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Abstract

TS-1 zeolite was prepared for the synthesis of 5-arylidene-2,4-
thiazolidinediones/Rhodanines in aqueous medium by incorporating titanium(IV)
cations in a silicate-1 framework using hydrothermal treatment and characterized by
using XRD, EDX, BET, FT-IR and SEM techniques. The catalytic activity of the catalyst
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was tested for Knoevenagel condensation reaction. The condensation of active ethylene
2,4-thiazolidinedione with substituted aryl aldehydes under aqueous medium at 90 °C
afforded the corresponding product in excellent yield up to 92% within 30 min. The
present method offers several advantages over the reported methods such as easy
separation of catalyst, simple work-up procedure, and an excellent yield of desired

product. Furthermore, the catalyst could be reused without significant loss in activity.
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Introduction

The majority of heterocyclic compounds present in most prescribed drugs presently
marketed, having their intrinsic skillfulness and distinctive chemical properties have
poised them as true cornerstones of medicinal chemistry. Thiazolidinedione/Rhodanines
and other heterocyclic compounds containing Thiazolidinedione derivatives have
attracted great attention due to their wide use as hypoglycemic/ant-diabetic (e.g.,
epalrestat A, ciglitazone B, and rosiglitazone C), antiapoptotic agents and functions as
high-affinity PPARy ligands [1,2,3]. The drugs having thiazolidinedione, moiety have
increasing demand for pharmaceutical products, due to their wide range of biological
activities such as antimicrobial, anti-bacterial [4,5,6,7], antifungal [8], anti-
inflammatory [9, 10], antitubercular, anticancer agents [11,12,13], and polycystic ovary
syndrome (POS) treatment [14], antiparasitic, and insecticidal activity [15]. It also shows
an important application in DNA cleavage [16], particularly HIV-1 RT inhibitory
[17,18,19,20], hypnotic [21], and anathematic agents [22].
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Thiazolidinedione derivatives demonstrated for the solid anti-proliferative effect against
human leukemia cells (E), tyrosine inhibitory activity [23,24,25], and also, 5-arylidene
4-thiazolidinediones derivatives found to be better antifungal agents than the parent 4-
thiazolidinediones [26]. The methylene group at the fifth position in the 2,4-
thiazolidinediones is more reactive, hence, most of the modifications have been carried
out on the fifth position to build new molecules. A row of 5-arylidene-2,4-
thiazolidinediones is under clinical trials as potential phospholipase A2 inhibitor, dual
COX-2/5-LOX inhibitor [27]. In addition, thiazolidinedione based molecules have been
popular as small molecule inhibitors such as aldose reductase [28]. As of late, 4-
thiazolidinediones subordinates with antitumor movement for leukemia, lung, and
melanoma, CNS, colon, renal, ovarian, prostate and bosom tumor cell lines have turned

into a promising research area [11, 12]. Considering versatile applications of stated
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heterocyclic compounds, several catalytic methods have been developed, such as
CH3COOH/CH3COONa (12 h), CH3COOH, CH3COONa, (CH3CO),0 [19, 20], pipyricine and
acetic acid (10 h), hydroxyl ammonium ionic liquid [29], tetrabutylammonium
hydroxide/H,0—EtOH [30], alum [31], and aldonitrones in polyethylene glycol [32].
Although, reported methods are quite efficient but some of them suffer from one or the
other drawbacks such as longer reaction time, harsh reaction conditions, use of volatile
carcinogenic organic solvents, low yield and use of nonreusable and expensive catalysts,
some methods require special conditions such as microwave and/or sonication in
homogenous acids/bases, etc. [33, 34]. Hence, in order to overcome these limitations, we
have developed and reported here in a strong Lewis acid; heterogeneous; solid acid TS-1
catalyst, and it has been reported that the TS-1 exhibits good catalytic activities in the
epoxidation, oxidation, alkylation of phenol, and synthesis of 5-hydroxy-2(5H)-furanone

the synthesis of 5-arylidene-2,4-thiazolidinediones/Rhodanines.
Experimental

Preparation TS-1 catalyst

Solid acid catalyst, titanium silicate (TS-1), was prepared by using a reported method
[40]. Titanium tetrabutoxide [Ti(OBu),] 1.16 ml was mixed in 30 ml of dry isopropyl
alcohol, stirred vigorously for 10 min, Tetraethyl orthosilicate (TEOS) 24.37 ml and 20%
tetrapropyl ammonium hydroxide (TPA-OH) 25 ml was added drop wise with vigorous
stirring, resulting in a mixture that was stirred for 10 min at room temperature to obtain
silica sol. Prepared titanium containing gel was added drop wise in silica sol with constant
stirring at 70—75 °C, within 60—120 min. The basic pH of the gel was maintained by
adding TPAOH and de-ionized water and the resulting gel mixture was transferred in an
autoclave, under autogenously generated pressure at 175 °C for 24 h, and treated
hydrothermally under static conditions. The solid product so obtained was filtered, dried
at 100 °C for 1 h. and calcined at 500 °C for 4 h under air atmosphere. The subsequent

material was cooled, portrayed and named as catalyst titanium silicate (TS-1).

General reaction procedure 5-arylidene-2,4-thiazolidinediones

The condensation of 2,4-thiazolidinedione/rhodaninediones (1 mmol), with aryl
aldehydes (1 mmol), in the presence of a catalytic amount of TS-1(0.04 g) in aqueous
medium at 90 °C was carried out by refluxing the reaction mixture for 30—60 min to

obtain 5-arylidene-2,4-thiazolidinediones/Rhodaninediones derivatives, as shown in
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Table 2, which afforded the corresponding products in excellent yields up to 92% within
30 min. Active methylene thiazolidinedione was prepared by using a reported method
[41]. The progress of the reaction was monitored by thin layer chromatography using PET
ether: ethyl acetate (8:2) as a solvent system. After completion of the reaction, the
reaction mixture was filtered to recover the catalyst TS-1. The filtrate was concentrated to
obtain crude product, which was recrystalized from hot ethanol to obtain pure product
(2a-1i).
Results and discussion

The -CHO group can be transformed to a 5-aryl thiazolidinedione skeleton by the reaction
of aldehyde and thiazolidinediones in the presence of TS-1 catalyst. Where, T'S-1was
utilized as a Lewis acid as well as a dehydrating agent to accelerate the intermolecular
condensation, resulting in faster reaction and improved product yield. To find optimum
loading of catalyst amount and suitable reaction conditions, aryl benzaldehyde (1 mmol),
was allowed to react with 2,4 thiazolidinedione (1 mmol) as model reaction 3c with 0.04 g
TS-1as a catalyst in various solvents; reflux conditions and results are summarized in
Table 1. In the absence of catalyst, the reaction does not proceed to give the product (3c)
even after 60 min, Table 3. However, the same reaction, when carried out with different
amounts of TS-1 catalyst under reflux conditions, has been found to give a reaction with
an excellent yield of product (3c), which indicates a crucial role of TS-1 catalyst in the

completion of reaction (Scheme 1).

Table 1 TS-1 catalyzed synthesis of 5-aryl thiazolinedione derivatives
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Synthesis of 5-aryl thiazolinedione skeleton derivatives

In order to investigate the scope and importance of the present method, substituted
benzaldehydes and 2,4-thiazolidinedione were refluxed under optimum reaction
conditions, and it is observed that there is no significant adverse effect on the yield of
corresponding 5-arylidene-2,4-thiazolidinedione for different substituted benzaldehyde

in a stipulated time (Fig. 1).
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Catalyst activation

The catalyst was separated, washed with acetone and activated by drying at 120 °C for
10 min, before the next catalytic run. Reusability of the catalyst was investigated three
times, and it was found that the catalyst has retained almost consistent activity (Table 1,

entry 3c; Fig. 2).

Fig.2
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Cyclic mechanism

Optimization of reaction conditions

In order to confirm the optimum loading amount of TS-1 catalyst, a variable amount of
catalyst were used for the model reaction, and the results are summarized in Table 2. In
synthesis, aryl aldehyde (1 mmol), 2,4-thiazolidinedione/Rhodanine (1 mmol) was used
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and refluxed with TS-1 (0.04 g) catalyst. Initially, several protic and aprotic solvents with
appropriate time and temperature were screened and the obtained results are
summarized in Table 3 (model reaction 3c). It has been found that in the absence of a
catalyst the reaction did not give satisfactory results of the desired product in a stipulated
time, however, reaction yield is maximum in aqueous solvent. Therefore, further
optimization of catalyst was performed in aqueous medium. It has been found that the
0.04 g, TS-1 catalyst is sufficient for model reaction (3c, Table 1), furthermore,
temperature and time were also optimized, Table 3. Catalytic performances of TS-1
catalyst was compared with another reported method, Table 4.

Table 2 Effect of the amount of TS-1on model reaction 3c

Table 3 Effect of various solvents in the presence of TS-1 catalyst on model reaction 3c

Table 4 Catalytic performance of reported catalysts for the synthesis of 3c

In order to explore the scope and importance of the proposed method, with the optimized
conditions for TS-1, it was tested for the synthesis 5-aryl thiazolidinedione derivatives;

results summarized in Table 1.

Catalyst activation and reusability

Solid TS-1 catalyst is insoluble in most of the solvents, therefore, it is easy to separate
from reaction mixture and recovered by simple filtration, and recovered catalyst was
washed with acetone or any polar solvent and activated at 105 °C under vacuum for
10 min. Reusability of catalyst was further investigated for four successive model

reactions, and iit was found that the catalyst has retained almost consistent activity
(Fig. 3).
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Conclusions

We have developed a straightforward, rapid, and environmentally benign protocol for the
synthesis of 5-arylidine-2,4-thiazolidinediones and 5-arylidne-Rhodanines via titanium
silicate (TS-1) zeolite catalyzed Knoevenagel reaction. It gives excellent yield, catalytic
potency and number of synthetic features, activating both reactants without the
formation of any complexes/by-products, with 92% yields in shorter reaction time. The
used catalyst activation is very simple; just calculation at 105 °C for 10 min and then
recycled four times without much reduction in catalytic activity. These features make the
present protocol more innovative than existing ones. This work will contribute a lot for

further development for the titanium silicate TS-1 solid acid zeolite as catalyst.
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