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Figure 1. Plot of log kq°%¢ vs. quencher reduction potential, £,,2[Q/

Q1

k3o/2] = 10.6. Although the exact value to be chosen here
is uncertain, a value in the region 10.0-11.0 is clearly rea-
sonable.® For the points in the linear portion of Figure 1,
extrapolation of lines with limiting slopes to this region
gives E1/2[Ru(bipy)s®*/Ru(bipy)s?**] = —0.81 + 0.02 V
after correcting for wp.10 From the potential of the ground
state Ru(bipy)3**/Ru(bipy)s;2* couple in the same medium
(+1.29 V),12 it can be seen that excitation increases the re-
ducing power of Ru(bipy);2* by 2.10 V. Since the spectros-
copically estimated excited state energy of Ru(bipy)s?** is
2.18 V, essentially all of the excitation energy can be ap-
plied to driving the electron-transfer process. As expected,?
this indicates that the entropy difference between the
ground and excited states is small. We are currently extend-
ing our investigation to other metal complexes having long-
lived excited states of different orbital origin.
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Enantioselective Reduction in a Chiral Double Layer
Sir:

The double layer at an electrode-solution interface is
known to influence the mechanisms of electrochemical
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Table I. Cathodic Reduction of Co(acac), at —1.0 V with
0.10 M Trimethyl<(—)-menthylammonium Perchlorate
in Acetonitrile

[I-D],+

f-L], Conversion,  Optical purity?

Mx 10° % (%)  0.06 kafky
4.10 46.5 1.02 1.033
4.62 81.7 2.30 1.028
7.82 50.1 1.23 1.036

16.28 75.4 1.87 1.027
31.28 61.2 1.38 1.030

Mean 1.031 = 0.003

reactions in two distinct ways. The relative concentrations
of ions and solvent molecules in this region of solution can
determine which intermolecular, secondary reaction paths
are available to a reactive intermediate generated by elec-
tron transfer.!~# Also, serving as the reaction medium, the
double layer may alter the activities of reactants and inter-
mediates. This latter role, though more general than’¢ the
former is less well understood particularly in the case of the
compact double layer, and its consequences have not been
extensively explored. We wish to report a novel example of
electrochemical selectivity which reflects the influence of
the double layer as a reaction medium.

The reduction of cobalt trisacetylacetonate, I, in acetoni-
trile, at a mercury cathode proceeds via an irreversible, one-
electron, electrochemical-chemical process to yield the oli-
gomeric Co(II) complexes [Co(acac)s], n = 1-4.7 When
the reaction was carried out using an optically active sup-
porting electrolyte, tri-N-methyl-(—)-menthylammonium
perchlorate, II, a small but reproducible enantioselectivity
was observed. For example, racemic I was reduced at a con-
trolled potential of —1.0 V vs. Agl|AgCl and the reaction
stopped prior to complete conversion. The unreacted I was
recovered and found to be optically active.® The optical pu-
rity increased with increasing conversion, obeying a pseudo-
first-order rate law:

kg
I-D — Co(acac), + acac~

k1
I—L — Cofacac), + acac~

_ 1n (I=D)/(1-D),
ka/ky = T ED) D),

Table I shows the results of a representative series of ex-
periments. The selectivity, kq/k|, is independent of the ini-
tial concentration of I and the extent of conversion. These
apparent rate constants may, in principle, represent any one
or a composite of the following elementary steps: (i) mass
transport of I to the electrode surface, (ii) adsorption of I at
the electrode, (iii) electron transfer, involving either “free”
or adsorbed I.

Experimental conditions can control which of these steps
will be rate limiting. In the experiments described here, the
catholyte solution was efficiently stirred over a stationary
electrode in a partitioned cell. Figure 1 shows the logarithm
of the faradaic current!© as a function of stirring rate and
applied potential. At high overpotential (£ < —2.0 V), the
rate is purely mass-transport controlled as demonstrated by
the insensitivity to potential and dependence on stirring
rate.!! At potentials above —1.1 V the rate becomes inde-
pendent of stirring and above —1.0 V a simple exponential
dependence on potential (Tafel relation) is observed; char-
acteristic of rate limiting electron transfer (activation over-
potential) .12

The magnitude of the enantioselectivity varies systemati-
cally with potential and electrolyte concentration as shown
in Figure 2. Two conclusions may be drawn from compari-
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Figure 1. Pulse voltammetry of 0.001 M CO(acac)s in 0.1 M Il-aceto-
nitrile, at a 13-cm? Hg electrode.
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Figure 2, The effect of potential on enantioselectivity.

son of these data. (1) The decrease in selectivity at poten-
tials between —1.20 and —2.4 V corresponds to measure-
ments made under conditions of increasing mass-transport
control. Thus, little or no selectivity is associated with mass
transport. (2) In the region of pure activation overpotential,
(E > —1.0V), In (k4/k) increases linearly with decreasing
potential. The selectivity must therefore be associated with
a potential dependent process at the electrode surface.

Specific adsorption of I is apparently not involved. Zero-
time extrapolation of coulometric transients!® measured
with and without I were found to be the same within experi-
mental error. We conclude that electron transfer per se,
under the influence of the chiral double layer, is the selec-
tive process.

Several authors have provided quantitative models for
the influence of double layer on electrode kinetics.!4-!¢ In
these treatments, only average electrostatic interactions are
included. Since enantioselectivity reflects a discrimination

based purely on substrate structure, it must be concluded
that interactions with the double layer also have a signifi-
cant steric component.

Included in Figure 2 is the effect of electrolyte concentra-
tion. It was found that, for each concentration, the X inter-
cept at low overpotential corresponded to the potential of
zero charge excess (pzc).!? Since the surface concentration
of cations at the pzc cannot be less than their concentration
in the bulk solution, it is noteworthy that no selectivity ex-
ists at this potential regardless of the electrolyte concentra-
tion. It may be inferred that some factor other than the
mere presence of asymmetric cations is required for selec-
tivity. We propose that this factor is the orientational or-
dering of electrolyte dipoles in the Helmholtz plane.!” An
interfacial potential gradient, capable of imposing such
order, would be lacking at the pzc but may be quite sub-
stantial at other applied potentials.
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Reaction of Ketone Enolates with Copper
Dichloride. A Synthesis of 1,4-Diketones

Sir:

Copper-promoted dimerization of carbanions has consti-
tuted a convenient method of carbon-carbon bond forma-
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