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Abstract: A series of 4-[2-Amino-6-(3, 4, 5-substituted-phenyl) pyrimidin-4-yl]benzenesulfonamide 

(1-6) was designed and assessed for bioactivity score and physicochemical analysis. All derivatives (1-

6), possessed a very good bioactivity score and followed Lipinski's rule of five. Synthesis, structural 

confirmation, and antibacterial therapeutic assessment were performed, and the findings displayed a 

very good agreement between the computational and antibacterial findings. Besides, this MTT assay 

was also carried out against HepG2 cells and represented that more than 95 % of the cells' viability at 

3.125 µM was estimated for all members of the series (1-6). The synthesized compounds (1-6) were 

screened for molecular docking analysis against the receptor L-glutamine: D-fructose-6-phosphate 

amidotransferase (Glc-N-6P). The findings portrayed that all the compounds possessed minimum 

binding energy and acted as very good inhibitors of GlcN-6P. 

Keywords: pyrimidine derivatives, drug-likeness, antibacterial and physicochemical properties 

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Microbial infections and their treatments at the current level are a great obstacle in 

many countries (developing) [1]. The development of resistance is one of the reasons, and due 

to that, more than 700,000 deaths/annum have been reported worldwide [2]. The side effects 

and the resistance by the drug of choice for microbial infections like ciprofloxacin, amoxicillin, 

and norfloxacin foisted many issues [3]. The continuous escalation in MDR (multi-drug 

resistance) species makes the investigation of new antimicrobial therapeutic agents compulsory 

[4]. The compounds with heteroatom have been assessed a lot because of their enormous 

biological activities [5-7]. The bioactivity of the compounds possessing the pyrimidine moiety 

has been reported as an antimicrobial (antifungal, antibacterial, antiviral, anti-HIV, anti-

tubercular, and antimalarial) analgesic, anti-inflammatory, anti-neoplastic, central nervous 

system (CNS) depressant, anti-tumor, Bruton's tyrosine kinase (BTK) inhibitors, 

cardiovascular agents, human A2A adenosine receptor, diuretic, hypnotic drugs for the nervous 

system, calcium channel blockers [8-15]. Besides this, the derivatives containing SO2N- 

functional group exhibited enormous biological activities [16]. The recent study is aimed at 
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design, computational analysis, synthesis, characterization, and antimicrobial and cytotoxicity 

studies of pyrimidine derivatives with SO2N- functionality. 

2. Materials and Methods 

Chem Draw Ultra 8.0 and Molinspiration software were used for designing and 

calculating the drug-likeness and physicochemical properties. The chemicals like guanidine 

hydrochloride, isopropyl alcohol, sodium hydroxide, ethyl alcohol, 4-

acetylbenzenesulfonamide, aldehydes, and other chemicals were purchased from Sigma-

Aldrich, Germany. The instruments Melt-Temp and Heraeus Vario EL III analyzer were used 

for recording the melting points and elemental composition, respectively. The instruments 

Perkin-Elmer model 1600 FT-IR RX1, Bruker Avance 300 MHz spectrometer, and Micromass 

Quattro II triple quadrupole mass spectrum was employed to record the FT-IR spectra, NMR 

(1H or 13C), and mass spectra, respectively. Thin layer chromatographic plates were applied to 

monitor the reaction status. For assessment of antibacterial potential and percent viability of 

the cells, the nutrient agar and antibiotic agar, ciprofloxacin, dimethylsulfoxide, MTT, DMEM, 

FBS were purchased from HIMEDIA, Sigma Aldrich, and HyClone Laboratories, Logan, UT, 

USA. The antibacterial study was performed using the disc diffusion method and carried out 

under a laminar flow cabinet, and ELISA recorded the percent viability of the cells following 

the MTT assay protocol. 

2.1. Computational study.  

The prediction of bioactivity score and the physicochemical properties was carried out 

by Molinspiration software (available online at www.molinspiration.com). Structures of the 

compounds were drawn on ChemDraw Ultra 8.0 and copied as smiles and used for calculating 

the properties (Bioactivity score and physicochemical) by Molinspiration software [17-28]. 

2.2. Chemistry. 

2.2.1.General procedure for the synthesis of compounds 1-6. 

An equimolar ratio of the compounds A1-A6 [17] and guanidine hydrochloride was 

taken in a round bottom flask and dissolved in isopropyl alcohol. The mixture was set on 

refluxing for 8 h. On completion of the reaction, the precipitate was observed that was filtered, 

dried under vacuum, and recrystallized. 

2.2.3. Antimicrobial activity assessment.  

The strains of the pathogens [S. aureus (ATCC-25923), S. epidermidis (ATCC-29887), 

E. coli (ATCC-25922), P. mirabilis (ATCC-25933)] were sub-cultured in the medium (nutrient 

agar) and employed for screening the antimicrobial potential by disc diffusion protocol [29-

36]. To obtain a suspension of 105 CFU/mL, the bacterial cells were suspended to the 

McFarland protocol in solution (Saline). The suspension was added equally to the antibiotic 

agar and transferred to the agar plate under laminar flow. The stock solution was prepared by 

dissolving 1 mg of each test compound in 100 ml of DMSO, and the paper disc was dipped 

into this solution and kept on the agar plate to observe the zone of inhibition. Minimum 

inhibitory concentration, the smallest concentration of the compounds that can arrest the 

growth of the pathogen, was assessed by the macro dilution method applying the standard 
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inoculum of CFU/mL, serial dilutions were obtained to the final concentrations 400, 200, 100, 

50, 12.5, 6.25 and 3.125µg/ml. Ciprofloxacin was employed as a reference drug in the 

screening to compare the results of tested components.  

2.2.4. Percent viability of the assessment of the cell by the MTT assay. 

The HepG2 (Human hepatocellular carcinoma) cells were used to assess the percent 

viability of cells against the test compounds. The cell lines were cultured in DMEM 

(Dulbecco’s modified Eagle’s medium) with 10% FBS (fetal bovine serum) (heat-inactivated), 

100 units/mL penicillin,100mg/mL streptomycin, and 2.5mg/mL amphotericin B, at 37 0C in a 

saturated humidity atmosphere containing 95% air/5% CO2. Each experiment was recorded in 

triplicate, and MTT assay was performed by Mossman protocol [37-39]. 

2.2.5. Molecular docking: 

The docking studies were performed using Aautodock-tools 1.5.6, Autodock-vina, and 

Pymol software utilizing the GlcN-6P-synthase (PDB: 2VF5). According to the protocol 

mentioned [40-43], the structures of the synthesized compounds were drawn with the help of 

ChemDraw Ultra 8.0 and optimized for energy to give 3D structures (PDBs). 

3. Results and Discussion 

The structures of the derivatives 4-[2-amino-6-(4-substituted-phenyl)-pyrimidin-4-

yl]benzenesulfonamide (1-6) were designed with the help of ChemDraw Ultra 8.0 software to 

produce the smiles files. These files were then utilized to calculate the bioactivity score and the 

physicochemical properties. Bioactivity score or the drug-likeness score (more than zero) 

corresponded to an active drug molecule, and the results exhibited that all the designed 

compounds (1-6) were found in the zone for active drug molecule. The Lipinski’s rule of five 

for a standard drug molecule stated that (milogP) (−0.4 to +5.6), (TPSA) (<160 A2), (Natoms) 

(20 to 70) 4(MW) (180 to 500 D), (nON) ( nON ≤ 10), (nOHNH) (≤ 5), (Nviolations) (≤1), 

(Nrotb) (≤ 10), (Volume) (≤ 500 A3). The physicochemical analysis reported that the designed 

compounds exhibited agreement with Lipinski's rule of five except for two compounds (5 & 6) 

that violate the rules Table-1 and Table-2.  

Table 1. Representing the physicochemical properties of the derivatives (1-6) and ciprofloxacin. 

Physicochemical property score Compound number 

1 2 3 4 5 6 Ciprofloxacin 
1(milogP) (−0.4 to +5.6) 2.13 1.72 2.13 1.59 1.10 0.81 -0.701 

2(TPSA) (<160 A2) 121.21 130.44 121.21 132.20 152.43 172.66 74.569 
3(Natoms) (20 to 70) 25 27 25 24 25 26 24.0 

4(MW) (180 to 500 D) 356.41 386.43 356.41 342.38 358.38 374.38 331.347 
5(nON) ( nON ≤ 10) 7 8 7 7 8 9 6 

6(nOHNH) (≤ 5) 4 4 4 5 6 7 2 
7(Nviolations) (≤1) 0 0 0 0 1 1 0 

8(Nrotb) (≤ 10) 4 5 4 3 3 3 3 
9(Volume) (≤ 500 A3) 298.10 323.65 298.10 280.57 288.59 296.61 285.46 

Partition coefficient (1), Total Polar surface area (2), Number of atoms (3), Molecular weight (4), Number of H-

bond acceptors (5), Number of H-bond donors (6), Number of violations (7), Number of rotatable bonds (8), 

Molecular volume (9). 
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Table 2. Representing the bioactivity score of the designed compounds (1-6) and ciprofloxacin. 

 

S. No. 

BIOACTIVITY SCORE 

GPCR 

ligand 

Ion channel 

modulator 

Kinase 

inhibitor 

Nuclear receptor 

ligand 

Protease 

inhibitor 

Enzyme 

inhibitor 

1 -0.01 -0.21 0.26 -0.24 -0.03 0.22 

2 -0.02 -0.20   0.28     -0.26    -0.07    0.21 

3 -0.03 -0.19    0.26 -0.29   -0.08   0.19 

4 0.08 -0.10 0.36 -0.10 0.03 0.33 

5 0.07 -0.10 0.36 -0.12 0.01 0.33 

6 0.05 -0.09 0.37 -0.14 0.02 0.35 

Ciprofloxacin 0.12 -0.04 -0.07 -0.19 -0.20 0.20 

The bioactive compounds (1-6) were then approached for synthesis by the scheme 

represented in Figure-1.  

 

Figure 1. The schematic diagram for the route adopted for the synthesis of compounds (1-6). 

Previously synthesized chalcones [17], A1-A6 were reacted with guanidine 

hydrochloride in isopropyl alcohol to yield compounds 1-6. All the compounds were then 

undergone structural confirmation by spectroscopic methods such as FTIR, NMR (1H or 13C), 

and mass spectra, Table-4. The presence of FT-IR bands around 3310-3321 cm-1, 1611-1655 

cm-1, 2814-2823 cm-1, and 3330-3381 cm-1 due to the NH2, C=N, OCH3, and OH functional 

groups in the structure. Besides these, some other bands were observed around 1045-1071 cm-

1, 1027-1034 cm-1, 1578-1589 cm-1, and 3263-3290 cm-1 due to functional groups C-N SO2-

Sym, SO2-Asym, and NH2 that further confirmed the formation of the compounds (1-6). 1H-

NMR spectra for the derivatives (1-6) portrayed the presence of characteristic singlet at 8.165-

8.244 ppm due to the NH2 proton and the disappearance of the singlet due to HC=CH α-β 

unsaturated protons of the chalcone A1-A6 confirmed the synthesis of compounds (1-6). 

Besides this, other singlets around 3.721-3.795 ppm, 5.524-5.722 ppm, and 7.542-5.722 ppm 

were also observed due to OCH3, OH, and SO2-NH2. Further confirmation was performed by 
13C-NMR, and the characteristic signal was observed around 57.88-59.25 ppm, 164.92-170.25 

ppm due to the presence of OCH3 and C=N in the structures. After structural analysis, the 

derivatives (1-6) were then screened for antimicrobial potential and percent viability assays 

using the disc diffusion method and MTT assay. The strains of the pathogens [S. aureus 

(ATCC-25923), S. epidermidis (ATCC-29887), E. coli (ATCC-25922), P. mirabilis (ATCC-

25933)] were used in the antimicrobial study. The pathogens were subcultured in nutrient agar 

https://doi.org/10.33263/BRIAC133.239
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC133.239  

 https://biointerfaceresearch.com/ 5 of 11 

 

medium and treated with the 5 mm paper discs poured into the solution (one gm of test 

compounds in DMSO) and calculated the MIC & inhibition zone. The detailed results for the 

zone of inhibition (mm) and MIC are reported in Table-3 and Figure-2.  

Table 3. Representing the zone of inhibition and minimum inhibitory concentration of the synthesized 

compounds (1-6), ciprofloxacin was used as standard and DMSO as a negative control. 

 

 

S.No. 

Diameter of the halo zone, mm & Minimum Inhibitory Concentration (MIC) 

Gram-positive Gram-negative 

S. aureus S. epidermidis E. coli P. mirabilis 

Zone of 

inhibition 

MIC Zone of 

inhibition 

MIC Zone of 

inhibition 

MIC Zone of 

inhibition 

MIC 

1 20.15±0.13 6.25 20.20±0.24 3.12 21.26±0.26 6.25 20.18±0.22 12.5 

2 20.37±0.24 6.25 19.30±0.16 3.12 21.30±0.28 6.25 21.10±0.33 12.5 

3 20.32±0.18 6.25 20.63±0.20 3.12 21.35±0.30 6.25 22.20±0.26 12.5 

4 21.26±0.20 6.25 21.35±0.30 3.12 21.12±0.20 6.25 22.37±0.30 12.5 

5 21.43±0.19 6.25 21.37±0.32 3.12 21.33±0.10 6.25 22.55±0.27 12.5 

6 21.53±0.33 6.25 22.58±0.27 3.12 23.78±0.28 6.25 22.88±0.25 12.5 

Cipro 21.39±0.21 6.25 22.87±0.37 3.12 23.69±0.81 6.25 22.34±0.21 12.5 

Table 4. Representing the experimental data and the structures of the compounds. 

Compounds Experimental Data 

 

Yield: 78 %; m. p. 92-94 0C: Yellow crystals; Anal. calc. for C17H16N4O3S: C 57.29, H 4.52, N 15.72, 

found C 57.29, H 4.52, N 15.72; FT-IR (cm-1): 1030 (SO2-sym), 1051 (C-N), 1060 (C-N), 1578 (SO2-
asym), 1611 (C=N), 1627 (C=N), 2817 (OCH3), 2992 (CH-Ar), 3263 (NH2), 3315 (NH2); 1H NMR 

(DMSO-d6) (ppm): 3.736 (s, H, OCH3), 6.960-7-000 (m, 4H, CH-Ar), 7.485 (s, 1H, CH-Ar), 7.580-7.650 

(m, 4H, CH-Ar), 7.852 (s, 2H, SO2NH2), 8.178 (s, 2H, NH2); 13C NMR (DMSO-d6) (ppm): 58.18 (OCH3), 

124.11, 124.56, 128.37, 128.93, 129.66, 130.53, 131.77, 132.90, 132.59, 133.35, 136.19, 136.56, 138.88, 
138.43, 165.48 (C=N), 169.34(C=N); ESI-MS (m/z): [M+ + 1]: 357.10 (357.25). 

 

Yield: 80 %; m. p. 95-97 0C: Yellow crystals; Anal. calc. for C18H18N4O4S: C 55.95, H 4.70, N 14.50, 
found 55.95, H 4.70, N 14.50; FT-IR (cm-1): 1027 (SO2-sym), 1047 (C-N), 1059 (C-N), 1580 (SO2-asym), 

1619 (C=N), 1625 (C=N), 2821 (OCH3), 2814(OCH3), 2989 (CH-Ar), 3261 (NH2), 3310 (NH2); 1H NMR 

(DMSO-d6) (ppm): 3.721 (s, H, OCH3), 3.795 (s, H, OCH3), 6.782-7.091 (m, 3H, CH-Ar), 7.438-7.490 

(m, 4H, CH-Ar), 7.532 (s, 2H, SO2NH2), 7.608 (s, 1H, CH-Ar), 8.244 (s, 2H, NH2); 13C NMR (DMSO-
d6) (ppm): 57.88 (OCH3), 59.02 (OCH3), 123.22, 124.08, 124.89, 125.39, 125.78, 126.77, 129.20, 129.93, 

132.10, 132.56, 132.92, 134.45, 134.80, 135.67, 135.99, 164.92 (C=N), 169.90 (C=N); ESI-MS (m/z): 

[M+ + 1]: 387.11 (387.27). 

 

Yield: 82 %; m. p. 91-93 0C: Yellow crystals; Anal. calc. for C19H20N4O5S: C 54.80, H 4.84, N 13.45, 

found C 54.80, H 4.84, N 13.45; FT-IR (cm-1): 1032 (SO2-sym), 1045 (C-N), 1063 (C-N), 1585 (SO2-

asym), 1627 (C=N), 1620 (C=N), 2815 (OCH3), 2820 (OCH3), 2823 (OCH3), 2999 (CH-Ar), 3272 (NH2), 

3312 (NH2); 1H NMR (DMSO-d6) (ppm): 3.757 (s, H, OCH3), 3.774 (s, H, OCH3), 3.788 (s, H, OCH3), 

6.851-6.968 (m, 2H, CH-Ar), 7.618 (s, 1H, CH-Ar), 7.760-7.815 (m, 4H, CH-Ar), 7.859 (s, 2H, SO2NH2), 

8.188 (s, 2H, NH2); 13C NMR (DMSO-d6) (ppm): 57.90 (OCH3), 59.23 (OCH3), 59.25 (OCH3), 124.66, 
125.70, 127.17, 127.84, 129.30, 135.27, 135.39, 136.49, 136.83, 137.08, 137.67, 139.70, 139.95, 140.19, 

140.66, 165.22 (C=N), 170.25 (C=N); ESI-MS (m/z): [M+ + 1]: 417.12 (417.18). 

 

Yield: 85 %; m. p. 90-92 0C: Yellow crystals; Anal. calc. for C16H14N4O3S: C 56.13, H 4.12, N 16.36, 

found 56.13, H 4.12, N 16.36; FT-IR (cm-1): 1028 (SO2-sym), 1050 (C-N), 1068 (C-N), 1581 (SO2-asym), 

1633 (C=N), 1640 (C=N), 2993 (CH-Ar), 3267 (NH2), 3321 (NH2), 3381 (OH); 1H NMR (DMSO-d6) 

(ppm): 5.613 (s, H, OH), 7.012-7.188 (m, 4H, CH-Ar), 7.315-7.410 (m, 4H, CH-Ar), 7.508 (s, 1H, CH-
Ar), 7.547 (s, 2H, SO2NH2), 8.199 (s, 2H, NH2); 13C NMR (DMSO-d6) (ppm): 125.87, 126.51, 127.44, 

127.93, 128.10, 130.22, 131.91, 132.13, 132.79, 133.09, 136.25, 136.87, 138.09, 138.55, 166.19 (C=N), 

169.67 (C=N); ESI-MS (m/z): [M+ + 1]: 343.08 (343.15). 

 

Yield: 81 %; m. p. 94-96 0C: Yellow crystals; Anal. calc. for C16H14N4O4S: C 53.62, H 3.94, N 15.63, 

found C 53.62, H 3.94, N 15.63; FT-IR (cm-1): 1034 (SO2-sym), 1049 (C-N), 1071 (C-N), 1589 (SO2-
asym), 1630 (C=N), 1635 (C=N), 2995 (CH-Ar), 3290 (NH2), 3319 (NH2), 3345 (OH), 3372 (OH); 1H 

NMR (DMSO-d6) (ppm): 5.524 (s, H, OH), 5.621 (s, H, OH), 7.140-7.219 (m, 3H, CH-Ar), 7.421-7.514 

(m, 4H, CH-Ar), 7.594 (s, 1H, CH-Ar), 7.780 (s, 2H, SO2NH2), 8.165 (s, 2H, NH2); 13C NMR (DMSO-

d6) (ppm): 123.14, 123.88, 124.11, 125.27, 125.17, 126.44, 129.31, 129.79, 132.21, 132.83, 132.98, 
134.10, 134.69, 135.55; 135.88, 165.70 (C=N), 169.89 (C=N); ESI-MS (m/z): [M+ + 1]: 359.08 (359.15). 

 

Yield: 86 %; m. p. 97-99 0C: Yellow crystals; Anal. calc. for C16H14N4O5S: C 51.33, H 3.77, N 14.97, 
found C 51.33, H 3.77, N 14.97; FT-IR (cm-1): 1035 (SO2-sym), 1047 (C-N), 1070 (C-N), 1587 (SO2-

asym), 1635 (C=N), 1629 (C=N), 3012 (CH-Ar), 3285 (NH2), 3320 (NH2), 3330 (OH), 3342 (OH), 3355 

(OH); 1H NMR (DMSO-d6) (ppm): 5.608 (s, H, OH), 5.632 (s, H, OH), 5.722 (s, H, OH), 6.912-6.988 

(m, 2H, CH-Ar), 7.142-7.253 (m, 4H, CH-Ar), 7.482 (s, 1H, CH-Ar), 7.567 (s, 2H, SO2NH2), 8.180 (s, 
2H, NH2); 13C NMR (DMSO-d6) (ppm): 125.19, 125.90, 127.00, 127.61, 129.55, 135.11, 135.79, 136.18, 

136.60, 137.00, 137.43, 139.17, 139.77, 140.10, 140.80,165.59 (C=N), 169.02 (C=N); ESI-MS (m/z): 

[M+ + 1]: 375.07 (375.14). 
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Figure 2. Representing the percent area of inhibition per microgram of the test compounds (1-6) and 

ciprofloxacin. 

The antimicrobial screening results portrayed that all the compounds (1-6) possessed 

significant antimicrobial potential and were found in strong agreement with the computational 

findings. The percent viability assay of all the synthesized derivatives was screened against the 

HepG2 cells, the HepG2 cells were treated with the increasing concentration of the compounds 

(1-6), and estimated the % viability of the cells at 48 h incubation, Figure-3. The MTT assay 

findings revealed that more than 90 percent of the viability of the cells was observed at 3.125 

µM. 

 
Figure 3. Representing the percent viability of cells at a different concentration range of the test compounds (1-

6) against HepG2 cells. 

3.1. Molecular docking study.  

The results of in vitro antibacterial screening prompted us to perform molecular 

docking analysis to compare the in vitro and in silico findings. The molecular docking for the 

synthesized derivatives (1-6) and the ciprofloxacin was carried out on the receptor protein 

GlcN-6P synthase (PDB: 2VF5), and the findings are represented in Figure-5.  

https://doi.org/10.33263/BRIAC133.239
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC133.239  

 https://biointerfaceresearch.com/ 7 of 11 

 

 

 

 

 
Figure 4. Representing the docking images of the synthesized compounds (1-6) and ciprofloxacin with the 

receptor GlcN-6P-synthase. 
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The compounds were observed to have the H-bonding with various amino acids like 

ASP 474, ARG 472, ILE 517, GLU 567, ASP 548, SER 316, ASP 550, TYR 576, GLN 475, 

ALA 520, GLU 569, ASN 522. The most bioactive compound (6) of the series was observed 

to possess the H-bonding ASP 474, ARG 472, ASP 550, GLN 475, ALA 520, GLU 569, ASN 

522. Some compounds of the series represented the common H-bonding with (1, 4, 5 & 6), 

TYR 576 (2, 5 & 3), ASP 548 (2, 4 & 5), ASP 550 (5 & 6), ARG 472 (1 & 4), SER (2 & 3). 

On the other hand, ciprofloxacin was observed to have H-bonding with VAL 567 and TYR 

576. On comparing the results, it was also observed that three compounds of the series (2, 5 & 

3) had the H-bonding with TYR 576. The findings were observed in the strong recommendation 

of the experimental results and other computational findings (Figure-4). 

4. Conclusions 

The computational analysis for drug-likeness exhibited that the derivative with OCH3 

substitution was found to have the bioactivity score in the zone for the active drug molecule as 

an enzyme inhibitor and kinase inhibitor, while on the other hand, the derivative with OH 

substitution exhibited the zone for the active drug in terms of enzymes inhibitor, a kinase 

inhibitor, protease inhibitor, and GPCR ligand. The structures of the synthesized compounds 

were confirmed using spectroscopic methods. The significant antibacterial potential was 

exhibited by all the synthesized compounds and strongly recommended the computational 

results. It was observed that compound number six was the most active member of the series. 

As per the MTT assay observations, all synthesized compounds observed more than 95 % 

viability of the cells at 3.125 µM by all the synthesized compounds. Additionally, the molecular 

docking analysis represented that all the compounds possessed minimum binding energy and 

acted as a good inhibitor of GlcN-6P. 
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