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Summary The gold(1) complexes AuCl(PR,;) (PR, =
PPh,;, PMePh,, and PMe,Ph) react with Ti(z-C,Hy), to
form a variety of cationic gold cluster complexes; a
single-crystal X-ray analysis of one of these, [Au,,-
(PMe,Ph),,Cl,1(PF;);, has confirmed a centred icosa-
hedral geometry for the cluster, in agreement with an
earlier theoretical prediction.

In 1976 a general theoretical analysis of the bonding in
cluster compounds of gold led to the clear prediction that
it should be possible to synthesise higher nuclearity cluster
cations of the type [Au;3(PRy)15]%", [Auy(PRg);,X,1%F, and
[Auy3(PR,)X,]+ (where X = halide), in which twelve of
the gold atoms would define a closed and regular icosahedral
structure and the thirteenth would lie at the origin of the
polyhedron.! This communication reports synthetic and
structural studies which have confirmed this prediction.
Generally, cluster compounds of gold have been prepared
either by metal vapour synthesis techniques? or sodium
borohydride reductions of gold(1) triphenylphosphine
complexes.? We find that the addition of Ti(zn-C,Hsg),* to
toluene solutions of AuCl(PR,;), where PR; = PPh,,
PPh,Me, or PPhMe,, provides a general and high yielding
route into gold cluster chemistry. For example, yields of
greater than 809, based on AuCl(PPh,;) have been achieved
for the synthesis of [Aug(PPhg)g](PF);.5 The addition of

t This compound decomposes in all solvents in which it is soluble and therefore its characterization is incomplete.

Ti(n-C,Hg), to the gold(r) complexes leads initially to the
formation of a toluene-insoluble intermediate of empirical
formula [Au,(PR,),TiCl,],,t which when redissolved in
ethanolic solutions gives rise to a mixture of several gold
cluster species, a small quantity of the mononuclear
complex Au(PR,),™ (as established by 3P-{*H} n.m.r.
studies), and TiO,. The addition of large counter-anions
to these alcoholic solutions results in the crystallisation of
pure samples of the complexes [Auy(PPhy)g]Y,® and
[Auy, (PRy),0]Y; (where Y = PF, or BPh, and PR, =
PPh,Me or PPhMe,). The latter, which are red crystalline
solids, have been formulated as 1l-atom clusters on the
basis of elemental analyses and their electronic and n.m.r.
spectral properties, which bear a strong resemblance to
those reported for the structurally characterised compound
Au,,(PPhy),I,.¢ Single crystals of [Au,,(PPhMe,),,](BPh,),
suitable for single crystal X-ray structural analysis have
been obtained and work is in hand to confirm this formula-
tion.

In the case of the PPhMe, complex, addition of NEt,C]
to alcoholic solutions of the [Au,,(PPhMe,),,]3* ion leads
to its conversion into the higher nuclearity cluster ion
[Auy,(PPhMe,),,Cl,]*+ in high yields. Very dark red
crystals of [Auy3(PPhMe,),,ClL,](PF,); which were suitable
for X-ray crystallographic analysis were obtained by adding
NH,PF; to these alcoholic solutions.

X-Ray photo-

electron studies of the compound in the solid state are consistent with the titanium being either in the (11) or (111) oxidation state in

this compound.
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Crystal data: CgoH,, F15CLPAu,s, M = 4446, triclinic,
space group Pl, a = 13-256(2), b = 14-962(2), ¢
15:300(2) A, & = 104-55(2), B = 95-89(1), y = 92-71(3)°,
U = 2913(2) A3, Z = 1, D, = 2-54 g cm~3, F(000)
2008 electrons, graphite monochromated radiation (A =
0-71069 A), p(Mo-K,) = 171-25cm~t.  The diffracted
intensities were measured to Opax = 22'5° on an Enraf-
Nonius CAD4 diffractometer and were corrected for
absorption. 3663 reflections [I > 3¢(I)] were used to solve
(Patterson and Fourier syntheses) the structure which has
been refined (block matrix least squares) to R = 0-0880.

The molecular structure of the [Au,(PPhMe,),,Cl;)%*"
ion, illustrated in the Figure, establishes the theoretically
predicted centred icosahedral geometry.'s® This structure
represents a marked contrast with the centred cubocta-
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FiGure. Molecular structure of the [Au,(PPhMe,),,Cl,]3+ ion.
For reasons of clarity the carbon and hydrogen atoms on the
phosphine ligands have been omitted.
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hedral geometry established for Rhy,(CO),,H;.8 The central
gold atom [Au(13)] lies on a crystallographically imposed
centre of symmetry and therefore the chloride ligands are
constrained to occupy para-vertices? of the gold icosahedron
[Au(l) and Au(l”)]. The gold-gold distances on the
periphery of the polyhedron lie in the range 2-852(3)—
2-949(3) A, and are longer than those bond lengths con-
necting the central gold atom to the peripheral gold atoms,
which lie in the range 2-716(2)—2-789(2) A. These bond
lengths are comparable to those reported for other gold
cluster compounds.’~? The cluster shows significant
distortions away from the idealised icosahedral geometry
which arise from the different electronic and steric require-
ments of the chloro- and phosphine ligands. In particular
the Au(13)-Au(1) bond length of 2-716(2) A is significantly
shorter than the comparable Au(13)-Au bond lengths and
the Au(l) atom is displaced from the idealised five-fold
axis of the icosahedral metal cluster cation resulting in a
spread of bond lengths from 2-852(3)—2-949(3) between
Au(l) and the adjacent pentagonal face of the icosahedron.
Furthermore, Au(13)-Au-ligand bond angles show large
deviations from 180° (167-4—178-0°). We attribute these
distortions to the non-bonded repulsions exerted by the
bulky phosphine ligands.

If crystals of [Au,(PPhMe,},,Cl;](PFs), are dissolved in
CD,Cl, at —60°C and the 3P-{'H} n.m.r. spectrum is
recorded at this temperature then only a single resonance
at 36-8 p.p.m. with respect to P(OMe);O is observed.
This is consistent with the presence of only the para-
isomer. However, when the solution is allowed to warm
up to room temperature additional resonances are observed
at 39-0, 364, and 24-7 p.p.m. suggesting that at higher
temperatures the para-isomer isomerises into the alterna-
tive ortho- and/or meta-isomers by a low energy pathway.
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