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Abstract. Rhodanine derivatives are highly valuable heterocycles in drug discovery. Here, we developed aldol
reaction of N -substituted rhodanines and aromatic aldehydes on water. The reaction was performed at room
temperature affording the products in good to high yield. This synthetic protocol uses simple experimental
procedures, catalyst-free, and avoids the use of highly toxic solvents.
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1. Introduction
Green chemistry is a developing new field that uses
highly efficient and environmental benign synthetic
protocols to minimize unnecessary environmental problems. 1 The search for alternative reaction media to
replace volatile organic solvents or their replacement by
non-flammable, non-volatile, non-toxic and inexpensive
green solvents is an important aspect of green chemistry. In this perspective, water has been used to perform
organic reactions, as it is ecofriendly, cheap, non-toxic,
and most abundant solvent. 2 Further, water generally
enables easy work-up procedure, as most organic compounds are insoluble in aqueous media. 3 Therefore, the
development of synthetically useful reactions in water
is of considerable interest.
Compounds containing rhodanine framework possess
diverse biological activities such as anti-inflamatory, 4
antimalarial, 5 and antibacterial activity 6 (Figure 1). In
particular, epalrestat is a well known drug used in the
treatment of diabetic neuropathy. 7 Additionally, they
are known to inhibit numerous targets such as RNA
polymerase, 8 HIV-1 integrase, 9 PMT1 mannosyl transferase, 10 JSP-1 phosphatases, 11 hepatitis C virus NS5B
polymerase 12 and cathepsin D. 13 Due to high potential
of rhodanine derivatives in drug discovery, there is growing interest to devise a rapid and clean method for their
synthesis.

Various methods have been developed for the synthesis of rhodanine derivatives. 14 Among them, N substituted-5-arylidene rhodanine derivatives have been
prepared by condensation of rhodanine and aromatic
aldehyde in basic reaction conditions. On the other hand,
catalytic aldol reaction is very common in organic solvents and aqueous medium 15–17 whereas catalyst-free
aldol reactions are rare. 18 The reaction of rhodanine
and aromatic aldehyde failed to give aldol adducts
due to subsequent dehydration of aldol product to N substituted-5-arylidene rhodanines under basic reaction
conditions (Scheme 1i). 19 We expect that the reaction
of rhodanine with aromatic aldehyde under catalyst-free
condition may give aldol product.

2. Experimental
2.1 Materials and methods
All the compounds were commercial grade and used without
further purification. Melting points (m.p.) were determined
on a Thomas Hoover melting point apparatus and are uncorrected. Analytical TLC was performed on readymade silica
gel plates (Merck); visualization was accomplished with UV
light and iodine. IR spectra were recorded on an FT-IR PerkinElmer spectrometer and are reported as wavelength number
(cm−1 ). 1 H NMR and 13 C NMR spectra were recorded at 400
and 100 MHz in CDCl3 . Chemical shifts are reported with
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Figure 1.

Bioactive compounds containing rhodanine framework.

Scheme 1.

Reaction of rhodanine and aromatic aldehyde.

reference to TMS as internal standard. Mass spectra were
recorded ESI mode (Q-TOF type Mass Analyzer).

2.2 General procedure for the synthesis of rhodanine
derivatives (3a-3j)
A heterogeneous mixture of 3-substituted-2-thioxothiazolidin-4-one (1) (0.5 mmol), aromatic aldehyde (2) (0.6 mmol)
and water (5 mL) was stirred at room temperature. After
24 h stirring, reactants (1) and (2) becomes yellowish gummy
solid. The reaction was monitored by TLC (a small amount of
the gummy solid was removed and dissolved in ethyl acetate).
Upon completion of the reaction, the reaction mixture was
worked up with ethyl acetate (2 times 5 mL). The organic
layer was collected, washed with water (10 times 2 mL),
dried with anhydrous Na2 SO4 , and concentrated to give crude
residue, which was subjected to silica gel chromatography
(10% EtOAc/in hexane) as eluent to give the product (3a-3j).

3. Results and Discussion
With this curiosity in mind and taking cues from the
catalyst-free aldol reaction, a trial reaction was performed by treating 3-methyl-2-thioxo-thiazolidin-4-one

(1a) and p-nitro benzaldehyde (2a) without any catalyst on water (Table 1, entry 1). After 24 h stirring at
room temperature, a new product was observed (monitored by TLC). The product was isolated by column
chromatography in 75% yield and identified the product as 5-(hydroxyl (4-nitrophenyl)methyl)-3-methyl-2thioxothiazolidin-4-one (3a) on the basis of spectroscopic analysis (1 H NMR, 13 C NMR, IR, HRMS). In
compound (3a), the signal at δ = 2.75 ppm showed the
presence of –OH and doublet at δ = 4.55 ppm indicated the presence of methine proton of rhodanine ring
in its 1 H NMR. 13 C NMR spectrum showed the signal
at δ = 58.8 ppm for methine carbon of rhodanine ring
while the signal at δ = 71.3 ppm for methine carbon
outside the rhodanine ring. In addition, the signals at
δ = 174.3 ppm and δ = 200.1 ppm show the presence
of carbonyl and thiocarbonyl carbon in its 13 C NMR.
Encouraged by this unique aldol reaction, further
optimization reactions were performed by varying reaction parameters to attain the best yield of the product.
When the reaction time was continued for 48 h, no further improvement in the yield was observed (Table 1,
entry 2). Then, the effect of different solvents was
screened. In polar aprotic solvents such as DMSO and
DMF, this reaction afforded high yield of the product
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Table 1.

Entry
1
2b
3
4
5
6
7
8
9
10

Optimization of reaction conditions.

Solvent

Yield (%)a

Water
Water
DMSO
DMF
Toluene
CH3 CN
C2 H5 OH
CHCl3
THF
1,4-dioxane

75
75
65
60
55
30
25
20
17
19

Reaction conditions: 3-methyl-2-thioxo-thiazolidin-4-one (1a) (0.5 mmol),
p-nitro benzaldehyde (2a) (0.6 mmol), rt, 24 h.
a Isolated yield based on (1a).
b Reaction mixture stirred for 48 h.

(Table 1, entries 3-4). Moderate yield was observed
using toluene (Table 1, entry 5), whereas in case of
acetonitrile, ethanol, chloroform, THF and 1, 4-dioxane
(entries 6-10), the reaction provided very low yield.
Among the solvent studied, water was found to be
the best media for this reaction. Thus the optimized
reaction condition for aldol reaction was obtained by
using 3-methyl-2-thioxo-thiazolidin-4-one (0.5 mmol)
and p-nitro benzaldehyde (0.6 mmol) in water at room
temperature for 12 h.
To further broaden the scope of the aldol reaction,
various N -substituted rhodanines and aromatic aldehydes were examined as shown in (Table 2). The
N -methyl substituted rhodanine (1a) condensed with
aromatic aldehyde bearing electron withdrawing groups
at different position such as 4-NO2 (2a), 3-NO2 (2b),
2-NO2 (2c), and 4-CN (2d) gave their corresponding
aldol product (3a) (75%), (3b) (63%), (3c) (59%), and
(3d) (69%) in moderate to high yield (Table 2). The
trends in the reactivity of substituted aromatic aldehydes were observed; the electron-withdrawing group
in para-position of aromatic aldehydes gave higher
yield of the product as compared to their corresponding meta and ortho position at aromatic aldehydes. A
moderate yield of the products were observed when
N -benzyl substituted rhodanines (1b) react with 4nitrobenzaldehyde (2a), and 3-nitro benzaldehyde (2b).

However, a low yield (40%) was observed while using
4-chlorobenzaldehyde.
Similarly, rhodanine (1c) can react with aromatic
aldehyde bearing electron withdrawing groups such as
4-NO2 (2a), 3-NO2 (2b), and 2-NO2 (2c) to give their
corresponding aldol products 3h, 3i and 3j in moderate
to good yield. In this case also, the electron withdrawing group in para-position of aromatic aldehydes
gave higher yield of the product as compared to their
corresponding meta and ortho position. As expected, N phenyl substituted rhodanine (1d) also reacts with (2a)
gave the desired product in 60% yield. However, benzaldehyde or its electron donating substituents such as
–CH3 and –OCH3 at any position cannot undergo aldol
reaction. The reaction fails for longer reaction time or
thermal condition.
Based on the literature, 15 the mechanistic pathway
for this reaction is shown in Scheme 2. The hydrogen
bonding plays a significant role in the aldol reaction between rhodanine and aldehyde. 18e The hydrogen
bonding brings both the reactants close together and
enhances the nucleophilicity of the rhodanine and electrophilicity of the benzaldehyde. The rhodanine (1a)
exists in equilibrium with the enol form (A) in the presence of water. The enol form (A) will attack to carbonyl
carbon of 4-nirobenzaldehyde (2a) to form aldol product
(3a).
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Table 2.

Aldol reaction of N -substituted rhodanine.

R1

Entry
1
2
3
4
5
6
7
8
9
10
11

R2 Product

CH3
4-NO2
CH3
3-NO2
CH3
2-NO2
CH3
4-CN
C6 H5 CH2
4-NO2
C6 H5 CH2
3-NO2
C6 H5 CH2
4-Cl
4-OCH3 C6 H4 CH2 4-NO2
4-OCH3 C6 H4 CH2 3-NO2
4-OCH3 C6 H4 CH2 2-NO2
C6 H5
4-NO2

Yield (%)a

3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k

75
63
59
69
65
62
40
67
55
50
60

Reaction conditions: N -substituted rhodanine (1) (0.5 mmol), aromatic
aldehyde (2) (0.6 mmol), rt, 24 h.
a Isolated yield based on (1).

Scheme 2.

Proposed mechanism for aldol reaction between rhodanine and aromatic aldehyde in water.

4. Conclusions
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