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V. Rukyanaik' - Rama Krishna Gamidi? - Jyothi Kumari® - Dharmarajan Sriram? - Srinivas Basavoju’

Received: 2 February 2024 / Accepted: 19 March 2024
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2024

Abstract

A simple and effective three-component one-pot green methodology was employed for the synthesis of a new thiazolidine-
2,4-dione based bisspirooxindolo-pyrrolidine derivatives using [Bmim]BF, ionic liquid via [3 4+ 2] cycloaddition reaction.
It is an environmentally benign, column chromatography-free, shorter reaction time, good yield and easy product isolation
method. The synthesized compounds 10a—x, were thoroughly characterized by using various spectroscopic methods like
FT-IR, 'H NMR, *C NMR, Mass spectrometry and finally by single crystal X-ray diffraction method. In vitro anti-tubercular
(anti-TB) activity studies were carried out on these synthesized compounds, and they showed good to moderate anti-TB
activity against Mycobacterium tuberculosis H37Rv strain. The compound 10a exhibited good anti-TB activity, with an MIC
(Minimum Inhibitory Concentration) value of 12.5 pg/mL, and the compounds 10m, 100 and 10r showed moderate activ-
ity with an MIC value of 25.0 ug/mL. Remaining compounds exhibited poor activity against Mycobacterium tuberculosis.
Ethambutol, rifampicin and isoniazid were used as standard drugs. Furthermore, in silico molecular docking experiments
on the TB protein (PDB ID: 1DF7) were carried out to understand the binding interactions, and they showed least binding
energy values ranging from —8.9 to —7.2 kcal/mol.

Keywords Thiazolidine-2,4-dione based bisspirooxindolo-pyrrolidines - Green synthesis - [Bmim]|BF, - [3+2]
cycloaddition reaction - Anti-TB activity - Molecular docking

Introduction

Tuberculosis (TB) is an infectious disease caused by the
aerobic bacterium Mycobacterium tuberculosis. It ranks
as the 13th leading cause of death globally and the sec-
ond most dangerous infectious disease after COVID-19. A
report from the World Health Organization (WHO) in 2023
revealed that, globally, TB incidence continued to rise with
10.6 million new cases reported in 2022, an increase from
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10.3 million in 2021 and 10.0 million in 2020. TB has more
impact than HIV with 1.13 million deaths in HIV-negative
individuals in 2022, almost double the number of deaths
from HIV/AIDS, which continued to decline to 0.63 million
in 2022. Additionally, there were 0.17 million TB-related
deaths in people with HIV [1, 2]. The current treatment for
TB is known as directly observed treatment short course
(DOTS), which involves a combination of first-line anti-TB
drugs such as isoniazid, rifampicin, pyrazinamide and eth-
ambutol. This treatment regimen lasts for a minimum of
6 months [3, 4]. However, extended treatment can lead to
negative consequences, including complications from the
drug treatment plan, lack of compliance and hepatotoxicity
[5]. Moreover, the emergence of drug-resistant TB strains,
including multidrug-resistant (MDR) and extensively drug-
resistant (XDR) TB, presents additional challenges for effec-
tively treating the disease [6, 7]. Hence, it is imperative to
develop novel anti-TB drugs that possess high effective-
ness, low toxicity levels, and the capacity to enhance the
current treatment approach. These agents should also feature
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innovative mechanisms of action and prove effective against
MDR and XDR TB strains [8—10].

The biological activity and physical characteristics of
natural and synthesized compounds having core structure
of oxindole or spirooxindole pose an interesting synthetic
challenge. For the past few decades, there has been a steady
growth in the number of papers pertaining to the synthesis
of spirocyclic oxindoles [11, 12]. Bisspirooxindoles become
popular synthetic targets because of their diverse pharmaco-
logical properties [13, 14]. There are many bioactive natural
compounds that include spirooxindoles such as coerulescine,
horsfiline [15], spirotryprostatin A, welwitindolinone A, ela-
comine and alstonisine [16, 17]. It has also been discovered
that the synthetic spirooxindoles exhibit a variety of phar-
macological features, including progesterone receptor modu-
lators, anti-HIV, anti-cancer, anti-TB, anti-malarial, and
mouse double minute 2 (MDM?2) inhibitors Fig. 1 [18-20].

Thiazolidine-2,4-diones, including rosiglitazone, piogl-
itazone, and ciglitazone, belong to the class of insulin-
sensitizing drugs. Apart from their widely recognized anti-
diabetic properties, various studies, both in vitro and in vivo,
have revealed their potential antibacterial, anti-cancer and
antifungal activities [21-31]. Heterocyclic compounds are
particularly valuable in medicinal chemistry due to their
established efficacy. Some examples of effective anti-
diabetic agents used in type 2 diabetes treatment include
pyrazole, 1,3,4-oxadiazoles, 1,2,3-triazole [32], furan [33],
thiazolidine-2,4-dione [34], thiazole, benzothiazole [35],
pyrrole, indole [36], benzoxazolone, and oxazolone [37].
Thiazolidine-2,4-diones (TZD’s) are oral anti-diabetic drugs
that help to enhance insulin sensitivity, contributing to the
management of type-2 diabetes [38].

Multi-component reactions (MCR’s) are widely used
in chemical and pharmaceutical combinatorial chemistry
[39]. They combine multiple reactions in a single step to
create organic compounds, eliminating the need for isolating

Fig. 1 Representative spirooxin-
doles and thiazolidinone deriva-
tives that are biologically active
in the literature
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intermediates and reducing waste, labor, time and cost [40].
MCR’s are eco-friendly and well-suited for constructing
complex molecules from easily available starting materi-
als. They are highly effective in generating compound
libraries for screening, known for their high productivity,
simple procedures, atom economy and ease of execution.
By forming multiple covalent bonds in one-pot transforma-
tions, MCR’s enable the creation of diverse and complex
molecules, approaching the concept of an ideal synthesis.
MCR with green chemistry condition has emerged as an
essential tool in synthetic chemistry, achieved through the
use of eco-friendly solvents, reusable catalyst and non-toxic
substances [41]. Ionic liquids have garnered significant
attention in green synthesis due to their numerous advan-
tages. These green solvents possess catalytic properties, are
easily recyclable, and exhibit chemical and thermal stability,
allowing for controlled reactions with shorter reaction time
and high yields. Consequently, they became a highly desir-
able option for the development of green synthetic methods
[42]. Therefore, in this paper, we report a three-component,
one-pot, environmentally benign synthesis of thiazolidine-
2,4-dione-based bisspirooxindolo-pyrrolidine derivatives
(Fig. 2). This innovative approach involves the use of the
ionic liquid [Bmim]BF, in [3 + 2] cycloaddition reaction,
leading to the formation of these unique compounds. While
there were no literature reports on the anti-TB activity of
thiazolidine-2,4-dione-based bisspirooxindolo-pyrrolidines,
additionally, we investigated their in vitro and in silico anti-
TB activity.

Results and discussion
The title compounds were synthesized using thiazolidine-

2,4-dione based phenyl benzamide substituted chalcones
(dipolarophile) 7a—m, isatin 8a—c and sarcosine 9. The
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Fig.2 Design strategy for the
synthesis of thiazolidine-2,4-di-
one based bisspirooxindolo-
pyrrolidines
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starting material thiazolidine-2,4-dione 1, was synthesized
using a previously reported method [50]. The Knoevenagel
condensation products 3a-k and N-substituted thiazolidine-
2,4-dione chalcones Sa-k were prepared in accordance
with the literature [51]. Previous X-ray diffraction studies
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were demonstrated that the (Z)-5-benzylidenethiazolidine-
2,4-dione moiety in 3a-k exclusively provided ‘Z’ geometry
shown in Fig. 3 [52, 53].

The intermediate 7a-m were synthesized through an
amide coupling reaction between thiazolidine-2,4-dione
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Fig.3 Synthesis of intermediate 7a—m. (a) piperidine (20 mol%), ethanol, reflux 4 h. (b) K,CO; (2 eq), acetonitrile, reflux 48-72 h. (¢) acid
Sa-k (1.0 eq), HBTU (1.2 eq), DIPEA (1.5 eq) and DMF at room temperature 6—8 h
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chalcones Sa-k and various substituted anilines 6a—c. The
amide coupling reaction was conducted at room temperature
for 6-8 h using HBTU, DIPEA and DMF as the solvent. This
synthetic procedure resulted in the formation of intermediate
7a—m with good yields (85-90%) in Fig. 3.

In order to synthesize the target compounds 10a-x, we
initially examined the [3 4 2] cyclization reaction with inter-
mediate 7e, and an azomethine ylide was generated in situ
by the reaction of isatin 8a and sarcosine 9, to give target
compound 10e. Table 1 display the results of the optimiza-
tion process for the compound 10e. Initially, the reaction was
carried out in ethanol solvent at room temperature, but even
after 12 h, the reaction was not completed. Subsequently,
the reaction was conducted in ethanol under reflux condi-
tion for 6-8 h. As a result, compound 10e was successfully
formed with a significant yield of 80%. Furthermore, we
explored the use of various solvents to enhance the yield and

investigate the influence of the solvent on reaction time. The
experimental process involved conducting the reactions in
different solvents, such as EtOH, MeOH, CH;CN, DMF, and
THF (Table 1, entry 1-10). We performed the reactions in all
of these solvents at room temperature as well as under reflux
condition, but no improvement in the yield was observed and
time of the reaction was also not satisfactory.

However, as part of our effort towards adopting green
methodologies, we attempted to utilize an ionic liquid
[Bmim]BF, as a catalyst and ethanol as the solvent. The
reaction was conducted at both room temperature as well as
reflux to optimize the reaction conditions. Notably, we were
able to obtain the compound 10e with a remarkable yield
96% at reflux condition in just 30 min (Table 1, Entry 12).
This condition was considered as the most optimized for the
synthesis of bisspirooxindolo-pyrrolidines 10a-x, compared
to the other conditions.

Table 1 Optimization of reaction parameters for synthesis of the title compound 10e”
m "0 )
M¢ Tonic llqu1d N
+ H
Solvent
o Experimental
g © condition
(0] _N

N " Me JJ\OH

H

8a 9
Entry Solvent [Bmim]BF, Time (hr) Temperature Yield (%)h
1 EtOH - 12 RT 62
2 EtOH - 6 Reflux 80
3 MeOH - 12 RT 48
4 MeOH - 12 Reflux 68
5 CH,CN - 12 RT 20
6 CH;CN - 12 Reflux 40
7 DMF - 12 RT 32
8 DMF - 12 100 °C 50
9 THF - 12 RT 25
10 THF - 12 Reflux 48
11 EtOH [Bmim]BF, (50 mol%) 5 RT 85
12 EtOH [Bmim]BF, (50 mol%) 0.5 Reflux 96
13 EtOH [Bmim]BF, (25 mol%) 1 Reflux 90
14 EtOH [Bmim]BF, (60 mol%) 0.5 Reflux 96

RT room temperature

“Reaction conditions: Chalcone 7e (1.0 eq.), Isatin 8a (1.2 eq.), Sarcosine 9 (1.2 eq.), [Bmim]BF, (50 mol%) and Ethanol 4 mL

bIsolated yield. The reaction condition that was highlighted in bold represents the most finely optimized approach
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Scheme 1 The plausible reaction mechanism for the synthesis of target compound 10a

Fig.4 ORTEDP representation of the compound 10u. The thermal ellipsoids were drawn at 50% probability level

The results obtained from our study suggest that [Bmim]
BF, could be an effective and suitable medium for pro-
moting reactions. The reaction conditions were tested for
their substitution tolerance, and it was found that the sub-
stituted isatins 8a—c and various substituted dipolarophiles
7a-m reacted efficiently, resulting in the synthesis of new
thiazolidine-2,4-dione based bisspirooxindolo-pyrrolidine
derivatives 10a-x. The title compounds were synthesized
with impressive yield of 87-96% within a reaction time of
just 30—60 min (Table 2, Entry 1-24). Our results demon-
strate the clear advantages of this green protocol, achieving
increased productivity within shorter reaction time and facil-
itating straightforward separation processes. These findings
highlight the potential of ionic liquids as promising solvents
for sustainable and eco-friendly chemical processes, which
can revolutionize the way chemical reactions are carried out
and promote a greener future for the chemical industry.

The reaction mechanism involved in the synthesis of
target compounds 10a—x in the presence of [Bmim]BF, is
depicted in Scheme 1. The ionic liquid serves as a catalyst,
promoting the polarization of the n-bond in the carbonyl
group of molecules through the interaction with its electron-
deficient hydrogen atom [54-57]. This polarization facili-
tates the reaction with isatin 8a and sarcosine 9, leading to
the elimination of H,O and the formation of intermediate 11.
Furthermore, intermediate 11 undergoes CO, elimination to

@ Springer

form the highly reactive azomethine ylide 12. The [Bmim]
BF, molecules also establish hydrogen bonds with the car-
bonyl group of the dipolarophiles. Due to this hydrogen
bonding, [Bmim]BF, promotes the activation of the adjacent
double bond, resulting in cyclization with the azomethine
ylide and the production of the target compounds 10a-x.

A series of compounds 10a—x were synthesized and char-
acterized thoroughly using various analytical techniques;
FT-IR, 'H NMR, °C NMR, Mass spectrometry and single-
crystal X-ray diffraction. For instance, we observed char-
acteristic bands in the IR spectrum of the compound 10e,
at 3408 and 3353 cm™! for the N-H stretching frequencies
of oxindole and phenyl benzamide moieties, respectively.
The carbonyl stretching frequencies at 1754, 1696, 1678 and
1656 cm™! belonging to thiazolidine-2,4-dione, isatin moiety
and phenyl benzamide respectively. In the 'H NMR spec-
trum of compound 10e, we detected peaks at § 4.68—4.55
(m, 2H) for the —CH, protons attached to the thiazolidine-
2,4-dione ring, 6 4.48-4.44 (m, 1H) for the —CH proton in
the pyrrolidine ring, 6 3.92 (t, J=9.6 Hz, 1H), and 6§ 3.48 (t,
J=8.4 Hz, 1H) for the two diastereotopic protons (~CH,) in
the pyrrolidine ring. In the '*C NMR spectrum, we identified
peaks at 6 177.08 ppm, 6 175.31 ppm, 6 169.69 ppm, and 6
165.62 ppm for the carbonyl carbon of oxindole, thiazoli-
dine-2,4-dione and phenylbenzamide moieties respectively.
The peaks at 6 79.49 ppm and 6 73.37 ppm corresponded to
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Table 3 In vitro anti-tubercular activity of the target compounds 10a—
X

Entry Compound MIC (pg/mL)
1 10a 12.5

2 10b >25

3 10c >25

4 10d >25

5 10e >25

6 10f >25

7 10g >25

8 10h >25

9 10i >25

10 10 >25

11 10k >25

12 101 >25

13 10m 25

14 10n >25

15 100 25

16 10p >25

17 10q >25

18 10r 25

19 10s >25

20 10t >25

21 10u >25

22 10v >25

23 10w >25

24 10x >25

25 Ethambutol 1.56(ug/mL)
26 Rifampicin 0.1(ug/mL)
27 Isoniazid 0.05(ug/mL)

The compounds demonstrating favourable activity were highlighted
in bold

the two spiro carbons of oxindole and thiazolidine-2,4-di-
one moieties. We confirmed the presence of spiro carbons
by their absence in the DEPT-135 NMR spectrum, while
these characteristic peaks appeared with negative signs in
the '>C-APT (Attached Proton Test) NMR experiment for
compound 10e. The molecular ion peak at m/z 603.2064
[M +H]* in the mass spectrum verified the molecular weight
of compound 10e. Further, 13C NMR of the fluoro com-
pound 10k shows coupling constant (:3C—'°F) at various
chemical shift values are: at 5 175.84 (!Jop=241 Hz), 6
117.93 (*Jop=24 Hz), 6 114.86 (*Jz=25 Hz), 5 111.83
(Jop=8 Hz) and & 124.82 (*J =4 Hz). Moreover, SCXRD
data of the compound 10u (CCDC: 2,330,413) authenticates
the structure and regiochemistry of the synthesized com-
pounds (Fig. 4).

Anti-tubercular activity
of bisspirooxindolo-pyrrolidines 10a-x.

In this study, the desired compounds 10a—x were tested
in vitro anti-TB screening against M. tuberculosis H37Rv
strain (ATCC27294) using the microplate alamar blue assay
(MABA) method [58]. The aim was to determine the mini-
mum inhibitory concentration (MIC) values of the com-
pounds 10a—x and compare them with the MIC values of
standard drugs ethambutol, rifampicin and isoniazid. The
results were summarized in Table 3, which provides the
MIC values for each compound and the reference drugs.
The MABA method is a reliable and widely used approach
for evaluating the anti-TB activity of compounds, allowing
for efficient screening and comparison of their effectiveness
against the target pathogen. When compared to first-line
anti-TB drugs, compounds 10a-x demonstrated good to
moderate activity against M. tuberculosis with MIC values
ranging from 12.5 to>25 ug/mL. Notably, the compound
10a exhibited good activity with an MIC value of 12.5 pg/
mL, when compare to the standard drugs such as isoniazid,
rifampicin and ethambutol. On the other hand, compounds
10m, 100, and 10r displayed moderate activity with an MIC
value of 25 pg/mL. However, the remaining compounds
showed poor activity against M. tuberculosis. These results
highlight the effectiveness of the compounds 10a, 10m, 100
and 10r in inhibiting the growth of the TB bacteria.

Structure activity relationship (SAR) studies

Structure—activity relationship (SAR) studies suggest that
the anti-TB activity of the title compounds was influenced
by electron-donating or electron-accepting capabilities of
phenyl ring substituents, as well as structural changes. A
simple phenyl ring presence demonstrates good anti-TB
activity, while substitutions such as methyl (—Me), chloro
(—Cl), and bromo (—Br) within the phenyl ring result in
milder anti-TB activity compared to other substitutes. How-
ever, compounds with substitutions on the isatin ring exhibit
poorer activity when compared to unsubstituted isatin. These
findings underscore the significance of substituent groups
on the phenyl ring as donors and acceptors, as well as the
impact of structural alterations on the anti-TB activity of
the compounds.

Molecular docking
To investigate the binding locations and interactions of the

target compounds 10a-x with M. tuberculosis dihydro-
folate reductase (PDB ID: 1DF7), computational molecular
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Table 4 Docking results of the title compounds 10a—x against 1DF7

S.no  Compounds Binding No. of Residues involved in the hydrogen bonding Hydrogen bond length A)
energy (Kcal/ hydrogen
mol) bonds

1 10a -7.8 1 GLN8 2.18

2 10b -7.4 1 LEU131 1.71

3 10c -7.8 2 GLNS, TYR156 2.17,2.37

4 10d -7.4 1 LEU131 1.69

5 10e -8.0 2 GLNS, TYR156 1.98,2.38

6 10f -7.2 2 GLN8, TYR156 2.24,2.04

7 10g -7.6 3 GLNS, TYR156 2.21,2.71,2.10

8 10h -7.3 2 GLNS, TYR156 2.53,2.09

9 10i =79 3 GLN8, GLY37, TYR156 2.11,2.85,2.36

10 10j -8.9 3 ARG32, GLN28, LYS53 2.93,2.77,1.87

11 10k -7.4 1 LEU131 1.74

12 101 -8.2 3 ARG32, GLNS, LYS53 2.93,2.77,1.87

13 10m -7.8 2 GLN8, TYR156 2.07,2.37

14 10n =17 1 LEU131 2.16

15 100 -8.1 2 GLN8, TYR156 2.19,2.35

16 10p -7.6 1 LEU131 1.68

17 10q =73 1 GLN8 2.33

18 10r =79 2 GLN8, TYR156 2.19,2.39

19 10s -8.1 2 GLN8, TYR156 2.12,2.38

20 10t =73 1 GLY137 2.79

21 10u -8.6 2 GLY137, TYR156 2.32,2.13

22 10v -7.6 1 TYRI156 2.09

23 10w -7.4 2 GLNS, THR139 2.16,2.62

24 10x -1.7 2 GLNS, TYR156 2.10, 2.31

25 Ethambutol —4.5 1 ALA7 1.85

26 Rifampicin =77 2 ARGI121, LEU131 2.77,2.29

27 Isoniazid -5.4 5 ALA7, ILES, ILE94 2.24,2.39,2.71, 2.09, 2.74

M.tb.DHFR inhibitors

28 Methotrexate ~ —9.1
29 Trimethoprim  —6.9

=

ASP27, GLY18, GLY96, ILES, ILE94, THR46

ASP27, SER49

1.97,2.18,2.77,2.48, 2.49, 2.49, 2.96
2.15,2.23

Fig.5 The binding interactions
between compound 10j and the
active sites of Mycobacterium
tuberculosis protein (PDB ID:
1DF7)
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Fig.6 The binding interactions
between compound 10u and the
active sites of Mycobacterium
tuberculosis protein (PDB ID:
1DF7)

docking studies were conducted using the AutoDock
Tools software version 1.5.6 [59]. The in silico investiga-
tions revealed favourable binding energies (lowest binding
energies) of the active molecules with the desired protein,
with values ranging from —8.9 to —7.2 kcal/mol. Among
them, compound 10j exhibited the lowest binding energy of
—8.9 kcal/mol by interacting with the three amino acid resi-
dues ARG32 (2.93 A), GLN28 (2.77 A) and LYS53 (1.87 A)
of the protein 1DF7 through hydrogen bonding with car-
bonyl oxygen atoms of thiazolidine-2,4-dione, benzamide
and oxindole moieties respectively.

Similarly, compound 10u displayed a least binding
energy of —8.6 kcal/mol by interacting with the amino acid
residues GLY 137 (2.32 A) and TYR156 (2.13 A) through
hydrogen bonding with the carbonyl oxygen atoms ben-
zamide and thiazolidine-2,4-dione moieties respectively.
Table 4 shows the complete hydrogen bonding patterns of
the title compounds, reference drugs and standard M.tb.
DHFR inhibitors with protein 1DF7, while ligand inter-
actions of the compounds 10j and 10u were depicted in
Figs. 5 and 6 respectively. Further, the docking studies of
the synthesized compounds were compared with the stand-
ard drugs ethambutol, rifampicin and isoniazid. When
compared to these standard drugs, most of the synthesized
compounds show least binding energies. Notably, the bind-
ing energies and hydrogen bonding interactions observed
in the docking study aligned well with the results obtained
from the in vitro anti-TB investigations.

In addition, we have also compared the docking studies
of the synthesized compounds with standard M.tb.DHFR
inhibitors such as methotrexate and trimethoprim. Metho-
trexate exhibited the lowest binding energy of —9.1 kcal/
mol and formed seven hydrogen bonds with amino acid resi-
dues ASP27 (2.48 A), GLY18 (2.18 A), GLY96 (2.96 A),
ILE5 (2.49 A), ILE94 (2.49 A) and THR46 (1.92, 2.77 A).
Trimethoprim, on the other hand, demonstrated a binding

energy of —6.9 kcal/mol and formed two hydrogen bonds
with amino acid residues ASP27 (2.15 10\) and SER49
(2.23 A) (Table 4, entry 28 and 29). These results indicate
that the target compounds show least binding energies and
they are comparable with the M.tb.DHFR inhibitors.

ADME prediction

The ADME (absorption, distribution, metabolism, excre-
tion) provides an easy path to know and identify mole-
cules of drugs of the required therapeutic dose maintain-
ing a high safety profile. In addition to it, the risk of drug
failure in the final stages of clinical trials can be reduced
by in silico prediction of pharmacokinetic parameters
[60]. Table 5. represents the ADME prediction results
of synthesized compounds.

Lipophilicity was examined by LogP which was actu-
ally the estimation of octanol/water partition coefficient.
Predicted lipophilicity values were ranging from 1.96 to
4.45 which revealed good lipophilicity of the compounds.
The expected aqueous solubility (LogS) values for syn-
thesized compounds varies from —5.70 to —8.05, indicat-
ing moderate solubility in aqueous media due to presence
of lipophilic groups. Apart from LogP and LogS values,
the TPSA (topological polar surface area) values indicate
compounds having moderate bioavailability. The result
from LogPapp (apparent permeability co-efficient) sug-
gests all the compounds have moderate Caco—2 perme-
ability ranging from —0.205 X 107 to 0.903 x 107°. Good
high human intestinal absorption (HIA: 88.756—100%),
and remarkably high values of the blood-brain partition
coefficient (logBB) indicate favourable pharmacological
activity of the compounds. All the above results suggest
acceptable pharmacokinetic parameters and give us key
to lead molecules for development of potential drugs.
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Conclusion

We have designed and synthesized a new series of bis-
spirooxindolo-pyrrolidines from thiazolidine-2,4-dione
based chalcones and isatin within a single framework. A
green methodology was employed by using [Bmim]BF,
ionic liquid for the synthesis of bisspirooxindolo-pyrrolidine
derivatives 10a—x, under ethanol reflux via [3 + 2] cycload-
dition reaction. This synthetic process has several advan-
tages, including environmental friendly process, column
chromatography free, high yield in a short reaction time and
easy product isolation. The synthesized compounds were
well characterized and determined by FT-IR, '"H-NMR, '*C-
NMR, Mass spectrometry, DEPT-135, APT and SCXRD
method. Further the compounds were investigated for their
in vitro and in silico anti-TB activity. The compound 10a
showed good anti-TB activity 12.5 pg/mL against TB bac-
teria and the compounds 10n, 10p and 10s showed moderate
activity 25.0 pg/mL with respect to standard drugs like eth-
ambutol, rifampicin and isoniazid. The results of the in silico
docking studies of the target compounds were comparable
with the standard drugs and M.tb.DHFR inhibitors. Based on
the in vitro, in silico and ADME predictions, the synthesized
compounds 10a—x were suggested to act as promising phar-
macophores for future generation of anti-TB agents.

Typical procedure for the synthesis of (Z)-4-((5-ben-
zylidene-2,4-dioxothiazolidin-3-yl)methyl)-N-phenylben-
zamide 7a-m [61, 62].

A mixture of (Z)-4-((5-benzylidene-2,4-dioxothiazo-
lidin-3-yl)methyl)benzoic acid Sa-k (1.0 mmol), DIPEA
(1.5 mmol), and HBTU (1.0 mmol) in DMF was stirred at
room temperature for 20 min. Subsequently, aniline 6a—c
(1.2 mmol) was added to the reaction mixture, which was
stirred at room temperature until the reaction was complete
(typically 6-8 h), as confirmed by TLC analysis. After the
reaction was completed, cold water was added, resulting in
the formation of a precipitate. This precipitate was filtered,
followed by recrystallization in methanol to obtain pure
compounds for direct use in the next step.

Typical procedure for the synthesis of title compounds
bisspirooxindolo-pyrrolidines 10a—x.

A mixture of chalcones 7a—m (1.0 mmol), isatin 8a—c
(1.2 mmol), sarcosine 9 (1.2 mmol) and [Bmim]BF,
(50 mol%) was vigorously stirred in ethanol under reflux
condition for 30 min. The progress of the reaction was con-
tinuously monitored using TLC. Once the reaction reached
completion, the reaction mixture was allowed to cool to
room temperature and cold water was added. The resulting
precipitate was then filtered and subsequently recrystallized
in methanol to obtain pure compounds 10a-x.
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