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Method F. Alumhum Bromide Catalyzed PsomeFiaation 
of GButyltoluencs (Expts. 37, 38).--The aluminum.brodde 
was added to the mixture of t-butyltoluenes-and toheme 
contained in a dry flask.equipped withcal&m&oride tube. 
The mixtures were shaken eight hours e&+ day and d m e d  
to stand a t  room temperature the r&t &%he time. At in- 
t e n d s ,  100-mi. samples -e dpet t& ffm t& hy&&ar- 

with water, dried Over anhydrous potassium mbnate and 
the t-butyltoluene fraction, distilling from 185-195’, iso- 
lated by distillation through a small twentyzplate column 
using biphenyl to  minimize losses due to  cohmn hold-up. 

Method G. Alumirturn Bromide Catalyzed Wfn&tfeath 
of t-Butyltoluenes (Expt. 39).-The isomerization was RICHMOND, CALIFORNIA 

carried out in a borosilicate glass reaction vessel equipped 
with stirrer and baHes22 and provided with a drying tube. 
The l-butyltoluenes and aluminum bromide were stirred 
eight hours during each 24-hour period. The isomerization 
Was tahied a t  at rOOm temperature for the k S t  three days 
and at 25 * 1’ during the test of the six-day period. The 
heavy catalyst layer was separated, the hydrocarbon layer 

acid and water, dried over potassium carbonate and frac- 
tionally distilled. The transition cuts and main t-butyl- 
toluene fraction were separately: 109.3-120,2~ at 

mm. (6.4 g.), 120.2-122.0~ at mm. (165.9 g,) ,  
122,0-160.2~ at 100 mm. (6.4 g ~ ) ,  

bon shaken with dilate hydroohlaic aoid, washed clarified by Centrifuging, washed with dilute hydrochloric 
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The synthesis of a series of tertiary carbinamines as vasopressor agents has been accomplished by two methods. The 
hydrogenation of tertiary nitrocyclanes afforded certain of these amines. In addition, sodium amide cleavage of tertiary 
alkyl phenyl ketones yielded tertiary carboxamides which were converted by sodium hypobromite to tertiary carbinamines. 
X-Alkylation of these compounds by a variety of methods is described. 

It has been well established that vasopressor ac- 
tion is not confined to members of the phenethylam- 
ine series. Indeed, examination of a large group of 
aliphatic amines has indicated that practical pres- 
sor activity is found in those compounds with 
seven or eight carbon atoms having the amino 
group in the 2-position. lavb Such pharmacologic 
effects may also be found in certain alicyclic am- 
ines. While cyclohexylamine itself has only mild 
pressor activity, recently both 1-cyclohexyl- and 
1-cyclopentyl-2-methylaminopropane have proved 
to be valuable medicinal agents in this field.2asb 
These facts suggested the investigation of certain 
cyclized analogs of the 2-aminoalkanes (I), i.e., 1- 
amino-1-methylcyclanes (If) and their derivatives 
as vasopressor agents. In addition, such com- 

CH? NHJ CHB NHz 

)CH/ >c< 
CH, CHB CHa CH2 

CH? CH? CHz CH? 
I I 1  

\ /  
I 

CHz 
\ /  

CHz 
I I1 

pounds may be regarded as tertiary carbinamines, 
certain examples of which have been found to be 
useful agents in this field.3a,b 

The most direct method of preparation of such 
amines appeared to  be the nitration of the appro- 
priate hydrocarbon followed by catalytic hydrogen- 
ation of the tertiary nitrocyelane. Several proced- 
ures are available whereby hydrocarbons can be 
nitrated satisfactorily a t  the tertiary position. 
(1) (a) E Rohrmann and H A Shonle, Tms JOVRNAL., 66, 1516 

(1944), (b) E E Swanson and K R. Chen, J. P ~ Q v ~ Q c o ~ . ,  88, 10 
(1946). 
(2) (a) E Macko and E J Fellows, Federatiow Proc , 8, 318 (1949); 

(b) E E Swanson and K K Chen, J P ~ Q ~ W Z Q C O ~ . ,  B9, 423 (1948). 
(3) (a) R S. Shelton and M G Van Campen, Jr., U S Patent 

2,408,345 (1942); (u R. S Shelton and M. G Van Campen, J r  , U S. 
Patent 2,482,377 (1946) 

Thus 1-methyl-1-nitrocyclohexane has been pre- 
pared by Nametkin4 by nitrating methylcyclohex- 
ane with aluminum nitrate. The secondary nitro 
products were removed by alkali extraction. With 
minor modifications, this method was used to ni- 
trate the isomeric dimethylcyclohexanes, and hy- 
drogenation using a Raney nickel catalyst provided 
the corresponding tertiary carbinamines (method 

This procedure, however, had serious limitations. 
The synthesis of additional members of the series 
was necessarily restricted by the available pure 
hydrocarbons. Also, after conducting numerous 
nitrations with no untoward effects, during one ex- 
periment there resulted a violent exothermic reac- 
tion causing considerable damage to the autoclave. 
As a result, the general method of Hallerb for the 
preparation of tertiary carboxamides was investi- 
gated. This procedure involves the cleavage of a 
tertiary alkyl phenyl ketone with sodium amide. 
The complete reaction sequence may be depicted as 
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In a model experiment, isobutyrophenone was 
alkylated with n-amyl bromide and the resulting 
tertiary ketone, where R and R‘ represent methyl 
and R” represents n-amyl, was cleaved with so- 
dium amide in refluxing toluene. The resulting 
(4) S .  Nametkin, J .  Russ. Phys.  Chem. (Ger.), 48, 691 (1909); 

(5 )  A. Haller, Bull. SOC. chim.,  31, 1073 (1922). 
Chcm. Zenfr., 81, 11, 1377 (1910). 
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a,a-dimethylenanthamide was converted to 2- 
amino-2-methylheptane by means of sodium hypo- 
bromite. In like manner (method B), additional 
1-alkyl-1-aminocyclanes were synthesized from the 
1 -alkylcydohexyl and -cyclopentyl phenyl ketones 
and their corresponding carboxamides. 

The alkylation of the cycloalkyl phenyl ketones 
was accomplished by first forming the sodio deriva- 
tives by means of sodium amide and then adding 
the necessary alkyl iodide. It was significant that 
in each instance, traces of cyclohexanecarboxamide 
were isolated. This closely parallels the experience 
of Wash, Shive and Lochte6 in their work with 2- 
inethylcyclopentyl phenyl ketone where 2-methyl- 
cyclopentanecarboxamide was formed during the 
alkylation of this ketone with isopropyl iodide by 
means of sodamide. 'These workers cited this side 
reaction as the first example of the sodium amide 
cleavage of a ketone having an a-hydrogen atom. 
However, the direct action of sodium amide on 2- 
methylcyclopentyl phenyl ketone was not de- 
scribed. Although it seemed unlikely that in these 
experiments the cyclohexanecarboxamide and 2- 
methylcyclopentanecarboxamide could arise by 
any other means,7 cyclohexyl phenyl ketone and 2- 
methylcyclopentyl phenyl ketone were subjected to 
the action of sodium amide in boiling xylene. Cy- 
clohexylcarboxamide and 2-methylcyclopentane- 
carboxamide were formed in 1 and 8%, respectively. 
These results directly confirm the observation of 
Wash and co-workers; they afford as well an addi- 
tional example of the sodium amide cleavage of a 
ketone having an a-hydrogen atom. 

Certain technical difficulties were encountered in 
the alkylation of these ketones since, depending on 
the conditions, either C-alkylation or 0-alkylation 
may occur. This was particularly true when the 
entering group was methyl, in which case insepa- 
rable isomers were formed under a variety of condi- 
tions. However, it was found that a high yield of 
1 -methylcyclohexyl phenyl ketone could be ob- 
tained if the required methyl iodide were added in 
one portion to the sodio derivative of cyclohexyl 
phenyl ketone in dry benzene. With larger alkyl 
groups, although the yield of substituted phenyl ke- 
tone became progressively lower, there was little 
rvidence of 0-alkylation. 

N-Alkylation of these primary amines was ac- 
complished in a variety of ways. Monomethyla- 
tion by the Decker method8 was first attempted. 
In order to prepare the intermediate methiodides, 
it was found necessary to treat the required benzyl- 
idene amines with methyl iodide under autoclave 
conditions (method C). Hydrolysis of the quater- 
nary salts yielded the N-methyl derivatives in the 
usual fashion. However, in the case of 1,2-di- 
riiethylcyclohexylaniine, hydrolysis of the internie- 
diate salt afforded only the starting benzylidene 

( 6 )  C. Wash. B. Shive and 11.  I . .  I.ochtt.. 'I'nis JOIIKNAL, 63, 2!475 
(1941). 

(7) The enol ethers resulting from 0-alkylation uf the phenyl ke- 
tone conceivably could be the source of this amide. However, the 
enol ether blocking technique employed by W. S. Johnson and H. 
Posvic, ibid , 69, 1361 (1947), for the introduction of an angular methyl 
group into a polycyclic ketone indicatrs t h e  stability ol such compuiiiiila 
to sodium amide in refluxing ether. 

( 8 )  I T .  l > r r k ~ r  atid P. Beckrr, .4nrt. .  396, :%(i2 (191:11. 

amine.O Here the desired N,1,2-trimethylcyclo- 
hexylamine was obtained by the catalytic debenzyl- 
ation of N-benzyl-N, 1,2-trimethylcyclohexylamine. 
Other sterically hindered primary amines were 
monomethylated by a second procedure. Formyl- 
ation of the primary amines followed by lithium 
aluminum hydride reduction of corresponding form- 
amide proved to  be a highly successful method 
(method D). 

Dimethylation of the nitrogen atom was simply 
accomplished by treatment of the primary amines 
with formaldehyde and formic acidlo (method E), 
The aforementioned benzylidene amines were hy- 
drogenated using a Raney nickel catalyst and thus 
served as intermediates in the preparation of the 
corresponding N-benzyl derivatives (method F) . 
Methylation of the N-benzyl-l-methylcyclohexyl- 
amines was also carried out by means of formalde- 
hyde and formic acid to provide the N-benzyl-N,1- 
dime th  ylcy clohexy lamines. 

A preliminary pharmacological examination of 
the tertiary carbinamines listed in Table I was car- 
ried out. The primary amines and their N-methyl 
derivatives all showed a vasopressor response upon 
administration to  anesthetized cats. However, 
although these drugs were found to be of a low or- 
der of toxicity, none was more potent than 2-amino- 
heptane. The remainder of the group showed lit- 
tle activity as vasopressor agents. 

Experimental 
Cyclohexanes.-The methylcyclohexane was a commer- 

cial grade obtained from the Dow Chemical Company. 
The 1 ,2-,11 1,3-** and 1,4-l* dimethylcyclohexanes were pre- 
pared by hydrogenation of the corresponding xylenes using 
Raney nickel catalyst. No attempt was made to separate 
cis-trans isomers where present. 

Nitro Compounds. 1 -Methyl- I-nitrocyclohexane .-The 
method of Nametkin' which describes the nitration of 
methylcyclohexane by means of aluminum nitrate was modi- 
fied and used as a general procedure. Thus, a mixture of 
2.0 moles of the methylcyclohexane and 1.0 mole of alumi- 
num nitrate nonahydrate was heated in a stainless steel 
autoclave a t  120-140° for six hours. The reaction mixture 
was cooled and then stirred well with a mixture of 20% so- 
dium hydroxide solution and ether. The ether extract was 
dried and the ether was removed by distillation. The re- 
sidual pale yellow oil was carefully fractionated to obtain 
the desired I-methyl-I-nitrocyclohexane which boiled a t  
88-91' a t  15 mm., 1 2 % ~  1.4594, yield 83 g. (29%). 

The nitrocyclohexanes prepared in this manner were of 
sufficient purity to be used in the next step. However, 
analyses indicated the presence of about 0.5% of an im- 
purity. This was shown to be ketonic in character and could 
be removed for analytical purposes by treatment with large 
excesses of 2,4-dinitrophenylhydrazine. 

A small sample of 1-methyl-1-nitrocyclopentane was 
kindly furnished by L. 0. Dubois, Eastern Laboratory, 
E. I. du Pont de Nemours and Co. 

1,2-Dimethyl-l-nitrocyclohexane.-In the manner out- 
lined above, 152 g. (1.35 moles) of 1,2-dimethylcyclohexane 
was treated with 260 g. (0.7 mole) of aluminum nitrate 
nonahydrate. The product was distilled a t  89-90' a t  7 
mm., 1 2 % ~  1.4668, yield 64 g. (30%). This material was 
analyzed without further purification. 

Calcd. for C ~ H U K O ~ :  C, 61.12; H,9.62; N, 8.91. 
Found: C, 61.82; H, 9.60; N, 8.43. 

Anal. 

(9) Professor Roger Adams in a private communication reported 
similar results for the monomethylation of certain sterically hindered 
aromatic amines. 

(10) H. T. Clarke, 1%. B. Gillespie and S. Z. Weisshaus, THIS J O T I K -  
NAL, 65, 4571 (1933). 

(11) N. Zelinsky, Rer. ,  67, 50 (1924). 
(12) R. Adams and J. R. hlarshall, T H I S  J O I J R N A I . ,  SO, 1970 ( i (42%) 
(19) I?. K. Signaigc, an4 P. I,, Crnmrr, ihiCl , 66, 4:120 (1933) .  
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1,3-Dimethyl-l-nitrocyclohexane.-Following the gen- 
eral method described above, 152 g. (0.35 mole) of 1,3-di- 
methylcyclohexane was treated with 340 g. (0.9 mole) of 
aluminum nitrate nonahydrate. After fractionation and 
removal of ketonic impurities, the nitroalkane boiled at 80' 
at 6 mm., n% 1.4538. 

Anal. Calcd. for C8HlbN02: C, 61.12; H, 9.62; N,  
8.91. Found: C, 61.29; H, 9.51; N, 8.88. 

The yield of material suitable for catalytic hydrogenation 
was 51 g. (24%). 

1,4-Dimethyl-l-nitrocyclohexane.-A mixture of 165 g. 
(1.45 moles) of 1,4-dimethylcyclohexane and 284 g. (0.78 
mole) of aluminum nitrate nonahydrate was heated to 120' 
under autoclave conditions as described above. The prod- 
uct was distilled a t  79-81' a t  7 mm. to yield 48 g. (21%) of 
material, nUD 1.4541. 

Anal. Calcd. for CsH1SNOz: C, 61.12; H, 9.62; N, 
8.91. Found: C, 61.43; H, 9.40; N, 8.60. 
Ketones.-Is~butyrophenone,~~ cyclohexyl phenyl ke- 

tone" and 2-methylcyclopentyl phenyl ketonela were pre- 
pared by condensation of the corresponding acid chloride 
with benzene in the presence of anhydrous aluminum chlo- 
ride in the usual manner. 
a,a-Dimethylenanthophenone .-A suspension of 47 g. 

(1.2 moles) of sodamide in 200 cc. of anhydrous toluene was 
stirred while 180 g. (1.2 moles) of isobutyrophenone was 
added dropwise. The mixture was refluxed for one hour 
a?d 184 g. (1.2 moles) of n-amyl bromide was added drop- 
wise. Refluxing was continued for four hours. The re- 
action mixture was cooled and washed with water. The 
toluene was removed in vacuo and the product was distilled. 
The resulting a,adimethylenanthophenone boiled at  120- 
130' a t  1 mm. and weighed 193 g. (75%). 

1-Methylcyclohexyl Phenyl Ketone.-The sodio deriva- 
tive was prepared in toluene from 282 g. (1.5 moles) of cyclo- 
hexyl phenyl ketone and 59 g. (1.5 moles) of sodium amide. 
This mixture was stirred and cooled in an ice-bath while 
425 g. (3.0 moles) of methyl iodide was added in one por- 
tion. A sudden surge of heat after five minutes caused 
rapid refluxing of the mixture. Stirring at  room tempera- 
ture was continued for 24 hours after which the product was 
isolated in the usual manner. The 1-methylcyclohexyl 
phenyl ketone distilled a t  134-140' a t  5 mm., E ~ D  1.5316, 
yield-243 g. (80%). 

Small amounts of an amide melting at 186-187' after re- 
crystallization from water were isolated from the distillate. 
This proved to be identical with an authentic sample of 
hexahydrobenzamide, melting a t  185-186'. 

Anal. Calcd. for C14H180: C, 83.12; H, 8.97. Found: 
C, 83.41; H, 8.94. 

1,2-DimethylcyclopentyI Phenyl Ketone.-In the manner 
outlined above, 2-methylcyclopentyl phenyl ketone was 
converted to 1,2-dimethylcyclopentyl phenyl ketone in 60% 
yield. This product distilled a t  110' a t  1 mm., n% 1.5331. 
Wash and co-workersa report a boiling point of 288' and 

I-Ethylcyclohexyl Phenyl Ketone.-A suspension of the 
sodio derivative of 56.5 g. (0.3 mole) of cyclohexyl phenyl 
ketone in toluene, prepared as in the example above, was 
stirred at  50' while 46.8 g. (0.3 mole) of ethyl iodide was added 
dropwise. The mixture was then heated at  75-80' for eight 
hours, was washed with water and was distilled. The de- 
sired l-ethylcyclohexyl phenyl ketone distilled a t  159-160' 
a t  11 mm., f i z 6 ~  1.5348, yield 49.5 g. (77%). 

Anal. Calcd. for ClbH200: C, 83.28; H, 9.32. Found: 
C, 83.56; H, 9.18. 

1-n-Propylcyclohexyl Phenyl Ketone.-In the manner 
outlined above, 1-n-propylcyclohexyl phenyl ketone was 
prepared from cyclohexyl phenyl ketone and n-propyl 
iodide. This product distilled at  105' at  0.3 mm., az5D 
1.5371, yield 60%. 

dnul. Calcd. for CIaHY9O: C, R7.41; 11, 9.63. Found: 
C ,  83.86; H ,  9.60. 

1-nButylcyclohexy1 Phenyl Ketone.-In a similar fash- 
ion, I-n-butylcyclohexyl phenyl ketone was prepared i n  a 
34% yield. This material was distilled at  123' a t  1 mni., 
n 2 5 ~  1.5245. 

nmD 1.5368. 

(14) C. Schmidt, Rer., 22, 3250 (1889). 
(15) V. hfeyer and \V. Scharvin, i b i d . ,  30, 1042 (1807). 
(16) Netiitzescu and Ionescu, Ann. ,  491, 209 (1931). 

Anal. Calcd. for C17Hz40: C, 83.55; H, 9-90. Found: 
C, 83.65; H, 9.93. 

Amides.-3-Isopropyl-l-methylcyclopentanecarboxa- 
mide, fencholaniide, was prepared according to the direc- 
tions of Wallach'? from the acid chloride and ammonia. 

1-Methylcyclohexanecarboxamide .-A suspension of 15.5 
g. (0.4 mole) of freshly prepared sodium amide in 200 cc. of 
anhydrous toluene was treated with 42 g. (0.2 mole) of 1- 
methylcyclohexyl phenyl ketone. The mixture was re- 
fluxed while stirring for six hours, then was cooled to room 
temperature. The toluene mixture was washed with water 
and was distilled. The product boiled at  151-154' a t  15 
mm. and solidified on cooling. After recrystallization from 
pentane, the 1-methylcyclohexanecarboxamide melted a t  
65' and weighed 25 g. (yield 88%). 

Anal. Calcd. for C8H16NO: N, 9.92. Found: N, 10.15. 
1-Ethylcyc1ohexanecarboxamide.-In the manner de- 

scribed above, l-ethylcyclohexyl phenyl ketone was cleaved 
with sodium amide to afford a 65% yield of l-ethylcyclo- 
hexanecarboxamide, m.p. 72" from pentane. 

Anal. Calcd. for C9H1,NO: N, 9.02. Found: N, 9.06. 
1-n-Propylcyclohexanecarboxamide.-Similarly, l-n-pro- 

pylcyclohexanecarboxamide was obtained in a 65y0 yield 
from 1-n-propylcyclohexyl phenyl ketone. This y i d e  
after recrystallization from Skelly B melted a t  91-93 . 

Anal. Calcd. for ClaHlgNO: N, 8.27. Found: N, 8.41. 
1-n-Butylcyc1ohexanecarboxamide.-In the manner out- 

lined above, 1-n-butylcyclohexanecarboxamide was pre- 
pared in a 66% yield from the corresponding ketone. Aft;r 
recrystallization from pentane, this amide melted a t  83-84 . 

Anal. Calcd. for C11H21NO: N, 7.64. Found: N, 7.73. 
1,2-Dimethylcyclopentanecarboxamide.-l ,a-Dimethyl- 

cyclopentyl phenyl ketone was similarly converted to 1,2- 
dimethylcyclopentanecarboxamide, melting at 97-98', in a 
71% yield. Wash, Shive and Lochtea report 98.5-99.5' as 
the melting point of this amide. 

1 , 1-Dimethy1enanthamide.-As described above, 1 ,l-di- 
methylenanthophenone was converted to 1, l-dimethylenan- 
thamide in an 80% yield. After recrystallization from 
Skelly B, this amide melted a t  101.5-102.5'. Leers's re- 
ports a melting point of 101-102' for this material. 

Tertiary Carbinamines. Method A. 1-Methylcyclo- 
hexylamine.-A mixture of 70 g. (0.49 mole) of l-methyl-l- 
nitrocyclohexane, 45 cc. of glacial acetic acid, 7 g.  of Raney 
nickel catalyst and 500 cc. of methanol was subjected to a 
hydrogen pressure of 1400 p.s.i. a t  75'. After the mixture 
was shaken under these conditions for one hour, the material 
was cooled, filtered and evaporated in vacua. The crystal- 
line residue was treated with 20% sodium hydroxide and the 
liberated base was extracted with ether. The ether extracts 
were dried and the solution was distilled. The l-methyl- 
cyclohexylamine, thus obtained, distilled a t  140-145', +KJ 
1.4522, yield 35 g. (63y0). A hydrochloride prepared from 
the base melted a t  285' with decomposition. 

Method B. 1-Methy1cyclohexylamine.-The well known 
Hofmann reactionlB was used to convert the tertiary car- 
boxamides to the desired amines given in Table I. The 
following example is illustrative of the method. 

A solution of 85 g. (0.52 mole) of bromine in 1450 cc. of 
20 % potassium hydroxide solution was stirred and cooled 
in an ice-bath while 74 g. (0.52 mole) of l-methylcyclohex- 
anecarboxamide was added as a fine powder. After stirring 
for an additional one-half hour, the resulting isocyanate was 
extracted from the alkaline mixture with ether. The ether 
extract was added dropwise while stirring to 200 cc. of boil- 
ing concentrated hydrochloric acid. After the liberation of 
carbon dioxide had ceased, the hydrochloric acid solution 
was concentrated in vacua. The crystalline residue was re- 
crystallized from absolute ethanol-ether; m.p. 285' with 
decomposition, yield 62 g. (800/0). 

The free base was obtained in the usual manner by treat- 
ing an aqueous solution of the hydrochloride with alkali, 
extracting with ether and distilling. 

Condensatiop of the appropriate primary amine with 
benzaldehyde in equimolecular quantities using ethanol as a 
solvent afforded the benzylidene amines. These products - 

(17) 0. Wallach, ibid., 369, 76 (1909). 
( 1 8 )  L. Leers, Bull. SOC. chim.. 39, 655 (1926). 
(19) E. S. Wallis and J. F. Lane, "Organic Reactions," Vol. 1 1 1 ,  

John Wiley and Sons, Inc., New York. N. Y., 1946, p. 267. 
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obtained by distillation of the reaction mixture are given 
with their Dhvsical constants under the headina of the Darent 
amine. l:Methylcyclohexylamine, b.p. 144' a t  10- mm., 
n% 1.5429. Anal. Calcd. for CIIHION: N, 6.96. Found: 
N. 7.10. 1.2-Dimethvlcvclohexvlamine. b.D. 118' at 1.5 
mm., ~ Z D  1.5384. A-nai. Calid. for Cl6Hz1N: N, 6.51. 
Found: N, 6.52. 1,3-Dimethylcyclohexylamine, b.p. 100' 
a t  1 mm., n Z K ~  1.5324. Anal. Calcd. for CI5HzIN: N, 
6.51. Found: N, 6.64. 1,4-Dimethylcyclohexylamine, 
b.p. 101-103'" a t  1 mm., nUD 1.5310. Anal. Calcd. for 
CI5H21.N: X, 6.51. Found: N, 6.60. l-hlethylcyclopen- 
tylamine, b.p. 148" a t  18 mm., nZ5D 1.5432. Anal. Calcd. 
for C13H17r\T: N, 7.48. Found: N, 7.32. 3-Isopropyl-l- 
methylcyclopentylamine, b.p. 122-123' a t  1 mm., n Z 5 ~  
1.5263. Anal. Calcd. for C1~H23?: N, 6.11. Found: 
N, 6.14. 1,l-Dimethyl-n-hexylamine, b.p. 159-160' a t  
18 mm., n z 6 ~  1.5088. Anal. Calcd. for C8Hl,N: N, 6.45. 
Found: N, 6.52. 

Method C. N-1-Dimethylcyclohexylamine.-With a few 
modifications, the method of Decker8 was used for mono- 
methylation of most of the primary amines given in Table I .  

A mixture of 38 g. (0.19 mole) of benzylidene-l-methyl- 
cyclohexylamine and 27 g. (0.19 mole) of methyl iodide was 
heated at 125' for six hours in an autoclave. The red vis- 
cous material thus obtained was dissolved in 100 cc. of 85% 
methanol and the mixture was boiled for one hour. After 
the addition of 150 cc. of water, the liberated benzaldehyde 
was steam distilled. The residual mixture was evaporated to 
dryness in vacuo and then was made alkaline with 20% so- 
dium hydroxide solution. The resulting base was extracted 
with ether, the ether extracts were dried and the solution 
was distilled. The physical data for this base and its salt 
are included in Table I. 

Method D. 1-n-Butyl-N-methylcyclohexy1amine.-A 
mixture of 1.5 E. (0.01 mole) of 1-n-butvlcvclohexvlamine 
and 2 cc. of 98% 'formic acid was heatgd at 18Cri90' for 
two hours and then cooled. This material was dissolved 
in ether and the ether solution was extracted with diluted 
hydrochloric acid and water. After the ether solution was 
dried over anhydrous magnesium sulfate, it was added drop- 
wise to a solution of 1.52 g. (0.04 mole) of lithium alumi- 
num hydride in ether. After the addition of the amide, 
the mixture was refluxed an additional six hours. Water 
was added until the complex and excess lithium aluminum 
hydride were decomposed. After filtration, the inorganic 
material was washed with ether and this filtrate was ex- 
tracted well with ether. The ether extracts were combined, 
dried and then treated with a solution of whydrous oxalic 
acid in ether. In this manner, 2.2 g. (83% yield) of the 
sesquioxalate of 1-n-butyl-N-methylcyclohexylamine was 

prepared; m.p. from ethyl acetate, 112-113'. This com- 
pound is further described in Table I. For additional con- 
firmation of the structure of this amine, the picrate was 
formed in water. The yellow crystallineomaterial was re- 
crystallized from benzene, m.p. 122-123 . Anal. Calcd. 
for C17HzsNdO.r: N, 14.06. Found: N, 14.06. 

Method E. N,N,l-Trimethylcyclohexy1amine.-A mix- 
ture of 11.3 g. (0.1 mole) of 1-methylcyclohexylamine, 70 
cc. of 90% formic acid and 13 cc. of formalin was boiled for 
four hours. After the mixture was evaporated to dryness 
in vacuo, the residue was made alkaline with 20% sodium 
hydroxide solution. The base which was formed in this 
manner was extracted with ether and the ether extracts were 
dried. After distillation, the desired N,N,1-trimethylcy- 
clohexylamine was obtained in 85% yield (12 g.). Physical 
constants for this base and its salt are found in Table I. 

Method F. N-Benzyl-1-methylcyclohexy1amine.-A mix- 
ture of 25 g. (0.115 mole) of benzylidene-l-methylcyclohexyl- 
amine, 3 g. of Raney nickel catalyst and 75 cc. of methanol 
was subjected to a hydrogen pressure of 25 p.s.i. After the 
mixture was shaken for 12 hours, the catalyst was filtered 
and the filtrate was distilled. In this manner, 20.5 g. of N- 
benzyl-I-methylcyclohexylamine was obtained (80% yield). 
See Table I for physical data for this base and its salt. 
N,1,2-Trimethylcyclohexylarnine.-A mixture of 15 g. 

(0.065 mole) of N-benzyl-N,1,2-trimethylcyclohexylamine, 
1.5 g. of 10% palladium-charcoal catalyst and 60 cc. of 
glacial acetic acid was subjected to a hydrogen pressure of 
30 p.s.i. After the mixture was shaken for 12 hours, the 
catalyst was filtered and the filtrate was taken to dryness in 
vacuo. The residue was made strongly alkaline with 20% 
sodium hydroxide solution and the liberated base was ex- 
tracted with ether. The ether extracts were dried and dis- 
tilled. In this way, N,1,2-trimethylcyclohexylamine was 
obtained in an 87% yield (8 g.). Physical data for this 
amine and its salt are included in Table I. 

Acknowledgment.-The authors wish to thank 
Doctor A. W. Weston for his advice and suggestions 
which prompted this investigation, Mr. F. E. 
Fischer for his technical assistance with the prepara- 
tion of certain intermediates and Mr. E. F. Shelberg 
and the members of the Microanalytical Depart- 
ment for the microanalyses. The Department of 
Pharmacology of the Abbott Laboratories kindly 
provided a pharmacological survey of these com- 
pounds. 
NORTH CHICAGO, ILLINOIS 

[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF PARKE, DAVIS AND Co.] 

Anticonvulsants. 111. A Study of N,a,P-Alkylsuccinimides 
BY C. A. MILLER AND LOREN M. LONG 

RECEIVED JULY 18, 1952 

Many of 
these alkyl derivatives exhibit a considerable degree of activity in preventing metrazol-induced convulsions in laboratory 
animals. 

A third series of substituted succinimides has been synthesized and examined for anticonvulsant properties. 

However, a t  the dosage employed they.are ineffective against electrically-induced convulsions. 

The preparation and anticonvulsant properties 
of a number of substituted succinimides have been 
reported. Each of these derivatives contained 
a t  least one phenyl group and may be represented 
by structure I. Certain members of this series are 
useful in the treatment of petit mal epilepsy. In- 
deed, N-methyl-a-phenylsuccinimide (Milontin) a is 
quite potent' against this type of convulsive dis- 
order and is relatively non-toxic. 
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Since an appreciable number of the compounds I 

proved to  be particularly effective in preventing 
metrazol-induced convulsions,6 i t  is important 
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