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Mechanism of Light-Controlled Asymmetric Reduction of
Acetophenone by Photosynthetic Bacteria

WANG Mengliang® HU Rui GUO Xuelin YAN Fukun LIU Diansheng
Institute of Applied Chemistry Shanxi University Taiyuan 030006 Shanxi China

Abstract A new kind of asymmetric hydrogenation reaction catalyzed by Rhodobacter sphaeroides and the reac-
tion mechanism have been studied. The advantages are that coenzyme NADPH can be regenerated in situ by
the photosynthetic electron-transfer reactions of photosynthetic bacteria relying on light energy and ketone com-
pounds can be chiraly hydrogenated. Acetophenone was selected as the model substrate and the whole cell
catalytic system the asymmetric reduction system of redox enzymes and the chromatophore coupled with redox
enzymes system were built through preparation of chromatophore and isolation and purification of endocellular
S -redox enzymes and R -redox enzymes of photosynthetic bacteria Rhodobacter sphaeroides. This result in-
dicates that these cells have the capacity of capturing light energy to generate NADPH through photosynthetic
electron-transfer reactions and the relative enzymatic activities. S -redox enzyme and R -redox enzyme were
largely influenced by the amount of light in the environment. Effect of the electron donors and hydrogen donors
on chemical yield in the reaction system was determined. A novel method for stereochemical control of the asym-
metric reduction by photosynthetic bacteria was also reported. Enantioselectivity in asymmetric reduction of ace-
tophenone was improved by illumination with fluorescent light. As a result the yield of asymmetric reduction
reaction was largely improved through promoting coenzyme NADPH regeneration.
Key words Rhodobacter sphaeroides redox enzyme light-controlled asymmetric reduction acetophenone
phenylethyl alcohol chromatophore
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Table 1 ~ Asymmetric reduction of acetophenone by Rhodobacter sphaeroides whole cells
Addition of reactants mmol L )
Entry Light - - - - Yield % ee % Configuration
Sodium thiosulfate Sodium acetate DCMU "

1 on 0 0 0 63.3 94.2 S

2 of 0 0 0 26.1 66.9 R

3 on 10 0 0 75.6 97.2 S

4 off 10 0 0 24.1 67.8 R

5 on 10 10 0 82.6 98.1 S

6 of 10 10 0 30.1 64.7 R

7 on 10 10 0.5 41.1 96.6 S

Reaction conditions 100 ml Tris-HCI buffer 50 mmol L pH 7.0
“3- 3 4-dichlorophenyl -1 1-dimethylurea.

acetophenone 17 mmol L. =30 C ¢ =24 h.
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DCMU S 1 35.1%
96.6% . 2 6.2%
S - 70.9% 94.9% S -
R - . NADPH
S -
2.3 S - R - R -
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S - R -
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2 . NADPH
2
Table 2 Asymmetric reduction of acetophenone by redox enzymes from Rhodobacter sphaeroides cells
Addition of reactants mmol L i
Entry Light Yield % ee % Configuration
Sodium thiosulfate ~ Sodium acetate NADPH NADP*
1 on 0 0 13 0 35.1 94.9 S
2 of f 0 0 13 0 6.2 70.9 R
3 on 0 0 0 15 10.5 98.2 S
4 on 10 10 0 15 18.7 97.1 S
5 off 10 10 0 15 10.4 68.8 R
Reaction conditions 100 ml Tris-HCI buffer 50 mmol L pH 7.0  acetophenone 17 mmol L =30 C ¢=24 h.
2.4 NADP* 1 2
13.2%
78.2% ee 72.9% 95.2% 2
4 3 1
NADPH
3.
3
Table 3 Asymmetric reduction of acetophenone by chromatophors coupled with redox enzymes from Rhodobacter sphaeroides
Addition of reactants mmol L
Entry Light Yield % ce % Configuration
Sodium thiosulfate ~ Sodium acetate NADPH NADP*
1 on 10 10 0 15 78.2 95.2 S
2 off 10 10 0 15 13.2 72.9 R
3 off 10 10 13 0 28.1 66.8 R

Reaction conditions 100 ml Tris-HCI buffer 50 mmol . pH 7.0  acetophenone 17 mmol L chromatophore 0.2 g ml redox enzymes

2.5ml 0=307TC t=24h.
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Fig 1 The mechanism of asymmetric reduction of acetophenone
catalyzed by photosynthetic bacteria
Behl — bacteriochlorophyll  Bchl ™ — excited state

of bacteriochlorophyll Fe-S — ferredoxin.
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Fig 2 Asymmetric reduction of acetophenone to S -or R -

product catalyzed by redox enzymes and NADPH
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