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Organometallic oxides,1 which contain both hard (oxo) ligands
and soft (largely organic) ligands and/or combine low- with high-
valent metal centers, are attractive species, from which new
reactivity patterns should be expected, as masterly demonstrated
by the methyltrioxorhenium catalyst.2 A special class of organo-
metallic oxides comprises organometallic derivatives of polyoxo-
metalates.3,4 Since they can be well characterized at the molecular
level, they can provide structural and spectroscopic models for
heterogeneous metal oxide-supported catalysts. In addition, they
also display their own reactivity, and cooperative effects5 as well
as bifunctional catalytic activity6 have been reported. In some cases,
the mobility of the organometallic moiety on the polyoxometallic
core has even been evidenced7 and some core rearrangements also
mimic the dissolution-reaggregation processes sometimes occurring
at oxide surfaces during their impregnation by the catalyst phase.8

We have recently characterized a variety of organometallic oxides
on the basis of{Ru(arene)}2+ and molybdate or tungstate frag-
ments.9 To broaden the scope of these reactions and since
N-heterocyclic carbenes10 are an emergent class of ligands in
organometallic chemistry,11,12 we then explored the reactivity of
the tetrakis-carbene ruthenium precursor [RuLMe

4Cl2] (LMe ) 1,3-
dimethylimidazolidine-2-ylidene)13 toward polyoxometalates. We
could only characterize isopolymolybdates during the course of the
reaction of [RuLMe

4Cl2] with either (n-Bu4N)2[Mo2O7] or (n-Bu4N)2-
[Mo4O10(OMe)4Cl2] in acetonitrile or dichloromethane, at room
temperature. On the contrary, the reaction with the monovacant
Keggin-type polyanion [PW11O39]7- leads to the first carbene
derivative of a polyoxometalate, [(PW9O34)2(cis-WO2)(cis-RuLMe

2)]13-

(1).
The equimolar reaction of [RuLMe

4Cl2] with K7-xNax [PW11O39]14

in water, followed by air oxidation and recrystallization in molar
NaCl, gives brown, X-ray diffraction quality crystals of Na4K9-
[(PW9O34)2(cis-WO2)(cis-RuLMe

2)]‚23H2O (Na4K91‚23H2O, yield
42%). The number of water molecules in the compound has been
determined by TGA measurements and is in agreement with
elemental analysis. However, only 15 of these 23 water molecules
have been located in the course of the structure determination.
Written as above, the formula implies that the oxidation state of
the ruthenium in1 is Ru(III), which is further supported by
electrochemical measurements15 and X-ray absorption studies (see
below).

Air oxidation of Ru(II) precursors to Ru(III) in the course of
their reaction with vacant polyoxometalates is precedented.16a-c,17

[Ru(H2O)6]2+ itself is readily oxidized by air to give [Ru(H2O)6]3+.18

Ru(III) derivatives of polyoxometalates are often more air-stable
than their Ru(II) analogues16d and can be isolated more easily.16a

A Ru(IV) derivative has also been characterized.16e The formation
of the R-A[PW9O34]9- subunits in1 from [PW11O39]7- implies a
partial degradation in solution. The formation of the related anion

[K⊂P2W20O72]13- (2)19 also results from the basic degradation of
[PW12O40]3- by aqueous carbonate. The relationships between
routes of formation of polyoxometalates and their structures have
been recently discussed.20 In the present case, we postulate that
strongly basicN-heterocyclic carbenes,11 released from [RuLMe

4Cl2],
would induce the degradation of [PW11O39].7- In a control31P NMR
experiment, we could verify that several species are present in the
solution, until it is exposed to air, which causes an evolution to a
main product, that precipitates as K13‚1. The formation of1 is thus
probably triggered by Ru(III) carbene fragments, acting as Lewis
acids.

The molecular structure of (H2O)2K⊂1 is shown in Figure 1. It
is related to that of [K⊂P2W20O72]13- (2) reported by Fuchs and
Palm:19 two R-A[PW9O34]9- subunits are linked through acis-
{RuLMe

2}3+ fragment and acis-{WO2}2+ group. The whole anion
encapsulates a potassium cation interacting with 10 oxo ligands of
the polyanion and two extra water molecules. The two{PW9}
subunits are not eclipsed but moved forward from each other.
Although the anion has no crystallographically imposed symmetry,
it has approximateC2 symmetry with the axis passing through the
ruthenium, the potassium, and the linking tungsten. The polyhedral
arrangement thus differs from that encountered in the family of
[P2W21O71(H2O)3],6-21a its lacunary21b,22and metallic derivatives.23

Both the linking tungsten and the ruthenium achieve six-coordina-
tion by linking to four oxo ligands, two from each{PW9} unit.

Figure 1. Molecular structure of (H2O)2K⊂1 in Na4K91‚∼15H2O.
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The trans-influence of the multiply bonded terminal ligands
expresses in the lengthening of the Ru-O bondstransto the carbene
ligands (2.16(2) Å compared to 1.95(2) and 1.97(2) Å for the other
two oxo ligands). The Ru-C bond lengths (2.00(3)-2.05(3) Å) are
typical of double bonds.

As the sodium cations could hardly be distinguished from the
lattice water molecules, the whole charge of the anion and thus the
oxidation state of the ruthenium could not be unambiguously
determined only from the single-crystal X-ray determination.
Na4K91‚23H2O appears to be EPR silent at 77. Preliminary results
at 4 K show a signal, which needs to be confirmed and simulated.
A definite conclusion upon the oxidation state of the ruthenium
center in1 was reached by electrochemical15 and XANES experi-
ments at the ruthenium K-edge (Figure 2 and also Supporting
Information). As expected, the position of the rising edge is
dependent on the oxidation state of the ruthenium, the higher the
oxidation state the higher its energy. The rising edge of1 thus falls
in the range of those of [RuIII (acac)3]24 and [RuIIICl4(DMSO)2]- 25

but is surrounded, at low energy, by that of [RuIILMe
4Cl2] and, at

high energy, by that of RuIVO2.
In this contribution, we have reported the synthesis and char-

acterization of the first carbene derivative of a polyoxometalate,
[(PW9O34)2(cis-WO2)(cis-RuLMe

2)],13- which displays an original
molecular structure. As far as their electronic properties are
concerned,N-heterocyclic carbenes such as LMe are more similar
to phosphanes than to alkylidenes. Even if alkylidene moieties are
not required for olefine metathesis,26 the investigation of the
catalytic activity of1 will require some activation at the ruthenium
center. Compound1 can also be a new entry for the synthesis of
Ru-containing polyoxometalates, some of which are good oxidation
catalysts.27 Our perspectives also include the introduction of
functionalizedN-heterocyclic carbenes for attachment to a surface
or to a polymer, and the use of chiral or multidentateN-heterocyclic
carbenes.
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Figure 2. Ru-K edge XANES spectra of [RuCl2LMe
4] (- - - -), Na4K9-

[{PW9O34}2{WO2}{RuLMe
2}] (s), and RuO2 (- - -).
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