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Abstract: The baker's yeast reduction of a-iodoacetophenone gave 
acetophenone. Some evidence for a free radical chain process in this 
reduction was obtained by addition of DNB which not only provoked a 
decrease in the formation of acetophenone but also allow the 
appearance of the enzyme-controlled formation of (-)-(R)-2-iodo-l- 
phenylethanol. 

The baker's yeast (Saccharomyces cerevisiae) reduction of ketones 

have been used to obtain important chiral building blocks useful for 

stereoselective organic synthesis. 1 In view of the great importance of 

these microbiological reduction processes involving baker's yeast,2 the 

mechanisms of these reactions is of current interest. 

Tanner at al3 have used, a-fluor-, a-chloro- and a-bromoacetophenone 

as a mechanistic probe, in the reduction reactions of NADH-dependent 

horse liver alcohol dehydrogenase (N~H/HLDH), which enables 

differentiation between reduction processes which proceed via hydride 

transfer (H') or by a multistep electron transfer (e-, H. or e', H+, e' 

as has been suggested4). The use of the a-haloketone as a mechanistic 

probe has also been applied in the reduction of @-halogen-substituted 

1,2-dioxetanes by 1,4-dihydronicotinamides8 and in a mechanistic study 

of halide elimination of the ketyl radical.6 

Acetophenone is the reduction product obtained by electron transfer 

while halohydrin is obtained by the hydride transfer process. Optically 

active halohydrin is obtained when an enzyme mediate a hydride transfer 

process. No free radical reduction was observed which did not involve 

carbon-halogen bond cleavage.3 

In this work the baker-Is yeast reduction of a-iodoacetophenone is 
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investigated and the results are discussed in the light of the above 

mentioned concepts. 

While the reduction of a-iodoacetophenone gave acetophenone and (-)- 

1-phenylethanol (Figure l), the reduction of a-fluor-, a-chloro- and 

a-bromoacetophenone gave the corresponding (-)-halohydrins.7 

Taking into account that the production of acetophenone may be by a 

free radical chain process, we decided to investigate in more detail the 

baker's yeast reduction of a-iodoacetophenone with the addition of a 

small quantity of m-dinitrobenzene (DNB), a reagent frequently used as 

an inhibitor of this mechanism. In duplicate experiments the production 

of acetophenone was'partially inhibited by DNB, giving 9-15% yield while 

the production of the corresponding (-)-iodohydrin was 15-17% (Figure 

l)S. The (-)-(S)-l-phenylethanol was probably produced by a baker's 

yeast reduction of part of the acetophenone produced in this reaction. 
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Figure I. lsolotad products from Baker’s Yeast (6.Y) reductions of 

a-iodoacetophenone with and without the addition of DNE 

The enantioselectivity of the baker's yeast reduction of 

a-iodoacetophenone was determined by conversion of the isolated (-)-(R)- 

2-iodo-l-phenyethanol in the corresponding (+)-epoxide.g The 
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optical purity waa 87%, based on the absolute rotation of the (+)- 

epoxide reported in the literature.lO 

The addition of DNB not only provoked a decrease in the formation Of 

acetophenone but also allows the appearance of the enzyme-controlled 

formation of the (-)-(R)-2-iodo-l-phenylethanol. Since the DNB has no 

influence on the enzyme-controlled formation of the halohydrin,3G it 

seems that there is competition between the hydride transfer and the 

free radical chain processes in the baker's yeast reduction of 

or-iodoacetophenone. This competitive reaction system was also observed 

in the reduction of a,ff-dichloroacetophenone by N~R/H~~ system.3c 

A general competition reaction system may be proposed for the 

baker's yeast reduction of a-haloacetophenones (Figure 2), although 

there are several hundreds of enzymesla in the whole cell from Which 

some active oxiredutases have been isolated-l1 

0 

Figure 2. General competition reaction ayatem proposed 

for the Baker’s Yeast (B.Y.1 reductton of 

Q -holoacetophenones Path a : enzyme 

mediated hydride tronsfer process, mainly 

for X = F, Cl, Br . Path b : f roe rod ical 
chain process, moinly for X = I 
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For the a-fluor-, a-chloro- and u-bromo-acetophenone substrates the 

enzyme-controlled hydride transfer process, path a, takes place to yield 

only optically active halohydrins (no acetophenone was isolated or even 

detected by 1H nmr spectra of the extracted material).7 On the other 

hand, for the a-iodoacetophenone substrate, the free radical chain 

process, path b, takes place to yield acetophenone and (-)-l- 

phenylethanol. When the baker's yeast reduction of a-iodoacetophenone 

occurs with addition of DNB, this additive lowers the rate of the free 

radical chain process and thus the enzyme-controlled hydride transfer 

process, path a, become competitive. In this case the reaction yields 

products from both pathways, i.e., optically active iodohydrin, 

acetophenone and (-)-1-phenylethanol. 

The free radical chain process 

reduction of a-iodoacetophenone even 

reduction, the enzymatic complex of 

power than that for the NADH/HLDH 

mechanism.3c17 

The electrolytic reduction at a 

takes place for the baker's yeast 

though, in the a-bromoacetophenone 

baker's yeast has more reduction 

system by the hydride transfer 

dropping mercury electrode of the 

a-iodoacetophenone was compared to the other a-haloacetophenones, see 

Table I, in order to understand the difference in behavior of the 

a-iodoacetophenone in the baker's yeast reduction. 

Table I. Polarographic Half-Wave Potentials of 

a-haloacetophenone in Acetonitrile 

ketone El/2 /v 

a-iodoacetophenone - 0.33a 

a-bromoacetophenone - 0.66a; - o.7d’ 

a-chloroacetophenone - 1.32a; - 1.40b 

a-fluoracetophenone - 1.85b 

a - (Ag/AgCl sat) electrode as reference12 

b- (Ag/AgClOq, 0.1 M) electrode as reference3b 
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The magnitude of the half-wave potentials for reduction at mercury 

suggests that in the heterogeneous media the a-iodoacetophenone is a 

better electron acceptor than the other a-haloacetophenones which is in 

accordance with the mechanism proposed by Rubinstein and Kariv13 

involving the addition of an electron to a delocalized orbital on the 

carbonyl and halogen of the u-haloketones to form the anion radical. 

Thus molecules with low lying o* orbitals like the a-iodoketones should 

reduce most easily. 

It is interesting to note that among the a-haloacetophenones, only 

a-iodoacetophenone has an appropriate reduction potential for reduction 

by a free radical chain process in a living system such as baker's 

yeast. Therefore a-iodoacetophenone may be used as a probe to 

investigate the performance of electron acceptors or radical inhibitors 

in this media. 
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