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Communications

Reactivity of PPh, toward Ru,Cl(u-O,CAr), Isolation of
Asymmetric, Trapped Mixed-Valence Diruthenium(IILII)

Compounds with an {Ruy(1-OH,)(1-0,CAr),**} Core (Ar

= Ph, C¢H,-p-OMe)

The reaction between Ru,Ci(u-0,CMe), and PPh; is known'
to form the (u-oxo)diruthenium(Ill) compound Ru,O-
(O,CMe),(PPh;),. On reinvestigation? of this reaction using
arenecarboxylato compounds, we have discovered an unusual
reorganization of the [Ru,(u-O,CAr),*} moiety to an {Ru,(u-
OH,)(u-0,CAr),** core leading to the formation of an asym-
metric, trapped mixed-valence diruthenium(IILII) compound,
RUZ(OHz)CI(MCCN)(Ochr)4(PPh3)2 (l, Ar = C6H4-p-OMe;
2, Ar = Ph), which is believed to be an intermediate species in
the formation of the u-oxo compound. The isolation of 1 and 2
with cores analogous to the diiron(IIL1II) active center in the
hemerythrin class of biomolecules* is an important development
in the chemistry of M,(u-O,CR)/™ compounds containing M-M
multiple bonds.5® A similar reaction of PPh; with Ru,CI(Ar-
CONH), is known’ to form a diruthenium(IIT) compound with
a different core structure. Orthometalation of PPh; acting as a
three-atom-bridging ligand is reported® for Rh(1I) and Os(111)
compounds. Herein we report the preliminary results on the
synthesis, structure, and reactivity of 1, which is characterized
by X-ray studies and has properties similar to those of 2.

The compounds were prepared by reacting Ru,Cl(u-O,CAr),?
and PPh, in a 1:2 molar ratio in an MeCN-H,0 mixture at §
°C and were isolated'® in ca. 30% yield as paramagnetic yellow
solids displaying EPR spectra as shown in Figure 1. Compound
2 exhibits a rhombic spectrum in the polycrystalline state at 25
°C with g, g, and g, values of 3.128, 2.644, and 1.593, re-
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Figure 1. EPR spectra of 1 in benzene glass at ~140 °C (—) with g, =
2.353, g, = 2.249, and g, = 1.698 and in the polycrystalline state (---)
at 25 °C with g, = 2.353 and g, = 1.704.

Figure 2. Perspective view of 1 along with atom-labeling scheme. Aryl
groups are removed for clarity. Selected bond lengths (A) and angles
(deg): Ru(1)-Ru(2), 3.605 (2); Ru(1)-O(1), 2.143 (12); Ru(2)-0(1),
2.107 (10); O(1)-H(1), 1.360 (13); O(1)-H(2), 1.077 (13); O(31)~H(1),
1.280 (19); O(12)~H(2), 1.740 (17); O(1)-0(12), 2.509 (22); O(1)-O-
(31), 2.504 (22); Ru(1)~N(1), 1.907 (18); Ru(1)-O(1)-Ru(2), 116.0 (6);
H(1)~-O(1)-H(2), 83.0 (9); O(1)~-H(1)-0O(31), 143.1 (9); O(1)-H(2)~
0(12), 124.2 (9); Ru(1)-N(1)-C(10), 176.0 (16); O(1)-Ru(1)-P(1),
173.2 (4); O(1)-Ru(2)-P(2), 177.4 (5).

spectively. The electronic spectra of 1 in CHCl, display a band
at 960 nm (10417 cm™') with a band width at half-height (A7, ;)
of 4820 cm™', which compares well with the predicted'! value of

(11) The calculation is done by using the relation Apy;, = [2310,,,]'/?
cem™.'® The IT transition in 2 is observed at 880 nm in CHCI,.
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4905 cm™! for an intervalence charge-transfer (IT) transition.'?
Cyclic voltammetry of 1 in CH,Cl,-TBAP at 5 °C showed two
oxidations and one reduction processes that are believed to be metal
centered with the following E)/,, V vs SCE (AE,, mV) values:
+0.615 (130), +0.230 (120), and ~0.435 (150), respectively, at
20 mV s~ A peak at 6 16.98 in the '"H NMR spectra of 1 in
CDCl, is assignable to a u-OH, group.

The X-ray structure of 1 is shown in Figure 2. The molecule
consists of a diruthenium(IIL,I1) unit held by an aqua bridge and
two bridging carboxylato ligands forming an (Ru,(u-OH,) (u-
0,CAr),**} core. In this asymmetric molecule the metal centers
are clearly distinguishable. The oxidation states of Ru(1) and
Ru(2) are +2 and +3, respectively, since the Ru(1)-O(1) distance
of 2.143 (12) A is considerably longer than the Ru(2)-O(1) bond
length of 2.107 (10) A. Compound 1 thus exemplifies a trapped
mixed-valence system.

The formal identification of a u-OH, bridge in 1 is based on
the location of two hydrogen atoms. The presence of strong
hydrogen bonds is also inferred from the short O(1)--O(12) and
O(1)--0(31) distances.'* The considerably different O(1)-H(1)
and O(1)-H(2) bond lengths could be due to the thermally
unstable nature of 1.

The unusual structural feature in 1 is the presence of three
different types of ligands on the facial sites of each ruthenium.
In the formation of 1, the polymeric network of [Ru,Cl(u-
0,CAr)4], is cleaved into discrete dimeric units along with a
segregation of the oxidation states to Ru''Ru!! from the Ru,**
core in the ¢% 7* 8% (8* n*)? ground electronic configuration of
the starting compound. The Ru(1)-Ru(2) distance of 3.605 (2)
A in 1 is quite long for any direct Ru—Ru bond formation.

Compound 1 is unstable in the solution phase. In CHCl,, it
slowly forms a purple compound, [{Ru{(PPh;)(O,CAr)},(u-0)-
(u-O,CAr),] (3), while in MeCN it converts to a blue species,
[{Ru(PPh;)(MeCN),},(u-0) (1-O,CAr),] (C10,), (4), isolated as
a perchlorate salt. Molecular structures of 3 and 4, determined
by X-ray studies,'S show the presence of an {Ru,(u-O)(u-
0,CAr),?*| met-analogue* core in these diamagnetic di-
ruthenium(I11) complexes. The facile formations of 3 and 4 are
believed to be redox controlled, associated with ligand substitution.
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Polyoxoanions as Soluble Metal Oxide Analogues. 5.
Synthesis and Characterization of
Polyoxoanion-Supported, Atomically Dispersed Iridium(I),
(I.S-COD)lr-PZWISNb30628'

Polyoxoanions'? are soluble oxides that resemble discrete
fragments of solid metal oxides.® As such, they are of considerable
interest as catalyst support3* materials, for both fundamental and
practical reasons. However, a prototype catalyst precursor that
leads to a polyoxoanion-supported” catalyst has not been previously
described,® despite numerous reports over the last nine years of
polyoxoanion-supported organometallics."® Herein we report the
synthesis and characterization of (BusN);Na;[(1,5-COD)Ir-
P,W,sNb3Oq,] (1) (Figure 3), which serves as an excellent pre-
cursor to an active and long-lived hydrogenation catalyst.* We
also report key considerations and decision points that led to the
successful combination of polyoxoanion (the second generation
system,'d P,W, Nb;O,,%"), metal (Ir), coordinated ligand (1,5-
COD), and counterions [(BusN)sNaj] in 1, the best catalyst
precursor from a series that we have prepared and examined.”®
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