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Abstract 

Background  In contemporary society, anxiety has become a widespread disorder leading to compromised well-
being and heightened depressive states. Extensive literature reviews indicate the diverse biological effects of benzi-
midazole and piperazine derivatives, notably their impact on the central nervous system. This study aimed to design, 
molecularly dock, synthesize, and assess the anxiolytic potential of six derivatives of 2-(4-phenylpiperazin-1-yl)-
1H-benz[d]imidazole and 2-(4-phenylpiperazin-1-methyl)-1H-benz[d]imidazole.

Results  In the present study, an attempt was made to synthesize benzimidazole derivatives conventionally. The 
benzimidazole nuclei are condensed with various substituted piperazines to obtain targeted benzimidazole–pipera-
zine hybrids. Their anxiolytic activity is determined using the Elevated Plus Maze test and hole board test in mice. All 
compounds have shown good docking scores and in vivo anxiolytic activity.

Conclusion  Out of all the derivatives synthesized, compounds 5b, 5c, and 5f exhibited outstanding anxiolytic effi-
cacy in both computational simulations and live subjects. Compound 5b demonstrated a remarkable docking score 
relative to the ligand, suggesting its potential as a promising candidate warranting further exploration.
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Background
Anxiolytics, crucial for managing anxiety and enhancing 
mental well-being, should be used under medical super-
vision to mitigate symptoms of anxiety disorders and 
enhance overall health and quality of life [1]. These medi-
cations slow down the central nervous system (CNS), pri-
marily by enhancing the activity of gamma amino butyric 
acid (GABA), a neurotransmitter that induces CNS 
depression. This class of drugs, known for their calming 
effects, encompasses benzodiazepines, ethanol, opiates, 
and barbiturates [2, 3]. Benzodiazepines, for instance, 
potentiate GABA neurotransmission by increasing the 
affinity of GABA receptors, thereby intensifying inhibi-
tory effects on the CNS [4, 5]. Additionally, heterocyclic 
compounds like benzimidazole and piperazine, noted for 
their diverse pharmacological properties including anti-
bacterial, antiviral, antidiabetic, and anticancer activities, 
have garnered attention for potential drug development 
[6–11]. The current study synthesizes novel benzimida-
zole–piperazine derivatives and evaluates their anxiolytic 
activity.

Materials
The docking simulations were conducted using an Asus 
personal computer. Autodock Vina software was utilized 
for docking studies, while Swiss ADME and Molinspi-
ration software were employed to predict the pharma-
cokinetic properties of the compounds. PASS online 
software was utilized to forecast the biological activity 
of the designed compounds. GraphPad Prism 5 software 
was employed for statistical analysis of biological activity 
data.

Infrared spectra were acquired using an ATR (Attenu-
ated Total Reflectance) spectrophotometer (Bruker). 
Proton resonance magnetic spectra (1H NMR) were 
recorded at 400 MHz, and chemical shifts were expressed 
in “δ ppm”. Mass spectra were obtained from SPPU, Pune, 
with molecular peaks expressed in the m/z ratio. Thin-
layer chromatography was employed for reaction moni-
toring using an iodine chamber.

Methods
Docking
The crystal structure of the Human GABA-A receptor 
alpha1-beta2-gamma2 subtype complexed with GABA 
and flumazenil, conformation B (PDB ID: 6D6T) [12], 
was obtained from the Protein Data Bank in PDB format. 
This structure underwent cleaning procedures, involving 
the removal of water molecules, co-crystallized ligands, 
and non-essential entities, using Discovery Studio Visu-
alizer. Subsequently, the cleaned structure was converted 
to pdbqt format after appropriate charge assignment. 
Ligand structures were designed using Marvin Sketch 

version 5.8.1, Chem Axon. Both protein and ligand struc-
tures were prepared utilizing Auto Dock Tools following 
a previously established protocol [13]. A search space 
grid was generated around the binding site of the GABA 
receptor using Auto Dock Tools. The grid dimensions 
were adjusted to encompass the active site to ensure a 
comprehensive exploration of ligand conformations. 
Auto Dock Vina was used to carry out docking between 
the prepared ligands and proteins. The conformation 
possessing the least binding energy was further analyzed 
to study its binding mode with the receptor. The protein–
ligand interactions were viewed using BIOVIA, Dassault 
Systems, Discovery Studio 16.0.1, San Diego: Dassault 
Systems, 2016.

Chemistry
A series of novel piperazine-linked benzimidazole ana-
logs (5a–f) were synthesized via a three-step synthetic 
pathway outlined in Fig. 1. Initially, 2-oxo benzimidazole 
(1) was synthesized by condensing o-phenylene diamine 
(OPD) and urea at 135–400  °C in DMF. Subsequently, 
halogenation was achieved by adding POCl3 and phenol 
crystals, allowing the reaction to proceed at 104–107 °C 
to yield 2-chlorobenzimidazole (2), serving as a core 
structure for derivatives [14–16]. Another core struc-
ture, 2-chloromethyl benzimidazole (3), was synthesized 
by refluxing O-phenylene diamine and chloroacetic acid 
with 5N HCl [17, 18]. The piperazine substituents (4a–
d) were obtained by refluxing Bis-2-chloroethylamine 
hydrochloride with substituted anilines at 142–145 °C in 
the presence of p-toluene sulphonic acid (PTSA) using 
xylene as a solvent [19, 20]. Lastly, equimolar quanti-
ties (0.009  mol) of the core structure and substituted 
piperazines were dissolved separately in 1,4-dioxane, 
mixed, and refluxed with triethylamine (TEA) as a cata-
lyst for 12 h [21]. The resulting precipitate was collected 
using chilled water, filtered by suction, and recrystallized 
from ethanol after drying to obtain the target derivatives 
(5a–f).

All synthesized analogs underwent characterization 
via infrared spectroscopy (IR), proton nuclear magnetic 
resonance spectroscopy (1H NMR), and mass spectrom-
etry (MS) for molecular weight determination. IR spectra 
revealed characteristic bands at 3300–3400  cm−1 corre-
sponding to the Aromatic N–H bond, 900–1100  cm−1 
for the C–F stretch, and 2800  cm−1 for the piperazinyl 
aliphatic C–H bond [22, 23]. In the 1H NMR spectra, 
the distinctive singlet peak of the benzimidazole nucleus 
was observed between 12.5 and 13.6 ppm for all deriva-
tives. Peaks corresponding to piperazinyl aliphatic C–H 
appeared at 3.5–4.2  ppm, aromatic C-H peaks were 
detected at 7–8  ppm, and methylene C-H peaks for 
nucleus (3) were observed at 3.8–4.0 ppm [22, 23]. Mass 
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spectrometry results corroborated the molecular weights 
of the compounds, with an additional weight correspond-
ing to proton addition.

Biological evaluation
The anxiolytic activity was assessed using the Hole Board 
Test and Elevated Plus Maze (EPM) test in Swiss albino 
mice, with diazepam employed as the standard refer-
ence [24, 26]. The Hole Board Test apparatus comprised a 
wooden floor measuring 40 cm × 40 cm, elevated 2 inches 
above the ground, featuring sixteen holes arranged sym-
metrically in a diamond pattern. Groups of 5 animals 
were individually placed on one edge of the apparatus 
and monitored for 5 min to record the number of pock-
ings. Diazepam (4  mg/kg i.p) was administered 30  min 
before the test.

For the EPM test, the wooden apparatus was elevated 
to a minimum height of 50 cm from the ground, adher-
ing to the specifications described by Lister [25, 26]. The 

EPM consisted of two open arms (50 × 10  cm) and two 
closed arms (50 × 10 × 40  cm). Each group of 5 animals 
was individually positioned in the center of the EPM, fac-
ing the closed arms, and their time spent in both open 
and closed arms was recorded over 5 min.

Results
Synthesis and spectral data
2‑(4‑(4‑Fluorophenyl)piperazin‑1‑yl)‑1H‑benz[d]imidazole 
(5a)
Yield: 56%; m.p: 216–218  °C; IR Ranges (ATR, cm−1); 
N–H stretch: 3337.25, C–H aromatic: 3041.76, C–H ali-
phatic: 2813.17, C–H aliphatic bend (CH2):1433.00, C=C 
stretch: 1600.32, C–N aromatic: 1210.90, C–F stretch: 
999.71. H1 NMR Shifts; Aromatic C–H: (m 4H): 7.04–
7.20, Piperazine C–H: (m 8H): 3.16–3.50, Aromatic C–H: 
(m 4H): 7.63–7.72, Benzimidazole N–H: (s 1H): 13.04. 
MASS: MOLECULAR ION PEAK (297.1523).

Fig. 1  Scheme of synthesis of benzimidazole derivatives
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2‑((4‑(4‑Fluorophenyl)piperazin‑1‑yl)methyl)‑1H‑benz[d]
imidazole (5b)
Yield: 60%; m.p: 159–163 °C; IR Ranges (ATR, cm−1); 
N–H stretch: 3491.91, C–H aromatic: 3025.29, C–H 
aliphatic: 2908.47, C–H aliphatic bend (CH2): 1475, 
C=C stretch: 1650.50, C–N aromatic: 1204.77, C–F 
stretch: 1011.75. H1 NMR Shifts; Aromatic C–H: (m 
4H): 7.16–7.21, Piperazine C-H: (m 8H): 3.29–3.88, 
Aromatic C–H: (m 4H): 7.44–7.63, methylene C–H: (s 
2H): 3.89, Benzimidazole N–H: (s 1H): 13.61. MASS: 
MOLECULAR ION PEAK (311.1670).

2‑((4‑(3‑Fluorophenyl)piperazin‑1‑yl)methyl)‑1H‑benz[d]
imidazole (5c)
Yield: 70%; m.p: 122–126 °C; IR Ranges (ATR, cm−1); 
N–H stretch: 3337.25, C–H aromatic: 3041.55, C–H 
aliphatic: 2813.17, C–H aliphatic bend (CH2): 1433.00, 
C=C stretch: 1600.32, C–N aromatic: 1210.90, C–F 
stretch: 999.71. H1 NMR Shifts; Aromatic C–H: (m 
4H): 7.05–7.17, Piperazine C–H: (m 8H): 3.39–3.88, 
Aromatic C–H: (m 4H): 7.17–7.44, methylene C–H: (s 
2H): 3.89, Benzimidazole N–H: (s 1H): 13.61. MASS: 
MOLECULAR ION PEAK (311.1660).

2‑((4‑(2‑Fluorophenyl)piperazin‑1‑yl)methyl)‑1H‑benz[d]
imidazole (5d)
Yield: 71%; m.p: 116–119 °C; IR Ranges (ATR, cm−1); 
N–H stretch: 3481.78, C–H aromatic: 3038.96, C–H 
aliphatic: 2809.86, C–H aliphatic bend (CH2): 1433.42, 
C=C stretch: 1601.73, C–N aromatic: 1233.37, C–F 
stretch: 1016.61. H1 NMR Shifts; Aromatic C–H: (m 
4H): 6.99–7.17, Piperazine C–H: (m 8H): 3.30–3.50, 
Aromatic C–H: (m 4H): 7.17–7.61, methylene C–H: (s 
2H): 3.89, Benzimidazole N–H: (s 1H): 13.61. MASS: 
MOLECULAR ION PEAK (311.1675).

2‑((4‑Phenylpiperazin‑1‑yl)methyl)‑1H‑benz[d]imidazole (5e)
Yield: 57%; m.p: 162–165 °C; IR Ranges (ATR, cm−1); 
N–H stretch: 3481.78, C–H aromatic: 3038.96, C–H 
aliphatic: 2809.86, C–H aliphatic bend (CH2): 1433.42, 
C=C stretch: 1601.73, C–N aromatic: 1233.37. H1 
NMR Shifts; Aromatic C–H: (s 1H, m 3H): 6.99–7.20, 
Piperazine C–H: (m 8H): 3.19–3.46, Aromatic C–H: (m 
4H): 7.50–7.57, methylene C–H: (s 2H): 4.07, Benzimi-
dazole N–H: (s 1H): 12.50. MASS: MOLECULAR ION 
PEAK (280.1690).

2‑(4‑(3‑Fluorophenyl)piperazin‑1‑yl)‑1H‑benz[d]imidazole 
(5f)
Yield: 64%; m.p: 195–199 °C; IR Ranges (ATR, cm−1); 
N–H stretch: 3337.25, C–H aromatic: 3041.55, C–H ali-
phatic: 2813.17, C=C stretch: 1600.32, C–N aromatic: 

1210.90, C–F stretch: 999.71. H1 NMR Shifts; Aro-
matic C–H: (m 4H): 7.07–7.20, Piperazine C–H: (m 
8H): 3.16–3.50, Aromatic C–H: (m 4H): 7.20–7.63, 
Benzimidazole N–H: (s 1H): 13.04. MASS: MOLECU-
LAR ION PEAK (297.1505).

The thin layer chromatography (TLC) characterization 
data for the synthesized substituents and derivatives, as 
well as spectra for infra-red (IR), proton nuclear mag-
netic resonance (1H NMR), and Mass analyses of the 
synthesized derivatives, are provided in the Additional 
files 1  and 2.

Biological activity (anti‑anxiety activity)
The anxiolytic activity of the compounds was assessed 
through two tests: the Hole Board Test and the EPM Test. 
The experimental protocol for both tests was as follows: 
Group I received vehicle treatment (0.5% carboxymethyl 
cellulose in water). At the same time, Group VIII served 
as the standard reference with diazepam administra-
tion at 4  mg/kg intraperitoneally (i.p). Groups II to VII 
received test compounds 5a–f (synthesized compounds) 
at 50  mg/kg orally (p.o). Comparisons were made 
between Groups II to VIII and Group I, and the results 
were subjected to statistical analysis using GraphPad 
Prism 5 software, employing one-way ANOVA followed 
by Dunnett’s test.

Hole‑board test
Each of the eight groups, consisting of five mice per 
group, was individually monitored for the number and 
duration of pocking in the hole board apparatus over 
5  min. A higher number and longer pocking duration 
indicate the compound’s anti-anxiety properties being 

Table 1  Data for Hole board test

Values are expressed as mean ± SEM, n = 5

ns non significant

*p < 0.05; ***p < 0.001

Sr no Treatments No of pocking Duration of pocking 
(s)

Group I Control 5.6 ± 0.50 11.40 ± 1.07

Group II 5a (50 mg/kg) 13.1 ± 2.34* 119.4 ± 3.41***

Group III 5b (50 mg/kg) 25.20 ± 1.28*** 171.0 ± 3.92***

Group IV 5c (50 mg/kg) 19.40 ± 1.77*** 157.2 ± 6.36***

Group V 5d (50 mg/kg) 12.8 ± 1.43* 136.8 ± 4.32***

Group VI 5e (50 mg/kg) 12.60 ± 0.92* 118.2 ± 2.43***

Group VII 5f (50 mg/kg) 19.80 ± 3.15*** 166.2 ± 6.01***

Group VIII Diazepam (4 mg/
kg)

12.80 ± 0.86* 30.0 ± 1.39*
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evaluated. The mean ± standard error of the mean (SEM) 
for each group is presented in Table 1.

Compounds within Groups III, IV, and VII (Derivatives 
5b, 5c, and 5f ) exhibited very highly significant anxiolytic 
activity (***p < 0.001) in comparison to the control group, 
as assessed by the number of pocking. Compounds 
across Group II-VII (Derivatives 5a–f) demonstrated 
highly significant anxiolytic activity relative to the control 
group, as determined by the duration of pocking.

Figure  2 presents a graphical depiction of the data 
obtained from the hole board test. It is evident from 
the graph that all derivatives exhibit significant anxio-
lytic effects compared to both the control and standard 
groups.

EPM test
T Each of the eight groups, comprising five mice per 
group, was individually monitored for the number of 
entries and the duration of entries into the open arms of 
the EPM apparatus over a 5-min duration. An increased 
number and duration of entries into the open arms of the 
EPM are indicative of the anti-anxiety properties of the 
compound being evaluated. The mean ± standard error of 
the mean (SEM) for each group is presented in Table 2.

Discussion
Using Molinspiration [27] and Swiss ADME soft-
ware [28], the physicochemical parameters and ADME 
(absorption, distribution, metabolism, and excretion) 
properties of all compounds were comprehensively 
examined before synthesis. Lipinski’s rule of five (RO5), 
which evaluates essential physicochemical properties 
crucial for a molecule’s efficacy, safety, or metabolism, 
was considered for all compounds.

Ideally, oral drugs should possess a Log P value < 5, a 
molecular weight < 500, a topological polar surface area 
(TPSA) < 90 to efficiently cross the blood–brain barrier, a 
molar refractivity value between 40 and 130, fewer than 

10 hydrogen bond acceptors, and fewer than 5 hydrogen 
bond donors [29]. The assessment revealed that none 
of the compounds violated Lipinski’s rule of five (RO5), 
as indicated in Table 3. This suggests that all derivatives 
were well-designed and exhibit desirable drug-like or 
pharmacological characteristics, rendering them poten-
tially accessible for oral administration.

The blood–brain barrier (BBB) penetration, perme-
ability glycoprotein (Pgp) substrate, gastrointestinal (GI) 
absorption, and cytochrome P450 (CYP450) enzymes, 
particularly CYP2C19 inhibitors, are key pharmacoki-
netic properties indicative of favorable drug likeliness 
potential. Utilizing Swiss ADME software, an in-silico 

Fig. 2  Graphical representation of anxiolytic activity by Hole board apparatus. (A Number of pocking; B duration of pocking, *significant, **highly 
significant, ***very highly significant by ANOVA and Dunnett’s test)

Table 2  Data for EPM test

Values are expressed as mean ± SEM, n = 5.

Test compounds Groups II–VII (5a–f ) showed very highly significant anxiolytic 
activity (***p < 0.001)

ns non significant

***p < 0.001

Sr. no Time spent (s) No. of entries

Open arm Close arm Open arm Close arm

Group 
1

7.0 ± 2.09 104.6 ± 9.6 2.0 ± 0.44 19.5 ± 0.4

Group 
2

118.2 ± 5.14*** 43.20 ± 3.13*** 10.80 ± 1.35*** 10.8 ± 1.35***

Group 
3

158.8 ± 4.04*** 46.60 ± 4.33*** 26.80 ± 0.86*** 10.8 ± 1.15***

Group 
4

138.0 ± 5.19*** 45.20 ± 6.00*** 21.80 ± 1.59*** 11.8 ± 1.5***

Group 
5

130.0 ± 5.64*** 46.0 ± 2.42*** 15.20 ± 1.4*** 6.8 ± 0.96***

Group 
6

134.2 ± 3.81*** 41.20 ± 4.66*** 14.60 ± 1.50*** 9.2 ± 1.15***

Group 
7

143.6 ± 4.47*** 55.60 ± 2.33*** 25.20 ± 0.58*** 10.2 ± 1.06***

Group 
8

34.20 ± 4.22*** 60.5 ± 5.70*** 9.00 ± 0.70*** 12.10 ± 0.20***
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assessment of pharmacokinetic properties was con-
ducted, as outlined in Table 4.

All compounds examined in the ADME software 
exhibited high gastrointestinal absorption. Furthermore, 
in the ADME study, all derivatives were identified as Pgp 
(glycoprotein pump) substrates. P-glycoprotein plays a 
significant role in restricting the cellular uptake of medi-
cations from the bloodstream into the brain and from the 
intestinal lumen into epithelial cells. While positive Pgp 
substrate properties can diminish medication absorption, 
this effect can be mitigated by increasing the dosage, as 
high drug concentrations in the intestinal lumen can sat-
urate P-glycoprotein transport function.

All derivatives are expected to inhibit the liver 
enzyme CYP3A4, while CYP2C19 remains unaffected. 

Consequently, the results indicate that the synthesized 
derivatives possess favorable pharmacokinetic and phys-
icochemical properties, suggesting their potential utility 
as effective lead compounds with notable membrane per-
meability and oral bioavailability

An initial evaluation of central nervous system (CNS) 
depressant activity was conducted using the PASS study 
[30]. The derivatives exhibited virtually significant anxio-
lytic and antipsychotic activity. Values above 0.2 are con-
sidered significant according to PASS evaluation criteria, 
as depicted in Table 5.

All derivatives underwent a docking study to assess 
their interaction with the active site of the inhibitory 

Table 3  Drug likeliness properties of derivatives

Comp compound, miLogP partition coefficient, Mol wt molecular weight, TPSA topological polar surface area, MR molar refractivity, HBA hydrogen bond acceptor, HBD 
hydrogen bond donor

Comp miLogP Mol wt TPSA MR HBA HBD

5a 3.605 296.349 35.159 92.55 2 1

5b 3.091 310.376 35.159 96.80 3 1

5c 3.067 310.376 35.159 96.80 3 1

5d 3.043 310.376 35.159 96.80 3 1

5e 2.927 292.386 35.159 96.84 2 1

5f 3.581 296.349 35.159 92.55 2 1

Table 4  Pharmacokinetic properties of derivatives

Compound GI abs BBB 
permeation

Pgp substrate CYP2C19 
inhibitor

CYP3A4 
inhibitor

Lipinski 
violation

Ghose 
violation

Bioavailability 
score

5a High Yes Yes No Yes 0 0 0.55

5b High Yes Yes No Yes 0 0 0.55

5c High Yes Yes No Yes 0 0 0.55

5d High Yes Yes No Yes 0 0 0.55

5e High Yes Yes No Yes 0 0 0.55

5f High Yes Yes No Yes 0 0 0.55

Table 5  PASS study of derivatives

Comp Pharmacological activity Activity value

5a Anxiolytic 0.508

5b Anxiolytic
Antipsychotic

0.551
0.527

5c Anxiolytic
Antipsychotic

0.575
0.546

5d Anxiolytic
Antipsychotic

0.509
0.543

5e Anxiolytic 0.510

5f Anxiolytic 0.540

Table 6  Docking results

FZP flumazenil, SER serine, HIS histidine

Sr. no Compound Binding 
energy 
(kcal/mol)

No. of H 
bonds 
formed

Distance Interacting 
amino 
acids

1 5a − 8.4 1 3.080 SER(D): 206

2 5b − 9.5 2 2.541
2.811

HIS(D):102
SER(D): 206

3 5c − 9.3 2 2.826
2.832

SER(D): 206

4 5d − 9.4 – – –

5 5e − 9.1 1 2.796 SER(D): 206

6 5f − 8.5 – – –

7 FZP − 9.4 1 2.465 HIS(D): 102
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Fig. 3  2D and 3D docking interactions of derivatives 5a, 5b, 5c and 5e



Page 8 of 9Mahajan et al. Future Journal of Pharmaceutical Sciences           (2024) 10:50 

ion channel Human GABA-A receptor alpha1-beta2-
gamma2 subtype complexed with GABA and flumazenil, 
conformation B (PDB ID 6D6T), aiming to determine 
binding energy and interactions. It was observed that 
all derivatives exhibited favorable binding energy and 
engaged in various interactions with amino acids at the 
active site. The reference compound, flumazenil, exhib-
ited substantial affinity towards the receptor molecule 
via halogen bonding with HIS D:102; hydrogen bonding 
to THR E:142; and van der Waals interactions with SER 
D:206, ASP E:56, and MET E:130; pi-pi stacking inter-
actions with PHE E:77, TYR E:58, TYR D:160, and TYR 
D:210 in addition to other bonding modalities, accom-
panied by the binding energy of − 9.4 kcal/mol. The syn-
thesized compounds exhibited binding energies ranging 
from − 8.4 to − 9.5. Details of the docking study outcomes 
are presented in Table 6. The derivatives 5a, 5b, 5c, and 
5e exhibit hydrogen bonding interactions with the pro-
tein, as illustrated in Fig. 3. The principal binding interac-
tions vis-a-vis the ligand flumazenil are deliberated upon 
herein. Compound 5a forms a single hydrogen bond with 
the active site residue SER D:206, in addition to engag-
ing in two pi-pi stacking interactions with TYR E:58 and 
PHE E:77. Compound 5b establishes two hydrogen bonds 
with active site residues HIS D:102 and SER D:206, along 
with pi-pi stacking interactions with TYR D:160 and 
TYR D:210. Similarly, compound 5c forms two hydrogen 
bonds with SER D:206 and demonstrates halogen (fluo-
rine) interaction with SER D:159, as well as pi-pi stacking 
with TYR D:210. Compound 5e forms a lone hydrogen 
bond with SER D:206. Besides these hydrogen bonds, 
pi-pi stacking interactions with residues TYR D:160 and 
TYR D:210, along with pi-anion interactions with ASP 
E:56 and MET E:130, appear to significantly contribute to 
the molecule’s binding to the receptor. In contrast, Com-
pounds 5d and 5f do not establish any hydrogen bonds 
with the receptor.

The anxiolytic efficacy of these compounds was evalu-
ated in comparison to a control group. In the hole board 
test, control group mice exhibited fewer instances of 
pocking indicative of fear and anxiety, whereas the 
treated groups displayed an increased number and 
duration of pocking due to the anxiolytic effects. Com-
pounds 5b, 5c, and 5f demonstrated notably significant 
anxiolytic activity based on the frequency of pocking, 
while all compounds 5a-f exhibited significant activity 
in terms of pocking duration. During the EPM test, rats 
administered with anxiolytic drugs spent more time in 
the open arm compared to the control group, reflecting 
heightened anxiety in the animals on an elevated plat-
form. Notably, all six synthesized derivatives (5a–f ) dis-
played highly significant anxiolytic activity in the EPM 
test.

Conclusion
All newly synthesized benzimidazole derivatives 5a–f 
have exhibited highly significant biological anti-anxiety 
activity. Most compounds have demonstrated drug-
like properties, along with favorable gastrointestinal 
absorption and bioavailability as predicted by virtual 
computational tools. These findings are encouraging 
and warrant further investigation.

Moreover, docking studies against the Human GABA 
A receptor (PDB ID: 6D6T) revealed favorable bind-
ing energies for all derivatives, validating our hypoth-
esis regarding the potential of the recently synthesized 
2-(4-phenylpiperazin-1-yl)-1H-benz[d]imidazole and 
2-((4-phenylpiperazin-1-yl) methyl)-1H-benz[d]imi-
dazole derivatives as lead candidates for anti-anxiety 
drug development. Notably, compound 5b exhibited 
superior binding affinity compared to the ligand 
and demonstrated excellent in  vivo anxiolytic activ-
ity, thus presenting a promising candidate for further 
exploration.
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