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An Axial Phosphine Diadduct of Diruthenium(ll,lll) Tetraacetate
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The reaction of Ry(u-O,CR)CI (R = alkyl or aryl) with PP Scheme 1
has been studied extensively in a variety of solvents in an attempt [Rus(11-0,CR),(solvent)o]
to isolate the [Re(u-O.CR)u(PPh),]* species. However, contrary T -
to the ease with which diadducts of the form JRuO,CR L]t PPha
are formed with L= various O and N donorsno axial diadduct :
with triphenylphosphine (or any other phosphine) has been
isolated to date. When the reaction is carried out in refluxing [Rus(p-0,CR)ax-PPh;).]"
methanol or ethanol, the initial products are characterized as oxo-
bridged dimers or trimersA violet u-oxo dimer, Ry(u-O)(u-
O,CCHg)2(O,CCHs),(PPh),, where the phosphines have assumed
equatorial positions, has been isolated and structurally character-
ized from THF solutiorf. An apparent parallel pathway leads to
cleavage of the RuRu bond and the formation of various
mononuclear complexes whose structure is dependent on the
nature of solvent: Barral et af have proposed that the rapidly — [Ruz(u-O2CCHs)a(H20)]* as our starting material, which has
formed [Ru(u-O.CR),(PPh),]* species undergoes an aerobic Mmore labile axial sites than the polymeric chloride and slowed
disproportionation reaction (Scheme 1), the reductant in pathway down any axial to equatorial phosphine migration by increasing
1 possib|y being the phosphine itself. the steric bulk of the phosphine, hence the choice Ofgpmée

Some of these phosphine complexes are known to act as usefuplso employed 2-propanol as our reaction solvent, which we have
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hydrogenation catalys#: others undergo unusual solvent ab-
straction reaction$More recently the reaction between RRhd
various arenecarboxylates, RuO,CAr),Cl, in MeCN/H,0O

used in the past to elicit rapid precipitation of axial diadducts
involving nitrogen heterocycléswhich also undergo axial
equatorial migration, albeit much slower. Thus, a 2-fold excess

(1:2) was undertaken by Chakravarty and co-worRemsd they ~ Of the PCy (0.240 mmol) was added to a solution of fRu-O,-
were able to isolate and structurally characterize a trapped mixed-CCHs)a(H20),](PFs) (0.120 mmol in 25 mL of 2-propanol) and
valent diruthenium(l1, 1) compound, R{i-OH,)(O,CAN4(MeCN)- allowed to react for 5 min. A red-brown precipitate formed and
(PPh).Cl, in which two of the carboxylates are still bridging the ~could be isolated (yiele= 82%).

two rutheniums but the other two are essentially monodentate The product, formulated as [Ru-O,CCH)4(PCy)2l(PFs) (1),

with their free oxygens H-bonded to the bridging water. This does notundergo conversion to a violgtoxo dimer, in either
intermediate may precede the oxo-bridged dimer characterizeddonor (acetone) or nondonor (chlorinated hydrocarbon) solvents,
by Barral et aP since two of the carboxylates are not yet bidentate but converts slowly to what appears to be a yellow mononuclear
to each ruthenium, but the axial to equatorial migration of the species (pathway Il in Scheme 1) over a period of about 2 days.
phosphines has already taken place. Here we report on the firstCrystals ofl could be grown from dichloromethane, and Figure
structurally characterized axial phosphine diadduct of a diruthe- 1 shows an ORTEP confirming the diadduct strucfufée Ru-

nium(ll,111) tetracarboxylate, [Rifu-O,CCHs)4(PCys),](PFs) (PCys
= tris(cyclohexyl)phosphine), and the interesting properties it
displays.

To synthesize what presumably would be a rapidly forming
intermediate, we shortened our reaction time by employing
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Ru bond length of 2.427(1) A is the longest reported for a
diruthenium tetracarboxylate (the previous record of 2.29 A was
seen in a number of adducts) The Ru-P axial bond length is
short at 2.369(2) A and is similar to many R® and Ru-N
axial bond lengthgjndicating a strong axial interaction. This bond
is shorter than RRP bonds in Ri(u-O.CR)(PRs), complexes,
which range from 2.42 to 2.49 AA third structural feature to
be noted is the acute RuRu—P bond angle of 160.40(5)which
deviates significantly from the normal 17480° for these
complexes.

Cyclic voltammetry measuremetten 1 in 1,2-dichloroethane
(Figure 2) reveal an accessible RUf™ oxidation atE, = 522
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Figure 1. ORTEP diagram of..
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Figure 2. Cyclic voltammogram ofl in 1,2-dichloroethane.

mV (vs Fc/F¢ at 100 mV s?), which is unprecedented for a
tetracarboxylate Until now the only diruthenium tetrabridged
species with access to the Ruoxidation state have been the
formamidinato and pyrimidinato complexes studied by Besand
Cotton!2 The anodic to cathodic peak separation for the®Rt
couple is slightly scan rate dependent, but the current ritio (
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(10) Cyclic voltammetry was carried out on a BAS CV-50 voltammetric

Communications

ipa) is close to 1 over the scan rate range used-& mV s2),
making the process chemically reversible. A scan rate dependent
one-electron reduction is also seen wih, = —730 mV (vs
Fc/Fch at 100 mV s?), corresponding to the RU/#* couple.
This is the lowest value observed for any diruthenium tetracar-
boxylate diadduct. It is consistent with the increased difficulty
of reduction observed as the Lewis basicity of the axial ligand
increases. An earlier study using N and O donor ligands made
this clear® Since a phosphine is the strongest Lewis base that
has been coordinated, tEg, for reduction should be the lowest.
The cathodic to anodic current ratio deviates fromplif . ~

1.5) since reduction of [Ru-O,CR)(PCys),]" leads to further
weakening of the already extended-Rru bond, resulting in bond
rupture (pathway Il) and some chemical irreversibilityE; ,
(1252 mV) yields a comproportionation constant of k410!

for the Ruy(ll,111) species.

As Scheme 1 outlines, the formation of an initial axial
phosphine diadduct (kinetic product) is clear. The mechanism of
conversion to th@-oxo dimer (pathway I) or mononuclear species
(pathway Il) (thermodynamic products) still needs to be deter-
mined, but the former may be driven by the phosphine’s apparent
preference for equatorial (versus axial) coordination. There is
greaterr electron density at the dimetal core available for back-
bonding to the strong-acid phosphine equatorially rather than
axially.*®* Other moderater-acid ligands, such as 1-methylimi-
dazole, have also shown preference for equatorial coordin&tion.
In our case the PGymay prefer to go equatorially (RtRu—P
angle= 160°) but, due to its steric bulk (cone angte 170¢°),%°
cannot. PPhhas a smaller cone angle (P4and converts quickly
to the violetu-oxo dimer as does PPhHone angle= 136°).

The degree to which pathway | occurs appears to be controllable
by the steric bulk of the phosphine with pathway Il driven by its
o-donor strength, increasing the antibonding electron density
between the metals and weakening the-Rw bond. The effect

of varying theo-basicity/fr-acidity of the phosphine while keeping
the steric bulk constant is currently being studied.

In conclusion, we have isolated the first axial phosphine
diadduct of a diruthenium(ll,lll) tetracarboxylate by employing
a sterically bulky phosphine, Pgythereby trapping this kinetic
product. Complex. shows the longest RtRu bond length and
most acute RtRu—axial bond angle (in a diadduct) to date as
well as providing access to the RU®* redox couple.
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reference and appeared at 372 mV vs Ag wire (at 100 niivith AE,
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= 81 mV). Tetrabutylammonium hexafluorophosphate (TBAH) (0.100 CIF format forl. This material is available free of charge via the Internet
M) was used as the supporting electrolyte, and all runs were carried out at http://pubs.acs.org.

at 25°C under Ar.
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