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Abstract  

The immune system of humans is impacted by many drugs. Chemicals that have a gender-bending 
impact on boys, were synthesized, their use spread, and as a consequence, they entered the ecology, 
the food chain, and eventually ended up in blood or human breast milk. Due to the use of benzene in 
both industry and medicine, chemicals with benzene rings are among the most problematic. The 
generation of benzene metabolites that produce superoxide, the phenoxy radical, and benzene-drug 
binding are only a few of the processes by which benzene and its derivatives cause harm. Benzene 
metabolites are distinct from chemical metabolites apart from benzene, which is lipophilic in nature 
and binds to cellular membranes, in that they bind to the intracellular plasma membrane where they 
produce degenerative alterations. Many diseases are associated with degenerative alterations in the 
mitochondria that culminate in mitochondrial dysfunction. Herein, twenty benzene derivatives (BDs) 
have been studied in terms of their biological and physiochemical properties, and the compounds have 
also been investigated using quantum mechanical computations. Binding affinities and behaviors of all 
BDs have been investigated using molecular docking and nonbonding interactions on 3D crystal 
structures of human receptor proteins serum albumin (1AO6), free native cellulase CEL48F (1G9G), 
and human D-amino acid oxidase mutant (P219L) complexed with benzoate (6KBP). Geometry as well 
as thermochemical data support the stability of all structures. All derivatives were predicted by ADMET 
to have improved pharmacokinetic properties and less acute oral toxicity. 
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1 Introduction 

In chemistry, the benzene ring is the most 
important fundamental structural component. 
In bioactive compounds and natural products, it 
is the most prevalent ring. Pharmaceuticals, 
plastics, oils, synthetic fibers and dyes all 
include benzene as a precursor [1]. Benzene-
containing compounds can be found in over 500 
medicines and agrochemicals [2]. Benzene 
derivatives (BDs) are organic compounds with a 
benzene moiety as the central component, 
giving them aromatic properties and increased 
structural stability [3]. The optimization and 
selection of the candidate for the 
supplementation of oral medicines, predicting 
human intestinal absorption (HIA) is a prime 
goal. The popularity of combinatorial chemistry 
techniques for drug design in which huge 
characters of novel compounds are synthesized 
and screened in parallel for in vitro 
pharmacological affectivity has sparked a surge 
in the desire for quick and accurate models for 
predicting HIA and other biopharmaceutical 
properties [4]. The novel percutaneous 
absorption results on benzene and derivatives 
are much acknowledged. The research is based 
on a human epidermis in vitro technique 
(diffusion cell method) [5]. BDs are commonly 
employed in numerous industrial applications. 
They are most typically utilized as solvents, 
oxidizers, additives, cooling mediators, and 
other polymers. The sorption of BDs on soils is 
preferred, and their removal is a tough process 

[6]. Chemicals that are produced by bacteria and 
other organisms could be at risk from food mesh 
in higher animals and humans. Due to their 
lipophilic nature, BDs in aquatic systems have 
the propensity to split into the organic layer and 
bioaccumulation inside the fatty tissues, 
resulting in greater concentrations [3, 7]. The 
pharmaceutical industry has a long history of 
therapeutic breakthroughs and innovative drug 
development due to the use of BDs [8]. The 
development of certain pharmaceutical 
medicines, such as antipsychotics, 
antidepressants, and aspirin (pain relievers) 
has been greatly aided by BDs [9]. Moreover, 
BDs have been essential in the development of 
other drug families, including antipsychotics, 
antidepressants, and antihistamines [10]. 
Concerns over toxicity and environmental 
impact have prompted research towards 
greener synthesis methods and safer 
alternatives, leading to ongoing innovations in 
medicinal chemistry [11, 12, 13]. The 
environment is constantly exposed to organic 
and inorganic chemicals, along with the 
mixtures of several chemical compounds; 
through their use in industrial approaches, 
chemical assays in research centers, and 
domestic utilization of different substances. The 
wastewater contains a wide range of BDs and 
combine actions of individual chemicals can 
lead to complicated and integrated toxic effects 
on the environment [14]. The entry of 
micropollutants into river flow or the loss of 
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insect biodiversity are two ecological effects 
related to the discharge of wastewater into 
fluvial environments [15, 16]. More attention 
has to be paid to the development of methods 
capable of evaluating the potentially dangerous 
effects of chemicals that affect living creatures. 
As a result, information on the environmental 
toxicity of commercial organic compounds 
especially the benzene derivatives are of 
importance [17]. The relationships of 
carcinogenic activity in aromatic compounds 
and their amino, alkyl-, nitro-analogs, and halo-
alkanes support the concept of the enzymatic 
triggering of pro-carcinogens to proximate and 
ultimate carcinogens [18, 19]. The BDs are 
recognized to be the typical substrates for 
hydroxylation mediated by cytochrome P450. It 
is well known that the kind of substituent 
significantly influences the rate of oxidative 
stress on the yield of products that have been 
hydroxylated, as well as the cytotoxicity of 
substituted benzenes [19]. Consideration of the 
possibility of a novel candidate therapeutic 
molecule penetrating the blood-brain barrier 
(BBB) is a pivotal part of drug design [20]. In 
this perspective, Benzene and its derivatives are 
dealt with by chemists from various fields, 
including inorganic, polymer, physical, 
medicinal, and organic chemistry. For most of 
this whole century, scientists have examined the 
biological effects of benzene derivatives in 
human and animal models [21].  As seen by 
recent advancements, BDs have yielded 
promising new results in pharmaceutical 
companies. Treatments for many diseases, 
including cancer, neurological disorders, and 
infectious diseases, appear to be progressing 
due to technological advancements [22, 23]. The 
combination of computational modelling and 
high-throughput screening techniques has 
significantly expedited the identification of lead 
compounds, thereby enhancing the drug 
discovery process. Furthermore, advancements 
in computational methodologies have enabled 
the efficiency of BDs, addressing previous 
concerns regarding their environmental impact 
and sustainability. Overall, these recent 
achievements underscore the continued 
importance of BDs in shaping the future of 
pharmaceuticals and improving global 
healthcare. 

In this study, we optimized benzene and its 
twenty analogs’ using quantum computation to 

examine their biological behavior. We estimated 
the change of free energy, enthalpy, dipole-
moment, electrostatic potential, HOMO–LUMO 
energy gap, hardness, and softness. The binding 
score, mode(s), and interactions of ligands with 
amino acid sequences of the receptor protein 
have been analyzed by molecular modeling as 
well as non-bonding interactions. The majority 
of the derivatives demonstrated increased 
thermal steadiness, chemical reactivity, binding 
aptitudes, and interactions. Hydrogen bonding 
is important in biological processes as it affects 
the system's thermodynamic and structural 
stability [24, 25]. 

 
2 Materials and Methods  

2.1 Geometry optimization 

All BDs original geometries were obtained 
from PubChem, an online resource of chemical 
structures. The application Gaussian 09W 
Revision D.01 was used for modification and 
geometry optimization [26]. To determine the 
lowest energy conformer, a molecular dynamic, 
and conformational study was carried out using 
an Amber force field using Gabedit software 
(2.5.0) at ambient temperature (298.15 K) and 
pressure (1.00 atm) [27]. The conformers of 
lowest energy were optimized by using density 
functional theory (DFT) [28] along with the 
B3LYP [29] 6-31g (d, p) [30] basis set. Molecular 
orbital characteristics were calculated by last 
reported methods [31]. Employing time-
dependent density functional theory (TD-DFT), 
the electronic transition was computed [32]. 

2.2  Protein preparation, and visualization 

The 3D crystalline structure of the 
receptor protein was retrieved from the RCSB 
data bank of proteins using PDB IDs 1AO6, 1G9G 
and 6KBP which have equivalent resolutions of 
2.50 Å, 1.90 Å, and 2.25 Å respectively. Water 
molecules, heteroatom, and co-crystallized 
ligands were eliminated by Discovery Studio 
2021 software. The energy was minimized by 
employing the Swiss PDB viewer program 
(version 4.1.0). Finally, PyRX software (ver. 0.8) 
was utilized to perform molecular docking 
identifying the protein as a macromolecule and 
the compound as a ligand. Individual grid box 
was maintained for three receptor proteins with 
X, Y, and Z dimensions of 74.04 Å, 60.62 Å, and 
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74.60 Å for 1A06; 65.36 Å, 64.09 Å, and 62.15 Å 
for 1G9G, and 42.56 Å, 65.31 Å, and 62.74 Å for 
6KBP respectively. Further, docked compounds 
and prepared protein were saved together to 
prepare the complex for interaction calculation. 

2.3 Pharmacokinetic prediction 

Pharmacokinetic (PK) inspection of drugs 
is designed in preclinical functional species 
(usually mice) to confirm that a proposed 
medicine has the requisite exposure to ensure 
efficiency following in-vitro dosing [33]. The 
term pharmacodynamics (PD) refers to how 

medicine impacts the body. At present, any 
software can anticipate both PK and PD. For cost 
minimization as well as time consumption, 
“Adsorption, distribution, metabolism, 
excretion, and toxicity (ADMET)” data helps to 
develop a method to design a new drug before 
its synthesis. In the present investigation, 
ADMET of 20 benzene derivatives was 
predicted using the admetSAR protocol [34] and 
presented in Figure 1. In all cases, “SMILES 
(simplified molecular input line entry system)” 
and structural data files were used during the 
generation process. 

 
 
 

 
Figure 1 Chemical structures of studied benzene derivatives. 
 
 
 

3 Results and Discussion 

3.1 Equilibrium geometry  

Due to the existence of different functional 
groups in the structure of different BDs, it is 
crucial to calculate the bond lengths as well as 
bond angles to know the equilibrium geometry 
in detail [35]. Equilibrium geometry is a key 
element in any chemical species' structural 
characterization because it gives minimum 
strain to a molecule. Lists of certain bond 
lengths and angles for benzene and its 
derivatives are shown in Tables S1 and S2 (for 
atom numbers see the optimized structures in 

Figure S1). The bond lengths of the derivatives 
have not changed much from the experimental 
values, but the occupancy of different functional 
groups enhances the possibility of changing the 
bond length of molecules present around it. In 
our studied analog, we have arranged the BDs in 
four different series for better analysis purposes 
according to the presence of electron donor and 
receiver at the functional groups. Here, the bond 
length between the carbon of the benzene ring 
and the central atom of functional group is the 
decider of the chemical reactivity. In 1(a-e) the 
presence of electron density lowers the bond 
length; we can see that the lowest bond length 
was found in the C1-C7 bond in analog 1f and 
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the highest was found in the C1-C2 bond in 1b. 
In series 2(a-e), the bond length of the 
compounds changes due to the existence of 
electron-donating groups attached to the 
carbonyl group in the side chain. With the 
inclusion of powerful electron-donating groups, 
the bond length increases. In compound 2(c), 
the NH2 group increases the electron density at 
the core of the carbonyl group which results in 
the highest bond length in the C3-C9 bond in this 
series and there is no electron donor group in 
2a, which is the reason for the lowest bond 
length in the C2-C8 bond. The presence of the 
electron-withdrawing group in series 3(a-e) 
increases the bond length. The NO2 group linked 
to the benzene ring is the reason for the highest 
bond length of analog 3d in the series and the 
lowest had been observed in 3b. In the case of 
halo benzene, the bond length enlarges with the 
increase in the size of the halogen atom. Hence, 
we found that fluorobenzene (4a) has the 
lowest bond length and iodobenzene (4d) has 
the highest bond length. There were some 
changes in the case of bond angles. Slightly 
increased bond angles were observed in C1-C2-
C5 of 1a, C2-C3-C6 of 1e, C1-C7-C8 of 1f, and 
slightly lower bond angles in H10-C1-C3 of 1b. 

3.2 Thermodynamic analysis 

Thermochemical computations enable the 
prediction of reaction kinetics and chemical 
stability of the compounds. The extent of the 
spontaneity of an adsorption system is reflected 
by the free energy value, and the negative sign 
denotes the reaction's spontaneity condition. 
The impetuosity of a reaction and stability of a 
product can be evaluated from its free energy, 

enthalpy, and electronic energy [36]. Here 16 
compounds out of 20 BDs, exhibited negative 
results for free energy and enthalpy (Table 1 
and S3) except 4(a-d), implying that no external 
energy will be required for binding. Compounds 
4(a-d) showed less binding interaction than 
other derivatives due to the less steric effect and 
chemical interaction with a single halogen 
group (X = F, Cl, Br, I). Higher internal (∆E) and 
free energy (∆G) values, as well as high negative 
enthalpy (∆H) value (-459.987 Hartree), imply 
that 2e containing its COOCH3 functional group 
has superior thermodynamic properties than 
other benzene analogs. Here, enthalpy values of 
2a and 1a are -345.465 Hartree and -271.444 
Hartree respectively containing CHO and CH3 
functional groups in their chemical structures. 
The electrical property of a molecule is depicted 
by its dipole moment value, with a high dipole 
moment value resulting in more intermolecular 
interactions. A more polar nature is indicated by 
a high dipole moment value [37, 38]. From 
Table 1 and S3, 3d (4.557 Debye) had the best 
dipole moment, indicating a strong binding 
score, hydrogen bonding, and non-binding 
actions in the drug-receptor complex while 1a 
showed a lower dipole moment with less 
binding interaction. In our investigation, 
compounds 2(a-c) showed significant dipole 
moment values of 3.498 Debye, 3.283 Debye, 
and 2.983 Debye respectively. Again, the 
analogs 3d and 3e exhibited substantial dipole 
moments 4.557 Debye and 4.546 Debye 
respectively for the existence of comparatively 
better electron-withdrawing functional groups 
with negative inductive effects. In the case of the 
halo-benzene analogs, 4b (1.920 Debye) 
exhibited a comparatively high dipole moment. 

 
 
 
Table 1 Molecular formula (MF), molecular weight (MW), energies (Hartree), and dipole moment (Debye) of benzene and its 
studied analogs. (Remaining data are included in Table S3) 

Name  MF  MW Internal Energy  Enthalpy  Gibbs Free Energy  Dipole Moment 
Benzene  C6H6  78.110 -232.153  -232.152  -232.183  0.000 
1(a).  C7H8  92.140 -271.445  -271.444  -271.482  0.342 
1(b).  C9H12  120.190 -350.017  -350.016  -350.059  0.284 
1(d).  C8H10  106.160 -310.735  -310.734  -310.774  0.585 
1(f).  C8H8  104.150 -309.521  -309.519  -309.559  0.187 
2(a).  C7H6O  106.124 -345.466  -345.465  -345.503  3.283 
2(e).  C8H8O2  136.150 -459.988  -459.987  -460.031  1.851 
3(c).  C6H5NH2  93.130 -287.493  -287.493  -287.528  1.709 
3(d).  C6H5NO2  123.110 -436.648  -436.647  -436.687  4.557 
4(a).  C6H5F  96.104 61.241  61.833  39.930  1.349 
4(c).  C6H5Br  157.010 60.483  61.075  37.539  1.812 
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Table 2 Energy (eV) of HOMO-LUMO, gap, hardness (η), softness (S), chemical potential (µ), electronegativity (χ), and 
electrophilicity (ω) of benzene and some of its studied derivatives. (Remaining data are included in Table S4) 

Name ɛHOMO ɛLUMO Gap η S µ χ ω 
Benzene -6.721 0.082 6.803 3.402 0.147 -3.320 3.320 1.620 
1(a). -6.412 0.122 6.534 3.267 0.306 -3.145 3.145 1.514 
1(b). -6.422 0.098 6.520 3.260 0.153 -3.162 3.162 1.533 
1(d). -6.150 0.163 6.313 3.157 0.158 -2.994 2.994 1.420 
1(f). -6.046 -0.853 5.193 2.597 0.385 -3.449 3.449 2.291 
2(a). -6.966 -1.796 5.170 2.585 0.386 -4.381 2.191 4.514 
2(e). -7.129 -1.790 5.339 2.670 0.375 -4.460 2.230 3.725 
3(c). -5.393 0.233 5.626 2.813 0.355 -2.580 2.580 1.183 
3(d). -7.602 -2.435 5.167 2.584 0.387 -5.019 5.019 4.874 
4(a). -5.552 -0.603 4.949 2.474 0.202 -3.077 3.077 11.716 
4(c). -6.714 -0.365 6.348 3.174 0.158 -3.539 3.539 19.882 

 
 
 

3.3 Frontier Molecular orbital analysis 

The result of frontier molecular orbital 
plays an evidential role in the attainment of the 
potential energy required for chemical 
reactions. For many chemical reactions, the 
HOMO (Highest Occupied Molecular Orbital) 
and LUMO (Lowest Unoccupied Molecular 
Orbital) play a vital role [39]. The transition 
from HOMO to LUMO is affiliated with electronic 
absorption [40]. Both chemical hardness and 
softness are influenced by the HOMO-LUMO gap 
value. A molecule's prolonged energy gap is 
linked to both high chemical stability and low 
chemical reactivity. Due to the ease of electron 
transition, a minimal gap of energy is related to 
equally weak chemical stability and strong 
chemical reactivity [41]. From Table 2, S4 and 
Figure S2, it is evident that benzene has the 
highest energy gap value, chemical hardness, 
and lowest softness of all the derivatives. But 
among all BDs, compound 1e has the highest 
energy gap value (6.544 eV) and 4a has the 
lowest energy gap value (4.949 eV) compared to 
the other benzene derivatives. The analog 1e 
has chemical stiffness and pliability values of 
3.272 eV and 0.306 eV respectively, where the 
chemical hardness value is at the peak of all the 
derivatives. In contrast, 4a has a chemical 
hardness of 2.474 eV and a softness of 0.202 eV, 
where the chemical hardness value is the lowest 
among all the BDs. The lowest softness value 
among the derivatives is 0.153 eV, which is of 
the analog 1b. Further, 4a has a stronger 
electron-withdrawing group fluorine (F) group 
connected to the benzene ring which is a reason 
behind the higher chemical reactivity. 

3.4 Electrostatic potential analysis  

The total charge density of the electrons 
and nuclei is shown by the molecular 
electrostatic potential (MEP) map and reveals 
information on the electro-negativity, partial 
charge, dipole moment, and chemical reactivity 
of the molecule [42]. The analysis of the 
biological recognition mechanism and hydrogen 
bonding interaction can also be interpreted by it 
[43]. By using the colors blue and red, it depicts 
a potential electrophilic and nucleophilic attack 
[44]. Green represents zero potential areas, blue 
indicates the highest positive area which is 
more favorable for the nucleophilic attack, and 
the greatest negative area, which is red, is 
conducive to electrophilic attack. From the MEP 
map (Figure S3) it can be seen that the areas 
with negative potentialities are over 
electronegative atoms (e.g., O, Cl, F, Br, etc.), and 
those having positive potential are over 
hydrogen atoms. Here, benzene derivatives 1(a-
f) showed the range of negative and positive 
potentiality ‘-2.384e-2 - 2.825e-2’ in which 1(a-
e) exhibited higher electrostatic potentiality 
than that of benzene due to the presence of 
various alkyl groups in different position 
whereas 2(a-e) and 3(a-e) showed the range of 
negative and positive potentiality ‘-5.081e-2 - 
5.879e-2’ and ‘-3.190e-2 – 6.255e-2’ 
respectively in which all of the derivatives 
exhibited higher electrostatic potentiality than 
that of benzene due to the occupancy of high 
electronegative O and N atoms in the functional 
groups of their structures. Again, the BDs 4(a-d) 
showed the range of negative and positive 
potentiality ‘-2.084e-2 - 3.827e1’ in which only 
4d exhibited higher electrostatic potentiality 
than that of benzene (Table S5). 
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3.5 Vibrational frequency analysis  

The vibrations of molecules are examined 
via infrared spectroscopy. Functional groups 
can be related to distinctive infrared absorption 
bands which correspond to their fundamental 
vibrations [45]. FT-IR spectral data for BDs are 
presented in Table S6. For all compounds, the 
FT-IR spectral frequencies are found to be in the 
range of 400–4000 cm-1 (Figure 2a and Table 
S6). For the precision in their concordance with 
the experimental data, the estimated FT-IR 
vibration wave numbers of the benzene analogs 
have been multiplied by the magnification factor 
of 0.9679, and their provisional vibrational 
assignments have been reported [37]. The 
aromatic benzene and its analogs displayed 
symmetrical vibration stretching for the C-H 
bond in the region 3175-3185 cm-1, but 
asymmetric vibration frequencies have been 
seen in the considerably lower range [46]. The 
distinctive C=O stretching vibration is seen in 
the BDs 2(a-e) between 1775 and 1800 cm-1. 
The C-H stretching vibration at the range 3168-
3170 cm-1 in 2b proves the presence of an 
aliphatic methyl group (CH3) [47]. The hydroxyl 

(OH) functional group shows the stretching 
vibration in the range 3766-3770 cm-1 and 
verifies the presence of carboxylic OH in 2d 
[48]. Again, both the C-H and C-O stretching 
vibration at the range 3172-3175 cm-1 and 
1001-1005 cm-1 respectively confirms the 
existence of aliphatic methyl group (CH3) and 
carboxylic ester (COO) group in the 2e [49]. The 
analog 3a shows the O-H stretching vibration at 
the range 3820-3825 cm-1, whereas the 
existence of methoxy group (OCH3) in 3b is 
confirmed by the distinctive O-CH3 and C-H 
stretching vibrations which are shown in the 
regions of 1075-1080 cm-1 and 3145-3150 cm-1, 
respectively [50]. The analog 3c exhibits N-H 
stretching vibration between 3565 and 3570 
cm-1. Again, the existence of cyano functionality 
(CN) in 3e is confirmed by the stretching 
vibration in the range of 2345-2350 cm-1 [51], 
which is greater than the C-N symmetric 
stretching in the range of 1395–1400 cm-1 for 
3d. In benzene analogs 4(a–e), remarkably 
lower vibration frequency bands at 855–865 
cm-1 identify the existence of a carbon-halogen 
bond [52]. 

 
 
 

 
Figure 2 (a) FT-IR and (b) UV-Vis spectra of benzene and some of its selected derivatives. 
 
 
 

3.6 UV-Vis spectral analysis 

A standard for the study of molecular 
orbital of aromatic ring systems using time-
dependent density functional theory (TD-DFT) 
is UV-visible spectroscopy, which ensures a 

balance between accuracy and computing 
expense. Table S7 and Figure 2b show each of 
the two distinctive electronic transition states 
from the analogs. Kinetic stability and chemical 
reactivity in this investigation are determined 
by the initial transition of electrons from the 
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ground state (S0) to singlet (S1) [38]. Analogs 2a, 
2d and 3(d-e) showed a broad absorption band 
at wavelengths of 351.52 nm, 285.50 nm, 409.39 
nm, and 241.03 nm, along with their oscillator 
strengths of 0.000, 0.000, 0.000, and 0.009, 
respectively. Charge transfer of the electrons to 
the excited state S0 to S1 results in maximum 
wavelength of the configurations; [0.694(H→L), 
-0.133(H → L+3)] for 2a, [0.693 (H-2→L), 0.132 
(H-2→L+2)] for 2d, [0.698(H→L),  
-0.108(H→L+2)] for 3d and [0.535 (H-1→L), -
0.125 (H-1→ L+1), -0.205(H→L),  
-0.393 (H→L+1)] for 3e. The electronic 
movement from HOMO to LUMO is the major 
root of the two broad absorption band 
wavelengths with the highest intensities, which 
are 351.52 nm, 285.50 nm, 409.39 nm, and 
241.03 nm, respectively. The presence of 
electron-withdrawing CHO, COOH, –NO2, and CN 
groups in the analogs 2a, 2d, 3d and 3e 
respectively make the compound more reactive 
towards addition reaction by decreasing the 
electron density in the benzene ring. The higher 
excitation energy corresponding to the  
HOMO–LUMO energy gaps increases the kinetic 
stability and decreases the chemical reactivity 
as it is energetically unfavorable and lower 
excitation energy minimizes the kinetic stability 
and maximizes the chemical reactivity [41]. Thus, 
analogs 2a, 2d, 3d and 3e have more reaction 
sites, which are ensured by the lower excitation 
energies; 3.527 eV, 4.343 eV, 3.029 eV, and 
5.144 eV, respectively. On the other hand, 1a has 
the least reaction sites as it possesses the 
highest excitation energy and oscillator strength 
of 0.003 for the transition S0 to S1. The electron 
donor CH3 group connected to the benzene ring 
makes the compound less reactive in the 
addition reaction. The other analogs; 1(b-e), 
2(b-c), 2e, 3(a-c), and 4(b-d) have moderate 
reactive sites with excitation energies at a range 
of 3.545 eV to 5.217 eV. 

3.7 Molecular docking and non-bonding 
interactions analysis 

Molecular docking is a technique that is 
used to forecast the preferred orientation, 
affinity, and interaction of a lite molecule ligand 
and a protein at the atomic level, which permits 
to investigate of the behavior of the ligand in the 
binding site of the target protein and to 
elucidate the fundamental biochemical 

processes [53]. In Table S8, average binding 
scores and ligand-protein interactions are 
summarized. Here, the higher negative binding 
values represent the stronger bonds between 
the receptor protein and benzene derivatives. 
Multiple non-covalent interactions like 
hydrogen bonds, halogen bonds as well as 
hydrophobic interactions are related to the 
binding of examined structures. However, from 
theory, it is stated that hydrogen bonds less than 
2.3 Å are considered strong enough to increase 
the binding affinity by some magnitude [54]. In 
halogen analogs, 4(a-d)–1G9G docked 
conformers (Figure 3), the binding affinity 
values are similar (≈ -5.5 Kcal/mol) and 
relatively low, as there is no hydrogen bond 
formed between halogen and 1G9G instead 
formed π-alkyl bonding with ALA228 at a 
distance of 5.08567 Å and over and π-π stacked 
bonding with the residue TRP154. This 
indicates they bind weakly with the receptor 
protein. Analogs 2(a-b) and 2(d-e) were 
docked with receptor protein 6KBP (Figure S4). 
Among these, analog 2e shows the highest 
binding affinity value of -6.4 Kcal/mol and 
contains one hydrogen bond with TYR228 at a 
distance of 2.44943 and two hydrogen bonds 
with ARG283 at a distance of 2.01817 and 
2.20044 Å, and an effective carbon-hydrogen 
bond with GLY313 at 2.74732 Å distance. The 
low binding affinity value of 2a (-5.8 Kcal/mol) 
is due to the larger bond distance (over 2.47 Å) 
than the experimental limit (2.30 Å) in one of 
the hydrogen bonds.  Receptor protein 1AO6 is 
docked with 2c and 3(a-e) (Figure 3). The 
analog 3d has one hydrogen bond with ARG410 
at a distance of 2.35701 Å and hence shows a 
higher binding affinity of -6.0 Kcal/mol. 
However, analogs 3a and 3c have the same 
binding affinity of -5.0 Kcal/mol as they may 
interact through π-alkyl bonds with LEU407, 
LEU430, and LEU453. Most of the benzene 
derivatives bind with either TYR228 or ARG283 
within the active site of receptor protein 
through hydrogen bonding, which might 
indicate that hydrogen bonding with these 
amino acids is stronger and shows higher 
binding affinity values. However, analog 3b 
exhibits the lowest binding affinity value -4.9 
Kcal/mol as it forms hydrogen bonds with 
ARG257 and ARG257. One of the most common 
interactions is π-alkyl, and this interaction is 
found in almost all derivatives with the LEU238, 
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ALA291, LEU430, LEU453, LEU407, LEU260, 
VAL433, PHE180, TYR403, TRP154, residues 
respectively. Another two significant residues 

are π-π stacked as well as π-π T-shaped with the 
residue TYR230, TYR224, TRP154, and TYR231, 
TYR228, and TRP298, respectively. 

 
 

 
 

 
Figure 3 (i) Docked conformer, (ii) Non-bonding interactions and (iii) hydrogen bond surface for (A) 3b, 3c and 3d 
compounds with protein 1AO6 and (B) 4a,4b and 4c compounds with protein 1G9G respectively. 
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3.8 ADMET analysis 

The body's response to a drug, which is 
investigated in pharmacokinetics, is referred to 
as “Adsorption, distribution, metabolism, 
excretion, and toxicity (ADMET)” [55]. As a 
result, it is necessary for drug design, and also 
ADMET testing, which is used to assess all the 
possible drug aspects [37]. The admetSAR online 
database represents the admet properties of 
various BDs. In the tabulated (Table S9) 
admetSAR data human intestinal absorption 
(HIA), human oral bioavailability (HOB), p-
glycoprotein inhibitor (p-Gp-I), blood-brain 
barrier (BBB), cyp-glycoprotein inhibitor 
(CYP3A4-I), human ether-a-go-go, go-related 
gene (hERG), carcinogenicity, acute oral toxicity 
(AOT), rat acute toxicity (RAT) and 
biodegradation properties are in the list. 
However, admetSAR data showed that all 
benzene derivatives have a positive response to 
HIA in the range of +1.000 to +0.601, which 
suggests that all compounds cannot be excreted 
more readily by urinary and rectal routes [56]. In 
our investigation, all BDs showed higher HIA 
values than benzene (+0.992) except the 
analogs 1c, 4c and 4d. Almost all of the 
compounds exhibited the same positive results 
for HOB except compound 2d (+0.85). Positive 
human oral bioavailability has the possibility of 
causing health problems [34]. The BDs 2a, 2b 
and 3a exhibited greater C2P values than 
benzene (+0.909). The BBB is a highly 
restrictive barrier that tightly regulates the 
movement of molecules, ions, and cells between 
the body’s nervous system and the brain. The 
nervous system (CNS) is shielded by this barrier 
from toxins, infections, inflammation, damage, 
and illness [57]. In our investigation, all of the 
benzene derivatives exhibited a positive 
response to BBB in the limit of +0.996 to +0.908 
which is alarming. Positive responses reveal 
that these will not go through BBB very quickly 
[58]. Here, the parent compound benzene 
showed better BBB (+1.000) which is 
comparatively greater than all BDs. All of the 
benzene analogs have non-inhibition of p-
glycoprotein, which suggests that no one has 
any effect on p-glucosylphosphorus [59]. 
According to its roles, the p-Gp-I or p-Gp-S 
mostly acts as an activator or regulator, when it 
is triggered [60]. 

These benzene analogs do not affect 
CYP3A4 inhibition or substrate binding. All of 
the investigated compounds have weakly 
affected (+0.957 to +0.804) the human ether-a-
go-go related gene (hERG), which can cause long 
QT syndrome, cardiac adverse effects, and 
mortality [61]. Carcinogens are compounds or 
chemicals that mix, in some circumstances, and 
after prolonged or severe exposure, have the 
potential to cause cancer in humans [62]. In this 
study, BDs 1b, 1d and 3d exhibited carcinogenic 
toxicity whereas the remaining benzene analogs 
were non-carcinogenic like benzene.  All BDs 
and also benzene showed acute oral toxicity 
level III, meaning they are comparatively less 
dangerous, except for 3a, 3c and 3d which 
display acute oral toxicity in level II [63]. Here 
all of the investigated analogs predicted LD50 
values comparatively safe in the range of 1.447-
2.539 mol/Kg [64]. The biodegradation of 
substances is one of the most vital factors that 
influence toxicity and the ultimate destiny of an 
organic chemical in aquatic and terrestrial 
ecosystems is the method through which 
organic compounds are released into the 
environment [65]. In our investigation, benzene 
and most of its analogs were readily 
biodegradable except the compounds 3d and 
4(a-d) which showed non-biodegradable 
activity. 

3.9 PASS prediction analysis 

The “prediction of activity spectra for 
substances (PASS)” is a digital tool that has been 
used to foretell the outcomes of over a thousand 
biological and toxicological studies [66]. The 
probability of a molecule being active or 
inactive ranges from 0.000 to 1.000. Here, the 
predicted results are expressed using only the 
Pa (probability of compound becoming active) 
values presented in Table S10. Here, Table S10 
depicts the analysis of predicted results. 
According to PASS predictions, none of the 
chemicals has the active potential to show 
biological function. Analgesics are drugs that, 
without affecting cognition, selectively reduce 
pain by acting on peripheral and central 
nervous system (CNS) pain mediators. Both 
central and peripheral pain models are included 
to make the test for the analgesic property more 
obvious. In our analysis, both 4a and 4b 
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exhibited better analgesic properties than 
benzene, where 4a showed the most activity  
(Pa = 0.593) among all BDs. Non-steroidal anti-
inflammatory drugs typically exhibit antipyretic 
activity as one of their features as a result of 
their inhibition of prostaglandin formation in 
the central nervous system. A prostaglandin-
induced rise in body temperature is suppressed 
by antipyretics. Here, compound 2d represents 
the most probable antipyretic activity  
(Pa= 0.593). In Table S10 the BDs 1b, 1d 2(b-e) 
and 3(a, b) exhibited better antipyretic efficacy 
than the benzene. A drug or treatment that 
lessens inflammation or swelling is said to have 
anti-inflammatory properties [67]. In this 
analysis, both compounds 1b and 3e exhibited 
comparatively good anti-inflammatory 
activities (Pa) which are 0.650 and 0.662 
respectively. Here, almost all of the BDs showed 
better anti-inflammation activity than the 
benzene except 4c. The formation of the cell 
components in both blood and plasma is known 
as hematopoiesis. The hematopoietic system 
comprises organs and tissues like the bone 
marrow, liver, and spleen. In our investigation, 
compound 3c showed the highest 
hematopoietic inhibitory effect (Pa = 0.611) 
which is also greater than benzene (Pa = 0.608). 
In Table S10, none of the compounds exhibited 
any promising biological effect in the case of 
both gastrointestinal motility stimulants and 
diabetic nephropathy treatment. Viral 
infections can be treated with a class of 
medications referred to as antiviral drugs [68]. In 
our study, many of the benzene analogs showed 
promising antiviral activity (Pa) against, 
picornavirus, rhinovirus influenza, and hepatitis 
B. The analog 3d showed the most promising 
antiviral activity (Pa = 0.714) against 
picornavirus which is also better than benzene 
(Pa = 0.676). The similarity of a drug substance 
is measured by using Lipinski’s rule of five to 
assess if it is orally active as a medicinal 
molecule [69]. In our research, practically the 
entire tested compound had similar oral 
bioavailability scores due to their activity of 
functional groups. 

 
4 Conclusions 

Benzene and its derivatives are the key 
components of the modern pharmaceutical 
industry. These are mostly utilized as an 

intermediate to synthesize other chemicals. Our 
study looked at a computational analysis of 
twenty different benzene derivatives. All 
structures were supported by analyses of 
optimum geometries, vibration frequencies, and 
UV-visible spectral data. All investigated 
benzene derivatives exhibited thermal stability, 
significant binding affinity, and nonbonding 
interaction with three receptor proteins (1A06, 
1G9G, and 6KBP). Most of the benzene 
derivatives bind with the active site of receptor 
protein through hydrogen bonding, which 
might indicate that hydrogen bonding with 
these amino acids is stronger and shows higher 
binding affinity values. All tested benzene 
analogs may have improved oral absorption 
abilities because all of them predicted LD50 
values comparatively safe in the range and acute 
toxicity in category III with higher 
pharmacokinetic properties. Due to concern 
and increasingly restrictive legislation, our 
inquiry is presenting the results of biological 
and ecological studies on a few benzene 
derivatives utilized in pharmaceuticals. 
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