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Abstract: We report here the synthesis as well as antioxidant activity of a series of 2-aryl thiazolidine-4-carboxylic
acids, including two novel derivatives. They were synthesized by nucleophilic cyclic condensation of L-cysteine
hydrochloride with a range of aromatic aldehydes. Their in vitro antioxidant activity was evaluated by DPPH radical
scavenging assay. It was observed that the aromatic substituent at C-2 of thiazolidine ring effects the antioxidant
potential of the thiazolidine derivatives. The nature and position of the substituents on aromatic ring were correlated with
antioxidant activity. Compounds with -OCH; group on aromatic ring showed a better radical scavenging property than
the other groups such as -Cl, -F, and -NO,. The presence of phenyl ring thus enhanced radical scavenging activity.
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INTRODUCTION

Majority of biologically active molecules including drugs
contain heterocyclic systems. Often the presence of hetero
atoms renders specificities in their biological responses.
Thiazolidines belong to a heterocyclic class of
compounds, and regarded as biologically important
scaffolds. Thiazolidines are known for several biological
activities in medicinal chemistry (Samadhiya et al., 2012).
Insulin sensitizers class of thiazolidines was developed in
early 1980s (Fujita et al., 1983). Presently they are used
for hypoglycemic effect via peroxisome proliferator-
activated receptor ¢ (PPARc) (Lehmann et al., 1995).
Pioglitazone, and rosiglitazone are clinically used
thiazolidines for the treatment of type 2 diabetes.
Numerous naturally occurring molecules with significant
pharmacological properties possess thiazolidine moiety in
their structures. The presence of a thiazolidine ring in
penicillin and its derivatives (Pulici and Quartieri, 2005)
has established its presence in nature. Many
pharmacologically active drugs contains substituted
derivatives of thiazolidines. The significance of this
nucleus in pharmacology and biochemistry is well known
(Rathbun et al., 1996, Johnson et al., 1996, Butvin et al.,
1999). Thiazolidine possess a range of biological
activities, including antifungal, antibiotic, antidiabetic
(Maccari et al., 2005, Kline et al., 2008, Xie et al., 2008,
Mulwad and Mayekar, 2008), antioxidant, anticancer
(Wtodek et al, 1996, Subr and Ulbrich, 2006),
antibacterial, antiviral, antihistaminic, hypoglycemic,
anti-inflammatory, anticonvulsant, antidepressant,
sedative, antihypertensive, and antiarthritic properties.
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Several substituted thiazolidine derivatives serve as
intermediates for the production of pharmacologically
active drugs (Nagasawa et al., 1984, Wonacott et al.,
1993, Samanen et al., 1991). Many thiazolidines have
been used as retroviral protease inhibitors (Iwakawa et al.,
1978). Thiazolidine derivatives serve as alternatives for
the carbohydrate moiety in the formation of novel
antiviral nucleosides (Faury et al., 1994). Additionally
thiazolidine derivatives serve as secondary structure
disrupting building blocks in the synthesis of peptides
(Haack and Mutter, 1992). Recent synthetic approaches
and structure-activity relationship studies have made it
possible to study novel drugs with diverse actions. In this
context, the synthesis of thiazolidine derivatives has
attracted interest of medicinal chemists. In view of the
importance of the thiazolidine and its derivatives, the
current study was designed to synthesize and evaluate
their free radical scavenging activity by using DPPH
assay.

MATERIALS AND METHODS

General Experimental Conditions

The aromatic aldehydes (4-nitro/4-
pyrridinecarboxyldehyde/3, 4, 5-trimethoxy/4-
chloro/isophthaldehyde/4-fluoro/formaldehyde/
benzaldehyde), organic solvents and reagents used for the
antioxidant assays were obtained from Sigma Aldrich,
and Fluka. All the reagents and solvents were used devoid
of prior purification. The progress of reaction was
monitored by 2.0x5.0 cm aluminium sheets pre-coated
with silica gel (60 F254, with a 0.25 mm) (Merck,
Germany) in EtOAC: hexane system 40:60). The

Pak. J. Pharm. Sci., Vol.33, No.2, March 2020, pp.575-579

575



Synthesis of (4R)-thiazolidine carboxylic acid, and evaluation of antioxidant potential

composition of the RM and purity of the achieved
substances were monitored by TLC (silica gel). The spots
were visualized by exposure to ultraviolet light (254-366
nm), followed by heating. FT-IR spectra were recorded
on a Shimadzu-IR-prestige-21 spectrophotometer (Japan)
as KBr pellets, and for CHCI; solutions (Vi in cm™). 'H-
NMR spectra were acquired on a Bruker AV 300, and 400
MHz spectrometers (Switzerland). Tetramethylsilane
(TMS) was taken as internal standard. The 'H-NMR
chemical shifts are stated in parts per million (& scale)
with coupling constants measured in Hertz (Hz). EI-MS
Spectroscopic analysis was recorded on Finnigan-MAT-
311-A mass spectrometer.

Thiazolidines 1-8 were synthesized by literature
procedures, (Khan et al., 2006) and the spectral data of
compounds 1-5 and 8 were in agreement with that
reported in the literature.

General procedure for the preparation thiazolidine
derivatives

L-Cysteine. HCI 0.19 g (0.94 mmol) was dissolved in 25
mL of distilled water and 0.067 g (0.64 mmol) of sodium
acetate was added to it. Aldehyde (0.98 mmol) in 26 mL
of ethanol was then added in a round bottom flask and
stirred vigorously at room temperature for about 24 h.
After the formation of precipitation, reaction mixture
vessel was placed in ice cold water for precipitation. The
precipitates was separated by suction filtration, and
washed several times with cold ethanol (Scheme 1).

2-(3, 4, 5-Trimethoxyphenyl) thiazolidine-4-carboxylic
acid (1)

Yield: (1.76 g, 5.88 mmol, 81%), '"H-NMR (Acetone-ds)
(300 MHz), &y: 3.22 (m, 1H), 3.41 (m.1H), 3.70 (m, 3H),
3.81 (m, 6H), 4.40 (dd, J, 5,= 4.5 Hz, J; 5, = 7.2 Hz, 1H),
5.58 (s, 1H), 6.86 (d, J,5 =12.0 Hz, 2H); EI-MS (m/z)
=299; FT-IR: (cm™) 3425 (NH), 2838 (CH stretch), 1593
(C=C), 1682 (C=C Aromatic), 1378 (C-0O), 1132 (C-O-
O).

2-(4-Nitrophenyl) thiazolidine-4-carboxylic acid (2)
Yield: (0.20 g, 0.81 mmol, 89%), 'H-NMR (300 MHz,
Acetone-dy), oy (ppm): 3.21 (t, J5, » =9.2 Hz, 1H), 3.49
(t, J5p4=10.0 Hz, 1H), 4.09 (t, J,5,= 7.6 Hz, 1H), 5.72 (s,
1H), 7.85 (d, J,5 = 8.0 Hz, 2H), 8.24 (d, J;5 = 8.0 Hz,
2H); EI-MS (m/z) = 254; FT-IR: (cm™") 3408 (NH), 2866
(CH stretch), 1525, 1348 (Ar-NO2), 1625 (C=C
Aromatic), 850 (Para substitution).

2-(4-Flourophenyl) thiazolidine-4-carboxylic acid (3)
Yield: (1.01 g, 4.45 mmol, 82%), 'H-NMR (300 MHz,
Acetone-dy), 6y (ppm): 3.19 (m, 1H), 3.49 (m, 1H), 4.18
(dd, J5,= 7.5 Hz, J, 5= 15.3 Hz, 1H), 5.67 (s, 1H), 7.06
(m, 1H), 7.14 (m, 1H), 7.52 (m, 1H), 7.60 (m, 1H); EI-
MS (m/z) = 226; FT-IR: (cm™) 3385 (N-H), 1608 (C=0),
1511 (C=C), 1381 (C-0), 1233 (Ar-F).

2-(Phenyl) thiazolidine-4-carboxylic acid (4)

Yield: (0.16 g, 0.77 mmol, 87%), '"H-NMR (300 MHz,
Acetone-dg), Oy (ppm): 3.21 (m, 1H), 3.44 (m, 1H), 4.01
(t, Jo5 = 7.5 Hz, 1H), 5.66 (s, 1H), 7.52 (m, 2H), 7.32 (m,
3H); EI-MS (m/z) = 209; FT-IR: (cm™) 3433 (N-H), 1575
(C=C), 1380 (C-0), 1137 (C-0-C).

2-(4-Chlorophenyl) thiazolidine-4-carboxylic acid (5)
Yield: (1.52 g, 6.25 mmol, 86%), 'H-NMR (300 MHz,
Acetone-dg), Oy (ppm): 3.29 (m, 1H), 3.46 (m, 1H), 4.19
(t, J.5=7.6 Hz, 1H), 5.63 (s, 1H), 7.53 (m, 2H), 7.37 (m,
2H); EI-MS (m/2) = 243; FT-IR: (cm™) 3418 (N-H), 1580
(C=0), 1319 (C-0), 1012 (Ar-Cl).

2-(Pyridine-4-yl) thiazolidine-4-carboxylic acid (6)
Yield: (0.90 g, 4.29 mmol, 79%), 'H-NMR (300 MHz,
Acetone-ds), Oy (ppm): 3.37 (m, 2H), 3.48 (m, 1H), 3.53
(m, 1H), 4.10 (t, J,5 =7.5 Hz, 1H), 4.40 (m, 1H) 5.60 (s,
1H), 5.77 (s, 1H), 7.43 (m. 1H) 7.53 (m, 1H), 7.59 (m,
1H), 7.75 (m, 1H); EI-MS (m/z) = 340; FT-IR: (cm™)
3425 (N-H), 1620 (C=C Aromatic), 1303 (C-O).

2, 2°-(1, 3-Phenylene)bis(thiazolidine-4-carboxylic acid)
(7)

Yield: (0.27 g, 0.81 mmol, 87%), "H-NMR (300 MHz,
Acetone-dg), 6y (ppm): 3.20 (m, 1H), 3.37 (m, 1H), 4.16
(t, J.5 = 6.3 Hz, 1H), 5.81 (s, 1H), 7.55 (d, J,5=15.7 Hz,
2H), 8.48 (d, J35 = 6.0 Hz, 2H); EI-MS (m/z) = 210; FT-
IR: (cm™) 3406 (N-H), 1691 (C=0), 1622 (C=C
Aromatic), 1394 (C-0), 1209 (C-N stretching).

Thiazolidine-4-carboxylic acid (8)

Yield: (0.67 g, 5.09 mmol, 93%), '"H-NMR (300 MHz,
Acetone-ds), 6y (ppm): 3.20 (1H, m), 3.46 (1H, m), 4.12
(1H, m), 4.26 (1H, m), 4.43 (1H, m), 8.60 (1H, br,s) EI-
MS (m/z) =133; FT-IR: (cm’") 3421 (N-H), 1625 (C=C
Aromatic), 1386 (C-O).

Biological activity evaluation

The antioxidant potential of the synthesized compounds
was assessed in vitro through DPPH assay. The
scavenging of the DPPH radical is broadly used to
estimate antioxidant assays in a lesser time, as compared
to other approaches. DPPH act as a stable free radical and
accept hydrogen radical or an electron from the specie
being oxidized and hence transformed into a stable,
diamagnetic molecule. DPPH radical showed a
characteristic absorption band at 517 nm due to odd
electron. As soon as this unpaired electron is paired off,
the absorption falls stoichiometrically relating to the
number of electrons occupied. This change in the
absorbance represents the capability of various molecules
to behave as free radical scavengers. The scavenging
effect of the synthesized analogues 1-8 on the DPPH
radical was evaluated according to the reported methods
(Tataringa et al., 2014, Gradinariu et al., 2013) with slight
modifications. Various concentrations of compounds 1,
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and 3-8 (0.1, 0.2, 0.3, and 0.4 mg/mL), and for compound
2 (0.2, 0.4, 0.6 and 0.8 mg/mL) in methanol were added
to a 2.8 mL solution of DPPH (0.1 mM, As;; nm=1.0 +
0.050) protected from light. The resulting mixture was
shaken vigorously, and kept at room temperature for half
an hour in the dark, and after this absorbance at 517 nm
was measured by a Thermo Scientific UV-visible
spectrometer (Germany), against using methanol as blank
solution. The percentage of activity was calculated. The
vitamin C (ascorbic acid) (2 mg/mL) was used as
reference (positive control).

STATISTICAL ANALYSIS

Statistical analysis was performed by Minitab version
13.1. All analysis were carried out in triplicate and their
arithmetic average + standard deviation (SD) values were
reported.

RESULTS

Synthesis

We report here the synthesis of thiazolidine derivatives 1-
8 via the reactions of L-cysteine. HCl with a series of
aldehydes. We selected different aromatic substituted
thiazolidine analogues to study the influence of
substituents on the cyclisation reaction.

To the best of our knowledge, compounds 6 and 7 are
reported here for the first time. Compounds were prepared
from the cyclization of L-cysteine. HCl with 4-pyrridine
carboxyldehyde, and isophthaldehyde, respectively. The
structures elucidation of compounds 1-8 were carried out
with the help of their FT-IR, 'H-NMR and mass
spectrometry analyses.

Antioxidant assay

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) assay is
established on the spectrophotometric determination of
the reduction of DPPH. DPPH is a purple colour stable
free radical (Osman et al., 2012, Vasincu et al., 2014)
that is transformed into radicles stable diamagnetic
molecule (pale yellow compound) after accepting electron
or hydrogen from test compounds. More the
decolourization more is the reducing capability of test.
This is a model for estimating the free radical scavenging
activity of any test sample. The DPPH radical scavenging
ability (%) of the synthesized thiazolidine derivatives 1-8
was evaluated.

DISCUSSION

Synthesis

In our ongoing research to synthesize biologically active
thiazolidine derivatives, we report here a series of
thiazolidine derivatives (Scheme-1). Among these

Nasreen Begum et al

derivatives, compounds 6 and 7 were identified as new
scaffolds.

Table 1: Synthesis of 2-substituted-(4R)-thiazolidine
carboxylic acid derivatives
Compounds R Yield (%)
1 3,4,5-(OMe);C¢Hs— 81
2 4-NO,CeH4— 89
3 4-FC¢H4— 82
4 CeHs— 87
5 4-CIC¢H 4~ 86
6 N-CsH,— 79
7 — CeHy— 78
8 H- 93

Table 2: In vitro DDH radical scavenging activity

Compounds ECs¢ (ng/mL)
1 60.77 £ 0.39
2 110.08 £0.55
3 73.62 £ 0.61
4 50.34 + 0.56
5 69.46 +0.51
6 84.49 +£0.52
7 109.4 £ 0.54
8 79.24 £ 0.57
Ascorbic acid 23.46 +£0.54
ol COM RL HO
HS dUM ar
Pyridine, HO,C
NH, HCI EtOI1
1-8

Scheme 1: General method for the preparation of (4R)-
thiazolidine carboxylic acid derivatives.
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Fig. 1: Scavenging activity of thiazolidine derivatives 1-8
incubated 30 min with DPPH at 0.1mM concentration.
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Compound 6 was characterized by using 'H-NMR, FT-
IR, and mass spectrometry. The "H-NMR of compound 6
displayed characteristic signals of methylene protons at &
3.20 (1H, m) and 3.37 (1H, m). The characteristic signals
of H-4 and H-2 was appeared at 6 4.16 (1H, t, J, 5= 6.3
Hz), and 5.81 (1H, s), respectively. The aromatic region
of the spectrum displayed signals at § 7.55 2H, d, J» ¢ =
5.7 Hz) and 8.48 (2H, d, J3 s = 6.0 Hz) due to aromatic
H-2'/H-6" and H-3'/H-5', respectively. The IR spectrum
showed stretching vibration of C=C at 1620, and N-H at
3425 cm™. The molecular ion peak m/z 210 was observed
in the EI-MS spectrum.

Compound 7 has two thiazolidine moieties as deduced
from the integration of protons signals in 'H-NMR
spectrum. The "H-NMR spectrum displayed characteristic
signals of two methylene groups at & 3.37 (2H, m), 3.48
(1H, m) and 3.53 (1H, m), due to H-5a, H-5b respectively.
The characteristic signals of two H-4 protons at 6 4.10
(1H, t, J, s= 7.5 Hz), and 4.40 (1H, m) appeared in the
downfield region of the spectrum. Signals at & 5.60 (1H,
s) and 5.77 (1H, s) were due to two methine H-2. The
aromatic region displayed signals at 6 7.43 (1H, m), 7.53
(1H, m), 7.59 (1H, m) and 7.75 (1H, m) due to the
aromatic protons.

The infrared spectrum of compound 7 indicated
characteristic stretching of N-H at 3406, C=0 at 1691,
C=C at 1622 and C-N at 1209 ¢cm™. The molecular ion
peak m/z 340 was located in the EI-MS spectrum.

Antioxidant activity

The results revealed that the reaction of synthesized
compounds with DPPH is time and concentration
dependent. The radical scavenging activity was increased
as the concentration of tested compound become higher
and lower ECs, value (Table-2). Structure-activity
relationship study indicated that the activity of these
thiazolidine derivatives could be due to different
substituents at the thiazolidine ring. The electron donating
substituents, such as -C4Hs, -OCHj3;, -Cl and -F, increase
the electron density on thiazolidine scaffold thus reduce
the DPPH free radicals (Hashem, 2007, Cao et al., 1996).
Whereas substituent like -NO, removes electron density
from the thiazolidine moiety, making thiazolidine less
reactive and lower its activity towards DPPH. The
antioxidant activities of compounds measured by DPPH
assay are shown in Table 2. The DPPH activity of all
thiazolidine based derivatives was as 4 >1 >5 >3 >8 >6
>7 >2. The results indicated that among all the
thiazolidine derivatives, compound 4 showed the highest
antioxidant potential in DPPH assay, while compound 2
displayed the lowest activity.

CONCLUSION

We have synthesized a series of aryl substituted fused
thiazolidine derivatives. The cyclo-condensation reactions

of different analogues of thiazolidines occurred with a
variety of aromatic and hetero-aromatic substituted
thiazolidines in high yields, since electronic effects of
aromatic rings. The synthesized compounds were
characterized by their physical constants (yield, molecular
formula, molecular weight and solubility in different
organic solvents), and their structures ware evaluated
using FT-IR, '"H-NMR and mass spectrometry.

In vitro antioxidant activity of 2-aryl thiazolidine-4-
carboxylic acids was evaluated by DPPH free radical
scavenging method. The ECs, value was determined for
each compound. Some of the tested compounds showed
an appreciable antioxidant activity, as compared to
ascorbic acid (standard), due to the influence of structural
changes on the thiazolidine moiety. Antioxidants have
significance in reducing or preventing the progress of
aging, as well as oxidative stress-induced degenerative
diseases.
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