A heterobimetallic complex Cp*Ru(CO)2Co(CQO)4 1 (Cp* =
15-CsMes) and its selective reactions with alkynes are reported.
Stoichiometric head-to-tail dimerization of tolylacetylene affords
the dinuclear metallacyclopentadiene complex Cp*(CO)Ru{n?2:
N412-C(Tol)CHC(Tol)CH } Co(CO); 2 whereas catalytic head-
to-head coupling of methylpropiolate yields (E)-
(MeOC)CH=CH(C=CCO;Me) 3. The structure of 2 has been
determined by X-ray crystallography.

The chemistry of polynuclcar transition metal complexcs as a
template for chemical transformations has been a major subject of
current research interest.! Especially heteronuclear metal-metal
bonded compounds are of particular interest since a result of
cooperation between different metals at the adjacent position
could lead to the development of unique activation and
transformation of organic, inorganic, and organometallic
substrates.2 We report herein synthesis of a heterobimetallic
complex Cp*Ru(CO)2Co(CO)4 1 which induces two types of
selective dimerization of alkynes depending upon the nature of the
alkynes.

A heterobimetallic complex 1 was prepared analogously as
reported for its Cp analog CpRu(C0);Co(CO)4.3 Thus, a
brown-yellow THF solution of Cp*Ru(CO);Cl| was gradually
turned to an orange suspension when treated with | equiv of
NaCo(CO)4 in THF at 60 °C for 4 days. Work up of the reaction
mixture resulted in the isolation of 1 as an orange microcrystalline
solid in 86% yield (Scheme 1). The metal-metal bonded structure
of 1 was spectroscopiclly characterized.# In sharp contrast, the
related Fe-Co complexes Cp'Fe(CO)(p2-CO)2Co(CO)3 (Cp' =
Cp3 6 or Cp*7) werc known to possess both terminal and
bridging COs.
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Scheme 1. i, THF, 60 °C, 96 h; i, HC=CTol (Sequiv), MesNO (1
equiv), THF, reflux, 12 h,

Reaction of 1 with HC=CTol (5 equiv) in the presence of
MeaNO yielded the dinuclear metallacyclopentadiene complex
Cp*(CO)Ru{12:n4-12-C(Tol)CHC(Tol)CH }Co(CO)3 2 in 95%
yield (Scheme 1),8 which was isolated as orange columnar
crystals and has been fully defined by X-ray crystallography.?
The ORTEP drawing of 2 is shown in Figure 1. Two HC=CTol

molecules are coupled in a head-to-tail manner on the bimetallic
site to form the ruthenacyclopentadiene which coordinate to the
Co(CO); fragment. The four carbon atoms C(1)-C(4) are
essentially coplanar. However, the metallacycle ring in 2 is not
planar as commonly observed for the dinuclear
metallacyclopentadiene systems but bent with a fold angle of
17.7° (angle between Ru(1)-C(1)-C(4) and C(1)-C(2)-C(3)-C(4)
planes). The examples containing the folded five-membered ring
are still limited.!? The distance between the two metal atoms in 2
is 2.627(1) A, indicating the existence of a Ru-Co single bond.!!
On the other hand, reaction of 1 with HC=CCO>;Me occurred
in a different manner. Thus, catalytic head-to-head dimerization
of the alkyne readily proceeded at 50 °C in the presence of §
mol% of 1 and Mc3NO to give (after 96 h) (E)-
(McO,C)CH=CH(C=CCO3Me) 3 (43%) together with (£, £)-
(MeO,C)CH=CHOCH=CH(CO2Me) 4 (7%), both of which

Figure 1. ORTEP diagram of 2. Sclected bond distances
(A) and angles (°); Ru(1)-Co(l) 2.627(1), Ru(1)-C(1)
2.101(7), Ru(1)-C(4) 2.049(7), Co(1)-C(1) 2.023(7),
Co(1)-C(2) 2.084(7), Co(1)-C(3) 2.124(7), Co(1)-C(4)
2.045(7), C(1)-C(2) 1.438(9), C(2)-C(3) 1.40(1), C(3)-C(4)
1.421(9); Co(1)-Ru(1)~C(1) 49.1(2), Co(1)-Ru(1)-C(4)
50.0(2), C(1)-Ru(1)-C(4) 76.7(3), Ru(l)-Co(1)-C(1)
51.8(2), Ru(1)-Co(1)-C(2) 77.5(2), Ru(l)-Co(1)-C(3)
77.0(2), Ru(1)-Co(1)-C(4) 50.1(2), C(1)-Co(1)-C(2)
41.0(3), C(1-Co(1)-C(3) 70.8(3), C(1)-Co(1)-C(4)
78.6(3), C(2)-Co(1)-C(3) 38.8(3), C(2)-Co(1)-C(4)
69.2(3), C(3)-Co(1)-C(4) 39.8(3), Ru(l)-C(1)-Co(l)
79.1(3), Ru(1)-C(1)-C(2) 113.3(5), Co(1)-C(1)-C(2)
71.8(4), Co(1)-C(2)-C(1l) 67.2(4), Co(1)-C(2)-C(3)
72.2(4), C(1)-C(2)-C(3) 116.0(7), Co(1)-C(3)-C(2)
69.1(4), Co(1)-C(3)-C(4) 67.1(4), C(2)-C(3)-C(4)
112.7(6), Ru(1)-C(4)-Co(l) 79.8(3), Ru(1)-C(4)-C(3)
117.3(5), Co(1)-C(4)-C(3) 73.1(4).
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were isolated as a white microcrystalline solid and
spectroscopically characterized (Eq. 1).'2 It is of interest to note
that the carbon-carbon bond formation between the alkyne
molecules exclusively produces 3 and neither the corresponding
(Z)-enyne nor the head-to-tail dimers were formed during this
reaction.!3 Furthermore, cyclotrimerization of HC=CCO,Me did
not proceed under these conditions, which were most commonly
observed in transition metal-catalyzed oligomerization of alkynes.
Me3NO is essential for this dimerization. Only a trace amount of
cyclotrimerization products were detected when the reaction was
carried out without Me3NQO. It is not certain at this stage whether
a heterobimetallic complex 1 or a mononuclear species derived
from 1 is the active catalyst.!

COzR
1as cat. 4
—— (1)

HC=CCO2M,
MeO,C

Further studies are in progress on reactivities of 1 with various
alkynes and a series of unsaturated organic molecules.
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