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Abstract A series of new coumarin-based 1,2,3-triazole
derivatives were designed, synthesized and evaluated for
their antitubercular activity in vitro against Mycobacterium
tuberculosis H37Ra, antioxidant activity by DPPH radical
scavenging assay, antimicrobial activity in vitro against
three gram-positive bacteria (Staphylococcus aureus, Mi-
crococcus luteus and Bacillus cereus) and three gram-
negative bacteria (Escherichia coli, Pseudomonas fluo-
rescens and Flavobacterium devorans as well as three
fungi (Aspergillus niger, Penicillium chrysogenum and
Curvularia lunata). The bioactive assay showed that some
synthesized coumarin triazoles displayed comparable or
even better antitubercular, antioxidant, antibacterial and
antifungal efficacy in comparison with reference drugs.
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Furthermore, docking study has been performed against
DprEl enzyme of M. tuberculosis that showed good
binding interactions. Moreover, the synthesized com-
pounds were also analyzed for ADME properties and
showed potential to build up as good oral drug candidates.
Graphical Abstract New coumarin-based 1,2,3-triazole
derivatives were designed, synthesized and evaluated for
their antitubercular, antioxidant, antibacterial and antifun-
gal activity. Some of the coumarin-based triazole deriva-
tives displayed comparable or even better efficacy in
comparison with reference drugs. Molecular docking study
has been performed against DprEl enzyme of Mycobac-
terium tuberculosis showed good binding interactions.
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Introduction

Tuberculosis (TB) is the most important life-threatening
infectious disease caused by the bacterial pathogen bacillus
Mycobacterium tuberculosis (MTB) and characterized by
tubercle lesions in the lungs (Russel et al., 2010; Dye and
Williams 2010). According to the World Health Organi-
zation (WHO), in 2013, 9 million new TB cases and deaths
of 1.5 million peoples were occurred due to the active TB
(WHO Report, 2014). The mortality and spread of this
disease have been further aggravated by its synergy with
human immunodeficiency virus (HIV) (Guardiola-Diaz
et al., 2001). Moreover, the appearance of multidrug-re-
sistant strains (MDR) of MTB has led to the expansion of
this disease and that is why the WHO gives priority
immediately to control tuberculosis infection to prevent the
spread of drug-resistant strains (WHO Report, 2000).
However, there is a serious problem emergence as MTB
developed resistance not only against the first-line drug, but
also against the second-line drugs. Because of this, there is
an emergence of MDR and extensively drug-resistant
(XDR) strains of MTB all over the world (Singh, 2007).
In recent years, click chemistry has emerged as a fast
and powerful approach to the synthesis of novel com-
pounds with biological importance. The copper-catalyzed
1,3-dipolar azide and alkyne cycloaddition (CuAAC)
reaction (Bock et al., 2006; Moses and Moorhouse, 2007,
Meldal and Tornoe, 2008; Hein and Fokin, 2010) have
emerged as the premier examples of “click chemistry” as it
is virtually quantitative and easy to perform. The triazole
formed is essentially inert to reactive conditions such as
oxidation, reduction and hydrolysis. CuAAC is particularly
useful for the synthesis of a variety of molecules ranging
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from enzyme inhibitors to molecular materials (Binder and
Kluger, 2006). 1,2,3-Triazoles are important class of target
molecules due to their interesting biological properties
such as antitubercular (Boechat et al., 2011), antiallergic,
antibacterial, anti-HIV activity (Agalave et al., 2011),
antifungal (Lima-Neto er al., 2012) and o-glycosidase
inhibitors (Senger et al., 2012). Currently, a few 1,2,3-
triazole-based compounds are already in the market or in
the final stages of clinical trials (Therrien and Levesque,
2000).

Literature survey reveals that coumarin backbone in
assimilation with some nitrogen-containing heterocyclic
moieties such as azetidine, thiazolidine, thiazole and tria-
zole significantly increases the antimicrobial activity and
broadens their antimicrobial spectrum (Ronad et al., 2010;
Raghu et al., 2009; Shi and Zhou, 2011). Coumarin
derivatives exhibit enormous amount of biological activi-
ties such as antioxidant, antimicrobial, anti-HIV, antibiotic,
anticancer, muscle relaxant, anti-inflammatory, anticoagu-
lant activity (Murakami et al., 2000) and potential antitu-
mor agent (Zhang et al., 2014). In recent years, a library of
coumarin derivatives conjugated with 1,2,3-triazole were
synthesized and proved to possess different bioactivity.
Zhang and coworkers discovered (Zhang et al., 2014)
4-(1,2,3-triazol-1-yl)coumarin derivatives exhibit cytotoxic
activity against three human cancer cell lines, including
human breast carcinoma MCEF-7 cell, colon carcinoma SW
480 cell and lung carcinoma A549 cell. Similarly, there are
various coumarin—triazole conjugated system which shows
antimicrobial (Kushwaha et al., 2014), antimalarial (Pin-
gaew et al., 2014), 5-lipoxygenase inhibitor (Ouellet et al.,
2012) and anti-inflammatory activity (Stefani et al., 2012).

In continuation of our earlier work (Shingate et al.,
2011; Kategaonkar et al., 2010a, b; Nikalje et al., 2015;
Sangshetti et al., 2014) on synthesis and biological prop-
erties of heterocyclic moieties and considering the impor-
tance of coumarin and triazole moieties as a single
molecular scaffold, we report herein the design and
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syntheses of new coumarin-linked triazole hybrids and
evaluate their antitubercular, antioxidant, antibacterial and
antifungal activities. The computational parameters like
docking study for antitubercular activity and ADME pre-
diction of titled compounds 4a—k were also performed.

Experimental
Materials and methods

All the solvents and reagents were purchased from com-
mercial suppliers Spectrochem Pvt. Ltd., Sigma-Aldrich
and Rankem India Ltd. and used without further purifica-
tion. The key starting material 1a—f, 2a, 3a and 3b was
synthesized according to the literature (Alvarez and
Alvarez, 1997; Srinivasan et al., 2007; Naik et al., 2012;
Anand et al., 2011). The progress of each reaction was
monitored by ascending thin-layer chromatography (TLC)
using TLC aluminum sheets, silica gel F,s4 precoated,
Merck, Germany, and the spots are located using UV light
as the visualizing agent or iodine vapors. Melting points
were taken in open capillary method and are uncorrected.
IR spectra were taken on Bruker FT-IR 4000, and the wave
numbers were given in cm~'. '"H NMR spectra were
recorded (CDCl5/DMSO-de) on Bruker Avance 200 NMR
Spectrometer. '>C NMR and DEPT 135 spectra were
recorded (CDCls/DMSO-d¢) on Bruker Avance 200 NMR
Spectrometer and JEOL ECX 400 NMR Spectrometer.
Chemical shifts (J) are reported in parts per million (ppm)
using tetramethylsilane (TMS) as an internal standard. The
splitting pattern abbreviations are designed as singlet (s),
doublet (d), double doublet (dd), triplet (t), quartet (q) and
multiplet (m).The mass spectra were recorded on Q-TOF
micromass (YA-105) spectrometer in the ESI (electrospray
ionization) modes.

General procedure for the synthesis of 4a—f and 4g—k

To the stirred solution of 4-Methyl-7-(prop-2-yn-1-yloxy)-
2H-chromen-2-one (3a) or 4-(Prop-2-yn-1-yloxy)-2H-
chromen-2-one (3b) (0.5 mmol), substituted benzyl azide
1a—f for 3a and la—e for 3b (0.5 mmol) and copper diac-
etate (Cu(OAc),) (20 mol%) in -BuOH-H,O (3:1, 8 mL)
were added and the resulting mixture was stirred at room
temperature for 16-22 h. The progress of the reaction was
monitored by TLC using ethyl acetate/hexane as a solvent
system. The reaction mixture was quenched with crushed
ice and extracted with ethyl acetate (2 x 15 mL). The
organic extracts were washed with brine solution
(2 x 15 mL) and dried over anhydrous sodium sulfate.

The solvent was evaporated under reduced pressure to
afford the corresponding crude compounds. The obtained
crude compounds were recrystallized using ethanol.

4-Methyl-7-((1-(4-nitrobenzyl)-1H-1,2,3-triazol-4-yl)me-
thoxy)-2H-chromen-2-one (4a) The compound 4a was
obtained as a off-white solid via 1,3-dipolar cycloaddition
reaction between azide 1a (89 mg) and alkyne 3a (107 mg)
in 18 h with 92 % yield. Mp 146147 °C. IR (KBr, cm™'):
Umax 2916 (C-H), 1714 (C=0), 1612 (C=C), 1518 (N-0),
1388 (C—CHj), 1340 (C-N) and 1143 (C-0). '"H NMR
(200 MHz, CDCl;, ppm): dy 2.40 (s, 3H), 5.27 (s, N-CH,),
5.69 (s, O-CH,), 6.15 (s, 1H), 6.90-6.96 (m, 2H),
7.42-7.55 (m, 3H), 7.71 (s, 1H) and 8.21-8.25 (d, 2H). '°C
NMR (50 MHz, CDCl;, ppm): § 18.7 (-CHjz), 53.3 (N-
CH,), 62.2 (O-CH,), 102.1, 112.4, 114.2, 124.4, 125.8,
128.7, 141.4, 152.5 and 161.1 (C=0). HRMS calculated
[M + H]* for C,oH7N4Os: 393.1193, found: 393.1190
and [M + Na]™ for C,oH;(N,OsNa: 415.1013, found:
415.1013.

4-Methyl-7-((1-(3-nitrobenzyl)-1H-1,2,3-triazol-4-yl)me-
thoxy)-2H-chromen-2-one (4b) The compound 4b was
obtained as a pale pink solid via 1,3-dipolar cycloaddition
reaction between azide 1b (89 mg) and alkyne 3a (107 mg)
in 18 h with 92 % yield. Mp 173-174 °C. IR (KBr, cm_l):
Umax 2916 (C-H), 1713 (C=0), 1621 (C=C), 1514 (N-0),
1386 (C—CHj), 1357 (C-N) and 1147 (C-0). '"H NMR
(200 MHz, CDCl;, ppm): oy 2.43 (s, 3H), 5.27 (s, N-CH,),
5.71 (s, O-CH,), 6.16 (s, 1H), 6.94-6.99 (d, 2H), 7.36-7.65
(m, 3H), 7.85 (s, 1H) and 8.19-8.26 (m, 2H). '*C NMR
(50 MHz, CDCl3, ppm): 6 19.5 (-CH3), 54.1 (N-CH,),
62.9 (O-CH,), 103, 112.9, 113.7, 115.1, 123.9, 124.3,
124.7, 126.9, 131.3, 135, 137.5, 143.7, 154.3, 159.5 and
162.1 (C=0). HRMS calculated [M + H]* for
C,oH7N4O5: 393.1193, found: 393.1193 and [M + Na]*
for Coo0H;6N4OsNa: 415.1013, found: 415.1016.

4-Methyl-7-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)me-
thoxy)-2H-chromen-2-one (4c) The compound 4c¢ was
obtained as a white solid via 1,3-dipolar cycloaddition
reaction between azide 1c¢ (84 mg) and alkyne 3a (107 mg)
in 17 h with 90 % yield. Mp 162-163 °C. IR (KBr, cm™'):
Vmax 2916 (C-H), 1692 (C=0), 1612 (C=C), 1390 (C-
CH,), 1157 (C-0) and 754 (C-Cl). 'H NMR (200 MHz,
CDCls, ppm): oy 2.40 (s, 3H), 5.24 (s, N-CH,), 5.53 (s, O-
CH,), 6.15 (s, 1H), 6.92-6.96 (d, 2H), 7.21-7.25 (m, 2H),
7.35-7.39 (m, 2H) and 7.49-7.53 (d, 2H). '>*C NMR
(50 MHz, CDCl3, ppm): 6 18.7 (-CH3), 51.7 (N-CH,),
62.3 (O-CH,), 102.1, 112.3, 112.4, 114.1, 125.7, 1294,
129.5, 132.8, 152.4, 155.1 and 161.1 (C=0). HRMS cal-
culated [M + H]" for C,oH;;CIN;O5: 382.0958, found:
382.0953 and [M + Na]* for C,oH;¢CIN;0;Na: 404.0778,
found: 404.0768.
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4-Methyl-7-((1-(3-chlorobenzyl)-1H-1,2,3-triazol-4-yl)me-
thoxy)-2H-chromen-2-one (4d) The compound 4d was
obtained as a off-white solid via 1,3-dipolar cycloaddition
reaction between azide 1d (84 mg) and alkyne 3a (107 mg)
in 18 h with 92 % yield. Mp 120-121 °C. IR (KBr, cm™'):
Vmax 2916 (C-H), 1720 (C=0), 1611 (C=C), 1385 (C-
CH;), 1156 (C-0) and 679 (C-Cl). '"H NMR (200 MHz,
CDCls, ppm): oy 2.38 (s, 3H), 5.23 (s, N-CH,), 5.68 (s, O—
CH,), 6.11 (s, 1H), 6.87-6.96 (m, 2H), 7.19-7.51 (m, 5H)
and 7.74 (s, 1H). '*C NMR (50 MHz, CDCls, ppm): 6 18.7
(-CHs3), 51.6 (N-CH,), 62.3 (O-CH,), 102.1, 112.2, 112.5,
114, 123.5, 125.7, 127.7, 130, 130.4, 130.5, 132.2, 133.5,
143.2, 152.6, 156.1 and 161 (C=0). HRMS calculated
[M + H]* for C,0H;7CIN;O5: 382.0958, found: 382.0953
and [M + Na]t for C,oH;¢CIN;O5Na: 404.0778, found:
404.0768.

4-Methyl-7-((1-(4-bromobenzyl)-1H-1,2,3-triazol-4-yl)me-
thoxy)-2H-chromen-2-one (4e) The compound 4e was
obtained as a off-white solid via 1,3-dipolar cycloaddition
reaction between azide le (106 mg) and alkyne 3a
(107 mg) in 16 h with 95 % yield. Mp 159-160 °C. IR
(KBr, cm™"): vpax 1697 (C=0), 1606 (C=C), 1386 (C—
CH3), 1156 (C-0) and 752 (C-Br). '"H NMR (400 MHz,
CDCl3, ppm):, oy 2.40 (s, 3H), 5.25 (s, N-CH,), 5.52 (s,
O-CH,), 6.15 (s, 1H), 6.92-6.96 (m, 2H), 7.15-7.19 (m,
2H), 7.28-7.37 (m, 2H) and 7.50-7.54 (m, 3H). °C NMR
(50 MHz, CDCl;, ppm): 6 18.7 (-CHs), 51.7 (N-CH,),
62.3 (O-CH,), 102.1, 112.3, 112.4, 114.1, 125.8, 129.4,
129.5, 132.9, 152.4, 155.1 and 161.1 (C=0). HRMS cal-
culated [M + H]" for CyoH;;BrN;O5: 426.0448, found:
426.0428 and [M + Na]* for C,oH,¢BrN;O;Na: 448.0268,
found: 448.0266.

4-Methyl-7-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (4f) The compound 4f was obtained as a
white solid via 1,3-dipolar cycloaddition reaction between
azide 1f (67 mg) and alkyne 3a (107 mg) in 16 h with
92 % yield. Mp 134-135 °C. IR (KBr, cm™"): vpax 2915
(C-H), 1703 (C=0), 1649 (C=C) and 1155 (C-0). 'H
NMR (400 MHz, CDCl3): dy 2.39 (s, 3H), 5.23 (s, N-
CH,), 5.55 (s, O-CH,), 6.14 (s, 1H), 6.89-6.94 (m, 2H),
7.37-7.58 (m, TH). *C NMR (100 MHz, CDCls, ppm): §
18.8 (-CHs3), 54.4 (N-CH,), 62.4 (O-CH,), 102.1, 102.2,
112.3, 112.5, 112.8, 114.1, 123, 125.8, 128.3, 129, 129.3,
134.4, 143.5, 152.6, 155.2, 161.2 and 161.3 (C=0). HRMS
calculated [M + H]" for C,oH,sN;O5: 348.1343, found:
348.1346 and [M + Na]™ for C,oH;;N303Na: 370.1168,
found: 370.1164.

4-((1-(4-Nitrobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (4g) The compound 4g was obtained as a
yellow solid via 1,3-dipolar cycloaddition reaction between
azide la (89 mg) and alkyne 3b (100 mg) in 20 h with
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89 % yield. Mp 195-196 °C. IR (KBr, cm™"): vy 2916
(C-H), 1711 (C=0), 1620 (C=C), 1553 (N-0O), 1102 (C-0)
and 1339 (C-N). "H NMR (200 MHz, DMSO-dg, ppm): o
5.41 (s, N-CH,), 5.65 (s, O—CH,), 6.15 (s, 1H), 7.32-7.47
(m, 6H), 7.60-7.74 (m, 2H) and 8.45 (s, 1H). '3C NMR
(50 MHz, DMSO-dg, ppm): & 52.1 (N-CH,), 62.7 (O—
CH,), 91.3, 115, 116.4, 122.9, 124.2, 126.4, 128.8, 129.9,
132.8, 134.9, 141.4, 152.8, 161.5 (C=0) and 164.3. HRMS
calculated [M + H]" for C;oH,sN,Os: 379.1036, found:
379.1032 and [M + Na]* for C,oH,,N;OsNa: 401.0856,
found: 401.0853.

4-((1-(3-Nitrobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (4h) The compound 4h was obtained as a
white solid via 1,3-dipolar cycloaddition reaction between
azide 1b (89 mg) and alkyne 3b (100 mg) in 21 h with
87 % yield, Mp 153-154 °C. IR (KBr, em ™) v 1703
(C=0), 1619 (C=C), 1544 (N-0), 1104 (C-0O) and 1348
(C=N). '"H NMR (200 MHz, CDCls, ppm): dy 5.35 (s, N—
CH,), 5.72 (s, O-CH,), 5.85 (s, 1H), 7.20-7.36 (m, 2H),
7.50-7.80 (m, 5H), and 8.20-8.27 (m, 2H). '*C NMR
(50 MHz, CDCl3, ppm): § 53.4 (N-CH,), 62.6 (O-CH,),
91.3, 116.8, 123, 124, 130.5, 132.6, 134, 136.3, 142.4, 150,
1544, 162.5 (C=0) and 164.9. HRMS calculated
[M + H]+ for C19H15N4051 3791036, found: 379.1032
and [M + Na]t for C;oH;4sN4,OsNa: 401.0856, found:
401.0853.

4-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (4i) The compound 4i was obtained as a
white solid via 1,3-dipolar cycloaddition reaction between
azide 1c (84 mg) and alkyne 3b (100 mg) in 20 h with
88 % yield. Mp 194-195 °C. IR (KBr, cm™"): vpax 3061
(C-H), 1720 (C=0), 1619 (C=C), 1137 (C-0O) and 751 (C-
Cl). '"H NMR (200 MHz, CDCls, ppm): g 5.35 (s, N—
CH,), 5.58 (s, O-CH,), 5.88 (s, 1H), 7.21-7.36 (m, 4H),
7.55-7.62 (m, 3H) and 7.78-7.82 (m, 2H). '’C NMR
(50 MHz, CDCl3, ppm):  53.8 (N-CH,), 62.7 (O-CH,),
91.3, 115.5, 116.9, 123.2, 123.4, 124, 129.6, 129.7, 132.7,
132.8, 135.2, 142.1, 153.4, 162.7 (C=0) and 165. HRMS
calculated [M + H]* for C;oH;5sN305Cl: 368.0796, found:
368.0798 and [M + Na]®™ for C;oH;4sN;0;Cl Na:
390.0616, found: 390.0619.

4-((1-(3-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (4f) The compound 4j was obtained as a
white solid via 1,3-dipolar cycloaddition reaction between
azide 1d (84 mg) and alkyne 3b (100 mg) in 22 h with
86 % yield. Mp 166167 °C. IR (KBr, cm™"): vpax 1720
(C=0), 1620 (C=C), 1138 (C-0) and 748 (C-Cl). '"H NMR
(200 MHz, CDCl3, ppm): oy 5.36 (s, N-CH,), 5.76 (s, O-
CH,), 5.89 (s, 1H), 7.21-7.59 (m, 7H) and 7.76-7.83 (d,
2H). '*C NMR (50 MHz, CDCl;, ppm): § 53.9 (N-CH,),
62.7 (O-CH,), 91.3, 115.5, 116.9, 124, 129.9, 132.5, 132.7,



Med Chem Res

133.2, 153.4, 162.7 (C=0) and 165. HRMS calculated
[M + H]* for C,oH,sN;05Cl: 368.0796, found: 368.0798
and [M + Na]*t for C,oH,;4N;05Cl Na: 390.0616, found:
390.0614.

4-((1-(4-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (4k) The compound 4k was obtained as a
off-white solid via 1,3-dipolar cycloaddition reaction
between azide le (106 mg) and alkyne 3b (100 mg) in
20 h with 90 % yield. Mp 204-205 °C. IR (KBr, cm™'):
Umax 2915 (C-H), 1721 (C=0), 1620 (C=C), 1137 (C-0)
and 751 (C-Br). '"H NMR (200 MHz, CDCls, ppm): Jy
5.35 (s, N—-CH,), 5.58 (s, O-CH,), 5.88 (s, 1H), 7.21-7.40
(m, 4H), 7.55-7.65 (m, 3H) and 7.78-7.81 (d, 2H). °C
NMR (50 MHz, CDCl3, ppm): 6 51.8 (N-CH,), 62.7 (O-
CH,), 91.2, 116.8, 123.2, 123.9, 127.8, 130.1, 130.6, 130.7,
132, 132.5, 133.7, 153.4, 162.6 (C=0), 165 and 169.4.
HRMS calculated [M + H]T for C;oH;sN;0;Br:
412.0291, found: 412.0292 and [M + Na]™ for C;oH;4
N3;03BrNa: 436.0091, found: 436.0094.

Biological studies
Antitubercular activity

Mycobacterium tuberculosis H37Ra (ATCC 25177) was
obtained from Astra Zeneca, India. It was grown in Difco
Dubos medium and was used for further study. The stock
culture was maintained at —70 °C and subcultured once in
M. pheli medium before inoculation into experimental
culture. MTB was grown to a logarithmic phase (up to
ODg,9 —1.0) in a defined M. pheli medium. Isoniazid and
pyrazinamide were purchased from Sigma-Aldrich. They
were solubilized in dimethyl sulfoxide (DMSO) and stored
in aliquots at —20 °C. XTT sodium salt powder (Sigma)
was prepared as a 1.25 mM stock solution in sterile 1X
PBS and used immediately. Even menadione (Sigma) was
prepared as a 6 mM solution in DMSO and used imme-
diately. The compounds 4a-k were screened for their
inhibitory activity on MTB by following the XTT Reduc-
tion Menadione Assay (XRMA) protocol at 30, 10 and
3 ug/mL for primary screening. Active compounds were
further evaluated for their dose-response activity using half
dilution. Briefly, 2.5 pl of these inhibitor solutions was
added into the 96-well plate. After that, total volume was
made up to 250 pl by using M. pheli medium consisting of
1 % of 1 OD tubercular bacilli. The assay plates were
incubated at 37 °C incubator. The incubation was termi-
nated on the 8th day for MTB cultures. The XRMA was
then performed to estimate the viable cells present in dif-
ferent wells of the assay plate. For that, in all wells of assay
plate 200 pM XTT was added as a final concentration and

incubated at 37 °C for 20 min. Then, 60 pM menadione
was added as a final concentration and incubated at 37 °C
for 40 min. The optical density (OD) was read on a
microplate reader (SpectraMax plus 384 plate reader,
Molecular Devices Inc.) at 470-nm filter against a blank
prepared from cell-free wells. Absorbance given by cells
treated with the vehicle DMSO alone was taken as 100 %
cell growth. All experiments were carried out in triplicates,
and the quantitative value was expressed as the aver-
age + standard deviation, and ICs values were calculated
from their dose-response curves.

Antioxidant activity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radial scavenging
activity

The hydrogen atom or electron donating ability of the
compounds was measured from the bleaching of the pur-
ple-colored methanol solution of 1,1-diphenyl-1-picrylhy-
drazyl (DPPH). The spectrophotometric assay uses the
stable radical DPPH as a reagent. One milliliter of various
concentrations of the test compounds (5, 10, 25, 50 and
100 pg/mL) in methanol was added to 4 mL of 0.004 %
(w/v) methanol solution of DPPH. After a 30-min incu-
bation period at room temperature, the absorbance was
measured against blank at 517 nm. The percent inhibition
(I %) of free radical production from DPPH was calculated
by the following equation.

% of scavenging = [(A control — A sample)/A blank]
x 100

where ‘A control’ is the absorbance of the control reaction
(containing all reagents except the test compound) and ‘A
sample’ is the absorbance of the test compound. Tests were
carried out in triplicate.

Antibacterial activity

The antimicrobial susceptibility testing of newly synthe-
sized compounds was performed in vitro against bacterial
strains viz. gram-positive Staphylococcus Aureus (ATCC
No. 29737), Micrococcus Luteus (ATCC No. 398), Bacil-
lus Cereus (ATCC No. 6630) and gram-negative Escher-
ichia Coli (NCIM No. 2256), Pseudomonas Fluorescens
(NCIM No. 2173) and Flavobacterium Devorans (ATCC
No. 10829), respectively, to find out minimum inhibitory
concentration (MIC). The minimum inhibitory concentra-
tion (MIC, pg/mL) was defined as the lowest concentra-
tions of compound that completely inhibits the growth of
each strain. Serial twofold dilutions of all samples were
prepared in triplicate in microtiter plates and inoculated

@ Springer



Med Chem Res

with suitably prepared cell suspension to achieve the
required initial concentration. Serial dilutions were pre-
pared for screening. Dimethylsulfoxide (DMSO) was used
as solvent control. Ampicillin, kanamycin and chloram-
phenicol were used as a standard antibacterial drug. The
concentration range of tested compounds and standard was
128-0.5 pg/mL. The plates were incubated at 37 °C for all
microorganisms; absorbance at 595 nm was recorded to
assess the inhibition of cell growth after 24 h. The com-
pounds which are showing promising antibacterial activity
were selected for minimum inhibitory concentration stud-
ies. The MIC was determined by assaying at 128, 64, 32,
16, 8, 4, 2, 1 and 0.5 pg/mL concentrations along with
standards at the same concentrations.

Antifungal activity

The antifungal activity was evaluated against different
fungal strains such as Aspergillus Niger (NCIM No. 1196),
Penicillium Chrysogenum (NCIM No. 723) and Curvularia
Lunata (NCIM No. 1131). Fluconazole, miconazole and
amphotericin B were used as standard drugs for the com-
parison of antifungal activity. The plates were incubated at
37 °C for all microorganisms; absorbance at 410 nm was
recorded to assess the inhibition of cell growth after 48 h.
The lowest concentration inhibiting growth of the organ-
isms was recorded as the MIC. DMSO was used as a sol-
vent or negative control. In order to clarify any effect of
DMSO on the biological screening, separate studies were
carried out with solutions alone of DMSO and showed no
activity against any microbial strains. The compounds
which are showing promising antifungal activity were
selected for minimum inhibitory concentration studies. The
MIC was determined by assaying at 128, 64, 32, 16, 8, 4, 2,
1 and 0.5 pg/mL concentrations along with standards at the
same concentrations.

Computational study
Molecular docking

The protein preparation wizard integrated in the package
was used to clean and optimize the protein—ligand crystal
structure. The protein structure was preprocessed by
removing all the crystallographic water molecules (water
without H-bonds) since no water molecule was found to be
conserved, rectifying the mistakes in PDB file and opti-
mizing the hydrogen bonds. The hydrogen atoms were
added to the protein structure corresponding to the physi-
ological pH 7.0 considering the appropriate ionization
states for the acidic as well as basic amino acids. The most
likely positions of the OH and SH hydrogen atoms, pro-
tonation states and tautomers of His residues and Chi
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“flip” assignments for Asn, Gln and His amino acid resi-
dues were selected. After assigning charge and protonation
state finally, energy minimization with root-mean-square
deviation (RMSD) value of 0.30 A was carried out using
optimized potentials for liquid simulations (OPLS-2005)
force field. Thereafter, the 3D geometries of the ligands
were optimized using the Schrodinger LigPrep utility
(Schrodinger, LLC, USA). This utility generates a number
of low-energy 3D structures, with various ionization states,
tautomers, stereochemistries and ring conformations, from
each molecule input. Finally, partial charges were ascribed
to these geometry-optimized ligands by using the OPLS-
2005 force field. The active site of DprE1 was defined by a
bounding box (grid) size of 10 x 10 x 10 A that was
centered on the native ligand in the crystal complex. Extra-
precision glide docking (Glide XP) which docks ligands
flexibly was used to rank the docking poses and to gauze
the binding affinity of these ligands toward the protein.

ADME prediction

A computational study of synthesized compounds 4a-k
was performed for the prediction of ADME properties. In
this study, we have calculated molecular volume (MV),
molecular weight (MW), logarithm of partition coefficient
(miLog P), number of hydrogen bond acceptors (n-ON),
number of hydrogen bond donors (n-OHNH), topological
polar surface area (TPSA), number of rotatable bonds (n-
ROTB) and Lipinski’s rule of five using Molinspiration
online property calculation toolkit. Absorption (% ABS)
was calculated by % ABS = 109 — (0.345 x TPSA).

Result and discussion
Chemistry

We have described a protocol for the syntheses of a series of
new 4-Methyl-7-((1-(substitutedbenzyl)-1H-1,2,3-triazol-4-
yl)methoxy)-2H-chromen-2-ones 4a—f and 4-((1-(substitut-
edbenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-
ones 4g-k as potential antitubercular, antioxidant and
antimicrobial agents from commercially available starting
materials. These compounds were formed by the fusion of
benzyl azides and coumarin-based alkynes via click chem-
istry approach. The syntheses of starting material benzyl
azides l1a-f were prepared from corresponding benzaldehy-
des via NaBH, reduction, bromination and nucleophilic
substitution reaction of sodium azide according to the
reported procedure (Alvarez and Alvarez, 1997) (Scheme 1).

The synthesis of 7-hydroxy-4-methyl coumarin 2a has
been achieved via Pechmann condensation between resor-
cinol and ethyl acetoacetate in the presence of acid
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Scheme 1 Synthesis of m/ o)

p substituted benzyl azides.
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Scheme 2 Synthesis of 1,4-disubstituted-1,2,3-triazole-based coumarin derivatives 4a—k

(Srinivasan et al., 2007) in 80 % yield (Scheme 2). The
reaction of compound 2a and 2b with propargyl bromide in
the presence of K,CO; as a base in N, N-dimethylfor-
mamide (DMF) at room temperature afforded 4-Methyl-7-
(prop-2-yn-1-yloxy)-2H-chromen-2-one 3a (Naik et al.,
2012) and 4-(Prop-2-yn-1-yloxy)-2H-chromen-2-one 3b
(Anand et al., 2011), respectively, in 95 % yield

(Scheme 2). Finally, benzyl azides la-f and coumarin-
based alkynes 3a and 3b, and the 1,3-dipolar cycloaddition
reaction have been performed in the presence of Cu(OAc),
in ~-BuOH-H,0 (3:1) at room temperature for 16 to 22 h to
give the corresponding 1,4-disubstituted-1,2,3-triazole-
based coumarin derivatives 4a—f and 4g-k, respectively, in
quantitative isolated yield (86-95 %) (Scheme 2).

@ Springer



Med Chem Res

The regioselective formation of 1,2-disubstituted 1,2,3-
triazole-based coumarin derivatives 4a—4k has been con-
firmed by physical data and spectroscopic methods such as
IR, 'H NMR, "*C NMR and HRMS. According to the 'H
NMR data of compound 4a, the signal at 6 2.40 ppm for
three protons was present on the coumarin ring in the form
of methyl group, and the signals at 6 5.27 ppm for two
proton and 0 5.69 ppm for two protons indicate that the two
methylene groups attached with nitrogen and oxygen het-
eroatom, respectively. In addition to this, the signal
appeared at 0 7.71 ppm for one proton clearly indicates the
formation of 1,4-disubstituted 1,2,3-triazole ring. In the 3¢
NMR spectrum of compound 4a, the signal at 6 18.7 ppm
for the methyl carbon and the signals at ¢ 53.3 and ¢
62.2 ppm indicate the presence of two methylene groups
attached to the nitrogen of triazole and oxygen attached to
the coumarin ring, respectively. Furthermore, the peak
observed at 0 161.1 ppm indicates the presence of carbonyl
carbon present in coumarin ring. It has been further con-
firmed for the formation of compound 4a by high-resolu-
tion mass spectrometry (HRMS). The calculated
M + H]t for compound 4a is 393.1193, and observed
[M + H]" in HRMS at 393.1190 also[M + Na]* peak
came at 415.1013 and in HRMS [M + Na]™ peak observed
at 415.1013. Similarly, for compound 4h, in the '"H NMR,
the two peaks observed at 6 5.35 and J 5.72 ppm indicate
that the methylene groups attached to nitrogen of 1,4-dis-
ubstituted 1,2,3-triazole ring and oxygen attached to cou-
marin ring, respectively. The peak observed at 6 5.85 ppm
was due to the olefinic proton present in the coumarin ring
of compound 4h. According to the '>*C NMR spectrum of
compound 4h, the signals at 6 53.4 and 6 62.6 ppm indicate
the presence of two methylene groups attached to the
nitrogen and oxygen heteroatom, respectively. Further-
more, the peak observed at 6 162.5 ppm indicates the
presence of carbonyl carbon present in coumarin ring. The
calculated mass for compound 4h in the form [M + H]% is
379.1036 and observed in HRMS is 379.1036, and mass of
[M + Na]* is 401.0856 and in HRMS [M + Na]* peak
observed at 401.0853. The regioselective formation of
remaining 1,4-disubstituted 1,2,3-triazole-based coumarin
derivatives has been confirmed by physical data and
spectroscopic methods such as IR, 'H NMR, 13C NMR and
HRMS.

Biological activities
Antitubercular activity
The newly synthesized coumarin-1,4-disubstituted 1,2,3-

triazole-based compounds 4a-k were screened for their
in vitro antitubercular activity against MTB H37Ra (ATCC
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25177) following an established XTT Reduction Mena-
dione Assay (XRMA) (Sarkar and singh, 2011) protocol
using  first-line  antitubercular drug pyrazinamide
(ICsp = 10 pg/mL) and isoniazid (ICsy = 0.0023 pg/mL)
as reference standards. The ICs, values of compounds 4a-k
that are in the range of 1.80-4.00 pg/mL imply their
potential as promising antitubercular agents (Table 1). All
the synthesized compounds 4a-k were more potent than
the pyrazinamide; however, these compounds 4g-k were
less active than isoniazid. Among the 4-Methyl-7-substi-
tuted coumarin—triazole conjugates 4a—f, the compound 4a
(ICsp = 2.20 pg/mL) with nitro-group at para position of
phenyl ring shows better activity than compound 4b
(ICsp = 2.80 pg/mL) with nitro-group at meta position of
phenyl ring. Introduction of chloro-group at para position
of phenyl ring gave the least active compound 4c¢ with
IC5¢p = 4.00 pg/mL. However, changing the position of
chloro-group at meta position of phenyl ring in compound
4d shows increase in activity by almost twofold (ICsq
2.20 pg/mL) as compared to compound 4¢. The compound
4e (ICsy = 2.40 pg/mL) having bromo-group at para
position of phenyl ring shows moderate activity. Com-
pound 4f without any substituent on phenyl ring exhibits
most potent activity (IC5o = 1.80 nug/mL) as compared to
the standard drug pyrazinamide.

Among the 4-substituted coumarin analogues 4g-k,
compound 4h (ICsq = 2.20 pg/mL) with nitro-group at
meta position of phenyl ring is more active than compound

Table 1 In vitro antitubercular activity against MTB H37Ra and
antioxidant evaluation of synthesized compounds 4a-k 1Cs, values
(ng/mL)

Entry Antitubercular Antioxidant (DPPH
activity (MTB scavenging activity) (ICso pg/
H37Ra) (ICsp pg/mL) mL)

4a 2.20 50.20

4b 2.80 29.43

4c 4.00 12.48

4d 2.20 16.30

4e 2.40 40.41

4f 1.80 26.78

4g 2.60 12.55

4h 2.20 25.19

4i 2.30 29.20

4j 3.20 13.82

4k 2.20 11.28

Pyrazinamide 10 NT

Isoniazid 0.0023 NT

BHT NT 16.47

Ascorbic NT 12.69

acid

BHT butylated hydroxy toluene, NT not tested
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Table 2 In vitro antimicrobial evaluation of synthesized compounds 4a—k MIC values (pug/mL)

Entry Antibacterial activity Antifungal activity

Gram +ve bacteria Gram —ve bacteria Fungi

SA ML BC EC PF FD AN PC CL
4a 8 4 4 2 2 16 8 8 4
4b 8 16 4 4 2 8 16 8 8
4c 8 32 4 4 4 2 4 8 4
4d 16 16 8 4 4 2 4 8
4e 16 16 4 4 128 4 8 16 8
Af 8 4 16 4 NT 4 16 16 16
4g 8 4 4 2 2 2 8 4 8
4h 8 4 4 4 4 32 16 16 32
4i 16 4 16 4 8 4 4 8 8
4j 8 4 32 4 128 16 16 32 16
4k 16 4 16 4 64 4 8 16 32
Ampicillin 4 16 4 2 4 NT NT NT
Kanamycin 2 2 2 2 NT NT NT
Chloramphenicol 2 2 2 2 2 2 NT NT NT
Miconazole NT NT NT NT NT NT 16 16 16
Amphotericin B NT NT NT NT NT NT 2 4 16
Fluconazole NT NT NT NT NT NT 2 2 4

SA, Staphylococcus aureus; ML, Micrococcus luteus; BC, Bacillus cereus; EC, Escherichia coli; PF, Pseudomonas fluorescens; FD,
Flavobacterium devorans; AN, Aspergillus niger; PC, penicillium chrysogenum; CL, Curvularia lunata. NT, Not Tested

4g (IC5o = 2.60 ng/mL) with nitro-group at para position
of phenyl ring. However, chloro-group at para position in
compound 4i (ICs9 = 2.30 pg/mL) has been 1.5 times
more potent than compound 4j (ICsy = 3.20 pg/mL) with
chloro-substituent at meta position of phenyl ring. Simi-
larly, compound 4k with bromo-group at para position
shows better activity than the reference drug pyrazinamide.

Antioxidant activity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radial scavenging
activity

However, in the present study, antioxidant activity of the
synthesized compounds has been assessed in vitro by the
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
assay (Burits and Bucar, 2000), and the results were
compared with standard antioxidants including natural
ascorbic acid and synthetic antioxidant BHT (butylated
hydroxytoluene). All the synthesized compounds 4a-k
show good to moderate antioxidant activity as compared to
the standard drugs ascorbic acid and BHT (Table 1).
Coumarin-triazole conjugates derived from 4-Methyl-7-
(prop-2-yn-1-yloxy)-2H-chromen-2-one (3a), compounds
4c and 4d having chloro-substituent on phenyl ring show

potent activity (ICsy 12.48 and 16.30 pg/mL, respectively)
as compared to the standard drug BHT and ascorbic acid.
The compounds 4a, 4b and 4e with nitro- and bromo-
substituents on phenyl ring exhibit less activity as com-
pared to standard drugs. The coumarin-based triazole
derivatives 4g-k derived from 4-(Prop-2-yn-1-yloxy)-2H-
chromen-2-one (3b) demonstrate good to excellent
antioxidant activity. However, the compound 4g (12.55 pg/
mL) with nitro-group at para position of phenyl ring, 4j
(13.82 pg/mL) with chloro-group at meta position of
phenyl ring and 4k (11.28 pg/mL) with bromo-group at
para position of phenyl ring show excellent antioxidant
activity as compared to the BHT and ascorbic acid. The
compounds 4h and 4i having nitro-group at meta position
of phenyl ring and chloro-group at para position of phenyl
ring in the respective conjugates exhibit less potency as
compared to standard drugs BHT and ascorbic acid.

Antibacterial activity

Minimum inhibitory concentration (MIC) values for bac-
teria were determined according to the twofold broth
microdilution method using Muller-Hinton broth in 96-well
microtest plates recommended by National Committee for
Clinical Laboratory Standards (NCCLS) guidelines
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(NCCLS, 1997; NCCLS, 1998; NCCLS, 2000). All the
tested coumarin-1,4-disubstituted 1,2,3-triazole-based
derivatives 4a—k do not demonstrate significant activity
against S. aureus (Table 2). It can be seen that the com-
pounds 4a, 4f, 4g, 4h, 4i, 4j and 4k show excellent inhi-
bitory activity with 4 pg/mL as MIC value against M.
luteus, which is fourfold more potent than the clinical drug
ampicillin (MIC 16 pg/mL). However, the compounds 4b,
4d and 4e also possess equivalent antibacterial effect
against M. luteus with MIC value 16 pg/mL. All the syn-
thesized compounds show considerable activity against B.
cereus, except compounds 4d, 4f, 4i, 4j and 4k. In par-
ticular, compounds 4a, 4b, 4c, 4e, 4g and 4h show good
activity at 4 pg/mL as a MIC value against B. cereus. It can
be seen that all the synthesized coumarin-1,2,3-triazole-
based derivatives 4a—k possess comparable activity against
E. coli as compared to standard drug ampicillin. Among all
the synthesized compounds 4a—-k, compounds 4a and 4¢g
with nitro-group at para position of phenyl ring show
promising activity, i.e., twofold more activity as compared
to ampicillin, also comparable with standard drugs kana-
mycin and chloramphenicol with 2 pg/mL as a MIC value
against E. coli. Compounds 4a, 4b and 4g also possess
comparable activity against gram-negative bacterial strain
P. fluorescens with 2 ng/mL as a MIC value as compared
to standard drugs ampicillin, kanamycin and chloram-
phenicol. It is due to the presence of nitro-group on phenyl
ring of compounds 4a, 4b and 4g. It has been observed that
E. coli and P. fluorescens bacteria are more sensitive to the
compounds 4a and 4g. Most of the synthesized compounds
are active against the bacterial strain F. devorans. In par-
ticular, the compounds 4¢, 4d and 4g show twofold more
activity with 2 pg/mL as MIC value against F. d2vorans
with reference to standard drug ampicillin and comparable
with kanamycin and chloramphenicol. The compounds 4e,
4f, 4i and 4k having 4 pg/mL as a MIC value show com-
parable activity against the bacterial strain F. devorans
with standard drug ampicillin.

Antifungal activity

Fungi were sub-cultured in potato dextrose broth medium.
MIC of the synthesized compounds was determined using
potato dextrose broth in 96-well microtest plates recom-
mended by NCCLS guidelines (NCCLS, 1997; NCCLS,
1998; NCCLS 2000). In case of antifungal activity, all the
synthesized coumarin-1,4-disubstituted  1,2,3-triazole-
based derivatives 4a-k show good to moderate activity
against A. niger, P. chrysogenum and C. lunata strains
(Table 2).

All the synthesized compounds 4a-k show equivalent or
higher activity against the fungicidal strain A. niger as
compared to standard drug miconazole and less potent than
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amphotericin B and fluconazole. In particular, compounds
4c, 4d and 4i with MIC value of 4 pg/mL show fourfold
and compounds 4a, 4e, 4g and 4k with MIC value of 8 pg/
mL show twofold antifungal activity against A. niger as
compared to standard drug miconazole. The activity of
compounds 4a-d, 4g and 4i was higher to that of
miconazole against P. chrysogenum as compared to
miconazole. In particular, compounds 4d and 4g with a
MIC value of 4 pg/mL show comparable potent activity as
compared to amphotericin B and twofold more active than
miconazole and less active as compared to fluconazole.
Most of the synthesized compounds are more active against
the fungicidal strain C. [unata as compared to standard
drugs miconazole and amphotericin B. In particular, com-
pounds 4a and 4¢ with MIC value 4 pg/mL exhibit fourfold
and compounds 4b, 4d, 4e, 4g and 4i with 8 pg/mL as a
MIC value against C. lunata possess twofold more activity
as compared to standard drug miconazole and amphotericin
B. It has been revealed that the compound 4d having
chloro-substituent at meta position of phenyl ring shows
promising activity as compared to the standard drugs
miconazole and amphotericin B.

Molecular docking

The triazole derivatives have been reported to inhibit
DprEl  (decaprenylphosphoryl-f-D-ribose-2'-epimerase)
enzyme of MTB (Mir et al., 2014; Stanley et al., 2012;
Singh et al., 2008). DprE1 is involved in the biosynthesis
of decaprenylphosphoryl-D-arabinose (DPA), which is an
essential component of the mycobacterial cell wall (Gio-
vanna et al., 2013). Molecular docking study was per-
formed using the Glide (grid-based ligand docking with
energetics) program incorporated in the Schrodinger
molecular modeling package (Friesner et al., 2004; Hal-
gren et al., 2004). In order to scrutinize, binding

Fig. 1 Overlay of the X-ray crystallographic binding mode of native
ligand (gray) over its best docked pose (green) (Color figure online)
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Table 3 Results of the molecular docking study—Glidescore, Glide energy and non-bonded interactions (H-bonds)

Ligand ICs¢ (ng/mL) Docking score Interaction energy (kcal/mole) H-bonds

Total Van der Waals (E,q,,) Coulombic (E.qu)
4a 2.20 —16.66 —51.85 —48.84 —3.01 Lys418, Tyr415, Tyr60
4b 2.80 —15.96 —47.17 —44.48 —2.69 Lys418, Tyr415
4c 4.00 —15.59 —45.15 —42.04 —3.11 Lys 418, Tyr415, Tyr60
4d 2.20 —16.61 —49.75 —48.66 —1.09 Lys 418, Tyr415
4e 2.40 —16.11 —48.77 —47.60 —1.17 Lys 418, Tyr415, Ser228
4f 1.80 —17.95 —54.27 —50.67 —3.60 Lys 418, Tyr415, Tyr60
4g 2.60 —16.01 —47.45 —44.85 —2.60 Tyr60, Tyr415
4h 2.20 —16.58 —51.58 —49.44 —2.14 Tyr415, Ser228, His132
4i 2.30 —16.23 —49.28 —46.89 —2.39 Lys 418, Tyr415, His132
4j 3.20 —15.64 —45.41 —42.61 —2.79 Lys 418, Tyr415, His132
4k 2.20 —16.50 —50.02 —48.61 —1.40 Lys418, Tyr415, Ser228, His132

Table 4 Results of non-boned interactions (van der Waal’s interactions)

Ligand

Per-residues interactions
vdW (kcal/mol)

Coulombic (kcal/mol)

4a

4b

4c

4d

4e

4f

4g

4h

4i

4

4k

Lys418 (=2.11), Asp389 (=2.11), Cys387 (—2.32), Val365 (=3.27), Leu363 (—2.71), GIn336
(—2.19), Gly321 (—1.96), Phe320 (—1.93), Leu317 (—2. 18), Trp230 (—1. 38), Lys134 (—2.19),
Gly133 (—1. 91), His132 (=2.31), Thrl118 (—=1.97), Gly117 (=3.14), Pro116 (—=2.57), Tyr60
(—2. 50)

Lys418 (—2.02), Cys387 (—1.87), Phe369 (—1.09), Lys367 (—1.03), Val365 (—2.39), GIn336
(—1.24), Leu317 (—1.44), Lys134 (—1.45), Gly133 (—1.70), His132 (—2.39), Gly117 (—2. 49),
Prol16 (—2. 05), Tyr60 (—1.43)

Lys418 (—1.71), Asp389 (—1.05), Cys387 (—1. 44), Val365 (—2.43), Leu363 (—2.09), GIn336
(—1.09), Gly321 (—1.32), Phe320 (—1.06), Leu317 (—1.08), His132 (—1.94), Ile131 (—1.09),
Thr118 (—1. 47), Gly117 (—=2.06), Pro116 (—1.91), Tyr60 (—1.09)

Asp389 (=2.15), Cys387 (—2.32), Val365 (=3. 42), Leu363 (—=2.71), GIn336 (—2.18), Gly321
(—1.71), Phe320 (—1. 86), Leu317 (=2.14), Trp230 (—1. 37), Lys134 (—2. 03), Gly133 (—2.08),
His132 (2. 25), Thrl118 (=1.91), Gly117 (=3.19), Prol16 (=2. 53), Tyr60 (—2.32),

Lys 418 (—2.01), Cys387 (—2. 22), Val365 (—3.06), Leu363 (—2.18), GIn336 (—1.43), Gly321
(—1. 63), Phe320 (—1.45), Leu317 (—1.78), Trp230 (—1.32), Lys134 (—1. 85), Gly133 (—1. 87),
His132 (—1. 65), Thr118 (—1.55), Gly117 (—2. 86), Prol116 (—2.17), Tyr60 (—2.13)

Lys418 (—2.17), Tyr415 (—2.47), Cys387 (—2.54), Phe369 (—1.37), Lys367 (—1.69), Val365
(—3.52), GIn336 (—2.69), Leu317 (—2.30), Lys134 (—=2.38), Gly133 (—2. 28), His132 (—2.76),
Tel31 (—2.18), Thr118 (1. 93), Gly117 (—3.29), Prol16 (—2.74), Tyr60 (—2.78)

Lys418 (—2.02), Cys387 (—1.53), Val365 (—2.82), Leu363 (—1.53), Gly321 (—1.60), Phe320 (—1.
30), Leu317 (=1. 59), Lys134 (—1.30), Gly133 (=1. 69), His132 (=2.55), Thr118 (—1. 60),
Gly117 (—2.60), Pro116 (—2. 14), Tyr60 (—1.38)

Lys 418 (=2.04), Tyr415 (—2.38), Cys387 (—2.36), Asn385 (—1.50), Phe369 (—1.30), Lys367
(—1. 56), Val365 (3. 45), GIn336 (—2.22), Leu317 (—2.16), Lys134 (—2. 20), Gly133 (—1.
95), His132 (—2.36), Ile131 (—1.09), Thr118 (—1.91), Gly117 (—2.90), Pro116 (—2.48), Tyr60
(=2.70)

Lys418 (—2.03), Cys387 (—2.30), Asn385 (—1. 59), Phe369 (—1.03), Lys367 (—1.45), Val365
(=3.29), Leu363 (—2.18), GIn336 (=2.03), Gly321 (—1.67), Phe320 (—1. 70), Leu317 (—1.99),
Lys134 (—2.01), Gly133 (1. 96), His132 (2. 07), Gly117 (—3.07), Pro116 (—2.25), Tyr60
(2. 30)

Lys418 (—2.00), Cys387 (—1.29), Val365 (—2.30), Leu363 (—2.05), GIn336 (—1.18), Gly321
(—1.57), Phe320 (—1.43), Leu317 (—1.06), Trp230 (—1.11), Lys134 (—1.40), Gly133 (—1.06),
His132 (=1.93), Gly117 (=2. 34), Pro116 (=2.07), Tyr60 (—1.09)

Lys418 (—2.12), Cys387 (—2. 40), Asn385 (—1. 71), Val365 (—3.45), Leu363 (—2.33), GIn336
(—2.23), Gly321 (—1. 78), Phe320 (—1. 92), Leu317 (—2. 06), Trp230 (—1. 48), Lys134
(—2.04), Gly133 (—2. 01), His132 (—2.48), Gly117 (=3.13), Pro116 (—2.46), Tyr60 (—2.32)

Lys418 (—2.13), Asp318 (—1.34),
Lys134 (—1.47)

Lys367 (—1.96), His132 (—1. 12)

Lys 418 (—1.78), His132 (—1.03)

Lys418 (—2. 16), His132 (—1.18)

Asp389 (—1.70), Lys134 (—1.29)

Lys418 (—2.36), Lys367 (—2.86),

Asp318 (—1.35)

Asp389 (—1.65), Lys367 (—1.87),
Lys134 (—1.13)

Lys 418 (—2.18), Asp 318 (—1. 27)

Asp318 (—1. 10), His132 (—1. 20)

Lys 418 (=2. 17)

Lys418 (—2.14), Asp318 (—1.24),
His132 (—1.35)
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interactions of the synthesized compounds against DprE1l
enzyme (PDB ID:4FDO (Batt er al., 2012) and to gain
insights into their experimental inhibition pattern.

The most straightforward method for evaluating the
accuracy of a molecular docking protocol is by extracting
the native ligand from the binding site and re-docking it
into the crystal complex to determine how closely the
lowest energy pose (binding conformation) predicted by
the scoring function resembles the experimentally deter-
mined binding mode by X-ray crystallography. In the
present study, the docking protocol was validated by
docking the native ligand back into the active site of DprE1l
(PDB ID:4FDO). The root-mean-square deviation (RMSD)
between the pose of native ligand obtained by docking and
the observed X-ray crystallographic conformation was
found to be <1 A representing the reliability of the docking
procedure in reproducing the experimentally observed
binding mode for molecules investigated herein (Fig. 1).

The results obtained for the binding affinity of ligands
4a—k for DprEl are discussed on the basis of four major
parameters—Glide score, Glide energy, H-bonds and non-
bonded interactions (van der Waals and Coulombic). The
more negative value of Glide score signifies good binding
affinity of the ligand with target enzyme. Also the mini-
mum energy for the formation of complex between ligand
and receptor (Glide energy) indicates a good binding
affinity. Ten different binding conformations obtained from
docking simulations have been retained for each of these
ligands. The experimental values (ICsq) of the biological
activity of these molecules and the corresponding inter-
molecular interaction energy values between inhibitor and
enzyme are obtained with the molecular docking shown in
Tables 3 and 4.

A plot of the ICs( values versus the Glide docking score
of these compounds 4a—k is given in Figure S1 (Supporting
information). A general trend was observed between the
docking scores of these compounds and there

Fig. 2 The binding mode of
most active compound 4f in the
active site of DprEl enzyme
(PDB ID:4FDO) obtained by
molecular docking

@ Springer

corresponding ICso values where the active compounds
possess high docking score, while compounds with rela-
tively low inhibition were also predicted to show lower
docking score. Analysis of the docking pose shows that all
the inhibitors snugly fit into the active site of DprEl in
positions very close to that of native ligand in the crystal
structure of its complex with DprE1 making various close
contacts with the residues lining this site.

All the molecules are showing very good affinity toward
DprEl (average docking score —16.34) with a very similar
topology of binding. However, the per-residue interaction
analysis between the ligand and amino acids forming the
active site could provide the quantitative explanation for
the observed difference in binding affinity (Tables 3, 4).

The per-residue interaction analysis shows that the van
der Waals contacts were more prevalent over the electro-
static contribution in the binding of molecules 4a-k to
DprEl. Extensive van der Waals interactions have been
observed with residues Lys418, Tyr415, Asp389, Cys387,
Asn385, Phe369, Lys367, Val365, Leu363, GIn336,
Gly321, Phe320, Leu317, Trp230, Lys134, Glyl33,
His132, Ile131, Thr118, Gly117, Prol116 and Tyr60 lining
the active site of DprEl. It is also involved in favorable
electrostatic contacts with Lys418, Asp389, Lys367,
Asp318, Lys134 and His132. The enzyme—inhibitor com-
plex was found to be further stabilized by strong H-bond-
ing interaction observed with the amino acid residues—
Lys418, Tyr415, Ser228, His132 and Tyr60 in the enzyme
active site. The binding mode of the most active compound
4f in the active site of DprEl enzyme (PDB ID:4FDO)
obtained by molecular docking is shown in Fig. 2.

The per-residue interaction analysis as well as the glide
score and the glide energy suggest that 4f interacts rela-
tively more strongly with DprE1 enzyme than other ligands
which is in agreement with the observed antitubercular
activity. The most significant driving force for mechanical
interlocking between these ligands 4a—-k and the DprEl
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Table 5 Pharmacokinetic parameters important for good oral bioavailability of the synthesized compounds 4a-k

Entry % ABS TPSA (A% n-ROTB MV MW miLog P n-ON acceptors n-OHNH donors Lipinski’s
violations

Rule - - - - <500 <5 <10 <5 <1

4a 68.98 115.98 6 330.94 392.37 3.72 9 0 0

4b 68.98 115.98 6 330.94 392.37 3.70 9 0 0

4c 84.79 70.16 5 321.14 381.81 4.44 6 0 0

4d 84.79 70.16 5 321.14 381.81 4.42 6 0 0

4e 84.79 70.16 5 325.49 426.27 4.57 6 0 0

4f 84.79 70.16 5 307.60 347.37 3.76 6 0 0

4g 68.98 115.98 6 314.38 378.34 3.30 9 0 0

4h 68.98 115.98 6 314.38 378.34 3.27 9 0 0

4i 84.79 70.16 5 304.58 367.79 4.02 6 0 0

4j 84.79 70.16 5 304.58 367.79 3.99 6 0 0

4k 84.79 70.16 5 308.93 412.24 4.15 6 0 0

enzyme was observed to be the steric complementarity Conclusions

between the ligands and the receptor site as evidenced from
the relatively higher contribution of van der Waals inter-
action over other components in the overall binding of
these compounds to DprE1l enzyme.

The binding pattern predicted by Glide complemented
with a detailed per-residue interaction analysis clearly
indicates that these triazole derivatives have a high affinity
toward active site of DprEl enzyme which provides a
strong platform for new structure-based design efforts.

ADME prediction

A computational study of synthesized compounds 4a-k
was performed for prediction of ADME properties using
Molinspiration online property calculation toolkit (http://
www.molinspiration.com/cgi-bin/properties 2014), and the
values are presented in Table 5. The absorption (% ABS)
was calculated by % ABS = 109 — (0.345 x TPSA)
(Zhao et al., 2002). It is observed that all the synthesized
coumarin-1,4-disubstituted 1,2,3-triazole-based derivatives
exhibit a good % ABS ranging from 68.98 to 84.79 %.
Furthermore, none of the synthesized compounds violated
Lipinski’s rule of five (Lipinski ef al., 2001), thus showing
good drug-like properties. A molecule likely to be devel-
oped as an orally active drug candidate should not violate
more than one of the following four criteria: miLog
P (octanol-water partition coefficient) <5, molecular
weight <500, number of hydrogen bond acceptors <10 and
number of hydrogen bond donors <5 (Ertl ef al., 2000). All
the compounds 4a—-k follow the criteria for orally active
drug, and therefore, these compounds may have a good
potential for eventual development as oral agents.

In conclusion, we have synthesized new triazole-based
coumarin derivatives via click chemistry and evaluated
biological activity. The synthesized compounds show
promising antitubercular, antioxidant and antimicrobial
activity as compared to the respective standard drugs.
Among all the compounds, 4f exhibited interesting and
most promising antitubercular activity (MIC = 1.80 ng/
mL) for MTB H37Ra strain. Compound 4k shows potential
antioxidant activity (ICsq = 11.28 pug/mL) when compared
to standards BHT and ascorbic acid. Compounds 4g and 4d
show significant antibacterial and antifungal activity as
compared to the standard antibacterial drugs such as
kanamycin, ampicillin, chloramphenicol and antifungal
drugs such as miconazole, fluconazole and amphotericin B,
respectively. In addition to this, molecular docking study of
these synthesized triazole derivatives has a high affinity
toward the active site of DprEl enzyme which provides a
strong platform for new structure-based design efforts.
Furthermore, analysis of the ADME parameters for syn-
thesized compounds showed good drug-like properties and
can be developed as oral drug candidate, thus suggesting
that compounds from present series 4f (antitubercular
activity), 4k (antioxidant activity), 4g (antibacterial activ-
ity) and 4d (antifungal activity) can be further optimized
and developed as a lead molecule.
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