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Summary: New p-phenylene- and p-biphenylene-bridged
germanocenes have been synthesized and characterized.
An X-ray crystal structure reveals a bent-sandwich
system. Their reactions with o-quinone and ferrocenium
salt are reported.

Group 14 metallocenes, their structures,!? their re-
activity, and, more recently, their catalytically active
properties® have been extensively investigated; linked
group 14 metallocenes are unknown. We describe here
the preparation of the first p-phenylene- and p-biphen-
ylene-bridged germanocenes; these can be considered as
the germanium analogues of linked ferrocenes, which
are well-known for their electrical, magnetic, and optical
properties.*

Reaction of 2 equiv of Cp*GeClI® with the dilithium
salts of 1% in THF at —78 °C, followed by warming to
room temperature, produced the corresponding com-
plexes 2a—c in good yield (eq 1).
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2a: R=H, n=1 (60% yield)
2b: R=CHgz, n=1 (84% vyield)
2c¢: R=CHg, n=2 (92% vyield)

The digermanocene 2a was isolated as yellow crystals
from THF at —30 °C, whereas 2b,c generally were
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obtained as pale yellow powders. All are very air-
sensitive and must be stored at low temperature. In
solution, 2a decomposes rapidly to give the symmetrical
species Cp*,Ge.” The permethyl compounds 2b,c are the
most stable within the series and slowly decompose only
after 2 days in CHCI; solutions.

The H and 3C NMR spectra® of 2 show equivalent
methyl groups and ring carbon atoms for the CsMes
ligands, in accord with rapidly rotating pentamethyl-
cyclopentadienyl rings.1»® For the same reason, only two
signals due to the two nonequivalent pairs of methyl
groups are observed for the CsMe4 moiety. In the EI and
Cl (CH4) mass spectra the molecular ions were not
observed. Fragmentate gave the spacer 1 and the
[MesCsGe]* fragment. Similar observations were re-
ported previously in the case of decamethylgermano-
cene,b7 for which the highest mass observed (m/z 209)
corresponded to the [MesCsGe]™ cation.

The solid-state structure of 2a has been investigated
by X-ray crystallography!© (Figure 1). Because of the
poor quality of the crystals, the presence of a twinned
system, and disorder problems, a detailed discussion of
the structure is not possible; however, the atom con-
nectivity is clear. Compound 2a has a bent structure
with an angle between the cyclopentadienyl planes of
about 40°. The deviation from a classical metallocene
structure of the Dsq or Dsy type is more similar to that
observed in germanocene!! (angle 50.4°) than in the
decamethylgermanocene?? (angle 22°). The germanium
atoms do not reside between the cyclopentadienyl ring
centers but are slightly displaced toward the carbon
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Figure 1. Crystal structure of the digermanocene 2a.

atoms C(5), C(11), and C(12). The Ge—C centroid
distances are different according to the cyclopentadienyl
plane, about 2.1 A for CsMes and about 2.3 A for CsH,-
Me,, indicating a greater interaction between the ger-
manium atom and the pentamethylcyclopentadienyl
ring. The tricyclic bridging system is almost planar. The
two Cp*Ge moieties are coordinated to opposite faces
of the bridging spacer, as was generally observed in
linked metallocenes.* %2

To investigate if these linked germanocenes show the
typical reactivity of divalent Ge species, a cycloaddition
reaction with quinone was tried.’® The addition of a
stoichiometric quantity of 3,5-di-tert-butylorthoquinone
to 2b,c at room temperature in THF gave the corre-
sponding cycloadducts 3b,c, which were isolated in good
yield4 (eq 2).

In contrast, only the formation of spiro compound 413
(43% yield) was obtained from the less sterically hin-
dered digermanocene 2a (eq 3). This probably is a result
of a redistribution of the transient cycloadduct, as has
been often observed in the case of halogenated ger-
mylenes.13

The cycloaddition mechanism of such reactions im-
plies a single electron transfer between the germylene
and the quinone in the first step.1® To test the ability of
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the digermanocenes to undergo single electron transfer,
the transfer reaction with a ferrocenium salt was
performed. Treatment of 2 with [CpaFe, BF4] in CH»-
Cl; at 20 °C gave the well-known ionic species 6,16 which
was easily isolated by precipitation from diethyl ether
(eq 4).

2a, b, ¢ + CpoFeBFa (4)

- CpoFe

- R, 2 .
S @ R JBF4
R R

1a, b, ¢ +Cp'GeBF,
6

The presence of CpyFe, due to the reduction of the
CpzFe™ species, confirms the electron-donating charac-
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ter of such digermanocenes. The transient radical ion
5 is unstable and probably loses the diradical spacer,
giving the ligand 1 by abstraction of a hydrogen atom
from the solvent. These results complement those
obtained by mass spectrometry and confirm the poor
stability of the cationic species 5. Moreover, the observed
Ge—C bond cleavage between the spacer and the metal
and the formation of Cp*GeBF, is in agreement with
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the greater interaction between the germanium atom
and the pentamethylcyclopentadienyl ring, as revealed
by the X-ray study.

Further studies are in progress on the preparation of
analogous tin species as well as on their reactivity and
application.

Supporting Information Available: Text giving experi-
mental details on the preparation of 2a—c and their reactions
with 3,5-di-tert-butyl-o-quinone and the ferrocenium salt and
tables and figures giving details of the X-ray structure deter-
mination, atomic coordinates, and bond distances and angles
for 2a. This material is available free of charge via the Internet
at http://pubs.acs.org.
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