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A novel dinuclear palladium complex with one bridging di-
alkylsilylene ligand 6 was synthesized by the reaction of isolable
dialkylsilylene 7 (R2Si:) with two equiv of bis(tricyclohexyl)-
phosphinepalladium (8). Complex 6 as a prototypical dipallada-
silacyclopropane reacts with molecular hydrogen to give dihy-
drosilane 10 (R2SiH2) together with 8 and metallic palladium.

Multinuclear transition-metal complexes with bridging silyl
and/or silylene groups have received much attention because
they show unique structural and bonding properties and would
be key intermediates of transformation of silane mediated by
transition-metal complexes.1 Although various multinuclear
group-10 metal complexes with bridging silyl and/or silylene
units have been extensively studied, there have been few reports
on the corresponding dipalladium complexes. Osakada et al.
have synthesized [LnPd(�-SiH(R)Ph)]2 (1) as the first silyl-
bridged dimeric palladium complexes with three-center-two-
electron Si–H–Pd bond.2 Fürstner et al. and Herrmann et al. have
reported dipalladium complexes with two bridging N-heterocy-
clic silylenes (2–4) that were prepared by the reactions of stable
N-heterocyclic silylenes with palladium(0) complexes.3,4

Suginome, Ito, et al. have synthesized dipalladium complex 5,
in which �-silylene and �-isocyanide ligands coordinate to
the two palladium atoms.5 In the present paper, we report the
synthesis, structure, and an interesting reaction of novel dinu-
clear palladium complex having one bridging silylene unit (6)
using isolable dialkylsilylene 7, which we have recently synthe-
sized as a silylene stabilized kinetically by a bulky 1,1,4,4-
tetrakis(trimethylsilyl)butane-1,4-diyl ligand.6 To the best of
our knowledge, complex 6 is the first mono(�-silylene) dipalla-
dium complex without Pd–H–Si bonding or other bridging li-
gands and, hence, will be useful as a prototypical dipalladasila-
cyclopropane to investigate the electronic structure and reactions
of the ring system (Chart 1).

Complex 6 was synthesized by the treatment of dialkyl-
silylene 7 with bis(tricyclohexylphosphine)palladium (8, 2.1
equiv) in toluene at room temperature (eq 1).7 Recrystallization
from toluene gave analytically pure 6 in 24% yield as air- and
moisture-sensitive dark blue-purple crystals with the decomposi-
tion temperature of 203 �C. The structure of 6 was determined
by NMR spectroscopy, elemental analysis, and X-ray crystallog-
raphy.8,9
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Figure 1 shows the molecular structure of 6 determined by
X-ray analysis. The Pd2 unit is disordered over two positions
with almost the same site occupancy factors [0.486(3) for
Pd1(Pd2) and 0.514(3) for Pd10(Pd20)]. The geometry around
the Si1–Pd1–Pd2 ring and Si1–Pd10–Pd20 ring are similar to each
other. The dialkylsilylene unit bridges over the two palladium
atoms and the silacyclopentane ring is nearly perpendicular to
the SiPd2 three-membered ring; the dihedral angle between
C1–Si1–C4 and Pd1–Si1–Pd2 (Pd10–Si1–Pd20) planes is
91.62� (92.28�). Each palladium atom is coordinated by one
phosphine ligand. The geometry around Pd1 and Pd2 atoms
are slightly different from each other. The Si1–Pd1–P1 angle
is 147.66(8), while Si1–Pd2–P2 angle is 171.15(6). The P1
and P2 atoms are slightly deviated from the central three-mem-
bered ring plane with the dihedral angles Si1–Pd2–Pd1–P1 and
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Chart 1.

Figure 1. Molecular structure of 6. Hydrogen atoms are
omitted for clarity. Thermal ellipsoids are drawn at the 50%
probability level. Two Pd atoms and one cyclohexyl rings are
disordered. The site occupancy factor of Pd1 and Pd10 (and
Pd2 and Pd20) are 0.486(3) and 0.514(3), respectively. Selected
bond lengths (Å) and angles (deg): Si1–Pd1 2.2952(15), Si1–Pd2
2.3019(13), Si1–Pd20 2.3073(12), Si1–Pd10 2.3089(14), Pd1–
Pd2 2.6029(13), Pd10–Pd20 2.5833(13), C1–Si1–C4 96.56(12),
Pd1–Si1–Pd2 68.97(3), Pd20–Si1–Pd10 68.06(3), plane(C1–
Si1–C4)–plane(Pd1–Si1–Pd2) 91.62, plane(C1–Si1–C4)–
plane(Pd10–Si1–Pd20) 92.28.
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Si1–Pd1–Pd2–P2 of �172:59ð18Þ and �169:50ð7Þ�. The sum of
the bond angles around the Pd1 and Pd2 atoms are 359.70(7) and
353.60(7)�, respectively. The Si–Pd distances of 6 (2.2952(15)–
2.3089(14) Å) are significantly shorter than those of known silyl-
and silylene-bridged dipalladium complexes 1–5 (2.318(2)–
2.4543(5) Å for Si–Pd distance, 2.332(2)–2.411(2) Å for dis-
tances of Si–Pd bonds with a 3c-2e Pd–H–Si bond).2–5 The
Pd–Pd distance of 6 (2.5833(13)–2.6029(13) Å) is remarkably
shorter than those of 1–5 (2.6501(2)–2.751(3) Å) and within
the range of known Pd(I)–Pd(I) single bond lengths (2.500–
3.311 Å).10 The Pd–Si–Pd bond angles of 6 are 68.06(3)–
68.97(3)�, which are close to those of 1–5 (Pd–Si–Pd bond
angles: 66.784(10)–71.7(2)�).2–5

All proton nuclei of four trimethylsilyl groups of complex 6
are equivalent to show a singlet signal in the 1HNMR spectrum,
indicating that complex 6 has a highly symmetric or fluxional
structure in solution. The 29SiNMR resonance of the silylene
silicon nucleus of 6 (� 304, t, 2J(Si–P) = 78.5Hz) is upfield-
shifted from the corresponding resonance of 7 (� 567.4) but close
to that of [{Pt(�-SiPh2)(PMe3)}3] complex (� 279.4).11

A plausible mechanism for the formation of 6 is shown in
Scheme 1. The ligand-exchange reaction of dialkylsilylene 7
with Pd0 complex 8 will give initially (dialkylsilylene)(Cy3P)Pd
complex 9, which then reacts with another molecule of 8 to
form complex 6. The intermediary formation of complex 9
was confirmed by NMR spectroscopy.12

Complex 6 reacts slowly with an excess amount of molecu-
lar hydrogen under atmospheric pressure in benzene-d6 to give
dialkylsilane 1013 in 85% yield (eq 2). Because no reaction oc-
curs between silylene 7 with molecular hydrogen under similar
conditions, the hydrogenation should occur on the palladium
metals of complex 6. A possible mechanism involves the oxida-
tive addition of hydrogen molecule to one of the palladium
atoms followed by 1,2-hydride migration from palladium to
silicon.
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Scheme 1. A stepwise formation of 6 from 7.
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