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ABSTRACT: Reactions of tetraethyldilithiostannole 1
with [Cp*RuCl]4 afforded not η5-stannole dianion
complexes but two novel bis(stannylene)-bridged dinu-
clear ruthenium complexes, which have butterfly and
inverse-sandwich structures, respectively, depending on
the stoichiometry of [Cp*RuCl]4 toward dilithiostannole.
The redox behavior between the two complexes is found
to be reversible. The molecular structures were determined
by X-ray diffraction analysis. The Ru−Ru bond of the
butterfly complex is 2.3428(6) Å, which is the shortest
among those of dinuclear ruthenium complexes having Cp
or Cp*Ru units. Theoretical calculations revealed that the
very short Ru−Ru bond is due to the presence of one σ
bond between the ruthenium atoms and two three-
centered bonds delocalized over the two Ru2Sn rings.

Heavier congeners of the cyclopentadienyl anion have
received much attention in view of their aromaticity.1

Dianion equivalents of what are called metalloles, such as
silole,2 germole,3 and stannole,4 synthesized in the last 2
decades, are concluded to be aromatic based on the structural
analysis and theoretical calculations. In parallel to such
synthetic approaches, systematic theoretical calculations to
understand their aromaticity are also published.5 Very recently,
our group has reported that even substituting a lead atom for an
aromatic-ring carbon atom does not disrupt aromatic
character.6 One of the next challenges in this field is application
of these heavier cyclopentaidienyl anions as novel ligands for
transition-metal complexes. From this point of view, several
transition-metal complexes coordinated by heavier cyclo-
pentadienyl ligands in a η5 fashion have already been reported7

that were synthesized by reactions of monoanion equivalents of
metalloles with transition-metal reagents. Reactions of the
corresponding dianion equivalents with transition metals are
therefore the most straightforward to synthesize η5-metallole
dianion complexes. However, such reactions have not been
reported thus far, even though Dysard and Tilley succeeded in
the unexpected synthesis of a η5-germole dianion complex from
a monoanion equivalent.7d We therefore examined reactions of
a dianion equivalent of stannole, dilithiostannole 1, with
[Cp*RuCl]4 (Cp* = η5-C5Me5).

8

After the addition of diethyl ether to a mixture of
tetraethyldilithiostannole 14b and [Cp*RuCl]4 (0.5 equiv),
the color of the solution changed from yellow brown to dark

brown via deep blue during the first few minutes (Scheme 1). A
1H NMR spectrum of the crude product revealed the
quantitative formation of a novel compound, and not a η5-
stannole dianion complex but Cp*Ru(μ-SnC4Et4)2RuCp* (2)
was isolated as air- and moisture-sensitive dark-brown crystals
in 13% yield.9 To investigate the mechanism for the formation
of 2, the reaction of 1 with 0.2 equiv of [Cp*RuCl]4 was
examined (Scheme 1). In this reaction, the deep-blue color
intermediately observed in the former reaction did not change
even after stirring for 1 h, and [Li(Et2O)]2[Cp*Ru(μ-
SnC4Et4)2RuCp*] (3) was isolated as air- and moisture-
sensitive dark-blue crystals in 80% yield.9 Compound 3 is of
interest as a rare example of compounds with Ru−Li bonds.10 It
is noted that the reaction of 3 with [Cp*RuCl]4 or O2 resulted
in the clean formation of 2, indicating that complex 3 is
oxidized to complex 2 by ruthenium(II) in the reaction of 1
with [Cp*RuCl]4. On the other hand, reduction of 2 with
lithium afforded 3 quantitatively. It is therefore concluded that
the redox behavior between complex 2 and 3 is reversible.
The molecular structures of 2 and 3 were finally determined

by X-ray diffraction analyses, as shown in Figures 1 and 2,
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Scheme 1. Reactions of Dilithiostannole 1 with [Cp*RuCl]4
and a Reversible Redox Reaction between Complexes 2 and
3
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respectively.11 The bicyclic four-membered ring of 2 has a
butterfly structure with a small dihedral angle of 112.80(2)°.
According to the EAN rule, the Ru−Ru bond in complex 2
should have triple-bond character. In fact, the Ru−Ru bond
length of 2 is 2.3428(6) Å, which is remarkably shorter than
those of silylene-bridged dinuclear ruthenium complexes with
Ru−Ru triple bonds [2.4686(5) and 2.4492(9) Å].12 To the
best of our knowledge, the Ru−Ru bond of 2 is the shortest
among those of complexes with Cp or Cp*Ru units.
Although two independent half-moieties of the molecule

were found in a unit cell of 3, these two molecules have quite
similar structures, and only one is therefore discussed here. In
contrast to the butterfly structure of 2, the Ru2Sn2 bicyclic four-
membered ring of 3 is planar. Each lithium atom is coordinated
by a diethyl ether molecule and the four-membered ring in η1

and η4 fashion, respectively. Although organic rings sandwiched
by alkali metals are commonly reported,13 inorganic rings
containing transition metals with such inverse-sandwich
structures are quite rare.14 According to the EAN rule, the
Ru−Ru bond in 3 should have double-bond character.
However, the Ru−Ru bond length of 3 is 2.7916(6) Å, which
is slightly longer than the upper limit for the RuRu double
bond length (2.257−2.767 Å).15 The Ru−Sn bond lengths of 3
[2.5781(4) and 2.5945(9) Å] lie in the shortest range of

reported Ru−SnII bond lengths (2.574−2.721 Å).16 The Ru−Li
bond lengths of 3 are 2.696(7) and 2.811(7) Å, comparable to
those of compounds bearing Ru−Li bonds [2.777(5) and
2.837(5) Å].10 The Sn−Li distances of 3 [3.209(7) and
3.234(7) Å] are slightly longer than the longest Sn−Li bond
[3.141(7) Å] that was ever reported17 but are much shorter
than the sum of their van der Waals radii (3.87 Å).18

In the 13C NMR spectrum of 2, the four Et groups and the
four skeletal carbon atoms of the stannole ring inequivalently
resonated. The 1H NMR signal of the Cp* groups in 3 was
observed at 2.08 ppm, which is in a field lower than those of
[Cp*RuCl]4 (1.56 ppm)

8 and 2 (1.70 ppm). In the 119Sn NMR
spectrum of 2 and 3, signals were observed at 859.0 and 735.4
ppm, respectively, which indicates considerable stannylene
character of the tin atoms in both 2 and 3.19 The 7Li nucleus of
3 resonated at 4.2 ppm, which is in a field much lower than that
of 1 (−5.2 ppm)4b and is even lower than those of compounds
bearing Ru−Li bonds (−14.8510a and −1.410b ppm).
To understand the very short Ru−Ru bond in the butterfly

complex 2, theoretical calculations were performed using the
GAUSSIAN 03 program.9,20 The optimized geometry of 2 is in
good agreement with the X-ray measured structure [Ru−Ru =
2.363 Å (calcd) vs 2.343 Å (X-ray)]. According to the localized
molecular orbital analysis, one σ bond is formed between the
ruthenium atoms, which may be regarded as a banana bond
(Figure 3). In addition, two three-centered bonds are
delocalized over each of the Ru2Sn three-membered rings
(Figure 4), which also contribute to Ru−Ru bonding.

In summary, novel bis(stannylene)-bridged dinuclear ruthe-
nium complex 2 and its dianion equivalent 3 were synthesized
by reactions of dilithiostannole 1 with [Cp*RuCl]4. This result
is of considerable interest in terms of its sharp contrast to
reactions of lithiometalloles with transition-metal reagents to
afford η5-metallole complexes. The dilithium complex 3 was
oxidized by [Cp*RuCl]4 and O2 to give complex 2, while
reduction of 2 with lithium provided 3, and the redox system
between the two complexes is therefore reversible. The very
short Ru−Ru bond of 2 is derived from one σ bond between
the ruthenium atoms and two three-centered bonds delocalized
over the Ru2Sn three-membered rings.

Figure 1. Molecular structure of 2 (30% probability). All hydrogen
atoms are omitted for clarity. Selected bond lengths [Å]: Ru(1)−
Ru(2), 2.3428(6); Ru(1)−Sn(1), 2.6162(6); Sn(1)−Ru(2),
2.5903(6); Ru(2)−Sn(2), 2.6092(6); Sn(2)−Ru(1), 2.6096(6).

Figure 2. Molecular structure of one of the two independent
molecules of 3 (30% probability). All hydrogen atoms and diethyl
ether molecules are omitted for clarity. Selected bond lengths [Å]:
Ru(1)−Ru(1)#, 2.7919(6); Ru(1)−Sn(1), 2.5781(4); Sn(1)−Ru(1)#,
2.5949(5); Ru(1)−Li(1), 2.696(7); Ru(1)−Li(1)#, 2.811(7); Sn(1)−
Li(1), 3.234(7); Sn(1)−Li(1)#, 3.209(7).

Figure 3. Ru−Ru σ bond (left, top view; right, side view).

Figure 4. One of the two three-centered bonds delocalized over the
Ru2Sn three-membered rings.
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