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A poly(acrylic acid)-coated graphite felt electrode immobi-
lizing all bioelectrochemical reaction components of ferrocene,
diaphorase, NADH and alcohol dehydrogenase in the domain of
the poly(acrylic acid) layer was applied to oxidize electro-
catalytically cis-1,2-cyclohexanedimethanol and 3-methyl-1,5-
pentanediol to (+)-(1R,65)-cis-8-oxabicyciof4.3.0]nonan-7-one
and (39)-3-methyl-8-valerolactone, respectively, in a 0.15 M
phosphate bufter (pH 8.0) at the constant potential of 0.45 V vs.
SCE with high current cfticiency (> 92%) and high optical purity
(>92%).

Recently, much effort has been tocused on preparative
electroenzymatic syntheses in high stereo- and species-selectivity.
The efficient enzymatic reactions can be connected with elec-
trochemical reactions by the clectron transfer between electrodes
and substrates via enzymes, whereby electrochemistry becomes a
powerful tool for control of biocatalytic reactions. In order to
achieve this purpose, the use of external electron-transfer redox
mediators being artificial or semi-artificial is gencrally effective,'
though some studies of dircct bioelectrocatalysis providing a
simple system have been reported,” and has been applicd to many
enzymatic reations.”  The advantagc of electroenzymatic
reactions is characterized by the use of modified electrode:
decrcase in the amounts of expensive mediators, attainment of
clean and simple process, high current density, high current
efficiency, high conversion and yield, new type of reaction, ctc.
In a series of our studics on mediator-modified graphite felt (GF)
electrode for bioelectrocatalysis,™ we have reported that poly-
(acrylic acid) (PAA)-coated GF immobilizing ferrocene (Fc) of
mediator, diaphorase (Dp) of tlavoprotein and alcohol dehydro-
genase (ADH) of enzyme, but not immobilizing NADH of
coenzyme (present in a phosphate bulfer) is efficient to oxidize
alcohols in a preparative electrocatalytic process.® This paper
deals with preparative, electrocatalytic oxidation of two diols
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on a PAA-coated GF clectrode immobilizing the all components
of Fc, Dp, NADH and ADH to the PAA layer (1).

The detailed preparation procedure of 1 is demonstrated in
Scheme 1. The carboxyl groups of PAA-coated GF were
immobilized with Fc-aminohexylamine (Fc ), hexamcthylene-
diamine (HMD), NADH, Dp and ADH successively.  The
immobilized percentages of each component to the carboxyl
groups of PAA measured by incrcased weight of the electrode,
titration and UV are shown in Table 1. The immobilized values

Table 1. Reacted percentage of carboxyl groups of PAA
layer on PAA-coated GF (5.0 x 2.0 x .5 cm?, 462mg)
measured by weight, titration and UV methods

Reacted percent of COOH groups of PAA

measurement
method Fowr foos NADH-  Dp-  ADH-
weight a1 11 117 014 039
(25.7mg) (2.5 mg) (17.4 mg) (12.3 mg) (17.4 mg)
titration 43 14 11.5 1.39 3.74
uv 127

of Fc, HMD and NADH measured by these methods were
considerably well coincident in each other, but those of Dp and
ADH differed by weight and titration methods.  The latter valucs
measured by weight method will be more close 1o true ones than
those by titration method, becausc the values by titration include
both reaction amounts of carboxyl groups of PAA and c¢nzymes.
Cyclic voltammogram of alcohols on 1 (size: 1.0 x 1.0 x 0.5
cm’) showed a catalytic current in a phosphate buffer (pH 8.0).
An example of cis-1,2-cyclohexanedimethanol (2) is shown in
Figure 1 in which the catalytic current observed at 0.49 V vs.
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Scheme 1. Preparation procedure of Fc-, NADH-, Dp- and ADH-modilied GF clectrode (1).
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Table 2. The results of electroenzymatic oxidation of diols on 1

Turnover number

. Charge Current  Conversion  Optical purity
Substrate Product  1ucsed (C) efficiency (%) (%)  of product (%ee)  based on Fc
OH o 7.6 96.7 336 9% 9.1
OH
o
2 : 54.9umol 18.4umol
HO/\)\/\OH @o 135 923 41.7 92 15.8
3:75.2umol
wmo 31.4umol

“n
Y

0.2 0.4
E/V vs. SCE

Figuer 1. Cyclic voltammograms on 1 in the
presence (- - - - - ) and absence (. )of 5.49
mM 2. Phosphate buffer: pH 8.0. Electrode
size: 1.0 x 1.0 x 0.5 cm®. Scan rate: 2 mV-s™.

SCE was 2.5 times larger than the blank one (in the absence of 2).
The modified PAA-coated GF electrodes in any absence of Fc,_g,
NADH, Dp or ADH, however, did not give a large catalytic
current for the oxidation of diols in cyclic voltammetry.

The electrolysis of 55-75 pmol level of saturated 2 and 3-
methyl-1, 5-pentanediol (3) was carried out in a bioelectro-
chemical reactor which is equipped with anode of 1 (1.0 x 1.0 x
0.5 cm®), cathode of Pt wire and reference electrode of SCE
without divided membrane in 10 ml of 0.15 M phosphate buffer
(pH 8.0), at constant potential of 0.45 V vs. SCE for 8 h. After
electrolysis, the reacted solutions were extracted with chloroform
or diethyl ether, distilled, and analyzed by gas chromatography
(column: CP-cyclodextrin-B-2,3,6-M-19).  Substrates 2 and 3
were selectively oxidized to (+)-(1R,65)-cis-8-oxabicyclo[4.3.0]-
nonan-7-one and (35)-3-methyl-d-valerolactone, in high current
efficiency and with optical purity of 96 and 92%, respectively,
though conversion was low (Table 2). The electrode 1 can be
easily applied to oxidze a various kind of monoalcohols such as
cyclohexanol. In order to attain a smooth electrical communi-

cation between ADH and GF electrode, Fc derivatives possessing
different alkyl chain length (Fc-CH,NH(CH,),NH,, n=4-12)
have been immobilized to PAA layer and the best electrical
communication was obtained in the case of flexible Fc
derivatives with spacer length of 12-15 A (n=6-8).” According
to the results, flexible Fc, (n=6) was used in this study.
However, electrocatalytic current of alcohols on 1 was smaller
than that on PAA-coated GF clectrode immobilizing Fc, Dp and
ADH in the presence of NADH in solution due to low electrical
communication with immobilization of NADH. Theretore, more
detailed immobilization study, especially more immobilization of
Dp and ADH, to PAA-coated GF electrode is in progress.
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