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Anal. Calcd. for CI3Hl6N20PS: C, 56.10: H, 5.43; N, 
10.07; P, 11.13; S, 11.52. Found: C, 56.04; H, 5.56; N, 
10.05; P, 11.44; S, 11.36. 

Reaction of benzenesulfonyl chloride with bis( 2-cyanoethu1)- 
phosphine. Experiment (b)  above was repeated using 17.7 g. 
(0.1 mole) of benzenesulfonyl chloride in place of the p-  

procedure there was obtained after recrystallization from 
isopropyl alcohol, 8.0 g. of S-phenyl bis( 2-cyanoethy1)- 
phosphinothioate, m.p. 86-88'. STAMFORD, CONN. 

4naZ. Calcd. for ClgHlzN20PS: C, 55.53; H, 4.96; P, 11.90; 
S, 12.13. Found: C, 55.44; H, 5.03; P, 12.03; S, 12.17. 
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Investigation of the reaction of a-aminonitriles with alcoholic hydrogen chloride has led to a convenient high-yield syn- 
thesis of a-amino acid amide hydrochlorides. 

RiRzCHCHCN + R3OH + 2HC1 + RiRzCHCHCONH2 + R&l 
I 

NHo.HC1 
I 

NHz 
The course of the reaction is critically dependent upon the alcohol that is used for solvent. If R1 = H and Rz = H or alkyl 

then the alcohol RaOH must be secondary; otherwise ester formation results. When R1 and Rz are both alkyl, RaOH mwt 
be primary in order for any reaction to take place. These and related effects as well as the probable reaction mechanism are 
discussed. 

During an investigation of the chemistry of a- 
aminonitriles, it became of interest to define their 
reaction with alcohols in the presence of anhydrous 
hydrogen chloride. The reaction of nitriles with 
alcohols and hydrogen chloride is, of course, well 
known; in general, imido esters are formed when 
equivalent amounts of alcohol are used and ortho 
esters result when the alcohol is present in excess.2 
Nitriles having a-substituents other than carbon 
have not been as extensively investigated. Stein- 
kopf and Malinowski3 investigated a series of 
a-substituted acetonitriles and observed that imido 
esters and/or amides were produced upon reaction 
with alcoholic hydrogen chloride and that amides 
were more readily formed when the a-substituent 
was a strong electron-attracting group. McElvain 
et u Z . , ~  observed the formation of both amides and 
carboxylic esters in addition to the desired ortho 
esters upon treatment of a-substituted nitriles 
with alcoholic hydrogen chloride and concluded 
that these by-products were due to the presence of 
at least two a-substituents. 

Imido esters of a-aminonitriles and their sul- 
fonyl and acyl derivatives have also been pre- 

(1) Presented in part at the 140th National Meeting of 
the American Chemical Society, Chicago, Ill., Sept. 4, 1961. 

(2) R. Roger and D. G. Neilson, Chem. Revs., 61, 179 
(1961). 

(3) W. Steinkopf and W. Malinowski, Ber., 4 4 ,  2898 

(4) (a) S. M. McElvain and B. Fajardo-Pingon, J .  Am. 
C h a  Soc., 67, 690 (1945); (b)  S. M. McElvain and C. L. 
Stevens, J .  Am. Chem. SOC.,  69, 2663 (1947). 

(1911). 

pared.6-8 In contrast, a-aminophenylacetonitrile 
is reported to give only the amide upon reaction 
with methanolic hydrogen chloride and the imido 
ester dihydrochloride of glycine to be transformed 
into glycinamide hydrochloride upon storage at  
ambient temperatures.' The possible general syn- 
thetic usefulness of this formation of a-amino 
amides, however, apparently was not recognized. 

In  the present investigation, treatment of a 
benzene solution of a-aminoisovaleronitrile (I; 
R1=R2=CH8) with one or two equivalents of 
ethanol and hydrogen chloride resulted only in 
the precipitation of the corresponding hydrochlo- 
ride. However, when the reaction was conducted in 
saturated ethanolic hydrogen chloride, valinamide 
hydrochloride (11; R1= Ra= CHs) precipitated in 
75% yield upon refluxing the reaction mixture, 
and ethyl chloride was evolved. 

RiRzCHCHCN + RsOH + 2HC1 
I 

NHz 
I 

R~R~CHCHCONHZ + RaC1 
I 

"2. HCl 
I1 

(5) R. A. Turner and C. Djerassi, J .  Am. Chem. Soc., 72, 

(6) M. Mengelberg, Chem. Ber., 89, 1185 (1956). 
(7) A. N. Bahheev and N. I. Gavrilov, J .  Gen. Chem. 

( 8 )  A.  Balog, E. Vargha, and I. Bolaas, Chem, Abstr., 

3081 (1950). 

U.S.S.R.,22,2077(1952). 

53, l4O6la (1959). 
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When a-aminopropionitrile (I; R1 = Rz = H) and 
a-aminoisocapronitrile (I; R1= H, R2= (CH&CH) 
were treated similarly with ethanolic hydrogen 
chloride, ammonium chloride precipitated in high 
yield and the corresponding a-amino ester hydro- 
chlorides were isolated. These data indicate that 
subtle structural differences are responsible for 
the unexpected and completely different paths 
that the reaction may assume. In  any case, for 
the amide to be the predominant reaction product, 
no more than one equivalent of alcohol must 
react with the aminonitrile. Thus, under the 
existing reaction conditions, the imido ester dihy- 
drochloride must be sdc ien t ly  hindered to 
prevent further reaction with the solvent. Conse- 
quently, alkyl chloride is eliminated and the 
desired amide hydrochloride precipitates. 

Since the imido ester derived from I (R1=R2= 
CHJ apparently is sufficiently hindered to prevent 
further ethanolysis, it seemed reasonable to assume 
that if a secondary alcohol were used as a reaction 
solvent for a-aminonitriles with no @-branching, 
these materials should be convertible to amides 
also. Such was found to be the case. Treatment of 
I (R1 = Rz= H and R1 = H, Rz= (CH3)2CH) with 
2-propanol saturated with hydrogen chloride re- 
sulted in alaninamide and leucinamide hydrochlo- 
rides in 74% and 77% yields respectively. Further- 
more, no valinamide hydrochloride was formed 
when 2-propanol was employed as solvent. With 
this understanding of the reaction, it remained 
routine to prepare the various a-amino acid amide 
hydrochlorides tabulated in Table I. 

Pinnerg apparently was the first to discover that, 
in general, pyrolysis of imido ester hydrochlorides 
produces both amides and alkyl chlorides in good 
yield. However, the reaction has received little 
attention as a preparative method, presumably 
due to the ease with which amides can be prepared 
by other means. McElvain and Tate'O studied the 
kinetics of this pyrolysis and proposed a bimo- 
lecular reaction mechanism, although first order 
kinetics (with respect to the disappearance of 
chloride ion) were observed. This mechanism was 
substantiated by Stevens et a l l 1  and later by Cra- 
mer and Baldauf*2 who demonstrated that if the 
imido ester was prepared from an optically active 
alcohol the configuration of the chloride formed in 
the reaction is inverted with respect to the alcohol. 
The present conversion of cr-aminonitriles to a- 

C N H ; ~ C ~ -  
II 

I - 1  
RiRzCHCH-C-O-CH2 ?lH-I1 + R3CHZC1 

+ HCI NH3+ C1- R3 

(9)  A. Pinner, Ber., 16,1643 (1883). 
(10) S. M. McElvain and B. E. Tate, J .  Am. Chem. SOC., 

73,2233 (1951). 
(11)  C. L. Stevens, D. Morrow, and J. Lawson, J .  Am. 

(12) F. Cramer, and H. Baldauf, Chem. Ber., 92, 370 
Chem. SOC., 77, 2341 (1955). 

(1959). 

amino amide hydrochlorides probably proceeds 
similarly. l 3  

The formation of esters from the reaction of I 
with ethanol when there is no p-branching is of 
interest. Further ethanolysis of the imidate would 
give an intermediate (111) which, via reaction 
with chloride as described for the amide formation, 
would produce ammonium chloride and the ob- 
served ester. McElvain2b explains ester formation 

c y H $  C I - 
R,R,CHCH---C-O-CH,G?IH n -+ 

1 1 I 
N H ~ -  OC,H, C H ~  

111 

R,K,CHCHCO2C,H, + NH,CI + CZHSCI 
I 

NHz.HC1 

from imido ester hydrochlorides by a similar 
reaction with alkoxide. In  the present case, this 
sequence seems unlikely since esters are observed 
only when the steric requirements enable further 
alcoholysis. Traces of ammonium chloride ( f 2%) 
are observed in the preparation of valinamide 
hydrochloride (11; R1 =Rz = CH3) when butanol 
is used as the reaction solvent and only about 
6y0 is formed with the use of ethanol. 

When the steric requirements of the reaction 
are considered, it would appear that the yield of 
the various amides can be improved further by 
minor variations of the structure of the alcohol 
that is used for the reaction solvent. Table I1 
illustrates the effect of various alcohols on the 
yield and purity of several amide hydrochlorides. 
Allyl alcohol was exceptional in its reactivity and 
cleanness of reaction, especially for the prepara- 
tion of isoleucinamide. With this solvent, a 71% 
yield was obtained in less than 18 hours, compared 
with the approximately 70 hours required to ob- 
tain a 50% yield in the presence of ethanol. From 

(13) Presumably, a cyclic mechanism analogous to the 
one proposed by McElvain and Tatelo is possible. 

CYH: C1- 
n 

RiRzCHCH ' L t y  - I1 + R3CH2Cl 
"$c13CHzR3 I 

To define further this possibility isobutyronitrile waa treated 
with isopropyl alcohol and hydrogen chloride under condi- 
tions that produce alaninamide hydrochloride (11; RI = = 
H) from I. The isopropyl imidate hydrochloride wag found 
to be stable under these conditions, thus lending support to  
a cyclic mechanism and further substantiating the premise 
that amino amides are formed because further alcoholysis 
cannot take place. However, it  seems equally likely that the 
relative instability of the imidate dihydrochloride derived 
from I is simply due to the inductive effect of the a-ammo- 
nium salt, aa iioted earlier for other electron-attracting 
groups.* 
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TABLE I1 
EFFECT OF SOLVENT ON THE YIELD OF  AMINO ACID AMIDE 

HYDROCHLORIDES 

Amide Solvent 
Hydrochloride Alcohol yo Yield Purity 

Valine Methyl 
Ethyl 
n-Propyl 
Isopropyl 
+Butyl 
Allyl 

Isoleucine Methyl 

Ethyl 

- 54 
75 94 
82 98 

No reaction - 
89 98 
86 99 

Small amount of ammonium 

51 84 
chloride 

Allil 71 98 
Alanine Ethyl Ammonium chloride only 

Isobutvl Ll Ii 

Isopropyl 74 96 
2-Butyl 78 97 

Isopropyl 71 93 
2-Butyl 76 95 

Methionine Ethyl Ammonium chloride only 

these results, it is apparent that many of the 
yields of amides listed in Table I are not optimal. 

This method of synthesis of a-amino acid amide 
hydrochlorides appears to be novel and widely 
applicable, affording a class of a-amino acid deriv- 
atives that, in general, have always been dficult  
to obtain. The synthesis avoids the troublesome 
separation from inorganic salts which has plagued 
the isolation of amino acids and, in addition, 
affords amino acid derivatives in a form amenable 
to resolution, where desired. Nutritional studies 
directed a t  determining the extent to which these 
amide hydrochlorides are capable of replacing 
the corresponding essential a-amino acids have 
been conducted and will be reported in detail.14 

EXPERIMENTAL15 

The following preparations of valinamide and isoleucin- 
amide hydrochlorides serve as a general procedure for the 
synthesis of a-amino acid amide hydrochlorides and hydro- 
bromides. The only necessary lariations involve an ap- 
propriate change in the alcohol that is used for a solvent, 

(14) D. G. Crosby, J. R. Thomson, and H. E. Johnson, 
J . Nutrition. 

(15) Melting points are corrected. Infrared spectra were 
recorded with a Perkin-Elmer Model 21 spectrophotometer. 

as noted in Tables I and 11, and,,for highly hindered ni- 
triles, a longer reaction period before the final heating. 

With ketones that do not form cyanohydrins readily, the 
a-aminonitrile is conveniently prepared by the action of 
ammonia on the mixture of ketone and hydrogen cyanide. 
Most of the amide salts tabulated in Table I can be further 
purified, if desired, by crystallizat,ion from acetic acid (pre- 
ferred) or alcohols. 

DL-Valinamide hydrochloride. One-half mole of crude iso- 
butyraldehyde cyanohydrin (from 36 g. of isobutyraldehyde, 
14 g. of hydrogen cyanide and 1 ml. of pyridine] was allowed 
to react under autogenous pressure with 100 ml. of anhydrous 
ammonia at  about 25" for 18 hr. The excess ammonia was 
then allowed to evaporate and the last trace8 were removed 
by warming t o  40' in vacuo. A solution of the crude nitrile 
in 300 ml. of butanol was saturated with anhydrous hydro- 
gen chloride at  20°, 119 g. being required. The reaction 
mixture was allowed to stand overnight a t  25" and then 
heated to boiling over a period of 1 hr. After refluxing the 
slurry of precipitated product for 15 min., it  was cooled to 
10' and the solids were collected. The filter cake was washed 
with butanol followed by ether and dried to give 68 g. 
(89%) of valinamide hydrochloride, m.p. 243-245' dec. 
DL-ISO- and alloisoleucinamide hydrochloride. A solution 

of 0.5 mole of crude a-a,mino-p-methylvaleronitrile (prepared 
as described above for a-aminoisovaleronitrile) in 300 ml. of 
allyl alcohol was saturated with anhydrous hydrogen 
chloride a t  20°, 139 g. being required. The temperature 
gradually rose to 33" and the mixture was then allowed to 
stand overnight. After cooling the mixture to 5", the precip- 
itated solids were collected, washed with ether, and dried. 
A total of 59 g. (71o/c) of product was obtained as colorless 
crystals, m.p. 214-219' dec. 

Reaction of isobutyronitrile w i th  2-propanol and  hydrogen 
chloride. A solution of 138 g. (2.0 moles) of isobutyronitrile 
in 1 1. of anhydrous 2-propanol was saturated with dry 
hydrogen chloride (351 g.) at 25'. The mixture was allowed 
to stand at  room temperature overnight and was then 
heated under reflux for 2 hr. Volatile material was then 
evaporated in vacuo at  steam bath temperature leaving 270 
g. of colorless solids. An analytical sample of this material 
was obtained as colorless crystals, m.p. 96-98' (gas) after 
several crystallizations from isopropyl ether. The analytical 
data are consistent with those expected for the imido ester 
hydrochloride. 

N. 8.46. Found: C, 50.87; H, 9.89; C1, 20.90; X, 8.34. 
A n a l .  Calcd. for C,HI&lNO: C, 50.74; H, 9.74; C1, 21.40; 

The above imido ester was readily pyrolyzed to isobutyr- 
amide in SOTo yield, b.p. 136-142' (50 mm.), m.p. 109-120'. 
Subsequent purification raised the melting point to 129- 
130". 
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