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Summary

An X-ray crystallographic study of the complex [Rh;{(u;-CO),(n-CsMe;);]
has revealed that the CO ligands asymmetrically bridge the Rh; triangle in
accord with theoretical predictions, Treatment of the trirhodium compound,
or the related mixed-metal complexes [MRh,(y;-CO),(n-CsMes);] (M = Co
or Ir), with hydrogen gas gives the species [MRh, (u-H), (u-CO)(u; -CO)-
(n-CsMes )3 ] ; the molecular structure of the dihydridotrirhodium cluster
has been established by X-ray diffraction.

The unsaturated dimetal compounds 1—5 [1] are known to undergo a
variety of interesting reactions, notably in combination with metal-ligand
fragments to afford metal clusters [1d,1e,2,3]. Herein we report the syn-
thesis of complex 6, thus completing this family of dimetal compounds. We
also describe studies on the trimetal species 7—11.

A mixture of equimolar amounts of [Rh(C,H,),{n-CsMes)] and
[Ir(CO),;(n-CsMes)] in refluxing toluene (1 h) affords red purple crystals
of 6 (60%) [4]. We have previously shown [1d] that 2 reacts with the mono-
nuclear metal compounds [M(C,H,),(n-CsMes)] (M = Co or Rh) to give the
trimetal clusters 9 and 10, respectively. Extension of this procedure to reac-
tions between [Co(C,H,),(n-CsMe;)] and 1 or 4, and between [Rh(C,H,), -
(n-CsMes)] and 6, affords the complexes 7, 8 and 11 [5].
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Consideration of the bonding in the hypothetical molecule [Rh;(u4-CO), -
(n-CsHs);] in terms of a combination of frontier orbitals of the fragments
Rh,(1-CO),(n-CsH;), and Rh(n-CsH;) has led to the conclusion that the CO
ligands would asymmetrically bridge the Rh; triangle in the tricyclopenta-
dienyltrirhodium compound [6] . We were able to test this prediction by an
X-ray crystallographic study of the pentamethylcyclopentadienyl compound
10. The structure is shown in Fig. 1 [7]. The results show that the two CO
ligands adopt bonding modes intermediate between u, and u,, with C(1a)
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Fig. 1. The molecular structure of [Rhy(u,-CO),(n-CsMe;);] (10). Rh(1)—Rh(2) 2.572(2), Rh(1)—
Rh(3) 2.553(2), Rh(2)—Rh(3) 2.639(2), Rh(1)—C(1a) 2.32(2), Rh(2)—C(1a) 1.97(2), Rh(3)—C(1la)
1.99(2), Rh(1)—C(1b) 2.37(2), Rh(2)—C(1b) 2.02(2), Rh(3)—C(1b) 1.96(2) A.
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and C(1b) essentially equidistant from Rh(2) and Rh(3) and significantly
further from Rh(1) [8]. The uniqueness of Rh(1) is also reflected in the
metal—metal separations with Rh(2)—Rh(3) (2.639(2) A) being longer than
Rh(1)—Rh(2) or Rh(1)—Rh(3) ((mean) 2.563(2) A ). Moreover, the Rh(1)—
CsMes separations are slightly shorter (mean 2.17(2) A) than those between
Rh(2) or Rh(3) and their respective CsMe;s groups (mean 2.26(2) A).
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Fig. 2. The molecular structure of [Rh,(u-H), (1-CO)(U;-CONN-CsMe,),] (12). Atoms labelled with a
prime are related to those not so marked by a crystallographic mirror plane which bisects the positionally
disordered C,;Me, ring bonded to Rh(2) (only one such ring is shown). Rh(1)—Rh(2) 2.785(1), Rh(1)--
Rh(1) 2.674(1), Rh(1)—C(1a) 2.13(1), Rh(2)—C(1a) 1.99(1), Rh(1)—C(2a) 1.98(1) A: Rh(1)—C(2a)—
0(2a) 137.5(1)°.

Compound 10 in thf reacts readily with hydrogen gas (25°C, 1 atm) to give
the dihydridotrirhodium complex 12 [9], the molecular structure [ 7} of which
was established by an X-ray diffraction study (Fig. 2). The three rhodium
atoms form an isosceles triangle, and whilst one CO ligand remains essentially
triply bridging, the other CO group has been displaced to an edge-bridging site
so as to accommodate the two hydrido ligands, which were located on the long
Rh—Rh vectors by a low-angle electron density difference map.

The reaction between hydrogen and the heteronuclear clusters 9 and 11
afforded the isomeric species 18 and 14, respectively. On warming solutions of
these compounds, hydrogen is released and compounds 9 and 11 are regener-
ated. On the basis of relative peak intensities in the 'H NMR spectra [9], it was
observed that 13a and 13b were formed in the ratio ca. 15/85, and 14a and 14b
in the ratio ca. 45/55. On the present evidence it is not possible to say whether
these are the kinetically or thermodynamically controlled product ratios.
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