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ASYMMETRIC REDUCTION OF Z-3-CHLORO-3-ALKEN-2-ONES WITH FERMENTING BAKER'S YEAST 
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Abstract: Using fermenting baker's yeast, Z-RCH=CClCOCH3 (R=C2HS, n-C5Hll, 

n-CaH17) was reduced initially to (S)-RCH2EHClCOCH3 in 44-84% ee, which was 

further reduced to RCH2?HCltHOHCH3 in >98% ee with the syn(2S,3S)/anti(2S,3R) 

ratios of 2.6-18.3. 

The use of fermenting baker's yeast has been shown to provide a versatile 

chiral reducing agent in organic synthesis. 
1 

Various prochiral compounds such 

as S-keto esters 
2 

and a,S-unsaturated ketones 3 have been studied rather exten- 

sively and the scope of the asymmetric reduction has been presented in some 

detail. However, there have been reported relatively few works concerning halo 

ketones4 or halo olefins 
5 

in spite of the fact that these halo compounds are 

used frequently in organic synthesis. 

We here report the asymmetric reduction of Z-3-chloro-3-alken-2-ones (1) 

with fermenting baker's yeast. It produces initially optically active cl-chloro 

ketones (2) which are then reduced to optically pure chlorohydrins (3). The 

results are shown in Tables l-3. The reduction is exemplified by the following 

procedure. To 300 mL of boiled water containing 1.5 g of CaC03, 0.6g of KH2P04, 

0.6 g of NH4H2P04, and 0.3 g of MgS04, were added 11.4 g of dry baker's yeast 

(Nisshin) and 20 g of glucose. After the suspension was stirred for 30 min at 

33"C, 321 mg (1.84 mm011 of Z-3-chloro-3-nonen-2-one (1b)6 was added and the WI 
stirring was continued for 2 h. The pH of the solution changed from 7 to 5 

during the reaction. The mixture was filtered after stirring with 25 q of 

Celite. The filtrate and the Celite were extracted with ether and the combined 

extracts were dried (MgS04) and evaporated to give 1.13 g of a crude oil which 

was passed through a silica gel column (Merck 60, 30 g; hexane-ether 80:1-2O:l) 

to give 92 mg (28%) of a-chloro ketone (2bJ7 and 108 mg (33%) of chlorohydrin 

(3b).7 
-- 
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Table 1. Reduction of Z-3-Chloro-3-nonen-2-one (&lb) to 3-Chloro-2-nonanone (2b) 

and 3-Chloro-2-nonanol (_3b) with Fermenting Baker's Yeast 

Dry baker's yeasta Time lb 21? ,3b 

g h Recovered/% Yield/% Yield/% 

3 1 48 10 0 

3 6 13 26 4 

6 6 0 33 20 

6 12 0 16 31 

a) The amount of ,li used was 306 mg (1.8 mmol) for each run. 

Table 2. Formation of a-Chloro Ketone (_2) from u,B-Unsaturated cl-Chloro Ketone 

(1) with Fermenting Baker's Yeast 

Substratea Time Product Yield [a]D (c, CHC13) 
b 

ee 

h % deg -% 

la 3 2a lgc -12.9 (0.99) 44 

lb 2 2b 2ad -36.8 (1.12) 82 

Ic 2 2c 47 -26.6 (1.38) 84 

a) For 1.8 mm01 of I_, 12 g of dry yeast was used. b) Determined by lH NMRusing 
Eu(hfc)3. c) The low yield can be attributed to losses due to volatility of._2a. 
Chlorohydrin (35) was also isolated in 10% yield. 
lated in 33% yield. 

d) Chlorohydrin (&) was ISO- 

Table 3. Formation of Chlorohydrin (3) from a,%-Unsaturated a-Chloro Ketone 

(1) with Fermenting Baker's Yeast 

Substratea Time Product Yield synzanti [u]D (c, CHC13) 
b 

ee 

h % deg -G 

la 48 la 50 ' syn 2.6 -35.0 (2.37) >98 

anti 1 +42.1 (0.84) >98 

lb 48 ,3b 61 syn 8.1 -33.4 (1.15) >98 

anti 1 +26.6 (0.70) >98 

Ic 48 3: 22c syn 18.3 -29.1 (1.27) >98 

anti 1 

a) For 1.8 mm01 of 1, 12 g of dry yeast was used. b) Determined by lH NMRusing 
Eu(hfc)3. c) The yield of 2~ was 15%. 

Eu(hfc)3. 
8 The chlorohydrin (2:) contained syn and anti isomers' in a ratio of 

8.1:1, which were separated by HPLC (Yanapak SA-I, hexane-AcOEt 2O:l). The 

optical purities of syn-3b and anti-35 were also determined to be 98% ee by 'H 

NMR using Eu(hfc)3. 
10 

The reduction was found to produce ct-chloro ketone (2) initially as indi- 

cated in Table 1. This result does not agree with the fact 
la,5 that, in the 
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conjugated system, reduction of the carbonyl group precedes the reduction of 

carbonxarbon double bond when electronegative substituents, such as halogens, 

are introduced into the double bond. Interestingly, the reduction of the C=C 

bond is relatively fast and seems not to depend on the length of carbon chain, 

while that of the C=O bond is slow and retarded as the carbon-chain length be- 

comes longer. In Table 2, 2~ was obtained in 47% yield within 2 h while ,3$ was 

not obtained at all within 2 h. It took 48 h to produce ,3c in 22% yield. 

The stereochemistry of the reduction deserves discussion in detail. It is 

very important that all the chlorohydrins (z_a,b,c), either syn or anti, were _- 
virtually optically pure (Table 3). This means that the carbonyl group of c1- 

chloro ketones (?a,@,$) was reduced with a complete enantioselectivity irrespec- 

tive of the configuration of adjacent chlorine-bearing carbon. Thus, the syn: 

anti ratio of ,3 should be equal to the enantiomer ratio of 2. The % ee for 29 

is calculated to be 44 by using the syn:anti ratio of ?_a, which is in good 

agreement with 44% ee observed. Similarly, the calculated and the observed % ee 

values are 78 and 82 for 2b and 89 and 84 for 2c, respectively. I- 
The configuration of optically active a-chloro ketone (2) was determinedas 

(S) after conversion of 2b to 3-chloro-2-methyl-2-nonanol by comparing the sign 

of optical rotation with that of a reference compound derived from L-(+)-norleu- 

cine.11 This leads to determination of the configuration of optically pure syn- 

and anti-chlorohydrin (3) as (2S,3S) for the syn and (2S,3R) for the anti 

isomers. Then it is concluded that the carbonyl group of a-chloro ketones (2) 

was reduced to yield the alcohol (3) of the (S) configuration, in accordance 

with that expected from the Prelog rule. la,d,f 
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J~,~= 4.2 Bz JH,H= 2.1 Hz 

lO.The racemic 3b was prepared by reduction of lb with NaBH4 followed by reduc- 

tion with H2/Pd-C. The syn and anti isomers were separated by HPLC and used 

as reference compounds. The 8 ee was determined by using the signal for the 

methyl group of the carbinol moiety, which appeared at 6 1.87 and 1.93 for 

racemic syn-3b and at 6 1.72 and 1.78 for racemic anti-z@ in the presence of __ 
lo-20 mol% Eu(hfc)3 in CDC13. 

. The Transformations are shown below. 
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