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A New Process for C—Si Bond Formation from cis-Alkyl(silyl)platinum(II) Complexes
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The complexes cis-PtR(SiHPh,)(PMe,Ph), (R = Me, Et, Pr,
Bu) have been found to undergo two types of C—Si bond
formation process. One is a novel reaction process via
isomerization to cis-PtH(SiRPh,)(PMe,Ph),, and the other is C-
Si reductive elimination involving prior displacement of a
PMe,Ph ligand with diphenylacetylene added to the system.

The C-Si bond formation from alkyl(silyl)platinum complexes
is commonly assumed as the product-forming step for platinum-
catalyzed hydrosilylation of alkenes.!:2 However, little is known
about this elementary process.34 We recently reported that the
formation of MeSiPh; from cis-PtMe(SiPhs)L, (L = PMe,Ph,
PMePh,) proceeds readily at around ambient temperature via a
reductive elimination process involving prior displacement of a
phosphine ligand (L) with alkyne or alkene (L') added to the
system (Scheme 1).5 Thus the reaction is effectively accelerated
by alkynes and alkenes, particularly by those with electron-
withdrawing substituents. In this study, we found another type
of C=Si bond formation process that is operative for alkyl-silyl
complexes bearing a SiHPh, ligand (Scheme 2).
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Scheme 1.

cis-PtR(SiHPh,)(PMe,Ph), (1a—1d) dissolved in benzene-dg
at room temperature changed within a few minutes into the
corresponding hydrido-silyl complexes 2a—-2d, in which the R—
Si bond is formed.6.7 Addition of diphenylacetylene or diphenyl-
silane to the resulting solutions led to instant liberation of
HSiRPh, in quantitative yields.
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Scheme 2. R = Me (1a, 2a), Et (1b, 2b), Pr (1¢, 2¢), Bu
(1d, 2d); L = PMe,Ph.
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Figure 1. Time-conversion curves for the conversion of 1d
into 2d in benzene-dg at 10 °C. Initial concentration: [1d]y = 20
mM (a, c—e) ; 40 mM (b). Additive: PMe,Ph (2 mM) (c);
PhC=CPh (10 mM) (d); Pt(cod), (1 mM) (e).

Figure 1 shows the time-course of the conversion of 1d into
2d at 10 °C. The reaction showed S-shaped time-conversion
curves and proceeded more rapidly at higher concentration of the
starting complex (curves a and b), indicating the occurrence of a
reaction process promoted by a product. Addition of free
PMe,Ph or diphenylacetylene to the system effectively
suppressed the reaction progress (curves ¢ and d). On the other
hand, the reaction was dramatically accelerated by addition of a
Pt(0) complex (Pt(cod),) (curve e).

These observations can be rationalized by the mechanism
depicted in Scheme 3. The first step is dissociation of the
PMe,Ph ligand cis to the SiHPh, group. Free PMe,Ph added to
the system prevents this step. The three-coordinate species 3d
thus formed isomerizes to a hydrido—butyldiphenylsilyl complex
5d, probably via a hydrido-butyl-silylene intermediate 4d.8
Coordination of PMe,Ph to 5d forms 2d.

As suggested by the instant conversion of 2d into
Pt(PhC=CPh)(PMe,Ph), by the treatment with diphenyl-
acetylene (Scheme 2), 2d is in an equilibrium with an
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coordinatively unsaturated species [Pt(PMe,Ph),], which may
serve as a phosphine sponge to facilitate the dissociation of
PMe,Ph from 1d. Consequently, the rate of the conversation of
1d to 2d is enhanced with reaction progress and this tendency
should be more remarkable at higher concentration of the starting
complex. Pt(cod), may trap PMe,Ph liberated from 1d more
efficiently than the [Pt(PMe,Ph),] species, causing the extremely
high reaction rate. In contrast, diphenylacetylene, which
converts the [Pt(PMe,Ph),] species into stable Pt(PhC=CPh)-
(PMe,Ph),, inhibits the reaction.

It is noted that the effect of diphenylacetylene on the reaction
rate of the present C—Si bond formation process is opposite to
that observed for the C-Si reductive elimination from cis-
PtMe(SiPhj)L, complexes (Scheme 1). Thus the former is
retarded by addition of diphenylacetylene while the latter is
accelerated. This tendency is more clearly observed from Figure
2, in which the rate constants for the thermolysis of 1d are
plotted against the concentration of diphenylacetylene added to
the system. At high concentration (>0.20 M), the reaction was
first-order in the concentration of 1d over 80% conversion. On
the other hand, since the reaction did not obey the first-order
kinetics at low concentration of diphenylacetylene (vide infra),
initial rate constants estimated from the time-conversion curves
are plotted instead.
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Figure 2. Dependence of the thermolysis rate of 1d on the
concentration of diphenylacetylene at 50 °C in benzene-dg. Initial
concentration: [1d]y = 20 mM.

It is clearly seen that in low concentration region, the reaction
rate dramatically increases as the concentration of diphenyl-
acetylene decreases. This tendency is compatible with the
mechanism in Scheme 3. In contrast, in the region of high
acetylene concentration, the thermolysis rate linearly increases
with increasing amount of diphenylacetylene. This tendency is in
fair agreement with the mechanism in Scheme 1. Accordingly,
we may conclude that 1d undergoes two types of C-Si bond
formation process given in Schemes 1 and 3. The C-Si bond
formation by the reductive elimination (Scheme 1) is a rather
slow process and takes place only under heated conditions even
at high concentration of diphenylacetylene (Figure 2). In
contrast, the C-Si bond formation according to the mechanism in
Scheme 3 occurs under much milder conditions. Relevance of

Chemistry Letters 1999

the latter process to catalytic hydrosilylation is now under
investigation.
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