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Summary: The platinum silyl-substituted η2-disilene
complex (Me3P)2Pt[Si(SiMe2(t-Bu))2]2 (4) was synthesized
by the reaction of cis-(Me3P)2PtCl2 (5) with 1,2-di-
lithiotetrakis(tert-butyldimethylsilyl)disilane (6) in THF
at -50 °C for 3 h. The X-ray structural analysis revealed
that 4 can be regarded as a metalladisilacyclopropane
with very weak π-complex character.

Although a variety of isolable silicon-silicon doubly
bonded compounds (disilenes) have been extensively
studied,1 there have been very few reports on the
synthesis and properties of transition-metal complexes
with η2-disilene ligands.2-4 Among the isolated mono-
nuclear η2-disilene complexes 1,2b-d, 2,3 and 33c (Chart
1), only the structure of 2 has been determined by X-ray
crystallography.3a

According to the Dewar-Chatt-Duncanson model,5
the bonding nature of an olefin transition-metal complex
is described by the synergistic σ-bonding and π-back-
bonding interactions using olefinic π-type and metal d
orbitals. In a resonance formulation, the structure is
depicted as a combination of two resonance hybrids: a
π-complex and a metallacyclopropane (Scheme 1), while
the relative importance of the two structures depends
on the electronic nature of the metal and the olefin.6 In
this context, it is an interesting issue to elucidate the
bonding of a variety of η2-disilene metal complexes. We
report here the synthesis of the novel platinum η2-

disilene complex 4 and its structure as determined by
X-ray crystallography. The structural parameters around
the disilene moiety in 4 compared with those of the
corresponding disilene have shown that 4 is better
described as a metalladisilacyclopropane rather than as
a π-complex. This is in good accord with the theoretical
prediction.7,8

The platinum η2-disilene complex 4 was synthesized
by the reaction of cis-(Me3P)2PtCl2 (5; 0.20 g, 0.42 mmol)
with 1,2-dilithiotetrakis(tert-butyldimethylsilyl)disilane
(6;9 0.46 g, 0.87 mmol) in THF at -50 °C for 3 h, as
shown in eq 1. Disilane 6 was prepared as a white

powder by the reduction of the corresponding disilene
with lithium metal. The solvent was replaced by toluene,
and the resulting precipitate (LiCl) was filtered. Remov-
ing the solvent and then washing the solid residue with
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hexane gave 4 as a yellow solid in 46% yield.10 An
analogous strategy was used by Castel et al. to synthe-
size the platinum digermene complex (Et3P)2Pt(Ph2-
GeGePh2).11 Complex 4 was very stable to air and
moisture in the solid state as well as in solution at room
temperature.

Recrystallization of 4 from a 1:1 mixture of toluene
and hexane at -15 °C afforded yellow prisms suitable
for a single-crystal X-ray diffraction study. The molec-
ular structure of 4 is shown in Figure 1 with selected
bond lengths and angles.12 The molecule has a crystal-
lographic 2-fold axis through the platinum atom that
bisects the Si1-Si1* bond and adopts a highly distorted
square-planar geometry around the platinum atom with
a dihedral angle of 33.6° between the Pt-Si1-Si1* and
Pt-P-P* planes, probably because of steric repulsion
between the bulky trialkylsilyl substituents and
the phosphine ligands.13 The Pt-Si bond length of
2.4317(8) Å is within the reported single-bond distances
(2.255-2.444 Å), but at the longer end,14 while the Pt-P
bond distance of 2.2924(9) Å is rather shorter than those

in related platinum bis(silyl) complexes, implying a
slightly weaker trans influence of the [Si(SiMe2(t-Bu))2]2
ligand in 4 than that of other silyl groups; the Pt-P
bond lengths are 2.3701(9) Å for cis-(PhMe2P)2Pt(SiMe2-
Ph)2

15 and 2.362(3) and 2.374(3) Å for cis-(Et3P)2Pt-
(SiPh2H)2.16

The Si1-Si1* bond length in 4 is 2.321(2) Å, which
is between the known values for Si-Si single bonds
(2.335-2.697 Å)17a and Si-Si double bonds (2.14-2.229
Å)1j,17b but rather close to the shortest limit of the single
bond. The Si1-Si1* distance in 4 is lengthened by 0.119
Å from that of the corresponding free disilene (t-BuMe2-
Si)2SidSi(SiMe2(t-Bu))2 (7; 2.202(1) Å).18 The lengthen-
ing of the Si-Si distance (∆l/l)19 in 4 is 5.4%, which is
similar to that for the tungsten complex 23a (5.8%), if
the Si-Si distance in Me2SidSiMe2 is taken to be 2.129
Å as calculated at the HF/6-31G* level.23

The total of the three Si-Si1-Si bond angles is
351.5°, which is comparable to 348.3° observed in
tungsten complex 2.3a The bend angle (R) defined by the
angle between the Si2-Si1-Si3 plane and the plane
through the Si1-Si1* bond and perpendicular to the
Pt-Si1-Si1* plane in 4 is 29.3°, which is comparable
to that in 2 (R ) 30.2°).3a These structural parameters
are in good accord with those obtained by ab initio MO
calculations for the model platinum η2-disilene complex
(H3P)2Pt(Si2H4),7,8,24 and hence, complex 4 is character-
ized to be a metalladisilacyclopropane.25

The NMR spectral features of 4 in benzene-d6 are in
good accord with the structure in the solid state. The
29Si{1H} signals for Si1 and Si1* appear at -79.7 ppm
with a doublet of doublets pattern due to the coupling
with two 31P nuclei, accompanied by satellites due to a
195Pt nucleus. The 29Si chemical shift is markedly
upfield from that of the free disilene 7 (142.1 ppm),18

in accordance with the previous observation for the η2-
disilene complex 1e.2b The 1JPt,Si value in 4 (494 Hz) is
significantly smaller compared to those of platinum cis-
bis(silyl) complexes such as (dppe)Pt(SiH2SiMe3)2 (dppe
) Ph2PCH2CH2PPh2) (997 Hz) and cis-(Me3P)2Pt[SiH-
(SiMe2(t-Bu))2]2 (737 Hz).26 However, the small 1JPt,Si
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Figure 1. ORTEP drawing of the η2-disilene platinum
complex 4, showing 50% thermal ellipsoids. Hydrogen
atoms are omitted for clarity. Selected bond lengths (Å) and
angles (deg): Pt-Si1, 2.4317(8); Si1-Si1*, 2.321(2);
Pt-P, 2.2924(9); Si1-Si2, 2.403(1); Si1-Si3, 2.378(1); Si1-
Pt-Si1*, 57.01(4); Pt-Si1-Si1*, 61.49(2); P1-Pt-P1*,
99.17(5).
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value may not be an indication of the π-complex
character of 4, because 1JSi,H values in (Me3Si)nMe3-nSiH
(n ) 1-3) decrease linearly with increasing n;27 as an
extrapolation of the linear dependence of 1JPt,Si values
in cis-(R′3P)2Pt[SiH3-n(SiR3)n]2 type compounds on n, the
1JPt,Si value for the cis-(R′3P)2Pt[Si(SiR3)3]2 type complex
is estimated to be ca. 500 Hz, in good accord with the
observed value for 4.

In conclusion, the η2-disilene platinum complex 4 has
been well characterized as a metalladisilacyclopropane
with very weak π-complex character. The extent of the

metalladisilacyclopropane character in 4 is suggested
to be similar to that in the η2-disilene tungsten complex
2,3a on the basis of their ∆l/l values and the bent angles
of the disilene moiety (R). Further work is in progress.
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