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A B S T R A C T   

The nickel-containing urease enzyme is responsible for the pathogenesis of hepatic coma, hepatic encephalop-
athy, urolithiasis, gastric and peptic ulcer. These enzymes also have a negative effect on the efficacy of soil 
nitrogen to produce crops. The urease enzyme inhibitors may be thought as a strategy for reducing the negative 
effects of ureolytic bacteria. The present study involves a novel approach to the synthesis benzimidazole thio-
semicarbazides and sulphonamide derivatives as potent urease inhibitor. All the analogues exhibited good in-
hibition potential. Among the thiosemicarbazides series, the most potent were analogs 1 g and 1 h having an 
IC50 = 2.40 ± 0.10 and 3.10 ± 0.10 µM respectively. Among the sulphonamide series, the most potent analogs 
were 2f and 2j having an IC50 = 3.90 ± 0.10 and 1.40 ± 0.001 µM respectively. Structure activity relationship 
study shows that among the two series, the most potent analogs were those having electron-withdrawing groups. 
Molecular docking study was carried out to check the interactions between the synthesized compounds and the 
urease enzyme’s active sites. Furthermore, to evaluate the stability of the most active compound in complex with 
the urease enzyme a total of 200 ns MD simulation was carried out. The MD simulation study revealed that the 
compound formed a more stable complex with the urease enzyme and remained stable throughout the 200 ns MD 
simulation. All Compounds were verified for cytotoxicity against 3T3 mouse fibroblast cell line and detected 
nontoxic.   

1. Introduction 

Urease (urea amidohydrolase EC 3.5.15) is a nickel containing 
metalloenzyme which catalyzes the hydrolysis of urea to ammonia and 
carbon dioxide. Urease is involved in the function of using urea as ni-
trogen source [1–3]. Urease is known to be one of the major causes of 
diseases induced by Helicobacter pylori, thus allow them to survive at 
low pH inside the stomach and thereby, play an important role in the 
pathogenesis of gastric and peptic ulcer, apart from cancer as well [1]. 

Urease is directly involved in the formation of infection stones and 
contributes to the pathogenesis of urolithiasis, pyelonephritis, and he-
patic encephalopathy, hepatic coma and urinary catheter encrustation 
[4]. Due to the diverse functions of this enzyme, its inhibition by potent 
and specific compounds could provide an invaluable addition for 
treatment of infections, and secondary complexes such as pus formation, 
and ulcer caused by urease-producing bacteria [5]. 

Benzimidazole-based heterocycles are becoming more popular 
because the benzimidazole moiety is so important to many biological 
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processes and because it can be seen as an important pharmacophore in 
drug development processes [6,7]. Benzimidazole has been linked with 
a wide range of biological activities, including proton pump inhibitors 
[8], anti-virals [9], anti-oxidants [10], anti-hypertensives [11], carbonic 
anhydrase inhibitors [12], phosphodiesterase inhibitors [13], 
anti-cancer [14], anti-glycation [15], anti-inflammatory [16], 
anti-urease [17], antifungal [18], antibacterial [19], antihelminthic 
[20] and antidiabetic [21]. 

Thiosemicarbazones exhibit various biological activities and have 
therefore attracted considerable pharmaceutical interest [22]. They 
have been evaluated over the last 50 years as antiviral, antibacterial and 
anticancer therapeutics. Thiosemicarbazones belong to a large group of 
thiourea derivatives, whose biological activities are a function of parent 
aldehyde or ketone moiety [23,24]. Conjugated N–N–S tridentate ligand 
system of thiosemicarbazide (NH2–CS–NH–NH2) seems essential for 
anticancer activity, possibly due to the observation that structural al-
terations that hinder a thiosemicarbazones ability to function as a 
chelating agent tend to destroy or reduce its medicinal activity [25]. 

Sulfonamide containing compounds got substantial attention from 
last few decades and emerged as potent inhibitor against varied disease 
including diabetes [26], psychosis [27], central nervous system (CNS) 
disorders [28], tumors [29] and different cancer treatments [30]. 

Recently, benzimidazole scaffolds were reported as α-glucosidase 
inhibitors [31–33], sulfonamide as carbonic anhydrase inhibitors [34] 
and novel barbituric derivatives as potent urease inhibitors [35–37]. 
Our research group has recently reported benzimidazole Schiff base and 
thiosemicarbazones as potent anti-Alzheimer agents [38], 2-(2-pridyl) 
benzimidazole as anti-urease agents [39], benzimidazole bis-Schiff base 
as α-glucosidase inhibitors [40], and benzimidazole derivatives as 
α-amylase inhibitors [41]. But still there is need to discover more potent 
analogs which can act as lead therapeutic agents. For this purpose, we 
synthesize benzimidazole analogue (III) upon reacting aromatic diamine 
with aromatic aldehyde. Then analogue (III) was treated with hydrazine 
hydrate to form hydrazide intermediate (IV). Intermediate (IV) was 
firstly reacted with aromatic isothiocyanates to yield analogues 
benzimidazole-based thiosemicarbazide analogues and secondly was 

treated with aromatic sulfonamide chloride to yield 
benzimidazole-based sulfonamide analogues and screened them for 
their urease inhibitory potentials. 

2. Results and discussion 

2.1. Chemistry 

4-Methoxybenzene-1,2-diamin (I) reacted with ethyl-4-formyl ben-
zoate (II) in DMF as solvent and sodium meta-bisulfite (Na2S2O5) was 
used as a base and refluxed for 4–5 h to obtain first intermediate product 
(III). Intermediate product (III) was then reacted with hydrazine hy-
drate and refluxed for 3 h to obtain the second intermediate product 
(IV). Finally the intermediate (IV) reacted in two different ways. Firstly, 
intermediated IV was reacted with differently substituted sulfonyl 
chloride in the presence of THF to yield benzimidazole- thio-
semicarbazides hybrid analogues (1a-j) (Scheme 1, Table 2). Secondly 
intermediate IV was reacted with differently substituted isothiocynate 
were reacted in the presence of THF to yield benzimidazole-sulfonamide 
(2a-k) (Scheme 1, Table 2). 

2.2. Biological activity 

2.2.1. Urease inhibition activity of benzimidazole based thiosemicarbazides 
We have synthesized of benzimidazole-based thiosemicarbazides 

analogs and inspected them for urease inhibitory potentials. All the 
analogs demonstrated well to moderate inhibition activities when 
compared with the standard drug thiourea (IC50 = 21.60 ± 0.30 µM). 
SAR studies show that all analogs having an electron withdrawing group 
on phenyl ring exhibited significant inhibition. The most potent analogs 
among the series were analogs 1 g (IC50 = 2.40 ± 0.10 µM), 1f (IC50 =

4.60 ± 0.10 µM), and 1 h (IC50 = 3.10 ± 0.10 µM). These analogs have 
halogen atom chlorine and bromine on the phenyl ring. The high ac-
tivities of these analogs might be due to their high electronegativity 
values and size which allow the molecule to fit well in the active sites of 
enzyme. Contrary to this, analog 1b having bromine atom at 2 positions 

Scheme 1. Synthesis of benzimidazole bearing thiosemicarbazides/sulfonamide analogues.  
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on the phenyl ring exhibited weak inhibition with IC50 value of 38.46 ±
0.90 µM. So it is clear that the large size of bromine may cause difficulty 
in binding effectively with the enzyme active sites [43]. The unsub-
stituted analog 1k was also a potent analog with IC50 value of 4.90 ±
0.10 µM. Obviously it gives an insight that the presence of substituent is 

not important. It may be possible that the compound 1k has such 
conformation which can fit well in the active site of the enzyme and 
block the activity. The next potent analogs among the series are analog 
1d and 1e having electron-withdrawing nitro groups. The IC50 values of 
these analogs are 18.60 ± 0.50 µM and 12.60 ± 0.40 µM, respectively. 

Table 1 
Different substituents and urease activity of benzimidazole-thiosemicarbazides analogues.  

S. No R IC50 Value S. No R IC50 Value 

1a 32.20 ± 0.80 1 g 2.40 ± 0.10 

1b 38.46 ± 0.90 1h 3.10 ± 0.10 

1c 22.60 ± 0.70 1i 17.30 ± 0.10 

1d 18.60 ± 0.50 1j 22.80 ± 0.50 

1e 12.60 ± 0.40 1k 4.90 ± 0.10 

1f 4.60 ± 0.10    

Thiourea  21.60 ± 0.30     
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The high inhibition activity of these analogs might be due to the 
chelating property of oxygen with the active sites of enzymes [44]. A 
slight difference in their values may be due to the position of the nitro 
group on the phenyl ring. Analogs 1c, 1i, and 1j having methyl group on 
phenyl ring displayed inhibition almost comparable to standard drug 
thiourea. It is clear from Table 1 that the difference in their values is due 
to the number and position of the methyl group on the phenyl ring. 
Analog 1a having no substituent on the phenyl ring was weak in their 
inhibition activity with IC50 value of 32.20 ± 0.80 µM. This study 
revealed that the substitution of a functional group on phenyl ring em-
ploys a critical impact on urease inhibition. 

2.2.2. Urease inhibition activity of benzimidazole-based sulphonamide 
derivatives 

The synthesized benzimidazole sulphonamide derivatives were 
screened for urease inhibition activity. All the analogs exhibited varying 
degrees of urease inhibition activity. The sulphonamide derivatives 
exhibited lower inhibition activity than thiosemicarbazides. Structure- 
activity relationship shows that the electron withdrawing group on the 
phenyl ring plays a major role in inhibiting urease activity. Analog 2j 
was found to be the most potent analog of the series having an IC50 value 
of 1.40 ± 0.001 µM. This analog has two fluorine atoms at positions 2 
and 4. This shows that halogen atoms at the ortho and para position on 
the phenyl ring increase the urease inhibition activity. A comparison of 
analog 2a and 2b shows that analogs having mono-halogen atoms are 
less potent as compared to di-substituted analogs which are clear from 
the IC50 values given in Table 2. Similarly, among the chloro substituted 
analogs, analog 2c in which the chloro group is at the ortho position is 
more potent having an IC50 of 14.30±0.30 as compared to analog 2d in 
which the chloro group is at the para position having an IC50 value of 
16.40±0.30. Among the nitro substituted analogs 2e, 2f, and 2 g, the di- 
nitro analog 6 exhibited excellent urease inhibition having an IC50 value 
of 3.90 ± 0.10 µM while the mono-nitro analog 2e (IC50 = 14.80 ± 0.30 
µM) having the nitro group at para position showed moderate activity 
while analog 2 g (IC50 = 22.10 ± 0.50 µM) having meta nitro group was 
less potent. The rest of the analogs were poor in their inhibition activity. 

2.3. Molecular docking studies 

2.3.1. Molecular docking studies of benzimidazole bearing 
thiosemicarbazides analogs 

Molecular docking analysis was conducted through MOE to show the 
binding interactions of the synthesized compounds against the urease 
enzyme. The most promising docking conformation for all compounds 
was established with accurate direction in the active site of the enzyme. 
The binding site of the enzyme is composed of both hydrophilic and 
hydrophobic amino acids as shown in Fig. 1. The two implanted Ni ions, 
i.e., Ni-798 & Ni-799 play a vital role by connecting the catalytic res-
idue with the important moieties of the compound. According to the 
results of the molecular docking investigation, all the compounds dis-
played fit-well behavior in the active site of the urease enzyme. 

Additionally, the most promising docked conformation of each 
compound was assessed further for binding mode analysis based on 
protein-ligand interaction (PLI) profile and docking score. In general, it 
was found from the post-docking study that the enlisted synthetic 
molecule had several substituted groups; some have electron with-
drawing groups (EWG), while others have electron donating groups 
(EDG). Moreover, we’ve noticed that the enzyme activity was ultimately 
affected by the position, volume, and switching behavior of the 
substituted groups from EWG to EDG or vice versa. The high potency of 
compound 1 g was established from both in-vitro and PLI examinations. 
This investigation shows that compound 1 g adopts the most promising 
interactions with the critical residues. Both in-vitro and PLI research 
indicated that the most active compound 1 g, which has a high potency, 
is the only one in the series to adopt the most favorable interactions with 
the critical residues and with the two entrenched Ni ions i.e., 798 & 799. 

These nickel ions show conjugation with the electron-withdrawing 
group of the compound and Ni-799 interacts with the three residues. 
The high inhibition activity of this compound is due to the electron- 
withdrawing group which extracts electron density from the conju-
gated system through resonance effect and thus making it less nucleo-
philic. The electron-withdrawing effect of these compounds also creates 
a partial positive charge on the benzene ring which then tend to stabilize 
itself by gaining or sharing electrons with the surrounding significant 
moieties as shown in Fig. 1b. Likewise other compounds in the series 
that demonstrated good inhibition against the urease enzyme have the 

Table 2 
Structure and urease inhibition activities of benzimidazole based sulfonamide 
derivatives.  

S. 
No 

Structure IC50 

values 
S. 
No 

Structure IC50 

values 

2a 30.60 

± 0.70 

2f 3.90 

± 0.10 

2b 28.20 

± 0.70 

2 g 22.10 

± 0.50 

2c 14.30 

± 0.30 

2 h 23.10 

± 0.50 

2d 16.40 

± 0.30 

2i 16.80 

± 0.40 

2e 14.80 

± 0.30 

2j 1.40 

±

0.001  

Thiourea 21.60 
± 0.30  

Thiourea 21.60 
± 0.30  
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same electron withdrawing group but their position is different. So, it 
can be concluded that variation in the position of the functional group 
plays a major role in increasing or decreasing the inhibition activity. The 
PLI for ranked 2nd and 3rd has been embedded in Fig. 1c and d. Overall, 
we have concluded that the attachment position and the quantity does 
matter for the enzymatic activity of the targeted enzyme, as in the case 
of the compound 1 g and 1 h, which hold similar groups at different 
position. 

2.3.2. Molecular docking studies of benzimidazole-bearing sulfonamide 
derivatives 

A molecular docking study was conducted to demonstrate the 
binding mode of the synthesized analogs against the urease enzyme. The 
docking results showed that analogs have fit-well behavior of binding 
interactions in the active gorge of the enzyme with suitable location. 
Mostly, the active site of the urease enzyme contains both hydrophilic 
and hydrophobic residues. As illustrated in Fig. 2a, the hydrophobic site 
is made up of a group of surface residues (A170, 366, K169, L319, and 
C322), whereas the hydrophilic site is made up of residues (E166, 223, 
R339, D224, 494, H315, 323, 324, and H249, respectively. Furthermore, 
the two Ni ions (798 & 799) play a major in connecting the active sites of 
the enzyme with the important part of the compound. Additionally, the 
two embedded Ni ions (798 & 799) in combination play a significant 
role by linking the key active site residues with the compound’s 
important moieties. More importantly, based on the protein-ligand 
interaction (PLI) profile, the most promising docked conformation of 
each compound was assessed further for binding mechanism. The syn-
thesized analogs have different groups some possess electron- 

withdrawing groups and some electro-donating groups, but it is clear 
from the results that compounds having electron withdrawing groups 
were more potent in their inhibition activities. The high potency might 
depend on the number of electrons-withdrawing groups and their elec-
tronegativity e.g., compound 2f and compound 2j both have electron 
withdrawing groups, but the high inhibition value of compound 2j 
might be due to the high electronegativity of fluorine. The key in-
teractions of this compound with the important residues and with the Ni 
ions are shown in Fig. 2b. Their electronegativity difference and the PLI 
profile might be one of the reasons that ranked the compound having an 
F group superior to the N group as shown in Fig. 1c. The next potent 
compound (compound 2c) in the series which ranked 3rd also showed a 
good PLI profile as shown in Fig. 2d. Overall, we have observed and 
concluded that the compound holds the withdrawing group, and had a 
high electronegativity showing a high potential against the target 
enzyme. Other compounds which has donating also showed good 
inhibitory potential but comparatively less than the withdrawing group. 

2.4. Post MD simulation analysis 

2.4.1. Root mean square deviation (RMSD) 
A high RMSD value indicates less stability of a system and lower 

RMSD value suggests stronger system stability [41]. The Ure-
ase/compound 2j system revealed an average RMSD value of 2.5 Å. The 
system revealed minor fluctuations during 20–40, 70–80 ns and 
120–130 ns however no major deviations were observed during the 
entire 200 ns MD simulation. On the other hand, the control complex 
was found to be less stable as compared to the compound 2 J during MD 

Fig. 1. The PLI profile for synthesized compounds against urease enzyme. (A) The surface representation of the urease enzyme. (B) The PLI pose for the most active 
compound 1 g, (C) for 1 h, and (D) for 1f. Dash lines indicate the H-bond while both-sided arrows indicate the pi-stacking interaction. 
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simulation. Initially the control system was stable during the first 30 ns 
after that some major fluctuations were observed till 130 ns and the 
complex revealed an unstable behavior. After 30 ns no major or minor 
deviations were observed till the 200 ns. From 130 ns the RMSD 
decreased to 3.4 Å and the system gained stability. Fig. 3 shows the 
RMSD plots for the control system in comparison with the compound 
2j-uraese complex. 

2.4.2. Root mean square fluctuation (RMSF) 
We employed root mean square fluctuation (RMSF) analysis to 

identify the fluctuating regions in all four systems. Residues 20–30, 
331–341, 461–469 had larger fluctuations and these residues revealed 
unstable behavior during MD simulation. The residues such as 100–335 

Fig. 2. The PLI profiling for potent compounds against the urease enzyme. (a) The cartonic representation of the urease enzyme. The hydrophobic and hydrophilic 
site has been encircled with dotted lines with labelled. (b) The PLI pose for the most active compound 2j, (c) for 2f, and (d) for 2c. Dash lines indicate the H-bond 
while both sided arrows indicate the pi-stacking interaction. 

Fig. 3. RMSD analysis of acetohydroxamic acid-urease (Black), and Compound 
2j-Urease (Red). The value of RMSD is displayed on the Y-axis and time in nano 
second is shown on X-axis. 

Fig. 4. RMSF analysis of acetohydroxamic acid-urease (Black), and Compound 
2j-Urease (Red). The value of RMSF is displayed on the Y-axis and the number 
of residues are shown on X-axis. 

A.Y.A. Alzahrani et al.                                                                                                                                                                                                                        



Journal of Molecular Structure 1296 (2024) 136850

7

and 345–460 and 475–575 revealed less fluctuations and a stable 
behavior during MD simulation. Fig. 4 display the RMSF plot of the 
protein-ligand complexes. 

2.4.3. Dynamics cross-correlation matrix (DCCM) 
The dynamic cross-correlation map (DCCM) was generated to 

examine the inter-residues correlation. Throughout the MD simulation, 
strongly correlated (positive) and anti-correlated (negative) motions 
between the residues are depicted in red-yellow and dark-blue to light 
blue, respectively. The positive and negative correlation between the 
residues is seen in Fig. 5. Positively correlated motions were especially 
evident at the active site region, and a higher percentage of positive 
correlated residues in the compound2j-Urease indicates that the com-
pound is able to bind tightly to the target protein. 

4. Conclusion 

We design, synthesis, and bio-assay of benzimidazole bearing thio-
semicarbazides and sulfonamide analogues with the goal of identifying 
more potent urease inhibitors. All of the compounds in both series 
inhibited urease well, with IC50 values in the sub-micromolar range. 
Among the thiosemicarbazides series, the most potent are analogues 1 g 
and 1 h while among sulfonamide series, the most potent analogs are 2f 
and 2j. Molecular docking experiments were also used to find out the 
binding mechanisms of the synthesized analogues with the active site of 
enzymes. The most active compound was subjected to 200 ns MD 
simulation and the result was compared to the standard inhibitor. The 
more potent compound i.e. compound 2j revealed high stability during 
the 200 ns MD simulation. 

4.1. Experimental 

4.1.1. General procedure for the synthesis of benzimidazole 
thiosemicarbazides analogs 

4-Methoxybenzene-1,2-diamin (I) reacted with ethyl-4-formyl ben-
zoate (II) in DMF as solvent and sodium meta-bisulfite (Na2S2O5) was 
used as a base and refluxed for 4–5 h to obtain first intermediate product 
(III). Intermediate product (III) was then reacted with hydrazine hy-
drate and refluxed for 3 h to obtain the second intermediate product 
(IV). Finally, the intermediate (IV) reacted in two different ways. Firstly, 
intermediated IV was reacted with differently substituted sulfonyl 
chloride in the presence of THF to yield benzimidazole- thio-
semicarbazides hybrid analogues (1a-j). Secondly intermediate IV was 
reacted with differently substituted isothiocynate were reacted in the 
presence of THF to yield benzimidazole-sulfonamide (2a-k). 

4.2. Structural analysis 

4.2.1. 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)-N- 
phenylhydrazine-1-carbothioamide (1a) 

1HNMR (500 MHz, DMSO‑d6):10.6 (s, 1H, NH), 10.5 (s, 1H, NH), 9.7 
(s, 1H, NH), 9.6 (s, 1H, NH), 8.3 (d, J = 6.9 Hz, 2H, Aromatic H), 8.2 (m, 
2H, Aromatic H), 8.1 (d, J = 6.4 Hz, 2H, Aromatic H), 7.7 (d, J = 6 Hz, 
1H, Aromatic H), 7.6 (d, J = 6.2 Hz, 2H, Aromatic H), 7.3 (m, 2H, Ar-
omatic H), 7.2 (d, J = 6.8 Hz, 1H, Aromatic H), 3.6 (s, 3H, OCH3); 
13CNMR (125 MHz, DMSO‑d6): δ 183.6, 164.9, 156.4, 152.3, 139.2, 
137.9, 137.9, 133.4, 132.5, 130.3, 130.2, 129.1, 129.0, 127.9, 127.7, 
127.6, 126.5, 126.5, 119.6, 112.8, 78.3, 66.8. HREI-MS: m/z calcd for 
C22H19N5O2S, [M]+ 417.1259; Found: 417.1250. 

4.2.2. N-(2-bromophenyl)− 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl) 
benzoyl)hydrazine-1-carbothioamide (1b) 

1HNMR (500 MHz, DMSO‑d6): 8.3(m, 2H, Aromatic H), 8.1(d, J =
6.5 Hz, 2H, Aromatic H), 7.9 (d, J = 6.8 Hz, 1H, Aromatic H), 7.8 (t, J =
6.8 Hz, 1H, Aromatic H), 7.6 (m, 2H, Aromatic H), 7.5 (m, 1H, Aromatic 
H), 7.3 (d, J = 6.3 Hz, 2H, Aromatic H), 3.6 (s, 3H, OCH3); 13CNMR (125 
MHz, DMSO‑d6): δ 183.4, 165.6, 156.8, 152.0, 139.0, 137.6, 136.8, 
132.6, 132.4, 132.3, 132.0, 131.8, 130.0, 130.0, 128.3, 127.7, 127.6, 
121.4, 120.0, 112.1, 74.5, 67.0. HREI-MS: m/z calcd for C22H18BrN5O2S, 
[M]+ 495.1259; Found: 495.0353. 

4.2.3. 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)-N-(m-tolyl) 
hydrazine-1-carbothioamide (1c) 

1HNMR (500 MHz, DMSO‑d6): 10.6 (s, 1H, NH), 10.3 (s, 1H, NH), 
9.7 (s, 1H, NH), 8.7 (s, 1H, NH), 8.3 (d, J = 6.9 Hz, 2H, Aromatic H), 8.1 
(d, J .0 Hz, 2H, Aromatic H), 7.7 (t, J = 6.1 Hz, 1H, Aromatic H), 7.6 (d, 
J = 6.9 Hz, 1H, Aromatic H), 7.5 (m, 1H, Aromatic H), 7.4 (m, 2H, 
Aromatic H), 7.0 (d, J = 6.2 Hz, 2H, Aromatic H), 3.6 (s, 3H, OCH3), 2.3 
(3H, OCH3); 13CNMR (125 MHz, DMSO‑d6): δ184.2, 164.7, 156.5, 
153.2, 139.6, 139.1, 138.4, 137.4, 134.4, 132.0, 130.5, 130.4, 128.5, 
127.2, 127.2, 126.4, 124.8, 123.6, 118.9, 112.2, 92.6, 66.7, 20.9. HREI- 
MS: m/z calcd for C23H21N5O2S, [M]+ 431.1416; Found: 431.1411. 

4.2.4. 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)-N-(3- 
nitrophenyl)hydrazine-1-carbothioamide (1d) 

1HNMR (500 MHz, DMSO‑d6):10.73 (s, 1H, NH), 10.64(s, 1H, NH), 
10.1 (s, 1H, NH), 9.1 (s, 1H, NH), 8.5 (s, 1H, Aromatic H), 8.3 (d, J = 6.8 
Hz, 2H, Aromatic H), 8.2 (m, 3H, Aromatic H), 8.1 (t, J = 7 Hz, 1H, 
Aromatic H), 7.7 (t, J = 6.1 Hz, 2H, Aromatic H), 7.4 (d, J = 6.4 Hz, 1H, 
Aromatic H), 7.2 (d, J = 6.7 Hz, 1H, Aromatic H), 3.6 (s, 3H, OCH3); 
13CNMR (125 MHz, DMSO‑d6): δ 183.9, 165.2, 156.5, 153.1, 150.2, 

Fig. 5. DCCM analysis of Compound 2j-Urease (A) and acetohydroxamic acid-urease (B). The number of residues are shown on X and Y axis.  
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139.4, 138.4, 138.0, 134.3, 132.7, 132.1, 130.2, 130.2, 129.6, 128.1, 
128.0, 120.6, 120.4, 116.9, 112.3, 92.6, 66.7. HREI-MS: m/z calcd for 
C22H18N6O4S, [M]+ 462.1110; Found: 462.1103. 

4.2.5. 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)-N-(4- 
nitrophenyl)hydrazine-1-carbothioamide (1e) 

1HNMR (500 MHz, DMSO‑d6): 10.7 (s, 1H, NH), 10.2 (s, 1H, NH), 
10.1 (s, 1H, NH), 9.8(s, 1H, NH), 8.3 (d, J = 6.8 Hz, 2H, Aromatic H), 8.0 
(m, 2H, Aromatic H), 7.7 (d, J = 6.7 Hz, 2H, Aromatic H), 7.6 (d, J = 6.0 
Hz, 2H, Aromatic H), 7.4 (t, J = 6.6 Hz, 1H, Aromatic H), 7.3 (d, J = 6.3 
Hz, 1H, Aromatic H), 7.2 (d, J = 6.0 Hz, 1H, Aromatic H), 3.6 (s, 3H, 
OCH3); 13CNMR (125 MHz, DMSO‑d6): δ 184.6, 165.2, 157.0, 153.6, 
144.6, 139.4, 137.8, 133.8, 132.4, 130.1, 130.0, 128.2, 128.2, 124.8, 
124.8, 124.1, 124.0, 119.2, 112.4, 80.5, 66.33. HREI-MS: m/z calcd for 
C22H18N6O4S, [M]+ 462.1110; Found: 462.1105. 

4.2.6. N-(4-fluorophenyl)− 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl) 
benzoyl)hydrazine-1-carbothioamide (1f) 

1HNMR (500 MHz, DMSO‑d6): 10.6 (s, 1H, NH), 10.5 (s, 1H, NH), 
9.78 (s, 1H, NH), 9.70 (s, 1H, NH), 8.3 (d, J = 6.8 Hz, 2H, Aromatic H), 
8.2 (d, J = 6.6 Hz, 2H, Aromatic H), 8.1 (t, J = 6.5 Hz, 1H, Aromatic H), 
7.7 (d, J = 6.2 Hz, 2H, Aromatic H), 7.5 (m, 3H, Aromatic H), 7.3 (d, J =
6.4 Hz, 1H, Aromatic H), 3.6 (s, 3H, OCH3); 13CNMR (125 MHz, 
DMSO‑d6): δ 184.2, 165.1, 164.2, 156.9, 153.1, 139.8, 137.9, 134.0, 
133.9, 132.4, 132.1, 132.1, 130.0, 130.0, 126.9, 126.8, 119.8, 115.6, 
115.6, 111.9, 80.3, 66.8. HREI-MS: m/z calcd for C22H18FN5O2S, [M]+
435.1165; Found: 435.1156. 

4.2.7. N-(2,3-dichlorophenyl)− 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2- 
yl)benzoyl) hydrazine-1-carbothioamide (1 g) 

1HNMR (500 MHz, DMSO‑d6): 10.6 (s, 1H, NH), 9.9 (s, 1H, NH), 9.5 
(s, 1H, NH), 8.2 (d, J = 7.1 Hz, 2H, Aromatic H), 8.0 (m, 2H, Aromatic 
H), 7.7 (d, J = 6.2 Hz, 1H, Aromatic H), 7.6 (d, J = 6.1 Hz, 2H, Aromatic 
H), 7.5 (t, J = 6.0 Hz, 1H, Aromatic H), 7.3 (d, J = 6.9 Hz, 1H, Aromatic 
H), 7.2 (m, 1H, Aromatic H), 3.6 (s, 3H, OCH3); 13CNMR (125 MHz, 
DMSO‑d6): δ 184.5, 165.4, 157.1, 153.2, 139.8, 138.4, 137.8, 135.8, 
134.2, 133.4, 132.6, 132.0, 132.0, 131.9, 130.2, 128.2, 127.9, 127.8, 
120.1, 112.2, 79.9, 66.7. HREI-MS: m/z calcd for C22H17Cl2N5O2S, [M]+
485.0840; Found: 485.0833. 

4.2.8. N-(3,4-dichlorophenyl)− 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2- 
yl)benzoyl)hydrazine-1-carbothioamide(1 h) 

1HNMR (500 MHz, DMSO‑d6): 10.6 (s, 1H, NH), 10.4 (s, 1H, NH), 
9.9 (s, 1H, NH), 9.0 (s, 1H, NH), 8.2 (d, J = 6.7 Hz, 2H, Aromatic H), 8.1 
(d, J = 6.2 Hz, 2H, Aromatic H), 7.9 (s, 1H, Aromatic H), 7.7 (d, J = 6.3 
Hz, 1H, Aromatic H), 7.5 (m, 2H, Aromatic H), 7.3 (d, J = 6.6 Hz, 1H, 
Aromatic H), 7.1 (t, J = 6.7 Hz, 1H, Aromatic H), 3.6 (s, 3H, OCH3); 
13CNMR (125 MHz, DMSO‑d6): δ 183.9, 165.2, 156.5, 153.0, 139.8, 
137.6, 136.8, 134.9, 133.9, 133.1, 132.1, 130.0, 130.0, 129.9, 128.9, 
126.3, 126.2, 121.6, 119.3, 112.0, 80.5, 66.7. HREI-MS: m/z calcd for 
C22H17Cl2N5O2S, [M]+ 485.0480; Found: 485.08475. 

4.2.9. N-(2,6-dimethylphenyl)− 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2- 
yl)benzoyl)hydrazine-1-carbothioamide(1i) 

1HNMR (500 MHz, DMSO‑d6): 10.6 (s,1H, NH), 9.5 (s, 1H, NH), 9.3 
(s, 1H, NH), 8.3 (d, J = 6.7 Hz, 2H, Aromatic H), 8.1 (d, J = 6.8 Hz, 2H, 
Aromatic H), 7.8 (d, J = 6.4 Hz, 1H, Aromatic H), 7.6 (d, J = 6.0 Hz, 1H, 
Aromatic H), 7.4 (m, 3H, Aromatic H), 7.2 (d, J = 6.2 Hz, 1H, Aromatic 
H) 3.6 (s, 3H, OCH3), 2.6 (s, 6H, CH3; 13CNMR (125 MHz, DMSO‑d6): 
δ183.8, 165.5, 156.7, 153.2, 140.0, 137.7, 136.4, 135.2, 135.2, 134.6, 
132.6, 130.1, 130.1, 128.4, 128.3, 126.9, 126.8, 125.8, 119.6, 111.8, 
81.9, 67.0, 18.6, 18.6. HREI-MS: m/z calcd, for C24H23N5O2S, [M]+
445.1572; Found: 445.1586. 

4.2.10. 2-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)-N-(p-tolyl) 
hydrazine-1-carbothioamide (1 J) 

1HNMR (500 MHz, DMSO‑d6):10.58 (s, 1H, NH), 10.2 (s, 1H, NH), 
9.7 (s, 1H, NH), 9.5(s, 1H, NH), 8.3 (d, J = 6.6 Hz, 2H, Aromatic H), 8.1 
(m, 4H, Aromatic H), 7.7 (t, J = 6.2 Hz, 1H, Aromatic H), 7. 5 (m, 4H, 
Aromatic H), 7.3 (d, J = 6.5 Hz, 1H, Aromatic H), 7.2 (d, J = 6.1 Hz, 1H, 
Aromatic H), 3.6 (s, 3H, OCH3); 13CNMR (125 MHz, DMSO‑d6): δ 
182.8, 165.5, 156.8, 153.1, 139.7, 139.6, 136.7, 136.4, 134.4, 132.6, 
130.0, 130.0, 128.9, 128.8, 128.2, 128.1, 127.3, 127.3, 120.1, 112.3, 
79.8, 67.9, 22.6. HREI-MS: m/z calcd for C23H21N5O2S, [M]+ 431.1416; 
Found: 431.1411 

4.2.11. 4-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)-N- 
methylhydrazine-1-carbothioamide (1k) 

1HNMR (500 MHz, DMSO‑d6): 13.3 (s, 1H, NH), 13.0 (s, 1H, NH), 
9.8(s, 1H, NH), 9.7 (s, 1H, NH), 8.2 (d, J = 6.9 Hz, 2H, Aromatic H), 8.0 
(m, 2H, Aromatic H), 7.7 (d, J = 6.2 Hz, 1H, Aromatic H), 7.5 (d, J = 6.0 
Hz, 1H, Aromatic H), 7.2 (d, J = 6.4 Hz, 1H, Aromatic H), 3.6 (s, 3H, 
OCH3), 2.9 (s, 3H, CH3); 13CNMR (125 MHz, DMSO‑d6): δ 183.9, 165.2, 
157.0, 152.8, 139.8, 137.7, 135.2, 132.6, 129.9, 129.8, 127.8, 127.8, 
119.6, 111.9, 83.5, 68.1, 35.6. HREI-MS: m/z calcd for C17H17N5O2S, 
[M]+ 355.1103; Found: 355.1197 

4.2.12. 2‑bromo-N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2yl)benzoyl) 
benzenesulfonohydrazide (2a) 

1HNMR (500 MHz DMSO‑d6) δ 10.87 (s, 1H, NH), 10.04 (s, 1H, NH), 
8.24 (d, J = 6.5 Hz, 2H, Aromatic), 8.01 (d, J = 6.5 Hz, 2H, Aromatic), 
7.85 (d, J = 6.2 Hz, 1H, Aromatic), 7.79 (t, J = 6.1 Hz, 1H, Aromatic), 
7.72 (d, J = 6.2 Hz, 1H, Aromatic), 7.59 (t, J = 6.0 Hz, 1H, Aromatic), 
7.56 (d, J = 6.8 Hz, 1H, Aromatic), 7.20 (s, 1H, Aromatic), 7.05 (d, J =
6.8 Hz, 1H, Aromatic), 3.82 (s, 3H, O–CH3), 13CNMR (125 MHz 
DMSO‑d6) δ 163.3, 153.2, 150.3, 145.9, 139.2, 138.1, 135.6, 134.0, 
133.7, 131.1, 130.2, 130.2, 129.4, 128.3, 127.7, 127.7, 119.3, 117.2, 
111.4, 103.3, 41.3. HREI-MS: m/z calcd for C21H17BrN4O4S, [M]+
500.0154; Found: 500.0143 

4.2.13. 4‑bromo-N’-(4-(5‑methoxy-1H-benzo[d]imidazo2yl)benzoyl) 
benzenesulfonohydrazide (2b) 

1HNMR (500 MHz DMSO‑d6) δ 10.88 (s, 1H, NH), 10.03 (s, 1H, NH), 
8.23 (d, J = 6.2 Hz, 2H, Aromatic), 7.93 (d, J = 6.2 Hz, 2H, Aromatic), 
7.89 (d, J = 5.2 Hz, 2H, Aromatic), 7.82 (d, J = 5.4 Hz, 2H, Aromatic), 
7.56 (d, J = 5.8 Hz, 1H, Aromatic), 7.29 (s, 1H, Aromatic), 6.88 (d, J =
5.7 Hz, 1H, Aromatic), 3.82 (s, 3H, O–CH3), 13CNMR (125 MHz 
DMSO‑d6) δ 164.9, 152.6, 151.4, 139.1, 138.5, 137.3, 133.3, 132.1, 
131.9, 131.9, 130.6, 130.6, 129.4, 129.4, 127.4, 127.4, 126.2, 121.7, 
113.4, 103.7, 41.6. HREI-MS: m/z calcd for C21H17BrN4O4S, [M]+
500.0154; Found: 500.0144 

4.2.14. 2‑chloro-N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2yl)benzoyl) 
benzenesulfonohydrazide (2c) 

1HNMR (500 MHz DMSO‑d6) δ 10.81 (s, 1H, NH), 10.10 (s, 1H, NH), 
8.29 (d, J = 6.75 Hz, 2H, Aromatic), 7.98 (d, J = 7.4 Hz, 2H, Aromatic), 
7.84(d, J = 6.6 Hz, 1H, Aromatic), 7.65 (d, J = 5.7 Hz, 2H, Aromatic), 
7.49 (d, J = 6.3 Hz, 1H, Aromatic), 7.30 (m, 2H, Aromatic), 7.22 (s, 1H, 
Aromatic), 6.88 (d, J = 6.5 Hz, 1H, Aromatic), 3.91 (s, 3H, O–CH3), 
13CNMR (125 MHz DMSO‑d6) δ 165.0, 152.1, 151.2, 144.7, 139.1, 
137.6, 134.3, 133.8, 131.7, 131.0, 130.8, 130.3, 130.3, 128.9, 127.2, 
127.2, 127.1, 124.8, 114.9, 104.1, 41.6. HREI-MS: m/z calcd for 
C21H17ClN4O4S, [M]+ 441.0424; Found: 441.0424 

4.2.15. 4‑chloro-N’-(4-(5‑methoxy-1H-benzo[d]imidazol-yl)benzoyl) 
benzenesulfonohydrazide (2d) 

1HNMR (500 MHz DMSO‑d6) δ 10.79 (s, 1H, NH), 10.13 (s, 1H, NH), 
8.34 (d, J = 7.0 Hz, 2H, Aromatic), 7.98 (d, J = 6.9 Hz, 2H, Aromatic), 
7.78 (d, J = 6.4 Hz, 2H, Aromatic), 7.69 (d, J = 6.2 Hz, 2H, Aromatic), 
7.64 (d, J = 6.3 Hz, 1H, Aromatic), 7.58 (d, J = 6.9 Hz, 1H, Aromatic), 
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7.09 (s, 1H, Aromatic), 6.88 (d, J = 6.8 Hz, 1H, Aromatic), 3.76 (s, 3H, 
O–CH3), 13CNMR (125 MHz DMSO‑d6) δ 165.2, 152.4, 151.2, 141.1, 
139.1, 134.8, 134.1, 133.5, 130.8, 130.8, 129.4, 129.4, 128.9, 128.2, 
128.2, 127.4, 127.4, 121.5, 114.9, 104.6, 41.8. HREI-MS: m/z calcd for 
C21H17ClN4O4S, [M]+ 441.0424; Found: 41.0418 

4.2.16. N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)− 4- 
nitrobenzenesulfonohydrazide (2e) 

1HNMR (500 MHz DMSO‑d6) δ 10.85 (s, 1H, NH), 10.09 (s, 1H, NH), 
8.39 (d, J = 7.1 Hz, 2H, Aromatic), 8.29 (d, J = 6.6 Hz, 2H, Aromatic), 
8.07 (d, J = 7.2 Hz, 2H, Aromatic), 8.00 (d, J = 6.3 Hz, 2H, Aromatic), 
7.59 (d, J = 6.1 Hz, 2H, Aromatic), 7.24 (s, 1H, Aromatic), 6.95 (d, J =
6.1 Hz, 1H, Aromatic), 3.91 (s, 3H, O–CH3), 13CNMR (125 MHz 
DMSO‑d6) δ 166.3, 151.4, 151.5, 151.1, 145.3, 139.3, 138.6, 135.5, 
132.1,131.1, 131.1, 129.4, 129.4, 127.8, 127.8, 124.6, 124.6, 123.3, 
113.7, 104.6, 41.9. HREI-MS: m/z calcd for C21H17N5O6S, [M]+
467.0900; Found:467.0908 

4.2.17. N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)− 2,4- 
dinitrobenzenesulfonohydrazide(2f) 

1HNMR (500 MHz DMSO‑d6) δ 10.91 (s, 1H, NH), 10.14 (s, 1H, NH), 
8.93 (s, 1H, Aromatic), 8.73 (d, J = 7.6 Hz, 1H, Aromatic), 8.32 (d, J =
7.5 Hz, 2H, Aromatic), 8.29 (d, J = 6.3 Hz, 2H, Aromatic), 7.99 (d, J =
6.3 Hz, 2H, Aromatic), 7.61 (d, J = 6.1 Hz, 1H, Aromatic), 7.24 (s, 1H, 
Aromatic), 6.95 (d, J = 6.1 Hz, 1H, Aromatic), 3.91 (s, 3H, O–CH3), 
13CNMR (125 MHz DMSO‑d6) δ 164.7, 153.2, 152.4, 151.9, 149.5, 
140.5, 139.3, 138.6, 135.2, 132.6, 131.6, 131.6, 130.5, 129.9, 127.8, 
127.8, 123.3, 116.4, 113.7, 104.9, 41.9. HREI-MS: m/z calcd for 
C21H16N6O8S, [M]+ 512.0750; Found:512.0742 

4.2.18. N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)− 3- 
nitrobenzenesulfonohydrazide (2 g) 

1HNMR (500 MHz DMSO‑d6) δ 10.91 (s, 1H, NH), 10.08 (s, 1H, NH), 
8.48 (d, J = 7.3 Hz, 1H, Aromatic), 8.44 (s, 1H, Aromatic), 8.24 (d, J =
6.7 Hz, 2H, Aromatic), 8.22 (d, J = 7.3 Hz, 2H, Aromatic), 7.92 (d, J =
6.5 Hz, 2H, Aromatic), 7.89 (t, J = 7.1 Hz, 1H, Aromatic), 7.55 (d, J =
6.1 Hz, 1H, Aromatic) 7.16 (s, 1H, Aromatic), 6.91 (d, J = 6.3 Hz, 1H, 
Aromatic), 3.88 (s, 3H, O–CH3), 13CNMR (125 MHz DMSO‑d6) δ 
165.2, 153.4, 151.9, 147.9, 141.3, 140.2, 138.8, 133.5, 132.6, 131.9, 
131.5, 131.5, 129.9, 127.9, 127.9, 127.2, 123.3, 121.2, 116.6, 105.4, 
42.0. HREI-MS: m/z calcd for C21H17N5O6S, [M]+ 467.0907; 
Found:467.0900 

4.2.19. 4‑methoxy-N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl) 
benzenesulfonohydrazide (2 h) 

1HNMR (500 MHz DMSO‑d6) δ 10.19 (s, 1H, NH), 9.76 (s, 1H, NH), 
8.01 (d, J = 6.8 Hz, 2H, Aromatic), 7.88 (d, J = 6.6 Hz, 2H, Aromatic), 
7.71 (d, J = 6.2 Hz, 2H, Aromatic), 7.57 (d, J = 6.1 Hz, 2H, Aromatic), 
7.10 (s, 1H, Aromatic), 7.04 (d, J = 6.5 Hz, 2H, Aromatic), 6.84 (d, J =
6.1 Hz, 1H, Aromatic), 3.84 (s, 3H, O–CH3), 3.75 (s, 3H, O–CH3), 
13CNMR (125 MHz DMSO‑d6) δ 163.8, 163.5, 152.3, 151.1, 139.1, 
138.2, 133.2, 132.4,129.8, 129.8, 129.0, 127.7, 127.7, 127.0, 127.0, 
121.43, 117.5, 117.5, 114.6, 104.5, 41.3, 41.3. HREI-MS: m/z calcd for 
C22H20N4O5S, [M]+ 452.1154; Found:452.1148. 

4.2.20. N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl)benzoyl)− 2- 
methylnitrobenzenesulfonohydrazide (2i) 

1HNMR (500 MHz DMSO‑d6) δ 10.87 (s, 1H, NH), 10.11 (s, 1H, NH), 
8.61 (s, 1H, Aromatic), 8.60 (d, J = 7.1 Hz, 1H, Aromatic), 8.35 (d, J =
6.9 Hz, 2H, Aromatic), 8.26 (d, J = 6.4 Hz, 2H, Aromatic), 7.92 (d, J =
6.5 Hz, 2H, Aromatic), 7.85 (d J = 6.4 Hz, 2H, Aromatic), 7.57 (d, J =
6.2 Hz, 2H, Aromatic) 7.24 (s, 1H, Aromatic), 6.94 (d, J = 6.3 Hz, 1H, 
Aromatic), 3.86 (s, 3H, OCH3), 13CNMR (125 MHz DMSO‑d6) δ 165.4, 
152.6, 151.0, 145.0, 144.2, 140.3, 139.8, 138.6, 134.0, 132.2, 130.2, 
129.4, 129.4, 128.0, 127.3, 127.3, 124.2, 121.1, 111.9, 103.6, 41.3, 
20.4. HREI-MS: m/z calcd for C22H19N5O6S, [M]+ 481.1056; Found: 

481.1049 

4.2.21. 2,4-difluoro-N’-(4-(5‑methoxy-1H-benzo[d]imidazol-2-yl) 
benzoyl)benzenesulfono hydrazide (2j) 

1HNMR (500 MHz DMSO‑d6) δ 10.85 (s, 1H, NH), 10.09 (s, 1H, NH), 
8.25 (d, J = 6.8 Hz, 2H, Aromatic), 7.91(d, J = 6.7 Hz, 2H, Aromatic), 
7.74 (d, J = 6.4 Hz, 1H, Aromatic), 7.56 (d, J = 6.2 Hz, 1H, Aromatic), 
7.32 (d, J = 6.4 Hz, 2H, Aromatic), 7.24 (s, 1H, Aromatic), 7.11 (s, 1H, 
Aromatic), 6.94 (d, J = 6.1 Hz, 1H, Aromatic), 3.91(s, 3H, OCH3), 
13CNMR (125 MHz DMSO‑d6) δ 165.1, 163.3, 159.2, 152.7, 151.2, 
139.4, 138.8, 135.1, 132.2, 131.3, 131.3, 130.5, 127.3, 127.3, 122.5, 
121.1, 114.5, 111.7, 105.0, 104.3. 41.9. HREI-MS: m/z calcd for 
C21H16F2N4O4S, [M]+ 458.0860; Found:458.0857. 

4.3. Urease assay protocol 

In-vitro urease tests for the synthesized compounds were carried out 
by using the previously described approach with slight modification 
[42]. 

4.4. Cytotoxicity test 

All synthesized analogs were verified and originated nontoxic, the 
comprehensive protocol was used as reported by our group [43]. 

4.5. Docking studies protocol 

The molecular docking analysis was carried out using the Molecular 
Operating Environment (MOE) software tool [44–47] to investigate the 
binding mechanism of the synthesized compounds against the urease 
enzyme. First the 3D structural coordinates of the synthesized molecules 
were built using a molecular module. Then, using the default MOE 
settings (gradient: 0.05, Force Field: MMFF94X), all of the compounds 
were protonated and energy was reduced. The target enzyme’s 3D 
structure was obtained from the RCSB database using PDB code 4UBP. 
Once, all the water molecules from the enzyme have been eliminated. 
After 3D protonation, we reduced the energy using the default MOE 
software parameters in order to get a stable conformation. After 
removing all of the water molecules from the enzyme we have used the 
default parameters of the MOE program for energy minimization after 
3D protonation to obtain a stable conformation. The default parameters 
of MOE program were employed for docking studies, i.e., Placement: 
Tri-angle Matcher, rescoring 1: London dG, Refinement: Force field, and 
rescoring 2: GBVI/WSA. Total ten conformations were allowed for each 
ligand, and the top-ranked conformations based on docking score were 
chosen for further investigation. 

4.6. MD simulation study 

The Amber 22 package was used for the MD simulations of the 
complexes. The initial systems preparation was done using the Amber 
tleap module. The two-force field such as FF14SB and GAFF were used 
for protein and ligand respectively. The protein-ligand complexes were 
immersed into an 10 Å TIP3P hydrated cubic box. The counter ions such 
as chloride or sodium were added to the system to neutralize the charges 
[40]. Under periodic boundary conditions, energy minimization, heat, 
density and equilibration were carried out. At 310 K, the final produc-
tion step of 200 ns was completed for each system. Following the suc-
cessful completion of the 200 ns MD simulation post simulation analysis 
such as RMSD, RMSF and DCCM were carried out using the CPPTRAJ 
package of Amber 22 software [48]. 
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