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Synthesis and X-Ray Crystal Structure of the Cluster Dianion, [Rh,¢(CO),,]2—,
containing a New Compact Array of Metal Atoms
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The anion [Rh4o(C0O)2;]2-, obtained by reaction of [Rhg(CO),g]3~ with the [Rh(CO),(NCMe),]* cation, contains a novel
decanuclear metallic skeleton which is a fragment of hexagonal close-packed lattice formed by three superimposed
layers (3/4/3 metals), with two octahedral and two tetrahedral condensed units as confirmed by X-ray

crystallography.

A subject of interest in the field of cluster chemistry is the
study of the process of cluster growth. The isolation and
characterization of compounds with nuclearity 8—12 can help
the understanding of the mechanism of metal atom aggre-
gation in the passage from a simple octahedron to larger
species, fragments of metallic lattices, which can contain fully
encapsulated metals. We have recently described some
rhodium cluster compounds of medium nuclearity, namely the
anions [Rho(CO)o]3~ (1),! [Rhy;(CO)x;)*~ (2),2 and the
neutral [Rh;,H,(CO),s],3 all with metallic skeletons based on
condensed face-sharing octahedral units. We report here a
new intermediate species, the [Rh;o(CO), ]2~ (3) anion.
Other decanuclear clusters are known, mostly containing
interstitial main group elements, as [Rh;pE(CO),;]"~ (E = P,
As, n = 3% E = S, n = 25, [RuyCy(CO)y4)2-,0
[0516C(CO),4]2- and related species,’ or interstitial hydrides
as [Os;oH4(CO),4]2-.7 or exhibiting non-compact geometries
as [Pd;o(CO)12(PBus)g]8 or [Fe Pts(CO),,]2~.2 The present
anion, which shows a novel cluster geometry, is the first
example of a compact close-packed decanuclear species
without interstitial atoms.

Anion (3) has been prepared by treatment of (1) with the
[Rh(CO),(NCMe),]* cation in MeOH;t the entering metal
atom binds to the central triangle of the parent anion, thus
giving a larger fragment of hexagonal close-packing (3), whose
possible role of intermediate between compounds (1) and (2)
is illustrated in Scheme 1. The intermediate role of anion (3) is
also confirmed by its chemical behaviour: it can be converted
back into (1) by treatment with halide ions in MeCN with
release of a [Rh(CO),X;]~ unit, or it can react with the
{Rh(CO),]~ anion in methanolic solution to give (2) in good

[Rho(CONl’~ [Rhp (CO)p1] [Rhy(CO)p31
1 (3) (2)

Scheme 1

t Synthesis: Cs3[Rhy(CO),4] (0.215 g) in dry MeOH (16 ml) under
nitrogen, was treated dropwise while stirring with a solution of
[Rh(CO),(NCMe),]|BF, (0.042 g, molar ratio 1.1: 1) in MeOH (3 ml).
After stirring for 1 h and filtering, the product was recovered in about
80% yields by addition of (or, for crystal growth, by cautiously
layering) a solution of [PPh4]Br in propan-2-ol. The i.r. spectrum in
tetrahydrofuran solution is rather complex, showing bands at 2046vw,
2025m, 2010(sh), 2000s, 1979(sh), 1873(sh), 1864m, 1840m, 1830m,
and 1812(sh) cm—1.

yields. Crystals of the [PPhy]* salt of (3) have been investi-
gated by X-ray diffraction.

Figure 1. A view of one of the two independent anions
[Rh;o(CO),,]>~ (anion A). The metal-metal bond distances (A) (in
square brackets those of anion B) are as follows: 1-2 2.801(2)
[2.788(3)], 1-3 2.840(2) [2.838(3)], 1-4 2.736(2) [2.706(2)], 1-6
2.903(2) [2.885(2)], 1-10 2.821(2) [2.828(2)], 2-3 2.797(2) [2.774(2)],
2-5 2.750(2) [2.772(2)], 2-6 2.744(2) [2.719(2)], 3-4 2.731(2)
[2.723(2)], 3-5 2.738(2) [2.716(2)], 4-5 2.731(2) [2.730(2)], 4-6
2.828(2) [2.816(2)], 4-7 2.783(2) [2.770(2)], 4-9 2.730(2) [2.726(2)],
4-10 2.902(2) [2.963(2)], 5-6 2.740(2) [2.748(2)], 5-8 2.761(2)
[2.745(2)], 5-9 2.712(2) [2.722(2)], 6-7 2.876(2) [2.852(2)], 6-8
2.796(2) [2.790(2)], 6-10 2.745(2) [2.740(2)], 7-8 2.794(2) {2.796(2)],
'[7—9 2,85]1(2) [2.837(2)], 7-10 2.783(2) [2.775(2)], 89 2.796(2)
2.792(2)].

1 Crystal data for (3) (as its [PPhy]* salt): CeoHyoO5P,Rhg, M =
2296.1, triclinic, space group P1 (No. 2), with a = 25.215(3), b =
25.714(3), ¢ = 12.2992) A, « = 103.52(1), f = 102.74(1), y =
105.50(1)°, U=7122.4A3,Z=4,D .= 2.14gcm 3, u(Mo-K,,) = 23.4
em-1, Mo-K,, radiation (A = 0.71073 A). The intensity data were
collected on an Enraf~Nonius CAD4 automated diffractometer by the
w-scan method, within the limits 3 < 8 < 23°. An empirical absorption
correction was applied to the intensities (normalized transmission
factors in the range 0.90—1.00). The structure was solved by direct
methods, which showed the presence of two independent anions and
four independent [PPh,]+ cations. The refinements were carried out
by full-matrix least-squares, on the basis of 6082 independent
significant reflections [/ > 30(/)], up to current values of R and R,, of
0.041 and 0.042, respectively. Atomic co-ordinates, bond lengths and
angles, and thermal parameters have been deposited at the Cam-
bridge Crystallographic Data Centre. See Notice to Authors, Issue
No. 1, 1986.
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The structure of the novel anion is shown in Figure 1. It
contains a Rhjy metallic array which is a fragment of
hexagonal close-packing of idealized C,, symmetry, formed
by three superimposed layers (3/4/3 metals), exhibiting two
octahedral and two tetrahedral condensed units. The tenth
rhodium atom, instead of assuming a capping position on one
of the outer triangles of the parent anion (1), shows the
preference for a cluster site which allows the attainment of a
larger number of metal-metal bonds. This was already
observed, for instance, on capping the trigonal prismatic
nitride [RhgN(CO),;s}~ with the anions [M(CO),]- (M = Co,
Rh, Ir), the entering metal being bound on a square face of the
prism.10 From the point of view of the metal-metal connectiv-
ities five of the Rh atoms exhibit four bonds, two five bonds,
one six bonds, and two seven bonds. One of the metal-metal
interactions, Rh(4)-Rh(6), is inside the cluster.

The bond parameters in the two independent anionsi are
very similar. The 25 Rh-Rh bonds are in the range 2.712(2)—
2.903(2) A (mean 2.788 A) in one anion and 2.706(2)—
2.963(2) A (mean 2.782 A) in the second one. The scattering
of the metal-metal bonds seems related to the asymmetry of
the ligand distribution, while there is no clear distinction
between bridged and unbridged edges.

The ligand stereochemistry is such that the whole anion
does not present any symmetry element. Of the 21 carbonyl
ligands 7 are terminally bonded, one per metal atom except
the central metals Rh(4), Rh(5), and Rh(6), with mean Rh-C
and C-O bond lengths of 1.86 and 1.16 A, respectively. The
other 14 CO groups span very different bridging situations: 12
are double-bridging, six of them almost symmetric, four
slightly asymmetric (mean difference Rh—C long/Rh—C short
0.20 K), and two quite asymmetric (mean difference Rh-C
long/Rh-C short 0.41 A). Two carbonyls are triple-bridging,
one [on face Rh(1,4,10)] with one long (mean 2.44 A) and two
short (mean 2.07 A) Rh-C bonds, and the second [on face
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Rh(2,3,5)] with one short (mean 1.92 A) and two long (mean
2.51 A) such distances.

Finally, the anion possesses 134 valence electrons, corre-
sponding to 67 cluster valence molecular orbitals (CYMOs),
in accord both with the results of an MO calculation on the
bare cluster and with the suggestion of a number of 6Npe¢a1s +
7 CVMOs as the more probable for a compact close-packed
cluster.11
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