Madhuresh Kumar Sethi. et al. /Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 10(2), 2022, 52-57.

Research Article CODEN: AJPAD7 ISSN: 2321 - 0923
Asian Journal of Pharmaceutical Analysis ‘ \
and r!@ ®y
’."1.I v

Medicinal Chemistry

Journal home page: www.ajpamec.com

https://doi.org/10.36673/AJPAMC.2022.v10.i02.A07

F

L

~N

STEREOSELECTIVE SYNTHESIS OF (R)-PROPANE-1, 2-DIOL USING
KETOREDUCTASE ENZYMES AND ITS COMPARATIVE STUDIES USING PLUG
FLOW REACTOR

Madhuresh Kumar Sethi*', Sanjay Mahaj an', Bhairaiah Mara', J ayaprakash Thirunavukarasu’,
Rajakrishna Yerramalla', Lakshminarayana Vemula'

"R and D, Mylan Laboratories Ltd, (A Viatris Company), Plot No. 31, 32, 33 and 34 A ANRICH Industrial
Estate, Bollaram (Village), Jinnaram (Mandal), Sangareddy (District) 502325, Telangana, India..

ABSTRACT

A novel and easy enzymatic process for the stereoselective reduction of 1-Hydroxypropan-2-one for the synthesis
of (R)-propane-1, 2-diol (Scheme-1) was identified. (R)-propane-1, 2-diol can serve as a key intermediate of many
pharmaceutically active compounds. Single step conversion was achieved using Ketoreductase enzymes with high
enantioselectivity and better yield in comparison with chemical process. 100% chiral purity has been obtained for
the enantiomerically pure intermediate, confirmed by both TLC and Chiral HPLC.
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INTRODUCTION

Most of the drugs currently in use are chiral
compounds' and marketed as racemates consisting
of an equimolar mixture of two enantiomers. They
have the same chemical structure, most isomers of
chiral drugs exhibit significant differences in
biological activities’ such as pharmacology,
toxicology, pharmacokinetics, metabolism etc.
Therefore, it is important to promote the chiral
synthesis of racemic drugs in pharmaceutical
industry as well as in clinic in order to eliminate the
unwanted isomer from the preparation and to find
an optimal treatment and a right therapeutic control
for the patient.
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Bio catalysis® is defined as the use of biomolecules,
especially enzymes as catalysts for the synthesis of
new materials. Enzymes® can be thought of as
renewable catalysts. Unlike metal-based alternatives
that rely on mining and harsh, energy intensive
processing, biocatalysts are biodegradable and
easily replaced through inexpensive and
environmentally benign fermentation processes.
Some of the most powerful examples of biocatalytic
applications exploit the chiral nature of these
catalysts. In  fact, the R and S nomenclature
commonly used to define the orientation of
substituents of a chiral molecule.

Flow chemistry’ is defined as a chemical reaction
running continuously through a flowing stream
rather than in batch production. Pumps move fluid
into a tube and the fluids contact each other to
reaction taken place. Nowadays flow chemistry
have been applied in bio catalysis as well. R-
propane 1, 2 diol is a protic solvent that can act as
proton or hydrogen donor during chemical
reactions. R-propane 1, 2 diol is a clear, colorless,
viscous organic solvent and diluent® used in
pharmaceutical preparations.

Ketoreductase’ catalyze the conversion of keto
group to a chiral hydroxyl group, Ketoreductases
are highly enantioselective, so they can be used for
synthesizing chiral hydroxyl compounds from
inexpensive ketones. The ketone compound can be
directly converted tohydroxy for the formation of
required (R)-propane-1, 2-diol compound in a
single step with better enantiomeric purity than the
chemical process.

By using bio catalysis technique and Ketoreductase,
we have converted the 1-Hydroxypropan-2-one to
(R)-Propane-1, 2-diol in presence of potassium
phosphate buffer and environmentally friendly
conditions.

MATERIAL AND METHODS

Reagents and chemicals

In the experimental section, unless and otherwise
stated, all reagents and solvents used in this study
are commercially obtained. Ketoreductases were
purchased from Ilosynth, Bangalore, India and
Enzyme works, China.
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Methodology

Experimental Section using batch reactor

Step I: Preparation of Buffer Solution

In a flask, Disodium Hydrogen Phosphate (1.5g),
water (100ml) and charge Dihydrogen Sodium
Ortho Phosphate (1.0g). Stir for clear solution and
add Isopropyl alcohol 5ml (pH-7.0-7.5).

Step I1: Preparation of (R)-Propane-1, 2-diol

To the buffer solution (3.0ml) was added
Ketoreductase  enzyme (50mg) and 1-
Hydroxypropan-2-one (5.0mg). Temperature was
raised to 25°C and maintained at same for 120
hours. Reaction was monitored by TLC. After
completion of the reaction filtered the reaction mass
through hiflo, to the reaction mixture added10%
sodium hydroxide solution (0.2ml) and stirred for
30 mins at 20-25°C. The resulting reaction mass
was extracted with ethyl acetate and dried over
anhydrous Sodium Sulfate and distilled under
vacuum to yield (R)-Propane-1, 2-diol (1.8mg).
Experimental procedure using plug flow reactor
Step I: Preparation of buffer solution

In a flask, Disodium Hydrogen Phosphate (1.5g),
water (100ml) and charge Dihydrogen Sodium
Ortho Phosphate (1.0g). Stir for clear solution and
add Isopropyl alcohol 5ml (pH-7.0-7.5).

Step 1I: Preparation of (R)-Propane-1, 2-diol

To the buffer solution (25.0ml) was added
Ketoreductase enzyme (4mg) and 1-
Hydroxypropan-2-one (20.0mg). Pass the reaction
mixture into flow reactor through flow pump at
40°C for 27hours. At flow rate 0.2ml/min. Reaction
was monitored by TLC, after completion of the
reaction, filtered the reaction mass through hiflo to
the reaction mixture added 10% sodium hydroxide
solution (0.2ml) and stirred for 30 mins at 20-25°C.
The resulting reaction mass was extracted with
ethyl acetate and dried over anhydrous Sodium
Sulfate and distilled under vacuum to yield (R)-
Propane-1, 2-diol (15.8mg).

TLC Conditions

To the TLC plate, were applied spots of our keto
compound and final product which was immersed
in a mobile phase of following composition i.e.,
Dichloromethane: Methanol = 9:1 respectively. The
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plate was then viewed after sprayed with Potassium
permanganate solution.

RESULTS AND DISCUSSION

Several variants of Ketoreductase enzymes were
screened in the following study out of which two
variants showed significant product formation and
the results were observed as follows in Table No.1
and Table No.2.

Product conversion observed by TLC for our
required (R)-Propane-1, 2-diol compound as shown
below (Figure No.l) for the mobile phase
conditions MDC: Methanol = 9:1 previously
described.

The chiral HPLC data in column chiral packlG
(250 x 4.6) mm Sum for the intermediate prepared
through synthetic route is as follows mentioned in
Figure No.2.

For 100% Chiral purity in column chiral pack
1G(250 x 4.6) mm Sum for the desired (R)-
Propane-1, 2-diol compound prepared using
ketoreductase enzymes, the Chiral HPLC data is as
follows mentioned in Figure No.3.

Table No.1: Synthesis of (R)-propane-1, 2-diol

Time taken for | . . . Enzyme Loading
S.No Enzyme Variant PRODUCT reaction Purit with respect to 1-
completion ¥ | Hydroxy propane-2-one
| NN | (R)-propane-1,2-diol | 120 HRS 100% 10.0 Times
> N2 | (R)-propane-1,2-diol | 120 HRS 100% 10.0 Times
3 CNI&%;)I;I;ED_ (R)-propane-1, 2-diol 120 HRS 51.53% 10.0 Times
4 CNIDZERED | (R)-propane-1,2-diol |  120HRS | 48.63% 10.0 Times
5 CNDZENED- | (R)-propane-1, 2-diol | 120 HRS | 51.73% 10.0 Times
6 CNl&%ggl;ED‘ (R)-propane-1, 2-diol | 120 HRS | 48.42% 10.0 Times
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Table No.2: Comparison of Ketoreductase reaction in Batch reactor and plug flow reactor

Enzyme Time tak.en Chiral . Enzyme Loading
S.No Variant Reactor | PRODUCT for react.lon Purity with respect to 1-Hydroxy
completion propane-2-one
o, | e @ s || s
2 | kREDAP0%0 | reaer | 1 oopel® | 27HRS | 99.03 0.2 TIMES
3| KRED-LP0SS | reacor | | Loaral | 2THRS | 9905 02 TIMES
4 EWI'{ITEED' reF;‘C’:Zr (Ri"pzr_o(ﬁi?e' 27 HRS 99.07 0.2 TIMES
SN | e | SRR | 27HRS | 99.07 0.2 TIMES
6 EW;?&ED' rg;gtv(‘)’r (R{pzr_o(ﬁz’fe' 27 HRS 99.04 0.2 TIMES
T KRED-LP0S2 | reacor | | Lodial | 2THRS | 5031 02 TIMES
8 KR%E}%'(D ‘ rg;gtv(‘)’r (R{pzr_o(ﬁz’fe' 27 HRS 50.35 0.2 TIMES
O | KREDLPI00 | reactor | | Loadhal | ZTHRS | 5034 02 TIMES
10 KR%E}%'OW rg;gtv(‘)’r (R{pzr_o(ﬁz’fe' 27 HRS 50.45 0.2 TIMES
e Ketoreductase OH

)EJ\/OH — /'\/OH

Buffer 40°C
1-hydroxypropan-2-one (R)-propane-1,2-diol

Scheme No.1: For the synthesis of (R)-2-propane-1, 2-ol
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Figure No.1: Thin layer chromatograph of reaction monitoring
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Figure No.2: Chiral HPLC chromatogram for the intermediate
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Figure No.3: Chiral HPLC chromatogram for the chiral purity for (R)-Propane-1, 2-diol

CONCLUSION

It can be determined from the above study that, (R)-
Propane-1, 2-diol which can serve as key chiral
intermediate of the many active pharmaceutical
ingredients. (R)-Propane-1, 2-diol can be prepared
using Ketoreductase enzyme with 100% chiral
purity in a single step opposed to conventional
chemical processes involving multiple steps with
poor yields and low enantioselectivity. We have
reduced reaction time hours to 27 hours and
Enzyme loading to 0.2 times using flow reactor as
compared to batch reactor in which reaction time
hours is 120 hours and Enzyme loading is higher
side i.e.,10.0 times with respect to 1-Hydroxy
propane-2-one.

Available online: www.uptodateresearchpublication.com

ACKNOWLEDGEMENT

Our group is thankful to Department of Scientific
and Industrial Research India, Sanjeev Sethi (COO
and Chief Scientific Officer, Mylan Inc.); Dr.
Abhijit Deshmukh (Head of Global OSD Scientific
Affairs) ; Jyothi Basu {Head - Global API (Active
Pharmaceutical Ingredients)}; Dr Chandra Has
Khanduri ( Head of Global API R and D and
Scientific Affairs, R and D); Dr Arvind (Head of
Analytical Dept, API R and D) as well as analytical
development team of Mylan Laboratories Limited
for their encouragement and support. We would
also like to thank Dr. Narahari Ambati (AGC- India
IP) and his Intellectual property team for their
support.

CONFLICT OF INTEREST
We declare that we have no conflict of interest.

April — June 56



Madhuresh Kumar Sethi. et al. /Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 10(2), 2022, 52-57.

BIBLIOGRAPHY
1. Kevin A. Scott, Alexander Marciniak,
William G. Benson, Robin Polt. Lessons in
stereochemistry: Resolution, synthesis and
characterization of chiral compounds, J.
Chem. Educ, 97(12), 2020, 4339-4344. b)
Linda G. Lee, George M. Whitesides.
Preparation of optically active 1, 2-diols and
.alpha.-hydroxy ketones using glycerol
dehydrogenase as catalyst. Limits to enzyme-

6. Andrea F. G. Gargano, Mike Duffin, Pablo

Navarro, Peter J. Schoenmakers. Reducing
dilution and analysis time in online
comprehensive  two-dimensional liquid
chromatography by active modulation, Anal.
Chem, 88(3), 2016, 1785-1793.

. Elizabeth L. Noey, Nidhi Tibrewal. Origin of

stereoselectivity in evolved ketoreductases,
Bio Physics and Computational Biology,
112(51), 2015, E7065-E7072.

catalyzed synthesis due to noncompetitive and
mixed inhibition by product, J. Org Chem,
51(1), 1986, 25-36. ¢) Eul-Soo Park, Shaheer
Malik M, Joo-Young Dong. One-pot
production of enantiopure alkylamines and
arylalkylamines  of  opposite  chirality
catalyzed by w-transaminase, Chem. Cat.
Chem, 5(7), 2013, 1734-1738.

2. Augustine Amalraj, Anitha Pius, Sreerag
Gopi, Sreeraj Gopia. Biological activities of
curcuminoids, other biomolecules from
turmeric and their derivatives, J Tradit
Complement Med, 7(2), 2017, 205-233.

3. Dong Yi, Thomas Bayer, Christoffel P S.
Badenhorst, Shuke Wu, Mark Doerr, Matthias
Hohne, Uwe T. Bornscheuer. Recent trends in
biocatalysis, Chem. Soc. Rev, 50(14), 2021,

8003-8049.

4. Peter K. Robinson. Enzymes: Principles and
biotechnological applications, Essays
Biochem, 59, 2015, 1-41.

5. Riccardo Porta, Maurizio Benaglia,

Alessandra Puglisi. Flow chemistry: Recent
developments in  the  synthesis  of
pharmaceutical products, Org. Process Res.
Dev, 20(1), 2016, 2-25.

Please cite this article in press as: Madhuresh Kumar Sethi et al. Stereoselective synthesis of (r)-propane-1, 2-diol
using ketoreductase enzymes and its comparative studies using plug flow reactor, Asian Journal of Pharmaceutical
Analysis and Medicinal Chemistry, 10(2), 2022, 52-57.

Available online: www.uptodateresearchpublication.com April — June 57




