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Experimental Section 

2. Materials and Methods        

 

2.3.1. Synthesis of (3-(4-Chlorophenyl)-4-methyl-6-phenyl pyrazolo[3,4-c]pyrazol-

2(1H,3H,6H)-yl)(pyridin-4-yl)methanone (1a)    

 

Light Yellow solid; Yield: 82%; (8.702mg; M.p. 141–143°C); IR(KBr) ν: 3323, 2974, 

1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):   8.36  (2H, d, J = 6.23 Hz, -

Pyridin), 7.83 (-Pyridin, 2H, d, J = 6.22 Hz), 7.58  (5H, -Ar ring, t, J = 6.21 Hz), 7.30 

(5H, m, -Ar ring), 6.13 (s, 1H, -CH), 4.0 (1H, s, -NH), 1.97 (s, 3H, -CH3); 
13

C NMR 

(DMSO-d6, 75 MHz): δ 172.0 (C=O, 1C), 149.0-105.7 (-1C, 3C), 149.7-121.7 (5C, -

pyridine), 142.8-123.9 (12C, -Ar ring), 68.1 (1C, -CH), 12.7 (1C, -CH3); EI-MS, m/z: 

381.43 (M
+
, 26.8%); Anal. calcd. for (C23H19N5O): C, 72.42; H, 5.02; N, 18.36%; 

Found: C, 72.43; H, 5.00, N, 18.30%.      

                          

2.4.2.  (3-(4-Chlorophenyl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1b)    

Yellow solid; Yield: 81%; (11.382 mg); M.p. 167–165°C;  IR(KBr) ν: 3323, 2974, 

1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, d, J = 6.23 Hz, 

2H), 7.83 (-Pyridin, 2H, d, J = 6.22 Hz), 7.58  (5H, -Ar ring, t, J = 6.21 Hz), 7.34 (-Ar 

ring, 4H, dd, J = 7.33 Hz, J = 7.37 Hz),  6.23 (s, 1H, -CH), 4.0 (1H, s, -NH), 1.97 (3H, 

s, -CH3); 
13

C NMR (DMSO-d6, 75 MHz): δ 172.0 (C=O, 1C), 145.8 (-C, 3C), 149.7-

121.7 (-pyridine, 5C), 140.8-123.9 (12C, -Ar ring), 68.1 (1C, -CH), 12.7 (-CH3, 1C); 

EI-MS, m/z: 415.87 (M
+
, 32.6%); Anal. calcd. for (C23H18ClN5O): C, 66.45; H, 4.33; 

N, 16.81%; Found: C, 66.41; H, 4.32; N, 16.83%.  

 2.4.3.  (3-(4-Hydroxyphenyl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1c)       

White solid; Yield: 69%; (8.426mg; M.p. 176–178°C); IR(KBr) ν: 3323, 2974, 1655, 

1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, 2H, d, J = 6.23 Hz), 7.82 

(-Pyridin, d, J = 6.22 Hz, 2H), 7.60 (2H, -Ar ring, d, J = 6.21 Hz), 6.40 (2H, d, J = 

6.23 Hz, -Ar ring), 7.58  (5H, t, J = 6.21 Hz, -Ar ring),  6.12 (1H, -CH, s), 5.35 (s, -

OH, 1H), 4.0 (s, -NH, 1H), 1.97 (s, 3H, -CH3); 
13

C NMR (DMSO-d6, 75 MHz): δ 
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172.0 (1C, C=O), 149.7-105.7 (3C, -C), 149.7-121.7 (5C, -pyridine), 156.2-115.2 

(12C, -Ar ring), 68.1 (-CH, 1C), 12.7 (-CH3, 1C); EI-MS, m/z: 397.43(M
+
, 25.2%); 

Anal. calcd. for (C23H19N5O2): C, 69.51; H, 4.82; N, 17.62%; Found: C, 69.57; H, 

4.81; N, 17.66%.    

        

2.4.4. (4-methyl-3-(4-nitrophenyl)-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1d) 

Light Yellow solid; Yield: 80%; (10.971mg; M.p. 157–159°C);  IR(KBr) ν: 3323, 

2974, 1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, 2H, d, J = 

6.23 Hz), 7.85 (-Pyridin, 2H, d, J = 6.22 Hz), 7.34 (-Ar ring, 4H, dd, J = 7.33 Hz, J = 

7.37 Hz), 7.58  (5H, t, J = 6.21 Hz, -Ar ring), 6.13 (s, 1H, -CH), 4.0 (1H, s, -NH), 1.97 

(s, 3H, -CH3); 
13

C NMR (DMSO-d6, 75 MHz): δ 172.0 (C=O, 1C), 145.8 (3C, -C), 

149.7-121.7 (5C, -pyridine), 148.2-123.9 (12C, -Ar ring), 68.1 (1C, -CH), 12.7 (-CH3, 

1C); EI-MS, m/z: 426.43 (M
+
, 25.2 %); Anal. calcd. for: (C23H18N6O3): C, 64.78; H, 

4.25; N, 19.71%; Found: C, 64.76; H, 4.26; N, 19.74%.     

        

2.4.5. (3-(4-Methoxyphenyl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1e) 

Light Yellow solid; Yield: 79%; (10.755mg; M.p. 173–175°C); mw189;  IR(KBr) ν: 

3323, 2974, 1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, 2H, d, 

J = 6.23 Hz), 7.83 (-Pyridin, 2H, d, J = 6.22 Hz), 7.15 (4H, -Ar ring, dd, J = 7.33 Hz, J 

= 7.37 H), 7.58  (5H, -Ar ring, t, J = 6.21 Hz),  6.13 (-CH, s, 1H), 4.0 (-NH, s, 1H), 

3.89 (3H, -CH3, s), 1.97 (s, 3H, -CH3);  
13

C NMR (DMSO-d6, 75 MHz): δ 172.0 (1C, 

C=O), 145.8 (3C, -C), 149.7-121.7 (5C, -pyridine), 158.7-114.1 (12C, -Ar ring), 68.1 

(1C, -CH), 55.12 (1C, -CH3), 12.7 (1C, -CH3); EI-MS, m/z: 411.46 (M
+
, 27.9%); Anal. 

calcd. for (C24H21N5O2): C, 70.06; H, 5.14; N, 17.02%; Found: C, 70.04; H, 5.13; N, 

17.01%.         

 

2.4.6. (3-(4-(Dimethylamino)phenyl)-4-methyl-6-phenyl pyrazolo[3,4-c]pyrazol-

2(1H,3H,6H)-yl)(pyridin-4-yl) methanone (1f)     

Yellow solid; Yield: 75%; (10.285mg); M.p. 161–164°C; IR(KBr) ν: 3323, 2971, 

1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, d, J = 6.23 Hz, 
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2H), 7.69 (d, -Pyridin, 2H, J = 6.22 Hz), 7.0  (2H, -Ar ring, d, J = 6.24 Hz), 7.58  (-Ar 

ring, 5H, t, J = 6.21 Hz), 6.48 (-Ar ring, d, J = 6.23 Hz, 2H), 6.13 (1H, s, -CH), 4.0 (s, 

1H, -NH), 3.07 (s, 6H, -CH3), 1.92 (s, 3H, -CH3); 
13

C NMR (DMSO-d6, 75 MHz): δ 

191.0 (C=O, 1C), 145.8 (3C, -C), 149.7-121.7 (5C, -pyridine), 142.1-123.4 (12C, -Ar 

ring), 76. 1 (1C, -CH), 41.3 (2C, -C), 12.7 (1C, -CH3); EI-MS, m/z: 424.50 (M
+
, 29.3 

%); Anal. calcd. for (C25H24N6O): C, 70.73; H, 5.70; N, 19.80%; Found: C, 70.72; H, 

5.72; N, 19.81%. 

   

2.4.7. (3-(2,6-Dimethylhepta-1,5-dien-1-yl)-4-methyl-6-phenyl pyrazolo[3,4-c]pyrazol-

2(1H,3H,6H)-yl)(pyridin-4-yl)methanone (1g) 

Light Yellow solid; Yield: 81%; (11.108mg); M.p. 144–146°C;  IR(KBr) ν: 3323, 

2974, 1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, d, J = 6.2 

Hz, 2H), 7.42  (-Ar ring, d, J = 6.22 Hz, 2H), 7.58  (5H, t, J = 6.21 Hz, -Ar ring),  5.53 

(1H, d, -CH), 5.37,5.23 (2H, -H, s), 4.0 (1H, s, -NH), 2.00 (4H, CH2), 1.97 (3H, s, -

CH3), 1.84 (3H, -CH3, s), 1.88 (3H, s, -CH3), .1.59 (3H, s, -CH3); 
13

C NMR (DMSO-

d6, 75 MHz): δ 172.0 (C=O, 1C), 145.8 (5C, -C), 149.7-121.7 (5C, -pyridine), 139.7-

123.9 (6C, -Ar ring), 123.5 (1C, -CH), 61.1 (1C, -CH), 39.7 (1C, -CH2),  26.4 (-CH2, 

1C), 116.2 (-CH, 1C), 26.7 (-CH3, 1C), 18.0 (-CH3, 1C), 16.1 (-CH3, 1C), 12.7 (-CH3, 

1C); EI-MS, m/z: 427.54 (M
+
, 28.5%); Anal. calcd. for (C26H29N5O): C, 73.04; H, 

6.84; N, 16.38%; Found: C, 73.05; H, 6.82, N, 16.82%.       

 

2.4.8. (3-(1H-indol-3-yl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2 (1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1h)    

Yellow solid; Yield: 73%; (10.011mg); M.p. 160–163°C; IR(KBr) ν: 3323, 2972, 

1651, 1643cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  10.1 (1H, s, -NH), 8.36  (d, -

Pyridin, J = 6.23 Hz , 2H), 7.84  (d, J = 6.22 Hz, 2H, -Pyridin), 7.18 (s, -CH, 1H), 7.15 

(-Ar ring,  4H, t, J= 6.23 Hz , J = 6.24 Hz), 7.58  (5H, -Ar ring, t, J = 6.21 Hz),  6.13 

(1H, s, -CH), 4.0 (1H, s, -NH), 1.97 (s, 3H, -CH3); 
13

C NMR (DMSO-d6, 75 MHz): δ 

172.0 (C=O, 1C), 145.8 (4C, -C), 149.7-120.3 (4C, -pyridine), 123.9 (1C, -CH3) 

139.7-111.1 (12C, -Ar ring), 105.7 (1C, -CH2), 66.1 (-CH, 1C), 12.7 (1C, -CH3); EI-

MS, m/z: 420.47(M
+
, 29.3%); Anal. calcd. for (C25H20N6O): C, 71.41; H, 4.79; N, 

19.99%; Found: C, 71.43; H, 4.80; N, 19.97%.       
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2.4.9. (3-(Furan-2-yl)-4-methyl-6-phenyl pyrazolo[3,4-c] pyrazol-2(1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1i)           

Light Yellow solid; Yield: 74%; (7.109mg); M.p. 166–168°C; IR(KBr) ν: 3323, 2974, 

1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, d, J = 6.23 Hz, , 

2H), 7.85 (s, 2H, -CH), 7.65 (1H, s, -CH), 7.58  (5H, -Ar ring, t, J = 6.21 Hz),  6.43 

(1H, -CH, s), 6.23 (1H, s, -CH), 6.13 (CH, 1H, s), 4.0 (1H, s, -NH), 1.97 (s, -CH3, 3H); 

13
C NMR (DMSO-d6, 75 MHz): δ 172.0 (1C, C=O), 149.0-106.7 (3C, -C), 152.5-

106.7 (4C, -furan), 149.7-121.7 (5C, -pyridine), 139.7-123.9 (6C, -Ar ring), 67.1 (-CH, 

1C), 12.7 (-CH3, 1C); EI-MS, m/z: 371.39(M
+
, 24.8%); Anal. calcd. for (C21H17N5O2): 

C, 67.91; H, 4.61; N, 18.86%; Found: C, 67.93; H, 4.63; N, 18.85%.      

 

2.4.10. (4-methyl-6-phenyl-3-(pyridin-2-yl)pyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1j) 

Yellow solid; Yield: 81%; (8.675mg); M.p. 157–159°C; IR(KBr) ν: 3323, 2974, 1655, 

1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, d, J = 6.23 Hz, 2H), 7.42  

(2H, -Pyridin, d, J = 6.22 Hz), 8.44 (s, 1H, -CH), 7.34 (3H, s, -CH), 7.58  ( 5H, t, J = 

6.21 Hz, -Ar ring), 6.13 (1H, CH, s), 4.0 (1H, -NH, s), 1.93 (-CH3, s, 3H); 
13

C NMR 

(DMSO-d6, 75 MHz): δ 172.0 (C=O, 1C), 145.8 (-CH, 3C), 158.7-120.7 (10C, -

pyridine), 139.7-123.9 (6C, -Ar ring), 68.1 (-CH, 1C), 12.7 (1C, -CH3); EI-MS, m/z: 

382.42 (M
+
, 24.0%); Anal. calcd. for (C22H18N6O): C, 69.10; H, 4.74; N, 21.98%; 

Found: C, 69.12; H, 4.73; N, 21.97%. 

 

2.4.11. (4-Methyl-6-phenyl-3-(thiazol-5-yl)pyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-

yl)(pyridin-4-yl)methanone (1k) 

Light Yellow solid; Yield: 82%; (9.277mg); M.p. 150–153°C;  IR(KBr) ν: 3323, 2974, 

1655, 1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  8.36  (-Pyridin, 2H, d, J = 6.23 

Hz), 8.82 (1H, s, -CH), 7.85  (2H, d, J = 6.22 Hz, -Pyridin), 7.58  (5H, -Ar ring, t, J = 

6.21 Hz), 7.16 (1H, s, -CH), 6.13 (s, 1H,-CH), 4.0 (1H, s, -NH), 1.97 (3H, -CH3, s); 

13
C NMR (DMSO-d6, 75 MHz): δ 172.0 (1C, C=O), 145.8 (3C, -C), 153.7 (1C, -CH), 

141.8 (1C, -CH), 149.7-121.7 (5C, -pyridine), 139.7-123.4 (6C, -Ar ring), 133.3 (1C, -

CH), 66.1 (1C, -CH), 12.6 (1C, -CH3);  EI-MS, m/z: 388.45 (M
+
, 24.7%); Anal. calcd. 
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for (C20H16N6OS): C, 61.82; H, 4.15; N, 21.63; S, 8.25%; Found: C, 61.83; H, 4.14; N, 

21.61; S, 8.24%.  

      

2.4.12.(3-(Benzo[d][1,3]dioxol-5-yl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-

2(1H,3H,6H)-yl)(pyridin-4-yl)methanone (1l)      

Yellow solid; Yield: 83% (11.382mg); M.p. 171–172°C; IR(KBr) ν: 3323, 2974, 1655, 

1640cm
1

; 
1
H NMR(DMSO-d6, 300 MHz):  :  8.36  (-Pyridin, 2H, d, J = 6.23 Hz), 

7.42  (2H, -Pyridin, d, J = 6.22 Hz), 6.73 (dd, J = 7.33 Hz, J = 7.37 Hz, 3H, -Ar ring),  

7.58  (5H, t, J = 6.21 Hz, -Ar ring),  6.16 (s, -CH, 1H), 6.03 (2H, s, -CH2), 4.0 (1H, -

NH, s), 1.97 (s, 3H, -CH3); 
13

C NMR (DMSO-d6, 75MHz): δ 172.0 (C=O, 1C), 145.8 

(3C, -C), 149.7-121.7 (5C, -pyridine), 148.6-112.0 (12C, -Ar ring), 101.2 (1C, -CH2), 

68.4 (-CH, 1C), 12.7 (1C, -CH3);  EI-MS, m/z: 425.44 (M
+
, 27.9%); Anal. calcd. for 

(C24H19N5O3): C, 67.72; H, 4.50; N, 16.46%; Found: C, 67.75; H, 4.52; N, 16.44%.            

 

Biological activity 

Antibacterial activity   

 Additionally, six species of clinical bacterial isolates and two species of yeast 

cells were obtained from various clinical laboratories. To prepare fresh overnight 

bacterial cultures, a loop was used to transfer inoculate from stock cultures to test 

tubes containing nutrient broth that had been sterilized at 121°C for 20 minutes. All 

bacterial strains were maintained on nutrient agar slants (Hi-Media) at 37°C ± 0.1°C. 

Candida spp. was propagated on Sabouraud Dextrose agar slants (Hi-Media). 

 

Cytotoxic activity     

 The synthesized compounds were screened for cytotoxicity activity against  

MCF-7 cell  line and normal Vero cell line cell lines. All compounds (1a-l) was 

significantly low active compared with other compounds and standard doxorubicin 

(LC50 = 21.05 ± 0.82 μg/mL). As a result, both cell lines were exposed to cytotoxicity 

of compound 1c, which was found to be extremely active against antioxidant 

activities.  

 

Three cell lines were treated with these compounds at one primary cytotoxic assay dose of 

100µM for 48 h (MTT anticancer assay). Doxorubicin was used as a standard.  
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In the current protocol, all cell lines were pre-incubated on a microtiter plate. The results of 

each test were reported as the growth percentage of treated cells compared to untreated 

control cells.  

Compounds reducing the growth of any one of the cell lines to approximately 32% or less 

were described as having cytotoxic activity. A 0.1mL aliquot of the cell suspension (5 × 10
6
 

cells/100 µL) and 0.1 mL of the test solution (6.25–100 µg in 1% DMSO, with the final 

DMSO concentration in media less than 1%) were added to the wells, with the plates kept in 

an incubator (5% CO2) at 37 °C for 72 h. The blank sample contained only the cell 

suspension, and the control wells contained 1% DMSO and the cell suspension. After 72 h, 

20 µL of MTT was added, and the plates were kept in the CO2 incubator for 2 h, followed by 

the addition of propanol (100 µL). The plates were covered with aluminum foil to protect 

them from light and subsequently agitated in a rotary shaker for 10–20 min. Afterwards, the 

27-well plates were processed on an ELISA reader to obtain absorption data at 562 nm. 

 

Molecular dynamics simulations 

 Molecular dynamics simulation was carried out using Desmond and Schrödinger 

software to explore the stability of ligand 1b and 1g docked complexes with proteins 

1AI9 and 1AJ0. The ligand topology was generated by the PRODRG server and 

combined with the protein topology using the GROMOS 43a1 force field and a 

solvation method involving a single point charge (SPC) water model. The system was 

framed with a cubic box at a distance of 2 nm from the box to the protein surface. The 

necessary ions were added to neutralise the system, and the docked complex energy 

was minimised using the steepest descent algorithm. The LINCS algorithm was used 

to constrain the bond lengths and electrostatics computed using the PME method. The 

NVT and NPT ensembles were used to equilibrate the systems for each 100 ps, with a 

reference temperature of 300 K, using the V-rescale thermostat. The production MD 

run was conducted for 10 ns with a time step of 2 fs, and the docked complex structure 

coordinates were saved every 10 ps for further analysis. The results were analysed 

using RMSD, RMSF, gyration, and hydrogen bond plots, and Xmgrace software was 

used to plot the graphs. 
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RMSD analysis  

 The Root Mean Square Deviation (RMSD) values indicate the stability of 

complex structures. Analysing the RMSD plot of complex 1AI9 with 1b, it was 

observed that the complex was stable between 20 and 40 ns and 40–50 ns, as the peak 

fluctuation of the Cα backbone of the protein and heavy atoms of the ligand were 

within the range shown in Fig. 9(a). On the other hand, analysis of the complex 

structure of 1AJ0 with 1g revealed that the Cα backbone atoms and heavy atoms of the 

ligand fluctuated, as shown in Fig. 9(b), which indicates that the complex was not 

stable. Therefore, RMSD study of both complexes, 1AI9 with 1b and 1AJ0 with 1g, 

provided insights into their stability. 

 

RMSF analysis  

 Root Mean Square Fluctuation (RMSF) analysis was used to evaluate changes in the 

protein chain during the simulation. No fluctuations were observed in the amino acid 

residues, except for the N- and C-terminal residues. All residues were within an unacceptable 

range (Fig. 10(a–b)).  

Based on this MD simulation analysis, compound ligands 1b and 1g were stable and 

exhibited good interactions with important protein residues (Fig. 11(a–b)–12(a–b)). 

Therefore, these compounds may be effective inhibitors of the 1AI9 and 1AJ0 proteins. 
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1
H NMR and 

13
C NMR  spectrum of compounds (1a-1l)  

 

 

Figure S1. 
1
H NMR spectrum of the compound 1a 

 

 

Figure S2. 
13

C NMR spectrum of the compound 1a 
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Figure S3. 
1
H NMR spectrum of the compound 1b 

 

 

Figure S 4. 
13

C NMR spectrum of the compound 1b 
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Figure S5. 
1
H NMR spectrum of the compound 1c 

 

Figure S6. 
13

C NMR spectrum of the compound 1c 
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Figure S7. 
1
H NMR spectrum of the compound 1d 

 

 

Figure S8. 
13

C NMR spectrum of the compound 1d 
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Figure S9. 
1
H NMR spectrum of the compound 1e 

 

 

 

Figure S10. 
13

C NMR spectrum of the compound 1e 
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Figure S11. 
1
H NMR spectrum of the compound 1f 

 

 

 

 

Figure S12. 
13

C NMR spectrum of the compound 1f 
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Figure S13. 
1
H NMR spectrum of the compound 1g 

 

Figure S14. 
13

C NMR spectrum of the compound 1g 
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Figure S15. 
1
H NMR spectrum of the compound 1h 

 

 

Figure S16. 
13

C NMR spectrum of the compound 1h 
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Figure S17. 
1
H NMR spectrum of the compound 1i 

 

 

 

Figure S18. 
13

C NMR spectrum of the compound 1i 
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Figure S19. 
1
H NMR spectrum of the compound 1j 

 

Figure S20. 
13

C NMR spectrum of the compound 1j 
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Figure S21. 
1
H NMR spectrum of the compound 1k 

 

 

Figure S22.  
13

C NMR spectrum of the compound 1k 
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Figure S23.  
1
H NMR spectrum of the compound 1l 

 

 

Figure S24. 
13

C NMR spectrum of the compound 1l 
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Molecular dynamics simulations for compound 1b  
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