
The reaction of [MoH4(Ph2PCH2CH2PPh2)2] with PhGeH3
or Ph2GeH2 resulted in the formation of a novel molybdenum–
germyl complex [MoH3{[Ph2PCH2CH2P(Ph)C6H4-o]2(Ph)Ge-
P,P,P,P,Ge}] (4) with a quinquidentate ligand comprised of a
P~P~Ge~P~P framework, where activation of Ge–H bonds, two
C–H bonds, and, in the case of Ph2GeH2, a Ge–C bond took
place concurrently.

Compounds which contain an inter-element linkage of
M–E (M = transition metals; E = Group 14 elements) are highly
important as active species in catalytic addition of the linkage
to unsaturated organic substrates.  Especially, transition-metal
silyl chemistry has grown immensely over the past two
decades.  However, much less studies have been carried out on
the chemistry related to its higher homologue germanium.1

Here we report the synthesis of a novel molybdenum–germyl
complex having a Mo–Ge bond.  In previous papers, we report-
ed the unexpected formation of a novel complex,
[MoH3{[Ph2PCH2CH2P(Ph)C6H4-o]2(Ph)Si–P,P,P,P,Si}] (1),
which is obtained by the thermal reaction of [MoH4(dppe)2] (2)
with PhSiH3.

2 Complex 1 represents the first example of the
concomitant activation of Si–H bonds and two C–H bonds of
the ortho positions of the phenyl groups in the dppe ligand giv-
ing rise to the formation of a quinquidentate ligand which con-
sists of a P~P~Si~P~P girdle.  A series of new complexes with
this quinquidentate ligand has been synthesized from 1.  For
example, 1 reacted with further mole of PhSiH3 to afford a
novel complex [MoH2{[Ph2PCH2CH2P(Ph)C6H4-o]2(Ph)Si-
P,P,P,P,Si}(SiH2Ph)] (3).  Whereas reaction of 1 with elec-
trophilic dioxygen or dialkyl malonate yielded a peroxo type
η2-O2 complex3 or η1-O-enolato type complex, 4 respectively. 

We thought that our methodology described above is also
applicable to the synthesis of a molybdenum–germyl complex.
Hence, we examined the reaction of 2 with PhGeH3 in toluene
under reflux and found that in fact it proceeded in a similar man-
ner as in the case of PhSiH3 giving [MoH3{[Ph2PCH2C-
H2P(Ph)C6H4-o]2(Ph)Ge-P,P,P,P,Ge}] (4),5 the germanium con-
gener of 1, in 60% yield (Scheme 1): the reaction involving
Ge–H oxidative addition and C–H activation took place,
although PhGeH3 was less reactive than PhSiH3 and the reaction
went to completion only after a long period of heating (6 h).

Noteworthy is the reaction of 2 with secondary Ph2GeH2,
which resulted in the formation of 4 (85%) and this reaction
proceeded with accompanying evolution of one mole of ben-
zene.  The result is quite contrast to that found in the similar
reaction employing Ph2SiH2: the only isolated product being the
trihydrido complex 5 (Scheme 1) with a tridentate ligand
Si~P~P.3 The reaction between 2 and Ph2GeH2 was found to be
very sensitive to the reaction temperatures.  At temperatures of

100 to 105 °C, the intermediary 66 with a tridentate ligand,
which is analogous to the silyl complex 5, was formed (96%).
The complex 6 was converted easily into 4 by heating the for-
mer in toluene at 110 °C in 13% yield. 

In order to obtain some insights into the mechanism of the
formation of 4 from 6, we attempted the reaction of 2 with
(C6D5)2GeH2 at 110 °C under argon. GC–MS analysis of the
volatile product showed a peak at m/z = 83, which was ascribed
to the pentadeuterated benzene, C6D5H, suggesting a cleavage
of the Ge–C(Ph) bond (Scheme 2).  This α-elimination reaction
of 2 with Ph2GeH2 is proposed to occur via intervention of the
germylene intermediate.  The silyl complex 5 was found to be
stable to prolonged heating in toluene and the similar transfor-
mation into 1 did not take place.  It is quite difficult to rational-
ize these differences in the reactivity between the germane and
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the silane because the strengths of chemical bonds in Ge–C(Ph)
and Si–C(Ph) are similar.7 In organogermanium compounds,
intramolecular coordination between a germanium atom and a
substituent (halogen, O–, S–, etc.) in the α-position to the ger-
manium has been known to favor a homolytic cleavage of the
germanium–carbon bond.8 The Mo(dπ)—GeC(Ph)(σ*) interac-
tion might have induced a weakening of the Ge–C bond.  In the
case of silyl–molybdenum complex 5 we may suppose that such
interaction between d-electrons is weak since the Si–C(σ*)
orbital lies much higher in energy than the Ge–C(σ*) orbital. 

The 1H NMR spectrum of 4 showed the multiplet signals
between −3.7 and −4.6 ppm assignable to Mo–H protons, which
were analyzed as a set of a broad triplet at −3.9 ppm with
apparent coupling constant of 48 Hz and a broad quintet at −4.4
ppm with J = 29 Hz with the integration ratio 1:2.  These results
are quite similar to those of the silyl complex 1.2

The structure of 4 was confirmed by single crystal X-ray
diffraction technique.9 The complex 4 contains bonds between
the germanium and the ortho carbons of the phenyl groups in
the dppe ligand constructing a quinquidentate ligand, which is
entirely analogous to that of 1.  The structure can be compared
and contrasted with that of the above-mentioned disilyl com-
plex 3.  The Mo–Ge bond distance is 2.587(2) Å, which is a lit-
tle longer than that of the Mo–Si bond in 3 by ca. 0.03 Å.  On
the other hand, the mean Mo–P distance of 2.44 Å in 4 is a little
shorter than that found in 3 (2.47 Å).  The Ge–C1 bond distance
of 2.03(2) Å is longer than that of Si–C(Ph) in 3 (1.90 Å),
reflecting a difference in their covalent radii (Ge = 1.23 and Si
= 1.17 Å).  The total of the bond angles P1–Mo1–P2,
P2–Mo1–P3, P3–Mo1–P4, and P4–Mo1–P1, is 362.2°, which
confirms the planarity of P–P–Mo–P–P moiety.
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