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1. Figure S1 

 

 

Figure S1: IR charts of compounds 24 and 31  
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2. Figure S2 

 

Figure S2: (A) First series SAR summary. (B) Second series SAR summary. 
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3. 1H NMR and 13C NMR spectra of representative compounds  
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4. Molecular docking simulation: 

4.1 Protein preparation 

Based on our reported cross docking study [1], For the current molecular docking study in COX-

1 and COX-2 enzymes, PDB ID: 5WBE and PDB ID: 3LN1, respectively, were used [2, 3]. The 

X-ray crystallographic structures of COX-1 and COX-2 enzymes co-crystallized with mofezolac 

and celecoxib, respectively, as inhibitors (PDB ID: 5WBE and 3LN1, respectively) were 

downloaded from the protein data bank [4]. 

Using Discovery Studio Visualizer 2017R2 [5], the target enzymes were prepared for the docking 

study. Except for chain A, all chains, water molecules and ligands that are not involved in the 

binding were removed. The GUI “MakeReceptor 3.2.0.2” module from “OEDocking 3.2.0.2” 

program in OpenEye package was used for additional protein preparation and for defining the 

active site and the docking box for molecular docking [6-9].  

4.2 Ligand preparation 

The compounds of interest 15, 16, 21, 24, and 27-29, the co-crystalized ligands (mofezolac and 

celecoxib), were first build as 3D structures using Discovery Studio Visualizer 2017R2 [5]. 

OMEGA 3.0.0.1 program of OpenEye package was used using Pose mode to generate optimal 

conformers for the subsequent docking pose prediction [10, 11].    

4.3 Molecular docking 

HYBRID docking protocol from “OEDocking 3.2.0.2” program in OpenEye package was used to 

perform the molecular docking of the generated conformers of the tested compounds 15, 16, 21, 

24, and 27-29  as well as the co-crystalized ligands in COX-1 and COX-2 active sites using 

Chemgauss4 scoring function [8, 9]. 

The docking protocol was first validated by self-docking of the co-crystallized ligands mofezolac 

and celecoxib in the active site of COX-1 and COX-2 enzymes, respectively, generating docking 

poses with energy score (S) and RMSD of −11.13 kcal/mol and 1.915Å, respectively, and −15.37 

kcal/mol and 0.913Å, respectively. Moreover, the generated mofezolac and celecoxib docking 

poses were able to reproduce the key interactions between their experimental poses and COX-1 

and COX-2 enzymes, respectively (Table S1 and Figure S3). 
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Table S1. Docking Score (S) and RMSD of the docking poses 

Protein Ligand Docking score S (kcal/mol) RMSD (Å) 

COX-1 (PDB ID: 5WBE) Mofezolac −11.13 1.915 

COX-2 (PDB ID: 3LN1) Celecoxib −15.37 0.913 

  

   

                                    (A)                                                       (B) 

`    

                                 (C)                                                                    (D) 

Figure S3. (A) 2D diagrams of the docking pose of mofezolac in COX-1 active site (PDB ID: 

5WBE); (B) 2D diagrams of the docking pose of celecoxib in COX-2 active site (PDB ID: 3LN1); 

(C) 3D representation of the superimposition of the docking pose (green) and the co-crystallized 

(red) of mofezolac in COX-1 active site with an RMSD of 1.915Å; (D) 3D representation of the 

superimposition of the docking pose (green) and the co-crystallized (red) of celecoxib in COX-2 

active site with an RMSD of 0.913Å. The 2D figures for the ligand-target interactions were 

generated using PoseView 1.1.2 program [12-15]. The 3D figures were generated using Chimera 

1.17.1 [16] 
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The validated docking setup was then used to dock the target compounds 15, 16, 21, 24, and 27-

29 in the active site of the target enzymes (COX-1 and COX-2). 

4.4 Docking poses of the target compounds in COX-1 active site (PDB ID: 5WBE) 

 

Figure S4. 2D diagram of compound 15 showing its interactions in COX-1 enzyme active site. 
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Figure S5. 2D diagram of compound 16 showing its interactions in COX-1 enzyme active site. 

 

 

 

 

Figure S6. 2D diagram of compound 21 showing its interactions in COX-1 enzyme active site. 

 

 

Figure S7. 2D diagram of compound 24 showing its interactions in COX-1 enzyme active site. 
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Figure S8. 2D diagram of compound 27 showing its interactions in COX-1 enzyme active site. 

 

 

Figure S9. 2D diagram of compound 28 showing its interactions in COX-1 enzyme active site. 
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Figure S10. 2D diagram of compound 29 showing its interactions in COX-1 enzyme active site. 

4.5 Docking poses of the target compounds in COX-2 active site (PDB ID: 3LN1) 

 

 

Figure S11. 2D diagram of compound 15 showing its interactions in COX-2 enzyme active site. 
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Figure S12. 2D diagram of compound 16 showing its interactions in COX-2 enzyme active site. 

 

(A) 

Figure S13. 2D diagram of compound 21 showing its interactions in COX-2 enzyme active site. 
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Figure S14. 2D diagram of compound 24 showing its interactions in COX-2 enzyme active site. 

 

 

Figure S15. 2D diagram of compound 27 showing its interactions in COX-2 enzyme active site. 
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Figure S16. 2D diagram of compound 28 showing its interactions in COX-2 enzyme active site. 

 

 



30 
 

 

Figure S17. 2D diagram of compound 29 showing its interactions in COX-2 enzyme active site. 

 

5. Molecular dynamic simulations 

To further investigate the binding pattern and the dynamic behaviour of the newly 

synthesized compounds, molecular dynamics (MD) simulations for compound 15, 16, and 27, as 

representative compounds, in COX-1 and COX-2 active sites were carried out. Starting from the 

obtained molecular docking complexes of the target compounds in COX-1 and COX-2, MD 

simulations were performed using Groningen Machine for Chemical Simulations (GROMACS) 

2021.3 package [17]. Amber99SB force field was used for protein topology generation [18]. 

Ligand parametrization was carried out using Amber GAFF force field [19, 20], followed by 

topology generation using ACPYPE (AnteChamber Python Parser Interface) [21]. Solvation was 

carried out in a triclinic box (1 nm in all directions from the protein) using TIP3P water model 

which was neutralized as needed (COX-1 complexes were neutral, whereas two Na+ ions were 

used in COX-2 complexes). System energy minimization was first performed using steepest 

descent algorithm until it converged to Fmax less than 1000 kJ mol−1 nm−1. Then system 

equilibration was carried out under NVT followed by NPT ensembles, 100 ps each, with the protein 
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atomic positions restrained. In the NVT step, the modified Berendsen (V-rescale) thermostat with 

a time constant of 0.1 ps was used to keep the temperature at 300 K [22]. In the NPT step, the 

pressure was maintained at 1 bar using the Berendsen pressure coupling method (isotropic 

coupling type) with a time constant of 2 ps [23]. Finally, full production simulations for 100 ns 

were run using the leap-frog integrator with a timestep of 2 fs. During the production runs, Linear 

Constraint Solver (LINCS) algorithm, V-rescale thermostat with a time constant of 0.1 ps, and 

Parrinello−Rahman barostat with a time constant of 2 ps were used [22, 24, 25]. Particle Mesh 

Ewald summation (PME) method was used for long-range electrostatics description [26]. Long-

range electrostatic and short-range van der Waals cut-off was set to 1 nm. Trajectories were 

recorded after every 10.0 ps. The analysis of the resulting trajectories was performed using 

GROMACS tools [17] and Chimera 1.17.1 [16]. For both complexes, the Root Mean Square 

Deviation (RMSD) from the initial reference frame backbone was calculated for the backbone Cα 

atom and was graphically analysed at a time point scale in ns [27, 28]. Furthermore, root mean 

square fluctuation (RMSF) for each residue was also calculated [29]. Radius of gyration (Rg) was 

also calculated to understand the compactness of COX-1 and COX-2 complexes with the target 

compounds [30]. 
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5.1 RMSD, RMSF, Rg graphs of the MD simulations of the target compounds in COX-1  

 

Figure S18. RMSD graph for the backbone atoms of 15/COX-1 (orange), 16/COX-1 (blue), and 

27/COX-1 (grey) structures from their initial reference frame backbone during 100 ns MD 

simulations  

 

 

 

Figure S19. RMSF graph for the residues of 15/COX-1 (orange), 16/COX-1 (blue), and 

27/COX-1 (grey) structures during 100 ns MD simulation  
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Figure S20. Radius of gyration (Rg) graph for 15/COX-1 (orange), 16/COX-1 (blue), and 

27/COX-1 (grey) structures during 100 ns MD simulation 

 

 

Figure S21. RMSD graph of compounds 15 (orange), 16 (blue), and 27 (grey) atoms from their 

initial pose in COX-1 structures during 100 ns MD simulation. 
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5.2 Dominant binding patterns of the target compounds 16 and 27 during the 100 ns MD 

simulations in COX-1 and COX-2  

 

(A) 

 

(B) 

Figure S22. 2D diagram showing (A) compound 16 and (B) compound 27 dominant binding 

patterns in the active site of COX-1 
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(A) 

 

(B) 

Figure S23. 2D diagram showing (A) compound 16 and (B) compound 27 dominant binding 

patterns in the active site of COX-2 
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6. Figures S24–S25 

 

Figure S24. Cell viability as assessed by PrestoBlue of NHA (A), hBMECs (B), and HepG2 (C) 

upon incubation with a single dose of 50 μM of compound 15 after 72 h incubation. (ns) denotes 

nonsignificant relative to vehicle control. Error bars represent standard deviation (n = 3). 

 

 

Figure S25. Cell viability as assessed by PrestoBlue of NHA (A), hBMECs (B), and HepG2 (C) 

upon incubation with a single dose of 50 μM of compound 16 after 72 h incubation. (ns) denotes 

nonsignificant relative to vehicle control. Error bars represent standard deviation (n = 3). 
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