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Abstract:
We have developed, highly efficient, one-pot, solvent-free, [EtsNH][HSO.] catalyzed

multicomponent reaction protocol for the synthesis of 1,3-thiazolidin-4-ones in excellent yields.
For the first time, the 1,3-thiazolidin-4-ones were evaluated in vitro for their antimycobacterial
activity against Mycobacterium tuberculosis dormant MTB H37Ra and M. Bovis BCG strains.
Among the synthesized basic 1,3-thiazolidin-4-ones, particularly the compounds 4c, 4d, 4e, 4f,
4h, 4i and 4j displays promising antitubercular activity along with no significant cytotoxicity

against the cell lines MCF-7, A549 and HCT-116.
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Multicomponent reactions (MCRs) permit rapid access to combinatorial libraries of
complex molecules, particularly in drug discovery. Multicomponent reactions and ionic liquids is
a perfect synergy for eco-compatible heterocyclic synthesis." 1,3-Thiazolidin-4-ones are
important class of compounds due to their biological profiles like antimicrobial,? antitubercular,’
anti-inflammatory,* HIV inhibitors,®> anti-hypertensive,® anticonvulsant,” anti-hepatitis,® anti-

I'* and antiproliferative’® activity. Thiazolones are also

hyperglycemic,® antioxidant,™ antifunga
display promising biological activities.
Owing to the potential importance of a 1,3-thiazolidin-4-ones as a key moiety in life

sciences and pharmaceuticals, various protocols have been developed using various methods and

catalysts such as ZnCl,,*** DCC,*** HBTU,*" [bmim][PF6],** silica gel,*** [BmIm]OH,*f

14h 14i

Hunig's base,*¢ ferrite,*" sodium sulfate," molecular sieves,*¥ nano-Fe;0,@Si0,,**
montmorillonite K-10,"* baker’s yeast,"*™ and DBSA.**" However, most of these methods suffer
from one or more drawbacks such as low yields, long reaction times, harsh reaction conditions or
tedious workup procedures.

Recently, the utility of Acidic Bronsted lonic Liquid (ABIL), particularly
[EtsNH][HSO4]* has received considerable attention because, it is an inexpensive, non-toxic
catalyst as well as solvent for many organic transformations in excellent yields. Very recently,
we have utilized [EtsNH][HSO4] for the synthesis of a-amino-phosphonates in excellent yields.*®
To the best of our knowledge and literature survey, there is no report for the antitubercular
activity of basic skeletons of 1,3-thiazolidin-4-one derivatives and also use of [EtsNH][HSO,] as
catalyst for their synthesis.

In view of the diverse therapeutic activity of 1,3-thiazolidin-4-ones and continuation of

our work on efficient synthesis and bioevaluation of highly functionalized heterocyclic



compounds,” herein, we would like to report a facile synthesis and antitubercular activity of 1,3-
thiazolidin-4-ones against dormant MTB H37Ra and M. Bovis BCG strains for the first time.

The synthesis of 1,3-thiazolidin-4-ones 4a-u via cyclocondensation of Schiff’s base
(obtained in situ from aldehydes and anilines) with thioglycolic acid in the presence of

[EtsNH][HSO4] as catalyst under solvent free conditions is outlined in Scheme 1.
S
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Scheme 1. [EtsNH][HSO,4]-catalyzed synthesis of 1,3-thiazolidin-4-ones 4a-u.

In our initial endeavour, we have performed the reaction of aniline 1la (1 mmol),
benzaldehyde 2a (1 mmol) with thioglycolic acid 3 (1 mmol) using 20 mol% of [EtsNH][HSO,]
at 80 °C in various solvents and solvents-free condition also. According to the study, it has been
found that a solvent-free condition is more efficient over using solvents with respect to the
reaction time and yield of the desired 1,3-thiazolidin-4-one (Table 1).

Again, we have screened the concentration of [EtsNH][HSO,] as a catalyst. In the
absence of catalyst, the desired product 4a was obtained in trace amount (Table S1, supporting
information). After varying the concentration 5, 10, 15, 20 and 25 mol%, the product 4a was
obtained in 40, 62, 85, 94 and 94% vyield, respectively (Table S1, supporting information). It

indicates that, 20 mol% catalyst is suitable for better yield of product 4a.



Table 1

Screening of solvents®

Entry Solvent Yield (%)°
1 EtOH 57
2 MeOH 60
3 H,O 47
4 CH,Cl, 52
5 CH3CN 62
6 THF 50
7 DMF 53°
8 PhMe 66°
9 Solvent-free 94¢

®Reaction conditions: aniline 1a (1 mmol), benzaldehyde 2a (1 mmol), thioglycolic acid 3 (1
mmol) and 20 mol% [EtsNH][HSO,] at reflux temperature of solvents after 30 min. "Isolated

yields. ““Reaction were performed at 120 and 80 °C, respectively.

We have also studied the recyclability and reuse of catalyst [EtsNH][HSO,] for the
subsequent experiments under similar reaction conditions. After completion of the reaction, the
reaction mixture was poured on ice cold water and the product was extracted using ethylacetate
solvent. The filtrate was subjected for evaporation of water to get viscous liquid, which on
cooling afforded ionic liquid. It was then reused at least five consecutive cycles without much
appreciable loss in its catalytic activity. The recyclability data demonstrates the high stability of
the catalyst under the reaction conditions (Table S2, supporting information).

In addition to this, we have also compared the present protocol for the synthesis of 1,3-

thiazolidin-4-ones is better than earlier reported methods (Table 2).



Table 2

Comparison of our results with previously reported data for the synthesis of (4a)

Reaction

Entry Catalyst o Time/h Yield® (%) Ref.
condition
1 DCC THF/rt 1 91 14b
2 SiO; DCM/rt 7 78 14e
3 MCM-41 110°C 12 97 14f
4 HCIO,;-SiO, PhMe/100 °C 5 85 18a
5 H,S0,-Si0O; PhMe/100 °C 5 55 18a
6 TfOH-SIO, PhMe/100 °C 5 72 18a
7 Bi(SCH,COOH); 70°C 2 75 18b
8 [EtsNH][HSO.] 80 °C 30 min 94 This work

%Isolated yield.

With this optimized reaction condition, i.e. 20 mol% [EtsNH][HSO,] catalyst at 80 °C for
30 min, we have utilized"® this protocol for the synthesis of highly functionalized 1,3-thiazolidin-
4-ones 4a-u from corresponding aniline 1la-e, aromatic aldehyde 2a-h and thioglycolic acid 3 in
excellent yield (Scheme 1). We have also described the plausible mechanism for the formation
of 1,3-thiazolidin-4-ones 4a-u (Scheme S1, supporting information). This method offers several
advantages like milder reaction condition, shorter reaction time, cleaner reaction, high yield and
simple experimental and isolation procedures, making it an useful route for the synthesis of 1,3-
thiazolidin-4-ones.
Antitubercular activity evaluation of the synthesized 1,3-thiazolidin-4-ones, 4a-u were
determined by measuring growth of inhibition against avirulant strain of dormant MTB H37Ra

(ATCC 25177) and M. bovis BCG (ATCC 35743) in liquid M. pheli medium.



Table 3

In vitro antitubercular activity against dormant MTB H37Ra and M. Bovis BCG

MTB H37Ra M. Bovis BCG
Compounds Structures AntiTBICy AntiTBICsy AntiTBICy Anti TB ICs
(ug/mL) (ug/mL) (ug/mL) (ug/mL)
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F
RP - 0.043+0.15 0.0018 +0.009 0.041+001 0.0016+0.002
INH - 0.075+0.25 0.0025+0.0007 0.045+0.02 0.0023 +0.001

RP: rifampicin; INH: isoniazid.



In a preliminary screening (Table S3 and S4, supporting information ), the
antimycobacterial activity of compounds was assessed at concentrations of 30, 10 and 3 pg/mL
using an established XTT Reduction Menadione assay (XRMA) antitubercular screening

protocol®

using first-line antitubercular drugs rifampicin and isoniazid as reference standards
and the results are presented in Table 3.

The diversely functionalized 1,3-thiazolidin-4-one 4a-u, in particular the compounds 4c,
4f, 4h, 4i and 4j exhibited 1Csp values of 2.2, 5.6, 4.2, 6.8 and 8.9 pg/mL, respectively, against
dormant MTB H37Ra, which indicates that, these may be promising antitubercular agents.
However, the only compound 4h active against M. Bovis BCG strain with 1Cso value 8.7 pg/mL.
These findings inspired us to evaluate their cytotoxicity. Hence, all of the 1,3-thiazolidin-4-one
derivatives 4a-u were evaluated for their cytotoxicity against MCF-7, A549 and HCT-116 cell
lines using in vitro MTT assay** (primary screening data, Table S5-S7, supporting information).
Particularly, the selected compounds 4a, 4c, 4d, 4e, 4f, 4h, 4i, 4j and 4u were found to be non
toxic against cell lines at the maximum concentration evaluated (Table S8, supporting
information).

Again, the most active antitubercular compounds 4a, 4c, 4d, 4e, 4f, 4h, 4i and 4j, were
also evaluated for antibacterial activity against Gram-negative and Gram-positive bacteria. These
compounds does not displays promising antibacterial activity against the tested strains, (Table
S9, supporting information).

In conclusion, highly efficient and safer protocol has been developed for the synthesis of
1,3-thiazolidin-4-ones via one-pot three-component cyclocondensation of anilines, aryl

aldehydes, thioglycolic acid using 20 mol% of [EtsNH][HSO,] as a catalyst in excellent yields.

The synthesized 1,3-thiazolidin-4-ones were evaluated in vitro for their antimycobacterial



activity, cytotoxicity and antimicrobial activity, shows that these compounds are highly selective

towards dormant MTB H37Ra and M. Bovis BCG strains.
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