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In contrast to the vast number of diruthenium(ll,|11) compounds
and to several diruthenium(lll,IV) speciésthere has been a

conspicuous absence of molecule-bridged mixed-valent intermedi-

ates with lower oxidation number combinations, such afRBu
(d"/d8) or RIPRU (d/d"). Metal-metal bonded RRU' species were
reporteck and the &d” combination has been detected for ligand-
bridged systems involving organometallic 'Rh',# Ir'ir"" 4 and
Pt'Pt" arrangementzThe latter three showed only small splittings,
AE < 0.15 V, of corresponding redox potentials, translating to
comproportionation constanks < 10?° (RT In K, = nF(AE)).45
Using areneruthenium(ll) complex fragments as precursars,
report observations made during the reduction of thd Rril
complexes{ (u-L)[RuCIl(Cym)],} (PFs)n (Cym = p-cymene) with
bridging L = 2,2-azobispyridine= abpy andn = 1, or L = 2,5-
bis(1-phenyliminoethyl)pyrazine bpip andn = 2. The abpyand
bpip® 7 acceptor ligands are well characterized, including their
different capacity to mediate metaietal interaction, e.g., in
diruthenium(I1,1ll) complexeg-° The stepwise reduction of the
complexes was monitored via cyclic voltammetry, B¥is—NIR
spectroelectrochemistry, and EPR spectroscopy.

The precursor complexes were isolated as the diamadf(atic
bpip)[RUCI(Cym)}} (PFs). containing only one of two possible (syn
or anti) isomeréand as the paramagnefig:-abpy)[RuCl(Cym)j} -
(PRs). The first high-frequency (285 GHz) EPR spectrum of a
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ruthenium radical complex was obtained for the latter species at 5
K; the smallg anisotropy ¢; = 1.9990,g, = 1.9886,9; = 1.9780)
confirms that an abpy anion radical ligand binds twd' Renters.

Starting from the dications, cyclic voltammetry reveals an overall
reversible E,EC,EC,E sequence for the reduction which has similarly
been found for some dirhodium and diiridium complexes=C
reversible Ct dissociation}. The cyclovoltammograms could be
simulated as shown in Figure 1.

After the initial E process, the second reduction causes one
chloride to dissociate to form a formally RRW mixed-valent
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Figure 1. Cyclic voltammogram of the preoxidized complgéu-abpy)-
[RuCI(Cym)L} (PFs)2 in CH3CN/0.1 M BwNPFs at 100 mV/s scan rate
(top) with simulation (bottom) involving the following steps (cf. Supporting
Information): {(u-L)[RUCI(Cym)]2}2" — {(u-L)[RuCl(Cym)L}** (Ez),
{@w-L)[RuCl(Cym)l}* — {(Cym)Rufe-L)RuCI(Cym}* + CI~ (Ep),
{(CymRug-L)RUCKCym}* — {(u-L[Ru(Cym}* + CI~ (Es),
{@-LRuCym)k}* — {w-L)[Ru(Cym)l} (Es).
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Figure 2. UV —vis—NIR spectroelectrochemical reduction of electrogen-
erated{ (Cym)Rug-L)RuCI(Cym} * to { (u-L)[Ru(Cym)Lz} * and CF (top),

species as a consequence of ligand-mediated coupling betweeryng of { (4-L)[Ru(Cym)l} * to { (u-L)[Ru(Cym)l} (bottom) in CHCN/

reaction center$.The electrochemical analysis of the third (EC)
and fourth (E) reduction steps yields potential differend&s=
E, — Es of 120 and 130 mV, respectively, corresponding<io
values of 18%and 1G-2for the intermediate§(u-L)[Ru(Cym)l}
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0.1 M BuNPFs (L = abpy).

L = abpy or bpip. TypicaK. values for diruthenium(lll,Il) species
with sr-accepting bridges are significantly higher; for instance, the
related{ (u-abpy)[Ru(bpyj]2} 3" hasK; ~ 108-5°
Spectroelectrochemical monitoring (Figure 2) reveals the emer-
gence of bands in the near-infrared {¢r-L)[Ru(Cym)} . Such
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absorptions are typical for intervalence charge-transfer (IVCT)  Supporting Information Available: Spectroscopic characterization;
transitionst*2We therefore attribute these intensex{ 1200 M1 tables of electrochemical and absorption data; cyclic voltammograms;
cm™1) and rather narrow band#{:,» ~ 700 cnt?) to a mixed- EPR and absorption spectra. This material is available free of charge
valent situation, either [R(u-L)Ru|* or [Ru(u-L2)RU']*. While via the Internet at http://pubs.acs.org.
the latter formulation is most likely with the easily reducible=L
abpy? the former description is favored for the complex of bpip. References
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