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Fig. 1 Number of SCI publications about deep eutectic

Publications

solvents in the past seven years
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Fig. 2 Citotoxicity studies of 11 DESs and 2 ILs.

* # denotes statistical significance at P < 0.01, and * #* * denotes P < 0.001 level
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Table 1 Comparison of the lipase-catalyzed activity in different reaction mediums

Percentage coversion of ethyl valerate to butyl valerate

Initial specific activity

Reaction No Reaction Transesterification Aminolysis
medium (CALB  CALB - CALA PeL enzyme medium activity activity
ChCl-Ac 23 96 0.5 0.0 0.0 Toluene 37(100% ) 46(100% )
ChCI-EG 11 32 3.0 0.2 0.0 ChCI-G 33(89% ) 52(113% )
ChCI-G 96 96 70 22 0.0 ChCI-U 20(54% ) 22(48% )
ChCI-MA(1) 30 58 0.7 0.0 0.7 ENH, CI-G 50(135% ) ND
ChCI-U 93 99 1.6 0.8 0.0 BMIM[ Tf,N] 24(65% ) 11(24% )
EINH, Cl-Ac 63 92 2.7 0.0 0.0 BMIM[ BF, 7(19% ) 9(19% )
EINH, CI-EG 23 33 20 0.0 0.0
EINH, CI-G 93 91 2.1 0.5 0.0
Toluene 92 92 76 5.0 0.0

Note : iCALB =immobilized CALB; 40mM ethyl valerate, 400mM 1-butanol and 10 mg/mL enzyme were used for transesterification

reaction; 100mM ethyl valerate and 110mM 1-butylamine and 10 mg/ml iCALB were used for aminolysis reaction.
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Fig. 3 iCALB-catalyzed alcoholysis of phenolic esters with 1-octanol in DES-water system

(R = H, methyl p-coumarate; R = OCH3, methyl ferulate )
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Fig. 4 iCALB-catalyzed reactions in DESs. Transesterification of ethyl valerate with 2-butanol in DES (top) , perhydrolysis of

octanoic acid in water/DES mixtures with the simultaneous epoxidation of cyclohexene ( center) , and ring-opening

polymerization of g-caprolactone in DES (bottom).
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Fig. 5 Tandem lipase-organocatalyst for synthesis of optically activie compounds
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Table 2 Rhizopus Oryzae lipase catalyzed the synthesis of dihydropyrimidin-2( 1H) -ones derivatives
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Reaction Conditions: a. All reactions were carried out with aldehyde 1a-g (2 mmol) , AMG 2a-b (2.1 mmol) , urea/ thiourea
(2.2 mmol) , Lipase (5% w/w with respect to aldehyde) , DES (3 mL), Temperature (55 °C); b. Isolated yields.
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Fig. 6 Protease-catalyzed transesterification of N-acetyl-l-phenylalanine ethyl ester with 1-propanol in

competition with the hydrolysis reaction
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Fig. 7 Chymotrypsin-catalyzed the synthesis of peptide in DESs
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Fig. 8 Whole-cell baker’ s yeast catalyzed the reduction

of ethyl acetoacetate in DES-water system
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Fig. 9 Acetobacter sp. CCTCC M209061 whole cell catalyzed the

asymmetric oxidation of racemic MOPE in DES-water system
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the asymmetric reduction of CPE in DES-water system
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The Applications of Deep Eutectic Solvents in Biocatalysis

LU Chao', SU Er-zheng'* , WEI Dong-zhi*, Alexander M. Klibanov’
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Abstract; Within the framework of green chemistry, solvents occupy a strategic place. To be qualified as a green
medium, the solvent has to meet different criteria such as availability, non-toxicity, biodegradability, recyclability,
flammability, and low price among others. Up to now, the number of available green solvents is rather limited. In
recent years, deep eutectic solvents ( DESs) have been considered green solvent alternatives to conventional sol-
vents and have attracted considerable attention. DESs are defined as a mixture of two or more components, which
may be solid or liquid and that at a particular composition present a high melting point depression becoming liquids
at room temperature. DESs are considered as a new class of ionic liquids (ILs). Comparing to traditional ILs,
DESs are low-toxic, biodegradable, the price is generally low and their performances can be adjusted. Owing to
these remarkable advantages, DESs are now of growing interest in many fields of research. This paper summarizes
the toxicity and biodegradability of DESs, and the applications of DESs in biocatalysis. Future perspectives on the
major directions toward the research on DESs are also discussed. This work is expected to be helpful for the further
development of DESs based on a summary of the research in the field of biocatalysis.

Key words: green chemistry; Deep Eutectic Solvents; toxicity; biocatalysis



