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A Facile Preparation and Polymerization of 1,1-Difunctionalized Disiloxanes

Atsunori Mori,* Hiroyoshi Sato, Katsuya Mizuno, Tamejiro Hiyama, Koji Shintani,” and Yusuke Kawakami* "
Research Laboratory of Resources Utilization, Tokyo Institute of Technology, Nagatsuta, Yokohama 226
T Graduate School of Materials Science, JAIST (Japan Advanced Institute of Science & Technology), Tatsunokuchi, Ishikawa 923-12

(Received March 11, 1996)

Novel 1,1-difunctionalized disiloxanes are synthesized by the
alkylative cleavage of cyclic siloxane using several alkyllithiums
followed by quenching with chlorosilanes. The prepared
difunctionalized siloxanes are subjected to polyaddition through
platinum catalyzed hydrosilylation.

Introduction of difunctionality onto the terminal silicon atom
of oligo siloxanes has become of our considerable interest since
the corresponding product would be converted, through
polyaddition or polycondensation, to the polymers of novel
structure with the terminal silicon atom incorporated into the
polymer main chain." Since we have been studying the syntheses
and properties of the polymers containing siloxane moiety in
the main chain as well as the side chain where the siloxane
moiety has been used as the spacer or substituent,? incorporation
of a part of silicon atom of the siloxane into the main chain of
the polymer has been a center of our interest in connection with
the properties of the resulting polymers. On the other hand, our
recent synthetic study concerning the preparation of the
functionalized siloxane compounds as monomers of the siloxane
containing polymers has revealed that the cleavage of a cyclic
dimethylsiloxane using several functionalized organolithium
compounds leads to a variety of mono- or difunctionalized
disiloxanes, tetrasiloxanes and oligosiloxanes respectively.’ In
addition, several functionalized cyclic siloxanes were also
transformed to the corresponding disiloxanes through the similar
cleavage reactions using an alkyllithium* Therefore, the reaction
of the functionalized organolithium reagent with the
functionalized cyclic siloxane, if successful, would afford the
disiloxane with 1,1-difunctionality after treatment of an
appropriate silyl chloride and the resulting difunctionalized
siloxane would be led to the corresponding polymer as illustrated
in Scheme 1. Herein, we report the preparation of 1,1-
difunctionalized disiloxanes and the polymerization of the
compounds to give rise to the siloxane-containing polymers
one of which silicon atom is incorporated into the polymer
main chain.

When 1,3,5-trimethyl-1,3,5-trivinylcyclotrisiloxane (1a)’ is
treated with 3 molar equivalents of vinyllithium, 1,1-divinylated
disiloxane (2a) was obtained in 73% yield after quenching with
chlorotrimetylsilane. The functionalized cyclic siloxane was
similarly reacted with several functionalized organolithium
reagents such as 2-furyl, 1-alkynyl, and allyl derivatives to yield
the corresponding 1,1-difunctionalized disiloxanes after
treatment with appropriate chlorosilanes respectively. It should
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Scheme 1.

be pointed out that the reaction of a cyclic siloxane bearing
Si-H bond (1b)’ also proceeded by vinyllithium® to give the
1,1-difunctionalized disiloxane (2f) bearing hydrido and vinyl
groups. Results are summarized in Table 1.
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The procedure for the synthesis of 2a is representative: In
order to prepare vinyllithium, butyllithium (10.0 mmol, as 2.5
M hexane solution) was added to a solution of tetravinyltin (2.5
mmol) in diethyl ether at 0 °C. After stirring the mixture at O
°C for 30 min, the cyclic siloxane (1a, 3.3 mmol) was added to
the resulting solution, and stirring was continued for 12 h at
room temperature. The solvent was removed under reduced
pressure to leave a crude oil to which diethyl ether (10 mL) and
chlorotrimethylsilane (10.0 mmol) were successively added.
White precipitates formed immediately, and the mixture was
stirred at room temperature for 3 h. The precipitates were
filtered, and the filtrate was concentrated to give an oily residue
which was purified by trap to trap distillation under reduced
pressure to afford the corresponding disiloxane in 73% yield.”

The disiloxanes modified with olefinic groups were subjected
to polyaddition with a bifunctional hydrosilane. When the
disiloxane (2a) was treated with 1,4-bis(dimethylsilyl)benzene
(3) in the presence of a catalytic amount of the Lappert’s platinum
complex,® the polymer (4) was obtained after the reaction for
48 h at room temperature’ The molecular weight and the
molecular weight distribution of 4 were found to be Mn = 11000,
Mw/Mn = 3.9 respectively by GPC analysis.'® Structure of this
polymer is interesting in a sense that a half of the silicon atoms
of the disiloxane was incorporated inio the polymer main chain,
hence the novel character including thermal properties may be
anticipated. Details on the characterization of the polymer will
be described in due course. The siloxane (2f) possessing an
olefinic moiety as well as a hydrido group on the same silicon
atom also polymerized in the presence of the platinum catalyst,?
to yield the corresponding homopolymer (5) (Mn = 1100, Mw/Mn
=1 4).10, 11

In short, the disiloxanes having two functional groups on one
of the silicon atom were synthesized by the cleavage of
functionalized cyclic siloxanes (1a and 1b). The siloxanes,




518

Table 1. Syntheses of 1,1-difunctionalized disiloxanes
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thus obtained, homo- and copolymerized to afford the
corresponding novel polymers.
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