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A

Abstract: Rhodanine and substituted aromatic aldehydes prompted via knoevenagel condensation in
the presence of sodium acetate and glacial acetic acid to give an excellent yield of thioxothiazolidin-4-
one derivatives.  Synthesis of  (2)-2-((5-(2-chlorobenzylidene)-4-oxo0-4,5-dihydrothiazol-2-
ylDamino)butanoic acid as an antimicrobial agent (6a-1). All these synthesized compounds were
characterized and screened for their antimicrobial activity. According to the results obtained, most
compounds showed good to moderate antimicrobial activity. Among these compounds (6d) shows very
good and moderate activity compared to standard drugs against bacteria B. subtilis, S. aureus, and E.
Coli. Some of the most potent compounds, namely (6a, 6¢, and 6d), possessed selectively antibacterial
activity. Also, some compounds (6f, 6], and 6k) show very good and moderate activity compared to
standard drugs against C. albicans, A. flavus, and A. niger.
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1. Introduction

Antimicrobial Infections caused by various microbes are among the leading causes of
death worldwide. Currently available, a limited number of antibiotics for the treatment of
infection and the constant development of resistance to the recently used antimicrobial agents
posture a serious challenge [1]. Thiazole and thiazolidinones scaffolds containing carbonyl
group are known for their significant biological activities, which are clear in these compounds
present in the chemical structure of many approved marketed drugs. Thiazole and
thiazolidinones derivatives have been reported to have anticonvulsant [2,3], antimicrobial [4-
7], anti-inflammatory [8,9], anticancer [10], antidiabetic [11-13], antiviral, and anti-HIV [14-
17], antihyperlipidemic [18-20], antioxidant [21] and antihypertensive [22].

The substituted thiazole and thiazolidinones moiety has attracted considerable interest
in developing biologically active compounds. In the present study, substituted thiazolidinones
were synthesized and evaluated as antimicrobial agents from the heterocyclic scaffold.

Continuing our previous work on thiazole, thiazolidinones, and biological activity [23-
31]. In the present work, we report the synthesis and screening of the antimicrobial activity of
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synthesized compounds. All the synthesized compounds (6a-l) have been characterized by
physical data and spectral analysis.

2. Materials and Methods

2-chlorobenzaldehyde, 2-thioxothiazolidin-4-one, and various solvents were
commercially available in the market. The major chemicals were purchased from Merck and
Avra labs. IR spectra were recorded on an FT-IR (Bruker). Melting points were recorded on
SRS Optimelt, melting point apparatus, which are uncorrected. *H NMR spectra were recorded
on a 400 MHz Bruker spectrometer and reported as parts per million (ppm) downfield from a
tetramethylsilane internal standard. The following abbreviations are used: singlet (s), doublet
(d), triplet (t), quartet (g), multiplet (m), and broad (br). Mass spectra were taken with
Micromass-QUATTRO-II of WATER mass spectrometer.

2.2. Spectral characterization.

2.2.1. (2)-2-((5-(2-chlorobenzylidene)-4-oxo0-4,5-dihydrothiazol-2-yl)amino)propanoic acid
(6a).

Yellow solid. Yield: 98%. mp 180-182 °C; ES-MS m/z: 310.85, IR vmax/cm: 3397
(OH), 2850 (CH-Ar), 1734 (C=0), 1649 (C=C), 1486 (C=N), 1280 (C-S), 1013 (C-N). *H
NMR (400 MHz, DMSO): éppm = 1.40-1.42 (d, 3H, CHz), 4.60-4.62 (m, 1H, CH), 7.35-7.40
(m, 4H, ArH), 7.70 (s, 1H, =CH), 10.20 (s, 1H, NH), 12.65 (s, 1H, OH). Molecular formula
C13H11CIN2OsS.

2.2.2. (2)-2-((5-(2-chlorobenzylidene) -4-oxo- 4,5-dihydrothiazol -2-yl)amino)-3-methyl
butanoic acid (6b).

Yellow solid. Yield: 96%. mp 170-172 °C; ES-MS m/z: 339.00, IR vmax/cm: 3463
(OH), 2969 (CH-Ar), 1730 (C=0), 1641 (C=C), 1490 (C=N), 1183 (C-S), 1093 (C-N). H
NMR (400 MHz, DMSO): éppm= 0.80-0.82 (d, 6H, CH3), 1.40-1.42 (m, 1H, CH), 3.30-3.32
(d, 1H, CH), 7.30-7.30-5.50 (m, 4H, ArH), 7.65 (s, 1H, =CH), 9.85 (s, 1H, NH), 11.02 (s, 1H,
OH). Molecular formula C15H15CIN2O3S.

2.2.3. (2)-2-((5-(2-chlorobenzylidene) -4-oxo- 4,5-dihydrothiazol -2-yl) amino) -3-
methylpentanoic acid (6¢).

Yellow solid. Yield: 92%. mp 160-162 °C; ES-MS m/z: 353.10, IR vmax/cm*: 3463
(OH), 2959 (CH-Ar), 1712 (C=0), 1642 (C=C), 1486 (C=N), 1198 (C-S), 1003 (C-N). 'H
NMR (400 MHz, DMSO): 6 ppm= 1.01-1.03 (t, 3H, CH3), 1.21-1.23 (d, 3H, CH3), 1.83-1.85
(m, 3H, CHz, CH), 3.42-3.44 (d, 1H, CH), 7.40-7.60 (m, 4H, ArH), 7.80 (s, 1H, =CH), 9.04
(s, 1H, NH), 11.75 (s, 1H, OH). Molecular formula C1sH17CIN2OsS.

2.24. (2)-2-((5-(2-chlorobenzylidene)-4-  oxo-4,5-dihydrothiazol ~ -2-yl)  amino)-3-
phenylpropanoic acid (6d).

Yellow solid. Yield: 96%. mp 145-147 °C; ES-MS m/z: 387.20, IR vmax/cm: 3397
(OH), 2959 (CH-Ar), 1694 (C=0), 1611 (C=C), 1488 (C=N), 1196 (C-S), 1089 (C-N). *H
NMR (400 MHz, DMSO): 6 ppm= 2.40-2.42 (d, 2H, CH>), 3.32-3.34 (t, 1H, CH), 7.40-7.70
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(m, 9H, ArH), 7.75 (s, 1H, =CH), 9.02 (s, 1H, NH), 11.70 (s, 1H, OH). Molecular formula
C19H15CIN203S.

2.2.5. (2)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)pentanedioic acid
(6e).

Yellow solid. Yield: 94%. mp 133-135 °C; ES-MS m/z: 369.20, IR vmax/cm': 3227
(OH), 2989 (CH-Ar), 1693 (C=0), 1612 (C=C), 1488 (C=N), 1231 (C-S), 1006 (C-N). H
NMR (400 MHz, DMSO): & ppm= 1.25-1.27 (m, 2H, CHy), 2.25-2.27 (t, 2H, CH,), 2.55-
2.57 (t, 1H, CH), 7.20-7.60 (m, 4H, ArH), 7.70 (s, 1H, =CH), 9.04 (s, 1H, NH), 11.80 (s, 2H,
OH). Molecular formula C15H13CIN20sS.

2.2.6. (2)-2-((5-(2-chlorobenzylidene) -4-oxo0-4,5 -dihydrothiazol -2-yl)amino) -4-
methylpentanoic acid (6f).

Yellow solid. Yield: 96%. mp 166168 °C; ES-MS m/z: 353.00, IR vmax/cm*: 3396
(OH), 2989 (CH-Ar), 1748 (C=0), 1680 (C=C), 1486 (C=N), 1192 (C-S), 1000 (C-N). *H
NMR (400 MHz, DMSO): § ppm= 1.00-1.10 (d, 6H, CH3), 1.60-1.62 (m, 1H, CH), 1.90-1.92
(t, 2H, CHy), 2.20 (s, 1H, NH), 3.30-3.32 (t, 1H, CH), 7.30-7.50 (m, 4H, ArH). 7.70 (s, 1H,
=CH), 9.90 (s, 1H, NH), 11.10 (s, 1H, COOH). Molecular formula C16H17CIN20sS.

2.2.7. (2)-2-((5-(2-chlorobenzylidene) -4-ox0-4,5- dihydrothiazol-2-yl) amino)-3 -
hydroxypropanoic acid (6g).

Yellow solid. Yield: 94%. mp 198-200 °C; ES-MS m/z: 403.85.20, IR vmax/cm: 3398
(OH), 2963 (CH-Ar), 1738 (C=0), 1610 (C=C), 1481 (C=N), 1173 (C-S), 1011 (C-N). *H
NMR (400 MHz, DMSO): 6 ppm= 11.82 (s, 1H,). 7.92 (s, 1H), 7.80 (dd, J=7.7, 1.5 Hz, 1H),
7.51 (ddd, J =8.1, 6.8, 1.3 Hz, 1H), 7.48 — 7.39 (m, 4H), 6.97 (dt, J = 8.6, 0.9 Hz, 2H), 6.76 —
6.70 (m, 2H), 4.57 (dt, J = 7.3, 6.5 Hz, 1H), 3.20 — 3.12 (m, 1H), 2.95 (ddt, J = 13.9, 6.6, 0.9
Hz, 1H).Molecular formula C1gH15CIN204S.

2.2.8.  (2)-2-((5-(2-chlorobenzylidene)  -4-oxo-4,5-dihydrothiazol ~ -2-yl)amino)  -3-
mercaptopropanoic acid (6h).

Yellow solid. Yield: 95%. mp 195-197 °C; ES-MS m/z: 342.30, IR vmax/cm*: 3397
(OH), 2952 (CH-Ar), 1714 (C=0), 1607 (C=C), 1487 (C=N), 1147 (C-S), 1033 (C-N). *H
NMR (400 MHz, DMSO): 6 ppm= 1.10 (s, 1H, SH), 2.15-2.17 (d, 2H, CH>), 2.18-2.19 (t, 1H,
CH), 5.70-5.72 (t, 2H, CHy), 7.00-7.30 (m, 4H, ArH), 8.50 (s, 1H, =CH), 9.10 (s, 1H, NH),
10.90 (s, 1H, OH). Molecular formula C13H11CIN2O3S,.

2.2.9.  (2)-2-((5-(2-chlorobenzylidene)  -4-oxo0-4,5-dihydrothiazol ~ -2-yl)amino)  -4-
(methylthio)butanoic acid (6i).

Yellow solid. Yield: 97%. mp 202—204 °C; ES-MS m/z: 371.30, IR vmax/cm*: 3497
(OH), 3031 (CH-Ar), 1713 (C=0), 1610 (C=C), 1551 (C=N), 1177 (C-S), 1007 (C-N). H
NMR (400 MHz, DMSO): & ppm= 2.10 (s, 2H, CHz), 2.15-2.17 (m, 2H, CH>), 2.60-2.62 (t,
2H, CH>), 3.60-3.62 (t, 1H, CH), 7.35-7.70 (m, 4H, ArH), 8.12 (s, 1H, =CH), 9.90 (s, 1H,
NH), 10.90 (s, 1H, OH). Molecular formula C15H15CIN20sS..
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2.2.10. (2)-2-((5-(2-chlorobenzylidene)-4- oxo0-4,5- dihydrothiazol-2 -yl)amino) -3-(1H-
imidazol-2-yl)propanoic acid (6j).

Yellow solid. Yield: 98%. mp 140-142 °C; ES-MS m/z: 378.00, IR vmax/cm: 3455
(OH), 3031 (CH-Ar), 1713 (C=0), 1610 (C=C), 1551 (C=N), 1488 (C-S), 1089 (C-N). 'H
NMR (400 MHz, DMSO): 6 ppm= 1.25-1.27 (d, 2H, CH>), 4.15-4.17 (d, 2H, CH>), 5.30-5.32
(d, 2H, CH=CH), 6.95-6.97 (t, 1H, CH), 8.10-8.40 (m, 4H, ArH), 8.68 (s, 1H, =CH), 8.70 (s,
2H, NH), 10.90 (s, 1H, OH). Molecular formula C16H13CIN4O3S.

2.2.11.  (2)-2-((5-(2-chlorobenzylidene)  -4-oxo-  4,5-dihydrothiazol-  2-yl)amino)-3-
hydroxypropanoic acid (6k).

Yellow solid. Yield: 94%. mp 198-200 °C; ES-MS m/z: 327.20, IR vmax/cm *: 3455
(OH), 3398 (OH), 2963 (CH-Ar), 1738 (C=0), 1610 (C=C), 1481 (C=N), 1173 (C-S), 1011
(C-N). H NMR (400 MHz, DMSO): § ppm= 2.05 (s, 1H, NH), 3.10-3.22 (t, 1H, CH), 3.60
(s, 1H, OH), 4.50-4.67 (d, 2H, CH>), 7.40-7.55 (m, 4H, ArH), 7.82 (s, 1H, =CH), 10.82 (s, 1H,
OH). Molecular formula C13H11CIN204S.

2.2.12. (2)-2-((5-(2-chlorobenzylidene) -4-oxo- 4,5-dihydrothiazol -2-yl)amino) -3-
hydroxybutanoic acid (6l).

Yellow solid. Yield: 96%. mp 163-165 °C; ES-MS m/z: 341. IR vmax/cm*: 3396
(OH), 3031 (CH-Ar), 1714 (C=0), 1607 (C=C), 1486 (C=N), 1156 (C-S), 1033 (C-N). *H
NMR (400 MHz, DMSO): & ppm= 1.10-1.22 (d, 3H, CH3), 3.40-3.55 (d, 1H, CH), 3.81-3.98
(m, 1H, CH), 5.04 (s, 1H, OH), 7.42-7.62 (m, 4H, ArH), 7.82 (s, 1H, =CH), 9.20 (s, 1H, NH),
10.52 (s, 1H, OH). Molecular formula C14H13CIN204S.

3. Results and Discussion

The synthesis of new protocols employed for the synthesis of thiazolidinone derivatives
is presented in Scheme 1. The compound (Z)-5-(2-chlorobenzylidene)-2-thioxothiazolidin-4-
one (3) was prepared by knoevenagel condensation between 2-chlorobenzaldehyde and 2-
thioxothiazolidin-4-one in the presence of acetic acid and sodium carbonate at reflux condition.
After that, this compound (3) was treated with iodomethane in the presence of trimethylamine
and methanol as a solvent and stirred at room temperature to give (Z)-5-(2-chlorobenzylidene)-
2-(methylthio)thiazol-4(5H)-one (4) excellent product yield. After that, this compound (4) was
treated with various amino acids in the presence of base as potassium carbonate and methanol
as a solvent and stirred at room temperature to give (Z)-2-((5-(2-chlorobenzylidene)-4-oxo-
4,5-dihydrothiazol-2-yl) amino) substituted acid (6a-1) excellent product yield.

The physical parameters of the synthesized compounds (6a-l) are presented in Table 1.
The reaction was completed in 25-120 min. to give the product a very good vyield (92-98).
Melting points were recorded on SRS Optimelt, melting point apparatus and are uncorrected,
and TLC checked the purity of the synthesized compounds on silica gel pre-coated F254 Merck
plates The structure of the synthesized compounds was confirmed by IR, *H NMR, *C NMR,
and Mass spectral analysis.
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Scheme 1. Synthesis of (Z)-2-((5-(2-chlorobenzylidene)-4-oxo0-4,5-dihydrothiazol-2-yl)amino) substituted acid.
3.1. Biological evaluation.
3.1.1. Antimicrobial activity.

The antibacterial activity was evaluated against two Gram-positive bacteria, namely,
Bacillus subtilis (NCIM-2063)and Staphylococcus aureus (NCIM-2901), and one Gram-
negative bacterium Escherichia coli (NCIM-2256). The antibacterial activity of compounds
was monitored by observing their Minimum Inhibitory Concentration (MIC, pg/mL) as
previously mentioned [32] by broth dilution method using Ciprofloxacin and Ampicillin as
standard drugs. The antifungal activity was evaluated against three fungal strains; Candida
albicans (NCIM-3471), Aspergillus flavus (NCIM-539), and Aspergillus niger (NCIM-
1196)using Fluconazole and Miconazole as standard drugs. Minimum inhibitory concentration
(MIC, pg/mL) values for antifungal were determined using the standard agar dilution method
[33,34]. Methanol was used as solvent control for both antibacterial and antifungal testing.
MIC values of the tested compounds are presented in Table 2. From the antibacterial activity
data (Table 2), the synthesized compounds of the present series showed better antimicrobial
activity.

Table 1. Physical data of the synthesized compounds 3, 4, and 6a-I%.

Compounds Substituent (R) Time (min) Yield® Melting
(%) point (°C)
3 - 120 98 180-182
4 - 30 96 170-172
6a -CHs 25 92 160-162
6b -CH(CHa)2 25 96 177-179
6C -CH(CH3)CH2CH3 30 96 145-147
6d -CH2CsHs 30 94 158-160
6e -CH2-CH,-COOH 25 94 133-135
6f -CH2CH(CHs), 35 96 166-168
69 -CH2CeH4OH 30 94 198-200
6h -CH2SH 30 95 195-197
6i -CH2CH2SCHs 30 97 202-204
6j 25 98 140-142
| K

N

H
6k -CH20H 25 96 184-186
6l -CH(OH)CH3s 25 96 152-154

@Reaction condition (6a-1): Compound (4) (1 mmol), Amino acid (5a-1) (1.1 mmol), K2COs (1.1 mmol), 2 ml methanol at
room temperature.
blsolated yields
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Compound 6a shows better antibacterial activity, MIC values 18.23, 16.21, and 16.11
pg/mL against B. substilis, S. aureus, and E. coli, respectively. Compound 6c shows better
antibacterial activity, MIC values 20.23, 16.34, and 18.32 pg/mL against B. substilis, S. aureus
and E. coli, respectively. The compound 6d shows better antibacterial activity, MIC values
15.34, 15.55, and 18.57 pg/mL against B. substilis, S. aureus, and E. coli, respectively.

Compound 6f shows moderate antifungal activity, MIC values are 15.32, 12.22, and
15.33 pg/mL against C. albicans, A. flavus, and A. niger, respectively. Compound 6j shows
moderate antifungal activity, MIC values are 16.34, 13.14, and 14.11 pg/mL against C.
albicans, A. flavus, and A. niger, respectively. Compound 6k shows moderate antifungal
activity, MIC values are 16.55, 14.12, and 15.44 pg/mL against C. albicans, A. flavus, and A.
niger, respectively. Compound 61 shows better antifungal activity, MIC values are 14.64
pg/mL against C. albicans. From the above data, our aim has been confirmed by synthesizing
thiazolidinone derivatives are effective for enhanced antimicrobial activity.

Table 2. Antimicrobial activity of the synthesized compounds (3, 4, and 6a-1) (MIC/MBC Values (ug/mL)).

Entry Antibacterial activity (MIC values in pg/mL) Antifungal activity (MIC values in pg/mL)
B. subtilis S. aureus E. coli C. albicans A. flavus A. niger

3 70.24 55.12 70.24 70.12 88.23 75.44
4 70.25 36.23 66.56 12.23 95.23 95.23
6a 18.23 16.21 18.57 78.34 47.34 75.56
6b 70.12 68.23 68.32 75.55 55.56 65.67
6C 20.23 16.34 18.32 65.55 75.64 65.54
6d 15.34 15.55 16.11 65.44 50.22 60.55
6e 55.64 30.56 75.12 50.32 65.11 60.78
6f 20.33 67.56 70.13 15.32 12.22 15.33
69 70.23 36.45 68.23 65.11 75.44 65.12
6h 50.23 80.54 70.34 65.23 50.33 60.24
6i 75.45 36.33 68.55 50.21 65.13 60.44
6j 60.45 40.22 70.32 16.34 13.14 1411
6k 75.54 50.33 60.12 16.55 14.12 15.44
6l 40.33 45.33 70.24 14.64 25.21 30.23
Ciprofloxacin 8.50 8.50 7.05 - - -
Ampicillin 13.50 13.50 14.50 - - -
Fluconazole - - - 6.25 6.25 6.25
Miconazole - - - 14.12 9.25 9.25

10% of the mean; (-) denotes not tested.
The data represents the mean values of three replicates; Standard errors were all within

4. Conclusions

In summary, we have developed a new methodology for synthesizing thiazolidinone
derivatives by coupling substituted aldehyde and rhodanine. This is an efficient and convenient
synthesis and investigation of the potent antimicrobial activities of some new thiazolidinone
derivatives (3, 4, 6a-1), discovering new structures that can be used as potent antimicrobial
agents. The process also exhibits good to excellent yield. This method offers advantages such
as chief starting materials and amino acids with mild reaction conditions, excellent yield, best
conversion, and short reaction time. According to the results obtained, most compounds
showed good to moderate antimicrobial activity. Among these compounds (6d) shows
moderate activity compared to standard drugs against bacteria B. subtilis, S. aureus, and E.
Coli. Some of the most potent compounds, namely (6a, 6¢, and 6d), possessed selectively
antibacterial activity. Also, compounds (6f, 6j, 6k, and 61) show best activity compared to
standard drugs against C. albicans, A. flavus, and A. niger.

https://nanobioletters.com/ 6 of 18


https://doi.org/10.33263/LIANBS132.092
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS132.092

Funding

This research received no external funding.

Acknowledgments

The authors' RBS thank the Principal, Vinayakrao Patil College, Vaijapur, 423701 (MS) India,
for providing the laboratory facility.

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

2.

10.

11.

12.

13.

Wright, G.D.; Daniel, T.W. Chemotherapeutic agents. In: Burger’s Medicinal Chemistry and Drug
Discovery. Abraham, D.J. Ed. John Wiley & Sons, Hoboken, NJ, USA, 2003; pp. 738.

Satoh, A.; Nagatomi, Y.; Hirata, Y.; Ito, S.; Suzuki, G.; Kimura, T.; Maehara, S.; Hikichi, H.; Satow, A.;
Hata, M.; Ohta, H.; Kawamoto, H. Discovery and in vitro and in vivo profiles of 4-fluoro-N-[4-[6-
(isopropylamino)pyrimidin-4-yl]-1,3-thiazol-2-yl]-N-methylbenzamide as novel class of an orally active
metabotropic glutamate receptor 1 (mGIuR1) antagonist. Bioorganic & medicinal chemistry letters 2009,
19, 5464-5468, https://doi.org/10.1016/j.bmcl.2009.07.097.

Siddiqui, N.; Ahsan, W. Synthesis, anticonvulsant and toxicity screening of thiazolyl-thiadiazole
derivatives. Medicinal Chemistry Research 2011, 20, 261-268, https://doi.org/10.1007/s00044-010-9313-6.
Abu-Hashem, A.A. Synthesis and antimicrobial activity of new 1,2 4-triazole, 1,3,4-oxadiazole, 1,3,4-
thiadiazole, thiopyrane, thiazolidinone, and azepine derivatives. Journal of Heterocyclic Chemistry 2021,
58, 74-92, https://doi.org/10.1002/jhet.4149.

Desai, N.C.; Mehta, H.K.; Jethawa, A.M.; Monapara, J.D.; Khedkar, V.M.; Dave, B.P. Design, synthesis,
antimicrobial evaluation, and in-silico studies of some 4-thiazolidinone hybrids bearing coumarin and
pyridine moieties. Journal of Heterocyclic ~ Chemistry 2022, 59, 2177-2189,
https://doi.org/10.1002/jhet.4550.

Desai, N.C.; Rupala, Y.M.; Khasiya, A.G.; Shah, K.N.; Pandit, U.P.; Khedkar, V.M. Synthesis, biological
evaluation, and molecular docking study of thiophene, piperazine, and thiazolidinone based hybrids as
potential antimicrobial agents. J. Het. Chem. 2022, 59, 75-87, https://doi.org/10.1002/jhet.4366.

Salem, M.A.; Abbas, S.Y.; El-Sharief, M. A. M. Sh.; Alzahrani, A. Y.; Helal, M.H.; Thabet, H. K. Synthesis
and antimicrobial activity of 4-methylthiazole and 4-thiazolidinone derivatives derived from 5-
(aryldiazo)salicylaldehyde thiosemicarbazones. Syn. Comm. 2021, 51, 3325-3331,
https://doi.org/10.1080/00397911.2021.19689009.

Ramkumar, S.; Ramarajan, R. Design, synthesis, spectral characterization, multiple-biological activities,
docking and in silico ADMET studies of thiazolidinones. Results in Chem. 2023, 5,
https://doi.org/10.1016/j.rechem.2023.100861.

Abd El-Karim, S.S.; Mohamed, H.S.; Abdelhameed, M.F.; EI-Galil E. Amr, A.; Almehizia, A.A.; Nossier,
E.S. Design, synthesis and molecular docking of new pyrazole-thiazolidinones as potent anti-inflammatory
and analgesic agents with TNF-o inhibitory activity. Bioorg. Chem. 2021, 111,
https://doi.org/10.1016/j.bioorg.2021.104827.

Dincel, E.D.; Akdag, C.; Kayra, T.; Cosar, E.D.; Aksoy, M.O.; Akalin-Ciftci, G.; Ulusoy-Glzeldemirci, N.
Design, synthesis, characterization, molecular docking studies and anticancer activity evaluation of novel
hydrazinecarbothioamide, 1,2 4-triazole-3-thione, 4-thiazolidinone and 1,3,4-oxadiazole derivatives.
Journal of Molecular Structure 2022, 1268, https://doi.org/10.1016/j.molstruc.2022.133710.

bin Ahmad Kamar, A.K.D.; Ju Yin, L.; Tze Liang, C.; Tjin Fung, G.; Avupati, V.R. Rhodanine scaffold: A
review of antidiabetic potential and structure—activity relationships (SAR). Medicine in Drug Discovery
2022, 15, https://doi.org/10.1016/j.medidd.2022.100131.

Toumi, A.; Boudriga, S.; Hamden, K.; Sobeh, M.; Cheurfa, M.; Askri, M.; Knorr, M.; Carsten, S.; Lukas, B.
Synthesis, antidiabetic activity and molecular docking study of rhodanine-substitued spirooxindole
pyrrolidine  derivatives as novel a-amylase inhibitors. Bioorg. Chem. 2021, 106,
https://doi.org/10.1016/j.bioorg.2020.104507.

Alexiou, P.; Pegklidou, K.; Chatzopoulou, M.; Nicolaou, I.; Demopoulos, V.J. Aldose reductase enzyme
and its implication to major health problems of the 21st century. Curr. Med. Chem. 2009, 16, 734-752,
https://doi.org/10.2174/092986709787458362.

https://nanobioletters.com/ 7 of 18


https://doi.org/10.33263/LIANBS132.092
https://nanobioletters.com/
https://doi.org/10.1016/j.bmcl.2009.07.097
https://doi.org/10.1007/s00044-010-9313-6
https://doi.org/10.1002/jhet.4149
https://doi.org/10.1002/jhet.4550
https://doi.org/10.1002/jhet.4366
https://doi.org/10.1080/00397911.2021.1968909
https://doi.org/10.1016/j.rechem.2023.100861
https://doi.org/10.1016/j.bioorg.2021.104827
https://doi.org/10.1016/j.molstruc.2022.133710
https://doi.org/10.1016/j.medidd.2022.100131
https://doi.org/10.1016/j.bioorg.2020.104507
https://doi.org/10.2174/092986709787458362

https://doi.org/10.33263/LIANBS132.092

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

Rawal, R.K.; Prabhakar, Y.S.; Katti, S.B.; De Clercq, E. 2-(Aryl)-3-furan-2-ylmethyl-thiazolidin-4-ones as
selective HIVRT inhibitors. Bioorg. Med. Chem. 2005, 13, 6771-6776,
https://doi.org/10.1016/j.bmc.2005.07.063.

Prabhakar, Y.S.; Rawal, R.K.; Gupta, M.K.; Solomon, V.R.; Katti, S.B. Topological descriptors in modeling
the HIV inhibitory activity of 2-aryl-3-pyridyl-thiazolidin-4-ones. Combinatorial Chemistry and High
Throughput Screening 2005, 8, 431-437, https://doi.org/10.2174/1386207054546531.

Rawal, R.K.; Tripathi, R.; Katti, S.B.; Pannecouque, C.; De Clercq, E. Design, synthesis, and evaluation of
2-aryl-3-heteroaryl-1,3-thiazolidin-4-ones as anti-HIV agents. Bioorg. Med. Chem. 2007, 15, 1725-1731,
https://doi.org/10.1016/j.bmc.2006.12.003.

Balzarini, J.; Orzeszko, B.; Maurin, J.K.; A. Orzeszko, Synthesis and anti-HIV studies of 2-adamantyl-
substituted thiazolidin-4-ones. Eur. J. Med. Chem. 2007, 42, 993-1003,
https://doi.org/10.1016/j.ejmech.2007.01.003.

Grundy, S.M. Drug therapy of the metabolic syndrome: minimizing the emerging crisis in polypharmacy.
Nat. Reviews Drug Dis. 2006, 5, 295-309, https://doi.org/10.1038/nrd2005.

Bhat, K.I.; Kumar, A.; Kumar, P. Synthesis, Cytotoxic and Antihyperlipidemic Activities of Some New
coumarinyl 4-Thiazolidinone Derivatives. Indian J. Pharm. Edu. Res. 2021, 55, S807-S813,
https://doi.org/10.5530/ijper.55.35.188.

Nampurath, G.K.; Mathew, S.P.; Khanna, V.; Zachariah, R.T.; Kanji, S.; Chamallamudi, M.R. Assessment
of hypolipidaemic activity of three thiazolidin-4-ones in mice given high-fat diet and fructose. Chemico-
Biological Interactions 2008, 171, 363-368, https://doi.org/10.1016/j.cbi.2007.10.006.

Archna, V.;Chawla, P.A.; Teli, G.; Pathania, S.; Singh, S.; Srivastava, V. Exploration of Antioxidant, Anti-
inflammatory and Anticancer Potential of Substituted 4-Thiazolidinone Derivatives: Synthesis, Biological
Evaluation and Docking Studies. Pol. Aro. Comp. 2022, 43, 597-618,
https://doi.org/10.1080/10406638.2021.2019796.

Bing, R.J.; Yamamoto, T.; Kim, H.; Grubbs, R.H. The pharmacology of a new nitric oxide donor: B-NOD.
Biochem. and Biophy. Res. Comm. 2000, 275, 350353, https://doi.org/10.1006/bbrc.2000.3304.

Dond, B.D.; Pansare, D.N.;Sarkate, A.P.; Thore. S.N. A facile synthesis of sulfonate esters from phenols
using catalytic KF/NFSI and K,COs. Chem. Papers. 2022, 77, 1765-1772, https://doi.org/10.1007/5s11696-
022-02585-3.

Pawar, U.D.; Pansare, D. N.;Shelke, R.N.; Pawar, C.D.; Pathan, A.M.; Thakre, V.J.; Dobhal, B.S;
Pardeshi, R.K. Development of a new Chromogenic spray reagent for the detection and identification of
synthetic pesticide carbaryl in biological material by HPTLC. J. Planar Chromatography - Modern TLC
2022, 35, 431-434, https://doi.org/10.1007/s00764-022-00192-2.

S.V Bhandari, S.V.; Nagras, O.G.; Kuthe, P.V.; Sarkate, A.P.; Waghamare, K.S.; Pansare, D.N.; Chaudhari,
S.Y.; Mawale, S.N.; Belwate, M.C. Design, Synthesis, Molecular Docking and Antioxidant Evaluation of
Benzimidazole-1,3,4 oxadiazole Derivatives. Journal of Molecular Structure 2023, 1276,
https://doi.org/10.1016/j.molstruc.2022.134747.

Bangale, S.; Jodhale, V.; Pansare, D.; Chavan, P. Reusable ZnCr,0Os Nano Catalyzed One Pot Three-
Component Cycloaddition reaction for Synthesis of Azetidine Derivatives under Ultrasound irradiation.
Pol. Aro. Comp 2021, 42, 6398-6410, https://doi.org/10.1080/10406638.2021.1983617.

Pawar, C.D.; Pansare, D.N.; Shinde, D.B. Synthesis and antiproliferative activity of 3-(substituted)-4,5,6,7-
tetrahydro-6-(substituted)-1H-pyrazolo[3,4-c]pyridine derivatives. Eur. J. Chem. 2017, 8, 400-409,
https://doi.org/10.5155/eurjchem.8.4.400-409.1645.

Pawar, C.D.; Pansare, D.N.; Shinde, D.B. Synthesis, anti-proliferative activity, SAR and Kinase inhibition
studies of thiazol-2-yl- substituted sulfonamide derivatives. J. Chin. Chem. Soc. 2019, 257-264,
https://doi.org/10.1002/jccs.201800312.

Tiwari, S.V.; Sarkate, A.P.; Lokwani, D.K.; Pansare, D.N.; Gattani, S.G.; Sheaikh, S.S. Explorations of
novel pyridine-pyrimidine hybrid phosphonate derivatives as Aurora kinase inhibitors. Bioorg. Med. Chem.
Lett. 2022. 67, https://doi.org/10.1016/j.bmcl.2022.128747.

Chavan, P.; Ghoti, A.; Jadhav, S.; Rai, M.; Kamble, D.; Shelke, R.; Pansare, D. Ultrasound assisted, ZnCr.O.
nano catalysed synthesis of substituted Tetrahydroquinolines via povarov reaction. Lett. App. NanoBioSci.
2021, 11, 4080-4088, https://doi.org/10.33263/LIANBS114.40804088.

Chavan, P.; Bangale, S.; Pansare, D.; Shelke, R.; Jadhav, S.; Tupare, S.; Kamble, D.; Rai, M. Synthesis of
substituted pyrimidine using ZnFe,O. nanocatalyst via one pot multi-component reaction ultrasonic
irradiation. J. Het. Chem. 2020, 57, 3326-3333, https://doi.org/10.1002/jhet.4048.

Cappuccino, A.; Sherman, J.G.N. Microbiology- a laboratory manual. Addison Wesley, California, 1999.
https://www.scirp.org/(S(351jmbntvnsjtlaadkposzje))/reference/ReferencesPapers.aspx?Referencel D=242
9655

Khan, Z.K. In vitro and in vivo screening techniques for bioactivity screening and evaluation. Proc. Int.
Workshop UNIDO-CDRI, 1997; pp. 210-211.

Duraiswamy, B.; Mishra, S. K.; Subhashini, V.; Dhanraj, S. A.; Suresh, B. Studies on the antimicrobial
potential of Mahonia leschenaultii Takeda root and root bark. Indian J. Pharm. Sci. 2006, 68, 389-391,
https://doi.org/10.4103/0250-474X.26671.

https://nanobioletters.com/ 8 of 18


https://doi.org/10.33263/LIANBS132.092
https://nanobioletters.com/
https://doi.org/10.1016/j.bmc.2005.07.063
https://doi.org/10.2174/1386207054546531
https://doi.org/10.1016/j.bmc.2006.12.003
https://doi.org/10.1016/j.ejmech.2007.01.003
https://doi.org/10.1038/nrd2005
https://doi.org/10.5530/ijper.55.3s.188
https://doi.org/10.1016/j.cbi.2007.10.006
https://doi.org/10.1080/10406638.2021.2019796
https://doi.org/10.1006/bbrc.2000.3304
https://doi.org/10.1007/s11696-022-02585-3
https://doi.org/10.1007/s11696-022-02585-3
https://doi.org/10.1007/s00764-022-00192-2
https://doi.org/10.1016/j.molstruc.2022.134747
https://doi.org/10.1080/10406638.2021.1983617
https://doi.org/10.5155/eurjchem.8.4.400-409.1645
https://doi.org/10.1002/jccs.201800312
https://doi.org/10.1016/j.bmcl.2022.128747
https://doi.org/10.33263/LIANBS114.40804088
https://doi.org/10.1002/jhet.4048
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=2429655
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=2429655
https://doi.org/10.4103/0250-474X.26671

https://doi.org/10.33263/LIANBS132.092

Supplementary materials

100

98

96
i

94
|

92

Transmittance [%]

90

88

g g I 883 238 €88 2 goors
8 H ® m@Ex ddn 295 5 QENE
: ‘ ‘ ,
3500 3000 2500 2000 1500 1000
Wavenumber cm-1
Figure S1. IR of (2)-5-(2-chlorobenzylidene)-2-thioxothiazolidin-4-one (3).
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Figure S2. *H NMR of (Z)-5-(2-chlorobenzylidene)-2-thioxothiazolidin-4-one (3).
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Figure S3. Mass of (Z)-5-(2-chlorobenzylidene)-2-thioxothiazolidin-4-one (3).
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Figure S4. IR of (2)-5-(2-chlorobenzylidene)-2-(methylthio)thiazol-4(5H)-one (5)
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Figure S5. *H NMR of (Z)-5-(2-chlorobenzylidene)-2-(methylthio)thiazol-4(5H)-one (5).
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Figure S6. Mass of (2)-5-(2-chlorobenzylidene)-2-(methylthio)thiazol-4(5H)-one (5).
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Figure S7. IR of (2)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)propanoic acid (6a).
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Figure S8. 'H NMR (2)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)propanoic acid (6a).

https://nanobioletters.com/ 12 of 18


https://doi.org/10.33263/LIANBS132.092
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS132.092

H113.00

153.95

310.85

384.70

474.60

515.55

150

‘ =]
200 250

el
300

350

400

i T T T T 1
450 500 550 600 650 700 750

m/z

Figure S9. Mass of (Z)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)propanoic acid (6a).
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Figure S10. IR of (2)-2-((5-(2-chlorobenzylidene)-4-oxo0-4,5-dihydrothiazol-2-yl)amino)-3-methyl butanoic
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Figure S11. *H NMR of (Z)-2-((5-(2-chlorobenzylidene)-4-oxo0-4,5-dihydrothiazol-2-yl)amino)-3-
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Figure S12. Mass of (Z)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-methylbutanoic

Transmittance [%]
95 96 97 98 99 100

94

93

92

acid (6b).
3 [ 2 32 3% 8 5 R 3 o ©
8 3 28 23 8 28 8 o s
8 ] Eeepr ¥ gz g ] 8
i T T T
3500 3000 2500 2000 1500 1000

Wavenumber cm-1

Figure S13. IR of (2)-2-((5-(2-chlorobenzylidene)-4-oxo0-4,5-dihydrothiazol-2-yl)amino)-4-methylpentanoic

acid (6f).
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Figure S14. *H NMR of (Z)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)-4-
methylpentanoic acid (6f).
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Figure S15. Mass of (Z)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)-4-methylpentanoic
acid (6f).
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Figure S16. IR of (2)-2-((5-(2-chlorobenzylidene)-4-ox0-4,5-dihydrothiazol-2-yl)amino)-3-mercapto propanoic

acid (6h).
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Figure S17. *H NMR of (2)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-mercapto
propanoic acid (6h).
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Figure S18. Mass of (2)-2-((5-(2-chlorobenzylidene)-4-oxo0-4,5-dihydrothiazol-2-yl)amino)-3-mercapto
propanoic acid (6h).
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Figure S19. IR of (2)-2-((5-(2-chlorobenzylidene)-4-0xo0-4,5-dihydrothiazol-2-yl)amino)-3-(1H-imidazol-2-
yl)propanoic acid (6j).
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Figure S20. *H NMR of (Z)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-(1H-
imidazol-2-yl)propanoic acid (6j).
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Figure S21. Mass of (Z2)-2-((5-(2-chlorobenzylidene)-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-(1H-imidazol-2-

yl)propanoic acid (6j).
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