Journal of the Korean Chemical Society
2022, Vol. 66, No. 3

Printed in the Republic of Korea
https://doi.org/10.5012/jkcs.2022.66.3.194

Synthesis, Docking Study and In-vitro Evaluation of Anti-Tuberculosis Activity of
Tri Substituted Imidazoles Containing Quinoline Moiety

S. Sahana, G. R. Vijayakumar*, R. Sivakumar’, D. Sriram*, and D. V. Saiprasad®
Department of Chemistry, University College of Science, Tumkur University, Tumakuru, Karnataka 572103, India.
*E-mail: vijaykumargr 1 8@gmail.com
"Department of Pharmaceutical Chemistry, Geethanjali College of Pharmacy, Cheeryal, Hyderabad 500068, India.
iDepartment of Pharmacy, Birla Institute of Technology & Science-Pilani, Hyderabad Campus, Jawahar Nagar,
Hyderabad 500078, India.

SDrug Discovery Research Laboratory, Department of Pharmaceutical Science, BITS-Hyderabad 500078, India.
(Received January 29, 2022; Accepted April 15, 2022)

ABSTRACT. A simple, efficient, and cost-effective method has been employed for the synthesis of 2,4,5-trisubstituted imid-
azole derivatives (3a-j) containing quinoline substituent at 2™ position. Title compounds were obtained by multicomponent
reaction (MCR), involving aryl substituted 1,2-diketone, quinoline carbaldehyde and ammonium acetate in the presence of
acetic acid solvent under mild reaction conditions. The newly synthesized quinoline containing imidazole derivatives were
confirmed through FT-IR, '"H-NMR, "*C-NMR and mass spectral analysis. In-vitro microplate alamar blue assay (MABA) to
determine the MIC (minimum inhibitory concentration) values against Mycobacterium tuberculosis H37Rv was performed for
the synthesized compounds. The synthesized compounds exhibited activity against Mycobacterium tuberculosis and among
which compounds, 3d, 3f and 3i showed good activity. The highest activity was showed with compound 3i. The anti-myco-
bacterial activity results are well correlated with the computational molecular docking analysis, which was performed for the
synthesized compounds prior to the evaluation of the activity.

Key words: 2,4,5-trisubstituted imidazole, Aryl substituted 1,2-diketone, Quinoline aldehyde, Anti-tuberculosis activity, Com-
putational molecular docking

INTRODUCTION TB.?

It has been known from the literature that heterocyclic
Tuberculosis (TB) is caused by a single infectious agent compounds, quinoline and isoquinoline analogues play an
Mycobacterium tuberculosis, and it is the reason for one important role in medicinal chemistry applications. Quin-
of the top ten causes of death.' Millions of people fall sick oline and isoquinoline moieties are present in many nat-
due to TB each year. TB is a lung infection disease and is urally occurring compounds.® The compounds containing
considered to be one of the most contagious and deadly these scaffolds are significant because of their wide spec-
diseases hence it is a major threat to public health. Global trum of biological activities such as antimalarial,* antibiotic,
TB end strategy cannot be achieved without TB research anticancer,’® antiinflammatory,” antihypertensive,® tyroki-
and development. All the existing drugs have acquired nase,” PDGF-RTK inhibition'® and anti-HIV'! activities.
resistance, cross-resistance and further, they induce toxicity. It It is revealed from the literature that, quinoline scaffolds
is vital to develop new drugs for the complete evacuation containing derivatives with varied substituents were found to

of'this deadly disease. The recalcitrant nature of persistent exhibit potent anti-TB activity.
infection and increase in multi- and extensively drug-resistant Imidazoles are another class of heterocyclic compounds
strains (MDR-TB and XDR-TB) are the main challenges and molecules containing imidazole moiety have found to
for effective treatment of TB with the currently available be useful in many biological applications like anticancer
anti-TB drugs. New TB drugs are needed because of the activity,'? antimicrobial*~'® and antifungal activity'” including
complexity and toxicity of the current TB drug regimens. antitubercular activity."®'* Substituted imidazoles might
It is an urgent need to develop potently and cost-effective be obtained by multicomponent synthesis involvingaryl-
anti-TB drugs. New TB drugs need to provide shorter, 1,2-diketone or a-hydroxyketone or ai-ketomonoxime with
simpler, affordable, more effective, less toxic, multi-drug an aldehyde and ammonium acetate, which comprise the
regimens for drug-sensitive TB and safe regimens for latent use of ionic liquids,” refluxing in acetic acid,”' silica-sup-
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ported sulfuric acid,”> InCl;-3H,0,? ceric ammonium nitrate
(CAN),** NiCl,-6H,0/ALL,O5* and microwave irradiation.”

In continuation with our earlier report,?’ herein an attempt
has been made to synthesize 2,4,5-trisubstituted imidaz-
ole containing quinoline substituent by the effective method
via one-pot three-component reaction involving aryl-1,2-
diketone, quinoline aldehyde and ammonium acetate in
presence of an acetic acid solvent. The products were afforded
in very good yields. The synthesized compounds were
subjected to docking studies followed by the determina-
tion of anti-tuberculosis activity.

EXPERIMENTAL

All chemicals used in the synthesis were purchased
from Sigma-Aldrich (USA) and TCI Chemicals (India)
Pvt. Ltd. Analytical grade solvents were acquired from
commercial sources and are used without further purification
unless otherwise stated. The progress of the reaction was
monitored by TLC using petroleum ether and ethyl acetate
(7:3) as mobile phase and it was performed on TLC Silica
gel 60 F254 (Merck) and spots were visualized by using
ultraviolet light of 254 nm. Melting points were determined
using an open capillary and are uncorrected. IR spectra
were recorded by using Perkin Elmer Spectrophotometer
by the KBr pellet method. "H-NMR and *C-NMR spectra
were recorded on Agilent-400 MHz NMR instrument
using CDCI3/DMSO-dj as solvent. Chemical shift values
were expressed in & (ppm) relative to TMS as an internal
standard. All the products are analytically pure and MS
spectra of final compounds were recorded on Waters
Alliance Micromass ZQ 2000 LCMS.

Preparation of 2-Chloroquinoline-3-Carbaldehyde (1)

2-Chloroquinoline-3-carbaldehyde was synthesized by
a well-known Vilsmeier-Haack reaction.”® Acetanilide
(13.5 g, 0.1 mol) was dissolved in dimethylformamide (23
mL, 0.3 mol) and was added with phosphorus oxychlo-
ride (65 mL, 0.7 mol) by maintaining the temperature at
0°C. The reaction mixture was taken in a 250 mL round
bottom flask, fitted with a water condenser and refluxed
for 5-6 h on an oil bath. The solution was cooled to room
temperature and then poured into 250 mL ice water. The
precipitate was collected by filtration and recrystallized
from ethyl acetate which resulted in pure product with
88% yield.

Preparation of 2-Hydroxyquinoline-3-carbaldehyde (2a)
2-Chloroquinoline-3-carbaldehyde (1.91 g, 10 mmol)
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and 70% acetic acid (50 mL) was taken in an RB flask and
refluxed for 4 h on an oil bath. After completion of the
reaction, the mixture was poured into ice water. The sep-
arated solid was filtered, washed with water and dried.
Recrystallization was carried out using ethyl acetate to get
the pure product with 85% yield.

General Procedure for the Synthesis of 2,4,5-Trisub-
stituted Imidazoles (3a-j)

A mixture of aryl-1,2-diketone (I mmol), quinoline
aldehyde (1 mmol), NH,OAc (10 mmol), and 7 mL of
acetic acid was taken in a 100 mL round bottom flask and
stirred on a magnetic stirrer at reflux temperature. The
progress of the reaction was monitored by TLC using
petroleum ether and ethyl acetate (7:3) as mobile phase.
After completion of the reaction, the reaction mixture was
cooled to room temperature and poured into ice-cold
water. The resulting solid product was filtered under suc-
tion and washed thoroughly with water. The product was
further purified by column chromatography using petro-
leum ether and ethyl acetate (80:20) as eluent.

Spectral Data

3-(4,5-Diphenyl-1H-Imidazol-2-yl) quinolin-2-o0l (3a):
Pale yellow solid; Yield: 95%; m.p: 308-310°C; FT-IR
(KBr, cm™) vy 3332.6 (N-H), 2851.8 (C-H, alkane),
1651.6 (C=C), 1570.1 (C=N), 1219.0 (C-0O); 'H-NMR
(400 MHz, DMSO-dg) &(ppm): 7.23-7.25 (m, 2H, ArH),
7.29-7.30 (m, 4H, ArH), 7.41-7.42 (m, 2H, ArH), 7.47 (d,
J=7.6 Hz, 2H, ArH), 7.52-7.54 (m, 3H, ArH), 7.90 (d, ] =
7.6 Hz, 1H, ArH), 8.58 (s, 1H, ArH), 12.21 (s, 1H, -OH),
12.39 (s, 1H, -NH); *C-NMR (400 MHz, DMSO-d;)
d(ppm): 115.7, 119.8, 120.2, 123.1, 127.3, 127.5, 127.8,
1282, 128.7, 129.0, 129.3, 131.2, 1354, 135.8, 137.8, 138.4,
142.7, 161.4; (ESI-MS) m/z: Calculated for C,,H;;N;0
[M+H]": 364.41; Found 364.36.

3-(4,5-Bis(3-methoxyphenyl)-1 H-imidazol-2-yl) quino-
lin-2-o0l (3b): Pale yellow solid; Yield: 95%; m.p: 248-
250°C; FT-IR (KBr, cm™) Vipax: 3359.2 (0O-H), 2966.7 (m)
(C-H, alkane), 1641.9 (C=C), 1606.0 (C=C), 1580.5 (C=N),
1499 (C=N), 1201.7 (C-O); 'H-NMR (400 MHz, CDCl5)
d(ppm): 3.75 (s, 3H,-OCH3), 3.79 (s, 3H, -OCH3), 6.84-
6.86 (m, 2H, ArH), 7.07 (s, 1H, ArH), 7.11 (d, J=7.6 Hz,
1H, ArH), 7.21-7.23 (m, 6H, ArH), 7.45 (t, J=7.6 Hz, 1H,
ArH), 7.67 (d, J = 8.0 Hz, 1H, ArH), 8.94 (s,1H,ArH), 12.04
(s, 1H,-OH), 12.11 (s, 1H,-NH); *C-NMR (400 MHz,
CDCls) o(ppm): 55.2,112.7,113.2,113.4,113.5,115.4,119.1,
119.7,120.4,120.8,123.6, 127.1, 128.6, 129.3, 129.8, 130.8,
132.3, 136.2, 136.3, 137.1, 138.7, 142.2, 159.6, 159.8,
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162.8; (ESI-MS) m/z: Calculated for CogH, N;O5 [M+H]™:
424.46; Found 424.40.
3-(5-(2-Chlorophenyl)-4-(3,4-dimethoxyphenyl)-1H-
imidazol-2-yl) quinolin-2-ol (3¢): Pale yellow solid; Yield:
89%; m.p: 210-212°C; FT-IR (KBr, cm™) vy 3282.2 (N-
H), 2955.4 (C-H, alkane), 1644.4 (C=C), 1587.4 (C=C),
1513.6 (C=N), 1242.2 (C-0O), 743.9 (C-Cl); 'H-NMR
(400 MHz, DMSO-dj) d(ppm): 3.52 (s, 3H, -OCH3), 3.70
(s, 3H, -OCH3), 6.88 (m, 2H, ArH), 7.01(m, 1H, ArH), 7.26
(m, 1H, ArH), 7.41-7.47 (m, 6H, ArH), 7.89 (dd, ] =7.2,
28.8 Hz, 1H, ArH), 8.77 (s, 1H, ArH), 12.36 (s, 1H, -OH),
12.37 (s, 1H,-NH); *C-NMR (400 MHz, DMSO-d;) 3(ppm):
56.0, 1104, 110.7, 112.5, 112.8, 116.0, 118.9, 119.3, 120.2,
120.7, 123.4, 124.1, 128.0, 128.9, 129.3, 1304, 131.1, 131.5,
133.6, 134.2, 135.9, 138.8, 142.5, 149.1, 161.6, 243.5; (ESI-
MS) m/z: Calculated for CogHoCIN;O5 [M+H]" : 458.91;
Found 458.36.
3-(4,5-Bis(4-fluorophenyl)-1H-imidazol-2-yl) quino-
lin-2-0l (3d): Pale yellow solid; Yield: 93%; m.p: 320-
322°C; FT-IR (KBr, cm™) vipee: 3350.9 (O-H), 3345.0 (N-
H), 2854.6 (CH, alkane), 1606 (C=C), 1648.3 (C=C), 1511.3
(C=N), 1571.0 (C=N), 1224.9 (C-0), 1241.9 (C-F); 'H-
NMR (400 MHz, DMSO-ds) d(ppm): 7.15 (t, J = 8.8 Hz,
2H, ArH), 7.25 (t, ] = 8.4 Hz, 3H, ArH), 7.41 (d,] =84
Hz, 1H, ArH), 7.48-7.58 (m, 5H, ArH), 7.89 (d,J =7.6 Hz,
1H, ArH), 8.71 (s, 1H, ArH), 12.29 (s, 1H, -OH), 12.34 (s,
1H, -NH); *C-NMR (400 MHz, DMSO-dj) 8(ppm): 115.8,
116.0, 116.5, 116.7, 120.1, 120.5, 123.4, 126.8, 127.7, 129,
129.91, 130.0, 130.8, 131.6, 132.0, 136.3, 137.2, 138.7,
143.0, 160.8, 161.2, 161.6, 163.2, 163.7; (ESI-MS) m/z:
Calculated for C,4H;sFoN;0 [M+H]" : 400.39; Found
400.27.
3-(4,5-Bis(4-methoxyphenyl)-1H-imidazol-2-yl) quin-
olin-2-ol (3e): Pale brown solid; Yield: 86%; m.p: 274-
276°C; FT-IR (KBt, cm™) Ve 3324.6 (N-H), 2929.4 (C-H,
alkane), 1643.0 (C=C), 1612.2 (C=C), 1571.0 (C=N), 1493.3
(C=N), 1246.7 (C-0O); 'H-NMR (400 MHz, DMSO-d)
d(ppm): 3.71 (s, 6H, -OCHj3), 6.95-6.91 (m, 4H, ArH),
7.26-7.22 (m, 1H, ArH), 7.38-7.54 (m, 6H, ArH), 7.87 (d,
J=8.4Hz, 1H, ArH), 8.75 (s, 1H, ArH), 12.11 (s, 1H, -OH),
12.38 (s, 1H, -NH); *C-NMR (400 MHz, DMSO-d;)
d(ppm): 55.5,114.0,114.7,115.6,119.8,120.2, 123.0, 128.32,
128.9, 129.5, 131.0, 135.2, 138.2, 142.0, 161.4, 163.1;
(ESI-MS) mi/z: Calculated for CogH, N3O; [M+H]" : 424.46;
Found 424.34.
3-(4-(4-Chlorophenyl)-5-phenyl-1H-imidazol-2-yl) quin-
olin-2-ol (3f): Pale brown solid; Yield: 80%; m.p: 298-
300°C; FT-IR (KBr, cm™) vinay: 3330.3 (N-H), 3030.3 (C-
H, aromatic), 1650.7 (C=C), 1573 (C=C), 1499.6 (C=N),

1218.1 (C-0), 760.5 (C-Cl); 'H-NMR (400 MHz, DMSO-
ds) O(ppm): 7.07 (m, J=4.2 Hz, 1H, ArH), 7.16 (m, ] =7.6
Hz, 1H, ArH), 7.24-7.31 (m, 2H, ArH), 7.38-7.90 (m, 7H,
ArH), 7.91 (d, J = 7.6 Hz, 1H, ArH), 8.36 (m, 1H, ArH),
8.79 (s, 1H, ArH), 12.41 (s, 1H, -OH), 12.34 (s, 1H, -NH);
BC-NMR (400 MHz, DMSO-d;) 8(ppm): 115.7, 119.7,
120.1, 123.0, 126.5, 127.9, 128.3, 128.8, 129.0, 129.2,
129.6,130.8,131.2, 136.0, 138.4, 142.9, 161.3; (ESI-MS)
m/z: Calculated for Co4H;sCIN;O [M+H]": 398.86; Found
398.09.

4-(4,5-Diphenyl-1H-imidazol-2-yl) quinoline (3g): Off
white solid; Yield: 94%; m.p: 324-326°C; FT-IR (KBr,
em™) Vi 3413.1 (N-H), 3060.9 (C-H, aromatic), 1592.3
(C=C), 1507.1 (C=N); 'H-NMR (400 MHz, DMSO-d;)
d(ppm): 7.26-7.34 (m, 6H, ArH), 7.59 (s, 4H, ArH), 7.70
(t,J=7.6Hz, 1H, ArH), 7.80 (t,]=1.2 Hz, 1H, ArH), 7.98
(d,J=4.4Hz, 1H, ArH), 8.07 (d, ] = 8.4 Hz, 1H, ArH), 8.98
(d,J=4.4Hz, 1H, ArH), 9.48 (d, ] =8.4 Hz, 1H, ArH), 13.13
(s, 1H, N-H); *C-NMR (400 MHz, DMSO-d,) 8(ppm):
120.2, 125.3, 127.6, 127.9, 128.0, 129.0, 129.1, 129.4, 129.5,
130.2, 130.2, 131.3, 134., 135.6, 139.0, 144.1, 149.5, 150.8;
(ESI-MS) m/z: Calculated for C,4H;7N; [M+H]" : 348.41;
Found 348.3.

4-(4,5-Bis(4-methoxyphenyl)-1 H-imidazol-2-yl) quin-
oline (3h): Pale yellow solid; Yield: 83%; m.p: 160-
162°C; FT-IR (KBr, cm™) vy 3400 (br) (N-H), 2954.6
(C-H, alkane), 1610 (C=C), 1517.9 (C=N), 1248.6 (C-0);
"H-NMR (400 MHz, DMSO-d;) 8(ppm): 3.79 (s, 3H),
3.82 (s, 3H), 7.01-7.03 (m, 5H, ArH), 7.61-7.62 (m, 4H,
ArH), 7.76 (m, 1H, ArH), 7.85 (m, 1H, ArH), 8.11 (d,J =
8.0Hz, 1H, ArH), 8.16 (d,J=4.4 Hz, 1H, ArH), 9.03 (d,J
=4.4 Hz, 1H, ArH), 13.19 (s, 1H, -NH); >*C-NMR (400
MHz, DMSO-ds) d(ppm): 60.7, 60.8, 119.8, 120.1, 120.3,
125.5, 125.8, 129.5, 131.6, 133.6, 133.8, 134.5, 135.3,
135.4, 137.6, 141.0, 151.0, 154.1, 155.8, 162.2, 165.0,
165.5; (ESI-MS) m/z: Calculated for CosH, N3O, [M+H]" :
408.46; Found 409.13.

4-(4,5-Bis(4-fluorophenyl)-1H-imidazol-2-yl) quino-
line (3i): Off white solid; Yield: 80%; m.p: 172-174°C;
FT-IR (KBr, cm™) vpe: 3400 (br) (N-H), 3069.9 (C-H,
aromatic), 1587.6 (C=C), 1516.2 (C=N), 1225.9 (C-F);
'H-NMR (400 MHz, DMSO-d) &(ppm): 7.19-7.31 (m,
4H, ArH), 7.58-7.59 (m, 4H, ArH), 7.70 (m, 1H, ArH),
7.80 (m, 1H, ArH), 7.96 (d, ] = 4.4 Hz, 1H, ArH), 8.07 (d,
J=8.0Hz, 1H, ArH), 8.99 (d, J = 4.4 Hz, 1H, ArH), 9.45
(d, J=8.4 Hz, 1H, ArH), 13.19 (s, 1H, -NH); *C-NMR
(400 MHz, DMSO-dy) d(ppm): 115.9, 119.8, 124.9, 127.5,
128.6,129.5,129.8,129.9,131.2,134.3,137.8,143.7,149.1,
150.4; (ESI-MS) m/z: Calculated for Co,H;sF,N; [M+H]"
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: 383.39; Found 383.25.

4-(5-(2-Chlorophenyl)-4-(3,4-dimethoxyphenyl)-1H-
imidazol-2-yl) quinoline (3j): Pale yellow solid; Yield:
83%; m.p: 200-202°C; FT-IR (KBr, cm™) vjay: 3400 (N-
H), 3060.8 (C-H,aromatic), 2953.9 (CH, alkane), 1583.8
(C=C), 1513.9 (C=N), 1253.7 (C-O); 'H-NMR (400 MHz,
DMSO-ds) 6(ppm): 3.55(d, J=20.80 Hz, 3H), 3.72 (d, ] =
7.20 Hz, 3H), 6.88-6.90 (m, 3H, ArH), 7.41-7.42 (m, 1H,
ArH), 7.51-7.54 (m, 2H, ArH), 7.62-7.82 (m, 3H, ArH),
7.89-7.90(m, 2H, ArH), 8.99 (dd, J = 4.80, 18.60 Hz, 1H,
ArH), 9.46 (dd, J = 8.40, 78.40 Hz, 1H, ArH), 13.16 (s,
1H, -NH); *C-NMR (400 MHz, DMSO-dj) §(ppm): 55.9,
110.0, 110.8, 112.3, 118.6, 119.4, 119.9, 122.8, 124.9,
125.5, 127.5, 127.7, 129.9, 130.7, 131.2, 133.1, 133.5,
133.8, 134.6, 135.2, 136.5, 139.3, 143.2,148.2, 149.1,
150.4; (ESI-MS) m/z: Calculated for C,HooCIN;O, [M+H]":
442.91; Found 442.30.

Anti-tubercular Activity

Synthesized compounds (3a-j) were screened for anti-
tubercular activity against M. tuberculosis H37Rv strain
by determining their minimum inhibitory concentration
(MIC) using the microplate alamar blue assay method
(MABA). The MIC values of test compounds and posi-
tive controls (Isoniazid, Rifampicin, and Ethambutol) are
shown in 7able 1. Briefly, the inoculum was prepared
from fresh LJ medium re-suspended in 7H9-S medium
(7H9 broth, 0.1% casitone, 0.5% glycerol, supplemented
oleic acid, albumin, dextrose, and catalase [OADC]), adjusted
toa0D590 1.0, and diluted 1:20; 100 pL. was used as inoc-
ulum. Each drug stock solution was thawed and diluted in
7HO9-S at four-fold the final highest concentration tested.
Serial two-fold dilutions of each drug were prepared directly
in a sterile 96-well microtiter plate using 100 uL. 7H9-S. A
growth control containing no antibiotic and a sterile con-

Table 1. MIC values, docking scores and residues of 4TZK interacting with compounds 3a-j

Compounds ~ MIC (ug/mL)* Do(lcil:;rll/gmsoi;re Interacted Amino Acid Residue Hy d;jg:?}iiigi::f::;; &
Gly96 2.45
3a 25 -10.2 Ile16, Ile21, Phe41, 11e95, Gly96, lle122 11695 3.69
Thr196 2.15
3b 25 102 Ile21, Phe41, Val65, Ser94, 11e95, Gly96, lle122, Gly96 247
Met147, Thr196, Ala198 Ser94 3.09
11e95 3.63
Glyl14 2.11
Ser20 2.69
3 ’s 102 Gly14, Ile16, Ser20, 1le21, Phed1, Asp64, Val65,  Asp64 3.12
11e95, Gly96, 1le122 Val65 2.50
11e95 3.56
Gly96 2.51
Ser20 2.88
3d 125 105 Ile16, Ser20, Ile21, Phe41, Argd3, Asp64, 11e95, Gly96 240
Ile122
Argd3 3.67
Asp64 3.20
3e 25 105 Gly14, Tle16, Ser20, Tle21, Phe41, Asp64, Val65, Val65 2.50
11e95, Gly96, 1le122 11e95 3.69
Gly96 2.53
3f 12.5 -10.5 Tlel6, Tle21, Phe41, Val65, 1le95, Gly96, Tle122 Gly96 241
3g >25 9.6 Ile16, 1le21, Phed1, Ser94, 11e95 Ser94 2.55
3h >25 97 Ile16, 1le21, Phe41, Val65, Argd3, lle122 Ser94 2.54
. Gly96 2.55
3i 6.25 -10.6 Ile16, Ile21, Phe41, Val65, 11e95, Gly96, lle122 Val6s )67
. Gly96 2.98
3j >25 -9.6 Ile16, Asp64, Val65, 11e95, Gly96, Tle122 Asp6d 355
Isoniazid" 0.05 58
Rifampicin® 0.1 -8.0
Ethambutol® 1.56 4.5

*Minimum inhibitory concentration for in-vitro activity against M. tuberculosis H37Ry strain; ®Positive control
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trol was also prepared on each plate. Sterile water was added
to all perimeter wells to avoid evaporation during the
incubation. The plate was covered, sealed in plastic bags
and incubated at 37°C in the normal atmosphere. After 7
days of incubation, 30 pL. of alamar blue solution was added
to each well, and the plate was re-incubated overnight. A
change in colour from blue (oxidized state) to pink (reduced)
indicated the growth of bacteria, and the MIC was defined
as the lowest concentration of drug that prevented this change
in colour.”°

In Silico Molecular Docking Studies

The structures of the newly synthesized ligands were
drawn in Chem Draw Ultra 6.0. Molecular docking analysis
was performed with the Auto Dock tools 1.5.6. against
Mycobacterium tuberculosis enoyl reductase (INHA) and
the 3D structure of receptor (PDB code: 4TZK, resolution
1.62 A) was chosen as a target protein. The crystal structure of
the target protein was retrieved from the RCSB protein
databank (http://www.rcsb.org) as a PDB file. Then, using
Auto Dock the PDBQT file of the target protein was pre-
pared by removing all water molecules and heteroatoms.
Polar hydrogen atoms and kollman charges were added to
complete the protein preparation as shown in Fig. 1. The
optimized structures of ligands initially saved as SDF files
were converted to PDB files using Online Smiles Translator
and ligands were prepared and saved as PDBQT files. A
grid was generated to identify xyz coordinates around the
binding site of the enzyme and saved in a config file. Log-
file and output files are obtained on performing docking
using the command prompt. The docking score and H-
bond interactions were estimated for all the synthesized
compounds are given in Table 1. The interactions of the

Figure 1. Target protein (PDB: 4TZK) structure.

docked results were visualized in 2D and 3D and analyzed
using Discovery Studio Visualizer as shown in Fig. 2.

RESULTS AND DISCUSSION

Chemistry

2,4,5-Trisubstituted imidazoles containing quinoline moi-
ety (3a-j) were synthesized via one-pot multi-component
condensation reaction involving benzil derivative, quin-
oline aldehyde and ammonium acetate in acetic acid solvent at
reflux temperature (Scheme 1). Synthesis of compounds
3a-f involves 2-hydroxyquinoline-3-carbaldehyde (2a)
which was obtained by the conversion of 2-chloroquin-
oline-3-carbaldehyde (1) in 70% acetic acid medium. 4-Quin-
oline carbaldehyde was used to get 3g-j series of compounds.
TLC was used to monitor the progress and completion of
the reaction which clearly indicated the formation of prod-
ucts. Column chromatography was used to purify the crude
compounds which afford yields ranges from 80 to 95%.
All final compounds were confirmed through IR, 'H-NMR,
®C-NMR and mass spectral analysis. Analytical and spectral
data of the synthesized compounds were in full agreement
with the proposed structures. The standard stretching fre-
quencies in IR spectra of the compounds clearly indicated
the presence of N-H group of imidazole ring, C=N, C=C
and aromatic C-H functional groups. The number of sig-
nals with splitting patterns in the '"H-NMR spectra and
carbon signals in *C-NMR spectra of the compounds
were well correlation with the proposed structures. Fur-
ther, the molecular mass of the compounds was obtained
from the mass spectral analysis. Complete characteriza-
tion data of the compounds is given in the experimental
section.

Molecular Docking

In silico molecular docking study of the newly synthesized
compounds (3a-j) was done with the AutoDock tools 1.5.6.
against Mycobacterium tuberculosis enoyl reductase INHA)
receptor (PDB code: 4TZK, X-ray diffraction resolution
1.62 A). Visualization of the possible binding interactions
obtained from the docked results was carried out using
Discovery Studio Visualizer. The molecular docking score,
interacted amino acid residues, hydrogen bond properties
are listed in Table 1. In silico studies revealed that all the
synthesized molecules showed good binding energy
towards the target protein ranging from -10.6 to -9.6 (kcal/
mol). Docking results of the compounds 3d, 3f and 3i
showed less binding energy with the docking score (kcal/
mol) -10.5, -10.5, -10.6 respectively. The lesser docking
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Figure 2. (A) Three-dimension binding interaction (B) Two-dimension binding interaction of the compounds 3d, 3f and 3i with ligands

of receptor 4TZK.
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Scheme 1. Synthesis of 2,4,5-trisubstituted imidazole derivatives containing quinoline moiety (3a-j).

values indicates the strong binding potency of these molecules
towards the target protein. The various types of binding
interactions have been observed for the synthesized molecules
with the target protein. The compound 3i showed least
binding energy among the tested molecules. It may be due
to the presence of fluorine group that could interact much
stronger with target protein. Apart from fluorine interaction,
the various other interactions found for this molecule are
conventional hydrogen bonding, pi-sigma, pi-pi stacked,
pi-alkyl and pi-pi T-shaped (Fig. 2). Among all the interactions,
the hydrogen bond interactions are significant in influencing
the action of drug molecules. The hydrogen bonding residues
for the compounds, 3d: Ser20, Gly96; 3f: Gly96 and 3i:
Gly96 have been observed.

Biological Activity Results

Minimum inhibitory concentration (MIC) values of all
newly synthesized compounds which were screened against
M. tuberculosis H37Rv strain using microplate alamar blue
assay method (MABA) indicated that these compounds
exhibit anti-tuberculosis activity. Among the prepared
quinoline containing imidazole derivatives 3d, 3f and 3i
compounds showed moderate to good activity. The high-
est activity was shown by compound 3i with MIC value
6.25 pg/mL. The enhanced activity of 3d, 3f and 3i com-
pounds might be due to the presence of halogen substit-
uent on the aryl rings of benzyl derivative. The overall
results of in-vitro studies revealed that these synthesized
quinoline containing imidazoles are effective compounds
against M. tuberculosis H37Rv.
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CONCLUSION

A series of 2,4,5-trisubstituted imidazoles containing
quinoline substituent were synthesized via one-pot, three-
component reaction of aryl-1,2-diketone, quinoline aldehyde
and ammonium acetate in acetic acid at reflux temperature.
The products were obtained in a good yield and were
confirmed through IR, 'H-NMR, *C-NMR and mass spectral
analysis. Molecular docking was carried out for the newly
synthesized derivatives against Mycobacterium tubercu-
losis enoyl reductase (INHA) (PDB: 4TZK). Through molec-
ular docking studies, it is revealed that the synthesized
compounds have the lowest binding energy and possess
greater stability. The synthesized analogues were tested
for antimycobacterial activity against M. tuberculosis H37Rv,
in-vitro using the MABA method. Among the screened
samples, compounds 3d, 3f and 3i exhibited good activity
with MIC values 12.5, 12.5 and 6.25 pg/mL respectively.
The obtained MIC values were correlated with the molecular
docking results that, the docking scores for these compounds
were found to have lowest binding energy. From the current
study, it is concluded that these compounds become prom-
inent anti-tuberculosis agents.

Acknowledgment. The authors are thankful to Tumkur
University administration for their support and encour-
agement. Publication cost of this paper was supported by
the Korean Chemical Society.

Supplementary Information. FT-IR, 'H-NMR, *C-NMR,
Mass spectra and docking images of the title compounds
are available at in the online version of this article.

REFERENCE

1. World Health Organization, Treatment of Tuberculosis:
Guidelines- 4" ed.; WHO Press: Geneva, 2010.

2. Espinal, M. A. Tuberculosis 2003, 83, 44.

3. Bhardwaj, N.; Pathania, A.; Kumar, P. Curr. Tradit. Med.
2021, 7, 5.

4. Nasveld, P.; Kitchener, S. Trans. R. Soc. Trop. Med. Hyg.
2005, 99, 2.

5. Eswaran, S.; Adhikari, A. V.; Shetty, N. S. Fur. J. Med.
Chem. 2009, 44, 4637.

6. Denny, W. A.; Wilson, W. R.; Ware, D. C., Atwell, G J.;
Milbank, J. B.; Stevenson, R. J.; U.S Patent, 2006,
7064117.

7. Leatham, P.; Bird, H.; Wright, V.; Seymour, D.; Gordon,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

A. Eur. J. Rheumatol. Inflamm. 1983, 6, 209.

. Muruganantham, N.; Sivakumar, R.; Anbalagan, N.;

Gunasekaran, V.; Leonard, J. T. Biol. Pharm. Bull. 2004,
27, 1683.

. Maguire, M. P.; Sheets, K. R.; McVety, K.; Spada, A. P;

Zilberstein, A. J. Med. Chem. 1994, 37, 2129.
Strekowski, L.; Mokrosz, J. L.; Honkan, V. A.; Czarny,
A.; Cegla, M. T.; Wydra, R. L.; Patterson, S. E.; Schinazi,
R. F. J. Med. Chem. 1991, 34, 1739.

Mahboub, B.; Vats, M. Tuberculosis: Current Issues in
Diagnosis and Management; 2013; pp 1-480.

Negi, A.; Alex, J. M.; Amrutkar, S. M.; Baviskar, A. T;
Joshi, G.; Singh, S.; Banerjee, U. C.; Kumar, R. Biorg.
Med. Chem. 2015, 23, 5654.

Mungra, D. C.; Patel, M. P.; Patel, R. G. Med. Chem. Res.
2011, 20, 782.

Wen, S.-Q.; Jeyakkumar, P.; Avula, S. R.; Zhang, L.; Zhou,
C.-H. Bioorg. Med. Chem. Lett. 2016, 26, 2768.
Jourshari, M. S.; Mamaghani, M.; Shirini, F.; Tabatabaeian,
K.; Rassa, M.; Langari, H. Chin. Chem. Lett. 2013, 24,
993.

Gangula, M. R.; Baru, V. K. 4sian J. Chem. 2012, 5,
1216.

Wani, M. Y.; Ahmad, A.; Shiekh, R. A.; Al-Ghamdi, K.
J.; Sobral, A. J. Biorg. Med. Chem. 2015, 23, 4172.
Gupta, P;; Hameed, S.; Jain, R. Eur. J. Med. Chem. 2004,
39, 805.

Desai, N.; Trivedi, A.; Khedkar, V. M. Bioorg. Med. Chem.
Lert. 2016, 26, 4030.

Siddiqui, S. A.; Narkhede, U. C.; Palimkar, S. S.; Daniel,
T.; Lahoti, R. J.; Srinivasan, K. Tetrahedron Lett. 2005,
61, 3539.

Steck, E. A.; Day, A. R. J. Am. Chem. Soc. 1943, 65, 452.
Shaabani, A.; Rahmati, A. J Mol. Catal. A: Chem. 2006,
249, 246.

Sharma, S. D.; Hazarika, P.; Konwar, D. Tetrahedron
Lert. 2008, 49, 2216.

Sangshetti, J. N.; Kokare, N. D.; Kotharkara, S. A.;
Shinde, D. B. J. Chem. Sci. 2008, 120, 463.

Heravi, M. M.; Bakhtiari, K.; Oskooie, H. A.; Taheri, S.
J. Mol. Catal. A: Chem. 2007, 263, 279.

Wolkenberg, S. E.; Wisnoski, D. D.; Leister, W. H.;
Wang, Y.; Zhao, Z.; Lindsley, C. W. Org. Lett. 2004, 6,
1453.

Somashekara, B.; Thippeswamy, B.; Vijayakumar, G. R.
J. Chem. Sci. 2019, 131, 1.

Abdel-Wahab, B. F.; Khidre, R. E. J. Chem. 2013, 2013,
1.

Collins, L.; Franzblau, S. G. Antimicrob. Agents Chemo-
ther. 1997, 41, 1004.

Krishna, V. S.; Zheng, S.; Rekha, E. M.; Guddat, L. W.;
Sriram, D. J. Comput. Aided Mol. Des. 2019, 33, 357.

2022, Vol. 66, No. 3



