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Introducdion

It has been a couple of decades since living cationic
polymerization of vinyl ethers! or isobutene® was first reported. After
the discovery, most of initiating systems were developed within a
decade. However, there has apparently been alimited choice of Lewis
acids (metal halides) emplovedin living cationic polymen zatt on’

We have synthesized a vanety of functicnalized polymers,
induding  stimuli-responsive  polymers, wa living cabonic
polymerization in the presence of an added base'” An added base
stabilizes carbocations, andfor would tune the Lewis aci dity of a metal
halide. Recently we found that 3nCly induced fast living cationic
polymenzation not only alkyl winyl ethers but also functionalized
counterparts in the presence of an added base such asan ester.®”

Encouraged by these facts, we decided to explore a wide vanety
of Lewis acids for living cationic polymerization of vinyl ethers. Thus
we examined cationic polymerization of an alkyl winyl ether with
FelCls, less toxic among metal halides, in the presence of a cyclic ether.
This system was shown to induce fast living cationic pelymerization
of isobutyl winyl ether (IBVE)® Further extensive investigation
revealed that living cationic polymerization can be achieved using
various Lewis acids, some of which have rarely been even utilized for
cationic polymerization.

Experimental

Materials. Isobutyl wvinyl ether (IBVE), ethyl acetate, 14-
diczane, 1,3-dioxolane, tetrahydrofuran (THF), and toluene were
distilled twice over calcium hydnde, lithiwm aluminum hydride, or
metallic sodium before use. IBVE-HCl was prepared from the addi-
tion reaction of IBVE with dry HCL® sndl,, EtaAlCl, Zacly, Ticl,,
and 31Cly golutions, commercially available, were used without further
purification. Pure solid FeCly and FeBrs were dissoloved in diethyl
ether, solid GaCls in hexane, solid AlCL, InCls, ZrCly, HECls, and
BiCl; in ethyl acetate, and liquid GeCly in dichloromethane just before
use. All chemicals but toluene were stored in a brown ampule under
dry nitrogen,

Polymeriz ation Procedure. Polymerization was carried out at 0
°C under dry nitrogen in a glass twbe equipped with three-way
stopcock using a syringe technique. Recovery of the polymers was
conducted as already reported®® The monomer converson was
determined by gravimetry.

Instrumentation. The MWD of the polymers was measured by
size exclusion chromatography (SEC) in chloroferm at 40 °C on three
polystyrene gel columns. The number-average molecular weight (A4)
and MM, were calculated based on a polystyrene calibration.

Resulis and Discassion

Fast Living Cationic Polymerization of IBVE using FeClL in
the Presence of a Cyclic Ether. The combination of FeCl; and 1,4-
diozane (piy = 5.85) permitted living cationic polymerization of
IBVE in toluene at 0°C, being completed in 15 s (M, = 18200, MM,
= 1.06). In contrast, polymerization 15 less controlled in the presence
of ethyl acetate (Table 1, entry 33 Thus, cyclic ethers are effective as
an added base for achieving living polymerization with FeCls.

Faster tut living polymenzation was achieved with a weaker
base, such as 13-diomolane (pff, = 7.55) the reaction reached
quantitative monomer conversion in 3 & The product polymers had
very narow molecular weight distnbutions (MWD, and the M
increased in direct proporfion to monomer conversion. LThe use of
THF {pky, =4.22), a sironger base, alse induced living polymerization
with very small reaction rate {Table 1, entry 13). Thus, the basicity of
an added base greatly affected the polymenzation rate and an
appropriate combination of a weak Lewis base and FeCl; realized very
fast living cationic polymenzation.

325

2B1-OR-105

Scope of Metal Halides for Living Cationic Polymerization of
Vinyl Ethers. Caticnic polymerizations of IBVE were examined
using various Lewis acids in toluene in the presence of ethyl acetate,
14-dioxane, or THF at 0 °C. As shown in Table 1, the polymen zati on
rates vaniedin the following order:

PEBI’3, GaCl3 = PECl3 = SnCL; InCl3, ZnCl; = AlCl3, chl.;, ZrCl.;
= EtAl Cly, BiCls, TiCly »» S Cly » GeCly

It should be noted that all Lewis acids listedin Table 1realized living
cationic polymerization if combined with an appropriate added base.
For example, several acids with medium activity induced living
cationic polymerization in the presence of ethyl acetate {entry 4-12).
“With FeBr: and GaCli, however, less controlled polymerizations
occurred, completed in a second under these reaction conditions.
Combining these highly active acids with THF, in turn, led to well-
controlled polymerization reactions (entry 13 and 14).

Conclusions

This study demonstrated that liwing cationic polymenzation of
winyl ethers can be achieved using a wide variety of Lewis acids in the
presence of an added base. The new development of imtiating systems
usng common metal halides would expand the wersatlity of living
cationic polymenzation of vinyl monomers.

Table 1. Cationic polymenzation of IBVE with various Lewis acids in
the presence of an added base

Lewis Added Conv.

satry Acid Base Time )] Mo Mool Mo
1 FeBrs EA 053 5 2000 1.71
2 GalCls EA 06 s a0 11000 1.28
3 Fells EA 08z 5 13200 1.34
4 Snilly EA T 9z 16200 1.03
k] TnCls EA Tm 9z 12000 1.03
& ZnCly E4 20 m 94 17000 1.05
7 FALST E4 ah 5 18000 1.10
3 HfCl, E4 t6h 9z 15500 1.09
9 ZTCy E4 th 9z 12700 1.06
10 EtAlCl, EA 22h 93 18900 1.06
11 BiCl; EA 30h a0 14200 1.11
12 TiCly EA 120 h a7 12600 1.02
13T FePrs TEF  30m 95 18600 109
14 GaCls THF 35m 9z 192100 1.02
13 Feillz e 15¢ 5 18200 1.06
16 S0, e 356 h 51+ 2500 1.06%*
17 GeCly Do 336h 46 6500 1.04

In toluene at 0 °C [IBVE] = 0.76 W, [Lewiz acid]o = 5.0 mM, [HCI-
IBVE]y = 4.0 mM, [added base] = 1.0 M. EA: ethyl acetate, DO 1,4-
dioxane. *For the main peak.

References

[1] Mivamoto, M, Sawamoto, M., Higashimura, T. Macromelecules
1984, 17, 265, 2228,

[2] Faust, E.; Eennedy, I P. J. Folym. Sci., Fart Ar Fobwn, Chem.
1987, 25, 1847,

[3] Matyjaszewski, K., Sawamoto, M in Cationic Polymerzations:
Mechanisms, Synthesis, and Applications, Matyjaszewskd, K. Ed,;
Marcel Deldkeer: MNew Y ork, 1996, Chapter 4.

[4] & oshima, 3; Higashimura, T. Macramolecules 1989, 22, 1009

[5] Aoshima, S.; Sugihara, 3., Shibayama, M., Kanaoka, 3. Macromel
Sy, 2004, 275,151,

[6] Yoshida, T, Tsupino, T.; Kanacka, 5.; Acshima, 3. T Palywe Sei.,
Fart A: Polym. Chem. 2005, 43,468,

[7] Yoshida, T.; Eanarawa, 4., Kanacka, 3.; Aoshima, 3. J. FPalysn.
Sei., Part Ar Podwm, Chem 2005, 43,4288

[8] (a) Kanazawa, A, Hirabaru, Y., Kanacka, 3., Aoshima, 3 1
Folym. Sei., Fart A: Polvm. Chewps 2006, 44, in press. (b) Kanazawa,
A Yoshida, T, Kanacka, 3., Aoshima, 3. Polywe Prepr. (A Chem.
Soe., Div. Polvim, Chem.) 2005, 46¢2), 308,

[9] Eamigaito, Wi; Maeda, T, Sawamoto, M ; Higashimura, T.
Macromolecules 1993, 26, 1643,



