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INTRODUCTION

Tuberculosis (TB) is a communicable disease which is a
major cause of ill health, one of the top 10 causes of death world-
wide and the leading cause of death from a single infectious
agent (ranking above HIV/AIDS). In 2019, approximately 10
million people developed TB and 1.4 million died [1].  Cough-
ing is one mode of spreading tuberculosis bacteria. The disease
usually affects the lungs (pulmonary tuberculosis), but it can
also affect other parts of the body (extrapulmonary TB). Every
year, nearly 2 million individuals die of tuberculosis and up to
2 billion people have the bacteria in their bodies. Tuberculosis
can be treated through antibiotic regimes and frontline anti-
mycobacterial drugs isonicotinylhydrazine and rifampicin are
being used to treat tuberculosis for at least 50 years [2]. Longer
treatment periods result in lower patient adherence to treatment.
Moreover, failure to discover new classes of antimycobacterial
medications has led to the evolution of drug-resistant Mycobac-
terium tuberculosis strains. These consist of multidrug-resistant
TB, extensively drug-resistant TB and more recently, totally
drug-resistant TB, which are resistant to all currently available
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antibiotics [3]. Therefore, an urgent need has risen to develop
new classes of drug molecules with newer targets and with an
alternative action mechanism [4].

Among heterocyclic compounds, quinoline [5] is the most
ubiquitous heterocyclic aromatic compound and can be applied
in industrial and medicinal processes. Quinolone is alternatively
called 1-azanapthalene and benzo[b]pyridine. Quinoline deriv-
atives can be found in a wide range of natural compounds,
particularly alkaloids. It exhibits similar reactions to pyridine
and benzene and can also participate in both electrophilic and
nucleophilic substitution reactions [6]. This moiety is primarily
utilized as a core template to produce a variety of medications.
In recent years, quinolines and their derivatives have been found
greater consideration because of their varied biological activities
like anti-cancer [7], anti-bacterial [8], anti-inflammatory [9],
antitubercular [10,11], anti-viral properties [12]. Quinoline is
a basic pharmacophore used for the design of antitubercular
agents, like mefloquine, ciprofloxacin, moxifloxacin and beda-
quiline which are already available in the market [13,14]. The
literature survey revealed most of them have hexahydroquino-
line intermediates [15-26] and we tried to synthesize new deri-

https://orcid.org/0000-0003-2917-8024
https://orcid.org/0000-0003-1257-7133
https://orcid.org/0000-0002-2610-8111
https://orcid.org/0000-0002-2085-0606


vatives by reacting hexahydroquinoline intermediates with
benzoyl chloride to form the target compounds hexahydro-
quinolin-2-yl benzamide derivatives. Molecular docking study
was performed for synthesized compounds against target DNA
gyrase enzyme (PBD ID: 4B6C) to explore their binding inter-
actions at the active site. The synthesized compounds were
screened for antitubercular activity against H37RV strain by
using microplate alamar blue assay method. In addition, terato-
genic assay studies were also performed for the synthesized
compounds.

EXPERIMENTAL

All chemicals and solvents used were of synthetic grade
and obtained from S.D. fine chemicals Ltd. (Mumbai, India)
and Avra chemicals Pvt. Ltd. (Hyderabad, India). Reaction
completion was monitored through thin layer chromatography
(TLC) by using E. Merck 0.25-mm silica gel plates and
observed under UV light (256 nm) and iodine chamber. Syn-
thesized compounds were purified through the recrystallization
of methanol and acetone mixture, and compound purity was
checked using a single spot in TLC. The mobile phase for
TLC was determined through the trial-and-error method.
Melting points were determined in open capillary tubes by
using ANALAB melting apparatus and are uncorrected. All
the 1H NMR spectra were recorded on Variant 400 MHz
spectrometer by using DMSO-d6 and CDCl3 as solvent and
tetramethyl silane (TMS) as the internal standard. FTIR spectra
were recorded through Shimadzu FT-IR spectrophotometry
by using 1% KBr discs. The mass spectra of the compounds
were recorded on Agilent 1100 series.

Synthesis of hexahydroquinoline-3-carbonitrile inter-
mediates (R1-10): In a 50 mL round bottom flask introduced
5,5-dimethyl cyclohexane-1,3-dione (1 mmol), malanonitrile
(1 mmol), appropriate aromatic aldehydes (1 mmol) and excess
of ammonium acetate (3.3 mmol) were dissolved in ethanol
and 2-3 drops of piperidine was added. The reaction mixture
was refluxed for 2-3 h. After completion of reaction [monitored
by TLC ethyl acetate:n-hexane (1:1)], the seperated solid was

filtered off and recrystallized with methanol and acetone mixture
to afford the product (Scheme-I).

2-Amino-7,7-dimethyl-5-oxo-4-phenyl-1,4,5,6,7,8-
hexahydroquinoline-3-carbonitrile (R1): White solid; yield:
82%; m.p.: 280-281 ºC. IR (KBr, νmax, cm-1): 3396, 3323, 3213,
2960, 2198, 1658, 1604, 1487, 1368; 1H NMR (400 MHz,
DMSO-d6) δ ppm: 7.10-7.40 (m, 5H, ArH), 6.97-7.10 (s, 2H,
NH2), 4.10 (s, 1H, CH), 2.30-2.40 (m, 2H, CH2), 2.08-2.20
(m, 2H, CH2), 0.95-1.04 (d, 6H, (CH3)2). 13C NMR (100 MHz,
DMSO-d6) δ ppm: 193.9, 162.5, 151.5, 146.1, 129.2, 128.7,
127.6, 127.4, 125.7, 117.3, 111.9, 58.6, 52.3, 51.2, 41.0, 33.1,
28.2, 27.3.

2-Amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile (R2):Yellow
solid; yield: 89%; m.p.: 289-291 ºC. IR (KBr, νmax, cm-1): 3377,
3321, 3186, 2962, 2196, 1656,1603, 1485, 1369; 1H NMR
(400 MHz, DMSO-d6) δ ppm: 6.90-7.10 (m, 4H, ArH), 6.82-
6.90 (s, 2H, NH2), 4.1 (s, 1H, CH), 3.7 (s, 3H, OCH3), 2.22-
2.45 (s, 2H, CH2), 2.07-2.11 (m, 2H, CH2), 0.94-1.03 (d, 6H,
(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ ppm: 194.2, 162.3,
157.6, 149.6, 138.4, 132.2, 130.3, 117.3, 116.2, 114.2, 111.8,
58.6, 55.8, 52.3, 42.0, 38.4, 32.7, 28.3, 27.6.

2-Amino-4-(4-bromophenyl)-7,7-dimethyl-5-oxo-1,4,5,
6,7,8-hexahydroquinoline-3-carbonitrile (R3):White solid;
yield: 79%; m.p.: 295-296 ºC. IR (KBr, νmax, cm-1): 3392, 3319,
3187, 2962, 2192, 1683, 1656, 1604, 1485, 1365; 1H NMR
(400 MHz, DMSO-d6) δ ppm: 7.40-7.50 and 7.10 -7.20 (m,
4H, ArH), 7.04-7.10 (s, 2H, NH2), 4.1 (s, 1H, CH), 2.40-2.50
(s, 2H, CH2), 2.00-2.30 (m, 2H, CH2), 0.94-1.03 (s, 6H, (CH3)2).
13C NMR (100MHz, DMSO-d6) δ ppm: 194.6, 150.8, 150.4,
150.0, 133.2, 130.5, 127.2, 126.2, 126.0, 120.8, 108.9, 58.7,
51.4, 37.5, 32.4, 29.2, 28.3.

Synthesis of hexahydroquinolin-2-yl benzamide deri-
vatives (BZ1-10): To a clean dry 50 mL round bottom flask, an
appropriate compound (R1-10) (0.001mol) dissolved in ethanol
and benzoyl chloride (0.001 mol) was added dropwise for the
period of 5 min. The reaction mixture was refluxed under stirring
for 8 h. After completion of reaction [monitored by TLC ethyl
acetate:n-hexane (2:1)], separated solid was filtered and then
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kept at room temperature for 24 h. Finally, the solid was recry-
stallized with methanol (Scheme-I).

N-(3-Cyano-7,7-dimethyl-5-oxo-4-phenyl-1,4,5,6,7,8-
hexahydroquinolin-2-yl) benzamide (BZ1): White solid;
yield: 70%; m.p.: 208-209 ºC. IR (KBr, νmax, cm-1): 3395, 3324,
3085, 3028, 2960, 2922, 2199, 1738, 1680, 1604, 1454 , 1426,
1330, 1214, 1159, 738; 1H NMR (400 MHz, DMSO-d6) δ ppm:
11.80 (s, 1H, NH), 7.30-7.70 (m, 10H, ArH), 5.50-5.60 (s, 1H
CH), 2.62-2.76 (m, 2H, CH2), 2.23-2.35 (m, 2H, CH2), 1.0-
1.1 (d, 6H, (CH3)2). 13C NMR (100MHz, DMSO-d6) δ ppm:
195.6, 167.5, 158.4, 144.7, 132.7, 129.6, 128.5, 128.3, 127.1,
126.5, 119.7, 112.7, 58.2, 49.9, 35.5, 31.8, 28.4, 26.8; ESI-MS
(m/z): [M+H] +; calcd.for C25H23N3O2: 397.4, found: 397.18.

N-(3-Cyano-4-(4-methoxyphenyl)-7,7-dimethyl-5-oxo-
1,4,5,6,7,8 hexahydroquinolin-2-yl)benzamide (BZ 2): Light
yellow solid; yield: 68%; m.p.: 148-149 ºC. IR (KBr, νmax, cm-1):
3377, 3321, 3184, 3080, 2931, 2833, 2198, 1789, 1683, 1606,
1454, 1370, 1323, 1212, 1160, 776; 1H NMR (400 MHz, DMSO-
d6) δ ppm: 12.80 (bs, 1H, NH), 6.80-8.10 (m, 9H, ArH), 4.10-
4.20 (s, 1H, CH), 3.70 (s, 3H, OCH3) 2.22-2.26 (m, 2H, CH2),
2.06-2.10 (m, 2H, CH2), 0.94-1.03 (d, 6H, (CH3)2). 13C NMR
(100 MHz, DMSO-d6) δ ppm: 195.6, 167.2, 162.1, 158.4, 157.9,
136.8, 135.1, 132.8, 13.3, 129.3, 129.2, 128.5, 128.2, 119.8, 113.6,
112.9, 58.5, 54.9, 50.0, 34.7, 31.7, 28.3, 26.7; ESI-MS (m/z):
[M+H] +; calcd.for C26H25N3O3: 427.4, found: 429.2. [M+2]

N-(-4-(4-Bromophenyl)-3-cyano-7,7-dimethyl-5-oxo-
1,4,5,6,7,8 hexahydroquinolin-2-yl)benzamide (BZ3): White
solid; yield: 61%; m.p.: 170-172 ºC. IR (KBr, νmax, cm-1): 3394,
3319, 3210, 3188, 2962, 2888, 2192, 1773, 1682, 1604, 1450,
1366, 1315, 1213, 1159, 774; 1H NMR (400 MHz, DMSO-d6)
δ ppm: 8.1 (s, 1H, NH), 7.1-8.0 (m, 9H, ArH), 4.17 (s, 1H,  CH),
2.26-2.50 (m, 2H, CH2), 2.08-2.22 (m, 2H, CH2), 0.94-1.03
(s,6H, (CH3)2). 13C NMR (100 MHz, DMSO-d6) δ ppm: 195.6,
167.3, 162.6, 158.4, 144.1, 132.8, 131.2, 13.7, 129.5, 129.2,
128.5, 119.6, 119.5, 112.2, 57.6, 49.9, 35.2, 31.8, 30.7, 28.3,
26.8; ESI-MS (m/z): [M+H] +; calcd. for C25H22N3O2Br: 476.3,
found: 491.1. [M+CH3]

N-(-4-(4-Chlorophenyl)-3-cyano-7,7-dimethyl-5-oxo-
1,4,5,6,7,8 hexahydroquinolin-2-yl)benzamide (BZ4): White
solid; yield: 67%; m.p.: 182-184 ºC. IR (KBr, νmax, cm-1): 3392,
3321, 3212, 3079, 2942, 2834, 2196, 1786, 1682, 1608, 1453,
1372, 1326, 1213, 1159, 772; 1H NMR (400 MHz, DMSO-d6)
δ ppm: 11.7 (s, 1H, NH), 7.2-7.8 (m, 9H, ArH), 4.7 (s, 1H, CH),
2.22-2.28 (m, 2H, CH2), 2.08-2.21 (m, 2H, CH2), 0.96-1.04
(s, 6H, (CH3)2). 13C NMR (100 MHz, DMSO-d6) δ ppm: 194.1,
168.1, 163.8, 156.4, 148.5, 133.2, 132.1, 128.8, 127.5, 118.6,
117.5, 112.2, 59.8, 51.2, 40.0, 38.4, 32.8, 27.2, 26.8; ESI-MS
(m/z): [M+H] +; calcd.for C25H22N3O2Cl: 431.9, found: 431.2.

N-(3-Cyano-4-(2,4-dimethoxyphenyl)-7,7-dimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinolin-2-yl)benzamide (BZ5):
White solid; yield: 70%; m.p.: 151-152 ºC. IR (KBr, νmax, cm-1):
3386, 3334, 3204, 3086, 2962, 2818, 2193, 1787, 1684, 1609,
1456, 1364, 1316, 1211, 1112, 763; 1H NMR (400 MHz,
DMSO-d6) δ ppm: 12.1 (s, 1H, NH), 7.1-7.6 (m, 8H, ArH),
4.1 (s, 1H, CH), 3.83 (s, 6H, (OCH3)2), 2.61-2.65 (m, 2H, CH2),
2.01-2.26 (m, 2H, CH2), 0.99-1.00 (s, 6H, (CH3)2). 13C NMR
(100 MHz, DMSO-d6) d ppm: 198.9, 166.0, 159.6, 158.6, 147.5,

133.2, 132.1, 128.8, 127.6, 120.1, 113.3, 106.5, 56.1, 51.5,
45.0, 39.6, 33.1, 27.5, 27.2; ESI-MS (m/z): [M+H] +; calcd.
for C27H27N3O4: 457.5, found: 457.9.

N-(3-Cyano-4-(2,4-dichlorophenyl)-7,7-dimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinolin-2-yl)benzamide (BZ6):
White solid; yield: 69%; m.p.: 157-158 ºC. IR (KBr, νmax, cm-1):
3393, 3318, 3165, 3064, 2945, 2841, 2196, 1790, 1672, 1605,
1456, 1382, 1313, 1261, 1184, 748; 1H NMR (400 MHz, DMSO-
d6) δ ppm: 11.1 (s,1H, NH), 7.1-8.0 (m, 8H, ArH), 4.31 (s,1H,
CH), 2.81-2.86 (m, 2H, CH2), 2.01-2.29 (m, 2H, CH2), 0.97-
1.01 (s, 6H, (CH3)2). 13C NMR (100 MHz, DMSO-d6) δ ppm:
197.8, 165.7, 158.6, 154.3, 148.5, 134.2, 132.8, 127.4, 127.1,
120.8, 114.1, 107.1, 58.1, 52.6, 46.1, 38.5, 31.1, 26.8, 26.4;
ESI-MS (m/z): [M+H] +; calcd.for C25H21N3O2Cl2: 466.3, found:
467.8 [M+1].

Antitubercular activity: The anti-mycobacterial activity
of the synthesized compounds (BZ1-10) were assessed against
M. tuberculosis using microplate Alamar blue assay (MABA)
[27]. This methodology is non-toxic, uses a thermally stable
reagent and shows good correlation with proportional and
BACTEC radiometric method. The sterile deionized water (200
µL) was added to all outer perimeter wells of sterile 96 wells
plate to minimize the evaporation of medium in the test wells
during incubation. The 96-wells plate received 100 µL of
Middlebrook 7H9 broth and serial dilution of compounds were
made directly on plate. The final drug concentrations tested
were 100 to 0.2 µg/mL. Plates were covered and sealed with
parafilm and incu-bated at 37 ºC for five days. After this time,
25 µL of freshly prepared 1:1 mixture of Alamar blue reagent
and 10% Tween 80 was added to the plate and incubated for
24 h. A blue colour in the well was interpreted as no bacterial
growth and pink colour was scored as growth. The MIC was
defined as lowest drug concentration which prevented the
colour change from blue to pink.

Molecular docking: Molecular docking study of the
synthesized compounds (BZ1-10)) was performed using DNA
gyrase protein the crystal structure of DNA (PBD ID: 4B6C)
was downloaded from the protein data bank and used for the
docking studies by using Schrödinger maestro software in
order identify the binding interactions with the targeted protein.

Teratogenicity assay: The teratogenicity assay for these
compounds was performed in zebrafish larvae.

Animals: Adult zebrafish were housed in a rectangular
aquatic housing tank and fed normal fish food [28]. The water
in the tank was maintained at room temperature and the fish
were kept on 14 h dark/14 h light cycle.

Embryo collection: Male and female zebrafishes in a 2:3
ratio was fed and kept in breeding tank at 6:00 p.m. The embryos
were collected on the next morning, washed thrice with E3
medium and incubated in E3 medium at 25-28 ºC. At 6 h post
fertilization, the embryos were transferred into well plates cont-
aining 1 mL of vehicle for control group and 10 test compounds
in each well. For each drug, the following concentrations (n =
10 for each concentration) were tested: 50, 10, 5, 3, 1, 0.5,
0.25, 0.01 µM until day 5. On 5-day post fertilization the larvae
were anaesthetized with tricaine methasulfonate and observed
under microscope, therefore images were obtained and morpho-
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logical abnormalities were observed and compared with control
group.

RESULTS AND DISCUSSION

A series of N-(3-cyano-4-(4-substituted phenyl)-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinolin-2-yl)benzamide
derivatives (BZ1-10) were synthesized in two steps. In the first
step, 2-amino-4-(4-substituted phenyl)-7,7-dimethyl-5-oxo-
1,4,5,6,7,8-hexahydro quinoline-3-carbonitriles (R1-10) were
synthesized by the condensation of dimedone, appropriate sub-
stituted aryl aldehydes, malanonitrile and ammonium acetate.
In the second step, compounds (R1-10) were reacted with the
benzoyl chloride in the presence of KOH and KI to yield the
final compounds (BZ1-10). All the synthesized derivatives were
characterized by 1H & 13C NMR, IR and ESI-MS spectra. In
1H NMR of compounds aromatic protons appeared as a multi-
plet in the region δ 6.8-8.1 ppm, six protons of (CH3)2 appeared
as singlets/doublet in between δ 0.9-1.1 ppm, dione ring CH2

protons appeared as multiplet at δ 2.08 and 2.2 ppm, while
quinoline CH proton appeared in between  δ 4.1-5.5 ppm.

Antitubercular activity: Synthesized compounds (BZ1-10)
were evaluated for antitubercular activity against Mycobac-
terium tuberculosis H37RV strain by using microplate Alamar
blue assay method. The results of the antitubercular activity
of synthesized compounds are presented in Table-1, which
revealed that compounds BZ9 and BZ4 exhibited good activity
against M. tuberculosis strain to the level of 12.5 and 25 µg/
mL, respectively. Compounds BZ9 and BZ4 were found to
contain p-flourophenyl and p-chlorophenyl groups as substi-
tuents at 4th position of quinoline nucleus. Thus, the MIC value
may be in between the range of 6.25 and 12.5 µg/mL and the
other synthesized compounds showed the moderate activity.
Results were also compared with the standard drugs isoniazid
and ciprofloxacin.

Docking studies: in-silico docking studies gives insight
into the binding ability in the form of docking/glide score and
the orientation of the molecule in different poses based on the
conformers. Amino acid interactions and epic state penalties
were predicted with the help of XP docking module. Initial
docking studies of GSP co-crystal gave a docking score of
-8.07 (Fig. 1) with hydrogen bond interactions with ASP 79,
GLY 83 and hydrophobic interaction with ARG 82. Table-2

TABLE-1 
ANTITUBERCULAR ACTIVITY OF STANDARD AND TEST COMPOUNDS 

Compound 100 µg/mL 50 µg/mL 25 µg/mL 12.5 µg/mL 6.25 µg/mL 3.12 µg/mL 1.6 µg/mL 0.8 µg/mL 
BZ1 Sensitive Resistant Resistant Resistant Resistant Resistant Resistant Resistant 
BZ2 Sensitive Resistant Resistant Resistant Resistant Resistant Resistant Resistant 
BZ3 Sensitive Resistant Resistant Resistant Resistant Resistant Resistant Resistant 
BZ4 Sensitive Sensitive Sensitive Resistant Resistant Resistant Resistant Resistant 
BZ5 Sensitive Sensitive Resistant Resistant Resistant Resistant Resistant Resistant 
BZ6 Sensitive Sensitive Resistant Resistant Resistant Resistant Resistant Resistant 
BZ7 Sensitive Resistant Resistant Resistant Resistant Resistant Resistant Resistant 
BZ8 Sensitive Resistant Resistant Resistant Resistant Resistant Resistant Resistant 
BZ9 Sensitive Sensitive Sensitive Sensitive Resistant Resistant Resistant Resistant 
BZ10 Sensitive Resistant Resistant Resistant Resistant Resistant Resistant Resistant 
INH Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive Resistant 

Ciprofloxacin Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive Resistant Resistant 

 

Fig. 1. GSP co-crystal gave a docking score of -8.0

TABLE-2 
CALCULATED DOCKING SCORES WITH AMINO ACID 
INTERACTIONS OF THE SYNTHESIZED COMPOUNDS 

Compound Docking score Interaction amino acids 
BZ1 -3.997 ARG82, GLY83, ASP79 
BZ2 -4.009 VAL127 
BZ3 -4.591 ARG82, GLY83, ASP79 
BZ4 -5.02 ARG82, GLY83, ASP79 
BZ5 -4.743 ASP55 
BZ6 -4.169 ARG82 
BZ7 -4.215 VAL127 
BZ8 -2.759 VAL127 
BZ9 -5.015 ARG82, GLY83, ASP79 
BZ10 -4.67 ASN52, ARG82 

 
shows the docking scores and interaction with amino acids of
the synthesized compounds. The docking results of the synthe-
sized derivatives indicated the best docking scores of -5.015
and -5.02 for BZ9 and BZ4, respectively as shown in Fig. 2.
The two derivatives successfully retained the co-crystal binding
interactions.
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Fig. 2. BZ9 showing a docking score of -5.015 and 3D interaction image of BZ9

Teratogenicity assay: The teratogenicity assay of the
synthesized compounds was performed in zebrafish larvae.
Out of the ten compounds, seven were highly teratogenic for

zebrafish larvae. Three compounds BZ4, BZ6 and BZ8, were
found to be safer at 0.5 µM without any abnormalities. The
result of the three compounds is shown in Fig. 3.

Fig. 3. (a) Control (b) BZ4 (0.5 µM) (c) BZ6 (0.5 µM) (d) BZ8 (0.5 µM) – all the larvae had no abnormalities when compared to the control
group
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Conclusion

The present study reports the synthesis of hexahydro-
quinolin-2-yl-benzamide derivatives and in silico evaluation
for their efficacy as antitubercular compounds through docking
against target DNA gyrase (PBD ID: 4B6C). Compounds BZ9

and BZ4 are recognized as the most hopeful antitubercular
compounds among all the synthesized derivatives based on
their docking scores. Compounds BZ9 and BZ4 exhibited good
activity against Mycobacterium tuberculosis strain to the level
of 12.5 and 25 µg/mL, respectively. The teratogenicity assay
for the synthesized compounds was also performed. Three
compounds BZ4, BZ6 and BZ8, were found to be safer at 0.5
µM without any abnormalities. Therefore, the synthesized
benzamide derivatives would represent a fruitful matrix for
the development of potent antitubercular agents. Hence, the
synthesized derivatives would deserve further investigation and
derivatization involving the molecular modifications and further
work on this moiety may be quite rewarding.
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