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Summary: The reaction of diphenylgermane (Ph2GeH2)
with (Ph3P)2Pt(η2-C2H4) provided both mononuclear
(Ph3P)2Pt(H)(GePh2H) and dinuclear [(Ph3P)Pt(µ-η2-H-
GePh2)]2 complexes. The structure of the dinuclear
complex was determined by X-ray crystallography. The
dinuclear complex could also be obtained from an
unusual exchange reaction involving the unsymmetrical
dinuclear complex [(Ph3P)2(H)Pt(µ-SiR2)(µ-η2-H-SiR2)-
Pt(PPh3)] (SiR2 ) SiC20H24) with Ph2GeH2.

The activation of group 14 element-hydrogen bonds
by a transition metal has received considerable atten-
tion in the last two decades.1 However, most of the focus
has been on reactions of Si-H bonds2 and to a much
lesser extent with the heavier El-H bonds (El ) Ge,
Sn, Pb). Of special interest are the interactions of El-H
bonds with late transition metals such as Pt and Pd due
to their involvement in catalytic processes such as
addition of El-H to multiple bonds,1d,i,3 dehydrocou-
pling,1f-h,j and redistribution reactions at the group 14
element center.4 Future development of the chemistry
of El-TM (TM ) transition metal) containing complexes
and materials requires a better understanding of how
complexes are formed and their reactivity patterns.

Our current efforts are focused on the activation of
El-H bonds (El ) Si, Ge, Sn) with Pt(0) and Pt(II)
phosphine complexes. There are a limited number of
published examples of Ge-H bond activation reactions
with group 10 transition metal complexes compared to
those of the analogous Si-H bonds, and the majority of

these have focused on tertiary systems, R3GeH, where
R ) Ph or Me.5-7 To the best of our knowledge, there
are no known reports of Ge-H bond activations utilizing
secondary hydrogermanes with Pt(0) or Pt(II) com-
plexes. A number of complexes containing Pt-Ge bonds
have been prepared by either salt-elimination reactions8,9c

or activation of other Ge-X bonds9-11 by the metal
center, but the Ge-H bond activation route should
provide a more versatile method for the formation of
Pt-Ge bonds due to the availability of suitable precur-
sors to the requisite hydrogermanes. Herein, we report
the preparation and characterization of both mono-
nuclear and dinuclear platinum complexes containing
Ge-Pt bonds. The dinuclear complex exhibits a non-
classical Pt‚‚‚H‚‚‚Ge interaction that was confirmed by
NMR spectroscopy and X-ray crystallography.
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Reaction of diphenylgermane, Ph2GeH2 (1), with the
Pt(0) complex (Ph3P)2Pt(η2-C2H4) (2) at room tempera-
ture in toluene-d8 followed by immediate addition of
pentane provided the mononuclear complex (Ph3P)2Pt-
(H)(GePh2H) (3) in 48% yield as a light yellow solid
(Scheme 1).12 Complex 3 was characterized by multi-
nuclear NMR, IR, and elemental analysis.13 The analo-
gous silicon complex, (Ph3P)2Pt(H)(SiPh2H), was re-
ported previously, but limited spectroscopic data were
provided.14

The 1H NMR spectrum of 3 exhibited two key hydride
resonances for the Ge-H and Pt-H sites. The high-
frequency multiplet observed at 3.9 ppm was assigned
to the Ge-H resonance and the low-frequency signal
at -2.9 ppm to the terminal Pt-H unit, both resonances
showing coupling to Pt and P.12 The 31P{1H} NMR
spectrum for 3 revealed two different peaks for the
inequivalent phosphine sites at 31 and 32 ppm, both
with one set of Pt satellites.12 There are a limited
number of Pt-germyl complexes with a general structure
analogous to 3.15 The related triphenylgermyl-platinum
complex (Ph3P)2Pt(H)(GePh3) was reported from an
unexpected reaction of (Ph3P)2Pt(η2-C2H4) with 2-triph-
enylgermyl-(4-tert-butylcatecholato)borane (31P NMR
data were comparable to those for complex 39d).

After approximately 1 h when the reaction of 1 and 2
was performed at room temperature in toluene solution
without the subsequent addition of pentane, the forma-
tion of a light yellow crystalline solid was observed (63%
yield). The 1H and 31P{1H} NMR spectra obtained for
the crystalline solid in CD2Cl2 indicated that the product
was the symmetrical dinuclear complex [(Ph3P)Pt(µ-η2-
H-GePh2)]2 (4) (Scheme 1).16

Immediately after mixing 1 and 2 at low temperature,
the reaction was monitored by 1H and 31P{1H} NMR at

-50 °C.17 The 1H and 31P{1H} NMR spectra showed the
formation of the mononuclear complex 3, and the
resonances match those of 3 described previously. Upon
warming the solution to room temperature over a period
of 2 h, precipitation of the dinuclear complex 4 oc-
curred.18

The 1H NMR spectrum for 4 obtained at room tem-
perature in CD2Cl2 displayed a resonance at 0.5 ppm
with two sets of Pt satellites assigned to the Pt‚‚‚H‚‚‚
Ge hydride. The 31P{1H} NMR spectrum for 4 exhibited
a symmetrical resonance pattern centered at 33.5 ppm
with two sets of Pt satellites, indicative of an AA′XX′
spin system (Figure 1). The 31P resonance pattern and
coupling constants for 4 are similar to those found in
related dinuclear complexes [(Ph3P)Pt(µ-η2-H-SiArH)]2
previously prepared by our group.19

There are several reports of the preparation and
characterization of symmetrical dinuclear platinum
complexes containing (µ-η2-H-SiR2) ligands. The silicon
complex [(Ph3P)Pt(µ-η2-H-SiPh2)]2 analogous to 4 was
reported in 1980 by Stone et al. from the reaction of
(Ph3P)Pt(η2-C2H4)2 with Ph2SiH2, but the complex was
reported to be unstable and insoluble; thus only partial
characterization data were provided. However, several
other complexes with different phosphine ligands and
either (µ-η2-H-SiMe2) or (µ-η2-H-SiPh2) groups were
prepared by the same synthetic method, and the X-ray
crystal structure of [(Cy3P)Pt(µ-η2-H-SiMe2)]2 was re-
ported.20 More recently, we prepared a number of
related symmetrical dinuclear complexes, [(Ph3P)Pt(µ-
η2-H-SiArH)]2, from reaction of (Ph3P)2Pt(η2-C2H4) with
sterically hindered primary arylsilanes (ArSiH3), and
the structures of three of the complexes were confirmed
by X-ray crystallography.19 Osakada et al. have pre-
pared similar complexes with Pd as well as mixed Pt-
Pd dinuclear complexes containing (µ-η2-silane) ligands.21
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Scheme 1

Figure 1. 31P{1H} NMR spectrum (202 MHz, CD2Cl2, 223
K) of [(Ph3P)Pt(µ-η2-H-GePh2)]2 (4).
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complexes have also been studied using density func-
tional theory and molecular orbital calculations.22 It is
expected that the symmetrical dinuclear germanium
complexes similar to 4 will have structural properties
similar to the related silicon systems. The properties
and reactivity of bimetallic complexes containing bridg-
ing group 14 centers are of significant interest.23

Part of our current objective is the development of
additional routes to Ge-TM and Sn-TM complexes.
One possible pathway involves the exchange of Si for
Ge in a preformed multinuclear complex. When the
unsymmetrical dinuclear complex containing silicon
bridging groups, [(Ph3P)2(H)Pt(µ-SiC20H24)(µ-η2-H-
SiC20H24)Pt(PPh3)] (5),24 was reacted with 1 equiv of
Ph2GeH2 in C7D8, formation of the symmetrical di-
nuclear complex 4 containing (µ-η2-H-GePh2) ligands
that replaced the silicon units was obtained in 26% yield
(eq 1).25 Exchange reactions involving mononuclear Pt-
silyl groups with hydrogermanes or hydrostannanes
were reported over thirty years ago,26 but the reaction
shown in eq 1 is the first example involving a dinuclear
precursor.

X-ray quality, light yellow crystals of 4 (as a C7D8
solvate) were obtained from the room-temperature NMR
reaction between 5 and 1 equiv of Ph2GeH2.27 To the
best of our knowledge, no other dinuclear platinum
phosphine complexes containing germanium ligands
have been structurally characterized by X-ray crystal-
lography, as determined from a search of the Cambridge
Structural Database. The molecular structure of 4 is
shown in Figure 2 along with selected bond distances
and angles.28

A prominent feature observed in the X-ray crystal
structure of 4 is the presence of two significantly

different Pt-Ge bonds (2.38 vs 2.47 Å). The longer Pt-
Ge distance is associated with the nonclassical
Pt‚‚‚H‚‚‚Ge interaction, whereas the shorter distance is
on the smaller end of the range for typical single Pt-
Ge bond lengths.9d,29 The PPh3 ligands bend away from
the region of the Pt‚‚‚H‚‚‚Ge 3c-2e interaction, resulting
in a nonlinear P-Pt-Pt angle (∼165°), as is also
observed in related P2Pt2Si2 systems.19-21 The central
core containing the Pt, Ge, P, and H atoms is planar.
The two symmetry-related hydride ligands were located
and refined, and their presence was confirmed by 1H
NMR spectroscopy. The bond distance to the bridging
nonclassical hydride was found to be 1.90 and 1.76 Å
for Pt-H and Ge-H, respectively, indicating that the
hydride is located closer to the Ge center than the Pt
center.

The reactivity of other secondary germanes and
stannanes with Pt(0) and Pt(II) phosphine complexes
is being investigated. The potential catalytic activity of
dinuclear complexes containing the heavier group 14
containing ligands is also under investigation.
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Figure 2. Molecular structure of [(Ph3P)Pt(µ-η2-H-GePh2)]2
(4). Selected bond distances (Å) and angle (deg): Pt(1)-
Pt(#1) 2.7452(3), Pt(1)-P(1) 2.2380(9), Pt(1)-Ge(1) 2.4785(4),
Pt(1)-Ge(#1) 2.3821(4), Pt(1)-H(11A) 1.90(7), Ge(1)-
H(11A) 1.76(7). P(1)-Pt(1)-Pt(#1) 165.07(3), Ge(#1)-Pt(1)-
Ge(1) 111.256(12), Pt(#1)-Ge(1)-Pt(1) 68.743(12).
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