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Reaction of cis-PtMe(SiPh3)(PMe;Ph), (1) with phenyl-
acetylene in benzene readily proceeds at room temperature to give
the acetylene-insertion product cis-PtMe{C(Ph)=CH(SiPh3)}-
(PMe,Ph),, while trans-PtMe(SiPh3)(PMeoPh), (2), which is
the geometrical isomer of 1, is inactive toward acetylene-
insertion. A mechanism of insertion involving a five-coordinate
intermediate is proposed to account for the marked difference in
the reactivity between the cis and trans isomers.

Insertion of a C—C multiple bond into a transition metal—-
silyl bond is assumed to be a crucial process in the catalytic
hydrosilylation and bis-silylation of olefins and acetylenes.!
Although such a reaction has recently been documented with
isolated transition metal silyl complexes,? the details of
mechanism of this elementary process still remain to be clarified.
In this study we examined the reactions of two geometrical

. isomers (cis and trans) of PtMe(SiPh3)L, with phenylacetylene
and found only the cis isomer exhibiting the reactivity to give the
insertion product PtMe{C(Ph)=CH(SiPh3)}L,. The marked
difference in the reactivity between the cis and trans isomers
toward insertion can be accounted for most consistently by
assuming the insertion process via a five-coordinate intermediate
PtMe(SiPh3)(PhC=CH)L,.

The two geometrical isomers of PtMe(SiPh3)(PMe,Ph),
(cis-1 and trans-2) were independently prepared3 and subjected
to the reaction with phenylacetylene (5 equiv.) in benzene-dg at
room temperature. 3!P NMR analysis of the reaction solution
revealed that the cis isomer 1 undergoes insertion of
phenylacetylene into the Pt-Si bond to give cis-PtMe-
{C(Ph)=CH(SiPh3)}(PMe,Ph), (3) in 70% yield (eq. 1).4 In
contrast, the trans isomer 2 was inactive toward insertion, while
gradual formation of trans-Pt(C=CPh)(SiPh3)(PMe,Ph), (4)
took place (eq. 2).
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Complex 3 was unequivocally identified by X-ray
diffraction study.5 The X-ray structure in Figure 1 indicates the

Figure 1. The X-ray structure of complex 3. Selected bond
distances (A) and angles (deg): Pt—C(1) = 2.122(8), Pt-C(2) =
2.100(8), C(2)-C(3) = 1.33(1), C(3)-Si = 1.840(9), Pt-P(1) =
2.313(2), Pt-P(2) = 2.291(2), Pt-C(2)-C(3) = 126.9(6), C(2)—
C(3)-Si = 137.6(7), C(1)-Pt-P(1) = 87.3(2), C(1)-Pt—C(2) =
85.2(3), P(1)-Pt—P(2) = 98.63(8), C(2)-Pt—P(2) = 88.9(2).

insertion process in a syn 1,2-addition manner with retention of
the cis configuration of 1.

We next examined the reactions of cis- and trans-PtMe-
(SiPh3)(PMePh,), (5 and 6)3 with phenylacetylene (5 equiv.) in
benzene-dg at room temperature (eqs. 3 and 4). The trans isomer
6 was totally inactive in the reaction system for 1 week (eq. 4),
whereas cis-5 was smoothly converted into two platinum species
7 and 8 (1:3.8) as confirmed by 31P NMR spectroscopy (eq. 3).
The latter species 8 was identified as Pt(PhC=CH)(PMePh,),
formed by the reductive elimination of MeSiPhs. On the other
hand, the former species 7 was assigned to be the insertion
product cis-PtMe { C(Ph)=CH(SiPh3) }(PMePh,), on the basis of
the LJpp coupling constants.6
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We have already shown that the reductive elimination of §
involves prior displacement of the PMePh, ligand trans to the
SiPh; group with acetylene to give the PtMe(SiPhj)(acetylene)-
(PMePh,) intermediate.3 Therefore, in order to improve the
selectivity for the acetylene-insertion, we introduced PMej of
higher coordinating ability than the PMePh; ligand into 5 and
examined the reaction with phenylacetylene (eq. 5). Treatment of
5 with 1 equivalent of PMes in Et,O gave the desired complex
PtMe(SiPh3)(PMe3)(PMePh,) (9), in which the PMes and
PMePh, ligands coordinate to trans and cis to the SiPhj ligand,
respectively. Complex 9 thus obtained selectively formed
insertion product 10 without concomitant reductive elimination.”
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We described here that only the cis-silyl complexes possess
the reactivity toward acetylene-insertion. It was also found that
the silyl complexes bearing tertiary phosphine ligands of the
higher coordinating ability provide the higher selectivity for the
acetylene-insertion. These findings strongly suggest the insertion
process via a five-coordinate intermediate (Scheme 1). The re-
tention of cis geometry at the platinum center during the insertion
is also consistent with the associative process in Scheme 1.
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Scheme 1. Proposed mechanism for the acetylene-insertion.

On the other hand, the alternative process that involves the
displacement of one of the phosphine ligands with acetylene
followed by the migratory insertion of acetylene into the Pt-Si
bond (eq. 6) may not accord with the experimental results,
because this process must provide the insertion product bearing
trans configuration.8
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The lack of reactivity of trans-silyl complexes toward the
acetylene-insertion can be understood also by assuming the

process via a five-coordinate intermediate (eq. 7). In this case

trans-PtMe{C(Ph)=CH(SiPh3) }L, is expected to be formed with
retention of the trans geometry. However, the great trans
influence of methyl ligand would make the insertion product
unstable and inhibit the insertion to proceed. In contrast, in the
insertion of cis isomer (Scheme 1), such a labilizing effect of
methyl ligand does not directly affect stability of the insertion
product because of the cis orientation. Hence, the facial insertion
of acetylene into the Pt—Si bond proceeds.
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