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Benzimidazole derivatives are an important family of drugs because of their biological characteristics and potential for 
cytotoxicity. In this study, 5-chlorobenzimidazole (5CBZ) computations were performed utilizing the 6-311++G(d,p) basis 
set and the B3LYP approach. The fundamental frequencies as well as geometric optimization have been determined. The 
molecule's computed and observed FT-Raman, FTIR, and UV-vis spectra have been compared. Using the charge density 
distributions that might be correlated to the biological response, the energy gap among HOMO-LUMO and molecule 
electrostatic potentials has been shown. The overlap population (OPDOS), partial (PDOS), and total (TDOS) densities of 
states are used to study molecular orbital contributions. Natural Bond Orbital Analysis (NBO) has been utilized to explore 
numerous inter and intramolecular interactions. Molecular atomic charges have been explored using the Fukui function and 
Mulliken analysis. The 1H and 13C NMR chemical shifts were calculated with the gauge-independent atomic orbital (GIAO) 
technique. The likeness of the molecule as drugs has been revealed using molecular docking and ADMET prediction. 
Further research has been done on the molecule's cytotoxicity and antibacterial properties. Finally, we have identified that 
the molecule is a favorable pharmacological candidate for anti-breast cancer effects. 
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Benzimidazole is a heterocyclic aromatic organic 
compound with two N atoms on its imidazole ring. 
The H atom has two tautomer structures since it may 
migrate quickly from one of the N atoms connected to 
the imidazole ring to the other N atom in the 
imidazole ring1. Naturally occurring forms of vitamin 
B12 include benzimidazole and its derivatives2. They 
are a preferred structure in medicinal chemistry and 
are frequently utilized in the field of pharmacology 
due to their biological properties3. Numerous studies 
have reported that compounds containing 
substitutions of benzimidazoles have antimicrobial, 
antifungal, anti-inflammatory, antiviral, and 
anticancer effects4,5. More attention has been paid to 
benzimidazole and its derivatives in particular as 
potential cancer treatments. Because they interact 
with a variety of negative compounds and show a 
variety of oxidation states, they open the door to the 
production of drugs with substantial therapeutic 
promise in the field of pharmacology. Further, many 
researchers have investigated the effectiveness of 
benzimidazole derivatives against cancer cells6-10. More 

recently, research has been done on the 
6-bromobenzimidazole for its structural, spectroscopic,
NBO, cytotoxicity, and molecular docking
investigation using density functional theory (DFT)
Approach11. In general, DFT has shown to be an
effective technique for examining vibrational spectra
and biomolecule characteristics. The reason for the great
interest in DFT is that it applies to chemical systems
faster than conventional quantum mechanical correlation
techniques. A careful examination of the literature
indicates that 5-chlorobenzimidazole (5CBZ) has not
been the subject of a comprehensive theoretical or
experimental study. This suggests that spectroscopic
investigation be done for 5CBZ utilizing UV-Vis,
FT-Raman, and FTIR.

In this study, the highest occupied (HOMO) 
molecule orbital, lowest unoccupied (LUMO) 
molecule orbital energies, and molecular electrostatic 
potential (MEP) of a chemical can be used to learn 
more about charge transport inside a molecule. The 
overlap population (OPDOS), total density of states 
(TDOS) and partial density of states (PDOS) spectra 
have been combined to study the overlapping of 
molecular orbitals. To recognize the compound's inter 
and intramolecular interactions, natural bond orbitals 
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(NBO) were also shown. Additionally, Mulliken 
population analysis and Fukui function calculations 
have been performed. Utilizing atomic orbital theory, 
the theoretical 13C and 1H NMR have been 
determined. A number of biological qualities such as 
molecular docking, antibacterial activity, cytotoxicity, 
and ADMET (Absorption, Distribution, Metabolism, 
Excretion, and Toxicity) properties have been 
attained. For all of these reasons, 5CBZ was subjected 
to a thorough vibrational, electrical, and biological 
examination employing spectroscopic techniques in 
this work. Spectroscopic data obtained experimentally 
was supported by DFT calculations. Taking into 
account the aforementioned factors, the current effort 
has been performed to provide exhaustive molecular 
vibrations, geometry and biological factors of the title 
molecule. 

Experimental and Computation 

Experimental characterizations  
The Sigma-Aldrich sample 5CBZ was utilized 

directly without further purification. Perkin Elmer's 
FT-IR spectrometer with a KBr beam splitter, LiTaO3 

and He-Ne laser source was used for the FTIR 
characterization. The sample was made by pressing 
5CBZ and KBr into pellet form and then using a 
BRUKER RFS 27 model interferometer to get the 
5CBZ's Fourier transform Raman spectra with a 
resolution of 2 cm-1 at chamber temperature. 
Wavenumbers between 3500 and 500 cm-1 were 
detected for FT-Raman and FTIR spectra. Using 
ethanol as a solvent, the UV-Vis spectrophotometer 
(UV-2600) recorded the UV-Vis spectra of 5CBZ in 
the wavelength range of 100-450 nm. 

Computational details 
The Becke's three-parameter exchange functional12, 

which enhances the flexibility of the valence 
electrons, was utilized in all calculations using the 
Lee-Yang-Parr correlation functional (B3LYP) by the 
6-311++G(d,p) basis set. The B3LYP hybrid
functional with the 6-311++G(d,p) basis set seemed to
be more dependable and produced good results for
aromatic compounds when the practical and
theoretical parameters were compared13. Thus, using
the DFT/B3LYP approach with a 6-311++G(d,p)
basis set, the electronic wave functions of the
molecule 5CBZ have been studied to the best
approximation of lowest energy states by Gaussian 09
software14. Using 0.9613 as the scaling factor15 for the
B3LYP method, the scaled quantum mechanical

(SQM) approach guarantees a satisfactory 
comparability between the experimental and DFT 
vibrational frequencies. Sundius' MOLVIB Program 
(Adaptation V7.0-G77)16 is employed to calculate the 
potential energy distribution (PED%) for different 
frequency modes. The contributions of molecular 
orbitals in different functional groups of the molecule 
have been calculated using the Gauss Sum 
3.0 software17. By merging the results of the 
GAUSSVIEW software14 by symmetry attentions, 
vibrational frequency assignments were produced 
with a high level of precision. Then, the simulated and 
observed spectra were utilized and displayed on a 
similar wavenumber scale for visual comparison. 

In this study, Human Progesterone Receptor (PDB 
ID: 1A28), Human Estrogen Receptor (1ERE), 
Estrogen Sulfotransferase Receptor (PDB ID: 1AQU) 
and Epidermal Growth Factor Receptor (PDB ID: 
1M17) are the chosen breast cancer proteins that were 
discovered through Protein Data Bank (http://www. 
pdb.org)18. This study looked into how 5CBZ interacts 
with breast cancer marker proteins. Using Discovery 
Studio19 (2017 R2 client version), we conducted a 
study of the amino acid and protein structure before 
performing molecular docking. We utilized PubChem 
(http://pubch em.ncbi.nlm.nih.gov), one of the public 
ligand databases20, to extract the structure of the 
ligand 5CBZ. Finally, MGL apparatus 1.5.4 and 
Autodock Vina21 (Adaptation: 4.2.1) carried out the 
molecular docking (MD) of 5CBZ with breast cancer 
markers. The outcomes include projected binding free 
energy and interactions. In order to discover the 
pharmacodynamic activities of 5CBZ in our human 
body, ADMET is a component of a pharmacological 
profile22. There are several online and offline software 
programs available now to predict drug usage. 
In this research, we employed the ADMET 
prediction tool (http://lmmd.ecust.edu.cn/admetsar2/). 
As a consequence, the ADMET predictions of 5CBZ 
have been evaluated using the pkCSM-
pharmacokinetics web-based tool (http://biosig.unimelb. 
edu.au/pkcsm/prediction). 

Results and Discussion 

Molecular structure analysis 
The optimized bond quality structure of 5CBZ is 

shown in (Fig. 1). The optimized global minimum 
energy for 5CBZ is found as -839.58923891 Hartrees. 
5CBZ has C1 point group, contains chlorine, phenyl 
and imidazole groups and the bond lengths N1-H14, 
C2-N3, N1-C2, N3-C9,  C5-Cl11 and C7-H13 have 
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been calculated at 1.0073, 1.3053, 1.376, 1.3874, 
1.7636 and 1.0835 Å, which are in agreement with 
the experimental XRD values23,24 of 1.009, 1.297, 
1.374, 1.388, 1.441 and 1.085 Å and are illustrated in 
(Table 1). The angles between C9-N3-C2, N1-C2-N3, 
C4-C5-Cl11, and N3-C2-H15 are calculated from 
DFT calculations to be 104.87°, 113.50°, 118.99°, and 
125.1°, respectively (Experimental values: 103.9°, 

114.9°, 119.4°, and 125.5°). The bond angles of 
5CBZ reveal that the small asymmetry is produced by 
the electronegativity of the chlorine and nitrogen 
atoms in the ring, as seen in Table 1. Table 2 displays 
the properties of 5CBZ's thermodynamics. The 5CBZ 
molecule has an extreme dipole moment of 5.0997 
Debye, which denotes a more intense contact between 
the atoms. Here, 5CBZ is given a total energy of 
72.468 Kcal mol-1 and a zero-point discrete 
vibrational energy of 67.88451 Kcal mol-1. These 
findings are important for understanding how 5CBZ 
reacts chemically. 

Vibrational Assignments 
There are 39 normal vibrations in 5CBZ that are 

active since it contains 15 atoms, as shown by its 
FT-Raman and FT-IR vibrational spectra. The 
estimated and experimentally observed FTIR and 
FT-Raman spectra of 5CBZ are given in (Figs 2 and 3). 

Table 1 –– The optimized structural parameters of  
5-chlorobenzamidazole 

Structural parameters 

Bond length (Å) B3LYP/6-311++G(d,p) Experimental23,24 

N1-C2 1.376 1.374 
N1-C8 1.3842 - 
N1-H14 1.0073 1.009 
C2-N3 1.3053 1.297 
C2-H15 1.0807 1.085 
N3-C9 1.3874 1.388 
C4-C5 1.3853 1.391 
C4-C9 1.3987 - 
C4-H10 1.0816 1.085 
C5-C6 1.4053 1.408 
C5-Cl11 1.7634 1.441 
C6-C7 1.3896 1.393 
C6-H12 1.0822 1.086 
C7-C8 1.3934 1.394
C7-H13 1.0835 1.085
C8-C9 1.4137 1.416

Bond angle (°) 

C2-N1-C8 106.7949 -
C2-N1-H14 126.2654 -
C8-N1-H14 126.9397 128.0
N1-C2-N3 113.5023 114.9
N1-C2-H15 121.3256 -
N3-C2-H15 125.1721 125.5
C2-N3-C9 104.87 103.9
C5-C4-C9 117.0371 -
C5-C4-H10 121.7929 121.8
C9-C4-H10 121.17 -
C4-C5-C6 122.8045 121.4
C4-C5-Cl11 118.992 119.4
C6-C5-Cl11 118.2035 -
C5-C6-C7 120.5232 121.5

C5-C6-H12 119.3211 119.3 
C7-C6-H12 120.1557 - 
C6-C7-C8 117.1455 116.5 
C6-C7-H13 120.4919 121.3 
C8-C7-H13 122.3626 - 
N1-C8-C7 133.2511 - 
N1-C8-C9 104.4454 - 
C7-C8-C9 122.3035 122.6 
N3-C9-C4 129.4264 - 
N3-C9-C8 110.3874 110.6
C4-C9-C8 120.1862 -

Table 2 –– The thermodynamic parameters of 5-chlorobenzamidazole 

Parameters DFT-B3LYP/6-
311++G(d,p) 

Optimized global minimum Energy (Hartrees) -839.58923891
Total energy(thermal), Etotal (Kcal mol-1) 72.468
Heat capacity, Cv (cal mol-1 k-1) 29.048
Total Entropy, S (cal mol-1 k-1) 85.551
Translational Entropy (cal mol-1 k-1) 40.966
Rotational Entropy (cal mol-1 k-1) 29.779
Vibrational Entropy (cal mol-1 k-1) 14.805
Vibrational energy, Evib (Kcal mol-1) 70.691
Zero-point vibrational energy, (Kcal mol-1) 67.88451
Rotational constants (GHz) 
A 3.40304 
B 0.72038 
C 0.59452 
Dipole moment (Debye) 5.0997 

Fig. 1 –– Optimized structure of 5-chlorobenzamidazole 
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In Table 3, the PED% is used to depict the intensities 
and vibrational assignment of 5CBZ. The N-H 
stretching vibrations are seen in the 3500–3300 cm-1 
range for heterocyclic compounds25. This weaker 
band of the FTIR spectrum for the stretching N-H 

vibration of 5CBZ is therefore measured at 3500 cm-1 
(99% PED), and its predicted value is measured at 
3517 cm-1. The range between 1350 and 1250 cm-1 is 
where the in-plane N-H deformation is anticipated, 
and this mode is ascribed to the band at 1235 cm-1 in 

Fig. 2 –– FTIR spectrum of 5-chlorobenzamidazole 

Fig. 3 –– FT-Raman spectrum of 5-chlorobenzamidazole 
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Raman, 1252 cm-1 in the FTIR, and at 1223 cm-1 in 
theoretically, as well as the out-of-plane N-H at 833 
cm-1 for 5CBZ. The scaled frequencies at 3108, 3091,
3081 and 3059 cm-1 (over 90% PED) are attributed to
the C-H vibrations of 5CBZ because the C-H
stretching  vibrations26 are  built up  in  the range of
3100 and 3000 cm-1. In FTIR, the relevant
experimental frequencies were detected at 3105, 3088
and 3083 cm-1, while in FT-Raman; they were
discovered at 3077 and 3050 cm-1. The crucial role of

the C-C stretching wavenumbers27 in the substituted 
aromatic molecules is depicted in the range of 
1430–1650 cm-1. Hence, the experimental peaks in 
5CBZ are assigned to C-C vibrations with 80–85% 
PED at 1581, 1510, 1477, 1396 cm-1 in the IR and 
1585, 1565, 1491, 1439, 1413, 1342 cm-1 in the 
Raman. In aromatic compounds, the three or four 
bands of the C-N stretching vibrations occur between 
1670 and 1320 cm-1. Socrates28 asserts that the types 
of ring atoms and substituents, as well as their 

Table 3 –– The vibrational assignments based on PED calculations for 5-chlorobenzamidazole 

S. 
No 

Observed wave number (cm-1) Wave number (cm-1) IR Intensity 
(Km mol-1) 

Raman activity 
(Å4 amu-1) 

Reduced  
mass(amu) 

Force constant 
(mDyne/Å-1) 

Assignment 
with PED (%) 

FT-IR FT- Raman  Calculated Scaled 

1 3500(vw) - 3658.34 3517 79.3986 149.1831 1.0812 8.5254 νNH(99) 
2 3105(vw) - 3233.39 3108 0.8748 140.2999 1.0972 6.7584 νCH(98) 
3 3088(vw) - 3215.13 3091 0.1074 86.1336 1.0927 6.6552 νCH(97) 
4 3083(vw) 3077(ms) 3204.52 3081 2.1370 125.7179 1.0941 6.6198 νCH(93) 
5 - 3050(vw) 3182.14 3059 5.2355 85.1705 1.0896 6.5005 νCH(92) 
6 1581(w) 1585(ms) 1657.89 1593 3.6201 3.6310 6.8438 11.0830 CC(85)
7 1510(w) 1565(vw) 1612.82 1550 24.9910 17.7569 6.8608 10.5147 CC(83)
8 1477(ms) 1491(ms) 1527.87 1469 33.0605 62.8385 4.4755 6.1555 CC(80)
9 - 1439(vw) 1488.94 1431 43.9744 10.3415 4.1269 5.3905 CC(84)
10 - 1413(ms) 1468.75 1412 46.4803 6.1980 2.5778 3.2764 CC(81)
11 1396(vw) 1342(vs) 1411.88 1357 29.5689 33.9092 2.7813 3.2666 CC(80)
12 1336(ms) - 1367.45 1315 25.2221 59.1909 3.2107 3.5374 CN(74)
13 1292(s) 1287(vs) 1312.80 1262 28.5162 2.9828 3.6405 3.6967 CN(72)
14 1252(vw) 1235(vw) 1272.52 1223 14.3489 25.1071 1.7092 1.6307 bNH (72)
15 1230(w) 1210(w) 1256.14 1208 1.6304 39.0608 2.1936 2.0393 CN(72)
16 1188(ms) - 1199.62 1153 5.8903 3.7553 2.1096 1.7887 CN(72)
17 1139(ms) 1139(ms) 1147.52 1103 6.9344 2.1367 1.5112 1.1724 bCH (76)
18 1058(vw) 1059(ms) 1096.17 1054 22.6397 11.9789 1.7386 1.2308 bCH (77)
19 1014(vw) 1032(vw) 1069.07 1028 24.2818 13.2537 2.0478 1.3789 bCH (75)
20 960(vw) 953(vw) 946.78 910 2.0489 4.8524 6.4104 3.3856 bCH (73)
21 910(ms) 915(vw) 941.07 905 0.3363 0.0833 1.3126 0.6849 CH (65)
22 871(vw) - 917.02 882 47.1233 4.1109 5.7589 2.8533 CH (63)
23 853(vw) 850(vw) 890.41 856 22.5803 0.0149 1.4621 0.6830 CH (63)
24 840(vw) 833(vw) 859.47 826 5.9587 0.4723 1.4079 0.6127 NH(62)
25 781(vw) 798(s) 809.47 778 11.0305 24.4173 5.0923 1.9660 CH (63)
26 746(ms) 755(vw) 799.86 769 38.3672 0.0694 1.4569 0.5492 R1asymd(67)
27 700(vw) - 758.80 729 0.9776 0.2128 4.5083 1.5294 R1symd(65)
28 624(vw) 699(s) 704.41 677 16.6726 7.5266 7.6703 2.2424 R1trigd(65)
29 598(vw) 593(ms) 653.66 589 1.1234 0.4077 3.2709 0.8234 R2asymd(67)
30 588(ms) 580(vw) 606.38 583 15.9583 0.3710 2.7876 0.6039 R2symd(66)
31 550(vw) - 594.03 571 4.6504 3.6345 6.6708 1.3869 CCl(72)
32 470(vw) 453(vw) 451.59 434 6.6518 0.5733 4.7606 0.5720 tR2asymd(58) 
33 451(vs) 440(vw) 442.69 426 92.3262 0.6677 1.3519 0.1561 tR2asymd(57) 
34 422(vw) 410(vw) 430.46 414 7.6327 0.1589 2.8551 0.3117 tR1symd(58) 
35 - 372(ms) 369.29 355 4.0244 9.4917 12.7698 1.0261 tR1asymd(60) 

36 - 320(vw) 329.10 316 4.5513 0.0379 6.3057 0.4024 tR1trigd(60) 

37 - 249(ms) 241.42 232 1.1305 1.0910 9.0421 0.3105 bCCl(61) 
38 - 223(vw) 234.63 226 0.8793 0.1032 5.0722 0.1645 CCl(57) 
39 - 115(ms) 122.41 118 3.7486 0.8475 6.8342 0.0603 Butterfly(55) 

w-weak, s-strong, m-medium, vs-very strong, ν-stretching; b-in-plane bending, -out of plane bending, t-torsion, R-ring



KUNJUMOL et al.: POTENT ANTI-BREAST CANCER AGENT 809

positions, affect the intensities of these bands. Strong 
bands seen in 5CBZ at 1336 cm-1, 1292 cm-1 in the IR, 
and 1287 cm-1 in Raman were attributed to the C-N 
stretching modes (72–74% PED). In the 760-505 cm-1 
range, the C-Cl stretching vibrations often result in 
strong bands23. In the current analysis, the strong band 
at 550 cm-1 in the IR spectra was found to originate 
from the C-Cl stretching mode of 5CBZ. In the range 
between 450 and 250 cm-1, the C-Cl in-plane bending 
modes typically exhibit strong to medium intensity. 
The in-plane bending of 5CBZ was identified at 249 
cm-1 in the Raman spectra. The out-of-plane bending
mode of 5CBZ by C-Cl was detected at 223 cm-1. Five
extremely strong bands seen in the IR spectra of 5CBZ
at wavelengths of 746, 700, 624, 598 and 588 cm-1

were attributed to ring in-plane bending vibrations.
Raman bands at 755, 699, 593 and 580 cm-1 all show
the same vibration. Ring vibrations that bend out of

plane are observed between 445 and 355 cm-1 and the 
majority of monosubstituted imidazoles show medium 
intensity bands11. In the Raman spectrum at 453, 440, 
410, 372 and 320 cm-1 as well as in the IR spectrum at 
470, 451 and 422 cm-1 bands were identified for 5CBZ 
as rings out of plane bending vibrations. The literature 
reports are also helped to identify the in-plane and out-
of-plane bending vibrations for all normal modes, and 
they are shown in (Table 3). 

Frontier molecular orbitals and DOS spectra 
The quantum chemistry parameters such as HOMO, 

LUMO, and border orbital gap serve as examples of 
kinetic stability and chemical reactivity of the 
molecules29. At B3LYP/6-311++G(d,p) in 5CBZ, 
HOMO and LUMO energies as well as the orbital 
energy gap were calculated. The outcomes of the 
computations are shown in (Table 4). Figure 4 shows a  

Table 4 –– Molecular orbital contributions of 5-chlorobenzamidazole 

TD-DFT/ B3LYP/6-311++G(d,p) 

Energy(eV) Oscillator strength Computed wavelength (nm) Experimental wavelength(nm) Major contributions Assignment 

4.5928 0.0325 269.95 - H-1→ L (43.08%) π→π* 
4.7844 0.0924 259.14 - H → L (51.03%) π→π* 
4.9435 0.0009 250.80 257.72 H-2→ L (97%) π→π* 

Fig. 4 –– HOMO-LUMO plot of 5-chlorobenzamidazole 
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3D rendering of the border orbitals of 5CBZ. 
According to calculations, the HOMO energy is 
-6.5684 eV, which enables chlorine atom in the ring
to act as the electron donor. The energy gap is
determined to be 5.3589 eV since the LUMO, which
has an energy of -1.2095 eV, is situated above the
C-C bond of the ring (the leading electron acceptor).
Figure 5 shows the UV-Visible plot of 5CBZ, which
also displays the observed absorption peaks at
257.72 nm and the equivalent predicted peak at
250.80 nm. This means that, as stated in Table 4, the
maximum H-2→L contribution is 97%. Table 5 lists
the important global reactivity descriptors for 5CBZ
determined using the B3LYP/6-311++G(d,p) 
approach utilizing Koopman's relations30. To verify
the stability order of molecular systems, the hardness
(ɳ), electronegativity (χ) and chemical potential (µ)
are the essential parameters. The definition of
electronegativity (χ) is the opposite of the chemical
potential. The chemical hardness will be a good
indicator of the chemical stability. Hard molecules
have a significant energy gap compared to soft
molecules' modest energy gap31. In the gas phase, the
chemical hardness and softness of 5CBZ are
determined to be 2.6794 eV and 0.187 eV-1,
respectively.

It's possible for neighboring orbitals in a border 
zone to have identical degenerate energy levels. If this 
is the case, describing border orbitals only in terms of 
HOMO and LUMO may not be appropriate. For this 
reason, overlap population density of states (OPDOS), 
(also known as COOP- Crystal Orbital Overlapping 
Population) are the sum of alpha (α) and beta (β) 
electron density of states32, created by combining the 
molecular orbital data with Gaussian curves using the 
GaussSum 3.0 program. Figure 6 illustrates how the 
makeup of a molecule's orbitals affects the chemical 
bonds of 5CBZ. The density of state plot is used to 

show how the system's energy gap and border orbitals 
are composed. PDOS displays the contribution of 
particular atoms or functional groups to each 
molecular orbital. We may use relevant fragments to 
assess non-bonding, bonding and anti-bonding 
features using OPDOS. In OPDOS graphs show 
bonding interactions as positive values, anti-bonding 
interactions as negative values, and non-bonding 
interactions as values close to zero. A total of 78 
electrons are occupied in DOS of 5CBZ, which 
contains both 39α and 39β electrons. As a result, in 
the 5CBZ structure, interactions between carbon and 
hydrogen atoms exhibit bonding, whereas interactions 
between chlorine and carbon atoms, nitrogen and 
carbon atoms exhibit anti-bonding, as illustrated in 
the COOP diagram (Fig. 6). 

Natural bond orbital analysis 
In-depth information regarding inter and 

intramolecular bonding as well as charge interchange 
in every molecular system is provided by NBO 
analysis33. The donor-acceptor stabilization energies 
of 5CBZ are recorded in (Table 6) together with the 

Table 5 –– Global reactivity descriptors for 5-chlorobenzamidazole 

Molecular Properties B3LYP/6-311++G(d,p) 

HOMO (eV) -6.5684
LUMO (eV) -1.2095
∆E (EHOMO -ELUMO) (eV) 5.3589
Ionization potential (I) (eV) 6.5684
Electron affinity (A) (eV) 1.2095
Global hardness (η) (eV) 2.6794
Global softness (s) (eV-1) 0.187
Electronegativity (χ) (eV) 1.2095
Chemical potential (µ) (eV) -1.2095
Global electrophilicity (w) (eV) 2.8222 Fig. 5 –– UV plot of 5-chlorobenzamidazole 
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results of the DFT/B3LYP/6-311++G(d,p) computation 
for NBO research to assess the delocalization 
interactions. ED(i) and ED(j) represent the stabilizing 
donor and acceptor interaction over the bound 
atom. An empty or full bonding, an anti-bonding, 
or a lone pair can be a donor, whereas a filled bonding 

or a lone pair can be an acceptor. These contacts 
are necessary for a relationship to be strong. The 
bond will be strengthened if the contact is in a bonding 
pair, but it will be diminished if a lone pair acts as 
the donor or acceptor33. The molecule's distinguishing 
feature for biological applications is identified by 
its greater stabilization energy between and π to π*.  
In 5CBZ, the orbitals with the highest stabilization 
energies are π(C6-C7)→π*(C8–C9), π(C4-C5) 
→π*(C6–C7) and π(C8-C9)→π*(C4–C5)  
(20.24, 20.56, and 23.10 Kcalmol-1) orbitals. The 
significant delocalization is shown by the strong 
interaction inside LP(1)N1 and the antibonding orbital 
π*(C2-N3) having 45.13 Kcalmol-1. Chlorine and 
nitrogen atoms have strong hyper conjugative 
interactions with the ring structure, which causes a 
considerable decrease in lone pair electron density 
when compared to other orbitals. 

Mullikan charge electronic analysis 
Mulliken charges study intersects electronic 

gathering and dipolemoment, which gives it a 
dynamic role in the chemical system34. Figure 7 and 
Table 7 both show the sharing of charges in 5CBZ 
using the B3LYP and 6-311++G(d,p) basis set. Here, 
all the nitrogen atoms (N1, N3) have negative charges 
whereas all the hydrogen atoms (H10, H12, H13, 
H14, and H15) and chlorine (Cl11) (0.37728) atoms 
have positive charges. The carbon C6 atom (-1.15987) 
has the greatest negative charge matched to the other 
negative carbon atoms, making it a donor atom, since 
C6 is attached near to chlorine atom (Cl11). Similarly, 
the carbon C5 atom (0.742644) has the most positive 
charge compared to the other atoms due to 
surrounding nitrogen atom (N3), making it an 
acceptor atom.  

Fukui function 
Fukui indices, also known as reactivity indices, 

provide information about the likelihood of an atom 
within a molecule losing or accepting an electron, 
which chemists interpret as indicating a greater 
likelihood of the atom being attacked by either a 
nucleophilic or an electrophilic attack. Fukui function 
has been determined from the individual atomic 
charge using Mulliken population analysis. Usually 
Fukui function35 is calculated by: 

)()1( NqNqf jjk 

)1()(  NqNqf jjk
Fig. 6 –– (A) DOS; (B) PDOS; and (C) COOP Spectra of
5-chlorobenzamidazole
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)]1()1([
2

10  NqNqf jjk

Here, 
kf nucleophilic, 

kf electrophilic and 0
kf

free radical functions on the reference molecule. The 
atomic charge at the jth atomic site in neutral (N), 
cationic (N-1), and anionic (N+1) chemical species is 

indicated by the symbol qj in these equations. A dual 
descriptor )(rf  has recently been planned by 
Morell et al.36 and the equation specifies it as the 
distinction between the electrophilic and nucleophilic 
Fukui functions, 

  kk ffrf )(

Table 6 –– Second-order perturbation theory analysis of Fock matrix for 5-chlorobenzamidazole 

Donor(i) ED (i) (e) Acceptor (j) ED (j) (e) Stabilization 
energyE(2)(Kcal/mol) 

Energy differenceE (j) 
−E (i) (arb. units)

Fock matrix element 
F(i,j)(arb. units) 

σ(C2-N3) 1.98319 σ*(C4-C9) 0.01938 4.03 1.35 0.066 
π(C2-N3)  1.88579 π*(C8-C9) 0.48986 15.09 0.30 0.067 
σ(C4-C5)  1.97579 σ*(N3-C9) 0.02115 5.83 1.10 0.072 
π(C4-C5)  1.69775 π *(C6-C7) 0.35975 20.56 0.28 0.069 
π(C4-C5)  1.69775 π*(C8-C9)  0.48986 19.50 0.28 0.069 
σ(C4-C9)  1.97104 σ*(C5-Cl11) 0.02898 4.31 0.87 0.055 
σ(C4-H10) 1.97631 σ*(C5-C6) 0.02697 4.10 1.08 0.060 
σ(C4-H10) 1.97631 σ*(C8-C9)  0.03421 4.41 1.01 0.060 
σ(C6-C7)  1.96475 σ*( N1-C8) 0.02751 7.22 1.04 0.077 
σ(C6-C7)  1.96475 σ*(C5-Cl11) 0.02898 4.77 0.84 0.057 
π(C6-C7)  1.69468 π*(C4-C5) 0.39464 19.59 0.27 0.067 
π(C6-C7)  1.69468 π*(C8-C9)  0.48986 20.24 0.27 0.069 
σ(C6-H12) 1.97762 σ*(C4-C5) 0.02573 4.50 1.08 0.062 
σ(C7-H13) 1.97904 σ*(C8-C9) 0.03421 4.15 1.02 0.053 
σ(C8-C9)  1.96667 σ*(C7-C8) 0.01879 4.02 1.25 0.063 
π(C8-C9)  1.56065 π*(C2-N3) 0.32468 13.92 0.22 0.051 
π(C8-C9) 1.56065 π*( C4-C5) 0.39464 23.10 0.26 0.070 
π(C8-C9) 1.56065 π*(C6-C7)  0.35975 22.37 0.27 0.070 
LP(1)N1 1.63296 π*(C2-N3) 0.32468 45.13 0.25 0.096 
LP(1)N1 1.63296 π*(C8-C9) 0.48986 25.27 0.29 0.079 
LP(1) N3 1.94117 σ*(N1-C2)  0.02646 5.42 0.77 0.058 
LP(1) N3 1.94117 σ*(C8-C9)  0.03421 4.22 0.88 0.055 
LP(2)Cl11 1.97134 σ*(C4-C5) 0.02573 4.19 0.86 0.054 
LP(2)Cl11 1.97134 σ*(C5-C6) 0.02697 4.16 0.88 0.054 
LP(3)Cl11  1.93301 π*(C4-C5)  0.39464 12.09 0.33 0.061 
π*(C2-N3)  0.32468 π*(C8-C9) 0.48986 33.06 0.04 0.051 

Fig. 7 –– Mulliken charges plot for 5-chlorobenzamidazole 

Table 7 –– Mulliken atomic charge for 5-chlorobenzamidazole 

Atoms Atomic Charges (Mulliken)
B3LYP/6-311++G(d,p) 

N1 -0.21568
C2 0.195662
N3 -0.15869
C4 -0.19272
C5 0.742644
C6 -1.15987
C7 -0.40897
C8 0.240651
C9 -0.49609

H10 0.202974
Cl11 0.37728
H12 0.17255
H13 0.169452
H14 0.29913
H15 0.231678
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At a specific location with their sign, the dual 
descriptor )(rf  clearly distinguishes between 
nucleophilic and electrophilic attack. In this study, the 
nucleophilic sites for 5CBZ are N1, N3, C5, C6, C8, 
H10, H11, H13, and H14 based on the values 
presented in (Table 8), which meet the requirements 
for the dual descriptor. Instead, the electrophilic sites 
C2, C4, C7, C9, H12, and H15 have negative values. 
Its local behaviour determines how the molecule 
5CBZ responds to both electrophilic and nucleophilic 
attack throughout the process. 

Molecular electrostatic potentials (MEP) 
To ascertain drug-receptor interactions in 

biochemistry, MEP mapping utilizing DFT techniques 
might be helpful. The MEP is connected to the 

chemically active regions of a molecule, and it also 
increases awareness of molecular reactivity, 
substituent effects, electrophilic reactions, and inter 
and intramolecular connections37. Red, yellow, blue, 
and green have progressively higher electrostatic 
potential. Here, the blue (electron deficient) area of 
the molecule was bounded by hydrogen atoms, while 
the red (electron rich) and somewhat yellow (electron 
rich) regions of the molecule are caused by the lone 
pair of nitrogen atoms. This has happened as a result 
of the hydrogen atoms connection to the 
electronegative nitrogen atom. Over the ring's system, 
the neutral electrostatic potentials (green) are 
encircling. As a result, Figure 8 shows the MEP 
surfaces of 5CBZ that were estimated at B3LYP/6-
311++G(d,p). In this study, the red color patches with 

Table 8 –– Fukui functions from Mulliken charges for 5-chlorobenzamidazole 

Atoms Mulliken Charges Fukui functions 

q(N+1) q(N) q(N-1) 
kf


kf

0
kf )(rf  

N1 -0.2124 -0.21568 0.128943 0.003286 -0.34463 -0.17067 0.347916 
C2 -0.05947 0.195662 0.24114 -0.25513 -0.04548 -0.15031 -0.20965
N3 -0.21059 -0.15869 -0.01054 -0.0519 -0.14814 -0.10002 0.09624
C4 -0.35328 -0.19272 -0.06802 -0.16056 -0.12471 -0.14263 -0.03585
C5 0.860205 0.742644 0.648161 0.117561 0.094483 0.106022 0.023078 
C6 -1.19627 -1.15987 -1.11553 -0.0364 -0.04434 -0.04037 0.00794 
C7 -0.56785 -0.40897 -0.33702 -0.15887 -0.07195 -0.11541 -0.08692
C8 0.25745 0.240651 0.259947 0.016799 -0.0193 -0.00125 0.036099
C9 -0.46842 -0.49609 -0.52641 0.027664 0.030317 0.028991 -0.00265

H10 0.12633 0.202974 0.282301 -0.07664 -0.07933 -0.07799 0.00269
C11 0.233931 0.37728 0.597855 -0.14335 -0.22058 -0.18196 0.07723
H12 0.101142 0.17255 0.236819 -0.07141 -0.06427 -0.06784 -0.00714
H13 0.099295 0.169452 0.246964 -0.07016 -0.07751 -0.07383 0.00735
H14 0.23548 0.29913 0.364948 -0.06365 -0.06582 -0.06473 0.00217
H15 0.15444 0.231678 0.30832 -0.07724 -0.07664 -0.07694 -0.0006

Fig. 8 –– (A) MEP; and (B) ESP plot for 5-chlorobenzamidazole 
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the highest potential make the electrophilic nature of 
the nitrogen atom (N3) clear. All hydrogens (blue 
area) are grouped with nucleophilic regions, but 
particularly hydrogen linked to nitrogen (H14). 
Similar to how the negative electrostatic potential 
(ESP), which is revealed by means of a yellowish 
blob over the chlorine atom, is confined; the positive 
ESP is concentrated over the remaining part of the 
molecule. Due to the correlation between ESP, 
electronegative and partial charges, this outcome is 
predicted. 

Nuclear magnetic resonance (NMR) analysis 
To identify the structure of large macromolecules, 

NMR modeling is a potential method. By means of 
the DFT/ B3LYP/ 6-311++G(d,p) with GIAO 
technique38, the calculated 13C and 1H NMR chemical 
shifts of 5CBZ are presented in (Table 9). Figure 9 
shows the computed 13C and 1H NMR spectra as a 
plot. The greatest calculated 13C NMR shift for C2 is 
166.96 ppm, which is the result of nitrogen's (N1 and 
N3 atoms) least effective shielding. Because the 
neighboring carbon nuclei (C6 and C8) have a 
stronger shielding effect, the carbon atom C7 
connected to the ring exhibits a little chemical shift at 
115.53 ppm. When hydrogens are joined directly or 
positioned close to an atom that accepts electrons, 
their shielding is reduced and a greater wavenumber 
results from resonance. Therefore, as shown in Figure 
9, the estimated signal of H14 connected close to the 
nitrogen atom (N1) has an extreme value of 10.09 
ppm. When hydrogens are positioned closer to an 
electron donor, the shielding increases, and hence 
there is a decrease in chemical shift. Because of the 
connection of the electronegative element (C6), the 
expected shift values for H12 are 7.14 ppm, as shown 
in (Table 9). 

Cytotoxicity analysis 
MCF-7 breast cancer cell lines were obtained from 

the National Centre for Cell Sciences (NCCS) in 

Pune, India. DMEM (Dulbecco's Modified Eagle 
Media) and 10% FBS (Fetal Bovine Serum) were 
used to keep the cell line alive. To avoid bacterial 
contamination, the medium was treated with 
tetracycline (100 g/mL) and penicillin (100 U/mL). 
The cell lines' medium was maintained at 37°C in a 
humid atmosphere with 5% CO2. 

The yellow 3-4,5dimethylthiozol-2-Yl)-2,5diphenyl-
tetrazoliumbromide (MTT) is reduced by the 
mitochondrial dehydrogenase of living cells, yielding a 
visible purple formation product. In live cells, 
NADPH-dependent reductase is present, which 
converts the MTT reagent into formazan, a deep 
purple material. The formazan crystals are then 
dissolved in the solubilizing solution, and the 
absorbance at 500-600 nm is measured using a plate 
reader. 50 mg of MTT dye was dissolved in 10 mL of 
phosphate buffered saline (PBS). After 1 min of 

Fig. 9 –– 13C and 1H NMR plot of 5-chlorobenzamidazole 

Table 9 –– 13C and 1H NMR chemical shifts for 5-chlorobenzamidazole 
13C Assignment Calculated  

shift (ppm) 

1H Assignment Calculated shift 
(ppm) 

C7 115.53 H12 7.14
C4 124.01 H13 7.61
C6 125.95 H10 8.21
C5 144.15 H15 9.27
C8 149.59 H14 10.09
C9 159.16
C2 166.96
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vortexing, it was filtered through 0.45 micro filters. 
MTT was light-sensitive, to keep light out, the 
container was covered with aluminum foil. The 
preparation was maintained in a 4°C freezer. To 
examine sample 5CBZ's anti-cancer efficacy, these 
MCF-7 cells were visible to various doses of the 
substance. 
 

For that, live MCF-7 cells were taken out and 
counted using a hemocytometer. They were then 
divided into separate 96-well plates after being diluted 
in DMEM medium to a density of 1 × 104 cells/mL. 
After that, the cells were cultured for 24 h to facilitate 
adherence39. Then, MCF-7 cells were subjected to 
control and various doses of 5CBZ (5-20 μg/mL), 
they were placed in each well. MCF-7 cells were 
cultured for 24 h at 37°C in a chamber that contained 
5% CO2 and 95% humidified air. After the drug-
containing cells had been incubated, the MTT 
(5 mg/mL in PBS) dye was applied to each well, and 
they were then washed with new culture media and 
left to continue incubating for an extra 4 h at 37°C. 
Cell viability was determined using a multi-well plate 
reader and absorbance at 540 nm and 100 µL of pure 
DMSO were used to dissolve the purple formazan that 
had precipitated. The percentage of stable cells in 
comparison to the control was used to express the 
results. Photomicrograph (20x) depicts morphological 
alterations in MCF-7 cells brought on by sample 
5CBZ treatment (5-20 µg/mL for 24 h), including 
contraction, detachment, blebbing and deformed 
shape as matched to control. Control cells exhibited 
typical intact morphology and were photographed 
using a light microscope. Figure 10 displays the 
morphological alterations and percentage of cell 
survival at various doses of 5CBZ against breast 
cancer MCF-7 cells. The half maximum inhibitory 
concentrations (IC50) values were calculated and the 
optimal dosages at various periods were analyzed. 

Ihibitory of cell proliferation %

 

Mean absorbance of the control Mean
absorbance of the sample

Mean absorbance of the  control

The dose-dependent procedure used to get the IC50 
values resulted in a 50% reduction in cytotoxicity 
comparative to control cells. Each experiment was 
repeated at least three times. Due to its low IC50 value, 
the sample 5CBZ demonstrated strong activity against 
the MCF-7 (breast cancer cell line). The IC50 value of 
5CBZ with MCF-7 is 16.82 µg/mL, which is in line 
with other related benzimidazole compounds10,11,27 and 
the standard drug doxorubicin40, which has an IC50 
value of 26.1 μg/mL. The one-way analysis of variance 
(ANOVA) test was used to statistically confirm the cell 
viability. It is common practice to use a p-value of 0.05 
or less to denote statistical significance in the observed 
data. Table 10 displays the statistical features and mean 
(%) of cell viability for 5CBZ. According to the study, 

Table 10 –– Mean (%) of cell viability with standard deviation for 5-chlorobenzimidazole against MCF-7 cell line 

Concentration of sample Cell line Mean (%) of cell viability± standard deviation of three independent experiments 

5 μg/mL MCF-7 89.11±1.56
10 μg/mL 73.81±2.12
15 μg/mL 50.68±2.57
20 μg/mL 42.01±2.30
25 μg/mL 23.98±2.34

Fig. 10 –– (A) Morphological changes; and (B) % of cell viability
for different concentrations of 5-chlorobenzamidazole against breast 
cancer MCF-7 cells 
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there is a statistically significant difference  
(P = 0.0094) in the sample averages for values between 
5 and 25 μg/mL.  

Antibacterial activity 
Gram-positive bacteria like Methicillin Resistant 

Staphylococcus aureus (MRSA) and Vancomycin-
Resistant Enterococcus faecium (VREF) in addition 
to Gram-negative bacteria like Serratia were used to 
evaluate 5CBZ's antibacterial abilities. Pre-cultured in 
Nutrient Agar (NA) medium, Gram-negative and 
Gram-positive bacteria were cultured on a rotating 
shaker at 37°C for an overnight period. The 
antibacterial activity of various doses of 5CBZ was 
screened using the agar well diffusion technique. In 
the middle of a sterile Petri plate, 1 mL of new 
bacterial culture was pipetted. After that, the Petri 
plate was filled with sterile Muller Hinton Agar 
(MHA) and allowed to solidify. After solidifying, 
6 mm diameter sterile cork borer holes were drilled 
into agar plates containing inoculums. Then, a plate 
containing MHA had bacteria put on it, which was 
then let to dry. On the other hand, the sample 5CBZ 
was dissolved in 50% DMSO (Dimethyl sulfoxide) at 
0.6 mg/mL as standard solution of 100 µL, and each 
concentration was added in three separate wells. After 
that, the plates were incubated at 37°C for 18 h. The 
inhibition zone, which comprised the diameter of the 

wells after incubation, was assessed to determine 
antibacterial activity. 

The zone of inhibition (mm) for 5CBZ's 
antibacterial activity41,42 was reported in (Table 11 
and Fig. 11). Methicillin-Resistant Staphylococcus 
aureus (MRSA) and Staphylococcus aureus  
(S. aureus) are tried at various concentrations of the 
sample 5CBZ (ranging from 25 to 100 µg/mL) as well 
as Serratia, a gram-negative bacterium. The 
relationship between this concentration and microbial 
growth is that the stronger the antibacterial activity of 
the molecule, the lower the concentration. The 
bacteria are more susceptible to the antibiotic in the 
disk if there is a greater zone of inhibition 
surrounding it. Inhibition zones of 5CBZ have been 
shown to expand with concentration, acting as a most 
potent effectiveness against Staphylococcus aureus, 
MRSA and Serratia (Table 11 and Fig. 11). Hence, in 
terms of zone of inhibition (mm) for MRSA, 
S. aureus, and Serratia, the sample 5CBZ have greater
antibacterial activity.

Molecular docking analysis 
A computer method called molecular docking is 

utilized in drug development to look into the binding 
sites of proteins and ligands43. Our in-silico research 
showed that 5CBZ interacts with proteins that are 
identified to be related with breast cancer, including 

Fig.11 –– Inhibition zone representation of different bacteria treated with 5-chlorobenzamidazole: (A) Staphylococcus aureus; 
(B) Methicillin-resistant Staphylococcus aureus; and (C) Serratia

Table 11  Antibacterial analysis of 5-chlorobenzamidazole with various bacteria 

5-chlorobenzamidazole Zone of Inhibition (mm) 

Concentration (µg/mL) Staphylococcus aureus Methicillin-resistant Staphylococcus aureus Serratia 

25 2 3 4
50 6 5 6
75 8 7 7

100 10 9 9
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human progesterone (PDB ID: 1A28) receptor, 
epidermal growth factor (PDB ID: 1M17) receptor, 
human estrogen (PDB ID: 1ERE) receptor, and 
estrogen sulfotransferase (PDB ID: 1AQU) receptor 
(Figs 12 and 13). Table 12 shows the binding energies 
of these proteins. Our research demonstrates that the 
H-bonding residues ARG A: 130, GLY A: 259, and
SER A: 138 provide the protein 1AQU and 5CBZ
with the greatest amount of contact. The estimated
binding free energy is -6.4 Kcal mol-1. Additionally,
the current study found that 5CBZ binds to protein
1A28 more strongly at GLN A: 725 and LEU A: 718
with a binding energy of -5.6 Kcalmol-1. Similar to

Fig. 12 –– Comparison of binding energy of 5-chlorobenzamidazole 
with 1A28, 1M17, 1ERE and 1AQU 

Fig. 13 –– Interaction of 5-chlorobenzamidazole with (A) 1A28; (B) 1M17; (C) 1ERE; and (D) 1AQU 
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other breast cancer proteins 1M17 and 1ERE, 5CBZ 
exhibits strong binding free energies (-5.4 Kcalmol-1 
and -5.4 Kcalmol-1, respectively). Therefore, it seems 
sense to speculate that the substance 5CBZ may have 
a dominant anti-breast cancer activity. 

ADMET Prediction 
Due to poor ADME (absorption, distribution, 

metabolism, and excretion) qualities, the majority of 
novel drug candidates fail in clinical trials. These late-
stage failures are a major contributing factor to the 
growing costs of the new pharmaceutical development 
process. Early detection of poor candidates may 
significantly cut down on lost time and money while 
also streamlining the entire development process44. As a 
result, it is critical to analyze the pharmacokinetic 
features of potential therapeutic candidates as early in 
the drug development process as possible. The intended 
characteristics of a specific chemical can be improved 
by concentrating lead optimization efforts using ADME 

prediction. The molecule's HIA (Human Intestinal 
Absorption) score is greater (83.496%), as determined 
by ADMET properties obtained from the ADMET-SAR 
service. In humans, the LD50 plays a crucial role in 
predicting the symptoms of poisoning after an acute 
overdose. The sample 5CBZ had a minimal LD50 value 
of 2.787 mol/kg, and the molecule has a remarkably 
good (0.388) Blood-Brain Barrier (BBB) penetration 
rate. In addition, several ADMET parameters were 
discovered and are displayed in (Table 13). According to 
these data, 5CBZ has a good plasma protein binding, a 
positive blood brain barrier crossing (BBB), and a 
reasonable human intestinal absorption probability. 
 

Conclusion 
The DFT/B3LYP/6-311++G(d,p) technique 

was used to optimize the properties of 
5-chlorobenzamidazole. The variations in bond lengths
and angles are caused by hyper conjugation between
the molecule's chlorine atom, benzene, and imidazole

Table 12 –– Comparison of binding energy of 5-chlorobenzamidazole with 1A28, 1M17, 1ERE and 1AQU along with interacting residues 

S. No Protein Binding Energy 
(Kcal/mol) 

Interacted Residues Ligand and Protein atom 
involved in H-bonding 

1 Human Progesterone 
Receptor (1A28) 

-5.6 GLN A:725, LEU A:718, GLY A:722, ASN A:719, PHE 
A:778, LEU A:797, MET A:756, LEU A:887, MET A:801, 
LEU A:721, VAL A:760, MET A:759, LEU A:763, ARG 
A:766 

GLN A:725, LEU A:718

2 Epidermal Growth Factor 
Receptor (1M17) 

-5.4 THR A:766, GLU A:738, LEU A:820, LEU A:764, LYS 
A:721, METY A:742, ASP A:831, ALA A:719, THR A:830, 
VAL A:702 

THR A:766, GLU 
A:738 

3 Human Estrogen Receptos 
(1ERE) 

-5.4 LEU A:346, MET A:388, LEU A;349, THR A:347, ALA 
A:350, GLU A:353, ARG A:394, LEU A:387, PHE A:404, 
LEU A:384, ILE A:424, LEU A:428, LEU A:391 

LEU A:346 

4 Estrogen Sulfotransferase 
Receptor 
(1AQU) 

-6.4 ARG A:130, GLY A:259, SER A:138, ILE A:260, LYS 
A:258, LYS A:48, ARG A:257, TYR A:193, MET A:256, 
PHE A:255, GLY A:50, THR A:52, TRP A:53 

ARG A:130, GLY 
A:259, SER A:138 

Table 13 –– ADMET profile of 5-chlorobenzamidazole 

ADMET prediction Value ADMET prediction Value 

CaCo-2 permeability (log Papp in 10-6 cm/s) 1.479 P-glycoprotein substrate No 
Intestinal absorption (human) (%) 83.496 P-glycoprotein I inhibitor No 
Skin Permeability (log Kp) -2.735 P-glycoprotein II inhibitor No 
VDss (human) (log L/kg) -0.05 Total Clearance (log mL/min/kg) 0.859 
Fraction unbound (human) (Fu) 0.322 Renal OCT2 substrate No 
BBB permeability (log BB) 0.388 AMES toxicity test No 
CNS permeability (log PS) -1.99 Max. tolerated dose (human) (log mg/kg/day) 0.14 
CYP2D6 substrate No hERG I inhibitor No 
CYP3A4 substrate No hERG II inhibitor No 
CYP1A2 inhibitior No Oral Rat Acute Toxicity (LD50) (mol/kg) 2.787 
CYP2C19 inhibitior No Oral Rat Chronic Toxicity (LOAEL) (log mg/kg_bw/day) 1.911 
CYP2C9 inhibitior No Hepatotoxicity No 
CYP2D6 inhibitior No Skin Sensitisation Yes 
CYP3A4 inhibitior No T.Pyriformis toxicity (log ug/L) 0.284 
Carcinogenicity Non Minnow toxicity (log mM) 1.612 
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ring systems. The DFT-B3LYP theory offered an 
accurate description of the vibrational assignments, 
which agree with the computed and experimental data. 
Understanding the molecule's chemical and biological 
characteristics has been done by looking at its reduced 
energy gap (5.3589 eV) for HOMO and LUMO, global 
reactivity descriptors and DOS spectra. Through  
π →π* electron delocalization, NBO's result 
demonstrates the intra and intermolecular charge 
exchange. The ring and substitution atoms were 
revealed to be the most likely targets for electrophilic 
and nucleophilic attacks using Mulliken charge 
analysis and Fukui functions. The MEP findings 
represent the molecule's electrophilic (nitrogen) and 
nucleophilic (hydrogen) reactivity sites. The molecule's 
proton and carbon NMR shifts have been computed. 
The docking outcomes showed that the 5CBZ had the 
strongest binding energy (-6.4 Kcalmol-1) when 
interacting with the estrogen sulfotransferase receptor 
(PDB ID: 1AQU). Based on its cytotoxicity,  
anti-bacterial activity, and ADMET analysis, 5CBZ 
will be an effective anti-breast cancer medicine with 
minimal adverse effects during medical procedures. 
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