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Background: Urease belongs to the family of amid hydrolases with two nickel atoms in their core struc-
ture. On the basis of literature survey, this research work is mainly focused on the study of bis-Schiff base
derivatives of benzyl phenyl ketone nucleus.
Objective: Synthesis of benzyl phenyl ketone based bis-Schiff bases in search of potent urease inhibitors.
Method: In the current work, bis-Schiff bases were synthesized through two steps reaction by reacting
benzyl phenyl ketone with excess of hydrazine hydrate in ethanol solvent in the first step to get the
desired hydrazone. In last, different substituted aromatic aldehydes were refluxed in catalytic amount
of acetic acid with the desired hydrazone to obtain bis-Schiff base derivatives in tremendous yields.
Using various spectroscopic techniques including FTIR, HR-ESI-MS, and 1H NMR spectroscopy were used
to clarify the structures of the created bis-Schiff base derivatives.
Results: The prepared compounds were finally screened for their in-vitro urease inhibition activity. All the
synthesized derivatives (3–9) showed excellent to less inhibitory activity when compared with standard
thiourea (IC50 = 21.15 ± 0.32 lM). Compounds 3 (IC50 = 22.21 ± 0.42 lM), 4 (IC50 = 26.11 ± 0.22 lM) and 6
(IC50 = 28.11 ± 0.22 lM) were found the most active urease inhibitors near to standard thiourea among
the synthesized series. Similarly, compound 5 having IC50 value of 34.32 ± 0.65 lM showed significant
inhibitory activity against urease enzyme. Furthermore, three compounds 7, 8, and 9 exhibited less activ-
ity with IC50 values of 45.91 ± 0.14, 47.91 ± 0.14, and 48.33 ± 0.72 lM respectively. DFT used to calculate
frontier molecular orbitals including; HOMO and LUMO to indicate the charge transfer from molecule to
biological transfer, and MEP map to indicate the chemically reactive zone suitable for drug action. The
electron localization function (ELF), non-bonding orbitals, AIM charges are also calculated. The docking
study contributed to the analysis of urease protein binding.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The creation of carbon nitrogen double bond plays a significant
role in the synthesis of organic compounds. Schiff bases can be
synthesized in acidic as well as in basic media through the reaction
of primary amines with aldehydes or ketones (Upadyaya et al.,
2018, Ullah et al., 2020, Rahim et al., 2020). Azomethine or imine
groups are present in a variety of synthetic or naturally occurring
substances (Alam et al., 2022b, Okoli and Modise, 2018). Due to
their broad biological potential, Schiff bases and di-imines/bis
Schiff bases have gained importance in past few years. These com-
pounds are often made by the condensation of aliphatic or aro-
matic aldehydes with aniline/aliphatic amines in the company of
acid or base in catalytic amount (Nasli-Esfahani et al., 2019, Yu
et al., 2022).
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Bis-Schiff bases or azines are compounds containing two carbon
nitrogen double bonds in its structures with general formula
(R1HC@NAN@CHR2) (Figueredo et al., 2019, Khan et al., 2018,
ABDELMADJID et al., 2021, Alam et al., 2022a). Azines may be sym-
metric (R1R2 = R3R4) or asymmetric (R1R2 – R3R4), and depend on
the nature of the attached substituents (R). Amongst other
compounds, bis-Schiff bases received greater attention due to their
various biological activities like anti-oxidant, anti-tumour, anti-
bacterial, anti-proliferative, anti-convulsant and anti-parasitic
(Arshad et al., 2020, Zhong et al., 2006, Khan et al., 2009, Yapar
et al., 2022, Al-Mudhafar et al., 2022). A number of bis-Schiff base
derivatives have been reported by synthetic or medicinal chemists
such as, Alam et al had been reported the synthesis of bis-Schiff
base derivatives of 4-nitroacetophenone and screened them for
their in vitro a-glucosidase inhibitory activity with excellent
results (Alam et al., 2022a). Similarly, benzimidazole based bis-
Schiff base derivatives have been synthesized and evaluated for
a-glucosidase activity by Rahim and his colleagues (Rahim et al.,
2020). On the other hand, Khan et al reported the synthesis of isatin
bis-Schiff base derivatives and tested them for anti-glycating
activity which showed potent activity (Khan et al., 2009) (Fig. 1).

Amid hydrolase family includes urease, which has two nickel
atoms at the centre of its core structure (Ahmad et al., 2022). The
hydrolysis of urea into ammonia (NH3) and carbon dioxide (CO2)
is stimulated by this enzyme. High urease activity causes the stom-
ach overly alkaline or basic, that encourages the endurance of bac-
teria (Helicobacter pylori), which in turn causes the growth of
digestive and stomach abscesses, which can ultimately result in
cancer (Ahmed et al., 2017, Sudkolai and Nourbakhsh, 2017). The
activity of urease regulates the metabolism of nitrogen in cows
and further beasts. Since these enzymes aid in some bacterial
pathogens’ survival, a significant increase in their level can result
in a number of diseases (Kafarski and Talma, 2018, Cantarella
et al., 2018). Additionally, raised ammonia levels disrupt some
metabolic processes and harm GIT epithelial cells (Domínguez
et al., 2008). Many different types of compounds, including
Fig. 1. Bis-Schiff bases having v

2

hydroxamic derivatives, phosphodiamideates, and thiolates des-
tined to nickel atom of the enzyme, and a little peptide chains with
a ligand that may chelate with nickel of urease, have been reported
as urease inhibitors (Kosikowska and Berlicki, 2011, Soares et al.,
2012). Finding new urease inhibitors with low toxicity, outstand-
ing steadiness, and bio-availability is essential because these com-
pounds have unfavourable side effects (Silva et al., 2017).
2. Experimental

2.1. Chemistry

All the solvents, reagents, and chemicals (Benzyl Phenyl Ketone
CAS No: 451–40-1) used in this research work were of analytical
grade (98–99 % pure) and purchased from Sigma Aldrich, TCI,
BDH, and Merck. The masses of the created compounds were
determined using cutting-edge high resolution electrospray ioniza-
tion mass spectrometry (HR-ESI-MS) technology (Agilent 6530 LC
Q-TOF, USA/EU, produced in Singapore). 1H NMR experiments were
performed in CDCl3 using Avance Bruker AM 400-MHz spectropho-
tometer and IR spectra were recorded on Jasco FT-IR47700 spec-
trometer. The following splitting patterns are used: singlet (s),
doublet (d), double doublet (dd), triplet (t), and multiplet (m). Cou-
pling constant (J) is supplied in Hz and chemical shift is stated in
ppm. Thin layer chromatography (TLC) was used to keep track of
how each reaction was progressing which was performed on pre-
coated silica gel aluminum plates (Kieselgel 60, 254, E. Merck,
Germany). The Chromatograms were visualized by ultraviolet light
at 254 and 365 nm. The titled compounds were synthesized and
characterized satisfactorily.
2.1.1. General procedure for the compounds synthesis (2–9)
1,2-diphenylethylidene hydrazine (2) was produced in a 100 ml

round-bottomed flask by refluxing benzyl phenyl ketone with
excess hydrazine hydrate while maintaining continual stirring for
arious biological activities.
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3 to 4 h in distilled methanol and acetic acid as catalyst. After the
reaction was finished, a white precipitate of the product was pro-
duced. Utilizing thin layer chromatography in a 20% solvent system
of n-hexane and ethyl acetate, the reaction’s completion was seen.
After reaching room temperature, the reaction liquid was decanted
into a beaker filled with ice cubes. To get a pure product, the result-
ing chemical was recrystallized with pure methanol.

In second step, different aromatic substituted aldehydes were
refluxed with 1,2-diphenylethylidene hydrazine (2) in the exis-
tence of acetic acid as a catalyst in methanol for 3–5 hrs to get
bis-Schiff base derivatives (3–9). Progress of the reactions was
checked with thin layer chromatography having solvent system
of n-hexane and ethyl acetate (3:2). Following completion, these
mixtures were poured onto cold distilled water. Precipitates were
made, washed after filtration and collected. The structures of these
derivatives were elucidated with the help of FTIR, 1H NMR and HR-
ESI-MS spectroscopy.

2.2. Spectral data of the synthesized compounds (3–9)

2.2.1. 1-(2,4-dichlorobenzylidene)-2-(1,2-diphenylethylidene)
hydrazine (3)

White Powder; Yield: 87 %; M.P: 210–211 �C; FTIR: t/cm�1:
3007, 2923, 2856, 1583, 1463, 1099, 948, 767. 1H NMR
(400 MHz, CDCl3): d (ppm) = 8.98 (s, Ar-H, 1H, @CHA), 8.16 (d,
Ar-H, J = 8.4 Hz, 2H, H-5ꞌꞌ), 7.89 (s, Ar-H, 1H, H-3ꞌꞌ), 7.88 (d, Ar-H,
J = 8.4 Hz, 1H, H-6ꞌꞌ), 7.44–7.30 (m, Ar-H, 5H, H-2, H-3, H-4, H-5,
H-6), 7.24–7.11 (m, Ar-H, 5H, H-2ꞌ, H-3ꞌ, H-4ꞌ, H-5ꞌ, H-6ꞌ), 4.34 (s,
2H, ACH2); HRMS (ESI+): [M + H]+ calcd for C21H16Cl2N2:
366.0691; found 367.1076.

2.2.2. 1-(1,2-diphenylethylidene)-2-(4-nitrobenzylidene)hydrazine (4)
Yellow Powder; Yield: 86 %; M.P: 200–201 �C; FTIR: t/cm�1:

3009, 2925, 2854, 1685, 1649, 1595, 1450, 1340, 1284, 1103,
1024, 960, 842. 1H NMR (400 MHz, CDCl3): d (ppm) = 8.69 (s, Ar-
H, 1H, @CHA), 8.32 (d, Ar-H, J = 8.8 Hz, 2H, H-2ꞌꞌ, H-6ꞌꞌ), 8.03 (d,
Ar-H, J = 8.8 Hz, 2H, H-3ꞌꞌ, H-5ꞌꞌ), 7.55–7.41 (m, Ar-H, 5H, H-2, H-
3, H-4, H-5, H-6), 7.36–7.11 (m, Ar-H, 5H, H-2ꞌ, H-3ꞌ, H- 4ꞌ, H-5ꞌ,
H-6ꞌ), 4.26 (s, 2H, ACH2); HRMS (ESI+): [M + H]+ calcd for
C21H17N3O2: 343.1321; found 344.1393.

2.2.3. 1-(1,2-diphenylethylidene)-2-(2-hydroxy-5-nitrobenzylidene)
hydrazine (5)

Off White Powder; Yield: 83 %; M.P: 206–207 �C; FTIR: t/cm�1:
3290, 3030, 2931, 1683, 1598, 1446, 1336, 1276, 1188, 1074, 840.
1H NMR (400 MHz, CDCl3): d (ppm) = 8.00 (m, 2H,@CHA, 4ꞌꞌ), 7.53–
7.42 (m, Ar-H, 2H, H-6ꞌꞌ, H-5), 7.37 (s, Ar-H, 1H, H-3ꞌꞌ), 7.32–7.30
(m, Ar-H, 4H, H-2, H-3, H-4, H-6), 7.28–7.42 (m, Ar-H, 5H, H-2ꞌ,
H-3ꞌ, H-4ꞌ, H-5ꞌ, H-6ꞌ), 4.12 (s, 2H, ACH2); HRMS (ESI+): [M + H]+

calcd for C21H17N3O3: 359.1270; found 359.2439.

2.2.4. 1-(4-chlorobenzylidene)-2-(1,2-diphenylethylidene)hydrazine
(6)

Yellowish Powder; Yield: 79 %; M.P: 165–166 �C; FTIR: t/cm�1:
3055, 2997, 2854, 1683, 1591, 1488, 1286, 1218, 1089, 960, 862. 1H
NMR (400 MHz, CDCl3): d (ppm) = 8.27 (s, Ar-H, 1H, @CHA), 7.88
(d, Ar-H, J = 7.2 Hz, 2H, H-2ꞌꞌ, H-6ꞌꞌ), 7.64 (d, Ar-H, J = 7.2 Hz, 2H,
H-3ꞌꞌ, H-5ꞌꞌ), 7.55–7.42 (m, Ar-H, 5H, H-2, H-3, H-4, H-5, H-6),
7.39–7.13 (m, Ar-H, 5H, H-2ꞌ, H-3ꞌ, H-4ꞌ, H-5ꞌ, H-6ꞌ), 4.26 (s, 2H,
ACH2); HRMS (ESI+): [M + H]+ calcd for C21H17ClN2: 333.1080;
found 334.1155.

2.2.5. 1-(1,2-diphenylethylidene)-2-(4-(methylthio)benzylidene)
hydrazine (7)

White Powder; Yield: 79 %; M.P: 177–178 �C; FTIR: t/cm�1:
3284, 2918, 2850, 1616, 1409, 1089, 1033, 860, 767. 1H NMR
3

(400 MHz, CDCl3): d (ppm) = 8.80 (s, Ar-H, 1H, @CHA), 7.99 (d,
Ar-H, J = 7.2 Hz, 2H, H-3ꞌꞌ, H-5ꞌꞌ), 7.87 (d, Ar-H, J = 7.2 Hz, 2H, H-
2ꞌꞌ, H-6ꞌꞌ), 7.72–7.20 (m, Ar-H, 9H, H-2, H-3, H-4, H-5, H-6, H-2ꞌ,
H-3ꞌ, H-4ꞌ, H-5ꞌ, H-6ꞌ), 4.56 (s, 2H, ACH2), 2.50 (s, 3H, -SCH3), HRMS
(ESI+): [M + H]+ calcd for C22H20N2S: 344.1347; found 345.2031.

2.2.6. 1-(1,2-diphenylethylidene)-2-(4-methylbenzylidene)hydrazine
(8)

Off White Powder; Yield: 80 %; M.P: 162–163 �C; FTIR: t/cm�1:
3007, 2918, 2850, 1620, 1512, 1460, 1176, 970, 817. 1H NMR
(400 MHz, CDCl3): d (ppm) = 8.69 (s, Ar-H, 1H, @CHA), 7.96 (d,
Ar-H, J = 7.5 Hz, 2H, H-3ꞌꞌ, H-5ꞌꞌ), 7.75 (d, Ar-H, J = 7.5 Hz, 2H, H-
2ꞌꞌ, H-6ꞌꞌ), 7.55–7.42 (m, Ar-H, 5H, H-2, H-3, H-4, H-5, H-6), 7.38–
7.07 (m, Ar-H, 5H, H-2ꞌ, H-3ꞌ, H-4ꞌ, H-5ꞌ, H-6ꞌ), 4.54 (s, 2H, ACH2),
2.39 (s, 3H, ACH3), HRMS (ESI+): [M + H]+ calcd for C22H20N2:
312.1626; found 313.0928.

2.2.7. 1-(1,2-diphenylethylidene)-2-(4-hydroxybenzylidene)hydrazine
(9)

Yellowish Powder; Yield: 87 %; M.P: 176–177 �C; FTIR: t/cm�1:
3602, 3022, 1595, 1492, 1442, 1278, 1072, 1024. 1H NMR
(400 MHz, CDCl3): d (ppm) = 8.69 (s, Ar-H, 1H, @CHA), 7.89 (d,
Ar-H, J = 7.5, 2H, H-3ꞌꞌ, H-5ꞌꞌ), 7.34 (d, Ar-H, J = 7.5 Hz, 2H, H-2ꞌꞌ,
H-6ꞌꞌ), 7.24–7.12 (m, Ar-H, 9H, H-2, H-3, H-4, H-5, H-6, H-2ꞌ, H-3ꞌ,
H-4ꞌ, H-5ꞌ, H-6ꞌ), 4.33 (s, 2H, ACH2); HRMS (ESI+): [M + H]+ calcd
for C21H18N2O: 314.1419; found 314.1897.

2.3. Urease inhibition assay

According to the reported methodology, urease inhibitory activ-
ity was carried out (Rahim et al., 2020; Ritchie et al., 2011). Briefly,
a 96-well plate containing 40 L of pH 6.8 phosphate buffer, 10 L of
the synthesised derivatives, and 10 L of enzyme was incubated for
10 min at 37 �C. 40 L of phenol reagent and 40 L of alkali reagent
solutions were added to each well. The experiment was carried
out in three duplicates. The Microplate Reader (Bio-TekELx 800,
Instruments, Inc., and USA) was used to read the absorbance at
625 nm. Thiourea was the usual inhibitor in this situation. Using
the equation shown below, the percentage of inhibition was
computed.

%Inhibition ¼ AbsorbanceControl��Absorbance Sampleð Þ=
AbsorbanceControl� 100
2.4. Computational methodology

Density functional theory (DFT) calculations were performed
using the Gaussian09 and Gaussview5 software tools to determine
the optimal structures of (3–9) compounds (Frisch et al., 2010). The
computations were performed using the 6-311G++ (d,p) higher
order basis set and the B3LYP technique. The optimal structure car-
ried out the geometrical parameters as well as other molecular
characteristics like HOMO-LUMO, NBO, and MEP. An atom in
Molecule (AIM) theory, which makes use of Multiwfn software,
was used to calculate the topological parameters and the electron
localization function. Furthermore, the following equations were
used for the calculation of chemical indices including: global
nucleophilicity l, electrophilicity x, chemical hardness g, based
on electronic chemical potential u, and maximum electron transfer
DNmax.

g ¼ 1=2 @2E=@2N2
h i

t rð Þ
¼ 1=2 @E=@N2

h i
t rð Þ

ð1Þ

S ¼ 1=g ð2Þ



Scheme 1. Preparation of bis-Schiff base derivatives of benzyl phenyl ketone (3–9).
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l ¼ ½@E=@N�tðrÞ ð3Þ

v ¼ �½@E=@N�tðrÞ ð4Þ

xiVs ¼ ðI þ AÞ2=4ðI � AÞ ð5Þ

DNmax ¼ v=2g ð6Þ
2.5. Molecular docking protocol

GOLDwas used to conduct a docking investigation for the target
molecules (version 5.2). After obtaining the crystallized urease
structure, H2O and inhibitors were taken out and H atoms were
added. The examined ligands were redocked into the vacant active
site after the standard inhibitor was removed from it. ChemPLP
scoring function was generated for measuring the binding affinity
and the charges were assigned with CHARMM force field. The
structure with the lowest RMSD score was used to generate differ-
ent ligand poses. For calculating the binding affinity, the ChemPLP
scoring function was created, and the CHARMM force field was
used to assign charges. To create several ligand postures, the struc-
ture with the lowest RMSD score was selected.

2.6. Molecular dynamic

Calculations of molecules were made with molecular dynamic
calculations. The Binding free energy, Vander Waals energy, elec-
trostatic energy, kinetic energy and potential energy changes of
the studied molecules were deliberate for these calculations. In
addition, this study examined the interactions between molecules
and the 4UBP protein. These interaction energies were investigated
in the period between 0 ns and 250 ns. As a result of the interaction
of the three molecules studied with the protein, the values of the
binding free energy change were calculated. This calculation is
given in equation (7).

DGBind ¼ Gcomplex � ðGres þ GligÞ ð7Þ
In the above equation, DGBind gives the total binding free energy

value between the ligand and the protein. Glig , Gres, and Gcomplex val-
ues in the equation are the values of the ligand molecule, urease
receptor protein, and complex molecule, respectively (Irfan et al.,
2023).

3. Results

3.1. Chemistry

Continuing our efforts to discover potent inhibitors of urease
enzyme, we successfully synthesized fourteen bis-Schiff base
derivatives based on benzyl phenyl ketone (1) through two step
reactions. Initially, benzyl phenyl ketone (1) was refluxed with
excess of hydrazine hydrate in methanol solvent in containing 4–
6 drops acetic acid (catalyst) for 3–4 hrs to get the desired 1,2-
diphenylethylidene hydrazine (2) in excellent yield. Then, different
aromatic benzaldehydes were refluxed with 1,2-
diphenylethylidene hydrazine (2) in the company of acetic acid
in catalytic quantity to obtain various bis-Schiff base derivatives
(3–9) (Scheme 1). The synthesized derivatives were confirmed
with the help of FTIR, HR-ESI-MS and 1H NMR spectroscopy and
lastly screened them for their in-vitro urease inhibitory activity.
The synthesised derivatives’ 1H NMR spectrum exposed indications
for methyl (ACH3), methylene (ACH2), and multiple methine
(ACHA) protons. Signals that resonated at d 11.6–11.2 in the down
field area of the spectrum were caused by the presence of AOH
protons. Similar to this, in the spectrums signals appeared at d
4

8.69 to 6.90 were caused by aromatic protons, whereas signals
seen in the up field region d 3.12–3.14 and 2.39–2.30 of the spec-
trums were caused due to the presence of methylene and methyl
protons respectively. Additionally, HR-ESI-MS spectra were used
to confirm the compounds’ molar masses. The experimental part
contains a detailed spectrum interpretation of the synthesized
derivatives.

3.2. In-Vitro urease inhibitory activity

After structural confirmation of the prepared analogues through
FTIR, HR-ESI-MS and 1H NMR spectroscopy, they were tested for
their urease inhibitory activity (in-vitro). The whole derivatives
presented excellent to good inhibition activity in the range of
IC50 values of 22.21 ± 0.42 to 47.91 ± 0.14 lMwhen compared with
standard thiourea (IC50 = 21.15 ± 0.32 lM). Compounds 3 (IC50 =
22.21 ± 0.42 lM), 4 (IC50 = 26.11 ± 0.22 lM) and 6 (IC50 = 28.11 ±
0.22 lM) were found the most active urease inhibitors near to
standard thiourea among the synthesized series. Similarly, com-
pound 5 having IC50 value of 34.32 ± 0.65 lM was showed signif-
icant inhibitory activity against urease enzyme. Furthermore, three
compounds 7, 8, and 9 exhibited less activity with IC50 values of 45.
91 ± 0.14, 47.91 ± 0.14, and 48.33 ± 0.72 lM respectively (Table 1).

4. Discussions

4.1. Structure activity relationship study

To ascertain the effect of the substituted aromatic ring (Ar-
group) on the inhibition of the anti-oxidant activity, a rigorous
structure activity relationship (SAR) was carried out. To illuminate
our outcomes, we combined the mark molecules into a fictitious
Ar-group with several substituted benzaldehydes attached at
either the same or different positions. Three compounds 3, 4, and
6 among the synthesized analogues attributed excellent inhibitory
activity in the range of IC50 values of 22.21 ± 0.42 to 28.11 ±
0.22 lM near to thiourea as standard (IC50 = 21.15 ± 0.32 lM).
The top activity of compound 3 could be due to the occurrence of
electron withdrawing two chlorine groups attached to the benzene
ring at ortho and para position. A decrease occurs in the activity of
compound 6 (IC50 = 28.11 ± 0.22 lM) might be due to the removal
of one chlorine atom from the ortho position of the benzene ring.
Similarly, comparing compound 4 (IC50 = 26.11 ± 0.22 lM) with
5 (IC50 = 34.32 ± 0.65 lM), the excellent activity of compound 4
could be due to the attachment of electron withdrawing nitro
group at para position of the benzene ring while the decrease
occurs in the activity of compound 5 may be due to the change
in position of nitro group from para to meta and attachment of
hydroxyl group at para position of the benzene ring (Fig. 2). On
the other hand, by comparing compound 8 (IC50 = 45.91 ± 0.14 l
M), 9 (IC50 = 47.91 ± 0.14 lM), and 7 (IC50 = 48.33 ± 0.72 lM),
the less activities of the compounds may be due to the attachment
of electron donating groups attached at para position of the ben-
zene ring. Because the strength of the attached Ar-groups showed
only slight variations in their ability to inhibit urease, the structure
activity relationship studies explore the crucial role of these groups
in urease inhibition.



Table 1
Urease inhibition potential (in-vitro) of the synthesized bis-Schiff base derivatives (3–9).

C. No Structure IC50 (lM) ± SEM C. No Structure IC50 (lM) ± SEM

3 22.21 ± 0.42 7 48.33 ± 0.72

4 26.11 ± 0.22 8 45.91 ± 0.14

5 34.32 ± 0.65 9 47.91 ± 0.14

6 28.11 ± 0.22 Thiourea 21.15 ± 0.32

SEM = standard error mean.

Fig. 2. The most effective compounds of the series.
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4.2. Global DFT reactivity indices in the ground state

Conceptual density functional theory (DFT) can be used to know
the reactivity of chemical reactions. The analysis of reactivity
indices, such as the global reactivity index (GRI) and the local reac-
tivity index (LRI) is an important aspect of such theories. These
reactivity indices allow researchers to analyse the variations of
chemical reactivity in different reactions and can be used to predict
the most reactive pathways for a given reaction and underlying
mechanism of a chemical reaction and thus design better synthetic
strategies. The used universal directories including global nucle-
ophilicityl, electrophilicity x, chemical hardness g, and electronic
chemical potential u, for seven investigated molecules (3–9)
(Table 2).

The electrophilicity index arranged as 5 > 7 > 6 > 9 > 8 > 4 > 3.
Furthermore, De was capable to conclude a molecule’s kinetic sta-
bility. Molecule 3 is highest De and g than other compounds 4–9
about 0.2–0.8 eV, at the same time 3 is highest softness than other
compounds and is more kinetically stable than 4–9, these lead to
higher kinetic stability for 3 (Costa et al., 2017). Furthermore, the
antioxidant effect is related to a low value of chemical potential
5

(Domingo). The lowest electronic chemical potential belong to
molecule 5 (u = �3.11 eV), which lower than that other com-
pounds 3, 4, and 6–9, with a difference of about between 0.5 eV
and 0.9 eV. This indicates that molecule 5 has a higher tendency
to donate electrons and may enhance the activity of the hybrids
(3–9).
4.3. Homo-LUMO and electrostatic potential map MEP

A significant influence is played by the lowest unoccupied
molecular orbital (LUMO) and the highest occupied molecular
orbital (HOMO) in determining the chemical behaviour of a mole-
cule. HOMO and LUMO are shifted along (3–9)molecular skeletons
(Fig. 3). The plot of HOMO and LUMO orbitals shows that the mole-
cule’s positive and negative regions are distributed throughout (3–
9). The detecting active site for receptor is explained by the charge
transfer interaction between the molecules, which is determined
by the energy gap between LUMO and HOMO. A small energy
gap indicating the easy charge transfer between the two orbitals
and high charge transfer contact, explaining the selective inhibi-
tion for (3–9) investigated molecules.

MEP is a marker for the distribution and polarisation of the
outer electrons in connection to the reactivity and capacity of the
molecular environment to interact with H-atoms. It also offers
comprehensive details on the locations of electrophilic and nucle-
ophilic chemicals. Because the polar (‘‘-”charge is represented by
red color) and nonpolar (‘‘+”charge is represented by blue color)
molecular zones are distinguished in Fig. 4, we may graphically
calculate the statistical polarity. It was discovered that the green
area had potential that was midway between the dual red and
blue. As the distribution of colours on MEP changes due to electro-
static potential levels, red, yellow, blue, and green appear in
increasing order. The examined compounds (3–9) ability to bind
with biological enzymes based on size and shape was supported
by the electron distribution. Fig. 4 showed that the red region
encompassing the @NAN@, which increased the effect of
electrophilicity.
4.4. Hole density distribution and electron excitation analysis

The distribution of electron and hole density provides the
concept of multi-molecular orbital excitation, which delivers clear



Table 2
TD-DFT/6–311++G(d,p) electronic-chemical indices ‘‘Electronic chemical potential u, Chemical hardness g, global electrophilicity x and global nucleophilicity l”.for the reagents
elaborate in the reaction under investigation in vacuum at 25 �C.

Species HOMO LUMO De g S u l x DNmax

3 �5.345 �2.087 3.257 1.629 0.614 �3.716 4.239 10.336 �1.141
4 �5.551 �2.078 3.473 1.736 0.576 �3.815 4.190 10.287 �1.098
5 �4.934 �1.288 3.646 1.823 0.549 �3.111 2.655 6.866 �0.853
6 �5.414 �1.932 3.482 1.741 0.574 �3.673 3.874 9.585 �1.055
7 �6.618 �1.419 5.199 2.600 0.385 �4.018 3.106 8.220 �0.773
8 �5.475 �2.042 3.432 1.716 0.583 �3.759 4.116 10.111 �1.095
9 �5.431 �2.013 3.419 1.709 0.585 �3.722 4.052 9.965 �1.089

Fig. 3. HOMO / LUMO map for compounds (3–9) at TD-DFT/6–311++G(d,p).
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features of the excited state for the receptors and their correspond-
ing receptor anions. One can learn more about the electrical struc-
ture and characteristics of (3–9) molecules by evaluating the
electron and overall density distribution. Understanding the mech-
6

anism of molecular recognition and binding in receptor-ligand and
metal–ligand systems is made possible by the information pro-
vided. The excitation of an electron from an occupied to virtual
molecular orbital (MO) is employed as a model for the excited state



Fig. 4. MEP map for compounds (3–9) at TD-DFT/6–311++G(d,p).

EDD HDD EDD HDD
3 4

5

Fig. 5. EDD and HDD profile for the excited state for compounds (3–9).
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when an electron is delocalized from A to B as part of a single elec-
tron excitation process. One can learn more about the characteris-
tics of the excited state by contrasting it with the ground state MO
and the various regions of photo-excited states that are shown by
electron density distribution maps. These maps of the electron
density distribution illustrate the geographical distribution of the
electron density within the molecule and can reveal details about
the energy level of the excited state, the location and kind of
excited electrons, and the level of electron delocalization.

In Fig. 5, EDD map exhibits a thicker surface on the entire
diphenylethylidene-hydrazine fragments for seven investigated
compounds (3–9), indicating a higher electron density in those
regions. On the other hand, the HDD map displays a denser surface
on the entire @NAN@ fragment, indicating a higher hole density.

4.5. Topology analysis

The nature of the intramolecular interactions in the seven mole-
cules (3–9) was investigated using topological analysis of the
atoms in the molecule (Fig. 6). According to Atoms in Molecule
(AIM) analysis the presence of bond critical path (BCP) as white,
blue, yellow, green and red dots, that ensures that the bond
between the atoms, which represented dots. Fig. 7 showed formed
RCP between C19���O27 and C13���C25 at compounds 3, 4 and 9;
C9���O21, NO8���C20 and C17���F27 at compound 5; C6���C18
and C14���C24 at compounds 6 and 8; N10���C15 and C19���C25
at compound 7. The total electron density p rð Þ and Laplacian

(r2p rð Þ) describe the nature of bonds. Total electron density is

given by the expression, 1
4r2p rð Þ ¼ G rð Þ þ c rf g where G(r) and V

(r) are Lagragian kinetic energy and potential energy densities at
critical points, respectively. The valuesr2p rð Þ > 0 and G(rBCP) + V
(rBCP) > 0, that indicate that the bond is a weak bond. Ratio
of G(r BCP)/V(r BCP) indicates that the hydrogen bond has a
non-covalent nature (Lu and Chen, 2012).

4.6. Non-covalent interactions (NCI)

The structures of synthesized seven molecules (3–9) are
influenced by several types of interactions, including covalent,
7

non-covalent, and electrostatic interactions. Reduced Density
Gradient (RDG) analysis can reveal Non-Covalent interactions
(NCI), and visualize those using isosurfaces with logradients
depending on how strong the interaction is. Several ligand
postures were generated using the west RMSD score. Sign (k2) val-
ues give information about the sort of bonding, with large negative



Fig. 6. BCP for (3–9) molecules from AIM theory.

Fig. 7. RDG and NCI profile of (3–9) molecules using AIM theory.
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values indicating hydrogen bonds, large positive values indicating
repulsive interactions, and values close to zero indicating weak van
der Waals interactions. In Fig. 7, molecules show the presence of
8

strong hydrogen bonding between N-N for compounds 3 and 8
(blue isosurface sign (k2)q value nearly �0.012) and weak van
der Waals interactions (green isosurfaces) in compounds 4, 6 and
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9. The red-coloured isosurface indicates steric repulsion present at
compounds 5 and 7 with sign (k2)q = 0.02 (Kavimani et al., 2018).
4.7. Molecular docking

To understand how the three most active derivatives 3, 4 and 6
inhibits the urease enzyme, we performed molecular docking of
the seven synthesised compounds (3–9) against its crystal urease
(PDB: 4UBP) (Otero-De-La-Roza et al., 2012) complexed with ‘‘8-
OXO-2-deoxyguanosine” as reference inhibitor. We used the most
satisfactory docking conformations of all active compounds that
were detected inside the active site with proper alignment. The
active site consists of both hydrophilic (Arg 339, Asp 224, 363,
494, Glu 166, 223 and His 323, 324) and hydrophobic (Ala 170,
366, Cys 322, Lys 169, Leu 319, and Met 637) amino acids. These
amino acids interact with the ligands of urease that are essential
for its catalytic activity. We observed that almost all conformations
of the ligands (3–9) had interactions with important residues
inside the pocket.

The docking steps were applied as the previously reported
method (Freudenthal et al., 2015, Irfan et al., 2023). We established
the inhibition behaviour in binding-energy BE terms for seven
tested compounds (3–9) with the receptors and compared the
results with the reference inhibitor (8-OD). Compounds (3–9)
redocked and achieved a root mean square deviation (RMSD) in
range 1.2 and 1.9 Å (Table 3). Using the fingerprint interaction
between ligand and protein (PLIF), binding effectiveness was
assessed. The ‘‘Oples3e” molecular-mechanics force field created
the poses. The pose with the lowest ‘‘E” and ‘‘RMSD” was chosen
(Fig. 8) in order to evaluate the binding affinities of synthetic com-
pounds (3–9). For further validation of the molecular docking
experiment ligand efficacy LE was calculated.

The binding mode and stability of the docked poses were eval-
uated by the Glide DG score, which estimates the free energy of
binding between the ligand and the receptor protein.

The lowest score pose and RMSD is the more stable in the bind-
ing pocket. The data was used to rank the docked poses and to
select the most capable docked conformation of each compound
(3–9). The docking energy details are shown in Table 3. The inter-
actions between the seven active compounds (3–9) and the active
site residues were mainly polar bonds, hydrogen bonding, p � p
and p � H interactions, which contributed to a strong alignment
with the enzyme backbone (Table 4).

Among seven investigated compounds (3–9), the most active
three tested hybrids 3, 4 and 6 showed strong urease interactions
(-6.25,-645 and �6.37, respectively), compared to other tested
compounds 5, 7, 8 and 9, while reference inhibitor stood out
among them as having highest inhibitory activity with
DG = �8.66 (Table 3).

The 1st and 2rd most active molecules 3 and 4 were attached
deeply into the binding pockets, interacting with vital hydrophobic
Table 3
The binding-affinity energies in kcal/mol of (3–9) and 8OD against urease enzyme.

C. No DG RMSD H. B

3 �6.287 1.489 33.852
4 �6.454 1.405 27.058
5 �7.293 1.957 55.464
6 �6.375 1.471 53.983
7 �6.020 1.905 78.305
8 �6.383 1.261 62.538
9 �5.920 1.746 44.762
8-OD �8.660 1.200 �214.387

Where, DG: Free binding energy of the ligand; RMSD: root-mean-square deviation; H.B
interaction with receptor; Eele: Electrostatic interaction over the receptor.
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Ala170 residue. Compound 6 had the 3rd most active compound,
although has lowest binding energies (-8.37 Kcal/mol) comforting
in binding pocket by interacting with hydrophilic binding pocket
Cys322 and Arg339, that led to decrees the activity against urease
(Fig. 8). We believe it pinpoint of urease by formation strong inter-
actions with important residues (Table 4). According to 3D-
molecular docking the most active (benzylidene)-2-(1,2-diphenyle
thylidene)hydrazine 3, 4 and 6 prefer a parallel orientation
between phenyl ring and important hydrophobic Ala170. Docking
revealed complicated interactions including strong hydrogen
bonds with critical hydrophobic Ala170.

4.8. Molecular dynamic investigations of the most bioactive 3, 4 and 6
molecules

It is unsuitable for explaining the interaction between the
molecular docking calculations and the ligand–protein at the ns
level, although the ligand molecules are pretty flexible in the calcu-
lations. In Molecular Mechanics-Poisson-Boltzmann surface area
(MM-PSBA) calculations as implemented in molecular dynamic,
the interaction between ligand and urease enzyme is done at the
250 ns. Both ligand molecule and urease protein have flexibility
in calculations of (MM-PSBA). The interaction occurring in these
calculations is examined every 2 ns, and the energy change is given
in Fig. 9.

The resulting graph shows the binding free energy changes and
deviations in each ten (ns) interval in Fig. 9. The energy changes of
the most active three most active compounds 3, 4 and 6 molecules
were compared with each other. With this comparison, calcula-
tions were made to support the estimation of the free energies of
the bonding using the molecular MMPBSA method. The negative
value of the relevant parameters indicates better binding (Aktas�
and Yüksel, 2020). The results were calculated using equation-1.
Furthermore, the slight deviation for MM-PBSA for 3, 4 and 6 com-
plexed with urease over-all time-scale, figured that strong interac-
tion between Ligand and amino acids backbone, which showed a
firm H-bonding pattern.

4.9. In-Silico toxicological study

4.9.1. In-Silico pharmacokinetic profile
In-Silico cytotoxicity screening through ADMET (absorption, dis-

tribution, metabolism, and excretion toxicity) parameters acting a
fundamental route in therapeutic bioactive molecules (3–9) were
carried out. SwissADME (Daina et al., 2017) and ADMET-SARmodel
were used to predict parameters for seven investigated molecules
(3–9), which these disclosed in (Table 5).

The physicochemical and ADMET parameters stated that these
ligands are suitable for all investigated rules as Lipinski, Ghose,
Veber, Egan, Muegge rules with no violations. All seven investi-
gated compounds (3–9) were authorization to Lipinski, Ghose
EInt. Eele LE

�5.811 �4.821 �29.623
�8.212 �8.446 �30.980
�7.699 �6.124 �41.403
�5.793 �6.368 �36.588
�5.419 �5.486 �20.602
�2.728 �5.957 �36.394
�6.125 �6.075 �27.983
�5.803 �9.493 �311.345

.: H-bonding energy between protein and ligand; EInt: Binding affinity of H-bond



Fig. 8. 3D mapping surface of three most active compounds 3, 4 and 6 with reference 8-Oxo-20-deoxyguanosine inside the urease active site 4UBB.

Table 4
Interaction details of compounds (3–9) and 8-OD.

Ligand Receptor Interaction Distance(A�) E(kcal/mol)

3 6-ring CA ALA 170 p-H 3.93 �0.7
6-ring CB ALA 170 p-H 3.66 �0.7

4 O38 NE2 HIS 222 H-acceptor 3.17 �2
6-ring CA ALA 170 p-H 4.05 �0.9

5 O43 NE2 HIS 222 H-acceptor 2.91 �3.6
O43 NI NI 798 Metal 2.59 �0.8
6-ring CB GLU 166 p-H 4.22 �0.5

6 6-ring CB CYS 322 p-H 4.07 �0.7
6-ring NH2 ARG 339 p-cation 3.79 �0.5

7 S41 OD1 ASP 363 H-donor 4.07 �1
S41 OD2 ASP 363 H-donor 4.12 �1.1
C17 5-ring HIS 324 p-H 4.01 �0.5
6-ring CA ALA 170 p-H 4.13 �0.7

8 C23 5-ring HIS 324 p-H 3.77 �1.1
6-ring CA ALA 170 p-H 4.06 �1.2

9 6-ring CA ALA 170 p-H 4.15 �0.8
8-OD N8 O ALA 170 H-donor 3.43 �1.1

N9 NI NI 798 Ionic 3.09 �3.9
N10 NI NI 799 Ionic 2.81 �5.9
O10 NI NI 798 Ionic 2.46 �9.3
O11 NI NI 799 Ionic 2.23 �12.3
O12 5-ring HIS 139 p-cation 4.79 �0.9

Fig. 9. Display the Gibbs free energy values of protein and ligand molecules every
ten ns intervals.
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and Muegge rules, and pass via Veber, Egan with one violation
related to TPSA. Consequently, the tested compound (3–9) exhib-
ited promising bioavailability scores (0.55).
10
The data presented by (3–9) compounds confirmed that mole-
cules are promising oral bioavailability without affected by
biodegradation. The Bioavailability Radar for analysis of drug-
likeness was represented in (Fig. 8). The relationship between
polarity, size, liphophilicity, solubility, saturation, and flexibility
was presented by the reader (Ritchie et al., 2011), pink color char-
acterized the ideal ranges for each features.

The reader of (3–9) showed no deflection against any parame-
ters (Fig. 9). Seventh compound had low Csp3 Fraction values rang-
ing from 0.05 to 0.09 (passing value Csp3 < 0.25) (Zhao et al., 2002),
which indicate a low degree of saturation of the carbon atoms.
Another important factor for absorption in silico is water solubility
(Zhao et al., 2015), which these compounds exhibited strongly
absorption. Using ADMET-SAR pharmacokinetic characteristics,
mutagenic, tumorigenic, reproductively effective, irritant, and
human intestinal absorption were examined in silico (Banerjee
et al., 2018). Furthermore, another support vector machine algo-
rithm was applied to identify substrates or non-substrates of the
permeability for skin permeation (Log Kp), Caco-2, blood brain bar-



Table 5
In-silico ADMET and drug likeness for seven investgate compounds (3–9).

3 4 5 6 7 8 9

MW 367.27 343.38 359.38 332.83 344.47 312.41 314.38
Fraction Csp3 0.05 0.05 0.05 0.05 0.09 0.09 0.05
H-bond acceptors 2 4 5 2 2 2 3
H-bond donors 0 0 1 0 0 0 1
MR 107.39 106.19 108.21 102.38 109.09 102.33 99.39
TPSA 24.72 70.54 90.77 24.72 50.02 24.72 44.95
iLOGP 3.96 3.14 2.59 3.78 3.76 3.84 3.12
XLOGP3 6.37 4.94 4.59 5.74 5.62 5.48 4.76
Consensus Log P 5.81 4.15 3.54 5.3 5.28 5.11 4.34
ESOL Log S �6.33 �5.2 �5.06 �5.74 �5.65 �5.45 �5.01
Ali Log S �6.68 �6.16 �6.22 �6.03 �6.43 �5.76 �5.43
GI absorption High High High High High High High
BBB permeant No Yes No Yes Yes Yes Yes
Pgp substrate Yes No No Yes Yes Yes No
CYP1A2 inhibitor Yes Yes No Yes Yes Yes No
CYP2C19 inhibitor Yes Yes Yes Yes Yes Yes Yes
CYP2C9 inhibitor No No Yes No No No No
CYP2D6 inhibitor No No No No No No No
CYP3A4 inhibitor No No No No No No No
log Kp (cm/s) �4.02 �4.89 �5.23 �4.25 �4.41 �4.31 �4.84
Lipinski #violations 1 1 0 1 1 1 0
Ghose #violations 1 0 0 0 0 0 0
Veber #violations 0 0 0 0 0 0 0
Egan #violations 1 0 0 0 0 0 0
Muegge #violations 1 0 0 1 1 1 0
Bioavailability Score 0.55 0.55 0.55 0.55 0.55 0.55 0.55
PAINS #alerts 0 0 1 0 0 0 1
Brenk #alerts 1 3 3 1 1 1 1
Carcinogenicity 0.767 0.871 0.904 0.772 0.882 0.812 0.849
hERG 0.011 0.032 0.019 0.01 0.011 0.007 0.009
Pgp-inh 0.113 0.023 0.045 0.069 0.155 0.306 0.254
Pgp-sub 0.002 0.003 0.003 0.002 0.004 0.006 0.005
IGC50 5.253 4.97 5.132 5.055 5.031 4.973 5.031
LC50 6.919 6.711 6.592 6.642 6.583 6.311 6.309
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rier (BBB) and p-glycoprotein (P-gp), as well as, to recognize inhi-
bition effects against the main cytochromes P450 isoenzymes
(CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4). The results
obtained from (Table 5) showed that these compounds did not
have the ability to inhibit any types of P450.

The compounds (3–9) in this study have low (Log Kp) and Caco-
2 values, indicating low permeability across skin and intestinal
cells. The Boiled-Egg model can be used to visualize the relation-
ship between WLOGP and TPSA (Fig. 10), which shows that the
compounds have high BBB permeability, high GI absorption, high
brain penetration, weak inhibition of (hERG) in the range of
(0.01–0.03) and no resistance to P-gp protein. Compounds do not
exhibit carcinogenicity, mutagenicity or tumorigenicity when
compared with 981 carcinogenic chemicals from the ‘‘Carcinogenic
Potency Database (CPDB)” (Lowry et al., 1951).
4.9.2. Oral toxicity prediction
We used the Chemical European Biology Laboratory (ChEMBL)

database to forecast the potential toxicity of seven molecules in
this study by examining the assessment of oral rodents on an
extracted basis. We also estimated the lower lethal doses (LD50)
values in rodents and found that our ligands have significant
LD50 (4.9–5.2) compared. We based our toxicity calculation on
the highest endpoints of 33 models (Table 5). We divided the cal-
culated schematic into several stages of toxicity, such as toxicity,
toxicological endpoints (mutagenicity, carcino toxicity, organ tox-
icity (hepatotoxicity), cytotoxicity and immuno toxicity), toxico-
logical pathways (AOPs) and toxicity targets. This approach gave
11
us a suitable insight into the possible molecular mechanism and
toxic response.

5. Conclusion

Novel bis-Schiff base derivatives based on benzyl phenyl ketone
nucleus was successfully synthesized and characterized with FTIR,
HR-ESI-MS and 1H NMR spectroscopy. These compounds were
finally screened for in vitro urease inhibition activity. All the syn-
thesized derivatives (3–9) showed excellent to less inhibitory
potential when compared with standard thiourea (IC50 = 21.15 ±
0.32 lM). The most potent derivatives among the series are com-
pounds 3 (IC50 = 22.21 ± 0.42 lM), 4 (IC50 = 26.11 ± 0.22 lM)
and 6 (IC50 = 28.11 ± 0.22 lM) near to standard thiourea. In the
same way, compound 5 having IC50 value of 34.32 ± 0.65 lM
was showed significant inhibitory activity while three compounds
7, 8, and 9 exhibited less activity with IC50 values of 45.91 ± 0.14,
47.91 ± 0.14, and 48.33 ± 0.72 lM respectively. DFT expanded on
3–9 molecules to calculate FMO, which indicating that these mole-
cules are stable, have a bioactive nature, and experienced charge
transfer. MEP visual the reactive regions of 3–9 molecules, these
regions are close to the @NAN@ atoms and its more electrophilic
and can interact with protein receptors. The AIM-topological inves-
tigation of 3–9 demonstrated that the H-bond energy is minimal
and that the interactions are non-covalent. ELF applied to investi-
gate the electron-localization-degree. The molecular docking
showed the most active compounds 3, 4 and 6 are binding with
the same manner with of reference inhibitor. MD over 250 ns
figured that strong interaction between most active 3, 4 and 6



Fig. 10. a) The optimal range as red color for; Lipophilicity: �0.7 � XLOGP3 � +5.0, size: 150 � MW � 500 g/mol, polarity: TPSA � 140 Å2, solubility: log S � 6, saturation
fraction of carbons in the hybridization sp3 � 0.25, and flexibility: rotatable bonds � 9. b) BOILED-Egg plot, White and yellow color represented highly probable for HIA (GI)
absorption and BBB permeation, respectively, grey outside for molecules are low absorption and not brain penetration, blue and red points represented as P-gp substrate
(PGP + ) and P-gp non-substrate (PGP � ), respectively.

R. Ahmad, M. Khan, A. Alam et al. Saudi Pharmaceutical Journal 31 (2023) 101688
molecules and vital amino acids backbone. ADMET showed that 3–
9 compounds do not exhibit carcinogenicity, mutagenicity or
tumorigenicity.
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