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ABSTRACT
The paper reports the reduction of some benzoylpyridines through biocatalytic and electrochemical
method using glycerol as an alternative green reaction medium. Baker’s yeast (Saccharomyces
cerevisiae) was used for biocatalytic reduction of the substrates in aqueous-glycerol medium.
Electrochemical behaviour of the substrates was investigated by cyclic voltammetry to establish
optimum conditions for electrochemical reduction such as pH, solvent media, reduction potential
range, supporting electrolyte etc. As a solvent, glycerol also allowed electro-reduction of the substrate,
galvanostatically using economically viable stainless steel (SS-316) electrodes. The reduction
products were isolated and purified by chromatographic techniques and characterized on the basis
of spectral analysis.
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INTRODUCTION
Biotransformation using micro-organisms and
electrochemical techniques using electrons as
reducing agent has been employed as a novel and
ecofriendly route to furnish chiral building blocks
for producing fine chemicals and pharmaceuticals1.
Biotransformation is a green-chemical technique
in which synthesis is mediated by microbial catalyst
such as B.Y. organic chemists recognized the
ability of B.Y. to transform unconventional
substrate stereoselectively, since a long time ago2.
Biocatalytic reduction of carbonyl compounds to
their corresponding chiral hydroxyl derivatives has
been extensively studied. Among the various chiral
compounds, chiral alcohols represent a highly
versatile and attractive group of chiral building
blocks for the synthesis of various drugs and drug
intermediates. Microbial reduction of ketones to
prepare chiral alcohols has provided chemists with
the opportunity for the development of novel
chemical synthesis3,4.
Although water is the primary choice of solvent
for B.Y. mediated reduction, reduction of carbonyl

compounds with B.Y. in water has several
limitations such as poor solubility of many organic
substrates, existence of undesired side reactions
and bi-products and difficulty in product separation.
Recently, it has been reported that glycerol has
promising physical and chemical properties that
make it an ideal reaction medium for various
catalytic and non-catalytic organic synthesis.
Specifically, it has high boiling point and negligible
vapour pressure.It is compatible with most organic
and inorganic compounds and it does not require
special handling or storage. Similar to other polar
organic solvents such as DMSO and DMF,
glycerol facilitates the dissolution of inorganic salts,
acids and bases and enzymes and transition metal
complexes. It also dissolves organic compounds
that are poorly miscible in water and it is
considered non-hazardous. Hydrophobic solvents
such as ether and hydrocarbons which are
immiscible in glycerol enable the products to be
removed by simple extraction. Additionally, the
high boiling point of glycerol was successfully
employed as a versatile and alternative green
solvent in a variety of organic reactions and
synthesis methodologies. So glycerol which can
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dissolve glucose and many organic substrates
(carbonyl compounds) and can suspend B.Y.,
produced a high product yield when either free or
immobilized cells were employed.5-8

Another green method for reducing organic
compounds is electro-reduction. Electrochemistry
in non-aqueous polar organic solvent is widely
applicable in organic synthesis. As a solvent
glycerol also allow electro-reduction. In electro-
organic synthesis, reductions generally occur at
low temperature reducing the local consumption
of energy and reducing the risk of corrosion,
accidental release. Other merits of this technique
are specificity, selectivity and cost effectiveness.
Electrons are the reducing agents and thus it reduces
the use of hazardous chemical reagents.9-12

Phenyl-(2-pyridyl)-methanol is of particular
interest to the chemists due to its analgesic and
anticonvulsant activities also it is used as a superior
reagent for metal free reduction of nitro aromatic
compounds.13-15Formation of phenyl-
(pyr idyl)methanols is of interest since
intermediates of this type are important building
blocks in the synthesis of pharmaceutically
important molecules.16-18

This paper reports the biocatalytic reduction of
2-benzoylpyridine, 3-benzoylpyridine and 4-
benzoylpyridine using B.Y. in a mixture of glycerol
and water and also electrochemical reduction of
the above substrates using glycerol as a solvent.
The electrochemical reduction of benzoylpyridines
at constant current provides an alternative
synthetic route for the synthesis of phenyl-
(pyridyl)methanols. Biotransformation provides
pollution free and less toxic method for reduction
of carbonyl compounds. The present work is a
contribution towards green alternative
methodology for biotransformation of organic
compounds which have merits like specificity, cost
effectiveness and they are expected to reduce
the ever increasing problem of pollution caused
by hazardous, corrosive, chemicals and harsh
reaction conditions.

MATERIAL   AND  METHODS
All the chemicals used were of AR grade and
doubly distilled water was used for making the
solutions. Baker’s yeast was purchased from a
local grocery shop.

Reduction using free baker’s yeast
In one-litre flat bottom flask, equipped with
magnetic stirred (Remi Make), 200 ml of water,
10 g fresh baker’s yeast and 10gm glucose were
placed and the suspension was stirred for 30
minutes. The substrate (2mM) was separately
dissolved in 100ml glycerol and the solution was
poured into baker’s yeast suspension. The
resulting mixture was magnetically stirred for
suitable period. The suspension changed its colour,
which indicated the completion of reaction,
thereafter the product was filtered using celite
(HIMEDIA grade). The filtrate was then extracted
with diethyl ether and the combined ether extracts
were dried over sodium sulphate. The resulting
final products obtained were characterized by
spectral analysis viz. IR, NMR, The purity of
products was checked by single spot obtained by
thin layer chromatography (TLC). NMR spectra
were recorded in CDCl3 solution on Joel (Japan)
300 MHz spectrophotometer and IR spectra were
recorded by using Nicolet  (USA) FTIR
spectrophotometer. These results are shown in
Table1
Reduction using immobilized baker’s yeast
The immobilization was carried using 5g B.Y. in
polyacrylamide gel which was prepared by mixing
the following solutions in the given proportion.
Solution A-10g acrylamide and 2.5g N, N’-
methylene bisacrylamide in 100ml DDW.
Solution B-5.98g trihydroxy methyl amino methane
(TRIS), 0.46ml N, N, N’, N”-tetramethyl
ethylenediamine (TEMED) and 48ml 1N HCl
solution to 100ml.
Solution C-560mg Ammonium per sulphate in
100ml DDW.
Solution D-Isopropanol
All these solutions were mixed in following
proportion and then deaerated for 30 minutes: 10.0
ml of solution A + 5.0 ml of solution B + B.Y. 2g
+ 5.0 ml of solution C + 10.0 ml of solution D.
The optimum pH and temperature were
determined and found to be 5.0-7.0 and 27 ºC
respectively. The time required for maximum
product formation was determined by analyzing
the product after every 30 minutes interval. An
agitation speed of 200 rpm and biotransformation
time as shown in (Table 1) were employed.
Optimum solvent/emulsifier type and
concentration to be employed was standardized
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by addition of these to baker’s yeast cells. During
the present investigation on biotransformation, it
was observed that B.Y. was an effective reducing
agent in all the media and yield varied from 95-

80%. Immobilized baker’s yeast cells could be re-
employed twice after the first use. Gel pieces were
activated in nutrient rich media (sucrose solution)
at pH 7.0 and 27ºC for 12 hrs, before the first use.

Table 1 : Reduction using free and immobilized Baker’s Yeast

Reduction using electrochemical techniques
Cyclic voltammograms were recorded using
glassy carbon electrode at different pH and
different scan rate with the help of a computer
based basic electrochemistry system ECDA-001,
supplied by Con-serv enterprises, Mumbai, using
three electrode cell assembly with 1mm diameter
glassy carbon as working electrode, Ag/AgCl as
reference electrode and Pt wire as counter
electrode. Blank voltammograms were also
recorded after deareation  of the solution. The
voltammographic curves were recorded for
compounds using potassium chloride (1M) as
supporting electrolyte, DMF (dimethylformamide)
as a solvent and Britton- Robinson buffer at
different pH (5, 7, and 9). On the basis of the
results optimum conditions for electrochemical
reduction were determined. These conditions were
subsequently applied for carrying out
electrochemical reduction at stainless steel

electrode (SS-316) galvanostatically. The
conventional H-type cell with two limbs separated
by G-4 disc was used for electrolysis. The
supporting electrolyte sodium acetate (1M) was
filled in both the limbs. The reactants (0.01M)
were dissolved in alcohol and placed in cathodic
chamber and the pH of cathodic solution was
adjusted as required. Methanol was also added in
cathodic chamber. The stainless steel (SS-316)
was used as cathode as well as anode. The
constant current (1 amp) was passed through the
electrolyte for suitable period (6-8) hours with the
help of a galvanostat (CDPE make, University of
Rajasthan, Jaipur, India). Finally the reaction
mixture was extracted with diethyl ether
(3×25ml). The ether layer was then separated and
washed with aqueous saturated NaCl solution.
The organic extract was dried over anhydrous
Na2SO4 and finally the product was characterized
spectroscopically.  (Table 2).

                 Yield (%)
S/N Name of Reaction With With B.P. IR value NMR value Enantiomeric

the product time FBY ImBY (°C) (cm-1) () excess (ee)
(hrs)

 1. Phenyl-2- 72 86 88 328 3280-3368, 2.81,3.14,7.23 94.2

pyridylmethanol 3030, 1605, -7.64,7.62-8.4

1556,  1380

 2. Phenyl-3- 72 88 90 353  3290, -3390, 2.76,3.21,7.20-7 88.6

pyridylmethanol 3050, 1595 .66,7.54-8.71

1554, 1450,

780

 3. Phenyl-4-

pyridylmethanol 72 84 88 353 3360-3454, 2.67,3.41,716 90.2

3035, 1600 -7.75 ,7.8-8.67

1565, 1452

1288, 1112

802
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RESULTS   AND  DISCUSSION
Biotransformation
The actual reducing agent in present system is
(Nicotinamide Adenine Dinucleotide Hydride)

S/N Name of the Reaction time Yield (%) M.P. / B.P. IR Values NMR Values
products  (hrs)  (°C)  (cm–1)  ()

  1. Phenyl-2 8 80 328 3280-3368, 3030, 2.81,3.14,7.23-7

pyridylmethanol 1605,1556, 1380, 64,7.62-8.4

  2. Phenyl-3 8 82 353 3290-3390, 3050, 2.76,3.21,7.20-7

pyridylmethanol 1595,1554, 1450, 66,7.54-8.71

780

  3. Phenyl-4 8 82 353 3360-3454, 3035, 2.67,3.41,716-7

pyridylmethanol  1600, 1565, 1452, .75,7.8-8.67

1288, 1112, 802

Table 2 : Electrochemical reduction using SS(316) electrode

NADH. NADH donates H¯ (hydride ion) to
aldehydes and ketones (and thereby reduces them).
The electron lone pair on a nitrogen atom of
NADH pushes out H¯   which adds to a carbonyl
group in another molecule to cause a reduction.

Fig.1 : Biotransformation
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The amount of NADH in the yeast cell is limited
to a quite low level. In order to allow the reduction
continuously, it is therefore necessary to activate
another biological pathway to reduce
(Nicotinamide Adenine Dinucleotide ion) NAD+

in to NADH. Yeast contains some saccharides in
the cell, which reduce NAD+ to NADH via
pentose-phosphate pathway. The addition of
glucose to the reaction mixture ensure
simultaneous feeding of the yeast cells which
ultimately results in enhanced concentration of
NADH, which is regenerated from NAD+ via
pentose phosphate pathway . This will ultimately

ensure increase in the enantiomeric excess (ee)
of the product. Immobilization enhances the
operational stability of free baker yeast and
isolation of the products becomes easier. In
addition, reuse of the catalyst is often possible
under these conditions the product formation rates
are usually high, not only because of the inhibitory
influences but also high cell population. It also
permits easy and continuous operation since
immobilized cells can be easily removed from the
reaction medium and can be repeatedly used
although with decreasing activity of the
immobilized cells Fig.1 and Fig. 2.

Electrochemical
Most cyclic voltammograms were recorded with
an initial potential (Ei of 1000 mV) and switching
potential Es of (-1200 mV) at different scan rates
(viz. 100,200,300,400 and 500 mV/sec) (Fig.3
to Fig. 5).
Electrolytically reduced products were obtained
in reasonably good yields. Single spot TLC
checked the purity of compounds. The identity of
product was further confirmed on the basis of IR,

NMR, and Mass Spectroscopy data given in
Table 2.
Effect of pH
The reduction of carbonyl compounds in aqueous
solution is pH dependent. In the case of 2-
benzoylpyridine and 3-benzoylpyridine the
reduction peak clearly appears in basic medium
that is pH 9, whereas in the case of 4-
benzoylpyridine the reduction peak appears in both
neutral and basic medium.

Fig. 2 : Mechanism for reduction of cabonic compound by NADH
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Fig. 5 :  Cyclic voltammograms of 4-benzoylpyridine at different scan rates

Fig. 3 :  Cyclic voltammograms of 2-benzoylpyridine at different scan rates

         Fig.  4 :  Cyclic voltammograms of 3-benzoylpyridine at different scan rates

Parameters
I.P. = 900
F.P. = -1200
S.R. = 100, 200, 300,
           400, 500
C.S. = 0.01
pH = 9.0

Parameters
I.P. = 900
F.P. = -1200
S.R. = 100, 200, 300,
           400, 500
C.S. = 0.01
pH = 9.0

Parameters
I.P. = 900
F.P. = -1200
S.R. = 100, 200, 300,
           400, 500
C.S. = 0.01
pH = 9.0
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Effect of scan rate
As shown in Fig. 3 to Fig. 5 the peak potential
(Ep) shifts towards more negative side as the scan
rate (í) increases. The cathodic peak current (ip)
increases with increasing scan rate. The current
function (ip/ v ) has been found to constant with
respect to scan rate that means the process is
diffusion controlled.

                     CONCLUSION

The present study is a novel alternative synthetic
route involving microbial (Baker assisted
biotransformation and electrochemical reduction
of prochiral substrates into useful chiral products.
The significance of the methodology lies in use of
inexpensive reagents, simple operation and
environmental friendliness. The present work is
a contribution towards green alternative
methodology for biotransformation of organic
compounds which have merits like specificity, cost
effectiveness and they are expected to reduce
the ever increasing problem of pollution caused
by hazardous, corrosive, chemicals and harsh
reaction conditions. The electrochemical reduction
of carbonyl compounds at constant current
provides an alternative synthetic route for the
synthesis of hydroxyl compounds.
Biotransformation provides pollution free and less
toxic method for reduction of carbonyl
compounds.
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The birds and bees and the flowers and trees
are for everyone to see, but not to seize.

SAVE  THE  ENVIRONMENT
 Good Environment is good health
   Air Pollution causes health hazards
 Recycle every drop of Water


