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 Inhibitory activities of five derivatives of 1,2,3-triazole and 
isoxazole-linked pyrazole hybrids (A,B,C,D and D) were 
investigated on two bacteria cell lines E.coli (5R1R) and 
S.aureous (2XCT) to predict their potency and their use as 
antibacterial agents. Spartan’14 was used to optimized the 
compounds via Density functional theory to calculate the 
molecular descriptors of the studied ligands and a standard 
drug (Amoxicillin). All the ligands obey Lipinski rule except 
ligand E with higher molecular weight greater than 
500g/mol. The band gap which explained the stability of the 
ligand-protein complex formed were observed to be lower 
than the standard with outstanding lower band gap from 
Ligand B and E, hence this two ligand is expected to have 
higher stability as compared to other ligands and the 
standard drug. The predicted affinities via docking studies for 
E.coli were -7.3kcal/mol, -8.5kcal/mol, -7.5kcal/mol, -
7.9kcal/mol, -8.9 kcal/mol and S.aureous were -6.9kcal/mol, -
7.8kcal/mol, -7.0kcal/mol, -7.5kcal/mol. -7.3kcal/mol for 
Ligand A, B, C, D and E respectively. Also a standard drug 
(Amoxicillin) was also subjected to docking studies with the 
two receptor. However, the two ligands gave better inhibition 
at the active site of the two protein as compared to the 
standard drug with higher affinities from Ligand B, D and E. 
In addition, ADMET properties of the ligands displayed that 
all the ligands could be better absorbed from the intestinal 
tract when administered orally with no toxicity and they are 
not easily undergo biodegradation. Therefore, the ligands are 
good drug candidate which could be considered for clinical 
trials. 
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Introduction 
As the rate of designing and developing drugs 
keep increasing globally which has in turn 
reduced the mortality and morbidity rate. 
Bacteria were observed to show resistance to 
drugs, this has led to unceasing death rate [1]. 
Ineffectiveness of several antibiotics have been 
reported by many researchers which has made 
scientist around the world to continuously 
searching for active compounds from plants and 
synthesized compounds in order to proffer 
lasting solutions to this problem. Hence, more 
attention has been devoted in designing new 
antibacterial drugs with higher potency by the 
scientist over the years [2]. 
Derivatives of pyrazole are well known 
heterocycles with interesting inhibitory activities 
against many forms of diseases cell lines. Their 
biological activities such as antibacterial, 
antiviral, antioxidant, anti-inflammatory are of 
exceptional. For instance, pyrazomycin and 
hydroxyl pyrazole derivatives are good antiviral 
drug and have equally been used clinically for the 
treatment of cancer [3]. According to U.S 
National Cancer Institute, 1-(4-Chlorophenyl)- 4-
hydroxy-3-substituted-1H-pyrazoles were 
reported to be used as anticancer agent with a 

highly broad spectrum. The compounds have 
been used effectively in industries as insecticides 
and herbicides due to it wide usage [4]. 
Furthermore, triazoles and isoxazole derivatives 
found in natural products such as muscimol and 
ibotenic acid with notable biological and 
pharmacological activities. Report had shown 
that 1,2,3-triazoles have been used effectively as 
anticancer and antibacterial agent.  Isoxazole are 
also found in some drugs like valdecoxib which is 
an anitiinflammatory drug. hybrid form of the 
compounds [5].  
Micro-organisms are part of human existence, 
some are naturally found in human body with the 
aim to perform some certain metabolic functions 
so as to enhance proper functioning of human 
body system such as nutrient assimilations, 
digestibility, homeostasis regulations etc. Due to 
some certain factors such as age, stress, 
mutation, most of this microorganism became 
unfriendly and are found to be dangerous to 
human health leading to various bacterial 
infections [6]. Therefore, human being has been 
struggling with different diseases such as 
meningitis, diarrhea, typhoid, cholera, 
tuberculosis caused by bacteria and this has been 
the major cause of death all over the world. From 

G R A P H I C A L   A B S T R A C T 

 



Afeez Babatunde Adegoke  et. al. /Ad. J. Chem. B, 2021, 3(2), 148-159 

150 | P a g e  
 

the last century, bacteria strainsthat show 
resistance to many drugs that are initially used 
with strong potency have been identified because 
they have the capacity to withstand any adverse 
condition [7]. Also, abusive uses of antibiotics 
reimburse many bacteria to strive even better by 
obtaining resistance gene from target alteration 
[8]. Their resistivity towards existing drugs has 
made many researchers in the field of drug 
discovery to explore other compounds that 
would be used to cure diseases caused by 
bacterial. All the medicinal properties identified 
from 1,2,3-triazoles, isoxazole and pyrazole could 
suggest a more potent inhibition of the 
compounds against bacteria receptors. This 
actually led us to use computational approach to 
evaluate their antibacterial potentials and then 
compared the result with a standard drug which 
is used as control. 

Computational Methodology 
Ligand Preparation and DFT Calculation 
Spartan ’14 version 1.18 by wave function 
Incorporated [9], a chemical tool was used to 
quantify both the similarity and the 
environmental characteristic of the compounds 
under study. It was also used to identify 
molecular conformation and for analyzing 
physical and chemical properties of the 
compounds. Pyrazole based hybrid derivatives 
(Figure 1) were built using Spartan 14 chemical 
software package version 1.18 by wave function 
Inc. The compounds were minimized before 
subjecting to geometry optimization so as to 
obtain the most stable compound. Density 
functional calculation with 6-31G*(B3LYP) basis 
set were performed on the sets of compounds so 
as to obtain the physicochemical properties for 
cytotoxicity characterization [10]. The obtained 
properties were Partition coefficient 
(LogP),Lowest unoccupied molecular orbital 
(LUMO), Highest occupied molecular orbital 
(HOMO), Polar surface area (PSA), Area, Volume, 
energy gap and polarizability The ligands were 

then converted to pdbqt file format using 
Autodock tools for docking analysis. 

Protein Preparation 
The protein receptors used were obtained from 
protein data bank (PDB) [11].The receptors were 
treated by removing water molecules, impurities, 
non-protein and the native ligands using Pymol. 
Each protein receptors were converted to a 
single strand and then saved for further 
analysis.The routine procedure with default 
parameters of Autodock 4.2was implemented 
with empirical free energy function. Prior to the 
analysis of the active site of the two proteins, 
polar hydrogen was added to the proteins.The 
binding site of the protein was analysed with a 
grid box centered with the coordinates x = -
5.942, y = 94.018, z = 24.016 for E.coli (PDB code 
5R1R) and x = 13.858, y = 39.919, z = 85.065 for 
S.aureous (PDB code 2XCT). Grid box dimensions 
were 102, 82, 76 and 94, 102, 126 for 5R1R and 
2XCT respectively with 1.000Å grid point 
spacing. The proteins were then saved as pdbqt 
for docking analysis.  

Docking Analysis 
Autodockvina[12] was used for the docking 
study. The prepared ligand and receptors were 
both saved in vina folder. From the docking 
procedure, various conformations of the ligands 
were obtained; we select conformation with the 
best binding pose and also with the lowest 
affinities value. Hydrogen bonding and 
hydrophobic interactions between the ligands 
and the protein was investigated and visualized 
using Discovery studio and Pymol software 
[13,14]. The inhibitions constant were calculated 
using the following mathematical expression: 

Ki =                              [1] 

Where ΔG is the affinity in kcal/mol, R is gas 
constant, 0.00199 kcal/mol/K and T is absolute 
temperature assumed to be room temperature, 
298.15K [15]. 
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Figure 1: Structure of 1,2,3-triazole and isoxazole-linked pyrazole hybrids 

 

ADMET Properties 
Absorption, Distribution, Metabolism, Excretion 
and the Toxicity (ADMET) properties of the 
ligands were predicted using admetSAR 
(http://lmmd.ecust .edu.cn/admet sar1) [16]. 
The following properties were considered such 
as Blood Brain Barrier, Human Intestinal 
Absorption (HIA), Ames test, Caco-2 cell 
permeability. 

Result and Discussion 
Molecular Descriptors 
Table 1 shows the molecular descriptors of the 
ligands, the five Pyrazole based hybrid 
compounds and the standards were optimized, 
Density Functional (DFT) analysis was employed 
to predict their descriptors/properties. The 
calculated molecular descriptors are lowest 
unoccupied orbital (LUMO), Highest occupied 
orbital (HOMO), Hydrogen bond donor and 
acceptor, Partition coefficient (Log P), Surface 
Area of the ligands, Polarizability. All this 
properties gave insight about their reactivity and 
cytotoxity with the protein receptors [17]. From 
the result in table 1, four of the ligands obey 
Lipinski rule of five which describes the drug-
likeness of a compounds with Log p < 5, 
Molecular weight < 500, HBD < 5, HBA<10. In 
structure based drug design, the effect of polar 

surface area cannot be over emphasized and 
according to oyebamiji et al [18] and Adegoke et 
al [19], penetrating ability of a drug in to cell 
membrane depends on the PSA value. PSA value 
of a proposed drug greater than 140Å will have 
poor penetrating power and below 60Å will high 
penetrating power in to the cell membrane 
during a biochemical reaction. Ligands A, C and D 
have their PSA value below 60Å, while B and E 
have PSA value 78.62Å and 79.10Å.  
 
The penetrating potential of the ligands are in the 
order of D>C>A>B>E. Hence, all the ligand will 
have better penetrating power in to the cell 
membrane as compared to the standard drug 
(Amoxillin) because of it higher PSA value 
greater than 60.  
To better explain the reactivity of the ligands and 
the stability of the ligand-protein complex 
formed, EHOMO, ELUMO and the Band gap is used. 
EHOMO determine the ability of a ligand to release 
electron to the neighboring molecule. On the 
other hand, ELUMO predict the ability of a ligand 
to accept electrons from nearby molecules [20]. 
The result is shown in Figure 2. From the figure, 
we could observe higher EHOMO and ELUMO from 
ligand A. Therefore, Ligand A will form a better 
reactive compound. 

 

 R R1 R2 IUPAC 

A CH3 p-F p-oMe 1-(4-fluorobenzyl)-4-(((1-(4-methoxyphenyl)-3-(p-
tolyl)-1H-pyrazol-4-yl)oxy)methyl)-1H-1,2,3-triazole 

B CH3 p-F p-NO2 1-(4-fluorobenzyl)-4-(((1-(4-nitrophenyl)-3-(p-tolyl)-
1H-pyrazol-4-yl)oxy)methyl)-1H-1,2,3-triazole 

C Cl p-F p-H 4-(((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-
yl)oxy)methyl)-1-(4-fluorobenzyl)-1H-1,2,3-triazole 

D Cl p-F m-Cl 4-(((1-(3-chlorophenyl)-3-(4-chlorophenyl)-1H-
pyrazol-4-yl)oxy)methyl)-1-(4-fluorobenzyl)-1H-1,2,3-

triazole 
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Figure 2: EHOMO, ELUMO and Band gap of properties of 1,2,3-triazole and isoxazole-linked pyrazole 
hybrids and Amoxicillin. BG Band gap 4.55eV, 2.56eV, 4.45eV, 4.46eV, 2.92eV and 5.46eV for Ligand A, 
B, C, D, E and Amoxicillin respectively. 

 

Table 1: Calculated properties of 1,2,3-triazole and isoxazole-linked pyrazole 
hybrids 

Mol MW LogP PSA Area HBA HBD RB 

A 469.52 1.38 48.65 498.45 7 0 8 

B 484.49 -0.08 78.62 497.39 9 0 8 

C 459.91 2.04 39.11 465.03 6 0 7 

D 494.36 1.91 39.52 481.51 6 0 7 

E 504.91 -0.39 79.10 491.18 9 0 7 

Amoxicillin 365.41 -2.08 118.62 369.18 8 3 4 

Mol Molecule, MW Molecular weight, LogP Partition Coefficient, HBA Hydrogen Bond 
Acceptor, HBD Hydrogen Bond Donor, RB Rotatable bonds 
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This could be achieved by the ability of the ligand 
(A) to donate electrons and also receive electrons 
easily from nearby molecules than the other 
ligands under study. Hence, ligand A will inhibit 
more than the other ligands  
Band gaps are calculated from the difference 
between the EHOMO and the ELUMO. This is 
useful in validating the interactions that occur 
between ligands and protein receptors, and also 
gives information about the kinetic stability of 
the ligand-receptor complex [21].Lower band 
gap predict better stability and vice-versa. Ligand 
B and E with band gap of 2.56eV and 2.92eV 
respectively.While ligand A, C and D have band 
gap of 4.55eV, 4.45eV and 4.46eV respectively. 
Ligand B and E with lower band gap will form 
better stable complex than A, C, D and 
Amoxicillin when react with a protein receptor. 
Other descriptors such as HBA, HBD, LogP and 
molecular weight e.t.c were also calculated. All 
the ligands are good drug candidate. 

Docking  Score 
The pyrazoline based hybrid compounds were 
subjected to dock the binding site of two bacteria 

proteins (i.e Escherichia coli (PDB:5R1R) and S. 
aureous (PDB:2XCT) with Autodock software. 
The theoretical binding mode of the five ligands 
was investigated at the active site where the 
native ligand binds via molecular docking 
simulation. This study was performed for this 
compound to understand the possible 
intermolecular interactions between ligand and 
the protein in detail. From the result in Table, all 
the ligands under study are very active on E.coli 
and S.aureous with higher affinities than the 
standard. Ligand B, D and E with -8.5kcal/mol, -
8.0kcal/mol and -8.5kcal/mol for E.coli 
respectively and -7.8kcal/mol, -7.5kcal/mol and -
7.3kcal/mol for S.aureous respectively proved to 
inhibit better than other ligands under study. The 
standard ligand (Amoxicillin) shows lower 
affinity to the two bacteria receptor as compared 
to the proposed ligands A,B, C, D and E. We can 
then conclude that, all the ligands could serve as 
a better inhibitor for bothE.coli and S.aureous 
than the standard drug used in this work. This is 
shown in Figure 3a and 3b with the residues of 
the protein involve in the interaction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ADMET properties 

Table 2: Simulated Affinities of the Ligands against E.coli (5R1R) and S.aureous (2XCT). 

Ligands Affinities (E. coli) 
(kcal/mol) 

Ki 

(µMolar) 
Affinities  (S. 

aureous)(kcal/mol) 
Ki 

(µMolar) 

A -7.3 1.012397 -6.9 1.011714 

B -8.5 1.014450 -7.8 1.013252 

C -7.5 1.012739 -7.0 1.011885 

D -7.9 1.013423 -7.5 1.012739 

E -8.9 1.015135 -7.3 1.012397 

Amoxicillin -6.5 1.011031 -6.1 1.010349 

 



Afeez Babatunde Adegoke  et. al. /Ad. J. Chem. B, 2021, 3(2), 148-159 

154 | P a g e  
 

Table 3a, 3b, and 3c described the ADMET of the 
ligands with that of amoxicillin. This was done 
using admetSAR online server. Drug-like 
molecules with higher human intestinal 
absorption have the tendency to absorb well 
when administered orally [22]. From the result 
the, human intestinal absorption (HIA) of ligands 
A, B, C, D and E shows better result as compared 
to the standard (Amoxicillin). The ligands will 
absorb well better than the standard. Also the 
blood brain barrier of A, C and D are very close to 
that of the standard which means this ligands 
could better cross BBB. The P-glycoprotein of the 
ligands came out as non-substrate which was 

against our control ligand except Ligand B which 
shows similar P-glycoprotein with that of 
Amoxicillin. In order to explain the mutagenicity 
of ligands in structure based drug design, AMES 
toxicity is imperative. From our result, all the 
ligands except B and E were AMES non-toxic 
which is similar to our standard. Therefore, 
ligands A, C and D are non-mutagenic. All the 
ligands were not carcinogenic. According to their 
biodegradation profile, they are non-
biodegradable with probability value of 1.0 as 
compared to the standard which gave probability 
value of 0.9606. Another important ADMET  

 
 
 
 
 
 
 
 
 
 

                                (a)  
 

Ligand E – 5R1R 
 
 
 
 
 
 
 
 
             
 

 
 
 
 

Ligand B – 4R1R 
Figure3a: Hydrogen Bond interaction (a) and amino residue interaction (b) at the active site of the 

protein 

(b) 

(a) (b) 
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Ligand D – 2XCT 
 

 
 

 
 
 

Ligand B – 2XCT 
 
 

 
Figure3b: Hydrogen Bond interaction (a) and amino residue interaction (b) at the active site of the 

protein. 
 
 

(a) 
(b) 

(a) 
(b) 
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 Table3a: ADMET Properties of the Proposed Ligands and Amoxicillin 
Model   Result    

 A B C D E Amoxicillin 
Human intestinal 

absorption 
HIA+ HIA+ HIA+ HIA+ HIA+ HIA- 

P-glycoprotein 
substrate 

Non-
substrate 

substrate Non-
substrate 

Non-substrate Non-
substrate 

substrate 

Blood–brain 
barrier 

permeation 

BBB+ BBB+ BBB+ BBB+ BBB+ BBB- 

Caco-2 
Permeability 

CaCO2+ CaCO2- CaCO2+ CaCO2+ CaCO2- CaCO2- 

Renal Organic 
Cation 

Transporter 

Inhibitor Non-Inhibitor Inhibitor Inhibitor Non-Inhibitor Non-Inhibitor 

Cytochrome P450 
1A2 inhibitor 

Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Non-Inhibitor 

Cytochrome P450 
3A4 inhibitor 

Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Non-Inhibitor 

Cytochrome P450 
3A4 Substrate 

Substrate Non-
Substrate 

Substrate Substrate Non-
Substrate 

Non-
Substrate 

Cytochrome P450 
2D6 inhibitor 

Non-inhibitor Non-inhibitor Non-
inhibitor 

Non-inhibitor Non-inhibitor Non-inhibitor 

Cytochrome P450 
2D6 Substrate 

Non-
substrate 

Non-
Substrate 

Non-
substrate 

Non-substrate Non-
substrate 

Non-
substrate 

AMES Toxicity Non-Toxic AMES Toxic Non-Toxic Non-Toxic AMES Toxic Non-Toxic 

Carcinogens No No No No No No 

Biodegradation No No No No No No 

Subcellular 
localization 

Mitochondria Mitochondria Mitochondria Mitochondria Mitochondria Lysozome 

 
               Table3b: ADMET Properties of the Proposed Ligands and Amoxicillin 

Probability 
Ligands Human 

intestinal 
absorption 

P-
glycoprotein 

substrate 

BBB 
permeation 

Caco-2 
Permeability 

Renal Organic 
Cation 

Transporter 
A 1.0000 0.6070 0.9575 0.5551 0.5405 
B 0.9953 0.5211 0.6948 0.5478 0.6332 
C 1.0000 0.6794 0.9747 0.5197 0.6115 
D 1.0000 0.6794 0.9747 0.5197 0.6115 
E 0.9962 0.5847 0.7743 0.5516 0.5909 
Amoxicillin 0.9008 0.5741 0.9967 0.8722 0.9636 
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Property to consider is the CYPs P450, it is also 
known as isozymes group. In drugs, steroids, bile 
acids metabolism, cytochrome P450 is involved 
though the studied ligands could inhibit CYP 450. 
In CYP P450 analysis of Amoxicillin, its CYP450 
3A4 sustrate has led high drug-drug interaction 
during drug metabolism which is a major barrier 
to Amoxicillin. Ligand A, C and D overcomes this 
barrier. The predicted ADMET properties of the 
proposed ligands as antimicrobial agents suggest 
that they are better inhibitors for bacterial 
enzymes with efficient pharmacokinetic 
characteristics 
Conclusion 
In this work, the antibacterial potential of 1,2,3-
triazole and isoxazole-linked pyrazole hybrids 
was carried out using density functional theory 
with docking studies via docking softwares 
(Autodock tools and vina, discovery studio and 
pymol). The molecular properties obtained 
through DFT methods were Log P, EHOMO, 
ELUMO, Band gap, PSA, Area and RB. The 
EHOMO, ELUMO and the Band gap of the studied 
compounds predict better interaction with the 
antibacterial receptors with better stability 

during complex formation as compared to the 
standard drugs. Also the penetrating powers of 
the studied compounds into the cell membranes 
predicted through their PSA value are more 
pronounced as compared to the standard. Hence, 
the antibacterial properties of the compounds 
are better than the standard drug.Also, the 
studied compounds are soluble in lipid as a result 
of their high degree of lipophilicity, and this will 
in turn assist the drug to interact well with the 
cell membranes. The docking result shows that 
the ligands are better inhibitors for E.coli (5R1R) 
and S.aureous (2XCT) with greater binding 
affinities from Ligand B and E for E.coli and B and 
D for S.aureous. These ligands show high degree 
of hydrogen bonding interaction with the two 
protein receptors than the standard drug 
(Amoxicillin). No traces of carcinogenic impact 
were observed from all the ligands. The docking 
studies, ADMET and physicochemical properties 
of the studied ligands predict that they have the 
potential to serve as good inhibitors for the 
treatment of bacteria infectious diseases.  

 

Table3c: ADMET Proeperties of the Proposed Ligands and Amoxicillin 

Probability 

Ligands CYP 450 
1A2 

inhibitor 

CYP 450 
3A4 

inhibitor 

CYP 450 
3A4 

Substrate 

CYP 450 
2D6 

inhibitor 

CYP 450 
2D6 

Substrate 

Carcinogens Biodegradation 

A 0.7248 0.8250 0.6175 0.8312 0.7989 0.8240 1.0000 

B 0.6294 0.9223 0.5279 0.7897 0.8278 0.7662 1.0000 

C 0.8071 0.7599 0.5637 0.8345 0.8158 0.7997 1.0000 

D 0.8071 0.7599 0.5637 0.8345 0.8158 0.7997 1.0000 

E 0.6372 0.8858 0.5321 0.8120 0.8301 0.7574 1.0000 

Amoxicillin 0.9045 0.8309 0.5478 0.9231 0.8446 0.5439 0.9606 
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