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An  efficient  and  practical  synthesis  of (S)-rivastigmine  intermediate  was  developed  by  employing  a
chemoenzymatic  step  toward  the  synthesis  of  chiral  intermediate  N-ethyl-N-methyl-carbamic  acid-3-
(1S-hydroxy-ethyl)-phenyl  ester  (2)  using  crude  alcohol  dehydrogenase  from  baker’s  yeast  with  reduced
nucleotide  adenosine  dinucleotide  (NADH)  as  proton  donor  has  been  demonstrated.
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. Introduction

Rivastigmine{(S)-3-[1-(dimethylamino)-ethyl]phenylethyl-
methyl)carbamate)} [1] is an active pharmaceutical ingredient
hat was developed for the treatment of patients with mild to

oderate Alzheimer disease [2] and treatment of dementia caused
y Parkinson’s disease [3] and Lewy body [4].

Early researchers synthesized (S)-Rivastigmine by resolving
acemic rivastigmine or intermediate by catalytic asymmetric
ydrogen transfer based reaction on transition metals and chi-
al organic ligands [5–18]. Recently, development in enzymatic
ynthesis has lead toward synthesis of rivastigmine via chemoen-
ymatic route using lipases [12,13,19–21] as well as transaminases
22]. Various draw backs were observed in above said methods
ike complex operations, loss of yield, metal impurities in final
ctive pharmaceutical ingredient, multiple purification procedures
n case of lipase catalyzed resolution, three enzyme systems in
ransaminase reactions and multiple crystallization steps with chi-
al acids.
The route described herein aimed at using a chemoenzymatic
pproach (Scheme 1) is first of its kind where alcohol dehy-
rogenase from baker’s yeast was used toward the synthesis of

∗ Corresponding authors. Tel.: +91 4030492031; fax: +91 8458279305.
E-mail addresses: madhuresh.sethi@mylan.in (M.K. Sethi),

omashekar.br@mylan.in (S.R. Bhandya).

381-1177/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.molcatb.2013.02.010
(S)-Rivastigmine [23]. An in-process purification of crude alcohol
dehydrogenase from baker’s yeast [24] has been adopted and used
in enzymatic step. Various references are available toward the
purification of alcohol dehydrogenase and stereoselective reduc-
tion reaction catalyzed by alcohol dehydrogenases [25–40].  This
procedure includes in-process purification of crude alcohol dehy-
drogenase from baker’s yeast and enzyme catalyzed stereoselective
reduction as key step where alcohol dehydrogenase do stereo-
selective reduction by utilizing proton from NADH and glucose
dehydrogenase do regeneration of NADH from glucose to gluconic
acid, thereby shifting the equilibrium of the reaction to alcohol for-
mation. This process can even overcome the limitation of getting
50% maximum yield of (S)-Rivastigmine.

2. Experimental

2.1. Enzymes

Alcohol dehydrogenase from Equine, alcohol dehydrogenase
from Saccharomyces cerevisiae,  aldehyde dehydrogenase from S.
cerevisiae, alcohol dehydrogenase–agarose from baker’s yeast, alco-
hol dehydrogenase from Lactobacillus kefir, yeast from S. cerevisiae
Type I and yeast from S. cerevisiae Type II has been procured from

Sigma–Aldrich. Locally available baker’s yeast was procured from
AB Mauri, UK, Blue Bird India Pvt. Ltd., India and Angel Yeast Co.
Ltd., China. Glucose dehydrogenase CDX 901 was purchased from
CDX-Codexis, USA.

dx.doi.org/10.1016/j.molcatb.2013.02.010
http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:madhuresh.sethi@mylan.in
mailto:somashekar.br@mylan.in
dx.doi.org/10.1016/j.molcatb.2013.02.010
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Scheme 1. Synthesis of (S)

.2. Chemicals and reagents

Nicotinamide adenine dinucleotide and nicotinamide adenine
inucleotide phosphate were procured from SISCO Research Labo-
atories Pvt. Ltd., Mumbai, India, potassium dihydrogen phosphate,
ipotassium hydrogen phosphate, methanol, toluene, methylene
ichloride and dimethyl sulfoxide from Spectrochem Pvt. Ltd.,

ndia, triethyl amine, 3-hydroxy acetophenone, methylene dichlo-
ide, ethylenediamine tetraacetic acid disodium salt (EDTA.2Na),
-glucose, sodium sulfate anhydrous, and sodium hydroxide from
vra Laboratories Pvt. Ltd., Hyderabad, India and N-ethyl-N-methyl
arbomyl chloride from Chemrich Fine Chemicals Pvt. Ltd., Hyder-
bad, India.

.3. Synthesis of N-ethyl-N-methyl carbomyl acetophenone (1)

To a solution of triethyl amine (910 mL,  4.55 vol) was  added, N-
thyl-N-methyl carbomyl chloride (182 g, 1.5 mol) and 3-hydroxy
cetophenone (200 g, 1.47 mol). The mixture was stirred at 95 ◦C
or 10–15 h. The reaction mixture was extracted with CH2Cl2
1000 mL), washed with 0.5 N sodium hydroxide solution (2×
000 mL), dried over Na2SO4 and distilled under vacuum to obtain
roduct as brownish color. The product was analyzed by HPLC, ESI-
S and 1H NMR  oil (321.74 g 99% isolated yield, purity >98%, bp

37.9 ◦C) ESI-MS found 221.1 (M+). 1H NMR  (CDCl3, 300 MHz, ppm)
 7.80–7.67 (m,  1H), 7.69 (s, 1H), 7.48–7.42 (m,  1H), 7.35–7.27 (m,
H), 3.52–3.38 (m,  2H), 3.08–3.00 (s, 3H, 2 rotamers), 2.60 (s, 3H),
.28–1.13 (m,  3H).

.4. Screening for novel alcohol dehydrogenases toward
reparation of N-ethyl-N-methyl-carbamic
cid-3-[1S-hydroxy-ethyl)-phenyl ester (2)

Various alcohol dehydrogenases, 10 mg  each was  added in 2 mL
uffer (containing 100 mM potassium phosphate, 5 mg  NADP/NAD,
30 mM d-glucose, 2 U/mL glucose dehydrogenase, pH 7.0). A solu-
ion of N-ethyl-N-methyl carbamic acid-3-acetyl phenyl ester in
imethyl sulfoxide (10 mg  in 0.1 mL)  was added. The mixture
as stirred at 30 ◦C for 24 h and monitored by HPLC. CH2Cl2
5 mL)  was added, the phases were separated. The obtained
lcohol product N-ethyl-N-methyl-carbamic acid-3-(1S-hydroxy-
thyl)-phenyl ester (2) in the organic phase was analyzed by Chiral
PLC.
stigmine intermediate (2).

2.5. Screening for novel yeast from various sources toward
preparation of N-ethyl-N-methyl-carbamic
acid-3-[1S-hydroxy-ethyl)-phenyl ester (2)

A 40 mg  of yeast from various sources (Table 1) were suspended
in 5 mL  buffer (containing 100 mM potassium phosphate, 5 mg
NAD, 330 mM d-glucose, 2 U/mL glucose dehydrogenase, pH 7.0). A
solution of N-ethyl-N-methyl carbomyl acetophenone in dimethyl
sulfoxide (10 mg  in 0.1 mL)  was added. The mixture was stirred at
30 ◦C for 24 h and monitored by HPLC. CH2Cl2 (5 mL) was added
the phases were separated. The obtained alcohol product N-ethyl-
N-methyl-carbamic acid-3-(1S-hydroxy-ethyl)-phenyl ester (2) in
the organic phase was analyzed by chiral HPLC (Table 1).

2.6. Preparation of cell free extract of yeast

The cell free extract of yeast from various sources was prepared
by following procedure given by Buttler and Thelwall-Jonesa [45].
A 20 g of yeast was  first grinded in a mixer and stirred in 40 mL  of
toluene at 40 ◦C for 1 h. It was  then cooled to ambient temperature,
mixed with 60 mL 1 mM EDTA.2Na solution and stirred slowly for
1 h at 5–10 ◦C. The mixture was first filtered through filter cloth
and then passed through Hiflow super cell under gentle suction
to obtain a cell free extract. Cell free extracts were evaluated for
biotransformation of ketone (1) (Table 1).

2.7. Preparation of N-ethyl-N-methyl-carbamic
acid-3-(1S-hydroxy-ethyl)-phenyl ester (2)

A 100 g of baker’s yeast from Blue bird was first grinded in
a mixer and stirred in 200 mL  of toluene at 40 ◦C for 1 h [45]. It
was then cooled to ambient temperature and mixed with 300 mL
of 1 mM EDTA.2Na solution and stirred slowly for 1 h at 5–10 ◦C
[44]. The mixture was filtered through filter cloth, followed by
hiflow super cell under gentle suction. The result clear yellowish
liquid (crude alcohol dehydrogenase extract) was then mixed with
650 mL  of buffer (containing 0.25 mM potassium phosphate, 5 g
NAD, 250 g d-glucose, 2.5 g glucose dehydrogenase, pH 6.8). A solu-
tion of N-ethyl-N-methyl carbamic acid-3-acetyl phenyl ester (2)
in dimethyl sulfoxide (50 g in 150 mL)  was  added. pH 6.8 was  main-
tained by adding 1 M NaOH using pH stat. The mixture was  stirred

at 30 ◦C for 24 h and monitored by HPLC. After the completion of
reaction, methanol (300 mL)  was  added to reaction mixture and
filtered through celite. Methanol was  distilled off under reduced
vacuum. The filtrate was extracted with 500 mL  of CH2Cl2 twice.
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Table  1
Screening for alcohol dehydrogenases.a

S. no. Enzyme Co-factor Conversion by HPLC (%) S-alcohol 2 (ee)

1 Alcohol dehydrogenase from Equinea,b NADPH 95.4 99.35
2 Alcohol dehydrogenase from Saccharomyces cerevisiae a,b NADH 99.8 99.21
3 Aldehyde dehydrogenase from Saccharomyces cerevisiae a,b NADH 97.2 99.23
4  Alcohol dehydrogenase–Agarose from baker’s yeasta,b NADH 99.2 99.53
5 Alcohol dehydrogenase, from Lactobacillus kefir a,b NADPH 98.2 99.01
6  Yeast from Saccharomyces cerevisiae Type Ia,c NADH 97.1 99.42
7  Yeast from Saccharomyces cerevisiae Type IIa,c NADH 98.1 99.41
8  Baker’s yeast from AB Mauri, Peterborougha,c NADH 97.2 99.5
9 Dry yeast from Blue Bird India Pvt. Ltd.a,c NADH 98.2 99.4

10  Baker’s yeast from Angel Yeast Co. Ltd.c NADH 98.2 99.4
11 Cell free extract of baker’s yeast from blue birdd NADH 99.2 99.5
12  Cell free extract of yeast from Saccharomyces cerevisiae Type Id NADH 99.2 99.5
13  Cell free extract of yeast from Saccharomyces cerevisiae Type IId NADH 99.0 99.4

a % conversion from HPLC determined with respect to (1). (1) in dimethyl sulfoxide (10 mg in 0. 1 ml)  in 2 ml  of phosphate buffer pH 7.0 (containing 5 mg  NADP/NAD,
330  mM d-glucose, 5 mg  glucose dehydrogenase CDX901) in a 2 mL  screw capped vial) with shaking at 30 ◦C for 24 h.

b 5 mg  of each alcohol dehydrogenase enzyme in reaction mixture.
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c 40 mg  yeast.
d 20 g of Baker’s yeast extracted into 40 mL  toluene and 60 mL  of 1 mM EDTA
ehydrogenase CDX901 (1) in dimethyl sulfoxide (0.045 mol  in 30 ml).

he organic layer was separated, combined, dried over sodium
ulfate and distilled off to obtain colorless oil. The product was ana-
yzed by chiral HPLC, RP-HPLC, ESI-MS, SOR and 1H NMR  (47.9 g,
5% isolated yield, purity >99%, ee: >99%, bp 337.3 ◦C). ESI-MS was
ound to be 223.1 (M+). The [˛]D

25 was found to −25.787 (c = 1.1,
HCl3, 99.5% ee). 1H NMR  (DMSO, 300 MHz, ppm) ı 7.33–7.27 (t,

 = 7.8 Hz, 1H), 7.17–7.15(d, J = 7.5 Hz, 1H), 7.06 (s, 1H), 6.96–6.93(m,
H), 5.23–5.21 (d, J = 4.2 Hz, 1H), 4.75–4.67 (m,  1H), 3.49–3.38(m,
H), 3.34–3.27(m, 1H), 3.01–2.89(s, 3H, 2 rotomers), 1.32–1.30(d,

 = 6.3 Hz, 3H), 1.20–1.06 (m,  3H).

.8. Analytical methods

.8.1. High performance liquid chromatography
Reverse phase-high performance liquid chromatography anal-

sis (RP-HPLC) of N-ethyl-N-methyl carbomyl acetophenone
1) and N-ethyl-N-methyl-carbamic acid-3-(1S-hydroxy-ethyl)-
henyl ester (2) were performed on Agilent Technologies high
erformance liquid chromatography instrument connected with
V detector at 210 nm using Inertsil ODS 3 V column (5 �m par-

icle size, 150 mm × 4.6 mm length) eluted with 20 mM  phosphate
uffer pH 3.0: acetonitrile (70:30, v/v) at a flow rate of 1 mL/min.
he retention time were found to be 4.0 min, 14.0 min  and
.0 min  for 3-hydroxy acetophenone, N-ethyl-N-methyl carbomyl
cetophenone (1) and N-ethyl-N-methyl-carbamic acid-3-[1S-
ydroxy-ethyl)-phenyl ester (2) respectively.

Chiral HPLC [40] of N-ethyl-N-methyl-carbamic acid-3-(1S-
ydroxy-ethyl)-phenyl ester (2) was performed on Agilent
echnologies high performance liquid chromatography instrument
onnected with UV detector at 215 nm using Chiralpak AD-H (5 �m
article size, 250 mm × 4.6 mm length) column eluted with n-
exane:ethanol:trifluro acetic acid (95:0.5:0.1, v/v/v) 13. at a flow
ate of 1 mL/min. The retention time were found to be 13.8 min  and
5.5 min  for (R)-isomer and (S)-isomer respectively of N-ethyl-N-
ethyl-carbamic acid-3-[1S-hydroxy-ethyl)-phenyl ester (2).

.8.2. NMR  spectra
1H NMR  spectra was recorded on a Bruker Avance 300 spectrom-

ter. The spectra was recorded with DMSO-d6 as internal standard
or measuring chemical shifts to with ±0.01 ppm. A region from 0
o 10 ppm was scanned for all the samples.
.8.3. Specific optical rotation
Specific optical rotation of isolated compounds were measured

sing Perkin-Elmer 243 polarimeter (Uberlingen, Germany).
130 mL of 0.25 M phosphate buffer pH 6.8, 1 g NAD, 50 g d-glucose, 1 g glucose

2.8.4. Mass spectrometry
Electron spray ionization-mass spectra (ESI-MS) of isolated

compounds were measured using Agilent 1100 LC/MSD Trap SL
instrument.

3. Results and discussion

Synthetic route (Scheme 1) involved condensation of 3-hydroxy
acetopheneone with N-ethyl-N-methyl carbomyl chloride to give
(1) which in turn was  stereoselectively reduced to (2) using alco-
hol dehydrogenase which can be further converted to Rivastigmine
base via halogenation and finally condensation with dimethyl
amine [41]. As a result, the use of alcohol dehydrogenase catalyzed
reduction to produce the desired isomer was investigated.

3.1. Screening for novel alcohol dehydrogenases

A number of alcohol dehydrogenases from various sources like
equine, S. cerevisiae, yeast from S. cerevisiae type I, yeast from S. cere-
visiae type I, baker’s yeast from AB Mauri, Peterborough, dry yeast
from Blue Bird India Pvt. Ltd., baker’s yeast from Angel yeast Co. Ltd.,
and cell free extract prepared from dry yeast, yeast from S. cere-
visiae type I and yeast from S. cerevisiae type II, has been screened
toward stereoselective reduction of ketone to alcohol (Table 1). The
percentage conversion and enantioselective purity of (2) obtained
with all the enzymes, yeast and cell free extracts were above 95%
and ee above 98%. All enzymes were showed selectivity toward
(S)-isomer. The alcohol dehydrogenase showed transfer of pro-R-
hydride to the re-face of the carbonyl to give S-alcohol, as said in
Prelog’s rule [42,43].

3.2. Reaction profile

In presence of cell free extract of baker’s yeast, the conversion
showed an increase in formation of (2) from (1) during 0–24 h
(Fig. 1). The rate of reduction was found to be 0.0019 mol  h−1 g−1.

3.3. Effect of baker’s yeast concentration

A maximum conversion of 98% was  achieved from cell free

extract prepared from 2 g and 3 g of baker’s yeast at 0.0045 mol
of N-ethyl-N-methyl carbomyl acetophenone (1), 0.1 g of NADH,
0.1 g of glucose dehydrogenase CDX901 and 2.5 g of d-glucose with
incubation upto 24 h (Table 2).
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Fig. 1. Reaction profile. Reaction conditions: 0.045 mol  of (1), 20 g of baker’s yeast,
40  mL toluene, 60 mL  of 1 mM EDTA.2Na, 130 mL  of 0.25 M phosphate buffer pH
6.8, 1 g NAD, 50 g d-glucose, 1 g glucose dehydrogenase CDX901, 30 mL DMSO, with
shaking at 30 ◦C for 24 h.

Table 2
Effect of baker’s yeast.a

Yeast concentration [w/w,with respect to (1)] % conversion

1 g 67.3%
2  g 98.2%
3  g 98.3%

a % conversion from HPLC determined with respect to (1) 4 mL toluene, 6 mL  of
1  mM EDTA.2Na, 13 mL  of 0.25 M phosphate buffer pH 6.8, 0.1 g NAD, 2.5 g d-glucose,
0.1  g glucose dehydrogenase CDX901, 0.0045 mol  of (1) in 3 mL DMSO, with shaking
at  30 ◦C for 24 h.

Table 3
Effect of glucose dehydrogenase concentration.a

Glucose dehydrogenase concentration CDX
901 [w/w with respect to (1)]

% conversion

0.05 g 14%
0.1  g 98.2%
0.15  g 98.2%
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Table 5
Effect of buffer pH.a

0.25 M phosphate buffer pH % conversiona

6.0 51.64
6.8  98.2
7.0  97.18
7.5  61.64

a % conversion from HPLC determined with respect to (1). 0.0045 mol of (1), 2 g
baker’s yeast, 4 mL  toluene, 6 mL of EDTA.2Na, 13 mL  of buffer, 0.1 g NAD, 2.5 g d-
glucose, 0.1 g glucose dehydrogenase CDX901, 3 mL  DMSO, with shaking at 30 ◦C for
24 h.

Table 6
Effect of buffer salt.a

Molar concentration pH 6.8 % conversion

0.1 94.7
0.2  97.8
0.25 98.2

a % conversion from HPLC determined with respect to (1). 0.0045 mol of (1), 2 g
baker’s yeast, 4 mL  toluene, 6 mL of EDTA.2Na, 13 mL  of 0.25 M phosphate buffer pH

was due to the denaturation of enzymes [46] as well as degradation
of NADH [47] at higher temperature with the progress of reaction.

Table 7
a % conversion from HPLC determined with respect to (1). 2 g baker’s yeast, 4 mL
oluene, 6 mL  of 1 mM EDTA.2Na, 13 mL  of 0.25 M phosphate buffer pH 6.8, 0.1 g
AD, 2.5 g d-glucose, 0.0045 mol  of (1) in 3 mL DMSO, with shaking at 30 ◦C for 24 h.

.4. Effect of glucose dehydrogenase concentration

Glucose dehydrogenase above 10% resulted in 98% conversion
hen cell free extract prepared from 2 g of baker’s yeast, 0.0045 mol

f N-ethyl-N-methyl carbomyl acetophenone (1), 0.1 g of NADH
ere used and incubation upto 24 h (Table 3).

.5. Effect of NAD concentration
NAD above 0.1 g resulted in >98% conversion when cell free
xtract prepared from 2 g of baker’s yeast, 0.0045 mol  of N-ethyl-
-methyl carbomyl acetophenone (1), 0.1 g of NAD were used and

ncubation upto 24 h (Table 4).

able 4
ffect of NADH concentration.a

NAD [w/w with respect to (1)] % conversion

0.05 g 18%
0.1  g 98.2%
0.15 g 98.2%

a % conversion from HPLC determined with respect to (1). 2 g baker’s yeast, 4 mL
oluene, 6 mL  of 1 mM EDTA.2Na, 13 mL  of 0.25 M phosphate buffer pH 6.8, 2.5 g
-glucose, 0.1 g glucose dehydrogenase CDX901, 0.0045 mol  of (1) in 3 mL  DMSO,
ith shaking at 30 ◦C for 24 h
6.8, 0.1 g NAD, 2.5 g d-glucose, 0.1 g glucose dehydrogenase CDX901, 3 mL  DMSO,
with shaking at 30 ◦C for 24 h.

3.6. Effect and buffer and buffer salt

Buffer of different pH in the range 6.0–7.5 (Table 5) and salt
concentration in the range 0.1–0.25 mM (Table 6) were studied. A
pH 6.8 at buffer concentration of 0.25 showed better conversion of
98%.

3.7. Effect of solvent

To improve the activity and selectivity of crude enzyme,
reactions were studied in both miscible and non-miscible
solvents. Addition of DMSO to reaction mixture showed improve-
ment in conversion upto 98.2% against 75.6% conversion
with only buffer (Table 7). However, solvents like methanol,
N,N-dimethylformamide, tetrahedrofuran, dimethyl sulfoxide, iso-
propyl alcohol, ethanol, methanol, n-butanol, n-propanol and
toluene showed no product formation.

3.8. Effect of temperature

An increase in temperature to 35 ◦C and 40 ◦C decreased the con-
version by 16.1% and 23.1% respectively (Fig. 2). Decrease in activity
Effect of co-solvent.a

Solvent % conversion S-isomer (% ee)

N,N-dimethyl formamide No reaction –
Tetrahydrofuran No reaction –
Dimethyl sulfoxide 98.2 >99%
No  solvent 75.6 >99%
Isopropyl alcohol No reaction –
Ethanol No reaction
Methanol No reaction –
n-Butanol No reaction –
n-Propanol No reaction –
Toluene No reaction

a % conversion from HPLC determined with respect to (1). 0.0045 mol of (1), 2 g
baker’s yeast, 4 mL  toluene, 6 mL of EDTA.2Na, 13 mL of 0.25 M phosphate buffer,
0.1 g NAD, 2.5 g d-glucose, 0.1 g glucose dehydrogenase CDX901, 3 mL  of solvent
with shaking at 30 ◦C for 24 h.
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Fig. 2. Effect of temperature. % conversion from HPLC determined with respect
to  (1). 0.0045 mol  of (1), 2 g baker’s yeast, 4 mL  toluene, 6 mL of EDTA.2Na, 13 mL
of  0.25 M phosphate buffer, 0.1 g NAD, 5 g d-glucose, 0.1 g glucose dehydrogenase
CDX901, 3 mL  DMSO, with shaking for 24 h.
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.9. Effect of substrate concentration

A maximum conversion of 99.2 has been obtained at 0.035 mol
f N-ethyl-N-methyl carbomyl acetophenone (1) when cell free
xtract from baker’s yeast at concentrations ranging from 2.5 to
.5 mmol  of N-ethyl-N-methyl carbomyl acetophenone (1), 0.1 of g
AD, 0.1 g of glucose dehydrogenase CDX901 with incubation upto
4 h were used (Fig. 3).

. Conclusion

The above process is first of its kind. N-Ethyl-N-methyl carbomyl
cetophenone (1) synthesized by condensation of N-ethyl-N-
ethyl carbomyl chloride with 3-hydroxy acetophenone has been

creened for stereoselective reduction by enzyme alcohol dehydro-
enase, NAD/NADP, glucose and glucose dehydrogenase of which
ll alcohol dehydrogenases yielded best result with a ee purity of
8.5%. Glucose dehydrogenase CDX901 in presence of d-glucose
nd NAD were used for regeneration of co-factor. Cell free extract
f Yeast taken for optimization showed with 10% of NADP, 10% glu-

ose dehydrogenase CDX901, 6.15 mol  equivalent of d-glucose with
espect to N-ethyl-N-methyl carbomyl acetophenone (1) in 3 vol-
me  of dimethyl sulfoxide can able to reduce stereoselectively to
-alcohol (2) with a yield of 95% with enantiomeric excess >99.0.

[
[
[
[

alysis B: Enzymatic 91 (2013) 87– 92 91

Acknowledgments

Our group thanks Department of Scientific and Industrial
Research India, Dr. Hari Babu (CEO Mylan Laboratories Ltd., India);
Mr.  Sanjeev Sethi (Head Mylan Global R & D); Dr. Ramesh Dandala
(Head MLL  R & D); Dr. Abhay Gaitonde (Head Manufacturing MLL);
Dr. Suryanarayana Mulukutla (Head Analytical Dept. MLL  R & D) as
well as analytical development team of Mylan Laboratories Ltd. for
their encouragement and support. We  will also like to thanks Dr.
Narahari Ambati (Head IPR MLL  R & D) & his Intellectual property
team for their support.

References

[1] R. Polinsky, J. Clin. Ther. 20 (1998) 634–647.
[2] M.  Rosler, R. Anand, A. Cicin-Sain, S. Gauthier, Y. Agid, H.B. Dal-P-

Bianco, R. Stahelin, Hartman, M.  Gharabawi, Br. Med. J. 318 (1999)
633–638.

[3] P.J. Reading, A.K. Luce, I.G. McKeith, Mov. Disord. 16 (2001) 1171–1174.
[4] I. McKeith, T. Del Ser, P. Spano, M.  Emre, K. Wesnes, R. Anand, A. Cicin-Sain, R.

Ferrara, R. Spiegel, Lancet 356 (2000) 2031–2036.
[5] J. Ogorka, O. Kalb, R. Shah, S.C. Khanna, United States Patent 6,565,883 (2003).
[6] W. Chen, F. Wen, China Patent 200710030658 (2008).
[7] A.A. Boezio, J. Pytkowicz, A. Cote, A.B. Charette, J. Am. Chem. Soc. 125 (2003)

14260–14261.
[8] M.  Hu, F.-L. Zhang, M.-H. Xie, Synth. Commun. 39 (2009) 1527–1533.
[9] N. Stepankova, J. Hajicek, European Patent 1556338 (2008).
10] V. Bansal, S.K. Dubey, S.K. Dubey, K. Pannu, European Patent 2349976

(2011).
11] C.B.H. Stepankova, P.J. Hajicek, P. Simek, United States Patent 20,060,122,417

(2009).
12] G. Tian, Y. Zhu, J. Shen, World Intellectual Property Organization Patent

2008124969 (2008).
13] V.N.B.R. Mandava, V.R. Vajrala, G. Varanasi, V.K. Adla, M.R. Jambula, V.R.K.

Reddy, United States Patent 20,080,255,383 (2008).
14] H.V. Patel, United States Patent 20,060,293,518 (2006).
15] M.S.M. Jaweed, B.K. Upadhye, V.K. Rai, H. Zia, World Intellectual Property Orga-

nization Patent 2007026373 (2007).
16] P.B. Deshpande, B.B. Boda, H.H. Acharya, P.K. Luthra, United States Patent

20,080,045,743 (2008).
17] P.B. Deshpande, K. Khemani, B.B. Boda, T.R. Shah, H.H. Acharya, P.K. Luthra,

United States Patent 7,683,205 (2010).
18] P.B. Deshpande, K. Khemani, B.B. Boda, T.R. Shah, H.H. Acharya, P.K.

Luthra, World Intellectual Property Organization Patent 2005020452
(2005).

19] J. Mangas-Sanchez, Rodrıguez-Mata, E. Busto, V. Gotor-Fernandez, V.J. Gotor,
Org. Chem. 74 (2009) 5304–5310.

20] K. Han, C. Kim, J. Park, M.-J. Kim, J. Org. Chem. 75 (2010) 3105–3108.
21] K. Arunkumar, M.A. Reddy, T.S. Kumar, B.V. Kumar, K.B. Chandrasekhar, P.R.

Kumar, M.  Pal, Beilstein J. Org. Chem. 6 (2010) 1174–1179.
22] M. Fuchs, D. Koszelewski, K. Tauber, W.  Kroutil, K. Faber, Chem. Commun. 46

(2010) 5500–5502.
23] M.K. Sethi, S.R. Bhandya, N. Maddur, S. Potluri, D. Dutta, R. Dandala, India Patent

Office 2681/CHE/2010 (2012).
24] W.J. Rutter, J.R. Hunsley, in: W.A. Wood (Ed.), Methods in Enzymology, vol. 9,

Academic Press, New York, 1966, pp. 480–486.
25] S.C. Davis, J.H. Grate, D.R. Gray, J.H. Gruber, G.W. Huisman, S.K. Ma,

L.M. Newman, R. Sheldon, L.A. Wang, United States Patent 7,132,267
(2006).

26] S.C. Davis, J.H. Grate, R.G. David, J.M. Gruber, G.W. Huisman, S.K. Ma, L.M. New-
man, United States Patent 7,125,693 (2006).

27] H. Werner, R. Bettina, H. Werner, R. Bettina, United States Patent 6,413,750
(2002).

28] C-H. Wong, C.W. Bradshaw, United States Patent 5,225,339 (1992).
29] R.N. Patel, A. Banerjee, C.G. McNamee, L.J. Szarka, United States Patent 5,391,495

(1995).
30] J.C. Moore, M.G. Sturr, K. McLaughlin, J. Kim, United States Patent 7,109,004

(2006).
31] N.D. Valerie, Process for preparing an intermediate of Sitagliptin via enzy-

matic reduction. World Intellectual Property Organization 2009045507
(2009).

32] E. Keinan, S.C. Sinha, A. Sinha-Bagchi, J. Org. Chem. 57 (1992) 3631–3636.
33] R.N. Patel, L. Chu, R. Mueller, Tetrahedron: Asym. 14 (2003) 3105–3109.
34] B.N. Zhou, A.S. Gopalan, F. VanMiddlesworth, W.R. Shieh, J. Charles, C.J. Sih, J.

Am.  Chem. Soc. 105 (1983) 5925–5926.
35] H. Gröger, W.  Hummel, S. Buchholz, K. Drauz, T.V. Nguyen, C. Rollmann, H.

Hüsken, K. Abokitse, Org. Lett. 5 (2003) 173–176.

36] M.D. Truppo, D. Pollard, P. Devine, Org. Lett. 9 (2007) 335–338.
37] M.J. Kim, Y.S. Ahn, J.W. Park, Curr. Opin. Biotechnol. 13 (2002) 578–587.
38] O. Pamies, J.-E. Beackvall, Chem. Rev. 103 (2003) 3247–3261.
39] M.-J. Kim, J. Park, Y. Ahn, in: R.N. Patel (Ed.), Biocatalysis in the Pharmaceutical

and Biotechnology Industries, CRC Press, Boca Raton, 2007, pp. 249–272.



9 lar Cat

[

[
[

[

[

2 M.K. Sethi et al. / Journal of Molecu

40]  M.K. Srinivasu, B.M. Rao, B.S. Reddy, P.R. Kumar, K.B. Chandrasekhar, P.K.

Mohakhud, J. Pharm. Biomed. Anal. 38 (2005) 320–325.

41] P. Sushmitha, M.L. Narasu, M.V. Suryanarayana, Rasayan, J. Chem. 5 (2012) 5–9.
42] S. Tiemen, Z. Yang, C. Zhiqiang, Z. Chunyan, Chinese Patent 200914001751

(2009).
43] V. Prelog, Pure Appl. Chem. 9 (1964) 119–123.

[
[

[

alysis B: Enzymatic 91 (2013) 87– 92

44] C.W. Bradshaw, W.  Hummel, C.H. Wong, J. Org. Chem. 57 (1992) 1532–

1536.

45] P.J.G. Butler, G.M. Thelwall-Jones, Biochem. J. 118 (1970) 375–378.
46] S.J. Calvin, D. Mangan, I. Miskelly, T.S. Moody, P.J. Stevenson, Org. Process Res.

Dev. 16 (2012) 82–86.
47] J.T. Wu,  L.H. Wu,  J.A. Knight, Clin. Chem. 32 (1986) 314–319.


	Chemo-enzymatic synthesis of optically pure rivastigmine intermediate using alcohol dehydrogenase from baker's yeast
	1 Introduction
	2 Experimental
	2.1 Enzymes
	2.2 Chemicals and reagents
	2.3 Synthesis of N-ethyl-N-methyl carbomyl acetophenone (1)
	2.4 Screening for novel alcohol dehydrogenases toward preparation of N-ethyl-N-methyl-carbamic acid-3-[1S-hydroxy-ethyl)-p...
	2.5 Screening for novel yeast from various sources toward preparation of N-ethyl-N-methyl-carbamic acid-3-[1S-hydroxy-ethy...
	2.6 Preparation of cell free extract of yeast
	2.7 Preparation of N-ethyl-N-methyl-carbamic acid-3-(1S-hydroxy-ethyl)-phenyl ester (2)
	2.8 Analytical methods
	2.8.1 High performance liquid chromatography
	2.8.2 NMR spectra
	2.8.3 Specific optical rotation
	2.8.4 Mass spectrometry


	3 Results and discussion
	3.1 Screening for novel alcohol dehydrogenases
	3.2 Reaction profile
	3.3 Effect of baker's yeast concentration
	3.4 Effect of glucose dehydrogenase concentration
	3.5 Effect of NAD concentration
	3.6 Effect and buffer and buffer salt
	3.7 Effect of solvent
	3.8 Effect of temperature
	3.9 Effect of substrate concentration

	4 Conclusion
	Acknowledgments
	References


