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Pickering-emulsion-mediated approach for chemoenzymatic reactions

Kyohei Kanomata, Research Institute for Chemical Process Technology Department of Materials and
Chemistry National Institute of Advanced Industrial Science and Technology

I Introduction

This study presents a Pickering-emulsion-based strategy for
enabling chemoenzymatic reactions by spatially separating
incompatible components. In living cells, compartmentalization
in organelles allows enzymes to function efficiently, whereas in
vitro use of enzymes for organic synthesis is often hindered by
deactivation caused by organic solvents or reactive reagents. To B
address this limitation, the authors developed systems using co;;’;’:ﬁﬂiﬂ:jfmd Pickering emulsion
Pickering emulsions and hydrophobic membranes to isolate reactor

enzymes while maintaining catalytic cooperation (Fig. 1)". OH

The research focuses on lipase-mediated dynamic kinetic )\R,

resolution of alcohols and esters. Lipases catalyze hydrolysis in

aqueous media and esterification in non-aqueous environments. C;)H

When combined with in situ racemization of unreacted alcohols, Enamiocon;;z;“ Hydrophobic memrane
racemic substrates can theoretically be converted into a single reaction (PDMS)
enantiomer in quantitative yield’. However, challenges include

lipase deactivation by acids used for racemization, intrinsic Fig. 1 Chemoenzymatic reactions in
R-selectivity of most lipases, and the low reactivity of tertiary compartmentalized reaction media

alcohols.

Development of a Lipase/Sulfuric Acid Cooperative Catalytic System in Pickering
Emulsions for Enantiodivergent Synthesis of Optically Active Esters

To overcome these issues, the authors developed a cooperative catalytic system combining lipase and sulfuric acid
within a Pickering emulsion (Fig. 2a). In this system, sulfuric acid is confined in aqueous droplets, while the lipase resides
in the surrounding organic phase. This spatial separation prevents enzyme deactivation while allowing substrates to
diffuse between phases and undergo sequential reactions®. Using this approach, racemic alcohols were efficiently
converted into optically pure (R)-esters. Control experiments without emulsification showed significantly lower yields,
demonstrating the importance of the emulsion structure. The method was also applicable to various secondary
alcohols*.

To access the opposite (S)-enantiomer using the same R-selective lipase, the authors designed a system integrating
three simultaneous processes: lipase-catalyzed hydrolysis of esters in the aqueous phase, acid-catalyzed racemization
of alcohols, and lipase-catalyzed esterification in the organic phase (Fig. 2b). This combination enables
enantioconvergent conversijon from racemic esters to optically pure (5)-esters®.

OH
3 —
A, OCOR™ —— =\ ocoR?
RI“OR A, N=/
()1 Z OCOoR? R'™™ "R 4
2 (£)-3 Esterification \
(oil phase)
Lipase (CAL-B) OH
R-selective R2
(oil phase) 1
3
OH A QCOR
RI7R2
R! R2 (R-3
$)-1
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O Cooperative catalysis of lipase and H,SO,
O Enantiodivergent synthesis using the same lipase

Fig. 2 Pickering-emulsion-mediated enantiodivergentsynthesis of esters using the same lipase
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Enantioconvergent Reaction of Tertiary Alcohols Using a PDMS Membrane

The system was further extended to tertiary alcohols, which are challenging targets in enantioselective synthesis. For
this purpose, a circular flow reactor was developed using a hydrophobic polydimethylsiloxane (PDMS) membrane to
separate the lipase and sulfuric acid. The membrane allows hydrophobic substrates to pass while blocking water and
ions, maintaining catalyst separation. In this setup, a solution containing the substrate and acyl donor was circulated
between a lipase-packed column and a sulfuric acid compartment. This method afforded optically active esters with
high yields and excellent enantioselectivity across multiple substrates®.

Pickering emulsions and PDMS membranes offer complementary advantages. Emulsions provide large interfacial areas
and fast reaction rates but suffer from higher water content in organic phase and lower mechanical stability. In contrast,
PDMS membranes ensure better phase separation and stability but operate more slowly due to smaller interfacial
areas. Together, they represent versatile platforms for designing biphasic catalytic systems.

Perspectives

This work has significant implications for pharmaceutical synthesis, as many drugs are chiral and require high optical
purity. The developed enantiodivergent strategies enable efficient access to both enantiomers from a single racemic
precursor. Ongoing efforts aim to expand these systems to broader reactions, including those involving redox enzymes
and strong bases, ultimately establishing general methods for integrating enzymatic reactions into the synthesis of
various fine chemicals.
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