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It was found1 that a condensation reaction 
takes place at room temperature between a

amino acids to form almost quantitatively a 

dimer in dimethylformamide in the presence 
of triphenyl phosphite and imidazole. 

f r HN<~J 1,l r ? 
ZNHCHCOOH + NH2CHCOOR11 + P(OPh)s---- ZNHCHCONHCHCOOR" +(PhO)2PH + Ph OH 

This reaction was extended to the polycon
densation reaction of nylon salt or cv-amino 
acids to obtain polyamides at room temperature. 

A portion of 0.0025 mol of various nylon salts 
from diamines and dicarboxylic acids or 0.005 
mol of cv-amino acids was dissolved or suspended 
in 5 ml of solvents, and 0.0076 mol of triphenyl 
phosphite and imidazole was added to this 
solution. The whole solution was kept at room 
temperature for a given period and stirred con
tinuously. 

The solution or suspension started to change 
gradually to a heterogeneous phase with the 
formation of a gel-like polymer. Polymers were 
collected by pouring the solution into acetone 
followed by filtration. Polymers were washed 
with water in order to remove unreacted mono
mers, and dried. The solution viscosity of the 
resultant polymers was determined in concen
trated sulfuric acid at 30°C. 

Results of the polycondensation of hexa
methylenediamine with adipic acid in dimethyl
formamide(DMF) are shown in Table I, where 
it is seen that polyamide was obtained quantita
tively in DMF or DMAc, although the solution 
viscosity of the polymer was not high enough. 
The yielded polyamide was identified as nylon 
66 from its melting point, elementary analysis, 
and infrared spectrum. 
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Table I. Polycondensation of hexamethylene
diamine and adipic acida 

Solvent Time, hr Yield,% 7/sp/c 

Dimethylformamide 43 100 0.16 
Dimethylacetamide 43 100 0.16 
Dimethylsulfoxide 45 90 0.09 
N-Methylpyrrolidone 42 85 0.19 
Triethylamine 44 39 0.13 
Di-isobuthyl keton 42 11 0.15 
Acetophenone 42 17 0.09 
Methyl Acetophenone 42 22 0.09 
Tetrahydrofuran 43 81 0.17 
Dioxane 42 81 0.14 
Benzene 44 25 0.14 
n-Hexane 44 33 0.10 
Ethanol 43 0 
m-Cresol 44 0 
Water 22 0 
None 45 0 

a Polycondensation was carried out at room tem
perature with 0.0025 mol of monomer in 5 ml 
of solvents. 

Since the apparent termination of the growth 
reaction in DMF or DMAc might be ascribed 
to the heterogeneous reaction phase with the 
precipitation of the polymer, lithium chloride 
was added to DMF in order to bring about the 
reaction in homogeneous phase. However, no 
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effect of lithium chloride was observed and the 
amount of imidazole could be reduced by half 
to obtain polyamide almost quantitatively, as 
seen in Table II. 

The polycondensation reactions of various 

Table II. Polycondensation of hexamethylene
diamine and adipic acid• 

Imidazole, LiCl Time, Yield, 
1)sp/C mol mol hr % 

0.0076 0 43 100 0.16 
0.0038 0 45 94 0.17 
0.0076 0.005 25 81 0.17 

• Polycondensation was carried out with 0.0025 
mol of nylon salt in 5 ml of DMF at room 
temperature. 

nylon salts or w-amino acids in DMF were 
carried out and results are summarized in 
Table III. Aliphatic nylon salts yielded poly
amide quantitatively, while w-amino acids did 
not form polyamides at good yield. 

The reaction mechanism of the polyconden
sation in the presence of triphenyl phosphite and 
imidazole is not yet clear .. Gas chromatography 
analysis of the reaction solution identified the 
existence of amounts of phenol equal to that of 
the monomer, and the reaction of adipic acid 
with triphenyl phosphite in THF in the presence 
of imidazole yielded a crystalline product which 
was identified as a mixed anhydride containing 
the phosphite group. 

Therefore, the reaction might proceed through 
the formation of a mixed phosphorous acid 

Table III. Polycondensation of various monomers in DMF• 

Monomer 

Diamine Dicarboxylic acid 

H2N(CH2)sNH2 HOOC(CH2)2COOH 

H2N(CH2)sNH2 HOOC(CH2)4COOH 

H2N(CH2)sNH2 HOOC(CH2)sCOOH 

H2N(CH2)sNH2 HOOC-<=>-COOH 
H2N(CH2)sNH2 HOOc-(r

1
-COOH 

V 
H2N-(')-NH2 

V 
HOOC-<=>-COOH 

H2N-(r
1
-NH2 HOOc-(r

1
-COOH 

V V 
H2N-(')-NH2 HOOC(CH2)4CQOH 

V 
HsC, HOOC(CH2)4COOH HN<=>NH 

'-CHa 
HaC, HOOc-(r

1
-COOH HN<=>NH V 

'-CHs 
H2NCH2COOH 
DL-H2NCHCOOH 

I 
CHs 

H2NCH2CH2COOH 
H2N(CH2)sCOOH 

• Monomer concentration is 0.005 mol/in 5 ml of DMF. 
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LiCI, Time, 
mol hr 

43 
44 
44 

0.005 44 

0.005 44 

0.005 44 

0.005 44 

0.005 44 

48 

48 

44 
80 

46 
42 

Yield, 
% 

100 
100 
100 

60 

52 

22 

0 

81 

77 

70 

0 
0 

48 
44 

1Jsp/C 

0.11 

0.19 
0.12 

0.06 

0.11 

0.08 

0.24 

0.02 

0.03 

0.13 

0.17 
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OPh Imidazole OPh 
I I 

R-COOH + P-OPh --~ PhO-P-OCO-R + PhOH 
I 
OPh 

OPh OPh 
I I 

PhO-P-OCO-R + H 2N-R' -----> R-CONH-R' + 0=P-0Ph 

anhydride followed by aminolysis. 
It is possible that imidazole plays a role as 

a catalyst or an acid acceptor for the formation 
of the mixed anhydride. Diphenyl phosphite 
might be transformed into penta-valent diphenyl 
phosphonate and this valency change might be 
the driving force behind this polycondensation 
reaction. 
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Further study of this polycondensation reac
tion is in progress and the results will appear 
shortly. 
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