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Metal-dithiolene chemistry is based on a well-developed founda-
tion of synthesis and characterization of core molecular structures.1

Interest in dithiolene complexes has continued in the 21st century
including such areas as selective olefin coordination/separation,2

conductive and magnetic properties,3 optical and sensor applica-
tions,4 and enzymatic function.5 This diversity has encouraged
investigation of new and more varied metal-dithiolene structures
in the hope of finding as yet unrealized properties and applications.

Coordinatively saturated, homoleptic dithiolene-metal complexes
are common structural types and are readily synthesized.1 Metal
complexes containing a mix of dithiolene and nondithiolene ligands
are also well known.5,6 However, potentially coordinatively unsatur-
ated dithiolene-metal complexes are rare,1,7 and 1:1 dithiolene-
transition-metal complexeswith no other ligandsare, to our
knowledge, unprecedented.8 What follows is our initial findings in
the syntheses of new dithiolene-palladium complexes emphasizing
the synthesis, structure, and electrochemical characterization of a
well-behaved hexanuclear dithiolene-palladium complex family.

The neutral complex, [PdS2C2(COOMe)2]6 (1), is homoleptic
containing one dithiolene unit for each palladium atom and no other
ligands. This product arises from the reaction of (tmeda)ZnS2C2-
(COOMe)26b,9 and (MeCN)2PdCl2, which results in the transfer of
a single dithiolene unit per palladium center.10

A single crystal of1 grown from a toluene solution11 was
examined by X-ray diffraction analysis.12 Figure 1A reveals that
the highly symmetric, cube-octahedron core contains six palladium
and 12 sulfur atoms. Four sulfur atoms provide square planar
coordination for each palladium atom. The molecule possesses
inversion symmetry. If an imaginary, approximate cube is super-
imposed on the structure, the palladium atoms are each located at
the center of a cube face. Each sulfur atom occupies the midpoint
of a cube edge. The sulfur positions centered around the octahedral
metal core are similar to general M6X12 structure types.13,14Figure
1B shows a second view of1 along the axis perpendicular to the
plane formed by the three corner sulfur atoms S11′, S21, and S31′.
This perspective reveals that a single, noncrystallographic, six-fold inversion axis (S6) is preserved in the structure despite the presence

of the dithiolene-ester units.15 This structure illustrates the bonding
flexibility inherent in dithiolene coordination whereby each sulfur
atom contained within a chelating dithiolene unit bridges to another
palladium center.
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Figure 1. Molecular structure of1 {[PdS2C2(COOMe)2]6}. Thermal
ellipsoid drawings are shown at the 40% probability level, and the MeOOC4-
OOMe portion of the dithiolene ligands is lightly shaded to emphasize the
core geometry. Toluene solvent molecules, also present in the lattice, have
been excluded for clarity. (A) View indicating the distorted cube shape of
the core. (B) View along the “imaginary cube diagonal” (defined by the
midpoint of sulfur atoms S11′, S21, and S31′ and the point related by
inversion symmetry) showing the noncrystallographic,S6 molecular sym-
metry. Selected bond lengths: Pd-Pd (adjacent)) 3.232-3.434; Pd-Pd
(opposite)) 4.678-4.719; Pd-S (intra) ) 2.2911(7)-2.3041(7); Pd-
S(inter)) 2.3582(7)-2.3882(7); S-C ) 1.764(3)-1.776(3); and CdC )
1.333(4)-1.339(4) Å.

Published on Web 07/30/2002

9664 9 J. AM. CHEM. SOC. 2002 , 124, 9664-9665 10.1021/ja026079k CCC: $22.00 © 2002 American Chemical Society



Despite the equivalence of the dithiolene ligand units by
symmetry, two distinct1H NMR singlet signals (δ ) 3.89 and 3.83
ppm) and six13C NMR signals are observed in solution consistent
with an asymmetrywithin each dithiolene unit. Examination of
Figure 1B shows that each dithiolene ligand contains two diaste-
reotopic ester groups: one located near an opening (top or bottom),
and one in a quasi equatorial position near the plane that bisects
the molecule perpendicular to theS6 axis.15

Electrochemical reduction of1 proceeds in four reversible steps.
A cyclic voltammogram is shown in Figure 2, and half-wave
potentials are listed in Table 1. Neither multiple potential scans
nor varied sweep rates (3-2000 mV/s) indicate complex instability
or the presence of significant chemical reorganization barriers.

The reduction potentials of the first two waves of1 (-186 and
-484 mV) suggested that these species could be generated in a
chemically isolable form. Borohydride reduction of1 results in the
dianion [Bu4N]2[(PdS2C2(COOMe)2)6] (2).16 The compound is
stable in air and is structurally similar to1.16

In addition to a unique structure and esthetically pleasing
electrochemistry,1 acts as a versatile starting material for the
synthesis of Pd-based complexes containing dithiolene and non-
dithiolene ligands. The details of such synthetic uses and additional
chemical and electrochemical characterization will be described in
a full paper.

In summary, preparation of a palladium-dithiolene complex in
a 1:1 stoichiometric ratio results in a unique and stable molecular
complex with remarkable electrochemical properties. This discovery
comes at a time when new syntheses and enhanced properties of
metal-dithiolene compounds are being discovered at a furious pace.
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Figure 2. Cyclic voltammogram of1 in dichloromethane containing 0.1
M n-Bu4NPF6 at a scan rate of 30 mV/s.

Table 1. Half-Wave Redox Potentials of 1 versus a Saturated
Calomel Reference Electrode

redox couple potential (mV)

0/-1 -186
-1/-2 -484
-2/-3 -1174
-3/-4 -1524
ferrocenium+/ferrocene +409
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