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Synthesis of 5-arylidene-2,4-thiazolidinediones by Knoevenagel
condensation catalyzed by baker’s yeast
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An ecofriendly baker’s yeast catalyzed Knoevenagel condensation
of aromatic aldehydes and active methylene compounds has been
performed. The developed protocol has been found to be applic-
able for obtaining S-arylidene-2,4-thiazolidinediones, the pre-
cursors of hypoglycemic agents.

Knoevenagel condensation is one of the classical organic
reactions of immense importance in the formation of C-C
bonds.! A wide range of useful products have been synthesized
using the condensation.” It has been used to obtain a range of
substituted alkenes, o,B-unsaturated nitriles, esters, acids,
drugs, dyes and polymers.>*

The condensation of 2,4-thiazolidinediones with aldehydes
has been a subject of considerable interest. The products
5-arylidene-2,4-thiazolidinediones are important structural
elements in medicinal chemistry and are found to possess
significant hypoglycemic,” anti-inflammatory,® aldose reductase
inhibitor,” tyrosine phosphate inhibitor,® antihypertensive’
and anticancer'® activities.

Knoevenagel condensation of 2,4-thiazolidinediones with
aldehydes is a key step in the synthesis of some clinically used
antidiabetic agents like rosiglitazone, englitazone and
netoglitazone.’

In view of the significance of 5-arylidene-2,4-thiazolidine-
diones, synthetic chemists are taking keen interest in the
development of green, rapid and economic protocols for their
synthesis.!! Catalysts used for Knoevenagel condensations are
amines or buffer systems containing an amine and acid.'?
These protocols provide the access to S-arylidene-2.4-
thiazolidinediones but suffer from harsh reaction conditions,
use of toxic and volatile solvents and corrosive/toxic bases.
Therefore, there is an urgent need to provide a more
effective and environmental benign procedure for obtaining
5-arylidene-2,4-thiazolidinediones.

Biocatalysis is one of the green methods in organic synthesis
which is used to synthesize a wide variety of organic compounds.
The method has become a preferable alternative for traditional
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chemical catalysis.'> Aldolases, transketolase, and hydroxynitrile
lyases catalyze the C—C bond forming reactions.'*

There is scanty information on the use of enzymes for the
acceleration of Knoevenagel condensation. Isolated lipases
have been found to catalyze this condensation.'>'® The use
of isolated pure enzymes to accelerate organic transformations
has several drawbacks such as high cost, narrow substrate
specificities and in some cases low performance under
nonnatural conditions.

Here, we have attempted the Knoevenagel condensation
using a cheaper whole cell biocatalyst, active dry baker’s yeast
(Saccharomyces cerevisiae). The cell of baker’s yeast acts as a
mini reactor and produces a variety of enzymes and is known
to provide specific enzyme for specific reaction. Baker’s yeast
has the ability to catalyze various organic transformations.'” It
is also used in the formation of C—C double bonds via acyloin
condensation,'®" and Michael addition reaction.’® Due
to this important aspect, baker’s yeast is gaining much
importance in organic synthesis.>!

The active methylene compounds used in the work are
malononitrile, ethyl cyanoacetate and 2,4-thiazolidinedione.

The condensations were performed by stirring in ethanol at
room temperature (rt) giving moderate to excellent yields of
the arylidenyl derivatives.

Initially to optimize the reaction conditions, the condensation
of benzaldehyde (1a) and the active methylene compound
malononitrile (2a) was carried out using baker’s yeast
(S. cerevisiae) in water with stirring at room temperature.
The product (3a) formation was recorded. However, for its
isolation critical extraction with ethyl acetate was needed.

To avoid the tedious extraction procedure and to accelerate
the rate, the reaction was carried out in ethanol. Excellent
yield of the product 3a was obtained after 3 h of stirring at rt.
(Table 1). This protocol did not need extraction and the
product isolation was easier. After 3 h of stirring the reaction
mass was filtered to remove yeast as a residue. The product
was obtained on removal of ethanol from filtrate by vacuum
distillation.

Then the variety of aryl aldehydes were separately
condensed with malononitrile (Scheme 1) under optimized
reaction conditions and the products were obtained with
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Table 1 Baker’s yeast catalyzed condensation of aryl aldehydes with
active methylene compounds®

Table 2 Baker’s yeast catalyzed synthesis of 5-arylidiene-2,4-
thiazolidinediones in ethanol”

Entry R X Product Time/h  Yield® (%) Entry R Product Yields® (%)
1 H CN 3a 3 92 1 H 6a 45
2 3-Cl CN 3b 3 86 2 4-OCH; 6b 50
3 4-Cl CN 3¢ 3 85 3 4-CH; 6¢ 49
4 4-Br CN 3d 3 88 4 2-OH 6d 40
5 2-OH CN 3e 3 94 5 4-OH 6e 42
6 4-OCH; CN 3f 3 95 6 4-N(CHs3), of 55
7 4-Cl COOEt 3g 5 75 7 3,4-di OCH; 6g 38
8 H COOEt 3h 5 70 8 4-Cl 6h 62
9 4-OCH; COOEt 3i 5 67 9 2-Cl 6i 59
« . .. . 10 4-Br 6] 80
Reaction conditions: malononitrile or ethyl cyanoacetate (8 mmol), aryl 11 4-F 6k 74
aldehyde (8 mmol) and baker’s yeast (2 g) in ethanol (30 mL) stir, rt. 12 2.4-di CI 61 7

b Tsolated yields.

CHO
xn CN Baker's yeast TS CN
| + < R x
R// X Ethanol, r.t.
1a-i 2a-b 3a-i

X =-CN, -COOEt
R =-H, 3-Cl, 4-Cl, 4-Br, 2-OH and 4-OCHg3;

Scheme 1 Knoevenagel condensation of aryl aldehydes with
malononitrile and ethyl cyanoacetate.

excellent yields (Table 1, products 3a—f). In the next attempt
we carried out the Knoevenagel condensation of aryl
aldehydes and ethyl cyanoacetate (Scheme 1) using baker’s
yeast in ethanol and obtained the good yields of the products.
The time required for the completion of reaction was found to
be longer than the condensation with malononitrile (Table 1,
products 3g-i). The Knoevenagel condensation of acetyl
acetone and ethyl acetoacetate with benzaldehyde was
separately performed but we did not observe the desired
products even after 2 days of stirring.

After having these results then we attempted the synthesis of
a series of S-arylidene-2.4-thiazolidinediones by condensing
aryl aldehydes with 2,4-thiazolidinedione (Scheme 2) in the
presence of baker’s yeast (Table 2, products 4a-l) in ethanol at
room temperature.

The geometry of S5-arylidene-2,4-thiazolidinediones may be
E or Z 1t is well known that the E and Z isomers can be
distinguished by the '"H NMR spectral characteristics. Benzylidine
proton appears below 7.42 6 ppm in E isomer and above
7.90 & ppm in Z isomer.”>>* From the spectral data ("H NMR)
it was confirmed that all the products obtained are Z isomers.

O
% Bakersyeast z \ '\i
Ethanol, r.t. RK 7 S 0
4a-| 5 6a-|

R = -H, 3-Cl, 4-Cl, 4-Br, 2-OH, 4-OCHj, 4-OH, 4-N(CHs),,
3,4-di OCHa, 2-Cl, 4-F, 2 4-di Cl and 4-CHs

Scheme 2 Knoevenagel condensation of 2,4-thiazolidinedione and
aryl aldehydes.

“ Reaction conditions: 2.4-thiazolidinedione (8 mmol), aryl aldehyde
(8 mmol) and baker’s yeast (2 g) in ethanol (30 mL) stir, rt for 40 h.
b Tsolated yields.

To examine the catalytical efficiency of baker’s yeast,
reaction of benzaldehyde and 2,4-thiazolidinedione was
performed in the absence of yeast as the control experiment
where we found that there was no formation of the product.
The result indicates that the baker’s yeast is necessary to
catalyze the reaction.

Next, we tried to condense 2,4-thiazolidinedione with
heteroaryl aldehydes viz. 2-chloro 3-formyl quinoline,
3-formyl indole and pyridine 3-carboxaldehyde. We observed
no condensations in these experiments.

Recently, Sonawane et al. have reported the lipase catalyzed
Knoevenagel condensation and also proposed the catalytical
role of lipase in the condensation.'® Literature reveals that
baker’s yeast does produce lipolytic enzyme e.g. lipase.?® Such
an enzyme could be responsible for the acceleration of
Knoevenagel condensation. A yeast lipase might be abstracting
a proton from the active methylene to form the nucleophile.
Thus the generated nucleophile would attack the electrophilic
carbon of the aldehyde resulting in the aldol adduct which on
sequential dehydration leads to Knoevenagel products.

In summary, we have described a novel biocatalytical
method for the Knoevenagel condensation of aryl aldehydes
and various active methylene compounds at mild reaction
conditions in ethanol using baker’s yeast as the whole cell
biocatalyst. The newly developed protocol is eco-friendly and
might be useful in the synthesis of precursors of antidiabetic
drugs, 5-arylidene-2,4-thiazolidinediones.

Experimental section
General remarks

All chemicals used were obtained from commercial suppliers
and used without further purification. Progress of the reaction
was monitored by thin layer chromatography on MERKSs
silica plates. '"H-NMR spectra were recorded on Bruker
DRX FT NMR at 300 and 200 MHz using TMS as internal
standard. Mass spectral data were obtained by JEOL
AccuTOF DART mass spectrometer. Dry baker’s yeast
(S. cerevisiae) was procured from Kothari Fermentations
and Biochem Ltd, India.
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General experimental procedure

A mixture of active methylene compound (8 mmol), aryl
aldehyde (8 mmol) and dry baker’s yeast (2 g) in ethanol
(30 mL) was stirred at room temperature for the specified time.
The progress of the reaction was monitored by thin layer
chromatography using ethyl acetate:pet ether (4:6) as an
eluent. After the specified reaction time the reaction content
was filtered through the bed of Celite to remove the yeast.
Ethanol was removed from the filtrate by vacuum distillation
and crude residues were then purified by crystallization from
ethanol (3a—i) and ethanol: DMF (6a-1).

All the products are well characterized by the comparison of
their spectral ('H-NMR, Mass) and physical data (mp) with
those reported in literature.?*2°

(Z)-5-Benzylidene-2,4-thiazolidinedione  (6a). '"H-NMR
(300 MHz, DMSO-d): 6 7.48 (m, SH), 7.79 (s, 1H), 12.64
(s, 1H). DART-MS (ESI™, m/z): 206 (M ™).

(Z)-5-(4-Methoxybenzylidene)-2,4-thiazolidinedione (6b).
"H-NMR (200 MHz, CDCl;): é 3.89 (s, 3H), 6.98 (d, J = 8
Hz, 2H), 7.45 (d, J = 8 Hz, 2H), 8.81 (s, 1H), 11.05 (s, 1H).
DART-MS (ESI™, m/z): 236 (M ™¥).

(Z)-5-(4-Methylbenzylidene)-2,4-thiazolidinedione (6¢).
'"H-NMR (200 MHz, CDCl3): 6 2.43 (s, 3H), 7.27 (d,
J = 8 Hz, 2H), 7.39 (d, J = 8 Hz, 2H), 8.81 (s, 1H), 10.98
(s, IH). DART-MS (ESI ", m/z): 220 (M ).

(Z£)-5-(2-Hydroxybenzylidene)-2,4-thiazolidinedione (6d).
'"H-NMR (300 MHz, DMSO-dy): 6 6.94 (q, J = 8.1 Hz,
2H), 7.31 (t, J = 8.7 Hz, 2H), 8.01 (s, 1H), 10.53 (s, 1H),
12.51 (s, 1H). DART-MS (ESI*, m/z): 222 (M ™).

(Z)-5-(4-Fluorobenzylidene)-2,4-thiazolidinedione (6k).
'"H-NMR (200 MHz, CDCls): 6 7. 14 (d, J = 10 Hz, 1H),
7.47(d,J = 6 Hz, 2H), 7.81 (s, 1H), 11.28 (s, 1H). DART-MS
(ESI", m/z): 224 (M ™).
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