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Novel Poly(silyl enol ether)s via Radical Ring-Opening
Polymerization and Their Conversion to Polyketones
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Silyl enol ethers are among the most versatile synthetic
intermediates in organic syntheses.! Although a wide variety of
functional groups can be prepared from silyl enol ethers, poly-
(silyl enol ether)s, which would be versatile reactive polymers,
have not been synthesized. On the basis of the reactions of silyl
enol ethers, a wide variety of functional polymers can be derived
from poly(silyl enol ether)s. Further, hydrolysis of poly(silyl
enol ether)s can afford the corresponding polyketones, which are
expected to be not only reactive polymers as precursors of
functional polymers but also photodegradable polymers.2 To
prepare polymers with reactive moieties in the main chain,
chemoselective radical polymerization is generally appropriate.
The silyl enol ether group is generally unstable under cationic
and anionic polymerization conditions;? however, the controlled
introduction of the silyl enol ether group in the main chain is
difficult by the usual radical polymerization methods. Recently,
we have reported radical ring-opening polymerization of unsatur-
ated cyclic monomers such as vinylcyclopropanes, by which
carbon—carbon double bonds can be introduced into the polymer
main chain at controlled positions.4 In this communication, we
report the successful synthesis of poly(silyl enol ether)svia radical
ring-opening polymerization of trimethylsiloxy-substituted
vinylcyclopropanes, their hydrolysis, and a preliminary polymer
reaction.

Radical polymerizations® of trimethylsiloxy-substituted
vinylcyclopropanes 1a,6 1b,% and 1c!® were carried out under
various conditions to afford the corresponding polymers 2a,!3
2b,4 and 2¢.! The results are summarized in Table 1. 1H-
NMR, BC-NMR, and IR spectra indicated that the desired poly-
(silyl enol ether)s were produced, and no other unit was observed
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Table 1. Radical Polymerization of 14
temp M, yield¢ M,

n n
monomer initiator (°C) (My/Mu)of2 (%) (Me/Mp)2 of §

1a AIBN 60 5000 (1.81) 33 d

1a BPOs 80 2050 (1.49) 26 d

1a DTBP* 120 e d

1b AIBN 60 1930 (1.35) 9 1830 (1.27)
1b BPOs 80 0

1b DTBP* 120 5140 (2.16) 60 5820 (1.84)
1c AIBN 60 10400 (1.97) 69 9720 (1.82)
1¢ BPOs 80 5850 (1.64) 23 7550 (1.45)
1c DTBP* 120 3520 (3.71) 43 5460 (3.33)

@ Polymerizations were carried out in bulk for 48 h using 5 mol % of
initiator. & Estimated by GPC (THF, based on PSt standards). ¢ n-
Hexane-insoluble part after hydrolysis. ¢ Insoluble in organic solvents.
¢ Only cross-linked gel. # 2,2’- Azobis(isobutyronitrile). # Benzoyl peroxide.
4 Di-tert-butyl peroxide.
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inthe polymers. Allof the poly(silyl enol ether)s were verysoluble
in common organic solvents. In the case of 1a and 1c, yield and
M, decreased as the polymerization temperature was raised
because of chain-transfer reactions. On the contrary, in the case
of 1b, yield and M, increased as the polymerization temperature
was raised because the highly stabilized terminal benzyl radical
may exhibit rather low reactivity. Similar polymerization
behavior has been reported in the polymerization of vinylcyclo-
propanes having no siloxy group.!617

The selective formation of poly(silyl enol ether)s can be
explained by the attack of a terminal radical to the olefinic group
of monomer followed by the quantitative ring-opening to reproduce
the terminal radical. Since the ring-opening reaction of cyclo-
propylmethyl radical 3 to 3-butenyl radical 4 is very rapid,!®
radical intermediate 3 did not react with 1 at all (Scheme 1).
Further, the direction of the ring-opening was completely
controlled by the radical stabilizing group, i.e., by the phenyl
group in the case of 2b and the ethoxycarbonyl group in the case
of 2¢c. Although attack of the radical species to the olefinic group
in the polymer was usually observed in radical ring-opening
polymerization,!” no such side reaction was observed in the case
of 2, since trisubstituted olefins are far less reactive toward radicals
than the vinyl groups in the monomers.!?

Silyl enol ethers can be easily hydrolyzed to form the
corresponding ketones.! Thus, hydrolyses of 2 by aqueous HCI
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were carried out to obtain the polyketones § quantitatively? (Chart

1). M, of 5b and 5c corresponded to those of 2b and 2¢,2! and
no signals that could not be assigned to the structures of 5a, 5b,
and Sc were observed in their NMR and IR spectra,?? indicating
that no side reaction such as aldol reaction occurred during the
acid-catalyzed hydrolysis.

(20) A solution of 2 in dichloromethane was vigorously stirred with 30%
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4H) ppm; BC-NMR (22.5 MHz, CDCl,) § 210.2, 42.4, 23.2 ppm; IR (film)
2936, 2866, 1701, 1460, 1415, 1379, 1246, 1076 cm!. Sb: 'H-NMR (90
MHz, CDCl;) & 7.40-6.60 (br, 5H), 3.15-2.65 (br, 1H), 2.65-2.18 (br, 2H),
2.18-1.22 (br, 4H) ppm; 13C-NMR (22.5 MHz, CDCl;) 6 208.7,143.3, 128.5,
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5 4.12 (q (J = 6.9 Hz), 2H), 3.05-2.21 (br, 5H), 2.08-1.53 (br, 1H), 1.26
(t, (J = 6.9 Hz), 3H) ppm; 3C-NMR (22.5 MHz, CDCl;)  207.1, 174.4,
60.5,44.2,39.7,39.2,25.2, 14.0 ppm; IR (film) 2982, 2907, 1734, 1450, 1375,
1182, 1098, 1032 cm™!.
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A preliminary polymer reaction of 2a with benzaldehyde
catalyzed by quarternary ammonium fluoride was carried out in
THF at -23 °C for 5 h.24 After acidic hydrolysis, the desired
polyketone in which 52% of the aldol group was introduced was
obtained?’ (Scheme 2).

Insummary, we have demonstrated the novel synthesis of poly-
(silyl enol ether)s via radical ring-opening polymerization and
their typical polymer reactions. It is noteworthy that radical
ring-opening polymerization of trimethylsiloxy-substituted
vinylcyclopropane is a novel method to prepare silyl enol ethers.
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