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Identification of Side Reactions in Cationic Polymerization of Vinyl Ethers
with Polar Functional Groups in Their Substituents:
Effect of Sort and Number of Functional Groups

Kenta ICHIMURA" and Tamotsu HASHIMOTO"
(Received January 25, 2008)

To study effects of the sort and number of functional groups of vinyl ether monomers on the
tendency of the side reaction in the HCl/ZnCl,-initiated controlled cationic polymerizations,
2-(2-vinyloxyethoxy)ethyl phenylcarbamate (VEEPC) and 2-[2-(2-vinyloxyethoxy)ethoxy]ethyl
phenylcarbamate (VEEEPC) with both an oxyethylene chain and a urethane group were
polymerized in CH,Cl, at -30°C. Along with the formation of the long-lived polymers, the
oligomeric products were produced during the polymerizations. The HCI/ZnCl,-initiated
polymerization of 2-(2-metoxyethoxy)ethyl vinyl ether (MEEVE) with an oxyethylene chain
and n-butyl vinyl ether (NBVE) were carried out under the same reaction conditions, where
MEEVE formed a small amount of the similar oligomeric products, but NBVE did not form any
oligomeric side products: the order of the amount of oligomers formed VEEEPC > VEEPC
> MEEVE > NBVE(no oligomers). NBVE also induced perfect living polymerization
even in the presence of the urethane model compound CH;-CH,-O-CH,-CH,-O-CO-NH-C4H;
under otherwise the same reaction conditions. Therefore, the side reaction occurred only when
the functional groups were incorporated in the vinyl ether monomers. The reason for the side
reaction are most likely due to the destabilization of  growing carbocations by
electron-withdrawing functional groups in their side chain and/or intramolecular through-space

effects of the pendant fanctional chains.

Key Word : Cationic polymerization, Living polymerization, Side reaction, Vinyl ether,
Urethane, Oxyethylene
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Possible Side Reactions in Cationic Polymerization
of Vinyl Ether with the HB/MX,, initiating system

Scheme 1

Reaction mechanism of the living polymerization of vinyl ether (CH,=CH-OR) and the

formation of low-molecular-weight side products with the HB/MX,, initiating system.
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shown by scheme 1.
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Scheme 4  Synthesis of urethane model
compound (1)
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(A) GPC trace of the products (B) 'H NMR spectrum of the lowest-molecular-weight

product [shown in Fig.1(A)] by the polymerization of VEEPC with HCV/ ZnCl, in CH,Cl; at
-30°C: [VEEPC], = 0.30M; [HCI]p = 5.0mM:; [ZnCl,], = 2.0mM.
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Fig. 2 (A) GPC trace of the products (B) 'H NMR spectrum of the Iowest-molecular—wéight product
[shown in Fig.2(A)] by the polymerization of VEEEPC with HCI/ZnCl, in CH,Cl, at -30°C:

[VEEEPC], = 0.30M; [HCI], = 5.0mM; [ZnCl,], = 2.0mM.
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Fig. 3 Polymerization of NBVE with HCl/ZnCl, in CH,Cl, at -30°C in the presence (@) or
absence (O) of the model compound 1: [NBVE], = 0.30M; [1], = 0:30M; [HCl], = 5.0mM;
[ZnCly]q = 2.0mM. (A) M, vs. conversion plots; (B) M./M, vs. conversion plots; (C)

time-conversion curves.

m

n
(A MM,
Conversion, % 1240
38 A~ 1.06
3120

58 /' \ 1.08
4410

Zs—_/L‘I/'os
/L 5390
96 1.14

| | [
106 10¢  10°
MW(PSt)

m

n
(B) MM,
Conversion, % 1080
30 /N__1.09
1260

37 /\__1.08
jﬂ\h__ 3190

66 1.10
_J/\\__ 3690

78 113

5000

93 /L 1.16

105 10¢  10°
MW(PSt)

Fig. 4 GPC trace of the products obtained by the polymerization of NBVE with HCI/ZnCl, in
CH,Cl, at -30°C: (A) presence of the model compound 1; (B) absence of the model
compound 1; [NBVE], = 0.30M; [1], = 0.30M; [HCI], = 5.0mM; [ZnCl,], = 2.0mM.
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Table 1. Tendency for Side Reactions

C i Oli / i
Monomer onversion igomer M M,/M S|d'e }
(%) Polymer 3 wom  Reaction®
NBVE 30 0 1080 1.09 X
NBVE +1 38 0 1240 1.06 X
MEEVE 29 0.02 2350 1.31 A
VEEPC 22 0.11 1800 1.09 O
VEEEPC 22 0.59 1470 1.14 ©

a) Based on the reaction of the propagating terminals with adventitious water
(see Scheme 1).
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Table 2.  Relationship between tendency for the side reactions
and electron density of “CH,= of CH,=CH-OR
Oligomer/ B¢ NMR")
Monomer
Polymer Chemical shift of # CH,=
NBVE 0 86.4
NBVE + 1 0 -_
MEEVE 0.02 86.7
VEEPC 0.11 86.8
VEEEPC 0.59 86.8
a) In DMSO at room temperature.
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