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Summary: The platinum complex [Pt(dppe)(η2-C2H4)] (1)
reacted with the disilane H2SiMeSiMe3, affording the bis-
(μ-silylyne)triplatinum complex [Pt3(dppe)3(μ3-SiMe)2] (4) by
a stepwise Si-H and Si-Si bond activation.

Organosilanes bound to transition-metal centers have
recently attracted the interest of researchers with regard to
their structure and reactivity with various substrates. Both
metal-silylene and metal-silylyne complexes have been
studied in detail, but there are limited reports on the pre-
paration of complexes with metal-silylyne character.1 The
silicon atom in ametal-silylyne complex can bind to ametal
center(s) in a terminal triple-bond fashion2 or a bridging
one.3 Bridging silylyne complexes contain three or more
metal atoms, such as in the triiron complex [Cp3-
Fe3(CO)4SiN(SiMe3)2] (Cp = cyclopentadienyl)3c and the
tetracobalt complex [Co4(μ4-SiMe)2(CO)11].

3a Group 10
transition-metal palladium and platinum complexes are
well-known as catalysts for hydrosilylation and double
silylation of unsaturated hydrocarbons. The mono-,
di-, and trinuclear palladium or platinum complexes with

silylene ligands have been characterized by structural analy-
sis and DFT calculations,4-6 but no silylyne complexes have
yet been reported.
We have investigated the reaction of the zerovalent

platinum complex [Pt(PPh3)2(η
2-C2H4)] with symmetric

disilanes HSiR2SiR2H (R = Ph, Me) by NMR spectro-
scopy and X-ray diffraction analysis to characterize the
several platinum complexes formed by Si-H activation,
1,2-migration, and liberation of silylene.7 Multiactivation
of Si-Si and/or Si-H bonds in disilane or oligosilane com-
pounds makes it possible to obtain a multinuclear complex.
We report herein that treatment of [Pt(dppe)(η2-C2H4)] (1)
bearing the bidentate phosphine ligand dppe (=1,2-bis-
(diphenylphosphino)ethane) with the disilane H2SiMe-
SiMe3 produces a triplatinum complex with two μ3-sily-
lyne ligands.
Complex 1 reacted with H2SiMeSiMe3 in toluene at-30 �C

at amolar ratio of 1:1, affording the disilanylplatinum hydride
[Pt(dppe)(H)(SiHMeSiMe3)] (2) by the oxidative addition of
an Si-H bond to the platinum center (eq 1). The Pt-H and
Si-Hsignals in the 1HNMRspectrumof 2were observed as a
doublet of doublets with 195Pt satellites at 0.73 ppm (1JPtH=
1121 Hz, 2JPH(trans) = 169 Hz, 2JPH(cis) = 14 Hz) and a
multiplet at 4.62 ppm, respectively. The Pt-Hpeaks shifted to
a lower magnetic field compared to that of the silylplatinum
hydrides reported previously (-5 to -1 ppm).7,8 Two phos-
phine resonances observed at 55.9 (s, 1JPtP=2001 Hz) and
62.2 ppm (s, 1JPtP= 1534 Hz) in 2 indicate nonequivalent
phosphine atoms (Figure 1, bottom).

Complex 2 was gradually converted into two new pro-
ducts, accompanied by the evolution of Me3SiH gas
at 0 �C, on the basis of 1H NMR spectroscopy (eq 2).
After the complete disappearance of 2, the 1H and
31P{1H} NMR spectra showed the formation of both a
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bis(μ-silylene)diplatinum complex (3) and a bis(μ3-silyly-
ne)triplatinum complex (4) (Figure 1, top). In previouswork,
the reaction of [Pt(PEt3)3] with H2SiMeSiMe3 evolves Me3-
SiH gas, although no platinum complexes with a Pt-Si bond
such as a disilanylplatinum hydride were detected in NMR
spectroscopy.9 Two phosphine resonances at 60.1 and
60.6 ppm in 3 have two sets of 195Pt satellites and correlate
with the two Si-Hsignals at 6.25 and 6.52 ppm, respectively,
in the 1H-31P HMBC spectrum. These peaks are attributed
to the presence of cis/trans isomers of 3 with respect to the
orientation of the methyl group on the Si atom, and the cis/
trans isomer ratio was roughly 1:3, estimated from the
integral value of the Si-H signals. The silicon resonances
of cis- and trans-3 in a 1H-29Si HMQC experiment were
observed as a single peak at -94 ppm, due to overlap with
each other, and the chemical shift of this peak was diagnostic
of a diplatinum complex with bridging silylenes SiHR, as
reported previously.6c,6e,10 Considering the formation pro-
cess of 3 according to the literature,11,12 at first a 1,2-silyl
migration in 2 could produce a transient (silyl)(silylene)-
platinumhydride, [Pt(dppe)(H)(dSiHMe)(SiMe3)], in which
one end of phosphine dissociates from the platinum atom,
and a 1,2-hydrogen migration from Pt to Si followed by a
phosphine recoordination affords the bis(silyl)platinum
complex [Pt(dppe)(SiH2Me)(SiMe3)]. An oxidative addition
of the Si-Hbond in the bis(silyl)platinum complex occurs at

a platinum atom of another molecule of [Pt(dppe)(SiH2Me)-
(SiMe3)], and finally a reductive elimination of SiHMe3 from
the diplatinum complex generates 3. Unfortunately, a pure
sample of 3 could not be obtained due to contamination with
unreacted 2 or simultaneous formation of 4.

The addition of 1 to a mixture of 3 and 4 resulted only in
the formation of 4, with complete consumption of 3

(Scheme 1). The isolation of 4 was carried out by a reaction
of 1 with H2SiMeSiMe3 at a 3:2 molar ratio in toluene/
pentane at room temperature. The structure of 4 (Figure 2)13

is a trinuclear platinum complexwith a pseudo-3-fold axis on
the Si-Si alignment in which the three Pt(dppe) units are
bridged by two SiMe silylynes. The three platinum centers
have a four-coordinate planar geometry and form an equi-
lateral triangle. All Pt-Pt distances are 3.36-3.46 Å, indi-
cating that there is no interaction between the platinum
atoms. The Si-Si distance (2.644(2) Å) is close to those of
the bis(μ-silylene)diplatinum complexes.6c,6e,10,14 A tetra-
nuclear platinum complex with a triply bridging silylene
containing one Pt 3 3 3H 3 3 3 Si bond in a nonclassical 3c-2e
interaction has been synthesized by the reaction of
[Pt(PEt3)3] with (n-hexyl)SiH3, where Si-H bond activation

Figure 1. 31P{1H} NMR spectra of 2 in toluene-d8 at -30 �C
(bottom) and after 2 days of standing at 0 �C (top).

Scheme 1

Figure 2. Crystal structure of 4, showing 50% probability
thermal ellipsoids. The hydrogen atoms are omitted for clarity.
Selected bond lengths (Å) and angles (deg): Pt(1)-Si(1) =
2.3679(14), Pt(1)-Si(2)=2.3726(16), Pt(2)-Si(1)=2.3749(14),
Pt(2)-Si(2) = 2.3740(15), Pt(3)-Si(1) = 2.3838(15), Pt(3)-
Si(2)=2.3831(14), Si(1)-Si(2)=2.642(2); Pt(1)-Si(1)-Pt(2)=
93.03(5), Pt(1)-Si(1)-Pt(3) = 93.38(5), Pt(2)-Si(1)-Pt(3) =
89.87(5), Pt(1)-Si(2)-Pt(2) = 92.93(5), Pt(1)-Si(2)-Pt(3) =
93.28(5), Pt(2)-Si(2)-Pt(3)=89.91(5).
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of the μ-silylene Si(H)(n-Hexyl) does not occur.6c Complex 4
is a rare example of a platinum complex with a bridging
silylyne. The simple 1H NMR spectrum of 4 is consistent
with a structure with a pseudo-3-fold axis, and the absence of
Pt-H and Si-H signals in the 1H NMR and IR spectra
indicates that there are no hydrides present in 4. The broad-
ness of the Si-Me peak at 0.58 ppm is independent of a
temperature change from -70 to 50 �C and is related to the
coupling to phosphine and platinum nuclei. The 31P{1H}
NMR spectrum showed a singlet at 33.0 ppm with two or
more sets of satellites associated with a multinuclear plati-
num complex. A silicon resonance of 4 at 42.2 ppm in a
1H-29SiHMBCexperiment showed a remarkable downfield
shift as compared to that of the bis(μ-silylene)diplatinum
complexes, which implies that the Pt-Si bonds of 4 have a
character similar to that of a Pt-Si single bond. It was
unclear how 4 could be generated in a toluene solution of 3
in the absence of a zerovalent platinum species. However,

some zerovalent platinum species are likely to be produced,
since the formation of [Pt(dppe)2] was confirmed by the
observation of the characteristic peak at 30.9 ppm (1JPtP=
3727 Hz)15 in the 31P NMR spectrum during the conversion
of 3 to 4.
In summary, a stepwise Si-H and Si-Si bond activation

affords a unique triplatinum complex with two bridging
silylyne ligands in moderate yield through the use of H2Si-
MeSiMe3.
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