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Table S1: Visual score of DNA damage in MCF-7 cancer cell lines treated with different 
compounds and Doxorubicin.

No. of cells Class**Treatment

No of 
samples

Analyzed* Comets 0 1 2 3

DNA 
damaged 

cells %

(Mean±SEM)

MCF-7 (-ve) 4 404 43 361 32 6 5 10.64 ± 0.85c

MCF-7 + 6c 4 404 149 255 48 52 49 36.88 ± 1.38a

MCF-7 + 8 4 404 84 320 35 27 22 20.79 ± 1.59b

MCF-7 + 10b 4 404 141 263 51 46 44 34.90 ± 1.75a

MCF-7 + 10c 4 404 96 308 32 35 29 23.76 ± 1.49b

MCF-7 + Doxo 4 404 153 251 41 54 58 37.87 ± 1.88a

*: Number of cells examined per a group, **: Class 0= no tail; 1= tail length < diameter of 
nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length > 2X the 
diameter of nucleus. a,b,c: Mean values within tissue with unlike superscript letters were 
significantly different (P<0.05). Doxorubicin (Doxo).
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Table S2: Visual score of DNA damage in A549 cancer cell lines treated with different 
compounds and Doxorubicin.

No. of cells Class**Treatment

No of 
samples

Analyzed* Comets 0 1 2 3

DNA 
damaged 

cells %

(Mean±SEM)

A549 (-ve) 4 404 42 362 31 7 4 10.40 ± 1.19d

A549 + 6c 4 404 126 278 46 49 31 31.19 ± 2.02ab

A549 + 8 4 404 79 325 34 25 20 19.55 ± 1.76c

A549 + 10b 4 404 115 289 45 49 21 28.47 ± 165b

A549 + 10c 4 404 89 315 30 35 24 22.03 ± 1.47c

A549 + Doxo 4 404 135 269 43 50 42 33.42 ± 1.19a

*: Number of cells examined per a group, **: Class 0= no tail; 1= tail length < diameter of 
nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length > 2X the 
diameter of nucleus. a,b,c,d: Mean values within tissue with unlike superscript letters were 
significantly different (P<0.05). Doxorubicin (Doxo).
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Table S3: Visual score of DNA damage in PC3 cancer cell lines treated with different 
compounds and Doxorubicin.

*: Number of cells examined per a group, **: Class 0= no tail; 1= tail length < diameter of 
nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length > 2X the 
diameter of nucleus. a,b,c: Mean values within tissue with unlike superscript letters were 
significantly different (P<0.05). Doxorubicin (Doxo).

No. of cells Class**Treatment

No of 
samples

Analyzed* Comets 0 1 2 3

DNA 
damaged 

cells %

(Mean±SEM)

PC3 (-ve) 4 404 44 360 30 6 8 10.89 ± 0.85c

PC3 + 6c 4 404 93 311 31 29 33 23.02 ± 1.96a

PC3 + 8 4 404 75 329 33 24 18 18.56 ± 1.25b

PC3 + 10b 4 404 88 316 36 22 30 21.78 ± 1.11ab

PC3 + 10c 4 404 79 325 35 20 24 19.55 ± 1.85b

PC3 + Doxo 4 404 99 305 34 28 37 24.50 ± 1.55a
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Molecular Docking

We conducted a molecular docking study to evaluate the potential anti-cancer effects of our newly 

developed 1,3,5-trisubstituted-1H-pyrazole derivatives (6c, 8, 10b, and 10c) by targeting the Bcl-

2 protein. This analysis included examining the binding modes and affinities of these compounds 

within the Bcl-2 protein’s active sites. To begin, we obtained the X-ray crystal structures of the 

Bcl-2 protein from the Protein Data Bank (https://www.rcsb.org) using the PDB code 4AQ3.[1] 

The receptor preparation for docking was carried out using Biovia Discovery Studio,[2] which 

involved removing unnecessary chains and water molecules, adding polar hydrogens, and 

adjusting partial charges to create accurate receptor models suitable for docking simulations.

For the docking studies, we utilized the Autodock 4.2 software package. The process began with 

preparing coordinate files for both the ligands and the target protein, followed by the calculation 

of an affinity grid for the target. The grid box was set at dimensions of 50x50x50 with a grid point 

spacing of 0.375 Å, centered on the position of the co-crystallized ligand. The Lamarckian Genetic 

Algorithm (LGA) was employed to explore possible conformations, running ten iterations with up 

to 27,000 generations per iteration. The mutation rate was set at 0.02, and the crossover rate was 

0.8. Multiple docking runs were performed using AutoDock 4.2[3] to generate a variety of docked 

conformations. The best docking results were determined by evaluating the predicted binding 

energies and the consistency of the docking poses.
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1H and 13C NMR spectra for 3-(3,4-Dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl) -4,5-dihydro-
1H-pyrazole-1-carbothio-amide (5). 
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1H and 13C NMR spectra for 4-(4-Chlorophenyl)-2-(3-(3,4-dichlorophenyl)-5-(1- methyl-1H-
pyrrol-2-yl)-4,5-dihydro-1H-pyrazol-1-yl)thiazole (6a). 
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1H and 13C NMR spectra for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol -2-yl)-4,5-
dihydro-1H-pyrazol-1-yl)-4-(2-methoxyphenyl)thiazole (6b). 
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LCMS spectra for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol -2-yl)-4,5-dihydro-1H-
pyrazol-1-yl)-4-(2-methoxyphenyl)thiazole (6b). 
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1H and 13C NMR spectra for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol -2-yl)-4,5-
dihydro-1H-pyrazol-1-yl)-4-(pyridin-4-yl)thiazole (6c). 

6c

N

NN

N

S
Cl

Cl

N



S12

LC-MS for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5-dihydro-1H-pyrazol-1-

yl)-4-(pyridin-4-yl)thiazole (6c).
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1H and 13C NMR spectra for 4-(2-chlorophenyl)-2-(3-(3,4-dichlorophenyl)-5-(1-methyl -1H-
pyrrol-2-yl)-4,5-dihydro-1H-pyrazol-1-yl)thiazole (6d). 
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LC-MS spectra for 4-(2-chlorophenyl)-2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-
4,5-dihydro-1H-pyrazol-1-yl)thiazole (6d).
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1H and 13C NMR spectra for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5- 
dihydro-1H-pyrazol-1-yl)-4-(1-phenyl-1H-pyrazol-4-yl)thiazole (6e). 
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LC-MS spectra for 2-(3-(3,4-Dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5-dihydro-1H-
pyrazol-1-yl)-4-(1-phenyl-1H-pyrazol-4-yl)thiazole (6e).
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1H and 13C NMR spectra for ethyl 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5- 
dihydro-1H-pyrazol-1-yl)thiazole-4-carboxylate (7).
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1H and 13C NMR spectra for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl) -4,5-
dihydro-1H-pyrazol-1-yl)thiazol -4-carbohydrazide (8). 
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1H and 13C NMR spectra for 5-(2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl) -4,5-
dihydro-1H-pyrazol-1-yl)thiazol-4-yl)-1,3,4-oxadiazol-2-amine (9). 
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LC-MS spectra for 5-(2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5-dihydro-1H-
pyrazol-1-yl)thiazol-4-yl)-1,3,4-oxadiazol-2-amine (9).
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1H and 13C NMR spectra for N'-(2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5-dihydro -
1H-pyrazol-1-yl)thiazole-4-carbonyl)-5-(dimethylamino)naphthalene-1-sulfonohydrazide (10a).
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1H and 13C NMR spectra for N'-(2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl) -4,5-
dihydro-1H-pyrazol-1-yl)thiazole-4-carbonyl)-4-fluorobenzenesulfonohydrazide (10b). 

10b

N

NN

Cl

Cl

N

S

H
N

O N
H

S
O

O

F
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LC-MS spectra for N'-(2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl) -4,5-dihydro-1H-
pyrazol-1-yl)thiazole-4-carbonyl)-4-fluorobenzenesulfonohydrazide (10b).
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1H and 13C NMR spectra for N'-(2-(3-(3,4-Dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)- 4,5-
dihydro-1H-pyrazol-1-yl)thiazole-4-carbonyl)butane-1-sulfonohydrazide (10c). 
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LC-MS spectra for N'-(2-(3-(3,4-Dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5-dihydro-1H-
pyrazol-1-yl)thiazole-4-carbonyl)butane-1-sulfonohydrazide (10c). 
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1H and 13C NMR spectra for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl) -4,5-
dihydro-1H-pyrazol-1-yl)thiazol-4(5H)-one (11). 
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LC-MS spectra for 2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl) -4,5-dihydro-1H-
pyrazol-1-yl)thiazol-4(5H)-one (11).
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1H and 13C NMR spectra for (E)-2-(3-(3,4-dichlorophenyl)-5-(1-methyl-1H-pyrrol-2-yl)-4,5 -
dihydro-1H-pyrazol-1-yl)-5-(4-fluorobenzylidene)thiazol-4(5H)-one (12a). 
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1H and 13C NMR spectra for (E)-5-(3-chloro-4-fluorobenzylidene)-2-(3-(3,4-dichlorophenyl)-5 -
(1-methyl-1H-pyrrol-2-yl)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-4(5H)-one (12c). 
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