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Ring-opening polymerization of silacyclobutane or
disilacyclobutane derivatives and polyaddition reaction
of hydrosilyl compounds with unsaturated compounds
have been conducted to prepare a variety of polycarbo-
silanes.!™3 We have reported the stereoregular poly-
[(methylphenylsilylene)(trimethylene)] synthesized from
optically active allylmethylphenylsilane via a self-poly-
addition reaction.® The stereoregularity of the polymer
estimated by 'H NMR indicated that this polymerization
proceeded through g-selective hydrosilylation in which
the stereochemistry of the silicon atom was retained,
but the optical activity itself was lost in the resulting
polymer since the silicon atoms in the formed polymer
are not chiral any more. To keep the configurational
optical activity derived from the chiral silicon atom, it
is necessary to distribute the optically active silicon
moiety connected with different constitutional units in
the polymer chain. Here, we report the synthesis and
polymerization of optically active (R)-methylphenylpro-
pargylsilane, (R)-5 to obtain optically active polycar-
bosilane, poly[(R)-5]. Such stereoregular and optically
active unsaturated polycarbosilanes will find potential
applications as reactive polymer precursors for the
synthesis of variety of new optically active branched
polymers, typically star-type, comb-shaped, and hyper-
branched polymers.

(R)-Methylphenyl(1-naphthyl)-(+)-menthoxysilane,
(R)-1 (>99% de), was obtained by optical resolution in
a manner similar to the (S)-isomer using (—)-menthol
as the chiral resolving agent.#® The reaction of meth-
ylphenylbromo-(+)-menthoxysilane, (R)-25 (74% de),
with propargylmagnesium bromide in the presence of
HgCl, gave a mixture of (S)-methylphenylpropargyl-(+)-
menthoxysilane, (S)-3 (19%, 56% de), and (S)-allenyl-
methylphenyl-(+)-menthoxysilane, (S)-4 (66%, 73% de).®
According to Sommer, the brominative cleavage of the
silicon—naphthyl bond proceeded with inversion of the
stereochemistry of the silicon atom. It was also shown
that alkylation of silyl bromide with alkyllithium or a
Grignard reagent in ether proceeded with inversion of
the sterochemistry.” Although the formation of side
product 4 was noticeable, since almost the same reaction
conditions were employed in our synthesis using pro-
pargylmagnesium bromide, products 3 and 4 are con-
sidered to have the (S)-configuration. The reason that
the de of (S)-3 is lower than that of (S)-4 is not clear at
present. The reduction of (S)-1 with lithium aluminum
hydride was reported to proceed with retention of the

*To whom correspondence should be addressed. Telephone:
+81-761-51-1630. Fax: +81-761-51-1635. E-mail: kawakami@
jaist.ac.jp.

a)
uv

b)
uv

+)
+
¢)
1 | |

12.5 15.0 17.5

min
Figure 1. HPLC chromatograms of 5 on optically active
stationary phase: (a) (R)-(+)-5 from (S)-3 (UV detection); (b)
rac-5 (UV, and CD detection) (eluent, hexane; column, Chiral-
cel OD; vertical axis in arbitrary unit).

stereochemistry of the silicon atom.® We analyzed the
optical purity of methylphenylnaphthylsilane, the re-
duced product from (R)-1, by HPLC on an optically
active stationary phase, and concluded that retention
of the sterochemistry of the silicon atom in the reduction
of the silicon—menthoxy bond of 1 took place.® We also
showed retention of stereochemistry in the reduction of
phenylnaphthylvinylmenthoxysilane by HPLC and of
allylmethylphenylmenthoxysilane through analysis of
the polymer by 'H NMR.3 HPLC of (R)-5, the reduced
product of (S)-3 (56% de by 'H NMR) is shown in Figure
1. The chromatograms indicated that (+)-5 was obtained
by the reduction of (S)-3. The area ratio of the two peaks
indicates that the product is 56% ee. It is reasonable to
consider that the reduction reaction proceeded with the
retention of silicon sterochemistry to give (R)-(+)-5 (34%,
56% ee, [a]?®p +38.3 (c 2.17, hexane)) (Scheme 1).8-11

Polyaddition reactions of (R)-5 and rac-5 using plati-
num 1,3-divinyl-1,1,3,3-tetramethyl-1,3-disiloxane (Pt—
DVTMDS) as a catalyst gave polymers. Polymers were
characterized by 'H NMR, 3C NMR, and SEC measure-
ments.’2 Molecular weights were estimated by SEC
using a polystyrene standard. Although the terminal
methyne carbon of the propargyl group was observed
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at 68.1 ppm, the accurate molecular weight could not
be estimated by 3C NMR. Chloroplatinic acid is not an
effective catalyst. Polymerization of rac-5 by [Rh(COD),]-
BF4/2PPhj resulted in the formation of only low molec-
ular weight products.

Poly[(R)-5] obtained by Pt—DVTMDS showed optical
activity ([a]®®p —2.74 (c 3.43, CHCIlg). This is the first
example of an optically active polycarbosilane, poly-
[(methylphenylsilylene)(2-propenylene)]. The low optical
activity of the polymer, compared with the monomer
(R)-5 in which hydrogen and propargyl together with
methyl and phenyl groups are attached to the asym-
metric silicon atom, seems to be because the asymmetric
environment around the silicon atom, to which allyl and
1-propenyl are attached, becomes close to an achiral
environment after the polymerization.

Although hydrosilylation of propargyl group could
proceed in a- or g-addition mode, the polymers were
formed selectively through S-addition, elucidated by *H
NMR, C NMR, and DEPT spectra, just as with the
allylsilane.®5 IH NMR spectra of the orefinic region of
the products by Pt—DVTMDS and [Rh(COD);]BF./
2PPhjs catalysts are shown in Figure 2.

Basically, four signals were observed from 5.4 to 6.2
ppm for the polymers by Pt—DVTMDS (Figure 2b,c),
and two kinds by [Rh(COD);]BF4/2PPhs at 5.6 (J = 18
Hz) and 6.2 ppm (Figure 2a). These signals can be
assigned to cis or trans vinylene protons.

It is known that the hydrosilylation of the carbon—
carbon triple bond by [Rh(COD),]BF4/2PPh3 proceeds
in the syn addition mode.'® The coupling constant (J =
18 Hz) indicated that the olefin protons in the oligomers
by [Rh(COD);]BF4/2PPhs are trans vinylene protons
formed through syn addition (Figure 2a). The signals
at 5.4, 5.7 ppm produced by Pt—DVTMDS were assigned
to cis vinylene protons. However, the signals are not
sharp, and moreover, the ratio of cis and trans vinylene
protons in the polymers by platinum catalyst was 2:1
for poly[(R)-5]obtained from (R)-5 of 58% ee (Figure 2b),
and 1:1 for poly[rac-5] (Figure 2c). Influences not only
by the configuration of silicon atom but also by the
geometry of the double bond in the main chain are
conceivable. Further study is needed to elucidate the
precise structure of the polymer and reaction mecha-
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Figure 2. 'H NMR spectra of olefin region of the poly[(R)-5]:
(a) oligomers from rac-5 by [Rh(COD),;]BF4/2PPhs; (b) poly-
[(R)-5] from (R)-5 by Pt—DVTMDS; (c) poly[rac-5] from rac-5
by Pt—DVTMDS.

nism and to evaluate the absolute optical activity of the
polymer derived from the configuration of silicon atom
of single geometry of the olefinic bond in the main chain.
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