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Abstract

Reaction of [Os;(CO)z(Me,C,),] with Me,C, at 70°C in toluene produces a
tris(alkyne) substituted triosmium cluster, which has been shown crystallographi-
cally to contain a bent arrangement of osmium atoms. Two of the alkyne units are
linked via a carbon—carbon bond to produce an osmacyclopentadiene ring, while
the third alkyne unit remains independently coordinated to the cluster via two
a-bonds.

Thermal reaction of [M;(CO);;] (M =Fe, Ru or Os) with alkynes is often
accompanied by carbon—carbon bond formation resulting from the coupling of two
or more alkynes [1]. For the iron and ruthenium clusters this carbon—carbon bond
formation is accompanied by the cleavage of a metal-metal edge. In the case of the
osmium cluster, where the metal-metal bonds are stronger, edge cleavage has not
been observed, but ligand fragmentation may occur. We have recently shown that it
is possible to coordinate more than one alkyne ligand to a triosmium framework
under mild conditions by labilising the starting clusters with MeCN ligands [2]. The
major product under these conditions is [Os;(CO)g(R,C,),] (1), in which the
triangular metal framework is retained, and the alkylenic ligands coordinate as
independent units. We now report that mild thermolysis of 1, in the presence of
excess alkyne results in metal-metal edge cleavage as well as carbon-carbon bond
formation, contrasting with the behaviour of the parent carbonyl under thermolysis
conditions, and affords the cluster [Os;(CO)3(R,C;);] (3), which has an open metal
framework.

It is known that in toluene at 80° C the cluster [Os;(CO)g(Me,C,),] (1), which
has a closed triangular metal framework, promotes carbon—carbon bond formation,
and this followed by the scavenging of a carbonyl ligand affords [0s;(CO),(Me,C,)]
(2) [2]. The cluster 2 contains a triangular metal skeleton with two dimethylacetylene
ligands which are linked via a carbon—carbon bond to produce an osmacyclopen-
tadiene ring [3]. We have now found that if the pyrolysis of 1 is carried out in the
presence of an excess of dimethylacetylene in the same solvent at 70° C, a tris(al-
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Fig. 1. The molecular structure of [Os;(CO)g(Me,C,)1] (3). Bond lengths (dimensions for the second
independent molecule are given in square brackets): Os(2)-Os(1), 2.733(1) [2.736(1)]); Os(3)-Os(2),
2.812(1) [2.811(1)); C(9)-0s(1), 2.32(2) [2.33(2)]; C(10)-Os(1), 2.31(2) [2.25(2)); C(11)-Os(1), 2.30(2)
[2.33(3)]; C(12)~0s(1), 2.30(2) [2.31(2)}; C(9)-0s(2), 2.04(2) [2.11(2)]; C(12)-Os(2), 2.09%(2) [2.08(2)];
C(17)-0s(2), 2.22(2) [2.20(2)]; C(18)-0s(2), 2.17(2) [2.22(2)]; C(17)-0s(3), 2.11(2) [2.06(3)]; C(18)~0s(3),
2.06(2) [2.07(2)] A; bond angles: Os(3)-0s(2)-0s(1), 151.9(1) [153.1(1)] °.

kyne) cluster with a formulation [Os;(CO)s(Me,C,)s] (3) is obtained in 40% yield.
The complex 3 has been fully characterised spectroscopically *. In order to estab-
lish its geometry, a single crystal structure analysis was undertaken.

The crystal structure of 3 contains two independent but structurally similar
molecules per asymmetric unit. The structure ** of 3 is shown in Fig. 1, which also
includes some important bond parameters. In each molecule the three osmium

= Spectroscopic data (IR in CH,Cl,, 'H NMR in CDCl;): »(CO): 2080s, 2044vs, 2017s, 2003s,
1953s,br and 1905w cm~Y; M*: m/z 962; 'H NMR: § 2.51(s, 6H), 2.42(s, 6H), 2.3%(s, 6H). No
change in 'H NMR spectrum was observed on cooling to —60°C.

** Crystal data for 3: C,0H,3040s;, M =956.94, monoclinic, space group P 2,/a (alt. P 2, /c, No.
14), a 17.517(3), b 10.118(1), ¢ 26.428(3) A, B 92.69(2)°, V 4678.8 A’, Z=8, D, 2.716 g cm >,
A(Mo-K ) 0.71069 A, u(Mo-K_) 162.85 cm™ !, F (000) 3440. 9431 Intensities measured (5 < 26 <
45°) on a Stoe-Siemens four circle diffractometer. Structure solved by a combination of direct
methods and Fourier difference techniques, and refined by blocked full-matrix least-squares to
R = 0.055 and R, = 0.055 for 4348 unique observed reflections [ F > 46(F)]. The atomic coordinates
for this work are available on request from the Director of the Cambridge Crystallographic Data
Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW (Great Britain). Any
request should be accompanied by the full literature citation.
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atoms define a bent arrangement. Two of the dimethylacetylene ligands have
undergone carbon-carbon bond formation to produce an organic ligand containing
a chain of four carbon atoms. This organic ligand forms two #-bonds to Os(1) and
two o-bonds to Os(2), thereby forming an osmacyclopentadiene ring. The
C(10)-C(11) bond of an osmacyclic ring lies almost perpendicular to the Os(1)—Os(2)
edge. A similar type of bonding mode has been previously observed in
[0s5(CO),(Ph,C,);] [4]. The third alkyne unit forms a #-bond each to the Os(2)
and Os(3) atoms and the C(17)-C(18) bond lies approximately perpendicular to the
0s(2)-0s(3) edge. The alkylenic ligands in this molecule adopt a coordination
arrangement similar to that recently observed in the mixed-metal cluster
[Co,W(CO)g(p-C,Et  )(p-C, Et,)] [S]. Seven of the eight carbonyl ligands are termi-
nally bound to the Os atoms, but the eig,hth [C(5)0(5)] forms an incipient bridge to
0s(3) (0s(3) - - - C(5), 2.69(2) [2.68(2)] A). This reflects the formal electron imbal-
ance within the metal framework; Os(1) is formally associated with 19 electrons,
Os(2) is associated with 18 electrons, and Os(3) is electron-poor, with only 17
electrons. Overall, however, the alkyne ligands donate a total of ten electrons to the
cluster unit, and in terms of electron counting the complex 3 is a 50 electron cluster,
consistent with the presence of two metal-metal bonds.

Clusters with an open structure are rare in triosmium chemistry. Other crystallo-
graphically characterised triosmium clusters with an open structure are
[0s3(CO)y,15] [6], [Os3(CO),,(SiCl5),] [7], [Os3(CO)E,] [8,9] (E=S or Se),
[Os;H(CO),,(PEt;}(CF,CCHCF,;)] [10], [CpOs,;(CO)4,,Cl] [11], and
[0s5(CO)4(PhC,),] [12]). To our knowledge, the cluster 3 is the first structurally
authenticated example of an alkyne substituted triosmium cluster with an open
structure.
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