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The coordination chemistry of tetrathiooxalate (tto) has received
intermittent attention for two decades.1-10 Complexes of this
ligand occur in a range of oxidation states, the limits of which
can be described as C2S4

2- (rC-C ∼ 1.46 Å)11 and C2S4
4- (rC-C

∼ 1.35 Å).1 Thus, somewhat like NO and SO2, C2S4 is a
facultative ligand with the capability of absorbing or releasing
redox equivalents. Unlike SO2 and NO, however, C2S4 is strictly
binucleating.1-10 This combination of propertiesselectronically
facultative and binucleatingsis of interest in the design of
functional multimetallic ensembles wherein ligands contribute to
the redox properties ofpairs of metals. In this report we
demonstrate that both the metal and the C2S4 subunits participate
in the redox cycle of an M2C2S4 unit. This work should stimulate
further studies on the coordination chemistry of C2S4

2-, for which
an alternative synthesis recently has been reported.12

Treatment of methanol slurries of [Cp*RhCl2]2 with (NEt4)2C2S4

efficiently affords the new compound [Cp*RhCl]2(µ-C2S4) (1‚
Cl2) (eq 1).13 Spectroscopic and crystallographic analyses of this

dark green material established a transoidC2h structure (Figure

1). The S2C-CS2 distance of 1.447(13) Å is consistent with the
C2S4

2- formulation, i.e., [Cp*RhIIICl]2(µ-C2S4
-II). The intense

green color is ascribed to a low-energy Rh-to-C2S4 charge-transfer
transition. We also prepared the analogue [Cp*IrCl]2(µ-C2S4) (2‚
Cl2), whereas [(C6R6)RuCl]2(µ-C2S4) has not yet been isolated in
pure form. Many of the previous examples of organometallic C2S4

complexes were prepared by the reductive coupling of CS2,1,2,4,5

as opposed to the direct metathesis reaction reported here.
Treatment of a THF suspension of1‚Cl2 with LiBHEt3 or Na-

(Hg) affords blue [Cp*Rh]2(µ-C2S4) (1) (eq 2), a diamagnetic
compound.14 This reaction has been extended to the analogous Ir

complex (2), which is also diamagnetic. Crystallographic analysis
established that the Rh2C2S4 core in1 hasD2h symmetry (Figure
2). The diamagnetism of1 and2 is of interest because the 1e-/
M redox process should generate a [d7]2 product. The diamag-
netism of these species could be explained if the metals were
strongly coupled through theπ-system of the C2S4 bridge so that
the ground electronic state would not be describable in terms of
isolated monometallic units. This convenient conclusion appears
to be incorrect. The structural analysis shows that the S2C-CS2

distance in1 is 0.1 Å shorter than that in1‚Cl2 (1.342(8) vs
1.447(13) Å, respectively); thus, reduction strongly affects the
oxidation state of the C2S4 ligand. In other words, the structural
data show that the redox process is best described as [Cp*RhIII -
Cl]2(µ-C2S4

-II) to [Cp*RhIII ]2(µ-C2S4
-IV). From this perspective,

the metal centers in1 more closely resemble those in RhIII

dithiolates, e.g., Cp*Rh(SC6F4-p-H)2.15 Compound1 behaves like
a saturated Rh(III) derivative in the sense that it does not bind
Lewis bases, including CO. Although formally unsaturated, the
Rh centers in1 are stabilized by S-to-metalπ-bonding, as
observed in the aforementioned Rh dithiolato complex and Cp*2-
Ir2(µ-S)2(PMe3).16

Treatment of1 with 1 equiv of Cl2 regenerates1‚Cl2. Under
mild conditions, the Rh2C2S4 center in 1‚Cl2 does not suffer
degradation by Cl2; however, under more aggresive conditions,
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excess Cl2 strips the C2S4 ligand from the bimetallic unit to afford
[Cp*RhCl2]2. The two-electron nature of the chlorine addition
prompted a search for the half-oxidized species Cp*2Rh2Cl(µ-
C2S4). Treatment of1 with ∼0.5 equiv of Cl2 consumed 0.5 equiv

of 1. However, the yield of1‚Cl2 was low, and we were unable
to identify the components of the resulting mixture of Cp*-
containing products.

The complexities associated with the partial chlorination of1
can be understood, in part at least, in the context of the
electrochemical properties of1. The cyclic voltammetry of1 is
unexceptional in the anodic direction, showing a reversible
reduction process at-1.36 V (vs Ag/AgCl), corresponding to
the formation of1-. More interesting, the oxidation of1 at 0.385
V triggers a coupled electrochemical-chemical sequence (EC
process). Thus, oxidation of1 is irreversible because the resulting
cation1+ is associated with a chemical process that we propose
is the dimerization of1+.17 The corresponding reduction of [1+]2

occurs at-0.44 V; it is clear from the CV that this reduction
regenerates1.

In summary, we have for the first time elucidated the structural
chemistry of a M2C2S4 core in two oxidation states. The rich redox
properties of the M2C2S4 core encourage the further development
of reaction centers based on the M2C2S4 core. The electrochemical
results indicate that this C2S4

4- complex is susceptible to
condensation processes, implicating novel bonding modes for
C2S4.
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(17) Oxidation of1 with 1 equiv of [CpFe(C5H4C(O)CH3)]BF4 followed by
anion metathesis with NaBPh4 (in MeOH solution) afforded [1+]2(BPh4)2.
The 1H NMR spectrum of [1+]2(BPh4)2 confirms its empirical formula,
high symmetry (one Cp* signal), and diamagnetism.

Figure 1. Structure of the non-hydrogen atoms in (C5Me4Et)2Rh2Cl2-
(µ-C2S4) (1‚Cl2) with thermal ellipsoids set at the 50% probability level.
The molecule rests on a crystallographic inversion center. Important bond
lengths and angles are Rh(1)-Cl(1), 2.403 Å; Rh(1)-S(1), 2.317 Å;
Rh(1)-S(2), 2.334 Å; and Cl(1)-Rh(1)-S(2), 90.1°.

Figure 2. Structure of the non-hydrogen atoms in Cp*2Rh2(µ-C2S4) (1)
with thermal ellipsoids set at the 50% probability level. The molecule
rests on a crystallographic inversion center. Important bond lengths are
Rh(1)-S(1), 2.2432 Å, and Rh(1)-S(2), 2.2517 Å.
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