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Creation of Artificial Biocatalysts Capable of Catalyzing C-C Bond Formation
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Articificial enzymes (lipases) bearing N heterocyclic carbene (NHC) were created and used as
a catalyst for the enantioselective C-C bond formation. NHC was linked to a mutated cystein
residue or the active site. The articificial enzymes catalyzed the benzoin reaction with low
enantioselectivity.
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Table 1. Benzoin reaction under different conditions
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base, solvent
OH

entry _catalyst solvent base time (h) _yield (%)?
1¢ 1 CH,Cl, EtzN 51 0
2 1 CH.Cl, Et;N 96 0
3 1 CH,Cl, Cs,CO3 38 0
4 1 THF Cs,CO3 24 20
5 1 THF EtsN 24 55
6d  1287C-1 THF EtsN 24 55 (4% ee)

aConditions : catalyst (0.6 mol%), solvent (0.15 M). ® Determined by *H NMR.
¢ Solvent (0.06 M). 9catalyst (< 0.6 mol%), ee was determined by HPLC.
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Scheme 1. Synthesis of phosphonate inibitor 7a and 7b.
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Table 2. Inhibition of lipase with 7a and KR of 1-phenylethanol with inhibited lipase.

OH . . OAc OH
lipase or lipase-7a, H
ACOCH=CH, +
—_——
11 (R)-12 (S)-11
inhibition KR of 1-phenylethanol
entry lipase-inhibitor solvent time (h) conv.” (%)
1 lipase-7a CH,Cl, 24 47
2 lipase CH,Cl 24 48
3 lipase-7a i-Pr,0 / DMF (1: 1) 24 0
4 lipase i-Pr,0 / DMF (1: 1) 24 12
5 lipase-7a THF 6 42
6 lipase THF 6 49
7 lipase-7a THF 72 21
8 lipase THF 72 38

a Conditions : lipase (30 mg), 11 (0.50 mmol), vinyl acetate (1.0 mmol), molecular sieves 3A
(three pieces), dry i-Pr,0 (5 mL), 30 °C, 1.5 h. P Determined by 'H NMR.
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Table 3. Inhibition of lipase with 7a, 7b and 7c and KR of 1-phenylethanol with inhibited lipase.

nBu\ —
N\n X 0 PFe ﬁ
Q\/N*\/\/F{\OB HBU\N&N(\(\N/\/F{\OEI
T, 7 0
NO, NO,
7a: X=BF, 7c
7b: R = PFg
inhibition condition KR of 1-phenylethanol®
entry lipase-inhibitor solvent time (h) conv.” (%)
1 lipase THF 72 38
2 lipase-7a THF 72 21
3 lipase-7b THF 72 38
4 lipase-7c THF 72 8

2 Conditions : lipase 30 mg, 11 (0.50 mmol), vinyl acetate (1.0 mmol), molecular sieves 3A (three
pieces), dry i-Pr,0 (5 mL), 30 °C, 1.5 h. b Determined by *H NMR.
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