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Evolution of selective COX­2 inhibitors from non­selective COX­2 inhibitors: 

Figure A. Transformation of nonselective cyclooxygenase inhibitor to COX­2 selective 
agnets in the phenyl propionic acid class. 
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Figure B. Transformation of nonselective cyclooxygenase inhibitor to COX­2 selective 
agnets in the indole­3­acetic acid class. 
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Figure C. Transformation of nonselective cyclooxygenase inhibitor diclofenac to COX­
2 selective analogue as the most selective COX­2 inhibitor. 
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Figure  D.  Evolution  of  the  1,2­diarylheterocycle  class  (coxibs)  selective  COX­2 
inhibitors from non­selective COX­2 inhibitors. 
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Determination of  Interaction of  the Newly Designed Scaffold  II  in  the COX­2 Active 
Site: 

To ascertain whether the newly designed scaffold II would be a ligand for COX-2 it was 
planned to identify the various possible interaction of the representative compound 3a (belonging 
to the scaffold II) in the COX-2 active site.  Therefore, the computational studies (3D QSAR) 
was performed individually on the COX-1 (3KK6.pdb)1 and COX-2 (6COX.pdb)2 active sites 
using the ‘GOLD 4.1.2’ software.3-5 

The X-ray crystal structures of CYCLOOXYGENASE-2 with compound SC-558 was used. 
‘PyMOL 1.3’ was used to optimize the enzyme by removing water molecules, residues and 
fragments of enzyme. The file was saved in pdb file format. After protein optimization a 
standard mode of ‘GOLD 4.1.2’ software was used for the docking purpose. ‘GOLD’ gives the 
best poses by a Genetic algorithm search strategy. In ‘GOLD’ software ‘hermes 1.3.1’ was used 
as the visualizer. Validation of process was done by calculating root-mean-square 
deviation (RMSD), which was 0.21. For docking of the molecules, optimized protein was loaded 
in the ‘GOLD’ software, followed by addition of hydrogen and deletion of ligand. The atom and 
residue were selected in 10 Å range. Then celecoxib and 3a were separately added to the active 
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site. The analysis of the interactions was done in ‘PyMOL’ software. The specific interactions 
are provided in the docking pose in Fig. E. The satisfactory docking score was obtained with the 
simplest molecular structure 3a representing the newly designed scaffold II. This encouraged us 
to generate structural analogues of 3a through modification/functionalisation of the aryl 2 moiety 
(Fig. F).   
Figure E. Docking pose of 3a representing the new pharmacophoric feature (II) and 
of Celecoxib on the active site of COX­2 (6COX). 

  
             Docking pose of 3a with score 54.3682   Docking pose of Celecoxib with score 70.5354 

 
Comparison of docking pose of 3a with marketed COX-2 selective drugs celecoxib, etoricoxib 
and rofecoxib was performed (Fig. F) and it is observed that 3a has similar ‘V shape’ docking 
pose like celecoxib, etoricoxib and rofecoxib.   

Figure  F: Comparison of poses of different  coxibs with 3a  inside  the  active  site of 
COX­2.  
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 (Celecoxib is in green color, Rofecoxib is in blue color, Etoricoxib is in light pink color and compound 
3a is in yellow color). 

General consideration 

The 1H and 13C NMR spectra were recorded on a Bruker Advance 400 MHz NMR spectrometer 
in CDCl3 with residual undeuterated solvent (CDCl3: 7.26/77.0) using Me4Si as an internal 

standard. Chemical shifts () are given in ppm and J values are given in Hz. The IR spectra were 
recorded either on KBr pellets (for solids) or neat (for liquids) on a Nicolet Impact 410 FTIR 
spectrometer. The HRMS spectra were recorded on Bruker Maxis instrument. Melting points 
were measured with Gupta scientific, India melting point apparatus. Open column 
chromatography, thin layer chromatography (TLC) was performed on Silica gel [CDH silica gel 
60-120 mesh, F254 and Merck® silica gel respectively]. Evaporation of solvents was performed 
at reduced pressure, using a Bǘchi rotary evaporator. The HPLC was performed in Shimadzu 
CLASS-VP V6.12 SP3 instrument. All chemicals were purchased from Aldrich, Lancaster and 
Fluka Chemicals and used as received.  

Typical procedure for the preparation of 2­(2­bromo­phenyl)­benzoxazole 1 (Ref 6):­  

CO2H

Br

SOCl2 (1.2 equiv)

dry Toluene, 80 oC

            1 h

COCl

Br

+

OH

NH2

CH3SO3H (0.2 mL)

dry Dioxane, 100 oC

             5 h
Br

N

O

1  

2-Bromobenzoic acid (2.01 g, 10 mmol) was treated with SOCl2 (1.427 g, 12 mmol, 0.88 
mL, 1.2 equiv) in dry toluene (20 mL) at 80 ºC until quenching of an aliquot with few drops of 
MeOH revealed the complete consumption of acid and appearance of new spot in TLC (1 h). The 
excess SOCl2 was distilled off and the reaction mixture was treated with 2-aminophenol (1.09 g, 
10 mmol) in dry 1,4-dioxane (20 mL) followed by addition of CH3SO3H (2 mL) and the mixture 
was stirred magnetically at 100 oC. After complete consumption of 2-aminophenol (checked 
through TLC, 5 h), dioxane was distilled off in rotary evaporator and the residue was diluted 
with EtOAc (20 mL) followed by saturated aq. NaHCO3 (20 mL). The organic layer was 
separated and the aqueous layer was extracted with EtOAc (3 × 20 mL). The combined EtOAc 
extracts were washed with H2O (3 × 10 mL), dried (anh Na2SO4) and purified by column 
chromatography (60-120 mesh silica-gel) using hexane/EtOAc solvent system to afford the 1 as 
yellow solid, (2.056 g, 75%), mp: 51-53 ºC; TLC (Hexane:EtOAc, 95:5 v/v): Rf ≈ 0.5; 1H NMR 
(CDCl3, 400 MHz) δ (ppm): 7.46-7.38 (m, 3H), 7.50 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 7.66–7.63 (m, 
1H), 7.81 (dd, J = 8.0 Hz, 1.2 Hz, 1H), 7.90-7.87 (m, 1H), 8.11 (dd, J = 7.8 Hz, 1.7 Hz, 1H); 13C 
NMR (CDCl3, 100 MHz) δ (ppm): 110.8, 120.6, 121.9, 124.7, 125.6, 127.5, 128.4, 132.0, 132.2, 
134.7, 141.6, 150.7, 161.6; IR (KBr) νmax: 2927, 1277, 1267, 1057, 1039 cm-1; HRMS (ESI) (M 
+ Na)+ calcd. for C13H8NOBrNa, 295.9687; found, 295.9684. 
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Typical procedure for the conventional Suzuki coupling of 1 with phenylboronic acid 2a 
to form 2­biphenyl­2­yl­benzoxazole 3a in the presence of Pd catalyst (Scheme 1):­ 

Br

O

N

+

   [Pd(PPh3)4] (3 mol %)
     Na2CO3 (1.2 equiv)

   DMF, reflux, 4 h
           65%

O

N

(1 mmol) (1.2 mmol)
1 2a 3a

(HO)2B

 

To a magnetically stirred solution of [Pd(PPh3)4] (3.5 mg, 0.03 mmol, 3 mol%) in DMF (2 
mL) were added 1 (0.274 g, 1 mmol), phenylboronic acid 2a (0.146 g, 1.2 mmol, 1.2 equiv) and 
Na2CO3 (0.127 g, 1.2 mmol, 1.2 equiv) at reflux (the oil-bath temperature was 165 oC). Upon 
completion of the reaction (4 h, TLC), the reaction mixture was cooled to room temperature; 
diluted with H2O (10 mL) and extracted with DCM (2 × 5 mL) followed by washing with brine 
(5 mL). The DCM layer was separated from the aqueous layer and then dried (anh Na2SO4); 
filtered off and evaporated to dryness under vacuum (30 mm Hg). The residue was passed 
through chromatography column (silica-gel; 60-120 mesh) and eluted with hexane-EtOAc to 
afford the 3a as off white semi-solid, (0.176 g, 65%); TLC (Hexane:EtOAc, 95:5 v/v): Rf ≈ 0.5; 
1H NMR (CDCl3, 400 MHz) δ (ppm): 7.32 – 7.37 (m, 8H), 7.52 – 7.56 (m, 2H), 7.60 – 7.64 (m, 
1H), 7.74 – 7.76 (m, 1H), 8.14 – 8.16 (m, 1H); IR (KBr) νmax: 1616, 1455, 1247, 1027 cm-1; MS 
(ESI) (M + H)+ = 272.6.   

Typical  procedure  for  the  synthesis  of  2'­benzoxazol­2­yl­3­chloro­biphenyl­4­ol  3n 
(Scheme 2):­ 

N

O

O

Cl

3i

Pd/C (10% w/w)
H2, 40 psi, EtOH

rt (30-40oC), 4 h

N

O

OH

Cl

3n  

To a solution of 2-(4'-benzyloxy-3'-chloro-biphenyl-2-yl)-benzoxazole 3i (0.412 g, 1 mmol, 1 
equiv) in EtOH (10 mL) was added catalytic Pd/C (10% w/w, 100 mg) at room temperature (30-
40 ºC). The reaction mixture was charged with H2 (40 psi pressure) and shaken on parr 
hydrogenator. After the completion of the reaction (4 h, TLC), the reaction mixture was filtered 
through a pad of celite and was concentrated under reduced pressure in rotary vacuum evaporator 
to afford the crude product which was purified by column chromatography (60-120 mesh silica-
gel) using hexane/EtOAc solvent system to afford the 3n as off white semi-solid, (0.257 g, 80%); 
TLC (Hexane:EtOAc, 85:15 v/v): Rf ≈ 0.5; 1H NMR (CD3OD, 400 MHz) δ (ppm): 6.84 (d, J = 
8.0 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 7.26 (s, 1H), 7.38–7.32 (m, 2H), 7.42–7.40 (m, 1H), 7.55–
7.48 (m, 2H), 7.65–7.61 (m, 1H), 7.70–7.68 (m, 1H), 8.00 (d, J = 8.0 Hz, 1H); 13C NMR 
(CD3OD + CDCl3, 100 MHz) δ (ppm): 110.5, 116.0, 119.4, 120.2, 124.6, 125.3, 125.7, 127.4, 
128.1, 129.9, 130.7, 130.9, 131.3, 133.0, 140.9, 141.1, 150.6, 152.4, 164.0; IR (KBr) νmax: 3549, 
2987, 1612, 1501, 1476, 1455, 1281, 1259, 1243, 1103 cm-1; HRMS (ESI) (M + Na)+ calcd. for 
C19H12NO2ClNa, 344.0454; found, 344.0459.  
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Typical procedure for the synthesis of 2­(4'­methanesulfonyl­biphenyl­2­yl)­benzoxazole 
3o (Scheme 2):­ 

N

O

SMe

aqueous Oxone (3 equiv)

1,4-dioxane, rt (30-40oC), 

                  4 h

N

O

SO2Me
3o3f  

An aqueous solution of oxone (50% w/v, 3 mmol, 3 equiv) was added dropwise to a stirred 
solution of 2-(4'-methylsulfanyl-biphenyl-2-yl)-benzoxazole 3f (0.317 g, 1 mmol) in 1,4-dioxane 
(5 mL) at 0 ºC. The reaction was allowed to proceed with stirring at room temperature (30-40 ºC) 
for 4 h (TLC). The reaction mixture was diluted with H2O (5 mL), extracted with EtOAc (2 × 5 
mL), the EtOAc layer was washed successively with brine solution and water (5 mL each), the 
organic phase was separated, dried (anh Na2SO4) and concentrated under reduced pressure in 
rotary vacuum evaporator to afford the crude product which was purified by column 
chromatography (60-120 mesh silica-gel) using hexane/EtOAc solvent system to afford the 3o as 
off white semi-solid, (0.279 g, 80%); TLC (Hexane:EtOAc, 80:20 v/v): Rf ≈ 0.5; 1H NMR 
(CDCl3, 400 MHz) δ (ppm): 3.10 (s, 3H), 7.34–7.31 (m, 3H), 7.46 (dd, J = 7.2 Hz, 1.6 Hz, 1H), 
7.52–7.50 (m, 2H), 7.62–7.57 (m, 2H), 7.69–7.63 (m, 1H), 7.94–7.92 (m, 2H), 8.20 (dd, J = 7.2 
Hz, 1.6 Hz, 1H), 13C NMR (CDCl3, 100 MHz) δ (ppm): 44.6, 110.5, 120.2, 124.6, 125.4, 126.2, 
127.2, 128.7, 129.9, 131.0, 131.2, 139.3, 140.3, 141.5, 146.9, 150.6, 162.7; IR (KBr) νmax: 2953, 
2853, 1667, 1594, 1452, 1311, 1150 cm-1; HRMS (ESI) (M + Na)+ calcd. for C20H15NO3SNa, 
372.0670; found, 372.0666.  

Characterization of compounds 

2­Biphenyl­2­yl­benzoxazole7 3a (Scheme 1):­ Off white semi-solid; TLC (Hexane:EtOAc, 
95:5 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.32 – 7.37 (m, 8H), 7.52 – 7.56 (m, 
2H), 7.60 – 7.64 (m, 1H), 7.74 – 7.76 (m, 1H), 8.14 – 8.16 (m, 1H); IR (KBr) νmax: 1616, 1455, 
1247, 1027 cm-1; MS (ESI) (M + H)+ = 272.6.   
2­(4'­Methoxy­biphenyl­2­yl)­benzoxazole 3b (Scheme 1):­ Off white solid; mp: 109-111 
oC; TLC (Hexane:EtOAc, 80:20 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 3.78 (s, 
3H), 6.83 – 6.85 (m, 2H), 7.18 – 7.22 (m, 2H), 7.23 – 7.31 (m, 3H), 7.42 – 7.44 (m, 2H), 7.51 – 
7.55 (m, 1H), 7.71 – 7.73 (m, 1H), 8.05 – 8.08 (m, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 
55.3, 110.6, 113.7, 120.1, 124.3, 124.9, 126.2, 127.2, 130.0, 131.0, 131.1, 131.2, 133.3, 141.8, 
142.1, 150.8, 159.0, 164.1; IR (KBr) νmax: 2952, 2929, 1615, 1457, 1249, 1184, 1030 cm-1; 
HRMS (M + Na)+ calcd. for C20H15NO2Na, 324.1000; found, 324.1021.  
2­(3',4'­Dimethoxy­biphenyl­2­yl)­benzoxazole  3c  (Scheme  1):­ Off white semi-solid; 
TLC (Hexane:EtOAc, 75:25 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 3.46 (s, 3H), 
3.88 (s, 3H), 6.88 (dd, J = 7.6 Hz, 1.5 Hz, 1H), 6.98 (dd, J = 8.2 Hz, 1.5 Hz, 1H), 7.08 – 7.12 (m, 
1H), 7.26 – 7.30 (m, 3H), 7.49 – 7.51 (m, 1H), 7.54 – 7.60 (m, 2H), 7.68 – 7.71 (m, 1H), 8.24 – 
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8.26 (m, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 56.1, 60.4, 110.4, 112.3, 120.1, 122.7, 
123.8, 124.2, 124.7, 127.0, 127.6, 130.2, 130.6, 131.7, 135.6, 138.3, 141.8, 146.6, 150.7, 152.5, 
163.8; IR (KBr) νmax: 2933, 1609, 1521, 1457, 1249, 1027 cm-1; HRMS (M + Na)+ calcd. for 
C21H17NO3Na, 354.1106; found, 354.1107.  
2­(2',3'­Dimethoxy­biphenyl­2­yl)­benzoxazole  3d  (Scheme  1):­ Off white semi-solid; 
TLC (Hexane:EtOAc, 75:25 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 3.64 (s, 3H), 
3.92 (s, 3H), 6.79 (d, J = 1.9 Hz, 1H), 6.86 – 6.91 (m, 2H), 7.30 – 7.35 (m, 3H), 7.51 – 7.56 (m, 
2H), 7.59 – 7.61 (m, 1H), 7.75 – 7.77 (m, 1H), 8.05 – 8.08 (m, 1H); 13C NMR (CDCl3, 100 
MHz) δ (ppm): 55.7, 55.9, 110.6, 110.9, 112.1, 120.0, 121.1, 124.4, 125.0, 126.4, 127.3, 130.9, 
131.0, 131.1, 133.5, 141.6, 142.1, 148.4, 148.5, 150.7, 164.1; IR (KBr) νmax: 2933, 1575, 1471, 
1453, 1263, 1022 cm-1; HRMS (M + Na)+ calcd. for C21H17NO3Na, 354.1106; found, 354.1104.  
2­(3'­Cyclopentyloxy­4'­methoxy­biphenyl­2­yl)­benzoxazole  3e  (Scheme  1):­ Off 
white semi-solid; TLC (Hexane:EtOAc, 90:10 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ 
(ppm): 1.61 – 1.67 (m, 8H), 3.88 (s, 3H), 4.42 – 4.44 (m, 1H), 6.72 (d, J = 2.0 Hz, 1H), 6.89 – 
6.96 (m, 2H), 7.27 – 7.37 (m, 3H), 7.48 – 7.54 (m, 2H), 7.58 – 7.62 (m, 1H), 7.74 – 7.76 (m, 
1H), 8.04 (dd, J = 7.8 Hz, 1.1 Hz, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 24.0, 32.6, 56.0, 
80.2, 110.7, 111.6, 115.7, 120.0, 120.8, 124.3, 124.9, 126.4, 127.2, 130.9, 131.0, 131.1, 133.4, 
141.8, 142.3, 147.1, 149.4, 150.9, 164.2; IR (KBr) νmax: 2929, 2657, 1522, 1473, 1457, 1249, 
1022 cm-1; HRMS (M + Na)+ calcd. for C25H23NO3Na, 408.1576; found, 408.1575. 
2­(4'­Methylsulfanyl­biphenyl­2­yl)­benzoxazole 3f  (Scheme 1):­ Off white solid; mp: 
89-91 oC; TLC (Hexane:EtOAc, 95:5 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 2.51 
(s, 3H), 7.23 (s, 4H), 7.29 – 7.36 (m, 3H), 7.48 – 7.53 (m, 2H), 7.58 – 7.61 (m, 1H), 7.73 – 7.75 
(m, 1H), 8.11 (dd, J = 7.7 Hz, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 15.7, 110.6, 120.1, 
124.3, 125.0, 126.1, 127.5, 129.2, 131.0, 131.1, 131.1, 137.7, 141.7, 141.8, 150.7, 163.8; IR 
(KBr) νmax: 2927, 2657, 1599, 1473, 1451, 1249, 1020 cm-1; HRMS (M + Na)+ calcd. for 
C20H15NOSNa, 340.0772; found,  340.0770.   
2­(3'­Chloro­4'­methoxy­biphenyl­2­yl)­benzoxazole  3g  (Scheme  1):­ Light yellow 
solid; mp: 103-105 oC; TLC (Hexane:EtOAc, 90:10 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ 
(ppm): 3.94 (s, 3H), 6.88 (d, J = 8.5 Hz, 1H), 7.10 (dd, J = 8.5 Hz, 2.2 Hz, 1H), 7.31 – 7.38 (m, 
3H), 7.44 (dd, J = 2.2 Hz, 1H), 7.46 – 7.48 (m, 1H), 7.53 (dt, J = 8.6 Hz, 1.4 Hz, 1H), 7.58 – 
7.60 (m, 1H), 7.74 – 7.76 (m, 1H), 8.13 (dd, J = 7.8 Hz, 1.3 Hz, 1H); 13C NMR (CDCl3, 100 
MHz) δ (ppm): 56.2, 110.6, 111.5, 120.2, 122.1, 124.4, 125.1, 126.2, 127.7, 128.3, 130.6, 131.1, 
131.2, 134.2, 140.7, 141.6, 150.7, 154.3, 163.5; IR (KBr) νmax: 2983, 1611, 1500, 1476, 1453, 
1282, 1260, 1243, 1106, 1059 cm-1; HRMS (M + Na)+ calcd. for C20H14NO2ClNa, 358.0611; 
found, 358.0611. 
2­(3'­Chloro­4'­isopropoxy­biphenyl­2­yl)­benzoxazole  3h  (Scheme  1):­ Off white 
semi-solid; TLC (Hexane:EtOAc, 95:5 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 1.41 
(d, J = 6.1 Hz, 6H), 4.55 – 4.60 (m, 1H), 6.88 (d, J = 8.5 Hz, 1H), 7.04 (dd, J = 8.4, 2.2 Hz, 1H), 
7.30 – 7.37 (m, 3H), 7.43 (d, J = 2.2 Hz, 1H), 7.47 – 7.49 (m, 1H), 7.52 – 7.54 (m, 1H), 7.57 – 
7.60 (m, 1H), 7.74 – 7.76 (m, 1H), 8.14 (dd, J = 7.7 Hz, 1.3 Hz, 1H); 13C NMR (CDCl3, 100 
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MHz) δ (ppm): 22.0, 72.2, 110.5, 116.0, 120.1, 124.0, 124.4, 125.0, 126.2, 127.6, 128.2, 130.7, 
131.0, 131.1, 134.4, 140.8, 141.7, 150.7, 153.0, 163.6; IR (KBr) νmax: 2977, 1613, 1509, 1478, 
1452, 1281, 1260, 1241, 1111, 1062 cm-1; HRMS (M + Na)+ calcd. for C22H18NO2ClNa, 
386.0924; found, 386.0927.  
2­(4'­Benzyloxy­3'­chloro­biphenyl­2­yl)­benzoxazole 3i (Scheme 1):­ Off white semi-
solid; TLC (Hexane:EtOAc, 93:7 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 5.18 (s, 
2H), 6.90  (d, J = 8.5 Hz, 1H), 7.06  (dd, J = 8.4, 2.1 Hz, 1H), 7.31 – 7.38 (m, 4H), 7.40 – 7.45 
(m, 2H), 7.47 – 7.54 (m, 5H), 7.56 – 7.60 (m, 1H), 7.76 – 7.78 (m, 1H), 8.16 (d, J = 7.7Hz, 1H); 
13C NMR (CDCl3, 100 MHz) δ (ppm): 70.9, 110.6, 113.5, 120.2, 122.9, 124.5, 125.1, 126.2, 
127.1, 127.7, 128.0, 128.3, 128.6, 130.7, 131.1, 131.1, 131.2, 134.6, 136.5, 140.7, 141.6, 150.7, 
153.5, 163.5; IR (KBr) νmax: 1607, 1500, 1453, 1293, 1260, 1241, 1057 cm-1; HRMS (M + Na)+ 
calcd. for C26H18NO2ClNa, 434.0924; found, 434.0922.  
2­(4'­Fluoro­biphenyl­2­yl)­benzoxazole  3j  (Scheme  1):­ Off white semi-solid; TLC 
(Hexane:EtOAc, 95:5 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.31 – 7.34 (m, 3H), 
7.43 - 7.45 (m, 2H), 7.48 – 7.50 (m, 1H), 7.59 – 7.65 (m, 4H), 7.72 – 7.74 (m, 1H), 8.19 – 8.22 
(m, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 110.5, 120.2, 124.5, 125.0, 125.1, 125.2, 125.6, 
126.2, 128.3, 129.2, 129.6, 131.0, 131.1, 131.2, 140.9, 141.6, 144.7, 150.6, 163.1; IR (KBr) νmax: 
2927, 1749, 1609, 1459, 1278, 1261, 1091 cm-1; HRMS (M + Na)+ calcd. for C19H12NOFNa, 
312.0801; found, 312.0806.  
2­(4'­Trifluoromethyl­biphenyl­2­yl)­benzoxazole  3k  (Scheme  1):­ Off white semi-
solid; TLC (Hexane:EtOAc, 95:5 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.28 – 
7.33 (m, 3H), 7.40 – 7.42 (m, 2H), 7.46 (dd, J = 7.4, 1.4 Hz, 1H), 7.54 – 7.63 (m, 4H), 7.69 – 
7.71 (m, 1H), 8.18 (dd, J = 7.7, 1.4 Hz, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 110.5, 120.2, 
124.5, 125.0, 125.0, 125.1, 125.1, 125.2, 126.2, 128.3, 128.9, 129.3, 129.6, 131.0, 131.1, 131.1, 
140.9, 141.6, 144.8, 150.6, 163.1; IR (KBr) νmax: 3001, 1737, 1698, 1677, 1540, 1522, 1457, 
1326, 1277, 1261, 1122 cm-1; HRMS (M + Na)+ calcd. for C20H12NOF3Na, 362.0769; found, 
362.0774.  
2'­Benzoxazol­2­yl­biphenyl­4­carbaldehyde 3l (Scheme 1):­ Off white semi-solid; TLC 
(Hexane:EtOAc, 90:10 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.30 – 7.35 (m, 3H), 
7.48 – 7.53 (m, 3H), 7.59 – 7.66 (m, 2H), 7.71 – 7.73 (m, 1H), 7.88 – 7.90 (m, 2H), 8.19 – 8.22 
(m, 1H), 10.08 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 110.6, 120.2, 124.5, 125.2, 126.2, 
128.5, 129.6, 129.6, 131.0, 131.0, 131.2, 135.2, 141.0, 141.6, 147.4, 150.6, 163.0, 192.1; IR 
(KBr) νmax: 1708, 1600, 1241, 1211, 1030 cm-1; HRMS (M + Na)+ calcd. for C20H13NO2Na, 
322.0844; found, 322.0849.  
2'­Benzoxazol­2­yl­biphenyl­4­carbonitrile 3m (Scheme 1):­ Off white semi-solid; TLC 
(Hexane:EtOAc, 85:15 v/v): Rf ≈ 0.5; 1H NMR (CDCl3, 400 MHz) δ (ppm): 7.34 – 7.36 (m, 3H), 
7.42 – 7.44 (m, 2H), 7.46 – 7.48 (m, 1H), 7.61 – 7.64 (m, 2H), 7.65 – 7.68 (m, 2H), 7.70 – 7.72 
(m, 1H), 8.20 – 8.24 (m, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm): 110.5, 111.1, 120.3, 124.6, 
125.4, 126.1, 128.7, 129.7, 130.9, 131.0, 131.2, 131.9, 140.4, 141.5, 145.9, 150.6; IR (KBr) νmax: 
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2921, 2859, 2223, 1611, 1457, 1244, 1032 cm-1; HRMS (M + Na)+ calcd. for C20H12N2ONa, 
319.0847; found, 319.0844. 

Biology Data 

Cyclooxygenase Inhibition Studies 

In vitro COX-1 and COX-2 inhibitory activities (μM) were determined using COX inhibitor 
screening assay kit (ovine COX-1 and human recombinant COX-2) with 96-well plates as per the 

manufacturer’s protocol through direct measurement of PGF2 produced by SnCl2 reduction of 
COX-derived PGH2.

8 The samples for determination of initial activity of COX-1, COX-2 and 
inhibitor screening were prepared by adding 950 μL reaction buffer, 10 μL heme, 10 μL of COX-
1/COX-2 enzyme and 20 μL of DMSO (inhibitor dissolved in DMSO in case of inhibitor 
screening) in separate test tubes. The COX-1/COX-2 background samples were prepared by 
adding 970 μL reaction buffer, 10 μL heme and 10 μL of inactivated COX-1/COX-2 enzyme 
(inactivated by incubating in boiling water for 3 min) in the test tube. Reactions were initiated by 
adding 10 μL of arachidonic acid (AA) to each test tube and incubated at 37 ºC for 2 minutes. 
The enzyme catalysis was quenched by adding 50 μL of 1 M HCl. PGH2 thus formed was 

reduced to PGF2 by adding 100 μL of SnCl2 solution to each test tube. The quantification of 
prostaglandin formed in each well was done using specific prostaglandin antiserum and reading 
the 96-well plate at 405 nm using ELISA plate reader. The results of this assay have been 
represented in terms of the percent inhibition of COX-1 and COX-2 enzymes at 10 μM of 
inhibitor/standard concentration. The IC50 values of the selected test compounds and standard 
drug was calculated from concentration-inhibition response curve. 

Carrageenan­Induced Paw Edema Method 

The acute anti-inflammatory effect was evaluated by the carrageenan-induced paw edema 
assay in Wistar albino rats following the reported protocol9 in compliance with the relevant laws 
on approval with IAEC (Institutional Animal Ethics Committee). The rats were divided into the 
following groups: carrageenan control, test compounds, celecoxib and diclofenac as standards, 
each comprising six animals. Acute edema was induced by subplantar administration of 0.1 mL 
of carrageenan (1%). The test compounds were suspended in 1% Tween-80 suspension and 
administrated intraperitoneally 10 min after the administration of Carrageenan. Paw volume was 
measured prior to injection of carrageenan (0 h) and then at an interval of 1 h up to 3 h using a 
plethysmograph. The results are reported as paw volume expressed in mL. The change in paw 
volume was measured using the formula: 

% reduction of inflammation = [1 - (Vt/Vc) × 100] 
Where, Vt is the change in paw volume in the test compound treated group, and Vc, is the change 
in paw volume in the control group.  
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Rationalisation of COX­2  selectivity of  the novel  inhibitors 3g, 3n,  and 3o  through 
Computational  Studies  (3D  QSAR)  and  correlation  with  the  coxibs  (Celecoxib, 
Rofecoxib, and Etoricoxib). 

For the COX-2 docking studies celecoxib was used as the standard. Celecoxib gave more or 
less same results as SC-558. Celecoxib maintained four major interactions with Gln192, His90, 
Ser353 and Leu352 in the COX-2 active site.10 The hydrogen atom attached to the N atom of the 
sulfonamide moiety of celecoxib forms hydrogen bonding interaction with the carbonyl oxygen 
of Gln192 (N-H…O=C-Gln192, 3.0 Å), Leu352 (N-H…O=C-Leu352, 2.4 Å) and Ser353 ((N-
H…O=C-Ser353, 2.3 Å). The oxygen atom of sulfonamide moiety of celecoxib forms hydrogen 
bonding interaction with the imidazole NH of His90 (S=O…H-N-His90, 2.4 Å).  

The compounds 3g, 3n and 3o were docked individually. The 3g showed weak interaction of 
the hydrogen atom of the methoxy group with the carbonyl (C = O) oxygen atom of Gln192. The 
docking score was 66.9734. The compound 3n showed hydrogen bonding interaction through the 
hydrogen atom of the hydroxyl group with the carbonyl (C = O) oxygen atom of Gln192 (O-
H…O=C-Gln192, 3.0 Å). The docking score was 63.1820. The 3o showed strong hydrogen 
bonding interaction through the oxygen atom of SO2Me group with the hydrogen atom of the C 
= NH of the guanidine moiety of Arg513 (S=O…H-N-Arg512, 2.8 Å). The docking score was 
63.2420. The marketed COX-2 selective drugs, having methyl sulfonyl moieties e.g. rofecoxib 
and etoricoxib were docked into the active site of COX-2 and similar type of interactions were 
observed. The devoid of the amino acid Arg513 in COX-1 provides the advantage for COX-2 
selectivity.  

Celecoxib, 3a, 3g, 3n and 3o were docked individually into the active site of COX-1 (3KK6). 
However, none of these showed any significant interaction in the COX-1 active site that account 
for the COX-2 selectivity of these compounds.  
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Table C: Comparison of benzoxazole derivatives with celecoxib in COX­2 (6COX)  
COMPOUND  DOCKING POSE  INTERACTION  GOLD 

SCORE 

     
(Celecoxib) 

 

Gln192,  
His90,  
Ser353,  
Leu352. 

70.5354 

 
(Compound 3b) 

 

No interaction  56.2468 

 
(Compound 3c) 

 

Oxygen of OMe 
is interacting 
with His 90.  

58.3078 
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(Compound 3d) 

 

No interaction  52.5738 

 
(Compound 3e) 

 

No interaction  39.0231 

 
(Compound 3f) 

 

No interaction  58.1373 
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(Compound 3g) 

 

Weak 
interaction of 
hydrogen of 
methoxy group 
with Gln192 

66.9734 

 
(Compound 3h) 

 

Lone pair of Cl 
is weakly 
interacting 
with carbonyl 
of Leu 352.  
 

58.1217 

 
(Compound 3i) 

 

Lone pair of Cl 
is weakly 
interacting 
with NH of His 
90.  
 

52.3478 
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(Compound 3j) 

 

Lone pair of F is 
very weakly 
interacting 
with carbonyl 
of Leu 352.  
 

51.5463 

 
(Compound 3k) 

 

Lone pair of F is 
very weakly 
interacting 
with carbonyl 
of Leu 352 and 
Gln 192.  
 

58.3421 

 
      (Compound 3l) 

 

Oxygen of C= O 
is interacting 
with N‐H of 
PHE 518. 
 

55.4321 
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      (Compound 3m) 

Nitrogen of 
cyano group is  
weakly 
interacting of 
C= O of Gln 
192. 
  

56.3256 

 

 
      (Compound 3n) 
 
 
 

 

Hydroxy is 
interacting 
with Gln192 
 
 

63.1820 

 
      (Compound 3o) 

 

Oxygen of 
SO2Me is 
interacting 
with Arg 513 

63.2420 
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      (Rofecoxib) 

Oxygen of 
SO2Me is 
interacting 
with Arg513 

64.2373 

S
OO

N
Cl

N

 
             (Etoricoxib) 

Oxygen of 
SO2Me is 
interacting 
with Arg513 

71.1039 
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Figure G: Comparison of poses of different coxibs  (celecoxib, etoricoxib, rofecoxib) 
with 3b­3f and 3h­3m inside the active site of COX­2.  

   

Celecoxib is in green color, Etoricoxib   Celecoxib is in green color, Etoricoxib  
is in pink color, Rofecoxib is in blue color    is in pink color, Rofecoxib is in blue color  
and compound 3b is in light blue.    and compound 3c is in marine blue. 
 
 

  

Celecoxib is in green color, Etoricoxib is in   Celecoxib is in green color, Etoricoxib is in  
pink color, Rofecoxib is in blue color and    pink color, Rofecoxib is in blue color and  
compound 3d is in slate blue.    compound 3e is in purple blue. 
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Celecoxib is in green color, Etoricoxib is in   Celecoxib is in green color, Etoricoxib is in 
pink color, Rofecoxib is in blue color and    pink color, Rofecoxib is in blue color and 

compound 3f is in tv red.     compound 3h is in red selmon. 
 

   
 

Celecoxib is in green color, Etoricoxib   Celecoxib is in green color, Etoricoxib 
is in pink color, Rofecoxib is in blue color and   is in pink color, Rofecoxib is in blue color and 

compound 3i is in red brown color.    compound 3j is in tv yellow color. 
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Celecoxib is in green color, Etoricoxib   Celecoxib is in green color, Etoricoxib 
is in pink color, Rofecoxib is in blue color and   is in pink color, Rofecoxib is in blue color and 

compound 3k is in yellow wheat color.   compound 3l is in yellow sand color. 
 

 
 
Celecoxib is in green color, Etoricoxib    
is in pink color, Rofecoxib is in blue color and 
compound 3m is in bright orange color.  
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Comparison of docking poses of 3g, 3n and 3o with celecoxib was performed (Fig. H) and it was 
observed that all of these compounds have ‘V shape’ docking pose similar to that with celecoxib.   

Figure H: Comparison of interaction poses of 3g, 3n and 3o with celecoxib inside the 
active site of COX­2.  

 

 

(Celecoxib is in green color, 3g is in orange color, 3n is in gray white color and 3o is in blue color). 
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Scanned NMR Spectra 

1H NMR of 2­(2­Bromophenyl)­benzoxazole 1:­ 

 
13C NMR of 2­(2­Bromophenyl)­benzoxazole 1:­ 
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1H NMR of 2­Biphenyl­2­yl­benzoxazole 3a (Scheme 1):­ 
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1H NMR of 2­(4'­Methoxy­biphenyl­2­yl)­benzoxazole 3b (Scheme 1):­ 

 

13C NMR of 2­(4'­Methoxy­biphenyl­2­yl)­benzoxazole 3b (Scheme 1):­ 
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1H NMR of 2­(3',4'­Dimethoxy­biphenyl­2­yl)­benzoxazole 3c (Scheme 1):­ 

 
13C NMR of 2­(3',4'­Dimethoxy­biphenyl­2­yl)­benzoxazole 3c (Scheme 1):­ 
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1H NMR of 2­(2',3'­Dimethoxy­biphenyl­2­yl)­benzoxazole 3d (Scheme 1):­ 

 
13C NMR of 2­(2',3'­Dimethoxy­biphenyl­2­yl)­benzoxazole 3d (Scheme 1):­ 
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1H NMR of 2­(3'­Cyclopentyloxy­4'­methoxy­biphenyl­2­yl)­benzoxazole 3e (Scheme 
1):­ 

 
13C NMR of 2­(3'­Cyclopentyloxy­4'­methoxy­biphenyl­2­yl)­benzoxazole 3e (Scheme 

1):­ 
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1H NMR of 2­(4'­Methylsulfanyl­biphenyl­2­yl)­benzoxazole 3f (Scheme 1):­ 

 
13C NMR of 2­(4'­Methylsulfanyl­biphenyl­2­yl)­benzoxazole 3f (Scheme 1):­ 
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1H NMR of 2­(3'­Chloro­4'­methoxy­biphenyl­2­yl)­benzoxazole 3g (Scheme 1):­ 

 
13C NMR of 2­(3'­Chloro­4'­methoxy­biphenyl­2­yl)­benzoxazole 3g (Scheme 1):­ 

 



S33 
 

1H NMR of 2­(3'­Chloro­4'­isopropoxy­biphenyl­2­yl)­benzoxazole 3h (Scheme 1):­ 

 
13C NMR of 2­(3'­Chloro­4'­isopropoxy­biphenyl­2­yl)­benzoxazole 3h (Scheme 1):­ 
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1H NMR of 2­(4'­Benzyloxy­3'­chloro­biphenyl­2­yl)­benzoxazole 3i (Scheme 1):­ 

 
13C NMR of 2­(4'­Benzyloxy­3'­chloro­biphenyl­2­yl)­benzoxazole 3i (Scheme 1):­ 
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1H NMR of 2­(4'­Fluoro­biphenyl­2­yl)­benzoxazole 3j (Scheme 1):­ 

 
13C NMR of 2­(4'­Fluoro­biphenyl­2­yl)­benzoxazole 3j (Scheme 1):­ 
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1H NMR of 2­(4'­Trifluoromethyl­biphenyl­2­yl)­benzoxazole 3k (Scheme 1):­ 

 
13C NMR of 2­(4'­Trifluoromethyl­biphenyl­2­yl)­benzoxazole 3k (Scheme 1):­ 

 



S37 
 

1H NMR of 2'­Benzoxazol­2­yl­biphenyl­4­carbaldehyde 3l (Scheme 1):­ 

 
13C NMR of 2'­Benzoxazol­2­yl­biphenyl­4­carbaldehyde 3l (Scheme 1):­ 
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1H NMR of 2'­Benzoxazol­2­yl­biphenyl­4­carbonitrile 3m (Scheme 1):­ 

 
13C NMR of 2'­Benzoxazol­2­yl­biphenyl­4­carbonitrile 3m (Scheme 1):­ 
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1H NMR of 2­(4'­Methanesulfonyl­biphenyl­2­yl)­benzoxazole 3o (Scheme 2):­ 

 
13C NMR of 2­(4'­Methanesulfonyl­biphenyl­2­yl)­benzoxazole 3o (Scheme 2):­ 
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1H NMR of 2'­Benzoxazol­2­yl­3­chloro­biphenyl­4­ol 3n (Scheme 2):­ 

 

13C NMR of 2'­Benzoxazol­2­yl­3­chloro­biphenyl­4­ol 3n (Scheme 2):­ 
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Scanned HPLC Spectra to Determine the Purity of Compounds 

HPLC of 2­Biphenyl­2­yl­benzoxazole 3a (Scheme 1):­ 
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HPLC of 2­(4'­Methoxy­biphenyl­2­yl)­benzoxazole 3b (Scheme 1):­ 
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HPLC of 2­(3',4'­Dimethoxy­biphenyl­2­yl)­benzoxazole 3c (Scheme 1):­ 
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HPLC of 2­(2',3'­Dimethoxy­biphenyl­2­yl)­benzoxazole 3d (Scheme 1):­ 

 

 
 
 
 
 
 
 
 
 



S45 
 

HPLC of 2­(3'­Cyclopentyloxy­4'­methoxy­biphenyl­2­yl)­benzoxazole 3e (Scheme 
1):­ 
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HPLC of 2­(4'­Methylsulfanyl­biphenyl­2­yl)­benzoxazole 3f (Scheme 1):­ 
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HPLC of 2­(3'­Chloro­4'­methoxy­biphenyl­2­yl)­benzoxazole 3g (Scheme 1):­ 
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HPLC of 2­(3'­Chloro­4'­isopropoxy­biphenyl­2­yl)­benzoxazole 3h (Scheme 1):­ 
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HPLC of 2­(4'­Benzyloxy­3'­chloro­biphenyl­2­yl)­benzoxazole 3i (Scheme 1):­ 
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HPLC of 2­(4'­Fluoro­biphenyl­2­yl)­benzoxazole 3j (Scheme 1):­ 
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HPLC of 2­(4'­Trifluoromethyl­biphenyl­2­yl)­benzoxazole 3k (Scheme 1):­ 
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HPLC of 2'­Benzoxazol­2­yl­biphenyl­4­carbaldehyde 3l (Scheme 1):­ 
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HPLC of 2'­Benzoxazol­2­yl­biphenyl­4­carbonitrile 3m (Scheme 1):­ 
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HPLC of 2­(4'­Methanesulfonyl­biphenyl­2­yl)­benzoxazole 3o (Scheme 2):­ 
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HPLC of 2'­Benzoxazol­2­yl­3­chloro­biphenyl­4­ol 3n (Scheme 2):­ 
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