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Although the first high nuclearity cluster com- 
pounds of any transition metal to be characterised 
were the neutral gold species [Au,, L7X3]{L = 
P(aryl)3 and X = I-, SCN- and CN-‘_/ [ 1 ] , which have 
metal geometries based on centred arachno-icosa- 
hedra, the chemistry of gold cluster compounds has 
developed very slowly in comparison to that of the 
polynuclear carbonyls obtained with other metals. 
In the eleven years since the undecagold clusters 
were first discovered only five new cluster species 
have been obtained all of which have been cationic 
viz. [AugLs13+ {L = PPhs or P(p-tolyl),} [2], [Aus- 

W’W81 2+ [31, [Aug{P(P-tolyl)3}612’ [41 and 
[Au5(dppmH)dppm12’ { dppmH = bis(diphenyl- 
phosphino)methane} [5]. 

The first neutral enneagold cluster compound has 
been isolated and it has been shown by X-ray analysis 
to have the structure illustrated in Fig. 1. The two 
previously reported [2] cationic Au9 species have 
metal geometries of DZh symmetry that may be deriv- 
ed directly from a centred icosahedron of metal 
atoms by removal of four vertices as shown in Fig. 2a. 
In contrast the new neutral Au9 cluster has a metal 
arrangement of virtual C’ symmetry only. Its deriva- 
tion from a centred icosahedron is less direct because 
in addition to removal of four vertices the subsequent 
breaking of a peripheral Au-Au bond is required 
(Fig. 2b). Therefore [Au~{P(C~H,,)~}~(SCN)~] (I) 
is the first example of a new type of gold cluster 
compound. 

Reduction of tri(cyclohexyl)phosphinogold(I) 
thiocyanate with sodium borohydride gave a product 
which on fractional crystallisation from n-heptane/ 
CH2C12 yielded a microcrystalline material from 
which some larger red crystals were selected (dec. 
129 “C; Y(CN) 2100 cm-‘; 31P NMR (85% H3P04) 6 
72.98 ppm.) and were fully characterised by X-ray 
analysis as [Au9{P(C6H&}s(SCN)J (I). The elusive- 
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Fig 1. (a) The structure of [Au~{P(C~H,~)~~~(SCN)~] (I). 
Four of the cyclohexyl rings have been partially omitted 
for clarity and for these only the carbon attached to the P 
atom is shown. (b) The Au,PSS3 core of the cluster. Gold- 
gold bond distances (A) are: (lj(2) 2.825(5); (1)46) 
2.809(5); (l)_(7) 2.656(5); (l)-(9) 3.053(5); (2X3) 
2.811(5); (2)j(7) 2.771(5); (2)~9) 2.691(5); (3)--(4) 
3.168(5); (3)-(7) 2.703(5); (3j(8) 2.811(6); (3)_(g) 
2.978(5); (4j(5) 2.939(6); (4)-(7) 2.703(5); (4)-(8) 
2.683(5); (5)-(6) 2.799(5); (S)_(7) 2.671(5); (5)+8) 
2.885(S); (6)_(7) 2.684(5); (7)~8) 2.756(5); (7)49) 
2.709(4). Au-P bond lengths are 2.26-2.29(2) and Au-S 
bond lengths 2.35-2.43(2) A. Ligand-golddcentral gold) 
angles X(n)-Au(n jAu(7) are for X(n) = P(1) 174(l), S(2) 
155(l), P(3) 173(l), P(4) 135(l), P(5) 169(l), S(6) 164(l), 
S(8) 144(l), P(9) 136(l)“. 

ness of gold cluster compounds is illustrated by a 

recent report [6] of this reaction yielding, via thin 
layer chromatography, yellow crystals of [Au{P(Ch- 
H11)3}2]+ (II) as the thiocyanate salt and unidentified 
red crystals. The measured density of the red crys- 
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Fig. 2. The derivation of the two types of enneagold clusters 

from a centred icosahedron: (a) The cationic clusters (Dz,,); 

(b) The neutral cluster (C,). There is a distortion from the 

idealised icosahedral sites which corresponds to the breaking 

of an Au-Au bond. 

tals was 1.99 g cm-3 and is sufficiently close to the 
calculated density of 1.94 g cme3 for (I) to be a very 
strong indication that they also were the neutral 
enneagold cluster (1). 

Interestingly the mononuclear cation (II) is the 
only gold containing species so far characterised 
from reactions of sodium borohydride with tri- 
(cyclohexyl)phopshinogold(I) salt of non-coordinat- 
ing anions which might have been expected to yield 
one of the established cationic types of gold cluster 
compound. In the hexafluorophosphate salt the 
cation (II) has the nearly linear structure shown in 
Fig. 3. The tri(cyclohexyl)phosphine ligands have 
an approximately eclipsed conformation similar to 
that found in the thiocyanate and in contrast to the 
staggered conformation of the methyldiphenyl- 
phosphine ligands in the hexafluorophosphate salt 
of the [Au(PMePh,)]’ cation [7] . 

Crystal Data. C93H16sAu9N3P9S3 (I), monoclinic, 
12/c, a = 44.488(3), b = 22.089(2), c = 23.407(2) 
A,p=91.35(3)‘, V=22995.5A3,Z=8,D,=1.935 
g cmH3. Solution and refinement were based on 3333 
unique reflections, Z/o(Z) > 2.5, measured with a 
Philips PWIOO four-circle diffractometer using 

Fig. 3. The structure of the [Au{P(CeHtt)3}2]+ cation in 

the [PFe]- salt. The principal bond lengths (A) and angles 

(“) are Au-P(l) 2.325(6), AU-P(~) 2.324(6) A P-C 1.842 - 

1.877(21) and P(l)-AU-P(~) 178.0(2), Au-P-C 107.6- 

114.1(7). 

graphite crystal monochromated MO-K, radiation. 
Refinement of the atomic parameters (Au atoms 
anisotropic) has given an R value of 0.092. 

C38Hcx AUF, P3 (hexafluorophosphate of II), 
orthorhombic, Pbca, a = 19.347(2), b = 26.805(3), 
c = 15.530(2) if, V = 8053.8 /i3, Z = 8, D, = 1.529 
g cmw3. Solution and refinement were based on 4049 
unique reflections, Z/c@) > 3.0 (MO-K,). Refine- 
ment of the atomic parameters (Au, P atoms aniso- 
tropic) has given an R value of 0.054. 
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