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Summary

Reaction of ethylene with Ru;(CO),, under conditions of moderate pressure
and temperature gives RugC(CO),; (I) in ca. 70% yield. Reaction of this car-
bonyl carbido species with base gives the dianion [RugC(CO),¢]1?>~ ; X-ray
analysis of the [PhyAs]™ salt indicates an octahedral array of metal atoms with
the carbon at the centre of the octahedron and twelve terminal and four edge
bridging carbonyl ligands giving an approximate overall C,, symmetry.

In contrast to dodecarbonyltriosmium, which undergoes pyrolysis to form a
series of cluster carbonyl compounds based on Os;, Osg, Os, and Os; units,
dodecacarbonyltriruthenium undergoes thermal decomposition in vacuo to pro-
duce low yields of the hexaruthenium carbido cluster RugC(CO); (I) [1]; the
source of the carbido atom is carbon monoxide and CO, is produced during
pyrolysis. We report an improved synthesis of this cluster from Ru;(CO),, by re-
action with ethylene under conditions of moderate pressure (~ 30 atm) and
temperature (150°C); I is the major product of this reaction in yields approach-
ing 70%, a significant improvement on previously reported methods [1]. Mass
spectrometry indicates that the products obtained in low yield are mainly Rug
species but an Ru, cluster has also been isolated; X-ray analyses of these com-
pounds are currently being undertaken.

The hexaruthenium carbide(I) reacts with OMe™ (Na,CO,/MeOH) via attack at
a coordinated carbonyl group, to yield the anion [RusC(CO),s(CO,Me)]™ which
may be isolated as the [(Ph;P),N1* salt. Subsequent reaction of this anion with
aqueous base yields the dianion [ RusC(CO);4]12>— which was separated as the
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[(Ph;P),N]1* and [Ph,As]" salts. The structure of the dianion is of interest in
that it has the same number of CO ligands and an electronic equivalence to the
clusters [Fe,C(CO),1612 [2] and Rhe(CO),¢ [3]. Protonation of [RusC(CO) 612~
by H,SO, at ~30°C in acetonitrile leads to the formation of a red crystalline
material which on the basis of analytical and spectroscopic data (*H, NMR,, 7
25.71) may be formulated as the dihydride H,Ru,C(CO),¢.

X-ray analysis of [Ph,As],[Ru,C(CO),¢] (II) shows the dianion to have the
structure illustrated in Figure 1. The carbido atom is situated at the centre of an
octahedral array of Ru atoms and of the sixteen carbonyl groups twelve are
terminal and four are asymmetrically edge bridging. This arrangement contrasts
with that in Rhg(CO),¢ where four carbonyl ligands are face rather than edge
bridging. Surprisingly this carbonyl distribution is different from that in the
tetramethyl ammonium salt of {RusC(CO),4]2 (II1) in which the dianion is iso-
structural with its Fe analogue and has only three edge-bridging carbonyl ligands,
the remaining thirteen being terminal [4].

The [RusC(CO),6]>~ salts of [PhyAs]* and {Me,N]* therefore appear to be
the first exampie of two different isomeric forms of a metal carbonyl cluster an-
ion, differing only in their carbonyl distribution, to be characterised by X-ray
analysis. No details of the Ru—CO bond lengths in ITI have been published.

Fig. 1. The structure of the carbido dianion [Ru, C(CO),,1*~ which has approximate C,, symmetry.
Important bond lengths are: Ru—Ru (mean) 2.89, Ru—C (mean) 2.05, Ru—CO (terminal, mean) 1.895,
Ru(1)—C(13) 2.327, Ru(3)—C(13) 2.015, Ru(1)—C(14) 2.009, Ru(4)—C(14) 2.187, Ru(2)—C(26) 2.104,
Ru(6y—C(26) 2.273, Ru(5)—C(56) 1.996 and Ru(6)—C(56) 2.070 A.
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However, comparison of its isostructural [FesC(CO),s]*>~ analogue (IV),

Figure 2, with that of the [Ru,C(CO),¢]> dianion in II, Figure 1, shows that
the only gross difference is the overall arrangement of the carbonyls in these two
[M¢C(TO),4]?>~ clusters is that the bridging carbonyl CO(13) in the Ru dianion
in IT corresponds to the terminal carbonyl CO(7) in the Fe structure. The mean
Fe(4)—C(7) bond length in the two independent Fe clusters is 1.55(7) A and
significantly this ‘‘terminal’ carbonyl is very close to a second iron atom so that
the mean Fe(3) ...C(7) contact {2.65(7) A} is considerably shorter than any
other non-bonced contact within the dianion. The X-ray analysis of the tetra-
methylammonium salt of IV was very problematic due to poor diffraction and
decomposition [2]. A more accurate location of the C in this CO ligand would
be expected {o show a longer, more normal, Fe(4)—C(7) bond length close to
the mean value of 1.72 A observed for the other terminal Fe—C distances, and
this would correspondingly produce an even shorter Fe(3) ... C(7) contact if a
normal C—O bond length is retained. As the three bridging carbonyls are very
asymmetric in IV with the Fe—C bond lengths ranging from 1.78 to 2.33 & it is
possible that CO(7) should be regarded as a fourth asymmetric edge bridge. The

Fig. 2. The reported structure {2] of the carbido dianion [FeQC(CO)w]’_ drawn in a comparable manner
to Figure 1 to emphasize the similarity between the two structures. The Fe—C bond lengths (mean value
from two independent clusters) in the bridging carbonyls are Fe(5)—C(1) 2.188, Fe(1)—C(1) 1.785,
Fe(5)—C(1') 2.188, Fe(1')—C(1’) 1.785, Fe(4)—C(7) 1.554, Fe(3)—C(7) 2.650, Fe(2)—C(5) 1.937 and
Fe(3)—C(5) 2.165. For ease of comparison with II symmetry related bond lengths have been quoted
separately. .
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marked similarity in distribution of the rest of the CO ligands in IV to those in I
supports this conclusion.

Further details of the [ Me,N],[Ru;C(CO),4] structure should confirm
whether the dianion in this salt is a different isomer from that in [PhsAs],- _
[RugC(CO),6]1 or whether the two differ only in the degree of asymmetry of the
bridging carbonyis.

The metal atoms surrounding the carbon in carbido carbony! clusters are usual-
ly observed in one of two alternative arrangements. For the species [ CosC(CO),512™
[5], [RheC(CO)151>™ [6], CogC(CO),,S; [7] and RhgC(CO),5 [8], a prismatic
arrangement of metal atoms occurs whilst for Ru,C(CO),; [9], RusC(CO}),,-
(arene) [10], [RusC(CO)16]1*~, [FesC(CO)46]1*~ [2], [C0sC(CO)44]*~ [11] and
[CosC(CO),5]12~ [12] an antiprismatic geometry is found. In [Rh,sC,(CO),s]™
[13] the two carbon atoms also reside in antiprismatic cavities. For the second
row elements, as may be anticipated, the M—C distance varies between these two
alternative environments having a value of 2.13 A in the prismatic cavity of
[RhsC(CO);s1* and RhgC(CO),, whilst in the octahedral cavities of
[Rh;5C,(CO),s] avalue of 2.04 A is observed. In the ruthenium carbido species
the octahedral hole has a radius of 2.05 A, similar to that observed in the Rh, s
cluster. Interestingly, the Ru—C distance of 2.05 & in [Ru,C(CO),c]>™ is close
to the Ru—H distance (2.04 A) observed [14] in the interstitial hydride
[RusH(CO),5] . Thus since there is plenty of room within an Ruy octahedron to
accommodate a neutral H atom without distortion the expansion of the poly-
hedron in these species appears to be caused by electronic rather than steric
factors.

Crystal data

I, monoclinic space group Pn, a = 19.329, b = 14958, c=11.498 A,8 =
101.33°, Z = 2, I/o(I) = 3.0, 6 range 3—25°, present R-value 0.0805 for 4520 re-
flections. The positions of the Ru, As, and half the phenyl carbon atoms and
eight CO ligands are nearly centrosymmetrically related. This posed some dif-
ficulty in refinement in the non-centric spacegroup Pn. However, refinement in
the centric spacegroup P2, /n would require that most of the atoms in both the
anion and cation be treated as disordered. The two atoms of each of the pairs re-
lated by the approximate centre of symmetry were refined in separate cycles
with equivalent bond lengths constrained to be equal. Refinement converged
satisfactorily giving an R-value of 0.0805 and a final difference Fourier revealed
no electron density > 1 e A2 except in the region of the metal atoms.
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