement from an alcohol which would undergo carbon-skeleton change
by the ordinary dehydration-hydrogenation route (me.thod 19). Tl:::’ hyfir?-
genolysis is effected at 300° over a cobalt-on-alumina cata_lyst. ?Amx-
lar reductions have been carried out over vanadium pentoxxde-alumu?um
oxide catalyst.!” Hydrogenation over nickel catalysts converts f,t:alght-
chain primary alcohols to paraffins having one less carbon atom. N

Hydroxyl groups alpha to the aromatic nucleu.s are r?duced by so 1urnf
in liquid anmonia'®! or by catalytic hydrogenation as in the reducnonai).
2,3-dimethylbenzyl alcohol to hemimellitene (92%). . 6-ISc.>propylte.tr 11:19
is prepared in a similar manner from the correspoxlmdmg tertiary carb;:o .l
Phosphorus and iodine have been used for reduction of alkyl?;y,lzcozar inols
and diarylcarbinols containing stable nuclear hal'ogert atoms. -

The reduction of phenols by dry distillation with zinc dust is :}}us-
trated by the conversion of 9-phenanthrol to phenanthrene (72%).** The
reaction is seldom of preparative value,

7. Reduction of Halides

(H)

RX — RH

Most reducing agents which yield nascent hydrogen'hav‘e been used to
effect elimination of halogen from organic halides. Zinc is probably tllue
most common metal employed. It is used with acetic acid saturated with
hydrogen chloride in the reduction of cetyl iodide,‘." wif?‘ hydrog’en chlo-
ride alone in the reduction of tertiary aliphatic iodides,'** and with aque-
ous sodium hydroxide for the preparation of durene. from the correspcfndmg
chloromethyl compound.'®** 5-Chloromethylindane is reduf:ed catal)tncally
over palladium to 5-methylindane (90%).*** Lithium aluminum hyflndzes,
readily reduces alkyl bromides in refluxing tetrahydrofuran solution.

4RX + LiAlH, —4RH + LiAlX,

Lithium hydride can be substituted for most of the lithium alurr]'mum h)t-
dride.*® Aryl halogen atoms have been successfully removed 1:1”cert:m
cases by magnesium and methanol,'** sodium and amyl alcohol,'*® an
nickel-aluminum alloy in aqueous alkali.'*

METHODS 8-9 9
8. Hydrolysis of Organometallic Compounds

H,0

RMgX ——> RH
Ht

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
followed by the formation and hydrolysis of 1-naphthylcarbinylmagnesium
chloride gives l-methylnaphthalene (80%).>" An aryl bromine atom is re-
moved in the preparation of p-cymene (73%).'” The Grignard reagent is
prepared in dibutyl ether when the products are low-boiling hydrocarbons
such as n-pentane?® or cyclobutane.!® n-Butyl alcohol has been used to
decompose the Grignard reagent in the case 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 for-
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 — R,CR” + MX

This reaction is 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 prepara-
tion for highly branched hydrocarbons such as neopentane,” neohexane,!%
and hexamethylethane.'® The yields of paraffins are no better when
dialkylzinc compounds are substituted for the Grignard reagents,’1%% 109
Dimethylzinc is superior to methylmagnesium iodide, however, for the
conversion of 1-chloro-1,3-dimethylcyclopentane to 1,1,3-trimethylcyclo-~
pentane (35%).°* Aryl Grignard reagents such as 9-anthryl- and 9-phe-
nanthryl-magnesium bromides couple in moderate yields with primary alkyl
halides to give the corresponding 9-alkyl derivatives. 21011} Benzyl
halides are extremely active in the coupling reaction. Benzyl chloride'*’
and a-phenylethyl chloride'® 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 M°
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The Wurtz or Wurtz-Fittig synthesis is usually thought of as a coupling
reaction of two molecules of a halide or different halides by metallic
sodium. In the liquid phase, as 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.'*’

RX + 2Na -~ RNa + NaX
RX + RNa — RR + NaX

Olefins and paraffins cotresponding to the alkyl halide are formed as
by-products by dehydrohalogenation of the halide by the basic organo-
sodium compounds.'*®!** The synthesis has little value as a preparative
method and has been used infrequently. The factors influencing the yield
of n-octane from n-butyl bromide have been studied.'”® Although prepara-
tions of several alkylbenzenes from mixtures of alkyl halides and phenyl
bromide are described,!®®*****” good yields of pure products are difficult
to obtain.® The reaction has been used with some success to prepare
a,w -diphenylparaffins from a,w dibromides, phenyl bromide, and
sodium.**® 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
1,1,1-triphenylethane (94%).''> The formation of tetraphenylmethane from
this potassium alkyl and phenyl chloride is catalyzed by alkali amides."

2

(CeHg)yCK + CeHsCl —8 (C,H,)C + KA

Halogen-metal interconversion sometimes occurs prior to ‘the coupling
reaction.*®® Thus, phenyllithium and benzyl bromide react to give bromo-
benzene and bibenzyl rather than diphenylmethane.''®

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 125° on an acetamide solution of 1,3-dichloropropane. A small
amount of sodium iodide is used as a catalyst, and sodium carbonate is
added to regenerate iodide ions from the precipitated zinc iodide.'** Zinc
dust in aqueous ethanol is employed in the preparation of 1,1-dialkyl-
cyclopropanes from the corresponding 1,3-dibromides™ and spiropentane
from pentaerythrityl tetrabromide.'*

BrCH, CH,Br H,C CH,
\C/ — ! C
/ \ /N

BrCH, CH,Br  H,C CH,

METHOD 10 11

The closing of a six-membered ring by this process is possible when
favored by structural rigidity of the molecule as in the preparation of

9 10‘d1hyd10pheﬂallthtene f[oln Phenylllthluln aﬂd “d -(bromomet. y ~
y 2 2
Py I (b m h l)

)= OO~

CH,Br CH,Br CH,Br CH,Li
CH,—CH,

Under the proper conditions, two molecules of 1,6-dibromohexane ate
coupled by magnesium to give 1,12-dibromododecane !*

Few functi i i
. unctional groups are stable during the above coupling reactions.
Ether linkages are occasional exceptions.!'®:!32

10. Action of Organometallic Compounds on Alkyl Sulfates and Sulfonates
RMgX + R",SO, — RR” + R’(MgX SO,

Dimethy! and diethyl sulfates have been wide ly employed in the synthe-
sis of alkylbenzenes'***** and alkylnaphthalenes 2%%! from aryl- and
benzyl-type organometallic reagents. The final methyl groups of isodu
1-'ene“s and pseudocumene **? are introduced in this manner. The reactjon
is s'uperior to the Wurtz synthesis {method 9) for the preparation of o- and
p-diethylbenzenes.'” n-Propylbenzene obtained from benzylmagnesium
chloride and diethyl sulfate *° is contaminated with a “‘rearranged’’ prod-
uct, p-ethyltoluene.'*® .

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

RMgX + ArSO,R” — RR’ + ArSO,MgX
ArSO,MgX + ArSO,R” — R'X + (AISO, ) Mg

Accordingly, the yield of hydrocarbon is increased when two moles of
ester are used for each mole of organometallic compound. Alkyl esters
of p-toluenesulfonic acid are generally employed. The yield of n-amyl-
benz!ezfle from benzylmagnesium chloride and n-butyl p-toluenesulfonate is
59%.""" 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

2AtMgX + CuX, — Ar—Ar + 2MgX; + Cu

The coupling of two aryl radicals is effected. by trea.tin%ma,x:s?ry.llmaft;i;-
sium halide with an equimolar quantity of .cupnc. chloride, 131 vz
mide,'** or other metallic halide.'™ Cerfam halides, e.g., cob'a tdar;, o
nickel chlorides, are required in catalytic amounts .only, provide tha 2
quantity of an organic bromide equivalent to the Grignard reagt:t l:sdpcom-
ent. In these reactions, organocobalt compounds are formed w1 ic us:3
pose to biaryls, and the bromide serves to regenerate the catalyst.

2ArCoCl — Ar—Ar + 2CoCl-
CoCl*+ RBr— CoCIBr + R*

The fate of the free radical, R+, depends upon its rfatm'e.. It is frelque:nly
stabilized by coupling, disproportionation, or reaction with tlh; si?dvel: .

A related reaction is the coupling of tw% molecules of ary a(; eo yer
metallic copper at temperatures above. 100° (Ullmann). Ac;watc’e itc E?
bronze or freshly precipitated copper is used.. The order o actwtrf‘:all
the aryl halides is I> Br > Cl. Both sym.met.ncally and uns;rlmme : wy
substituted biaryls may be prepared in fair yields. ‘f\n excellent ;evnet
of ¢he literature to 1945 has been made. Most fl.l.nCtlonal groups —o o
interfere; hydroxyl, carboxyl, amino, and acetamino groups are €x

M 166

ceitclig?;;mal procedures which produce biaryl:e, from a-ryl halides micul;c.ie
catalytic hydrogenation,'®’ the action of the bu.xary mixture mz;gne:
magnesium iodide,'** and the use of powdered iron in hydroxylate

« 161
media.

12. Biaryls by Coupling of Diazo Compounds with Aromatic Nuclei

ArN;*X™ + AH + NaOH — ArAr” + N; + NaX + H,0

Biaryls are produced in low yields by several related coupling reactions.

When benzenediazonium chloride is treated w%th af]u?ous sodlctin;.hz-en ,

droxide in the presence of benzene, nitrogen is elufunated an dxp e :

is formed in 22% yield.”'® Better results. are sometimes obt;me t:rbilized

the sodium hydroxide is replaced by sodium acetate™™ or W e: sm !

diazonium salts are employed.”® In the former- modification fr : : :uw-

diazoacetate, AtN=NOCOCH,, is an imel\;me'31:;§ai:?:::t.ArN(;o)COCH3,
i aryldiazoacetates are N-nitr es, X

::;lcch :)::Sol:)ti;z:d b); 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. 7322

ArN(NO)COCH, + Ar'H — ArAr” + N, + CH,CO,H

The two coupling reactions appear to have a common free-radical inter-
mediate. Functional groups already in the aromatic compound, Ar'H,
orient ortho-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, is 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
B-phenylnaphthalenes,**?'" o, m-, and pmethylbiphenyls*** and m- and
p-terphenyls,***#*2 Thiophene and pyridine nuclei also have been aryl-
ated.lll,ilﬁ

A relaced reaction for the production of symmetrical biaryls in low
yields involves reduction of the diazonium salt with various metals,
metallic ions, or simple organic compounds.?*:#*

Intramolecular arylation is an important step in the Pschorr synthesis
of phenanthrene from cis-o-aminostilbene.?**

CH=CH

Chm Oy =22 0
— Cu

13, Decarboxylation of Carboxylic Acids

ArCOH —= 5 AfH + CO,
Quinoline

Several polynuclear aromatic hydrocarbons may be synthesized by pro-
cedures involving decarboxylation.*®**” The dry distillation of 3-phe-
nanthrylacetic acid and powdered soda lime furnishes the best method of
synthesis of 3-methylphenanthrene (84%).2** Heating aryl carboxylic
acids with copper powder or copper oxide in quinoline or quinaldine is
also an effective method of decarboxylation.?** 2

The decarboxylation of simple aliphatic acids by fusion of their sodium
salts with sodium hydroxide does not give pure hydrocarbons.®** By heat-
ing the barium salts of 1-phenylcycloalkane-1-carboxylic acids with dry

sodium methoxide, 1-phenylcycloalkanes are obrained in 6=64% yields, the

yield increasing with the size of the alicyclic ring.”® The coupling of the
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organic radicals sometimes occurs during the electrolysis of alkali salts
of carboxylic acids (Kolbe, cf. method 317).4%2*

2RCO,” — R—R + 2CO, + 2e

However, the reaction is not general.

14. Replacement of the Diazonium Group by Hydrogen
AIN,*X™ + H,PO, + H;O0 — ArH + H,PO, + HX + N,

The successful removal of the diazonium group from the aromatic nu-
cleus is an important step 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 is 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 classical reagent for this reduction is ethyl alcohol, which is oxi-
dized to acetaldehyde in the reaction. This reagent is unsatisfactory for
the preparation of hydrocarbons; a simultaneous reaction occurs to give
ethyl aryl ethers.

AfN,* X~ + C,H;OH — ArOC,Hs + N, + HX

Satisfactory procedures are described, however, for the deamination when
halo, nitro, or carboxyl groups are on the nucleus.’”® Metals or metallic
oxides are sometimes added as catalysts.”**®° _

The best general reagent for the reductive elimination of the diazonium
group is hypophosphorus acid.***"**” Reduction proceeds readily at 0=5°
with an aqueous solution of the reagent. The yields of hydrocarbons are
in the range of 60-85%. Hydrochloric acid is recommended for the diazo-
tization except in certain cases in which nuclear halogenation occuss as
a side reaction when this acid is used.

Several other reducing agents have been employed in this reaction.
Alkaline formaldehyde converts aromatic diazonium salts to the corre=
sponding hydrocarbons in 60-80% yields.*** The preparation of p-xylene
from p-xylidene by reduction of the corresponding diazonium chloride by
sodium stannite is described in 67% over-all yield.*®” 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?**

METHODS 15-17 15

Aromatic amino groups are selectively diazotized below a pH of 3 in
the presence of aliphatic amino groups. Reduction of the aminodiazonium
salt by hypophosphorus acid then completes the selective removal of the

- 23 :
aryl. am.mo group.”™ The amino group can also be removed from an aro-
matic ring containing a dimethylamino group.??

15. Replacement of the Sulfonic Acid Group by Hydrogen

HY
ArSOH + H,O0 === ArH + H,So,

S.ulfonation of the aromatic nucleus (method 540) is a reversible re-
action. The removal of a sulfonic acid group is important in the prepara-
tion of alkylaced benzenes by the Jacobsen reaction (method 16).** Ortho-
disubstituced benzenes are sometimes prepared by using the sulfonic acid
group to block the para position.*® The removal of the sulfonic acid

group is usually effected by heating the arylsulfonic acid with aqueous
sulfuric acid.

16. Rearrangements of Polyalkylarylsulfonic Acids (Jacobsen)

SOH
CH, @CH, 1,50, CHs 0 CHs
CH, CH CH CH
3 3 CH, 3 CH3 C 3CHJ

The formation of prehnitene from durene (above) illustrates the general
tendency of alkyl groups to rearrange to vicinal orientation when poly-
me_thyl- and polyethyl-benzenes are heated with concentrated sulfuric
acid. Intermolecular migration also occurs leading to 1,2,4-trimethyl-
pentamethyl-, and hexamethyl-benzenes. sym-Octahydroanthracene re:
arranges to sym-octahydrophenanthrene.'”™ To date the reaction is im-
portant for the syntheses of vicinal derivatives of benzene where only
methyl, ethyl, and halo groups are rearranged.!”*™ Detailed reviews of
the reaccion have been made'®® as well as a study of its extension to the
rearrangement of 6,7-dialkyltetralins >

17. Cyclodehydration of Aromatic Alcohols and Ketones
CH,

~,
('ZH, 90% H,S0,
_CH, _—> + H,0

HOCH R
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TABLE 1. PARAFFINIC, NAPHTHENIC, AND AROMATIC HYDROCARBONS

Certain phenylated alcohols are dehydrated with ring closure to alkyl-
tetralins. Considerable variation in the structure of the reacting alcohols c,
is possible. Thus, l-methyltecralin is formed from 2-, 3-, 4=, or 5-hydroxy-

Compound Method Y(l;;d Chaptectef. B.p./mm.,n:y (M.p.), Deriv.

1-phenylpentane as well as from 5-phenyl-1-pentene.’°° Branching on the
third carbon from the phenyl group leads partly to indane formation (five-

Aliphatic Hydrocarbons

membered ring closure). Phosphorus pentoxide is used for the cyclode- C; Methane 7 100 1188 -l61*
hydration of 2-3-phenylethylcyclohexanol and related alcohols to as- Cs  mPentane 8 53 1% 36, 1.3576*
octahydrophenanthrenes. An angular methyl group has been introduced Tetramethylmethane 9 50 1 9/760
into the phenanthrene nucleus at position 12 by this reaction.?** (neopentane)
Many completely aromatic polynuclear hydrocarbons are readily formed Ce n-Hexane 5 50t 1% §9/760, 1.3748
by cyclization of aryl-substituted aldehydes, ketones, or related com- 2-Met§ylpentane > L 60, 1.3718
. : ' o " flux; 2,2-Dimethylbutane 5 1194 50, 1.3692
pounds. The simplest case is the formation of naphthalene by refluxing (neohexane) 9 45 1% 50, 1 367
B-styrylacetaldehyde, C¢H,CH=CHCH,CHO, with hydrobromic acid- 9 39 e sor740 153688
acetic acid mixcure.”® The ring closure has found extensive use in the 2,3-Dimethylbutane 5 1% 58, 13750
Synthesis of 9-alkyl- and 9-aryl-anthracenes and phenanth.renes.""zm C, n-Heptane 3 54 110 98, 1.3877
3 72 113 96/741
CH, 6 64 117 96, 1.38542%
HBr 7 92 1186
— 2-Methylhexane 5 65t 1192 90/760, 1.3850
oc < 7 24 1304 90/760, 1.3851
R 3-Methylhexane 5 5ot 1192 92/760, 1.3388
2,2-Dimethylpentane 9 40 1% 81, 1.3828
Cyeclodehydration of diaryl ketones through an ortho methyl or methylene Y0 Tome0, 138
group by pyrolysis at 400-450° gives low yields of certain substituted . > 4ot L™ 79/760, 1.3822
. i - 3,3-Dimethylpentane 9 51 1% 87, 1.3908
anthracenes and their benzologs (Elbs reaction). 9 31 1% 86/760, 1 39
, 1.3910
18. 9-Alkylfluorenes by Alkylation of 9-Formylfluorene *** >Euhylpentane ; sot - 93/760, 1.3938
2,2,3-Trimethylbutane 6 56 117 82, 1.3895*
(triptane) '
C.H4\ C6H4\ /R " C°H‘\ C O
l cHCHo 228, ‘ C = [ CHR + HCO,K P S e t o e
) = N / 5 60 1 126/760, 1.3975
Ea CGH‘ CHO C6H4 7 926 1186 125, 1.3975
9 70 1102 125, 1.3961
2,2-Dimethylhexane 9 36 198 107, 1.3931
3,3-Dimethylhexane 9 24 19 112, 1,3998
2,3,3-Trimethylpentane 3 72 0 113, 1.4074
3-Methyl-3-etbylpentane 9 31 1% 118/760, 1.4081
Hexamethylethane 9 38 110t 106/760, (101)
Cy  2,4-Dimethylheptane 3 36 10 80, 1.38,15
Cis mHexadecane 7 8s 1i87 157/14, (17
Cx mEicosane 3 73 118 153/1.8, (37.5)
Ca1 n-Heneicosane 3 30 117 172/3, (41)
Alicyclic Hydrocarbons
C3 Cyclopropane 9 80 1134 -33
C4 Cyclobutane 8 83 1100 11/760

For explanations and symbols see pages xi-xii.
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; TABLE 1. (continued)
TABLE 1, (continued)
Yield t ]
. . Compound Method Chapterfef. B.p./mm., » (M.p.), Deriv.
Yield ef. B.p./ ! (M.p.), Deriv. G fo o, '
Method Chapter® .p./mm.,npy, ,
Cn Compound %)

(continued) Aromatic Hydrocatbons (continued)
Alicyclic Hydrocatbons (continue

C Ethylb. 1 1% 1
3 50 1'e s1, l.4o64* ooTymenEene - 1% 122/732 1.4953
Cs C)’cl];pent:nlt . 9 9% 1% 21/760, 1.3668 3 83 11es T
1,1-Dimethylcyclo-
propane 3 38 1 136/765, 1.4960
3 60 110 36, 1.3784 o-Xylene 19 61 118 142, 1.5054 *, 264Te
Ethylcyclopropane 3 72 14 36, 1.3786 , mXylene 2 88 1% 139/760, 1.4972
Spiropentane 5 2 112 39/760, 1.412 p-Xylene 14 6 13 138/760, (13)
80 1% gl 1.4245% Cs  n-Propylb 12 1% 157/760, 1.4921
C Cyclohexane 3 ¢ nPropylbenzene , L
s & a9 -1 71'9::65:' 1.4242 3 82 1% 160-163, 1.4908%
4 85 1 . 10 75 1% 155-160, 1.4919
0 141 72%, 1.4098° n 2o, L4919
Methylcyclopentane 3 Isopropylbenzene 1 71 1 151/759, 1.4913*
3 60 ] 10e 100/750, 1.4232 1 7s 1 151
Cy Methylcyclohexane . 92 17 100/742, 1.4198 1 83 1% 151/740, 1,4918
) . tane s 60t 1192 91/760, 1.4095 1 91 14 153, 1.4930
1,3-Dimethylcyclopen 5 75 1195 104/760, 1.4196 Phenylcyclopropane 13 6 13% 80/37, 1.5285
EthylfycIOPentfne " 5 92 1% 89/760, 1.4042 o-Ethyltoluene 19 71 118 161/738, 1.5010%
1,1-Diethylcyclopropa 03 . 131/740, 1.4332" m~Ethyltoluene 2 82 154 1614760, 1,4965
(o Ethylcyclohexall‘l;D' : 92 17 119/747, 1.4230% p-Ethyltoluene 3 80 l:: 161/748
cis- and trans-1,3-Di- 3 91 1
methylcyclohexanes . 35 ™ 105/760, 1.4109 ‘ 3 95 1:« 162, 1.4943
1,1,3-Trimethylcyclo 1,2,3-Trimethylbenzene 6 92 11 172/741, 1.5085%
pentane (hemimellitene)
u 7/740 ,
Co 1,3,5Trimethylcyclo- 4 92 1 13777 2 79 1% 176/760, 1.5138
hexane 18 1,2,4-Trimethylbenzene 10 37 112 68/22, 1.5048*
J-Etbyl-1-butylcyclo- 9 94 1% 140/760, 1.4183 1,3,5-Trimethylbenzene 1 63 12 165, 1.4991°*
propane (mesitylene)
1 . s 62 1198 190/762, 1.4642 17 1s 1208 163-167
Cyp Bicyclopenty .
© cis-Decahydronaph thas 4 91 178 195*, 1.4811 Ci n-Butylbenzene 3 74 . l::: 183*, 1.4880*
lene (cis-decalin) 1352 186, 1.4697* 5 25 Im‘ 183/760, 1.4900
trans-Decabydsonaphtha- 100 5 70 1 181/750
lene . Isobutylbenzene 5 35t 119 173/760, 1.4865
Eexvl 4 95 17 119/20, 1.4795°* s=Butylbenzene 1 81 n 171/759, 1.4900*
Cy Bicyclohexyl (cyclobexy t-Butylbenzene 1 75 1% 169/731, 1.4934
cyclohexane) 4 8 1% 148/120, 150032 1 70 12 169/740
Cis Tetradecahydrophenan- 1 89 14 168, 1.4960
threne 4 90 1% 165/3, (59) Phenylcyclobutane 13 28 12% 102/41, 1.5277
Cyp Tricyclohexylmethane p-Isopropyltoluene 8 73 11 178/760, 1.4888%%
Aromatic Hydrocarbons (p-cymene)
” p % soe, 1.5012° o-Diethylbenzene 10 49 1% 184/760, 1.5034
C¢ Benzene . s 11 111/760, 1,4968* m-D‘iethylbenzene 1 30 1€ 181, 1.4955
C, Toluene 16 1136 111 p-Diethylbenzene 3 73 j14e 179
, 3 o8 108 10 58 1108 184/760, 1.4950
. - % 111, 1.4978% 1,2,3 4-Tetramethyl- 16 88 17 98/25, 1.5201°*
11 80 1226 benzene (prehnitene)

For explanations and symbol s see pages xi-xii.




20 PARAFFINIC, NAPHTHENIC, AROMATIC HYDROCARBONS Ch. 1
TABLE 1. (continued)
Yield ef t .
Cp Compound Method % Chaptertel. B.p./mm., npy, (M.p.), Deriv.
Atomatic Hydrocarbons (continued)
Cyp 1,2,3,5Tetramethyl- 10 60 jus 86/18, 1.5134*
benzene (isodurene)
1,2,4,5-Tetramethyl- 1 25 17 (80)
benzene (durene)
7 45 1184 (80)
Naphthalene 2 53 124 (80), 150Pi*
2 70 16
2 100 164
17 25 1304 (81)
1,4-Dihydronaphthalene 4 48 1% 75/2, (25)
1,2,3,4-Tetrahydronaph- 4 81 14 78/10, 1.5395%
thalene
4 74 192 204
2-Methylindene 19 55 1176 98/24, 1.5646%%, 79Pi
SeMethylindane 7 90 119 74/11, 1.5332
C,; n-Amylbenzene 10 59 1124 200, 1.4883*
Neopentylbenzene 3 58 11e 186/755, 1.48502%
Phenylcyclopentane 13 57 12% 117/37, 1.5309
p-n=Butyltoluene 3 83 1148 198°*, 1.4916*
p-Isobutyltoluene 3 74 1147 192/752, 1.4888
p-s+Butyltoluene 5 g2t 1347 190, 1,4900
Pentamethylbenzene 1 17 128/22, (53)
1-Methylnaphthalene 2 62 1% 141Pi
2 95 1% 95/5, 1.6037, 142Pi
8 80 1 239, 1.6140%%, 141Pi
10 51 119 240
2-Methylnaphthaleae 2 91 1% (38), 116Pi
3 36 1158 240, (37), 115Pi
1-Methyltetralin 17 60 1306 219
6-Methyltetralin 4 94 1w 102/12, 1.5358
1-Ethylindane 5 80 1206 212
Ci, mn-Hexylbenzene 9 35 114 224-228, 1,4902*
Isohexylbenzene 9 50 jue 93/13
sym~Ttiethylbenzene 1 87 128 74/3, 1.4956%
Hexamethylbenzene 70 13 (165)
1 17 (165)*
Biphenyl 2 94 162
11 86 1188 145/22, (71)*
12 22 1318 (70)
Phenylcyclohexane 1 68 14 115/15
13 64 1256 128/30, 1.5329
1-Ethylnaphthalene 10 55 1127 248/742, 1.6089 *, 99Pi .
2-Ethylnaphthalene 2 94 1% 1.6028'%, 77Pi
3 85 118 101/2

TABLE 1. HYDROCARBONS 21

TABLE 1. (continued)

Yield

C, Compound Method (%) Chapter"ef- B.p./mm., ni), (M.p.), Deriv.

Aromatic Hydrocarbons (continued)

Ci2  1-Ethyltetralin

17 65 106 238, 1.5388*
6-Ethyltetralin 3 84 1%8 121-125/20
Acenaphthene 3 35 11%6 279 %, (96)*, 162Pi *
Acenaphthylene 2 93 198 95/2, (93)*, 202Pi*
C43 n-Heptylbenzene 9 62 1114 245, 1,4860*
Phenylcycloheptane 1 71 14 108/7, 1.5280
2-Methylbiphenyl 2 32 1249 255/760, 1.5914
2 72 1% 133/27*
3-Methylbiphenyl 12 28 1214 268
4-Methylbiphenyl 12 22 1214 268, (48)
Diphenylmethane 1 78 1°
1 60 14 (26)
1 53 138 (25)
3 83 1138 149/29, 1,5752%%
3 100 11
l-p=Propylnaphthalene 3 45 1206 276, 92Pi
2-Isopropylnaphthalene 2 70 1® 128/10, 1.5730, 94Pi
G-n=Propyltetralin 3 92 11 124/10, 1.5253%
6-Isopropyltetralin 6 86 1% 122/12, 1.5246%°
Cs4 1,1-Diphenylethane 1 45 132 270, 1.562%5+
1 25 11 148/15
1,2-Diphenylethane 3 100 11
5 95 1197 (53)
9 82 1117 158/10, (51)
2-Ethylbiphenyl 2 42 1% 94/3, 1.5808
i 10 42 134 266/760, 1.5805
2,2 -Dimethylbiphenyl 11 75 1168 255, (18)
4,4 -Dimethylbiphenyl 11 95 116 (118)*
t-Butylnaphthalene 1 41 113 145/15, 1.5795
9-Methylfluorene 18 75 1254 (45)
Phenanthrene 2 86 19 (C2))]
6 72 1182 (100)
19 100 1178 (97), 144Pi
9,10-Dihydrophenanthrene 4 67 1% 154/8, (33)
9 86 o 174/17, (35)
1,2,3,4-Tetrahydrophenan- 3 68 119 (33), 111Pi
threne
4 40 186 170/10
s=Octahydrophenanthrene 4 85 1" 180/20, 1.566917
4 94 18 173/20, (17), 1.56402%
as-Octahydrophenan- 4 29 1% 150/13, 1.5528%%
threne ,
17 85 1210 147/10

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

23

Compound

Method Yield Chapterref.  B.p./mm., ntD, M.p.), Deriv,

(%)

Aromatic Hydrocarbons (continued)

22 PARAFFINIC, NAPHTHENIC, AROMATIC HYDROCARBONS
TABLE 1. (continued)
Cp Compound Method Yield Chapter‘ef- B.p./mm. b (M.p.), Deriv.
(%) * P ’
Aromatic Hydrocartbons (continued)
C,4 9,10-Dihydroanthracene 4 76 1% (105)
4 84 1% (109)
1,2,3,4-Tetrahydro~ 4 43 188 (101), 117Pi*
anthracene
Octahydroanthracene 4 1% (73)
Cis 1,2-Diphenylpropane 1 52 14 109/2
1,3-Diphenylpropane 9 69 118 157/14
2-n-Propylbiphenyl 5 86 12® 277/760, 1.5696
9-Ethylfluorene 9 65 1% (107)
1-Methylphenanthrene 2 920 12 (121), 136Pi
3-Methylphenanthrene 13 84 1235 (62), 138Pi*
4-Methylphenanthrene 2 85 134 (50), 141Pi*
9-Methylphenanthrene 9 73 119 1), 153Pi*
17 50 13% on

9-Methylanthracene 3 78 1187 (81), 137Pi *
9 41 1 79
17 80 1183 (81)

C,6 dl-2,3-Diphenylbutane 9 39 1107 155/14
meso-2,3-Diphenylbutane 9 25 117 (124)
9-Isppropylfluorene 18 60 1354 (55)
1-Phenylnaphthalene 2 67 1%

2 94 1% 135/2

12 30 1 216
2-Phenylnaphthalene 2 72 1%

12 25 127 (102)

17 80 125 187/5, (104)
1-Phenyl=3,4=dihydro- 19 48 1% 135-140/2

naphthalene

1-Ethylphenanthrene 2 90 134 (64), 110Pi
9«Ethylphenanthrene 17 54 13 (63), 124Pi
9-Ethylanthracene 17 69 1188 (59)

C,; 9-n-Butylfluorene 9 41 1% (101)
l-n-Propylphenanthrene 2 100 1246 (33), 101Pi
9-7=Propylphenanthrene 9 47 1% (59), 99Pi

17 51 12 (58), 99Pi
1-Isopropylphenanthrene 2 65 124 (88), 126Pi

Cy  mTerphenyl (1,3-di- 12 32 131 (89)

phenylbenzene)
p-Terphenyl (1,4-di- 2 47 1% (211)
phenylbenzene)
12 60 1 (211)
l-p=Butylphenanthrene 2 59 1246 (42), 100Pi

Cy Triphenylmethane
Cyp 1,1,1-Triphenylethane

1,1, 2Triphenylethane
1-Phenylphenanthrene
9-Phenylanthracene

Ci4 Quaterphenyl
Cis Tetraphenylmethane
Cae 1,1,2,2-Tetraphenyl-

ethane

1 84 1¢
9 94 11
5 95 1197
2 94 1246
17 75 1188
19 70 1100
13 31 1 287
9 45 112
5 95 1197
9 90 1115

92)

95)

210, (55)
(80), 118Pi
(155)
(153)

(312)
(285)
(209)
(208)

For explanations and symbols see pages xi-xii.
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In this chapter are brought together twenty-four reactions for the intro-
duction of a double bond into an organic compound. Olefinic hydrocar-
bons prepared by these methods are listed in Tables Z 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 Hydsroxy Compounds
RCHOHCH,R —~=25 RCH=CHR

The formation of olefins by removal of the elements of water from sim-
ple aliphatic alcohols is 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.’® 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 #-butylerhylene ??*”*

(CH,)«CCHOHCH; —2% (CH,),C = C(CHa), + H,C=C(CH,)CH(CH,),
CHy~

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

(CH,),CCHOHC (CHs s —22, (CH,),C= CHCH, + (CH,),C=CH,

These isomerizations, rearrangements, and cleavages are best 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 cartalyst at 300-
420°. In this manner, pure l-butene is prepared from n-butyl alcohol®*
and t-butylethylene is obtained from methyl-t-butylcarbinol (54%).'" The
relative rates of dehydration of the simpler alcohols over alumina have
been studied® The main side reaction is dehydration to ethers ***
(method 118).

Tertiary alcohols are more easily dehydrated than primary or secondary
alcohols. The action of heat and a trace of iodine is usually suffi-
cient.>?»* Other cartalysts for this purpose include 15% sulfuric acid,™
formic acid,?* oxalic acid,” ** *** and zinc chloride.'* When the carbinol
contains different alkyl radicals, a mixture of isomeric olefins is usually
obtained. Studies to determine the ease with which the simple alkyl radi-
cals donate a hydrogen atom to form water have been made . ¥ Very
often, pure olefins can be obtained from the isomeric mixtures by modern
methods of fractional distillation.®’

Symmetrical secondary or tertiary alicyclic alcohols are readily dehy-
drated to only one olefin in each case. Examples include cyclopentene
from cyclopentanol and phosphoric acid,** cyclohexene from cyclohex-
anol over alumina,'® cycloheptene from cycloheptanol and [-naphthalene-
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sulfonic acid," and various alkylcyclohexenes from the corresponding
tertiary carbinols.’ #2¢

Styrenes are available by dehydration of either a-arylethyl or S-aryl-
ethyl alcohols. The procedures were reviewed in 1949,4* [3-Phenylethyl
alcohol loses water at 140° over a mixture of molten sodium and potas=
sium hydroxides to give styrene, C;Hs CH=CH,, in 57% yield.* The
2,4-dimethyl derivative has been prepared in a similar manner from the
primary alcohol.'”” Many substituted styrenes have been made by dehy-
dration of methylarylcarbinols with potassium hydrogen sulfate,? 2+ 2
phosphorus pentoxide,”™*® or activated alumina.® ®+% | |.Diphenyl-
ethylene'* and 2-phenyl-2-butene * are easily cbtained by boiling the
corresponding tertiary alcohols with dilute sulfuric acid.

Preparation of dienes is accomplished by dehydration of diols or ole-
finic alcohols. Pinacol, (CHy),COHCOH(CH,), is converted to 2,3-di-
methyl-1,3-butadiene by heating with 48% hydrobromic acid® or by pass-
ing the vapors over activated alumina at 420-470°.% Yields of the diene
are 60% and 86%, respectively. Aniline hydrobromide is used as a cata-
lyst in the dehydration of 3-methyl-2,4-pentanediol to 3-methyl-1,3-penta-~
diene (42%).* An excellent laboratory preparation of isoprene from ace-
tone in 65% over-all yield has been described. The last step involves
catalytic dehydration of dimethylvinylcarbinol over aluminum oxide at
300° to give isoprene in 88% yield.!’

NaC=CH
CH,COCH, ————> (CH,,COHC =CH % (CH,),COHCH—CH, 2% ,

CH,= C(CH,)CH==CH,

Olefinic tertiary alcohols obtained by the action of Grignard reagents on
mesityl oxide, (CH,),C= CHCOCH;, have been dehydrated over iodine*®
or potassium hydrogen sulfate ** 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 is the
ether, CH,CH= CHCH(CH, )— O— CH(CH, XCH=CHCH,, formed from two
molecules of the expected 2-penten-4-ol, By passing the vapors of this
ether over alumina at 280-290°, 1,3-pentadiene is obtained in 72% yield ®

Dehydration of 8,y~ and ¥, -olefinic alcohols does not always lead to
large amounts of the expected conjugated dienes.™™**® Treatment of di-
met}}yla[ly[carbinol 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.*® Oftentimes, ketones are formed by iso-
rr'lerization of the olefinic alcohols under the conditions of the dehydra-
tion. In the dehydration of 2-ethyl-3-hydroxy-1-butene,

H,C=C(C,H; XCHOHCH;,



34 ' OLEFINIC COMPOUNDS Ch. 2

by potassium hydrogen sulfate, some methyl s-butyl ketone is formed.'®’
The diene obtained from this alcohol is 3-methyl-1,3-pentadiene rather
than the expected 2-ethyl-l,3-butadiene.!™

Olefinic acetylenes are made by the dehydration of acetylenic car-
binols 1t 4¢

Several olefinic halides containing aliphatic halogen are prepared by
dehydration of halo alcohols. For example, 3,3,3-trichloropropene,
Cl,CCH=CH,, is made by heating the corresponding secondary alcohol
with a 10% excess of phosphotus pentoxide; the yield is 84%.”” Other un-
saturated halogen compounds prepared by this method are B-chlorostyrene,
C,H; CH=CHC], from styrene chlorohydrin and phosphoric acid on silica
gel at 400° (63%)*° and various nuclear halogenated styrenes by dehydra-
tion of the corresponding arylmethylcarbinols,®**7» 4%

Few olefinic alcohols or olefinic ethers have been made by this method.

The procedure for the dehydration and reduction of glycerol to allyl alco-
hol® by heating with formic acid has been applied to the preparation of
vinylglycol, H,C=CHCHOHCH,OH, from erythritol (35%).5* a-Hydroxy
ethers of the type R,C(OH)CH(OC,H, )R’ are dehydrated to a,B-olefinic
ethers, R,C=C(OC,H; )R ’; by refluxing with phosphorus pentoxide in
pyridine }1#**** Dehydration by oxalic acid produces ketones of the type
R,CHCOR’(method 202). 3-Methoxystyrene and 4-phenoxystyrene are'pre-
pared by passing the vapors of the corresponding primaty carbinols over
potassium hydroxide pellets heated to 250° in stainless-steel or copper
tubes }**

a,B-Olefinic aldebydes are made by treatment of B-hydroxy acetals
with acidic reagents.®****° The dehydration of S-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, as in the prep-
aration of ethyl 3-chlorocrotonate by dehydration of the chlorohydrin,
CH,CHCICHOHCO,C,H; .** 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.”®*’’

The condensation of aldehydes and ketones with a-halo esters may
lead directly to olefinic acids and esters by dehydration of the inter-
mediate B-hydroxy compounds (Reformatsky).*"” **® More often, the hy-
droxy esters are isolated and purified prior to dehydration (method 103),

RCH= C(R”)CH,CO,C;Hjs
RCH,CR *(OH )YCH,CO,C,Hs ——E
RCH,C(R”)=CHCO,C,Hs
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When an alkyl substituent is present on the S-carbon atom, a mixture of
a,3- and B,y-olefinic compounds is produced, the ratio depending on the
nature of the alkyl group and the dehydrating agent.”**** This tendency
for the formation of appreciable amounts of the non-conjugated 5,y-ole-
fini.c 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 -carbon atom are methyl groups
(CH,),COHCHRCO,C,Hy , considerable dehydration to the non-conjugate’d
Byy-olefinic ester occurs.™ **° It was formerly believed that this struc-
ture gave only a,B-olefinic esters.”” Also, the tertiary hydroxyl group in
thxls 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
standpoine.'” **""*** Thus, ethyl 1-hydroxycyclohexylacetate is con-
verted to l1-cyclohexeneacetic acid in 80% yield by anhydrous hydrogen
chloride, whereas dehydration by acetic anhydride followed by saponifi-
cation leads to cyclohexylidenacetic acid (68%).%¢

A wide variety of dehydrating agents have been employed. In addition
to those already mentioned are sulfuric acid,*” *® potassium bisul-
fate,"*** **! formic acid,"® thionyl chloride,’® ** iodine,"® acetic anhy-
dride,"* ** phosphorus oxychloride,™!* ** **® and phosphorus pent-
oxide”**“*® 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).

,B-Hydtoxy esters are also obtained by reduction of S-keto esters and
may be dehydrated over phosphorus pentoxide *** .

Pehydtation of cyanohydrins to @ ,B-olefinic nitriles has been accom-
plished by thionyl chloride,™*** ' phosphorus pentoxide,'® or anhydrous
potassium carbonate.” A typical example is the preparation of l-cyano-
lI-cyclopentene from cyclopentanone cyanohydrin (75%).°® Aluminum
powder is the best of many catalysts studied for the dehydration of
ethylene cyanohydrin to acrylonitrile, H,C==CHCN (80% ).

T%le amino group on the benzene ring is unaffected by catalytic dehy-
dration with iodine of the tertiary alcohol, dimethyl-(o-aminophenyl }-
carbinol, to 2-(o-aminophenyl)-1-propene (87%).}*

The direct dehydration of aliphatic S-nitro alcohols to nitro olefins is
usually unsatisfactory.*® The latter compounds are obtained by method
24 or by treating the nitro alcohols with thiony! chloride and pyridine ***

20. Dehydrohalogenation of Halogen Compounds

» Base

RCHXCH,R"——» RCH=CHR’
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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 as alkali hydroxides
and alkoxides or a variety of amines are usually employed. The reaction
is 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 dehydration.

In general, primary halides show a greater tendency to react meta-
thetically with most bases than to undergo the elimination reaction.
Treatment of isoamy! chloride with alcoholic potassium hydroxide gives
only an 11% yield of 3-methyl-1-butene, the remainder appearing as ethyl
isoamyl ether*® 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 hydroxide at 115°*** 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 as piperidine,!?*
pyridine '** sodium alkoxides,'?® potassium cresolate,"”” and inorganic
hydroxides.!?”"*?* The catalytic dehydrohalogenation of dodecyl chloride
over alumina at 250° gives all six possible isomeric straight-chain
dodecenes.'**

The dehydrohalogenation of a B-chloroalkylbenzene is readily accom=

plished by refluxing with excess aqueous methanolic potassium hydroxide.

Substituted a-alkylstyrenes which are difficult to obtain by other methods
are prepared 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 !#

RCHOHCH,C! AICHRCHz(:I _KO—H_) AtC(R)= CHz

BF, CH;0H

ArH

A bromine atom in the alpha position of the side chain is removed by
quinoline at 160° in the preparation of 1-(3naphthyl)-l-butene (81%).4¢
Dehydrohalogenation of halides to styrenes has been reviewed

Several conjugated diolefins have been made by heating bromo olefins
with solid potassium hydroxide'® or excess quinoline.!” In the latter
case, the bromo olefins were made available by allylic bromination of
olefins with N-bromosuccinimide. S-phenylbutadiene is obtained in 46%
yield by the action of pyridine on the corresponding secondary chloride.**
Chlorination of n-butyl chloride gives an isomeric mixture of dichlorides
from which low yields (18-30%) of butadiene are obtained by passing the
vapors over soda lime at about 700°.'%

Certain olefinic halogen compounds are best prepared by this method.
Isobutylene bromide is dehydrohalogenated by hot potassium hydroxide
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solution to give isobutenyl bromide. (CH,),C=CHBr (27%).4* 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-dibromopropene *** and 2,3~dichloropro-
pene ¥ *** are 80-87%). 1,1-Dichlorocyclohexane prepared from cyclo-
h:exe}none and phosphorus pentachloride loses hydrogen chloride upon
distillation to give 1-chloro-1-cyclohexene (40%).}*¢ Nuclear halogenated
styrenes ha i i
aliylhalobezzel?::oﬁ]?g? ll:1y dehydrohalogenation of either a- or B-chloro-
Two techniques are commonly used in the preparation of olefinic
ethers from halo ethers. The first involves heating a B-halo ether with
fused or powdered potassium hydroxide.**® This method is typified by
the conversion of S-phenoxyethyl bromide to phenyl vinyl ether (69% )***
and ﬁ,ﬁ'—dichlorodiethyl ether to divinyl ether (61%).**' In the latter
case, yields are improved in the presence of ammonia gas. In the second
procedure, an aliphatic'** or aromatic'**’'* chloro ether is heated with
pyridine to 115°. This method is of value in the preparation of several

methoxystyrenes. Chloroalkylation of the aromatic ether is followed by
dehydrohalogenation.

OCH, OCH,

OCH,
CH;CHO CsHs N l X
HC1 115° S
CHCICH, CH==CH,

The elimination of a molecule of halogen acid from halo acetals of
acetaldehyde with powdered potassium hydroxide gives ketene acetals.**
However, the a-bromo acetals of the homologs of acetaldehyde on similar

treatment with potassium hydroxide or potassium t-butoxide are converted
into a,B-olefinic acetals.***

CH,BrCH(OR), — H,C=C(OR),

RCH,CHBrCH(OR ), — RCH=CHCH(OR),

I-C.ycl.ohexenealdehyde is prepared from the saturated aldehyde by
bromination in the presence of finely powdered calcium carbonate followed
b}' dehydrohalogenation of the resulting bromo aldehyde by diethylani-
line 4%t

a,fB-Olefinic ketones result from the loss of hydrogen halide from either
a- or B-halo ketones. 2,4-Dinitrophenylhydrazine shows promise as a re-
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agent for the dehydrohalogenation of a-halo ketones 52 Alcoholic po-
tassium hydroxide, sodium carbonate,'* sodium acetate,'® and tertiary
amines %" ¥*° have been used to remove hydrogen halide from B-halo
ketones. In the acylation of olefins by acyl chlorides (method 178), de-
hydrohalogenation sometimes occurs spontaneously to give olefinic ke=
tones. An alcoholic solution of S-chloropropiophenone containing an
equivalent amount of potassium acetate is used in synthetic work in place
of the readily polymerizable phenyl vinyl ketone. The olefinic ketone
may be isolated in 78% yield by a chloroform extraction of this solution.***
A variety of bases have been used to effect dehydrohalogenation of
halo acids and halo esters. a-Bromo esters or a-bromo acyl halides give
a,B-olefinic acids with alcoholic potassium hydroxide.!*'*® Yields are
poor with the higher-molecular-weigbt 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.'®® S-Chloro
esters in which the chlorine atom is tertiary readily lose hydrogen chloride
upon heating'® or upon treatment with alcoholic ammonia. By the latter
procedure a series of B,B-dialkylacrylic esters have been prepared in
80-96% yield* a-Haloacrylic acids and esters are made in good yield
from a,B-dihalopropionic esters and bases such as barium hydroxide,'*

sodium ethoxide,** and quinoline !** Excess sodium alkoxide replaces

the a-bromine atom in the product by an alkoxyl group.*** 7y -Halocrotonic
esters are prepared in 60~65% yields by the dehydrohalogenation of 3,Y=

dihalobutyric esters.!®
Certain olefinic nitriles are readily available from a~-chloro-Barylpro-

pionitriles obtained by the addition of diazonium salts to acrylonitrile.
278

Dehydrohalogenation is effected by boiling with diethylaniline.
CeHe N:cr
H,C==CHCN ——-="5 C¢Hs CH,CHCICN — C¢Hs CH==CHCN

21. Elimination of Halo and Alkoxyl Groups (Boord)
Cats OH, p CH,CHCIOC,H, —2» RCHBICHBrOC,Hj

RCH,CHO ——=""»
HCl1
1 R’MgBr
RCHB:CR’BrOC,H; < RCH==CR’OC,H, <c—“3“— RCHB:CHR’ OC,H;
Hs OH
l R”’MgBr ! l Zn
RCH = CHR’

RCHBICR’R’*OC,H; —=» RCH=CR’R”

This combination of reactions represents the best general method for
the preparation of olefins of unequivocal structure. Many mono- 44?4
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di- 1381139, 246 - : 246
3 and tri-substituted *** ethylenes have been made by various

modxfxc‘ations of this procedure. Typical examples include various hex~
enes,"' heptenes,*® 1-hexadecene (63%),*** and styrene (89%).34 Thex
formation of a-chloro and a,B-dibromo ethers from aldehydes i.s treat:d
elsewhere (methods 117 and 65). When used for the preparation of olefi
thefse compounds are not isolated or purified*** In coupling with the "
‘Gngnard reagent, advantage is taken of the inert nature of halogen atom
in the beta. position of ethers. An excess of 10=30% of organox:lga nesiunsl
com[found 1s recommended.’® Coupling in the alpha position takegs la
readx'ly at 0°.* In order to introduce a second alkyl group, hydro ep ~
bromide 1.s eliminated (cf. method 20) and the resulting olef,ini):: etie:'l i
treated with bromine at 0° followed by coupling of the dibromide with ;
another Grignard reagent. h

Elxmm'ation of bromine and ethoxyl groups with zinc is much the same
as the elimination of two adjacent halogen atoms. The S-bromo ether i
heated with a stirred suspension of powdered zinc!®* 24 245 o ,in :
couple®® 47 in 90-95% ethanol " 244247 n=propy!l alcohol,!*® or iSZ'C°PP‘i"
alcohol*® The preparation of 3-octene fails in n=propyl a’lcohol mPfI°PY
severa'l cases the products have been shown to be mixtures of ci; andn
trans isomers.’*?** The yields for the first two steps of the synthesis
are 70~90%. The coupling of the a,B-dibromo ethers with primary Gri
nard reagents takes place in 50=-80% yields, whereas with seconda Gg-
nard reagents only 30~55% yields are obtained. T

The' method has been adapted to the synthesis of 1,4-diolefins b
coupling the bromo ethers with allylmagnesium bromide. Yields vaz
from 42% to 67% for Cs -C, compounds.***?** 5-Propyl and n-butyl a{cohols
as soleents are preferred for the decomposition of the S-bromo ethers

Olefinic acetylenes of the general formula RCH==CHC= CR’ are px:e-
pared by coupling the a,S-dibromo ethers with an acetylenic Grignard
reagent followed by elimination of halogen and alkoxyl groups. Over-all
yields are approximately 60% .34 3%°

.The action of zinc and alcohol on dibromo acetals, CHBr. CH(OR ),
gives olefinic halo ethers, BrCH=CHOR (50=-78%)32% A si;nilar eliu;ina-
ti - i
le:l:i sfr::)ktt::loa:::l:l se-st:ers by means of sodium sand in boiling benzene

RCHBrC(OC,H; ), + Na — RCH=C(OC;H; ), + NaBr + C,H, ONa

The method has been applied widely, and the yields are good (65-90%).°
22, Dehalogenation of Dihalides

RCHBICH,Br 22 RCH=CH,
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This reaction is sometimes an important step 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%
ethanol.!®” *™ The reaction is carried out at the boiling point of the
solution or at 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
dehydrohalogenation of chalcone dibromides*’ 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 olefin, 5-
bromo-1-pentene (71%).2°¢

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, respectively.?*’

The allenes, RC=C=CR’, are readily prepared by this method from
tetrahalides and dihalo olefins. Typical procedures are given for methyl-
allene (72%)**® and 1-phenyl-1,2-butadiene (77%).** A convenient route

to the allenes from allyl halides is as follows:***

RCH= CHCH,Br =%> RCHBrCHBrCH,Br s RCHBrC(Br)=CH, ——=
1007 70=80% CaHs OH

RCH=C=CH,
70%

23. Elimination of Alcohol from Ethers and Acetals
RCH,CH,0R’".— RCH==CH, + R"OH

The elimination of a molecule of alcohol from an ether has not been
developed as a laboratory synthesis of simple olefins, although several
olefinic compounds are conveniently made by this method. 1,3-Pentadiene
is obtained in 72% yield by passing the ether of 2-penten-4-ol over alu-
mina at 290°.*" A series of a,B-olefinic esters has been made by heating
alkyl a-alkoxyisobutyrates with phosphorus pentoxide at 60-100°. The
yields range from 85% to 100% 5%

Loss of alcohol from acetals occurs upon catalytic thermal decom-
position®* or when these compounds are heated to 140-170° with phos-

€
t -
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I
gohorus pentoxide and quinoline or with phthalic anhydride.*®” a,3-Ole-
Hinic ethers including several alkoxy stytenes are formed in widely vary-
[ing yields (36=86%).
] RCH,CH(OR"), — R"OH + RCH=CHOR’
1
4 platinum-on-asbestos catalyst at 290° is used in the conversion of
t liethyl acetal to ethyl vinyl ether (42%).**° Ketals of the type
RC(OCH;),CH, are readily split by heating with a small amount of p=
1 :oluenesulfonic acid to yield substituted vinyl ethers of the type
tRC(OCH;)==CH, (92%). In the presence of excess of a higher alcohol,
R’OH, the olefinic ether corresponding to this alcohol, RC(OR")= CH,,
is formed in high yield.®®® Similarly, treatment of alkoxy ketals with acid
I:atalysts gives alkoxy dienes and dialkoxy olefins *°

24, Pyrolysis of Esters

Heat

R,CCH(OCOR” )CH,R — R,CCH=CHR + R"COOH

]

i Vapor-phase pyrolysis or destructive distillation of esters is of value
i'or the preparation of simple olefins in cases 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

‘ind branched olefins ranging in complexity from 1-butene to 2,2,4-tri-

¢ nethyl-2-pentene (75%).2* Acetates of primary and secondary alcohols

Bre generally used, although esters of boric acid ate reportedly more

':asily pyrolyzed.**® Pure t-butylethylene is obtained by the pyrolysis of

L'he acetate of pinacolyl alcohol at 300~400°. Yields vary from 35% to

130%, depending upon the temperature and time of heating.*” ** The
ixroduct contains no rearranged olefins. Pyrolysis of ethyl-t-butylcarbinol

tjives 7% rearranged olefins along with 4,4~dimethyl-2-pentene (77%).*
ligher-molecular-weight 1-alkenes have been obtained in good yields by
yrolysis of the palmitates or stearates of the corresponding primaty
ilcohols.?**?%” Most products have been straight-chain olefins, e.g.,
l~hexadecene (69%),*** although a few branched compounds have been
nade in this way, e.g., 3,7-dimethyl-1-octene (84%).2** Several styrenes
1ave been made by pyrolysis of the corresponding a-phenethyl ace-

{ ates 445 92

t Both conjugated and non-conjugated dienes have been made by this

r nethod from the acetates of diols and olefinic alcohols. A pyrolysis

¢ emperature of 575° is required for the conversion of 1,5-pentanediol
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diacetate to 1,4-pentadiene (91%).”*° 2-Alkyl-1,3-butadienes are best
made by this method.!*””*™ Direct dehydration of the olefinic alcohols
gives extensive rearrangement.

Pyrolysis of the acetate of benzyl-o=chlorophenylcarbinol at 300° gives
the unsaturated balide, o~-chlorostilbene. This carbinol is resistant to
direct dehydration by potassium hydrogen sulfate at 180°.** This method
is also superior for the preparation of the olefinic aldehyde, a-isopropyl-
acrolein (50%),'%" and the olefinic ketone, methyl isopropenyl ketone
(98%).488

B-Lactones formed by the addition of ketene or ketene dimer to alde-
hydes are decarboxylated to a,3-olefinic mechyl ketones (50-65%). The
over-all process is carried out by passing ketene into the aldehyde at
room temperature .**

Esters of acrylic acid are made by pyrolytic de_composition of a-
acetoxypropionates.®* #****¢ Direct dehydration of the a-hydroxy esters
fails,

Methoxyl, cyano, and nitro groups may also be present in the molecule
during pyrolysis. Examples are Y-methoxycrotononitrile (83%),” acryl-
onitrile (64%)2*° l-cyano-1,3-butadiene (70%),”** and a series of con-
jugated nicroalkenes. The esters of B-nitro alcohols are pyrolyzed at
195°3*° or merely refluxed with sodium bicarbonate in dilute aqueous
methanol. By the latter procedure the yields of conjugated nitro alkenes
are .90=95%.2 Direct dehydration by heating the nitro alcohols to 180°
with phthalic anhydride has also been used.*®

25. Pyrolysis of Methyl Xanthates (Chugaev)

CH;jl Heat
RCH,CH,0H -"z“s’—“» RCH,CH,0CS,Na = RCH,CH,0CS,CH, ——>
2

RCH=CH,

Thermal decomposition of methyl xanthates is similar to the pyrolysis
of acetates for the formation of the double bond. Olefins are obtained
from primary,?*? secondary, *** and tertiary'’® 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 alc.ohols.
Over-all yields of 22-51% have been obtained for a number of tertiary
alkyl derivatives of ethylene.'®® Originally the xanthates were made by'
successive treatment of the alcohol 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.*** A study of the stereochemistry
of the reaction supports the view that the mechanism involves intra~
molecular bonding of a B-hydrogen atom with a sulfur atom in quasi six-
membered ring formation.?” 4%

26. Pyrolysis of Substituted Amines and Ammonium Salts

A

- RCH(CH,)N(CH,), + CH,O0H
RCH(CH,)N(CH,){OH ‘E
RCH=CH, + (CH, 1N + H,0

Thermal decomposition of quaternary ammonium salts 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) is determined by the nature of the four alkyl
groups on the nitrogen atom.>® The reaction has found little use 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 pinacolyleri-
methylammonium hydroxide, (CH,),CCH(CH,)N(CH,):OH, is t-butylethylene
(50%)3"

Pyrolysis is accomplished by concentrating an aqueous solution of the
quaternary hydroxide at temperatures ranging from 30° to 200°, Thermal
decomposition on a platinum catalyst at an optimum temperature of
325° has been studied in detail in the preparation of cyclopropene (45%).2*°

Mannich bases formed by dialkylaminomethylation of various compounds
containing an active hydrogen atom are useful intermediates in the syn-
thesis of certain olefinic compounds. The tertiary amine group of the
Mannich base is eliminated upon steam distillation or low-temperature
Pyrolysis (120°) of the hydrochloride. The over-all reaction is illustrated
by the following preparation of an a,3-olefinic ketone 2

HCHO

RCOCH,R —————> RCOCHRCH,NR’, ‘HCl — RCOC(R)—CH,
R%NH-HC1

+ R";NH -HCl

The methylene group of methyl ethyl ketone is active in the condensation
to give, upon pyrolysis, only methyl isopropenyl ketone (92%).4”* Olefinic
aldehydes,'*” acids,*® esters,?® and nitro compounds®®* have been pre-

pared in a similar manner. The literature of the Mannich reaction has
been reviewed 2*
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27. Decarboxylation of Olefinic Acids

Quinoline

ArCH=CHCO,H ArCH=CH,

Cu powder

As a preparative method the direct decarboxylation of olefinic acids is
almost limited to the formation of styrenes and stilbenes from substituted
cinnamic acids. Thermal decomposition of cinnamic acid gives styrene
(41%)2%* The yield is nearly quantitative if the reaction is carried out in
quinoline at 220° in the presence of a copper catalyst.”®® The yields of
substituted styrenes where the aryl radical contains halo, methoxyl,
aldehyde,** cyano, and nitro groups are in the range of 30-76% 2ev-ase
cis-Stilbene and cis-p-nitrostilbene are prepared in this way from the cor-
responding a-phenylcinnamic acids (65%).***** One aliphatic compound
worthy of mention is 2-ethoxypropene, prepared by heating [B-ethoxycro-
tonic acid at 165° (91% yield).!*® The mechanism of acid-catalyzed de-
carboxylations of this type has been studied.*” Isomerization of the
double bond from the a,f3- to the 3,Y-position before decarboxylation very

. . . .
likely occurs in many instances.'”

A related reaction is the dehydrohalogenation and decarboxylation of
[B-halo acids to olefins.

B a
RCHXCHR’CO,H 2225,

RCH=CHR’

Decarboxylation precedes dehydrohalogenation, however, as noted by
analysis of the gas formed in the preparation of 2-butene. Decarboxyla-
tion occurs at 20-30° in sodium carbonate solution. Butene is then
evolved at higher temperatures.® The reaction is important in the prepa-
ration of cis- and trans-2-alkenes from cis- and trans-alkylacrylic acids,
RCH==CR’CO,H, respectively.’****° Either the S-iodo or B-bromo
acids prepared by the addition of hydrogen halide are suitable sources.

a,B-Dibromo and a,f3,B-ttibromo acids give bromo and dibromo olefins,
respectively. A study of the influence of structure upon yield has been
made.®® 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 is effected by refluxing the bromo acids with
aqueous sodium carbonate solution or pyridine. [-Bromostyrenes,
ArCH=CHBr and ArCH= CRBI, are similarly prepared from substituted
cinnamic acid dibromides by heating with alcoholic sodium acetate

solution.?®?

METHODS 28-29 45

28. Coupling of Olefinic Acids and Diazonium Compounds

AtCH=CHCO,H + Ar’N,X 2222, ArCH—CHA:’+ N, + CO, + (HX)
CuCl,

This relatively new synthesis uses readily available materials and,
although the yields are low, is preferred for obtaining certain stilbenes.
A cooled solution of the diazonium salt is treated with sodium acetate
and an acetone solution of the cinnamic acid. Then aqueous cupric
chloride is added and the mixture is stirred at room temperature, The
aryl radical may carry alkyl, halo, ether, ester, or nitro groups 2372+ 27,477

.The synthesis has been extended to the preparacion of substituted 1,4~
diphenylbutadienes ®** "% ?”7 and triarylethylenes 2’ by the use of cin-
namalacetic acid, C¢Hy 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
[B-carbon atom of the a,B-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-
alkf:nes. The halogen compound must be of the allylic or some other
active type. The double bond is sometimes contained in the organometal-
lic compound.!®™ ** The reaction is exothermic and takes place readily
at room temperature. Short periods of heating are sometimes required to
complete the coupling. For the preparation of the lower olefins, butyl
ether is employed as the solvent for the Grignard reagent'’® or most of
the ethyl ether is removed before the addition of the unsaturated halide.!”
clﬁbizz?;:sc;s;?iothe olefins have been purified through the corresponding

Allyl bromide has been used to prepare allylbenzene (82%),** allyl-
cyclopentane (71%),'* and neopentylethylene (85%).% Coupling with
methallyl halides, CH,= C(CH,)CH,X, gives branched structures,*!’" 2%
and the use of 3-chlorocyclopentene leads to 3-substituted cyclopentenes
such as 3-cyclopentylcyclopentene (73%):°* Coupling of the latter halo-
gen compound is catalyzed by copper vessels.!*® Crotyl chloride,
CH,CH==CHCH,Cl, undergoes an allylic-type rearrangement during
Coupling.’” However, since the allylic system in 4-bromo-2-pentene,
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CH,CH==CHCHBICH;, 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%).%* Also, the coupling of vinyl and allyl bromides by mag-
nesium-copper alloy produces the diolefin, 1,4-pentadiene, in 15% yield.***

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

Olefinic acetylenes are prepared by the use of acetylenic Grignatd re-
agents. This ceupling is catalyzed by copper salts.!® 2,3-Dibromopro-
pene, BrtCH,C(Br)==CH,, gives olefinic halides of the type
RCH,C(Br)==CH, (45-65%).t°* **"~?** The remaining vinyl-type halogen
atom is not affected. Coupling reactions of the homologs of 2,3-dibromo~
propene are complicated by allylic-type rearrangements.*** Olefinic ethers
may be prepared when the ether group is in either the halide or the Grig-
nard reagent.'*'*? The olefinic amine, 5-diethylamino~1-pentene, is ob-
tained in 85% yield by refluxing a suspension of allylmagnesium chloride
with diethylaminoethyl chloride.'”

30. Partial Reduction of Acetylenic Compounds
RC=CR* & RCH=CHR’

An acetylene may be reduced to an olefin by sodium in liquid am-
monia,?® % by electrolytic reduction at a spongy nickel cathode,’** or
by pattial hydrogenation over metal catalysts. Catalysts for the hydro-
genation include nickel,***+2%" iron,* colloidal palladium,*®” and pal-
ladium on barium sulfate ! or calcium carbonate.**"*'* Pure trans.ole-
fins are obtained from dialkylacetylenes by reduction with sodium in
liquid ammonia. The yields are better than 90%. Catalytic hydrogenation
leads to mixtures of cis and trans olefins in which the cis isomers pre-
dominate 2% 2° Mono- and di-arylacetylenes have also been
reduced'lol, 207,220

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 (72%).2°*

Olefinic alcobols,» 2 *® ethers,**®**" and acids*'****>* ** have been

prepared by this method. The aitro group is reduced to the amino group
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as in the formation of symmetrical diaminostilbenes from the correspond-

ing dinitrotolanes 2% 2

31. Isomerization of Olefinic Compounds
RCH==CHCH,R* — RCH,CH=CHR’

. Migrations of the double bond and carbon-skeleton rearrangements ate
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 its homologs over alumina
at 470-480°.%°* o-Allylphenol is isomerized by methanolic potassium
hydroxide at 110° to o-propenylphenol (75%)2® Several 3,y-olefinic
acids are conveniently obtained from the corresponding a,B-isomers by
equilibration in basic media. The two isomeric acids are readily sepa-
fated by partial esterification of the resulting mixtures since the 3,y~
isomers are more easily esterified.™®

32, Symmetrical Diarylechylenes from Thiocarbonyl Compounds

ArC(=S)R 227 A/RC=CRAr

Thiobenzaldehyde trimer, (CsHs CHS),, is decomposed at 230° by freshly
reduced copper powder to give stilbene, C¢Hs CH=CHC.H, (45%):2%
Several benzologs and alkoxyl derivatives of stilbene have been pre-
pared by this method in low yields. The trimers 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 is accomplished over Raney nickel.™ Copper bronze, however, is

successfully used in the preparation of tetraphenylethylene from thio=
benzophenone .*

33. Condensation of Halides by Sodium Amide

H,C = C(CH; CH,Cl "Lr:{*k H,C =C(CH,)CH = CHC(CH, )=CH,
3

.Allyl and m.ethallyl chlorides have been condensed to trienes in 30%
Kl?ds h)ar 3idmg sodium amide to a liquid ammonia solution of the
alide **® The low yields are due partly to dimerization of the products.

Under the same conditions, a~ch i 1 ~di
e e ns, a-chloroethylbenzene gives cis-a,a~dimethyl-
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34, Additions to Conjugated Dienes (Diels-Alder)

This reaction furnishes the best means of preparation of hundreds of
cyclic olefinic compounds, most of which are beyond the scope of this
book. In its simplest form, the reaction may be looked upon as 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 nucleus such
as 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 acrivate the double bond,** although
this is not necessary; e.g., ethylene is condensed with butadiene at 200°
to give cyclohexene (18%).”" Triple bonds may replace double bonds in
both the diene and dienophile. Excellent reviews of the reaction have
been published #** Cis addition of the dienophile to the diene occurs,
and several of the reactions have been shown to be truly reversible **
Butadiene is conveniently prepared in the laboratory by passing the
vapors of cyclohexene over a hot filament.***

A related reaction is the substituting addition shown by acceptors such

as maleic anhydride with simple olefins Sot

CHCO H,C = CHCH,CHCO
0 — o

/ /
CHCO CH,CO
35. Condensation of Acetylenes with Compounds Containing Active
Hydrogen (Vinylation)

CH,CH=CH, +

HE=CH, 4,C=CHC=CH

e, H,C=CHCI

HC=CH ——
ROH __, H,C=CHOR

[RC€O:H , H,c=CHO,CR
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Acetylene 18 Coﬂdensed to Vlnylacetylene and dlvlnylacetylene by
Cupf l 1 rl . Sl 1 rad f th I
ous (:ll or .lde a[ld ammonium Chlo de m la dltlons o1 othe
com y
(o} pounds Coﬂtalﬂlng an active h drogen arom occur 1n the presence Of
various Catalysts. Mercmy Salts are most effectlve in the vapor-phase
reaction ()f a(:e[ylelle Wlt]l ]ly(ll() en Cl]lo ].de (o] ve v y ll (o)
( ) g T t gl 1n lC l r.lde
10090 . BaSIC Catalysts Such as Potasslum hydrOXIde, potassluﬂl
et X1 y y g y y
ho de, or zinc Oxlde are used for the vin la[lon Of alCOholS l COIS
aml S, ﬂd aC.ld . M t Of h ¢ a (o} VOlv O y
ne a S (o} these reactions 1n l € the use facet lene
uﬂdef Pl'esslll'e, and few have been descrlbed as Sllﬂp[e IaboratOK) PIO
ce I€S. Ch wev w y -
du e loroacetlc acld, ho (= er, reacts lth acet lene at atmos

phetlc pressme in the PIESeﬂCe Of merc (o) lde (o] y 1 y -
ercuric ox
( ) t 1e d vin 1 Chloro

36. Aldoi Condensation

RCH,CH=C(R
RCH,CHOHCH(R )CHO ‘"i[: ’ (RIHO
RCH=CHCH(R )CHO

O]efxrfic aldehydes and ketones result from the dehydration of the cot-
respo'ndmg B-hydroxy compounds. The availability of olefinic compound
by this method is subject to the limitations of the aldol condensatign "
(method .102) and the mode of dehydration. The tendency for dehydration
to a conjugated system (a,B-olefinic compounds) is not as pronou
as is generally believed. need

l-\da.n'y al.dols dehydrate spontaneously at room temperature or upon
acidification by acetic acid. Thus, the condensation of benzald]eal(:yde

with propionaldehyde or butyral i i
e utyraldehyde gives the a-alkylcinnamaldehydes

CeHs CHO + RCH,CHO — C¢Hy CH=CRCHO + H,0

S::/zizer, (du'e;t dehyd.ration of the aldol is inferior to pyrolysis of its
zo te-hm;-rt od 24) in the preparation of a-isopropylacrolein.!®’

densatizn y do,.gex? atom of crot?naldehyde is involved in its self-con-

cens and in 1ts“condens'auon with benzaldehyde,*'® acetaldehyde,®*’
cinnamaldehyde.*®® The linear olefinic aldehydes, ’

. CH,CH= CHCH= CHCH = CHCHO, C¢Hs CH=CHCH=CHCHO,
H,CH=CHCH= CHCHO, and CsHs CH=CHCH=CHCH=CHCHO

a . . . . . .
re Obtallled dlteCtIy in IOW yleIdS. In the presence Of dlbutyla")lne
:‘Otonaldehyde Coﬂdenses to dlhyd!O'O‘tolylaldellyde (; ;l/’ )
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B-Hydroxy ketones obtained by the condensation of ketones or by the
crossed condensation of aldehydes with ketones are important sources of
olefinic ketones. Dehydration is effected by warming the ketols with
oxalic acid,” dilute sulfuric acid,” hydrobromic acid,™ phosphoric acid,
or a trace of iodine.*” ™™ A typical example is the dehydration of di-
acetone alcohol obtained from the self-condensation of acetone. The
product is an equilibrium mixcure of the conjugated and unconjugated
isomers, (CH,),C=CHCOCH, and CH, =C(CH,)CH,COCH,, in a ratio.
of 91 to 9, respectively.*” **

The condensation of methyl ketones and subsequent dehydration to
olefinic ketones is 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 is involved when a
basic catalyst such as aluminum t-butoxide is employed. The unsaturated
ketones are obtained in 70-80% yields; branched ketones give somewhat

lower yields.>**

2RCH,COCH; — RCH,C(CH,)==CHCOCH,R

An acidic reagent such as hydrogen chloride causes condensation on
the higher alkyl group of the ketone. B-Chloro ketones are formed which
are dehydrohalogenated by the action of heat or by treatment with
bases.® %323 Thys the condensation of methyl ethyl ketone in acid
media leads to C,H; C(CH,)=C(CH,)COCH,, whereas, with basic cata-
lysts, condensation gives C;H, C(CH,)=CHCOC,H; . These condensa-
tions are further complicated by the equilibria between the conjugated
and non-conjugated forms of the olefinic ketones as well as by cis-trans
isomerism. 2% 3% 4%

Methyl aryl ketones are converted smoothly to the olefinic ketones by
aluminum f-butoxide. This reagent has the added advantage of removing
the water formed by the dehydration of the ketols. The condensations are
carried out at 60~140°, with the distillation of ¢-butyl alcohol from the
reaction mixture if necessary. An example is the preparation of dypnone,
C¢H; C(CH,)=CHCOCH; , from acetophenone ia 82% yield }*

The crossed condensation of an aromatic aldehyde with a ketone usually
gives a high yield of the unsaturated ketone directly. Acetone is con-
densed with either one or two molecules of benzaldehyde to give ben-
zalacetone (68%)™* or dibenzalacetone (94%),*” respectively. Alkyl
styryl ketones, CgHy CH= C(R)COR, have been prepared from benzalde-
hyde and higher ketones in the presence of hydrochloric acid 3% or alkali
hydroxide **> *** Substituents on the phenyl group include methyl,**
hydroxyl,*® methoxyl,****** and nitro®® groups. A survey of condensa-

METHOD 36 51

tions :;i substituted benzaldehydes and methyl ethyl ketone has bee
made: The reaction with acetophenone leads to phenyl styryl ke o
the simplest of which is benzalacetophenone or chalcone yeenes,
C¢H; CH=‘CHCOC,H, (85%).*® Many substituted chalcox;es have b
prepared with substituents on one or both of the phenyl groups '°°”°e‘?r:°‘
F urfural,.‘“ 5-methylfurfural,®*® and 2-thiophenealdehyde **2 con.dense ith
ketones in good yields. Examples are furfuralacetone (66%),°°" furf wllt
acetophenone (90%),™ and furfuralacetofuran (89%)*® from a’ et e
ac;tc;phe.:none, and acetylfuran, respectively. e
ubstituted cyclopentenones a i i
of y-diketones in thpe presence o;eb:c:i:ecdaf:l;:::nal widel condensacion

CH,
l
C
A
RCH,COCH,CH,COCH, 2, [ CR
CH,—CO

The methyl group on the carbonyl carbon atom does not take part in

the condensation. The single product is a 1-methyl-2-alkyl-1-cyclo

3-one. The yields are excellent except for the simplest 'y-diketyonepemen-

acetonylacetone. A similar condensation of a-acyllevulinates .

CH,COCH,CH(COR YCO,CH,, leads to 4-carbomethoxy derivativ’es which

are read_ily decarboxylated to cyclopentenones .**? N
Certain substituted cyclobexenones are made by an analogous ihter 1

aldol condensation and decarboxylation of bis-esters resulting from -

densation of aldehydes with acetoacetic ester. : -

0 o)
RCHICH(COCH, }(CO,C,Hj )I, —22%¢ NaOH;
CH;CO,H R CH, #so, R CH,

COZCZHS

:hde R group may be aliphatic or aromatic.®®* *** The use of formalde

yde in the initial i i i ]

o condensation gives compounds without the 5-alkyl

. Cyclif: .ketone.s may be converted to olefinic cyclic ketones containing

Mne a‘ddmonal ring. The sodium enolate of the ketone is treated with a

. annich base such as 1-diethylamino-3-butanone. The last substance is
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 **?

/CHz CH,
\ \
CH, CHCH, (cy,—cHcocHs) CH, (|:(CH,)CH,CH,COCH,—>
CH,. CO NaNH, C{l2 Cco
/
CH, CH,
CH,
CH, | CH,
/ \V/
™o
CH, C Cco
N /N /
CH, CH

The reaction has been extended with certain improvements to the syn-

¢hesis of higher polycyclic olefinic ketones e

37. Condensation of Carbonyl Compounds with Compounds Containing an
Active Methylene Group (Knoevenagel)*
__CsHMsN _ , RCH,CH=CHCO,H
RCH,CHO + CH,(CO,H),

| (HOCH.CHIWN, p CH=CHCH,CO,H

The active methylene group of malonic acid readily takes part in con-
densations with aldehydes. The reaction is catalyzed by ammonia and
328 Decarboxylation occurs at room temperature Of upon

various amines.
to give, in most cases, a mixture of a,53- and B,y-olefinic

heating to 100°
* The confusion resulting from the association of the name of a scientist with
plorable. The Knoevenagel reaction has been stated to include

a reaction is de
active hydrogen atom with a variety

the condensation of compounds containing an
of carbonyl compounds in the presence of nitrogen bases.’*® The Doebner reac-
tion usually signifies the use of pyridine as a catalyst, although this base was
first used in this manner by Verley.’?® The Perkin teaction (method 38) is some-
times extended to include these and other named reactions. In this chapter the
following arbicrary division has been made. When the active methylene group is
part of a simple aldehyde or ketone, the condensation is discussed as an aldol
condensation (method 36), and when it is part of a simple anhydride, the conden-
sation is discussed as a Perkin reaction (method 38). All other condensations of
this type are treated here (method 37) regardless of the nature of the catalyst.

METHOD 37 53

aczd.s.. The use of pyridine as a solvent leads to good yields of a,3-
oleﬁm(.: acids from most low-molecular-weight aliphatic, alicyclic ’ and
aromatic aldehydes. The small amount of 3,y-olefinic ;cid presel"nt is
best removed by distillation and crystallization.’** When acetaldehyde i
used, the resulting crotonic acid is the trans form.2?* The best exafn i .
are found in the preparations of 2-hexenoic acid (64%)%?° and 2-nonenr<>3'eS
acid (85%),'™ although a,B-olefinic acids as high as 2-heptadecenoi -
acid have been made.”®* Triethanolamine is the best catalyst for thec
preparation of 3,-olefinic acids such as 3-hexenoic acid (42%)%7 and
B-cyclohexylidenepropionic acid (36%).3* ° )
Substituted benzaldehydes and malonic acid give cinnamic acids in
excellent yields. Among the common nuclear substituents are methyl ***
halo’1§5, 342, 348 hydfoxyl,“s’ 341 methoxyl’25$| 341, 346, 347 CYano as7 nithY3:3' 345
and diethylamino** groups. Other B-arylacrylic acids have’ been matde
!;)l; theluse of‘a-naphthaldehyde,’“ phenanthraldehydes,*® and furfural.’s*
de::ztis:.l;sot'xltzt'eioal1phat1c aldehydes have also been used in this con-
Conjugated olefinic acids containing more than one double bond are
prepar.ed from olefinic aldehydes. Thus, acrolein and crotonaldehyde with
malomc' acid yield vinylacrylic acid (60%)*® and sorbic acid (327?’:)""
respectively. In this manner, the completely conjugated 2,4 ’6 8,10,12~
ter.tade'ca‘hexaenoic acid, CH,(CH=CH),CO,H, has been m,ac;e.,”; ’
Olefinic esters may be obtained directly by the Knoevenagel reaction
Al}fyl hydrogen malonates are used in place of malonic acid. Decarbox -
lation then gives the ester directly as in the preparation of ethyl 2- ’
heptenoate (78%)** and methyl m-nitrocinnamate (87%)2* Alk;’l hydrogen
malone:::s are readily available by partial hydrolysis of dialkyl malo- ’
Z?etes. The use of m:}lonic ester in the condensation leads to olefinic
Ster:;s,a namely, alkylidenemalonates such as ethyl heptylidenemalonate
(6.8%). A small amount of organic acid is added to the amine catalyst*®’
since the salts rather than the free amines have been shown to be they
catalysts in condensations of this type.’®® **® Various catalysts have
bf?En studied in the preparation of diethyl methylenemalonate. Increased
l}:ledlds are obtai.ned in the presence of copper salts.’*® Trimethylacetalde-
Cl);l;.znd‘;r‘xalomc.ester are cor}densed by acetic anhydride and zinc
c ide. Acf:txc anhydride is also used for the condensation of fur-
urgl an.d malonic ester to furfurylidenemalonic ester (82%).4°¢
con:etttlasz:tia:)rom?ucha?d heterocyclic olefinic esters are best prepared by
Clatomy g o e;dy acet.ate a:nd aromatic aldehydes by sodium sand
CH CH;C;gf)a ehyde in tsh:‘s reaction gives ethy! cinnamate,
fm-y;acmle;n ic ;C;st 1(.‘7-4%)- p-Methylbenzaldehyde,*®® furfural,**¢
o Ylacolei n’,annenr. thiophenecarboxaldehyde *** have been condensed
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Ketones do not condense readily with malonic ester. The condensation
of acetone and diethy] malonate is brought about by heating for 24 hours
with acetic anhydride and zinc chloride. The yield of diethyl isopropyl-
idenemalonate is 52%2™ Under similar conditions methyl ethyl ketone
condenses to the extent of only 19%.4%

Olefinic dibasic acids with the carboxyl groups farther apart are pre-
pared from aldehyde esters, C;H; O,C(CH,),CHO, malonic acid, and
pyridine 3*°
Ketones are condensed with diethyl succinate,

C,H; 0,CCH,CH,CO0,C,H,

by a variety of basic reagents (Stobbe condensation).”® Acetone, sodium
ethoxide, and succinic ester give diethyl isopropylidenesuccinate,
(CH,),C=C(CO,C,H; XCH,CO,C,H; (41%)2** Cyclohexanone has been
similarly condensed.’”® Potassium t-butoxide and sodium hydride are
excellent catalysts for condensations involving aryl ketones.'™ Here,
acid esters 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 at the site of a carbonyl group of a ketone.

R,CO — R,C=CCH,CO,H 22> R,CCH,CH,CO == R,C=CHCH,CO,H

CO,C,H, °

Various modifications of this process have been used with moderate suc-
cess to make f3,y-olefinic acids (pyrolysis of paraconic acids).}****™

Acetoacetic ester condenses with aldehydes at 5-10° in the presence
of piperidine, piperidine acetate, or acetamide. Several olefinic -keto
esters have been made in this way: for example, ethyl butylideneaceto-
acetate (81%).™

The methyl group of pyruvic acid, CH;COCO,H, uadergoes condensa-
tion with aldehydes to give olefinic a-keto acids. Directions for improved
yields are given for benzalpyruvic acid, C4Hs CH=CHCOCO,H (80%).3"7
Aromatic aldehydes containing alkyl®” and alkoxyl®” groups, as well as
olefinic aliphatic aldehydes®’ and furfural,’®® have been condensed.

The reaction of aliphatic, alicyclic, and aromatic aldehydes and ke-
tones with cyanoacetic ester, NCCH,CO,C,Hs, is general. The products
are a,Bolefinic cyanoacetates. The aldehydes are condensed with the
ester in the presence of amines*****'** or with sodium cyanoacetate in
the presence of sodium hydroxide ** **” Similarly, cyanoacetic ester is
condensed with ketones by catalysts such as acetamide or the acetates

METHODS 37-38 55

of ammonia or amines 3572 394 3¢5,

#% The reaction is reversible and is
carried to completion by removal of water.}®

Excellent yields of alkylidenemalononitriles, RR'C =C(CN),, are ob-
tained by condensation of aldehydes and ketones with malononitrile 22>**2
The catalysts are piperidine and benzylamine for aldehydes and am-
monium acetate for ketones.

Olefinic cyanides are also produced by condensation of aldehydes or
ketones ****#! with benzyl cyanide, C;Hs CH,CN. The yields from alde-
hydes are in the range of 36=91% when sodium ethoxide is used as the
condensing agent.’”®*** *** Condensations involving all types of cyano
compounds containing active methylene groups were reviewed in 19474

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 as in the preparation of w«
nitro-2-vinylthiophene from nitromethane, thiophenecarboxaldehyde, and
sodium hydroxide (78% yield).**® Many substituted B-nitrostyrenes have
been obtained by condensation of nitromethane or nitroethane **° with
substituted benzaldehydes.*** *** A methyl group on the benzene ring is
sufficiently activated by nitro groups in the ortho or para position to
cause condensation with aldehydes. A series of nitrostilbenes has been
made in this way from substituted benzaldehydes.**

38, Condensation of Aromatic Aldehydes with Anhydrides and Acid Salts
(Perkin)

ArCHO + (RCH,C0),0 + RCH,CO,Na — ArCH=C(R)CO;Na

.This condensation is essentially an aldol-type reaction of an aldehyde
with the methylene group of an anhydride. The sodium salt may be re-
Pla.ced by other basic catalysts such as potassium carbonate or tertiary
amines.”® If the acid residue in the anhydride is not the same as that in
the sodium salt, an equilibrium between these substances may occur
before condensation. Thus, a mixture of acetic anhydride and sodium
buty.race or a mixture of butyric anhydride and sodium acetate gives cin-
famic acid and a-ethylcinnamic acid in the same ratio.?*®
ThA review of the literature of this reaction to 1941 has been made.’*
ramic skt paniculoty choos conta i b mel ey ed cin

g halo, methyl, and nitro
groups *6»**72 4% Eyrfura] has been condensed in good yields with acetic
anhydride,**® 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 is methyl (70%)}*
phenyl, (56%)°®* and viny! (40%).>* Sodium salts of arylacetic acids,
ArCH,CO,Na, may be used with acetic anhydride for this purpose, the aryl
group appearing on the Q-carbon atom of the product.®**>*

The reaction is usually carried out be heating equimolar quantities of
the aldehyde and salt with excess of the anhydride for 8 houts at 170=
180°. Lower temperatures are often employed when potassium acetate **°
or trialkylamines ®* **» *** are used as condensing agents. Continuous
removal of acetic acid during the reaction was found to have no effect on
the yield of cinnamic acid.’®* Substitution of diacetimide for acetic anhy-
dride gives cinnamide (77%).*°°

Highly conjugated diphenylpolyenes, C,Hs (CH=CH),C.H;, are ob-
tained directly from the condensation of olefinic aldehydes such as cin-
namaldehyde, C,H, CH=CHCHO, with sodium salts of phenylacetic or
succinic acids in the presence of lead oxide and acetic anhydride.*”***
The unsaturated acids first formed are decarboxylated under the condi-
tions of the condensation.

39. Cleavage of Substituted a-Ketolactones
KHCO,

RCHCH(COR’)COCO =13 RICHCBr(COR’)CO(IZO KHCOy
-AL—Oj 0

RCH == C(Br)COR’ + (COOK),

Several a-bromo-a ,ﬁ-olefinic ketones and esters have been prepared
by an interesting cleavage of S-acyl or B-carbethoxy-a-ketolactones. It
is unnecessary to isolate the bromolactone. Bromination and cleavage
take place readily at 0=20°; over-all yields are 60-85%."*’ The [B-acyl
and S-carbethoxy-a-ketolactones are prepared by aldol-type condensa-~
tions of aldehydes with the active methylene groups of ethyl S-acetyl-
pyruvate, CH;COCH,COCO,C,Hy , and ethyl oxalacetate,

C,H; O,CCOCH,CO,C,Hy, respectively.

40. Stilbenes by Pyrolysis of Ethylene Sulfones®*?

2ArRC =NNH, =%, 2ArRCN, 2% ArR(i--}ZRArﬂ» ArRC=CRAr |

SO,
41.Allenes by Reduction of Acetylenic Halides***

VA
RCHCIC=CHZ22Z%, RCH—=C=CH, (71%)
(H)

METHOD 42 57

42, Vinylacetylenes from Sulfonates of Acetylenic Alcohols 57

ArSO,C1
_—

RCHOHCH,C=CH ASO,CHRCH,C=CH 2222,

RCH=CHC=CH (91%)
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TABLE 2. OLEFINS TABLE 2. (continued)

R . Yield £, t .
Cn Compound Method Y(l;;d Chaptertef.  B.p./mm., nfy, (M.p.), Deriv. Cn Compound Method “(yy ~Chapter'l: B.p./mm., np, (M.p.), Deriv.
Aliphatic Olefins Aliphatic Olefins (continued)
19 - 27 .104* C¢ 3-Methyl-l-pentene 21 72 2138 54/760, 1.3835
C, Ethylene ) 85 g524 4=Methyl-1-pentene 21 57 21 54/760, 1.3825
C; Propene 19 27 2-Methyl-2-pentene 21 40 2138 67/760, 1.4005
19 %0 237 -48/755 4-Methyl-2-pentene 21 70 218 58/760, 1.3885
“ 29 57 2% 59, 1.38693%
C, I1-Butene 19 2 2-Ethyl-1-butene 20 21 217 63/728, 1.3967
20 2: 21 58 218 67/760, 1.3990
22 . 27 -6.7/755 24 80 2 65, 1.3974
24 2"7 -7 24 53 238 65/743, 1.3948%
29 40 2” t-Butylethylene 19 54 2 41.4, 1,3765
cis= and trans-2-Butene 19 80 ;:« 24 72 2223 42/760
1 48 165
e AT Do e
trans-2-Butene 27 84 2: 0.4/744 2,3-Dimethyl-l-butene 19 20 265 55/748, 1.3899
Isobutene 19 100 2” o 21 70 218 56/760, 1,3995
19 82 2 -6.7/77 Tetramethylethylene 19 80 215 72,5/747, 1.4115
Cs 1-Pentene 21 6: ;:: ;i;;;a L3716 C, l-Heptene 19 60 29 94/760, 1.4008
N e nom e s
b1 L
2-Pentene 19 80 2 36/760, 1.3839 29 20 2490 94/760, 1.3996
19 90 2 3 1579 30 65 295 93/740, 1.3978
20 90 2 36/760, 1.3 2-Heptene 21 77 245 98/760, 1.4041
24 71 2:« 36, 1.3801 3-Heptene 21 87 24 96/760, 1.4090
cis-2-Pentene 22 74 2“ 36/744, 1-3823 2-Methyl-1-hexene 21 66 2us 92/760, 1.4040
27 55 2 36/760, 1.381 3-Methyl-1-hexene 21 75 24 84/760, 1.3970
30 55 22 38/760, 1.3822 4-Methyl-1-hexene 21 72 245 88/760, 1.3985
trans-2-Pentene 22 74 2: 32-/57/62441' ;-7397998 5-Methyl-l-hexene 21 70 246 85/760, 1.3954
27 90 2 v 29 21 2% 86, 1.39407%
2-Methyl-1-butene 19 12 2:: 33/740: 1.3788 2-Methyl-2-hexene 19 95 2% 9%
19 80 2 3 246 .
9 iy 2 760, 13783 N 21 2m 95/760, 1.4075
e ) 13640 Methyl-2-hexene 21 75 2 93/760, 1.4080
3-Methyl-l-butene 20 11 2” 19/731, 1. 4-Methyl-2-hexene 21 92 25 86/760, 1.4000
19 66 2“ 21 870 5-Methyl-2-hexene 21 91 2us 86/760, 1.3995
Trimethylethylene 19 86 2 39.5/740, 1.3 2-Methyl-3-hexene 21 78 246 87/760, 1.3991
19 36 2 38/744 3-Methyl-3-hexene 19 93 2% 96
C l-Hexene 21 78 218 64/760, 1.3858 2-Ethyl-1-pentene 21 62 224 94/760, 1.4050
N 24 66 211 64, 1.3887 2,3-Dimethyl-1-pentene 21 66 2346 84/760, 1.4022
24 84 2467 63/755, 1.3882 2,4-Dimethyl-1-pentene 21 66 2246 81/760, 1.3970
29 117 62.5, 1.3891 3,3-Dimethyl-l-pentene 25 67 2165 76/745, 1.3991
2-Hexene 21 75 2138 68/760, 1.3928 4,4-Dimethyl-l-pentene 22 91 7180 72/760, 1.3911
3-Hexene 21 85 2138 67/760, 1.3942 (neopentylethylene) 29 85 2100 71, 1.3918
cis-3-Hexene 30 75 2306 67/741, 1.3934
1.3938
trans-3-Hexene 30 40 2206 68/741, . -y
ztmhi,l.;f;mene o1 65 J1s 62/760, 1.3921 For explanations and symbols see pp. xi-xii.

29 2117 61, 1.3924
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TABLE 2. (continued)
Yield ef. t Deri
Cp Compound Method % Chaptet® B.p./mm., gy (M.p.), Deriv.
Aliphatic Olefins (continued)
C, 3-Ethyl-2-pentene 19 926 228 97/737, 1.4142
19 95 2% 97
19 84 2% 96
21 69 234 95/760, 1.4120
2,3-Dimethyi-2-pentene 19 54 2Y 95
2,4-Dimethyl-2-pentene 19 91 2% 83
19 49 22 83/760, 1.4018%2
24 88 233 83, 1.4042
3,4-Dimethyl-2-pentene 21 60 214 86/760, 1,4052
4 ,4-Dimethyl-2-pentene 24 71 2324 77, 1.3983
25 73 2168 75/739, 1.3986
2-Ethyl-3-methyl-1- 21 84 214 89/760, 1,4120
butene
2,3,3-Trimethyl-1-butene 19 67 22 78, 1.4029
19 95 2% 78
Cg 1-Octene 24 77 219 121, 1.4094
24 70 2467 122/760, 1.4087
29 24 122/765, 1.4088
30 90 2204 121/760, 1.4088
2-Octene (mostly cis) 30 2104 126/760, 1.4150
trans-2-Octene 30 81 2304 125/760, 1.4132
3-Octene 21 70 2us 122/760, 1.4136
trans-3-Octene 30 98 2304 123/760, 1.4129
cis-4-Octene 30 80 2308 72/150, 1.4139
trans-4-Octene 30 99 2304 122/760, 1.4122
4=Methyl-2-heptene 29 27 2% 114, 1.4100%
2-Ethyl-1-hexene 24 79 21 119, 1.4155
2,2-Dimethyl-3-hexene 25 63 2168 100/760, 1.4068
4,4-Dimethyl-2-hexene 25 55 2168 104/739, 1.4120
2,4,4-Trimethyl-1- 19 78 24 103/742, 1.4086
pentene
2,2,4~Trimethyl-2- 24 75 23 105, 1.4160
pentene
2,2,3-Trimethyl-3- 19 52 22 111, 1.4220
pentene
Co 1-Nonene 24 74 2467 147/760, 1.4157
4-Methyl-2-octene 29 28 2% 138, 1.4158%
4,6-Dimethyl-2-heptene 29 36 2% 130, 1.4135%
Cio 3,4-Diethyl-3~hexene 19 85 24 158/758, 1.4338
Cy; 4-Methyl-l-decene 29 71 21%0 72/12, 1.4241%
Cy; 1-Dodecene 24 70 227 93/13
Ci3 1-Tridecene 29 77 2182 103/10, 1.4328%5

TABLE 2. OLEFINS

TABLE 2. (continued)

61

Cp Compound Method Y(l;;d Chapter“‘-‘f- B.p./mm., rz{) , (M.p.), Deriv.
Aliphatic Olefins (contirmed)
Cis l-Hexadecene 21 63 2% 122/3, 1.4410
29 47 2180
C,0 3-Ethyloctadecene 19 100 2 147/1.3
Alicyclic Olefins
C; Cyclopropene 26 45 2260 -36/744
Cs Cyclopentene 19 , 83 24 44/760, 1.4223
19 90 2438 45
Methylenecyclobutane 22 70 2476 42
Ce Cyclohexene 19 89 212 82
19 73 24 83
19 73 2%
34 18 249 83/758, 1.4461
1-Me thyl=1-cyclopentene 19 84 2104 75, 1.4335%
19 89 2176 75, 1.4325
31 34 2508 75, 1.4300%%
3-Methylcyclopentene 29 24t 2183 65/760, 1.4207
1-Methyl-2-cyclopentene 31 14 2508 65, 1.4198%%
Methylenecyclopentane 27 81 2470 74/745, 1.4354
Isopropenylcyclopropane 19 80 2170 70.4/760, 1.4254
C,; Cycloheptene 19 2% 115/756, 1,4576
19 80 218 114/760, 1.4580
1-Methylcyclohexene 19 80 2% 110, 1.4498
Methylenecyclohexane 24 72 2 102/738
3-Ethylcyclopentene 29 48t 218 98/760, 1.4321
1,2-Dimethyl-1l-cyclo- 19 87 238 105
pentene
1,2-Dimethyl-2-cyclo- 31 16 2508 © 92, 1.4265%
pentene
Cs  1-Ethyl-I-cyclohexene 19 58 2u 135/747
19 80 2% 136, 1.4583
1,1-Dimethyl-1-cyclo- 19 81 210 124/752, 1.4474'¢
hexene .
1,2-Dimethylcyclohexene 34 50 249 138/760, 1.4612
3-n~Propylcyclopentene 29 48 t 2183 126/760, 1.4359
3-Isopropylcyclopentene 29 28t 2183 121/760, 1.4380
Allylcyclopentane 29 75 2184 126/739, 1.4410
Co  lepPropylcyclohexene 19 80 23 157, 1.4578
l-Isopropylcyclohexene 19 80 2 154, 1.4594
1-Ethyl-4-methylcyclo- 19 89 24 149, 1.4526

hexene

For explanations and symbols see pp. xi-xii.
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TABLE 2. (continued) TABLE 2. (continued)

Yield

Compound Method % Chaptertef. B.p./mm., nf). (M.p.), Deriv. Cp Compound Method Y(‘;D;d Chapter®f:  B.p./mm., "i)’ (M.p.), Deriv.
Alicyclic Olefins (continued) Aryl-Substituted Olefins (continued)
Cw I-Cyclopentyl-2-cyclo- » 7 2% 186/760, 1.4760 Cu Stilbene 19 55 2% (124), 238Di
pentene 73
C. 1-Cyclohexylcyclohexene 85 2510 104/12, 1.493, 127Dj ;g i; ;m 8;2
Aryl-Substituted Olefins o-Vinylbiphenyl 19 70 2 116/1, 1.6168%
m=Vinylbiphenyl 19 55 2172 112/1, 1.6263 %
C, Styrene 19 90 2‘:‘ p-Vinylbiphenyl 19 82 2172 137/6, (119)
;? ;; ;m fz ?‘7"601'514;263 1-( BNaphthyl-l-butene 20 81t 245 (40
27 41 912 45/40 ’ Cys 1,1-Diphenyl-1-propene 19 70 2%
. o-Methylstilbene 28 12 247 125/0.15, 159Di
C, Allylbenzene 29 82 2 154/725 m-Methylstilbene 28 14 247 (48), 176Di
1-Phenyl-1-propene 19 60 24 62/1 p-Methylstilbene 28 32 2" (120), 188Di *
?0 75‘1’ ;:: 167/746, 1.5420 2-Vinylfluorene 19 28 216 (134)
orMethylstyrene 13 90 2t 162/752, 1.53701 Cis 1,3-Diphenyl-l-butene 22 89 2474 167/9, 1.5930
20 77 y121 72/30, 1.535023 o, & -Di’methylstilbene 32 18 2188 (106), 153Di
p-Methylstyrene 19 83 2166 66/18, 1.540225 cis-, & -Dimethylstilbene 33 40 2% (6M
1-Vinylacenaphthene 19 32 2166 135/2, 1.6512%%
C o cis-2-Phenyl-2-butene 19 59 247 94/30, 1.5393%5
trans-2-Phenyl-2-butene 19 14 Q47 77/30, 1.5192 Cy0 Triphenylethylene 19 59 241 (69)
o-Allyltoluene 29 70 2 181/750, 1.5171%
p-Allyltoluene 20 75 2187 181/750, 1.5082 For explanations and symbols see pp. xi-xii.
m~Ethylstyrene 19 93 2166 74/14, 1.5315%8
-Ethylstyrene 19 83 2166 68/16, 1.5350%%
g,‘i—Drmet);lylstyrene 19 85 217 79/12, 1.539 TABLE 3. DIOLEFINS
19 71 2 90/25, 1.5423 Yield )
2,5-Dimethylstyrene 19 88 2% 83/23, 1.5395 G Compound Method °, Chaptertef.  B.p./mm., nf;, (M.p.), Deriv.
3,4-Dimethylstyrene 19 80 21 96/26, 1.5463
3,5-Dimethylstyrene 19 87 21 58/4, 1.5382 Aliphatic Diolefinic Hydrocatbons
a,4-Dimethylstyrene 20 60 u 77/19, 15290 Cs; Allene 22 2516 -34/762
1,4Dihydronaphthalene 22 67 2@ Ci  Methylallene 2 7 2% 10, 14205}
Cy  meAllylethylbenzene 29 65 2186 88/18 1,3-Butadiene 20 30 21
C,; m-s-Butylstyrene 19 61 2B 98/15, 1.5246 22 90 2270 -4
m=t-Butylstyrene 19 61 2 100/17, 1.5234 34 75 25u
pt-Butylstyrene 19 76 218 100/14, 1.52457% Cs  1,2-Pentadiene 2 70 235 45, 1.4149
3,5-Diethylstytene 19 83 2166 107/15, 1.5280% '(ethylallene) '
0~Vinylnaphthalene 19 57 2:: 87/2.0, 1.6436%% 1,3Pentadienc 19 26 43, 1.4309
P-Vinylnaphthalene 19 75 2 79/2.5, (66) 3 N 2% 42/770, 1.4304
C,s o-Allylnaphthalene 29 81 218 128/8, 1.6089%% 24 65 210 44, 1.4314, 114Te
Cy 1,1-Diphenylethylene 19 70 t 214 113/2 1,4-Pentadiene 21 75 29516 26/767
cis-Stilbene (isostilbene) 27 65 2284 134/10 21 53 28 29/742, 1.3880, 86Te
30 80 205 145/18, 1.6265 24 91 230 27, 1.3865%, 86Te
trans=Stilbene 19 57 212 (124) 29 15 21 26/756, 1.3883

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

Yield

Yield % Chapterref. B.p./mm., "‘D' (M.p.), Deriv.

»

Compound Method Chap:er“‘-‘f- B.p./mm., nf), (M.p.), Deriv, G, Compound Method

Aliphatic Diolefinic Hydrocarbons (continued)

Cs

Ce

2-Methyl-1,3=butadiene
(isoprene)

1,2-Hexadiene (n=
propylallene)

1,4-Hexadiene

1,5-Hexadiene (biallyl)
2,4-Hexadiene
1,3,5~Hexattiene

4-Methyl-1,2-pentadiene
{isopropylallene)

2-Methyl-1,3-pentadiene

3-Methyl-1,3-pentadiene

4-Methyl-1,3=pentadiene

2-Ethylbutadiene
2,3-Dimethyl-1,3-
butadiene

1,2-Heptadiene (-
butylallene)
1,4-Heptadiene

1,6-Heptadiene
S=Methyl-1,2-hexadiene
{isobutylallene)
4-Methyl-1,3-hexadiene
2-Methyl-2,4-hexadiene
2,4-Dimethyl-1,3-penta-
diene
2-Isopropyl-1, 3=butadiene
1,1,3-Trimethyl-1, 3-
butadiene

19
19
34

22

40
21
24
29
24
19
33
22

19
19
19
19
19
20
24
19

19
19
24

22

21
24
30
22

19
20
19

24
19
19

88
58
70

71
67
34
65
66
64
30
70

64
42
23
23
72
86

60
85

70
42
80

61
70

88
60t
54

sg t
65

26
247
2!12

2265

2525
2246
2461
2 194
2229
2 178
226!
2265

26
252
26
254
2‘5
26
2173
20)

2“
20
22.‘1

2265

224!
2461.
2201
2265

2113
2124

23

2113
2‘6
24!

34/748,71.4207
34

78, 1.4298"7

75/740, 1.4282
64/745, 1.4162, 64Te
66/761, 1.41671¢
60/760, 1.4040
78-81, 1.4469

80, 1.5035%

75/748, 1.47703%

70, 1.4232%

76/765, 1.4467
75-80

78/747, 1.4511
78, 1.4561%
76/760
77/758, 1.4525
66, 1.4325
69/765, 1.4390

70
70
69

106, 1.43602

92/755, 1.4202
93/772, 1.42734
90/760, 1.4142
96, 1.4282%

98, 1.4342%
107/760
93, 1.4412

86, 1.4337
95/771
93

Aliphatic Diolefinic Hydrocarbons (continued)

Cs 1,4-Octadiene 24 57 241 119/746, 1.43221%
2,4-Octadiene 19 33 2% 134, 1.4542%%
2,4,6-Octatriene 19 43 2% 45/11
4-Methyl-1,5-heptadiene 29 49 2% 111, 1.4213%
2,2-Dimethyl-3,4-hexadiene 19 19 2% 108, 1.4425%%
2,5-Dimethyl-1,5- 29 80 2% 137/760

hexadiene
2,5-Dimethylhexatriene 33 27 23 90/200, 1,515021

Cy trans-trans-2,7-Nonadiene 30 79 2204 150/760, 1.4358

2,5,5-Trimethyl-1,3- 19 27t 2% 128/732, 1.4489
hexadiene

2-n-Amyl-1,3-butadiene 24 43 2173 69/65, 1.4450

Cyo 4,5Dimethyl-2,6- 29 38 2% 154, 1.4375%%

octadiene

1,1-Dimethyl=3-t-butyl~ 19 64 248 59/32
1,3-butadiene

Alicyclic Diolefinic Hydrocacbons

Cs Cyclopentadiene 34 70 2518 41/772

Cgs 1,3-Cyclohexadiene 20 90 214
Cyclohexadiene 23 57 2516 80/757, 1.4740
1,4-Dihydrobenzene 4 65t 2% 89

C, Cycloheptadiene 26 90 218 121/758
Cycloheptatriene 20 66 218 115/760, 1.5243
1-Vinylelecyclopentene 19 88 23 114

Cs  1-Vinyl-l-cyclohexene 30 44 2 145, 1.491114

Cy 1+(3=Butenyl)»1-cyclo- 19 70 28 62/10, 1.47451%

hexene
Aromatic Diolefinic Hydrocarbons
Cw 1-Phenyl-1,2-butadiene 22 77 2364 77/10, 1.5716%4
trans-1-Phenyl-1,3- 19 75 2108 78-81/8, 1.6090
butadiene
B-Phenylbutadiene 20 46t 258 67/13
p-Divinylbenzene 19 83 21 46/1, (31)
27 45 249 (31)
Cy 1,3,5-Trivinylbenzene 19 75 2% 73/0.5, 1.5967
Cis 1,4-Diphenylbutadiene 38 25 2%7 (153)
(bistyryl)
2,3-Diphenylbutadiene 19 80 2518 (51)

For explanations and symbols see PP. xi-xii.
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43, Dehydrohalogenation of Halides

RCX ==CH, 2% RC=CH + (HX)

A triple bond may be formed by dehydrohalogenation of dihalides and

olefinic halides of the general types RCX==CH,, RCH==CHX, RCH==CXR’, |

RCHXCH,X, RCHXCHXR’, RCH,CHX,, and RCX,CH,R’.** The choice of
a base depends somewhat on the position desired for the triple bond in
the product. Sodium amide tends to rearrange the triple bond toward the
end of the chain,*® and potassium hydroxide favors reverse isomerization
toward the center of the chain,® %4 Although neither rearrangement is
dependable from a synthetic standpoint, it is best to choose the base
favoring the desired product.

A suspension of sodium amide in mineral oi
in liquid ammonia® has been used to prepare l-alkynes of various types
in 45-96% yields. The acetylenes are liberated from their sodium salts
by dilute acid. It is important that the sodium amide be of good quality
and that moisture be excluded from the reaction mixture,*

139,49, 43,4 or sodium amide

78

METHOD 43 79

Suspensions of potassium hydroxide in mineral 0il,** molten potassium
hydroxide,** and alcoholic potassium hydroxide3?%¢,37,3¢ give consistentl
better yields (60-88%) of 1- and 2-alkynes. Most of the l-alkynes pre- ’
pared in this way are incapable of isomerization: e.g., propyne phenyl-
acetylene, and t-butylacetylene, Alcoholic potassium hydroxid,e dehydro-
halogenates stilbene dibromide to diphenylacetylene (tolane)

CeH; C=CC,H; (85%),% whereas sodium amide in liquid ammon;a causes
dehalogenation to stilbene, C;H, CH ==CHC,H, (86%).** A series of
alkylphenylacetylenes, C¢H; C=CR, has been prepared directly from
a-alkyleinnamic acid dibromides, C,H; CHBrCRBrCO,H, by dehydro-
halogenation and decarboxylation with alcoholic potassium hydroxide.*

An intet:esting rearrangement of an aryl group occurs in the dehydro-
halogenation of unsym-diarylhaloethylenes to diarylacetylenes.

Ar,C=CHX + KNH, — ArC=CAr + KX + NH,

The ro.elatifre positions of groups on the nucleus are not changed during
the migration. The yields of tolanes are generally 80-90%,%2

Mar.ly acetylenic acids have been made by the dehydrohalogenation of
the dibromo derivatives of olefinic acids. Aliphatic a,B-acetylenic acids
are often decarboxylated under the coaditions of the reaction.’® However
phenylpropiolic acid,* CsHy C= CCO,H, and acetylenedicarboxylic acid s
HO,CC= CCO,H, are ptepared in this way as well as acids having the ’

triple bond in the 3y~, 7,5- .. . 5 i
chain, 50,53 A=, v,8—, and mote remote positions in the aliphatic

Other functional groups may be present in the molecule during dehydro-
halogenation. Dichloroacetylene is obtained by passing trichloroethylene
ove.r solid potassium hydroxide at 130°.4 Aryl halogen atoms are stable
during dehydrohalogenation.®* Aqueous sodium hydroxide removes hydro-
gen chloride from 3-chloro-2-buten-1-ol to give 2-butyn-1-01 (40%).44
Powdered potassium hydroxide at 100° is used with bromides of t.he
general type ROCH =CHBr for the preparation of alkoxy- and phenoxy-
lic(eﬁt.yle.nes'(34-80%).“-.” Ethylene glycol is the solvent for potassium
&};mo;n;ie;}: a preparation of methyl propargyl ether, CH,OCH,C=CH,

@ »3- 1.romo-l-methoi:ypropane.” The aldehyde group is protected as

e ace?tal'm _the preparation of phenylpropargyl aldehyde (81%).%* Sodium
smlde in liquid ammonia removes hydrogen bromide from 1-diethylamino-2-

romo-2-propene, (C,H;),NCH,C(Br)=CH,, to give I-diethylamino-2-
<Sxfopyne (82%).%* o- and p-Nitro groups have been present in a series of

iphenylacetylenes prepared from the corresponding stilbene dihalides
and alcoholic potassium hydroxide.** A modification involves a one-step
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process of coupling and dehydrohalogenation of a substituted benzal
chloride by sodium in alcohol.®

ArCHCl, —— ArC=CAr
¥ OH

44, Alkylation of Acetylenic Compounds

RCH,CH,X + HC=CNa — RCH,CH,C=CH + NaX
RCH,CH,X + R"C=CNa— RCH,CH,C=CR’ +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 as well as 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
ammonia.}®»¢® The yields of 1-alkynes are frequently 70-90% when alkyl
bromides are employed as alkylating agents.®® %2 Dialkylacetylenes
are formed in somewhat lower yields (30-70%), which decrease rapidly
with increasing chain length of the alkyl bromides above n-amyl
bromide.2:%,6%74 Alkyl sulfates and alkyl sulfonates are also used as
alkylating agents to give mono- and di-alkylacetylenes in yields of
60-83%.1% %715 Symmetrical dialkylacetylenes may be prepared by a one-
step process from sodium acetylide, sodium amide, and an alkyl halide or
sulfate in liquid ammonia, %%’

Acetylenic Grignard reagents are less active than sodium alkydes but
are readily alkylated by benzyl halides as well as by alkyl sulfates and
sulfonates.l»'% 1418 The Grignard reagents are conveniently ptepared from
the acetylenes and ethylmagnesium bromide in ether solution.

C,Hs MgBi ’
RC=CH— " RC=CMgBr 2222, RC=CR"

Several critical reviews of the alkylation reaction have been made in
which the best experimental procedures are indicated.®%* High-
efficiency fractionation is necessary to obtain pure acetylenes free from
halides and olefins.® 1-Alkynes are sometimes purified through their
silver salts.*

An additional functional group may be present in one of the reactants.
Alkylation of vinylacetylene gives low yields of 1-alken-3-ynes.** Cuprous
halide catalyst is required for alkylations by allyl bromide; the yields of
1-alken-4-ynes are about 88%.?” Both halogen atoms of dibromides can be
induced to take part in alkylation if the halogens are not on the same ot
adjacent carbon atoms. The yields of diynes are 46-85%.° Diynes in

METHODS 44-47 81

which thF triple bonds are closer together have been made by the acti

of substituted propargyl bromides, RC= CCH,Br, on sodium alkydes :)on
by the coupling of two propargyl residues by magnesium?® (mechd 45)'
Polymethylene chlorobromides®»*® and iodochlorides®*?* when used .
alkylating agents lead to w-chloroacetylenes. The last com oun:l -

also be prepared by alkylation with w-haloalkyl sulfonates‘:f‘ (cf Y
method 10), Alkylations have been effected with both a and B-h;xlo

ethers to give acetylenic ethers.® The amino acetylene, 2-diethylami
1-propyne, has been alkylated by the sodium amide procedl;re with Z e

seties of primary halides including allyl bromi i
e ooy, g allyl bromide. Average yields are

45, Coupling of Grignard Reagents with Haloacetylenes

—RC=CCR,R"

RC=CCXR, ”“"L
RR’C=C—CR,

Acsetylenic hydrocarbons are prepared in 60-74% yields by the couplin
of Grignard reagents and substituted propargyl halides, Allenes are l:all )
formecli by an allylic-type rearrangement of the halogen atom.!®,2%,63 -
1,5-Diynes are available by this reaction in 50-60% yields by couplin
twg molecules of substituted propargyl halide by magnesium.2s P

rganomagnesium compounds react with dichlor . i
40-70% yields of aryl- and al/eyl-I-Cbloroacetylen::c‘:t}’lene o e

46, Diacetylenes by Oxidation of Metallic Acetylides

RC=CCu A RC=C—C=cCR

Oxidation of cuprous acetylides by air or potassium ferricyanide brings
a?out the union of two acetylenic groupings as in the preparation of ’
dimethyldiacetylene (42%)."* The reaction has been applied to the
synthesis of diynediols from acetylenic carbinols.*®

47, Decarboxylation of Acetylenic Acids
ArC=CCO,H — ArC=CH + CO,

Arylpropiolic acids lose carbon dioxide when refluxed with water7%7
or a solution of sodium bicarbonate and cupric chloride.” Yields of
Phenylacetylenes containing nuclear halo, alkoxyl, and nitro groups are in
t}.le range of 40~G7%. Alkylphenylacetylenes, CsH;C=CR, ma bi mad
directly from a-alkylcinnamic acid dibromides, C_H CHBr(;RBr};ZO H )
by dehydrohalogenation and decarboxylation,* o v
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S“

48. Tolanes by Oxidation of Hydrazones of Diketone

ArC—=NNH
| * 2H80  ArC=CAr + 2Hg + 2H,0 + 2N,

ArC=NNH,
S“

49. Isomerization of Allene

RCH = C =CH, % RCH,C=CNa in’-»RCH,cE CH

50, Coupling of Acetylenic Grignard Reagents with Cyanogen Chloride®”

RC=CMgX + CICN — RC=CCN

TABLE 4. ACETYLENES ' 83

TABLE 4. ACETYLENES

Cp Compound Method Y(;l)d Chaptesfeb- B.p./mm., 'lf). (M.p.)
Aliphatic and Alicyclic Acetylenic Hydrocarbons
C, Propyne (methylacetylene) 43 60 33 -23/760
43 85 3% -23/760
44 75 34
C, 1-Butyne (ethylacetylene) 43 40 3% 11
44 60 33 8.5
2-Butyne (dimethylacetylene) 44 41 36 27/754, 1.3920
Cs 1-Pentyne (n-propylacetylene) 44 50 32 40, 1.3850
44 85 3° 40/760, 1.3852
2-Pentyne (methylethylacetylene) 43 56 337 55, 1.4050
44 41 31 56/755, 1.4035
C¢ l-Hexyne (mbutylacetylene) 44 89 38 71/760, 1.3990
44 77 3% 72, 1.3987
3-Hexyne (diethylacetylene) 44 47 32 82/744, 1.4115
Methylisopropylacetylene 44 36 316 72, 1.4078%
3,3-Dimethyl-1-butyne
(t-butylacetylene) 43 81 33 37/768
C, l-Heptyne (m-amylacetylene) 43 88 335
44 52 38 100/760, 1.4088
44 75 3% 98, 1.4088
2-Heptyne 44 48 374 111, 1.4192%
5-Methyl-1-hexyne 44 75 33 92, 1.4060
4,4-Dimethyl- 1-pentyne 43 45 3% 74, 1.4028
Cs 1-Octyne (n-hexylacetylene) 44 65 328 77/150, 1,4157
44 72 39 126/760, 1.4159
2-Octyne (methyl-n-amylacetylene) 44 36 38 131-135/750, 1.4285%
3-Octyne (ethyl-n-butylacetylene) 44 64 32 133/760, 1.4250
44 70 314 131/745, 1.4261
4-Octyne (di-n-propylacetylene) 44 66 32 130/744, 1.4248
1-Cyclopentyl-l-propyne 44 50 317 143, 1.4636%
3-Cyclopentyl-1-propyne 43 65 347 133, 1.4494%
Cs 1-Cyclopentyl-2-butyne 44 65 31 165, 1.4621%
3-Cyclohexylpropyne 43 66 3% 62/24
C 1o Di-t-butylacetylene 9 55 3™ 112/746, (19), 1.4055

Aryl-substituted Acetylenes

For explanations and symbols see pp. xi—xii.

Phenylacetylene

Phenylmethylacetylene

Benzylacetylene
p-Tolylacetylene

43
43

44
44
43
43

67
52

50
66
52
48

33 143
328 74/80

3@ 113/84, 1,5650
3 73/15, 1.565
3¢ 48-58/5

3% 81/32
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TABLE 4 (continued)

Ch. 3

Cp, Compound

Method

(%)

Yield

Chaptet‘eﬁ B.p./mm., rztD, M.p.)

Aryl-substituted Acetylenes (continued)

Cyo 1-Phenyl-1-butyne
4-Phenyl- 1-butyne

C 44 Diphenylacetylene (tolane)

C,s 1,3-Diphenylpropyne

44
43

43
48

44

77
63

69t
73

72

82/5
95-99/17

(61)
69

129/2, 1.5946

For explanations and symbols see pp. xi-xii.

TABLE 5. DIACETYLENES

TABLE 6. OLEFINIC ACETYLENES

TABLE 6 (continued)

85

Yield
Cy Compound Method . Chapterref. B.p./mm., ,,1’)' M.p.)
C, l-Octen-3-yne 21 73 2% 62/60, 1.4505%
1-Ethynyl-1-cyclohexene 19 34 2u0 53/30: 1:4934”
19 40 2174 39/12, 1.4970
42 40 2517 34~37/14, 1.496217
C, 1-Nonen-3-yne 21 76 2% 28/4, 1.4487%
1-Nonen-4-yne 29 88 218 58/25 1 4413%
2-Nonen-4-yne 21 70 22349 70/29’ 1'4590'5
1-Ethynylcycloheptene 19 52 2436 78/35’ 1'4980
2-Methyl-1-ethynyl-1-cyclohexene 19 54 24 68/35, 1‘4890”
2-Methyl- l-ethynyl-1-cyclohexene 19 62 246 72/40: 1:48361s

Cp Compound Method Y(l%d Chaptetfef- B.p./mm., n]‘), M.p.)

C. 1,3-Butadiyne (diacetylene) 46 3% 10/760

Cg 2,4-Hexadiyne (dimethyldi-

acetylene) 46 42 338 (64)
1,3,5-Hexatriyne (triacetylene) 43 10t 364

C; 1,6-Heptadiyne 44 46 3° 112/7690, 1.4423

C, 1,8-Nonadiyne 44 85 39 162/760, 1.4490
44 76 39 180/760, 1.4674

2,7-Nonadiyne

For explanations and symbols see pp. xi-xii.

TABLE 6. OLEFINIC ACETYLENES

Cp Compound

Metho

d Yield

(%)

Chaptertef.  B.p./mm., YI{). (M.p.)

C, Vinylacetylene

C; l-Penten-3-yne (methylvinyl-

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

C, l-Hexen-3-yne (ethylvinyl-
acetylene)
Divinylacetylene
3-Methyl-3-penten-1-yne

C, l-tHepten-3yne
1-Ethynylcyclopentene

26
35
42

44
42
19

44
35
19

21
19

28
92

38
91
50

31
75
55

77
42

25!5
2514
2!.1

319

2511

zlll

319

2514
zlll

2 249
2 436

3/729
5/740

59/760, 1.4496
47, 1.4356%°
35-40

85/758, 1.4522
84/760, 1.504
71

45/75, 1.4520%
66/125, 1.4880*°

For explanations and symbols see 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 as 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, as such, serve as 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 identification.**® The chemistry of fluorine compounds has
been reviewed in several excellent works,*%¢

51. Action of Hydrogen Halides on Hydroxy Compounds
ROH + HBr — RBr + H,0

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%).! The
hydrobromic acid is 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 as 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 at 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 has been shortened; the yields are
higher (70-90%).}* Long contact time of the halide with the ot reagent
causes the formation of isomeric halides.}? Efforts have been made to
avoid possible isomeric changes by using cold ZnCl,-HCl reagent and
long reaction periods.®*%3 Thionyl chloride is a more satisfactory rea-
gent for the preparation of primary alkyl chlorides (method 53).

Highly branched primary halides, RR’R””CCH,X, cannot be made from
the corresponding alcohols except in small yields; the main product is
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.® 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 ZnCl, 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 SOCl,-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’R”’CX, are formed easily by reaction of the
alcohol and aqueous hydrogen halide.!»3%2? Acetyl chloride or bromide
has also been used as the halogenating agent, as illustrated by the
synthesis of triphenylchloromethane and its derivatives.*"*¢?

Alkyl iodides are obtained from primary, secondary, andtertiary alcohols
in 88-95% yields by the action of potassium or sodium iodide and phos-
phoric acid at reflux temperatures.

Reflux
ROH +KI + H,PO, —— RI + KH,PO, + H,0

Exteasive reduction of the sensitive iodide, usually encountered with
hydrogen iodide, is avoided. In the conversion of 2-methyl-1-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 w-acetoxyamyl chloride is readily available by
the ring opening of tetrahydropyran with acetyl chloride, an attractive
route for making pentamethylene chlorobromide is afforded by reaction of
this ester with hydrobromic acid (82%).%%¢ Other diesters have been
cleaved to furnish dihalides, the procedure being particularly valuable
for obtaining sterically pure a-dibromides.**%

Other difunctional compounds have been made. A few examples are
noteworthy. Olefinic carbinols of the types RCH=CHCH,0OH and
RCHOHCH =CH, on treatment with dry hydrogen bromide or chloride
undergo allylic rearrangements to yield equilibrium mixtures of isomeric
unsaturated halides,*’ 4%t Acetylenic carbinols prepared from sodium
acetylide and aldehydes or ketones®* can be converted to their chlorides
by means of anhydrous hydrogen chloride at —5°C,% However, it 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, H,C = C(CH,)C(Cl)=CH,, occurs in-
stead of the expected metathesis product.’?* m-Methoxybenzyl alcohol
has been converted to the cotresponding halide in 90% yield without
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cleavage of the ether linkage.** [-Bromoethylamine hydrobromide is
synthesized from ethanolamine and hydrobromic acid in 83% yield,™

52, Action of Phosphorus Halides on Hydroxy Compounds
Pyridine
3ROH +PX, ——— 3RX + H,PO,

This method is superior to the hydrobromic-sulfruic acid method in the
preparation of certain low-molecular-weight alkyl bromides.”™ It has been
applied in the preparation of a large number of primary and secondary
bromides without any apparent isomerization.” 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%).*%%° Alkyl iodides are conveniently prepared by bringing the
alcohol in contact with phosphorus and iodine.”?* Phosphorus penta-
chloride has been used for the formation of alkyl chlorides, although
thionyl chloride is more satisfactory. Certain phenolic groups are re-
placed by halogen by the action of phosphorus tribromide®® or phosphorus
pentabromide.®*

The method has been extended to the preparation of difunctional com-
pounds. Dihalides including the mixed variety are formed in 90 to 98%
yields, 9419519 Primary unsaturated bromides of the type
RCH=CHCH,Br have been formed from the corresponding alcohols by
the action of phosphorus tribromide and pyridine at a low temperature
without any apparent rearrangement,*" 3 However, the corresponding
secondary-carbinol system, RCHOHCH=CH,, is very susceptible to
allylic isomerization.*»** The formation of a,S-acetylenic bromides from
acetylenic alcohols and phosphorus tribromide is common (40-70%),19~12t
An acetylenic-allenic isomerization has been observed,}**”® vz,
RC=CCH,X — RCX=C=CH,. B,y- and y,8-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%).5" Halo
ethers are prepared by the action of phosphorus tribromide on hydroxy
ethers, as in the preparation of S-ethoxyethyl bromide (66%).!%* In a
similar manner, Bhalo esters have been prepared without appreciable
dehydration of the S-hydroxy ester (40-60%). The reaction of cyano-
hydrins leads to a-halo nitriles.'* Treatment of 2-nitro-1-propanol with
phosphoms pentachloride gives 1-chloro-2-nitropropane (47%),%s°
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53, Action of Thiony! Chloride on Hydroxy Compounds

CsHg N
ROH + SOCl,—> RCl + SO, + C;Hs N - HCl

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**’ or have led to isomeric
products (cf. methods 51 and 52).1%12

Only a small amount of pyridine or its hydrochloride is required for the
decomposition of the intermediate alkyl chlorosulfinate.® 41,15 Often-
times, in the absence of pyridine, the reaction takes other courses.'**

On the other hand, certain aromatic and heterocyclic alcohols react
normally without the hydrogen chloride acceptor, as in the preparation
of a-naphthylmethyl chloride (79%)'4* and v=(a-tetrahydrofuryl propyl
chloride (83%).14

The method has been used for the preparation of dibalides, e.g.,
1,9-dichlorononane (93%);*** unsaturated halides, e.g., 11-undecylenyl
chloride (83%);!% halo ethers, e.g., B-ethoxyethyl chloride (80%);**
balo ketones, e.g., desyl chloride (79%);*** halo esters, e.g., methyl
a-chloropropionate (71%);*¢° balo cyanides, e.g., phenylchloroacetonitrile
(80%);2" and aminoalkyl halides.}™=" An interesting isomerization has
been observed in liberating 2-diethylamino-1-chloropropane from its hydro-
chloride salt; 1-diethylamino-2-chloropropane is formed.*"?

54, Cleavage of Ethers
C4H, OR + HX — RX + C,H, OH

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

Mg CICH,0CH;, HX
RX — RMgX ———» RCH,0CH,— RCH,X

It should be mentioned that the formation of methyl iodide by heating

methyl ethers with concentrated hydriodic acid is quantitative and is

the basis of the Zeisel method for the determination of methoxyl groups.
Gaseous or aqueous hydrogen iodide is the common reagent for cleavage;

however, it 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, viz.,**
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Heat
ROR + 2KI + 2H,PO, ——» 2RI + 2KH,PO, + H,0

In thi.s manner, dibutyl ether is converted to 1-iodobutane in 81% yield.
Certain ethers have been cleaved successfully with boron tribromide, ¢
More often, the method is applied in the synthesis of halogenated ’
fzcids,"’v'“v“" ketones,*® and amines.37%*" The halo group in the start-
ing material is substituted by the relatively unreactive alkoxyl group
before.taking steps in which the halogen itself would react: the halo

group is then ‘‘regenerated’’ at the appropriate time. ,
7v-Alkoxybutyryl chlorides are transformed by heat into alkyl
chlorobutyrates as a result of an intramolecular fearrangement, viz, %08

CH,0CH,CH,CH,COCl — CICH,CH,CH,CO,CH, (84%)

The cleavage of tetrahydrofuran and its alkylated derivatives with
halogen acids is an excellent method for the preparation of 1,4-dibalo-
alkanes.#1% %3 The reaction of tetrahydrofuran with the less-;eactive
?ydrogen chloride stops at the chlorohydrin stage,®¢ whereas the reaction
in the presence of zinc chloride catalyst leads to the formation of the
dichloride.** The crude reaction mixture containing the intermediate
chlorohydrin may be treated directly with phosphorus tribromide yielding
tetramethylene chlorobromide.**® The preparation of dibromides,can be
accomplished easily with hydrogen bromide*** or phosphorus and bromine*?

andddiiodides, by the action of potassium iodide and orthophosphoric
acid,®**

H,C—CH,
| | +2HBr— BrCH,CH,CH,CHB:R +H,0

RHC CH,
\ /
o

, Cleavage of tetrahydrofuran and its derivatives with other reagents
as been catried out~acid halides lead to 4-balobutyl esters*'s and
Phosphorus oxychloride to chloro ethers. 41

Similarly, tetrahydropyrans react to yield the 1,5-dihaloalkanes46,41s
and 5-haloamyl esters, 44 s¢¢

55. Interchange of Halogen

RX + Nal — RI + NaX

The exchange of chlorine or bromine atoms for iodine is an important
method for the preparation of alkyl iodides. In general, the reactivity of



94 : HALIDES Ch. 4

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 precipitates.’” Potassium or silver fluoride at high
temperatures leads to alkyl fluorides; sodium fluoride is without
action.SlO,CO"

Mixed dibalides such as iodochlorides have been prepared by treating
a dichloride or bromochloride with one equivalent of sodium iodide (50-
90%).13437 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 benzyl iodides,** un-
saturated iodides,’* iodo ethers,*** iodo esters,’*’ and iodo nitriles,>*®

56. Replacement of the Diazonium Group by Halogen
Cu,X,
AIN,* X= —— ArX + N,
HX

The replacement of the diazonium group by halogen constitutes an
important method for the preparation of aromatic halides, particularly
when the assigament 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 is possible to prepare
the aryl bromide from the diazonium chloride or sulfate.’® A variation
involves the use of copper powder and a mineral acid for the decomposi-
tion step (Gattermann reaction). Both procedures are illustrated by the
syntheses of the isomeric bromotoluenes®® and chlorotoluenes.** 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 procedure).*!® 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.’¢
N,0; Heat
AfNH,*HBr = AtN,Bry —— ArBr + N, + Br,
T
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 jodide results.*® 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 is isolated and then decomposed
by heat (Schiemann reaction),

Heat
AIN,BF, — > ArF + N, + BF,

A critical discussion of the reaction has been presented along with a table
of fluoro compounds.?®* More recently, the reaction has been extended to
the preparation of heterocyclic fluorine compounds.***

Difunctional compounds, including certain halogenated ethers,®* alde-
hydes,** ketones,**® phenols,’?* amines,**® and nitro compounds,**” 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 Schiemaan reaction.

57. Action of Hydrogen Halides on Diazo Ketones
RCOCHN, + HBr —RCOCH,Br + N,

The action of hydrogen bromide or hydrogen chloride on diazo ketones
Tepresents a general preparative method (50-90%) for pure halomethyl
alkyl, % 324,633 halomethyl aryl,*® or halomethyl heterocyclic
ketoneS.“””’-°“

.Interact.ion of hydrogen iodide and diazoketones forms methyl ketones
fmth the liberation of nitrogen and iodine (method 228). If the diazoketone
Is treated with bromine, then a dibromomethy! ketone, RCOCHBr,, is
formed, s4s ’

The diazo ketones are readily prepared from acyl halides and diazo-
methane, 52

58 Replacement of the Sulfonic Acid Group by Halogen
4-HOCH SO,H + Br, — 2,4,6-Br,C,H,OH

The replacement of the sulfonic acid group by halogen is governed
largely by groups already present on the nucleus. When there is no
other group, as in benzenesulfonic acid, the replacement does not take
blace. 'lfhe reaction occurs readily with phenolic sulfonic acids and is
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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.’®* An aqueous solution of the potassium

salt is treated with bromine and sodium bromide for a short time and then
extracted with ether, as illustrated by the preparation of 1-methyl-4-
bromonaphthalene from 1-methyl-4-naphthalenesulfonic acid (68%).2*

59, Interaction of Organometallic Compounds and Halogen
RHgX + Br, — 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 neopentyl iodide where other methods
have failed (92%).%*4 It has been found convenient in the synthesis of
9-iodoanthracene (53%)*** and certain heterocyclic halides.***

The method has been of particular value in the preparation of difunc-
tional compounds. For example, the action of elemental halogen on
sodium acetylides or alkynylmagnesium halides gives 1-halo-1-alkynes
(70-90%).%29,39%,3¢3  Also, halo esters, phenols, or acids result when the
appropriate aromatic mercurial is treated.’61, 362,344 Sometimes p-toyl-
sulfonyl chloride is substituted for chlorine gas.?®* p-lododimethylaniline
is easily made in 42-54% yield by the reaction of p-dimethylaminophenyl-

lichium and iodine,®!

60, Interaction of Grignard Reagents and Haloalky! Sulfonates
RMgX + p-CH,C4H,S0,0(CH,),Cl — R(CH,),Cl + p-CH,C,H,SO,0MgX

The reaction of various Grignard reagents with excess y-chloropropyl
p-toluenesulfonate (n = 3) is a satisfactory procedure for lengthening
carbon chains by three methylene groups; the yields are about 50-60%
when the Grignard reagent has six or more carbon atoms.**? [S-Chloro-
ethyl p-toluenesulfonate (n = 2) or di-(B-chloroethyl) sulfate®** can be
employed to effect an increase of two carbon atoms in the chain; how-
ever, reaction of the Grignard reagent with ethylene oxide is usually

superior.

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

RCO,Ag + X, — RX + CO, + AgX
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' Silver salts of carboxylic acids react with bromine or chlorine in an
m.ert solvent to give carbon dioxide, a silver halide, and the halide con-
te}ming one less carbon atom than the acid. The method has been re-
viewed,*®* Both low- and high-molecular-weight aliphatic bromides have
be?n prepared,**,%%,¢13 The degradation of silver salts of aromatic
acids is complicated by nuclear halogenation.®t* The procedure is
valuable as a step in the synthesis of w-bromo esters (Cs to C,,) from
dicarboxylic acids, %% 392 !

The formation of neopentyl bromide by the degradation of silver ¢-
butylacetate is in keeping with a free-radical mechanism and eliminates
the possibility of a carbonium-ion mechanism,s1®

62. Reductive Elimination of Halogen from Polyhalides
CHBr, + Na,AsO, + NaOH — CH,Br, + Na,AsO, + 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-
nite,*** Similarly, trichloroacetic acid in aqueous solution is converted
to dichloroacetic acid by the action of copper.®¢ Dihalo ketones have
been selectively hydrogenated to monohalo ketones, as illustrated by
the conversion of phenyl a,a-dichlorobenzyl ketone to phenyl a-chloro-
benzyl ketone (65%).47 Tetraiodothiophene on reduction with sodium
amalgam loses three iodine atoms to give B-iodothiophene (64%).4°

63, Interaction of Amides and Phosphorus Pentahalides (von Braun)
RNHCOC,H; +PCl, — POCI, + C4H; CN + Rl + 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 is also formed, is troublesome.*’ The process has
been applied mostly to high-molecular-weight amines obtained by the
Hofmann degradation of acid amides or by reduction of nitriles.*?240s

Diamines lead to dihalogen derivatives. 0 42 [f N-benzoyl piperidines
are treated, substituted pentamethylene halides are formed.**%** An
example is the synthesis of pentamethylene bromide by the action of
phosphorus pentabromide on N-benzoyl piperidine (72%).

CyH oNCOCH, + PBry — Br(CH,), Bt + C,H, CN + POBr,
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64. Direct Halogenation of Hydrocarbons
RH + X, — RX + HX

Direct halogenation of alkanes has found limited use in the laboratory

preparation of aliphatic mono- and dihalideg;314-213,27°,5%1 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 is accelerated by heat and light and proceeds rapidly in
the vapor phase.”*° 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

peroxides.?*” Halogenation of alkenes at elevated temperatures leads

to allyl-type monohalides.***

Direct halogenation of aromatic hydrocarbons finds more use. In sun-
light and in the absence of catalysts, the alkylbenzenes are chlorinated
or brominated predominately in the side chain.**=%¢ A peroxide-induced
reaction with sulfuryl chloride proceeds smoothly and easily, giving no
nuclear substitution.?¥” In contrast, the thiophene ring undergoes sub-
stitution under these conditions.?” Benzyl bromide has been prepared
in 60=75% yield by bromination of toluene with carbon tetrabromide?®*°
or N-bromosuccinimide.*** In the presence of benzoyl peroxide, the latter
agent causes a predominance of side-chain substitution.?**2%® The side-
chain halogenation of 2-methyloaphthalene has been accomplished using
chlorine, phosphorus trichloride, and light.24

In the presence of halogen carriers, such as 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 solvent,?? Good examples
of liquid-phase halogenation are found in the chlorination *** and bro-
mination22%2% of the polyalkylbenzenes (60-80%). The course of the
bromination in the gaseous phase is markedly influenced by the temper-

ature; at 400° p-dibromobenzene (57%) is formed, whereas at 450° to
630° m-dibromobenzene (60%) is formed.?”* Polybromination substitutes
the benzene ring completely with the replacement of any sec- or tert-

alkyl groups; however, straight-chain-alkyl groups are not affected,?”
134 jodine monobromide,?** and N-bromosuccinimide 2** have

Bromine,
f certain poly-

been employed as brominating agents in the treatment o
cyclic hydrocarbons. The conversion of naphthalene to its a-bromo
derivative with one equivalent of bromine occurs rapidly at room temper-
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ature (75%); no halogen carrier is needed.?** In the presence of an j
;:atalyst and at a temperature of 150° to 165°, B-bromonaphthalz:elfon
ormed to the extent of 57%. These conditions are favorable f. °
a \—_.\ﬁ-bromonaphthalene equilibrium. e’ sere
io:lDi;recft iodinati:n off the nucleus can be brought about if the hydrogen
dide is removed as fast as it is formed,
plished either by oxidation or by reaction v:;:h‘:";:‘;‘i :aan:e ?com-
?xample, nitric acid as an oxidizing agent is convenientgand.eff g i
in 'the Preparation of iodobenzene (87%).2¢ Sodium persulfate ; oeert
acid gl.ves good results in the iodination of benzene and its hom ?ce“f”
glhe:;:rzg;;x)iie' h:s b;en used as a basic agent in the iodinatio:(;foflfi.o-
o) nother general method consists in treating the orpani
compound in ether with a suspension of silver perchlor fodine, and
calcium carbonate; the last neutrali i et ‘°f1me’.and
Iod'ine rrtonochloride has been used :;st;l;eiit:lbii::tizcril E’)‘;‘;Ei‘::fsa:;g-"‘
grfunes-m -Whl?h the substitution of hydrogen atoms takes place readily.2*®
’ -chc mIifmau'on of benzoic acid is performed by the action of jodine :;d
(715;)1:539:1 ate in concentrated sulfuric acid to yield m-iodobenzoic acid
. \f’anous hete.rocyclic compounds undergo nuclear halogenation,2s35-26
uran and' thiophene, the halogen enters the alpha position. The va
phasc? reaction ?f pyridine and bromine at 500° furnishes 2-b;omo- andpor-
;,g-d;brom).—p.yncl‘ines, and at 300°, 3-bromo- and 3,5-dibromo-pyridines,2ss
) romopy-ndme is more conveniently prepared by pyrolysis of pyridine.
yfirob.romzde perbromide (40%). Similarly, quinoline yields 3-br
qufnolfne at 300° and 2-bromoquinoline at 500° 362 Pyrolysis O?TO--
qumf)lme 'hydrobromide perbromide gives the 4-bromo derivative (5;;) 263
Difunctional compounds have been prepared by the nuclear halo nati
of phen.ols,"’ acids,?*% 3% amines,?° cyanides,** and nitro com of::at::n
lA/.‘i;lomal:lc testers c°n.taining .nuclear halogen atoms are best prepired l:y
: logenat}ng the acid chloride followed by esterification.?®® The direct
a ogenations of ethers (method 65), aldehydes and ketones (method 66
anfll-hacnds and esters (method G7) are discussed later. 0 ”
e process of h i i i iti
o thispsubject app:i:g:;ai::::it: :Ia;;ifen reviewed; in addition, articles

65, Halogenation of Ethers
CeHs; OCH; + PBr, — p-BrC,H,OCH, + PBr, + HBr
Halogens react very vigorously with aliphatic ethers at room tempera-

ture to yi i
i yn.eld .complex mixtures. Thus, the products formed by successive
stitution in the chlorination of diethyl ether at room temperature are
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a-chloroethyl, a,B-dichloroethyl, a,83,5-trichloroethyl, and a,3,53,5tetra-
chloroethyl ethyl ether. The B-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 at —20° or below with
one equivalent of chlorine, a-chloroethyl ethyl ether is formed in 42%
yield, Further chlorination at this low temperature leads to a,a’-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 is under way.*®
Other methods are available for the preparation of a- and [-halo ethers
(see Chapter G).

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%)*** and p-iodo-
anisole (46%),2* respectively. Phosphorus pentachloride has also been
used for the halogenation of the nucleus as in the preparation of 4-chloro-
biphenyl ether (90%).2** The action of this reagent with aliphatic and
aryl-aliphatic ethers is 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,— RCHB:tCHBrOR” + HCI

In the conversion, the chlorine atom is replaced by bromine. Since the
yield is nearly quantitative (90-95%), the bromination product is often
used without purification to avoid losses by decomposition.*®*,4

66, Halogenation of Aldehydes and Ketones

RCH,COCH,R + Br, — 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 formed.** On the other hand,
only the tertiary hydrogen in methyl isopropyl ketone is substituted upon
monobromination.** By varying the conditions for the bromination of
acetone, mono- of poly-substitution products may be formed: e.g., bromo-
acetone (44%),% a,a’-dibromoacetone (60%), and a,a,a’-tribromoacetone

(60%)‘ 634
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Often.times condensation reactions are promoted by the liberated hydro-
g?n h?hde (cf. method 36). This difficulty may be overcome by bro-
minating in the presence of calcium carbonate or potassium chlorate,**

6RCH,COR + 3Br, + KClO, — GRCHBrCOR + KCI + 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 is used as a catalyst.* Phos-,
phorus pentabromide,*°® N-bromosuccinimide,?!* and pyridine hydrobromide
petbromide *°* have been used as brominating agents.

Chloro ketones have been prepared by direct chlorination 496, 47 of by
the action of sulfuryl chloride.%* Cyclohexanol suspended in water in
the presence of calcium carbonate is oxidized and chlorinated in one
step to 2-chlorocyclohexanone (57%). 48

Aliphatic aromatic ketones are halogenated in the side chain exclu-
sively, as in the synthesis of a-bromoacetophenone (96%).4® The reaction
is frequently carried out in cold ether, which can be easily removed,** 5’
The third chlorine atom is introduced into trichloroacetophenone by pass-
ing chlorine into a solution of dichloroacetophenone and fused sodium
ac:etate in acetic acid at 95° (95%).%*¢ The treatment of 2-acetylthiophene
with bromine in carbon tetrachloride in the presence of iron filings yields
2-(bromoacetyl)-thiophene (80%).%°

Direct halogenation of aldehydes is more complicated, Substitution
on the aldehyde carbon as well as the a-carbon may take place. Thus
acetaldehyde in aqueous solution yields chloral, whereas, in the abset;ce
?f water, acetyl chloride is formed. Bromination of cyclohexanealdehyde
in chloroform at 0° in the presence of calcium carbonate is straight-
fc?rward, the 1-bromo compound being formed in 80% yield.**® Also, the
direct bromination of n-valeraldehyde in chloroform solutjon at -15’° has
!)een successfully accomplished, a-bromo-n-valeraldehyde being formed
in 70% yield.** Frequently, the reaction mixture containing the a-bromo
aldehyde is treated with absolute ethanol and the product is isolated as
the diethyl acetal.®*! o-Chlorobenzaldehyde, which lacks an a-hydrogen
undergoes chlorination to give o-chlorobenzoyl chloride. ’

Bromination of acetals affords satisfactory yields of the a-bromo
acetals. The reaction is carried out in cold chloroform solution in the

presence of calcium carbonate, which reacts with the liberated hydrogen
bromide, s+

RCH,CH(OC,H;), + Br, + CaCO, — RCHBrCH(OC,H, ), + CaBr, + CO,
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Acetals may also be converted by the action of phosphorus trichlorodi-
bromide to a-bromoaldehydes (60-75%).%*

RCH,CH(COR”), + 2PCl,Br, — RCHBrCHO + 2R’Br + HBr +
POCI, + PCl,

In other instances, aldehyde trimers have been brominated and then heated
to yield the monomolecular derivative. 313 %3¢ 57 '

Bromination of enol acetates of aldehydes with subsequent re.actmn of
the brominated product with methanol furnishes a novel synthesis of

a-bromoaldehyde acetals.

r CH,O0H
RCH = CHOCOCH, B RCHBrCHBIOCOCH, —2— RCHBrCH(OCH,),
ccl,

The yields of enol acetates prepared by boiling the aldehydes with acetic
anhydride and potassium acetate range from 40%—607?, 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 is the synthesis of a-bromoheptaldehyde (40% over-

all).s#
An analogous change is involved in the conversion of ketones possess-

ing a methylenic hydrogen atom as in methyl 7-amyl ketone, propiophenone,

and cyclohexanone. Bromination of the enol acetates with subsequent
M 1 643
hydrolysis in methanol gives a-bromo ketones in 46~90% yields.

67. Halogenation of Acids and Esters

PB;
RCH,COOH + Br, — RCHBrCOOH + HBr

Direct bromination of an acid yields the a~substituted product when red
phosphorus ot phosphorus halides ate used as carri?rs. _The ‘pro’c’idure
is illustrated by the preparation of a-bromo-n=caproic acid (89%) - and
a-bromoisovaleric acid (89%).5* An excellent laboratory preparanon.of
bromoacetic acid is fumished by a modification of the reaction in which
acetic anhydride with pyridine is used as the catalyst.®** '

Direct chlorination of acetic acid in the presence of a small quantity
of red phosphorus is a standard procedure for the pn?patatiorf of chloro-
acetic acid;?3* however, similar treatment of its stralgh't-clfam homolog.s
gives complex mixtures of halogenated acids.®*” Substitution by chlorine
in a branched-chain acid such as isovaleric acid occurs larg:ely 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% 5-, and 30% y-chloro-
butyryl chloride,®4’ ’

Oftentimes, it is desirable to halogenate the acyl chloride and then
hydrolyze the resulting a-halo acyl chloride or convert it to an ester
with alcohol. %45 64~¢5% Formatijon of the acyl halide and a-halogenation
can be accomplished in a single operation by using two molecular equiv-
alents of bromine (Hell-Volhard-Zelinsky).5*%*¢ Another successful
procedure employs thionyl chloride not only as the reagent for forming
the acyl chloride but also as a solvent for the subsequent halogenation,
which is accomplished with either bromine or sulfuryl chloride; no red
phosphorus is needed.®s°

Malonic 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 salts of monoethyl alkylmalonates with bromine
provides the a-bromo esters directly, although the yields are relatively
low,ss

Halogenation of the higher dicarboxylic acids occurs readily to give
a,a’~dibromo acids, for example, a,a’~dibromoadipic acid (70%),342
In fact, it is difficult to avoid these products when the a-halo dicar-
boxylic acid is desired. Preparation of the monohalogenated compounds
is accomplished by treatment of the ester acyl chloride with bromine or
sulfuryl chloride in thionyl chlotide solution (88-98%). s

68, N-Halogenation of Amides and Imides

RCONH, + Br, + KOH—» RCONHBr + KBr + H,0

Amido®% %t or imido 5*"%** hydrogen atoms are easily replaced in the
cold by the positive bromine atom of alkali hypobromites. The reaction
is the first step in the Hofmann degradation of acid amides (method 446)
and, as such, has been extensively studied. The N-bromoamides are
sometimes isolated.**® Excellent directions are given for the preparation
of N-bromoacetamide (51%).%9%

69. N-Halogenation of Amines
RNH, + NaCGCl— RNHCI + NaOH

N-Halogenated amines can be prepared in excellent yields by treating
the amine with sodium hypochlorite in ethereal solution, the mono- or
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di-chloro derivative being formed depending on the molecular proportion
of reactants.s*s A number of dichloroamines have been made by passing
chlorine directly into a cold solution of sodium bicarbonate and the free
amine, as in the preparation of n-butyldichloroamine (92%).%% N-Chloro-
t-butylamine is formed in a similar way.**’

70. Haloalkylation

ArH + CH,0 + HX — ArCH,X + H,0

A survey of the chloromethylation of aromatic compounds has been
made,**® and a thorough study of the conditions of the reaction fo.r th.e
production of benzyl chloride has been carried out.*** The reaction is
generally applicable to aromatic hydrocarbons. The effect of substituents
on the ease of chloromethylation is pronounced; alkyl and alkoxyl groups
facilitate the introduction of the chloromethyl group, whereas halc?gen,
carboxyl, and nitro substituents retard or prevent the reaction. Zinc
chloride, sulfuric acid, and phosphoric acid** have been used as catalysts
when needed. A chief by-product is the bis-chloromethyl compound.
Indeed, these disubstituted hydrocarbons are readily obtained by employ-
ing excess hydrochloric acid and formaldehyde, e.g., bis<(chloromethyl)
durene (67%)*° and 2,5-bis-(chloromethyl)-p-xylene (55%).5%° .

Related reactions such as bromomethylation,34%3°* chloroethylation,
and chloropropylation**! have been reported. '

Thiophene and benzothiophene undergo chloromethylation to furnish
the respective 2- and 3-chloromethyl derivatives.®4*=3% '

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

RCOCH, + CH,0 + HCl — RCOCH,CH,Cl + H,0

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

71. Allylic Bromination (Wohl-Ziegler)

N-Bromosuccinimide

RCH=CH—CHR —m ™ 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, it consists in heating the }msaturated
compound in anhydrous carbon tetrachloride under reflux with N-bromo-
succimide (or N-bromophthalimide). As the bromination proceeds,.suc-
cinimide collects at the surface of the mixture. After the completion of
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the reaction, the insoluble imide is filtered and the solution is processed.
The scope, limitation, and experimental details have been elegantly
reviewed.*"s ‘

As a result of an extensive study, it 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.**¢ It is noteworthy that the bromination of l-octene with N-bromo-
succinimide yields a mixture of 1-bromo-2-octene and 3-bromo-1l-octene
and that the proportion of these isomers is in close agreement with the
equilibrium mixture formed at 100° by analogous bromides, 3

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, 57 ¢ss

724 Action of Phosphorus Pentachloride on Carbonyl Compounds
RCOCH,R’ + PCl; — RCCI,CH,R’ + PCCl,

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 is evolved with the forma-
tion of monochlorodlefins, RC(Cl) = CHR’; however, the resulting mix-
ture is suitable for the acetylene synthesis.“* Small amounts of dichloro
compounds of the type RCHCICHCIR” are also formed. These side re-
actions are limited by adding the ketone to the phosphorus pentachloride
at 0° C,

Arylacetones are converted mostly to mixtures of chloroBlefins, giving
very little of the dichlorides. Aromatic methyl ketones yield mixtures of
an a-chloro ketone and the monochlorodlefin,4?

Phosphorus pentabromide causes mainly a-halogenation,* Even phos-
phorus pentachloride leads to an a-chloro ketone in the case of ethyl
t-butyl ketone,*s!

(CH,);CCOCH,CH, + PCl; — (CH,);CCOCHCICH, + HCl + PCl,
73. Addition of Hydrogen Halides to Olefinic Compounds

HBr > CH;CHBI'CH;
CH’CH = CH Peroxid
* \Peroxides CH,CH,CH,Br
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The addition of hydrogen halides to olefinic linkages is 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,B-olefinic system is important for obtaining certain unsaturated
halides,*** and halogenated acids,!* esters,?* and cyanides,¢ all having
the halogen atom in the beta position. The reaction between isoprene and
dry hydrogen chloride is noteworthy. These compounds combine in ether
solution at ~15° to form 3-chloro-3-methyl-1-butene on addition of a
limited quantity of halogen acid (1,2-addition) or 1-chloro-3-methyl-2-
butene with excess acid; furthermore, the former rearranges upon heating
to the latter under the catalytic influence of hydrochloric acid.®**

Cl

Heat

H,C= C —CH =CH, = H,C—~C —CH =CH, —>
CH, CH,
H,C — C = CHCH,CI
&,

Reactions with hydrogen bromide or hydrogen iodide generally occur at
room temperature, whereas the addition of hydrogen chloride may require
heat. Benzene, pentane, and ether are employed as solvents.

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

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 is reversed. A discussion of the peroxide effect has
been presented.!*® Examples include the addition of hydrogen bromide to
trimethylethylene, (CH,),C = CHCH,, and styrene, Ce¢Hs CH = CH,.***

From methylene compounds of the type R,CHCH = CH,, a mixture of
isomeric halides may form as a result of an isomerization.'**

(CH,),CHCH — CH, %%, (CH,),CCICH,CH, + (CH,),CHCHCICHj

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 is 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 is generally run at low temperatures. (~20° to
20°) using a solvent, such as chloroform, carbon disulfide, acetic acid,
or ether; it is sometimes aided by artificial light or sunlight. Heating is
usually not recommended because it promotes substitution and dehydro-
halogenation. The procedure is illustrated by the addition of bromine to
allyl bromide to yield 1,2,3-tribromopropane (98%).43*

The dibromides are often used for the purification of olefins since the
double bond is easily regenerated by zinc and alcohol treatment, 4341425

Compounds of the type RR“CHCHBrCHBIR"’, where R” is an alkyl
group or a hydrogen atom are prepared directly from the corresponding
tertiary alcohols.*** Under the conditions of bromination, simultaneous
dehydration and addition occurs: e.g., t-amyl alcohol to trimethylethylene
dibromide (70%),43

Additions with more-reactive gaseous chlorine are carried out slowly
at low temperatures to avoid substitution reactions. An efficient gas-
liquid reaction tower has proved satisfactory for this purpose.** The
addition to the double bond is trans.4** Sulfuryl chloride®?” and phosphorus
pentachloride!*® have been used as chlorinating agents. With sulfuryl
chloride, cyclohexene is converted in 90% yield to 1,2-dichlorocyclo-
hexane, which is difficult to obtain in good yields by direct chlorination,?

Iodochlorides have been prepared by the action of mercuric chloride and
iodine on olefins.41

A conjugated double bond system undergoes 1,4-addition (Thiele’s
rule); for example, butadiene and an equimolar quantity of bromine yield
1,4-dibromo-2-butene (90%).5*®* On the other hand, chlorination of buta-
diene in the liquid or vapor phase furnishes about equal amounts of 1,2-
and 1,4-addition products.®*® Other polyfunctional compounds resulting
from this method of preparation include dibalogenated acids,**? esters,**
aldebydes,** and ketones.** 442 The addition of bromine to unsaturated
ethers yields dibromo ethers which are used as intermediates in the
synthesis of olefins (method 21) and olefinic alcohols (method 99).

75. Peroxide-Induced Addition of Halogenated Compounds to Olefins
Peroxide

CCl, + RCH=CH, —— s RCHCICH,CCl,

In photochemical or peroxide-induced reactions, polyhaloalkanes—
catbon tetrachloride, chloroform, dibromodichloromethane or bromotri-
chloromethane—add to olefins containing a terminal double bonad. 57,53
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For example, the addition of carbon tetrachloride to l-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 is applied to a
combination of ethylene and a polyhalomethane, products of the general
formula X(CH,CH,),Y are obtained, in which X is hydrogen or halogen
and Y is the remainder of the polyhalomethane molecule,®s?

Aliphatic olefins and a-bromocatboxylic esters yield y-bromo esters
in good yields, as illustrated by the formation of ethyl y-bromocapoate
from l-octene and ethyl bromoacetate (57%).***

76, Condensation of Hydrocarbons and Halogenated Compounds
AICI,
RX +H,C=CH, — RCH,CH,X

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 is the reaction of t-butyl
chloride and ethylene to form 1-chloro-3,3-dimethylbutane (75%).554
Although the yields are good with tertiary halides, the combination of
primary and secondary alkyl halides with ethylene is slow and complicated
by isomerization.

The condensation of saturated hydrocarbons with halodlefins in the
presence of anhydrous aluminum chloride also results in the formation of
alkyl halides, as in the preparation of 1-chloro-3,4-dimethylpentane from
isobutane and allyl chloride (40%).%* Under the same conditions, alkyl
halides react with olefinic halides to give dihaloalkanes.**® unsym-
Heptachloropropane is synthesized from tetrachloroethylene and chloro-
form (93%).%

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% yields.®*

H,C=CHCH=CH, |—) R,CHORCHQCHCICH =CH3

ZnCl, L R’CHORCHICH =CHCH3C].

ROCHCIR’

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

Aromatic compounds have been alkylated with unsaturated halides to
aryl-aliphatic halides. Hydrofluoric acid is an effective condensing agent
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for this purpose, as illustrated by the preparation of -chloro-t-butyl-
l.)enzene (60%).%%® Benzene and allyl bromide are converted to ﬁ-btzmo-
isopropylbenzene by means of concentrated sulfuric acid in 58% yield, es
A large number of alkyl-substituted aryl halides have been made b .
alkylating halogenated benzenes. An example is the treatment of br:mo-
benzene with isopropyl chloride in the presence of aluminum chloride
4-bromocumene being formed in 67% yield. ¢ Similarly, o—dichlotober;zene
and ethyl bromide give 3,4-dichloroethylbenzene (53%).%%* Alkylation of
chlorobexfzene with alcohols and aluminum chloride at 90° yields mainl
the para isomers with some meta, but with ethylene at 100° the princip:l
products are the meta isomers (80%).%* Boron trifluoride in the presence
of a strong dehydrating agent like phosphoric anhydride is an excellent
catalyst for the alkylation of monohalobenzenes with alcohols p-s-alkyl-
halobenzenes being formed in 30-66% yields. Its chief advant’ages a.rey
lack of meta-isomer formation and halogen migration, both of which ma
occur with aluminum chloride as catalyst.%¢* !
Triphenylchloromethane is synthesized in 86% yield by the reaction of
carbon tetrachloride and benzene in the presence of aluminum chloride, 66

77, Addition of Hypohalous Acids to Olefins
RCH=CHR’ + HOX — RCHOHCHXR"’

H.al?hydrins are prepared by vigorously stitring a cold mixture of an
ole.fmu.: compound and a dilute hypohalous acid solution until the re-
action is fomplete. 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;** also a solution of
l.ualo.gen in water has been used.** In other instances, t-butyl hypochlorite
in d11ute\ acetic acid,*”° aqueous calcium hypochlorite,*® monochlorourea
and acetic acid,*+* benzenesulfondibromamide,®? or N-bromoacetamide
anf‘l water®’! have been used successfully as a source of the hypohalous
af:ld. An emulsifying agent with efficient stirring gives improved
yields.#®% 47 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%),4 and trans-2-bromocyclohexanol
(79%).471

The reaction has been carried out with diolefins,*’* unsaturated
ketones,*®” and unsaturated acids,*”

When' the above reagents are combined with olefins in the presence of
a reactx\fe solvent like an alcohol or acid, the corresponding halohydrin
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ether or ester is formed.s3*¢° For example, propylene and t-butyl hypo-
chlorite react in the presence of either methanol or acetic acid to give
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 35-50% yields by the interaction of
1-olefins (C, to C,) and chromyl chloride, Cr0,Cl,, with subsequent
hydrolysis. In each instance, the hydroxyl group takes a primary position
as in RCHCICH,OH, opposite to that given by hypochlorous acid.***

78, Addition of Hydrogen Halides to Oxides

O
RCH—CHR’ + HX — RCHOHCHXR"’

The opening of oxide rings with halogen acids furnishes an excellent
method for prepating halohydrins of known stereoconfiguration. Thus,
the isomeric 2,3-epoxybutanes are first prepared from a mixture of the
isomeric bromohydrins, separated by fractional distillation, and then

converted to the pure erythro- or threo-halohydrins with hydrogen halide.*®

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 iodide.*’%*"” When an oxide is not symmetrical,
the ring opening leads to an isomeric mixture, the composition of which
8 8 ’

depends on the structure of the oxide. Extensive studies of the mechanism

of the reaction have been made and have been reviewed.®?

TABLE 7. HALIDES

TABLE 7. HALIDES

c c Yield
n ompound Metkod % Chapterrefe B.p./mm,, nlt), (M.p.), Deriv,
Aliphatic Halides

C; Methyl jodide 52 95 47 42.5

C, Ethyl bromide 51 95 41 39.5

C3 nPropyl chloride 51 70 41 47+
n-Propyl bromide 51 87 4568 71, 1.4330

52 95 47 73
n-Propyl iodide 51 91 408

52 90 4m 102
Isoptopyl bromide 51 74 4% 61

51 60 43 60/720

52 68 47 63
Isopropyl iodide 52 92 47 89

55 63 4378

Cs  nButyl chloride 51 78 410 77.5
n-Butyl bromide 51 95 41 104, 1.4392*
n-Butyl iodide 52 94 47 129

54 78 400 130, 1,504
s-Butyl chloride 51 88 418 68*
s-Butyl bromide 52 80 474 93
Isobutyl bromide 52 60 474 93/760, 43/135
Isobuty] iodide 51 88 450 '

52 80 47 122
t-Butyl chloride 51 88 49 52
t- Butyl iodide 51 90 4603 100d*

Cs n-Amyl fluori.de 55 50 457 64/766, 1.3569%
n-Amyl chlor'xde 53 80 4185 106/725, 1,4128
n-Amyl bromide 51 78 4% 127, 1.4443%

54 88 4368 124/760, 1.4290%8
Ss 85 4.\78
2-Chloropentane 53 28 412 95/729, 1.4068
2-Bromopentane 51 90 47 118/745, 1.4415
3-Chlotopentane 53 46 412 96, 1.4104
3-Bromopentane 51 85 47 118/760, 1.4443
{#)-2-Methylbutyl bromide 52 66 457 120, 1.4552
Isoamyl bromide 51 90 41 120
Isoamyl iodide 52 85 47 148
t-Amyl chloride 51 65 44 86
Neopentyl bromide 59 82 4584 105/732, 1.4370
o 61 62t 4% 104109, 1.4369
Neopentyl iodide 59 92 434 70/100, 1.4890

C¢ n-Hexyl bromide 51 82 42 156
3.Bromohexane 73 76 4188 68/50, 1.4450
1-Bromo-2-methyl- 52 65 477 44/17' 1.4495

pentane '.
2-Chloro-4-methyl- 51 82 410 112/733, 1.4113

pentane
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TABLE 7 (continued)
R ‘ ]
C Compound Method Yl;ld Chapterref-  B.p./mm., nn, (M.p.), Deriv.
n (]
Aliphatic Halides (continued) -
C¢ 3Chloro-3methyl- 51 sot  4n 69/160, 1.4208
pentane
1-Chloro-2-ethylbutane 53 82 4:" 88/225, 1.4230
1-Bromo-2-ethylbutane 52 48 419 74.7/70
4-Bromo-2,2-dim ethyl- 52 63 4 59/51
butane
1-Chloro- 3, 3-dimethyl- 75 75 4654 41/50, 115, 1.4160
butane .
603
2,3-Dimethyl-2-iodo- 73 91 4 1.495
butane
C, 1-Bromoheptane 51 75 4: 71/19
51 20 4
52 90 4™ 178
2-Bromoheptane 51 75 4: 66/ 24, 1.4:76
3-Bromoheptane 51 75 4‘ 62/18, 1.4503
4-Bromoheptane 51 75 421. 60/18, 1.449505
2-Chloro-2-methylhexane 51 75 410 35/15.5, 1.42
2-Chloro-5-methylhexane 51 90 4n 138d/735 .
3-Chloro-3methylhexane 51 20 4u (;_;/;2.1 14;41215
-Chl 3-ethylpentane 51 94 4 .5, 1.
S 51 88 4% 65/52, 1.4329
1-Iodo-2,4-dimethyl- s2 83 4% 55/9
pentane
1-Chloro-3,4-dimethyl- 75 40 4958 53/20, 1.4299
pentane .
2-Chloro-4,4-dimethyl- 51 20 410 93/250, 1.4180
pentane
1-Bromo-4,4-dimethyl- 73 88 4167 71/35, 1.4484
pentane “ )
1-lodo-2-ethyl-3-methyl- 52 79 4 70/1
butane
C, I-Bromooctane 51 90 44 106/39, 1.4527
51 91 4t 93/22, 200
2-Bromooctane 52 88 47 70/10, 1.4500
2-Chloro-2-methylheptane 51 73 4’: 1.4257 Y
2-lodo-6-methylheptane 52 80 4:1‘ B3/14, 1.4870
1-Bromo-4-ethylhexane 51 83 4m 84/17
Chlorohexamethylethane 64 33 4 81/40, (53)
2
Cy n-Nonyl chloride G0 52 4:':1 79/4, 1.4400 s
n-Nonyl bromide 51 82 4 107.5/17.5 s
52 85 47 112/21, 1.4578
63 70 4402 91/9
Isononyl bromide 51 91 45 93/13
18
Cyo n-Decyl chloride 60 50 4382 142/24, 1.4400
n-Decyl bromide 51 73 46 124/20, 1.4558

TABLE 7. HALIDES

TABLE 7 (continued)
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Cn Compound

Method Yield

Chaptertef. B.p./mm., nlt), (M.p.), Deriv,

Aliphatic Halides (continued)

C,; n-Undecyl chloride
n-Undecyl bromide

Cy3 n-Dodecyl bromide
(laury]l bromide)

C 4 n-Tetradecyl bromide

Cys mn-Hexadecyl bromide
n-Hexadecyl iodide
{cety])

C,s n-Octadecyl bromide

n-Octadecyl iodide

53 94 414
61 67 4%
51 91 4!
51 88 4
51 71 434
51 98 4%
51 75 414
52 78 48
51 74 414
51 91 4°
52 94 4%

166/2, (23.5)

134/15

180/45

202/100, 136/6, 1.4586
147/5, (5.5) 1 4608

154/1.5, (17.8), 1.4627
225/22, 205/9, (22)

169/1.5, (27.4)
175/2, (27.6), 1.4594%°
(32.9)

Alicyclic Halides

C4 Cyclobutyl bromide

Cyclopropylmethyl
bromide

Cs Cyclopentyl chloride
Cyclopentyl bromide

Cyclopentyl iodide

Cs Cyclohexyl fluoride
Cyclohexyl chloride

Cyclohexy! bromide

i
i
Cyclohexyl jodide

Cyclopentylmethyl
chloride
Cyclopentylmethyl
bromide
1-Chloro- 1-methyl-
cyclopentane
1-Chloro-2-methyl-
cyclopentane
1-Chloro-3-methyl-
cyclopentane

C; Cyclohexylmethyl
bromide

A-Cyclopentylethyl
bromide

61 50 4%e
63 48 4398
51 60 419
51 80 434
51 70 4%
52 84 4%
51 80 410
73 70 41
51 70 4%
51 70 412
64 72 437
51 75 49
51 90 4%
52 77 4%
51 80 4803
52 80 4102
52 80 4%
52 50 454
51 56 450
73 100 4%
52 34 4%
52 60 486
51 78 4%
52 60 4%
51 65 4%

108/760, 1.4801
110

115/777

114/752

137/737, 1.4890
136, 56/45, 1.4882
58/22

63/200, (13), 1.4130%
48/26, 1.4600
142/755

68/62, 1.462

64/21
71/30, 1.4917%

83/20
60/50, 1.4611

57/17

64-74/152-162
67/125, 1.4477
72/125, 1.4477

76/125, 1.4469

83/26, 1.4906%*
77/26, 1.4889%%
77/19, 1.4863

For explanations and symbols see pp. xi-xii.
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TABLE 7 (continued)
. . ]
C, Compound Method Yl;ld Chapter"ef- B.p./mm., 7p,, (M.p.), Deriv,
- Alicyclic Halides (continued) o R
c, 5 4% .4406
C, 1-Chloro-1,3-dimethyl- 51 84 4 33/15, 1.4
cyclopentane
89 26
C, oCyclohexylethyl 51 59 4 96/
bromide "
B-Cyclohexylethyl 51 65 47 71/6, 1.4888
bromide
y-Bromopropylcyclo- 73 75 4188 145/124, 1.4841
pentane zs
y-Chloropropyleyclo- 60 19 418 87/22.5, 1.4582
pentane 466015
s .
Cy y-Cyclohexylpropy!l 60 62 4 79/5, 1
chloride "
y-Cyclohexylpropyl 51 77 4% 79/4, 1.4848
bromide
$Cyclopentylbutyl 51 65 4% 111/17, 1.4820
bromide »
© .48
Cy $Cyclohexylbutyl 52 74 4 92/4, 1.483
bromide 2a
B-Chlorodecalin 64 49 4 115/13
(cis ot trans) e
40 481
Cy €-Cyclohexylpentyl 52 74 4 114/5, 1.4
promide 52 87 488 90.5/1, 1.4784%
B Aromatic Halides
304 8
C¢ Fluotobenzene 56 57 ‘:no 1:2‘
Chlorobenzene 2 2;) o -
B benzene :
k::iinzene 56 76 430 78/20, 64/8
64 70 47 186
64 87 416 186
C, Benzyl fluoride 55 60 4:: 40/:;, 140/760
Benzyl chloride 64 70 41" 64/ 5390
64 80 4 99/62, 1.53
70 79 43¥ 70/15
i 48 198/760
B ] bromide 64 64
- 70 87 457
56 79 430 158
o-Chlorotoluene by s ' o s
30 181
o-Bromotoluene 56 2; ::nn s
o-lodotoluene ij > e Y
30
m-Fluototoluene 56 89 4 115

TABLE 7. HALIDES

TABLE 7 (continued)

C, Compound

Method

Yield
%

Chapterref. B.p./mm., n;), (M.p.). Deriv,

Aromatic Halides (continued)

Cy; m-Bromotoluene
t-Chlorotoluene
p-Bromotoluene

p-lodotoluene

C, aChloroethylbenzene
a-Bromoethylbenzene
B-Phenylethyl chloride

B-Phenylethyl bromide

o-Bromoethylbenzene
m-Chloroethylbenzene
m-Bromoethylbenzene

o-Methylbenzyl chloride

o-Methylbenzyl bromide
m-Methylbenzyl chloride
p-Methylbenzyl bromide
4-Bromo-o-xylene
4-Bromo-m-xylene
Chloro-p-xylene

Cy aChloropropylbenzene
1-Phenyl-2-bromopropane
3Phenylpropyl chloride

3Phenylpropyl bromide
2-Phenyl- 1-bromopropane

2-Phenyl-2-chloropropane
m-Bromo-n-propylbenzene
p~Bromo-n-propylbenzene
3Bromo-l-isopropyl-
benzene
4-Chloro-1-isopropyl-
benzene
4-Bromo-1-isopropyl-
benzene
p-Ethylbenzyl chloride

14
56
56
64
56

64
73
73
51
51
52
51
51
51
52

5
76

3

5
51
53
64
64
70
64
64
64

51
52
60
53
51
51
51
76
64

76
76

70

59
79
73
40
90

85
90
85
74
82
80
92
76
97
80
42t
80
80
86
91
89
80
80
87
97
70
83

55
63
62
50
82
68
75
58
90
85
45
58

63
67

71

4679
4 301

4 2

4 661
4 n7
4 673
4 670
4 680

4665

4662

183/760
162, (7)
185, (26)
(28)

212, (35)

93/30
73/11

66/3*

94/8

92/16

86/12

99/15, 1.5572
97/14, 1.5543%
95/13

93/11

88/18

72/14, 1.5171%
102/30, 1.54072%
86/20, 1.5470

100/28
84/14

218
102/30, 1.5345
(39)

94/15, 1.5558 %
205

184, (13)

87/15

114/21, 1.5416%
93/6, 1.5160%
97/12

110/9

109/10, 1.5540
118/20

111/16, 1.5462%
99/21

100/17, 1.5354
226

96/20

66-72/11, 1.5109
89/9, 216/744

100/11, 1.52933%

For explanations and symbols see pp. xi-xii.
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TABLE 7 (continued)
C, Compouad Method Y;:'d Chaptertef- B.p./mm., n, (M.p.), Deriv.
Aromatic Halides (continued)
Cs 2,4Dimethylbenzyl 70 61 434 118/16
chloride
2,5Dimethylbenzyl 70 90 4384 101/15
chloride
3-Chloropseudocumene 16 79 4967 127/61
Chloromesitylene 64 75 43 91/20
Bromomesitylene 64 82 43 107/17, 139/70
2-Bromoindene 19 55 28 124/22, (39)
Cy 2-Phenyl-1-bromobutane 51 80 49 132/28
52 70 49 60/1, 1.5385%*
3-Phenylbutyl bromide 52 85 4% 112/11
4-Phenylbutyl chloride 53 98 414 123/17
60 50 4% 102/6, 1.5183%*
m-Bromo-n-butylbenzene 5 83 467 116/18, 1.5330
p-Chloro-n-butylbenzene 64 72 43 224/748
m-Bromo-s-butylbenzene 5 92 4678 107/15, 1.5338
S-Chloro-¢-butylbenzene 64 70 4317 120/30, 1.5253
76 66 4660 111/90
m-Bromo-¢-butylbenzene 14 56 4978 106/17, 1.5337
p-Bromo-t-butylbenzene 64 75 43 81/2
p-Isopropylbenzyl 70 21 459 124/26
chloride
Isopropylphenylbromo- 51 64 4%° 119/17
methane
3-Bromo-p-cymene 52 60 4% 233
Chioroprehnitene 64 59 481 132724, (24), 1.5422%°
Bromoprehnitene 64 76 4% 141/30, 1.5650%, (30)
Chlorodurene 64 57 4 (48)
Bromodurene 64 80 4% (60.5)
Chloroisodurene 64 37 431 139/41, 1.5382%
Bromoisodurene 64 88 430 142/22, 1.5614%, (8.5)
o-Fluoronaphthalene 56 90 4307 98/17
a-Chloronaphthalene 64 90 4344 263*
a-Bromonaphthalene 64 75 484 135/12, 148/20
B-Fluoronaphthalene 56 81 4303 (60)
B-Chloronaphthalene 56 80 4308 61
[Bromonaphthalene 52 50 4% 282, (59)
56 45 4% (59)
a-Bromotetralin 56 55 43 130/2
Cy; 5Phenyl-1-chloropentane 63 73 4% 123/17
n-Butylphenylbromo- 51 70 430 123/10
methane
p-Bromo-n-amylbenzene 6 60 4973 115/5, 1.5545
p-Bromo-t-amylbenzene 64 70 42 125/20, 1.5321

TABLE 7. HALIDES

TABLE 7 (continued)
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- Compound

Yield

Method Chaptertef.
%

B.p./mm., ntD, (M.p.), Deriv,

Aromatic Halides (continued)

Cy p-Butylbenzyl chloride
t-Butylphenylbromo-
methane
Chloromethyldurene
1-Chloromethyl-
naphthalene
1-Bromomethyl-
naphthalene
2-Chloromethyl-
naphthalene
2-Bromomethyl-
naphthalene

Cya 2,4,6-Triethylbromo-
benzene
f~(1-Naphthyl)-ethyl
bromide
5-Chloroacenaphthene
7-Bromoacenaphthene
o~-Chlorobiphenyl
o-lodobiphenyl

m-Bromobiphenyl

m-lodobiphenyl
p-Chlorobiphenyl
p-Bromobiphenyl

C,; Diphenylchloro-
methane
o-Chlorodiphenyl-
methane
p-Bromodiphenyl-
methane
2-Bromofluorene
9-Bromofluorene

Ci4 3Bromo-1,2,4,5-tetra-
ethylbenzene

1-Chlorophenanthrene
1-Bromophenanthrene
1-Iodophenanthrene
2-Chlorophenanthrene
2-Bromophenanthrene
2-Jlodophenanthrene
3-Chlorophenanthrene

70 67 430
51 55 4%°
51 75 436
70 73 4%
53 79 414
70 77 434
64 56 408
70 81 4%7
64 53 44
64 22 430
64 70 4%
S1 91 4%
64 70 43
52 89 4%
64 32 43
12 52 4677
56 52 4308
12 16 467
14 s8 40
56 48 43
64 25 430
12 3s 467
51 82 4%
6 81 4611
3 92 4968
64 65 438
51 80 4%
64 64 4352
64 96 43
5% 41 40
56 72 4310
56 53 4310
56 42 4310
56 70 4310
56 47 4310
56 48 4310

146/27, 1.5159%
112/9

104/7.4, 112/9
141/15, (66)

139/6

133/5, 153/14, 1.635*
(56)

(53)

(49)

214/100, (54)

99/3, 1.5366
137/1.5

163/13, (69.5)

(72)

274/738, (32)

158/6

158/6

173/17, 1.6411
158-167/11, 1.6390%
152/1

291/745, (77)

(90)

116/1, 120/2.5
144/5

162/13, 128/3
239/48, (110)

(105)
151/10, 1.5425, (9)

(120)
(110)
(113)
(86)
(96)
116)
(81.5)

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

H . Yxeld f t .
Cpn Compound Method Y‘;ld Chapteref- B.p./mm., nf). (M.p.), Deriv. Cn Compound Method =, Chapter’!: B.p./mm., np, (M.p.), Deriv.
Aromatic Halides (continued) Heterocyclic Halides (continued)
idi 268
Ci 3>Bromophenanthrene 6 70 4 (84) Cs 3Bromopyridine 64 37 4% 63/15, 159HC
3-lodophenanthrene 56 47 43 (84) }Iodopyndx.ne‘ 64 19 4 (53), 154Pi
9.Fluorophenanthrene 56 30 4 (52), 107Pi 4—Chloropyr.xd.me 52 75 4:: 148*
9-Chlorophenanthtene 64 85 429 (51.5) 4-Bromopyridine 52 47 4 26.5/0.3, (9.5)
20 N-Chloropiperidine 69 90 4088
9-Bromophenanthrene 64 94 4 (56) 4+ Bromopiperidi . o ”
9-Iodophenanthrene 56 45 4 (92), 141Pi piperidine 4 193
9-Bromoanthracene 64 55 435 (101) Cg 2-o-Furylethyl chloride 53 61 419 71/42, 63/26, 1.4788%5
48 40 (102) 2,2-Dimethyl~4-bromo-~ 560 44 39% 51/11, 1.4686%
9-lodoanthracene 59 53 4355 (83) tetrahydrofuran
Cys 9Chloromethyl- 70 21 43% (102), 102Pi A-(2-Thienyl)-ethyl 60 71 4% 92,20
phenanthrene chloride
C.s fB-(9-Phenanthryl)-ethyl 53 77 4% (84 2,5-bis-(Chloromethyl)- 70 79 4% 10875, (37)
chloride thiophene
C,o Triphenylchloromethane 51 95 4% (112) 2-Piperidylmethyl chloride 53 60 413 (178)
76 86 4666 (112) hydrochloride
w-Trichloropicoline 64 25 4308 115/15
Heterocyclic Halides
C; 7Y-(ar-Tetrahydrofuryl)- 53 83 4147 75/4, 1.4540
C¢ 2-Chlorofuran 559 91 3gis 77/744, 1.4569 propyl chloride
3-Chlorofuran 559 79 3914 79/742, 1.4600 Y-(aTetrahydrofuryl) 52 66 49 101/16
2-Bromofuran 64 49 4% 103 /744, 1.4980 propyl bromide
559 75 3914 102/744, 1.4981 2-(2-Piperidyl)-1- 53 85 412 150HCI
3-Bromofuran, 559 48 391  103/745, 1.4958 chloroethane
2-Iodofuran 559 20 398 44/15, 1.5661 C, 2-Chloto-t-butyl- 558 50 391% 57715, 1.5315
B-Bromotetrahydrofuran 560 77 394 61/29, 1.4912% thiophene
2-Chlorothiophene 64 50 4% 129/742, 56/56, 1.5490 2-Bromobenzofuran 55 39318
2-Bromothiophene 64 55 425 154 3-Bromoben zofuran 77 39218 220, (39)
2-Iodothiophene 64 75 4% 73/15, 81/20 3-Bromothionaphthene 64 90 432 140/18
588 s
] 64 72 4‘” 89‘93/36- 1.6465 C9 2-Bromomethyl-2,3— 560 63 39 50 145/20’ 1.575
3-Jodothiophene 62 64 4 80/11 dihydrobenzofuran
Cs 2-Furfuryl chloride 53 63 41® 50/27, 1.4941 2-Chloromethylthio- 53 79 4582 126/2, (56)
2-Furfuryl bromide 52 50 47 34.5/2 oaphthene
3-Chlotomethylfuran 53 55 4% 43/17, 52/27, 1.4863 }Chlol:olinethvlthw- 70 56 4% 13175, (45)
Tetrahydrofurfuryl 5 75 4 42/11 naphthene
e:lrsofid: e ’ 2-Chloroquinoline 72 20 442 268/744, (38)
Tetrahydrofurfuryl 52 61 4% 70/22, 50/4 2-Bromoquinoline 64 25 4% 95/0.5, (12.5)
bromide 3-Bromoquinoline 64 50 421 162/24
2-Chloromethy Ithiophene 70 41 4% 75/17 5-Chloroquinoline 56 59 39Me  257/756, (43)
3-Thenyl bromide 64 48 78/1, 1.604 5 Bromoquinoline 56 47 495 (48)
2-Chloropyridine 64 31 4366 67/17, 1.5325 56 48 3914 280/756, (48)
2-Bromopyridine 56 92 4% 75/13 6-Chloroquinoline 575 88 391 159/45, (42)
64 “© £%  92/25 7-Chloroguinoline 56 59 39'% 268, (30)
2-lodopyridine 56 32 4% 93/13 7-Bromogquinoline 56 45 391 288/753, (35)
3-Fluoropyridine 56 50 4% 107/752 8-Chloroquinoline 575 55 39176 163/20
8-Bromoquinoline 56 74 4315 166/18

For explanations and symbols see pp. xi-xii.
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TABLE 7 (continued)
Yield f t .
Cn Compound Method % Chapterf®ls B.p./mm., npy, (M.p.), Deriv,
Heterocyclic Halides (continued)
C, 1-Chlotoisoquinoline 64 91 44 165/30
72 66 4454 278/759, (24)
72 91 393® 278/759, (38)*
4-Bromoisoquinoline 64 45 4% 152/13, (40)
Cy 4-Bromo-2-methyl- 52 25 394 89/1
quinoline
2-Chloro-4-methyl- 52 95 40 (58)
quinoline
2-Bromo-4-methyl- 52 91 391 126/1, (81)
quinoline
Cy 1-Bromodibenzofuran 14 78 481 (%)
2-Bromodibenzofuran 64 51 4% (109)
4-Bromodibenzofuran 59 41 43% (71)
4-lododibenzofuran 59 42 458 (73)
4-lododibenzothiophene 59 22 435 (102)
1-Chlorocarbazole 557 90 391 (110)
3Bromocarbazole 64 55 408 (199)
3-lodocarbazole 64 40 439 (194)
C,s 9-Chloroacridine 100 39317 (120)

For explanations and symbols see pp. xi-xii.

TABLE 8. DIHALIDES

C, Compound Method Y(l;l)d Chapter‘ei- B.p./mm., n;). {M.p.)
(]
Aliphatic and Alicyclic Di- and Poly-halides

C, Methylene bromide 62 90 4904 100
Methylene iodide 62 97 4408 107/70
Trifluoroiodomethane 61 80 4812 -22
Bromodichloromethane 87 45 88, 1.4962

C, Ethylidene dibromide 72 20 44 106~114
1-Chloro-2-fluoroethane 53 69 4%7  _51-55, 1,3727%
1- Bromo- 2-fluoroethane 52 57 4807 7
sym-Tetrachloroethane 74 85 4497 145, 1.4942

C, Propylidene dichloride 72 30 4446 88
Trimethylene bromide 51 95 41 165
Trimethylene iodide 55 84 437 78/5*
Trimethylene chloro- 52 94 4104 143

bromide

TABLE 8. DIHALIDES

TABLE 8 (continued)
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C, Compound Method Y(l;;d Chapter‘ef' B.p./mm., nf), (M.p.)
Aliphatic and Alicyclic Di- and Poly-halides (continued)
C, Trimethylene fluoro- 55 71 4%7 101/756
bromide
Trimethylene iodo- 55 53 43 60/15
chloride 52 58 410 173
1,2,3-Ttichloropropane 52 57 4308 158
74 90 449
1,2,3Tribromopropane 74 98 44 103/18
unsym-Heptachloropropane 76 93 45% 113/10, 140/32, (30)
C. 1,3Dichlorobutane 53 44 41 133
2,2-Dichlorobutane 72 50 4447 102/728
dl-2,3-Dichlorobutane 74 81 440 53.2/80, 1.4409
meso-2,3-dichloro- 74 63 440 49.5/80, 1.4386%
butane )
1,4-Dibromobutane 51 85 44 97/30, 110/30
54 47 437 85/18
54 63 4 63/3
61 58 4398 81/11
63 49 4%0 78/10
1,4-Diiodobutan e 54 96 4909 110/10, 1.615
54 70 4367 152/26
1-Bromo~-4-chlorobutane 64 35 4% 112/100
52 62 430 82/30
52 98 4108 176, 1.4885
l-Iodo-3-chlorobutane 55 78 4310 51/6.5, 1.5267
I-Iodo-4-chlorobutane 55 71 437 94/17
erythro-2-Chloro-3- 51 63 4% 35/5, 1.5313%
iodobutane
1,2Dibromo-2-methy]- 74 75 4423 150/735, 62/45, 1.5068*
propane
Isobutylene iodochloride 74 67 44 56/22, 1.52378
Cs 1,3Dichloropentane 64 30 430 80/60, 1.4485
1,4 Dichlotopentane 64 31 431 88/60, 1.4503
1,5-Dichloropentane 64 19 4370 102/60, 1.4563
1,5-Dibomopentane 54 82 447 106/19
63 72 4397 110/20
2,3-Dibromopentane 51 94 49 91/50, 1.5087
74 87 48 91/50, 1.5087
1~ Bromo-5-chloro- 51 82 456 102/30, 1.4838%
pentane 52 88 4119 1
1o do- >-chloro- 55 90 m 5125 Taras
pentane
1-Iodo-4~chloro- 55 20 437 61/3.5, 1.5248
peatane
1-Iodo-5-chloro- 55 62 43710 76/4, 1.5304
pentane

Fot explanations and symbols see pp. xi—xii.
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TABLE 8 (continued)
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Compound

Method

Yield

(%)

Chnpter“f- B.p./mm,, "I‘)' (M.p.)

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

122 . HALIDES Ch. 4
TABLE 8 (continued)
Cn Compound Method Y(l;;d Chaptertefs B.p./mm., n;), M.p.) Cn
Aliphatic and Alicyclic Di- and Poly-halides (continued)
C
Cs 1,1-Dichloro-3methyl- 75 34 43% 59/70, 1.4344 ¢
butane
1,2Dibromo-2-methyl- 74 80 448 62/15
butane
2,3Dibromo-2-m ethyl- 74 70 44 51/11
butane
1,3Dibomo-2,2-dimethyl- 52 46 4108 68/9, 1.5050
ptopane
Pentaerythrityl bromide 52 76 4% (163)
78 494 (158) c
Pentaerythrityl iodide b)) 98 417 (233) 7
1,2,4,5 Tetrtabromopentane 74 90 449 (86)
74 65 440 (86)
C¢ 1,2Dibromohexane 73 85 4192 90/18, 1.5023
74 100 44% 90/18, 1.5024
1,4-Dibromohexane 54 60 4490 100/15, (30)
1,4Diiodohexane 54 75 440 119/12
1,6-Dibromohexane 51 75 4% 80/3
51 90 472 108-112/8
1,6-Diiodohexane 51 95 460 113/3, (9), 1.585
2,3-Dibromohexane 74 100 4414 90/16, 1.5025
2,5-Dibromohexane 52 96 4102 89/13
51 70 4%7 106/25
3,4-Dichlorohexane 74 67 4186 70/30, 1.4490
3,4Dibromohexane 74 100 440 81/13, 1.5045
51 sot 454 72/9, 1.5050 c
1,2-Dichlorocyclo- 74 920 447 80/22, 1.4903 s
hexane
1,2-Dibromocyclo- 74 95 442 103/16, 112/25
hexane
1,3-Dibromo-2-methyl- 52 75 4110 82/12
pentane 74 100 4424 88/20, 1.5015
2,3Dibromo-2-methyl- 74 G4 4% 68/15, 1.4975
pentane 74 100 44 72/18, 1.5063
2,4-Dibromo-2-methyl- 52 90 41 62/4, 1.4980 C,
pentane
1,2-Dibromo- 3-methyl- 74 100 4434 99/30, 1.5060
pentane
1,5-Dibromo-3m ethyl- 63 65 4 98/10, 1.5073
pentane
2,3Dibromo- 3-methyl- 74 50 448 50/5, 1.5085
pentane Co
1,2-Dibromo-4-methyl- 74 100 4424 87/21, 1.4980 cr

pentane

1,2-Dibromo- 2-ethyl-
butane

1,2-Dibromo-2,3-dim ethyl-

butane
1,1-Dichloto-3,3-di-
methylbutane
1,2Dichloro-3, 3-di-
methylbutane
2,2-Dichloto-3,3-di-
methylbutane

1,1-Dichloroheptane
2,2Dichloroheptane
1,4-Dibromoheptane
1,7-Dibromoheptane
2,3Dibromo-2-m ethy!l-
hexane
3-Methyl-2,4-dibromo~
hexane
2,3-Dibromo- 3-ethyl-
pentaae
1,2-Di chloro-3,4-di-
methylpentane
2,2-Dichloto-4,4-di-
methylpentane
1,3-Dibromo-2, 2-di-
ethylpropane

1,4 Dibromodcrane
1,8-Dibromooctane

1,1-bis-(Bromomethyl)
cyclohexane

3-Isopropyl-1, 5-di-
bromopentane

1,9-Dichlotononane
1,9-Dibtomononane
1-Chloro-9-iodononane
1,1,1,3Tetrachloro-
ponane
1,3Dibromo-2-ethyl-
2-butylpropane
Decamethylene bromide

Tetradecamethylene
btomide

74

74

75

74

72

72
72
54
63
74

52

74

75

75

52

54
51
61
63
52

54

53
51
55
75

52

51
51

100

100

77

53

50

70
23
79
65
71

90

63

48

49

40

82
75
60
74
27

83

93
93
59
85

49

90
65

441‘
4424
45“
46]4
4“&

440
440
4([3
402
4423

443
4556
4556
410!

441.3
40

4!94
440!
4100

44].0

4!54
47]

4154
4557

4 108

471
444

87/21, 1.5112
80/17, 1.5105
57/31, 1.4389
52/11, 1.4553

(152)

82/20, 1.4440
77/25, 1.4440
112/11, 1.5004
1279

78/6, 1.5024

72.5/1, 1.4967
77/4, 1.5098

59/12, 1.4489
60/20, 1.4470

97/10, (40.6)

126/11, 1.5003*
120/2

93/0.45

142/13

117/6, 1.5390

130/10

92/0.1, 1.4591
130/2

124/2.9, 1.5060%
79/0.1, 1.4770

133/16, 1.5018

14272
175/3

For explanations and symbols see pp. xi~xii.
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TABLE 9. OLEFINIC HALIDES 125

TABLE 8 (continued) TABLE 8 (continued)

Yield t .
Cp Compound Method * Chaptertef- B.p./mm., n p* ™.p.) G, Compound Method Yl(;l)d Chapterfef. B.p./mm., n f), (M.p.)
()
Aromatic Di- and Poly-halides . Aromatic Di- and Poly-halides (continued)
Cs o-Chlorobromobenzene 56 95 4:: 201/)742 C, o3Bromoethylbenzyl 51 90 4% (53)
o-Chloroiodobenzene 56 78 4 0.7 bromide
m-Dibromoben zene 56 87 43 217 1,1,1,3 Tetrabromo-3- 75 % 455 (59)
m-Chlorobromobenzene 56 94 430 194 phenylpropane
p-l;luoroghloribmzene ;2 33 ::: 12‘1’ Cy 2-Phenyl-1,4-dibromo- 51 80 4% 175/16
p-Bromofluorobenzene butane
r@?{fodob:nzene ‘15: ?i ::: ((:;)2 5 2,5bis-(Chlotomethyl 70 SS 4%°  (134)
sym-Tribromobenzene . p-xylene ‘ ’
Hexachlorobenzene 64 79 437 (227) C,, 3Phenyl-1,5dibromo- 51 80 4 182/16, (72)
C, Benzal chloride 64 90 427 105/30, 1.5503 pentane
o-Chlorobenzyl 64 76 439 84/9 bis-(Chloromethyl)- 70 80 4% (106)
chlotide mesitylene
o-Shlox:t;bcnzyl 64 98 439 107/12 Cy3 bis-(Chloromethyl)- 70 67 45 (194)
romide durene
Iodobenzyl bromide 64 65 4™ 125/4 - o
o.Cl:ll b 1 64 55 4377 105/8, (15.5) b!f (Chloromethyl)- 70 80 ‘ (107)
”"b °f: enzy: [t 1'sodurene
romide 4,4"-Difluorobiphenyl 56 56 Y (90)
m- Bromobenzotri- 64 52 42m (152) 4,4”-Dibromobiphenyl 64 77 469 (163)
fluoride s 1 Cia a,a.'-Dichlorobibenzyl '
p-l;luox.odbenzyl 64 65 4 202, 95/20, 1.5480 ) 74 s 4% (on
romide (meso) (191)
n
p.Cl’::or?:enzyl 64 70 4% 117/30, (29) Stilbene dibromide 74 78 48 (244)
chlofide 74 83 40 111
p-Bromobenzyl 64 60 4318 238, (50) atn
chloride For explanations and symbols see pp. xi-xii.
p-Bromobenzyl 64 66 437 (61)
bromide 20 38 & (63) TABLE 9. OLEFINIC HALIDES
p-lodobenzyl 64 60 4% (79 Yield
bromide Cn Compound Method 2;) Chaptertef B.p./mm., n:), (M.p.), Deriv.
Cy Styrene dibromide 74 98 4616 140/15, (74)* — — -
Styrene iodochloride 74 47 44 (40) Aliphatic Olefinic Halides
a,m-Dichloroethyl- 64 91 4004 63-70/2, 1.5401-23% C, Vinyl chloride 35 100 2536 15/724
ben zene Vinyl bromide 20 50 2'® 16*
3,4-Dichloroethyl- 76 53 400 65/3, 1.5411 Vinyl iodide 20 32 9130 56
benzene T 134
Chl thy 1b 1 70 40 439 135/16, (100) etl‘BChl?l‘Oef-hylene 2 ” 2 26t 121°
p- hlo:?:ie ylbenzy s unsym-Dibromo- 27 30 2 92
chloride ethylene
w Jg-Dibromo- 64 35 437 (76)
'::,lene ” C; Allyl bromide 51 96 4! 72, 1.4689*
@ -Dibromo-p 64 43 42719 (144) Allyl iodide 55 77 4382 102, 1.5542%
xylene 2-Bromopropene 27 32 2% 49, 1.4426
a,a,a’a Tetrabromo- 64 55 420 (170 1- and 2-Bromo-1- 20 21 48-60"
p-xylene propenes
B-Chloroallyl 19 75 2% 108
chloride

For explanations and symbols see pp. xi-xii.
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TABLE 9 (continued)

C, Compound Method Yz;ol)d Chapterfef- B.p./mm., "::)' {M.p.), Deriv.
Aliphatic Olefinic Halides (continued)

C, 1,2-Dichloro-1-propene 20 58 21¥ 77/757, 1.4451%8
1,1-Dibromo-1-propene 27 88 230 127/759, 1.5260
2,3-Dichloropropene 20 80 2182 94, 1.4600%

20 87 21 93
2,3-Dibromopropene 20 B4 21 74/75
3,3,3-Trichloropropene 19 84 2% $7/103, 1.4827
C, 1-Bromo-l-butene 27 .28 2% 88, 1.4536
3-Chloro-1-butene 51 35 4% 64/748, 1.4151
73 26 419 63, 1.4153
3-Bromo- l-butene 52 49 31/93, 1.4602%°
1,1-Dibromo- 1-butene 27 83 2%t 54/22, 1.5168
trans-Crotyl chloride 51 65 4% 84/748, 1.4350
73 49 4199 83, 1.4352
1-Bromo-2-butene 52 96 447 49/93, 1.4795%
2-Bromo-2-butene 27 71 236 109, 1.4580
1,4-Dibromo-~2-butene 74 90 4018 (54)
1,4-Dibromo-2-butene 74 70 41% (52)
1-Chloro-2-methyl-1- 85 4% 68, 1.4221
propene
1-Bromo-2imethyl-1- 27 81 201 91, 1.4625
propené 20 27 24 91, 1.4603%
1,1-Dibromo-2-methyl- 27 81 234 157, 1.5300
l-propene
1,1,1-Trichloro-2-methyl- 19 43 2% 43/30
2-propene

C;  1-Bromo-l-pentene 27 32 2% 114, 1.4572
1, 1-Dibromo-1-pentene 27 79 228t 73/22, 1.5097
5-Bromo-1-pentene 22 71 23¢ 128/770

52 82 4ut 130, 1.4610%*
1-Chloro-2-peatene 51 33 4% 63/146
3-Chloro-1-pentene 33 50/150
1-Bromo-2-pentene 51 90 4% 43.5/30, 1.4777%
3 Bromo-1-pentene 30.5/30, 1.4626%
1-Bromo-2-pentene 52 73 4112 38/20
2-Bromo-2-pentene 27 75 2m 109, 1.4580
3-Bromo-2-pentene 27 73 2%t 111, 1.4628
4 Bromo-2-pentene 51 54 4% 72/ 145
5-Bromo-2-pentene 52 60 4118 121/621, 1.4695
1- Bromo-3-methyl- 27 28 24 100, 1.4482
I-butene
3-Chloro-3-methyl- 73 66 4% 32/120, 1.4190
1-butene
1,1-Dibromo- 3-methyl- 27 70 226 160, 1.5037
1-butene

TABLE 9. OLEFINIC HALIDES

TABLE 9 (continued)

127

C" Compound

Method

Yield
(%)

Chapterref. B.p./mm., nlD, {M.p.), Deriv.

Aliphatic Olefinic Halides (continued)

G 1-Chloro-3-methyl-~
2-butene
2-Bromo~3-methyl-
2-butene
1,4-Dibromo-2-
methyl-2<butene

C¢ 1-Bromo-l-hexene

1,1-Dibromo- 1-hexene
3-Bromo-1,5-hexadiene
1-Bromo-2-hexene
3-Bromo-1-hexene }
4-Chloro-2-hexene
l-Bromo-3-hexene
2-Chloro-2-methyl-
4-pentene
1-Chloro-3,3-dimethyl-
1-butene
2-Chloro-3,3-dimethyl-
1-butene
1-Bromo-2, 3-dimethyl-
2-butene

C, 1-Bromo-1-heptene
1,1-Dibromo-1-heptene
2-Chloro-1-heptene
4-Bromo-4-methyl-

1-hexene
4,4-Dimethyl-2-bromo-
l-pentene

Cy 1-Bromo-l-octene
1,1-Dibromo=1-octene
Cyp 2-Bromo-1-decene

C,3 11-Undecylenyl chloride

11-Undecylenyl iodide

Cis 9,10-Octadecenyl
chloride

73

27

74

27
73
27
71
51

51
52
51

20

20

73

27
27
72
52

29

27
27
29
29

53
53
55

53

65

84

31

27
72
75
45
90

70
68
63

32

68

73

35
74
40
44

62

26
70
60
65

83
76
91

82

4!&!
2281

44!0

2161
4193
2261
445!
4!1

4 194

2“1
216
440
4“5

2 261
2261
21)!
2196

4156
41“
4!&!

4141

113/760
119, 1.4738

96/12

139, 1.4584
141/751, 1.4596
91/22, 1.5050
47/11

32/3, 1.4745%
22/9, 1.4627%%
67/110, 1.4385
54/17

44/90, 1.4284%4

105/730, 1.4276
96/730, 1.4247

66/ 40, 1.4948

162/747, 1.4594
106/22, 1.5009
71/75, 1.4349
59.8/27

137, 1.4630

179/750, 1.4602
121/22, 1.4978
116/22, 1.4629
77/3

115/12, 1.44873%
122/16, 1.4510%*
104/2, 1.49373%

165/3, 1.4586%%

Alicyclic Olefinic Halides

Cs 2-Cyclopentenyl
chloride
Cs 3 Bromocyclohexene

73

71

89

87

4196

4456

31/30

For explanations and symbols see pp. xi-xii.
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TABLE 9 (continued)
C Compound Method Yield Chaptcr“f- B.p./mm. n' (M.p.), Deriv,
n (%) » D !
Alicyclic Olefinic Halides (continued)
C¢ 1-Chloro-1-cyclo- 20 40 Q1% 143
bexene 72 60 48 95/160, 1.4798
1-Cyclopeatenyl- 52 30 411 59/15, 1.5170
methyl bramide .
C, 2-Cyclopentenyl- 52 53 416 72/16, 1.4995
ethyl bromide
C,y 1-Cyclohexenyl- 52 50 41 90/7
ethyl bromide
3-Cyclopentyl-2- 29 82 2302 75/13, 1.4930%
bromopropene
C, 2-Cyclopentenylbutyl] 52 47 416 86/5, 1.4942
bromide
3-Cyclohexyl-2-bromo- 29 64 2196 89/14
propene
Aromatic Olefinic Halides
C, [-Chlorostyrene 19 63 2% 88-100/18
o-Fluorostyrene 19 76 24 33/3, 1.5197
27 66 23% 46/32, 1.5201
o~-Chlorostyrene 19 70 248 61/4, 1.5648
27 50 23 59/7, 1.5641
o-Bromostyrene 19 33 252 65/4, 1.5893%%
m-F luorostyrene 19 80 24 31/4, 1.5173
m-Chlorostyrene 19 84 26t 63/6, 1.5612%%
20 93 28 63/6, 1.5616%%
27 65 il 58/10, 1.5630
m-Bromostyrene 19 56 247 75/3, 1.5855
27 47 2288 48/0.5, 1.5900
p-Fluorostyrene 19 81 2458 30/4, 1.5158
20 72 247 59/25, 75Di
p-Chlorostyrene 19 57 247 65/4, 1.5648
27 51 2388 61/6, 1.5650
p-Bromostyrene 19 50 247 88/12
p-lodostyrene 19 60 2488 (44)
Cy 1-Phenyl-2-chloro- 20 70 217 83-87/11
1-propene
1-Bromo-1-phenyl- 71 50 4634 120/6
2-propene
Cinnamyl chloride 51 85 4% 119/17, 1.5830
53 83 4188 87/2, 103/5, (8)
Cinnamyl bromide 71 75 4456 85/0.8, (34)
4-Chloro-a-methyl- 20 16 213 82/10, 1.5529%%

styrene
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TABLE 9 (continued)

Yield

C, Compound Method %

Chaptert¢f: B.p./mm., nf), (M.p.), Deriv.

Aromatic Olefinic Halides (continued)

Cy 4-Phenyl-2-bromo- 29 45 2196 119/20
1-butene
S-Ethyl-83-bromostyrene 27 85 2262 127/23
1-(m-Btomophenyl)-1,2- 19 70 264 111/17, 1.5620
dimethylethylene
C,, B-n-Propyl-$-bromo- 27 85 2382 139/22
styrene
C,4 arChlorostilbene 72 38 4618 (51)
o-Chlorostilbene 24 80 238 209
mChlorostilbene 28 16 288 (74), 166Di
m-Bromostilbene 28 17 2B (90), 166Di
p-Chlorostilbene 28 40 23 (129), 190Di
p-Bromostilbene 28 23 238 (139), 202Di
Cys 2,3Diphenylallyl 71 75 4457 133/0.01
bromide
3,3-Diphenylallyl 71 86 445 98/0.05
bromide
o-Chloromethylstilbene 53 74 4157 185/15
Cy Triphenylvinyl 74 98 4ot (115.5)
bromide

For explanations and symbols see pp. xi-xii.

TABLE 10. ACETYLENIC HALIDES

Yield

(o Compound Method (%)

Chapterfef. B.p./mm., ntD, (M.p.)

Aliphatic and Alicyclic Acetylenic Halides

C, Dichloroacetylene 43 65 3® 29/743
Diiodoacetylene 59 87 4366 (79)

C4 4-Chloro-1-butyne 52 90 45m 86/762, 1.4383%
4-Bromo-1-butyne 52 82 4578 107/740, 1.4817
4-lodo-1-butyne 52 64 457 61/80, 1.5504%°

C, 5-Chloro-1-pentyne 44 57 3? 68/145, 1.445
S-lodo-1-pentyne 52 70 4578 84~89/43, 1.53517
1-Bromo-2-pentyne 52 65 431 148/754, 1.498324

Cg 1-Bromo-1-hexyne 59 78 43 46/54, 1.4579"
1-lodo-I-hexyne 59 76 4360 54/23, 1.5148%°
3-Chloro- I-hexyne 53 72 4160 64/100, 1.4375%
3-Bromo-1-hexyne 52 48 45T 83/110, 1.4731%
1-Bromo-2-hexyne 52 63 4119 98/80, 1.488435
1-Chloro-5-hexyne 44 80 375 48/17, 1.4480%%

. 44 74 320 144
I-lodo-5-hexyne 55 82 4119 95/35, 1.52863%

For explanations and symbols see pp. xi-xii.
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TABLE 10 (continued)

TABLE 10. ACETYLENIC HALIDES

TABLE 10 {contirued)

Yield

ef. ' ¢
o Chapter® B.p./rom., "'y (M.p.)

Cp Compound Method

n Compound

Method

Yield
(%)

Chaptertef. B.p./mm.,n:), (M.p.)

131

Aliphatic and Alicyclic Acetylenic Halides (continued)

Aromatic Acetylenic Halides (continued)

Cg 3-Chloro-3-methyl-4- 51 60 454 55/130, 1.4330
pentyne 51 50 4% 52/135, 1.4331

C, 1-Chloro-1-heptyne 59 70 43% 65/45, 1.4411%4
1-Bromo- I-hepryne 59 70 4% 69/25, 1.4678%

59 50 4%
59 68 43%

57/13, 165/758

1-Iodo- I-heptyne 93/21, 1.5105%

1-Bromo-2-heptyne 52 72 430 105/56, 1.4878%
1-Bromo-3-heptyne 52 41 4389 100/65, 1.4785%
1-Chloro-5-heptyne 44 73 3® 175, 1.4599%%
1-Chloro-G-heptyne 44 70 33 166, 1.4507%%
44 85 378 79/33, 1.4490%
1-Bromo-6-heptyne 44 27 3% 92/20, 1.47503%
1-Bromo-4,4-dimethyl- 52 41 41® 52.5/20, 1.4751
2-pentyne
Cs 1-Chloro-1-octyne 59 65 436 62/17, 1.445
3-Chloto-3methyl-4- 51 66 45 64/25, 1.4514
heptyne
Cyclohexylchloto- 45 48 3% 115/15
acetylene
Cyclohexylbromo- 59 78 4360 84/20, 1.51241
acetylene
Cyclohexyliodo- 59 76 43 86/5, 1.559%
acetylene )
Cy n-Heptylchloro- 59 55 4363 77/15, 1.450
acetylene
2-Chloro-2-methyl-3- 51 85 434 68/15, 1.4480
octyne

t-Butylethynyldimethyl- 51 80 4% 81/100, (15), 1.4343

carbinyl chloride

Cy 3-Bromo-1l-phenyl- )~

butyne
4-Bromo-~1-phenyl- |-
butyne
1-Bromo-4~-phenyl- 1-
butyne

Cy; 1-Phenyl-5-chloro-1-

pentyne

52

52

59

44

60

40

68

75

4 5719
4 579

4!60

31

133/20, 1.6050
145/18, 1.5951
111/7, 1.5636*2

126/4, 1.5615

Aromatic Acetylenic Halides

45 70 389 72/15
59 60 436 71/16, 1.5763*

Cys Phenylchloroacetylene

Phenylbromoacetylene 59 88 459 89/13
Phenyliodoacetylene 59 92 439 1.6591%
o-Chlorophenylacetylene 47 67 37 71/18, 1.5690%
p-Bromophenylacetylene 43 53 36 89/16, (65)
Co  1-Bromo-3-phenyl-1- 59 68 4% 107/15, 1.569332
propyne
1-Bromo-3-phenyl- 2- 52 70 411 108/6, 1.625%
propyne
Cy 4-Chloro-1-phenyl-1 44 75 3n

butyne 44 46 3! 95/3, 1.5724

For explanations and symbols see pp. xi-xii,
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79. Reduction of Aldehydes and Ketones

H)

RCHO -—> RCH,OH
(H)

RCOR’ —> RCHOHR’

This method is widely used for the preparation of secondary alcohols
from ketones. The reduction of aldehydes is 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 described.*®*’ Platinum oxide catalyst is
generally useful for the reduction of carbonyl compounds ***7:*°® but is
unsatisfactory for certain ketones.'*® Nickel catalysts have been used
extensively,’1»122137:138368,67¢  The most promising of these is the highly
active W-6 Raney nickel, which permits hydrogenation in glass apparatus
at low temperatures and pressures.!**'*® The rate of hydrogenation with
this catalyst is increased markedly by the addition of a small amount of
triethylamine.!''! Other catalysts include copper-chromium oxide,***"*

134,13 and a copper-alumina catalyst used
114

sometimes fortified with barium,
successfully for the preparation of a series of alkylphenylcarbinols.
Great selectivity is possible by varying the catalyst and conditions. In
this respect, hydrogenation of S-furylacrolein is interesting. The furan
ring is not reduced over copper-chromium oxide in the preparation of
3-(a~-furyl)-1-propanol (72%).°* With Raney nickel the double bond may be
reduced first (46%),”® then the aldehyde group (80%),'°® and finally the
nucleus to give 3-(tetrahydrofuryl)-1-propanol (80%).%°

The new metallic hydrides are excellent reducing agents for carbonyl
compounds. These hydrides now include lithium aluminum hydride,***
lichium borohydride,® and sodium borohydride.? The last reagent may be
used in either aqueous or methanolic solutions. It does not reduce esters,
acids, or nitriles and, for this reason, is superior for certain selective re-
ductions. Other groups which are unaffected by this reagent include a,B-
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 of 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 condensation,***!* Benzophenone and re-
lated compounds are reduced by zinc dust and sodium hydroxide,**® mag-
nesium and methanol,'*” and sodium amalgam.'*® With the last reagent the
reaction has been shown to take place through the intermediate sodium
ketyl, (C,H,),CONa.

Less basic ‘reagents which are more suitable for the reduction of alde-
hydes include iron and acetic acid**** and aluminum amalgam in al-
cohol.?®t®

A review of electrolytic reduction of carbonyl compounds was made in
1948-677

Both exo- and endo-cyclic alicyclic and heterocyclic ketones have been
reduced. Important examples are found in the preparations of cyclo-
pentanol (95%),'** cycloheptanol (92%),'2? S-pyridylmethylcarbinol
(85%),"*® and 1-alkyl-4-piperidinols (90%).'*® 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 last method is su-
perior for the preparation of this compound (90%).*'"

The reduction of aldols and ketols from the aldol condensation (method
102) is often a convenient route to branched 1,3-diols. Catalytic hydro-
genation over platinum oxide,'* nickel-on-kieselguhr,'***** and copper-
chromium oxide** has been used. Other procedures include electrolytic
reduction **and reduction by aluminum amalgam.'®® 1,3-Diols may also
be prepared by catalytic 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-Diols may be prepared by reduction of a-diketones or a-hydroxy
ketones such as biacetyl,?** benzoin, and benzil.*»*** Substitured ben-
zoins containing methoxyl and p-dimethylamino groups have been reduced
catalytically over platinum oxide and by sodium amalgam and alcohol.**’
Levorotatory propylene glycol is made from acetol, CH,CGCH,OH, by an
enzymatic reduction with yeast,'*

Glycols. in which the hydroxyl groups are farcher apart have also been
prepared by this method from a 7y-diketone * and a &-hydroxy aldehyde.!®?
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The reduction of a carbonyl compound containing an additional func-
tional group is a common practice. H the other group is easily reduced,
best results are frequently obtained by the Meerwein-Ponndorf-Verley re-
action (method 80). The following paragraphs, however, describe certain
useful selective reductions.

The best reagents for reduction of olefinic aldehydes to olefinic alco-
bols 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.* Cinnamyl alcohol is further
reduced at higher temperatures to hydrocinnamyl alcohol.'®® Citral,
(CH,),C =CHCH,CH,C(CH,)=CHCHO, may be selectively reduced to the
corresponding dienol by catalytic hydrogenation over platinum catalyst.”
A new method for the preparation of enediol esters of the type

RO,CC(OH)=C(OH)CO,R

involves the partial reduction of diketosuccinic esters with sodium hydro-
sulfite,'*’

Halo alcobols in which the halogen atom is on an aliphatic chain
or an aromatic nucleus!***? are prepared from the corresponding halo ke-
tones by catalytic hydrogenation. Sodium borohydride effects the conver-
sion of w -bromoacetophenone to styrene bromohydrin (71%).? Other halo-
hydrins have been made from a-halo ketones and lithium aluminum hy-
dride,**

The ether linkage is stable during the reduction of an aldehyde or ke-
tone group by most reagents. A number of alkoxy and aryloxy alcobols
are prepared in excellent yields by this method. Catalytic hydrogena-
tion,*11107:10%,110,155 o o qium and wet ether,**® and sodium with alcohol ***

73,150

have been used. .
Hydroxy ketones of the type RCOCH,CHOHCH, are formed in 35-66%

yields by partial catalytic hydrogenation of the corresponding [B-diketones
over Raney nickel at 100°.'*® Aromatic a-hydroxy ketones (benzoins) are
prepared from the corresponding a-diketones (benzils) by catalytic reduc-
tion®®® or by reduction with magnesium-magnesium iodide mixture.'*’

The keto group of a keto ester may be preferentially reduced by cata-
lytic hydrogenation. Excellent yields of hydroxy esters are obtained.
Copper-chromium oxide catalyst has been employed in the preparation of
methyl p-(a-hydroxyethyl)benzoate*®® and several aliphatic [B-hydroxy
esters.” The last compounds have also been made by hydrogenation over
nickel catalysts.'**%** Substituted mandelic esters are prepared by cata-
lytic reduction of aromatic a-keto esters over a palladium catalyst.'**"**?
Similarly, platinum oxide and copper-chromium oxide have been used in
the aliphatic series for the preparation of the a-hydroxy diester, diethyl
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B-methylmalate (92%).'** The keto group may also be in the gamma posi-
tion to the ester group, which may be in the form of acetoxy, CH,COO—,
or carbethoxy, —CO,C,Hy, ¥-hydroxy esters being formed by hydrogenation
over nickel catalysts, 37164

Certain aryl-substituted a- and ,B-aminod?etones have been successfully
reduced to amino alcobols by catalytic hydrogenation over palladium,s®!%3
platinum,'*”'®® or nickel'™ catalysts. Cleavage of the carbon chain some-
times occurs during catalytic hydrogenation of S-amino ketones. Fair
yields of the amino alcohols are obtained in these cases by reduction
with sodium amalgam in dilute acid'™*'****® or aluminum amalgam and
water,'*®+*** -Amino aldehydes from the Mannich reaction (method 444) are
reduced in excellent yields to amino alcohols by lithium aluminum hydride
or by catalytic hydrogenation over Raney nickel.®” Lithium aluminum
hydride reduces diazo ketones to l-amino-2-alkanols (93~99%).57

80. Reduction of Carbonyl Compounds by Alcohols (Meerwein-Ponndorf-
Verley)

A ocHeHy), ]
RCHO + (CH,),CHOH ====—=="% RCH,OH + CH,COCH,

The reduction of an aldehyde or ketone by this equilibrium reaction is
readily accomplished by removal of the acetone as it is formed. In a re-
view of the literature to 1943, experimental conditions and limitations of
the reaction have been discussed.’”™ Aluminum isopropoxide is superior
to other metallic alkoxides that have been used. Yields are better, and
the technique for determining the completion of the reaction is simpler.
Procedures for the preparation of the reagent are described.!?175:177 4
solution made by dissolving amalgamated aluminum in isopropyl alcohol
is used directly, or the aluminum isopropoxide is 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.®*®
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%),'™ 1-bromo-5-hexanol (64%),'*? 1-chloro-4-pentanol (76%),'* B3,5,5-
trichloroethyl alcohol (84%),**® methyl-p-chlorophenylcarbinol (81%),'**
and o-nitrobenzyl alcohol (90%).** The reaction has also been used in
the preparation of certain tetralols'” and decalols!”” as well as 9-fluo-
renylcarbinol (50%).'*' The thiophene **%**° and furan?* nuclei are not
reduced.
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81. Intramolecular Oxidation-Reduction of Aldehydes (Cannizzaro)
2R ,CCHO + NaOH — R,CCO,Na + R,CCH,OH

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 is 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 heterocyclic®*'%°® 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 is oxidized to sodium formate,

H (1]
viz,,®

RCHO + HCHO + NaOH —s RCH,OH + HCO,Na

Excellent directions are given for the preparation of p-tolylcarbinol
(72%).*** The aryl radical may contain alkyl, halo, hydroxyl, methoxyl,

and nitro groups.®™*

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 [B-hydroxyaldehydes are then reduced to
polyhydric alcohols by excess formaldehyde.

RCH,CHO 3_*5653 RC(CH,OH),CHO ‘_6“’ RC(CH,OH),

Pentaerythritol, C(CH,OH),, is obtained in this way from acetaldehyde
and formaldehyde (74%).*® Higher aldehydes give trimethylol com- .
pounds,*””** and aldehydes with branching on the a-carbon atom give di-

methylol compounds or B,5-disubstituted trimethylene glycols,
RR'C(CH,0H),.***"*

Cyclohexanone gives a tetramethylolcyclohexanol.”®

82. Bimolecular Reduction of Carbonyl Compounds to Glycols

JRCOR’ MetHe)xi, pR’COHCOHRR’
H; O
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Tetraalkyl- and tetraaryl-ethylene glycols (pinacols) are made by reduc-
tion of ketones with active metals such as sodium, magnesium, and alumi-
num. The reaction is only fair for aliphatic and alicyclic ketones. Ace-
tone,**” methyl ethyl ketone,*? cyclopentanone, and cyclohexanone *** all
give less than 50% yields of pinacols. Mixtures of ketones are reduced
to unsymmetrical pinacols.” An active zinc-copper couple has been em-
ployed in the reduction of several simple olefinic aldehydes to diendiols
e.g., crotonaldehyde to dipropenyl glycol, ’

CH,CH = CHCHOHCHOHCH = CHCH, (67%).7*

Diaryl ketones are reduced by a mixture of magnesium and magnesium
iodide *** and by alkali metal amalgams.****** Metal ketyls, Ar,C—OMgX
are intermediates which associate to pinacolates, Ar,C(OMgX)C(dMgX)Ar :
from which the pinacols are obtained by hydrolysis. The association of ’
the ketyl radicals is reversible,® % as is shown by reaction of benzo-

pinacolate with benzaldehyde to give triphenylethylene glycol and benzo-
phenone.5**

[of CHO;
(CeHy),C(OMgX YC(OMgX )(C Hy), —‘%—0—+ (C.H,),CO
2

+ (C¢Hy),COHCHOHC H,

A .novel preparation of benzopinacol, (C¢H,),COHCOH(C,H;,),, is by re-
duction of benzophenone with isopropyl alcohol in the presence of sun-
light (95%).%**

Aromatic aldehydes and ketones may also be reduced electrolytically
to glycols.“’"”"'"‘

83. Reduction of Quinones
1 P
C C
/ N\ / \
CH,ﬁ: ﬁH Na,S0, CH,ﬁ: (iH
HC\ /CCH, HC‘\ //CCH,

0] OH

o- and p-Benzoquinones are reduced to dihydroxybenzenes by cold aque-
ous solutions of sulfur dioxide. The reaction is accompanied, however,
by appreciable sulfonation of the benzene ring in the case of p-benzo-
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quinone.®*® The reduction has its 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 to o-xylohydroquinone (95%).°*' A saturated solution
of sodium hydrosulfite gives better yields in the preparation of the para
isomer.**® Reductions by stannous chloride and by sodium hydrosulfite
are compared in the preparation of 2-methyl-1,4-naphthohydroquinone.
The product obtained by sodium hydrosulfite darkens more rapidly in
storage.®® Sodium hydrosulfite is better than sulfur dioxide in the re-
duction of (3-naphthoquinone *** and is also used in the preparation of
2,3,5-trimethylhydroquinone.** Several o-quinones have been reduced by
lithium aluminum hydride to give trans-dihydroxydihydro derivatives of
the hydrocarbons.”” p-Benzoquinone is reduced by this reagent to hydro-
quinone (70%).*

84, Reduction of Carboxylic Acids and Esters

QY
RCO,C,H, — RCH,0H

The discovery of lithium aluminum hydride and similar compounds®?
has made possible the direct reduction of the carboxyl group.”’” Acid
chlorides, esters, and anhydrides are similarly reduced to primary alco-
hols.* Lactones are converted to diols.** The reaction takes place
readily at room temperature. The compound to be reduced is added to an
ethereal solution of the reagent, and the resulting alcoholate is hydrolyzed
by acid, '

+
2RCO,C,H, A1, 1 {A1(OC,H,),(OCH,R), 's 2RCH,0H

74,75 6—78

Alcohols containing heterocyclic nuclei,®** halo, and alkoxyl’
groups as well as double bonds ”**’? may be prepared. Without doubt, this
is 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 1951.%°°

The reduction of esters by sodium and alcohol (Bouveault-Blanc) is
widely used. An alcoholic solution of the ester is added to a large ex-
cess of sodium under benzene** or toluene.®* The use of absolute alcohol
is essential; otherwise an appreciable ﬁuantity of acid is produced by
saponification.' Straight-chain primary alcohols containing up to thirty-
five carbon atoms have been made by the reduction of the corresponding
esters with sodium sand and n-butyl alcohol.?® An improved technique
based on the mechanism of the reaction is described.'? By this procedure
a xylene solution of the ester and the reducing alcohol is 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 but 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 is an equilibrium reaction which is forced to completion
by the high pressure of hydrogen gas.® The special apparatus, catalysts,
and factors influencing yield have been discussed.*®** In the hydrogena-
tion of ethyl phenylacetate, C{H;CH,CO,C,H;, to S-phenylethanol, some
ethylbenzene is produced. Best yields are obtained if hydrogenation is
stopped while 5-10% of the ester is still 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%).** Substituted benzyl alcohols®
and naphthylcarbinols ?* are obtained in a similar manner. Esters of
phenol give cyclohexanol and primary alcohols.!* Nickel catalysts have
also been used for the reduction of higher-molecular-weight esters.** The
free fatty acids have been reduced over copper catalysts.>*

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
is maintained by periodic additions of acetic acid (Prin’s method).*** An
asymmetric center in the alpha position to a carboxyl group is not race-
mized by lithium aluminum hydride.®*

Under certain conditions the reduction of amides leads to primary alco-
hols (cf. method 428). Thus, phenylethylacetamide is reduced by sodium
and absolute ethanol to 2-phenyl-1-butanol (75%).** a-Naphthylacetamide
is reduced by sodium amalgam and hydrochloric acid to a-naphthylcarbinol
(63%).** Trifluoroethanol is obtained by catalytic hydrogenation of tri-
fluoroacetamide over a platinum catalyst. Hydrogenation of the corre-
sponding ester over copper-chromium oxide failed.”

Certain heterocyclic carbinols are readily prepared from the correspond-
ing esters, The furan nucleus is not reduced by the Bouveault-Blanc
procedure.*** However, the pyridine nucleus as well as the carbethoxyl
group in the ethyl ester of nicotinic or picolinic acid is reduced by sodium
and ethanol.*** Catalytic hydrogenation of several carbethoxypyrroles
over copper-chromium oxide gives methyl pyrroles and pyrrolidines rather
than the carbinols.* The same catalyst has been used in the hydrogena-
tion of piperidino esters of the type C,H,,N(CH,),CO,C,H;. Yields are
poor when n is 2 or 3. When » is 2, cleavage occurs to give piperidine
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and ethyl propionate.!**! The lactam linkage in carbethoxypyrrolidones
and carbethoxypiperidones is stable during catalytic hydrogenation of the
ester group to the carbinol group.*® Lithium aluminum hydride has been
used to reduce ethyl indole-2-carboxylate to 2-hydroxymethylindole
(68%),% thianaphthene-2-carboxylic acid to 2-hydroxymethylthianaphthene
(99%),* and 3-furoic acid to 3-furylcarbinol (91%).°*

Both the Bouveault-Blanc 3°'*! and catalytic hydrogenation proce-
dures ***° are popular methods for the preparation of diols from esters of
dibasic acids. The reduction of malonic esters, S3-keto esters, and
B-hydroxy esters by the usual catalytic hydrogenation procedure results
in extensive hydrogenolysis of the carbon chain to give lower-molecular-
weight alcohols.>**® However, with relatively large amounts of catalyst
1,3-glycols are obtained in fair yields.'®*° Decarboxylation of 1,1-di-
carbethoxycyclobutane during its reduction by sodium and alcohol gives
cyclobutylcarbinol in 49% yield rather than the diol.”® Lactones are re-
duced to diols by lithium aluminum hydride as in the preparation of
1,4-pentanediol (85%) from ‘y-valerolactone.*® 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. ®5%:¢*

Olefinic alcobols are best prepared by the action of lithium aluminum
hydride on the'corresponding acid®®*® or ester as in the preparation of
3-penten-1-ol (75%).”* The double bond may be in the a,f-position to the
ester group,”*"” The Bouveault-Blanc procedure has also been used with
success for reduction of nonconjugated olefinic esters.®***® 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-ol (62%).” Selective catalytic hydrogenation is
inferior, Large amounts of catalyst are required, and the products contain
saturated alcohols.®’

Lithium aluminum hydride shows much promise for the preparation of
halo™" and alkoxy™"* alcobols, although the Bouveault-Blanc method
is satisfactory for the latter.

The keto group of acetoacetic ester is protected as 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.*®

Many amino alcobols have been made from esters of amino acids by
catalytic reductions over Raney nickel***** and copper chromite ** cata-
lysts. The yields are generally better than those obtained by reduction
with sodium and alcohol.®®*® The action of ammonia or amines on [-keto
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esters leads to substituted B-aminoacrylates, RC(NR,)=CHCO,C,H,,
which are reduced directly by sodium and alcohol to y-amino alcohols.®

Electrolytic reduction of anthranilic acid is used to prepare o-aminobenzyl |

alcohol (78%).** Some hydrogenolysis to o-toluidine accompanies the re-
duction of this acid by lithium aluminum hydride.%*

85. Reduction of Unsaturated Hydroxy Compounds

RCH = CHCHOHR —% RCH,CH,CHOHR
Pt

Olefinic alcohols react smoothly with hydrogen over platinum oxide
catalyst at room temperature,’® The procedure is illustrated by the prep-
aration of dihydrocholesterol from cholesterol.**? Cinnamyl alcohol,
CH;CH=CHCH,OH, is reduced to dihydrocinnamy! alcohol by lithium
aluminum hydride. The reduction of allyl alcohol to n-propyl alcohol by
the reagent, however, is unsatisfactory.'®

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 ®*%%** cacalysts are used.
86. Reduction of the Aromatic Nucleus

C,HsOH 2 C H, 0H
Ni

1561,568,570,722

This general method for the synthesis of alky and
aryl-*"*%7* cyclohexanols is limited only by the availability of the phenols.
Hydrogenation proceeds smoothly over Raney nickel catalyst at 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 hydro-
genations of this type.*® High-pressure hydrogenation at room tempera-
ture over platinum oxide catalyst effects nuclear reduction of a number of
phenols.” Alkylcyclohexanols exhibit geometrical isomerism. Usually
only one of the possible geometrical isomers predominates in the
product.§6.,723

Hydroquinone is reduced by a nickel-on-kieselguhr catalyst to cis- and
trans-1 4-cyclohexanediols.’” Other cyclohexanediols **%**72% and meth-
oxycyclohexanols *’**"® are formed from dihydric phenols and their mono-
methyl ethers. [(3-Naphthol may be reduced in either ring, depending upon
the catalyst and conditions.*”?

" dehyde 225536439 o ¢rioxymethylene
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87. Interaction of Organometallic Compounds and Oxygen

RMgX °5ROMgX -—-»'“’f ROH
H

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 or oxygen
is rapid in ether solution at 0°.**® Typical examples are found in the
preparation of 4,4-dimethyl-1-pentanol (90%)**" and 2,2,3,3-tetramethyl-1-
butanol (53%).'*® The yield of phenol from phenylmagnesium bromide is
only 25%.*° 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.?*? The yield of phenol is increased to 64% by the presence of an
aliphatic organometallic compound in the reaction mixture,?*® By this
technique the first successful preparation of 2-thienol has been
achieved,®® and a number of hydroxydibenzofurans ***~%** and 4-hydroxy-
dibenzothiophene ?*® have been prepared in fair yields from the organo-
sodium or lithium compounds.

88, Interaction of Organometallic Compounds and Aldehydes

RMgx 23 RCH,OMgXE!% RCH,OH
H ;

RMgX —<“3 RR’CHOMgX " 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 ot secondary Grignard compounds with formaldehyde, and in 30-40%
yield in the case of tertiary Grignard reagents.’*® Either gaseous formal-
279,28 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,(OR),."**** Most
of this by-product can be hydrolyzed if excess dilute acid is added to the
Grignard complex before steam distillation of the alcohol.*®

Benzylmagnesium halides, C,H;CH,MgX, react abnormally with formal-
dehyde to yield o-methylbenzy! alcohol (55%).****** When one ortho posi-
tion is blocked by a methyl group, the rearrangement takes place to the
other ortho position.?®®?** The influence of structure on this rearrange-
ment has been extensively studied.*”
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Many straight-chain®® and branched?**'***2%” secondary alcohols have
been made by the action of organomagnesium compounds on higher alde-

hydes. The method is popular for the preparation of arylalkylcarbinols from

either the aromatic aldehyde or the aromatic Grignard reagent,?¢% 2720

Other organometallic compounds have been used with less success.
Zinc, aluminum, and boron alkyls give considerable reduction of the alde~
hyde to the primary alcohol.®*”

Few diols have been obtained by this method. An example is the prep-
aration of 2-isopropyl-1,3-butanediol from excess methylmagnesium iodide
and 2-isopropyl-3-hydroxypropionaldehyde (72%).2%

Olefinic primary alcobols are obtained in fair yields by the action of
formaldehyde on unsaturated Grignard reagents.**®*% Crotyl- and cinna-
myl-magnesium halides give carbinols derived from the secondary organo-
magnesium compounds resulting from allylic isomerization.**®***% Thus,
2-methyl-3-buten-1-ol, CH,= CHCH(CH,)CH,0H, is the sole product from
the action of formaldehyde on the butenyl Grignard reagent prepared from
a mixture of crotyl and methylvinylcarbinyl bromides.

Olefinic secondary alcobols 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 is recommended,’® although the latter
has been used with moderate success for allylmagnesium halides*%»2°% %3
and vinyllithium compounds.®® Higher yields have been obtained by add-
ing a mixture of allyl 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 methyl-,*** ethyl-,*** n-propyl-,**?
n-amyl-,*®” and higher alkyl-magnesium halides.*** Similar additions have
been made to crotonaldehyde ***:2**2°%%% anq higher homologs.2**"*** Ex-
cellent yields of dienols have been obtained by the action of Grignard
reagents on pentadienal *'! and sorbic aldehyde.’® When the Grignard
reagent is highly branched, a competing reaction is 1,4-addition 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 this manner.?*''*?®* Aromatic olefinic alcohols have
been made from aromatic Grignard reagents or from cinnamaldehyde *****?

Acetylenic carbinols are prepared by the interaction of sodium acety-
lides 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 is treated successively
with ethylmagnesium bromide and formaldehyde to give the acetylenic
alcohol such as 2-heptyn-l-ol (82%).32%323
HCHO;

RC=CMgX ——— RC= CCH,CH
H,0

RC=CH SMeX
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Higher aldehydes give secondary alcohols.’*® In another procedure, so-
dium is dissolved in liquid ammonia and treated successively with acety-

lene and an aldehyde to give alkyl-*'**** and aryl-**"'**? ethynylcarbinols.
HC=CH — HC=CNa ~2% HC=CCHCHR
NH, H,0

Sodium acetylide adds to the carbonyl group of conjugated olefinic alde-
hydes to give olefinic acetylenic alcohols.?****"**” Direct addition of
acetylene to aldehydes and ketones is catalyzed by copper acetylide
(ethynylation).*™

Aromatic halogen atoms either in the Grignard reagent or in the
aldehyde?" 3323433 4re stable during the reaction to give halo alcobols.
Similarly, ether groups may be present in the Grignard reagent as in the
preparation of 7-methoxy-1-heptanol (35%)"** and 4-methoxy-1-butanol
(37%),>** or in the aldehyde as in the preparation of 1-phenoxy-2-butanol
(86% ).333

The aldehyde group of aldehyde esters is preferentially attacked by
Grignard reagents to give fair yields of bydroxy esters.*** The method is
important in the preparation of compounds in which the hydroxyl group is
further removed from the ester group than the gamma position. A bhydroxy
acid is established indirectly by hydrolysis of the trichloro alcohol re-
sulting from the interaction of chloral and a-naphthylmagnesium bromide.
The a-naphthylglycollic acid is obtained in 50% yield.»**®

Dialkylamino aldehydes condense with Grignard reagents to give dial-

kylamino alcobols?**®

271,329

89. Interaction of Organometallic Compounds and Ketones

RCOR’ X%, RR’R”COMgX "% RR‘R*“COH

The addition of Grignard compounds to ketones is the most general
method for the preparation of tertiary alcohols. The three radicals may
be the same or different alkyl or aryl groups.’” Yields are in the range
of 60-85% if the reactants are not too highly branched. Best procedures
involve decomposition of the halomagnesium alcoholates with ice followed
by steam distillation of the resulting carbinols.?******** Mineral acids
should be avoided because the last traces are difficult to remove by
washing and cause dehydration of the tertiary carbinol. A solution of
ammonium chloride is sometimes used to dissolve the magnesium hydrox-
ide, although a large excess of this reagent may be detrimental, as is
claimed in the preparation of dimethylcyclopropylcarbinol (68%).** Dis-
tillation of the tertiary carbinol is carried out at temperatures as low as
possible in order to prevent dehydration.
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Common side reactions are-reduction of the ketone by the Grignard re-
agent to 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.?**>**3%*° Reduction of the ketone
has been related to the presence of S-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.**” Many highly branched tertiary alcohols have been prepared,
however, from Grignard reagents.?®*%*

Mono- and di-alkylcyclopentanols
the corresponding cyclic ketones.

Low yields of phenyl-substituted 1,2-d7ols are obtained by the action of
various Grignard reagents on a-hydroxy ketones.''* Better results are ob-
tained when the acetate of the hydroxy ketone is used.*®

386358 and cyclohexanols are made from

Olefinic tertiary alcobols have been prepared from olefinic organometallic

compounds or from olefinic ketones. In the former method allyl-*¢%3°7:2¢8
3-butenyl-,*** methylvinylcarbinyl-,**® and 4-pentenyl-*" magnesium halides
have been used. The coupling of two allyl radicals is minimized by adding
a mixture of the allyl halide and the ketone to magnesium in ether. a,f-
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 is greater with a,3-olefinic ketones than with
a,B-olefinic aldehydes (cf. method 88). The mode of addition depends
upon the substituents present in the Grignard reagent and carbonyl
compound. Mesityl oxide, (CH,),C=CHCOCH,, and ethylideneacetone,
CH,CH=CHCOCH,, add methyl Grignard reagent to give the olefinic
tertiary alcohols.*®****™ With ¢-butyl Grignard reagent the yield of terti-

ary alcohol from mesityl oxide is only 37%.’°* A comparison of the mode
of addition of four Grignard reagents to 2-cyclohexenone has been made.’™
The amounts of 1,4-addition are as follows: methyl 15%, ethyl 24%, iso-
propyl 44%, and ¢-butyl 70%. In a comparison of eight phenyl-substituted
ketones with ethyl- and phenyl-magnesium bromides, it has been noted

that ] 4-addition increases with decreasing activity of the carbonyl
374

group.

Acetylenic tertiary alcobols are prepared from sodium acetylides or
acetylenic Grignard reagents and ketones in the same manner as described
for primary and secondary alcohols (method 88). Dimethylethynylcarbinol
is prepared from acetone, aqueous potassium hydroxide, and acetylene in
an autoclave at 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.?”:***%%* Another procedure utilizes
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ar acetylenic Grignard reagent prepared from the acetylene and ethyl-
magnesium bromide.******"*** Better yields of dialkylhexynylcarbinols
are obtained by this method than by the preceding one involving the terti-
ary alkoxide.*® The most widely used procedure involves the preparation
of the sodium acetylide from the acetylene and sodium amide in liquid
ammonia,}?"3%3%%3% 15 one modification, the ketone is first converted to
its enolate by sodium amide in ether. The enolate is then treated with
acetylene at —10°.**" Strictly anhydrous conditions are essential for the
production of the carbinols in maximum yield. As little as 0.01% water
decreases the yields markedly.>®

The lithium derivative of phenylacetylene, C;H;C= CLi, reacts with
benzophenone to give diphenylphenylethynylcarbinol,

(CeHj),COHC = CC¢H; (95%).°°

The corresponding Grignard reagent has been similarly employed to make
phenylethynyldialkylcarbinols.?****** Sodium acetylide and acetylenic
Grignard reagents exhibit 1,2-addition with a,B-olefinic ketones to give
olefinic acetylenic carbinols.’**”® The sodio derivatives of propiolic
esters, NaC= CCO,R, add to certain ketones. This reaction presents a

method for introducing a three-carbon chain at the site of a carbony]
701

group.

A by-product from the reaction of acetone and sodium acetylide is the
acetylenic diol, (CH,),C(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 this type is from
calcium carbide, potassium hydroxide, and ketones.’** Ciethynyl glycols
in which the triple bonds are separated by two or four carbon atoms are
made from sodium acetylide and a- or B-diketones.’”

Grignard reagents add to the carbonyl group of a-halo ketones to give
low yields of a-halo alcobols.>****"***3* The reaction is complicated
by further action of the organometallic reagent with the halohydrin.

Fair yields of alkoxy alcohols are obtained from a-alkoxy ketones and
Grignard reagents.*®® Methylmagnesium iodide and phenoxyacetone give
phenoxy-t-butyl alcohol (88%).>”

Aliphatic and aromatic keto alcobols of the general formula

RC(OH)(CH,)XCOCH,

have been made by the action of Grignard reagents on methyl isonitroso-
ethyl ketone followed by hydrolysis with 10% oxalic acid.

CE,COC(CH,)= NOH —JYeX, Tug "“" ™S P (CH,)COHC(CH, )= NCH

H2S R(CH,)CCHCOCH,
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Oximes of a-bydroxyaldebydes result when isonitrosoacetone is used.

The free monomeric hydroxy aldehydes are difficult to obtain by hydrolysis
of the oximes.*** Bromomagnesium enolates prepared from Grignard re-
agents and sterically hindered ketones act as true Grignard reagents.
B-keto alcohols are formed by their reaction with aldehydes or ketones.**®
R%CO;

- R’,C(OH)CH,COR
H,0

(RCOCH,)MgX

Selective addition of a Grignard reagent to the keto group of a keto
acid or keto ester is possible. Several a-bydroxy acids 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
group.'®*® Methy! S-benzoylpropionate adds methylmagnesium iodide to
the keto group to the extent of 75% when the molar ratio of keto ester to
Grignard reagent is 1:1.38. Smaller or larger ratios give lower yields.**

Amino alcohols have been prepared by this method in two ways: by the
action of a ketone on a Grignard reagent containing a dialkylamino
group,*®® and by the action of organometallic compounds on a-amino*®

and B-amino*®* ketones.
90, Interaction of Organometallic Compounds and Oxides

CH,—CH, &%, RCH,CH,0H

~ H;0
(o]

The reaction of Grignard reagents with ethylene oxide is valuable for
lengthening the carbon chain by two carbon atoms in a one-step process.
A cooled solution of ethylene oxide in ether is added with stirring to a
precooled solution of the Grignard compound. The mixture is then allowed
to stand for a time or is heated before hydrolysis. Benzene is added as
a diluent to prevent violent reaction during heating in the preparation of
n-hexyl alcohol (62%)**? from n-butyl Grignard reagent. Some 2-hexanol is
also formed in this preparation.’™

Ethylene halohydrins, XCH,CH,OH, are by-products which are formed in
increasing amount as the Grignard reagent is 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,***
Highest yields are obtained when the ‘molar ratio of ethylene oxide to
Grignard reagent is 2:1. A study of the intermediate compounds and
modes of formation of the products has been made.*** "™

The Grignard reagent may be aliphatic,*4?:**®
Many [(-arylethanols have been made by this method.

448,451

alicyclic, or aromatic.

447,453-455
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Oxides other than ethylene oxide have been used. Cyclohexene oxide
and diethylmagnesium give trans-2-ethylcyclohexanol (42%).**° 1-Phenyl-
2-propanol is obtained from either styrene oxide and methylmagnesium
iodide or propylene oxide and phenylmagnesium bromide.**'*****%¢ Propyl-
ene oxide reacts with alkylmagnesium bromides_to give chiefly propylene
bromohydrin, CH;CHOHCH,Br, when the ratio of reactants is 1:1. A ~
ratio of two moles of oxide to one mole of Grignard reagent gives second-
ary alcohols of the type CH,CHCHCH,R in 15-54% yields accompanied by
large amounts of the bromohydrins.**® Addition of the Grignard reagent to
the oxides of cis- and trans-stilbenes has been studied.**’

Crganosodium compounds behave similarly to the Grignard reagent with
ethylene oxide. 2-(a-Thienyl)-1-ethanol*® and y,y,y-triphenylpropyl al-
cohol*®® 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.**°

The best example of a preparation of an olefinic alcohol by this method
is that of 1-penten-5-ol from allylmagnesium chloride and ethylene oxide
(60%)*** Acetylenic alcobols are made in fair yields from sodium acety-
lides or acetylenic Grignard compounds and ethylene oxide.?*®*%* %%

Halo alcobols available by this method are of two types: those contain-
ing aryl halogen formed from halo aryl Grignard reagents,****** and
1-chloro-2-alkanols, CICH,CH(CH)CH,R.**"*** The latter compounds are
made by the action of Grignard reagents on epichlorohydrin,

CICH,CH—CH,.
N\ _/

The effect of the structure of the Crignard reagent on the course of this
reaction has been studied.**® Best results are obtained from primary
organomagnesium compounds.

Hydroxy ethers in which the alkoxyl group is on an aromatic nu-
cleus*™®*™ or an aliphatic chain*’? have been made from alkoxy Grignard

reagents in about 50% yields.

91. Action of Organometallic Reagents on Esters or Related Compounds

RCO,C,Hs 2%, RR’C(OMgX XOC,Hy) ~#%, RR’,COMgX 225 RR’,COH

Symmetrical secondary alcohols are prepared by this method from ethyl
formate and organomagnesium halides. Excellent directions are available

for 3-pentanol (70%)**” and 5-nonanol (85%).*" An ester exchange reac-
tion sometimes gives the formate of the alcohol as an impurity in the
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product, The pure secondary alcohol is obtained by saponification and
steam distillation.

Tertiary alcohols in which two alkyl or aryl groups are identical are
formed from higher esters or the corresponding acy!l chlorides. Ethyl iso-
butyrate and methylmagnesium iodide give 2,3~dimethyl-2-butanol (92%).2%*
Yields of 40-83% are listed for eighteen aliphatic tertiary alcohols.**®
Ethyl esters of furoic and tetrahydrofuroic acids give tertiary carbinols in
good yields with ethyl-, n-butyl-, and phenyl-magnesium bromides.*'?
Triphenylcarbinol is made from ethyl benzoate and phenylmagnesium
bromide,**°

By-products formed by condensation, reduction, and fission reactions
become appreciable as branching of the organometallic reagent, ester, or
acyl halide is increased. S3-Keto esters are formed by condensation of
esters by the Grignard reagent *****° (cf. method 211). 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 halide.*****%*7

rcocl X% rcno X%, ren,oH
l R MgX lR ng2

RCOR’ 2 M8*, RCHOHR’
H,0

In these reductions the organometallic reagent is oxidized to an olefin,
Esters give less reduction than acyl chlorides.*!® 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.*** Cleavage of ally! esters by the
Grignard reagent to give acid salts and hydrocarbons takes place when
the carbonyl group is sterically hindered.***

RCO,CH,CH— CH, XX, RCO,MgX + R*CH,CH—CH,

Tertiary alcohols are also made by carbonation of Grignard reagents
and treatment of the resulting halomagnesium salts with an excess of the
same or different organometallic compound,*®®***! 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
at 83° in benzene solution.*”® Ketones are obtained as by-products.

Symmetrical tertiary alcohols are best prepared from organometallic re-
agents and ethyl carbonate, (C,H;0),CO (cf. method 312).42:434
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Esters react with certain di-Grignard reagents to give tertiary alicyclic
alcohols in 20-67% yields.”®

H,MgBr H,
RCO,C,Hes / \ /
(CH,), —-L» (CH,)
"\ /N
CH,MgBr H, OH

wheren =2 or 3.

A number of other functional groups may be present in the reacting ester
molecule. The method has been applied to the preparation of glycols,*®

. 9
427 and oleflnlCGZB,GZ 430,431

pinacols, and acetylenic tertiary alcohols.
Esters containing halogen in the alpha and beta positions have been con-
verted to halo alcohols of questionable purity.******»**” Halogen atoms on
the aromatic nucleus are stable,®? a-Alkoxy esters give good yields of
a-alkoxy tertiary alcohols**®7°? (cf. methods 167 and 202). Amino alco-
hols may be prepared by the addition of excess Grignard reagent to esters

. A N
of amino acids.*?%*3% 4

92, Replacement of the Sulfonic Acid Group by the Hydroxyl Group

ArSO,Na “2220 525 ArONa 725 ArOH

Fuse H

The preparation of phenols by this method is limited to compounds hav-
ing substituents which are not attacked by alkali at the fusion tempera-
ture. A molten mixture of the hydroxide and a little water in a copper,
nickel, or iron crucible is treated with small portions of the sodium salt
of a sulfonic acid. The reaction occurs at 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
least 28% of the latter compound is required. Similar results are found in
the preparations of m-hydroxybenzoic acid (91%)™*° and G-methyl-2-naph-
thol.”** Several factors affecting the conversion are studied in the prep-
aration of the naphthol. Excellent directions are given for the prepara-
tions of p-cresol (72%)°® and [B-naphthol (80%).* m-Benzenedisulfonic
acid gives m-hydroxybenzenesulfonic acid*” or resorcinol,*** depending
upon the concentration of alkali used. 5- and 8-Hydroxyisoquinolines are
made by this method with the reaction occurring at 210-220°.%¢

93, Replacement of the Diazonium Group by the Hydroxyl Group

AfNJHSO,™ + H,0 —»ArOH + H,SO, + N,
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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
propene,*”?

Many phenols are best prepared by boiling aryldiazonium compounds
with water. Excess nitrous acid from the diazotization is first destroyed
by addition of solid urea.*”®*’***! Some substituted diazonium compounds
are hydrolyzed with difficulty. Refluxing with aqueous sulfuric acid,*’***°
copper sulfate,’**”® or sodium sulfate ****** solutions is usually recom-
mended.

The diazonium sulfates are preferred to the nitrates or chlorides. Aryl
chlorides and nitro compounds are sometimes formed as 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-toluidine.*

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 sis.?*4'*°7

CH,CO,H
H,CO,

AN*Cl- PBF4 AN +BF - Ar0COCH, S aroH

The aryl group may contain halogen,******* phenoxyl,”®” aldehyde,**
keto,** carboxyl,*”***** carbomethoxyl,** cyano,*? or nitro****** groups.
Certain activated methyl groups in the ortho position to the diazonium
group cause complications owing to ring closure with the formation of
indazoles.*”® 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 as it is formed.”® Amino groups on
heterocyclic nuclei such as pyridine,****** thianaphthene,**® dibenzo-
furan,’** and pyrazine**” are replaced by hydroxyl groups by this method.

94. Replacement of the Amino Group by the Hydroxyl Group

NaHSO,
C1oH,NH, + H,0 ==—=== C,H,0H + NH,

This equilibrium reaction in the presence of sulfites is used for cthe
preparation of naphthols and naphthylamines (Bucherer reaction) (cf.
method 438). A review of the literature to 1942 has been made.**® The
substituted naphthalenes are heated with aqueous sodium bisulfite at
90-150°. Nearly quantitative yields of a- and S-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 1-nitro-
2-naphthol (89%).°

An amino group on the benzene ring is directly hydrolyzable only when
it 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 (phloroglucinol) is obtained by direct hydrolysis and
decarboxylation of 2,4,6-triaminobenzoic acid.***

In the heterocyclic series 5-aminoquinoline has been converted by the
Bucherer reaction to 5-hydroxyquinoline (47%).°%

95. Hydrolysis of Esters
RCO,R” + NaOH —» R’OH + RCO,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 is obtained by sa-
ponification with methanolic sodium hydroxide.**® Phenols may be pre-
pared indirectly from aromatic aldehydes by oxidation with peracetic acid
followed by hydrolysis of the resulting aryl formate,®*’

CH,CO4H
CHCOH

ArCHO ArfOCHO 5‘1:1» AfOH

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 its 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-C,(H,;0H, from the
natural wax spermaceti, the acid fraction is precipitated as the calcium
salt to eliminate troublesome emulsions during the extraction process.*

The conversion of dihalides to diols through the diacetates is some-
times more convenient than direct hydrolysis (method 96). The diesters
are prepared by heating dihalides with sodium or potassium acetate in
acetic acid or ethyl alcohol.***=*'” Glycols are distilled directly from
mixtures of the diacetates and powdered potassium hydroxide or calcium
hydroxide.**” Ethylene glycol is obtained from the diacetate by ‘‘trans-
esterification’’ with methanolic hydrogen chloride.®*®* This modification
has also been used for the preparation of several a-hydroxy acids.**®

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 9,10-dihydroxystearic acid from methyl oleate.”*°

The conversion of a halogen compound to a carbinol through its acetate
or formate®** has been used for the preparation of olefinic alcohols,3°+5%
halo alcohols,****** o -hydroxy ketones,?*:%3* " o-hydroxy acids,**® amino
alcohols,™ and p-nitrobenzyl alcohol.*** 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,CH,
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;CCCHBrCHj,
is phenylacetylcarbinol, C(H{CHCHCOCH,, whereas that obtained through
the formate is methylbenzoylcarbinol, C;(HsCOCHOHCH,.**® 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 acetate.**®

96. Hydrolysis of Halogen Compounds
RX + H,0 — ROH + HX

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,),CCICH,Cl, with an aqueous suspension of calcium carbon-
ate, the tertiary chlorine atom is replaced to give 1-chloro~2-methyl-2-
propanol (48%).%°

A suspension of lead oxide in water is used in the preparatior. 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 alcohols.**” The
difference in reactivity between allyl and vinyl halogen atoms is well
illustrated by the hydrolysis of 1,3-dichloropropene, CICH= CHCH,Cl, to
3-chloro-2-propen-1-ol, CICH=CHCH,CH (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,*** C,H,CH,CH(OH)CHQC, and gly-
colic acid,**® CH,OHCO,H, are obtained by refluxing the corresponding
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halo compounds with water and barium carbonate. Higher-molecular-
weight a-hydroxy acids may be obtained from a-bromo acids and aqueous
alkali hydroxides or carbonates.******

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 200~275° to give phe-
nols. This conversion is illustrated by the preparation of 3-pseudocume~
nol (82%)%** and 2-hydroxydibenzofuran (75%). ***

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.**

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 form of its 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,*?* o-dihydroxybenzene,’ o- and
m-hydroxyphenylacetic acids,***** 4,4’-dihydroxybenzil,**! several hy-
droxyquinolines,®®*'®*? and hydroxy amino acids.***** Yields are in the
range of 72-93%. A modification of this procedure involves heating the
ether with pyridine hydrochloride or hydrobromide at 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.

ArOR 2%, A:OR- AIX, 2%, A0AIX, 25 ArOH

The reaction has been successfully employed to prepare fluorophe-
nols *****S and hydroxybenzophenones.®*® Diaryl ethers and alky!l aryl
ethers are also cleaved by sodium amide,*®® sodium hydroxide,”® and by
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sodium in liquid ammonia®® or pyridine.*** 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 + CICH,0CH, — ArOCH,OCH,.

This mixed acetal is stable to alkali but easily hydrolyzed to the phenol
by warming with dilute acid.®’

98. Cleavage of Oxides

+
RCH—CHR + H,0 X, RCHOHCHOHR

N/

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 ®**°'° or perchloric ****” acids. Inversion of the configuration of
a carbon atom occurs. Thus, cis-2,3-epoxypentane gives threo=-2,3~
pentanediol, and the trans oxide gives the erythro diol.*** Chloro*** and
keto®’ 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 as in the preparation of a-phenylethyl alcohol from styrene oxide

(94%).4
99. Cleavage of Furans and Pyrans

H,—CH,

CH, CHCH,OH —2 5 HO(CH,),OH
N\ / CuCro

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 compounds, as in the
preparation of 5-hydroxy-2-pentanone and 1,4-pentanediol from methyl-
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furan®?® and 1,5-pentanediol from tetrahydrofurfuryl alcohol.*** Tetra-
hydrofurfuryl alcohol is also cleaved by acetic anhydride and zinc chloride
to give the triacetate of 1,2,5-trihydroxypentane.®**+2

Hydrolysis of 2,3-dihydropyran by dilute hydrochloric acid gives 5-hy-
droxypentanal (79%),°** which is readily reduced to 1,5-pentanediol. The
2,3~dihydropyran is prepared by dehydration and rearrangement of tetra-
hydrofurfuryl alcohol over aluminum oxide.®**

Dehydrohalogenation and ether cleavage of tetrahydrofurfuryl chloride
by sodium sand produces 4-penten-1-ol in 82% yield.**”® Likewise, 4-octen-
1-ol is obtained from 3-chloro-2-n-propyltetrahydropyran.”® This syn-
thesis is general for 4-alken-1-ols from the commercially available di-
hydropyran (cf. method 21).7**

. Br R .
|| 2 _RMeX, %, RCH=CH(CH,),0H
B].' B].' Hzo
0

(0] 0]

A similar synthesis of 3-alken-1-ols from 2,3-dichlorotetrahydrofuran has
been devised, and the stereochemical relationships of both syntheses
have been investigated.”®® Many cleavages of furan and pyran rings have
been reviewed,™°

Dibenzofuran is cleaved by a mixture of sodium and potassium hydrox-
ides at 410° to 2,2 ’-dihydroxybiphenyl (29%).°*"

100. Rearrangement of Allyl Ethers (Claisen)
C¢H;OCH,CH=CHR — 0-HOC,H,CH(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%).%°

The reaction occurs below 200° without catalysts by refluxing the ether
at atmospheric or reduced pressures either with or without solvents. The
yield of o-allylphenol from allyl phenyl ether is 73%.**°

Excellent literature reviews complete with experimental conditions
have been made.***
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101. Hydration of Olefinic Compounds
" RCH= CHR P5%, RCH,CH(0SO,H)R 225 RCH,CH(CH)R

Hydration of olefins is 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 to the carbon atom of the double bond which contains the least 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 a satis~
factory laboratory preparation of ¢-butyl alcohol from gaseous isobutyl-
ene.®® Kerosene is used as a solvent to lower the vapor pressure of the
isobutylene, which is then absorbed by 50% sulfuric acid. The concen-
tration of the sulfuric acid is critical; polymerization of the olefin occurs
when the acid is too concentrated.

Other functional groups may be present in the molecule containing the
double bond. Methallyl alcohol, H,C=C(CH,)CH,0OH, is 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 acetal by dilute mineral acid gives isobutylene glycol (94%).%*¢ Hy-
dration of the double bond by aqueous sulfuric acid has been used to make
chloro-t-butyl alcohol from methallyl chloride ®** and B-hydroxybutyric acid
from crotonic acid.*®®

102. Condensation of Aldehydes and Ketones (Aldol Condensation)

2RCH,CHO 22, RCH,CH(OH)CH(R)CHO

This is 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 to 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 is reversible and is usually
promoted by basic catalysts. The products are distilled at temperatures
as low as possible to prevent not only the reverse reaction’” but also the
dehydration to olefinic compounds (method 36).

The condensation of an aldehyde ot a mixture of two aldehydes is best
effected by aqueous sodium or potassium carbonate ot aqueous alcoholic
hydroxides at 0-30°. From a preparative standpoint, best results 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 is ob-
tained. Crossed condensations of formaldehyde with isobutyraldehyde
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and isovaleraldehyde give the aldols, CH,OHC(CH,),CHO, and
(CH,),CHCH(CH,OH)CHO, respectively.?**?** Certain aldols dehydrate
spontaneously or upon distillation. This is especially true of those re-
sulting from the crossed condensation of benzaldehyde with another alde-
hyde (method 36). Self-condensation of aldehydes is 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.?*

Self-condensation of methyl ketones to ketols is best accomplished by
basic catalysts. Only methyl ketones have been satisfactorily condensed.
Diacetone alcohol is prepared by refluxing acetone with barium hydroxide
in a Soxhlet extractor.?® 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 as catalysts. For example, methyl
ethyl ketone gives the ketol, C,H,C(CH,)}OH)CH,COCH,CH,, in 67% yield
with C;.HN(CH,)MgBr prepared from ethylmagnesium bromide and methyl-
aniline. Eight higher ketols prepared by this procedure are described.
Yields are in the range of 55-70%. Pinacolone, which is condensed in
poor yields by other basic reagents, gives a 68% yield of the correspond-
ing ketol when the anilinomagnesium bromide is used.**® The acid-
catalyzed condensation of methyl ketones follows a completely different
course (method 36).

The crossed condensation of an aldehyde and a ketone is possible under
proper conditions. The tendency for self-condensation is much less for
ketones than for aldehydes. Advantage is taken of this fact by adding
the aldehyde diluted with part of the ketone to a cooled, well-stirred mix-
ture of the ketone and basic catalyst.**® 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 paraformaldehyde *°® and
acetaldehyde 7** with methyl ethyl ketone. The various by-products formed
in the condensations with formaldehyde have been discussed.” Base-
catalyzed condensation of methyl alkyl ketones with straight-chain alde-
hydes involves a hydrogen atom on the methylene group of the ketone
(3-condensation).?* 3L 310 It wags formerly believed that condensation
with a-alkyl-branched aldehydes takes place on the methyl group of the
ketone (1-condensation).?*”?'®* However, 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 ratio of 55 to 45. With sodium ethylate the
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ratio is 90 to 10, and with hydrochloric acid only 3-condensation is ob-

served.*'* Cyclopentanone and cyclohexanone have been used in crossed

condensations.?*®#'* Condensation of higher-molecular-weight ketones
gives very poor results.?** The condensation of aromatic and heterocyclic
aldehydes with ketones usually leads directly to 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 is 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-z-butyl alcohol from acetone and chloroform is 80%. The
yields of higher homologs vary over a wide range but, in general, are ex-
ceptionally good.™® Condensations with bromoform or iodoform are less
successful.”™’

Aliphatic esters have been condensed with benzaldehyde by means of
sodium triphenylmethide. The reaction has been stopped at the “‘aldol”
stage to give low yields (26-30%) of S-hydroxy esters.”*

Either or both active hydrogen atoms of malonic or acetoacetic esters
enter into condensation with formaldehyde or acetaldehyde.” Aceto-
acetic ester is readily converted to the dimethylol or diethylol derivatives
by condensation with formaldehyde or acetaldehyde, respectively, in the
presence of potassium carbonate.”®® a-Methylacetoacetates are similarly
condensed with one molecule of aldehyde.”®

Aliphatic and aryl-substituted aliphatic nitro compounds contain active
methylene groups which take part in condensation with carbonyl com-
pounds.

Base

RCHO + R’CH,NO, 22%%, RCHOHCHR “NO,

The yields of nitro alcohols from simple nitroparaffins and aliphatic al-
dehydes or benzaldehyde are usually above 60%.**7*° The condensa-
tions are generally carried out with aqueous ethanolic sodium hydroxide,
although weaker bases are sometimes desirable to prevent polymerization
of the aldehyde.**"** Sodium bisulfite addition compounds of the alde-
hydes are sometimes used.”**’** Better results are obtained with sodium
methoxide than with alkali hydroxides in the condensation of nitroethane
with formaldehyde.”*® Sodium alkoxides are also used to effect the con-
densation of nitroethane with acetone”™ and cyclohexanone.”™ Condensa-
tion proceeds to the nitroalkanediol stage in certain cases with both
nitromethane ™** and with formaldehyde.”*
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103. Condensation of Carbonyl Compounds with Halogenated Compounds
(Reformatsky)

RRCO + R’CHBrCO,C,H, 222 % RRC(OH YCHR’CO,C,H,
H,0

In this reaction organometallic compounds incapable of existence in
high concentration are formed and utilized immediately. When an alde-
hyde or ketone is condensed with a halo ester the product is a B-bydroxy
ester. Sometimes dehydration occurs to give olefinic esters directly
(method 19). The use of an ester as the carbonyl compound leads to
[-keto esters (method 234). The halo esters most commonly employed
are of three types: XCH,CO,C,H,, RCHXCO,C,H,, and R,CXCO,C,H,.
Vinylogous halo esters, such as y-bromocrotonate,”* and certain benzyl
halides®*® have been used with variable success.

A review of the literature to 1942 lists 157 condensations involving
aldehydes and ketones.*”” Trioxymethylene serves as a source of formal-
dehyde.”® In addition to the compounds listed, condensations of 2-pente-
nal,**’ o-tolualdehyde,**® methyl ethyl ketone,??7'2*!+2*2 djethyl ketone,??*
methyl hexyl ketone,?*? cyclopentanone,®? and phenyl ¢-butyl ketone 2*°
are noteworthy,

The best experimental conditions for the reaction have been dis-
cussed.*® An optimum temperature of 90~105° is easily maintained by
the use of a refluxing mixture of benzene and toluene as solvent,?*®
Granulated zinc which has been washed with hydrochloric acid can be
substituted for the sandpaper-cleaned zinc foil that is sometimes recom-
mended.?** Magnesium has been used successfully for several condensa-
tions.213.233,759

Many competing reactions are responsible for the low yields occasion-
ally obtained in the Reformatsky reaction. Zinc salts bring about the
aldol condensation of certain aldehydes. Coupling of two molecules of
bromo ester by zinc to give a succinic ester sometimes occurs. The ex-
tent of this reaction is reduced by adding the bromo ester to a refluxing
mixture of benzene, ketone, and zinc.?*” A portion of the bromo ester is
sometimes reduced by reaction of the zinc derivative with an active hy-
drogen atom of the ketone; the ketone is regenerated from its enol salt by

R,CHCOR + BrZnCH,CO,R — CH,CO,R + (R,CCOR=)Zn*Br

hydrolysis. This side reaction occurs to the extent of 90% with aceto-
mesitylene.””® The reduced ester may also be condensed by the organo-
zinc compound to yield a B-keto ester,**
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Propargyl bromide, HC = CCH,Br, undergoes a Reformatsky-type reac-
tion with a variety of carbonyl compounds to give B,y-acetylenic carbi-
nols in fair yields.”*®
104. Condensation of Carbonyl Compounds (Acyloin and Benzoin

Condensations)

xa RC—ONa ., RCHOH
RCO,C,H, —» =
RC—ONa  RCO

Aliphatic acyloins (a-hydroxy ketones) are formed by the action of
sodium sand on ethereal or benzene solutions of aliphatic esters.***r**’
Improved techniques involving highly dispersed sodium preparations are
invaluable in this condensation.’®® Straight-chain and branched esters
are condensed in 55-75% yields.®*® Contrary to earlier reports, higher-
molecular-weight aliphatic esters give acyloins in excellent yields. The
reaction has been extended to include esters containing eight to eighteen
carbon atoms.®®® The mechanism of the condensation by sodium in liquid
ammonia has been studied.®*® Evidence is presented for the existence of
intermediate free radicals, RC(ONa)(OC,H;), and acyl sodium compounds,
RCONa. Esters of glutaric and adipic acids give a-hydroxy alicyclic
ketones.” Several aromatic aldehydes, acids, and esters have been
condensed by metals in a similar manner,%****

Aromatic a-hydroxy ketones (benzoins) are best obtained by the con-
densation of aromatic aldehydes by alkali cyanides. An aqueous-
alcoholic solution of the aldehyde and sodium cyanide is refluxed for a

. 6
short time.54%:%4?

2A:CHO Y%, ArCH(CH)COAr

Crossed condensation of two aldehydes has been accomplished as in
the preparation of p-methoxybenzoin.*** The condensation is reversible,
as has been demonstrated by the preparation of mixed benzoins from
benzoin and an aromatic aldehyde.***

The mechanism and experimental conditions for these reactions have
been discussed in two reviews of all methods for the synthesis of

benzoins’® and acyloins.””

105. a-Hydroxy Ketones by Interaction of Dicarbonyl Compounds and
Aromatic Hydrocarbons

ArCOCHO + Ar'H 2S5, ArCOCH(OH)Ar
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This reaction was first described as a new synthesis for mixed ben-
zoins.**® A solution of the aryl glyoxal in the aromatic hydrocarbon is
stirred at 0° for 5-20 hours with aluminum chloride. Carbon disulfide
may be used as a solvent if necessary. The yields vary from 35% to 90%.
The reaction has been extended to the preparation of a-hydroxy ketones
of the types RCOCHOHAr **° and CH,COCOH(CH,)Ar **° by substituting
t-butylglyoxal and biacetyl, respectively, for the aryl glyoxal,

106. Alkylation of Phenols
C¢H;OH + (CH,),COH 2%5 ,_(CH,),CC,H,0H

Alkylation of the aromatic nucleus has been discussed previously
(method 1). Phenols are alkylated chiefly in the para position by terti-
ary alcohols 7> 7% or olefins.””®?*® The yields of product range from 24%
to 64%. Primary alkyl radicals isomerize to secondary alkyl groups.”™*
The best method for the preparation of n-alkylphenols is by reduction of
the corresponding acyl derivatives (method 3),52% ¢51:798,797

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
is similar to the Fries reaction of phenolic esters (method 209).

Indirect methylation of reactive phenols is 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.”’%7"7 A modification of this procedure involves dimethylaminomethyl-
ation of the phenol followed by hydrogenolysis of the dimethylamino-
methyl group.***

OH OH OH

HCHO CH,N(CH,), &, CH,
H,C! CH, cH,Ns H,C CH, cucro H,C CH,

107, Oxidation of Olefinic Compounds to Glycols

RCH=CHR + H,0, —<>% R CH(OH)CH(OH)R
HO

This method has been employed extensively for the conversion of ole-
fins to glycols and olefinic acids to dibydroxy acids. The best general
reagent is performic acid, The olefinic compound is stirred at 40° with
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a solution of 30% hydrogen peroxide in aqueous formic acid. Only a
slight excess of hydrogen peroxide is required. The yields of dihydroxy
compounds are 40-99% from l-olefins,*® olefinic alicyclic hydrocar-
bons,**”**** and olefinic acids.*®® The double bond in the a,fS-position of
several acids and esters has been hydroxylated by 90% hydrogen peroxide
at 55-95°.*"° Epoxides are first formed in the reaction (cf. method 126).
These compounds react with formic acid to 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 reviewed.”®

Hydroxylation by hydrogen peroxide in t-butyl alcohol solution is cata-
lyzed by osmium tetroxide.*”—*°* The catalyst is volatile and dangerous
to handle **° but is 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 to large-scale preparations. In contrast to hydroxylation by
performic acid, this procedure leads to cis addition of the two hydroxyl
groups to the double bond. An extensive study of other catalysts has been
made.”™* 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-cyclopenten-1,4-diol.**

Osmium tetroxide is also a catalyst in the oxidation of the double bond
by chlorates. Cis addition of hydroxyl groups takes place as is shown by
the preparation of ¢is-1,2-cyclohexanediol from cyclohexene®” and the
formation of the proper diastereoisomeric dihydroxy derivatives of maleic,
fumaric,®*® and 4-halocrotonic acids.®®®*® Silver chlorate is preferred to
potassium chlorate in the hydroxylation of crotonic acid.®®

Perbenzoic acid is 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 to the double bond for crotonic
and isocrotonic acids.®?

Other reagents used for hydroxylations of this type are peracetic acid®'?

and a neutral solution of potassium permanganate ®****°

108, Phenols by Dehydrogenation of Cyclic Ketones

(o]
OH

H
Pd

The dehydrogenation of alicyclic 6-membered rings to aromatic hydro-
carbons is discussed elsewhere (method 2). When a carbonyl group is
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present in the ring, fair yields of phenols can sometimes be obtained.
Dehydrogenation by sulfur or selenium’* bas largely been replaced by
catalytic dehydrogenation over nickel™ or palladium 768,77 catalysts.

109. Unsaturated Alcohols by Oxidation of Olefins or Acetylenes ™
RCH==CHCH,R 2%, RCH =CHCHOHR

110. Oxidation of Phenols (Elbs)

OH OH

Z Z
=]
OH

where Z = H, Cl, CHO, or NO, (20-48%).7*"" ™"

111. Condensation of Alcohols by Sodium (Guetbet)”®’

Na, Cu bronze, 300°% CH,CHRCH,OH + RCH,CO,H
3RCH,CH,OH — - RCH,CH, 2 + 2~y
2

112. Condensation of Aromatic Compounds with Ethylene Oxide ™

ArH Ethylene oxide AICH:CH,OH
ALCl1,y

113. Condensation of Pyridine or Quinoline with Ketones ™

C,H,N + R,CO X&M8%% , 5.C . H NC(OH)R,
H,0

764,765

114. Hydrolysis of a-Diazo Ketones

rRcocl £, RCOCHN, ‘_*i} RCOCH,OH
H
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TABLE 11. HYDROXY COMPOUNDS
Cn Compound Method Y(’;])d Chaptertef. B,p, /mm., ni;, (M.p.), Deriv. Cn
Aliphatic Alcohols
Cs 2-Propanol 79 100 5% 82* Cse
79 100 s
C, 1-Butanol 79 85 52 1.3977%
) 80 544 117/740, 1.3993%, 71Nu
2-Butanol 79 87 52 1.3956%
101 77 5 %2 98 cr
2-Methyl-2-propanol 101 40 5358 82
Cs 1-Pentanol 84 61 st 137/740%, 1.4101%, 46Pu®
: 84 94 534 136
88 68 528 136/733, 1.4099
90 76 544 136/740, 1.4100%, 66Nu
2-Pentanol 90 54 5%6 119/745, 1.4801, 61Db
3-Pentanol 80 60 5177
91 70 597 115, 1.4078
2-Methyl- I- butanol 84 78 53 120-124
88 66 58 128/749
3-Methyl- I-butanol 90 74 b et 130/740, 1.4081%, 67Nu
90 60 54s 131
Methylisopropylcarbinol 88 56 56 111/727, 1.4090
88 54 537 111
t-Amyl alcohol 101 74 5% 100-103
t-Butylcarbinol 84 88 534 111/738
Cs l-Hexanol 79 100 siu 69/20, 1.4134%, 42Pu
84 92 5% 153
90 71 5440 154/740, 1.4131%, 59Nu
90 62 5 42 154~157
2-Hexanol 88 66 5 %6 136
90 51 5466 140/740, 1.4155, 37Db
2-Methyl- 1-pentanol 84 66 10 148/766
111 72 577 148
3-Methyl-1-pentanol 90 65 5446 152/740, 1.4112%, 58Nu
4-‘Melhyl- I-pentanol 90 69 5446 151/740, 1.4132%, 60Nu
Dimethyl-npropylcarbinol 89 50 5% 123/762, 1.4125
3-Methyl- 2-pentanol 85 75 306 131, 1,4198, 47Db
4 Methyl-2-pentanol 79 95 5187 131/740
88 49 5360 130
88 42 5% 130/734, 1.4111, 97Nu
. 90 38 5 %6 68/52, 1.4120, 62Db
Methyldiethylcarbinol 89 67 5204 117-121
89 71 564 122
3,3-Dimethyl-I-butanol 20 15 544 142, 84Db
(neopentylcarbinol)
2-Ethyl- 1-butanol 84 63 51 147/743, 1.4234'7
Ethylisopropylcarbinol 88 52 53%6 126/742, 1.4170
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TABLE 11 (continued)

Compound

Method Yield Chaptertefe B.p./mm., nf), (M.p.), Deriv.

(%)
Aliphatic Alcohols (continued)

2,3-Dimethyl- 2butanol 91 92 5364 119/759, 1.4169
Methyl-¢-butylcarbinol 79 75 siu 120

79 100 51 117/740

88 28 5361 117-121, 76Pu
1-Heptanol 79 86 54 175/750

79 81 5% 174, 72/12

90 69 5446 174/740, 1.4231%, 62Nu
2-Heptanol 79 65 sus 156

90 56 5406 77/24, 1.4214, 48Db
3-Heptanol 88 40 5384 155/745, 1.4197
4-Heptanol (di-n-propyl- 80 92 5177 155*

carbinol) 88 63 5384 154/745, 1.4199

3-Methyl-1-hexanol 90 63 544 162/740, 1.42132%, 45Nu
4-Methyl-1-hexanol 84 83 548 84/24, 1.4223%"

90 58 544 169/740, 1.4233 %, 50Nu
S-Methyl- I-hexanol 90 59 5 448 169/740, 1.4251%, 55Db

29 53 5° 100/45, 82Pu
2-Methyl-2-hexanol 89 68 5357 142/730, 1.4186

89 92 534 137141

89 60 5348 60/25, 1.4176
4-Methyl-2-hexanol 90 31 5 4e6 86/44, 1.4223, 63Db
5-Methyl- > hexanol 90 15 5488 73/32, 1.4227, 36Db

88 65 53%6 151/742, 1.4180, 85Nu
2-Methyl-3-hexanol 88 62 5386 145/734, 1.4213
3-Methyl-3-hexanol 89 64 53® 138
2,4Dimethy}- I-pentanol 84 77 ste 54/7

88 30 5360 66/18, 1.427
3,4 Dimethyl-1- pentanol 920 46 544 161/740, 1.4261%
4,4 Dimethyl-1-pentanol 87 90 519 96/62, 1.4202, 81Nu
3-Ethyl-2-pentanol 79 70 sie 151/743
2,3-Dimethyl-2-pentanol 85 80 5308 137, 1.4262

89 35 53® 130
2,4-Dimethyl- >pentanol 89 54 5%® 128

91 82 5364 132/760, 1.4162
4,4 Dimethyl-2-pentanol 79 72 51 137/736, 1.4188, 87Nu

90 15 5406 65/40, 1.4248, 50Db
3-Ethyl-3-pentanol 89 63 sie 73/50, 1.4305
2,2-Dimethyl- 3-pentanol 88 62 5268 135-138

91 88 544 140
2,3-Dimethyl- 3-pentanol 89 59 534 45/14, 1.4287

89 50 538 51/20, 1.4283
2,4 Dimethyl-3-pentanol 88 78 538 134-138, 99Pu

91 100 54 132
3- Methyl- 2-ethyl-1-butanol 84 70 517 66/14, 49 Db

For explanations and symbols see pp. xi-xii.
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TABLE 11 (continued) TABLE 11 (continued)
Cp Compound Method Yield Chapterref. B.p./mm., nlt), (M.p.), Deriv, Cn Compound Method Y(i;id Chaptectef- B.p./mm., nf). (M.p.), Deriv.
Aliphatic Alcohils (contimmed) Aliphatic Alcohols (contirnued)
Cy 2,3,3Trimethyl-2-butanol : Zs 5:: 50/20 Ca Methybmpropyl-n-butyl- 89 68 3% 79,15, 1.4327
Pentamethylethanol hydrate 89 62 :.ue :833(; car?inol .
2,2-Dimethyl-1-heptanol 88 41 5 89/15, 1.4339
Cs 1-Ocranol 84 94 53 190 Diethyl-r-butylcarbinol 89 67 5342 96/36, 1.4362
84 75 57 104/16 - Butyl-t-butylcar binol 91 69 5418 71/15, 1.4320, 65Pu
90 49 548 192/740, 1.4303 %, 66Nu Methyl-n-butylisopropyl- 89 6l 534 57/5, 1.4365
2-Octanol 42 5793 77/15, 1.4264 carbinol 89 65 534 77/16, 1.4355
3 Methyl-1-heptanol %0 43 5 440 101/26, 1.4293% 2-Methy - 2-ethyl~ 1-hexanol 88 31 52 86/11, 1.4401
3-Methyl-2-heptanol 79 77 5312 173/760, 1.4361* Diethyl-t-butylcarbinol 91 77 54 84/40, 1.4418
6-Methyl-2-heptanol 80 96 517 80/16, 1.4273%° Methylisopropyl-t-butyl- 89 71 599 172-176, 1.4495"
3Methyl-3-heptanol 89 71 5343 66/15, 1.4279 carbinol ‘
i?f;:f’ﬁ'liﬁli’f” :: 6; ST 70/15 C1, Dodecyl alcobol (lauryl 84 75 5* 145/18
' ;1 Z"’ 90/18, 1.4328 alcohol) 84 80 5t 117/4, (24), 74Pu
#Ethyl-1-hexanol 00 38 S0 96/20 C e l-zle;::t):anol (myristyl 84 60 5 ‘{30/3, (38.5)
2,2-Dimethy!- I-he xanol 88 63 534 81/14, 1.4304 Cys l-Pentadecasol 84 85 5259 113/0.2
2 Dimethyl- *hexanol 8 8 5% 151760 Cys 1-Octadecancl g4 90 ¥ (59)
5,5 Dimethyl-2-hexanol 8 60 5%°% 166, 1.4229 i
2,3 Dimethyl-3-hexanol 89 32 5 264 62/14, 1.4309 Alicyclic Alcohols
8 34
2,4-Dimethyl-3hexanol sz ;3 5..; :23?’1.1‘;220 C4 Cyclobutanol 79 9% 5:‘:’ 125, 1.4347%, 131Pu
3,4 Dimethyl-3he xanol 89 25 5264 68/16, 1.4313 Cyclopropylcarbinol 84 27 5“4 1221/730, 1.427P3
2,4 Dimethy)- hexanol 89 56 55 153, L4277 B 8 > 123, 1.426, 767
2-Propyl-1-pentanol 84 50 58 179 Cs Cyclopentanol 79 95 st 139, 1.4530
2Methyl-2-ethyl-1-pentanol 88 30 53% 76/15, 1.4353 79 %0 57 1.4520%
2,3,3-Trimethyl-2- pentanol 89 65 5330 84/58, 1.4280 79 100 518 137
2,3,4-Trimethyl-2-pentanol 89 58 su 156/752, 1.4400% Cyclobutylearbinol 84 49 528 142, 1.4449%
o1 40t s s0/7,1.4350 Methylcyclopropyl cabinol 79 60 55™  124/760, 1.4316, 70Pu
2,4,4- Trime thyl-2-pentanol 89 78 5344 38/8, 1,4272 79 90 sty 122/760, 1.4316
60 5™ 146, 1.43013 1-Methylcyclopropane- 84 56 566 128/750, 1.4308, 85Db
2,2,3-Trimethyl-3-pentanol 89 60 533 76/40, 1.4353 methanol
2,2,4 Trimethyl-3- pentanol 88 44 5262 148-152, 89Pu Ce¢ Cyclohexanol 80 95 517
2,3,4 Trimethyl-3-pentanol 8 95 5340 101/125, 1.4350 s6s
2,2.3,3-Tetramethyl- 87 53' 5.9. (150) 6éPu 86 100 5 159, 1.4642, 83?“
1-butanol ! 1-Methylcy clopentanol 89 . 5358 81/100, (36), 83NBz
2-Methylcyclopentanol 79 100 518 148, 1.4510
Cs S5-Nonanol (di-m-butyl- 91 85 54 97/20 3-Methylcyclopentanol 79 100 1 150/750
carbinol) Cyclopentylcarbinol 88 40 e 162, 1.4552
4 Methyl-1-octanol 84 81 54 105/18, 1.4320%" Dimethylcyclopropyl~ 91 85 s4u 124/760
$-Methyl-1-octanol 84 <8 516 123/37 carbinol 89 68 5338 123/760, 1.4337
- | ] H 9 B
’ :Ale::;:cl;l; octanol (isencnyl gg :; 29 :10:;;:, g:::: C, Cycloheptanol 79 92 1 187, 1.4760
i i ! 1-Methylcyclohexanol 89 64 5397 74/7, 1.4610
Dimerthyl-n-hexylcarbinol 89 85 5342 84/20, 1.427 as
Methylethyl-n-amylcacbinol 89 24 52m 98/50, 1.4257% 2-'MethyICyclohexanol 84 61 5513 162 207
89 76 5343 81/15, 1.4315 cis-2-Methylcyclohexanol 79 70 51” 5/2, 1.
! 86 5 51/3, 1.4649, 93Pu

For explanations and symbols see pp. xi-xii.
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TABLE 11 (continued)

Ch. 5

Compound

Method

Yield

(%)

Chaptertef- B.p./mm., nf), (M.p.), Deriv.

Alicyclic Alcohols (continued)

Cy

Cs

Co

trans-2-Methylcyclohexanol

3-Methylcyclohexanol
trans-3-Methylcyclohexanol
cis-4-Methylcyclohexanol
trans-4-Methylcyclohexanol

cis- and trans-2-, 3, and
4-Methylcyclohexanols
Cyclohexylcarbinol

B-Cyclopentylethanol
1-Ethylcyclopentanol
trans-2-Ethylcyclopentanol
3,3-Dimethylcyclopentanol

Cyclooctanol

B -Cyclohexylethyl alcohol
1-Ethylcyclohexanol
2-Ethylcyclohexanol

trans-2-Ethylcyclohexanol
3-Ethylcyclohexanol
4-Ethylcyclohexanol
trans, cis, trans-2,5-Di-
methyleyclohexanol
trans, cis, cis~3,5-Dimethyl-
cyclohexanol
2 ,Lbimethylcyclohexanol
2,6-Dimethylcyclohexanol
3,3-Dimethylcyclohexanol
3,4-Dimethylcyclohexanol
3,5-Dimethylcyclohexanol
1-n-Propylcyclopentanol

3-Cyclohexyl-1-propanol
1-n-Propyl-1-cyclohexanol

cis~2-n-Propylcyclohexanol
4-n-Propylcyclohexanol
1-Isopropylcyclohexanol

\O @
w A

2 IRRERRR

100
85
92

100

92

69
45
90
89

94
51
62
93

42
94

94
91

91
73
75
98
93
65

41
57

71
41

5569
s 723
5 673
5121
5 569
5 723
Ssu
5 ke 2
slil

5 33
5 268

5 451
5 358
5 132
5 123

5 122
5 20

5 448
5 357
5 732
5!79
5 450
5 S68
5 sas
5 s68

5560

5 sa8
5 370
5 128
5 568
5 5711
5 703
5 3ss

5 as7
510)
5 sy
5 568
5\26
5 sy

164, 1.4602, 106Pu
53/3.5, 1.4616G, 105Pu
61/10, 1.4596%
82/20, 1.4570

169, 1.4545, 92Pu
52/2, 1.4614, 104Pu
170, 1.4551, 124Pu
1.4561, 124Pu

181
91/18, 1.4640%

85/11, 1.4577

75/20, 1.44942%, S3NBz
166, 70Pu

155/738, 1.4468%*%

112/25, (25)

102/12

89/7, 1.4693 %%, 71Db
62/7, 1.4633

89/20, 1.4660
76~79/12

89/25

192, 1.46002%, 99Nu
192, 115Pu

180, 1.4555, 117Pu

182, 107Pu

177, 1.4544, 96Pu
172, 1.4625, 132Pu
78/10

189, 1.4570, 97Pu
91/20, 1.4550
171/760, 1.4504

71/9, 1.4502%5, 6ONBz

92/5, 1.4624%%

180/760, 1.4634

86/15, 1.4635

202, 95Pu

211/745, 1.4506%, 135Nu
68/7, 1.4648
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TABLE 11 (continued)

Compound

Method Yield Chapterref- B.p./mm., "i)' (M.p.), Deriv.

(%)

Alicyclic Alcohols (continued)

Co cis-4-Isopropylcyclo-

hexanol
trans-4-1sopropylcyclo-
hexanol
4-Isopropylcyclohexanol
2,4,6-Trimethylcyclo-
hexanol
2,3,5-Trimethyleyclo-
hexanol
4-Cyclopentyl-1-butanol

Cyo @ Decalol

cis-2-Decalol
trans-2-Decalol

C,; cis-2-Cyclohexylcyclo-

hexanol
trans-4-Cyclohexylcyclo-
hexanol

C,s Dicyclohexylcarbinol

79 100 5124
90 5 124
86 96 5 561
86 9% 5568
86 w 5 568
90 75 5 451
80 95 5177
87 48 519
87 53 5 199
79 514
79 86 5 574
79 88 53

68/0.6, 1.4671, 89Pu
1.4658, 114Pu

124/40, 1.4660
183

197, 1.4572%%, 149Nu

90/2, 1.4613

124-130/16
120-126/13

265/748, (63), 153Pu
(104), 157Pu

(62)

Aromatic Alcohols and Phenols

Cy

Cs

Benzy! alcohol

o-Cresol (o-methylphenol)

m-Cresol (m-methylphenol)
p-Cresol (p-methylphenol)

Phenylmethylcarbinol

B-Phenylethanol

p-Ethylphenol

79 85 54
79 100 sm
80 89 578
81 80 5518
84 90 54
84 63 52
3 86 5 797
93 40 5 476
93 9 5708
93 41 5 476
92 72 5563
93 46 547
79 97 567
80 93 547
84 95 5274
88 80 5265
% 70 5 447
84 47 s
112 45 5788
3 100 56st
79 86 5368
92 58 5368

105/20, 1.53402%, 76Pu
9%0/7

104/23, 85NBz

70/6
190/746, (34)
81/6

96/15, (31)
195-200

93/16, 1.5251%5, 94Pu ‘

93/16
111/28
94/5, 1.5351, 119Nu
117/25

217/750, (46)
215/739 -
219

For explanations and symbols see pp. xi-xii.
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TABLE 11 (comtinued)

Cp Compound

Method Yield Chapterref. B.p./mm., nf), (M.p.), Deriv.

(%)

Aromatic Alcohols and Phenols (continued)

Cs o0-Methylbenzyl alcohoi
p-Methylbenzyl alcohol

p-Xylenol

Cy Ethylphenylcarbinol

3-Phenyl-1-propanol

1-Phenyl- 2-propanol

o-n-Propylphenol
p-n-Propylphenol
o-Isopropylphenol
p-Isopropylphenol

m-Methylphenylmethyl-
carbinol

2,3,6-Trimethylphenol
(3-pseudocumenol)

5-Hydroxyhydrindene

C 10 2-Phenyl-1-butanol
3-Phenyl- 1-butanol

4-Phenyl- 1-butanol

{

2-Phenyl-2-butanol
4-Phenyl- 2-butanol
Phenylisopropyl carbinol
p-1sopropylbenzyl alcohol

(Cumy! alcohol)
o-t-Butylphenol
p-t-Butylphenol
B-Naphthol

84 70 533
88 42 51281
81 72 5513
84 70 533
93 70 5474
79 99 sit4
79 100 5158
79 100 5 111
84 93 533
84 80 s 15
84 83 5 34
85 93 5108
920 79 5 446
97 85 5713
90 53 5452
90 60 s 281
2 67 5 466
79 83 5368
97 93 5 528
106 41 5772
92 35t gse
93 74 5475
88 71 51M
96 82 5348
93 69 5470
84 75 5
84 64 5%
84 66 537
97 68 5718
84 94 510
§8 60 5 362
% 60 5362
89 88 5360
79 77 5120
88 83 s 265
79 70 593
84 81 539
7 91 5796
106 60 5778
92 80 5 562

121/23, 10INBz
109/12, (35), 79Pu
117/20, (61)

(58), 118Db
212/760, (74)

93/4, 1.5208

214/740

84/1, 1.53543%

124/19

87/2, 1.521825, 48Pu
112/8

132/21, 1.5278
234/740, 1.5351%, 47Pu .
116/13, 1.5242%*

93/8, 1.5210%, 87Pu
107/15, 1.51962%, 89Pu
95/7, 1.5221, 90Nu
215/740, 110Pu

80/1

59
(60)
104/6, 1.5240

(56)

(54)

122/18

235

120/11

122/13, 1.51653%
126/9

137/14

137/14

88/3, 107/15

124/15

103/7

91/0.7, 1.5181, 62Pu
136/26, 92 Db

218, 1.5160
237/740, (100), 82Bz
286, (123)
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TABLE 11 (continued)

189

Cp Compound Method Y(i;.;d Chaptet‘ef- B.p./mm., nf), (M.p.), Deriv,
Aromatic Alcohols and Phenols (continued)
Cy 1-Phenyl-1-pentanol 79 99 st 115/6, 1.5078
' 88 62 536 137/21

88 85 5365 130/13
5-Phenyl-1-pentanol 88 68 5362 151/13

90 68 5362 151/13

99 72 5624 141/16*
1-Phenyl-2-pentanol 88 28 5362 127/15
4-Phenyl-2-pentanol 79 89 5138 124/15
1-Phenyl-3-pentanol 88 50 5362 130/15
1-Phenyl-1-cyclopentanol 91 66 5703 136/12, 1.5473
Phenyl-z-butylcarbinol 88 56 537 110/15, (45)
p-n- Amylphenol 3 85 5510 107/2
p-t- Amylphenol 106 60 573 249/740, (95), 61Bz
a-Naphthylcarbinol 84 63 5% 60)

88 58 5309 163/11, (60)
B-Naphthylcarbinol 79 80 stot (80)

84 35 5% (81)
1-Methyl- 1-tetralol 89 94 5% (87)

C,; 1-Phenyl-l-cyclohexanol 91 51 5703 144/12, (60}
cis-2-Phenylcyclohexanol 86 75 5573 141/16, (42), 128Pu
trans-2-Phenylcyclohexanol 79 36 5682 (57), 137Pu

79 60 5373 154/16, (57), 137Pu
cis-4Phenylcyclohexanol 79 29 5574 (77), 141Pu
trans-4-Phenylcyclohexanol 79 60 5374 (118), 140Pu
[B-(1-Naphthyl)-ethyl alcohol 90 76 54 176/13
[3-(2-Naphthyl)-ethyl alcohol 90 45 5436 67) "
Methyl-a-naphthylcarbinol 79 85 514 121/1, 1.6188

80 95 5177
Methyl- B-naphthyl carbinol 79 100 siu 126/2, (68), 144Pu

79 75 514 (73)

80 9 5177
2- Acenaphthenol 93 80 5477 (151)
7-Acenaphthenol 95 74 5530 (146)

C,; o-n-Heptylphenol 3 86 5798 118-123/1
Diphenylcarbinol 79 81 53

(benzhydrol) 79 100 sin (69), 140Pu
) 79 87 518 (65)

79 97 5118 (68)

80 99 5173 69

88 70 5377 (68)
2-Phenylbenzyl alcohol 84 85 5668 177/17

88 66 5694 146-152/4

93 9% 5482 174/13
2-(a-Naphthyl }- 1-propanol 79 79 594 145/3, 126Db

For explanations and symbols see pp. xi-xii.
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TABLE 11 (continued)
Cn Compound Method Yield cpoicerref. B.p./ ! iv,
. P »pe/mm., np, (M.p.), Deriv.
Aromatic Alcohols and Phenols (continued)

C,3 Il-(a-Naphthyl)2-propanol 80 83 5084 173/17, 1.604%, 108Pu
2-Hydroxy fluorene 93 57 5480 (169)

95 38 5547 (138)
9-Hydroxyfluorene 96 69 ki (158)

C 14 2,2-Diphenylethanol 84 93 524 145/1, (55), 92Bz
1,2-Diphenylethanol 88 78 5378 177/15, (67)
Benzylcyclohexylcarbinol 88 42 5369 174/12
1-(2-Biphenyl)-1-ethanol 88 56 544 (112)
1-Phenanthrol 93 11 547 (156)*
2-Phenanthrol 92 50 54 (167

93 40 5479
3-Phenanthrol 93 39 547 (122)*
9-Phenanthrol 97 30 5931 (154)
2-Hydroxy-9,10-dihydro- 93 69 54 (113)
phenanthrene
9-Hydroxyperhydro- 80 83 5688 132/0.5
phenanthrene
9-Fluorenylcarbinol 80 50 518 (100), 212Db
1- Acenaphthenylmethyl- 79 83 5134 (83)
carbinol
Cys 1,2-Diphenyl-1-propanol 79 75 512 (53), 122Pu
88 65 5112 182/18, 116Pu
Dibenzylcarbinol 79 89 5120 199/15
2-Fluorenylmethylcarbinol 79 65 5134 (140)

Cys 1-Phenanthrylmethylcarbinol 88 90 5380 (110)
B-(9-Phenanthryl)-ethyl 20 50 5458 92)

alcohol

C,7 Diphenyl-z-butylcarbinol 91 63 5419 149/2.5, 1.5748

Cye Triphenylcarbinol 91 93 5430 (162)

Cx a,B8,5-Triphenylethanol 91 32 5425 (88)

C 3 Di-a-naphthylcarbinol 91 80 548 (144)

C ;; Di-a-naphthylphenylcarbinol 91 35 54 (167)

C gy, Tribiphenylcarbinol 91 40 5422 (208)

Heterocyclic Alcohols

C, 3-Hydroxytetrahydrofuran 30t 3952 48/0.5
2-Thienol 87 25 5683 75/5, 1.5644

Cg 2-Furylcarbinol (furfuryl 79 % 5% 169/754, 1.4828

alcohol) 80 88 535t 173
81 63 5 808 76/15
3-Furylcarbinol 84 91 5659 55/2; 1.4842, 105Pu
Tetrahydrofurfuryl alcohol 84 55 584 61Pu
554 85 3997 178/743, 1.4502%°
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TABLE 11 (continued)

Cyp Compound Method Y(l;o;d Chapter‘ef' B.p./mm., nf), (M.p.), Deriv.
Heterocyclic Alcohols (cuntinued)
Cs 2-Thenyl alcohol 95 49 570 96/12, 1.5630%
5-Hydroxy-2-methyl- 561 19 3928 96/15
thiophene
Sodium 2-pyridolate 93 95 5424
3-Hydroxypyridine 9% 28 5992 127
4-Hydroxypiperidine 554 30 39119 213/748, (87), 148HCI
C¢ 2-(a-Furyl)-1-ethanol 84 32 534 87/21, 1.4788%, 86Nu
a-Furylmethylcarbinol 88 56 5187 70/15, 1.4827%%
S-Methylfurfuryl alcohol 79 70 5% 98/36, 1.4853
2-(a-Tetrahydrofuryl)-2- 554 90 39% 71/16, 1.45007, 84Pu
ethanol
2-(a-Thienyl }-ethanol % 47 548° 100/7, 1.5478, 53Pu
a-Thienylmethylcarbinol 80 87 5134 92/11, 1.5422%*%
88 79 5109 91/11
B-(1-Py1ryl > ethyl alcohol 95 100 5514 112/12
2-Pyridylmethanol 87 21 534 111-115/16, 150Pi
3-Pyridylmethanol 79 20 5% 145/16, 158Pi
4-Pyridylcarbinol 93 65 5708 141/12, (41), 166Pi
a-Piperidylcarbinol 84 29 558 82/1
84 92 584 88/5, (70), 135Pi
[B-Piperidylcarbinol 84 43 5% 107/3.5, 1.4964
1-Methyl-4-piperidinol 79 90 5133 97/16
1-Methy!l-3-hydroxy= 574 39 5708 79/15, 1.4695%, 194Bz
piperidine
C, 3-(a-Furyl)l-propanol 79 80 5100 105-115/21, 1.4764%7, 59Nu
3-(a-Tetrahydrofuryl)-1- 79 65 598 106/10, 1.45602%%
propanol 84 75 558 112/11, 1.45971%
554 92 39° 112/10
3.(a-Tetrahydrofuryl) 3- 554 88 39% 84/15, 1.4527*
propanol '
a-Furylethylcarbinol 88 82 5208 90/23, 1.4759
2-Furylethynylcarbinol 88 65 533 84/2
2-(1-Pyrrolidyl) 1-propanol 84 79 5 668 80/11, 1.4758%
1-(1-Pyrrolidyl ) 2-propanol 558 77 391% 117/110
B-(2-Pyridyl) ethyl alcohol 88 50 286 89/2
102 32 5787 107/7
SB-Pyridyl methylcarbinol 79 85 51 124/5
1-(a-Piperidyl)-2-ethanol 554 82 39124 86/1.5
2-(f-Piperidyl} 1-ethanol 84 63 5% 122/6, 1.4888%
B-Piperidinoethanol 554 100 39116 196/746
3-Piperidylmethylcarbinol 554 61 3993 104/4
N-(2-Hydroxyethyl )} 84 80 581

piperidine

For explanations and symbols see pp. xi-xii.
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TABLE 11 (continued) TABLE 11 (continued)

Yield .
Cn Compound Method @) Chaptertefs B.p,/mm., nfj. (M.p.), Deriv, Ch Compound Method Y(x;;d Chapter'®f- B.p./mm., nf), (M.p.), Deriv.
Heterocyclic Alcohols (contimued) Heterocyclic Alcohols (continued)
Cs a-Furyl-npropylcarbinol 88 55 5 92/12, 1.4768%% . 245 102
(a- ° T Ca 4-Hydroxydibenzofuran 87 35 5 (102)
: g":;::::yd“’f“‘yl)' 334 76 7 54/2, 1.4546% 4-Hydroxydibenzothiophene 87 33 5246 (167)
4-(a-Teuabydrofuryl) 554 90 39%  95/14, 14536 C 14 N-(B-Hydroxyethyl) 558 40 39 (83.9)
4-butanol carbazole
a-Thienyl-npropylcarhinol 88 84 5289 85/3 C s N-(B-Hydroxypropyl > 558 90 3910 (121)
4-(1-Pyrrolidyl)-butanol 436 72 24 113/12, 1.4705% carbazole
2-(1-Pyrrolidyl) 2-methyl- 436 76 24169 % —
propanol Y ’ 87/12, (30, 1.4720 For explanations and symbols see pp. xi-xii.
1-(a-Pyridyl)2-propanol 88 50 5% 117/17
a-Pyridyldimethylcarbinol 113 12 5786 89/12, (50)

1-(y -Piperidyl }2-propanol 554 59 3914 125/0.8, (47) TABLE 12. DIHYDROXY COMPOUNDS

1-(a-Piperidyl) 3-propanol 554 89 3911 95/0.6, 1.4863%°

1-(y -Piperidyl)-3-propanol 124 iel t i
}l(*’l);drozythi:n)aph[t’hel;e 53: 8; 32:41 :3;{2;;;2”' 155HCI Cp, Compound Method Y(l;a)d Chaptertefs B.p,/mm., np, (Mp.), Deriv.
- 1 483
5-Hydroxythianaphthene 93 51 5 (104) Aliphatic Diols
Cs 5-(a-Furyl)l-pentanol 84 8s 556 128/16, 58Nu
a-Furyldiethylcarbinol 91 77 5412 95/14 C, Ethylene glycol 95 90 5% 195
5-(a-Tetrahydrofuryl)-1- 554 90 39% 142/10 C,; 1,2-Propanediol 84 80 518 97/20, 1.4305, 150Pu
pentanol 84 91 53 187
Tetrahy drofuryldi ethyl- 91 76 54T 202/740, 1.4552% % % See L4z
carbinol (=)1,2-Propanediol 79 58 st4 89/12
3-Piperidino-1-butanol 79 40 5188 110/15, 159BzHCI y i o168 1.4388"7
2-Hydroxymethyl- 84 99 598 124/1.5 (100) C iiﬁ‘:ﬁ’;:ﬂﬁ’,ﬁ 33 iZ Z" 1043/8
thianaphthene ’ 84 30 550 115-120/21, 102NBz
2-Hydroxymethylindol e 84 68 557 an 84 80 518 107/14, 1.4381%, 116Pu
4-Hydroxyquinoline 575 53¢ 3914 (200) 1,4 Butanediol 84 81 58 106/4
5-Hydroxyquinoline 94 47 5% (224) ' 84 62 s4 134/18, 1.4445%%, 183Pu
6-Hydroxyquinoline 97 9% 5302 (193) 95 61 5517 127/20, 198Nu
7-;ly:roxyquino:ine 97 % 5% (238) 97 69 558 108/4, (19), 1.4467, 180Pu
8-Hydroxyquinoline 97 9% 5532 122/0.1, (77), 204Pi i 146
5-Hydroxyisoquinoline 92 48 5 566 (230/) an 2,3 Buanedil ;3 Z : 2 5184/3236 a8
8-Hydroxyisoquinoline 92 15t 5% (13), 285Pi 9% 50 550 183/760, 1.4364%
Cyp 2-Methyl-4-hydroxy- 575 20 39132 (236) 98 95 5614 (8), B34
quinoline 575 90 3914 (228) 1,2,4 Butanetsiol 84 67 518 133/1, 1.4688
4-Methyl-8-hydroxy- 575 20 3917 (141) 1,2,3,4-Butanetetrol 84 80 518 (89)
quinoline (erythrirol)
Cy o-Furfurylphenol 100 38 5360 152/14, 1.56897 2-Methyl- 1,2-propanediol 84 80 51 80/12, 1.4340%, 137Pu
Ci L-Ethyl-#methyl-2bydrozy 575 8 39 136/0.5 1oL 94 5T8 176, 14350
quinoline 107 38 5 177
1-Hydroxydibenzofuran 87 31 534 (141) Cy 1,4Pentanediol 84 83 54 123/15
2-Hydroxydibenzofuran 87 37 5244 (134) o) 62 5928 115/14, 1.4452%
96 50 5343 (134)

3-Hydroxydibenzofuran 93 24 5344 (139) For explanations and symbols see pp. xi~xii.
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TABLE 12 (continued)
Cn Compound Method Y(l;;d Chapterref. B.p./mm., nf), (M.p.), Deriv,
Aliphatic Diols (continued)
Cs 1,5Pentanediol 79 % 5197 105/4, 1.4498, 174Du
, 84 92 5% 109/2.5
84 80 518 124/7, 1.4490%%, 172Pu
95 90 5847 174Pu
99 47 5621 119/6
threo-2,3-Pentanediol 98 81 5% 83/10, 1.4320, 161Db
erythro-2,3-Pentanediol 98 81 5618 89/10, 1.4431, 207Db
2,4-Pentanediol 79 80 S 195-199
1,2,5 Pentanetriol 9 71 5633 170/1, 1.4730%%
1,3,5-Pentanetriol 84 &0 51% 139/1, 1.45942% 152Pu
'2-Methyl-1,4-butanediol 84 72 5% 127/14
2-Methyl-2,3-butanediol 107 39 5% 175
2-Ethyl-1,3-propanediol 84 80 st 86/2, 1.4480, 123Pu
84 49 5% 87/0.5, 89NBz
2,2Dimethyl-1,3- 81 76 5%% 200, (130)
propanediol
1,1,1-tris-(Hydroxymethyl)- 81 51 5507 (198)
ethane
Pentaerythritol 8l 74 55%  (260)

Ce¢ 1,3-Hexanediol 95 s56  123/13, 1.4461%, 99Pu
1,4-Hexanediol 99 90 5816 123/9, 1.4530%7, 71Pu
1,6-Hexanediol 84 90 538 144/4, (42)

84 83 54
2,5 Hexanediol 79 86 52 1.4453%
2-Methyl-1,3-pentanediol 79 75 510 112-115/12
4-Methyl-1,4-pentanediol 85 83 5377 107/6, 158NBz
3-Methyl-1,5-pentanediol 84 50 547 136/6
2-Methyl-2,4-pentanediol 79 100 st 111/22
3-Methyl-2,4-pentanediol 79 63 514 82-90/1

79 66 s53%®  125/36
3-Methyl-2,5-pentan ediol 84 86 54 134/20
2-Ethyl-1,3-butanediol 84 80 518 87/2, 1.4473%, 135Pu
Pinacol (anhydrous) 82 30 5 %6 172, (38)
Pinacol hydrate 82 50 5 387 47
2-(n-Propyl)-1,3-propanediol 84 80 51 97/3, 1.4480 %%, 125Pu
2-Me thyl- 2-ethyl-1,3- 81 61 s¥ 120/19, (42)

propanediol

C; 1,4 Heptanediol 99 29 5% 128/6, 1.4520%
1,7-Heptanediol 84 88 5% 145/8
2,4-Heptanediol 79 9% 5% 108/8, 1.4386%%, 101Pu
3-Methyl-2,4-hexanediol 79 54 5% 109/9, 1.4450
2-Methyl-3,5-hexanediol 79 73 5144 124/24
3-Ethyl- 2,4-pentanediol 79 64 514 205-210
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TABLE 12 (continued)

Ca Compound

Method Yield Chaptet‘ef- B.p./mm.,

n ;), (M.p.), Deriv.

(%)
Aliphatic Diols (continued)

C, 2-Isopropyl-1,3-butanediol 88 72 520 106/4, 1.4528
2-Isopropyl-1,4-butanediol 84 96 50658 129/6, 1.45152%
2-(n-Butyl)-1,3-propanediol 84 80 518 99/2, 1.4492%5, 131Pu
2,2-Diethyl-1,3-propanediol 81 91 53%  131/13, (62)

84 50 5%2  112/5, (57
1,1,1-tris-(Hydroxymethyl)- 81 53 5507 170-175/6, (82)

2-methyl propane

Cs 1,2Octanediol 107 58 5% (30)
1,8-Octanediol 84 2 54 155/12, (63)

84 55 5%%  168/15, (63)
2,4-Octanediol 79 94 5158 118/8, 1.4422%, 127Pu
5-Methyl-2,4-heptanediol 79 80 5158 112/8, 1.4449%, 130Pu
2-Methyl-4 G-heptanediol 79 77 514 125/14
2,5-Dimethyl-2,5-hexanediol 85 99 5688 89
3,4-Dimethyl-3,4-hexanediol 82 40 5593 105/21
2,2-Dimethyl-3,5-hexanediol 79 17 514 105-110/10
2Isobutyl-1,3-butanediol 84 17 5% 143/22, 130NBz
2-Methyl- 2-butyl-1,3- 81 82 5512 131/15, (48)

propanediol
Co 1,9Nonanediol 84 84 540 148/1
4-Methyl-1,4-octanediol 84 61 5% 126/4, 1.4540 %
2-Ethyl-2-bucyl-1,3- 81 70 5 506 152/10, (42)
propanediol 84 45 518 110/2, 39)
Cj 1,10-Decanediol 84 74 5% (74
84 94 5% 151/3, (71)
C,s 1,2-Octadecanediol 95 73 5% 79
Alicyclic Diols
Cs 1-(Hydroxymethyl)-1- 107 39 58085  78-85/2
cyclobutanol
Ce¢ cis-1,2Cyclohexanediol 107 46 5 %7 (98)
trans-1,2-Cyclohexanediol 98 80 567 (104)

107 73 5597 123/4, (103), 92Bz

cis and trans-1,2-Cyclo- 86 5577 (98) (104)
hexanediols

cis-1,3-Cyclohexanediol 86 24 s1S  137/13, (85), 66Bz
tran: -1,3Cycloh exanediol 86 16 5728 135/13, (118), 124Bz
cis-.,4-Cyclohexanediol 79 88 5188 (102)

86 38 5576 107)
trans- 1,4-Cyclohexanediol 86 62 5576 (142)
1-Methyl-1,2-cyclo-’ 107 58 5%l 89/1, (65), 92Db

pentanediol

For explanations and symbols see pp. xi-xii.
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TABLE 12 (continued)
Cn Compound Method Y(l;l)d Chaptertef. B,p./mm., nf), (M.p.), Deriv. -
Alicyclic Diols (continued)
Ce 1-Methyl-2,3-cyclo- 107 65 5%t 96/1, 1.4760%%, 93Db
pentanediol
Gy l-Methyl-1,2-cyclo- 107 73 5% 107/2, (84), 71Bz
hexanediol
1-Methyl-2,3-cyclo- 107 80 5% o9g8/1
hexanediol
1-Methyl-3,4-cyclo- 107 81 50 104/1, (68), 121Db
hexanediol
2-Hydroxymethylcyclo- 79 88 5'*  136/9, 134NB2
hexanol
3-Hydroxymethylcyclo- 84 84 5%7  166/27, 1.4900, 181Db
hexanol
cis-4Hydroxymethyl- 84 .. 592 135-147/3, 181Pu
cyclohexanol
trans-4-Hydroxymethyl- 5952 (103)
cyclohexanol
1,2-Dimethyl-2,3-cyclo- 107 59 5% 86/1, 1.4755%
pentanediol
Cys cis-1,2-Dimethyl-1,2- 107 27 5611 103/10, (50)
cyclohexanediol
Cyo 1,1-Dihydroxy-1,1- 82 31 5%% (109
dicyclopentyl
Cy; 1,1-Dihydroxy-1,1"- 82 30 5% (130)
dicyclohexyl
Aromatic Dihydroxy Compounds
C¢ o-Dihydroxybenzene 97 87 5™ 125/12, (105)
(catechol)
m-Dihydroxybenzene 92 77 5564 110/25
(resorcinol)
p-Dihydroxybenzene 110 18 5783 (173)*
(hydroquinone)
1,2,4-Trihydroxybenzene 95 80 5819 (140)*
1,3,5-Trihydroxybenzene 94 53 550 (219)*
(phloroglucinol)
Cs o-Hydroxybenzyl alcohol 79 41 5138 (84)
79 57 517 (86)
m-Hydroxybenzyl alcohol 79 93 52 (64
p-Hydroxybenzyl alcohol 84 60 533 (125)
Cs 1-Phenyl-1,2-ethanediol 84 80 513 (68), 150Pu
Phthalyl alcohol 84 87 54 (64), 35Ac
p-Di- (hydroxymethyl ) 926 40 5™ (118)
benzene
Co 7¥-Phenylpropylene glycol 95 84 531% 164/15
1-Phenyl-1,3-propanediol 95 75 574 180/18, (45)
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TABLE 12 (continued)

Cn Compound Method Yield Chapterref: B.p./mm., nf), (M.p.), Deriv.
(%)
Aromatic Dihydroxy Compounds (continued)
Co 2-Phenyl-1,3-propanediol 84 50 518 137/2, 1.5348%%, (49), 137Pu
C 1o 2-Phenyl-1,2-butanediol 89 50 536 165/23, (56)
1-Phenyl-1,3-butanediol 79 50 514 176/21
9 95 S13%  168/13
2-Phenyl-1,4-butanediol 84 50 54 165/4, 113Pu
2-Benzyl-1,3-propanediol 84 80 518 156/3, (68), 70Pu
2-Methyl-2-phenyl-1,3- 81 83 52 185/15, (87)
propanediol
Ci; 2,2"-Dihydroxybiphenyl 99 29 567 (109)
C,4 1,2-Diphenyl-1,2-ethanediol 79 90 5138 (136)
79 89 52 (124-131)
80 90 5].77
C,s 1,1-Diphenyl-1,2-propanediol 91 40 546 (95)
1,3-Diphenyl-1,3-propanediol 79 51 514 (93-97)
Cy 2,3Diphenyl-2,3-butanediol 82 13 5993 (122
C o Triphenylethylene glycol 82 94 5594 (166)
C,s Benzopinacol (tetraphenyl- 82 94 5% (190)

ethylene glycol)

For explanations and symbols see pp. xi-xii.
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Method Yield C.hapterfef- B.p./mm., nf), (M.p.), Deriv,

C, Compound )
Aliphatic Olefinic Alcohols
C, Allyl alcohol 19 47 268 97
C, dis-Crotyl alcohol 30 76 5687 121/752, 1.4342, 51Db
Crotyl alcohol 79 85 52 1.4249%
80 60 5178 121/760
Methyl vinylcarbinol 88 60 529 97, 1.41192%
1-Buten-4-ol (allyl- 88 64 5308 113, 1.41892%
carbinol)
cis-2-Buten-1,4-diol 30 77 2u4 135/15, 1.4716%%, 70Bz
3,4-Dihydroxy-1-butene 19 35 268 95/12
Methallyl alcohol 9% 90 5307 114, 1.4255
Cs 3-Penten-l-ol 84 75 5n 130/628, 1.4327
99 83 57 138, 1.4356
cis- >Penten-1-ol 30 75 24 140, 1.4387, 89Nu
trans-3Penten-1-ol 30 60 246 137, 1.4340, 93Nu
4-Penten-1-ol 84 55 56 139/766, 1.43051%
99 82 562 136/751
For explanations and symbols see pp. xi-xii,
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TABLE 13 (continued)
Cn Compound Method Yi€ld cpgprerref. L i
poun etho o apter B.p./mm., np, (M.p.), Deriv.
Aliphatic Olefinic Alcohols (continued)
Cs 3-Penten-2-0l 88 86 5% 120/740
4-Penten-2-ol 88 65 5308 114/740
1-Penten-3-ol (ethylvinyl- 88 55 53 36/20
carhinol)
1-P enten-5-ol 90 60 5461 76/60, 1.4299
2-Methyl-3-buten-1-o0l 88 50 5308 121/756, 1.4262, 58Db
3-Methyl-1-buten-3-ol 30 84 218 97/757
Divinyl carbinol 30 67 2us 65/100, 1.4400%7
C¢ trans-3-Hexen-l-ol 99 53 5738 64/16, 1.4385, 69Nu
4-Hexen-1-o0l 99 45 5% 159/760, 1.4407
cis-4-Hexen-1-0l 30 75 2463 159, 1.4420, 75Nu
trans-4-Hexen-1-0l 30 72 2468 158, 1.4402, 72Nu
2,4-Hexadien- 1-0l 80 64 538 77/12, (32), 85Db
S-Hexen-2-ol 79 78 567 139/752, 1.4286%*
1-Hexen-3-0l 88 55 5392 92/150
4-Hexen-3-0l (ethylpropenyl- 88 S50 52% 45/13, 1.4325%
carbinol)
1,4-Hexadien-3-o0l 30 91 sus 87/100, 1.4501'°, 94Nu
1,5-Hexadien-3-ol 88 59 53® 61/40, 1.4471
1,3-Hexadien-5-ol 88 75 5311 65/20, 1.4829%°, 86Nu
1,5-Hexadien-3,4-diol 82 45 578 100/10
2-Methyl-3-penten-2-ol 89 70 5371 37/13, 1.4285'7
4-Methyl-3-penten-2-ol 79 77 52 1.43103%
79 77 52 139, 1.4310%%
88 50 537 55/20, 1.431817
2-Methyl-4-penten-2-ol 88 53 5302 46/30, 1.4263
89 75 5368 118, 1.4302
4-Methy 1-4-penten-2-0l 88 65 5397
2-Methyl-4-penten-3-ol 88 20 5371 43/21, 1.4316'®
Isopropenylvinylcarbinol 30 81 2us 66/50, 1.4530°¢
2,2-Dimethyl-3-buten-1-ol 84 62 5™ 130
C; 2-Hepten-1-ol 84 79 57 75/15
4-Hepten-1-ol 99 29 5™ 176/760, 1.4433
6-Hepten-1-ol 84 72 56 105/20, 1.4403
3-Hepten-2-ol 80 25 5354 67/16, 1.4391'%, 30NBz
4 Hepten-3-ol 88 74 5304 155/760, 1.4384?
1-Hepten-4-ol 88 57 5% 66/20, 1.4342
2-Hepten- 4-0l (n-propyl- 88 74 5298 64/14, 1.43801°
propenylcarbinol)
1,5-Heptadien-4-0l 88 83 5302 62/15, 1.4533
88 66 5316 64/18, 1.4556%°
2-Methyl-4-hexen-3-o0l 88 50 i 56/18, 1.4377%
3-Methyl-5-hexen-3-ol 88 84 5302 61/35, 1.4370
89 52 5367 70/60, 1.4309%°

TABLE 13, HYDROXY OLEFINS

TABLE 13 (continued)

199

Method Yield Chapterfef- B.p./mm.,nf), M.p.), Deriv.

G, Compound %)
Aliphatic Olefinic Alcohols (continued)
C; 5-Methyl-1-hexen-5-ol 91 82 5418 143
Vinylisobutenylcarbinol 88 36 599 57/8, 1.4614%*
2,4 Dimethyl-3-penten-2-ol 89 86 5364 46/14
2-Isopropyl- 3-hydroxy- 1- 88 75 539 84/75, 1.4361
butene
Cs cis-2-Octen-1-0l 30 60 5308 89/11, 1.4450%
trans-2-Octen-1-ol 95 90 538 98/21, 1.4437%
4-Octen- 1-o0l 9 86 578 88/12, 1.4435%%
1-Octen-3-ol (n-amylvinyl- 88 49 5297 80/20, 1.4379%
carbinol)
1-Octen-4-ol 88 65 5392 69/10, 1.4383
2-Octen-4-0l (n-butyl- 88 66 5% 83/20, 1.4395, 54Db
propenylcarbinol)
2,4-Octadien-6-ol 88 79 5310 75/12, 1.4892%*
2,4,6-Octatrien-1-o0l 80 70 5352 (100)
2-Methyl-6-hepten-2-ol 89 80 5370 61-66/13, 1.4387%*
91 89 5428 66/15, 1.4393'7, 68Pu
6-Methyl-2-he pten-6-ol 91 91 548 70/17, 1.4429'%, 89Pu
6-Methyl-3-hepten-G-ol 91 83 548 64/20, 1.4407*
3-Ethyl-S-hexen-2-ol 79 80 5870 164/738, 1.44211¢
cis-2,5-Dimethyl-3-hexen- 91 35 5429 (70)
2,5-diol
Cy 4-Nonen-1-ol 929 60 51 212/760, 1.4478
8-Nonen- 1-ol 84 51 569 135/20, 1.4450%
4,6-Dimethyl-1-hepten-4-ol 88 83 530 75/26, 1.4402
4.6-Dimethyl-1,5 heptadien- 89 91 530 72/18, 1.4598
40l
C, wUndecylenyl alcohol 84 70 5% 124/6
C,s Oleyl alcohol 84 51 564 152/1, 1.4590%%
Linol eyl alcohol 84 45 598 154/3, 1.4698%°, 88Te
Alicyclic Olefinic Alcohols
Cs 2-Cyclopentenol 96 26t 57 52/12, 1.4778%7,128Pu
C4 2Cyclohexenol 80 49 5187 85/25, 1.4861, 107Pu
C,; 1-Methyl-2-cyclohexenol 89 38 5373 64/20, 1.4736
2-(1-Cyclopentenyl yethanol 84 89 5660 77/9, 1.4765%%, 85Db
1-Vinyl- 1-cyclopentanol 30 68 2468 57/13
1-Methyl-2-cyclopentenyl- 84 68 5109 164/760, 67NBz
1-carbinol
Methyl-1-cyclopentenyl- 88 85 5814 166/749, 1.4710%*
catbinol

For explanations and symbols see pp. xi-xii.
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TABLE 14, HYDROXY ACETYLENES
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TABLE 13 (continued)
Cp Compound Method Y(i;;d Chapter‘ef- B.p./mm., n%, (M.p.), Deriv.
0,
Alicyclic Olefinic Alcohols (cortinued)
Cs B-(1-Cyclohexenyl)ethyl 84 72 568 88/8, 80Db
alcohol
I-Vinyl-1-cyclohexanol 30 70 24 75/15
B-(1-Cyclohexenyl) ethanol 77 5789 67/2, 81Db
1-Allylcyclopentanol 89 54 5368 63/10, 1.4683
Ethyl-1-cyclopentenyl- 88 85 5814 79/10, 1.4750'°
carbinol
Cy 4-n-Propyl-2-cyclohexenol 80 88 5188 77INBz
(ceryptol)
4-(2’-Cyclopentenyl)-1- 90 38 5462 118-123/24, 1.4723
butanol
1-Methallylcyclopentanol 89 25 5368 99/40, 1.4720
C 1, trans-2-Cyclohexenyl- 79 93 5148 139/15, (42), 117Pu
cyclohexanol
Aromatic Olefinic Alcohols and Phenols
Cs o-Vinylphenol 65 57%0 56/4, (29)
Cs Cinnamy! alcohol 79 97 52 33
7% 9% 510 (349
80 80 5181 126~130
Phenylvinyl carbinol 88 60 5318 54/0.2, 1.5464'3
88 72 5312 107/17, 1.5404'S, 45NBz
95 30 551 90-95/2, 1.5431
o- Allylphenol 100 73 558° 104/19, 1.544524
o- Propenylphenol 31 75 2%® 114/16, (37)
C;, Phenylpropenylcarbinol 88 88 5318 77/0.4, 1.5389'®
Methyl-a-styryl carbinol 88 53 5688 124/13
Methyl- 5 styrylcarbinol 88 70 5313 104/1, (31)
C., Phenylisobutenylcarbinol 88 33 5% 79/0.01, 1.537318
C .4 l-(a-Naphthyl) 3-buten- 88 94 5692 143/0.8, 1.60993%, 117Nu
1-ol
o-Cinnamylphenol 100 60 558° 209/11, (56), 132Pu
2-Hydroxymethylstilbene 80 97 51 93)

For explanations and symbols see pp. xi~-xii.

Method Yield Chaptet‘ef‘ B.p./mm., nfj, (M.p.), Deriv.

Cn Compound %

Aliphatic Acetylenic Alcohols

C, Propargyl alcohol 88 30 538 117/760, 1.4320

C, 2-Butyn-l-ol 43 40 34 140/758, 1.45202%, 71Db
1,4-Butynediol 88 90 569 145/18, (58)

Cs 2-Pentyr-1l-ol 88 70 5327 82/54
1-Pentyn-3-ol (ethylethynyl- 88 50 5314 123/750, 91Db

carbinol)
1-Pentyn-4-ol 90 36 5463 75/100, 1.4406¢
Dimethylethynylcarbinol 89 67 5377 103/750
89 93 5388 98-105, 1.4193
89 85 5386 56/97, 1.4211
89 46 5361 103~107

Cg 2-Hexyn-1-ol 88 71 5320 88/58, 65Db
3-Hexyn-1-ol 90 48 5320 161, 73Db
n-Propylethynylcarbinol 88 53 5319 64/30, 1.4344%
2-Methyl-4-pentyn-2-ol 103 40 5738 126/756, 1.4381 %
Methylethylethynyl- 89 78 5388 120/760, 1.42203?

carbinol 89 72 5388 78/150, 1.4310
89 94 5368 116-120, 1.4305
89 33 536t 119-123
4-Methyl-2-pentyn-1,4- 88 61 5377 103/2, 1.4702
diol

C, 2-Heptyn-l-ol 88 82 5320 115/56
3-Heptyn-1-ol 90 30 5320 111/70, 1.4530%5, 61Db
5-Methy|l- 3-hexyn-2-ol 88 60 5326 156, 1.4418
Methyl-7-propylethynyl- 89 50 538 58/26, 1.4338

carhinol 89 77 5388 139/760, 1.4282%
4,4-Dimethyl-2-pentyn-1-o0l 88 71 5328 163/768, 1.4427%
Diethylethynyl carbinol 89 90 538 138/760, 1.4383

89 88 5388 139/760, 1.4366
Methylethylpropynyl- 89 70 5387 134/760, 1.43082%
carbinol
2,5 Heptadiyn-4-ol (di- 91 90 5431 107

propynyl carbinol)

Cy 2-Octyn-l-ol 88 57 569 77/2, 1.4550
3-Octyn-1-ol 88 21 5320 106/25
3-Octyn-2-ol 8 21 5% 88/40, 1.4347
3,5-Octadiyne-2,7-diol 46 84 368 120/10™4
Methyl-z-butylethynyl- 89 87 536 144

carbinol
2,5-Dimethyl-3-hexyn- 89 98 539 95)

2,5-diol

For explanations and symbols see pp. xi-xii.
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TABLE 14 (continued)

Yield

Cn Compound %) Chapterref. B.p./mm., ntD. (M.p.), Deriv,

Method

Aliphatic Acetylenic Alcohols (continued)

Cy 3Nonyn-2-ol 88 82 5323 100/16, 1.4500%
Methyl‘-n-amylet.hynyl- 89 74 5388 175/760, 1.4362%?
carbinol 89 40 538 88/26, 1.4396
Diisopropylethynyl- 89 78 5388 163/760, 1.4492%
carbinol

Alicyclic and Aromatic Acetylenic Alcohols

C, 1-Ethynylcyclopentanol 89 40 5373 66/16, 21)
Cas 1-Ethynylcyclohexanol 89 82 5393 76/15' 32)
89 75 5700 74/14, 1.4822, (30)
Co l-Ethynylcycloheptanol 89 60 5378 91/12, (14)
4-Cyclopentyl-2-butyn-1-ol 88 35 5328 117/14, 1.4885%
Phenylethynylcarbinol 88 65 532 116/16, (28), 82Pu
Cio l-Phenyl-1-butyn-3-ol 88 52 5 6% 124/9
1-Phenyl- 1-butyn-4-ol 90 40 5690 147/16, 1.573
C,s Diphenylethynylcarbinol 89 50 5388 (49)

For explanations and symbols see pp. xi=xii.

TABLE 15. HYDROXY HALIDES

Yield
C, Compound Method (l;) Chapterref. B.p./mm., n f), (M.p.), Deriv.
Aliphatic Halo Alcohols
C, 2-Fluoroethanol 55 42 407 105, 1.3633%5, 128Nu
95 75 549 101
Ethylene chlorohydrin 77 86 44% 129*
84 62 578
Ethylene bromohydrin 77 33 440 55/14
. 78 92 447 59/22
2 ,2—D1ch'loroer.hanol 84 63 578 145/739
2,2,2-Trifluoroethanol 84 77 5T 76/740
2,2,2-Trichloroethanol 7¢ 61 53
80 84 538 94-97/125, (19)
84 65 57
B,8,8-Tribtomoethanol 80 77 5177 (80)
C, 2-(.:hloro-1-propanol . 77 43 463 124/613, 1.4377, 77Db
Trimethylene fluorohydrin 55 50 467 128, 1.37713*
95 80 54 128
Tr'imethylene chlorohydrin 51 60 437 64/10
Tnmethvylene brom(?lyclrin 51 74 49 82/22

TABLE 15. HYDROXY HALIDES

TABLE 15 (continued)
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Compound

Method Yield Chaptertefc B.p./mm., nf), M.p.), Deriv,

(%)

Cs

Cas

Cs

Aliphatic Halo Alcohols (continued)

Trimethylene iodohydrin

Glycerol a-monochloro-
hydrin

Glycerol a,?y -dichloro-
hydria

Glycerol a,?y -dibromo-
hydrin

3,3,3-Trifluoropropanol

Trifluoroisopropanol

2-Chloro-1-butanol
Tetramethylene chloro-
hydrin

B, B,y -Trichlorobutyl
alcohol

1-Chloro-2-butanol

threo- 3-Chloro-2-butanol

erytbro-3-Chloro-2-butanol

3- Bromo-2-butanol

erythro- 3- Bromo-2-butanol

erythro-3-Iodo-2-butanol

1,1, 1-Tri fluoro- 2-butanol

2-Methyl-2- chloro- 1-propanol

1-Chloro-2-methyl-2-
propanol

1- Bromo-2-methyl- 2-propanol

1,1-Dichloro-2-methyl-2-
propanol

1,3-Dichloro- 2-methyl-2-
propanol

1-Chloto-3-bromo- 2-methyl-
2-propanol

3,3,3 Trifluoro- 2-mechyl-
2-propanol

Trichloromethyldimethyl-
carbinol

3-Chloto- 2-methyl-1,2-
propanediol

2-Chloro-1-pentanol

Pentamethylene chlotohydrin
1-Chloro-2-pentanol

51
51

51

52

87
79

77
51
53
54
54
80

77
77
78
77
78
78
84
89
96
101
77
91

77

77

91

102

98

77
51
77
2

68
66

70

54

39
90

49
16
47
56
57
92

50
61
83
82
73
75
31
15
48
63
73
74

30

98

80

80

95

43
23
43
80

462
461

5 43
s 736

5618

4 631
4 58

4 462
5 467

113/15
120/14

73/14
112/20

100, 1.3200%°
78

53/13, 1.4428, 76Db
87/10, 1.4502
85/16, 1.4518

82/14

82/14

(62)

55/17

52/30, 1.4386%°
56/30, 1.4397 %
50-54/13, 1.4762%°
49/10, 1.4758%*
(18.9), 1.5371%
91/752, 1.3403
127

71/100

127

49.5/16, 1.4710%*
38/5, 1.4598%°

73/23

85/20, 1.5171

19)

80/1.6, 1.4748

59-64/13, 1.4457, 71Db
103/8, 1.4518

75/30, 1.4520

80/28, 1.4425, 84Db

For explanations and symbols see pp. xi-xii.
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TABLE 15 (continued)
Cp Compound Method Yield Chapter‘ef- B.p./mm, nt M, Deriv,
%) » 2y (Mip.), Deriv,
Aliphatic Halo Alcohols (continued)

Cs 3-Bromo-2-pentanol 78 2 4% 53-59/10, 1.4758-1.4717
2-Chloro-3-pentanol 77 48 44 64-71/30
1-Chloro-4-pentanol 80 76 5164 67/3
3-Chloro-2-methyl-2-butanol 77 70 4467 141
3-Bromo-2-methyl-2- butanol 77 50 4499 46/12
1-Chloro-3-methyl-2-butanol 77 35 4468 145
Trichloromethylmethylethyl- 102 89 576 99/29

carbinol
Cg 2-Chloro-1-hexanol 77 36 46 1.4486
Hexamethylene chlorohydrin s1° 55 4% 89/4, 1.4544
51 31 438 112/12, 1.4541
Hexamethylene bromohydrin 51 81 457 106/5, 1.484524
1-Chloro-2-hexanol 77 60 446 75/12, 1.4478
2-Chloro-3-hexanol 77 60 447 70/15, 171/753
1-Bromo- 5-hexanol 80 64 5192 80/4, 1.48082%
1,1-Dichloro-2-ethyl-2- 91 70 57 76/14, 1.4710%
butanol
3-Chloro-2,3-dimethyl-2- 77 67 447 152, (65)
butanol
Tetramethylethylene bromo- 51 27 468 (71)
hydrin
C, 1-Chloro-2-heptanol 77 60 4466 92/14, 1.4489
90 16 5 48 93/13, 59Db
1-Chloro-5-methy - 2-hexanol 77 60 4466 87/15, 1.4475

Cs 1-Chloro-2-octanol 90 30 5 68 106/13, 55Db
2-Chloro-3-octanol 77 50 447 110/14, 1.45231°
1-Chloro-6-methyl-2- 77 60 448 100/12, 1.4508

heptanol
2-Ethyl-3-chlorohexanol 51 30 458 121/30, 1.4559
1-Chloro-4-ethyl-2-hexanol 90 11 5 408 104/15
Alicyclic Halo Alcohols
Cs trans-2Chlorocyclopentanol 77 56 46 82/15, 1.4770%
Cg 2-Chlorocyclohexanol 77 73 4444 90/20, 106/45
2-Bromocyclohexanol 77 79 447 88/10, 1.51842%
78 73 447 86/10, 1.5178%*
80 30 5194 86/10, 1.51642%
trans-2-lodocyclohexanol 78 66 4477 (40.4)
4-Chlorocyclohexanol 51 56 457 85/5, 1.49641¢
Cy 1-Methyl-2-chlorocyclo- 89 82 5380 74/15, 1.4775%%
hexanol
I-Trichlorome thyl- 1- 102 85 573¢ 122/20, (52)

cyclohexanol

TABLE 15. HYDROXY HALIDES

TABLE 15 (comtinued)
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Cp Compound Method Y(x;‘;d Chapterref. B.p./mm., ni), (M.p.), Deriv.
Alicyclic Halo Alcobols (continued)
Co 1-Chloro-3-cyclohexyl- 90 15 548 123/11, 96Db
2-propanol
Aromatic Halo Alcohols and Halo Phenols
Cg o-Fluorophenol 56 sst 4328 46/10
97 75 5938 50/14
o-lodophenol 59 63 4% 130/18, (43)
m-Fluorophenol 56 35 4328 103/46
97 95 5838 84/20
m-Bromophenol 93 95 5488 138712, (33)
p-Fluorophenol 97 74 5334 87/23
p-Bromophenol 64 84 439 150/30, (63)
p-lodophenol 56 72 4%24 140/5, (94)
64 80 4% (94)
2,6-Dichlorophenol 13 91 5780 (66)
C; o-Chlorobenzyl alcohol 79 96 589 65)
o-lodobenzyl alcohol 8L 90 53 (71)
m-Chlorobenzyl alcohol 81 97 53 119/10
m-Bromobenzyl alcohol 8l 89 531 128/10
p-Chlorobenzy!l alcohol 79 92 589 (72)
p-Bromobenzyl alcohol 79 92 5% (76)
95 o1t 5468 (78)
p-lodobenzy! alcohol 81 81 551 1)
95 86 5524 (72)
Ca B Hydroxy-Sphenylethyl 77 76 447 111/6, 1.5400, 8INBz
chloride
[-Hydroxy-S-phenylethyl 77 S0 4% 110/2, 1.5800%7
bromi de 80 85 si7 134/12
79 71 52 1.5751%*
o-Chlorophenylmethyl- 88 69 57 94/4
carbinol
o0-Bromoph enylmethyl- 88 73 57 105/3
carbinol 88 87 5330 109/7, 1.5702
m-Chlorophenylmethyl- 79 94 sist 103/3, 1.5438
carbinol 88 88 5370 99-104/4, 1.54052%
m-Bromophenylmethyl- 88 74 51 110/3
carbinol
p-Bromophenylmethyl- 88 64 5 2/1
carbinol
p-Fluorophenylm ethyl- 79 98 5182 91/10, 1.4980% .
carbinol 88 66 5329 104-110/20, 1.50352%
p-Chlorophenylmethyl- 80 81 5193 81-86/1, 1.5420
carbinol 88 59 527 99/5

For explanations and symbols see pp. xi-xii.
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TABLE 15 (continued)

Cp Compound Method Y(;gd Chapteref. B.p./mm., n%, (M.p.), Deriv.

Aromatic Halo Alcohols and Halo Phenols (continued)

Cs p-lodophenylmethylcarbinol 80 93 5190 (42)
Phenyltrichloromethyl- 102 41 576 159/26, 1.5673
carbinol
p-Trifluoromethylbenzyl 84 94 574 80/ 4, 1.4600
alcohol
Co m-Trifluoromethylphenyl- 88 83 53 102/17, 1.4585
methylcarbinol
Phenyltrichloromethyl- 102 41 5736
methylcarbinol
3-Chloro- 1-phenyl- I- 79 70 5130 131/8, 63NBz
propanol
1-Chloro-3phenyl-2- 90 18 546t 143/23, 121Db
propanol
aMethyl-a-phenyl-8-chloro- 89 55 539 131/21
ethanol
2-Bromo-l-indanol 77 94 447 (128)
C o 1-Chloro-4 phenyl-2butanol 9% 45 5469 113/4, (47)
6-Bromo-2-naphthol 64 100 4 (129)
C, 1-Chloro-5phenyl-2- 90 13 5468 153/8, 107Db
pentanol

For explanations and symbols see pp. xi-xii.
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