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Abstract 

Drug-resistant bacteria pose an increasingly serious threat to mankind all over the world. 

However, the currently available clinical treatments do not meet the urgent demand. Therefore, it 

is desirable to find new targets and inhibitors to overcome the problems of antibiotic resistance. 

Dihydrofolate reductase (DHFR) is an important enzyme required to maintain bacterial growth, 

and hence inhibitors of DHFR have been proven as effective agents for treating bacterial 

infections. In the present work, we have designed some methyl 2-(1H-pyrazol-4-ylthio)-1,2,3,4-

tetrahydro-6-methylpyrimidine-5-carboxylate derivatives as potential DHFR inhibitors through 

rational drug design approach. The designed derivatives were screened through Lipinski rule, 

Veber’s rule, ADMET analysis, drug-likeness properties, and molecular docking. All the 

compounds demonstrated more potent activity than Ampicillin against both gram-positive and 

gram-negative bacteria. Most of the compounds were more or equipotent than Chloramphenicol 

and Ciprofloxacin. Compound B6 was sensitive at 50 µg/mL against all the bacteria.  Compound 

B16 was sensitive at 25 µg/mL against Escherichia coli, 50 µg/mL against Pseudomonas 

aeruginosa, and Staphylococcus aureus whereas compound B20 was sensitive to all gram +ve 

and –ve bacteria at same concentration.In antifungal activity, compound B7 exhibited MFCs of 

100 µg/mL against Candida albicans, Aspergillus niger, and Aspergillus clavatus which is same 
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as Nystatin. Compound B16 and B20 were also sensitive to all the antifungal strains at 100 or 

200 µg/mL concentration. Compound B20 is more potent than Greseofulvin against Candida 

albicans. We concluded that compounds B6, B7, B16 and B20 are most potent and can 

developed further to get more promising molecules for the treatment of bacterial infection. 

Keywords:DHFR, Biginelli reaction, Pyrimidines, Antibacterial, Molecular docking 

1. Introduction 

One of the most serious risks to public health today is the emergence of germs that are resistant 

to the majority of the common treatment medications(Murali et al., 2014; Sánchez-Sánchez et 

al., 2017). Drug-resistant bacteria, such as methicillin-resistant Staphylococcus aureus (MRSA) 

and multidrug-resistant Escherichia coli, cause great difficulties in the treatment of nosocomial 

infections, which severely threaten global public health(Anwar et al., 2020; Jouhar et al., 2020; 

Loi et al., 2019).According to a UK Government analysis, "the cost in terms of lost global 

productivity between now and 2050 will be an astonishing 100 trillion USD if we do not take 

action". Fungal infections can represent a major hazard to human health, particularly in 

immunocompromised people. Invasive fungal infections (IFIs) provide a huge worldwide 

problem in terms of clinical management(Indora and Kaushik, 2015; Marchese et al., 2016; 

Rahman et al., 2009). As a result, the need for novel antimicrobial agents that are distinct from 

current agents is emphasized. 

The dihydrofolate reductase (DHFR) enzyme has been shown to be a therapeutic target 

for treating infections since the mid-20
th

century. In both prokaryotic and eukaryotic cells, DHFR 

is involved in the creation of raw material for cell proliferation by catalyzing the reduction of 

dihydrofolate to tetrahydrofolate utilizing NADPH. DHFR inhibitors are frequently used to treat 

fungal, bacterial, and mycobacterial diseases, as well as to combat malaria. Various compounds 

and medications have been developed and introduced to the market throughout the years(He et 

al., 2020; Songsungthong et al., 2021; Wróbel et al., 2020). 

Compounds based on the pyrimidine scaffold are known to exhibit many different 

biological actions such as antibacterial, antifungal, anti-inflammatory and antitumor 

activities(Mittersteiner et al., 2021; Nerkar, 2021; Verma et al., 2020). Lots of amino pyrimidine-

based derivatives have been reported to exhibit antibacterial activities via inhibiting 
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DHFR(Ahmed Elkanzi, 2020; Bhat et al., 2017). Therefore, in present study we have selected 

pyrimidine scaffold to design and develop some DHFR inhibitors as potential antibacterial and 

antifungal agents. The designed derivatives were first screened through ADMET property 

calculations and then those possess drug-likeness properties were subjected for molecular 

docking studies. The derivatives which found significant DHFR inhibition potential were 

subjected for wet lab synthesis followed by spectral analysis and biological evaluation. 

2. Material and Methods 

Designing of Derivatives 

In the present work, we have designed some methyl 2-(1H-pyrazol-4-ylthio)-1,2,3,4-tetrahydro-

6-methylpyrimidine-5-carboxylate derivatives as illustrated in Table 1. After designing of 

derivatives, all the molecules were subjected for in silico screening to check drug-likeness 

properties. 

Table 1. The designing approach of methyl 2-(1H-pyrazol-4-ylthio)-1,2,3,4-tetrahydro-6-

methylpyrimidine-5-carboxylate derivatives 

NH

N
H

Ar/R S

CH3O

O

N

HN

 

methyl 2-(1H-benzo[d]imidazol-2-ylthio)-1,2,3,4-tetrahydro-6-methylpyrimidine-5-carboxylate
 

Compound code Ar/R Compound code Ar/R 

B1 —H B11 —3-hydroxy phenyl 

B2 —phenyl B12 —2,3,4-trihydroxy phenyl 

B3 —4-nitro phenyl B13 —3-methoxy-4-hydroxy phenyl 

B4 —4-bromo phenyl B14 —2-methoxy phenyl 

B5 —4-fluoro phenyl B15 —4-styryl 

B6 —4-chloro phenyl B16 —napthyl 

B7 —4-methyl phenyl B17 —2,4-dinitro phenyl 

B8 —4-methoxy phenyl B18 —4-methylsulfonyl phenyl 

B9 —4-hydroxy phenyl B19 —4-dimethylamino phenyl 

B10 —3-nitro phenyl B20 —4-trifluoromethyl phenyl 
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Pharmacokinetics and toxicity predictions of designed derivatives 

Utilizing molinspiration and SwissADME servers, Lipinski rule of five and pharmacokinetic 

features of developed derivatives were investigated(Kim et al., 2021)(Daina et al., 2017). An in 

silico toxicity prediction of designed derivatives has been made using ProTox-II, a webserver 

that is freely available(http://tox.charite.de/protox_II)(Banerjee et al., 2018). 

Molecular Docking 

After screening through in silicoADMET analysis, the screened molecules were subjected for the 

molecular docking studies. The proposed derivatives and the native ligand were docked against 

the crystal structure of the wild-type E.colidihydrofolate reductase using Autodockvina 1.1.2 in 

PyRx 0.8(Dallakyan and Olson, 2015). ChemDraw Ultra 8.0 was used to draw the structures of 

the intended derivatives and native ligand (mole. File format). All the ligands were subjected for 

energy minimization by applying Universal Force Field (UFF)(Rappé et al., 1992).RCSB Protein 

Data Bank (PDB) entry 5CCC contains the wild-type E.colidihydrofolate reductase complexed 

with 5,10-dideazatetrahydrofolate and oxidized nicotinamide adenine dinucleotide phosphate 

(https://www.rcsb.org/structure/5CCC). Discovery Studio Visualizer (version-19.1.0.18287) was 

used to refine the enzyme structure, purify it, and get it ready for docking(San Diego: Accelrys 

Software Inc., 2012).A three-dimensional grid box (size_x=39.7765672935Å; 

size_y=40.0725575009Å; size_z=35.1695000152Å) with an exhaustiveness value of 8 was 

created for molecular docking(Dallakyan and Olson, 2015). BIOVIA Discovery Studio 

Visualizer was used to locate the protein's active amino acid residues. The approach outlined by 

Khan et al. was used to perform the entire molecular docking procedure, identify cavity and 

active amino acid residues(Chaudhari et al., 2020; S. L. Khan et al., 2021; S.L. Khan et al., 2020; 

Sharuk L. Khan et al., 2020; Siddiqui et al., 2021). Fig. 1shows the revealed cavity ofDHFR with 

the co-crystallize ligand molecule. 

http://tox.charite.de/protox_II
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Fig.1. 3D ribbon view of DHFR with native ligand in allosteric site 

Reaction Scheme and Synthesis of selected derivatives 

From in silico screening and molecular docking studies, compounds B6, B7, B16, B17 and B20 

were selected for the synthesis. All the required chemicals i.e. ethyl acetoacetate, 

aldehyde,thiourea, ferric chloride (FeCl3.6H2O), conc. HCl,ethanol, 4-chloropyrazole, potassium 

hydroxide (KOH), and acetone of synthetic grade were purchased and procured from Lab 

Trading Laboratory, Aurangabad, Maharashtra, India. The progress of the reaction was 

confirmed by Thin-layer chromatography [TLC, (Merck precoated silica GF 254)] and 

compounds were subjected for spectral analysis by 
1
H, 

13
C NMR (on a Varian-VXR-300S at 400 

MHz NMR spectrometer) and Mass spectroscopywith chloroform (d6) as the solvent and TMS as 

the internal standard; chemical shift values were expressed in δ ppm. The melting points were 

measured using the VEEGO MODEL VMP-D melting point apparatus.The detailed procedure 

for the synthesis of derivatives is discussed in the below section. 

Step-I: Synthesis of 1,2,3,4-tetrahydropyrimidine-2-thiol 
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The reaction is a modified Biginelli reaction that generates 1,2,3,4-tetrahydropyrimidine-2-thiol 

from ethyl acetoacetate,  aldehyde and thiourea
[3,4]

.A solution of ethyl acetoacetate (1.3gm, 10 

mmol), thiourea (1.14gm, 15 mmol), ferric chloride (FeCl3.6H2O, 2.5 mmol) and conc. HCl (1-2 

drops) in EtOH (20 mL) was heated independently with appropriate aldehydes (10 mmol), under 

reflux for 4-5 hrs
[5]

. After cooling, the reaction mixtures were poured onto crushed ice (100gm). 

Stirring was continued for several minutes, the solid products were filtered, independently 

washed with cold H2O (2 times 50 mL) and a mixture of EtOH-H2O, 1:1 (3 times 20 mL). The 

solids were dried and recrystallized from hot EtOH to afford pure products. The m.p. was 

recorded and is uncorrected. The yields obtained were in the range of 75-95%. 

Step-II: Synthesis of final pyrimidine derivatives 

4-chloropyrazole (1.66 gm, 0.01 mol.) and 1,2,3,4-tetrahydropyrimidine-2-thiols (0.01 mol.) 

were condensed by heating with Potassium hydroxide (KOH) and H2O: Acetone (2:1) at about 

50-60
o
C for 45 min. Then the reaction mixture cooled to room temperature and then poured into 

ice-cold water, the precipitate was separated by filtration and recrystallized from ethanol. The 

yield was 90-95%. 

Step-I:

O

OO

+ C
O H

R/Ar

+
H2N

S

NH2

Ethyl 3-oxobutanoate ThioureaAldehyde

Ethanol/HCl

Reflux

FeCl3

(4-5 hrs)

N
H

HN

R/Ar

HS CH3

O

O

1,2,3,4-tetrahydropyrimidine-2-thiol

Step-II:

N
H

HN

R/Ar

HS CH3

O

O
NH

N
H

Ar/R S

CH3O

O

+

H2O:Acetone (2:1)

50-600C

45 min
1,2,3,4-tetrahydropyrimidine-2-thiol

Final Pyrimidine Derivatives

N

H
NCl

Chloromethylbenzimidazole

N

H
N

 

Fig. 2.The proposed reaction scheme for the synthesis of methyl 2-(1H-pyrazol-4-ylthio)-1, 2, 3, 4-
tetrahydro-6-methylpyrimidine-5-carboxylate derivatives 
 

methyl 2-((1H-benzo[d]imidazol-2-yl)methylthio)-4-(4-chlorophenyl)-1,2,3,4-tetrahydro-6-

methylpyrimidine-5-carboxylate(B6) 
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Elemental analysis (calc.): C, 58.80; H, 4.93; Cl, 8.27; N, 13.06; O, 7.46; S, 7.48. 
1
H NMR 

(CHCl3-d6400 MHz) δ ppm: 1.71 (s, methyl protons of pyrimidine), 2.0 (s, N-H of pyrimidine), 

3.70 (s, methyl protons of phenyl ring), 3.76 (s, methoxy protons of acetate), 4.59, 4.80 (d, 

methylene protons of pyrimidine), 7.00,7.15(s, phenyl protons), 7.26,7.70 (s, methylene protons 

of diazole). 
13

C NMR (CHCl3-d6400 MHz) δ ppm:15.2, 26.3, 58.1, 74.0, 106.0, 115.3, 123, 

128.129, 132.582, 138.901, 141.5, 153.291, 167.002. MS: m/z 428.11, 429.10 (m+1), 431.10 

(m+2). 

methyl2-((1H-benzo[d]imidazol-2-yl)methylthio)-1,2,3,4-tetrahydro-6-methyl-4-p-

tolylpyrimidine-5-carboxylate(B7)  

Elemental analysis (calc.):C, 64.68; H, 5.92; N, 13.71; O, 7.83; S, 7.85. 
1
H NMR (CHCl3-

d6400 MHz) δ ppm: 1.71 (s, methyl protons of pyrimidine), 2.0 (s, N-H of pyrimidine), 3.76 (s, 

methoxy protons of acetate), 4.59, 4.80 (d, methylene protons of pyrimidine), 6.94 (s, phenyl 

protons), 7.70, 7.26, 7.70 (m, aromatic protons of benzimidazole). 
13

C NMR (CHCl3-

d6400 MHz) δ ppm:15.2, 24.3, 26.3, 52.3, 58.1, 74.0, 106.0, 127.9, 128.9, 135.0, 136.7, 138.9, 

141.5, 153.9, 167.2 MS: m/z 408.16, 409.17 (m+1), 410.17 (m+2). 

methyl 2-((1H-benzo[d]imidazol-2-yl)methylthio)-1,2,3,4-tetrahydro-6-methyl-4-(naphthalen-1-

yl)pyrimidine-5-carboxylate (B16) 

Elemental analysis (calc.):C, 66.80; H, 5.37; N, 12.98; O, 7.42; S, 7.43. 
1
H NMR (CHCl3-

d6400 MHz) δ ppm: 1.71 (s, methyl protons of pyrimidine), 2.0 (s, N-H of pyrimidine), 3.76 (s, 

methoxy protons of acetate), 4.59, 4.80 (d, methylene protons of pyrimidine), 6.991 (s, phenyl 

protons), 7.392 (s, phenyl protons),7.26, 7.70(s, methylene protons of diazole) 7.32, 7.67 (m-

naphthalene).
13

C NMR (CHCl3-d6400 MHz) δ ppm:15.2, 26.3, 56.4, 74.0, 106.0, 115.3, 124.2, 

125.6, 128.6, 138.9, 141.5, 153.9MS: m/z 431.15, 432.15 (m+1), 433.16 (m+2). 

Methyl2-((1H-benzo[d]imidazol-2-yl)methylthio)-4-(4-(trifluoromethyl)phenyl)-1,2,3,4-

tetrahydro-6-methylpyrimidine-5-carboxylate(B20) 

Elemental analysis (calc.):C, 57.13; H, 4.58; N, 12.11; O, 6.92; S, 6.93. 
1
H NMR (CHCl3-

d6400 MHz) δ ppm: 1.71 (s, methyl protons of pyrimidine), 2.0 (s, N-H of pyrimidine), 3.76 (s, 

methoxy protons of acetate), 4.59, 4.80 (d, methylene protons of pyrimidine), 6.99, 7.33(s, 

phenyl protons), 7.392 (s, phenyl protons), 5.0 (s, methylene protons of diazole) 7.26, 7.70 (m-
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benzene). 
13

C NMR (CHCl3-d6400 MHz) δ ppm: 15.2, 26.3, 52.3, 58.1, 74.0, 106.0, 115.3,123.0, 

124.2, 125.6, 128.6, 138.9, 141.5, 153.9, 167.2MS: m/z 462.13, 463.14 (m+1), 464.14 (m+2). 

The physicochemical data of derivatives are tabulated in the Table 2. 

Table 2. The physicochemical data of derivatives 

Code 
Molecular 

Formula 

Molecular 

Weight 

Melting Point 

(
0
C) 

Rf Value 
Yield 

% 
Solubility 

B6 C21H21ClN4O2S 428.94 194-196 0.59 72 
Ethanol, Methanol, DCM, 

Chloroform 

B7 C22H24N4O2S 408.52 203-206 0.84 75 
Ethanol, Methanol, DCM, 

Chloroform 

B16 C25H24N4O2S 444.55 218-220 0.47 56 
Ethanol, Methanol, DCM, 

Chloroform, Benzene 

B17 C21H20N6O6S 484.49 265-267 0.68 67 
Ethanol, Methanol, DCM, 

Chloroform, Benzene 

B20 C22H21F3N4O2S 462.49 283-285 0.93 73 
Ethanol, Methanol, DCM, 

Chloroform 

 

In vitro Biological Evaluation 

Various concentrations of derivatives were prepared in DMSO to assess their antibacterial and 

antifungal activities against standard strains using broth dilution. Bacteria were maintained, and 

drugs were diluted in nutrient Mueller Hinton broth. The broth was inoculated with 10
8
 colony-

forming units (cfu) per milliliter of test strains (Institute of Microbial Technology, Chandigarh, 

India) determined by turbidity. Stock solutions of synthesized derivate (2 mg/mL) were serially 

diluted for primary and secondary screening. The primary screen included 1000, 500, and 250 

μg/mL of synthesized derivatives, then those with activity were further screened at 200, 100, 50, 

25, 12.5, and 6.250 μg/mL. A control without antibiotic was sub-cultured (before inoculation) by 

spreading one loopful evenly over a quarter of a plate of medium suitable for growing test 

organisms and incubated at 37 
0
C overnight. The lowest concentrations of derivatives that 

inhibited bacterial or fungal growth were taken as minimal inhibitory concentrations (MICs). 

These were compared with the amount of control growth before incubation (original inoculum) 

to determine MIC accuracy. The standards for antibacterial activity were gentamycin, ampicillin, 

chloramphenicol, ciprofloxacin, and norfloxacin served, and those for antifungal activity were 

nystatin and griseofulvin. The antimalarial behavior was tested using plasmodium falciparum, 
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with quinine and chloroquine as the standards. Both experiments took place at the Microcare 

laboratory and Tuberculosis Research Centre [TRC] in Surat, Gujarat. 

3. Results 

Pharmacokinetic characteristics are critical to drug development because they enable scientists to 

investigate the biological impacts of possible pharmacological candidates(Khan et al., 2022). 

This compound's oral bioavailability was evaluated using Lipinski's rule of five and Veber's rules 

(Table 3). To better understand the pharmacokinetics profiles and drug-likeness properties of the 

proposed compounds, the ADME characteristics of all of them were examined (Table 4). Fig. 3 

depicts the physicochemical domain that is ideal for oral bioavailability. The oral acute toxicity 

have been predicted along with LD50 (mg/kg), toxicity class, hepatotoxicity, carcinogenicity, 

immunotoxicity, mutagenicity, and cytotoxicity (Table 5). Table 6 lists the ligand energies 

(kcal/mol), docking scores (kcal/mol), active amino acids, bond length (Å), and different 

interactions of derivatives with DHFR. Table 7 depicts the most potent compounds' 2D and 3D 

docking orientations.The results of antimicrobial and antifungal activities of the synthesized 

derivatives are tabulated in Table 8which shows the MICs and MFCs respectively. 

Table 3. Lipinski rule of 5 and Veber’s rule calculated for methyl 2-(1H-pyrazol-4-ylthio)-1,2,3,4-

tetrahydro-6-methylpyrimidine-5-carboxylate derivatives 

Compound  

Codes 

Lipinski rule of five Veber’s rule 

Log P Mol. Wt. HBA HBD Violations 
Total polar surface area 

(Å2) 

No. of rotatable 

bonds 

NL 0.70 443.45 7 6 2 187.50 10 

B1 1.62 318.39 4 3 0 104.34 5 
B2 2.81 394.49 4 3 0 104.34 6 
B3 0.5 440.5 6 4 0 154 7 
B4 3.45 473.39 4 3 0 104.34 6 
B5 3.15 412.48 5 3 0 104.34 6 
B6 3.38 428.94 4 3 0 104.34 6 
B7 3.12 408.52 4 3 0 104.34 6 
B8 2.8 424.52 5 3 0 113.57 7 
B9 2.38 410.49 5 4 0 124.57 6 
B10 0.58 440.5 6 4 0 154 7 
B11 2.4 410.49 5 4 0 124.57 6 
B12 1.76 442.49 7 6 1 165.03 6 
B13 2.44 440.52 6 4 0 133.8 7 
B14 2.78 424.52 5 3 0 113.57 7 
B15 3.32 420.53 4 3 0 104.34 7 
B16 3.74 444.55 4 3 0 104.34 6 
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B17 -2.19 486.5 8 5 1 203.66 8 
B18 2.51 472.58 6 3 0 146.86 7 
B19 2.86 437.56 4 3 0 107.58 7 
B20 3.86 462.49 7 3 0 104.34 7 

Where: NL, native ligand; Mol. Wt., molecular weight; HBA, hydrogen bond acceptors; HBD, hydrogen bond 

donors 



Journal of Cardiovascular Disease Research 

ISSN:0975-3583,0976-2833        VOL12,ISSUE06,2021 

 

270 

 

Table 4. The pharmacokinetics and drug-likeness properties of developed compounds 

Compo

und 

codes 

Pharmacokinetics Drug-likeness 

GI 

abs. 

BBB 

pen. 

P-gp sub. CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 

Log Kp 

(skin 

permeation, 

cm/s) 

Ghose Egan Muegge 
Bioavailability 

Score 

 inhibitors      

NL L N Y N N N N N -8.81 Y N N 0.11 

B1 High No Yes No No No No No -6.91 0 0 0 0.55 

B2 High No Yes No Yes Yes Yes Yes -6.17 0 0 0 0.55 

B3 Low No Yes No Yes No No No -6.91 0 1 1 0.55 

B4 High No Yes Yes Yes Yes Yes Yes -6.16 0 0 0 0.55 

B5 High No Yes No Yes Yes Yes Yes -6.21 0 0 0 0.55 

B6 High No Yes No Yes Yes Yes Yes -5.94 0 0 0 0.55 

B7 High No Yes No Yes Yes Yes Yes -6 0 0 0 0.55 

B8 High No Yes No Yes Yes Yes Yes -6.38 0 0 0 0.55 

B9 High No Yes No Yes Yes Yes Yes -6.52 0 0 0 0.55 

B10 Low No Yes No Yes No No No -6.91 0 1 1 0.55 

B11 High No Yes No Yes Yes Yes Yes -6.52 0 0 0 0.55 

B12 Low No Yes No No No No No -7.22 0 1 2 0.55 

B13 High No Yes No Yes Yes Yes Yes -6.73 0 1 0 0.55 

B14 High No Yes No Yes Yes Yes Yes -6.38 0 0 0 0.55 

B15 High No Yes No Yes Yes Yes Yes -5.88 0 0 0 0.55 

B16 High No Yes No Yes Yes Yes Yes -5.59 1 0 0 0.55 

B17 Low No Yes No No No No No -7.63 2 1 1 0.55 

B18 Low No Yes No No Yes No Yes -7.19 1 1 0 0.55 

B19 High No Yes No Yes Yes Yes Yes -6.35 1 0 0 0.55 

B20 High No Yes No Yes Yes Yes Yes -5.96 0 0 0 0.55 

Where: NL, Native ligand; GI abs., gastrointestinal absorption; BBB pen., blood brain barrier penetration; P-gp sub., p-glycoprotein substrate 
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Table 5. The predicted acute toxicities of the designed methyl 2-(1H-pyrazol-4-ylthio)-1,2,3,4-tetrahydro-

6-methylpyrimidine-5-carboxylate derivatives 

Compound 
codes 

Parameters 

LD50 
(mg/kg) 

Toxicity 
class 

Prediction 

accuracy 
(%) 

Hepatotoxicity 
(Probability) 

Carcinogenicity 
(Probability) 

Immunotoxicity 
(Probability) 

Mutagenicity 
(Probability) 

Cytotoxicity 
(Probability) 

NL 135 3 67.38 I (0.87) I (0.51) I (0.99) I (075) I (0.63) 

B1 1353 4 23 I (0.63) I (0.50) I (0.79) I (0.56) I (0.61) 

B2 800 4 54.26 A (0.57) A (0.50) I (0.97) I (0.59) I (0.64) 

B3 1000 4 54.26 A (0.54) A (0.51) I (0.90) I (0.59) I (0.65) 

B4 800 4 54.26 A (0.57) A (0.50) I (0.85) I (0.63) I (0.61) 

B5 800 4 54.26 A (0.56) I (0.50) I (0.83) I (0.63) I (0.64) 

B6 800 4 54.26 A (0.56) A (0.50) I (0.90) I (0.64) I (0.65) 

B7 800 4 54.26 A (0.56) A (0.51) I (0.98) I (0.58) I (0.66) 

B8 800 4 54.26 A (0.57) A (0.54) I (0.84) I (0.52) I (0.70) 

B9 800 4 54.26 A (0.58) A (0.52) I (0.94) I (0.54) I (0.69) 

B10 1000 4 54.26 A (0.58) A (0.52) I (0.94) I (0.54) I (0.69) 

B11 800 4 54.26 A (0.58) A (0.52) I (0.76) I (0.54) I (0.69) 

B12 3000 5 54.26 A (0.58) I (0.50) I (0.54) I (0.51) I (0.69) 

B13 3000 5 54.26 A (0.55) A (0.52) A (0.74) I (0.53) I (0.70) 

B14 3000 5 54.26 A (0.57) A (0.54) I (0.62) I (0.52) I (0.71) 

B15 1000 4 23 A (0.54) A (0.51) I (0.90) I (0.59) I (0.65) 

B16 800 4 54.26 A (0.57) A (0.50) I (0.79) I (0.59) I (0.64) 

B17 50 2 54.26 A (0.54) A (0.51) I (0.90) I (0.59) I (0.65) 

B18 800 4 23 A (0.51) I (0.56) I (0.86) I (0.63) I (0.64) 

B19 1700 4 54.26 A (0.50) A (0.51) I (0.79) I (0.57) I (0.58) 

B20 1000 4 54.26 A (0.55) I (0.50) I (0.91) I (0.61) I (0.65) 

Where: NL, Native ligand; I, Inactive; A, Active 

Table 6. The ligand energies (kcal/mol), docking scores (kcal/mol), active amino acids, bond length (Å), 

and different interactions of derivatives with DHFR 

Interactive 

amino acid 

residues 

Bond length 

(Å) 
Bond type Bond category 

Ligand energy 
Docking 

score 

(kcal/mol) 

Native ligand 

ASP27 1.88237 

Hydrogen bond 

Conventional 

hydrogen bond 

209.71 -8.5 

ASP27 2.19462 

ALA6 3.00495 

ILE5 1.91594 

ARG57 1.96549 

ARG57 2.17225 

ILE94 3.19208 
Carbon hydrogen 

bond 

ILE50 3.71343 
Hydrophobic 

Pi-Sigma 

PHE31 5.0747 Pi-Pi T-shaped 



Journal of Cardiovascular Disease Research 

ISSN:0975-3583,0976-2833        VOL12,ISSUE06,2021 

 

272 

 

PHE31 4.82737 

ILE94 4.98884 Alkyl 

ILE5 5.06209 
Pi-Alkyl 

ALA7 4.05078 

B1 

SER49 3.68862 Hydrogen Bond Carbon Hydrogen 
Bond 

472.34 -7.3 

MET20 5.63118 Other Pi-Sulfur 

PHE31 4.73125 Hydrophobic Pi-Pi T-shaped 

PHE31 4.95867 

ALA7  4.23818 Alkyl 

LEU28 5.23543 Pi-Alkyl 

ILE50 5.12738 

PHE31  5.0713 

B2 

ALA7 3.55066 Hydrogen Bond Carbon Hydrogen 

Bond 

592.71 -8.8 

LEU28 3.91408 Hydrophobic Pi-Sigma 

LEU28 3.85517 

ILE50 5.40423 Alkyl 

MET20 4.9061 Pi-Alkyl 

LEU28 5.15988 

MET20 5.39888 

ILE5 5.28389 

ALA7 4.43858 

B3 

GLU17 5.46623 Electrostatic Attractive Charge 607.12 -8.5 

ASP27 2.55787 Hydrogen Bond Conventional 

Hydrogen Bond 

TRP30 3.48747 Carbon Hydrogen 
Bond 

LEU28 3.93361 Hydrophobic Pi-Sigma 

LEU28 4.5066 Pi-Alkyl 

ALA7 4.19308 

B4 

TRP22 2.29725 Hydrogen bond Conventional 

hydrogen bond 

493.25 -8.2 

MET20 2.61225 

TRP22 2.837 

GLU17 3.7728 Carbon hydrogen 
bond 



Journal of Cardiovascular Disease Research 

ISSN:0975-3583,0976-2833        VOL12,ISSUE06,2021 

 

273 

 

ASP27 3.90453 Electrostatic Pi-anion 

TRP22 3.15968 Hydrogen bond Pi-donor hydrogen 

bond 

PHE31 4.79282 Hydrophobic Pi-Pi T-shaped 

ILE5 4.33985 Alkyl 

ALA7 4.22771 Pi-alkyl 

TRP30 4.75628 

PHE31 5.23494 

B5 

ASP27 5.30051 Electrostatic Attractive Charge 590.48 -8.3 

ILE94 3.0431 Hydrogen Bond Conventional 
Hydrogen Bond 

SER49 3.51335 Carbon Hydrogen 

Bond 

GLU17 3.37871 Halogen Halogen (Fluorine) 

MET20 5.03563 Other Pi-Sulfur 

TYR100 5.14506 Hydrophobic Pi-Pi T-shaped 

ALA6 5.17537 Pi-Alkyl 

ALA7 5.46509 

ILE14 4.9241 

LEU28 5.40578 

B6 

ALA7 3.52878 Hydrogen Bond Carbon Hydrogen 

Bond 

589.08 -9.2 

LEU28 3.86687 Hydrophobic Pi-Sigma 

LEU28 3.85918 

PHE31 4.55541 Pi-Pi T-shaped 

ILE50 5.48036 Alkyl 

ILE5 4.53345 

ALA7 4.27977 

MET20 4.94214 Pi-Alkyl 

LEU28 5.09768 

MET20 5.46544 

ILE5 5.28239 

ALA7 4.47741 

TRP30  5.05945 

B7 

ALA7 3.5347 Hydrogen Bond Carbon Hydrogen 

Bond 

589.85 -9.5 

LEU28 3.89621 Hydrophobic Pi-Sigma 
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LEU28 3.85936 

ILE50 5.42506 Alkyl 

ILE5 4.51464 

ALA7 4.27187 

MET20 4.9429 Pi-Alkyl 

LEU28 5.12283 

MET20 5.42445 

ILE5 5.26046 

ALA7 4.51004 

TRP30 5.22402 

B8 

PHE31 4.03738 Other Pi-Sulfur 532.84 -8.4 

LEU28 4.58847 Hydrophobic Alkyl 

LYS32 4.42368 

ILE14 4.99272 Pi-Alkyl 

LEU28 4.51463 

LYS32 5.03957 

B9 

ASP27 2.7913 Hydrogen Bond Conventional 

Hydrogen Bond 

592.07 -9 

ASP27 2.95519 

ALA7 3.44573 Carbon Hydrogen 

Bond 

LEU28 3.99822 Hydrophobic Pi-Sigma 

LEU28 3.89037 

PHE31 4.75532 Pi-Pi T-shaped 

ILE50 5.2433 Alkyl 

MET20 4.97035 Pi-Alkyl 

LEU28 5.21102 

MET20 5.31359 

ALA7 4.21638 

B10 

ILE94 2.76835 Hydrogen Bond Conventional 

Hydrogen Bond 

649.13 -8.7 

LEU24 2.33305 

TRP22 3.59187 Carbon Hydrogen 

Bond :ASN23 3.34627 

PHE31 3.99131 Hydrophobic Pi-Sigma 

TYR100 5.50853 Pi-Pi T-shaped 

TYR100 5.0802 

ALA7  4.31723 Alkyl 
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ALA6 4.85734 Pi-Alkyl 

ALA7 5.44584 

ILE14 4.76935 

MET20 4.45107 

LEU28 5.1886 

B11 

THR46 2.35128 Hydrogen Bond Conventional 

Hydrogen Bond 

828.32 -9 

ASP27 3.52188 Carbon Hydrogen 
Bond GLY96 3.34254 

MET20 3.98644 Hydrophobic Pi-Sigma 

LEU28 3.52061 

MET20 4.41116 Alkyl 

MET20 4.84997 Pi-Alkyl 

LEU28 4.87339 

ILE14 5.42295 

B12 

TRP22 2.59159 Hydrogen Bond Conventional 

Hydrogen Bond 

505.71 -8.1 

ASN23 2.48907 

 2.31949 

TRP22 3.21684 Carbon Hydrogen 
Bond 

LEU28 3.78221 Hydrophobic Pi-Sigma 

ILE5 5.32521 Pi-Alkyl 

ALA7 4.48827 

MET20 5.20566 

B13 

ASP27 4.75067 Electrostatic Attractive Charge 652.34 -8.3 

ILE94 2.54671 Hydrogen Bond Conventional 
Hydrogen Bond TRP22 2.38444 

LEU24 3.65962 Carbon Hydrogen 

Bond 

TYR100 2.99987 Other Pi-Lone Pair 

TYR100 5.49582 Hydrophobic Pi-Pi T-shaped 

TYR100 5.06687 

LEU24:O 4.79886 Alkyl 

LEU28 3.76538 

ALA6 4.84802 Pi-Alkyl 

ALA7 5.4843 

ILE14 4.75275 
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MET20 4.29044 

LEU28 5.28693 

TRP22  4.44757 

B14 

ILE94 2.56994 Hydrogen Bond Conventional 

Hydrogen Bond 

505.44 -7.9 

PHE31 3.04666 Pi-Donor Hydrogen 
Bond 

MET20 4.21987 Other Pi-Sulfur 

TYR100 5.16509 Hydrophobic Pi-Pi T-shaped 

ILE14 4.67317 Pi-Alkyl 

LEU28 5.40769 

B15 

PRO21 2.84082 Hydrogen Bond Conventional 

Hydrogen Bond 

608.48 -8.6 

TRP22 2.1067 

ASN23 2.30214 

GLU17 2.57783 

ILE5 5.19676 Hydrophobic Pi-Alkyl 

ALA7 4.37387 

B16 

THR46 2.69525 Hydrogen Bond Conventional 

Hydrogen Bond 

707.4 -9.2 

ALA6 5.17965 Hydrophobic Pi-Alkyl 

ILE14 4.86365 

ILE50 5.414 

LEU54 5.06954 

LEU28 4.83231 

LYS32 5.17503 

B17 

ASP27 2.72473 Hydrogen Bond Conventional 
Hydrogen Bond 

584.86 -9.4 

ASP27 2.60495 

ALA7 3.43784 Carbon Hydrogen 
Bond TRP30 3.29945 

PHE31 3.00177 Pi-Donor Hydrogen 

Bond 

LEU28 3.78984 Hydrophobic Pi-Sigma 

LEU28 3.69426 

PHE31 4.9149 Pi-Pi T-shaped 

PHE31 5.13006 

ALA7 4.06114 Pi-Alkyl 
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B18 

THR46 2.77726 Hydrogen Bond Conventional 

Hydrogen Bond 

941.05 -8.4 

PHE31 2.79359 Pi-Donor Hydrogen 

Bond 

ILE50 5.2736 Hydrophobic Alkyl 

ILE94 4.8951 Alkyl 

ALA6 5.23637 Pi-Alkyl 

ILE14 4.95735 Pi-Alkyl 

MET20 5.32683 Pi-Alkyl 

LEU28 5.18734 Pi-Alkyl 

B19 

ASP27 5.33901 Electrostatic Attractive Charge 617.87 -8.1 

ILE94 3.09223 Hydrogen Bond Conventional 

Hydrogen Bond 

MET20 3.54195 Carbon Hydrogen 

Bond TRP22 3.42017 

ASN23 3.49954 

MET20 5.22381 Other Pi-Sulfur 

TYR100 5.13381 Hydrophobic Pi-Pi T-shaped 

ALA6 5.10252 Pi-Alkyl 

ALA7 5.4014 

ILE14 4.88845 

LEU28 5.30032 

B20 

THR46 2.45862 Hydrogen Bond Conventional 

Hydrogen Bond 

602.21 -9.6 

TRP22 2.08346 

THR113 2.76505 

TRP22 3.35012 Carbon Hydrogen 

Bond TRP30 3.38747 

ILE5 3.50455 Halogen Halogen (Fluorine) 

ALA6 3.27312 

ALA6 3.13117 

ASP27 3.01818 

ASP27 3.12254 

ASP27 3.22572 

ASP27 3.7871 Electrostatic Pi-Anion 

PHE31 4.926 Hydrophobic Pi-Pi T-shaped 

ILE50 5.1356 Alkyl 

ILE5 4.62669 
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ALA7 4.18716 

ILE14 4.87638 Pi-Alkyl 

ALA7 4.38343 

PHE31  5.29131 

Table 7. The 2D- and 3D binding orientations of native ligand and molecules selected for the synthesis 

from virtual screening 

2D-binding orientations 3D-binding orientations 

Native ligand 

 
 

B6 

 
 

B7 
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B16 

 
 

B17 

 

 

B20 
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Table 8. The antimicrobial and antifungal activities of the synthesized derivatives 

Compound code 

Antimicrobial activity  
[MIC (µg/mL)] 

Antifungal activity  
[MFC (µg/mL)] 

E.C. P.A. S.A. S.P. C.A. A.N. A.C. 

B6 25 25 25 50 100 100 100 

B7 50 50 50 50 100 100 100 

B16 25 50 50 25 100 200 100 

B20 25 25 25 25 200 100 100 

Gentamycin 0.05 1 0.25 0.5 NA NA NA 

Ampicillin 100 NA 250 100 NA NA NA 

Chloramphenicol 50 50 50 50 NA NA NA 

Ciprofloxacin 25 25 50 50 NA NA NA 

Norfloxacine 10 10 10 10 NA NA NA 

Nystatin NA NA NA NA 100 100 100 

Greseofulvin NA NA NA NA 500 100 100 

Where, 

E.C., Escherichia coli; P.A., Pseudomonas aeruginosa; S.A., Staphylococcus aureus; S.P., 
Staphylococcus pyogenes; C.A., Candida albicans;A.N., Aspergillus niger; A.C., Aspergillus clavatus; 

MIC, Minimum inhibitory concentration; MFCs, minimum fungicidal concentration. 

4. Discussion 

In present study we have designed and developed some methyl 2-(1H-pyrazol-4-ylthio)-1,2,3,4-

tetrahydro-6-methylpyrimidine-5-carboxylate derivativesas potential DHFR inhibitors. In 

accordance with Lipinski's and Veber's rule (Table 2), few moleculeshaveviolated both the rules. 

The log P values of all the molecules were found to be between -0.15 to 2.61 which indicate 

optimum lipophilicity. Lipophilicity is a significant feature of the molecule that affects how it 

works in the body(S. Khan et al., 2021). It is determined by the compound's Log P value, which 
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measures the drug's permeability in the body to reach the target tissue(Krzywinski and Altman, 

2013; Lipinski et al., 2012). The molecular weight of all the molecules was below 500 Da which 

indicates active better transport of the molecules through biological membrane. Fortunately, the 

Lipinski rule of 5 had not been compromised by the compounds, excluding native ligand and 

compoundsB12, B17, which displayed 2 and 1 violations of Lipinski rule respectively(Khan et 

al., 2022; Shntaif et al., 2021).The total polar surface area (TPSA) and the number of rotatable 

bonds have been found to better discriminate between compounds that are orally active or not. 

According to Veber’s rule, TPSA should be ≤ 140 and number of rotatable bonds should be ≤ 10. 

It was observed that native ligand violated the Veber’s rule, as it has TPSA 187.50Å
2
 and 

number of rotatable bonds 10 which indicate its poor oral bioavailability. Molecules 

B6,B7,B16and B20have showed more TPSA than acceptable value therefore these compounds 

were indicated poor oral bioavailability. 

In order to further optimize the compounds, pharmacokinetics and drug-likeness 

properties were calculated for each one. All the compounds including native ligandshowed no 

penetration to the blood-brain barrier (BBB). The log Kp (skin penetration, cm/s) and 

bioavailability values of all the compounds were within acceptable limits. Few molecules and 

native ligand do not meet all, two, or one of the Ghose, Egan, and Muegge requirements (Table 

3). Molecules B3, B10, B12,B18,and native ligand exhibited low gastrointestinal (GI) 

absorption. 

In acute toxicity predictions, one molecule i.e. B17 falls in toxicity class-II [fatal if 

swallowed (5<LD50≤50)] whereas, native ligand fall in toxicity class-III i.e. toxic if swallowed 

(50<LD50≤300). All Moleculesexcept B12, B13, and B14 displayed toxicity class-IV which 

means harmful if swallowed (300<LD50≤2000). MoleculesB12, B13, and B14showed toxicity 

class-V which indicate may be harmful if swallowed (2000<LD50≤5000)(Banerjee et al., 

2018).From this virtual screening, it was concluded that compounds B6,B7,B16, and B20do 

possess drug-like properties and hence were subjected to molecular docking studies. 

The binding affinities of the derivatives have been compared with the binding mode of 

native ligand present in the crystal structure of DHFR (PDB ID: 5CCC).Native ligand exhibited -
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8.5 kcal/molof binding affinity with DHFR and formed 6 conventional hydrogen bonds with 

Asp27, Ala6, Ile5, Arg57, and one carbon-hydrogen bond with Ile94. It has developed many 

hydrophobic interactions such as Pi-sigma, Pi-Pi T-shaped, alkyl, and Pi-alkyl bonds with Ile50, 

Phe31, Ile94, Ile5, and Ala7. 

Compound B6 exhibited -9.2 kcal/mol binding affinity and formed one carbon  hydrogen 

bond withAla7. It displayed many hydrophobic interactions (Pi-Sigma, Pi-Pi T-shapedalkyl and 

Pi-alkyl, ) with Leu28, Phe31,Ile50, Ala7, Met20, Trp30.Compound B7 displayed -9.5 kcal/mol 

docking score and formed only one carbon hydrogen bond Ala7 . It displayed many hydrophobic 

interactions (Pi-Sigma, alkyl and Pi-alkyl) with Leu28, Ile50, Ala7, Met20, and Trp30. 

Compound B16showed -9.2 kcal/mol binding affinity and developed one conventional hydrogen 

bond with Thr46. It also formed pi-alkyl type of hydrophobic Interactions with Ala6, Ile14,Ile 

50, Leu54, Leu28, and Lys32. Compound B20exhibited -9.2 kcal/mol of binding affinity and 

developed three conventional hydrogen bonds with Thr46, Trp22&Thr113, whereas formed two 

carbon hydrogen bonds with Trp22 and Ile5. It also formed pi-alkyl & alkyl type of hydrophobic 

Interactions with Ala7, Ile14, Ile 50 and Phe31, Electrostatic Interactions with Asp27 and Phe31. 

Millions of humans are now affected by bacterial diseases triggered by pathogenic 

bacteria which are responsible for elevated child mortality rates in developed countries 
[9]

. Not 

all bacteria are pathogenic. For example, there are thousands of bacterial organisms in the human 

digestive tract, some of which are harmless and even useful. Furthermore, various mechanisms 

of action on the target site can aid in the discovery of potential drugs while developing 

antibacterial agents 
[10]

. However, since bacteria have developed antibiotic tolerance, finding a 

new antibacterial agent became difficult. Gram-positive bacteria, such as methicillin-resistant S. 

aureus, S. epidermis, vancomycin-resistant E. calcium, and penicillin-resistant S. pneumoniae, 

induce the majority of bacterial infections. Fungal infections have become more frequent, and 

the majority of them are minor(Manohar et al., 2020). There are various varieties of fungi that 

cause infections today(Reta et al., 2019). Species like candida and aspergillus are only a few 

examples(Liu et al., 2017). In present investigation, all the synthesized compounds were 

subjected for in vitro antibacterial and antifungal activity using different strains as given in Table 

7. 
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All the synthesized compounds were sensitive to both gram +ve(Staphylococcus aureus, 

Staphylococcus pyogenes) and gram –ve(Escherichia coli, Pseudomonas aeruginosa) bacterial 

strains. All the compounds demonstrated more potent activity than Ampicillin against both gram-

positive and gram-negative bacteria. Most of the compounds were more or equipotent than 

Chloramphenicol and Ciprofloxacin. Compound B16 was sensitive at 25 µg/mL against 

Escherichia coli, 50 µg/mL against Pseudomonas aeruginosa, andStaphylococcus aureus 

whereas compound B20 was sensitive to all gram +ve and –ve bacteria at same concentration. 

Compound B6 was sensitive at 50 µg/mL against all the bacteria.In antifungal activity, 

compound B7 exhibited MFCs of 100 µg/mL against Candida albicans, Aspergillus niger, and 

Aspergillus clavatus which is same as Nystatin. Compound B16 and B20 were also sensitive to 

all the antifungal strains at 100 or 200 µg/mL concentration. Compound B20 is more potent than 

Greseofulvin against Candida albicans. It can be concluded that substitution at para-position 

with bulky group can greatly increase the activity of the designed compounds.  

5. Conclusion 

Dihydrofolate reductase (DHFR) is an important enzyme required to maintain bacterial growth, 

and hence inhibitors of DHFR have been proven as effective agents for treating bacterial 

infections.In the present study, we have designed and developed some methyl 2-(1H-pyrazol-4-

ylthio)-1,2,3,4-tetrahydro-6-methylpyrimidine-5-carboxylate derivativesas potential DHFR 

inhibitors.The designed derivatives were screened through Lipinski rule, Veber’s rule, ADMET 

analysis, drug-likeness properties, and molecular docking. The selected derivatives were 

synthesized and subjected forin vitro biological evaluation. We concluded that compounds B6, 

B7, B16, and B20 are most potent and can developed further to get more promising molecules 

for the treatment of bacterial infection. 
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