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Abstract

The global surge in multidrug-resistant infections calls for the 
development of new therapeutic agents. This study presents the 

indicating strong antimicrobial potential. Pharmacokinetic 

and bioavailability. The compound also exhibited notable 
antimicrobial activity against various bacterial and fungal 
strains. 
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1. Introduction
The escalating global challenge posed by multidrug-resistant microbial 
infections has necessitated the development of advanced and innovative 
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agents have become 

frameworks has gained traction. This challenge has constrained a shift 

intense investigation. Pyrazoles and their derivatives have shown broad 

Several studies have highlighted the potential of pyrazole-based scaffolds 

cancer therapy. This is further supported by their proven effectiveness in 

microbial strains suggests they may be pivotal in addressing the global 

broaden the therapeutic prospects of pyrazole-based compounds across 
healthcare domains

A review of the literature reveals that extensive research has been 

their spectroscopic and structural characteristics using computational 
modeling tools. Experimental and theoretical spectral analyses were carried 

n-covalent interactions and electronic 
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2. Materials and methods 

2.1. Materials

2.2. Synthesis and characterisation of AINDPC and computational 
details

Scheme 1. 

Fig. 1 

which also includes details of the instruments used for the physical 

Fig. 1:
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Fig. 2:

3. Results and discussion

3.1 Characterization of a new synthesis pyrazole derivative

yield following the procedure outlined in Scheme 1. 

Time (min)/Yield (%): Colour: Melting Point (oC): 

Mass spectrum : Molecular ion peak at m/z: +

N O .

Elemental Analysis for N O
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through elemental analysis match closely with the values derived from 
analytical calculations. 

3.2. Geometry optimisation

characteristics. Due to the unavailability of crystallographic data for the 

This stability is crucial for maintaining structural integrity during biological 
 or sp  

electron delocalization. These deviations often enhance molecular reactivity 
by introducing steric and electronic factors favorable for interactions with 

interactions with enzymes or receptors in biological systems. These 
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Fig. 3:
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3.3. Vibrational analysis

software to investigate energy contributions of individual vibrations. For the 
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functional groups.

 asymmetric and symmetric stretching vibrations 

 scissoring 

¹. Theoretical scissoring and wagging 
 

¹ across different basis sets. PED 
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Fig. 4:
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cm
assignment.

¹ region. 

¹ in the 

cm

¹ supports 
¹ in the 

Mixed PED contributions suggest overlapping modes from in- and out-of-

¹ matches these theoretical values.

-1. Theoretical calculations predict this vibration at 

¹ 

¹. PED analysis 
¹ in- and out-

be attributed to variations in force constants and mass distribution due to 
substituent interactions.

The asymmetric stretching vibration of the NO  group is generally 

NO
 

cm
modes of the NO
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cm
good correspondence between experimental and theoretical data.

Table 2: Vibrational assignments

Mode 
no

Experimental 
Wavenumbers (cm-1) Scaled frequencies (cm-1) Vibrational 

Assignments(PED 
%)FT-IR FT-Raman B3LYP / 

6311G(d,p)
B3LYP - 

6311G++(d,p)

1 ass

ss

11

siccsoring

assNO
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Mode 
no

Experimental 
Wavenumbers (cm-1) Scaled frequencies (cm-1) Vibrational 

Assignments(PED 
%)FT-IR FT-Raman B3LYP / 

6311G(d,p)
B3LYP - 

6311G++(d,p)

ssNO

ring

ring

ring

scissNO

wagging 

ring

wagging NO

ring

ring
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Mode 
no

Experimental 
Wavenumbers (cm-1) Scaled frequencies (cm-1) Vibrational 

Assignments(PED 
%)FT-IR FT-Raman B3LYP / 

6311G(d,p)
B3LYP - 

6311G++(d,p)

ring

ring

ring

rockingNO

ring

ring

ring

ring

ring

ring

ring

ring

 

ring

ring

ring

ring

ring

 in-plane 
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3.4. Surface analysis of molecular electrostatic potential
One of the most crucial methods for illuminating the molecular charge 

different kinds of potential. The most negative potential zone is represented 

indicate that the nitrogen atoms at both compound sites have potential 
values that are near to one another. This could be explained by the fact 

Fig. 5:

3.5 FMO analysis
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reveal a balance between stability and reactivity. This balance is crucial 
for maintaining the compound’s structural integrity during biological 

.

combines chemical stability with the ability to interact dynamically within 

drug development and the design of functional materials. 

Table 3: 

Parameters B3LYP/6-311G(d,p) (eV)

Fig. 6:



Mapana - Journal of Sciences

3.6. NMR Spectral interpretation
The structural elucidation of the synthesized compound was established 

assignments are consistent with the proposed structure and are illustrated 
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Fig. 7: 1

3.7. Non-Covalent interactions

associated with steric hindrance.

isosurface for the title compound . Blue regions on the isosurface represent 

packing and stability.
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Surface analysis of covalent bonds involves using electron density 
localization and orbital mapping to generate maps that identify regions with 

electron density charge distribution in the form of ELF and LOL color maps. 

areas display the highest concentration of localized electrons. All atoms of 

The electron distribution occurs within the bond areas between the rings of 

extends from them in the molecular structure. The atoms or other molecules 
from these locations will establish interactions with this molecule. The LOL 
analysis reveals the presence of delocalized electrons distributed across all 

and within the interatomic bond regions of the pyrazole and pyridine rings. 

visible through ELF and LOL and MEP map analysis which showed good 
agreement.

Fig. 8:
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3.8. BOILED-Egg Model:

restricts entry of biological molecules of neurotherapeutics for treating 

from entering the brain. The evaluation of BBB transition activity should 

which medication candidates are absorbed through the intestinal system 

functions by removing toxic substances and foreign substances from cells 
while facilitating drug absorption and extraction. The excessive expression 

human gastrointestinal absorption and blood-brain barrier penetration. 
The algorithm employs two physicochemical properties including polarity 

which results in a yellow zone. The chemicals in the whitish region show 
weak penetration through the blood-brain barrier but strong absorption 

molecule. TPSA stands as the main factor responsible for the negative BBB 

membranes.

Fig. 9:
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3.9. Interpretation of Antimicrobial Activity

diffuse through the agar medium and inhibit microbial growth. The study 
Staphylococcus aureus

Escherichia coli

were measured and recorded.

concentration-dependent activity against Staphylococcus aureus

structural variations within the molecule are closely associated with 

Staphylococcus aureus and moderate effectiveness against E. coli

Table 4: 

Microbial strains

Staphylococcus Aureus NA NA NA
E. coli NA NA

Fig. 10: 
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4. Molecular docking
Molecular docking methods predict molecular interactions while calculating 
the energy levels between interacting molecules. The method establishes the 
best position for the ligand to face the molecule under investigation. The 
active protein cavity contains the small molecule ligand. Molecular docking 
studies enable researchers to predict binding modes and functional group 

docking represents an effective computer program which helps researchers 

execute docking stimulations. The software correctly determined all aspects 
of ligand molecule orientation together with torsion and initial position. 

and electrostatic terms were performed using AutoDock parameters with 
a distance-dependent dielectric model 
both protein and ligand molecules before Autodock performed the docking 
process. Fig. 11 (a-d)

to analyze the stereochemical quality of the protein.

proteins.
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Fig. 12:

4.1. Docking of AINDPC with protein (PDB ID: 4URM) 

Fig.11 a. The 

 

4.2. Docking of AINDPC with protein HSA (PDB ID: 6EZQ) 

Fig.11 b).

4.3. Docking of AINDPC with protein (PDB ID: 5U3A)

Fig.11 
c).

4.4. Docking of AINDPC with protein (PDB ID: 2I3B)
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Fig.11 
d). 

accompanied by notable interactions such as carbon-hydrogen bonds (light 

interactions. The lowest binding energy value demonstrated the bioactive 

A high capacity for binding between a ligand and a protein is demonstrated 

atoms of the nitro group and the nitrogen of carbonitryl are the sole locations 

interactions with the proteins.  

validates that the oxygen atom in the amide group and the nitrogen in the 
carbonitryl group are the sites for hydrogen bond formation. The docked 
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Fig.11:
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Table 5: 

Protein 
(pdb code)

Bonded 
residues  

hydrogen 
bonds  

 Bond 
distance  

Binding energy 
(kcal/mol)

Inhibition 
constant

5. Druglikeness properties



Mapana - Journal of Sciences

are successful overall and how crucial it is to evaluate ADMET properties 

in Fig. 13 and 14.

depends on the number of rotatable bonds and the total count of polar 

stability were evaluated using the band energy gap derived from molecular 



Premalatha et al

Table 6: 

Entry ABS TPSA 
(A2 ) n-ROTB MW LogP n-OHN 

acceptors
n-OHNH 
donors

Lipinski's 
violations

Veber 
Violations

Egan 
Violation S.A

<500 <=5 <10 <5 <=1 <=1 <=1 0 <S.<10

1 1

Fig. 13:

Table 7: Physicochemical Property of Ligand

Property Value Comment
Molecular 

Volume
Density

nRot
nRing
MaxRing
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nRig
Flexibility
Stereo 

1

TPSA

logS

logP

logD

Fig. 14:

6. Conclusion 
The computed vibrational spectra and optimized geometric parameters 

oxygen and nitrogen atoms. ELF and Localized Orbital Locator LOL analyses 

interaction. Evaluations of drug-likeness and ADMET properties further 

biological activity. This integrated study offers a thorough understanding 
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of the molecular structure and synthesis of derivatives is suggested for 

properties are also recommended for improving the therapeutic activity. 

as well as ADMET and toxicity predictions are recommended for rational 

with pyrazole compounds will aid in further developing the base for these 

its activity. Future work will focus on determining the minimum inhibitory 

broadening the antimicrobial screening to include additional bacterial and 

drugs. These efforts will provide a more complete understanding of the 
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