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The reaction of the silver complexes [{{Ru(CO)2(h-
C5H4R)}2(m-C·C)}3Ag3][BF4]3 (R = H or Me) with [RuCl-
(CO)2(h-C5H4R)] at room temperature gave the new trime-
tallic complexes [{Ru(CO)2(h-C5H4R)}3(h1:h2-C·C))][BF4]
which contain the C2

22 ligand surrounded by ruthenium
atoms; these complexes do not contain metal–metal bonds
and were characterised by single crystal X-ray studies; the
solid state structure is not retained in solution, where it is
found to be fluxional on the NMR timescale and the dynamic
process postulated could be described as ‘bearing-like’.

The chemistry of even and odd numbered carbon bridges1–3 is
of interest as a matter of scientific curiosity coupled with
potential application as molecular wires4–15 and in a number of
important materials related fields.16–19 One subset of that series,
containing the C2

22 ligand,20–24 has presented a number of
different bonding modes25–27 for MnC2 (n = 2, 3, 4 and 5).
However, to the best of our knowledge the only known example
for n = 325 contains metal–metal bonds.

The reaction of [Ag3({Ru(CO)2(h-C5H4R)}2(m-
C·C))3](BF4)3 1 (R = H, a; R = Me, b), (Scheme 1) (prepared
from [{Ru(CO)2(h-C5H4R)}2(m2-C·C)] 2 (R = H, a;20 R =
Me, b), and AgBF4 in the appropriate ratio) with three
equivalents of [RuCl(CO)2(h-C5H5)] 3, gave complexes 4 in
excellent yield accompanied by the precipitation of AgCl.

These novel complexes represent a new bonding mode for the
C2

22 ligand bound to three metal atoms. Conceptually simpler
routes to complexes 4 were explored employing the reaction of

2 with [Ru(solvent)(CO)2(h-C5H5)]+. However, the seemingly
simple abstraction of chloride from electron poor [RuCl-
(CO)2(h-C5H5)], in the presence of tetrahydrofuran, using
AgBF4 or TlBF4 was unsucessful. Although [Ru(NCMe)-
(CO)2(h-C5H5)][PF6]28 did react with 2a, it gave an intractable
mixture of products, presumably cationic, which we were not
able to separate, and complex 3a did not appear to be among the
products. In an attempt to rationalise this chemistry and given
the problems encountered in the abstraction of Cl2 using silver
ions we investigated the reaction of [RuCl(CO)2(h-C5H5)] 3,
with AgBF4 in the presence of 2a, which gave complex 4a in
good yield. The mechanism appears to involve the intermediacy
of 1a enroute to 4a and the precipitation of AgCl. It is unclear
why this reaction and the direct reaction of 1a with [RuCl-
(CO)2(h-C5H5)] is so facile but presumably the labile Ag+ ion in
an array like that of complex 1a is more ‘naked’, possessing a
greater charge density than the aggregates formed by AgBF4 in
tetrahydrofuran. The notion of ‘simple’ halide abstraction by
metal ions is obviously a naïve picture of the reality of this type
of reaction. In the case of [RuCl(CO)2(h-C5H5)] a complex
aggregate must be formed with AgBF4 that leads to products
other than that expected. This silver adduct route is a reliable
route to the preparation of the trimetallic compounds 4.

The spectroscopic data were insufficient to unequivocally
assign the structure of the complex. The carbide carbon signals
were not observed in the 13C NMR spectrum but singlets were
observed for the carbonyl and cyclopentadienyl ligands.
Excellent crystals were obtained from dichloromethane–diethyl
ether of both 4a and 4b, and the results of an X-ray structural
determination29 of the former are presented in Fig. 1. The
compound crystallised in in the centrosymmetric space group
P1̄ with a complete molecule devoid of any intrinsic symmetry
comprising the asymmetric unit. The result clearly shows that
the cation contains a C2 unit bound to three Ru(CO)2(h-C5H5)
fragments. Two of these ruthenium atoms are bound in h1

fashion with distances to the ethynediyl moiety of 2.065(6)
[Ru(1)–C(1)] and 2.044(6) Å [Ru(3)–C(2)]. The third ruthe-
nium atom, Ru(2), is bound in an h2 fashion to the ethynediyl
carbons in an unsymmetrical manner with Ru(2)–C(1) and
Ru(2)–C(2) being 2.324(5) and 2.388(5) Å, respectively.

† Electronic supplementary information (ESI) available: Synthesis and
characterisation of complexes 4a and 4b. See http://www.rsc.org/suppdata/
cc/b1/b110930h/
‡ This paper constitutes Part 4 of the series.

Scheme 1 Synthesis of complex 4.

Fig. 1 ORTEP diagram of the cation in 4a.
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The C·C22 unit is not appreciably lengthened relative to the
ethynediyl starting materials20,30 where the distance of 1.206(9)
Å is comparable with the 1.222(9) Å for 2a. However, the
ethynediyl portion of the molecule is bent which is consistent
with accepted models for metal p-bound alkynes. The deviation
from linearity is significant with angles of 152.5(4) and
155.2(5)° for Ru(1)–C(1)–C(2) and Ru(2)–C(2)–C(1), re-
spectively. One possible canonical component invokes a
metallacyclopropene-type structure but the lack of lengthening
of the C·C22 bond suggests structure 4a, Scheme 1, as best
fitting the available data. The geometries of the Ru(CO)2(h-
C5H4R) units are unexceptional.

The solution state structure of complexes 4 was probed by
variable temperature 1H NMR studies. One signal for all of the
cyclopentadienyl ligands was observed between room tem-
perature and 290 °C (in CD2Cl2 or d6-acetone); the compounds
precipitated from solution below this temperature hampering
the collection of the low-temperature limiting spectrum. Two
signals in a 2+1 ratio would be expected if there was no
mechanism for exchanging the s- and p-bound ruthenium
atoms on the NMR timescale.

One such mechanism for the exchange invokes the rotation of
the C·C22 unit within a triangle defined by the three formally
positive ruthenium atoms, Fig. 2, or vice versa. This motion is
reminiscent of the action of a mechanical bearing. The fluxional
motion of acetylide fragments25,31 has been observed pre-
viously in the binuclear complex [{Fe(CO)2(h-C5Me5)}2(m-
C·CH)]+ 5. The dynamic behaviour of 5 was investigated by
solution NMR measurements and interpreted as a 1,2-shift of
the hydrogen atom on the carbide bridge25 via an intermediate
(Fig. 3) similar to A. One can view such an intermediate as
formally analogous to complexes 4 and as exemplifying a
coordination compound of the hydrogen ion.

In this and previous work we have shown that the carbide
ligand is able to adopt a diversity of bonding modes depending
on the environment in which it finds itself and in the present

case we have found a new M3(C2) mode which does not contain
metal–metal bonds. This work and others involving the C2

22

dianion has shown it to be relatively labile, with the multi-
metallic complexes containing this ligand presumably adopting
solid state structures influenced by crystal-packing forces.

We thank the Australian Reseach Council and the Special
Research Centre for Materials and Minerals Processing for
support. C. S. G. was the holder of an Australian Postgraduate
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Fig. 2 Proposed mechanism of exchange for 4.

Fig. 3 Proposed mechanism of exchange for 5.
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