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The preparation and molecular structure of the initial nanosized
platinum—gold carbonyl cluster, Pt;s[Auz(PPhs)2]o(CO)10(PPhs)s (1),
are described. A comparative analysis reveals its pseudo-D;p
geometry, consisting of a centered Pt;3 icosahedron encapsulated
by two centrosymmetrically related bidentate [PhsPAu—AuPPh]-
capped ligands along with 4 PR; and 10 CO ligands, to be
remarkably similar to that of the previously reported Pty7(u2-CO)a-
(CO)s(PEt3)s (2). Reformulation of 2 as Ptys[(PtPEt;),(2-CO))o-
(CO)10(PEt3), emphasizes the steric/electronic resemblance of the
bulky-sized bidentate [PhsPAu—AuPPhs] and [(PtPEts)(u,-CO)]
capping ligands in 1 and 2, respectively, as well as their identical
electron counts of 162 cluster valence electrons for a centered
Pty3 icosahedron. We hypothesize that analogous steric effects of
their ligand polyhedra in 1 and 2 play a crucial role along with
electronic effects in the formation and stabilization of these two
nanosized clusters that contain an otherwise unknown centered
icosahedron of platinum atoms.

clusters’ there are no previous examples of nanosized Pt
Au carbonyl clusterd?

As part of an extensive preparative exploration to syn-
thesize and physically/chemically characterize high-nuclearity
(nanoscale) CO-ligated PAu clusters, we present herein
the preparation, isolation, and structural determination of the
first nanosized PtAu carbonyl cluster, R{Au(PPh)].-
(COXo(PPh)4 (1). This extraordinary cluster was initially
obtained in low yield £10%) from the redox reaction of
PtCL(COD), AuSMeCl, and PPhwith [Nig(CO);2]?" in an
acetonitrile solution under an initial CO atmospheits.com-
position and atomic arrangement were unequivocally estab-
lished from a low-temperature CCD X-ray diffractometry
study®” The calculated Pt/Au atom ratio (13/4) of 76.5%/
23.5% is in close agreement with that of 74(2)%/26(2)% and
77(2)%/23(2)% obtained from energy-resolved measurements
on two crystals with a scanning electron microscépe.

The configuration ofl of pseudoB2, and crystallographic
Ci (—1) symmetry consists of a centeredsHtosahedron
that is stabilized by two bidentate [fHFAu—AuUPPh] units

Because of the commercial prominence of Pt-based that cap two centrosymmetrically related (opposite) pairs of
catalysts and the experimentally determined knowledge thatadjacent triangular icosahedral ;£faces along with 4

the incorporation of gold into these catalysts has generally terminal PPhand 10 CO ligands, of which 8 are terminal
been found to enhance their activities, chemoselectivities, and 2 doubly bridging (Figure 1a). The elongated, cylindri-
and stabilities, many studies during the last 2 decades havecally shaped 17-atom B&u, core has metal-core dimensions
been directed toward the preparation and characterization ofof 0.82 nm between opposite Au atoms along the vertical

Pt—Au clusters as potential catalytic precursbithough
this has given rise to a considerable number of new/ARt
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High-nuclearity(nanosized) mono- and polyicosahedralAt—Ag
phosphine/halide clusters containing Pt-centered icosahedral cages have
been prepared and crystallographically/theoretically anal§zed.
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Figure 1. Configurations of (a)l and (b) known 210 without the
phosphorus-attached substituents. Each molecular configuration of crystal-
lographic site symmetrg; (—1) ideally conforms tdan (2/m, 2/m, 2/m)
symmetry. These electronically equivalent and geometrically analogous
molecular clusters are the only examples of a centerggdi¢ttsahedron,
whose stabilization is sterically/electronically attributed to closely similar
ligand polyhedra.

pseudoE; axis and 0.54 nm between Pt atoms perpendicular
to the C; axis.

In contrast to many examples of icosahedral-based pal-
ladium carbonyl/phosphine clustérthe only other examples
of icosahedral-based platinum carbonyl clusters argu3t
CO)(CO)(PEb)s (2)*° and the classic 19-metal-atom pseudo-
Dsp [Pt19(CO)2],4 * which may be viewed as a geometrical
isomer of two interpenetrating icosahedra (corresponding to
one double icosahedron), for which the three pentagonal Pt
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Reactions were carried out by standard Schlenk techniques on a
preparative vacuum line under a nitrogen atmosphere. A typical
procedure for the preparation bfis as follows: To a stirred solution

of PtCh(COD) (0.145 g, 0.38 mmol), AuSMEI (0.056 g, 0.19 mmol),

and PPh (0.100 g, 0.38 mmol) in 10 mL of MeCN was added
[Nig(COX2)?~ ([NMeg4] T salt) (0.200 g, 0.24 mmol) in 15 mL of MeCN.
The solution was stirred under a CO atmosphere for 45 min followed
by 10 min under a nitrogen atmosphere. The resulting red-brown
solution was then filtered to a separate flask, and the acetonitrile solvent
was removed by evaporation. The residue was washed with a minimum
amount of MeOH and extracted into MeCN. Single crystal$ wkre
obtained by layer diffusion of isopropyl ether into a concentrated
MeCN solution ofl (yield ~ 10%). IR spectra in Nujol: 1956 (br,
vs), 1947 (sh), 1738 (m) cm.
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rings are constrained to be eclipsed instead of staggered
because of 10 doubly bridging COs linking eclipsed pairs
of Pt atoms between pentagonal rings. The centrosymmetric
2, reported in 1989, was prepared in low yietd14%) by
Kurasov and Eremenkdfrom the thermolysis of B{CO)-
(PEB),*? in decane and structurally determined from an
X-ray diffraction study by Slovokhotov and Struchk&we
subsequently found thét can also be prepared from the
triphenylphosphine analogue s@0)(PPh),,'2 by reaction

with AUPPRCI and TIPFK (as a chloride scavengé#).

Figure 1b shows tha2 also is composed of a centered
P13 icosahedron that is capped on each of two centrosym-
metrically opposite pairs of adjacent triangulag faices by
two bidentate [(PtPE)(u2-CO)] fragments. A comparison
of the molecular structures dfand?2 (Figure 1a,b) reveals

(6) X-ray data for crystal ofl were collected at 173(2) K on a Bruker
SMART CCD-1000 area-detector diffractometer with graphite-mono-
chromated Mo Kt radiation from a sealed-tube generator. The crystal
structure was determined from direct methods. Least-squares refine-
ments (based oF 2) were carried out WittSHELXTL’ Supplementary
crystallographic data in CIF format fdr have been deposited with
the Cambridge Crystallographic Data Centre, 12 Union Road, Cam-
bridge CB2 1EZ, United Kingdom, and copies can be obtained upon
request free of charge, by quoting the publication citation and
deposition number: CCDC-27164918Au2(PPh)2]2(CO)o(PPH)4:

M, = 5714.31, triclinicP1, a = 15.902(2) Ab = 16.041(2) Ac =
17.593(2) Ao = 78.963(2), B = 63.696(1), y = 63.132(2}, V =
3588.4(6) B, Z = 1, F(000) = 2580, pcaica= 2.644 Mg n73, 32 128
reflections were obtained over 1.29 6 < 28.33. An empirical
absorption correction (SADABS) was applieg(1o Ka) = 16.82
mm~1, max/min transmission, 0.4317/0.1071]. Full-matrix least-squares
refinement (orF2) of 17 003 independent merged reflectiof§ift)
= 0.0835] with 493 parameters [0 restraints] converged at WR2(
= 0.1497 for all data; RE) = 0.0731 forl > 2¢(l); max/min residual
electron density, 5.36/7.02 e A3; GOF (onF ?) = 0.975. Hydrogen
atoms were included in structure factor calculations at idealized
positions and were allowed to ride on attached carbon atoms with
relative isotropic displacement coefficients. All non-hydrogen atoms,
except carbon atoms of phenyl groups, were refined anisotropically.
All crystallographic software and sources of the scattering factors are
contained in th&HELXTLprogram library: Sheldrick, GGHELXTL,
version 6.10; Bruker AXS: Madison, WI, 2000.

Measurements were performed by Dr. Richard Noll (Manager, SEM
Facility at Materials Center-Instrumentations, University of Wisconsin
Madison) on a LEO DMS 1530 field emission scanning electron
microscope (JEOL JSM-6100).
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Powell, D. R.; Dahl, L. FAngew. Chem., Int. E®00Q 39, 4121.
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101, 6110.
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Chem. Resl978 230 2913. (b) Bender, R.; Braunstein, P.; Fischer,
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R.; Braunstein, PJ. Chem. So¢.Chem. Communl1982 334. (d)
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Pt(CO)(PPh)s* (0.05 mmol) and AuPRJC! (0.03 mmol) were
reacted with TIPE(0.03 mmol) in the THF solution. After the reactants
were stirred at room temperature underfdr four days, the solution
was evaporated and the residue was washed #hO. Crystals,
grown by layer diffusion of-Pr,O with a MeCN solution ofL, were
identified asl via IR amd X-ray crystallographic analysis (approximate
yield, 10-15%). This much simpler, direct preparative route is
preferable to the original one (ref 5), and optimization of the reaction
boundary conditions should give rise to a higher yieldlLof
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analogous orientations of the corresponding four terminal
PR; ligands and eight terminal and two doubly bridging
carbonyl ligands attached to the common Pt(i)-centered Pt

P13 icosahedron il being 162 CVEs (viz., 1% 10[Pt] +
2 x 2[Auy(PPh);] + 10 x 2[CO] + 4 x 2[PPh]). An
analogous consideration of each bidentate [(R)JREt-CO),]

cage. These approximately identical ligand arrangements offragment in2 as a two-electron donor also gives rise to an

pseudob,, symmetry inl and2 are in accordance with the
close similarity of their IR spectr&4The reformulation of

2 as Pij(PtPEE)(u2-CO)(CO)o(PES), Stresses the close
geometrical similarity (Figure 1) of both molecular structures

electron count of 162 CVEs. This same lower electron count
of 162 CVEs (compared to a normal icosahedral electron
count of 170 CVESs) is observed in other complete centered
icosahedra including the Pd(i)-centered Rthge in neutral

of 1 and2 and thereby suggests an overall resemblance of [Pd;s(CO)3(PRs)¢] (R = Me *2Et?), the classic Au-centered
the combined electronic/steric influence of the two bidentate Au;, cage in [f12-Au)(AuPMePh)o(AuCI),)*" ([PFRs]~

[Aux(PPh),] fragments inl with that of the corresponding
two bidentate [(PtPE);(u.-CO)] fragments in2.

The means of the 12 radial Pt{pPt(cage) and 30
tangential Pt(cage)Pt(cage) distances of 2.71 and 2.85 A,
respectively, inl compare favorably with those of 2.70 and
2.84 A, respectively, reportétfor 2. These observed radial
compressions of 4.9% in both and 2 [e.g., (2.85-2.71
Ai2.85 A) x 100 in 1] are virtually identical with the
predicted value of approximately 5% for a geometrically

salt)?2and other centered coinage-metal cajés.

Mingos'® pointed out that this lower electron count should
occur for a 13-atom centered icosahedron where radial
bonding dominates. The same lower electron count is
obtained via the Teo/Zhang approédchvhen a smaller
skeletal electron-paiB value of 9 (instead of 13) is used
for the centered icosahedron. Teo et?alemphasize that
the weakening of the tangential bonding in these electron-
deficient clusters (witlB = 9) is primarily due to relativistic

regular centered icosahedron and furthermore are completelyeffects of Au and Pt.
consistent with experimental values determined for centered  aAttempts to prepare the PEanalogue ofl were unsuc-

Pdi; icosahedra in Pd, Pdss, P, Pdse, Pdso, and Pds
carbonyl/phosphine clustetdn fact, the above means ih
and 2 are significantly smaller than the identical means of
2.74 and 2.88 A found for the corresponding radial Pel(i)
Pd(cage) and tangential Pd(cag®d(cage) distances in the
centered Rt icosahedron of the isostructural B O) s
(PMe&s)o®® and Pds(CO)13(PER)e.°® These bond-length dif-
ferences of 0.030.04 A between corresponding-F®t and
Pd—Pd bonding interactions are not surprising in light of

cessful. The two bulky-sized bidentate fPAu—AuPPhR]
capping ligands irl, which are spatially analogous to the
corresponding two bidentate [(PtRBEfu-CO)] capping
ligands in2, are presumed to be necessary components of
their ligand polyhedra in being sufficiently large to offer
steric protection of the encapsulated Pt(i)-centered icosahe-
dral P4, cage inl1 and2 against chemical predators.
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