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Cationic Polymerization of Vinyl Ethers
Containing an Oxyethylene Chain and a Urethane Linkage in Their Substituents
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2-(2-vinyloxyethoxy)ethyl phenylcarbamate (VEEPC) and 2-[2-(2-vinyloxyethoxy)ethoxy]

ethyl phenylcarbamate (VEEEPC) were synthesized by the reactions of phenyl isocyanate

with di(ethylene glycol) mono vinyl ether and. tri(ethylene glycol) mono vinyl ether,

respectively, and were purified by molecular distillation. These new vinyl ethers with both

an oxyethylene chain and a urcthane group were polymerized under the various reaction

conditions to investigate the possibility of their living polymerization. The
HCV/ZnCl,-initiated polymerization of VEEPC proceeded in CH,Cl, at -30°C, where the

number-average molecular weights (A4,’s) of the product polymers were in direct proportion

to monomer conversion. However, the polymer molecular weight distributions (MWDs)

were somewhat broad (M,,/M, = ~1.25). The polymerization of VEEEPC may involve more

side reactions to produce rather low-molecular-weight products under the same reaction

conditions, although the M,’s of the polymers increased with increasing monomer conversion.

The thermal and other properties of the obtained polymers were also studied.

Key Words : Cationic polymerization, Living polymerization, Vinyl ether, Oxyethylene, Urethane,
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Fig. 1. NMR spectra of VEEPC in DMSO-ds: (A)'H NMR; (B) °C NMR.
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Fig. 2 NMR spectra of VEEEPC in DMSO-dg: (A)'H NMR; (B) "C NMR.
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Table 1 Cationic Polymerization of VEEPC"
Initiator (mM) Solvent Tempoe rture ETimng M MMD
O (h)

BF;0LEt, (5.0) CH,Cl, 0 20 5120 2.60

BF,OEL, (5.0) CH,Cl, -30 2 4640 252

BF,OEH, (5.0) CH,CH,NO, -30 8350  2.78
HCV/ZnCl, (5.0/2.0) CH,Cl, -30 6 5490 1.25
HCVZnCl, (5.0/2.0) CH;CH;NO, -30 0.5 4390 1.57

a) [M], = 0.30M; conversion: ~100%.
b) Measured by GPC, polystyrene calibration.
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Fig. 3 Polymerization of VEEPC with HC)/ZnCl, in CH,Cl, at -30°C: [VEEPC], = 0.30M; [HCl], = 5.0mM;
[ZnCl)o = 2.0mM.  (A) M, vs. conversion: M, by GPC(O); M, by NMR(@®); (B) M,/M, vs. conversion ;

(C) GPC traces of polymerization products.
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Fig. 4 (A) 'HNMR speétrum of PolyVEEPC. (B)'H NMR spectrum of the lowest-molecular-weight fraction
1 of the product [shown in Fig.3(C)] by the polymerization of VEEPC with HCI/ZnCl; in CH,Cl, at

-30°C: [VEEPC], = 0.30M; [HCl], = 5.0M; [ZnCl,]o= 2.0M.
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Scheme 1 Reaction mechanism of the polymerization of VEEPC and the formation of low-molecular-weight side
products with the HCI/ZnCl, initiating system.
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Fig. § Polymerization of VEEEPC with HCI/ZnCl; in CH,Cl, at -30°C: [VEEEPC], = 0.30M; [HCl], = 5.0mM;
[ZnClL], = 2.0mM. (A) M, vs. conversion; (B) M,/M, vs. conversion and (C) GPC traces of polymerization
products.



Table 2 Glass Transition Temperature of Polymers
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Table 3 Solubility of Polymers®
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