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The reduction of urethans with lithium duminum hydride has not been re- 
ported but appeara to be a promising method of synthesis of amines of unusual 
Str~dure. Successful reductions of amides of fatty acids to aminea have already 
been obtained (1). The use of urethm ia of interest fmm two ataudpointa: first, 
urethana can usually be prepared more easily than formamidea as intermediates 
in the syntheais of methylamines; second, by reaction of alcohols with isocyamtes 
it is possible to obtain the urethans (e.g. N-peduoralkyl type) of aminea which 
have never been isolated. 

In some instances (2), the reaction of an amide with lithium aluminum hydride 
has led to appreciable cleavage to liberate the original amine. Since the reduction 
of a arethan may very well p r d  through the formstion of a formamide, both 
the reduction to the formamide and the following step of reduction to the 
amine might be susceptible to the cleavage reaction which then could become 
predominant. 

Therefore, in the present work, several representative urethans have been 
treated with lithium aluminum hydride to determine whether reduction or 
cleavage would result. The d t a  are shown in Table I. It was found that not 
only were excellent yields of the methylated amines obtained, but in addition, a 
complete absence of cleavage was observed. The purity of the amines was estab- 
ished from their infrared spectra. 

-AL PART 

Typical prepration of a wethan. A mixture of 129 g. of di-n-butylamine, 150 ml. of ether, 
and 250 mi. of water was cooled to 5" and 108.7 g. of ethyl chloroformate slowly waa added. 
After one-half of the chloroformate had been added, a cold solution of 40 g. of d u m  hy- 
droxide in 60 ml. of water was added simultaneously with the remainder.of the chlorofor- 
mate. The mixture was stirred for an additional hour a t  5", the ether layer decanted, and 
the aqueous solution extracted with two 50-ml. portione of ether. The combined ether solu- 
tiona were dried with magnesium sulfate, the ether distilled a t  atmospheric pressure, and 
the product distilled in IM~UO. The urethane of aniline and methylaniline were prepared in 
identical faahion. The urethan of diphenylamine was prepared by refluxing a mixture of 
diphenylamine and the ethyl chloroformate in benzene solution. The physical properties 
of the URthanS are listed in Table 11. 

Preparation of pure amines. Pure samples of di-n-butylamine, aniline, methylaniline, 
and dimethylaniline were obtained by fractional distillation of the corresponding Eastman 
Kadak products. Diphenylamine, m.p. 51-55", was obtained by recryatallisation of the 
commercial material from Skellysolve C. 

The PS,N-di-n-butylmethylamine obtained by reduction of the corresponding urethan 
was converted to the picrate by refluxing with a saturated methanolic solution of picric 
acid. The picrate was recrystallized from methanol to the constant m.p. 87.!j-885" [lit. (3) 
m.p. 8 f " . 5 " ] .  The pure amine was recovered from the picrate by the method of Weiner 
and Kaye (4). 
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JAN. 19% 

N,N-Dia-butyl.. . . . . . . . . . . . . . . . . .  
N-Phenyl.. ......................... 

N,N-Diphenyl.. 
N-Methyl-N-phenyl ................. 

................... 

TABLE I 
AMINES OBTAINH) BY REDUCmON OF ETHYL CARBAMATES 

M i  3 92 

1 I 92 '1480 
15 

igs-149 1 13.5 i 81 

m.p. 72-73 1 i 

93 

Methyl-di-n-butylamine.. . 
Methylaniline ........... 
Dimethylaniline .......... 
Methyl-diphenylamine.. .. 

......... 1.4172 85 

......... 112-114 86 

......... 13 96 
80 ......... 12 j 1.6621 j - _____ - 

TABLE I1 
PBOPEBTIES OF S w m m  ETEYL CAEBAMATES 

SllbStihM3ltS I ~ o i ~ o i n t . . C .  I Aim. I Ti,% 

Typical reduction of a urcthan with lithium aluminum hydride. A solution of lithium 
aluminum hydride was prepared by placing 286 g. of the commercial hydride in a Soxhlet 
apparatus and extracting for two daya with loo0 ml. of dry ether. The flask then was fitted 
with a etirrer and a reflux condenser and 90 g. of the N-methyl-N-phenylurethan was added 
at a rate to maintain a vigorous ether reflux. The mixture was stirred for an additional hour, 
the excem of lithium aluminum hydride destroyed by adding wet ether, and the ether layer 
decanted from the inorganic gel. Strong sodium hydroxide was added to the inorganic gel 
and the mixture was steamdistilled. The M i a t e  was extracted with two 100-ml. portions 
of ether, and these ether extracts were added to the previously decanted ether layer. The 
combined ether solutions were dried with magnesium sulfate, the ether was removed a t  
atmoepheric pressure, and the product, 58.2 g. (96%), was distilled in umuo, b.p. 76.Ck77.9" 
(13 mm.). Identical procedures were used with the other urethans with the results shown 
in Table I. 

Puriiy of the me#h$amhes from the ureihans. The purities of the reduction products were 
establkhed from the infrared absorption spectra. Measurements were made in a Perkin- 
Elmer model 12C spectrometer. In each case, at least one wave length was found a t  which 
the methylamine had an absorption peak while the unsubstituted amine showed p r a c t i d y  
no absorption characteristice. With three of the amines (there is no simple method of purifi- 
cation of methyldiphenylamine), the spectrum of the reduction product was compared 
with a synthetic mixture of 2% starting amine and 98% methyl homolog to get an estimSte 
(Table 111) of the maximum amount of unalkylated amine which could be present. The 
maximum figure shown actually represents, in each case, the limit of impurity detectable 

TABLE III 
DETEEMINATION OF TEE PUBITY OF TEE REDUCTION PJ~ODUCFS 

Amine M i  
j Established 
I d  

Aniline and methylaniline.. ......................... .I 3.05 p 1 
Methylaniline and dimethylanilbe. .................. .I 2.94 p 1 ;  
Dibutylamine and di-n-butyl-methylamine ............ : 8.80 fi  1 i Diphenylamine and methyldiphenylamine. ............ 2.95 p I - 
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by the analytical method. No positive evidence for the presence of the unalkylated amine 
was obtained. Comparison of the spectrum of the methyldiphenylamine with that of pure 
diphenylamine indicated a similar purity of 98% or better. 

The commercial method of analysis (5) for methylaniline in dimethylaniline indicated 
less than 0.5 per cent of methylaniline in the product. 

The N-methyldiphenylamine was converted to a crystalline compound by treatment 
with zinc chloride and hydrochloric acid (6). When the amine was regenerated by treat- 
ment with HnO, the infrared spectra of the original sample and the regenerated material 
were found to be identical. This indicates a pure sample, but aa diphenylamine also gives 
a derivative with the the same reagent, the purity of this amine was not as well estab- 
lished as the purities of the other reference materials in this work. 
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BTJMMARY 

The reduction of urethans with lithium aluminum hydride is an excellent 
method of synthesis of methylamines in yields of 80 % or better. No evidence of 
unalkylated amine could be found in the reduction products. 
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