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KEYWORDS ABSTRACT:
Introduction: Since medicinal products benzimidazole and hydrating agents are important
antimicrobials, specific substances including benzimidazole hydrazone have been generated in
benzimidazole, order to test their effectiveness against bacteria. The molecular makeup of the newly synthesised
compounds was clarified using the analysis of elements along with 1H-NMR measurements,
infrared radiation along with ES-MS spectrum evidence. following the synthetic chemicals'
environmental assessing subsequently was discovered that the ability to kill bacteria is increased by the inclusion

antimicrobials,

chemistry, of Schiff bases and specific compound groups implanted beneath either benzimidazole nuclear
structures along with modified nucleus. Every variant exhibited little action against microbes with
Schiff base, Gram-negative DNA and strong performance against bacteria that are Gram-positive. When
Gram-negative, examined towards fungus, several of the freshly synthesised compounds exhibited modest potency.
sustainable Objectives: Comparative study newly microwave irradiation synthesis of substituted
thesi benzimidazole and evaluation of its antimicrobial activity which is resistance to pathogen.
synthesis

Methods: The molecular makeup of the newly synthesised compounds was clarified using the
analysis of elements along with 1H-NMR measurements, infrared radiation along with ES-MS
spectrum evidence. The synthetic strategy included microwave-assisted reactions and TLC
verification.

Results: The ability to kill bacteria was increased by the inclusion of Schiff bases and specific
compound groups implanted beneath benzimidazole nuclei with modified functional groups (-Cl, -
NO;, OCH3, -Br, CH3, -OH). All compounds exhibited little action against Gram-negative microbes
and strong activity against Gram-positive bacteria. Several compounds also showed modest
antifungal potency.

Conclusions: Schiff base-modified benzimidazole derivatives represent promising antimicrobial
agents, with selective efficacy towards Gram-positive organisms and potential as sustainable drug
candidates.
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Graphical Abstract:
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1. Introduction

The research and development, aesthetics, and
employment of chemical goods and procedures to cut
down on or completely stop the manufacture and use of
dangerous substances for living environments is known
as "environmental chemistry" (GC). Beginning with
creative theory, the GC searches for the type of item
being designed and our course of action.to plan its
production and applications. Design requirements must
take into account the effects of chemical substances and
chemical processes [1].

The effectiveness standards must also take into account
potential hazards for both raw materials and finished
goods. The concepts of GC began to take on a more
global perspective around the beginning of the 1990s.
The objective aimed to create an environmentally
friendly option for chemical manufacturing and its
processes. To provide guidance on the fields of
advancement and study for GC applications, a group of
specialists from many industrialised nations was
assembled. The following areas were suggested for
attention based on the GC values. Economic
considerations and their potential contribution to
environmentally friendly growth were the main factors in
their selection [2-3].

The vast majority of illnesses are treated with
heterocyclic in nature molecules, so they hold a pivotal
position in the science of medicine. Benzimidazole, an
insurance purine-analogue pharmacophore exhibiting a
wide range of medicinal properties. action, is unique
amongst aforementioned heterocycles [4]. An extremely
prevalent heterocyclic in nature pharmacophore
comprises the power source benzimidazole ring
complex.[5] Because of highly diverse occurrence
among psychoactive chemicals, these components are
sometimes referred to be "fortunate." The primary
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emphasis revolves around the biological effects
associated with the benzimidazole antagonist along with
its structural stability biochemistry molecules, which are
also highly recognised various marketed drug of
benzimidazole shown in Fig.1[6-8].

Benzimidazole-based medicines demonstrate a large
variety of distinct kinds of biological responses as a
consequence of replacing moieties on core structure [9]
as shown in Fig. 2. Numerous benzimidazole derivatives,
as well such as antihistamines, azomycin, clotrimazole,
thiabendazole, cimetidine, anti-ulcerative (omeprazole),
misonidazole, and astemizole, have been discovered by
researchers in the medicinal products veterinary
medicine, and agricultural fields [10]
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Numerous studies on vitamin B12 have brought attention
to the structure and significance of the benzimidazole
nucleus. The study fragrant benzene ring's 4,5-positions
merged with the 1,3-Carbon of a diazole moiety which is
fundamental benzimidazole cyclic structure. One Other
benzo-substituted diazoles have been classified as
indazole and benzopyrazole, respectively, since they
have 1, 2- and 2, 3-substitutes of five-membered
aromatic in nature diazole moiety while maintaining the
merged benzene as an unsubstituted heterocyclic ring.
1H-1,3-benzimidazole is the ITUPAC designation for
benzimidazole. Nevertheless, a number of other names
have also been used, such as BZI, 1,3-diazaindene,
benzimidazole, benzo-glyoxaline, 3-azaindole, and
azaindole. With a molecular weight of 118.1359, the
formula is C;HgN,[11].

2. Objectives

To synthesize novel benzimidazole derivatives using a
green chemistry approach and assess their structural,
physicochemical, and antimicrobial properties. The goal
includes evaluating these compounds' pharmacokinetics’
and drug-likeness through in silico methods.

3. Methods

Compounds were synthesized using microwave-assisted
reactions involving o-phenylenediamine with amino
acids like glycine and L-valine in acidic conditions. Final
Schiff base derivatives were formed by reaction with
substituted benzaldehydes. Characterization included
TLC, melting point analysis, FTIR, IH-NMR, ES-MS,
and elemental analysis. In silico ADME properties were
evaluated wusing Swiss ADME and ProTox-II.
Antimicrobial screening was done using the disc
diffusion method against selected bacterial and fungal
strains. Molecular docking was performed against
Enterobacter cloacae (PDB ID: 6NP3) using Auto Dock
4.2.

3.1 Resources Needed

With a mortar and pestle, UV chamber, Microsil digital
melting point device, microwave, FTIR-7600 with
Bruker AC 200 (Lambda Scientific). Digitised thermal
melting equipment was also used for identifying physical
features such as melting point. In order to determine the
compound's chemical composition, a TLC investigation
was conducted employing the mobile phase containing
of normal hexane: ethyl acetate (2:3) [12-13]. The
observed average rate of flow was 1.2 ml/min, where the
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substance's spot explanation according to UV
illumination in a UV chamber at 254 nm was also
studied. Table 1 contains the tabulated findings. In
addition, information on the kind and arrangement of
bonds that the H atoms in the structure formed was
revealed by starting and completing the experimental
procedures, which comprise NMR spectroscopy carried
out using TMS as standard and readings recorded using
a Bruker AC 200[14].

3.2 Procedure
3.2.1 Synthesis Procedure of X1-X6
Step-1

Add o-phenylenediamine(0.65gm), glycine (0.9gm) and
12ml 5.5mol/L HCl into the beaker in sequence, wherein
the molar ratio of o-phenylenediamine and glycine is 2:1;
o-phenylenediamine and 5.5mol/L HCI The molar ratio
is 1:10. Stir evenly, put it into a microwave oven with a
frequency of 2450MHz, and irradiate it intermittently for
6 times at an output power of 220W, each time for 1min,
to completely dissolve. The fully dissolved solution was
irradiated intermittently for 10 times in a microwave
oven at an output power of 220W, each time irradiating
for 5 minutes and then resting for 10 minutes.
Recrystallize the crude product with absolute ethanol to
obtain 2-aminomethylbenzimidazole dihydrochloride,
dissolve it in water, adjust the pH to 8-9 with ammonia
water, cool to 3-5°C to complete the crystallization,
Ethanol/water recrystallization to obtain 2-aminomethyl
benzimidazole. [15-18]

Step-2

In a beaker add equimolar of Benzaldehyde derivatives
(3-Br,3-Cl,2-OH-4CL,4-OH,4-CH3, 4-OCH3) and 2-
aminomethyl benzimidazole in 1 ml water, put it into a
microwave oven with a frequency of 2450MHz, and
irradiate it at an output power of 200W for 30 sec to 2
minutes After reaction get completed as indicated by
Thin Layered Chromatography. Filtration was done to
get a crude reaction mixture and was recrystallized from
methanol [19].

3.2.2 Synthetic procedure of Y1-Y6
Step-1

Add o-phenylenediamine(1.36gm), L-Valine(2.82gm)
and 24 ml 5.5mol/L HCI into the beaker in sequence,
wherein the molar ratio of o-phenylenediamine and
glycine is 2:1; o-phenylenediamine and 5.5mol/L HCI
The molar ratio is 1:10. Stir evenly, put it into a
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microwave oven with a frequency of 2450MHz, and
irradiate it intermittently for 6 times at an output power
of 220W, each time for 1min, to completely dissolve.
The fully dissolved solution was irradiated intermittently
for 10 times in a microwave oven at an output power of
220W, each time irradiating for 5 minutes and then
resting for 10 minutes. Recrystallize the crude product
with absolute ethanol to obtain 2-aminomethyl-iso-
propyl-lbenzimidazole dihydrochloride, dissolve it in
water, and adjust the pH to 8-9 with ammonia water, cool
to 3-5 ° C to complete the crystallization, Ethanol/water
recrystallization to obtain 2-aminomethyl-iso-propyl-
Ibenzimidazole [20].

Step-2

In a beaker add equimolar of Benzaldehyde derivatives
(3-Br,3-C1,2-OH-4Cl,4-OH,4-CH34-O CH3) and 2-
aminomethyl-iso-propyl-lbenzimidazole in 1 ml water,
put it into a microwave oven with a frequency of
2450MHz, and irradiate it at an output power of 220W
for 40 sec to 2 minutes After reaction get completed as
indicated by Thin Layered Chromatography. Filtration
was done to get a crude reaction mixture and was
recrystallized from methanol.
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4. Results

All synthesized compounds (X1-X6 and Y1-Y6) were
successfully characterized through spectral techniques
confirming their expected structures. Physicochemical
characterization indicated acceptable yield, solubility,
and melting point profiles. In vitro antimicrobial assays
revealed strong activity against Gram-positive bacteria
and moderate-to-low activity against Gram-negative and
fungal strains. ADMET analysis revealed favourable
properties including high gastrointestinal absorption,
compliance with Lipinski’s Rule of Five, and minimal
predicted toxicity. Molecular docking results showed
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good binding affinities (-6.6 to -7.8 kcal/mol),
particularly for compound Y2, indicating effective
interaction with the target enzyme.

Tables and figures, such as compound codes, Rf values,
physical properties, ADMET parameters, and docking
scores, are detailed in the supplementary material.

Table.1 Compound detail and substituents

C | Structure X Chemical Rt Mass
name
X o 2- (1H- 0.81 | 315.2
1 ©:N\>JNCH© Br | Benzoimidaz 0
; ol-2- Exact
ylmethyl) - Mass:
(2-bromo- 313 O
benzylidene) ) ‘
-amine
X 13- (1H- 0.57 | 270.8
2 N N:CHQ Cl | Benzoimidaz 1
@ ad ol-2-
N Exact
U ylmethyl) -
Mass:
(3-chloro- 269.0
benzylidene) 7 ‘
-amine
X oloa. 5-[(1H- 0.69 | 286.1
3 N, g OH, | Benzoimidaz
@W 4 ol-2- Exact
.. Mass:
i Cl | ylmethylimi 2850
no)-methyl]- 7 )
2-chloro-
phenol
X ’ 4- 4-[(1H- 0.75 | 252.1
N NeCH ™ o
4 @ \>J OH | Benzoimidaz Exact
Hh 01_2_. . Mass:
ylmethylimi 251 1
no)-methyl]- ) ’
phenol
X 4- (1H- 0.45 | 250.1
5 CH; | Benzoimidaz Exact
N N-CH U ol-2- xac
\ i Mass:
ylmethyl) - 249 1
H (4-methyl- 3 :
benzylidene)
-amine
X . 4- (1H- 0.65 | 266.1
6 Q\)J ) ™ | OC | Benzoimidaz Exact
NH H; ol-2- Mass:
ylmethyl) -
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(4-methoxy- 265.1 X1 | CisHieBr | 72% | Dark 293- Methano
benzyli'dene) 2 N; brown 295 1,
-amine Ethanol
T @N%h é‘r g())rflo[(llle(;‘ 0.76 | 356.1 X2 | CisHpCl | 86% | Light | 162- | Methano
NG l)p y Exact N3 yellow 164 1,
ethylidene) g/lsassi): Ethanol
hydrazono]- ’ 5 -
Heindole 7 X3 | G I5\IH8C1 67% k?1ght 1123 %- Metlhano
3 rown ,
Y @ENQ 3- (E)-1-(4- | 0.51 | 312.1 Ethanol
2 W Cl | chlorophenyl Exact
@C‘ )-2-(1H- ract X4 | CigHisNs | 74% | Pale | 236- | Methano
ind0173—yl) 3] 1'1' yellow 238 1,
ethylidene ) Ethanol
hydrazine
X5 | CigHisN3 | 70% | Dark 183- | Meth
Y N\Q 2- | 2-{[1-(1H- | 0.79 | 328.1 16015 } ° 5 o 185 elano
3 O:N i oy | OH, | Benzoimidaz Exact rown ’
4- ol-2-yl)-2- Xac Ethanol
OH | methyl- Mass:
6 propyligqino] 327.1 X6 | CigHisNs3 | 79% | Dark 176- | Methano
“methyl}-5- 1 0 yellow | 177 1,
chloro- Ethanol
phenol Y1 | CisHisBr | 68% | Lemon | 141- | Methano
Y @EN\Q 4- (E)-1-(4- | 0.49 | 294.1 N; yellow | 143 1,
4 N e OH | hydroxyphen Ethanol
O yl)-2-(1H- ract
or indol-3-yl ass. Y2 | CisHisCl | 76% | Dark 242- | Methano
D 293.1
ethylidene 5 ' N3 brown 244 1,
hydrazine Ethanol
35{ @&Q C‘; (ﬁz'i'g' 0.84 | 292.2 Y3 CisHisCl | 65% Dark 198- Methano
NH  N=CH
Q 3 mf)_;aHe_ny Exact N;O yellow 200 1,
indol-3-y1) 1;49*‘1551: Ethanol
ithghd‘?ne 7 Y4 | CisHNs | 79% | Brick | 157- | Methano
ydrazine 0 red 159 1
Y @[NQ 4- (E)-1-(4- | 0.66 | 308.2 Ethanol
6 N e OC | methoxyphe
H; | nyl)-2(1H- Exact Y5 | CioH2IN; | 64% | Orang | 165- | Methano
indol-3-yl) 1;/537551: e 167 !
ethylidene ’ Ethanol
. 7
hydrazine
Y6 CioH21N3 | 59% | Maroo 175- Methano
0 n 177 1,
Table.2  Physical Characterization Data of Ethanol

C ds (X1-X6 and Y1-
ompounds ( and Y1-Y6) Characterization of Data (Synthesized Compounds)

C. | Chemical | % Colou M.P( | Solubilit (1H-Benzoimidazol-2-ylmethyl) -(2-bromo
C Formula | Yiel r °C) y benzylidene) -amine [X1]
d

Dark brown colour, Rf-value : 0.81, yield: 72%, m. p
:293-295°C, molecular formula: C;sH;2BrNs;, 'H NMR
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(300 MHz, & ppm/MeOD): 8.30 (s, 1H, CH), 7.94 (m,
3H, Ph-H), 7.51 (m, 2H, Ph-H), 7.43 (m, 2H, Ph-H), 7.23
(m, 1H, Ph-H), 5.03 (s, 1H, NH), 4.92 (s, 2H, CH>); IR
(KBr, cm): 3345.76 N-H (benzimidazole rting),
1622.54 C=N (imine group), 1586.96 C=C (aromatic
ring), 3049.87 (Aromatic C—H), 2895.97 Aliphatic C-H
(benzylic CH:), 837.68 Ph—-H out-of-plane bending
(para-substituted), 570.36 (C-Br stretch) ; Ele. Ana.
Calculated: C, 57.3; H, 3.9; Br, 25.4; N, 13.4 Ele. Ana.
Found: C, 56.2; H, 3.9; Br, 25.1; N, 14.1. MS (ESI) m/z:
[M+H]* Cal. 315.20 Exact Mass: 313.02.

(1H - Benzoimidazol - 2-ylmethyl) - (3 -chloro-
benzylidene)-amine [X2]

Yellow, Rf-value: 0.57, yield: 83%, m. p: 153-155°C,
molecular formula: C;sH;2CIN3, 'H NMR (300 MHz, §
ppm/MeOD): 8.21 (s, 1H, CH), 7.93 (m, 2H, Ph-H), 7.61
(m, 2H, Ph-H), 7.32 (m, 4H, Ph-H), 4.31 (s, 1H, NH),
4.33 (s, 2H, CH2); IR (KBr, cm-1): 3010.12 (br, N-H
stretching, benzimidazole), 1622.26 (s, C=N imine
stretching), 1589.37 (m, aromatic C=C), 3048.78 (m,
aromatic C—H), 2894.47 (w, aliphatic C-H), 785.47(m,
aromatic C—H out-of-plane bend, para-substituted ring),
Ele. Ana. Calculated: C, 66.8; H, 4.5; Cl, 13.1; N, 15.58
Ele. Ana. Found C, 66.6; H, 4.4; Cl, 13.2; N, 15.5; MS
(ESI) m/z: [M+H] " Cal. 270.81, Exact Mass: 269.07.

5-[(1H-Benzoimidazol-2-ylmethylimino)-methyl]-2-
chloro-phenol [X3]

brown, Rf-value: 0.69, yield: 67%, m. p: 130-131°C,
molecular formula: C;sH;,CIN;O,"H NMR (300 MHz, §
ppm/MeOD): 8.13 (s, 1H, CH), 7.82 (m, 2H, Ph-H), 7.31
(m, 2H, Ph-H), 7.11 (m,2H,Ph-H) 7.02 (m,1H.Ph-H)
5.32 (s, IH,NH), 4.94 (s, 2H, CH>»), 4.86 (s,1H,OH); IR
(KBr, cm-1): 331594 (br, N-H stretching,
benzimidazole), 3464.89 (br, O—H stretching, phenol),
1619.95 (s, C=N imine stretching), 1576.53 (m, aromatic
C=C stretching), 3045.67 (m, aromatic C—H stretching),
786.98 (m, Ph—H out-of-plane bending), 674.76 (m, C—
Cl stretching) ; Ele. Ana. Calculated: C, 63.1; H, 4.2; Cl,
12.4; N, 14.7; O, 5.6, Ele. Ana. Found: C, 63.1; H, 4.2;
Cl, 12.4; N, 14.7; O, 5.6, MS (ESI) m/z: [M+H] " Cal.
286.1, Exact Mass: 285.07.

4-|(1H-Benzoimidazol-2-ylmethylimino)-methyl]-
phenol [X4]

Light brown, Rf-value: 0.75, yield: 61%, m. p: 179-
181°C, molecular formula: C;sH;3N;0, '"H NMR (300
MHz, & ppm/MeOD): 8.34 (s, 1H, CH), 7.73 (m, 2H,
Ph-H), 7.42 (m, 2H, Ph-H), 7.31 (m, 2H, Ph-H), 6.81
(m, 2H, Ph-H) 5.22 (s, 1H, NH), 4.93 (s, 2H, CH>), 4.74
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(s, I1H, OH); IR (KBr, cm-1): 3316.98 (br, N-H
stretching, benzimidazole), 3467.98 3470 (br, O-H
stretching, phenol),1621.76 (s, C=N imine stretching),
1597.34 (m, aromatic C=C stretching),3356.98 (m,
aromatic C—H stretching), 816.12 (m, Ph—H out-of-plane
bending), 672.56 (m, C-Cl stretching). Ele. Ana.
Calculated: C, 72.1; H, 5.2; N, 16.7; O, 6.3, Ele. Ana.
Found: C, 71.7; H, 5.2; N, 16.7; O, 6.3. MS (ESI) m/z:
[M+H] " Cal. 252.1 Exact Mass: 251.11.

(1H- Benzimidazole — 2 - ymethyl) - (4-methyl-
benzylidene) -amine [X5]

Dark brown, Rf-value: 0.75, yield: 80%, m. p: 236-
239°C, molecular formula: CisH;sN3O, | 'H NMR (300
MHz, & ppm/MeOD): 8.84 (s, 1H, CH), 8.24 ( m, 2H,
Ph-H), 8.13 (m, 2H, Ph-H), 7.62 (m, 2H, Ph-H), 7.53
(m, 2H, Ph-H) 5.15 (s, 1H, NH), 4.73 (s, 2H, CH,),2.37
(s,3H, CH;); IR (KBr, cm™): 3317.56 (br, N-H
stretching, benzimidazole), 1618 (s, C=N imine
stretching), 1582 (m, aromatic C=C stretching), 3020 (m,
aromatic C-H stretching), 2850 (m, aliphatic C-H
stretching, —CHs), 750-810 (m, Ph-H out-of-plane
bending); Ele. Ana. Calculated: C, 78.1; H, 6.1; N, 16.9,
Ele. Ana. Found: C, 77.1; H, 6.16; N, 16.8. MS (ESI)
m/z: [M+H] * Cal.250.1 Exact Mass: 249.13

(1H - Benzimidazole — 2 - ylmethyl) -(4-methoxy-
benzylidene)-amine [X6]

Dark Yellow, Rf-value: 0.65, yield: 79%, m. p: 183-
185°C, molecular formula: C;¢H;sN;O, 'H NMR (300
MHz, § ppm/MeOD): 8.20 (s, 1H, CH), 7.60 (m, 2H,
Ph-H), 7.51 (m, 2H, Ph-H), 7.31 (m, 2H, Ph-H), 7.11 (m,
2H, Ph-H), 4.93 (s, 1H, NH),4.73 (s,2H, CH,). 3.34(s,3H,
OCH3). IR (KBr, cm-1): 3305 (br, N-H stretching,
benzimidazole), 1610 (s, C=N imine stretching), 1580—
1510 (m, aromatic C=C stretching), 1245-1260 (s, C-O—
C stretching, methoxy), 3015 (aromatic C—H stretching),
2840-2940 (C-H stretching of ~OCH3 and aliphatic C—
H); Ele. Ana. Calculated: C, 72.4; H, 5.7; N, 15.8; O, 6.0,
Ele. Ana. Found: C, 72.4; H, 5.7; N, 15.8; O, 6.1. MS
(ESI) m/z: [M+H] " Cal. 266.1, Exact Mass: 265.12

(E)-3-[(1-(4-bromophenyl) ethylidene) hydrazono]-
1H-indole [Y1]

Lemon Yellow, Rf-value: 0.76, yield: 68%, m. p: 141-
143°C, molecular formula: CisHisBrNs;, 'H NMR (300
MHz, & ppm/MeOD): 8.22 (s, 1H, CH), 7.92 (m, 2H, Ph-
H), 7.44 (m, 2H, Ph-H), 7.26(m,4H,Ph-H)4.85 (s, 1H,
CH), 4.74 (s, 1H, NH), 2.18 (m, 1H, CH) 1.23 (m, 6H,
CH;3); IR (KBr, cm-1): 3324.67 N-H stretch
(benzimidazole), 1611.87 N-H stretch (benzimidazole),
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1554.78 Aromatic C=C stretch, 2934.87 Aliphatic and
aromatic C—H stretch, 748.76 Aryl C—Br stretch, 812.63
Aromatic C-H out-of-plane bending. Ele. Ana.
Calculated: C, 60.7; H, 5.1; Br, 22.4; N, 11.8, Ele. Ana.
Found: C, 60.5; H, 5.1; Br, 22.4; N, 11.7. MS (ESI) m/z:
[M+H] " Cal. 356.1, Exact Mass: 355.07

(E)-1-(4-chlorophenyl)-2-(1H-indol-3-yl) ethylidene
hydrazine [Y2]

Lemon Yellow, Rf-value: 0.76, yield: 69%, m. p: 243-
245°C, molecular formula: C;sH;sBrN;, 'H NMR (300
MHz, 6 ppm/MeOD): 8.14 (s, 1H, CH), 7.93 (m, 2H, Ph-
H), 7.61 (m, 2H, Ph-H), 7.54 (m, 2H, Ph-H), 7.27 (m, 2H,
Ph-H), 5.05 (s, 1H, NH), 4.92 (s, 1H, CH), 2.74 (m, 1H,
CH) 1.11 (m, 6H, CH3); IR (KBr, cm-1): 3332.87 N-H
stretch (benzimidazole), 1613.23 C=N imine stretch,
1498.87 Aromatic C=C stretch, 2899.78 Aliphatic and
aromatic C—H stretch, 786,97 Aryl C—Cl stretch, 817.85
Aromatic C-H out-of-plane bending. Ele. Ana.
Calculated: C, 69.3; H, 5.8; Cl, 11.4; N, 13.5, Ele. Ana.
Found: C, 69.8; H, 5.9; Cl, 11.8; N, 13.8. MS (ESI) m/z:
[M+H] " Cal. 312.1 Exact Mass: 311.12.

2-{[1-(1H-Benzoimidazol-2-yl)-2-methyl-
propylimino]-methyl}-5-chloro-phenol [Y3]

Dark yellow, Rf-value: 0.76, yield: 65%, m. p: 198-
200°C, molecular formula: C;sH;sCIN;O, '"H NMR (300
MHz, § ppm/MeOD): 8.24 (s, 1H, CH), 7.81 (m, 2H, Ph-
H), 7.31 (m, 3H, Ph-H) ,6.93 (m, 2H, Ph-H), 5.17 (s, 1H,
CH), 4.98 (s, 1H, NH),4.77(s,1H,0OH) 2.16 (m, 1H, CH)
1.22 (m, 6H, CH3); IR (KBr, cm-1): 3376.36 O-H
(phenolic) stretch (broad), 3294.67 N-H stretch
(benzimidazole), 1613.73 C=N (imine) stretch, 1534.74
Aromatic Cc=C stretches, 2876.67 C-H
(aliphatic/aromatic) stretches, 785.67 Aryl C—Cl stretch,
798.78 Aromatic C—H out-of-plane bending; Ele. Ana.
Calculated: C, 66.1; H, 5.5; CI, 10.8; N, 12.8; O, 4.9,
Ele. Ana. Found: C, 66.1; H, 5.5; Cl, 10.8; N, 12.8; O,
4.9 MS (ESI) m/z: [M+H] * Cal. 328.1Exact Mass:
327.11.

(E)-1-(4-hydroxyphenyl)-2-(1H-indol-3-yl) ethylidene
hydrazine [Y4]

Brick red, Rf-value: 0.49, yield: 79%, m. p: 157-159°C,
molecular formula: C1sHi9N;O, 'H NMR (300 MHz, §
ppm/MeOD): 8.09 (s, 1H, CH), 7.86 (m, 2H, Ph-H), 7.41
(m, 2H, Ph-H) ,7.23 (m, 2H, Ph-H), 6.81(m,2H, Ph-H )
5.28 (s, 1H, CH), 4.94 (s, 1H, NH),4.71(s,1H,OH)
2.22(m, 1H, CH) 1.01 (m, 6H, CH3); IR (KBr, cm-1):
3376.89 O-H (phenolic) stretch (broad), 3267.78 N-H
stretch (benzimidazole), 1613.89 C=N (imine) stretch,
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1498.78 Aromatic C=C stretches, 1456.22 Aromatic
C=C stretches, 2876.98 Aliphatic and aromatic C-H
stretches, 832.13 Aromatic C—H out-of-plane bending;
Ele. Ana. Calculated: C, 73.69; H, 6.53; N, 14.32; O,
5.45, Ele. Ana. Found: C, 74.1; H, 6.5; N, 14.5; O, 6.1,
MS (ESI) m/z: [M+H] " Cal. 294.1Exact Mass: 293.15.

(E)-1-(4-methylphenyl)-2-(1H-indol-3-yl) ethylidene
hydrazine [Y5]

Orange, Rf-value: 0.84, yield: 64%, m. p: 165-167°C,
molecular formula: C;oH21N3;, 'H NMR (300 MHz, §
ppm/MeOD): 8.41 (s, 1H, CH), 8.11 (m, 2H, Ph-H), 7.49
(m, 2H, Ph-H), 7.32 (m, 2H, Ph-H), 7.01 (m, 2H, Ph-H)
5.25 (s, 1H, NH), 4.73 (s, 2H, CH>),2.37(s,3H,CHs)
2.11(m, 1H, CH) 1.22 (m, 6H, CH3); IR (KBr, cm-
1):3289.67 N-H (stretch, benzimidazole), 1612.67 C=N
(imine), 1498.74 Aromatic C=C, 1526.78 Aromatic
C=C, 2912.89 C-H (aliphatic and aromatic), 1367.35
Methyl group (—CHs bending), 823.73 Aromatic C—H
out-of-plane bending; Ele. Ana. Calculated: C, 78.3; H,
7.3; N, 14.4, Ele. Ana. Found: C, 78.3; H, 7.3; N, 14.4,
MS (ESI) m/z: [M+H]* Cal. 292.2 Exact Mass: 291.17.

(E)-1-(4-methoxyphenyl)-2-(1H-indol-3-yl)
ethylidene hydrazine [Y6]

maroon, Rf-value: 0.66, yield: 59%, m. p: 175-177°C,
molecular formula: CoH2N;O, 'H NMR (300 MHz, §
ppm/MeOD): 8.08 (s, 1H, CH), 7.75 (m, 2H, Ph-H),
7.57(m, 2H, Ph-H), 7.29 (m, 2H, Ph-H), 7.12 (m, 2H, Ph-
H), 4.73 (s, 1H, NH),4.43(s,1H,CH).3.36(s,3H,0CH3)
2.13 (m, 1H, CH) 1.21 (m, 6H, CHs); IR (KBr, cm-
1):3289.67 N-H (stretch, benzimidazole), 1612.67 C=N
(imine), 1498.74 Aromatic C=C, 1526.78 Aromatic
C=C, 2912.89 C-H (aliphatic and aromatic), 1367.35
Methyl group (—CHs bending), 823.73 Aromatic C-H;
Ele. Ana. Calculated: C, 74.2; H, 6.89; N, 13.7; O, 5.2,
Ele. Ana. Found: C, 74.2; H, 6.9; N, 13.7; O, 5.2, MS
(ESI) m/z: [M+H] + Cal. 308.2 Exact Mass: 307.17.

ADME Studies

A comprehensive evaluation of the drug-likeness and
pharmacokinetic ~ profiles of the synthesized
benzimidazole derivatives (X1-X6 and Y1-Y6) was
performed using established in silico models.
Physicochemical properties including molecular weight,
hydrogen bond donors (HBD), hydrogen bond acceptors
(HBA), topological polar surface area (TPSA),
lipophilicity (logP), and compliance with Lipinski’s Rule
of Five were assessed using the Swiss ADME [21] web
tool. Additionally, predictive models for oral
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bioavailability, gastrointestinal absorption, and blood-
brain barrier (BBB) permeability were applied.

Table 3, Benzimidazole derivative calculations using
Veber's rule and Lipinski's rule of five (X1-X6 and Y1-

Table 4. Pharmacokinetics and drug-like characteristics

of Benzimidazole derivatives

Y6)

Lipinski Rule of Five Vebe

r's

Rule

C.C | Log | Mol HBA | HB | Vio | No.

P Wt. (<10) | D | lati of

(<5) | (<500 (<5) | ons | Rota

g/mol) table

bond

s

(<10)

X1 3.34 | 314.18 2 1 0 3
g/mol

X2 | 3.24 | 269.73 2 1 0 3
g/mol

X3 | 3.03 | 285.73 3 2 0 3
g/mol

X4 | 239 | 251.28 3 2 0 3
g/mol

X5 | 3.14 | 249.31 2 1 0 3
g/mol

X6 | 2.84 | 26531 3 1 0 4
g/mol

Y1 | 432 | 356.26 2 1 0 4
g/mol

Y2 | 423 | 311.81 2 1 0 4
g/mol

Y3 | 3.83 | 327.81 3 2 0 4
g/mol

Y4 | 3.28 | 293.36 3 2 0 4
g/mol

Y5 | 4.04 | 291.39 2 1 0 4
g/mol

Y6 | 3.68 | 307.39 3 1 0 5
g/mol
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Pharmacokinetics Drug likeness
C. |G|B|P|C|C|C |C |C |LogKp | Bio
C. |[I|B|-]Y|Y|Y |Y |Y | (skin avai
a|B|g|P|P|P |P |P |permea | labi
blplp|1|2|2 |2 |3 |tionss) | lity
sle|s|A|C|C |D |A Sco
njlul(2]1]9 6 4 re
b 9
Inhibitors
XI [H[V|[x|Y|Y|N|Y [N 0.55
-5.77
X2 [H|{ N[ x [N |[~V|x [N [N |-554 |055
X3 [H|N| x|V [~N|x [V [+ |-589 0.55
X4 [H[V| x|V x]x [N [x [-6.13 0.55
X5 [H|[ V| x[N[N]x [V [+ [-561 0.55
X6 |[H[ V| x[V|[V]x [V [V [-598 0.55
YL [H[ V| x[~V[N][N [V [V ]-505 0.55
Y2 [H|[ V| x[V[N][N [V [V |-483 0.55
Y3 [H|[V|[x[V|[V][N [V [V [-518 0.55
Y4 [H[N [N [N [N ][V [N | x |-541 0.55
Y5 [H[ V[ x[V|[V][N [V [V [|-489 0.55
Y6 |H[ V[ x[V|[V][N [V [V [-526 055
\: Yes, x: No, H: High
Table 5. Benzimidazole derivatives' physicochemical
characteristics
C. | Nu | Nu Molar | Log | Solubilit | Fracti
C. | m. | m.h | Refract | S(E | y(mg/ml) on
he | eavy ivity SO _ Csp3
av | ato L)
y | ms
ato
ms
X1 19 15 81.74 - 1.41e-02 0.07
4.35 mg/ml
X2 | 19 15 79.05 - 2.49¢-02 0.07
4.03 mg/ml
X3 | 20 15 81.07 - 3.12e-04 0.07
3.88 mg/ml
X4 | 19 15 76.06 - 1.27e-01 0.07
3.30 mg/ml
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X5 19 15 79.00 - 4.56e-02 0.12
347 mg/ml

X6 | 20 15 80.53 - 9.64e-02 0.12
3.50 mg/ml

Y1 | 22 15 96.16 - 1.37e-03 0.22
5.33 mg/ml

Y2 | 22 15 93.47 - 3.07e-03 0.22
5.01 mg/ml

Y3 | 23 15 95.49 - 4.49e-03 0.22
4.86 mg/ml

Y4 | 22 15 90.48 - 1.56e-02 0.22
4.27 mg/ml

Y5 | 22 15 93.43 - 5.61e-03 0.26
4.72 mg/ml

Y6 | 23 15 94.95 - 1.01e-02 0.26
4.48 mg/ml

Table 3. Summarizes Lipinski and Veber compliance,
while Table 4. Provides pharmacokinetic parameters
including GI absorption, BBB permeability, and CYP
inhibition data. Table 5. Lists physicochemical
parameters such as molar refractivity and solubility.

Taken together, the ADMET profiling underscores that
the synthesized benzimidazole-based Schiff bases
possess acceptable pharmacokinetic characteristics, high
oral bioavailability potential, and a favourable in silico
safety margin, justifying their further biological
evaluation.

SAR of synthesized compound [25-30]

e Compounds (X1-X6 and Y1-Y2) are examples of
benzimidazole hybrids whose antibacterial activity
can be enhanced by substituted molecules in the "4"
or "5" positions of the benzimidazole nucleus.

e When benzimidazole hybrids have a para- or ortho-
substituted phenyl group in the "1" position, their
antibacterial activity may be enhanced.

e  The antibacterial action is enhanced by the presence
of the Schiff bases bridge, which joins the
substituted benzine ring with benzimidazole.

e  Other heterocycles in the molecule, are grafted on
the benzimidazole and Schiff bases linked with
substituted benzine nuclei, and their presence
enhances the compounds' antimicrobial activity.

e  Special groups, including -F, -chlorine, -bromine, -
CF3, -NO,, -CN, -CHO, -OH,and other
heterocycles in the molecule, are grafted on the
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benzimidazole and Schiff bases linked with
substituted benzine nuclei, and their presence
enhances the compounds' antimicrobial activity.

Employing  Gentamycine and Ampicelline as
recommendations, the experiment was carried out
employing the technique of disc diffusion [31-32] with
minor adjustments for the produced chemical
compounds. The species of Bacillus cereus, a type of
Escherichia coli, Saccharomyces cerevisiae, and
Aspergillus niger, among others, were the strains of
bacteria and fungi that the produced chemical
compounds were tested against. The Whatman A 5-mm-
diameter filter paper disc (number 1) was autoclaved for
15 minutes at 121°C to sterilise it. Multiple chemicals
(600 pg/disk) have been dropped onto the disinfected
discs. The studied pathogens' culture medium was used
to evenly inoculate the outermost layers of plates made
from agar. After placing the saturated discs on the
medium being used with appropriate spacing, the dishes
underwent incubation for one hour at 5 °C to allow for
adequate diffusion. After that, they were moved to an
incubator set at 37 °C for 24 hours for bacteria and 28 °C
for 72 hours for yeast and fungus. We looked at the zones
of inhibition that the different chemicals produced on the
microbes. Table 6 presents the findings from the first
diagnostic test [33-37].

Table.6. Outcome of the investigated substances'
antibacterial efficacy

Bacill
. Saccharom | Aspergil
C. us Escheric ces lusp &
No. cereu | hia coli Y . .
p cerevisae niger
Se"t -+ +++ +++ -
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myci

ne

Y1 +++ ++ + -
Y2 +++ + ++ +
Y3 + + + +
Y4 ++ - + -
Y5 + ++ - -
Y6 + - - -

Table 7. Outcome of the investigated substances'
antibacterial efficacy

Bacil . .
K Escheri | Saccharo | Aspergi
C. No. - chia myces llus
cereu | — . ; -
P coli cerevisae | niger
Ge.ntam ++ —t - -
ycine
X1 +++ ++ ++ ++
X2 +++ - +
X3 ++ +++ ++ +
X4 ++ - - -
X5 + ++ + ++
X6 + ++ - +

Symbolic key: +++ indicates excessive activity
(inhibition region > 12 mm). ++ indicates moderate
activity levels (inhibition region 9-12 mm). +
(suppression region 6 - 9 mm) = partially active, Inactive
= - (inhibition the region < 6 mm) [38-42]

Molecular docking

Molecular docking simulations was conducted for
exploring the binding interactions between synthesized
ligands and Enterobacter cloacae enzyme (PDB ID:
6NP3). Docking was performed using autodocking 4.2,
and binding modes were visualized via BIOVIA
Discovery Studio [43-46].
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\l

Table-7. The synthetic benzimidazole compounds
docking score

Ligand Binding RMSD RMSD

Affinity (k.cal) lower upper

bound bound
X1 -6.6 1.45 1.96
X2 -7.0 0.0 0.0
X3 -7.4 0.0 0.0
X4 -1.2 0.0 0.0
X5 -7.1 0.0 0.00
X6 -6.9 1.43 2.21
Y1 -1.5 0.0 0.0
Y2 -71.8 0.0 0.0
Y3 -7.6 0.0 0.0
Y4 -1.7 0.0 0.0
Y5 -1.3 0.0 0.0
Y6 -7.1 0.0 0.0

Where: RMSD. Root Mean Square Deviation

y

-

Fig. 3. Compound X3 interaction in three dimensions
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A0S
ILE

ILE A102

ATE
Interactions
- Attractive Charge D Alleyl
- Conventional Hydragen Bond D Pi-Allkyl
- Pi-Fi T-shaped

Fig. 4. Two-dimensional compound X3 interaction

- Conven tional Hydrogen Bond - Pi-Anion
- Unfavorable Donor -Doner - Pi-Pi T-shaped
- Unfavorable Acceptor-Acceptor |:| Pi-Alloyl

A:552
LYS
A:554
TRP
AG2T
Interactions
D Carbon Hydrogen Bond D Alkyl
- Pi-Pi Stacked |:| Pi-Alkyl

Fig. 8. Two-dimensional compound Y3 interaction

Fig.9 Compound Y4 interaction in three dimensions

Fig. 6. Two-dimensional compound Y2 interaction
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TRP
AG2T TRP

AG29
[
A554
SER TYR
A:552 A:547

Interactions

I:I Carbon Hydrogen Bond I:I Alkyl
:' Pi-Sigma |:| Pi-Alkyl
[ Fi-Fi stacked

Fig. 10. Two-dimensional compound Y4 interaction

5. Discussion

The inclusion of functional groups such as -Br, -Cl, -OH,
and -OCH3 enhanced the antimicrobial potency of the
benzimidazole core. Schiff base formation improved
lipophilicity and membrane permeability. SAR findings
supported the relevance of substitution patterns on
biological activity. The compounds demonstrated
desirable drug-like properties with good
pharmacokinetic profiles and low toxicity predictions.
The docking interactions validated the structural
optimization strategy for targeting bacterial enzymes.

ADME Studies

All compounds demonstrated favourable molecular
weights (<500 Da), [22-24] and the number of HBD and
HBA remained within acceptable ranges (<5 and <10,
respectively). The logP values, indicative of
lipophilicity, ranged between 2.1 and 4.5, suggesting
adequate membrane permeability while minimizing the
risk of nonspecific binding. TPSA values fell within the
optimal window (<140 A2), supporting the likelihood of
good intestinal absorption.

Notably, all synthesized compounds fulfilled the criteria
outlined by Lipinski, Ghose, Veber, and Egan,
reinforcing their potential as orally bioavailable agents.
Most derivatives were predicted to exhibit high
gastrointestinal absorption, and several candidates
(notably X4, Xs, Ys, and Ys) demonstrated properties
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suggesting limited BBB permeability, potentially
reducing CNS-related side effects—a desirable feature
for antimicrobial agents.

To further evaluate the safety profile, computational
toxicity predictions were performed using ProTox-II.
The majority of compounds were classified within
toxicity class IV or V, indicating a low probability of
acute oral toxicity (LDso > 300 mg/kg). No significant
hepatotoxicity, cardiotoxicity, or mutagenic liability was
predicted for any derivative.

Bio screening. evaluate for antimicrobial capability

Compound X1, X2, Y1, Y2 excessively inhibit Bacillus
cereus_While X3, X4, Y4 moderately inhibit Bacillus
cereus_and X5, X6, Y3, Y5. Y6 partially active against
Bacillus cereus. X3 inhibit Escherichia coli_excessively.

These compounds have moderate to partial activity
against  Bacillus  cereus,
Saccharomyces cerevisae, Aspergillus niger.

Escherichia coli,

Molecular docking

¢ Binding affinities ranged from —6.6 to —7.8 kcal/mol,
indicating strong interactions with the active site.

e Compound Y2 exhibited the highest binding affinity
(=7.8 kcal/mol), followed by Y4 (7.7 kcal/mol),
and Y3 (-7.6 kcal/mol).

e RMSD values were <145 A (lower bound),
suggesting excellent docking precision.

Key interactions involved

e w7 stacking with amino acids TYR547, TRP629,
and TRP157,

e mw-alkyl interactions with ILE76, TYRI105, and
LYS554,

e Hydrogen bonding with PHE95, ASP96, and
TYRI128,

e Occasional mw-anion interactions and carbon—
hydrogen bonds, enhancing complex stability.

Environmentally sustainable synthesis of benzimidazole
derivatives led to potent antimicrobial compounds with
selective efficacy. The results of in vitro, in silico, and
docking analyses collectively suggest the potential of
these derivatives for development into novel
antimicrobial agents.
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During the conceptualisation, production, along with
usage of chemical-based goods, environmentally
friendly chemistry (GC), which is refers to a set of
guidelines intended minimise or eliminate the
consumption or creation of potentially toxic substances
[44]. Considerations on the usage of hazardous
compounds and the handling of potentially harmful
substances will be made as we create novel chemical-
based syntheses. It is necessary to think about the general
environmental problems associated with these
procedures as well as if hazardous material may require
special disposal. As the most significant nuclei in many
medications, benzimidazole’s are employed in a wide
range of applications and are extremely valuable to
humanity. Twelve undiscovered medicines determined
to be benzimidazoles have been developed as well as
their chemical makeup subsequently verified. The
previously produced molecules somewhat outperformed
the standard of reference prescription medications in
terms of biological function when compared with
examined microorganisms. Their spectral observations
(IR, ITH NMR, 13C NMR, and MS spectra) guaranteed
the structures of the freshly synthesised benzimidazoles.
When compared to the reference medication, compounds
X1, X2, and Y1, Y2 had the strongest antimicrobial
activity among the majority of these novel drugs [45-46].
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