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[ CONTRIBUTION FROM THE CHEMICAL LABORATORY OF N E W YORK UNIVERSITY] 

A New Reaction of Nitriles. III. Amides from Dinitriles1 

BY FREDERIC R. BENSON2 WITH JOHN J. RITTER 

The previous publications in this series have 
described the interaction of mononitriles and ole
fins to form N-substituted amides,8 and the appli
cation of this reaction to the synthesis of S-carbin-
amines.4 The use of dinitriles in this substituted 
amide synthesis, as well as a description of a varia
tion of the reaction in which alcohols are used in 
place of olefins, form the subject matter of the 
present report. 

Reaction of one mole of malononitrile, succino-
nitrile or glutaronitrile with two moles of an olefin 
such as isobutene, 2-methylbutene-2, camphene or 
diisobutene was carried out according to the pre
viously described procedure.3 In most instances 
the anticipated N,N'-disubstituted diamides were 
obtained (Table I). The reaction of succinonitrile 
with isobutene, diisobutene or camphene, how
ever, under the same conditions resulted in the 
formation of N-monosubstituted succinamides, 
the second cyanide group of the dinitrile hydrolyz-
ing in the usual manner. This anomalous behavior 
of succinonitrile 

CH3 

CH2=CCH3 + NCCH2CH2CN 
(1) H2SO4 

(2) H2O 
(CH3)3CNHCOCH2CH2CONH2 

possibly involves a cyclic mechanism according to 
the scheme 

CH3' 

CH2CN CH2 

I + Il 
CH2CN CR2 

H2SO4 
>• 

CH 2-C=NCR 2 
I 

CH 2 -CN 
HSO4 

CH3 

CH 2-C=NCR 2 

CH 2 -C 
N HSO4" 

Subsequent hydrolytic reactions of the above in
termediate would give rise to the monosubstituted 
amide. There is no immediately obvious explana
tion for the fact that 2-methylbutene-2-reacts with 
succinonitrile to yield the N,N'-diamide. 

In view of the requirement of a strongly acid 
medium for the conduct of the reaction, it seems 
probable that a carbonium ion is an essential in
termediate. Consideration of other possible 
sources of carbonium ions, besides the alkene-acid 
combination, led to the idea that alcohols might 
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also function in this synthesis.5 Accordingly, suc
cinonitrile and i-butanol were subjected to reac
tion in the acetic acid-sulfuric acid solvent found 
suitable for use with olefins. The product isolated 
was found to be N-mono-/-butyl succinamide, 
identical with that obtained using isobutene. By 
means of this modification, it was found possible to 
utilize cyanogen in the synthesis of a diamide. 
Although preliminary work had failed to develop 
a means of effecting reaction between cyanogen 
and diisobutene, when i-butanol was employed, 
N,N'-di-2-butyloxamide was obtained, having the 
same properties described by Brander.6 

The use of a secondary alcohol was investi
gated next. While reaction of secondary alcohols 
and nitriles in the acetic acid-sulfuric acid solvent 
could not be effected, concentrated sulfuric acid 
alone proved to be satisfactory for this purpose. 
Isopropyl alcohol and malononitrile produced 
N,N'-diisopropylmalonamide which has previ
ously been prepared by conventional means.7 Ef
forts to utilize a primary alcohol in the reaction 
proved fruitless; expedients such as the use of ele
vated temperatures, prolonged heating or the em
ployment of fuming sulfuric acid were unsuccess
ful in the production of N-primary alkyl amides. 

Comparison of the yields (Table I) of the prod
ucts from dinitriles and olefins or alcohols, reveals 
that f umaronitrile is appreciably more active than 
any of the saturated dinitriles in the formation of 
substituted amides. I t is evident that the reactiv
ity of the cyanide groups is enhanced by the pres
ence of the double bond. 

Experimental 
The following specific directions will serve to illustrate 

the methods followed in the preparation of the N-alkyl 
diamides. Recrystallizations of most of the succinamides 
and glutaramides were performed using benzene to which 
a small quantity of alcohol had been added. N , N ' - D i -
isopropyl and i-butyl malonamides were recrystallized 
from hexane, while for N,N'-di-2-octylmalonamide, di-i-
butyloxamide, and di-/-butylfumaramide an alcohol-
water mixture was used. Glacial acetic acid was required 
for N,N'-dicyclohexylfumaramide. 

The carbon, hydrogen and Kjeldahl nitrogen deter
minations were performed in the Laboratory of Micro-
chemistry at New York University. 

N.N'-Di-J-arnylglutaramide.—A mixture of 50 ml. of 
glacial acetic acid, 10.2 g. (0.1 mole) of concentrated sul
furic acid and 4.7 g. (0.05 mole) of glutaronitrile was pre
pared a t room temperature. To this solution was added 
7.0 g. of 2-methylbutene-2 which dissolved immediately. 
The temperature of the reaction rose to 50° and was kept 
below this point by periodic cooling with water. After 
remaining overnight, the reaction mixture was poured into 
250 ml. of water; white crystals separated quickly from 
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Alkene or alcohol 

2-Butanol 
Isopropanol 
Isobutene 
Diisobutene 
/-Butanol6 

2-Methylbutene-2 
Diisobutene 

Camphene 

Isopropanol 
2-Butanol 
Cyclohexanol 
Isobutene 
2-Methylbutene-2 

TABLE I 

N - A L K Y L DIAMIDES 

RNHCOYCONHR'; from NCYCN + alkenes 
M. p., 

R, R '" Y 0C. 

(CH3)SC— 
(CH3)2CH— 
( C H s ) 3 C -
C8H17-((-octyl) 
R=(CH 3 ) 3 C— 
R ' = H 
C 2 H 5 (CHs) 2 C-
R=C 8 H 1 7 - (/-octyl) 
R ' = H 
R=CioHn- (isobornyl) 
R ' = H 
( C H s ) 2 C H -
( C H s ) 3 C -
CsHn— 
(CH3)3C— 
C 2 H 3 (CHs) 2 C-

0 R = R ' except where otherwise noted. 
H, 9.8. Found: C, 63.6; H, 9.3. d Calcd.: 

- C H 2 -
- C H 2 -
- C H 2 -

—(CH2)2— 
- ( C H 2 ) , -

- ( C H 2 ) , -

—(CH2)2— 
- C H = C H -
- C H = C H -
- C H = C H -
- ( C H 2 ) S -
- ( C H 2 ) S -

b Calcd.: C, 60.6; 
C, 69.0; H, 9.4. 

176 
115 
115 
108 

149 
164 

150 

130 
320d 
310d 
320d 
196 
147 

or alcoho 
Yield, 

% 
20 
40 
50 
30 

25 
40 

50 

24 
80 
88 
87 
25 
35 

H, 9.1. Found: C, 
Found: C, 68.9; H 

Is 

Formula 

C—iHii ̂ nOoIs 9 

C9Hi8O2N2 

CnH22O2N2 

CigH3802N2 

CgHiCO2N2 

CuH2g02N2 

C12H24O2N2 

C14H24O2N2 

Ci0Hi8O2N2 

Ci2H22O2A2 

CieH2602N2 

Ci3H2e02N2 

CisH3o02N2 

Nitrogen, % 
Calcd. Found 

15.0 
13.1 
8.6 

16.3 
10.9 

12.3 

11.1 
14.1 

10.1 
11.5 
10.3 

60.9; H, 8.9. " Calcd.: 
, 9.2. " Or isobutene. 

15.1 
12.9 
8.6 

16.2 
10.8 

12.8 

11.0 
14.2b 

C 

9.8" 
11.4 
10.4 

C, 63.7 

the solution. These were filtered, slurried with 50 ml. of 
dilute sodium carbonate solution, washed with 50 ml. of 
water and recrystallized from water. A further crop of 
crystals was obtained by neutralizing the acid filtrate with 
sodium carbonate. This batch of crystals was also re-
crystallized from water. On twice recrystallizing the 
combined yield from a mixture of benzene and hexane, 5.0 
g. of the compound with a constant melting point of 147° 
was obtained. 

N-Mono-/-butylsuccinamide: (1) From Isobutene.— 
Isobutene was passed for two and one-half hours into a 
solution of 16 g. (0.2 mole) of succinonitrile in 100 ml. of 
glacial acetic acid and 40.8 g. of concentrated sulfuric acid 
until 25 g. (0.45 mole) was absorbed. The mixture was 
allowed to stand overnight and was worked up as described 
above. 

(2) From i-Butanol.—To a mixture of 10.2 g. of con
centrated sulfuric acid, 50 ml. of glacial acetic acid and 4.0 
g. of succinonitrile was added 7.4 g. (0.1 mole) of 2-butanol. 
The temperature of the reaction mixture rose spontane
ously to 50°, and was maintained below this point by oc
casional cooling. After standing overnight, the product 
was separated and worked up as described above. Its 
melting point, alone and mixed with the product from iso
butene, was 149°. 

N,N'-Di-2-butyloxamide.—Cyanogen, generated from 
40 g. of sodium cyanide, was passed into a mixture of 40 
ml. of glacial acetic acid, 10.2 g. of concentrated sulfuric 

acid and 7.5 g. of <-butanol. The temperature rose from 
20 to 26°. Isolation and purification of the product was 
accomplished as indicated above immediately after stop
ping the flow of cyanogen. 

N,N'-Diisopropylfumaramide.—To 3.9 g. of fumaro-
nitrile dissolved at room temperature in 20 ml. of concen
trated sulfuric acid, was added, over a period of twenty 
minutes, 6.0 g. (0.1 mole) of isopropyl alcohol, the tem
perature being kept below 45° by means of an ice-bath. 
After two hours the reaction mixture was treated as de
scribed to separate and purify the product. Both the re-
crystallized and unrecrystallized material melted with de
composition at 320°, after beginning to darken at 225°. 
The substance decolorizes aqueous potassium permanga
nate in the cold. The following qualitative solubilities 
were noted: insoluble in water, benzene, acetone, ethyl 
acetate; soluble in ethanol and hot methanol. 

Summary 
A series of dinitriles have been converted to N-

substituted diamides by means of the reaction 
with olefins. Use of tertiary and secondary alco
hols instead of alkenes in this reaction also leads to 
N-substituted amides. 
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