One-electron reduction of [Ru(menbpy)s]2+ [menbpy =
4.4'- di{(1R,25,5R)- (-)- menthoxycarbonyl}- 2,2"-bipyridine}
by pulse radiolysis produces a Ru(II) complex of a menbpy-
centered anion radical, which reduces A-[Co(acac)3] more
rapidly than A-[Co(acac)s] with an enantioselectivity of 2.7 in
85% EtOH/H,0.

Outer-sphere electron-transfer reactions between
coordination complexes generally display only very small
differences in rates between enantiomers (s 20%).1.2
Interesting preliminary reports3 on the quenching of the long-
lived excited state of a helical-shaped Ru(II) complex,
*[Ru(menbpy)3]2*, by [Co(acac)s] have shown significant
enantioselective effects.4 In order to gain new insight into the
enantioselectivity and quenching reactions of [Ru(menbpy)3]2+,
we have undertaken a study of the electron-transfer reactions of
reduced A-[Ru(menbpy)3]2* by use of pulse-radiolysis. We
report here the first observation of large differences in the rates
of stereoselective thermal electron transfer between A-
[Co(acac)3] and the Ru(II) complex of the ligand centered
radical, A-[Ru(menbpy)3]+.5 New results are also presented on
the time resolved emission quenching of the *[Ru(menbpy)3]2+.
These results yield a new and different interpretation of the
mechanism of the quenching reaction of *[Ru(menbpy)3]2* by
[Co(acac)3].

A-[Ru(menbpy);1**

Scheme 1.

Optically pure A-[Ru(menbpy)3]2+ and A- and A-
[Co(acac)s] were prepared using reported methods.3:6 Electron
pulse-radiolysis transient absorption experiments were
performed with EtOH/H20 solutions containing 20 pM
A-[Ru(menbpy)3]2+, 10-60 uM A- or A-[Co(acac)3) and 0.2
mM phosphate buffer (pH ~7) using the 2 MeV Van de Graaff
accelerator at Brookhaven National Laboratory. Since

[Ru(menbpy)3]?+ is only sparingly soluble in water, an 85%
EtOH/H20 medium was used in the pulse-radiolysis
experiments. A-[Ru(menbpy)3)?+ was reduced by the ethanol
radical CH3C*HOH formed by the reaction of He and OHe with
ethanol in N2O-saturated solution.

The dose-corrected absorbance changes from the pulse-
radiolysis experiments in NyO-saturated EtOH/H,O (open
circles in Figure 1) agree well with the difference spectrum in
acetonitrile prepared by Na-Hg reduction (solid line in Figure 1),
indicating the formation of the ligand-centered radical,
[Ru(menbpy)3]*. Although the CH3C*HOH radical does not
reduce [Ru(bpy)3)2* at pH 7 (E° = -1.3 V vs NHE), the
reduction potential of [Ru(menbpy)3]2+/+ is significantly more
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Figure 1. UV-vis absorption spectra of [Ru(menbpy);]** (solid
line) and [Ru(menbpy)s]* (dotted line) in acetonitrile; and the
dose-corrected difference spectrum from the reduction of
(Ru(menbpy);.;]z* by CH3C'HOH (circles), compared with the
difference spectrum  ([Ru(menbpy);]*~[Ru(menbpy);]*") in
acetonitrile (upper solid linc).

Table 1. Driving force and rate constants for reaction between
[Ru(menbpy)3]2+ and [Co(acac)3] in 85% EtOH/H,0 at 25 °C

A-Ru complex A 107k(A)  107k(A)  k(AYK(A)
vV Mlsl M- 51

[Ru(menbpy)3]* 0.62 2.1+ 0.1P  0.78 £ 0.02¢ 2.7 £ 0.2

*[Ru(menbpy)3)2+ 0.12 9.5+ 04> 85+03¢ 1.1+0.05

aThe reduction potential of [Co(acac)3] was previously
determined to be —0.34 V vs SCE in acetonitrile.10 bBy puise
radiolysis using solutions containing 1.0 mM NaH;PO4. By
transient emission spectroscopy using solutions containing 0.5
mM NaH>PO4 and 0.5 mM NayHPO4.



positive, —0.90 V (vs NHE),® and CH3C*HOH (-1.25 V)2
reduces [Ru(menbpy)3]2+ with a rate constant of (8.2 £ 0.5) x
108 M-1 s-1. The rate constants for the reduction of A- and A-
[Co(acac)3] by A-[Ru(menbpy)3]+ are presented in Table 1. The
enantioselectivity factor of 2.7 for electron transfer from
A-[Ru(menbpy)3]* to A- or A-[Co(acac);] is dramatic.
Differences in orientation and/or internuclear distances in the
precursor and successor complexes can effect both their
equilibrium constants and the parameters that control the rate of
electron-transfer within the precursor complex. Since there are
no hydrogen bonds between the redox partners, the selectivity
may steric in origin.

Results for the quenching of the charge-transfer excited state
of A-[Ru(menbpy)3]2* by A- or A-[Co(acac)s] are given in
Table 1 for comparison with the thermal electron-transfer rate
constants. The enantioselectivity of 1.1 determined in this study
by transient photoemission measurements on A-
*[Ru(menbpy)3]2+ is barely outside of experimental error and is
smaller than those previously measured by CW photoemission
methods in 90% EtOH/H20.3¢€ Transient absorption
measurements on the quenching of the excited ruthenium
complex show no long-lived products.

The relative rates of the [Ru(menbpy)3]* and
*[Ru(menbpy)3]2+ reactions are surprising: the quenching of the
*Ru(Il) excited state is an order of magnitude faster despite the
much larger driving force for the [Ru(menbpy)3]* reaction (0.6
V and 0.1 V for the [Ru(menbpy)3]*/[Co(acac)s) and
*[Ru(menbpy)3]2+/[Co(acac)3] systems, respectively, as shown
in Table 1). In both cases the electron transferred would be
from a ligand 7x* orbital, indicating that the steric effects should
be similar. Our result suggests that the predominant quenching
mechanism is not electron transfer but energy transfer. This
result is further supported by the failure to detect any long-lived
clectron-transfer products in the quenching reaction. Steric
selectivity may also be responsible for the factor of 1.1 favoring
energy transfer from A-'[Ru(menbpy);;]z* to A-[Co(acac)z],
although the possibility of better interaction between the
transition dipoles in the A and A case is an interesting alternative.
Examination of pressure and solvent effects on the electron
transfer between A-[Ru(menbpy)s]* and A- or A-[Co(acac)s]
and experiments with A-[Ru(menbpy)3}?* are currently
underway.
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