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bakers� yeast
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Abstract—Hantsch 1,4-dihydropyridines are prepared by fermenting bakers� yeast with alkyl acetoacetate and ammonium acetate.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Reagents: (i) bakers� yeast, yeast extract, DD-glucose,
phosphate buffer (pH 7.0).
Bakers� yeast (Saccharomyces cerevisiae) has been
known to reduce carbonyl compounds to optically
active secondary alcohols.1 Reduction of b-keto esters to
optically active b-hydroxy esters provide representative
examples.2 Few examples are known for the reduction
of carbon–carbon double bonds3 and acyloin-type con-
densation4 with bakers� yeast.

In this communication, a novel and efficient synthesis
of Hantsch 1,4-dihydropyridines (1, 2) by fermenting
bakers� yeast at ambient temperature is described.

Thus, the reaction of alkyl acetoacetate with NH4OAc
in the presence of fermenting bakers� yeast results in
the formation of Hantsch 1,4-dihydropyridine 1. The
reaction was complete in 24 h at room temperature
and the product was isolated by usual work-up, in 67–
70% yield. Under similar conditions using crotonitrile
instead of NH4OAc, 3-cyano-1,4-dihydropyridines 2
were obtained in 46–49% yield (Scheme 1).

1,4-Dihydropyridines(DHP) are highly effective calcium
antagonists.5 They act as coenzyme in different dehydro-
genases, and they are valuable intermediates in the prepa-
ration of alkaloids.

One of the most versatile synthesis of DHP is that due to
Hantsch, which uses a dicarbonyl compound or enam-
ine, an aldehyde, and ammonia. A general synthesis
approach to the DHP is an aldehyde, acetoacetic ester,
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and ammonium hydroxide are heated at reflux tempera-
ture under acidic conditions.6 However, the yields of
1,4-DHP obtained by Hantsch method are generally
low. Even though a number of modified methods under
improved conditions have been reported, many of them
suffer from drawbacks such as unsatisfactory yields,
high temperatures, and harsh reaction condition.7 In
recent years, an increasing interest has been focused
on the synthesis of 1,4-dihydropyridine owing to their
significant biological activity. I now describe an efficient
synthesis of DHP derivatives in mild condition using
bakers� yeast. In contrast to the techniques used previ-
ously, I demonstrate that DHP can be prepared effi-
ciently in water at room temperature under neutral
condition without the use of microwave,8 ionic liquid,9

high temperature in refluxing solvent,10 TMSI,11 metal
triflates,12 and iodine.13
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Scheme 2. Reagents: (i) bakers� yeast, yeast extract, sucrose, phos-
phate buffer (pH 7.0).
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Figure 1. Chemdraw of the proposed reaction pathway of Hantsch
type reaction by bakers� yeast.
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A typical procedure is described as follows: To a solu-
tion of 100 mL of pH 7.0 phosphate buffer, 5.0 g of DD-
glucose, and 2.0 g of yeast extract, warmed at 35 �C,
was added 5.0 g of dry active bakers� yeast and the
mixture was stirred at 30 �C for 30 min, after which, ace-
toacetic ester (1.0 mmol) and ammonium acetate or 3-
amino crotonitrile were added. The mixture was shaken
at room temperature for 24 h and then extracted with
diethyl ether. The organic layer was dried and concen-
trated in vacuo and the resulting crude products were
recrystallized using ether–n-hexane to afford pure prod-
ucts 1 and 2 in 46–70% yields.14

However, (S)-b-hydroxyesters are obtained by the
bakers� yeast reduction in use of sucrose instead of
DD-glucose under the same condition (Scheme 2).

The glycolytic pathway from DD-glucose to pyruvate is one
of themost universal metabolic pathway known. In yeast,
glycolysis is supposed to be the main pathway for the
catabolism of glucose. According to the classical concept
of glycolysis, metabolic acetaldehyde, resulting in the
formation of acetoin, should be released from pyruvate
in aerobic conditions.15 It is assumed that this acetalde-
hyde is involved in this Hantsch-type reaction (Fig. 1).
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