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Metal complexes can serve as donors in Lewis acid-base adduct
formation.1,2 The basicity of the metal-metal bonds of polynuclear
metal complexes toward protons has also been investigated.3 Here
we report on the remarkable ability of ruthenium-ruthenium bonds
to engage in a novel adduct formation to the Lewis acid palladium
grouping Pd(PBut3).

The tripalladium complex Ru3(CO)12[Pd(PBut3)]3 1 was obtained
in 49% yield from the reaction of Pd(PBut

3)2 with Ru3(CO)12.4,5

Compound1 was characterized crystallographically, and an ORTEP
diagram of its molecular structure is shown in Figure 1. The
compound consists of a central triruthenium triangle with three Ru-
Ru bonds. Each Ru-Ru bond contains a bridging Pd(PBut

3)
grouping. Each palladium atom is bonded to two ruthenium atoms.
The cluster of six metal atoms is not planar, but has a dish-like
shape because each Pd atom is slightly displaced out of the Ru3

plane to the same side. The Ru-Ru bonds, Ru(1)-Ru(2)) 2.9191-
(12) Å, Ru(1)-Ru(3) ) 2.9418(12) Å, Ru(2)-Ru(3) 2.9690(12)
Å, are significantly longer than those in Ru3(CO)12, 2.854(1) Å.6

Each ruthenium atom contains four carbonyl ligands, but one of
these bridges to a palladium atom. The molecule can be viewed as
a tris-Pd(PBut3) adduct of Ru3(CO)12 with the Pd(PBut3) groups
being generated from the Pd(PBut

3)2 by the loss of one of its PBut
3

donors. The palladium atom of the Pd(PBut
3) fragment contains

only 12 electrons and will be a strong Lewis acid. If two electrons
are donated to it from a Ru-Ru bond, then the electron count at
the palladium atom would be increased to 14, as it was in the parent
Pd(PBut3)2 (see modelA). This is conceptually similar to the well-
known protonation of the metal-metal bonds of polynuclear metal
complexes that occurs in strongly protic media.3 The Pd-Ru
interactions in1 are however more complex than this simple model
and include additional stabilization by bonding to a bridging
carbonyl ligand. One could envisage models with even greater
donation of electrons from the cluster to the palladium atom. For
example, the palladium atom in the modelB achieves a formal
electron count of 16, if one counts one electron from the bridging
CO ligand and two electrons via a donor:acceptor metal-metal bond
from a second ruthenium atom. The best description of the bonding
will probably prove to be some combination of these models and
will have to be determined by more sophisticated molecular orbital
calculations.

We have also investigated the reaction of Pd(PBut
3)2 with Ru6-

(CO)17(C).7 This reaction yielded the dipalladium complex Ru6-
(CO)17(C)[Pd(PBut3)]2 2 in 33% yield.5,8 Once again there was no
loss of CO from the ruthenium reagent. Compound2 exists as two
isomers in the solid state, and both isomers can be viewed as bis-
Pd(PBut3) adducts of Ru6(CO)17(C). In one isomer the Pd(PBut

3)
groups bridge two edges of the Ru6 octahedron, see Figure 2. In
the other isomer, Figure 3, one Pd(PBut

3) group bridges an edge

of the Ru6 octahedron while the other Pd(PBut
3) group serves as a

triple bridge. In the latter case, the three Ru-Ru bonds donate six
electrons to the Pd atom, and the electron configuration at the
palladium atom is increased to 18. The Ru-Ru bond distances in
the Ru6 cluster are similar to those found in the parent compound.9
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Figure 1. ORTEP diagram of Ru3(CO)12[Pd(PBut3)]3 1 showing 40%
probability thermal ellipsoids. The methyl groups on the phosphine ligands
have been omitted for clarity. Selected interatomic distances (Å) are: Ru-
(1)-Ru(2) 2.9191(12), Ru(1)-Ru(3) 2.9418(12), Ru(2)-Ru(3) 2.9690(12),
Ru(1)-Pd(1) 2.7877(12), Ru(1)-Pd(3) 2.7962(12), Ru(2)-Pd(2) 2.7928-
(12), Ru(2)-Pd(1) 2.8398(11), Ru(3)-Pd(3) 2.8050(12), Ru(3)-Pd(2)
2.8310(12).

Figure 2. ORTEP diagram of Ru6(CO)17(C)[Pd(PBut3)]2 2 showing 40%
probability thermal ellipsoids. Selected interatomic distances (Å) for isomer
1 are: Pd(1)-Ru(2) 2.7790(6), Pd(1)-Ru(3) 2.8319(6), Pd(2)-Ru(6)
2.8011(6), Pd(2)-Ru(5) 2.8453(6), Ru(1)-Ru(4) 2.8429(6), Ru(1)-Ru(5)
2.8656(6), Ru(1)-Ru(3) 2.9482(6), Ru(1)-Ru(2) 3.0066(6), Ru(2)-Ru-
(5) 2.8590(6), Ru(2)-Ru(6) 2.8619(6), Ru(2)-Ru(3) 2.9749(6), Ru(3)-
Ru(6) 2.8584(6), Ru(3)-Ru(4) 2.8643(6), Ru(4)-Ru(6) 2.9363(6), Ru(4)-
Ru(5) 2.9588(6), Ru(5)-Ru(6) 2.9936(6).
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Carbonyl ligands bridge from the Ru6 cluster to the palladium atoms
in both isomers.

Perhaps the most remarkable demonstration of the potential of
the Pd(PBut3) group to drive new chemistry was obtained from the
reaction of Ru(CO)5 with Pd(PBut3)2. From this reaction the new
dipalladium-diruthenium complex, Ru2(CO)9[Pd(PBut3)]2 3, was
obtained in 40% yield.5,10 Compound3 was characterized structur-
ally and is shown in Figure 4. This compound can be viewed as a
dipalladium adduct of the elusive compound Ru2(CO)9. Ru2(CO)9
was first obtained by the photodecarbonylation of Ru(CO)5 in 1977
and was reported to be a “very unstable” compound at room
temperature.11 The Ru2(CO)9 group in3 is stabilized by the presence
of two Pd(PBut3) groups both of which bridge one single Ru-Ru
bond on opposite sides of the molecule, Ru-Ru ) 3.0114(7) Å.
Interestingly, the ruthenium atom Ru(2) contains five carbonyl
ligands, four of which bridge to the neighboring palladium atoms.
The four carbonyl ligands on Ru(1) are all of a terminal type.

There has been great interest in the preparation of bimetallic
transition metal cluster complexes containing palladium.12 Our new
procedure should allow for the preparation of a much wider range
of these types of compounds. Recently, bimetallic palladium-
ruthenium clusters have been shown to be good precursors to
supported bimetallic catalysts.13 The new complexes reported here
should also be useful precursors to supported bimetallic catalysts.
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Figure 3. Ru6(CO)17(C)[Pd(PBut3)]2 isomer 2: Pd(3)-Ru(7) 2.7806(6),
Pd(3)-Ru(9), 2.8423(6), Pd(4)-Ru(10) 2.8050(6), Pd(4)-Ru(12) 2.8828-
(6), Pd(4)-Ru(11) 3.0531(6), Ru(7)-Ru(11) 2.8587(6), Ru(7)-Ru(10)
2.8855(6), Ru(7)-Ru(8) 2.8994(6), Ru(7)-Ru(9) 2.9981(6), Ru(8)-Ru-
(12) 2.8289(6), Ru(8)-Ru(11) 2.8975(6), Ru(8)-Ru(9) 2.9483(6), Ru(9)-
Ru(12) 2.8780(6), Ru(9)-Ru(10) 2.8928(6), Ru(10)-Ru(11) 2.9261(6),
Ru(10)-Ru(12) 3.0914(6), Ru(11)-Ru(12) 2.9396(6).

Figure 4. ORTEP diagram of Ru2(CO)9[Pd(PBut3)]2 3 showing 40%
probability thermal ellipsoids. Selected interatomic distances (Å) are: Ru-
(1)-Ru(2) 3.0114(7), Pd(1)-Ru(2) 2.7863(7), Pd(1)-Ru(1) 2.8009(6), Pd-
(2)-Ru(2) 2.7694(6), Pd(2)-Ru(1) 2.8207(7), Pd(1)-P(1) 2.3971(13),
Pd(2)-P(2) 2.3873(13).
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