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UV irradiation is one of the principle modes for activation of
metal carbonyl cluster complexes.2 Generally, this produces
ligand elimination or the cleavage of metal-metal bonds. We
have now discovered a novel photoinduced reorganization of the
metal-metal bonding in a tetranuclear metal cluster complex
that yields an energetically excited metastable isomer, which was
isolated and structurally characterized.

The complex PtOs3(CO)o(u-n?-dppm)[Si(OMe);](u-H) (1,
dppm = bis(diphenylphosphino)methane) was obtained in 50%
yield from the reaction of Os3(CO)yo(n'-dppm)[Si(OMe);](u-
H) with Pt(COD), at 68 °C.3 Complex 1 was characterized
crystallographically and was found to consist of a planar butterfly
cluster of four metal atoms, with the platinum atom located in
one of the “hinge” sites, see Figure 1.5 The cluster is nearly
planar, with the Pt,Os(1), Os(3)-Pt,0s(2),0s(3) dihedral angle
0f 176.4°. The dppm ligand bridges the Pt—Os bond to the wingtip
atom Os(2), and a Si(OMe); ligand is coordinated to the other
wingtip atom Os(1) that is bonded to the platinum atom. A
hydride ligand bridges the Pt—Os(1) bond. Compound 1 contains
only 60 valence electrons, which is 2 fewer than the total required
by the 18-electron rule for each metal atom.

When compound 1 was irradiated (UV) for 6 h, it was converted
to an isomer (PtOs;(CO)o(u-n?-dppm)[Si(OMe);](u-H), 2).6
Compound 2 slowly converts back to 1 under thermal conditions.
A kinetic analysis showed the transformation to be first order in
2, with the activation parameters AH* = 24.3 kcal/mol and AS*
=6.0eu. Itshalf-lifeis4.6hat47°C.” At25°C,thereconversion
is sufficiently slow that 2 can be isolated in a pure form. In fact,
it has been possible to grow crystals of 2 and to characterize it
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visible Apay (€) (in CH,CLy): 384 (11 120 M-! cm-1), 438 (8007 M-! cm1),
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Figure 1. ORTEP diagram of PtOs3(CO);0(u-n2-dppm) [Si(OMe);] (u-
H) (1). Selected interatomic distances (A) are Pt-Os(1) = 2.738(1),
Pt—0s(2) = 2.633(1), Pt-0s(3) = 2.769(1), Os(1)-0s(3) = 3.102(1),
0s(2)-0s(3) = 2.954(1), Os(1)-Si = 2.366(6). The Pt,0s(1),0s(3)-
Pt,0s(2),0s(3) dihedral angle is 176.4°,

Figure 2. ORTEP diagram of PtOs3(CO),0(u-12-dppm) [Si(OMe);] (u-
H) (2). Selected interatomic distances (A) are Pt—Os(2) = 2.7574(8),
Pt-0s(3) = 2.6254(9), 0s(1)-0s(2) = 3.099(1), Os(1)-Os(3) = 2.8881-
(8), 0s(2)-0s(3) = 2.9143(9), Os(1)-Si = 2.388(4). The Pt,0s(2),
0s(3)-0s(1),0s(2),0s(3) dihedral angle is 171.9°,

structurally by an X-ray diffraction analysis.® An ORTEP
diagram of the molecular structure of 2 is shown in Figure 2. This
molecule also consists of a planar PtOs; butterfly cluster of four
metal atoms, but in contrast to 1, the platinum atom lies in a

(6) A 41.2-mg sample of 1 was dissolved in 40 mL of a hexane/methylene
chloride 3/1 solution and irradiated (high-pressure Hg lamp) for 6 h. The
product was separated from unreacted 1 by TLC using a 7/4 (v/v) hexane/
acetone solvent to yield 14.2 mg of brown PtOs3(CO);o(u-n2-dppm)[Si(OMe);)-
(u-H) (2) (43% yield based on 1 consumed). IR »co (cm-!in CH,Cl,): 2096
(w), 2050 (m), 2012 (vs), 1998 (m, sh), 1969 (w), 1945 (m). 'H NMR (&
in CDCly): 7.42-7.29 (m, phenyl H, 20H), 5.16 (t, CHa, 2Jp_5 = 11.0 Hz,
2H), 3.55 (s, OCHj, 9H), —14.52 (dd, Os,-H, 2Jp_3 = 12.0 Hz, 3Jp_ 3= 1.8
Hz, 1H). UV /visible Ay, (€) (in CH,CLy): 402 (9532 M-1 cm-1), 490 (4210
M- cm!) nm. Anal. Caled (found) for 2.C¢Hg: C, 32.4 (32.6); H, 2.35
(2.16). Samples of 1 that were heated to 80 °C for 12 h showed no evidence
of formation of 2 by NMR spectroscopy, indicating that 2 is formed by a true
pheto process.

(7) Thetransformationsof 2to 1at five different temperatures were followed
by 'H NMR spectroscopy. Noother products wereobserved spectroscopically.
Plots of In[2] vs time produced straight lines. AH® = 24.3 kcal/mol, AS*
=6.0¢u, 1/, =46hat47 °C.
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wingtip site and is not bonded to the osmium atom containing the
Si(OMe); ligand.

The structure of 2 implies that the 1-to-2 transformation
occurred by a major rearrangement of the metal-metal bonding.
This could have occurred by the formation of a tetrahedral-like
intermediate (A) through the formation of a bond between the
wingtip metal atoms Os(2) and Os(3) in 1, see Scheme I. In A,
all of the metal atoms would obey the 18-electronrule. Butterfly—
tetrahedral cluster transformations have been observed previously
in platinum-containing tetranuclear metal clusters, and sometimes
both structural types exist together in equilibrium.® Intermediate
A could be transformed to 2 by cleavage of the Pt-Os(3) bond
accompanied by the shift of a CO ligand to the Pt atom. The
thermal transformation of 2 back to 1 could also occur via a
tetrahedral-like intermediate by reformation of the Pt—-Os(3) bond
followed by an opening of the Os(2)-Os(3) bond. The inter-
mediates need not be identical. In fact, it seems likely that the
intermediate created photolytically might be electronically excited.
Indeed, 2 itself is thermodynamically unstable with respect to 1.
Although the transformation produces almost no side products,
the quantum yield for the transformation of 1 to 2 measured at
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345 nmisverylow, 0.003. It was found that the rate of formation
of 2 could be enhanced by a factor of 3 when polychromatic
radiation was used in the presence of the sensitizer, acetophe-
none.1011

The most important feature of this study isthat it demonstrates
for the first time that a metal cluster complex can capture energy
by undergoing a transformation toa metastable species. Materials
that efficiently capture photon energy and then release it thermally
after an appreciable delay could, in principle, be of value in energy
conversion and solar energy storage processes.11:12
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