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A B S T R A C T   

Peptic ulcer disease (PUD), often caused by Helicobacter pylori infection, is a prevalent gastroin
testinal condition characterized by the erosion of the gastric or duodenal mucosal lining. H. pylori 
adheres to gastric epithelial cells, secreting toxins and disrupting the stomach’s defenses. H. pylori 
relies on various receptors to establish infection, making these molecules attractive therapeutic 
targets. This study aimed to develop novel anti-ulcer compounds by combining benzothiazole, 
pyrazoline, and chalcone pharmacophores. A series of chalcone derivatives 4a-c were synthesized 
via Claisen-Schmidt condensation and characterized using spectroscopic techniques such as FT-IR, 
NMR and elemental analysis. The DFT calculations, using B3LYP method with 6-311G basis set, 
revealed the p-tolyl derivative 4b exhibited the highest thermal stability while the p-bromophenyl 
derivative 4c showed the lowest stability but highest chemical reactivity. The HOMO-LUMO 
energy gaps as well as the dipole moments decreased in the order: 4b > 4a > 4c, reflecting a 
similar reactivity trend. Molecular docking showed ligands 4a-c bound effectively to the H. pylori 
urease enzyme, with docking scores from − 5.3862 to − 5.7367 kcal/mol with superior affinity 
over lansoprazole. Key interactions involved hydrogen bonds and hydrophobic pi-hydrogen 
bonds with distances ranging 3.46–4.34 Å with active site residues ASN666, SER714 and 
ASN810. The combined anti-inflammatory, antimicrobial, and H. pylori anti-adhesion properties 
make these novel chalcones promising PUD therapeutic candidates.   

1. Introduction 

Peptic Ulcer Disease (PUD) is a prevalent gastrointestinal affliction, characterized by the erosion of the mucosal lining of the 
stomach or duodenum [1]. Annually, PUD affects around 4 million people worldwide [2], presenting symptoms such as abdominal 
pain, bloating, nausea, vomiting, and blood in stool [3]. Untreated ulcers can lead to severe internal bleeding and increase the risk of 
stomach cancer [4,5]. Among the various factors contributing to PUD, the bacterium Helicobacter pylori emerges as a pivotal player [6]. 
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This microorganism colonizes the gastric mucosa, instigating inflammation and disrupting the delicate equilibrium of the stomach’s 
microenvironment [7]. A key virulence factor of H. pylori is the urease enzyme [8,9] which catalyzes the hydrolysis of urea to ammonia 
and carbon dioxide, neutralizing the stomach’s acidic environment and fostering bacterial survival [10,11]. 

H. pylori relies on a sophisticated set of receptors for successful colonization and evasion of host defenses. These receptors play a 
crucial role for adherence to gastric epithelial cells and facilitating the injection of bacterial toxins [12]. Of particular significance is 
the interaction between H. pylori and the host cell receptors s, influencing infection severity and persistence. The Lewis antigen system 
is a key recognition site for H. pylori adhesion [13]. Understanding these receptor interactions provides a unique avenue for therapeutic 
interventions, paving the way for novel compounds designed to disrupt bacterial adherence and infection establishment, Fig. 1. 

Heterocyclic compounds have found extensive utility across diverse fields, serving as key building blocks in pharmaceuticals, 
agrochemicals, materials science, and beyond, owing to their versatile chemical properties and wide-ranging biological activities 
[14–16]. The benzothiazole ring possesses anti-inflammatory properties which play a crucial role in mitigating the inflammatory 
response associated with H. pylori infection [17,18]. Additionally, pyrazolines have exhibited significant antimicrobial activity [19, 
20], making them particularly relevant in addressing the bacterial colonization aspect of H. pylori, a major contributor to PUD 
pathogenesis [21]. This approach aims to capitalize on the anti-inflammatory and antimicrobial properties of the individual moieties, 
culminating in a compound with enhanced therapeutic potential against PUD. These modifications are intended to optimize the 
interaction of the compounds with H. pylori and enhance their affinity for specific molecular targets [22–24]. 

In silico biological evaluation, particularly through molecular docking studies, plays a pivotal role in early drug discovery for 
chalcone-bearing pyrazoline rings [25,26]. This approach allows researchers to predict the binding affinity and interactions of these 
compounds with target proteins before in vitro testing. By identifying promising candidates early on, in silico methods save time and 
resources, streamline experimental efforts, and guide the rational design of more effective derivatives. 

This study endeavors to synthesize and characterize a series of novel compounds, combining benzothiazole, pyrazoline, and 
chalcone motifs, to target PUD, particularly focusing on H. pylori infection. Employing various spectroscopic techniques such as FT-IR, 
NMR and elemental analysis, we aim to elucidate the chemical structure and confirm the purity of the synthesized compounds. Density 
Functional Theory (DFT) studies will unravel the reactivity profiles, shedding light on the molecular intricacies governing their 
behavior. Molecular docking studies onto H. pylori receptors will provide valuable insights into the binding affinity and potential 
therapeutic efficacy of the novel compounds, steering us toward innovative solutions for combating PUD. 

2. Results and discussion 

2.1. Chemistry 

In pursuit of expanding the repertoire of biologically active compounds, our focus has centered on the benzothiazole and pyrazole 
heterocycles [27,28]. Drawing inspiration from their inherent biological activities, we embarked on a series of endeavors to func
tionalize these molecules. A meticulously designed synthetic pathway, as illustrated in Scheme 1, has facilitated the straightforward 
and efficient synthesis of the target compounds 4a-c. The structures elucidation confirmed through IR, 1H NMR, 13C NMR and 
elemental analysis. Cyclocondensation of 2-hydrazinobenzothiazole 1 with ethyl acetoacetate in ethanol gives 5-pyrazolones 2 which 
undergoes acetylation by Jensen’s procedure using acetyl chloride in dioxane as a solvent in the presence of calcium hydroxide to form 
4-acetyl-5-pyrazolone derivative 3 in a good yield. The chalcone derivatives 4a-c were prepared as Claisen’s Schimidt reaction of 
compound 3 with different aromatic aldehyde by using sodium hydroxide in ethanol at 0 ◦C, Scheme 1. 

The FT-IR spectra of chalcones 4a-c showed two strong absorption bands ranging 1710–1705 and 1696–1690 cm− 1 attributed to 
stretching vibration of carbonyl of pyrazolone ring and keto group, respectively. The medium absorption band at 1633–1619 cm− 1 

ascribed to the vibration of imino (C––N) group [29,30]. Additionally, the aromatic (=C–H) and aliphatic (-C-H) stretching vibrations 
appeared as weak absorption bands in range 3072–3037 and 2960–2918 cm− 1, respectively. 

The 1H NMR spectral data of 4a-c exhibited two singlets at range δ 3.76–3.30 and 1.89–1.55 ppm due to the presence of pyrazolone 
CH and methyl group at position 3, respectively. Furthermore, the olefinic protons (CH––CH) appeared as two doublet signals at δ 
7.48–7.14 and 6.89–6.70 ppm. Additionally, 1H NMR spectra showed multiplets at δ 8.29–6.72 ppm that ascribed the aromatic protons 
of phenyl and benzothiazole rings. 

Fig. 1. Commercial drugs for treatments of H. pylori infection.  
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2.2. DFT computional studies 

2.2.1. Geometrical and thermal parameters 
Chalcones are versatile compounds that can be structurally modified to tune their characteristics for various applications specially 

their biological activity. Density functional theory (DFT) calculations were performed on newly synthesized chalcone derivatives 4a-c 
to determine key thermal and electronic properties. Furthermore, the calculated quantum chemical parameters and optimized ge
ometries provide a foundation to understand the structure-activity relationships that may govern the biological activity of chalcone 
derivatives 4a-c. DFT methods allow efficient prediction of molecular properties based on the electron density distribution. B3LYP 
hybrid functional with the 6-311G basis set was selected, as it generally provides good accuracy for organic systems. The absence of an 
imaginary frequency in the optimized geometrical structures not only underscores their stability but also serves as a visual testament, 
as illustrated in Fig. 2. The optimized geometries, thermal parameters, polarizabilities, and dipole moments were computed to gain 
insight into how the substituents impact the properties, Table 1. 

The electron-donating and -withdrawing substituents can modulate key molecular properties like binding affinity, cell perme
ability, and enzyme inhibition profiles that dictate therapeutic potential [31,32]. The DFT results reveal how the electron-donating 
(p-tolyl, 4b) and electron-withdrawing (p-bromophenyl, 4c) moieties modulate the chalcone derivatives. The p-tolyl derivative 4b 
has the highest thermal stability in terms of enthalpy, Gibbs free energy, and entropy that could enhance its potency or bioavailability 
compared to 4a and 4c. This can be attributed to greater delocalization of π electrons provided by the methyl group. In contrast, the 
p-bromophenyl compound 4c possesses the lowest thermal character. The electron-withdrawing bromine likely restricts resonance. 
Polarizability followed the order 4c > 4b > 4a, indicating 4c is the most polarizable. The dipole moments show a trend 4b > 4a > 4c, 
which may be due to the increasing of donating ability. 

2.2.2. Frontier molecular orbitals 
The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of a molecule, known as frontier 

molecular orbitals (FMOs), play a key role in determining its bioactivity. The HOMO, containing the highest energy electrons, acts as 
an electron donor while the LUMO can accept electrons into its lowest energy unfilled orbital. The energies of HOMO and LUMO 

Scheme 1. Synthesis of chalcones 4a-c 
Reagents and conditions: (i) Ethanol, reflux 1 h; yield (83.05 %). (ii) Dioxane and calcium hydroxide, reflux 0.5 h, HCl (2 N); yield (75.17 %). (iii) 
Ethanol and NaOH, stirring 0.5 h; yield (65.14–69.88%). 

Fig. 2. Optimized structures of chalcones 4a-c.  
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orbitals indicate the chemical reactivity of a molecule, with small HOMO-LUMO energy gaps generally corresponding to high reac
tivity. Additionally, the spatial distribution of FMOs influences the binding interactions of a molecule with biological receptors [33, 
34]. The present study analyzes the FMOs of three compounds 4a-c to determine how their electronic properties may modulate 
bioactivity, Table 2. The HOMO electron densities are distributed over the benzothiazolyl rings, while the LUMO electron densities 
extend onto the α,β-unsaturated carbonyl group, Fig. 3. This indicates that the benzothiazolyl rings act as the electron donors and the 
olefinic unit acts as the electron acceptor. Among the three compounds 4a-4c, 4c has the lowest energy HOMO at − 6.1382 eV while 4a 
has the highest energy HOMO at − 6.0854 eV. For the LUMO orbital energies, 4c also has the lowest energy at − 2.5388 eV while 4b has 
the highest LUMO energy at − 2.3148 eV. Molecules with large energy gaps are known as hard molecules and possess higher thermal 
stabilities [35,36]. The decreasing order of HOMO-LUMO energy gaps (ΔE) is: 4b > 4a > 4c. The smaller ΔE in 4c suggests it likely has 
higher chemical reactivity compared to 3a and 4a. 

2.2.3. Chemical reactivity descriptors 
The global chemical reactivity descriptors calculated using DFT provide valuable insights into the structure-stability-reactivity 

relationships of the new compounds 4a-c. The energies of HOMO and LUMO are key quantum chemical parameters that determine 
molecular reactivity and are utilized to derive important descriptors like electron affinity (EA), ionization potential (IP), chemical 
potential (μ), absolute electronegativity (χ), softness (σ), hardness (η), and electrophilicity (ω). Among these, high hardness (η) in
dicates low binding potential whereas high softness (σ) suggests strong binding interactions [37]. Additionally, low electronegativity 
(χ) values typically correspond to enhanced receptor binding affinity. The chemical potential (μ) reveals the electron donating/
accepting aptitude, with higher values pointing to improved binding interactions. 

An analysis of the parameters in Table 2 indicates that compound 4c possesses the highest electronegativity (χ) value of 4.3385 eV, 
making it the most electron withdrawing of the series. Additionally, 4c exhibits the highest chemical potential (μ) at − 4.3385 eV, 
suggesting its enhanced ability to accept electrons. In contrast, 4a with the highest energy HOMO (− 6.0854 eV) and highest ionization 
potential (IP) of 6.0854 eV is expected to readily donate electrons. Regarding stability, 4b has the highest hardness (η) of 1.8687 eV 
among the compounds, implying it is the most inert, while 3c with a hardness of 1.7998 eV is anticipated to be the most reactive. 
Moreover, the softness (σ) order of 4c > 4a > 4b agrees with this relative reactivity trend. 

2.2.4. Molecular electrostatic potential (MEP) 
The molecular electrostatic potential (MEP) maps provide critical insights into the distribution of electron density and electrostatic 

potential in compounds 4a-c, validating their predicted reactivity. As depicted in Fig. 4, the MEP maps were generated by DFT cal
culations. In these maps, the red clouds represent high electron density regions which act as nucleophiles. The blue clouds highlight 
areas of low electron density that correspond to electropositive sites and are prone to electrophilic addition reactions. For compounds 
4a-c, the red clouds are localized on the electronegative heteroatoms (N, O and S). In contrast, the blue regions spread out over the 
electropositive phenyl rings. The complementary electrostatic potentials can facilitate molecular recognition processes like drug- 
receptor binding by enabling attractive interactions between electronegative and electropositive sites. 

Table 1 
Calculated thermal parameters, dipole moment and polarizability of chalcone derivatives 4a-c.  

Compound ZPE (Kcal/ 
Mol) 

Thermal energy 
(Kcal/Mol) 

Enthalpy (Kcal/ 
Mol) 

Gibbs free energy 
(Kcal/Mol) 

Entropy (Cal 
mol.k) 

Polarizability 
(α) 
Bohr3 

Dipole moment 
(D) 

4a 195.402 208.818 209.411 162.172 158.441 257.856 4.595 
4b 212.641 227.2573 227.850 177.6446 168.391 275.193 5.312 
4c 189.300 203.597 204.189 154.164 167.788 279.884 3.344  

Table 2 
Calculated Chemical descriptor parameters of chalcones 4a-c.  

Parameter 4a 4b 4c  

EHOMO (eV) − 6.0854 − 6.0522 − 6.1382 
ELUMO (eV) − 2.3951 − 2.3148 − 2.5388 
ΔE (eV) 3.6903 3.7374 3.5994 
IP (eV) 6.0854 6.0522 6.1382 
EA (eV) 2.3951 2.3148 2.5388 
χ (eV) 4.2402 4.1835 4.3385 
μ (eV) − 4.2402 − 4.1835 − 4.3385 
η (eV) 1.8452 1.8687 1.7998 
σ (eV¡1) 0.5420 0.5351 0.5556 
ω (eV) 4.8721 4.6829 5.2293  
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2.3. Molecular docking 

Molecular docking has become an invaluable tool in computer-aided drug design, allowing prediction of ligand binding modes and 
affinity for target proteins prior to in vitro testing. By modeling the interactions between small molecules and biological receptors at 
the molecular level, docking provides critical insights that can accelerate and streamline experimental screening efforts [38,39]. By 
leveraging in silico predictions pre-experimentally, molecular docking improves the efficiency of early-phase drug discovery, reducing 
associated costs and resources as well as guiding ongoing discovery to promising chemical scaffolds. Molecular docking studies were 
conducted to investigate the binding interactions between ligands 4a-c and the urease protein (PDB: 2QV3) [40] from H. pylori, an 
important target for anti-ulcer drug discovery, using MOE (2015). The ligands 4a-c were docked into the active site of the urease 
enzyme to predict their binding modes and affinity. 

The docking results showed that ligands 4a-c bind to the active site amino acids of urease of Helicobacter pylori, with docking scores 
(S) ranging from − 5.3862 to − 5.7367 kcal/mol, Table 3, with improved predicted binding affinities versus the reference ligand 
lansoprazole. The key amino acids involved in interactions with the ligands are ASN666, SER714, and ASN810. The interactions 
identified include hydrogen bond donor and hydrophobic pi-hydrogen bond between the ligand chemical groups and active site 
residues. 

Fig. 3. The estimated ground state plots of Frontier molecular orbitals (FMOs) for chalcones 4a-c.  

Fig. 4. Molecular electrostatic potentials (MEP) of chalcone 4a-c.  

Table 3 
Docking results of 4a-c docked into urease protein (PDB: 2QV3) from Helicobacter pylori.  

Ligand S (kcal/mol) Type of interaction Ligand - Receptor Distance (Ao) 

4a − 5.3862 H-donor S41 - ASN 666 3.55 
pi-H 5-ring - ASN 810 4.18 

4b − 5.5621 H-donor S44 - ASN 666 4.01 
pi-H 5-ring - ASN 810 4.19 

4c − 5.7368 pi-H 6-ring - SER 714 3.46 
pi-H 5-ring - ASN 810 4.34 

Lansoprazole − 5.3629 pi- H 6-ring - ASN 711 4.27  
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Specifically, ligand 4a displayed a hydrogen bond interaction between the S41 atom and ASN666 residue at a distance of 3.55 Å, 
Figs. 5–6. It also formed a pi-hydrogen bond between its 5-membered ring and ASN810 at 4.18 Å distance. Similarly, ligands 4b and 4c 
showed hydrogen bond donor and pi-hydrogen bonds with distances ranging from 3.46 to 4.34 Å involving ASN666, SER714 and 
ASN810 amino acids. These in silico results provide strong preliminary evidence that the novel ligands 4a-c could effectively inhibit 
urease enzymatic activity and may represent promising new anti-ulcer agents. 

3. Conclusions 

This study reports the successful synthesis and structural characterization of a novel series of chalcone derivatives bearing ben
zothiazole and pyrazoline moieties as potential anti-ulcer agents targeting H. pylori infection. Spectroscopic techniques were used to 
confirm the structures of chalcones 4a-c such as FT-IR, NMR and elemental analysis. The DFT-predicted reactivity agreed well with the 
structure-activity relationships. The p-tolyl derivative 4b exhibiting the largest HOMO-LUMO gap of 3.7374 eV, indicating its high 
stability. In contrast, the p-bromophenyl compound 4c with the lowest gap of 3.5994 eV suggesting increased reactivity. Molecular 
docking predicted promising binding interactions with the H. pylori urease enzyme, as evidenced by favorable docking scores (− 5.3862 
to − 5.7367 kcal/mol) and key hydrogen bond/hydrophobic contacts with active site residues. This combined experimental and 
computational study paves the pathway for further optimization of this novel series of chalcones to treat ulcers associated with 
H. pylori infection. 

4. Materials and methods 

4.1. Measurements 

Melting point determinations were carried out using a precision Koffler block, and all reported values are uncorrected. The mo
lecular structures and functional groups were elucidated through Fourier Transform Infrared (FT-IR) spectroscopy, performed on a 
Perkin Elmer-USA Spectrometer, Alexandria University, Alexandria, Egypt. FT-IR spectra were recorded at room temperature, 
covering a broad wave number range from 4000 to 400 cm− 1. NMR spectra were acquired on a high-field JEOL JNM ECA 400 MHz 
instrument, Alexandria University, Alexandria, Egypt. Tetramethylsilane was used as an internal standard, and the solvent of choice 
was DMSO‑d6, maintaining the samples at a constant temperature of 25 ◦C. The resulting chemical shifts (δ) were expressed in parts per 
million (ppm). 

4.1.1. Synthesis of 2-(benzo[d]thiazol-2-yl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 2 
A mixture of 2-hydrazinobenzothiazole 1 (0.005 mol, 0.825 gm) 1 and ethyl acetoacetate (0.005 mol, 0.656 gm) in 20 mL absolute 

ethanol was refluxed for 1 h. The completion of the reaction was indicated by TLC. The reaction mixture was cooled and the solid 
obtained was filtered, dried and recrystallized from ethanol to give yellow crystal. Yield: 83.05 %, m.p. 150–152 ◦C. FT-IR (KBr): ν 

Fig. 5. 2D binding modes of 4a-c onto urease protein (PDB: 2QV3) from Helicobacter pylori.  
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3078 (Sp2 = CH), 2964 (Sp3 –CH), 1737 (C––O), 1649 (C––N) and 1614 (C––C) cm− 1. 1H NMR (400 MHz, DMSO-d6): δ 7.60 (d, 1H, Ar- 
H), 7.39 (d, 1H, Ar-H), 7.31 (t, 2H, Ar-H), 3.44 (s, 2H, CH2) and 1.94 (s, 3H, CH3) ppm. 13C NMR (101 MHz, DMSO-d6): δ 174.5, 170.0, 
153.2, 152.9, 130.8, 125.3, 124.5, 121.8, 118.3, 42.5 and 16.7 ppm. C11H9N3OS requires C, 57.13; H, 3.92; N, 18.17 %. Found: C, 
57.04; H, 3.89; N, 18.23. 

4.1.2. Synthesis of 4-acetyl-2-(benzo[d]thiazol-2-yl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 3 
15.0 gm of 2-(benzo[d]thiazol-2-yl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 2 was dissolved in 80 mL dioxane and heated under 

reflux system. 12 gm of calcium hydroxide was added followed by dropwise addition of 7.5 mL acetyl chloride with 5 min. The reaction 
mixture become a thick paste after few minutes. The mixture was continue heating for 30 min. The calcium complex formed was 
decomposed by pouring the mixture into hydrochloric acid (2 mL, 2 N) forming solid product. The product was filtered, dried and 
recrystallized from ethanol to form yellow crystals. Yield: 75.17 %. m.p. 161–163 ◦C. FT-IR (KBr): ν 3063 (Sp2 = CH), 2956 (Sp3 –CH), 
1748 (C––O), 1727 (C––O), 1637 (C––N) and 1602 (C––C) cm− 1. 1H NMR (400 MHz, DMSO-d6): δ 7.81 (d, 2H, Ar-H), 7.79 (t, 2H, Ar- 
H), 3.73 (s, 1H, CH), 2.93 (s, 3H, CH3) and 1.95 (s, 3H, CH3) ppm. 13C NMR (101 MHz, DMSO-d6): δ 196.2, 174.6, 169.1, 155.6, 153.4, 
130.7, 125.3, 124.3, 121.5, 118.8, 60.2, 27.8 and 21.9 ppm. C13H11N3O2S requires C, 57.13; H, 4.06; N, 15.37 %. Found: C, 57.09; H, 
4.12; N, 15.25. 

4.1.3. General procedure for synthesis investigated compound 4a-c 
To a mixture of compound 3 (1.0 gm, 3.6 mmol) in 20 mL ethanol and NaOH (0.15 gm, 3.75 mmol) in 5 mL H2O at 0 ◦C was 

gradually added aromatic aldehyde (benzaldehyde, p-tolaldehyde, p-bromobenzaldehyde) (3.6 mmol). The mixture was stirred for 3 h, 
after which the precipitate was collected by suction filtration and washed repeatedly with cold water. The residue was recrystallized 
from ethanol. 

4.1.4. (E)-2-(benzo[d]thiazol-2-yl)-4-cinnamoyl-5-methyl-2,4-dihydro-3H-pyrazol-3-one 4a 
Brown crystal, yield: 65.14 %. m.p. 89–91 ◦C. FT-IR (KBr): ν 3059 (Sp2 = CH), 2918 (Sp3 –CH), 1705 (C––O), 1695 (C––O), 1633 

(C––N) and 1616 (C––C) cm− 1. 1H NMR (400 MHz, DMSO-d6): δ 8.28 (d, 2H, Ar-H), 7.96-7.40 (m, 7H, Ar-H), 7.23 (d, 1H, =CH-Ar), 
6.79 (d, 1H, –CH = ), 3.76 (s, 1H, CH) and 1.56 (s, 3H, CH3) ppm. 13C NMR (101 MHz, DMSO-d6): δ 193.5, 174.1, 169.7, 154.4, 152.1, 
142.8, 135.2, 130.5, 128.6, 128.5, 127.9, 125.1, 124.5, 121.8, 117.2, 58.0, and 21.7 ppm. C20H15N3O2S requires C, 66.46; H, 4.18; N, 
11.63 %. Found: C, 66.52; H, 4.13; N, 11.52. 

4.1.5. (E)-2-(benzo[d]thiazol-2-yl)-4-(3-(p-tolyl)acryloyl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 4b 
Orange crystal, yield: 69.88 %, m.p. 84–86 ◦C. FT-IR (KBr): ν 3072 (Sp2 = CH), 2960 (Sp3 –CH), 1710 (C––O), 1690 (C––O), 1633 

(C––N) and 1600 (C––C) cm− 1. 1H NMR (400 MHz, DMSO-d6): δ 7.84-7.65 (m, 4H, Ar-H), 7.41 (d, 2H, ArH), 7.14 (d, 1H, =CH-Ar), 
6.80-6.72 (m, 2H, Ar-H), 6.70 (d, 1H, –CH = ), 3.69 (s, 1H, CH), 2.18 (s, 3H, CH3) and 1.55 (s, 3H, CH3) ppm. 13C NMR (101 MHz, 
DMSO-d6): δ 192.1, 170.5, 167.3, 154.2, 153.0, 140.5, 136.1, 132.6, 131.2, 128.7, 128.5, 126.7, 125.2, 124.3, 121.7, 118.0, 57.9, 21.9 

Fig. 6. 3D binding modes of 4a-c in urease protein (PDB: 2QV3) from Helicobacter.  
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and 21.7 ppm. C21H17N3O2S requires C, 67.18; H, 4.56; N, 11.19 %. Found: C, 67.25; H, 4.44; N, 11.25. 

4.1.6. (E)-2-(benzo[d]thiazol-2-yl)-4-(3-(4-bromophenyl)acryloyl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 4c 
Orange crystal, yield: 67 %. m.p. 91–93 ◦C. FT-IR (KBr): ν 3037 (Sp2 = CH), 2960 (Sp3 –CH), 1710 (C––O), 1696 (C––O), 1619 

(C––N) and 1599 (C––C) cm− 1. 1H NMR (400 MHz, DMSO-d6): δ 8.29 (d, 2H, Ar-H), 7.69–7.78 (m, 2H, Ar-H), 7.61 (d, 2H, Ar-H), 7.50 
(d, 2H, Ar-H), 7.48 (d, 1H, =CH-Ar), 6.76 (d, 1H, –CH = ), 3.30 (s, 1H, CH) and 1.89 (s, 3H, CH3) ppm. 13C NMR (101 MHz, DMSO-d6): 
δ 191.2, 171.0, 167.4, 155.1, 150.9, 140.5, 133.5, 129.8, 129.4, 128.1, 127.6, 125.7, 123.9, 122.1, 121.5, 117.2, 58.4, and 20.9 ppm. 
C20H14BrN3O2S requires C, 54.56; H, 3.20; N, 9.54 %. Found: C, 54.62; H, 3.15; N, 9.59. 

4.2. Quantum chemical calculations 

We utilized Gaussian 09 software suite for all quantum mechanical calculations. The calculations were performed employing the 
popular B3LYP functional, renowned for its accuracy in predicting molecular properties [41]. To ensure reliable results, a 6-31G(d,p) 
basis set was employed. This computational framework served for elucidating the electronic structure and reactivity profiles of the 
synthesized compounds. 

4.3. Docking program 

In our study to understand the binding interactions between our newly synthesized compounds 4a-c and the urease protein from 
H. pylori, molecular docking simulations were meticulously executed. The crystal structure of the urease protein (PDB ID: 2QV3) [40] 
served as the receptor, obtained from the Protein Data Bank (www.rcsb.org). To ensure the reliability of the simulations, a series of 
preparatory steps were undertaken. The structures of the compounds were initially subjected to a conformational search using the 
Monte Carlo method with the MMFF94 molecular mechanics model. This step aimed to optimize the energy and geometry of the li
gands before the docking process. The Molecular Operating Environment (MOE) Software version 2015 was instrumental in both 
preparing the input files and analyzing the results. The preparation of the protein input file involved the removal of water molecules, 
ligands, and ions from the PDB file, ensuring a focused analysis of the compound-urease interactions. The identification of active sites 
within the urease protein was performed using the ’Site Finder’ feature in MOE 2015, enhancing the precision of our docking sim
ulations. Multiple docking simulations were carried out, employing various fitting protocols to observe the diverse molecular in
teractions and assess free binding energies comprehensively. The compound-urease complexes generated through these simulations 
were systematically ranked based on energy scores, taking into account their binding conformations. 
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