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High Pressure Copolymerization Reaction of Fumaronitrile with trans-Stilbene 

by Goichi ENOMOTO*, Yoshiaki 000** and Tatsuya IMOTO*** 

Synopsis 

Radical copolymerixation reaction of fumaronitrile with trans-stilbene was invesitigated under 
high pressure up to 4000 kg/cm2 • The yield and the fumaronitrile content of copolymer increased 
with pressure, but its molecular weight is independent of pressure. The obtained copolymer is yello
wish substance. 

1. Introduction 

Quantitative treatments of radical copolymerizations have generally assumed that the reactivity 
of a growing free radical is determined solely by its terminal monomer unit. However, the reactivity 
of a growing chain is influenced by the nature of other-than-terminal units in some copolymerization 
systems and these systems have been called copolymerization possessing penultimate effect. The 
copolymerization system invoving fumaronitrile is the example which gave evidence of the effect of 
penultimate units on adding monomerl). This effect is attributed to polar and steric causes which 
lead to repulsion between chains rich in fumaronitrile and the adding fumaronitrile monomer. 

It was suggested in our previous papers2) that high pressure is presumed to be effective for elimi
nating the penultimate effect on the copolymerization. Trans-Stilbene is know to be difficult to homo
polymerize by radical mechanism because of its steric hindranceS). Since fumaronitrile also does not 
homopolymerize, the reactions with trans-stilbene and fumaronitrile are expected to proceed 1:1 
alternating copolymerization. Accordingly, penultimate monomer is always fumaronitrile on this 
copolymerization, and then the reaction might be accelerated with pressure. From this standpoint, 
copolymerization reaction with fumaronitrile and trans-stilbene were carried out under high pressure. 

2. Experimental 

Benzoylperoxide (abbreviated as BPO below) used as a initiator and acetone and n-hexane used 
as solvent were purified by the usual method. 

Fumaromitrile was synthesized from diethylfumarate and recrystallized from benzene-petroleum 
ether (M.P. 96 - 97 0C)4). The synthetic route is as follows. 

NH40H 
trans-C2H sCCH = CHC02C2H s --::-::::c=-=---~ NH4CI 

P20S 
~ trans-H2NCOCH = CHCONH2 -----

~ trans-NCHC = CHCN 
trans-Stilbene was synthesized from benzylchloride and benzaldehyde and recrystallized from 

methanol (M.P. 124°C). The synthetic route is as follows. 
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The mixture coutaining 1.1 x 10-2 mole fumaronitrile, 1.1 X lO- z mole trans-stilbene, 2.2 X 10-4 

mole BPO, 2.1 X 10-4 mole acetone and 1.7 X 10-1 mole benzene were reacted at 90 °C temperature 
under up to 4000 kg/cmz pressure. The copolymer mixture thus obtained was precipitated into a 
large amount of n-hexane as precipitant, dried completely at room temperature and its copolymeri
zation yield determined. The copolymer purified by acetone-methanol reprecipitation method. The 
molecular weight by boiling point rising method, elementary analysis and the infrared (IR) spectrum 
were determined. 

3. Results and Discussion 

The obtained copolymer was yellowish substance and the IR spectra of the copolymer are shown 
in Fig. 1. On the basis of these spectra, it seemed resonable to assume that the fumaronitrile copoly

CN 
I 

merizes as the shape of -G-G- and does not copolymerize by cyano bond since cyano group 
I 

CN 
absorption is strongly recognized at 2240 cm-1• The peak of the spectra at 1700 cm- 1 is carbonyl band 
from BPO and the absorption at 1603, 759 and 700 cm-1 show phenyl group from the trans-stilbene. 
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Fig. 1 IR spectra of copolymer 

• • . 
~ e () 0 

0 
0 

~ • b. 
b. 6 6 b. 

~ 
~ 

L 6 
§ 

6 u 

T 
0 ~, 1.0 15 ~o 

leac uOf1 !tOle (hI ) 

Fig. 2 Effect of pressure on copolymerization yield . 
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The variations of copolymer yield with polymerization time at 90 °C are shown in Fig. 2. The 
rate of copolymerization was accelerated by pressure, however yield itself was considerably small 
and the effect of polymerization time was not so marked as for the effect of pressure. 

The result of elementary analysis and molecular weight of copolymer were shown in Table 1. 
The copolymers were all of very low molecular weight and the molecular weight were not affected 
by pressure. These facts suggest that this copolymerization system is different from the customary 
copolymerization using radical initiator. However, there is no difinite evidence that this is due to 
the defferent copolymerization mechanism. 

Table 1 Elementary analysis and molecular weight of copolymer 

pressure elementary analysis ( %) 
molecular weight 

(kg/cm2) C I H I 0 I N 

100 81.97 5.47 4.35 8.21 2000 
2000 81.99 5.44 3.99 8.53 2500 

3000 81.57 5.47 4.24 8.72 1600 

4000 81.28 5.47 4.52 8.73 2000 

As shown in Table 1, the content of nitrogen in the copolymer increased with pressure. These 
fact indicate that the fumaronitrile rich copolymer is easy to form under high pressure because its 
penultimate effect tends to disappear with pressure and are in agreement with our previous conclusion 
that high pressure is presumed to be effective for eliminating the penultimate effect on the copoly
merization. 

Reference 

1) G. E. Ham, J. Poly. Sci., 45,169 (1960) 
2) G. Enomoto, Y. Ogo, T. lmoto, Makromol. Chem., 138,19, (1970), Nippoll Kagaku Zasshi, 91, 503 (1970) 
3) D. D. Brackman, P. H. Plasch, J. Chem. Soc., 3563 (1958), D. E. H. Brawn, A. Leudwich, P. Matthies, 

J. Poly. Sci., 33, 21 (1958) 
4) Org. Syntheses, 2, 302 (1943) 


	(Enokiya, H.) (Enomoto, G.)-191_OCR
	(Enokiya, H.) (Enomoto, G.)-192_OCR
	(Enokiya, H.) (Enomoto, G.)-193_OCR

