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LZTTER TO THE EDITOR 

Polymerization of Acroiein by Several 
Cycfic Amines and Water System 

Department of Ap2lied Chemistry 
Faculty of Science and Engineering 
K i d i  University 
tiigashi-OsaAa, Japan 

Previous papers described hov  acrolein \ I )  could be polymerized 
by a m i d u r e  of pyridine aca water beiow room temperature  [ 1, 21. 
Kinetic investigations revealed that the polymerization might be 
iniriated by the hydroxyl anion f o r z e d  through thermodynamic 
equilibrium between pyridine and m t e r  [ 31. Th i s  observation 
suggest that amine basicity should p!ay a role  in the polymeriz- 
ability of I. 

The polymerization of I has  therefore,  been kinetically in- 
v e s t i g t e a  in the presence of water and seve ra l  cyclic aniines such as 
pyridazine, pyrimidine, pyrazine, pyrazole, 1,2,4-triazole, 
berzimidazoie. and imidazole. In every case  the overall  polymeriza- 
tion r a t e  (R i was determined by 

P 

R = Earnine] [ H,O] [I] '  
P 

by changing the concentrations of the monomer and the c:italysrs. This  
equation is t h e  s a m e  as that fcr  the pyridine system [ 31, indicating 
that the polymerization of I by all zhese cyclic amines might be 
initiated through the same  mechafiism. 

rates.  
Table 1 summar izes  the observed r a t e  constants and the relative 
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TABLE 1. Observed Rate Constants (k)  and Ftelacive Rates in the 
Polymerization of I by Several  Cyc!ic Amines and Water at O'Ca 

Amine 
Relative ra te  

k( l i te rmole- ' rn in- ' J  ! k / k a )  PK, [,I 
P y w i n e  1-29 x 
Pyrimidine 7.20 x 10'~ 

Pyrazole 2. i a  x 10'' 
1,2,4- T riazo 1 e 6.41 'X 

Benzim idaz ole 7.23 x lo - '  

Pyridazine 3.62 x lo-' 

3-Bromopyridine [ 31 1.02 x lo-' 
3-Xcetylpyridine (31  1.20 x l o v z  

3-Methylpyridine [ 31 2. 83 x 10" 
Pyridine [ 31 1.83 x lo-* 

4-Methylpyridine [ 31 4.91 X lo-' 
Imidazole 1.32 x lo- '  

1.00 0.60 
5.54 1.30 
2.77 x 10 2.33 
1-54 x 10' 2.53 
4.62 x 10' 2. 55  

7.69 x lo2 2.84 

9.23 x 10' 3.18 

3.39 x l o 2  5.53 

2.15 x lo3 3 . m  

1-38 x lo3 5.17 
3.77 x l o 3  6.02 

1.05 x 10' 7.16 

%he initial polymerization n t e  was estimated Irom :he decreasing 
ra te  of I by means of gas chromatography [ 31. Polymerization 
conditions: total volume, 10 ml: I, 0.78- 1.54 rcolejl i ter;  amines, 
0.01-0.10 moiej l i ter ;  ;vater, 0. $6-2.78 mole/l i ter;  in tetrahydroiurane 
at O'C. 

It is interestingly to note that a l inear  relationship was obtained 
by plots of pK values of amines against the logarithm of the relative 
ra te  (Fig. 1). 

amine basicity, that is, the polymerization might be iJ:tiaoed by the 
hydroxyl anion f o m e d  through equilibrium between amine and water. 

a 

This fact clearly indicates the dependence oi polymerizabilitg upon 

h C K N 0 W L E D G 31 E X T 

A part  of the expense for the experiment has been defrayed from 
a grant given by Kinki L'niversity, to which the author's thanks a r e  due. 
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Imidazolr 

,p 3-Merhylpyrtdine 

Pyrimidine 

2 3 L 5 6 7  
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FIG. 1. Linear  re!ationshi:, between pK values of amines  and a log k/k,. 

R E F E R E N C E S  

[ 11 N. Yamashita, II. Sumitomo and T. Maeshima, KOVO Ka-sku 
Zassh i ,  "1, 1723 (1968). 

121 S. Yamashita,  K. Itou, hl. Yoshihara, and T. Maeshirna, ibid., 
L A  

74, 2153 (1971). 
[ 31 Yamasnita, M. Yoshihara, and T. Maeshima, ibid., 74, 2367 - -  

(1971). 

of O r q n i c  Comaounas, Asalrura, Tokyo, 1963, p. 534. 
[ 41 M. Kotake, Se r i e s  of Comprehensive O r q n i c  Chemiz t rp  Constants 

Accepted by editor May 7 ,  1972 
Received for publication June 22, 1972 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


