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ABSTRACT 

The chemical modification of poly(vinyl chloroformate) and 

of its copolymers with compounds containing labile hydrogen atoms 

like amines, phenols, alcohols and 2-oxazolidone as well as with 

potassium cyanide and potassium fluoride has been investigated. 

Phase transfer catalysis conditions lead to soluble modified 

polymers with good substitution yields. 

INTRODUCTION 

The chemical modification of functional polymers has been 

extensively studied during the last decade. It has been shown 

that poly(vinyl chloroformate)(PVOCCl) can react with compounds 

containing labile hydrogen atoms like alcohols, phenols and 

amines (SCHAEFGEN, 1960 and 1968). Since we were able to prepare 

well-defined high molecular weight PVOCCI in quantitative yields 

(BOILEAU et al., 1980, MEUNIER et al., 1979, ]981, 1982 a) as 

well as copolymers of vinyl chloroformate (VOCCI) and vinyl ace- 

tate (VAC)(MEUNIER et al., 1981, 1982 b), we tried to find con- 

venient conditions for the reaction of several amines, alcohols, 

phenols and KCN with PVOCCI in order to avoid degradation and 

to obtain soluble modified polymers with good substitution 

yields (MEUNIER et al., 1979, 1981, 1982 c). Other substituents 

have been tried and this work has been extended to copolymers of 

VOCCI with vinyl acetate (VAC). Moreover the use of phase trans- 

fer catalysis conditions led to higher substitution yields ~. 

Recent results in this area are described in this paper. 

EXPERIMENTAL 

PVOCCI samples were prepared by polymerization of VOCCI in 
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CH2CI 2 at 35~ using dicyclohexyl peroxydicarbonate as initiator 

(MEUNIER et al. 1982 a). The same procedure was applied to the 

preparation of random copolymers of VOCCI with VAC (MEUNIER 

et al., 1982 b). Three samples were obtained, the composition Of 

which was determined by elemental analysis. The molar fractions 

of VOCCI units in these copolymers were equal to 0.50 (COP 50), 

0.18 (COP 18) and 0.05 (COP 5). 

The procedure for the chemical modification of PVOCCI has 

been described previously (MEUNIER et al., 1979, 1982 c). The 

degree of substitution was determined by elemental analysis of 

the remaining CI and C or N according to the substituent. Modi- 

fied polymers and copolymers were characterized by IR, IH and 

13C NMR spectroscopy. 

RESULTS AND DISCUSSION 

Reaction with amines 

Some typical experiments made with N-methylbenzylamine are 

shown in Table 1. Alkali carbonates were used as HCI scavengers 

since their excellent efficiency has been demonstrated for the 

reaction of amines with chloroformates (PITEAU et al., 1975). 

Since the amine is added in excess with respect to the chloro- 

formate functions, some quaternary ammonium salt is formed which 

can act as phase transfer catalyst. Most of the chemical modifi- 

cations were quantitative after 3 hours v reaction in the case of 

alkali carbonates. However, the use of 50% aqueous NaOH instead 

of alkali carbonates leads to quantitative yields of substitution 

after shorter reaction times, at lower temperatures. 

Direct measurements of molecular weights of polymers con- 

taining chloroformate groups are difficult since these functions 

are very polar and reactive. The quantitative modification by 

N-methylbenzylamine leads to polymers which are soluble and 

stable in toluene and in THF. Thus it is possible to measure 

their molecular weight by osmometry and by GPC and to deduce 

those of the starting polymers (see Table I). Moreover the 

values of M determined from those of polyvinylcarbamates pre- 
n 

pared by different ways from a given batch of PVOCCI (runs l 

and 2 ; 3 and 4) are the same within the experimental errors. 
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This shows that no significant degradation of PVOCCI occurs by 

using a strong base like 50% aq. NaOH during its modification by 

amines. 

Reaction with phenols and alcohols 

Some results are shown in Table 2. The use of phase trans- 

fer catalysis conditions leads to an excellent yield of substi- 

tution (96%) in the case of the reaction of phenol with PVOCCI 

by using S04HNBu 4 (TBAH) as catalyst. It w~salso possibletom~dify 

a copolymer of VAC with VOCCI (COP 18) by p-nitrophenol in a good 

yield (83%). Moreover soluble polymers containing ferrocene 

groups linked to the backboneviacarbonate functions were ob- 

tained by reaction of PVOCCI and of its copolymer (COP 18) with 

ferrocenic alcohol (runs 13 and 14). In all cases no hydroxyl 

band could be detected by IR showing the absence of significant 

hydrolysis of the polymers during the modification. 

Reaction with 2-oxazolidone 

The chemical modification of PVOCCI (5 mmol) with 2-oxazo- 

lidone (5.5 mmol) was made under phase transfer catalysis condi- 

tions (CH2C12/50% aq. NaOH : 50ml/0.3ml ; SO4HNBu 4 : 5 mol % of 

the chlorine content of PVOCCI). After 3 h at 20~ the degree 

of substitution was equal to 79 %. The characteristic bands of 

the IR spectrum are located at 1755 cm -1 (vs) and 1820 cm -I (vs) 

which correspond to the two carbonyl vibrations of the linear 

and cyclic carbamate functions. 

Reaction with KCN 

We were able to prepare poly(vinyl cyanoformate)(PVOCCN) by 

reaction of PVOCCI with KCN, using dicyclohexyl-18 crown-6 (DCHE) 

as phase transfer catalyst (MEUNIER et al., 1979, 1982 c). 

However it was necessary to operate in acetonitrile in order to 

obtain a 80% yield of substitution. The use of S04HNBu 4 combined 

with the presence of a small amount of water instead of the 

crown-ether leads to excellent yields of substitution in a less 

polar solvent like CH2CI 2 (runs 17, 19 and 20, Table 3). The 

rSle of water was noticed for the reaction of chloroformates 

with ~ICN catalyzed by 18-crown-6 (CHILDS and WEBER, 1976; WEBER 

and GOKEL, 1977). It was assumed that water was needed to assist 
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in degrading the KCN crystal lattice, Kinetic studies on this 

type of reaction is in progress. 

TABLE 3 

Reaction of KCN with PVOCCI and with copolymers VOCCI/VAC 

in CH2CI 2 at 20~ ([KCN]/[CI] = 1.5) 

Run Polymer Catalyst Time D.S. 

(mol %) a) (h) (%) 

16 b) PVOCCI DCHE (5) 5 29 

17 d) PVOCCI TBAH (5.3) c) 3.7 92 

18 COP 18 TBAH (5) 28 67 

19 COP 18 TBAH (I0) c) 0.75 88 

20 COP 18 TBAH (lO) c) 1.25 93 

a) b) r ~ f  mol % of the chlorine content of polymerd: 
MEUNIER et al., 1982 c ; c) +0.2 ml H20 ~ )[KCN]/[CI]= 1 

Reaction with KF 

Some results are indicated in Table 4. As in the case of 

the reaction of KCN with chloroformate functions, a small amount 

of water increases the reaction rate. Chloroformate groups can 

TABLE 4 

Reaction of KF with copolymers VOCCI/\~C in CH2CI 2 

([KF] /[CI] = 3.5) 

at 40~ 

Catalyst Time 
Run Polymer (mol %) a) (h) 

21 COP 5 TBAH (8) b) I 

22 COP 18 TBAH (8) b) 5 

a) mol % of the chlorine content of polymer ; 

H20 

D.~. 
(~) 

45 

83 

b) 
+ 0.2 ml 
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be converted into fluoroformate groups in a high yield (run 22). 

The characteristic IR bands of the modified copolymer (run 22) 

are located at 1740 cm -l (vs), ~(C=O) acetate and 1830 cm -I (vs), 

~(C=O) fluoroformate. 

CONCLUSION 

Phase transfer catalysis conditions are quite convenient 

for the preparation of a large variety of new polymers by reac- 

tion of different functional molecules with PVOCCI as well as 

with copolymers containing chloroformate side groups. Further 

work in this field is in progress. 
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