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INTRODUCTION

Every 3 out of 5 folks expire because of chronic inflam-
matory ailments and world health organization describes inflam-
matory disorders as the paramount risk to human wellbeing
[1]. Cyclooxygenase (COX) is the enzyme that contributes to
inflammation and its inhibitors are usually used to lessen the
agony. Non-steroidal anti-inflammatory drugs (NSAIDs) are
generally used for the inhibition of COX-1 and COX-2 [2].
Due to the selectivity issues, COX-2 is widely studied target
when compared to COX-1. Out of 2 isoforms, COX-1 is
expressed in many tissues, but COX-2 typically is absent [3].
Celecoxib and rofecoxib even with a high amount of selectivity
towards COX-2 were withdrawn from the market due to severe
toxicity issues [4]. These inhibitors were also used in many
diseases like cancer, autoimmune diseases, obesity, metabolic
syndrome, neurodegenerative diseases, atherosclerosis and
arthritis and there is a need to increase the spectrum of cyclo-
oxygenase inhibitors [5].

Published online: 7 December 2020; AJC-20163

In this study, we report the design, synthesis and the biological evaluation of 19 analogues of 2-mercapto benzoxazole coupled benzyl |
triazoles (BOTs) based on analysis of the binding site and literature of chemical space. These BOTs were evaluated both in vitro and in |
vivo for their anti-inflammatory activity. Eleven compounds showed less than 10 uM in vitro COX-2 enzyme activities. The most potent
analogue among the BOT analogues were BOT15, BOT3 and BOT19 with ICs, 3.40 uM, 4.50 uM and 4.57 UM respectively against |
COX-2. The in vivo anti-inflammatory activity of two BOTs has significantly higher than that of standard drug, ibuprofen. 2-Mercapto |
benzoxazole coupled benzyl triazoles (BOTs) were also tested for their antioxidant capacity and proved to be an as active scavenger, better |
|
|

In this context, a plethora of research was carried out
throughout the world and different chemical moieties were
explored and out of which pyrazole [6,7], indole [8,9], pyridine
[10,11], oxazole [12,13], pyrrole [14,15] played a major role
as anti-inflammatory agents. In some studies, 1,2-benzothiazole-
3(2H)-one-1,1-dioxide analogous comprising both aryl hydra-
zones and five-membered heterocyclic rings were assessed for
their in vitro COX-1/COX-2 inhibitory activity [16]. Different
pyridazinone derivatives in combination with aryl or pyridyl
rings linked via an ethenyl piece were synthe-sized and proved
to be effective against cyclooxygenases both in in vitro and in
vivo studies [17].

A series of novel indazole derivatives which were proved
to be active and selective to COX-2 were radiolabeled (**F) and
the tracer was evaluated in vivo in a neuroinflammation model
[18]. Molecular modelling has played a major role in filling
the gaps in experimental validity and contributed to the evol-
ution of many active moieties [19]. Using the latest trends in
the designing and discovery, our group previously synthesized
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2-(((5-aryl-1,2,4-oxadiazol-3-yl)methyl)thio)benzo[d]oxazoles
and 2-mercapto benzothiazole linked 1,2,4-oxadiazoles and
proved that these moieties were active in in vitro and in vivo
studies [20,21]. In present work, we have designed a new class
of 2-mercapto benzoxazole coupled benzyl triazoles (BOT)
based on the extensive analysis of the binding pocket of COX-1
and COX-2, our previous experience on designing of novel
COX-2 inhibitors and known literature Fig. 1 [22-24]. All the
designed molecules were synthesized and tested using in vitro,
in vivo studies and confirmed as new and efficient anti-
inflammatory agents.

EXPERIMENTAL

All the chemicals were purchased from Alfa Aeser (Alfa
Aesar, Johnson Matthey Co., USA), Sigma-Aldrich (USA) and
Spectrochem Pvt. Ltd. (India). The progress of the reaction

was monitored by TLC. Silica gel-G plates (Merck) were used
for TLC analysis with a mixture of petroleum ether and ethyl
acetate as the eluent, visualization on TLC was achieved by
UV light. '"H NMR spectra were recorded on Avance (300
MHz); Bruker, Fallanden, Switzerland instruments. ESI spectra
were recorded on Micro mass, Quattro LC using ESI+ software
with a capillary voltage of 3.98 kV and ESI mode positive ion
trap detector. IR spectra were recorded on an FT-IR spectro-
meter (Shimadzu FT-IR 8300 spectrophotometer). The melting
point was meas-ured in open capillary tubes and results were
uncorrected. All the synthesized compounds were characterized
by their physical and spectral data.
2-(Prop-2-yn-1-ylthio)benzo[d]oxazole (2): Propargyl
bromide (80%) in toluene (4.90 mL, 39.72 mmol) was added
to a stirred solution of benzo[d]oxazole-2-thiol (1) (5.00 g,
33.1 mmol) and K,CO; (6.85 g, 49.60 mmol) in DMF (50 mL)
and allowed the reaction mixture to stir at room temperature

Shafi et al. [23]

—

Aryl/
Heteroaryl

Yatam et al. [20,21]

Paramashivappa et al. [22]

Fig. 1. Design of scaffold for selective COX-2 inhibition through the scaffold-hopping approach
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for 1 h under nitrogen. Reaction was monitored by TLC (R;=
0.55, pet. ether:EtOAc = 7:3), after completion of reaction, water
(200 mL) was added to the reaction mixture was extracted
with EtOAc (150 mL) and the organic layer was washed with
water (3 x 200 mL) followed by brine solution (200 mL). The
organic layer was dried over anhydrous Na,SO,, filtered and
concentrated in vacuo and the residue was purified by column
chromatography over silica gel (100-200 mesh) with eluent
10% EtOAc in pet ether to afford 2-(prop-2-yn-1-ylthio)benzo-
[d]oxazole (2) (5.63 g, 29.79 mmol, 90%) as a light brown-
orange gummy solid. '"H NMR (400 MHz, CDCls) &: 7.63-
7.61 (m, 1H), 7.45-7.43 (m, 1H), 7.30-7.22 (m, 2H), 4.07 (d,
J=2.40Hz, 2H), 2.30 (t, J = 2.8 Hz, 1H). "C NMR (100 MHz,
CDCly) &: 163.05, 152.04, 141.76, 124.46, 124.21, 118.70,
110.04, 77.93, 72.49, 20.72.

General procedure for the synthesis of 2-mercapto benz-
oxazole coupled benzyl triazoles (BOTs) (1-19): Sodium
ascorbate (1.57 mmol) was added to a green coloured
suspension of Cu(OAc),-H,O (0.105 mmol) and 1,10-phenan-
throline monohydrate (0.105 mmol) in 4:1 EtOH and H,O (8
mL: 2 mL) and stirred the reaction mixture for 5 min at room
temperature, then added 2-(prop-2-yn-1-ylthio)benzo[d]thiazole
(2) (1.05 mmol), sodium azide (1.26 mmol) and benzyl bromide
derivative (1.15 mmol) and the resulting orange coloured
suspension was stirred at room temperature for 18 h. After 18 h,
diluted the reaction mixture with water (30 mL) and extracted
with EtOAc (50 mL). The organic layer was washed with water
(30 mL) followed by brine (30 mL), the organic layer was
dried over anhydrous Na,SO, filtered and concentrated in
vacuo and the residue was purified by column chromatography
over silica gel (100-200 mesh) with eluent 50% to 70 % EtOAc
in pet ether followed by recrystallization with diethyl ether to
yield compound.

2-(((1-(Naphthalen-1-ylmethyl)-1H-1,2,3-triazol-4-
yl)methyl)thio)benzo[d]oxazole (BOT-1): Yield: 75%; off-
white solid; m.p.: 65-67 °C; IR (KBr, Vi, cm™): 1496, 1448,
1234, 1220, 1128, 791; '"H NMR (400 MHz, CDCl5) 8: 7.91-
7.85 (m, 3H), 7.50-7.35 (m, 7H), 7.29-7.21 (m, 2H), 5.92 (s,
2H), 4.54 (s,2H). *C NMR (100 MHz, CDCl;) 8: 163.58, 151.43,
143.08, 141.19, 133.37, 130.57, 129.56, 129.17, 128 .43, 127.30,
126.76,125.90, 124.84, 123.81, 123.50, 122.44, 122.24, 117.89,
109.45,51.84,26.31. LC-MS (ESI+APCI): m/z =373 [M+H]".

2-(((1-(Naphthalen-2-ylmethyl)-1H-1,2,3-triazol-4-
yl)methyl)thio)benzo[d]oxazole (BOT-2): Yield: 75%; off-
white solid; m.p.: 79-81 °C; IR (KBr, Vi, cm™): 1504, 1451,
1236, 1215, 1126, 748; 'H NMR (400 MHz, CDCl5) 8: 7.83-
7.75 (m, 3H), 7.69 (s, 1H), 7.61 (s, 1H), 7.52-7.47 (m, 3H),
7.40-7.38 (m, 1H), 7.30-7.19 (m, 3H), 5.63 (s, 2H), 4.60 (s,
2H). BC NMR (100 MHz, CDCl;) &: 164.18, 152.00, 143.94,
141.75,133.17,131.77, 129.16, 127.95, 127.79, 127.38, 126.74,
125.25,124.33,124.03, 123.01, 118.41, 109.99, 54.40, 26.86.
LC-MS (ESI+APCI): m/z = 373 [M+H]".

2-(((1-(2-Methylbenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-3): Yield: 70%; off-white solid;
m.p.: 55-57 °C; IR (KBr, Vinax, cm™): 1498, 1451, 1221, 1131,
756; 'H NMR (400 MHz, CDCls) &: 7.55-7.52 (m, 1H), 7.47
(s, 1H), 7.39 (dd, J=7.6 Hz, 1.6 Hz, 1H), 7.29-7.21 (m, 3H),

7.17-7.14 (m, 2H), 7.08-7.06 (m, 1H), 5.46 (s, 2H), 4.57 (s,
2H), 2.19 (s, 3H). *C NMR (100 MHz, CDCl;) &: 164.14,
151.98, 143.53,141.76, 136.82, 132.33, 131.02, 129.31, 129.14,
126.64, 124.33, 124.05, 122.77, 118.41, 109.98, 52.38, 26.89,
18.90. LC-MS (ESI+APCI): m/z = 337 [M+H]".
2-(((1-(4-Methylbenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-4): Yield: 85%; off-white solid;
m.p.: 58-60 °C; IR (KBTI, Vina, cm™): 1506, 1449, 1233, 1131,
760; '"H NMR (400 MHz, CDCls) 8: 7.56-7.55 (m, 2H), 7.41-
7.39 (m, 1H), 7.30-7.21 (m, 2H), 7.11 (s, 4H), 5.42 (s, 2H),
4.58 (s,2H), 2.32 (s, 3H). "CNMR (100 MHz, CDCL) 6: 164.23,
152.01, 143.70, 141.79, 138.68, 131.41, 129.76, 128.07, 124.32,
124.03, 122.75, 118.42, 110.00, 54.00, 26.88, 21.16. LC-MS
(ESI+APCI): m/z =337 [M+H]".
2-(((1-(4-Isopropylbenzyl)-1H-1,2,3-triazol-4-yl)-
methyl)thio)benzo[d]oxazole (BOT-5): Yield: 78%; off-white
solid; m.p.: 53-55 °C; IR (KBT, Vi, cm™): 1498, 1449, 1230,
1127, 746; '"H-NMR (400 MHz, CDCI;) &: 7.59-7.55 (m, 2H),
7.42-7.40 (m, 1H), 7.29-7.13 (m, 6H), 5.43 (s, 2H), 4.59 (s,
2H), 2.91-2.84 (m, 1H), 1.22 (d, J = 7.2 Hz, 6H). *C NMR
(100 MHz, CDCls) 6: 164.25, 152.01, 149.60, 143.68, 141.79,
131.75, 128.12, 127.16, 124.33, 124.04, 122.83, 118.42,
110.01, 53.99, 33.84, 26.89, 23.89. LC-MS (ESI+APCI): m/z
=365 [M + HJ".
2-(((1-(4-(tert-Butyl)benzyl)-1H-1,2,3-triazol-4-yl)-
methyl)thio)benzo[d]oxazole (BOT-6): Yield: 80%; off-white
solid; m.p.: 56-58 °C; IR (KBT, Vi, cm™): 1502, 1450, 1216,
1132, 736; '"H NMR (400 MHz, CDCl) &: 7.59 (s, 1H), 7.57
(d,/=7.2Hz, 1H),7.41 (d,J=7.6 Hz, 1H), 7.34 (d,/=8.0 Hz,
2H), 7.29-7.22 (m, 2H), 7.15 (d, /= 8.0 Hz, 2H), 5.44 (s, 2H),
4.59 (s,2H), 1.29 (s, 9H). "*CNMR (100 MHz, CDCL) 6: 164.25,
152.02, 151.89, 143.68, 141.79, 131.40, 127.83, 126.03,
124.34, 124.04, 122.86, 118.42, 110.01, 53.90, 34.64, 31.26,
26.88. LC-MS (ESI+APCI): m/z =379 [M+H]".
2-(((1-(4-Methoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-7): Yield: 77%; off-white solid;
m.p.: 70-72 °C; IR (KBTI, Vinas, cm™): 1610, 1502, 1450, 1243,
1129, 734; "TH-NMR (400 MHz, CDCI;) &: 7.57-7.56 (m, 2H),
7.40(d,J=7.6Hz, 1H),7.29-7.21 (m. 2H), 7.16 (d, /= 8.4 Hz,
2H), 6.83 (d, J = 8.8 Hz, 2H), 5.39 (s, 2H), 4.58 (s, 2H), 3.77
(s, 3H). ®*C NMR (100 MHz, CDCl5) &: 164.21, 159.89, 151.99,
143.65, 141.76, 129.61, 126.38, 124.33, 124.04, 122.67, 118.41,
114.44,110.0, 55.32, 53.74, 26.85. LC-MS (ESI+APCI): m/z
=353 [M+H]".
2-(((1-(2-Fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-8): Yield: 72%; off-white solid;
m.p.: 67-69 °C; IR (KBTI, Vina, cm™): 1497, 1240, 1133, 1098,
762; '"H NMR (400 MHz, CDCl,) &: 7.71 (s, 1H), 7.59-7.57
(m, 1H), 7.42-7.40 (m, 1H), 7.34-7.19 (m, 4H), 7.10-7.04 (m,
2H), 5.52 (s, 2H), 4.60 (s, 2H). *C NMR (100 MHz, CDCl5)
8:164.17,161.71,159.24,152.01, 143.82, 141.76, 130.96, 130.88,
130.50, 130.47, 124.84, 124.80, 124.35, 124.05, 123.14, 123.13,
121.84,121.70, 118.43,115.91, 115.70, 110.00, 47.77, 26.81.
LC-MS (ESI+APCI): m/z = 341 [M+H]".
2-(((1-(3-Fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-9): Yield: 80%; off-white solid;
m.p.: 69-71 °C; IR (KBr, Vi, cm™):1495, 1247, 1135, 744;
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'H-NMR (400 MHz, CDCl;) &: 7.65 (s, 1H), 7.57 (dd, J = 8.0
Hz, 1.2 Hz, 1H), 7.42 (dd, J = 7.6 Hz, 0.4 Hz, 1H), 7.30-7.22
(m, 3H), 7.03-6.97 (m, 2H), 6.93-6.90 (m, 1H), 5.46 (s, 2H),
4.60 (s, 2H). *C NMR (100 MHz, CDCls) 8: 164.18, 161.72,
152.02, 144.13, 141.73, 136.86, 136.79, 130.81, 130.72, 124.37,
124.09, 123.49, 123.46,122.99,118.41,115.89, 115.68, 115.06,
114.84,110.02,53.51,26.79. LC-MS (ESI+APCI): m/z =341
[M+H]".
2-(((1-(4-Fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-10): Yield: 75%; off-white solid;
m.p.: 70-72 °C; IR (KBr, Vi, cm™): 1506, 1452, 1220, 1130,
743; '"H NMR (400 MHz, CDCl;) &: 7.60 (s, 1H), 7.57-7.55
(m, 1H), 7.41-7.39 (m, 1H), 7.30-7.18 (m, 4H), 7.01-6.96 (m,
2H), 5.43 (s, 2H), 4.59 (s, 2H). '*C NMR (100 MHz, CDCl5)
0: 164.14, 164.03, 161.57, 151.99, 143.97, 141.73, 130.35,
130.32, 129.93, 129.84, 124.37,124.10, 122.82,118.39, 116.19,
115.97,110.01, 53.40, 26.82. LC-MS (ESI+APCI): m/z = 341
[M+H]".
2-(((1-(2,4-Difluorobenzyl)-1H-1,2,3-triazol-4-yl)-
methyl)thio)benzo[d]oxazole (BOT-11): Yield: 75%; oft-
white solid; m.p.: 77-79 °C; IR (KBr, V., cm™): 1506, 1273,
1141, 739; '"H NMR (400 MHz, CDCl;) &: 7.69 (s, 1H), 7.59-
7.57 (m, 1H), 7.43-7.41 (m, 1H), 7.31-7.19 (m, 3H), 6.85-6.79
(m, 2H), 5.48 (s, 2H), 4.60 (s, 2H). *C NMR (100 MHz, CDCls)
0:164.60,164.48,164.14,162.10,161.98, 161.96, 161.84, 159.47,
159.35, 152.02, 144, 141.76, 131.62,131.58, 131.53, 131.48,
124.36, 124.08,122.99, 118.41, 118.0,117.96, 117.86, 117.82,
112.26,112.22,112.04,112.01, 110.0, 104.61, 104.36, 104.11,
47.19,47.16,26.79. LC-MS (ESI+APCI): m/z =359 [M+H]".
2-(((1-(3,4-Difluorobenzyl)-1H-1,2,3-triazol-4-yl)-
methyl)thio)benzo[d]oxazole (BOT-12): Yield: 75%; oft-
white solid; m.p.: 71-73 °C; IR (KBr, Vi, cm™): 1510, 1213,
1127, 739; '"H NMR (400 MHz, CDCl;) &: 7.65 (s, 1H), 7.58-
7.55 (m, 1H), 7.42-7.40 (m, 1H), 7.30-7.22 (m, 2H), 7.12-7.02
(m, 2H), 6.96-6.93 (m, 1H), 5.42 (s, 2H), 4.60 (s, 2H). *C NMR
(100 MHz, CDCls) 6: 164.09, 152.02, 151.78, 151.66, 149.30,
149.18,144.27,141.72,131.51,131.46, 131.42, 124.38, 124.12,
122.88,118.38,118.06,117.88, 117.22, 117.04, 110.00, 52.99,
26.78. LC-MS (ESI+APCI): m/z = 359 [M+H]".
2-(((1-(2-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-13): Yield: 70%; off-white solid;
m.p.: 65-67 °C; IR (KBTI, Vi, cm™): 1498, 1239, 1130, 759;
'H NMR (400 MHz, CDCl) 8: 7.72 (s, 1H), 7.57 (d, J = 7.6
Hz, 1H), 7.42-7.37 (m, 2H), 7.30-7.18 (m, 4H), 7.11 (d, J=7.6
Hz, 1H), 5.60 (s, 2H), 4.61 (s, 2H). *C NMR (100 MHz, CDCl;)
o: 164.16, 152.01, 143.74, 141.77, 133.42, 132.31, 130.24,
129.90, 127.58, 124.35, 124.06, 123.33, 118.43,110.00, 51.47,
26.84. LC-MS (ESI+APCI): m/z = 357 [M+H]".
2-(((1-(3-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
thio)benzo[d]oxazole (BOT-14): Yield: 73%; off-white solid;
m.p.: 72-74 °C; IR (KBTI, Vi, cm™): 1498, 1214, 1137, 736;
'H NMR (400 MHz, CDCls) &: 7.63 (s, 1H), 7.58-7.56 (m,
1H), 7.42-7.40 (m, 1H), 7.30-7.21 (m, 5H), 7.07 (d, J=7.6 Hz,
1H), 5.44 (s, 2H), 4.60 (s, 2H). *C NMR (100 MHz, CDCl;)
0:164.16,152.03, 144.16, 141.75, 136.39, 134.98, 130.40, 128.98,
128.05, 126.01, 124.37, 124.09, 122.97, 118.43, 110.02, 53.46,
26.79. LC-MS (ESI+APCI): m/z = 357 [M+H]".

2-(((1-(3,4-Dichlorobenzyl)-1H-1,2,3-triazol-4-yl)-
methyl)thio)benzo[d]oxazole (BOT-15): Yield: 77%; oft-
white solid; m.p.: 75-77 °C; IR (KBr, Vi, cm™): 1501, 1448,
1212, 1130, 743; '"H NMR (400 MHz, DMSO-ds) &: 7.65 (s,
1H), 7.58-7.56 (m, 1H), 7.43-7.41 (m, 1H), 7.38-7.35 (m, 1H),
7.32-7.24 (m, 3H), 7.02 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 5.42 (s,
2H), 4.60 (s, 2H). *C NMR (100 MHz, CDCl;) 8: 164.12,152.02,
144.36, 141.70, 134.58, 133.27, 133.12, 131.10, 129.86, 127.13,
124.41, 124.13, 122.98, 118.41, 110.04, 52.86, 26.75. LC-MS
(ESI+APCI): m/z =391 [M + HJ".

2-(((1-(4-(Trifluoromethyl)benzyl)-1H-1,2,3-triazol-4-
yl)methyl)thio)benzo[d]oxazole (BOT-16): Yield: 77%; oft-
white solid; m.p.: 81-83 °C; IR (KBr, Viax, cm): 1504, 1322,
1112, 753; 'H-NMR (400 MHz, CDCl;) 8: 7.63 (s, 1H), 7.58-
7.55 (m, 3H), 7.43-7.41 (m, 1H), 7.31-7.25 (m, 4H), 5.54 (s,
2H),4.61 (s,2H). *C NMR (100 MHz, CDCl;) 8: 164.10, 152.02,
144.31,141.71,138.43,131.45, 131.13, 128.10, 126.09, 126.05,
124.39, 124.14, 123.08, 118.39, 110.03, 53.46, 26.76. LC-MS
(ESI+APCI): m/z =391 [M + HJ".

2-((4-((Benzo[d]oxazol-2-ylthio)methyl)-1H-1,2,3-
triazol-1-yl)methyl)benzonitrile (BOT-17): Yield: 65%; oft-
white solid; m.p.: 74-76 °C; IR (KBr, Vi, cm™): 2227, 1498,
1217, 1136, 739; 'H NMR (400 MHz, CDCl;) 8: 7.88 (s, 1H),
7.68-7.66 (m, 1H), 7.61-7.59 (m, 1H), 7.55-7.51 (m, 1H), 7.45-
7.41 (m, 2H), 7.31-7.22 (m, 3H), 5.70 (s, 2H), 4.62 (s, 2H).
BCNMR (100 MHz, CDCl;) &: 163.55, 151.51, 143.68, 141.23,
137.48,133.19, 132.59, 128.93, 128.85, 123.89, 123.59, 123.14,
118.02, 116.45, 111.26, 109.51, 51.25, 26.21. LC-MS (ESI+
APCI): m/z = 348 [M+H]".

4-((4-((Benzo[d]oxazol-2-ylthio)methyl)-1H-1,2,3-
triazol-1-yl)methyl)benzonitrile (BOT-18): Yield: 75%; oft-
white solid; m.p.: 70-72 °C; IR (KBr, Vu, cm™): 2228, 1503,
1227, 1131, 753; 'H NMR (400 MHz, CDCl;) 8: 7.69 (s, 1H),
7.58-7.54 (m, 3H), 7.43-7.41 (m, 1H), 7.31-7.25 (m, 4H), 5.54
(s, 2H), 4.60 (s, 2H). "C NMR (100 MHz, CDCl5) &: 164.03,
152.00, 144.47, 141.65, 139.65, 132.83, 128.30, 124.45, 124.22,
123.26, 118.38, 118.12, 112.71, 110.07, 53.39, 26.6. LC-MS
(ESI+APCI): m/z = 348 [M+H]".

Methyl 4-((4-((benzo[d]oxazol-2-ylthio)methyl)-1H-
1,2,3-triazol-1-yl)methyl)benzoate (BOT-19): Yield: 75%;
off-white solid; m.p.: 75-77 °C; IR (KBTI, Vi, cm™): 1722,
1502, 1281, 1131, 746; 'H NMR (400 MHz, CDCl;) &: 7.98
(d,J=8.4Hz,2H), 7.62 (s, 1H), 7.57-7.55 (m, 1H), 7.43-7 .41
(m, 1H), 7.30-7.22 (m, 4H), 5.53 (s, 2H), 4.61 (s, 2H), 3.91 (s,
3H). "C NMR (100 MHz, CDCl;) 8: 166.34, 164.10, 151.99,
144.16, 141.70, 139.34, 130.49, 130.31, 127.71, 124.36, 124.09,
123.10, 118.40, 110.01, 53.65, 52.27, 26.79. LC-MS (ESI+
APCI): m/z =381 [M+H]".

Docking studies: Docking studies were used to identify
the conformation and special orientation at the active site of
the target protein of synthesized molecules using GLIDE v3
(Schrodinger, Inc.) [25,26]. The extra precision method was a
well-validated method which was used to generate the correct
poses of ligands in the binding pocket of COX-2. Optimization
was done to eliminate the unwanted conformations even though
a comprehensive systematic exploration was performed. Monte
Carlo sampling confirmed the pose by refining the generated
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conformations. PDB ID-5KIR [27] was the crystal structure
used for the studies and a human homology model of COX-1,
which was generated and used in the absence of its crystal
structure to explicate the selectivity issues. The initial crystal
complex structure collected from protein data bank had concerns
with hydrogen atoms, water molecules, tautomeric and proto-
nation states of amino acids and hydroxyl group orientations
and was refined.

The OPLS2005 force field was used to optimize and
minimize the target. 15 A, 15 A, 15 A box was defined on the
centroid of the ligand present in the crystal structure to restrict
the docking space. Care was taken to cover all the important
amino acids within the centroid. Defaults were considered for
all the remaining settings. Using the above settings all the synth-
esized molecules were docked into active site of COX-2. Since
COX-1 homology model is well defined and validated, no
further refinement was performed and used directly for docking.
Human homology model of COX-1 was developed to study
the selectivity of the synthesized molecules with COX-2. The
amino acid sequence in FASTA format of human COX-1 was
regained from Uniprot (AOS183_HUMAN).PSI (Protein
Specific Iterated) BLAST algorithm [28] was used to categ-
orize the similar protein structure (1IEQG- a model of bovine
COX-1 complexed with ibuprofen) [29] and were finalized
based on the similarity percentage of the sequence.

Molecular dynamic simulations: Ligand receptor complex
stability in a tangible environment was tested using molecular
dynamic study. Predefined water model TIP4P was used to
simulate with OPLS 2005 force field. To stipulate the size and
shape of the unit an orthorhombic boundary was setup. The
system was neutralized electrically by adding Na* ions arbitrarily.
Desmond molecular dynamic simulation module with the peri-
odic border circumstances in the NPT ensemble was used to
minimize and relax the protein-ligand complex. Pressure and
temperature were respectively fixed at 1 atmosphere and 300K
using isotropic scaling and Nose-Hoover temperature coupling
for running 100 ns NPT production simulation[30,31]. Confi-
gure rations were saved at 5 ps intermissions with a time step
of 4.8 ps.

in vitro and in vivo Studies: All the experiments of in
vitro and in vivo studies were performed based on our previous
published protocols [20,21].

RESULTS AND DISCUSSION

Molecular modelling studies: 2-Mercapto benzoxazole
coupled benzyl triazoles (BOT) studies were carried out using
standard Glide docking protocols. The structural analysis of
the binding site of COX-2 revealed that a large hydrophobic
cavity (LHC) was available at deep inside of binding pocket
of COX-2, surrounded with hydrophobic and aromatic amino
acids Vall16, Val349, Leu352, Tyr355, Leu359, Val523, Ala527,
Leu531 and Ser530. The deeper part of this pocket is occupied
by the aromatic amino acids Phe381, Tyr385, Trp387 and Phe518
(Fig. 2).

In COX-1 binding pocket at this region, all the amino acids
are conserved except Val523 and Arg513 present in COX-2
whereas Ile3 and His513 are present in COX-1. Because of

PHE 518

Fig. 2. Yellow contour represents the hydrophobic pocket of COX-2
Binding site with all important amino acids in designing the BOT
analogues

the variations of amino acids, there is a deviation in the shape
and increase in the size of the hydrophobic pocket occupying
at this position which enhances the isoform selectivity [32,33].
In our previous work, 2-mercapto benzoxazole, which is
obtained from scaffold hopping was proved to be active against
COX-2.

The reported Aryl-triazolyl group against COX-2 [23] was
coupled to generate the library of 2-mercapto benzoxazole
coupled benzyl triazoles. Based on the structural analysis of
LHC, we explored the aryl region of 2-mercapto benzoxazole
aryl triazoles (BOT) by substituting the bulky groups to attain
higher activity and selectivity for COX-2. Nineteen BOT
analogues were designed and docked into the crystal structure
of COX-2 to understand the hydrophobic interactions and
binding energy.

Using the crystal coordinates of COX-2 co-crystallized
with Vioxx ligand. That obtained from the protein data bank
(PDB:5KIR), all the BOT analogues were docked in cyclo-
oxygenase channel in place of Vioxx binding, using Glide XP
tool. The docking studies generated stretched conformation
of BOTs in the channel. The substituted aryl group occupying
the deeper hydrophobic pocket has exposed the benzoxazole
into solvent region (Fig. 3).

Fig. 3. Overlay of 19 analogues of BOT binding poses obtained from the
docking inside the binding pocket of COX-2. Representation of
hydrogen bond (yellow), stacking (sky blue), stacking (cation-phi)
interactions with binding site amino acids
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The docking score and binding energy using MMGBSA
were calculated for all the compounds. The binding affinity
between the inhibitors and the protein are highly dominated
by the hydrophobic interactions. Benzoxazole moiety of the
compounds is occupying the entrance of cyclooxygenase
channel and forming a T-Shaped phi-phi stacking interaction
with the phenyl ring of Tyr355. The most electronegative atom
of benzoxazole ring, the nitrogen atom is forming a hydrogen
bond with the guanidine group of Arg120. The cation nitrogen
of Arg120 also forming cation-pi interactions with triazole ring.
Substituted benzyl group attached to the triazole is occupied
the LHC and forming strong dispersion interactions with
nearby hydrophobic amino acids. Thus the hydrophobic
substitutions accommodating in the pocket were showing high
binding energy.

Compounds BOT-11, BOT-12, BOT-13, BOT-15 and
BOT-19 having hydrophobic groups occupied at this position
were having higher docking score than BOT-14, BOT-16 and
BOT-18. In the case of BOT-15 and BOT-17, both have naph-
thalene ring at this position, BOT-15 has naphthalen-1-yl and
was well oriented in the hydrophobic cavity (Fig. 4). But BOT-
17 has naphthalen-2-yl and it has moved out of the pocket and
had a steric clash with nearby amino acids. This might be the

reason BOT-17 had reverse pose obtained during the docking
calculations. The compounds with hydrophilic substituents
(BOT-18, BOT-14) at this position were having relatively less
binding energy than the hydrophobic substituents. To under-
stand the binding interactions with the COX-1 protein, BOT
analogues were docked and analyzed the results.

Almost all the interactions were conserved in COX-1 also,
however, due to the small deviation of the LHC due to presence
of [1e523, there was a small deviation of the pose orientation,
the triazole ring losses it’s Cation-Phi interaction with Arg120.
This results in a small increase in the selectivity towards COX-
2 over COX-1. A library of 2-mercapto benzoxazole coupled
benzyl triazoles (BOT 1-19) were synthesized by copper acetate
mediated click chemistry approach represented in Scheme-1I.

2-(Prop-2-yn-1-ylthio)benzo[d]oxazole (2) was chosen as
a key intermediate for the present study. Alkylation of benzo-
[d]oxazole-2-thiol (1) with propargyl bromide using K,COs
as a base and DMF as a solvent at room temperature for 1 h to
obtain 2-(prop-2-yn-1-ylthio)benzo[d]oxazole (2) in a magni-
ficent yield. 2-(Prop-2-yn-1-ylthio)benzo[d]oxazole (2) was
the key intermediate for the synthesis of triazoles derivatives
(BOT 1-19). 2-(Prop-2-yn-1-ylthio)benzo[d]oxazole (2) was
dissolved in EtOH/H,O and then treated with different substi-
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N K,CO3, DMF N — NaNj, Na-ascorbate, \_ aromatic
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Scheme-I: Synthesis of 2-mercapto benzoxazole coupled with benzyl triazoles
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Fig. 4. Most active compound BOT 15 obtained from in vitro studies and its interactions with active site amino acids of COX-1 & COX-2

tuted benzyl bromides, followed with sodium ascorbate, catalytic
amount of 1,10-phenanthroline monohydrate and Cu(OAc),
to obtain 2-mercapto benzoxazole coupled benzyl triazoles
(BOT 1-19) in a moderate to good yields. There were minute
changes were observed in the yields when compound 2 was
treated with benzyl bromides bearing electron-donating groups
(methyl, isopropyl, fert-butyl, methoxy) and electron-deficient
groups (fluoro, chloro, cyano, trifluoromethyl, methyl ester).

Biological evaluation: BOT analogues (BOT 1-19) were
tested for activity against COX enzymes for the activity and
selectivity, followed by using in vivo anti-inflammatory activity
assay to demonstrate the anti-inflammatory activity against
animal models.

in vitro Anti-inammatory activity: in vitro COX enzyme
activity was measured using the standard protocol described
by Copeland et al. [34]. The BOT analogues were initially eval-
uated at 10 uM drug concentrations and the per cent inhibitions
were recorded. Indomethacin (COX-1 inhibitor) and celecoxib
(selective COX-2 inhibitor) were used as positive controls in
the study. All the compounds were showing greater than 50%
inhibition against COX-2 except BOT-3, 4, 5, 11, 18 (Table-1).
Compounds BOT-6 and 14 showed 70% inhibitory activity at
10 uM concentrations. Compound BOT-5 had a very low per
cent activity (20% at 10 uM) among all the compounds. Almost
two-fold selectivity was observed for the compounds BOT-
12 and BOT-2, however, the selectivity of the BOT analogues
was much lower than the celecoxib (Fig. 5).
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Fig. 5. in vitro Activity of all 19 BOTs against COX-1 & COX-2

TABLE-1
in vitro ANTI-INFLAMMATORY ACTIVITY OF BOTs
Percentage of COX COX inhibition
Compounds inhibition at 50 pM (ICs, uM)
COX-1 COX-2 COX-1 COX-2

BOT-1 34.20 51.92 - 12.5
BOT-2 21.40 53.80 - 14.2
BOT-3 36.53 33.23 - 4.5
BOT-4 36.89 41.12 14.1 8.6
BOT-5 63.23 28.17 17.5 14.1
BOT-6 43.76 69.96 18.6 8.1
BOT-7 59.02 52.66 - 8.3
BOT-8 51.12 55.63 - 11.4
BOT-9 51.44 66.28 10.3 9.3
BOT-10 43.86 63.86 - 9.5
BOT-11 35.54 47.67 - 5.5
BOT-12 37.21 65.01 16.8 6.5
BOT-13 48.54 55.01 - 9.2
BOT-14 65.51 71.07 - 12.4
BOT-15 38.85 51.59 - 34
BOT-16 43.47 57.24 14.3 11.3
BOT-17 50.62 51.67 19.4 11.6
BOT-18 44.46 40.51 - 15.6
BOT-19 48.63 52.51 - 4.57
Indomethacin 65.40 23.20 NT NT
Celecoxib 15.10 93.40 NT 0.36

Further, ICs values were determined for COX-1 and COX-
2 to understand the precise inhibitory activity of the compounds.
Significantly, all the compounds showed ICs, (half maximal
inhibitory concentration) close to 10 uM against COX-2. The
ICs values of these compounds and the in-silico binding energies
that is Glide score and the MMGBSA had a reasonable corre-
lation () of 0.62 and 0.63, respectively (Fig. 6).

The highest active compounds had less than -8.2 Kcal/
mol Glide score and less than -40 Kcal/mol MMGBSA energy.
This benchmarking helped to use the criteria as a filter for our
future selection of design. Among all the compounds, BOT-15
showed highest ICs of 3.4 uM followed by BOT-19 (4.5 uM),
BOT-3 (4.5 uM), BOT-11 (5.5 uM) and BOT-12 (6.5 uM).

As discussed in the docking studies, the compounds, which
had hydrophobic group substituted on the aryl group, formed
strong hydrophobic interactions with the LHC amino acids.
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Fig. 6. Correlation graphs A. Correlation between experimental pICsy and Glide score, B. Correlation between pICso and MMGBSA

Further, the stability of BOT-15 inside the pocket of COX-2
was determined by running the molecular dynamic simulation
for with 100 ns time in solvent water (TIP4P). The protein was
stable throughout the dynamics and has the RMSD near 2.0 A.
The ligand was also reasonably stable and had RMSD in the
range of 1 to 2 A (Fig. 7).
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Fig. 7. RMSD of all the frames of the trajectory obtained from the 100ns
Molecular dynamic simulations

The average protein-ligand contacts throughout the dyna-
mics (Fig. 8) showed that the interaction between the guanidine
of Arg120 and nitrogen of benzoxazole conversed throughout
the dynamics. Additional interaction was observed in the dyna-
mics with side-chain OH formed hydrogen bond with the triazole
nitrogen atom. From the molecular docking studies, it was
understood that naphthalene-2-yl of BOT-18 had steric hinder-
ances with the receptor amino. BOT analogues exhibited ICs
near to 10 UM even for the COX-1 enzyme also and hence they
had very less selectivity over COX-1. The withdrawn drug,
celecoxib has very good activity and high selectivity, sulphon-
amide moiety of celecoxib designed to bind within the side
pocket to provide isoform-selective inhibition [35] which is
formed by Arg513 of COX-2, absent in COX-1. The selectivity
of the BOT can be improved by designing the analogues to
interact with the amino acids of the side pocket.

in vivo Anti-inflammatory studies: Out of nineteen BOTs,
nine most active BOT analogues obtained after their in vitro
studies were further evaluated for in vivo efficacy and compared
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Fig. 8. A schematic diagram of the overall percentage interactions of BOT-
15 with the protein residues obtained after 100 ns molecular dynamic
simulations

with the standard drug ibuprofen. The in vivo studies were
evaluated by carrageen induced paw edema analysis according
to the previously reported method [36]. The anti-inflammatory
activity of nine BOTs was carefully analyzed after oral admin-
istration of amount 10mg/kg/body weight. The results were
very encouraging, BOT-12 and BOT-13 showed more than
70% inhibition of the inflammation in 3 h (Table-2). Especially,
compound BOT-13 had a higher percentage of inhibition than
ibuprofen. Interestingly, the most active compound BOT-15,
obtained in in vitro studies had lesser inhibition than these
compounds which may be attributed to permeability issues.
All the compounds have very good inhibition at 5 h on comp-
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TABLE-2
ACTIVITY OF BOTs EVALUATED in vivo FOR THE CHANGE IN PAW EDEMA VOLUME (mL)
AFTER DRUG TREATMENT AND ANTI-INFLAMMATORY ACTIVITY % OF INHIBITION

Change in Paw edema volume (mL) after drug treatment Anti-inflammatory activity % of inhibition
Compounds
3h 3h 5h
Control 0.86+0.173 0.87 =0.140 - =
BOT-3 0.11 £0.051 0.10 £ 0.051 60.62 84.94
BOT-4 0.31£0.038 0.22 £ 0.157 62.71 62.56
BOT-6 0.27 £ 0.045 0.24 £0.122 61.24 65.93
BOT-7 0.28 = 0.069 0.18 = 0.040 67.44 68.31
BOT-11 0.28 £ 0.078 0.26 = 0.086 60.62 61.23
BOT-12 0.22 +0.550 0.26 = 0.205 70.97 69.76
BOT-13 0.35+0.035 0.39 = 0.050 75.04 85.56
BOT-15 0.27 £ 0.069 0.38 = 0.040 66.44 56.38
BOT-19 0.17 £ 0.078 0.16 = 0.086 60.62 61.24
Ibuprofen 0.24 £ 0.135 0.34 +0.145 72.48 61.30
arison with ibuprofen except compound BOT-15 (Fig. 9). 25
Compounds BOT-3 and BOT-13 had excellent inhibition of 20
85% for 5 h and these two compounds could be further devel- .
oped into drug candidates after improving the selectivity. E:L 15
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Fig. 9. in vivo Anti-inflammatory effect of BOTs

Antioxidant activity: Antioxidant activity of all the BOTs
was performed using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging assay. Molecules at diverse estimates were
prepared and verified their activity using DPPH free radicals.
Ascorbic acid was used as a standard. Inhibition concentration
(ICso) of all the BOTs synthesized were active and proved effi-
cient than the standard used. All the BOTs can neutralize the
reactive oxygen species efficiently when compared with ascorbic
acid. Compounds BOT8, BOT10 and BOT19 having ICs, values
of 8.62, 10.67 and 11.56 UM, respectively were the most active
antioxidants among all the tested compounds (Fig. 10).
Compounds BOTS, BOT6 and BOT18 displayed a similar
type of activity (19.04, 18.14 and 18.60 uM) as ascorbic acid
(20.70 uM). The character of BOTs in altering the free radicals
into neutral or less reactive species was good and hence proved
to be potent and effective free radical scavengers.

Conclusion

In this work, nineteen 2-mercapto benzoxazole coupled
benzyl triazoles (BOTs) analogues were designed, synthesized
and validated using in vitro and in vivo studies to identify the
potential COX-2 inhibitors. The most potent among the BOT
analogues were BOT1S5, BOT3 and BOT19 with ICs, 3.4, 4.50
and 4.57 uM, respectively against COX-2. The in vivo studies

80% anti-inflammatory activity at 5 h, which is more efficient
than the standard COX-2 drug.
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