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Heterocyclic 0-Quinones. Mediator for Electrochemical Oxidation of NADH
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Heterocyclic o-quinones such as phenanthrolinequinone derivatives
are demonstrated to act as a mediator in electrochemical oxidation of
NADH, which can be used as an NAD+-recycling system for HLADH-
catalyzed oxidation of alcohols.

Enzymatic catalysis in organic synthesis has recently attracted a great deal of attention
upon its inherent high stereo-, substrate-, and chemoselectivities. In particular, NAD(P)(H)-
requiring oxidoreductases are the most useful and widely investigated enzymes.!) In order to
apply such enzymes to organic synthesis, much effort has been devoted to development of an
efficient coenzyme-recycling system by means of chemical, electrochemical, and enzymatic
strategies.2) As a chemical method for alcohol oxidation, we have already reported an
efficient NAD+-regeneration system with heterocyclic o-quinones and molecular oxygen,
which is much more effective than the well known system of FMN/O2.3) In this paper,
several heterocyclic quinones were examined as a mediator in the electrochemical oxidation
of NADH (Scheme 1). So far, quinonoid compounds have been well demonstrated to act as the
electrochemical mediator,4) but detailed study has not been carried out on the heterocyclic
quinones.5)
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In cyclic voltammetric experiments, it was obvious that 1,7-phenanthrolinequinone (2)
acts as a mediator in the electrochemical oxidation of NADH (Fig. 1). Addition of a catalytic
amount of 2 to an NADH buffer solution caused a drastic shift of the anodic peak potential
from 412 mV to -127 mV vs. SCE and an increase of the anodic peak current. Thus in the
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following discussion, the catalytic efficiency was estimated by iMed/iq, Where ipMeq is the anodic
peak current of the mediated reaction and iq is the anodic peak current of the quinone itself.
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Fig. 1. Cyclic voltammograms; v = 1 mV/s,
0.1 M phosphate buffer (pH 8.3 - 8.4).
(a) 1.0 mM NADH, (b) 0.2 mM 2, (c)
1.0 mM NADH and 0.2 mM 2.

The effect of the pyridine nitrogens and the difference between ortho- and para-quinone
functions were examined by using several quinones (1 -9).6) 1In Table 1 are shown the
catalytic efficiency of the quinones together with their redox potentials (Ey,) determined by
cyclic voltammetry at pH 8.3. Catalytic effect of diaphorase, a flavoprotein which catalyzes
electron-transfer of NAD(H), was also investigated.”) In the absence of diaphorase, only 1, 2,
and 4 showed catalytic activity and the order of the efficiency was 1 > 2 > 4. It is apparent that
the redox potential is an important factor and -200 mV vs. SCE seems to be a lower limit
under these conditions. It could be also said that the existence of the peri pyridine nitrogen in
ortho-quinones is favorable.

Diaphorase drastically improved the efficiency of the systems and decreased the lower
limit to ca. -300 mV vs. SCE. Again in this case, not only the redox potential but also the
quinone structures are important. This may be attributed to the substrate specificity of
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diaphorase. In the case of 6, more than 700 mV decrease of the anodic peak potential was

achieved.

Table 1. Catalytic Efficiency for the Electrochemical Oxidation of NADH

Q En? intealiq D)
without Diaphorase with Diaphorase ¢

1 -150 3.7 3.9
2 - 160 2.1 2.9
3 -230 1.0 25
4 - 240 1.5 3.7
5 - 280 1.0 3.2
6 - 300 1.1 2.1
7 -450 1.0 1.1
8 - 550 1.1 1.1
9 -670 1.0 1.0

a)Em = (Ep? + Ep®) /2 vs. SCE at pH 8.3 in 0.1 M phosphate buffer,

b) iq: anodic peak current of Q (0.2 mM), iMeq: anodic peak current of

the mediated oxidation of NADH (1.0 mM), v = 1 mV/sec, 0.1 M phosphate
buffer (pH 8.3 - 8.4), ¢) [diaphorase] = 20 U/ml
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The electrochemical oxidation of NADH catalyzed by the quinone was then applied to
the horse liver alcohol dehydrogenase (HLADH)-catalyzed oxidation of alcohols (Scheme 2).
Controlled potential electrolysis of cyclohexanol (2.0 x 10-3 M) was carried out by using 10 x 30
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mm glassy carbon working electrode at -100 mV vs. SCE in the presence of 2 (1.0 x 10-4 M),
NAD+ (1.0 x 10-4 M), HLADH (5.0 x 10-7 M), and diaphorase (10 units/ml) in 0.1 M phosphate
buffer (pH 8.2) under anaerobic conditions (35 °C). Cyclohexanol was quantitatively oxidized
to cyclohexanone within 10 h. The rate of cyclohexanone formation in this electrochemical
system was, however, relatively lower than that in the Q/diaphorase/Og system,3b) indicating
that the oxidation of the quinone on the electrode surface is the rate-limiting step.
Mechanistic details and application to other enzymatic reactions are now under
investigation.
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