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ABSTRACT ARTICLE HISTORY

The catalytic potential of tris(hydroxymethyl)aminomethane Received 26 December 2018
(Tromethamine) has been assessed for the one pot three component
tandem reaction involving a thiazolylmethoxy phenyl/aromatic car-
boxaldehyde, substituted amines and thioglycolic acid to form new
thiazolyl-4-thiazolidinones and known substituted-4-thiazolidinones.
This strategy involves the use of tromethamine as a reusable pro-
moter and water as an eco-friendly reaction medium. The merits of
this protocol are high atom economy, mild reaction conditions,
good yields of desired products in short reaction times, and reusable
reaction medium. The generality and functional tolerance of this
convergent and environmentally benign method is demonstrated.

KEYWORDS
4-Thiazolidinone; multicom-
ponent; organocatalysis;
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GRAPHICAL ABSTRACT

Introduction

Functionalized thiazolidinones are one of the most extensively investigated class of com-
pounds because of their broad range of pharmacological profiles. Compounds contain-
ing 4-thiazolidinone moiety possessing an assortment of pharmacological activities such
as antibacterial,!'! anticancer,’? antitubercular,”®! antioxidant,* anti—inﬂammatory,[5]
COX-1 inhibitor,® anti HIV,"”) and anti-histaminic agents.”®! Further, the presence of
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Figure 1. 4-Thiazolidinone and thiazole containing bioactive molecules.

the N-C-S linkage in the thiazolidinone is also responsible for the treatment of diabetic
neuropathy, an aldose reductase inhibitor.”) These have given the 4-thiazolidinone
framework the status of a privileged pharmacophore that makes the functionalized thia-
zolidinones highly sought for compounds for medicinal chemists toward the generation
of new therapeutic leads. Figure 1 shows molecules having 4-thiazolidinone as
pharmacophore.'"!

The thiazoles are also important pharmacophores found in a wide variety of bioactive
molecules and natural products (Fig. 1).["Y Thiazole derivatives are associated with a

broad spectrum of biological properties, including antitumor,!'?) antiparasitic,”"*! anti-
fungal,"*) antimicrobial,"® antiproliferative,'® antihypertension,!'”! anti-inflamma-
tion,"®! oxidase inhibitors, and free radical scavengers.'”) Some novel thiazole

derivatives®! especially BILS 179 BS8 were reported to exhibit a high antiviral activity

against hepatitis C virus (HCV) and HSV, respectively. Considering the above signifi-
cance of both molecules we decided to combine 4-thiazolidinone and thiazole in one
molecular framework to obtain new hybrids, thiazolyl-4-thiazolidinones.

The relevance of these structural motifs has constituted the focus of many investigations
regarding improved strategies for their synthesis. In the literature, several campaigns for
the synthesis of thiazolidinones are known either via multicomponent tandem reaction or
two-step process.”!! However, the most commonly used protocol is multicomponent tan-
dem reaction between a primary amine, aldehyde, and thioglycolic acid. There are reports
of acceleration of the above cyclocondensation using catalysts and coupling agents such as
DCC,?? HBTU or metal Lewis acid catalysts,[24] solid acid catalysts,[zs] activated fly
ash,?®! ionic liquids,m] silica gel[zg] and nano-Fe304@Si02.%*) However, some of these
methods suffer from at least one of the following disadvantages: longer reaction time, cor-
rosive nature, hazardous reaction conditions, tedious work-up procedures, unsatisfactory
yields, and use of non-recyclable reagents. Thus, a convenient, versatile, rapid and high
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yielding synthetic method is needed to fulfill the timely supply of the designed molecules
and enrichment of medicinal chemists’ tool box.

Finding novel synthetic procedures for a variety of attractive compounds that can be
considered as pharmaceutics has been investigated over the last decades. Catalysis plays a
central role in chemical processes and lies at the heart of countless chemical transforma-
tions, from academic research at laboratories level to the chemical industry level. By using
catalytic systems, one can reduce the temperature of a chemical reaction, reduce reagent-
based waste, and enhance the yield of a transformation that potentially avoids the
unwanted side reactions leading to a green technology.”” The introduction of new meth-
odologies in recent years based on environmentally friendly conditions using the efficient
and reusable catalyst as well as water-mediated procedures has gained significant attention
among the researchers.®! Excipients are widely used as drug delivery systems and bio-
pharmaceuticals. However, when they are introduced into organic synthesis they act as a
catalyst and some as a reaction medium.** For decades, various excipients, including chi-
tosan,”®®! meglumine,**) PEG-400""! have been developed and reported as catalyst and
medium. Tromethamine (Tris(hydroxymethyl) aminomethane) is excipient used as organo-
catalyst by Desai and Kim et al. for the efficient synthesis of pyran-annulated heterocycles
and B-phosphonomalonates respectively.*® Tromethamine, which contains an amino and
three alcoholic groups, it is physiologically inert, biodegradable, noncorrosive, and is avail-
able commercially at extremely low cost.”)

As part of our continuing efforts to synthesize new heterocyclic scaffolds in an
environmentally benign fashion,'*®) we have applied developing organocatalysis in
combination with water for the efficient preparation of the desired hybrids, thiazolyl-4-
thiazolidinones. Considering the use of excepients to be an effective catalyst for various
transformations, herein we report tromethamine in water as green catalytic system
which makes the synthetic process more applicable. To the best of our knowledge, this
type of catalytic system has not been documented for the present transformation.

Result and discussion

In the present work initially, to get 4-((2-Phenylthiazol-4-yl)methoxy)benzaldehyde (1) as
required precursor, we performed the reaction sequence starting from thiobenzamide."*"!
Thiobenzamide cyclocondensed with 1,3-dicloro acetone in ethanol at 80°C to obtain
chloromethyl thiazole. Chloromethyl thiazole further condensed with 4-hydroxy benzalde-
hyde in the presence of K,CO;/DMF at room temperature to get desired starting 4-((2-
Phenylthiazol-4-yl)methoxy)benzaldehyde (1) in excellent yield.

Water is a very attractive solvent for a number of efficient organic reactions at differ-
ent temperature. The use of water in multicomponent reactions offers significant envir-
onment advantages and has attracted a great deal of interest in recent years.*") Water
promotes or accelerates an excellent supporting medium with numerous advantages
including the ease of product isolation, non-toxicity, non-flammability, high heat cap-
acity and redox stability. Many organic transformations were known to promote by
water.!*! Therefore, We commenced our investigation with a reaction using an equimo-
lar ratio of freshly prepared 4-((2-Phenylthiazol-4-yl)methoxy)benzaldehyde (1), aniline
(2a) and thioglycolic acid (3) as model substrates in water (Scheme 1). To solublize the
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(1) (2a) (3a)
Scheme 1. 2-(4-((2-Phenylthiazol-4-yl)methoxy)phenyl)-3-phenylthiazolidin-4-one (3a).

Table 1. Formation of 2-(4-((2-phenylthiazol-4-yl)methoxy)phenyl)-3-phenylthiazolidin-4-one (3a) using
different catalyst in aqueous medium.

Entry Catalyst/Solvent Catalyst Loading (mol%) Time (h) Yield (%)°

1 H,0 — 15 27

2 CTAB/H,0 20 1 64

3 TTAB/H,0 20 1 59

4 p-TSA/H,0 20 1 48

5 a-Cyclodextrin/H,0 20 1 45

6 B-Cyclodextrin/H,0 20 1 76

7 v-Cyclodextrin/H,0 20 1 42

8 Taurine/H,0 20 1 51

9 Tromethamine/H,0 10, 20, 30, 40 1 43, 71, 82and 83
10 Tromethamine/H,0 (rt, 60, 80, 100°C) 20 1 32, 56, 81, 83
1 Tromethamine/EtOH 20 1 79

12 Tromethamine/EtOH:H,0 (1:1) 20 1 80

13 Tromethamine/MeOH 20 1 74

14 Tromethamine/CH;CN 20 1 51

“Reaction conditions: 4-((2-Phenylthiazol-4-yl)methoxy)benzaldehyde (1) (4 mmol), aniline (4 mmol), thioglycolic acid
(8 mmol), water (15mL), 80°C.
Plsolated yield.

organic reactants in water various catalysts such as CTAB, TTAB, p-TSA,
B-Cyclodextrin, Taurine, and Tromethamine were screened for the model reaction
(Table 1, entries 1-9) at 80°C for 1h. Amongst them, tromethamine were found to be
an excellent catalyst, furnishing the product in excellent yield of 82% (Table 1, entry 9).
In the absence of catalyst, the one-pot multicomponent cyclocondensation at reflux
temperature in water did not exhibit similar reaction condensations (Table 1, entry 1).

To derive the superlative reaction parameters such as the amount of the catalyst required
and temperature, and the influence of the solvent for the tromethamine catalyzed 4-thiazoli-
dinone formation, the model reaction (Scheme 1) was performed under different variations
of these parameters. The use of 30 mol% of load of catalyst tromethmine afforded the com-
pound 3a in 82% yields (Table 1, entry 9) within 1h under aqueous conditions. However,
an increase in the amount of catalyst did not result in any improvement in the yield of the
product. Temperature plays an important role to carry out the cyclocondensation.
Consequently, the effect of temperature on the test reaction was investigated by carrying
out the reaction at rt, 60, 80, and 100 °C in water (Table 1, entry 10). It was observed that
at a temperature lower than 80°C, the reaction did not proceed efficiently and, at higher
temperatures, only a marginal increase in the product yield was observed. Thus, 80°C was
chosen as the optimum reaction temperature for the synthesis of 4-thiazolidinones.

Subsequently, different solvents were screened to test the efficiency of the catalyst in
different reaction media, and the results are presented in Table 1. The polar protic sol-
vents (EtOH, EtOH:H,O (1:1), MeOH), afforded higher yields 79, 80, 74% than the
polar aprotic (CH;CN) ones and water showed superiority among the different polar
solvents investigated (Table 1, entry 11-14).
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Figure 2. Reuse of tromethamine/water and its effect on yield (%).
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Scheme 2. Synthesis of 3-(substituted phenyl)-2-(4-((2-phenylthiazol-4-yl)methoxy)phenyl) thiazolidin-4-
ones (3a-l).

The reusability of catalysts is valuable advantages in modern catalysis research and
commercial uses as well as in green chemistry. In this respect, the recovery and reus-
ability of tromethamine were investigated for the model reaction. Tromethamine is
completely soluble in reaction media water therefore its isolation and reuse is tedious
and expensive.**® In this circumstance, we authenticated reusability of the reaction
medium. Consequently, the model reaction was performed. The resultant product was
isolated by extraction, and the filtrate obtained was reused for the synthesis of 3a. The
reaction media and tromethamine was studied for three successive cycles, showing with-
out an appreciable reduction in catalytic activity. Only a slight decrease in the yield of
the desired product, 3a, was noticed (Fig. 2).

Inspired by these observations and to generalize the synthetic procedure, a variety of
electronically divergent aromatic amines were treated with 4-((2-Phenylthiazol-4-yl)me-
thoxy)benzaldehyde and mercaptoacetic acid in presence of tromethamine in water
(Scheme 2). Aromatic amines with several functionalities such as Cl, OH, CHj;, OCHj;
and NO, were found to be compatible under the optimized reaction condition
(Table 2).

After our initial success, the general applicability of the newly developed protocol is dem-
onstrated through the reaction of various aryl aldehydes reacted elegantly with substituted
anilines and thioglycolic acid to form the corresponding 1,3-disubstituted-4-thiazolidinones
in excellent yields (Scheme 3). The reactions proceeded well with electron donating
and withdrawing substituted aromatic aldehydes, as well as different variations of the
amines affording the respective thiazolidinone in very good to excellent (84-93%)
yields (Table 3).
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Table 2. Substrate scope of the present tandem MCR for synthesis of 3-(substituted phenyl)-2-(4-
((2-phenylthiazol-4-yl)methoxy) phenyI ) thiazolidin-4-ones (3a-l).
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“Reaction Conditions: 4-((2-Phenylthiazol-4-yl)methoxy)benzaldehyde (4) (4 mmol), substituted amines (2a-l) (4 mmol),

Thioglycolic acid (8 mmol), Tromethamine (30 mol%), Water (15 mL) stirred at 80°C.

Blsolated yield.
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Scheme 3. Synthesis of 1,3-disubstituted-4-thiazolidinones (5a-1).
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Table 3. Substrate scope for synthesis 2,3-disubstituted 4-thiazolidinones (5a-I).

Sr. No. R’ R Product Yield (%)
: S
1 H H dlo 93
S
HBC—< >—<
2 4-CH;, H dlo 89
S
H3C04< />—<
3 4-OCH; H Nl@ 86
C S
4 4-OH H - dlo 87
S
Cl—®—<N1\O
5 4-Cl H @ 90
S
ON4< >—<
6 4-NO, H 2 dlo 86
S
<A,
7 H 4-CHj Q 94
HaC
S
oL )~ A,
8 4-CH; 4-CH; Q 84
HaC
Py =al
@]
9 4-OCH; | 4-CH; @ 87
HaC

(continued)
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10 4-OH 4-CH; Q 93

H;C

o~

11 4-Cl 4-CH; 93

H;C

3
S
N e=el
N"So

12 4-NO, 4-CH;3 85

HaC

“Reaction conditions: Substituted benzaldehydes (4a-f) (4 mmol), substituted amines (2a-b) (4 mmol), thio-
glycolic acid (8 mmol), tromethamine (30 mol%), water (15 mL) stirred at 80°C.
Plsolated yield.

“Melting points are in good agreement with those reported in the literature.8242,

Plausible mechanism of reaction

It is known that tromethamine contains an amino and three alcoholic groups and are
inert. Amino hydrogen of tromethamine favors interaction with an oxygen atom of the
carbonyl group of the aldehyde, followed by nucleophilic attack of substituted amines,
leading to the formation of an imine intermediate (A). Then, free hydroxyl group inter-
act with the protons of thioglycolic acid and the sulfur anions of thioglycolic acid attack
the activated imine group of the intermediate (A), affording the intermediate (B). Next,
the tromethamine again activates the intermediate (B), followed by removal of water,
resulting in the final desired 4-thiazolidinones (Scheme 4).

Experimental

General: All the chemicals used were of laboratory grade. Melting points of all the syn-
thesized compounds were determined in open capillary tubes and are uncorrected. 'H
NMR spectra were recorded with a Bruker Avance 400 spectrometer operating at
400 MHz using DMSO solvent and tetramethylsilane (TMS) as the internal standard
and chemical shift in & ppm. Mass spectra were recorded on a Sciex, Model; API 3000
LCMS/MS Instrument. The elemental analysis was done on Thermofisher EA1112 series
CHNS Elemental Analyzer. The purity of each compound was checked by TLC using
silica-gel, 60F,s, aluminum sheets as adsorbent and visualization was accomplished by
iodine/ultraviolet light.

General procedure for the synthesis of 3-(substituted phenyl)-2-(4-((2-
phenylthiazol-4-yl)methoxy) phenyl) thiazolidin-4-ones (3a-l)

The mixture of 4-((2-phenylthiazol-4-yl)methoxy)benzaldehyde (1) (4 mmol) and substituted
anilines (2a-1) (4.1 mmol) in water (20mL) containing tris-hydroxymethylaminomethane
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Scheme 4. Plausible mechanism for the synthesis of 4-thiazolidinones.

(Tromethamine) (30 mol%) was stirred at 80 °C for 15 min. Then thioglycolic acid (8 mmol)
was added and stirred at 80 °C. Progress of the reaction was monitored by thin layer chro-
matography ethyl acetate:hexane (3:7) as solvent. After 45 min. of stirring reaction mixture
was cooled at room temperature, saturated sodium bicarbonate was added till gate pink
color, to remove thioglycolic acid. Sticky compound was extracted with ethyl acetate and
evaporated organic layer under reduced pressure. Thus obtained solid was filtered, dried
and purified by crystallization using ethanol as solvent.

Recycling of reaction media

The mixture of 4-((2-phenylthiazol-4-yl)methoxy)benzaldehyde (1) (8 mmol) and anilines (2a)
(8mmol) in water (40mL) containing tris-hydroxymethylaminomethane (Tromethamine)
(30mol%) was stirred at 80°C for 15min. Then thioglycolic acid (16 mmol) was added
and stirred at 80 °C. Progress of the reaction was monitored by thin layer chromatography
ethyl acetate:hexane (3:7) as solvent. After 45min of stirring reaction mixture was cooled
at room temperature. Sticky compound was extracted with ethyl acetate and evaporated
organic layer under reduced pressure. The aqueous layer having soluble tromethamine was
further reused for next cycle.
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Spectral analysis of compounds
3-Phenyl-2-(4-((2-phenylthiazol-4-yl)methoxy)phenyl)thiazolidin-4-one (3a)

Yellow solid, yield 82%, melting point 146-148°C. IR (ATR, v cm™ ') characteristic
absorptions: 3250, 3193, 3076, 2888, 2343, 1641, 1480, 1490, 1325, 1171, 947, 747.
'H NMR (400 MHz, DMSO 8,,,):4.37-443 (dd, 2H, CH,), 520 (s, 2H, CH,), 6.08
(s, 1H, CH), 7.38-7.51 (m, 2H, Ar-H), 7.55-7.70 (m, 4H, Ar-H), 7.77-7.96 (m, 4H, Ar-H),
8.04-8.46 (m, 5H, Ar-H). MS (Scanning mode, ESI") m/z: 4455 (M"). Elemental Anal.
calcd. for C,5H,0N,0,S,: C: 67.54; H: 4.53; N: 6.30; S: 14.43; Found: C: 67.53; H: 4.55;
N: 6.37; S: 14.41.

General procedure for the synthesis of 1,3-disubstituted-4-thiazolidinones (5a-I)

The mixture of substituted aldehydes (4a-f) (4 mmol) and substituted anilines (2a-b)
(4.1 mmol) in water (20mL) containing tris-hydroxymethylaminomethane (Tromethamine)
(30mol%) was stirred at 80°C for 15 min. Then thioglycolic acid (8 mmol) was added and
stirred at 80°C. Progress of the reaction was monitored by thin layer chromatography
ethyl acetate:hexane (3:7) as solvent. After 45 min. of stirring reaction mixture was cooled
at room temperature, saturated sodium bicarbonate was added till gate pink color, to
remove thioglycolic acid. Sticky compound was extracted with ethyl acetate and evaporated
organic layer under reduced pressure. Thus obtained solid was filtered, dried and purified
by crystallization using ethanol as solvent.

Synthesized compounds characterized by IR, "H NMR and Melting points are in
good agreement with those reported in the literature,®**?

3-Phenyl-2-(4-tolyl)thiazolidin-4-one (5b)

White solid, Yield 89%. Melting point 103-105°C. IR (ATR, v cm ') characteristic
absorptions: 3202, 2975, 2827, 2357, 1725, 1453, 1149, 1008, 857, 759. '"H NMR (400 MHz,
DMSO 6ppm): 2.26 (s, 3H, CHj), 3.83-4.02 (dd, 2H, CH,), 5.99 (s, 1H, CH), 7.01-7.29
(m, 9H, Ar-H). MS (Scanning mode, ESI*): m/z (% intensity): 270 (M™"). Elemental Anal.
calcd. For C;4H5sNOS: C: 71.34; H: 5.61; N: 5.20; S: 11.90; Found: C: 71.35; H: 5.60;
N: 5.25; S: 11.93.

Conclusion

A tromethamine in water was used as an efficient and green catalytic system for the
synthesis of new thiazolyl 4-thiazolidinone and known substituted-4-thiazolidinone via
a one-pot, three-component reaction of an thiazolylmethoxy phenyl/aromatic carboxal-
dehyde, substituted amines and thioglycolic acid in good to excellent yields at 80°C in
water. The reaction system was considerably affected by catalyst loading, temperature
and solvent. The advantages of using of tromethamine as the catalyst are it is environ-
mentally friendly, low cost, commercially available, easy to separate from the reaction
mixture, and has high reusability. Use of tromethamine catalyst results in acceptable
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reaction time, high yields and high purities of the obtained products. All of these points
are in full compliance with the requirements of green chemistry.

Supporting information (SI)

Full experimental detail, IR, 'H and >C NMR spectra, this material can be found via
the “Supplementary Content” section of this article’s webpage.’

Acknowledgments

The authors are thankful to Professor Ramrao A. Mane for his invaluable discussions and guid-
ance. The authors are also thankful to Department of Chemistry, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad and Central Drug Research Institute (CDRI), Lucknow for
providing necessary facilities and spectral analysis respectively.

References

[1] Palekar, V. S;; Damle, A. J; Shukla, S. R. Synthesis and Antibacterial Activity of Some
Novel Bis-1,2,4-Triazolo[3,4-b]-1,3,4-Thiadiazoles and Bis-4-Thiazolidinone Derivatives
from Terephthalic Dihydrazide. Eur. J. Med. Chem. 2009, 44, 5112. DOI: 10.1016/
j.ejmech.2009.07.023.

[2] (a) Zhang, Q; Zhou, H. Y, Zhai, S. M; Yan, B. Curr Pharm Des. 2010, 16, 1826. DOL
10.2174/138161210791208983.(b) Desai, S.; Desai, P. B.; Desai, K. R. Heterocycl Commun. 1999,
5, 385.(c) Hongyu, Z; Wu, S; Zhai, S; Liu, A; Sun, Y; Li, R; Zhang, Y.; Ekins, S; Swaan,
P. W, Fang, B; Zhangand, B; Yan, B. ] Med Chem. 2008, 51, 1242-1251.(d) Marina, S;
Adele, C.; Carmela, S; Isabel, M. M.; Simona, M.; Alessia, B.; Ciro, M.; Maria, S. S.; Anna, C,;
Rosa, S.; Paolo, T.; Ettore, N.; Pietro, C.; Vincenzo, P. Bioorg Med Chem Lett. 2013, 23, 4990.

[3] (a) Trivedi, V. P.; Undavia, N. K,; Trivadi, P. B. J Indian Chem Soc. 2004, 81, 506.(b)
Kucukguzel, G. C; Shchullek, J. R; Kaocatepe, A.; De Clercq, E.; Sahinv, F.; Gulluce, M,;
Eur ] Med Chem. 2006, 41, 353.(c) Tumul, S.; Anil, K. G.; Wahajul, H.; Sudhir, S.; Setu,
B. K. Arkivoc. 2005, ii, 120.

[4] Shih, M. H; Ke, F. Y. Syntheses and Evaluation of Antioxidant Activity of Sydnonyl
Substituted Thiazolidinone and Thiazoline derivatives. Bioorg. Med. Chem. 2004, 12, 4633.
DOI: 10.1016/j.bmc.2004.06.033.

[5] Vigorita, M. G, Ottana, R;; Monforte, F.; Maccari, R; Trovato, A.; Monforte, M. T.;
Taviano, M. F. Synthesis and Antiinflammatory, Analgesic Activity of 3,3'-(1,2-ethane-
diyl)-bis[2-aryl-4-thiazolidinone] chiral compounds. Part 10. Bioorg. Med. Chem. Lett.
2001, 11, 2791. DOI: 10.1016/S0960-894X(01)00476-0.

[6] Look, G. C; Schullek, J. R; Holmes, C. P.; Chinn, J. P.; Gordon, E. M.; Gallop, M. A. The
Identification of Cyclooxygenase-1 Inhibitors from 4-Thiazolidinone Combinatorial
Libraries. Bioorg. Med. Chem. Lett. 1996, 6, 707. DOI: 10.1016/0960-894X(96)00097-2.

[7] (a) Barreca, M. L; Balzsarini, J.; Chimirri, A.; De Clercq, E.; De Luca, L.; Holtje, H. D.;
Holtje, M.; Monforte, A. M.; Monforte, P.; Pannecouque, C.; Rao, A.; Zapalla, M. J. Med.
Chem. 2002, 45, 5410. DOIL: 10.1021/jm020977+.(b) Rawal, R. K; Tripathi, R.; Katti, S. B;
Pannecouque, C.; De Clercq, E. Bioorg. Med. Chem. 2007, 15, 3134.

[8] Diurno, M. V.; Mazzoni, O.; Piscopo, E.; Calignano, A.; Giordano, F.; Bolognese, A.
Synthesis and Antihistaminic Activity of Some thiazolidin-4-ones. J. Med. Chem. 1992, 35,
2910. DOI: 10.1021/jm00093a025.

[9] Raza, S; Srivastava, S. P.; Srivastava, D. S.; Srivastava, A. K; Haq, W. Katti, S. B.
Thiazolidin-4-one and thiazinan-4-one derivatives analogous to rosiglitazone as potential


https://doi.org/10.1080/00397911.2019.1597124
https://doi.org/10.1016/j.ejmech.2009.07.023
https://doi.org/10.1016/j.ejmech.2009.07.023
https://doi.org/10.2174/138161210791208983
https://doi.org/10.1016/j.bmc.2004.06.033
https://doi.org/10.1016/S0960-894X(01)00476-0
https://doi.org/10.1016/0960-894X(96)00097-2
https://doi.org/10.1021/jm020977
https://doi.org/10.1021/jm00093a025

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

SYNTHETIC COMMUNICATIONS® @ 13

antihyperglycemic and antidyslipidemic agents. Eur. J. Med. Chem. 2013, 63, 611. DOL:
10.1016/j.ejmech.2013.01.054.

(a) Kucukguzel, S. G; Oruc, E. E.; Rollas, S.; Sahin, F.; Ozbek, A. Eur ] Med Chem. 2002,
37, 197. DOL: 10.1016/S0223-5234(01)01326-5.(b) Jaju, S.; Palkar, M.; Maddi, V.; Ronad,
P. K; Mamledesai, S.; Satyanarayana, D.; Ghatole, M. Arch. Pharm. Chem. Life Sci. 2009,
342, 723.(c) Kamel, M. M,; Ali, H. I; Anwar, M. M.; Mohamed, N. A.; Soliman, A. M.
Eur. J. Med. Chem. 2010, 45, 572.(d) Ottana, R; Mazzon, E.; Dugo, L.; Monforte, F.;
Maccari, R.; Sautebin, L.; De Luca, G.; Vigorita, M. G.; Alcaro, S.; Ortuso, F.; Caputi,
A. P.; Cuzzocrea, S. Eur. J. Pharmacol. 2002, 448, 71.

(a) Rouf, A.; Tanyeli, C. Eur. J. Med. Chem. 2015, 97, 911.(b) Epple, R.; Cow, C.; Xie, Y.;
Azimioara, M.; Russo, R; Wang, X.; Wityak, J.; Karanewsky, D. S.; Tuntland, T.; Nguyen-
Tran, V. T.; Cuc Ngo, C; Huang, D.; Saez, E; Spalding, T.; Gerken, A.; Iskandar, M,;
Seidel, H. M.; Tian, S. S. J. Med. Chem. 2010, 53, 77. DOI: 10.1021/jm9007399.

(a) Xie, W.; Wu, Y.; Zhang, J; Mei, Q.; Zhang, Y.; Zhu, N.; Liu, R;; Zhang, H. Eur. J.
Med. Chem. 2018, 145, 35. DOI: 10.1016/j.ejmech.2017.12.038.(b) Chen, C.; Song, J;
Wanga, J; Xu, C.; Chen, C; Gu, W,; Sun, H.; Wena, X. Bioorg. Med. Chem. Lett. 2017,
27, 845.

Gomes, P. A. T. M,; Oliveira, A. R;; Barbosa, M. O.; Santiago, E. F.; Cardoso, M. V. O
Costa, N. T. C.; Hernandes, M. Z.; Moreira, D. R. M.; Silva, A. C; Santos, T. A. R;; et al.
Eur. J. Med. Chem. 2016, 121, 387. DOI: 10.1016/j.ejmech.2016.05.050.

Abdellatif, K. R. A,; El Wareth, G. A. A.; El-Badry, O. M.; Ragab, H. M.; El-Enany, M. M.
Synthesis and Antimicrobial Evaluation of Certain Purine, Benzothiazole and Thiazole
Systems Substituted with Dialkylaminoalkyl-o-Cresols. Beni-Suefuniversity ]. Basic Appl.
Sci. 2015, 4, 52. DOI: 10.1016/j.bjbas.2015.02.008.

Farghaly, T. A.; Abdallah, M. A;; Masaret, G. S.; Muhammad, G. S. New and Efficient
Approach for Synthesis of Novel Bioactive [1,3,4]thiadiazoles incorporated with 1,3-thia-
zole moiety. Eur. J. Med. Chem. 2015, 97, 320. DOI: 10.1016/j.ejmech.2015.05.009.

(a) Turan-Zitouni, M. D.; Altintop, A.; Ozdemir, Z. A.; Kaplancikli, G. A.; Gift¢i, H. E;
Eur. J. Med. Chem. 2016, 107, 288.(b) Dos Santos, T. A. R;; Da Silva, A. C,; Silva, E. B;
Gomes, P. A. T. M,; Espindola, J. W. P.; Cardoso, M. V. O.; Moreira, D. R. M.; Leite,
A. C. L Pereira, V. R. A. Biomed. Pharmacother. 2016, 82, 555. DOI: 10.1016/j.biopha.
2016.05.038.

(a) Patt, W. C; Hamilton, H. W.; Taylor, M. D.; Ryan, M. J.; Taylor, D. G. J.; Connolly,
C. J. C; Doherty, A. M,; Klutchko, S. R.; Sircar, I; Steinbaugh, B. A. ] Med Chem. 1992,
35, 2562; (b) Jaen, J. C.; Wise, L. D.; Caprathe, B. W.; Tecle, H.; Bergmeier, S.; Humblet,
C. C; Heffner, T. G,; Meltzner, L. T.; Pugsley, T. A. J. Med. Chem. 1990, 33, 311-317.
Sharma, R. N.; Xavier, F. P.; Vasu, K. K;; Chaturvedi, S. C.; Pancholi, S. S. Synthesis of
4-benzyl-1,3-thiazole derivatives as potential anti-inflammatory agents: an analogue-based
drug design approach. J. Enzyme Inhib. Med. Chem. 2009, 24, 890. DOI: 10.1080/
14756360802519558.

Mandawad, G. G.; Dawane, B. S; Beedkar, S. D.; Khobragade, C. N; Yemul, O. S.
Trisubstituted Thiophene Analogues of 1-Thiazolyl-2-Pyrazoline, Super Oxidase Inhibitors
and Free Radical Scavengers. Bioorg. Med. Chem. 2013, 21, 365. DOI 10.1016/
j.bmc.2012.09.060.

Ding, Y.; Smith, K. L; Varaprasad, C. V. N. S,; Chang, E.; Alexander, J.; Yao, N. Synthesis
of thiazolone-based sulfonamides as inhibitors of HCV NS5B polymerase. Bioorg. Med.
Chem. Lett. 2007, 17, 841. DOIL: 10.1016/j.bmcl.2006.08.104.

(a) Prasad, D.; Preetam, A.; Nath, M. RSC Adv. 2012, 2, 3133. DOI: 10.1039/
c2ra20171b.(b) Kumar, D.; Sonawane, M.; Pujala, B.; Bhagat, S.; Chakraborti, A. K. Green
Chem. 2013, 15, 2872.(c) Prasad, D.; Preetam, A.; Nath, M. RSC Adv. 2012, 2, 3133.(d)
Taghrir, H.; Ghashang, M. Synth. React. Inorg. Metal-Org Nano-Metal Chem. 2006, 46,
246.(e) Sandhar, R. K,; Sharma, J. R; Manrao, M. R. J Ind. Chem. Soc. 2008, 85, 220.(f)
Zhang, X.; Li, X.; Li, D. Bioorg Med. Chem. Lett. 2009, 19, 6280.


https://doi.org/10.1016/j.ejmech.2013.01.054
https://doi.org/10.1016/S0223-5234(01)01326-5
https://doi.org/10.1021/jm9007399
https://doi.org/10.1016/j.ejmech.2017.12.038
https://doi.org/10.1016/j.ejmech.2016.05.050
https://doi.org/10.1016/j.bjbas.2015.02.008
https://doi.org/10.1016/j.ejmech.2015.05.009
https://doi.org/10.1016/j.biopha.2016.05.038
https://doi.org/10.1016/j.biopha.2016.05.038
https://doi.org/10.1080/14756360802519558
https://doi.org/10.1080/14756360802519558
https://doi.org/10.1016/j.bmc.2012.09.060
https://doi.org/10.1016/j.bmc.2012.09.060
https://doi.org/10.1016/j.bmcl.2006.08.104
https://doi.org/10.1039/c2ra20171b
https://doi.org/10.1039/c2ra20171b

14 @ M. R. BHOSLE ET AL.

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]
(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

Rawal, R. K, Srivastava, T.; Haq, W. Katti, S. B. An Expeditious Synthesis of
Thiazolidinones and Tetathiazanones. J. Chem. Res. 2004, 2004, 368. DOI: 10.3184/
0308234041639746.

Shrivastava, T.; Haq, W.; Katti, S. B. Tetrahedron 2002, 58, 7619. DOI: 10.1016/S0040-
4020(02)00866-9.

(a) Sadashiva, C. T.; Chandra, J. N. N. S; Kavitha, C. V.; Thimmegowda, A.; Subhash,
M. N.; Rangappa, K. S. Eur. J. Med. Chem. 2009, 44, 4848.(b) Desai, K. G.; Desai, K. R.
J. Sulfur. Chem. 2006, 27, 315. DOI: 10.1016/j.ejmech.2009.07.026.

(a) Meshram, J.; Ali, P.; Tiwari, V. Green Chem. Lett. Rev. 2010, 3, 195.(b) Kumar, D.;
Sonawane, M.; Pujala, B.; Jain, V. K,; Bhagat, S.; Chakraborti, A. K. Green Chem. 2013,
15, 2872. DOLI: 10.1039/c3gc41218k.

Kanagarajan, V.; Thanusu, J.; Gopalakrishnan, M. Three Component One-Pot Synthesis of
Novel Pyrimidino Thiazolidin-4-Ones Catalyzed by Activated Fly Ash. Green Chem. Lett.
Rev. 2009, 2, 161. DOI: 10.1080/17518250903251767.

(a) Yadav, A. K;; Kumar, M.; Yadav, T.; Jain, R. Tetrahedron Lett. 2009, 50, 5031. DOI:
10.1016/j.tetlet.2009.06.091.(b) Zhang, X.; Li, X.; Li, D.; Qu, G.; Wang, J.; Loiseau, P. M,;
Fan, X. Bioorg. Med. Chem. Lett. 2009, 19, 6280.

Thakare, M. P.; Kumar, P.; Kumar, N.; Pandey, S. K. Silica Gel Promoted Environment-
Friendly Synthesis of 2,3-Disubstituted 4-Thiazolidinones. Tetrahedron Lett. 2014, 55,
2463. DOI: 10.1016/j.tetlet.2014.03.007.

Azagoni, N.; Mokhtary, M. J. Mol. Catal A: Chem. 2015, 398, 58.

Xiao, F.; Liao, Y; Wu, M, Deng, G.-J. One-Pot Synthesis of Carbazoles from
Cyclohexanones and Arylhydrazine Hydrochlorides under Metal-Free Conditions. Green
Chem. 2012, 14, 3277. DOL: 10.1039/c2gc36473e.

Costa, M.; Areias, F.; Abrunhosa, L.; Venancio, A.; Proenca, F. The Condensation of
Salicylaldehydes and Malononitrile Revisited: synthesis of New Dimeric Chromene deriva-
tives. J. Org. Chem. 2008, 73, 1954. DOIL: 10.1021/j0702552f.

(a) Sahu, P. K; Sahu, P. K; Gupta, S. K; Agarwal, D. D. Ind. Eng. Chem. Res. 2014,
53(6), 2085.(b) Shitole, N. V.; Shelke, K. F.; Sadaphal, S. A.; Shingate, B. B.; Shingare,
M. S. Green Chem. Lett. Rev. 2010, 3(2), 83. DOI: 10.1021/ie402037d.

Siddiqui, Z. N. Chitosan Catalyzed an Efficient, One Pot Synthesis of Pyridine Derivatives.
Tetrahedron Lett 2015, 56, 1919. DOI: 10.1016/j.tetlet.2015.02.111.

(a) Li, X; Liu, Y; Liu, X; Zhang, Z. RSC Adv. 2015, 5, 25625. DOIL 10.1039/
C5RA01677K.(b) Sumaiya, S. G.; Khan, T. R.; Pasha, M. A. Chin. Chem. Lett., 2017, 28(2),
437-441.

(a) Chandrasekhar, S.; Narsihmulu, Ch.; Sultana, S. S.; Reddy, N. R. Org. Lett., 2002, 4
(25), 4399. DOI: 10.1021/010266976.(b) Modugu, N. R; Pittala, P. K. N. J. Chem. 2017, 41,
14062.

(a) K. S. Pandit, P. V. Chavan, U. V. Desai, M. A. Kulkarni, P. P. Wadgaonkar, N. J.
Chem. 2015, 39, 4452.(b) R. M. N. Kalla, I. Kim, Tetrahedron Lett. 2017, 58, 410. DOI:
10.1039/C4N]J02346C.

(a) Taha, M.; Lee, M. J. Phys. Chem. Chem. Phys. 2010, 12, 12840.(b) Kramancheva, I;
Dobrev, I.; Brakalov, L.; Andreeva, A. Anal Lett. 1997, 30, 2235. DOI: 10.1080/
00032719708001735.

(a) Pratap, U. R; Jawale, D. V,; Bhosle, M. R;; Mane, R. A. Tetrahedron Lett. 2011, 52,
1689. DOI: 10.1016/j.tetlet.2011.01.143.(b) Khillare, L. D.; Bhosle, M. R.; Deshmukh, A. R;
Mane, R. A. Res. Chem. Intermed. 2015, 41, 8955.(c) Deshmukh, A. R; Bhosle, M. R;
Khillare, L. D.; Dhumal, S. T.; Mishra, A.; Srivastava, A. K.; Mane, R. A. Res. Chem.
Intermed. 2017, 43, 1107-1120.(d) Ghorad, A.; Mahalle, S.; Khillare, L. D.; Sangshetti,
J. N.; Bhosle, M. R. Catal. Lett. 2017, 147, 640-648.

Bhosle, M. R; Mali, J. R; Pratap, U. R; Mane, R. A. An Efficient Synthesis of New
Pyrazolines and Isoxazolines Bearing Thiazolyl and Etheral Pharmacophores. Bull. Korean
Chem. Soc. 2012, 33, 2012. DOI: 10.5012/bkcs.2012.33.6.2012.


https://doi.org/10.3184/0308234041639746
https://doi.org/10.3184/0308234041639746
https://doi.org/10.1016/S0040-4020(02)00866-9
https://doi.org/10.1016/S0040-4020(02)00866-9
https://doi.org/10.1016/j.ejmech.2009.07.026
https://doi.org/10.1039/c3gc41218k
https://doi.org/10.1080/17518250903251767
https://doi.org/10.1016/j.tetlet.2009.06.091
https://doi.org/10.1016/j.tetlet.2014.03.007
https://doi.org/10.1039/c2gc36473e
https://doi.org/10.1021/jo702552f
https://doi.org/10.1021/ie402037d
https://doi.org/10.1016/j.tetlet.2015.02.111
https://doi.org/10.1039/C5RA01677K
https://doi.org/10.1039/C5RA01677K
https://doi.org/10.1021/ol0266976
https://doi.org/10.1039/C4NJ02346C
https://doi.org/10.1080/00032719708001735
https://doi.org/10.1080/00032719708001735
https://doi.org/10.1016/j.tetlet.2011.01.143
https://doi.org/10.5012/bkcs.2012.33.6.2012

[40]

[41]

(42]

SYNTHETIC COMMUNICATIONS® @ 15

(a) Rout, S. K.; Guin, S.; Nath, J.; Patel, B. K. Green Chem. 2012, 14, 2491. DOI: 10.1039/
c2gc35575b.(b) Li, C-J.; Chen, L. Chem. Soc. Rev. 2006, 35, 68.(c) Chanda, A.; Fokin,
V. V. Chem. Rev. 2009, 109, 725.

Dam, B; Nandi, S.; Pal, A. K. An Efficient ‘on-Water’ Synthesis of 1,4-Dihydropyridines
Using Fe304@SiO2 Nanoparticles as a Reusable Catalyst. Tetrahedron Lett 2014, 55,
5236-5240. DOL: 10.1016/j.tetlet.2014.08.002.

(a) Harale, R. R.; Shitre, P. V.; Sathe, B. R.; Shingare, M. S. Res Chem Intermed. 2016, 42,
6695. DOI: 10.1007/511164-016-2490-2.(b) Chaudhari, M. A,; Gujar, J. B.; Kawade, D. S;
Shinde, P. V; Shingare, M. S. Res Chem Intermed. 2015, 41, 10027.


https://doi.org/10.1039/c2gc35575b
https://doi.org/10.1039/c2gc35575b
https://doi.org/10.1016/j.tetlet.2014.08.002
https://doi.org/10.1007/s11164-016-2490-2

	Abstract
	Introduction
	Result and discussion
	Plausible mechanism of reaction

	Experimental
	General procedure for the synthesis of 3-(substituted phenyl)-2-(4-((2-phenylthiazol-4-yl)methoxy) phenyl) thiazolidin-4-ones (3a-l)
	Recycling of reaction media
	Spectral analysis of compounds

	3-Phenyl-2-(4-((2-phenylthiazol-4-yl)methoxy)phenyl)thiazolidin-4-one (3a)
	General procedure for the synthesis of 1,3-disubstituted-4-thiazolidinones (5a-l)
	3-Phenyl-2-(4-tolyl)thiazolidin-4-one (5b)
	Conclusion
	Supporting information (SI)
	Acknowledgments
	References


