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The neutral cluster [AugMo4(CO)o(PPhs)4] was synthesized in low
yield from [AuCI(PPhs)] and [Mo,(CO)y0?>~ in acetonitrile at room
temperature. The cluster was characterized by X-ray analysis, IR,
and P NMR spectroscopy. Its solid-state structure consists of
four AusMo tetrahedral units, fused by four Au atoms in a ring.
The average bond lengths are Au-Au 2.77 A and Mo—Au 2.93 A.
The internal angles of the planar square ring are very close
to 90°.

Since the pioneering work of Malatesta et'amolecular

(or post)-transition-metal element (here including®ARrt°
Ag,* or Hg'?). The subject was reviewed several years ago
by Mingos!®14by Saltet® and, more recently, by Stk 16

All of these experiences have been applied to the prepara-
tion of ultrasmall Au nanoparticles, so that, nowadays, the
two fields overlap to a substantial extéhAtHomo- and
heterometallic quasi-molecular clusters find potential ap-
plication in several fields of nanosciendésuch as nano-
electronic!® catalysis?® and analytical chemistrst.

On the other end, the fragment [Au(BR has been widely
used to test the nucleophilic reactivity of anionic carbonyl

Au clusters have attracted a large scientific interest, mainly clusters and probe the sites accessible to the isolobaf H

devoted to understanding the factors that govern their

bonding. For Au, the ability to form a large number of inter-

Exactly for this last reason, to verify if the electrophilic
fragment [AuPPK| ™ was able to add across the unsupported

actions, apparently unsupported by conventional covalent (7) Holzer, M.; Stihle, d Z. Anorg. Allg. Chem1994 620, 786.

bonds, was named “aurophilicif/and theoretically exam-
ined?
More recently, several MAu heterometallic clusters have

been obtained, and they can be conveniently classified into

at least two categories: clusters centered by Mdg-

ments (usually with an early-transition-metal element such (2)

as V{4 Mo,® W% Mn,” or Ré®) and clusters containing a late
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Mo—Mo single bond of [Mg(CO),)>~ and to see if the > & 010

Mo,Au?3 unit was as structurally flexible as the “protonated” o 06

Mo—H—Mo bond in [HMg,(CO),o] -, whose conformation, % A
%

in the solid state, is strongly dependent on the countéfion,
we tested the reaction between (DEMo(CO)g and
AuPPhCI.

In contrast to what was expected, adding small portions
of the Au complex to an acetonitrile solution of the molyb-
denum carbonyl anion produces a complex reactidiR 1
monitoring showed a continuous shifting of the IR bands, @{
suggesting that no single stable compound was formed. 9
However, at approximately a 1:1.5 ratio between the two
reagents, some sharp new bands appeared in the spectrum.
The reaction was thus stopped, and the mixture was

fractionated by solvent extraction. The tetrahydrofuran (THF) Mo4 : G
fraction was layered with 2-propanol, and the compound S \ \ ‘=/ \ .
[AugMo4(CO)o(PPh)4] crystallized in low (<10%) yield. & n \ &
Among the other products of the same reaction, the homo-  °** S X @ R
metallic Au cluster Agy(PPh);Cls was isolated and identi- ‘ 020 13 011 1;\5,' ois

fied, after an X-ray determination. This product is consistent D
with a mild reduction of Au(PPHCI, which typically yields Figure 1. Solid;state structure of Ao4(CO)o(PPh)s. The eIIipso%s
homometallic Au cluster5Thus, the synthetic approach to ngdu”i‘z"."é‘lag\?&g"_ ﬂggﬁgg‘tj{" Average bond lengths are-Au 2.77 A,
[AugMo4(CO)o(PPh),] can be related to the traditional redox

condensation, a reaction between coordinatively saturated
species in different oxidation stat&sTo the contrary, the
other reported heterometallic M@Au clusters have been

cluster chemistd) and connected to six metal atoms. The
unshared four Au atoms are three-connected and carry a

) | PPh ligand. Despite this strong structural difference, the
prepared by photolysis of BRAUN; in the presence of  A,_ay distances are very similar, with no significant differ-

Mo(CO), a method that induces also the decarbonylation . .as within the two groups. The average-A separation

of the Mo.complex“. . is 2.77+ 0.02 A. Also, the Au-Mo edges fall within a short
The solid-state structufeof [AugMos(CO)o(PPh)4] is range, and the mean distance is 2:83.03 A. The first

shown in Figure 1 and consists of four Mo tetrahedral \51ye is normal for these cluster species, but the latter appears

units, mutually sharing a Au vertex, so as to form a square gjightly longer than other known values, which are typically

arrangement. . shorter than 2.85 A¢ The internal polygon is a really

Au cluster, whose edges are all bridged by Mo(€@nd deviations from the mean plane smaller than 0.01 A.

QU(F;.P% units, V\t"th ?Izﬁrnatel oruTntann. Therefore, the The carbonyl ligands around the Mo centers define slightly
idealized symmetry of the molecule . distorted square-based pyramids, with axieduatorial

Thus, the four. Au atoms that defme the Square are angles always smaller than 9rhe axial carbonyls deviate
unsupported by ligands (a feature quite uncommon in AU ., jinearity as a consequence of a weak interaction with

(22) (a) Ceriotti, A.; Della Pergola, R.; Garlaschelli, L.; Manassero, M.; Au: the Mo-C-0 a_ngles are in the. range 169'ﬂ74'6)’
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Fracchia, L.; Garlaschelli, L.; Manassero, M.; Sansoni,JMChem. 2.69-2.89 A. However, this effect is common to both types

Soc., Dalton Trans1996 747. (c) Della Pergola, R.; Fumagalli, A.; . . . .
Fabrizi de Biani, F.; Garlaschelli, L.; Laschi, F.; Malatesta, M. C.; of StrUCturally different Au atoms and is typlcally found in

Manassero, M.; Roda, E.; Sansoni, M.; ZanelloERr. J. Inorg. Chem. carbonyl clusters containing the [AUWPPh] fragment??

2004 3901. ; hridai
(23) For structurally characterized Mau clusters, see: (a) Hartung, H.; t,herefore’ they can hard,ly be considered as semlbrldglng
Walther, B.; Baumeister, U.; Boettcher, H. C.; Krug, A.; Rosche, F.; ligands. In agreement with the loc&, symmetry of the

Jones, P. GPolyhedron1992 11, 1563. (b) Ferrer, M.; Reina, R, carbonyl groups, the IR spectrum of the compound, in a THF
Rossell, O.; Seco, M.; Alvarez, S.; Ruiz, E.; Pellinghelli, M. A,; . . .
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Compd 2006 408 1046.
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mmol) were dissolved in 5 mL of MeCN and stirred at room groupP2;/n (No. 14),a= 16.910(1) Ab = 26.502(3) Ac = 21.427-
temperature for 1 h. The solvent was dried in a vacuum, and the residue (2) A, p=91.11(1y, V= 9600.7(15) &, andZ = 4. Bruker SMART

was washed with 2-propanol (2 5 mL) and extracted with 3 mL of area detectory scan,T = 223 K, full-matrix least-squares refinement
THF. The solution was layered with 2-propanol, and when the sol- on all reflections (23 881), R2= 0.055 and wR2= 0.074 onF?2,
vents were mixed, well-shaped crystals of the product were recovered. conventional RE 0.033 on 16 303 reflections B 20(1)]. The atomic

IR (CO stretching, THF solution): 2029s, 1933vs, P NMR in coordinates of the structural model have been deposited with the
CD,Cly: 58 ppm. Cambridge Crystallographic Data Centre (deposition number CCDC
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Au atoms, shown in Figure 2, cannot be reconducted to a
fragment of an icosahedron.

Nevertheless, the disposition of the metal atoms in this
compound may resemble structural motifs found in other
fields of inorganic chemistry. For example, the eight Au
atoms, forming aD,y crown, are reminiscent of the eight
alternating nonmetallic atoms in,8,; or As,S2* rather than
the more familiar  molecule3? Moreover, rings of four
tetrahedra are present in some synthetic silféated in the
cyclotetrametaphosphatés.

Figure 2. Schaka plot of the position of the Au (yellow) and P (green) This last analogy suggests that further work on this subject
atoms in [AMo4(PPR)4(CO)l- may possibly lead to the isolation of different oligomeric
structures. Larger rings or linear structures imply larger

The description of the bonding in the compound is quite Ge—Au—Ge an%les, s?) they are disfavored by sﬁgric h%n—

stral_ghtforwar_d: because only_ the electrons of_ the Au atoms drance of the ligands on adjacent tetrahedra but favored by

are involved in skeletal bonding, there are eight electrons more linear coordination at the shared Au atoms

avallaple for cluster Ponds- S Additionally, this cluster can be used to model the
The same conclusion can be drawn, considering that bOthadsorption and decomposition of Mo(G®n Au surfaces,

(AuPPh)™ and [Mo(CO}] are isolobal Lewis acids and \yhich may have catalytic implicatiofkafter the observation

therefore participate in the cluster bonding with eight empty that the resulting Mo nanoclusters show surprising reactivity

orbitals. The electrons are all supplied by the remaining toward S-containing molecules. This distinctive behavior has

[Au,]*” fragment, whose edges are indeed supported by eightheen ascribed to electronic perturbations originated by the
electrons. Under this assumption, the four-AAu bonds of bimetallic bonding®

the internal square act as the electron donors, the eight ) L
(AuPPh)* and [Mo(CO}] units as electron acceptors, in four ~_Acknowledgment. This work was funded by Universita
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