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1. INTRODUCTION : 
In chemotherapeutic treatment, antimicrobial 

resistance is a threat globally, so the discovery of a novel 
antibacterial agents is a global priority1. Pyrimidine, a 
two-nitrogen heterocycle, is a widely used key building 
block for the development of many pharmaceutical 
agents with diverse pharmacophoric modifications. 
Recently, many researchers focused on the development 
of Pyrimidine Carbonitrile with various biological 
potentials, such as Antibacterial2-5, Anticancer6-10, Anti-
inflammatory11-12, Anticonvulsant13, Antiplasmodial14, 
Antinociceptive15, etc. Many methods have been 
published for the synthesis of pyrimidine-5-carbonitrile, 
which have been intensively studied in recent decades16-

18.  Hence, building on these findings, we synthesized a 
pyrimidine-5-carbonitrile (3) by reacting acrylate (1) 
with benzimidine hydrochloride (2) in the presence of a 
readily available catalyst, anhydrous K2CO3. The 
resulting pyrimidine-5-carbonitrile was then subjected to 
derivatization with different heterocyclic amines to give 
the final derivatives, 4a-h. This research aims to design 
and synthesize a series of pyrimidine-5-carbonitriles 
derivatives as antibacterial agents. Some already reported 
pyrimidine-5-carbonitrile derivatives with potential 
antibacterial activity19-23, showing their zone of inhibition 
against the bacterial strain E. coli, along with the newly 
discovered ones, are shown in Figure 1.   

 
Figure 1. Reported pyrimidine-5-carbonitrile 

compounds showing promising antibacterial activity 
against E. coli. 

In this study, we designed and synthesized 
novel target compound; Pyrimidine-5-carbonitrile 
derivatives (4a-h), demonstrating their significant 
antibacterial potential. The compounds (4a-h) were 
screened for their in vitro antibacterial efficacy against 
the Gram+ve and Gram-ve bacteria. Additionally, 
docking & in silico ADMET prediction were also 
evaluated for all the synthesized compounds (4a-h).  

2. MATERIAL AND METHODS 
2.1 General 
Chemicals were obtained from BLD Chemicals Ltd, 
Sigma-Aldrich and Merck. Synthesized compounds were 
characterized and confirmed by spectral analysis like 
FTIR, NMR (1H and 13C), and Mass spectroscopy. 
2.2 Instrumentation 
The purity of all synthesized derivatives was verified by 
using thin-layer chromatography on a silica gel-
percolated aluminium plate (Silica Gel 60 F254, Merck), 
and UV light was used for visualization of this spots. 
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OptiMelt automated melting point system were used for 
the checking of melting points (Stanford Research 
System) and was uncorrected. Solvents were evaporated 
using a rotary evaporator (Heidolph). A Shimadzu IR-
435 spectrophotometer (KBr, cm-1) were used to record 
an FTIR spectra. A LC-MS Q- ToF Micro Water 
spectrophotometer was used to record exact mass of the 
synthesized compounds. FT NMR Spectrophotometer 
Cryo-magnet 500 MHz (Bruker) used to record the 1H 
and 13C NMR spectra, using tetramethylsilane as 
standard. 
2.2.1 Synthesis 
2.2.1.1 Synthesis of 4-(methylthio)-6-oxo-2-phenyl-1, 
6-dihydropyrimidine-5-carbonitrile (3): An equimolar 
mixture of ethyl-2-cyno-3, 3-bis (methylthio) acrylate 1 
(10 mmol) and benzimidine hydrochloride 2 (10 mmol) 
in a DMF as solvent (10 ml) in the presence of a catalytic 
amount of anhydrous K2CO3 was heated to reflux for 4 h. 
After completion of the reaction (TLC) the mixture was 
cooled to room temperature and then poured into the ice 
cold water, solid obtained was collected by filtration, 
purified by recrystallization from ethanol to yield the 
titled compound 3. The compound 3 found to be turmeric 
yellow colored;  yield: 92%; m.p.: 146 -147 ℃; FTIR 
(KBr, cm-1): 2935.66 (Aromatic CH), 2220.07 (Nitrile 
C=N), 1658.78 (Ketone C=O), 1533.41 (C=N); 1H NMR 
(DMSO d6, 500 MHz) ẟ: 3.48 (s, 3H, SCH3), 7.5 (m, 5H, 
Ar-H), 8.22 (S, 1H, NH of pyrimidine); 13C NMR 
(DMSO d6, 125 MHz)  ẟ: 08.34, 38.91, 39.42, 45.30, 
113.36, 123.16, 128.43, 129.61, 130.49, 131.14, 132.02, 
166.90, 181.23; ESI-MS: m/z  calculated for C16H16N4O 
(M+H): 243.14; found: 243.99 (M+1). 
2.2.1.2 General Procedure for the synthesis mixture of 
6-oxo-2-phenyl-4-(substituted heteroaryl)-1, 6-
dihydropyrimidine-5-carbonitrile derivatives (4a-h): 
An equimolar mixture of compound 3 (10 mmol) and 
substituted heterocyclic amines (10 mmol) in a solution 
of sodium ethoxide and reflux for 5-24 h. Completion of 
the reaction was monitored by TLC. After the completion 
of the reaction, the mixture was cooled to room 
temperature, and the solid obtained was collected by 
filtration and purified by recrystallization from ethanol to 
get the titled compounds (4a-h) in good yield. 
6-oxo-2-phenyl-4-(piperidine-1-yl)-1, 6-
dihydropyrimidine-5-carbonitrile (4a): The compound 
4a found to be white solid, Yield: 85%; m.p.: 280–283 
℃; FTIR (KBr, cm-1): 3398.57 (NH stretching), 2918.30 
(CH stretching of aromatic), 2196.92 (CN stretching), 
1635.64 (C=O stretching), 1495.99 (CH bending of 

CH2); 1H NMR (DMSO d6, 500 MHz) ẟ:  2.4 (t, 6H, -
CH2), 4.41 (t, 4H, -CH2), 7.40 (m, 5H, CH=CH), 8.30 (s, 
1H,>NH); 13C NMR (DMSO d6, 125 MHz) ẟ: 12.02, 
18.64, 39.51, 61.27, 89.83, 97.78, 115.86, 128.17, 
130.95, 133.60, 136.31, 161.35, 165.68, 167.80, 171.67, 
181.37; ESI-MS: m/z  calculated for C16H16N4O (M+H): 
281.14; found: 282.01 (M+2);  Elemental analysis 
calculated for C16H16N4O C, 68.55; H,5.75; 19.99; O, 
5.71; Observed C, 68.51; H, 5.70; N, 19.93; O, 5.68 
4-morpholino-6-oxo-2-phenyl-1,6-
dihydropyrimidine-5-carbonitrile (4b): The 
compound 4b found to be white solid, Yield: 89%; m.p.: 
290–294 ℃; FTIR (KBr, cm-1): 3398.53 (NH 
stretching), 2933.67 (CH stretching of aromatic), 
2187.80 (CN stretching ), 1632.35 (C=O stretching), 
1481.01 (CH Bending of CH2); 1H NMR (DMSO d6, 500 
MHz)  ẟ: 2.5 (t, 2H, -CH2), 4.01 (t, 2H, -CH2), 7.10 (m, 
5H, CH=CH), 8.36 (s,1H,>NH); 13C NMR (DMSO d6, 
125 MHz) ẟ: 13.93, 18.64, 39.51, 61.93, 89.83, 97.78, 
115.88, 117.26, 127.98, 128.19, 130.95, 133.65, 161.37, 
165.62, 167.88, 181.83; ESI-MS: m/z  calculated for 
C15H14N4O2 (M+H+): 283.12; found: 283.01 (M+1);  
Elemental analysis calculated for C15H14N4O2  C, 63.82; 
H, 5.00: N, 19.85; O, 11.34: Observed C, 63.78; H, 5.01; 
N, 19.81; O, 11.30. 
6-oxo-2-phenyl-4-(piperazin-1-yl)-1,6-
dihydropyrimidine-5-carbonitrile (4c): The compound 
4c found to be white solid, Yield: 82%; m.p.: 253–255 
℃; FTIR (KBr, cm-1): 3332.45 (NH stretching), 2955.67 
(CH stretching of aromatic), 2166.76 (CN stretching), 
1657.78 (C=O stretching), 1488.94 (CH Bending of 
CH2); 1H NMR (DMSO d6, 500 MHz) ẟ:  1.62 (s, 1H, 
NH), 2.35 (t, 4H, -CH2), 4.42 (t, 4H, CH2, 7.41 (m, 5H, 
CH=CH), 8.33 (s,1H, >NH);  13C NMR (DMSO d6, 125 
MHz) ẟ: 18.45, 39.51, 62.42, 89.43, 116.77, 128.19, 
130.49, 132.21, 165.73, 167.88, 182.87; ESI-MS: m/z  
calculated for C15H15N5O (M+H+): 282.13; found: 
282.17 (M+1); Elemental analysis calculated for 
C15H15N5O C, 64.04; H, 5.37; N, 24.90; O, 5.69; 
Observed C, 64.01; H, 5.34; N, 24.84; O, 5.65. 
4-(4-(2-hydroxyethyl) piperazine-1yl)-6-oxo-2-
phenyl-1,6-dihydropyrimidine-5-carbonitrile (4d): 
The compound 4d found to be white solid, Yield: 94%; 
m.p.: 250-252 ℃; FTIR (KBr, cm-1): 3663.64 (OH 
stretching), 3312 (NH stretching), 2916.09 (CH 
stretching of aromatic), 2225.21 (CN stretching), 
1660.76 (C=O stretching), 1443.31 (CH Bending of 
CH2); 1H NMR (DMSO d6, 500 MHz) ẟ: 2.42 (t, 4H, 
CH2), 3.32 (t, 2H, CH2), 3.62 (t, 4H, CH2), 4.32 (t, 2H, 
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CH2), 7.65 (m, 5H, CH=CH), 8.40 (s, 1H, >NH); 13C 
NMR (DMSO d6, 125 MHz)  ẟ: 19.56, 39.51, 40.89, 
60.34, 89.32, 102.34, 115.76, 127.15, 131.43, 133.92, 
134.54, 165.45, 167.76, 183.54; ESI-MS: m/z  calculated 
for C17H19N5O2 (M+H+): 326.16; found: 326.17 (M+1); 
Elemental analysis calculated for C17H19N5O2 C, 62.75: 
H, 5.19: N, 21.52: O, 9.83; Observed C, 62.71; H, 5.82; 
N, 21.45; O, 9.03 
4-(1H-imidazol-1-yl)-6-oxo-2-phenyl-1,6-
dihydropyrimidine-5-carbonitrile (4e):  The 
compound 4e found to be white solid, Yield: 88%; m.p.: 
278–280 ℃; FTIR (KBr, cm-1): 3332.45 (NH 
stretching), 2955.57 (CH stretching of aromatic), 
2193.76 (CN stretching ), 1655.53 (C=O stretching), 
1455.64 (CH Bending of CH2); 1H NMR (DMSO d6, 500 
MHz) ẟ:  7.65 (m, 2H, Ar-CH), 7.74 (m, 5H, CH=CH), 
7.80 (m, 1H, Ar-CH), 8.38 (s, 1H,>NH); 13C NMR 
(DMSO d6, 125 MHz) ẟ: 20.13, 39.53, 61.42, 90.87, 
98.25, 116.56, 128.11, 130.47, 133.34, 133.32, 160.69, 
167.23, 183.57; ESI-MS: m/z  calculated for C14H9N5O 
(M+H+): 264.08; found: 264.07 (M=1); Elemental 
analysis calculated for C14H9N5O C, 63.87; H, 3.45; 
N,26.60; O,6.08; Observed C, 63.80; H, 3.41; N, 26.55; 
O, 6.01 
4-(1H-benzo[d]imidazol-1-yl)-6-oxo-2-phenyl-1,6-
dihydropyrimidine-5-carbonitrile (4f): The compound 
4f found to be white solid, Yield: 87%; m.p.:  274–278 
oC; FTIR (KBr, cm-1): 3371.35 (NH stretching), 2917.60 
(CH stretching of aromatic), 2175.34 (CN stretching), 
1642.34 (C=O stretching), 1489.54 (CH Bending of 
CH2); 1H NMR (DMSO d6, 500 MHz) ẟ: 7.60 (m, 4H, 
CH=CH), 7.75 (m, 5H, CH=CH),7.95 (m, 1H, Ar-CH), 
8.53 (s, 1H, >NH); 13C NMR (DMSO d6, 125 MHz) ẟ: 
21.36, 40.52, 60.56, 89.21, 98.29, 114.45, 129.18, 
130.95, 132.12, 136.45, 165.65, 167.82, 182.54; ESI-
MS: m/z  calculated for C18H11N5O  (M+H+): 314.10; 
found: 314.14 (M+1); Elemental analysis calculated for 
C18H11N5O C, 69.00; H, 3.54; N, 22.35; O, 5.11; 
Observed C, 69.01; H, 3.51; N, 22.32; O, 5.10 
6-oxo-2-phenyl-4-(p-tolylamino)-1,6-
dihydropyrimidine-5-carbonitrile (4g): The compound 
4g found to be white solid, Yield: 91%; m.p.: 295–298 
℃; FTIR (KBr, cm-1): 3357.23 (NH stretching), 2915.67 
(CH stretching of aromatic), 2195.13 (CN stretching), 
1650.56 (C=O stretching), 1485.34 (CH Bending of 
CH2); 1H NMR (DMSO d6, 500 MHz) ẟ: 1.89 (s, 3H, -
CH3), 4.43 (s, 1H, -NH), 7.39 (m, 4H, CH=CH), 7.87 (m, 
5H, CH=CH), 8.34 (s, 1H, >NH); 13C NMR (DMSO d6, 
125 MHz) ẟ: 20.96, 41.55, 60.23, 90.09, 101.26, 117.78, 

128.14, 130.47, 132.90, 136.38, 161.60, 165.63, 180.64; 
ESI-MS: m/z  calculated for C18H14N4O (M+H+): 
303.33; found: 303.12 (M+1);  Elemental analysis 
calculated for C18H14N4O C, 71.51; H, 4.67; N, 18.53; O, 
5.29; Observed C, 71.48; H, 4.671; N, 18.55; O; 5.24 
4-(benzylamino)-6-oxo-2-phenyl-1-6-
dihydropyrimidine-5-carbonitrile (4h): The 
compound 4h found to be white solid, Yield: 95%; m.p.: 
272–275 ℃; FTIR (KBr, cm-1): 3357.23 (NH 
stretching), 2915.67 (CH stretching of aromatic), 
2195.13 (CN stretching), 1650.56 (C=O stretching of 
CH2); 1H NMR (DMSO d6, 500 MHz)  ẟ:  2.15 (s, 1H, -
NH), 2.41 (t, 2H, -CH2), 7.44 (m, 5H, CH=CH),7.95 
(m,5H, CH=CH), 1485.34 (CH Bending CH), 8.43 
(s,1H,>NH); 13C NMR (DMSO d6, 125 MHz) ẟ: 19.65, 
40.84, 60.76, 89.09, 101.26, 116.87, 128.13, 131.43, 
132.68, 133.33, 164.62, 165.25, 166.84, 182.65; ESI-
MS: m/z  calculated for C18H14N4O  (M+H+): 303.33; 
found: 303.01 (M+1); Elemental analysis calculated for 
C18H14N4O C, 71.51; H,4.67: N, 18.53; O, 5.29; 
Observed C, 71.50; H, 4.65;N, 18.51; O, 5.25 
2.3 In Vitro Antibacterial Activity 

All the synthesised compounds were screened 
for antibacterial activity against four bacterial strains: 
Staphylococcus aureus (NCTC 10788), Bacillus subtilis 
(NCTC 10400), E. Coli (ATCC 8739), and Pseudomonas 
aeruginosa (NCIM 2200), using the agar well-diffusion 
method24. The experiment began with the preparation of 
sterile media, which were poured into the plates to a 
uniform depth and allowed to solidify. Each plate was 
incubated with a bacterial suspension at 106 colony-
forming units per ml, spread uniformly across the agar 
surface area using a sterile cotton swab. Well, 8 mm in 
diameter were made in the agar using a sterile borer. 
Then, 50 µL of each sample, along with the standard 
(Positive control) and blank (Negative control), were 
added to the respective wells. The plates were then 
incubated at 37 oC ±2 ℃ for 24 h. Activity was assessed 
by measuring the zone of inhibition (ZOI) on agar in mm. 
All test strains were received from the microbiology 
laboratory, Dr. Rafiq Zakaria campus, Chh. 
Sambhajinagar, India. 
2.4 Determination of MIC:  

The most active compounds 4e and 4f were 
tested to determine their minimum inhibitory 
concentrations (MICs) by agar well diffusion method 
against the two bacterial strains, Bacillus subtilis and E. 
Coli Compounds 4e and 4f were dissolved separately in 
DMSO and water according to their solubility, to give a 
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concentration of 800 µg/ml. Two-fold serial dilutions 
were prepared (800, 400, 200, 100, and 50 µg/ml). The 
bacterial suspension at 106 colony-forming units/ml was 
incubated. Using the same agar well-diffusion method 
procedure described above, MIC determinations were 
carried out. The MIC was recorded as the lowest 
concentration that produced a zone of inhibition. 
2.5 Docking studies 
The target protein the E. Coli DNA Gyrase B (PDB ID: 
4WUB) and the B. Subtilis RNASE P Protein (PDB ID: 
1A6F), are imported independently from the protein data 
bank. The protein preparation started by removal of water 
molecules and the bound ligand from the receptor 
protein. The Compute gasteiger and Kollman charges and 
polar hydrogen charges were added. Then the protein get 
converted to PDBQT format in AutoDock vina software. 
Then ligand preparation, defining grid box, ligand-
receptor interaction were carried out, and the molecular 
docking score were recorded and 2D and 3D interactions 
were visualised in Discovery Studio Visualizer.  
2.6 In-Silico ADMET studies 
The oral bioavailability of all the synthesized derivatives 
(4a-h) was predicted by using online software ADMET 
lab 2.0. This predicted bioavailability of the synthesized 
compounds was shown to be the acceptable % ABS, 
ranging from 75.79 % to 83.89 %, as shown in Table 3. 
The % ABS was calculated by using the formula: % ABS 
= 109 - (0.345 × TPSA). Here, we predicted all the 
parameters by using ADMET Lab 2.0. 

3. RESULT AND DISCUSSION 
3.1 Chemistry 
The synthesis pathway for preparing the target 
compounds, 6-oxo-2-phenyl-4-(substituted heteroaryl)-
1,6-dihydropyrimidine-5-carbonitrile (4a-h) is depicted 
in Scheme 1. The compound 3 is the precursor for the 
newly synthesized compounds (4a-h); it was synthesized 
by reacting ethyl-2-cyno-3, 3-bis (methylthio) acrylate 
(1) with benzimidine hydrochloride (2) in the presence of 
anhydrous K2CO3 in dimethyl formamide (DMF) as 
solvent. Then target derivatives (4a-h) were obtained by 
reacting compound 3 with appropriate aromatic or 
heteroaryl amines in the presence of sodium ethoxide, in 
good yield. 

 
Scheme 1: Synthetic pathway of compound 4a-h. 
Reagent and conditions: i) Anhydrous K2CO3, DMF, 
Reflux, ii) Sodium ethoxide, Reflux. 
The purity of all the synthesized compounds was checked 
by thin-layer chromatography (TLC). Melting points 
were determined using the OptiMelt automated melting 
system and were uncorrected. All the synthesized 
derivatives were characterized and confirmed by spectral 
analysis, viz., FTIR, 1H NMR, 13C NMR, Mass 
spectroscopy, and Elemental analysis. The physical 
constant data for compounds 3 and (4a-h) are shown in 
Table 1. 

Table 1. Physical constant data of novel synthesized 
compounds 3 and (4a-h). 

Co
de -R 

Molecul
ar 

formula 

Molecu
lar 

weight 

aYie
ld 

(%) 

bm.
p. 

(℃
) 

3 
Thiometh
yl 

C12H9N3

SO 
246.13 93 

140
-

142 

4a 
Piperidine
-1yl 

C16H16N

4O 
280.13 85 

280
-

283 

4b Morpholin
e-1yl 

C15H14N

4O2 
282.11 89 

290
-

294 

4c Piperazine
-1yl 

C15H15N

5O 
281.13 82 

253
-

255 

4d 

N(2-
hydroxyet
hyl) 
Piperazine
-1yl 

C17H19N

5O2 
325.15 94 

250
-

252 

4e Imidazol-
1yl 

C14H9N5

O 
263.08 88 

278
-

280 
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4f Benzimid
azol-1yl 

C18H11N

5O 
313.10 87 

274
-

278 

4g 
p-
Tolylamin
o 

C18H14N

4O 
302.33 91 

295
-

298 

4h 
Benzylam
ino 

C18H14N

4O 
302.33 95 

272
-

275 
aIsolated Yield; bObserved melting point. 

3.2 In vitro Antibacterial Activity  
The newly synthesized compounds 3 and 4a-h 

were assessed for in vitro antibacterial activity against 
four bacterial strains: two gram-positive, namely 
Staphylococcus aureus and Bacillus subtilis, and two 
gram-negative, namely E. Coli and Pseudomonas 
aeruginosa, using the agar well diffusion method24. The 
well-known gentamycin (Aargenta®) was used as a 
standard, and DMSO as a blank. The evaluation was 
carried out by measuring the zone of inhibition (ZOI) on 
agar media, in mm, as shown in Table 2.  
Among the series, two compounds, 4e and 4f, displayed 
excellent antibacterial activity with the ZOI, 25 mm and 
35 mm, against Bacillus subtilis and 20 mm and 24 mm 
against E. coli, respectively, while compounds 3, 4a, 4c, 
and 4e show some antibacterial activity against the same 
bacterial strains, as shown in Figure 2 and Table 2. 
However, the series generally exhibited little activity 
against the other two bacterial strains, Staphylococcus 
aureus and Pseudomonas aeruginosa. The data shown in 
Table 2 reveals that, the compound with imidazole 
substitusion, 4e and benzimidazole substitution, 4f shows 
the remarkable antibacterial activity with ZOI, 25 and 35 
mm respectively against bacillus subtilis and 20 mm and 
24 mm against E-coli, while the compound with 
piperidine substitusion, 4a, piperazine substitusion, 4c 
and N (2-hydroxyethyl) Piperazine substitusion, 4d 
exhibits activity with ZOI 25 mm, 18 mm and 20 mm 
respectively against Bacillus subtilis and the compound 
with methylthio substitusion, 3 and N (2-hydroxyethyl) 
Piperazine substitusion, 4d showed antibacterial activity 
against E. Coli with the ZOI, 18 mm and 15 mm as 
compare with the standard gentamycin.  

 
Figure 2: Bar graph representing the zone of inhibition 
(in mm) of the synthesized compounds 3 and (4a-h), 
against B. Subtilis and E. Coli as compared with standard 
Gentamycin. 
To assess bacterial susceptibility, the Minimum 
Inhibitory Concentration (MIC) of the two most active 
compounds 4e and 4f, was determined against Bacillus 
subtilis and E. Coli; MIC for both compounds was found 
to be < 50 µg/ml, as shown in Table 2. 
Table 2. In-vitro antibacterial evaluation data of novel 

synthesized compounds 3 and (4a-h). 

Code -R 

Zone of Inhibition in mm/ 
(MIC in µg/ml) 

aS. 
aur
eus 

aB. 
subt
ilis 

bE-
Col

i 

bP. 
aerugi
nosa 

3 Thiometh
yl <10 <10 18 <10 

4a Piperidin
e <10 25 <1

0 <10 

4b Morpholi
ne <10 <10 <1

0 <10 

4c Piperazin
e <10 18 <1

0 <10 

4d 

N(2-
hydroxye
thyl) 
Piperazin
e 

<10 20 15 <10 

c4e Imidazol
e <10 

25/ 
(<50

) 

20/ 
(<5
0) 

<10 

c4f Benzimid
azole <10 

35/ 
(<50

) 

24/ 
(<5
0) 

<10 

4g 
p-
Tolylami
no 

<10 16 18 <10 

4h Benzyla
mino <10 <10 <1

0 <10 
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cdGenta
mycin - 35 

38 
(<50

) 

35 
(<5
0) 

30 

 

aGram-positive bacteria; bGram-negative bacteria; 
cSamples undergo MIC determination; dUsed as standard. 
3.3 In silico ADMET prediction 
The acceptable ADMET profile play an important role in 
the success of a drug along with good efficacy. The 
QSAR method and related to the data modeling methods 
were used to investigate the molecular structure features 
that influence the parameters like Absorption, 
Distribution, Metabolism, Excretion, and Toxicity of the 
drug candidates25. We have calculated the various 
parameters using ADMET lab 2.0 to predict the ADMET 
profile of all the derivatives, as shown in Table 3. All the 
design target compound (4a-h) prediction data are within 
the range of acceptable limits, and they exhibited a good 
drug like property based upon Lipinski’s rule of five26. 
None of the newly synthesized compounds violated the 
Lipinski’s rule of five. The data about the polar surface 
area (PSA), Log P, and H/C ratio of the synthesized 
compounds showed good oral bioavailability. By using 
molinspiration predicted that a good % of absorption (% 
ABS) ranging from 75.79 % to 83.89 %, as shown in 
Table 3. 

Table 3. Pharmacokinetic parameters of novel 
synthesized compounds (4a-h) for a good oral 

bioavailability study. 

C
o
d
e 

a

% 
A
B
S 

b

T
P
S
A 

cn 
R
O
T
B 

d

M
V 

e

M
W 

f

L
o
g 
P 

g

n
O
N 

hn
O
H
N 

n 
vio
lati
on
s 

To
xi
cit
y 

R
ul
e
s 

- - - - 

<
5
0
0 

<
5 

<
1
0 

<5 <1 - 

4
a 

8
3.
8
9 

72
.7
8 

2 

2
9
1.
3
0 

2
8
0.
1
3 

3.
2
5
7 

5 1 0 

N
on 
to
xi
c 

4
b 

8
0.
7
0 

82
.0
1 

2 

2
8
2.
8
0 

2
8
2.
1
1 

1.
8
3
6 

6 1 0 

N
on 
to
xi
c 

4
c 

7
9.
7
4 

84
.8
1 

2 

2
8
5.
0
0 

2
8
1.
1
3 

1.
5
8
9 

6 2 0 

N
on 
to
xi
c 

4
d 

7
5.
7
9 

96
.2
5 

4 

3
2
8.
3
9 

3
2
5.
1
5 

1.
5
5
1 

7 2 0 

N
on 
to
xi
c 

4
e 

7
8.
8
6 

87
.3
6 

2 

2
6
2.
4
4 

2
6
3.
0
8 

1.
3
3
8 

6 1 0 

N
on 
to
xi
c 

4
f 

7
8.
8
6 

87
.3
6 

2 

3
1
7.
7
9 

3
1
3.
1
0 

2.
2
2
6 

6 1 0 

N
on 
to
xi
c 

4
g 

8
0.
8
8 

82
.3
8 

2 

3
2
8.
7
9 

3
0
2.
3
3 

2.
0
7 

7 3 0 

N
on 
to
xi
c 

4
h 

8
2.
7
7 

76
.0
2 

2 

3
0
2.
3
0 

3
0
2.
3
3 

1.
9
3 

6 1 0 

N
on 
to
xi
c 

aPercentage of absorption; bTopological polar surface 
area,  cNumbers of rotatable bonds; dMolecular 
volume; eMolecular weight; fLogarithm of partision 
coefficient; gNumber of hydrogen bond acceptors; 
hNumber of hydrogen bond donors. 

3.4 Molecular Docking 
Molecular docking of the newly synthesized compounds 
was performed to predict the ligand interaction with the 
target receptor at the molecular level. The synthesized 
compounds having the pyrimidine scaffold in their 
structures as popular and potent antibacterial drugs like 
Trimethoprim, Sulfadiazine, and Sulfamethazine offer a 
broad spectrum of activity27. The Trimethoprim is an 
antibacterial drug that works by inhibiting the bacterial 
dihydrofolate reductase (DHFR), Sulfadiazine and 
Sulfamethazine inhibit the bacterial dihydropteroate 
synthatase (DHPS). Thymidylate synthatase (TH) 
disrupts the production of deoxythymidine 
monophosphate (dTMP).  
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The docking of synthesized compounds was performed 
with the E. Coli DNA Gyrase B (PDB ID: 4WUB) and 
B. Subtilis RNASE P Protein (PDB ID: 1A6F) to 
determine molecular interaction and specificity of the 
synthesized compounds; the results are shown in Table 
4. Docking score against targets E. Coli DNA Gyrase B 
and B. Subtilis RNASE P Protein were assessed by using 
AutoDock Vina28. Figure 3 and Figure 4 show the 2D 
and 3D docking poses of the most potent compounds 4e 
and 4f with the above two targets, along with the standard 
ciprofloxacin. 
Table 4. Molecular docking of the synthesized 
compounds (4a-h) with DNA Gyrase B (PDB ID: 
4WUB) and RNASE P Protein (PDB ID: 1A6F). 

Code 
Docking Score (kcal/mol) 

PDB ID: 4WUB PDB ID: 
1A6F 

4a -8.1 -7.1 
4b -7.8 -7.1 
4c -7.8 -7.2 
4d -8.0 -6.8 
4e -7.4 -6.1 
4f -8.9 -7.8 
4g -9.1 -6.8 
4h -8.8 -7.0 
aCipr
oflox
acin 

7.8 -5.7 

 aUse as standard. 
The docking study of the target DNA Gyrase B (PDB ID: 
4WUB) and RNASE P Protein (PDB ID: 1A6F) 
demonstrated that the synthesized compounds, 4a-h, have 
a superior binding affinity for these target proteins, with 
key hydrophilic and hydrophobic interactions being 
essential for effective inhibition of  DNA Gyrase B and 
RNASE P Protein. The chemical interactions between the 
most active compounds, 4e and 4f, with their target 
protein are considered to be a crucial factor in their 
molecular activity. These chemical interactions include 
the hydrogen bond, potential hydrophobic interactions, 
pi-pi and T-shaped interactions, as shown in Figure 3 and 
Figure 4. 

 
Figure 3. Docking poses of compounds on the target 
receptors E. Coli DNA Gyrase B (PDB ID Code: 
4WUD): 2D and 3D interaction representation of co-
crystalline ligand 4e (A) and 4f (B). 

 
Figure 4. Docking poses of compounds on the target 
receptors B. Subtilis RNASE P Protein (PDB ID Code: 
1A6F): 2D and 3D interaction representation of co-
crystalline ligand 4e (A) and 4f (B). 
CONCLUSION:  
A novel series of pyrimidine-5-carbonitriles was 
designed, synthesized, and evaluated for their in vitro 
antibacterial activity. The compounds 4e and 4f exhibit 
excellent antibacterial activity with the ZOI, 25 mm and 
35 mm against Bacillus subtilis and 20 mm and 24 mm 
against E. coli, respectively, and MIC <50 µg/ml for both 
compounds. The molecular docking study shows target 
specificity with potential residual interactions. Finally, 
the ADME study showed that the synthesized 
compounds exhibit good drug-like properties and serve 
as a lead compound for further optimization studies. 
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