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Summary: Active methylene compounds undergo chemical condensation in water 
with aldehvdes derived from veast oxidation of the corresoondina alcohols. 
Unsaturated compounds so obtained are then further reduced by yeast. 

The use of baker's yeast (b.y.) as a reagent in organic synthesis has 

received much attention during the last decade.l Since the complex en- 

zymatic system of yeast can catalyze many different reactions, more and 

more attention is devoted to transformations which are substrate specific, 

and this specificity is mainly achieved by selection of an appropriate 

starting material. By submitting new non conventional substrates to fer- 

menting yeast, novel catalytic abilities are then encountered.2*3 Among 

the various classes of reaction capabilities displayed by yeast, particu- 

larly attractive are reports on the b.y. catalyzed C-C bond formation, due 

to the general interest for this fundamental reaction in organic chemistry 

and to the scarcity of examples of this type of reactions in biocatalysis 

in qeneral.4s5 Among the multiple activities of b.y., three C-C bond for- 

ming reactions have been reported so far: acyloin condensation,6 sterol 

cyclization,7 and Michael type addition.' 

Recently starting from cyanoacetone 1 in fermenting yeast, the two 

stereoisomeric alkylated products 2 and 3 have been 
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(Scheme l), and the results has been regarded by the Authors as 

sequence of a novel C-C bond forming reaction catalyzed by b.y.q 

We wish to report our own experimental observations 

the con- 

on this 

subject, leading eventually to propose a mechanism for the reaction 

in Scheme 1. 

We first examined the behaviour of compounds la,b prepared from 

3-oxobutyrate and the corresponding aldehydee. B.y. reduction afforded as 

expectedlO the mixture of the two diastereoisomeric 5-hydroxybutanoates 6 

in high optical purity (>97% ee) as determined by comparison of the 

WTPA esters obtained from 6 and from rat 6." (Saheme 2). The isolation of 

the saturated ketone 5 in nearly racemic form at low conversions is similar 
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to the results obtained in the reported reaction of cyanoacetone. Since it 

is generally considered that the enantioselectivity of the b.y. reduction 

of prochiral trisubstituted double bonds is affected from'the II:.? ratio of 

the starting alkene, the low de observed is expected.12 Moreover, since 

saturation of the double bond occurs prior to carbonyl reduction, the 

intermediate u-substituted $-ketoesters are prone to undergo epimeriza- 

tion. Formation of the condensation product 4 was equally observed when 

ethyl acetoacetate was reacted with aldehydes in water in the presence of 

Na2HP04 at pH 8. 

We then tried to reproduce the formation of the alkylated product 

in the following conditions: ethyl II-ketobutyrate 7 was treated with b.y. 
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at pH 8 due to Na2HP04, with 5% EtOH or n-PrOIi during 4% hours at 30 ‘c. 

AS expected compounds 6a-b respectively could be detected by GC/MS, 

although only in trace amounts, due to the strongly competing reduction of 

the carbonyl group.13 Peaks corresponding to the two diastereoisomeric 

hydroxy esters 6a were also detected in the gaschromatographic trace of 

the mixture obtained according to the procedure described in Organic 

Synthesis for the preparation of (S)-ethyl-3-hydroxy-butyrate." We 

consider that this set of findings strongly supports the mechanism of this 

kind of transformations which we suggest be active also in the reported 

alkylation of 1, involving the following steps: 

a) yeast oxidation of the alcohol to the aldehyde.l= 

b) chemical condensation between the active methylene compound and the 

aldehyde with formation of the unsaturated carbonyl compound. 

c) double bond reduction by yeast to give the saturated product. 

The results observed suggest that this mechanism should apply to 

other active methylene compounds provided that the intermediate unsatu- 

rated esters are reduced by b.y., and we checked this hypothesys by sub- 

mitting to b.y. transformation ethyl cyanoacetate in which the absence of 

a reduceable carbonyl group avoids competition of the substrate for diffe- 

rent enzymic systems in yeast. Indeed from compound 0, the alkylated pro- 

CN - CooEt b.y_ ) CN COOEt 

Bton 

a 9. 

10 

duct 9 was isolated in chemical yields depending from the pH which 

regulates the condensation step: at starting pH of 6, only 6% of product 9 

was obtained, whereas at starting pH 8, l6 the observed yield of 9 was 60% 

as determined by GLC of the crude extract. Both the a-alkyl cyanoacetate 

from b.y. reduction of the synthetic precursor 10 and the one obtained 

from the direct feeding of 8 in fermenting yeast, are racemic as expected 

from the observation that synthetic 10 is a nearly 1:l mixture of Z:B 

stereoisomers.' Once again, formation of the condensation product 10 was 

observed reacting 8 with acetaldehyde in water at pH 8. 
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The contribution of Mrs. Rosanna Bernardi for GLC analysis is greatfully 

aknowledged. 
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