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ABSTRACT

Halogenated aromatic ketoneswere reduced electrochemically using dried
cell of Geotrichum candidum as a catalyst with high enantioselectivity.
Enzymesin thedried cell catalyzed both reactions to reduce substrates and
to recycle the coenzyme using electric power, so any additional enzyme or
co-substrate for coenzyme recycling was not necessary.

© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Asymmetric reduction of carbonyl groupisone of
themost important, fundamenta and practical reactions
for producing chird dcohals, which canbetransformed
into variousfunctionditiesto synthesizeindugtridly im-
portant chemica ssuch as pharmaceuticals, agrochemi-
calsand naturd products. For catalysts, both chemica
and biologicd catdystshave been used and biocatal ysts
have the advantages for being natural, having high
chemo-, regio- and enanti osalectivity, and being active
under mild reaction conditions. However, biocatalytic
reductions have adrawback that the reduction needs
the reduced form of the coenzyme (NAD(P)H) which
isexpensveandisdifficult touseit and throw it away.
Sinceitisonly the oxidation state of the cofactor that
changesduring thereaction, it may beregenerated in
situ using a second redox-reaction to allow it to re-
enter thereaction cycle. Usudly, formate, glucose, and
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simpled coholssuch asethanol and 2-propanol areused
to reduce the oxidized form of the coenzymeto the
reduced form!¥, Recently, another methodol ogy, the
light-mediated recycling of the oxidized form of the co-
enzyme has been devel oped?. Thethird methodol ogy
for regeneration of the coenzymeisthe use of elec-
tronic power and severd methodsof thiscategory have
been reported®. The numerous bioelectrocatalytic
biosensors, bioreactors, and biofuel cellshave been
studied but afew streosel ective biocata ytic reactions
performed on apreparative scale have been reported.
Therefore, wefocused on the streosdl ectivebiocatal ytic
synthesisusing €l ectrochemica mediator method.

We present here asymmetric reduction of haloge-
nated aromatic ketones cata yzed by acrude dehydro-
genase from Geotrichum candidum, afungi, with
theaid of electric power.

Theeectrochemical recycleof the oxidized form
of the coenzyme needs a mediator such as
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trifluor oacetophenone

methylviologen (MV?#") and enzymes such as diapho-
raseto transfer electron from cathodeto NAD(P)*.
We havefound that the crude dehydrogenase from
Geotrichum candidum™ had diaphorase activities,
then the biocatal yst can catalyze both reductions of
NAD(P)*toNAD(P)H and ketonesto the correspond-
ing alcohols as shown in scheme 1.
Trifluoroacetophenonewasreduced with excel lent ee.

MATERIALAND METHODS

Materials

NAD* and NADP* wereobtained from Kojin Co.
Crude alcohol dehydrogenase from Geotricum
candidumIFO 4597 (APG4) was obtained according
to the referencel*d. Methyl viologen,
trifl uoroacetophenone, o-chloroacetophenoneand other
chemicaswerepurchased fromAldrich.

Electolysis

A gold plate (area, 2.0 cm?) wasdipped into mer-
cury and agold-ama gam (Au/Hg) surfacewasformed.
TheAu/ Hg el ectrode used asthe working el ectrode
gavenegligiblebackground currents at negative poten-
tials, but the gold surface was exposed after repeated
measurementsand higher background currentsdueto
thereduction of surface gold oxidesresulted. At this
stage, the used el ectrode was discarded and anew one
was prepared for further experiments.

Electrochemica experimentswereperformedinan
H-type cell separated by agar (2 % KCIl) and agas
bubbling tube werefitted through the cap and thereac-
tion wasdone under argon atmosphere(argon gaswas
bubbled before the reaction). Au amalgam electrode
and Ag/AgCl inasaturated KCI solution served asa
working and areference el ectrodes, respectively. Pt
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counter el ectrode wasimmersed in another compart-
ment inthe case of electrolysis. Phosphate buffer (20
mM, pH 7.0) was used asthe supporting electorolyte
solution. Cyclic voltammogramswere measured by
three el ectrode system with Polarograph Model 311
and HECS 311B (Fuso Seisakusho Co,).

General procedurefor reduction

A mixtureof ketone(1.0-2.8 mmal), APG4(20 mg),
NAD* (1.6 mmol) and methyl viologen(1.7 mmol) in
phosphate buffer (pH 7.0, 0.1M) was reacted under
electrolysis(-0.72V vs SCE) under argon atmosphere.
Argon gaswas bubbled before el ectrolysis and bub-
bling was stopped during e ectrolysisto avoid vapor-
ization of the substrate and the product. After 1 day,
themixturewas extracted with ether containing naph-
thadeneas GC internal standard and the resulted ether
solution was subjected to GC. GC-analysiswas per-
formed usngaShimazu GC-17A insrument withaFID
detector equipped with a chiral GC-column:
trifluoroacetophenone, Chirasil-DEX CB; 25m; He 2
mL/ min; 120°C; ketone: 2.2 min, (S)-acohol 9.4 min,
(R)-alcohol 10.0 min; o-chloroacetophenone; CP
cycloxextrinl130 °C; ketone; 2.8 min, (R)-alcohol 9.1
min, (§-acohol; 9.7 min.

RESULTSAND DISCUSSION

From cyclic voltammogram, the cathodi c peak po-
tentia of methyl viologen wasobserved at -0.72V vs
SCE and the e ectrochemically catal ytic current was
observed in the presence of APG4 as the biocatlyst
(both digphorase and dehydrogenase) and MV?* asthe
mediator, and NAD* as the coenzyme. When
trifluoroacetophenone (TFA) wasadded to the system
and thed ectrolysiswasdonefor 24h, the correspond-
ing (9-acohol wasobtained asshowninTABLE 1.

Usudly, dipaphorase(DP) and methyl viologenwere
used for thereduction of NAD*to NADH in ectroly-
sis. Oxidized form of methyl viologen, MV?* receives
one electron from the cathode and two mol of there-
sultant reduced form of methyl viologen reducesone
mol of NAD* with theaid of adiaphorase. Thenthe
reduction requires two enzymes, adiaphoraseand a
dehydrogenase, thelatter cata yzesreduction of asub-
strate ketoneto the product. However, the present re-
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TABLE 1: Enzymatic electrochemical reduction of TFA%?)

Entry MV2+(mM) NAD(mM) Glucose(mM) Yield(%) ee.(%) Config.
1 0 16 56 4
2 16 16 0 34 >99 S
3 16 0 56 0
4 16 16 56 72 >99 S
5°) 1.6 1.6 56 22 >99 S
6 16 16 56 4

a) APG4 (20 mg) wasused, b) Theelectrolysiswasperformed at -0.7V vs SCE for 17 h and maximum 0.1 mA of electrolysis
current wasobserved duringtheelectrolysis, ¢) Diaphorase (10 mg) wasadded tothereaction mixture.

duction system does not need any diaphorase from
outs de sincethecrudeal cohol dehydrogenasehascon-
Siderable digphorase activities. Thereduction without
DP could proceed and the product was obtained in
34% yiled (entry 2). On the contrary, the addition of
DPto the mixture decreased theyield (entry 5: 22 %
yieldin thepresence of DP). Thus, excessamounts of
DP may accelerate oxidation of NADH and inhibit the
reduction of the ketone. Although glucosewas added
to the reaction mixture, glucose was not used for re-
duction of NAD* but to remove active oxygen®, which
was produced by the reaction of reduced form of me-
thyl viologen, MV* with oxygen (although thereaction
was conducted under argon atmosphere, itisdifficult
to remove oxygen completely). Active oxygenispos-
sibleto react with thereduced form of the coenzyme.
Then, completeremoval of oxygenisrequiredto pro-
ceed thereduction of the substrate. Asshownin entry
1, an addition of glucose could not affect to thereduc-
tion of the ketone unless €l ectrolysiswas performed.
However, the reduction proceeded under electrolysis
in the presence of glucose gave the (S)-alcohol ina
good yield. Other sugar such asgdactoseand inositol
can asobeused asadditives. However, chemicd yidds
of the (§-a cohol werelow (ga actose=44%, inositol
= 23%) compareto that of glucose and in the case of
gaactoseasan additive, theenantiosd ectivity decreased
t0 95% ee. Thelow ee observed in the reaction with
gal actose stemsfrom the existence of aminor dehy-
drogenase that reduce the ketone to the (R)-al sohol
becausethereactionin the presence of galactoseand
without e ectrolysisafforded the (S-a cohol of 48%ee
with 7% chemical yield. Galactose may act asareduc-
tive agent to reduce the substrate to the (S)-alcohol
with low ee. Anyhow, the addition of glucosein elec-
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trochemical reduction isaconvenient and practical
method becauseit doesnot required nervous complete
removal of oxygen, whichisadrawback inthereduc-
tion reaction compareto other electrochemical reac-
tionssuch asoxidations.

Thus, trifluoroacetophenonewasreducedin 72%
chemica yiddwith>99% ee. Thecurrent efficiency of
thereactioniscalculated to be 28.1%.

The other substrate, o-chloroacetophenone was
reduced withthe samemethod resulted in affording 13%
with 46% ee. This ketone was also reduced
electochemically, but with a low yield and a low
enantiosel ectivity. Since the reaction of o-
chloroacetophenone with the fungus, Geotricum
candidum IFO 4597, afforded excellent e, we can
not explain undesirableresultinthepresent time. Itis
possiblethat the another enzymethat usually does not
react withtheketonewill participateto the reduction.
Further study isnecessary to apply the present reduc-
tion systemto other ketones.

CONCLUSION

Trifluoroacetophenone was reduced bio-electro-
chemically inexcellent ee. The merit of the present sys-
temisthe use of crude enzymewhich has diaphorase
activitiesin addition to the dehydrogenase which re-
ducestrifluoroacetophenone. Thusthe reduction pro-
ceeded without additional enzyme or co-substratefor
the coenzymerecycling. The second meritistheactiv-
ity of the present system. Usudly, the electrolyticre-
ductionusingmethyl viologenrequireslongreactiontimes
such as1week [3g], however theketonewasreduced
within 1 day.
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