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Experimental 
The experimental procedures used to  prepare the various 

polymers from dinitriles and aldehydes did not vary to  any 
great extent from the following standard preparation of 16 
polyamide from diponitrile and f o d d e h y d e .  

Polymerization of Adiponitrile and Formaldehyde.-A 
solution of trioxane (49 g., 1.63 moles) in adiponitrile 
(176 g., 1.62 moles) was added with stirring a t  30" t o  a 
solution of concentrated sulfuric acid (550 g., 300 cc.) in 
90% formic acid (970 g., 810 cc.) contained in an %liter 
stamless steel beaker. The reaction mixture was stirred 
a t  a low speed and cooling was applied to  maintain the tem- 
perature a t  30". After approximately 20 minutes the exo- 
thermic part of the reaction was over and the reaction 
mixture began to thicken gradually. After 45-50 minutes 
the mixture became very viscous and reached the gel- 
point. Cold water (4000 cc.) was added immediately and 
stirring was increased to quench the polymerization rapidly. 
A white powder was precipitated which was filtered and re- 
slurried twice in water to remove all the acid. The last 
two washes consisted of a sodium carbonate wash followed 
by a final water wash. Under these conditions a 40% 
yield of 16 polyamide was obtained (90 g.) which exhibited 
an intrinsic viscosity in the range of 1.5 to 2.0 in m-cresol. 

With aldehydes other than formaldehyde similar experi- 
mental conditions were employed except for the use of con- 
centrated sulfuric as a solvent and a temperature of 0" to 
minimize self-condensation side-reactions of aldehydes. 

Effect of Polymerization Variables on Polymer Properties. 
(a)  Effect of Acids.-The intrinsic viscosity, reaction time 
and yields of polymer using a number of acid solvent-cata- 
lysts are shown in Table IV. 

(b) Effect of Temperature.-The rate of polymerization 
of adiponitrile and formaldehyde is a direct function of the 
temperature. The polymerization is usually carried out a t  
30°, since at  higher temperatures there is a greater danger 

TABLE IV 
CATALYSTS FOR THE PREPAR&nON OR 16 POLYMER 

Reac- 

Polymerization 
medium 

His01 (83%) 
HaSO~-HCOOH-HaO 
HaSOrHCOOH-CrHaOH 
HzSOd-CHCOOH 
HIPO~ (85%) 
CZHI-SOIH 
p-Toluenesulfonic acid- 

HCOOH 
HCOOH (100') 

[VI 
m-aesol 

0.51 
2.16 
1.52 
0.40 
.23 
.51 

< .10 
< .10 

Yield, 
% 
64 
37 
37 
60 
78 
. .  
44 
52 

tion 
time, 
nun. 

20 
50 
35 
10 

10 
2 days 

2 days 
5 hr. 

Gel fime, 
mn. 
20 
50 
35 
10 

Did not gel 
10 

Did not gel 
Did not gel 

of hydrolysis of nitrile groups in the acid solvent. At 0" 
the polymerization reaction is slow and polymers do not 
seem to exhibit any advantage over polymers prepared a t  
30". However, the salient feature of polymers prepared a t  
low temperature (0")  is their ability to yield clear flexible 
i ihs  even when the polymer intrinsic viscosity is as low as 
0.23, whereas films from polymers prepared a t  30" are 
brittle up to an intrinsic viscosity of 0.70. 
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Acid-catalyzed Reactions of Nitriles. III. The Reaction of Nitriles with 
N-Methylolamides 

BY EUGENE E. MAGAT AND L. FRANK SALISBURY 

The scope of the reaction, in strong sulfuric acid a t  room temperature, of N-methylolamides with nitriles to give methyl- 
ene-bis-amides has been extended to include the preparation of polyamides from N,N'-dimethylolamides and dinitriles, 
The polymer formed from N,N'-dimethyloladipamide and adiponitrile is similar to that prepared from adiponitrile and form- 
aldehyde (16 nylon). Competitive rates of reaction of N-methylolamides and formaldehyde with nitriles to yield methylene- 
bis-amides show that the nitrile reacts preferentially with the N-methylolamide. 

Introduction 
In a previous communication i t  was shown that 

nitriles react with formaldehyde in the presence of 
strong acids to form methylene-bis-amides. The 
intermediate in that reaction was assumed to be an 
N-methylolamide carbonium ion. This paper deals 
with the second step of the reaction of nitriles with 
formaldehyde, the reaction of N-methylolamides 
with nitriles to form methylene-bis-amides. 

&SO4 
R-C-NH-CH20H + R'-CN + 

I1 
0 

R-C-NH-CH2-NH-C-R' 
II 
0 

I/ 
0 

The reaction of nitriles with N-methylolphthalimide 
and N-methylolbenzamide has been reported pre- 
viously by B u c , ~  but the scope and mechanism of 
(1) Magat, Faris, Reith and Salisbury, THIS J O U R N A L ,  73, 1028 

(2) Buc, TEIS JOWXNAL, 60, 254 (1947). 
(1951). 

the reaction have received no general consideration. 
This reaction has been reinvestigated since i t  has 
been found that the scope of the reaction can be ex- 
tended to include the preparation of polyamides by 
the reaction of N,N'-dimethylolamides and dini- 
triles. 

Monomeric Reaction.-The reaction of N- 
methylolamides and nitriles is exothermic and is 
rapid a t  room temperature. The reaction medium 
is usually 80 tc 100% sulfuric acid or mixtures of 
sulfuric and formic acid and yields of methylene- 
bis-amides often exceed 90%. A competing reac- 
tion is the self-condensation of certain N-methylol 
amides in the presence of acids which also gives a 
methylene bis-amide. 
2R-C-NH-CH20H + 

I/ 
0 

(R-C-NH)ZCH~ + CHrO + HjO 

b 
(3) Binhorn, Ann., 848, 207 (1905). 
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Thus N-methylolbenzamide dissolved in concen- 
trated sulfuric acid for 2 hours a t  30' gave upon re- 
precipitation with water a 25% yield of methylene- 
bis-benzamide. 

The mechanism of the reaction of methylolam- 
ides and nitriles may be represented by the series 
of equations 

R-C--LU"-CHzOH + H C  JJ 
' I  
0 

R-C--NH-CH~+ + HzO 
I! 
0 

HO-CH~-NH-CO-R-CO-NH-CH*-OH 

The resulting product had 12.270 C1 indicating that 
the nitrile reacted faster with the N-methylolamide 
than with formaldehyde (Equation 2). This result 
is in accord with reaction mechanism proposed for 
the formation of methylene-bis-amides from a ni- 
trile and formaldehyde in acid solution, that is, a 
slow reaction leading to a N-methylolamide fol- 
lowed by a fast reaction of the N-methylolamide 
with the nitrile. 

Polymeric Reaction.-When the reaction of 
N-methylolamides and nitriles is extended to  
N,N '-dimethylolamides and dinitriles the reaction 
product is a polymeric linear polyamide. 

+ NC-R'-CN + 

R-C-NH-CHz+ + R'-CN 
I1 
0 

R-C-NH-CH2-N=C +-R' 

R-C-NH-CH~--NH-C-R' + H t  
It 
0 

II 
0 

A number of new acrylamides can be prepared by 
this type of reaction from acrylonitrile and various 
N-methylolamides. 

R-C-NH-CH*-NH-C-CH=CHz 
II II 
0 0 

If R and R' are identical the resulting poly- 
amides correspond to the polyamides derived from 
methylenediamine and the parent acid of the di- 
nitrile. These polymers are similar in character 
to polyamides prepared from dinitriles and form- 
aldehyde. When N,N'-dimethylolamides and di- 
nitriles are used, the polymer end-groups consist 
of N-methylol (-NH-CHz-OH) and cyano groups, 
whereas in the polymers prepared from dinitriles 
and formaldehyde all ends are essentially cyano 
groups. 

Most of the work reported here deals with the 
preparation of 16 polyamide, the polyamide theo- 
retically derived from adipic acid and methylene- 
diamine. This polyamide can be prepared by 
either of the two following methods involving the 
reaction of nitriles with N-methylolamides. 

Thus from N-methylolbenz- (A) HO-CHZ--NH-CO-(CHZ)~-CO-NH-CH~OH + NC-(CH2),-C~ 
amide, N-(benzamidomethy1)- 
acrylamide has been prepared 
in 60% yield. 

To compare the relative rates 

formaldehyde vs. methylol- 
amides, a chlorine containing 

LC-(CH2)4--C-NH-CHz-NHL d HzSO4 

18 0 il 1. 
of the reaction of nitriles with (B) HO-cH--NH--CO--(CH2),-cN HzSO4 ~ 

nitrile . (p - chlorobenzonitriler 
was added to a mixture of N- 
methylolbenzamide and formaldehyde in a formic- 
sulfuric acid mixture. After stirring for 45 minutes 
a t  30°, the reaction mixture was poured into water 
and the precipitated product was filtered and dried. 
If p-chlorobenzonitrile reacted preferentially with 
formaldehyde, ( C1-CsH4-CO-NH)2CHz would be 
formed containing 22% C1 (Equation 1); if the 
p-chlorobenzonitrile reacted preferentially with 
the N-methylolamide, Cl-C~H&O-NH-CH2- 
NH-CO-GHa would be formed containing 12.3% 
C1 (Equation 2). Intermediate values would be 
obtained for a mixture of both reaction products. 

( C~-GH~-CO-NH)~CHI 
(2) CI-CBH~-CN + 

H-COOH 

HsSO, 
CBH,-CO-NH-CH?OH - 

~c-(cH~),-c-NH-cH~-NH~ I II / I  I 
LO 0 1, 

According to Method A, a polymer of [ q ]  0.60 has 
been prepared in 69% yield in one hour a t  30" 
from N,N'-dimethyloladipamide and adiponitrile 
using a solution of 96% sulfuric acid and 90% 
formic acid (in a 1:2.7 volume ratio) both as 
a solvent and as a catalyst. This method is es- 
pecially valuable for the preparation of inter- 
polymers in a known structural ratio if other 
nitriles are substituted for adiponitrile. Accord- 
ing to Scheme B, a perfect balance between the 
N-methylolamide and nitrile groups is obtained 
by the use of one single reagent. N-Methylol-5- 
cyanovaleramide in aqueous solution was polymer- 
ized in a solution of formic acid and sulfuric acid 
in 2 hours a t  30' to give a 65% yield of 16 polymer 

Polyamides prepared by this method exhibit the 
same instability to 90% formic acid a t  room tem- 
perature as that shown by 16 polyamide prepared 

78, 1031 (lsal). 

of [q]  0.49. 

(4) Magat, Chandler, Faris. Reith and Salisbury. Tma JOURNAL, 
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from adiponitrile and f~rmaldehyde.~ The extent 
of degradation is shown in Table I. 

TABLE I 
STABILITY OF 16 POLYMER IN FORMIC ACID SOLUTION (AT 

25 ") 
[ V I  formic acid of 
polymer prepared [ q ]  formic ocrd 

from N,N -di- 
methyloladipamide from adiponitrile 

Time, min. and adiponitrile of formaldehyde 

of polymer prepared 

0 0.60 0.61 
10 .45 
23 -43 
33 -40 
63 .37 
93 .32 .40 
123 .32 
20 hr. .10 .17 

These results indicate that linkages sensitive to the 
action of acids (possibly due to side reactions) 
which occur in polymers prepared from adipo- 
nitrile and formaldehyde also occur in polymers 
prepared by the N,N '-dimethylolamide-dinitrile 
polymerization process. 

The competing disproportionation reaction of 
N-methylolamides to yield methylene-bis-amides 
in acid solution mentioned above also occurs in the 
process of preparing polymers from N,N'-dimethyl- 
olamides and dinitriles. This side reaction may 
itself lead to polyamides by treating an N,N'- 
dimethylolamide alone with an acidic reagent. 

acid 
nHO-CHz-NH-CO-R-CO-NH-CH-OH + 

+CO-R-CO-NH-CH~-NH$ + ~ C H ~ O  + TLH~O 

N,N'-dimethyloladipamide dissolved in concen- 
trated sulfuric acid in a shaker tube under an 
atmosphere of carbon monoxide a t  30" gave upon 
dilution with water a polymer of [ q ]  0.15. How- 
ever, this polymerization method is relatively in- 
eficient since degradation of the polymer is rapid 
under these experimental conditions. 

In the preparation of polyamides from N- 
methylolamides in acid solution, an additional side 
reaction may be the reaction of N-methylolamides 
with the -NH- groups of the polyamide. If this 
reaction occurs to any appreciable extent, N- 
methylolamides should react with 66 polyamide to 
-co-(cH~)~-co--NH-(cH~)~-NH$ I + 

H2SO4 
R-CONH-CHzOH - 

~CO-(CHZ)~-CO-N-(CH~)~-NH~ 
I 
CHa 

I 
NH-CO-R 

form N-amidomethyl derivatives. To determine 
the extent of this side reaction N-methylol trichloro- 
butyramide was added to  a 66 polyamide solution in 
formic or sulfuric acid. Upon reprecipitation, the 
polymer was analyzed for chlorine, which served 
as a measure of the frequency of the side-reaction. 
In concentrated sulfuric acid the above reaction 
occurred with only one -NH- group for every linear 
chain of 6800 in molecular weight; in formic-sul- 
furic acid solution the reaction occurred once for 
every 15,000 in molecular weight. This side re- 
action is therefore slow as compared to the main 
reaction leading to the formation of 16 polyamide 
from N,N'-dimethyloladipamide and adiponitrile. 

Experiment a1 
Reaction of Acrylonitrile and N-Methylolbenzamide .-A 

mixture of N-methylolbenzamide (0.05 mole, 7.6 g.) and 
acrylonitrile (0.07 mole, 3.7 g.) was added slowly to 96y0 
sulfuric acid (50 cc.) with stirring. The temperature was 
kept at 30" by cooling. At the end of 1 hour the reaction 
mixture was poured into 200 g of ice and water. The crys- 
talline product which precipitated was filtered and recrys- 
tallized from water to give 6.0 g. (60% yield) of iY-(benz- 
amidomethyl) acrylamide. This compound polymerized in 
the melting point tube when it  was heated above 150". 

Anal. Calcd. for C ~ I H ~ ~ N ~ O Z :  N, 13.7; double bonds, 
1.0. Found: N, 13.5; double bonds, 1.0 (catalytic hydro- 
genation). 

Polymonomethylene Adipamide.-A. From N,N'-Di- 
methyloladipamide and Adiponitrile. A mixture of N,N'- 
dimethyloladipamide (14.1 g., 0.069 mole) and adiponitrile 
(5.8 g., 0.054 mole) was added to a solution of 96% H2S04 
(20 cc.) and 90% formic acid (54 cc.) slowly with stirrmg. 
The reaction temperature was maintained at  30" for one 
hour. The solution was poured into an excess of water to 
give a white precipitate of 16 polymer of [q] 0.60. The 
yield was 13.8 g. (69%). 

B. From N-MethylolJ-cyanovaleramide.~-5-Cyano- 
valeramide (7.2 g., 0.057 mole) was mixed with 37% 
aqueous formaldehyde (4.85 cc., 0.06 mole) and potassium 
carbonate (0.1 9.) was added as catalyst. The solution 
was heated to 70' on a steam-bath for one-half hour. No 
precipitate of N-methylol-5-cyanovaleramide was obtained 
upon cooling the solution. This solution theoretically con- 
tained 8.0 g. of N-methylolamide and 3.15 g. of water. To 
this solution 100% formic acid (28.4 g.) was added so that 
the total amount of formic acid corresponded to 31.5 g. of 
90% formic acid. Concentrated sulfuric acid (96y0, 12 
cc.) was then added while the solution was stirred and 
cooled to  30". Stirring was continued for an additional 75 
minutes a t  which time the solution was poured into an ex- 
cess of water. The precipitated polymer was filtered and 
washed with water. The yield was 5.8 g. (65%) of 16 
polyamide of intrinsic viscosity 0.49. 

C. From N,N'-Dimethylo1adipamide.-N,N'-Dimethyl- 
oladipamide (0.1 mole, 20.4 g.) was dissolved in 96% sulfuric 
acid (100 cc.) . The solution was shaken in a shaker tube in 
an atmosphere of carbon monoxide a t  30" for 6 hours. The 
reaction mixture was poured into an excess of ice and water 
to give a white precipitate of 16 polymer of intrinsic vis- 
cosity 0.15. 
WILMINGTON, DELAWARE RECEIVED JUNE 22, 1950 

(5 )  Wiley and Morgan, J. Ots. Chcm., 16, 800 (1950). 


