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Synthesis and X-Ray Characterization of an Iodine-bridged Tetranuclear
Gold Cluster, Di-p.-iodo-tetrakis(triphenylphosphine)-
tetrahedro-tetragold

By FRANCESCO DEMARTIN, MARIO MANASSERO,* LUcCiANA NALDINI,* RUGGERO RUGGERI, and MIRELLA SANSONI

(Istituto di Chimica Genevale ed Inovganica, Universita degli Studi, Via G. Venezian 21, 20133 Milano, Italy)

Summary The reaction of [Auy(PPh,)¢][NO,], with KI in
acetone yields [Au,(u-1),(PPh,),], which has been shown
by X-ray crystallography to contain a tetrahedral gold
cluster connected to four terminal triphenylphosphine
groups and two edge-bridging iodine ligands; the latter
bonding mode is novel for gold clusters.

REceENT developments in the chemistry of gold cluster
compounds have led to the synthesis and X-ray character-
ization of [Aug(PPh,)¢]X, (X = alizarinsulphonate,! or
PF?), [Aug(dppmH),(dppm)][NO,], [dppmH = bis(diphen-
ylphosphino)methane],® and [Auy(PCy,);(SCN),] (Cy =
cyclohexyl).® We describe here the synthesis and X-ray
structure determination of [Au,(u-I);(PPhy),], (1), the first
tetranuclear gold cluster to be reported, and compare
its stereochemistry and electronic structure with those of
the pentanuclear cation [Au;(dppmH)y(dppm)]3+ (2).2

Compound (1) was prepared by reaction of [Auy(PPh,),]-
[NO4],% and KI in acetone in a molar ratio of 1:4. After
ca. 30 min, a pale yellow precipitate was obtained, which
was recrystallized from CHCl,~acetone. The reaction is
reproducible and the overall yield is ca. 159, with respect
to gold. Both the elemental analysis and the diamagnetism
of the novel compound are in accordance with the formula-
tion of Au,I,(PPh,),, which was established by a single-
crystal X-ray diffraction study.

Crystal data: C,HgAnLP,, M = 2090-3, pale yellow’
air-stable monoclinic prisms, space group C2/c (after
refinement), a = 12-989(4), b = 26-042(11), ¢ = 20-543(5)
A, B =10725(2)° U = 6636 A%, Z = 4, Dy = 211, Do =
2-09 g cm~3, u(Mo-K,) = 101-7cm™1. Intensity data were
collected on our BASIC diffractometer with graphite-
monochromated Mo-K, radiation in the 20 range 6—50°.
The structure was solved by conventional Patterson and
Fourier methods on the basis of 3289 independent, absorp-
tion-corrected reflections having I > 40(I). Block-matrix
least-squares refinement, with anisotropic thermal para-
meters for Au, I, and P atoms, and with the phenyl rings
constrained to Dg, geometry, led to a current R value of
0-033.%

The molecular structure of [Au,(u-I),(PPhy),], of crystallo-
graphic C,-2 symmetry, is shown in Figure 1. It is based
on an Auy(u-I),P, core of Dm—Im idealized symmetry, with
the iodine ligands doubly bridging opposite edges of the
metal tetrahedron, and the terminal phosphine groups
connected to the same edges in an essentially linear manner.
The latter feature is probably responsible for these two
edges being significantly shorter than the other four® [2-649
and (mean) 2-793 A, respectively]. Other important bond
parameters are: Au(l)-I 2-968(1), Au(2)-I 2-922(1), Au(l)-
P(1) 2-289(3), Au(2)-P(2) 2-292(3), P-C(average) 1-826 A,
ZAu(1)-Au(2)-P(2) 176-3(1), Au(2)-Au(l)-P(1) 174-0(1)°

t The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboratory, Lensfield Rd., Cambridge CB2 1IEW. Any request should be accompanied by the full literature

citation for this communication.
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FIGURE 1. ORTEP view of the structure of [Au,(u-1),(PPhy),].
Metal-metal bond lengths are: Au(l)-Au(2) 2-649(1), Au(l)-
Au(l’) 2:744(1), Au(2)-Au(2’) 2-771(1), Au(l)-Au(2’) [=Au(l’)-
Au(2)] 2-828(1) A.

The Au-Au and Au-P contacts are in the range usually
found in gold-phosphine cluster compounds (see ref. 1 and
references therein), while the Au—I distances (mean 2-945 A)
are much longer than in Au,,L,[P(p-FCsH,),1; [Au-I 2-600-
(8) AT in which, however, the iodine ligands are terminal.
Comparably long metal-iodine bridges can be found in both
the chair-like and cubane-like forms of {Ag,I,(PPhy),]
[Ag-T in the range 2-724(1)—3-037(2) A].8
[Auy(pu-T)o(PPhy),] is the first example of a gold cluster
bearing monodentate bridging ligands. This feature is of
interest when considering that a tetrahedral metal core of
gold atoms has also been found in the recently reported
cation (2),® where two (bridging) bidentate dppmH ligands
and one (bridging and chelating) tetradentate group (X)

PhoP —=
PPhz—CH;—PPh;—Au—CH
/ \

PhoP ——=

(X)

are present (see Figure 2). Although the steric bulk and
the electron-donor ability of some of the ligands are widely
different in the two species, the overall bonding arrange-
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Ficure 2. Line drawing of [Aus(dppmH),(dppm)]2+ (ref. 3).

ments in the two tetrahedra are very similar, two ligand
atoms being co-ordinated to each gold atom of the tetra-
hedral clusters (see Figure 2). Thus, the two tetrahedra
may be considered to be isoelectronic and each to contain
58 valence electrons, provided that an Au(5)-—Au(4) dative
bond is assumed in cation (2)° [in both compounds 42 e~
would be contributed by the tetrahedral cluster (formally
Au?t) and 16 e~ by the ligands; substantially different
electron countings, while being possible in both cases, seem
less probable].

Finally, it is to be noted that the structure of [Au,(u-I),-
(PPh,),] provides further evidence that the chemistry of
gold cluster compounds is not limited to those species in
which the linear co-ordination of gold is largely dominant.
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