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The study was based on the concept of molecular hybridization, in which the 

pharmacologically active isoniazid nucleus was integrated with a biologically 

significant pyrazole moiety to obtain compounds with enhanced antibacterial efficacy. 

A series of substituted isoniazid–pyrazole derivatives were synthesized through a 

multistep synthetic route involving condensation of isoniazid with substituted 

acetophenones followed by cyclization and formylation using the Vilsmeier–Haack 

reaction.The synthesized compounds were purified by recrystallization and 

characterized using physicochemical and spectroscopic techniques. Molecular docking 

studies were performed using AutoDock Vina against bacterial dihydrofolate reductase 

(DHFR) enzymes of Escherichia coli (PDB ID: 6XG5) and Staphylococcus aureus 

(PDB ID: 2W9H) to evaluate binding affinity and interaction profiles. The docking 

results revealed that the synthesized compounds exhibited favorable interaction patterns 

and stronger binding affinity than the standard drug trimethoprim. Among the 

synthesized derivatives, methoxy- and methyl-substituted compounds demonstrated 

superior docking scores due to enhanced H-bonding with active site amino acid residues. 

The antibacterial activity of the synthesized compounds was evaluated by the agar disk 

diffusion method against selected bacterial isolates. The compounds exhibited 

appreciable antibacterial activity. 
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INTRODUCTION 

Despite tremendous progress in medicine, 

sanitation, and preventive care, infectious illnesses 

remain a serious global public health concern. 

These diseases develop when pathogenic 

microorganisms, including bacteria, viruses, 

fungi, and parasites, enter the human body, 

proliferate, and interfere with regular 

physiological processes. The severity of infectious 

https://www.ijpsjournal.com/
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diseases varies greatly, from self-limiting ailments 

to potentially fatal systemic infections. Beyond 

personal health, they have an impact on global 

mortality trends, healthcare spending, and 

socioeconomic growth. 

Infectious diseases continue to rank among the 

world's leading causes of mortality, especially in 

low- and middle-income nations, according to data 

issued by the World Health Organization (WHO). 

Millions of people die each year from lower 

respiratory tract infections, diarrhoeal illnesses, 

TB, and other vector-borne illnesses, according to 

the WHO. Vaccination, better cleanliness, and 

efficient antimicrobial therapy have reduced the 

burden of some diseases, but novel pathogens, 

antibiotic resistance, and changes in disease 

transmission brought on by climate change still 

offer serious risks. The persistence of infectious 

diseases highlights the ongoing need for 

surveillance, early diagnosis, and development of 

new therapeutic strategies.[1] 

Global Burden of Infectious Diseases 

The worldwide burden of infectious diseases is 

influenced by a number of factors, including 

socioeconomic inequality, environmental 

conditions, healthcare accessibility, and 

population density. According to WHO estimates, 

infectious illnesses remain a leading cause of 

morbidity and mortality globally, especially in 

places with poor healthcare systems. 

Heterocyclic Scaffolds in Medicinal Chemistry 

One of the most important types of organic 

molecules utilised in contemporary drug research 

and development are heterocyclic compounds. A 

ring structure with at least one atom other than 

carbon—typically nitrogen, oxygen, or sulfur—is 

referred to as a heterocycle. These heteroatoms 

give heterocycles unique chemical, electrical, and 

biological properties that make them extremely 

adaptable pharmacophores. Their extensive use in 

medicinal chemistry is a result of their capacity to 

coordinate with biological targets, engage in 

hydrogen bonding, and exhibit a variety of three-

dimensional conformations. 

Importance of Heterocycles in Drug Design 

Because heterocycles can improve biological 

activity, molecular recognition, and therapeutic 

results, they are essential to current drug design. 

Compounds can engage in hydrogen bonding, 

metal coordination, and electrostatic interactions 

with biological targets including enzymes, 

receptors, and nucleic acids when they contain 

heteroatoms like nitrogen, oxygen, or sulphur. 

Drug candidates' binding affinity, potency, and 

selectivity are all enhanced by these 

interactions.[25] Furthermore, physicochemical 

characteristics like solubility, lipophilicity, acidity 

or basicity, and membrane permeability—all 

crucial for attaining ideal pharmacokinetic profiles 

and preserving a balance between stability and 

bioavailability—can be greatly impacted by the 

addition of heterocyclic rings. 

Scheme 
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Table: List of Substitution 

Compound Code Substitution (R) 

3a 3-Nitro 

3b 4-Chloro 

3c 4-Methoxy 

3d 4-Hydroxy 

3e 4-Methyl 

Materials List of Chemicals 
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Methodology 

Design of Target Compounds 

The design of the target compounds, namely 

substituted isoniazid–pyrazole hybrid derivatives, 

was carried out using a rational drug design 

approach based on the principles of medicinal 

chemistry, molecular hybridization, and structure–
activity relationship (SAR) studies. The primary 

objective of the molecular design was to develop 

novel heterocyclic hybrid scaffolds possessing 

enhanced antibacterial potential through the 

strategic combination of pharmacologically active 

moieties within a single molecular framework. 

The design strategy involved the integration of the 

isoniazid nucleus, a well-established antimicrobial 

pharmacophore, with a substituted pyrazole ring 

system known for its broad spectrum of biological 

activities. The resulting hybrid molecules were 

expected to exhibit improved antibacterial 

efficacy, enhanced binding interactions with 

microbial target proteins, and reduced 

susceptibility toward bacterial resistance 

mechanisms. 

The designed compounds were synthesized 

through a multistep reaction sequence involving 

the formation of hydrazone intermediates followed 

by cyclization reactions to obtain substituted 

pyrazole derivatives. Different substituted 

aromatic groups were introduced into the pyrazole 

framework to modulate electronic distribution, 

steric properties, lipophilicity, and biological 

interactions. The selection of substituents was 

based on their reported influence on antimicrobial 

activity and their ability to affect ligand–receptor 

interactions through electronic and hydrophobic 

effects. 

Rationale for Substituted Phenyl Groups 

The incorporation of substituted phenyl rings into 

the pyrazole scaffold was strategically undertaken 

to investigate the influence of electronic, steric, 

and hydrophobic factors on antibacterial activity. 

Aromatic substitutions are well known to 

significantly alter the pharmacological behavior of 

heterocyclic compounds by affecting molecular 

stability, target binding affinity, membrane 

permeability, and overall physicochemical 

properties. 

In the present study, both electron-donating and 

electron-withdrawing substituents were 

introduced on the phenyl ring attached to the 

pyrazole nucleus to generate structurally diverse 

analogues. Electron-donating groups such as 

methoxy, methyl, and hydroxy substituents were 

expected to increase electron density within the 

aromatic system, thereby enhancing π–π stacking 
interactions and hydrogen bonding with amino 

acid residues present in the active site of bacterial 

enzymes. These substituents may also improve 

lipophilicity and facilitate better penetration 

through bacterial cell membranes. 

On the other hand, electron-withdrawing 

substituents such as nitro and chloro groups were 

incorporated to enhance electrophilic character 

and modulate intermolecular interactions with 

microbial targets. These groups are known to 

influence molecular polarity and may improve 

binding affinity through dipole–dipole interactions 

and electrostatic attraction with active site residues 

of bacterial proteins.Steric considerations were 

also taken into account during molecular design. 

The position and nature of substituents on the 

phenyl ring can alter the spatial arrangement of the 

molecules, thereby affecting conformational 

flexibility and orientation within the binding 

pocket of bacterial enzymes. Variations in 

substitution patterns were therefore expected to 

influence antibacterial potency and selectivity. 

Accordingly, a series of substituted phenyl 

derivatives were designed containing nitro, chloro, 

methoxy, hydroxy, and methyl groups to 

systematically evaluate the impact of electronic 

and steric modifications on biological activity 
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through antibacterial screening and molecular 

docking studies. 

Hybridization Strategy (Isoniazid–Pyrazole) 

In the present investigation, two 

pharmacologically important moieties, namely 

isoniazid and pyrazole, were integrated to obtain 

novel hybrid scaffolds with potential antibacterial 

activity. The rationale behind this approach was to 

combine the established antimicrobial properties 

of isoniazid with the diverse biological activities 

of pyrazole derivatives to achieve synergistic 

pharmacological effects. 

Synthetic Scheme Mechanism 

Reaction I: Formation of Acetophenone 

Hydrazone by condensation of acetophenone 

with hydrazine 

Wolff–Kishner reduction Reaction 

The Wolff–Kishner reduction of acetophenone 

begins with the condensation of acetophenone and 

hydrazine hydrate (H₂NNH₂) to produce 
acetophenone hydrazone as the key intermediate. 

This initial condensation step is one of the most 

important stages of the Wolff–Kishner reaction 

pathway and involves nucleophilic addition 

followed by dehydration. 

Acetophenone contains a reactive carbonyl group 

(>C=O), in which the carbon atom possesses 

partial positive character due to the 

electronegativity difference between carbon and 

oxygen. Hydrazine, containing two amino groups, 

acts as a strong nucleophile and attacks the 

electrophilic carbonyl carbon of acetophenone. 

Under acidic or mildly heated conditions, the lone 

pair of electrons on the nitrogen atom of hydrazine 

attacks the carbonyl carbon, resulting in the 

formation of an unstable tetrahedral intermediate 

known as a carbinolamine intermediate. 

The mechanism of hydrazone formation can be 

represented as follows: 

 
Fig 4.1 Wolff–Kishner reduction Reaction Mechanism 

 Reaction II: Formation of pyrazole Ring by 

Reaction of Acetophenone Hydrazone with 

Vilsmaier Hack Reagent 

 

Vilsmaier Hack Reaction 
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The conversion of acetophenone hydrazone 

derivatives into substituted pyrazole-4-

carbaldehyde derivatives was carried out using the 

Vilsmeier–Haack reagent generated from 

phosphorus oxychloride (POCl₃) and 
dimethylformamide (DMF). This reaction 

represents an important synthetic transformation 

in heterocyclic chemistry and is widely employed 

for cyclization and formylation reactions leading 

to nitrogen-containing heterocyclic systems. 

In the present study, the Vilsmeier–Haack reaction 

played a dual role by facilitating both cyclization 

of the hydrazone intermediate and introduction of 

a formyl group at the 4-position of the pyrazole 

ring. The reaction proceeds through the formation 

of an electrophilic iminium ion species, commonly 

known as the Vilsmeier reagent, which 

subsequently reacts with the hydrazone substrate 

to generate the pyrazole scaffold. 

The detailed reaction mechanism is discussed 

below: 

 

Fig.: Vilsmaier Hack Reaction Mechanism 

Synthetic Procedure of Designed Compounds  

Synthesis of (E)-N′-(1-(Substituted-

Phenyl)ethylidene) Isonicotinohydrazide 

Derivatives (2a–e) 

A series of substituted hydrazone derivatives, 

namely (E)-N′-(1-(substituted 

phenyl)ethylidene)isonicotinohydrazides (2a–e), 

were synthesized through a condensation reaction 

between isoniazid and various substituted 

acetophenones. isoniazid (0.014 mol) and the 

respective substituted acetophenone derivative 

(0.015 mol) were transferred into a 50 mL RBF 

containing 20 mL of absolute ethanol as the 

reaction solvent. 
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The reaction mixture was stirred continuously and 

initially maintained at low temperature 

(approximately 0 °C) using an ice bath. 

Subsequently, 3-4 drops of acetic acid were 

carefully introduced as an acid catalyst to promote 

hydrazone formation. After complete mixing of 

the reactants, the temp of the reaction system was 

gradually increased, and the mixture was subjected 

to reflux at approximately 60 °C for 2–3 hours, 

reaction was monitored at regular intervals by 

TLC using a suitable solvent system. Upon 

completion of the reaction, the hot reaction 

mixture was slowly poured into crushed ice with 

constant stirring, leading to the precipitation of the 

desired hydrazone intermediate. 

The resulting solid product was separated by 

vacuum filtration and washed repeatedly with cold 

distilled water to remove traces of unreacted 

materials and acidic impurities. The purified 

precipitate was then dried at room temperature or 

in a desiccator until a constant weight was 

obtained.  

Synthesis of 3-(substitutedphenyl)-1-

isonicotinoyl-1H-pyrazole-4-carbaldehyde (3a-e) 

Dimethylformamide (DMF, 40 mmol) was 

transferred into a clean, dry round-bottom flask 

equipped with a magnetic stirrer and maintained 

under cooling conditions using an ice bath to 

control the exothermic nature of the reaction. The 

previously synthesized hydrazone intermediate, 

(E)-N′-(1-(substituted 

phenyl)ethylidene)isonicotinohydrazide (12 

mmol), was then added gradually to the chilled 

DMF solution under continuous stirring to obtain 

a homogeneous reaction mixture. Subsequently, 

POCl₃, 40 mmolwas added dropwise with constant 

stirring while maintaining the temperature below 5 

°C during the addition process. The slow addition 

of POCl₃ was essential to prevent excessive heat 
generation and to ensure controlled formation of 

the Vilsmeier–Haack electrophilic reagent. During 

this stage, the interaction between DMF and POCl₃ 
generated the reactive chloromethyleneiminium 

ion, which facilitated cyclization and formylation 

of the hydrazone substrate. 

 
After complete addition of POCl₃, the cooling bath 
was removed and the reaction mixture was 

gradually heated to approximately 60 °C. The 

reaction was maintained at this temperature under 

continuous stirring for nearly 6 hours.  

Upon completion, the hot reaction mixture was 

carefully poured onto crushed ice with vigorous 

stirring. This step resulted in decomposition of the 

reaction complex and facilitated precipitation of 

the crude pyrazole derivative. The acidic reaction 

medium was subsequently neutralized by slow 

addition of saturated potassium carbonate solution 

until the evolution of carbon dioxide ceased and 

the pH became nearly neutral. Neutralization aided 

in complete precipitation of the product and 

removal of excess acidic reagents. 

The separated solid product was collected by 

vacuum filtration and washed several times with 

chilled distilled water. The obtained crude product 

was then dried under ambient conditions or in a 

desiccator.Further purification of the synthesized 

compounds was achieved by recrystallization 

using ethanol as the solvent system. 

Purification of Synthesized Compounds 

Recrystallization 
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The crude products obtained after completion of 

the synthetic reactions were purified by 

recrystallization to obtain compounds of high 

purity and definite crystalline nature. Ethanol was 

selected as the recrystallization solvent because of 

its suitable dissolving capacity for the synthesized 

derivatives at elevated temperature and poor 

solubility at lower temperatures. 

Initially, the crude compound was transferred into 

a clean conical flask and dissolved in the minimum 

possible quantity of hot ethanol with continuous 

heating. The hot solution was filtered when 

necessary to remove insoluble impurities. The 

clear filtrate was then allowed to cool gradually at 

room temperature to facilitate slow crystal 

formation. For complete crystallization, the 

solution was further cooled in an ice bath for a 

specific period of time.The separated crystals were 

collected by filtration under reduced pressure and 

washed carefully with small portions of chilled 

ethanol to remove traces of adhering impurities 

and colored materials. The purified crystals were 

dried at room temperature or in a vacuum 

desiccator until constant weight was achieved. 

Recrystallization was repeated whenever required 

to obtain analytically pure compounds suitable for 

characterization and biological evaluation. 

TLC Analysis 

TLC was employed as a simple, rapid, and 

effective analytical technique for monitoring the 

progress of the reactions and evaluating the purity 

of the synthesized compounds. Precoated silica 

gel-G plates were utilized as the stationary phase, 

while a solvent system comprising toluene and 

ethyl acetate in 7:3 was used as the mobile phase 

for chromatographic separation. 

Percentage Yield and Physical 

Characterization 

Percentage Yield 

The percentage yield of each synthesized 

compound was calculated in order to determine the 

efficiency and reproducibility of the synthetic 

method employed. The yield was estimated after 

purification and drying of the final products using 

the following equation: % 𝑌𝑖𝑒𝑙𝑑 = 𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝑌𝑖𝑒𝑙𝑑𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑌𝑖𝑒𝑙𝑑 × 100 

Physical Properties 

The synthesized compounds were evaluated for 

various physical characteristics such as 

appearance, color, crystalline nature, solubility 

behavior, and melting point. Most of the 

synthesized derivatives were obtained as 

crystalline solids exhibiting shades ranging from 

light yellow to dark yellow or pale brown 

depending upon the nature of substituent groups 

present on the aromatic ring. 

Characterization of Synthesized Compounds 

FT-IR Spectroscopy 

Fourier Transform Infrared spectroscopy was 

employed for identification of important 

functional groups and confirmation of structural 

modifications occurring during synthesis. The IR 

spectra of the synthesized compounds were 

recorded using an FT-IR spectrophotometer within 

the spectral region of 4000–400 cm⁻¹. Samples 
prepared in the form of potassium bromide (KBr) 

pellets or as thin films depending on the physical 

properties of the compounds. 

The recorded spectra were analyzed for bands 

corresponding to such as carbonyl (C=O), 

azomethine (C=N), aromatic C=C stretching, 

aldehydic C–H, N–N stretching, and heterocyclic 

vibrations associated with the pyrazole ring. 

Particular emphasis was placed on disappearance 

and appearance of specific absorption peaks that 

confirmed conversion of hydrazone intermediates 

into the desired pyrazole derivatives. 
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H NMR Spectroscopy 

NMR was carried out for detailed structural 

elucidation and confirmation of the synthesized 

compounds. The spectra were recorded using a 

high-resolution NMR spectrometer operating at an 

appropriate frequency, generally around 400 MHz. 

The samples were dissolved in deuterated solvents 

such as dimethyl sulfoxide-d₆ (DMSO-d₆) or 
deuterated chloroform (CDCl₃), depending on 
their solubility characteristics. TMS was used as 

the internal reference standard. 

The obtained spectra were interpreted by 

analyzing chemical shift values (δ ppm), signal 
multiplicity, coupling constants, and integration 

patterns. These spectral parameters provided 

valuable information regarding the number, type, 

and chemical environment of hydrogen atoms 

present within the synthesized molecules. 

Characteristic proton signals corresponding to 

aromatic protons, aldehydic proton, pyrazole ring 

protons, and amide functionalities were carefully 

examined to confirm the proposed molecular 

structures. 

Mass Spectrometry 

Mass spectrometric analysis was performed to 

determine the molecular masses and to further 

support the structural identity of the synthesized 

compounds. Depending upon the nature and 

stability of the samples, suitable ionization 

techniques such as Electrospray Ionization Mass 

Spectrometry (ESI-MS) or Gas Chromatography–
Mass Spectrometry (GC-MS) were employed. 

The mass spectra were carefully analyzed for the 

presence of molecular ion peaks corresponding to 

the expected molecular weights of the synthesized 

derivatives. The protonated molecular ion peaks 

generally appeared in the form of [M+H]⁺ ions, 
which confirmed the molecular mass of the 

compounds. 

In addition to molecular ion peaks, fragmentation 

patterns observed in the spectra provided 

important structural information regarding 

cleavage pathways and stability of different 

fragments. The experimentally observed mass 

values were compared with theoretically 

calculated molecular weights, and close agreement 

between the two further confirmed successful 

synthesis and purity of the target compounds. 

Molecular Docking Study 

Molecular docking studies were carried out to 

investigate the binding affinity, interaction pattern, 

and possible inhibitory potential of the synthesized 

isoniazid–pyrazole hybrid scaffolds against 

selected bacterial target proteins. Docking analysis 

provides valuable information regarding ligand–
receptor interactions at the molecular level and 

plays an important role in rational drug design by 

predicting the preferred orientation of a ligand 

within the active. 

 
Fig.  Molecular Docking Workflow 
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The synthesized compounds were docked against 

two bacterial enzymes associated with microbial 

growth and survival, namely Escherichia coli 

dihydrofolate reductase (DHFR) and 

Staphylococcus aureus dihydrofolate reductase 

(DHFR). Dihydrofolate reductase is an essential 

enzyme involved in folate metabolism and nucleic 

acid biosynthesis, making it an important target for 

antibacterial drug development. Inhibition of 

DHFR disrupts the synthesis of tetrahydrofolate, 

thereby interfering with bacterial DNA replication 

and cell proliferation. 

3D crystal structures of the target proteins were 

obtained from the PDB. The selected proteins 

included: 

• Escherichia coli dihydrofolate reductase 

(DHFR) – PDB ID: 6XG5 

• Dihydrofolate reductase (DHFR) – PDB ID: 

2W9H 

The molecular docking experiments were 

performed using AutoDock Vina(MGL Tools 

version 1.5.7). The software was selected because 

of its reliability, computational efficiency, and 

wide application in structure-based drug discovery 

studies. 

Evaluation of Antibacterial Activity 

The synthesized isoniazid–pyrazole hybrid 

derivatives (3a–e) were evaluated for their 

antibacterial activity by employing an in vitro agar 

disk diffusion method against selected bacterial 

isolates. The study was performed to investigate 

the inhibitory potential of the synthesized 

compounds and to compare their antibacterial 

efficacy with that of the standard drug isoniazid. 

Measurement of Antibacterial Activity 

After completion of incubation, the antibacterial 

activity was assessed by measuring the diameter of 

the clear zones of inhibition formed around each 

disk. The zones of inhibition were measured in 

millimeters using a calibrated scale or zone 

reader.Compounds exhibiting larger inhibition 

zones were considered to possess greater 

antibacterial activity. 

RESULT & DISCUSSION 

Molecular Docking Study of Synthesized 

Compounds 

Molecular Docking Study Against 

Staphylococcus aureus Dihydrofolate 

Reductase (DHFR) (PDB ID: 2W9H) 

The synthesized isoniazid–pyrazole hybrid 

derivatives (3a–3e) were subjected to molecular 

docking studies against Staphylococcus aureus 

Dihydrofolate Reductase (DHFR)  

usingAutoDock Vina in order to evaluate their 

binding affinity and interaction pattern within the 

active site of the target protein. Trimethoprim, a 

well-known DHFR inhibitor, was used as the 

reference standard for comparative analysis. 

Table 5.1Molecular DockingInteraction and binding affinity ofStaphylococcus aureus Dihydrofolate 

Reductase (DHFR) (PDB ID: 2W9H) 

Comp Binding 

Energy 

(kcal/mol) 

Binding Interactions 

H-Bonding Pi-alkyl/ Alkyl 

3a -9.3 Thr46 Lys45 & Leu 20 

3b -8.7 Ser49 Lys45, Val6, & Ile14 

3c -9.4 Thr96 Lys45, Phe98 & Val6 

3d -8.4 - Lys45 

3e -9.0 Ser49 Lys45, Ile14, Val6 & Phe98 

Std. 

(Trimethoprim) 

-7.2 Asp27, Ala7 & 

Ile14 

Leu20 
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The docking scores of the synthesised compounds 

varied from –8.4 to –9.4 kcal/mol, whereas 

trimethoprim exhibited a lower binding energy of 

–7.2 kcal/mol, indicating a comparably weaker 

ligand–protein interaction. Among the synthesised 

derivatives, molecule 3c demonstrated the greatest 

binding affinity, with a docking score of –9.4 

kcal/mol. The molecule established hydrogen 

bonding with Thr96 and hydrophobic contacts 

with Lys45, Phe98, and Val6 residues, perhaps 

enhancing the ligand's stability inside the active 

binding pocket. Compound 3a exhibited 

remarkable binding affinity, shown by a docking 

score of –9.3 kcal/mol, and formed hydrogen 

bonds with Thr46, in addition to π-alkyl 

interactions with Lys45 and Leu20. Compound 3e 

exhibited a robust contact with the target protein, 

achieving a docking score of –9.0 kcal/mol, 

accompanied by hydrogen bonding with Ser49 and 

supplementary hydrophobic interactions with 

Lys45, Ile14, Val6, and Phe98 residues. 

 

 

 
Fig.  2D Interaction of Synthesized compounds (3a-ae) with Staphylococcus aureus Dihydrofolate 

Reductase (DHFR) (PDB ID: 2W9H) 
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Compound 3b had strong binding affinity with a 

docking score of –8.7 kcal/mol, establishing 

hydrogen bond interactions with Ser49 and alkyl 

contacts with Lys45, Val6, and Ile14. These 

interactions indicated a favourable orientation and 

stable positioning of the ligand inside the enzyme's 

active region. Conversely, compound 3d exhibited 

the lowest binding affinity among the synthesised 

derivatives, with a docking score of –8.4 kcal/mol. 

The somewhat diminished docking score of this 

molecule may be ascribed to the lack of hydrogen 

bonding contacts, since only alkyl interaction with 

Lys45 was noted. The reduced number of 

stabilising contacts likely resulted in a lower 

binding affinity compared to the other synthesised 

compounds.  

Molecular Docking Study Against synthesized 

compounds with Escherichia coli dihydrofolate 

reductase (DHFR) – PDB ID: 6XG5 

The molecular docking investigation of the 

synthesised isoniazid–pyrazole hybrid compounds 

(3a–3e) against the DHFR enzyme (PDB ID: 

2W9H) demonstrated advantageous binding 

interactions and substantial binding affinity for the 

active site of the target protein. The docking scores 

of the synthesised compounds varied from –8.5 to 

–8.9 kcal/mol, whereas the conventional 

medication trimethoprim had a lower binding 

energy of –7.7 kcal/mol. The reduced docking 

energy values for the synthesised variants suggest 

enhanced ligand–protein interactions and 

increased stability of the docked complexes 

relative to the reference medication. 

Table: Molecular Docking Interaction and binding affinity of synthesized compounds with Escherichia 

coli dihydrofolate reductase (DHFR) – PDB ID: 6XG5 

Comp Binding 

Energy 

(kcal/mol) 

Binding Interactions 

H-Bonding Pi-alkyl/ Alkyl/ pi-pi Stacked 

3a -8.5 Thr46 & Ser49 Ala7, Met20 & Phe31 

3b -8.9 Met20 Ala7, Ile14, Ile5 & Phe31 

3c -8.7 Thr46 & thr123 Ile14, Arg98 & His45 

3d -8.7 Met20 Ala7, Ile14, Ile5 & Phe31 

3e -8.7 Met20 Ile14, Ala7, Phe31 & Trp30 

Std. 

(Trimethoprim) 

-7.7 Thr113, Ile94, Ile5, 

Tyr100 

Phe81 

Among the synthesized compounds, derivative 3b 

demonstrated the highest binding affinity with a 

docking score of –8.9 kcal/mol. The compound 

formed hydrogen bonding interaction with Met20 

and additional hydrophobic interactions involving 

Ala7, Ile14, Ile5, and Phe31 residues, which 

contributed toward stable binding within the active 

site cavity. Compound 3c also exhibited strong 

binding affinity with a docking score of –8.7 

kcal/mol and formed hydrogen bond interactions 

with Thr46 and Thr123 along with hydrophobic 

interactions involving Ile14, Arg98, and His45 

residues. 

Similarly, compounds 3d and 3e displayed 

docking scores of –8.7 kcal/mol. Compound 3d 

showed hydrogen bonding with Met20 and alkyl 

interactions involving Ala7, Ile14, Ile5, and 

Phe31, whereas compound 3e formed hydrogen 

bond interaction with Met20 along with 

hydrophobic interactions involving Ile14, Ala7, 

Phe31, and Trp30 residues. Compound 3a 

exhibited a docking score of –8.5 kcal/mol and 

interacted with the target enzyme through 

hydrogen bonding with Thr46 and Ser49 along 

with π-alkyl interactions involving Ala7, Met20, 

and Phe31. 
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Fig. 2D Interaction of Synthesized compounds (3a-ae) withEscherichia coli dihydrofolate reductase 

(DHFR) – PDB ID: 6XG5 

 Result of Synthesis  

(E)-N′-(1-(SubstitutedPhenyl)ethylidene)Isonicotinohydrazide Derivatives (2a–e) 
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Table: Physiochemical Properties of synthesized derivatives (2a-e) 

Comp. Substituent 

(R) 

Appearance Mol. Wght 

(g/mol) 

Yield 

(%) 

M.P. 

(°C) 

Rf 

Value 

2a 3-NO₂ Yellow crystalline 

solid 

284.27 78.5 198–201 0.62 

2b 4-Cl Pale yellow 

crystalline solid 

273.72 81.3 186–189 0.66 

2c 4-OCH₃ Light yellow 

crystalline solid 

269.31 84.6 174–177 0.58 

2d 4-OH Creamish yellow 

crystalline solid 

255.28 76.9 210–213 0.49 

2e 4-CH₃ Yellow crystalline 

solid 

253.31 82.1 168–171 0.71 

TLC solvent: Toluene: Ethyl Acetate (7:3) 

3-(substitutedphenyl)-1-isonicotinoyl-1Hpyrazole-4carbaldehyde (3a-e) 

 

1-isonicotinoyl-3-(3-nitrophenyl)-1H-pyrazole-4-carbaldehyde (3a) 

 
Parameter Observation  
Mol Wght 322.28 

Mol For C16H10N4O4 

Substituent (R) 3-NO2 

Appearance/Color Pale yellow 

Nature Crystalline solid 

Yield (%) 72 

Melting Point (°C) 287-289 

Rf Value 0.63 

 Solubility Soluble in DMSO, methanol; slightly 

soluble in ethanol; insoluble in water 
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FT-IR Spectra (Kbr): 

Functional Group Expected Range (cm⁻¹) Observed Value (cm⁻¹) 
Ar C–H stretching 3000–3100 3091.12 

N–C=O (Amide carbonyl) 1640–1690 1657.82 

Ar C=C stretching 1450–1600 1601.50, 1568.69 

Pyridine C–N stretching 1320–1380 1327.98 

C–N stretching (Pyrazole) 1200–1300 1242.80 

N–N stretching (Pyrazole) 1010–1090 1022.31 

NO₂ symmetric stretching 1340–1380 1363.07 

NMR Spectra Observed δ (ppm) 
Aromatic protons (Ar–H) 6.994-8.669 (m, 9 H, Ar-H) 

C-H (aldehyde) 4.675 (s, 1H, CH=O) 
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Parameter Observation  
Mol Wght 311.73 

Mol For C16H10ClN3O2 

Substituent (R) 4-Cl 

Appearance/Color Yellow 

Nature Crystalline solid 

Yield (%) 76 

Melting Point (°C) 271-273 

Rf Value 0.54 

Solubility 

 

Soluble in DMSO, 

methanol; slightly soluble in 

ethanol; insoluble in water 

Mass Spectra: 322.53 [M+], 323.61 [M+1] 

3-(4Chlorophenyl)-1-isonicotinoyl-1Hpyrazole-

4carbaldehyde (3b) 

 

FT-IR Spectra (Kbr): 

 

Functional Group Expected Range (cm⁻¹) Observed Value (cm⁻¹) 
Ar C–H stretching 3000–3100 3058.42 

N–C=O (Amide carbonyl) 1640–1690 1662.31 

Ar C=C stretching 1450–1600 1598.74 

Pyridine C–N stretching 1320–1380 1334.27 

C–N stretching (Pyrazole) 1200–1300 1248.53 

N–N stretching (Pyrazole) 1010–1090 1036.18 

C–Cl stretching 700–850 782.46 
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NMR Spectra Observed δ (ppm) 
Aromatic protons (Ar–H) 7.009-7.693 (m, 9 H, Ar-H) 

C-H (aldehyde) 9.057 (s, 1H, CH=O) 

Mass Spectra: 311 [M+], 313 [M+2] 

1-isonicotinoyl-3-(4methoxyphenyl)-

1Hpyrazole-4carbaldehyde (3c) 

 
Parameter Observation  
Mol Wght 307.31 

Mol For C17H13N3O3 

Substituent (R) 4-OCH3 

Appearance/Color Pale Brown 

Nature Crystalline solid 

Yield (%) 64 

Melting Point (°C) 293-295 

Rf Value 0.57 

Solubility 

 

Soluble in DMSO, methanol; slightly soluble in ethanol; insoluble in 

water 
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FT-IR Spectra (KBr): 

 

Functional Group Expected Range (cm⁻¹) Observed Value (cm⁻¹) 
Ar C–H stretching 3000–3100 3030.81 

N–C=O (Amide carbonyl) 1640–1690 1652.13 

Ar C=C stretching 1450–1600 1570.88, 1488.78 

Pyridine C–N stretching 1320–1380 1365.25 

C–N stretching (Pyrazole) 1200–1300 1244.45 

N–N stretching (Pyrazole) 1010–1090 1070.93 

C–OCH₃ stretching 1020–1275 1244.45, 1170.23 

 

NMR Spectra Observed δ (ppm) 
C-OCH3 3.299 (s, 3H, CH3) 

Aromatic protons (Ar–H) 6.775-7.692 (m, 9 H, Ar-H) 

C-H (aldehyde) 7.792 (s, 1H, CH=O) 
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Mass Spectra: 307 [M+], 308 [M+1] 

3-(4hydroxyphenyl)-1-isonicotinoyl-

1Hpyrazole-4carbaldehyde (3d) 

 
Parameter Observation  
Mol Wght 293.08 

Mol For C16H11N3O3 

Substituent (R) 4-OH 

Appearance/Color Light Brown 

Nature Crystalline solid 

Yield (%) 73 

Melting Point (°C) 304-306 

Rf Value 0.59 

Solubility 

 

Soluble in DMSO, methanol; slightly soluble in ethanol; insoluble in 

water 

FT-IR Spectra (Kbr): 

 

Functional Group Expected Range (cm⁻¹) Observed Value (cm⁻¹) 
Ar C–H stretching 3000–3100 3042.94 

N–C=O (Amide carbonyl) 1640–1690 1668.12 

Ar C=C stretching 1450–1600 1561.46, 1519.49 

Pyridine C–N stretching 1320–1380 1328.09 

C–N stretching (Pyrazole) 1200–1300 1261.56 

N–N stretching (Pyrazole) 1010–1090 1039.04 

C–OH stretching 1180–1360 1261.56, 1173.20 
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NMR Spectra Observed δ (ppm) 
C-OH 10.264 (s, 1H, OH) 

Aromatic protons (Ar–H) 6.625-6.672 (m, 9 H, Ar-H) 

C-H (aldehyde) 8.552 (s, 1H, CH=O) 

 

Parameter Observation  
Mol Wght 291.10 

Mol For C17H13N3O2 

Substituent (R) 4-CH3 

Appearance/Color Brown 

Nature Crystalline solid 

Yield (%) 65 

Melting Point (°C) 311-313 

Rf Value 0.72 

Solubility 

 

Soluble in DMSO, methanol; slightly soluble in ethanol; insoluble in 

water 

Mass Spectra: 293.37 [M+], 294.37 [M+1] 

1-isonicotinoyl-3-(ptolyl)-1Hpyrazole-

4carbaldehyde (3e) 
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FT-IR Spectra (Kbr): 

 

Functional Group Expected Range (cm⁻¹) Observed Value (cm⁻¹) 
Ar C–H stretching 3000–3100 3057.76 

N–C=O (Amide carbonyl) 1640–1690 1670.77 

Ar C=C stretching 1450–1600 1498.84, 1448.29 

Pyridine C–N stretching 1320–1380 1369.29 

C–N stretching (Pyrazole) 1200–1300 1241.64 

N–N stretching (Pyrazole) 1010–1090 1034.46 

C–CH₃ stretching 2850–2960 2880.96 

 

NMR Spectra Observed δ (ppm) 
Ali C-H 3.908 (s, 3H, CH3) 

Aromatic protons (Ar–H) 6.997-7.680 (m, 9 H, Ar-H) 

C-H (aldehyde) 7.709 (s, 1H, CH=O) 
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Mass Spectra: 391.3 [M+], 292.4 [M+2] 

Antibacterial Activity 

The synthesised isoniazid–pyrazole hybrid 

compounds (3a–3e) were evaluated for their in 

vitro antibacterial efficacy against specific 

bacterial strains using the agar disc diffusion 

technique. The antibacterial effectiveness of the 

synthesised compounds was assessed by 

measuring the width of the inhibition zones 

formed around the impregnated discs after 

incubation at 37 °C for 24 hours. Isoniazid 

functioned as the usual antibacterial agent, whilst 

DMSO acted as the negative control. 

Table : Antibacterial Activity of Synthesized Isoniazid–Pyrazole Hybrid Derivatives 

Compound Zone of Inhibition (mm) 

3a 19.4 ± 0.42 

3b 17.8 ± 0.36 

3c 21.6 ± 0.51 

3d 16.9 ± 0.28 

3e 20.2 ± 0.47 

Isoniazid (Std.) 22.8 ± 0.39 

DMSO (Control) Nil 

The antibacterial screening findings indicated that 

all synthesised isoniazid–pyrazole hybrid 

compounds had significant antibacterial activity 

against the evaluated bacterial strains. The 

observed zones of inhibition ranged from 16.9 ± 

0.28 mm to 21.6 ± 0.51 mm, indicating significant 

inhibitory effects of the synthesized compounds on 

bacterial growth. No antibacterial activity was 

observed in the DMSO control group, confirming 

that the solvent did not interfere with the 

experimental observations. Among the 

synthesized derivatives, compound 3c exhibited 

the highest antibacterial activity with a zone of 

inhibition of 21.6 ± 0.51 mm, which was found to 

be very close to the activity of the standard drug 

isoniazid (22.8 ± 0.39 mm). The enhanced 

antibacterial potential of compound 3c may be 

attributed to the presence of the methoxy 

substituent, which possibly improved electronic 

distribution and lipophilic interactions with 

bacterial target proteins, thereby facilitating better 

penetration through the bacterial cell membrane. 
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Fig. Antibacterial Activity of Synthesized Isoniazid–Pyrazole 

Compound 3e exhibited notable antibacterial 

activity with an inhibition zone of 20.2 ± 0.47 mm, 

while compound 3a had significant activity with 

an inhibition zone of 19.4 ± 0.42 mm. The 

improved activity of compound 3e may be 

associated with the hydrophobic nature of the 

methyl substituent, which possibly enhanced 

interaction with bacterial cell components. 

Similarly, the nitro substituent present in 

compound 3a may have contributed toward 

enhanced antibacterial action through electron-

withdrawing effects and stronger interaction with 

bacterial enzymes. Compound 3b exhibited 

moderate antibacterial activity with a zone of 

inhibition of 17.8 ± 0.36 mm, whereas compound 

3d displayed the lowest activity among the 

synthesized derivatives with a zone of inhibition of 

16.9 ± 0.28 mm. The comparatively lower activity 

of compound 3d may be due to the presence of the 

hydroxy substituent, which possibly reduced 

hydrophobic interactions and affected membrane 

permeability. 

 
Fig.  Graph Represents Zone of Inhibition (mm) of Synthesized scaffolds (3a-e) 
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CONCLUSION 

The findings of this research indicate that 

isoniazid–pyrazole hybrid scaffolds are excellent 

candidates for the creation of new antibacterial 

drugs. The integrated results from synthesis, 

molecular docking, spectroscopic characterisation, 

and biological assessment suggest that these 

derivatives have significant promise for future 

refinement and pharmacological exploration as 

efficacious antibacterial agents. 
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