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Abstract

Background: Tuberculosis is evidently a major health threat among human populations worldwide. The current study
presents the synthesis of new 3-((7-chloroquinolin-4-yl)amino)thiazolidin-4-one analogs (4a–o) as potential Mycobacterium
tuberculosis DNA gyrase inhibitors. DNA gyrase regulates DNA topology in MTB and has been a target of choice for
antibacterial therapy. With this in mind, the synthesized derivatives (4a–o) were subjected to in vitro antitubercular evaluation
by the MABA method and were tested for MTB DNA gyrase inhibition by supercoiling assay.

Results: All the synthesized compounds displayed inhibition of MTB within the MIC range of 1.56–12.5 μM. Further, out of
the selected compounds that underwent DNA gyrase inhibition, compound 4o proved to be a potent lead molecule by
displaying 82% of enzyme inhibition at 1 μM. All the synthesized derivatives also underwent molecular docking studies to
comprehend their hypothetical binding interactions with Mycobacterium smegmatis GyrB.

Conclusion: All the results suggested that most of the synthesized derivatives inhibited Mycobacterium tuberculosis, and
some 3-((7-chloroquinolin-4-yl)amino)thiazolidin-4-one analogs could act as leads for the development of antitubercular
agents.
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Background
Tuberculosis (TB) has single-handedly been successful in
causing major health threats among human populations
worldwide. TB is primarily caused by Mycobacterium tu-
berculosis (MTB) and has been one of the prime killers
among communicable diseases caused by a sole infectious
agent in humans, in their most productive age of 15–49
years. This lethal disease has been steadily devouring mil-
lions of individuals every year causing ill health and death
throughout the globe. According to the Global TB Report

2019 by the World Health Organization, 10 million people
developed TB, and 1.2 million deaths were recorded in the
year 2018 [1–3]. The South-East Asia Region (SEAR) ac-
counts for 41% of the global burden for TB incidence.
India alone has been a host to about one fourth (23%) of
the global TB bases [4]. Thus, the Indian and the global
scenario of the devastating ailment of TB has reached an
alarming stage and needs to be efficiently curbed in order
to ensure a better quality of life for all human mankind.
The current therapy of TB dates back to a few decades

which is at least 40 years old and has resulted in the
rapid emergence of drug-resistant MTB strains. The
first-line and second-line drugs used to treat TB today
are seemingly unsuccessful in reining in this fast-
spreading epidemic [5, 6]. Hence, it is of utmost
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importance to urgently discover alternative drug therapy
with a newer mechanism of action which will aid in con-
trolling the spread of TB. DNA gyrase, which is a type II
DNA topoisomerase, has been an efficient antitubercular
therapy target. It is one of the two DNA topoisomerases
found in MTB. DNA topoisomerases are divided into
two classes according to their mechanism of action, type
I and type II (which cause transient single- and double-
stranded breaks in DNA, respectively). They are classi-
fied as types IA, IB, and IIA, IIB. Each species has at
least one enzyme from each type based on their func-
tions. The MTB genome encodes one of each of type I
and type II (DNA gyrase) topoisomerases. This is an im-
portant feature in the drug discovery process as it pro-
vides a susceptible target for enzyme inhibition. The
function of DNA gyrase is to induce negative supercoil-
ing of DNA, reducing the strain during the unwinding of
DNA. DNA gyrase possesses two GyrA and GyrB sub-
units, making it a heterotetrameric (A2B2) structure.
GyrA subunit contains tyrosine at the active sire re-
quired for cleavage and religation of DNA, while the
GyrB subunit aids in the ATP hydrolysis, providing en-
ergy for the DNA replication process. There are various
studies wherein synthesized quinoline derivatives have
successfully acted as antitubercular agents by inhibiting
DNA gyrase [7–9]. Fluoroquinolones, used as antituber-
cular drugs, are also known to target the GyrA subunit.
However, resistance developed by MTB to these drugs

has affected their efficacy, suggesting that the GyrB do-
main may prove to be an area of opportunity for newer
antitubercular drug discovery [10–12]. Another biologic-
ally important 4-thiazolidinone scaffold has continually
been investigated for the development of newer medi-
cinal agents. Various 4-thiazolidinone derivatives have
prominently displayed their ability to inhibit MTB [13–
16].
Hence, in this context, and in our ongoing conquest of

finding newer drugs for curbing TB [16–19], the present
study was planned to design and synthesize new quin-
oline analogs via molecular hybridization, as antituber-
cular agents targeting MTB DNA gyrase.

Method
Chemistry
General procedure for synthesis of 3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one analogs (4a–o)
The synthesis of target compounds (4a–o) was achieved
via a synthetic procedure as depicted in Scheme 1. The
synthesized hydrazone intermediates (3a–o) (0.015mol)
prepared via known procedure [20] were further refluxed
with thioglycolic acid (0.015 mol) and a catalytic amount
of zinc chloride in N,N-dimethylformamide (20 mL) for
48 h. After cooling, the mixture was poured onto
crushed ice. The precipitate formed was filtered, subse-
quently washed with water, and recrystallized from etha-
nol to yield the title compounds (4a–o).

Scheme 1 Synthesis of target compounds (4a–o). Reagents and conditions: a Absolute ethanol, room temperature, 24 h; b N,N-DMF, zinc
chloride, reflux, 48 h
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Biological evaluation
In vitro antitubercular activity
The antimycobacterial activity was assessed against Myco-
bacterium tuberculosis H37Rv (ATCC 27294) using the
microplate Alamar Blue assay (MABA) method [16, 21].

MTB DNA supercoiling assay
DNA supercoiling assay was carried out using MTB DNA
gyrase via a previously established protocol [22, 23].

Molecular docking studies
The various poses of interactions between the synthe-
sized compounds and receptor protein binding sites
were studied by performing molecular docking accord-
ing to the previously reported process [16].

In silico ADME predictive study
Various ADME parameters of all the synthesized deriva-
tives were calculated by using the QikProp module of
the Schrodinger molecular modeling software. The cal-
culated parameters were compared with the recom-
mended values of the QikProp properties mentioned in
the QikProp User Manual.

Results
Synthesis and spectral data
3-((7-Chloroquinolin-4-yl)amino)-2-(4-
fluorophenyl)thiazolidin-4-one (4a)
Yield: 85%, m.p. 282 °C; IR (KBr, cm−1): 3215 (NH), 2924
(CH stretch of CH2), 1668 (C=O), 1612 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz), 7.30–
7.39 (m, 3H, Ar-H), 7.51 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.84 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.88–7.94 (m, 3H,
Ar-H), 8.26–8.40 (m, 3H, Ar-H), 11.42 (s, 1H, NH)

2-(2-Chlorophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one (4b)
Yield: 61%, m.p. 280 °C; IR (KBr, cm−1): 3230 (NH), 2924
(CH stretch of CH2), 1608 (C=O), 1585 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.75 (s, 1H, CH-Thiaz), 7.28–
7.30 (m, 3H, Ar-H), 7.46 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.74 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.81–7.93 (m, 3H,
Ar-H), 8.30–8.55 (m, 3H, Ar-H), 11.40 (s, 1H, NH)

4-(4-Chlorophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-2-one (4c)
Yield: 67%, m.p. 150 °C; IR (KBr, cm−1): 3232 (NH), 2924
(CH stretch of CH2), 1608 (C=O), 1577 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz), 7.25–
7.33 (m, 3H, Ar-H), 7.49 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.79 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.83–7.89 (m, 3H,
Ar-H), 8.22–8.48 (m, 3H, Ar-H), 11.40 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(2,3-
dichlorophenyl)thiazolidin-4-one (4d)
Yield: 73%, m.p. 300 °C; IR (KBr, cm−1): 3236 (NH), 2904
(CH stretch of CH2), 1664 (C=O), 1618 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.69 (s, 1H, CH-Thiaz), 7.25–
7.33 (m, 3H, Ar-H), 7.45 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.72 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.80–7.87 (m, 3H,
Ar-H), 8.30–8.51 (m, 2H, Ar-H), 11.48 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(2,4-
dichlorophenyl)thiazolidin-2-one (4e)
Yield: 77%, m.p. > 300 °C; IR (KBr, cm−1): 3240 (NH),
2904 (CH stretch of CH2), 1662 (C=O), 1616 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz),
7.49–7.53 (m, 2H, Ar-H), 7.58 (d, 1H, J = 11.2 Hz, CH2-
Thiaz), 7.94 (s, 2H, Ar-H), 8.16 (d, 1H, J = 8.4 Hz, CH2-
Thiaz), 8.46–8.82 (m, 4H, Ar-H), 12.56 (s, 1H, NH)

2-(4-Bromophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one (4f)
Yield: 81%, m.p. 140 °C; IR (KBr, cm−1): 3244 (NH), 2908
(CH stretch of CH2), 1662 (C=O), 1618 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.74 (s, 1H, CH-Thiaz), 7.21-
7.30 (m, 3H, Ar-H), 7.43 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.72 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.80–7.91 (m, 3H,
Ar-H), 8.26–8.51 (m, 2H, Ar-H), 11.52 (s, 1H, NH)

2-(3-Bromo-4-fluorophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one (4g)
Yield: 66%, m.p. 294 °C; IR (KBr, cm−1): 3238 (NH), 2924
(CH stretch of CH2), 1668 (C=O), 1612 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz), 7.28–
7.38 (m, 3H, Ar-H), 7.44 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.76 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.88–7.96 (m, 3H,
Ar-H), 8.28–8.51 (m, 2H, Ar-H), 11.48 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(4-
methoxyphenyl)thiazolidin-2-one (4h)
Yield: 62%, m.p. 260 °C; IR (KBr, cm−1): 3228 (NH), 2895
(CH stretch of CH2), 1670 (C=O), 1612 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.78 (s, 1H, CH-Thiaz), 3.81
(s, 3H, OCH3), 7.01–7.06 (m, 3H, Ar-H), 7.34 (d, 1H, J =
8.8 Hz, CH2-Thiaz), 7.57 (d, 1H, J = 8.4 Hz, CH2-Thiaz),
7.74–7.84 (m, 3H, Ar-H), 8.37–8.48 (m, 3H, Ar-H),
12.56 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(3,4-
dimethoxyphenyl)thiazolidin-4-one (4i)
Yield: 60%, m.p. 130 °C; IR (KBr, cm−1): 3246 (NH), 2893
(CH stretch of CH2), 1610 (C=O), 1550 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.68 (s, 1H, CH-Thiaz), 3.18
(s, 3H, OCH3), 3.34 (s, 3H, OCH3), 7.35–7.44 (m, 2H,
Ar-H), 7.56 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.82 (d, 1H, J
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= 8.8 Hz, CH2-Thiaz), 7.89–8.05 (m, 3H, Ar-H), 8.33–
8.52 (m, 3H, Ar-H), 12.42 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(3,4,5-
trimethoxyphenyl)thiazolidin-2-one (4j)
Yield: 50%, m.p. 280 °C; IR (KBr, cm−1): 3226 (NH), 2929
(CH stretch of CH2), 1651 (C=O), 1608 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.72 (s, 1H, CH-Thiaz), 3.71
(s, 3H, OCH3), 3.86 (s, 6H, OCH3), 7.34 (d, 1H, J = 8.0
Hz, CH2-Thiaz), 7.38 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.51–7.98 (m, 4H, Ar-H), 8.33–8.44 (m, 3H, Ar-H),
11.56 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(4-
nitrophenyl)thiazolidin-4-one (4k)
Yield: 61%, m.p. > 300 °C; IR (KBr, cm−1): 3334 (NH),
2937 (CH stretch of CH2), 1614 (C=O), 1577 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.75 (s, 1H, CH-Thiaz),
7.37–7.49 (m, 3H, Ar-H), 7.54 (d, 1H, J = 8.8 Hz, CH2-
Thiaz), 7.81 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.90–8.10 (m,
3H, Ar-H), 8.38–8.62 (m, 3H, Ar-H), 11.56 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(4-
hydroxyphenyl)thiazolidin-2-one (4l)
Yield: 62%, m.p. > 300 °C; IR (KBr, cm−1): 3192 (NH),
2958 (CH stretch of CH2), 1697 (C=O), 1608 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.72 (s, 1H, CH-Thiaz),
6.82–7.21 (m, 4H, Ar-H), 7.42 (d, 1H, J = 7.6 Hz, CH2-
Thiaz), 7.60 (d, 1H, J = 8.0 Hz, CH2-Thiaz), 8.19–8.52
(m, 5H, Ar-H), 9.82 (s, 1H, OH), 11.01 (s, 1H, NH)

4-(3-((7-Chloroquinolin-4-yl)amino)-2-oxothiazolidin-4-
yl)benzonitrile (4m)
Yield: 58%, m.p. > 300 °C; IR (KBr, cm−1): 3228 (NH),
2858 (CH stretch of CH2), 1664 (C=O), 1610 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz),
7.43 (d, 1H, J = 7.8 Hz, CH2-Thiaz), 7.47–7.95 (m, 4H,
Ar-H), 8.10 (d, 1H, J = 8.4 Hz, CH2-Thiaz), 8.53–8.95
(m, 5H, Ar-H), 12.20 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(4-
(dimethylamino)phenyl)thiazolidin-4-one(4n)
Yield: 60%, m.p. 195 °C; IR (KBr, cm−1): 3219 (NH), 2899
(CH of CH2), 1664 (C=O), 1608 (C=N); 1H-NMR (400
MHz; DMSO-d6): δ = 2.72 (s, 1H, CH-Thiaz), 3.24 (s,
6H, CH3), 6.75–7.33 (d, 4H, J = 8.0 Hz, Ar-H), 7.48 (d,
1H, J = 8.8 Hz, CH2-Thiaz), 7.61 (d, 1H, J = 8.8 Hz, CH2-
Thiaz), 7.87–8.47 (m, 5H, Ar-H), 11.91 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(thiophen-2-
yl)thiazolidin-4-one (4o)
Yield: 67%, m.p. > 300 °C; IR (KBr, cm−1): 3192 (NH),
2897 (CH stretch of CH2), 1618 (C=O), 1570 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.78 (s, 1H, CH-Thiaz),

6.83–7.02 (m, 3H, Ar-H), 7.38 (d, 1H, J = 8.8 Hz, CH2-
Thiaz), 7.65 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.70–7.82
(m, 3H, Ar-H), 8.38–8.56 (m, 3H, Ar-H), 11.82 (s, 1H,
NH)

Discussion
Chemistry
Various new quinoline-thiazolidinone analogs (4a–o)
were synthesized via a two-step process wherein, firstly,
7-chloro-4-hydrazinylquinoline (1) underwent condensa-
tion at room temperature with different substituted
aromatic aldehydes (2a–o) in the presence of absolute
ethanol to yield substituted hydrazone intermediates
(E)-4-(2-benzylidenehydrazinyl)-7-chloroquinolines (3a–
o) [20]. The subsequent reaction step yielded the target
compounds (4a–o) via cyclization between the hydra-
zone intermediates (3a–o) and thioglycolic acid in
N,N-dimethyl formamide (DMF) and zinc chloride
(Scheme 1). All the synthesized analogs underwent
characterization by FTIR and 1H-NMR spectroscopy. It
was observed that the IR spectral data displayed absorp-
tion bands around 3201–3236 cm−1 which were attribut-
able to the hydrazinyl NH group. Characteristic peaks
for the thiazolidinyl CH of CH2 were observed in the
range of 2858–2929 cm−1. The IR spectra also indicated
peaks around 1664 cm−1, allocated to C=O group and
between 1608 cm−1 and 1618 cm−1 which were attrib-
uted to the C=N group. Furthermore, all the synthesized
derivatives underwent proton NMR spectral studies. It
was evident from the NMR spectra that a singlet signal
appeared around 2.72 ppm, which was attributed to the
CH proton at the C-2 position in the thiazolidinyl ring.
The characteristic peaks of thiazolidinone CH2 protons
at the C-5 position were observed as doublet signals in
the range of 7.34–7.58 and 7.72–8.16 ppm. Moreover,
the NMR spectral data illustrated the presence of a sing-
let signal which resonated at around 11.01–12.56 ppm,
attributable to the hydrazinyl NH proton.

Biological activities
In vitro antitubercular activity
The synthesized derivatives (4a–o) underwent in vitro
antitubercular screening against Mycobacterium tubercu-
losis H37Rv (ATCC 27294) by the MABA method [16,
21]. The antimycobacterial evaluation results are sum-
marized in Table 1 and expressed in terms of minimum
inhibitory concentration (MIC). The standard drugs
used were ethambutol, pyrazinamide, and ciprofloxacin.
It was observed that all the synthesized derivatives ex-
hibited significant antimycobacterial potency within the
MIC range of 1.56–12.5 μM. On further structure-
activity relationship study, it was seen that the difference
in the MIC values of the derivatives was a result of the
different substitutions on the phenyl ring attached to the
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C-2 position of the thiazolidinone ring structure. Among
the fifteen synthesized analogs, compounds 4e, 4g, 4n,
and 4o were the most potent with a MIC of 1.56 μM.
The above four analogs displayed better activity as com-
pared to the standard drugs pyrazinamide and ciproflox-
acin (MIC = 3.12 μM). It may be attributed to the
presence of two electronegative chloro (-Cl) groups at
ortho and para positions of the benzyl ring in compound
4e and the presence of bromo (-Br) group at the meta
position and fluoro (-F) group at the para position of the
benzyl ring in compound 4g. Compound 4n contains a
benzyl ring with dimethyl amino substitution at the ben-
zyl ring para position whereas compound 4o possesses a
2-thiophene substituent instead of the phenyl ring at-
tached to the C-2 position of the thiazolidinone ring
structure. Further, compound 4f was shown to inhibit
MTB at a MIC of 3.12 μM. This comparatively lowered
activity may be due to the presence of a bromo substitu-
ent at the para position of the benzyl ring. Compounds
4h and 4i also displayed MTB inhibition at MIC =
3.12 μM. The benzyl ring in compound 4h bears a meth-
oxy group at para position, while the benzyl ring in ana-
log 4i bears two methoxy groups at meta and para
positions. It was thus observed that the activity displayed
by 4f, 4h, and 4i was similar to the MIC displayed by the
standard pyrazinamide and ciprofloxacin (MIC =
3.12 μM). Furthermore, the results revealed that

compounds 4a–c and 4k exhibited moderate MTB in-
hibition at MIC = 6.25 μM. This may be due to the fact
that these compounds contain at least one electronega-
tive group attached at the ortho or para position of the
benzyl ring. Derivative 4a contains a phenyl ring with
4-fluoro substituent, while derivatives 4b, 4c, and 4k
contain 2-chloro, 4-chloro, and 4-nitro substituents,
respectively, on the phenyl ring structure. All the other
derivatives, 4d, 4j, 4l, and 4m, have displayed compara-
tively moderate MIC values at 12.5 μM.

MTB DNA supercoiling assay
DNA gyrase is one of the two topoisomerases that the
MTB genome encodes in order to preserve the DNA
topology. Selected synthesized derivatives were assayed
to analyze the inhibition of DNA Gyr B by DNA gyrase
supercoiling assay [22, 23]. Novobiocin was used as a
standard drug. Assay results revealed that four analogs
4e, 4h, 4n, and 4o displayed inhibition of DNA gyrase at
16%, 36%, 68%, and 82%, respectively, at 1 μM (Fig. 1).
Thus, significant inhibition of the DNA gyrase was
attained at a concentration of 1 μM by the potent com-
pounds 4e, 4h, 4n, and 4o.

Molecular docking studies
Further, all the synthesized derivatives (4a–o) underwent
molecular docking studies in order to analyze the

Table 1 Physical constants, antimycobacterial activity, and docking score of target compounds (4a–o)

Code Ar M.P. (°C) Yield (%) MIC (μM) Docking score

4a 4-Fluorobenzaldehyde 282 85 6.25 − 4.395

4b 2-Chlorobenzaldehyde 280 61 6.25 − 3.891

4c 4-Chlorobenzaldehyde 150 67 6.25 − 3.943

4d 2,3-Dichlorobenzaldehyde 300 73 12.5 − 3.223

4e 2,4-Dichlorobenzaldehyde 308 77 1.56 − 3.945

4f 4-Bromobenzaldehyde 140 81 3.12 − 4.291

4g 3-Bromo,4-fluorobenzaldehyde 294 66 1.56 − 3.771

4h p-anisaldehyde 260 62 3.12 − 4.437

4i 3,4-Dimethoxybenzaldehyde 130 60 3.12 − 3.553

4j 3,4,5-Trimethoxybenzaldehyde 280 50 12.5 − 3.637

4k 4-Nitrobenzaldehyde 300 61 6.25 − 3.573

4l 4-Hydroxybenzaldehyde 312 62 12.5 − 4.533

4m 4-Cyanobenzaldehyde 304 58 12.5 − 4.439

4n p-dimethylaminobenzaldehyde 195 60 1.56 − 3.14

4o Thiophene-2-carbaldehyde 330 67 1.56 − 4.496

Ethambutol – – – 1.56 − 6.245

Pyrazinamide – – – 3.12 − 3.61

Ciprofloxacin – – – 3.12 − 5.913
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binding affinity and binding interactions of the prepared
compounds with the active site of Mycobacterium smeg-
matis GyrB ATPase retrieved from Protein Data Bank
(PDB ID – 4B6C). The study of the different docking
poses has revealed that most of the synthesized analogs
have displayed binding interactions and a varied docking
score with various amino acid residues of the receptor
molecule (Fig. 2).
The standard drugs ciprofloxacin, pyrazinamide, and

ethambutol are well bound to the receptor molecule by
different interactions and docking scores of − 6.245,
− 3.61, and − 5.913, respectively. Docking scores of all
the synthesized derivatives lie between − 3.14 and
− 4.533 (Table 1). Most of the synthesized derivatives
display a better docking score as compared to the stand-
ard drugs. Compounds 4a, 4b, 4g, 4h, 4k, and 4l have
displayed a pi-cation interactions with amino nitrogen of
ARG 82 (Pi-cation interaction --- NH:ARG 82) and
docking scores of − 4.395, − 3.891, − 3.771, − 4.437,
− 3.573, and − 4.533, respectively. Analogs 4c and 4e
have shown a halogen bond between chlorine and amino
hydrogen of ARG 141 residue (4c:Cl --- HN:ARG 141,
4e:Cl --- HN:ARG 141). A hydrogen bond was formed
between amino hydrogen of compound 4d and oxygen
of ASN 52 residue (4d:NH --- O:ASN 52). Derivative 4f
displayed a hydrogen bond between its amino hydrogen

and oxygen atom of GLN 102 residue (4f:NH --- O:GLN
102), while derivative 4h has formed a hydrogen bond
between its oxygen and amino hydrogen of ARG 141
amino acid residue (4h:O --- HN:ARG 141). It was also
observed that an oxygen atom from the nitro group in
analog 4k was bound to the amino groups in ARG 141
and ARG 82 residues (4k:O --- HN:ARG 141, 4k:O ---
NH:ARG 82). Further, the hydroxyl group from com-
pound 4l and cyano group from compound 4m dis-
played bond formation with amino group found in ARG
141 residue (4l:HO --- HN:ARG 141, 4m:CN --- HN:
ARG 141). Also, derivative 4n exhibited a hydrogen
bond between its amino nitrogen and oxygen atom of
ASN 52 (4n:HN --- O:ASN 52), and another hydrogen
bond between its quinolinyl nitrogen and amino hydro-
gen of GLY 83 (4n:N --- HN:GLY 83).

In silico ADME predictive study
In addition, various ADME parameters of the synthe-
sized derivatives were calculated to better understand
the effect of physicochemical and pharmacokinetic prop-
erties on their bioavailability in human bodies [24, 25].
The results (Table 2) displayed that the synthesized de-
rivatives had good oral bioavailability as none of the
compounds (4a–o) violated Lipinski’s rule of five (RoF)
and most of the derivatives showed 100% of human oral

DNA Supercoiling Assay

4e 4h 4n 4o Novobiocin
0

25

50

75

100

16

36

68

82

100
in
h
ib
it
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n

Fig. 1 DNA supercoiling assay results
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absorption (HOA). Each synthesized analog displayed
better oral absorption values as compared to the stand-
ard drugs ciprofloxacin, pyrazinamide, and ethambutol.
Further, the lipophilicity (QPlog Po/w) and aqueous
solubility (QPlogS) values of all the derivatives were
within the permissible range. Partitioning through the
blood-brain barrier (BBB) which was found to be within
the recommended values of − 3.0 to 1.2 and a good score
(> 500) of the predicted MDCK cell permeability (QPP
MDCK) values for most of the synthesized compounds
implied that the synthesized analogs have a potency to
penetrate the BBB. In addition, a good amount of

intestinal absorption was displayed by a majority of the
compounds with better Caco-2 cell permeability
(QPPCaco) values. Thus, the results demonstrated that
the synthesized derivatives possessed acceptable values
of pharmacokinetic and physicochemical parameters and
could be considered as potent lead molecules with good
membrane permeability and oral bioavailability.

Conclusion
We have demonstrated the synthesis 3-((7-chloroquino-
lin-4-yl)amino)thiazolidin-4-one analogs (4a–o) and re-
ported their in vitro MTB H37Rv inhibition potential.

Fig. 2 Docking poses of compounds 4e, 4h, and 4n with GyrB ATPase domain of M. smegmatis
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Results evidenced that compounds 4e, 4g, 4n, and 4o ex-
hibited potent antimycobacterial activity (MIC of
1.56 μM). DNA gyrase inhibition assay revealed that com-
pound 4o exhibited 82% of DNA gyrase inhibition at
1 μM. Moreover, computational screening study results
also substantiated our findings that some of the newly
synthesized 3-((7-chloroquinolin-4-yl)amino)thiazolidin-
4-one derivatives could prove to be promising lead mole-
cules for the development of antitubercular agents.
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