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Abstract

The 60 electron cluster Os;Pt(p-H),(u-COYCO)4(COD) (1) has been synthesized
in high yield by treatment of Os,(p-H),(CO),, with Ru,Pt(p-H)(p,n*-
C=CBu')(CO),(COD), (COD = 1,5-cyclooctadiene). Crystallographic analysis re-
veals a closo tetrahedral metal framework, with a carbonyl group bridging an Os—Os
edge. Complex 1 is also formed as one of the products in the reaction between
Os;3(p-H),(CO)yp and PY(COD),.

The unsaturated tetrahedral triosmium-platinum clusters Os;Pt(p-H),(CO)40-
(PR,) (1) [1}, which possess 58 cluster valence electrons, react readily [2,3] with
2-electron donor ligands L to give saturated 60-electron adducts Os;Pt(p-H),-
(CO),o(PR;XL) (2). Depending on the nature of the donor ligand these adducts
either have a closo tetrahedral metal core, e.g. for L = p-CH, (2a) [3] or adopt an
open butterfly arrangement for L = PPh; [2] or L = CO (2b) [3]. In an effort to
understand this divergent behaviour we have recently carried out [4] extended
Hiickel MO calculations on the interactions of the unsaturated model complex
tetrahedro-[Ru ; Pt(CO),,(PH,)]*~ (I) with CO and CH,. The HOMO and LUMO
of I (of 7 and o symmetry, respectively) provide a suitable symmetry match for the
frontier orbitals of the CH, fragment. However interaction of I with CO in the
same configuration (i.e. giving a p-CO unit with a similar geometry to the p-CH,
found in 2a) leaves one of the CO #* orbitals essentially unperturbed. We thus
reasoned that this “adduct” with a u-CO would seek further stabilisation of the CO
o> orbitals by forming a butterfly cluster such as 2b, where all the CO ligands are
terminally bound. We now report the synthesis and structure of a 60 electron
tetrahedral Os;Pt cluster closely related to 2b, which has a carbonyl ligand bridging
an Os-Os edge.

The spiked triangular cluster Ru;Pt(u-H)(p,7? - C=CBu')(CO)4(COD) (3) [5]
reacts readily with Os,(p-H),(CO),, in toluene to afford dark red-brown crystals of
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the title complex Os,Pt(p-H),(p-CO)CO),(COD) (4). Yellow crystals of Ru,(p-
H)(p,-7*-C=CBu'}(CO), [6] are also formed. Spectroscopic data for 4: »(CO)
CH,Cl,, 2087m, 2062vs, 2038s, 2005s, 1980sh, 1940w,br, 1769w,br cm~!: 'H NMR;
(CD,Cl1,, 298 K) 8 5.52 (s,br, 4H, CH=CH, J(Pt-H) 53 Hz), 2.74-2.42 (m, 8H,
CH,), —21.78 (s, 2H, Os(pu-H)Os, J(Pt-H) 17.0, J(Os-H) 21.6 Hz); (CD,Cl,, 203
K) 8 5.70 (s,br, 2H, CH=CH, J(Pt-H) 61 Hz), 5.16 (s,br, 2H, CH=CH, J(Pt-H) 48
Hz), 2.90-2.20 (m, br, 8H, CH,), —21.92 (s, 2H, Os(p-H)Os, J(Pt—-H) 17.3 Hz).
The hydride resonance in the 'H NMR spectrum of 4 is a sharp singlet throughout
the temperature range 203-298 K, and displays coupling to *>Pt and '*7Os. The two
inequivalent sets of olefinic protons show two signals at 203 K (at 6 5.70 and 5.16
ppm), while at 298 K rapid rotation of the COD ligand renders these environments
equivalent. A bridging carbonyl ligand is indicated by the stretch at 1769 cm ™! in
the IR spectrum. An X-ray diffraction study on 4 was carried out to define the
structure fully {12*].

Figure 1 shows a view of 4 with the crystallographic labelling. The Os,Pt skeleton
is a distorted tetrahedron with Pt—Os distances ranging from 2.714(1)-2.811(1) A,
and Os-Os separations from 2.837(1)-2.952(1) A A carbonyl ligand symmetrically
bridges (Os(1)-C(1) 2.17(2), Os(2)-C(1) 2.10(2) A) the Os(1)-Os(2) bond, which is

* Reference number with asterisk indicates a note in the list of references.
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Fig. 1. Molecular structure of Os;Pt(u-H), (p-COXCO)o(COD) (4). Important bond lengths and angles;
Os(1)-Pt 2.730(1), Os(2)-Pt (2.811(1), Os(3)-Pt 2.714(1), Os(1)-Os(2) 2.837(1), Os(1)-Os(3) 2.919(1),
Os(2)-0s(3) 2.952(1), Os(1)-C(1X1) 2.17(2), Os(2)-C(1) 2.10(2), Pt...C(2) 2.50(2), Pt...C(5) 2.63(2),
Pt-C(11) 2.19(2), Pt-C(12) 2.20(2), Pt-C(15) 2.30(2), Pt—C(16) 2.30(2) A, Os(1)-C(1)-O(1) 135.7(1),
0s(2)-C(1)-0(1) 141.0(1), Os(1)-C(2)-0(2) 160.7(2), Os(2)-C(5)-O(5) 163.2(2), mean remaining
0s—C-0 177.3(2)°.

the shortest such vector in 4. As expected from the 'H NMR data, the two hydride
ligands (HYDEX [7]) bridge the equivalent remaining Os-Os edges. In addition
weak semibridges to the Pt atom are formed by the carbonyls C(2)~0(2) (C(2)...Pt
2.502) A, Os(1)-C(2)-0(2) 160.7(2)°) and C(5)-0(5) (C(5)...Pt 2.63(2) A,
0s(2)-C(5)-0(5) 163.2(2)°). The COD ligand is asymmetrically bonded to the Pt
atom, with the olefinic bond lying over the Pt-Os(3) edge (C(11)-C(12)) having
significantly shorter Pt—C distances (2.19(2), 2.20(2) A) than the olefinic bond lying
over the Pt-0Os(1)--0s(2) face (C(15)-C(16); Pt-C 2.30(2) A). A similar feature is
found in the closely related complex Os;Pt(p-H),(p-CH,XCO)4(COD) recently
reported by Norén and Sundberg {8].

The presence of a carbonyl ligand bridging an Os-Os bond is a relatively rare
phenomenon in osmium cluster chemistry [9*], though bridging carbonyls are
common in ruthenium clusters. This may be related to a size effect, since clusters
containing a carbonyl bridged Re-Re bond are extremely rare [10*], whilst many
examples of clusters with CO bridged Ir—Ir bonds are known [11)]. The formation of
4 from Os;(p-H),(CO),, and 3 involves a transfer of a Pt{COD) unit. We have
examined the reaction of Os,(p-H),(CO),, with P{{COD), by 'H NMR spec-
troscopy, and although a high field signal due to 4 is observed, there are other
signals at § —12.37 (J(Pt—-H) 24.3 Hz) and —20.45 in significant amounts, due to
unidentified co-products. We have not yet been able to isolate pure 4 from this
reaction mixture, since 4 is not very stable in solution and cannot be chromato-
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graphed on Florosil or alumina without decomposition. The synthetic route involv-
ing complex 3, with fractional recrystallisation of the reaction mixture, is preferred.

The 60 electron tetrahedral complex 4 is conceptually closely related to the 60
electron butterfly adduct 2b, by replacement of the CO and PR, ligands on the Pt
atom in 2b with a COD unit. The isolation of 4 demonstrates that the factors
governing the structures adopted by the 60 electron adducts 2 are finely balanced
and may depend on the nature of the ancilliary ligands on the Pt atom, as well as on
the two electron donors L. 4 readily reacts with CO with displacement of the COD
ligand to give Os;Pt(pu-H),(CO),,, which has a single hydride resonance in the 'H
NMR spectrum at § —19.22 (CD,Cl,), J(Pt—H) 22.6 Hz. Further characterisation
of this product and of other species derived from 4 are under investigation.
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