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Abstract

The global surge in multidrug-resistant infections calls for the 
development of new therapeutic agents. This study presents the 
preparation and characteristics of a 5-Amino-1-isonicotinoyl-

was used to assess its interaction with microbial target proteins, 
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 
research strategies. Conventional strategies that target individual microbial 
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agents have become increasingly susceptible to resistance mechanisms, 

response, a paradigm shift toward exploring robust and versatile chemical 
frameworks has gained traction. This challenge has constrained a shift 
toward innovative approaches, among which pyrazoles, a class of aromatic 

intense investigation. Pyrazoles and their derivatives have shown broad 
utility, particularly in medicinal and agrochemical applications.

Several studies have highlighted the potential of pyrazole-based scaffolds 

et al. [3] further expanded the therapeutic scope by evaluating pyrazole 

results against emerging viral threats. F.E. Bennani et al. [4] have shown the 
antitumor effectiveness of these compounds, emphasizing their potential in 
cancer therapy. This is further supported by their proven effectiveness in 
combating a range of diseases, indicating their potential for wide-ranging 
applications. Research by A. Cetin et al. [5] and Ramesh et al. [6] showcases 
the antimicrobial activity of pyrazole derivatives, underscoring their promise 

microbial strains suggests they may be pivotal in addressing the global 
issue of antimicrobial resistance. Moreover, Ouyang et al. [7] and Kumar 

antiviral activity, particularly relevant in the current context of emerging 

pyrazole derivatives, focusing on their antimicrobial, anticancer, and anti-

approaches, we seek to elucidate the molecular basis of their bioactivity and 
broaden the therapeutic prospects of pyrazole-based compounds across 
healthcare domains

A review of the literature reveals that extensive research has been 
conducted on pyrazole derivatives, serving as a foundation for investigating 
their spectroscopic and structural characteristics using computational 
modeling tools. Experimental and theoretical spectral analyses were carried 
out to investigate the compound's vibrational behavior. Frontier molecular 

and charge transfer, while global reactivity descriptors and molecular 

to bioactivity. Furthermore, non-covalent interactions and electronic 
localization were also explored. Molecular docking studies, performed 
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most active compound. Unlike previously reported pyrazole derivatives, 

2. Materials and methods 

2.1. Materials
4-Nitrobenzaldehyde, malononitrile, pyridine, isoniazid, concentrated HCl, 
ethyl acetate, hexane, and the study utilized double-distilled water. All 

2.2. Synthesis and characterisation of AINDPC and computational 
details

Scheme 1. 

Fig. 1 illustrates the preparation, the reaction time, color, and melting point, 
along with FT-IR, NMR, and elemental analysis of AINDPC provided, 
which also includes details of the instruments used for the physical 
characterization. Fig. 2 shows that details of DFT calculations, Multiwfn 
softwares and molecular docking simulations [9-12].

Fig. 1: Synthesis of AINDPC
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Fig. 2: Computational details, Multiwfn softwares and molecular docking 
simulations for AINDPC

3. Results and discussion

3.1 Characterization of a new synthesis pyrazole derivative
AINDPC, a newly synthesized organic compound, was obtained with a 74% 
yield following the procedure outlined in Scheme 1. 

Time (min)/Yield (%): 30/74, Colour: Orange, Melting Point (oC): 256-258

Mass spectrum : Molecular ion peak at m/z: 335.95 [M+-H] in accordance 
with its molar mass 336.30 (Molecular formula C16H12N6O3 .

Elemental Analysis for C16H12N6O3
57.18; H : 3.64; N : 24.90. Found C : 57.14; H : 3.60; N : 24.99

Its molecular structure was validated by NMR, FT-IR, and elemental 
analysis. In the FT-IR spectrum, characteristic N-H stretching observed at 
3316 and 3300 cm-1 -1, 

-1. Additionally, 
NH bending vibrations were noted at 1586 cm-1. The ¹H NMR spectrum of 
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ppm, while the pyrazole ring CH proton appeared at the same chemical 

structural characterization of AINDPC. The carbon in the pyrazole ring 

through elemental analysis match closely with the values derived from 
analytical calculations. 

3.2. Geometry optimisation
The optimized molecular structure of AINDPC, examined using B3LYP/6-

its bond lengths, bond angles, and its biological, electronic, and stability 
characteristics. Due to the unavailability of crystallographic data for the 
AINDPC molecule in literature and the calculated structural parameters 
were evaluated in comparison to those of a similar molecule. [13, 14] outlined 

of delocalized electron density, particularly in regions with resonance and 
partial double-bond character. Shorter bond lengths, such as N1–C6 and C6 
= O7, are indicative of increased electron delocalization, which enhances 
molecular stability and contributes to its electronic properties, such as lower 
HOMO-LUMO energy gaps. The optimized structure is shown in Fig. 3. 
This stability is crucial for maintaining structural integrity during biological 
interactions. The bond angle deviations of N–N–C from the ideal sp2 or sp3 

electron delocalization. These deviations often enhance molecular reactivity 
by introducing steric and electronic factors favorable for interactions with 
biological targets. For example, the angles around the nitrogen centers 

interactions with enzymes or receptors in biological systems. These 

macromolecules, impacting its pharmacological activity.



50

ISSN 0975-3303 Mapana - Journal of Sciences, Vol. 24, No.3

Fig. 3: Optimised geometrical structure of AINDPC

Bond length(Å) Bond Angle(Å)

Parameter
B3LYP/ B3LYP/

Parameter
B3LYP/ B3LYP/

6311G
(d,p)

6311G++
(d,p)

6311G
(d,p)

6311G++
(d,p)

N1-N2 1.45 1.45 N2-N1-C5 109.18 109.19
N1-C5 1.42 1.42 N2-N1-C6 124.30 124.17
N1-C6 1.38 1.38 C5-N1-C6 126.51 126.62
N2-C3 1.49 1.36 N1-N2-C3 106.46 106.45

N2-H18 1.02 1.04 N1-N2-H18 107.28 107.19
C3-C4 1.53 1.41 C3-N2-H18 110.49 110.14

C3-H19 1.09 2.13 N2-C3-C4 102.56 102.63
C3-C20 1.52 1.51 N2-C3-H19 107.60 107.60
C4-C5 1.37 1.41 N2-C3-C20 113.35 113.39

C4-C33 1.39 1.41 C4-C3-H19 111.58 111.47
C5-N35 1.34 1.34 C4-C3-C20 113.10 113.13
C6-O7 1.26 1.25 H19-C3-C20 108.4 6 108.44
C6-C8 1.49 1.48 C3-C4-C5 109.52 109.69
C8-C9 1.40 1.40 C3-C4-C33 124.92 124.69
C8-C13 1.40 1.41 C5-C4-C33 125.37 125.48
C9-C10 1.40 1.40 N1-C5-C4 109.44 109.46
C9-H14 1.08 1.08 N1-C5-N35 121.00 120.92

C10-N11 1.35 1.35 C4-C5-N35 129.52 129.59
C10-H15 1.08 1.08 N1-C6-O7 118.85 118.83
N11-C12 1.35 1.35 N1-C6-C8 121.82 121.74
C12-C13 1.39 1.39 O7-C6-C8 119.30 119.37
C12-H16 1.08 1.08 C6-C8-C9 126.69 126.43
C13-H17 1.08 1.08 C6-C8-C13 115.39 115.56
C20-C21 1.40 1.54 C9-C8-C13 117.83 117.90
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Bond length(Å) Bond Angle(Å)

Parameter
B3LYP/ B3LYP/

Parameter
B3LYP/ B3LYP/

6311G
(d,p)

6311G++
(d,p)

6311G
(d,p)

6311G++
(d,p)

C20-C25 1.40 1.52 C8-C9-C10 118.72 118.77
C21-C22 1.39 1.36 C8-C9-H14 120.99 120.90
C21-H26 1.08 1.08 C10-C9-H14 120.28 120.31
C22-C23 1.39 1.43 C9-C10-N11 123.57 123.43
C22-H27 1.08 1.08 C9-C10-H15 120.37 120.66
C23-C24 1.39 1.45 N11-C10-H15 116.04 115.90
C23-N28 1.46 1.41 C10-N11-C12 117.44 117.57
C24-C25 1.39 1.35 N11-C12-C13 123.06 122.94
C24-H31 1.08 1.08 N11-C12-H16 116.11 115.96
C25-H32 1.08 1.08 C13-C12-H16 120.81 121.08
N28-O29 1.26 1.29 C8-C13-C12 119.33 119.35
N28-O30 1.28 1.29 C8-C13-H17 119.46 119.46
C33-N34 1.18 1.17 C12-C13-H17 121.19 121.17
N35-H36 1.01 1.01 C3-C20-C21 122.01 121.97
N35-H37 1.01 1.01 C3-C20-C25 118.65 118.77

C21-C20-C25 119.30 119.22
C20-C21-C22 120.60 120.64
C20-C21-H26 119.64 119.73
C22-C21-H26 119.74 119.62
C21-C22-C23 118.82 118.88
C21-C22-H27 121.65 121.63
C23-C22-H27 119.51 119.47
C22-C23-C24 121.85 121.75
C22-C23-N28 119.05 119.09
C24-C23-N28 119.09 119.14
C23-C24-C25 118.63 118.69
C23-C24-H31 119.66 119.63
C25-C24-H31 121.70 121.67
C20-C25-C24 120.77 120.79
C20-C25-H32 119.97 120.02
C24-C25-H32 119.25 119.17
C23-N28-O29 118.08 118.19
C23-N28-O30 118.06 118.16
O29-N28-O30 123.85 123.64
C5-N35-H36 119.52 119.65
C5-N35-H37 118.58 118.82

H36-N35-H37 121.79 121.44

3.3. Vibrational analysis
Vibrational band modes were computed using the DFT/B3LYP/6-

visualization and validation were performed using GaussView 5.0 [10]. 

software to investigate energy contributions of individual vibrations. For the 
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AINDPC molecule, which consists of 37 atoms, a total of 105 normal vibrational 

PED contributions are summarized in Table 2, and corresponding spectra 
are depicted in Fig. 4a and 4b. Experimental wavenumbers were compared 

functional groups.

In AINDPC, NH  asymmetric and symmetric stretching vibrations 
appear in the FT-IR spectrum at 3424 and 3316 cm ¹, consistent with the 
expected range for primary amines (3600–3300 cm  scissoring 
bands are observed between 1650–1550 cm ¹, while out-of-plane wagging 
modes occur within 900–650 cm ¹. Theoretical scissoring and wagging 
modes are estimated at 1635/1633 cm ¹ and 726/724 cm ¹, respectively. NH  
twisting modes appear at 306 and 302 cm ¹ across different basis sets. PED 
analysis indicates these modes have 99% contribution from symmetric and 
asymmetric NH  stretching, validating the experimental observations.

N–H stretching vibrations typical of heterocyclic structures are observed 
between 3500–3000 cm ¹. Theoretical predictions at 3305 and 3300 cm ¹ 
correlate well with the experimental peak at 3300 cm ¹, supported by 98% 
PED contribution. In-plane and out-of-plane N–H bending modes were 
theoretically estimated at 1585/1581 cm ¹ and 734/731 cm ¹, respectively, 
showing strong agreement with FT-IR and FT-Raman data.

C–H stretching vibrations associated with the aromatic heterocyclic 
system were observed between 3100–3010 cm ¹. For the pyridine ring, DFT 
calculations predict stretching vibrations between 3119–2860 cm ¹ with PED 
contributions of 97–98%. Corresponding FT-IR peaks were observed at 3115, 
3040, and 2925 cm ¹, indicating C–H stretching and in-plane bending modes.

In-plane bending aromatic C-H vibrational contributions of 82–67% 
¹ and 1290–990 cm ¹, 

often coupled with ring stretching modes. Calculated values using B3LYP/6-

1225, and 1070 cm
Experimentally, a medium-intensity FT-IR peak at 1521 cm ¹ and a strong 
Raman peak at 1345 cm ¹ were observed. Out-of-plane C–H bending 
vibrations were detected at 1196, 1012, 1006, 993, 975, 948, 930, 890, 855, 784, 
748, and 720 cm ¹, with PED values ranging from 74% to 62%. A weak FT-IR 
band at 972 cm
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Fig. 4:

The nitrile functional group, characterized by a carbon–nitrogen triple 

2300–2000 cm ¹. In the case of AINDPC, this feature appears at 2220 cm ¹ in 
the FT-IR spectrum and at 2222 cm ¹ in the Raman spectrum. C–N stretching 

resolve due to overlap with other modes, yet it generally exhibits moderate 
to strong intensity in the 1330–1220 cm ¹ region [17,18]. In this study, the 
C–N stretching mode is assigned to a band at 1320 cm ¹, and at 1309 cm ¹ in 
the FT-IR. Corresponding theoretical wavenumbers were predicted at 1313 
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cm ¹ and 1310 cm
assignment.

The C=O stretching vibration is easily recognized due to its strong 
¹ region. 

This vibrational mode is highly responsive to factors such as ring strain, 
physical state, and electronic effects from substituents. In this study, the 
carbonyl group of AINDPC shows a strong absorption at 1680 cm ¹ in the 
FT-IR spectrum. This is well supported by theoretical predictions of 1685 
cm ¹ along with a PED contribution of 88%. The location and intensity 

and substitution pattern. Pyrazole derivatives exhibit distinct C–C ring 
stretching modes within 1635–1080 cm ¹. For AINDPC, aromatic C–C 
stretching bands are observed in the 1598–1106 cm ¹ range, consistent with 
theoretical predictions. A prominent FT-Raman peak at 1596 cm ¹ supports 
the presence of ring C–C stretching. The peaks at 1413 and 1212 cm ¹ in the 
FT-IR spectrum, along with a Raman peak at 1107 cm

Mixed PED contributions suggest overlapping modes from in- and out-of-
plane C–C bending vibrations. Additional calculated modes were observed 
at 834, 570, 518, 401, and 243 cm
at 830, 568, 513, 396, and 238 cm
at 511 cm ¹ matches these theoretical values.

In the FT-Raman spectra, the AINDPC molecule exhibits a C-C out-of-
plane vibration at 871 cm-1. Theoretical calculations predict this vibration at 
875, 565, 375, 230, and 75 cm ¹ using the In the FT-Raman spectrum, AINDPC 
exhibits a C–C out-of-plane bending vibration at 871 cm ¹. Corresponding 
theoretical predictions place this vibration at 875, 565, 375, 230, and 75 cm ¹ 

¹ (B3LYP/6-

ring deformations, typically resulting in bands below 500 cm ¹. PED analysis 
¹ and 481 cm ¹ in- and out-

of-plane ring vibrations, respectively. Small deviations in wavenumber can 
be attributed to variations in force constants and mass distribution due to 
substituent interactions.

The asymmetric stretching vibration of the NO  group is generally 
observed in the 1625–1450 cm ¹ region, while the symmetric stretch occurs 
within 1400–1300 cm ¹. In the FT-IR spectrum of AINDPC, the asymmetric 
NO ¹, closely matching a computed value 
of 1313 cm ¹ and showing an 88% PED contribution. The symmetric NO  
stretch appears at 1271 cm ¹, with theoretical predictions at 1264 and 1261 
cm ¹ using both basis sets [20,21]. The scissoring, wagging, and rocking 
modes of the NO  group are experimentally observed at 765, 682, and 533 
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cm ¹ and theoretically estimated at 763, 680, and 530 cm ¹, demonstrating 
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 3424 3427 3425 assNH2

2 3316 3318 3315 ssNH2

3 3300 3305 3300
4 3115 3119 3117
5 3085 3083
6 3040 3046 3042
7 3012 3011
8 2975 2971
9 2925 2930 2926

10 2905 2903
11 2875 2871
12 2855 2860 2858
13 2220 2222 2234 2230
14 1680 1685 1682
15 1635 1633 siccsoringNH2

16 1596 1598 1595
17 1586 1581 1585 1581
18 1560 1560 1561
19 1521 1525 1525 1523
20 1506 1502
21 1485 1480
22 1480 1444 1442
23 1413 1415 1416 1413

24 1406 1401

25 1385 1382
26 1378 1375
27 1365 1360
28 1346 1345 1346 1345
29 1335 1331
30 1320 1326 1322 assNO2

31 1309 1313 1310

32 1296 1292
33 1276 1275
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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)

34 1264 1261 ssNO2

35 1238 1233
36 1225 1220
37 1212 1214 1216 1213
38 1194 1196 1195
39 1182 1180
40 1166 1163
41 1153 1154 1155 1153
42 1113 1116 1115
43 1107 1110 1106

44 1092 1091

45 993 1070 1067
46 1041 1038 ring

47 1009 1012 1010
48 1006 1001
49 993 989
50 980 978 ring

51 972 975 970
52 948 943
53 930 927
54 935 905 901
55 890 888
56 871 875 870
57 850 855 852
58 834 830
59 800 798 ring

60 779 784 780
61 765 763 scissNO2

62 746 748 745
63 734 731
64 726 724 wagging NH2

65 720 716
66 710 707 ring

67 696 695
68 682 683 680 wagging NO2

69 670 667
70 645 643 ring

71 618 622 625 620 ring



57

Premalatha et al DFT and Molecular Docking Investigations on a Pyrazole

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)

72 610 607 ring

73 600 593
74 579 575 ring

75 570 568
76 565 560
77 547 542 ring

78 530 533 530 rockingNO2

79 511 518 513
80 481 484 480 ring

81 463 459 ring

82 437 433 ring

83 422 422 420
84 401 396
85 382 379
86 375 368
87 350 345
88 306 302 2

89 282 277 ring

90 257 251 ring

91 243 238
93 230 225
93 221 217 ring

94 207 201

95 178 174 ring

96 146 139 ring

97 108 105 2

   98 102 97

   99 93 89

 100 78 75

 101 73 69 ring

 102 55 52 ring

 103 49 45 ring

 104 28 31 ring

 105 22 20 ring

ass; ss;  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 

approach. Compounds' chemical and biological reactivity can be examined 

distribution on AINDPC. Fig. 5 illustrates how different colors correspond to 
different kinds of potential. The most negative potential zone is represented 
by the color red, whereas the greatest positive potential region is represented 
by the color blue [22]. The highest negative potential areas, with values of 
-0.268, -0.266, -0.447, -0.094, and -0.837, -0.320 a.u., respectively, were found 

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 
that the same groups are present on both sides of the molecule's central 
pyrazole ring. With values of 0.184, 0.203, 0.202, 0.170, 0.354, and 0.388 a.u., 
respectively, the most favorable potential areas for the AINDPC molecule 
were found to be around the H16, H17, H19, H20, H36, and H37 atoms.

Fig. 5: Molecular electrostatic potential surface of AINDPC

3.5 FMO analysis
The FMO analysis of AINDPC highlights its potential pharmacological 
properties, supported by detailed electronic parameter calculations. The 

as an electron donor, often associated with antimicrobial and antioxidant 

and potential as an electron acceptor, suggesting anticancer and anti-

indicate a greater likelihood of losing electrons than gaining them, suggesting 
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AINDPC's involvement in oxidation reactions [1]. High electronegativity 

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

reactions with electrophiles and nucleophiles, enhancing its adaptability 
in biological systems shown in Table 3 and Fig. 6. AINDPC’s enhanced 
reactivity and greater stability, attributed to its lower chemical softness 
and smaller band gap. A smaller band gap implies enhanced reactivity, 

with biological systems. These calculated properties suggest that AINDPC 
combines chemical stability with the ability to interact dynamically within 
biological environments, making it a strong candidate for applications in 
drug development and the design of functional materials. 

Table 3: AINDPC FMOs and other molecular property values

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

1.6879

Fig. 6: Frontier molecular orbital of AINDPC
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3.6. NMR Spectral interpretation
The structural elucidation of the synthesized compound was established 

protons is consistent with the –NH

assignments are consistent with the proposed structure and are illustrated 
in Fig. 7a and 7b.
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Fig. 7: 1H NMR spectra of AINDPC

3.7. Non-Covalent interactions

them in real space. In the corresponding RDG scatter plot, RDG values are 
 is the second eigenvalue of the Hessian 

associated with steric hindrance.

Fig. 8a displays the 2D RDG scatter plot and the corresponding 
isosurface for the title compound . Blue regions on the isosurface represent 
strong attractive interactions, steric repulsion indicated by red, and weak 
van der Waals interactions are shown by green. Similarly, Fig. 8b shows the 

blue-colored zones in the isosurface further highlight these interactions, 
especially between C–H and oxygen atoms. Red regions, mainly localized 
in the core regions of the pyrazole, pyridine, and carbonitrile groups, denote 
areas of strong steric repulsion. Additionally, green regions attributed to 
H–H interactions reveal van der Waals forces contributing to the molecular 
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 
a high probability of electron pair localization. Fig. 8 c and 8d presents the 
electron density charge distribution in the form of ELF and LOL color maps. 
The ELF values range from 0.00 to 1.0, where values between 0.5 and 1.0 
indicate the presence of localized bound or unbound electrons, while values 
below 0.5 signify the existence of delocalized electrons. The red-colored 
areas display the highest concentration of localized electrons. All atoms of 
nitrogen, oxygen and hydrogen demonstrate localized electron behavior. 
The electron distribution occurs within the bond areas between the rings of 
pyrazole and pyridine. Each C and N atom displays a blue electron cloud that 
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 
C, O, and N atoms, while localized electrons are observed between H atoms 
and within the interatomic bond regions of the pyrazole and pyridine rings. 

that the O7, O29, and O30 atoms exhibit slightly electron-rich characteristics, 
whereas the N11, N34, and N35 atoms display pronounced electrophilic 
properties. The title molecule's electrophilic and nucleophilic regions became 
visible through ELF and LOL and MEP map analysis which showed good 
agreement.

Fig. 8:
map of AINDPC
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3.8. BOILED-Egg Model:
The BOILED-Egg model was utilized to predict the permeability of 

restricts entry of biological molecules of neurotherapeutics for treating 
brain disorders. The blood-brain barrier blocks 98% of all tiny compounds 
from entering the brain. The evaluation of BBB transition activity should 
be an early priority during drug design for CNS illnesses. The extent to 
which medication candidates are absorbed through the intestinal system 
determines their oral bioavailability. The study of GI absorption for these 
compounds represents a necessary step. PGP functions as an ATP-binding 

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

contributing to treatment failure in various diseases, especially cancer. The 
BOILED-Egg approach utilizes compound SMILE strings to determine 
human gastrointestinal absorption and blood-brain barrier penetration. 
The algorithm employs two physicochemical properties including polarity 

high penetration and absorption properties throughout the GI tract and BBB 
which results in a yellow zone. The chemicals in the whitish region show 
weak penetration through the blood-brain barrier but strong absorption 
through the gastrointestinal tract. The chemical shows potential for PGP-

GI absorption and negative BBB penetration and negative PGP effect on the 
molecule. TPSA stands as the main factor responsible for the negative BBB 

2 

below 140 Å2, which suggests good drug transport properties through cell 
membranes.

Fig. 9: BOILED-Egg model of AINDPC
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3.9. Interpretation of Antimicrobial Activity
The antibacterial potential of the AINDPC compound was evaluated 
using the agar well diffusion method, which allows the test compound to 
diffuse through the agar medium and inhibit microbial growth. The study 
focused on two bacterial strains: Staphylococcus aureus, a Gram-positive 
pathogen commonly associated with bloodstream infections, pneumonia, 
and osteoarticular diseases; and Escherichia coli, a Gram-negative bacterium 

After a 24-hour incubation period, the diameters of the inhibition zones 
were measured and recorded.

Fig. 10 illustrates the antibacterial effect of AINDPC on the tested 
pathogens. As shown in Table 4, the compound 5-Amino-1-isonicotinoyl-

concentration-dependent activity against Staphylococcus aureus, indicating 

structural variations within the molecule are closely associated with 
its bioactivity. AINDPC exhibited strong antibacterial activity against 
Staphylococcus aureus and moderate effectiveness against E. coli, highlighting 
its promising potential, particularly against Gram-positive bacterial strains.

Table 4: 
dihydro-1H-pyrazole-4-carbonitrile

Microbial strains
25 mg 50 mg 75 mg 100 mg Control 

Staphylococcus Aureus NA NA NA 22 24
E. coli NA NA 6 10 18

Fig. 10: 
E. Coli
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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 
proximity [24, 25]. The Autodock tool [13] enabled researchers to perform 
molecular docking simulations of AINDPC to investigate potential binding 
interactions between the synthesized molecule and PDB IDs 4URM, 6EZQ, 
5U3A and 2I3B. A molecular docking analysis was conducted to understand 
better the binding interactions of the most active analogues [26]. Molecular 
docking represents an effective computer program which helps researchers 
study binding mechanisms. The web-based prediction tool PASS [27] enables 

served as the source for protein collection. The local search system and LGA 
execute docking stimulations. The software correctly determined all aspects 
of ligand molecule orientation together with torsion and initial position. 

application with 126×126×126 grid points. Calculations of Van der Waals 
and electrostatic terms were performed using AutoDock parameters with 
a distance-dependent dielectric model [28, 29]. The PDBQT format saved 
both protein and ligand molecules before Autodock performed the docking 
process. Fig. 11 (a-d) displays the Poseview diagrams for the AINDPC 

.

runs have been carried out. Ligand molecule AINDPC produced Pi-Alkyl, 
Pi-Anion, Conventional hydrogen link, Amide-Pi, Carbon hydrogen bond, 
and Pi-Pi T-shaped complexes with 4URM, 6EZQ, 5U3A and 2I3B target 
proteins.
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Fig. 12:

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

acid residues like ARG B:144; ARG B:84; GLY B:85; GLU B:58; GLY B:83; ILE 
B:86; PRO B:87; TYR A:138; GLY A:189; LYS A:190; HIS A:146; LEU A:115; 
ILE A:115; ARG A:186 in AINDPC as illustrated in Table5 and Fig.11 a. The 
compound AINDPC with 4URM exhibits three hydrogen bonding (ARG 

conventional hydrogen bond lengths are 5.68, 3.54 and 3.75 (between NO2 

4.2. Docking of AINDPC with protein HSA (PDB ID: 6EZQ) 
AINDPC appears to be bound to the active sites of the amino acids, With 
6EZQ exhibits three hydrogen bonding (TYR A:138; GLY A:189 and LYS 

2.83 and 5.15 (between NH2 Fig.11 b).

4.3. Docking of AINDPC with protein (PDB ID: 5U3A)
The molecular docking shows, ALA A:224; ASN A:216; TYR A:2, GLYA:225, 

Fig.11 
c).

4.4. Docking of AINDPC with protein (PDB ID: 2I3B)
AINDPC binds at the active sites of ARG A:107, ASP A:33; ASN A:97 and 
LYS A:26 with a bond distance of 5.84, 3.73, 3.73 and 5.14 Å forms hydrogen 
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bonding with 2I3B. The conventional hydrogen bond lengths are 3.73, 5.84, 
3.73 and 5.14 (between NH2, NO2 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 
by a strong hydrogen bonding relationship. Hydrogen bonds typically form 

atoms of the nitro group and the nitrogen of carbonitryl are the sole locations 
that are undergoing hydrogen bond formation, according to the ligand 
interactions with the proteins. The fact, 

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 
ligand establishes stable complexes with the receptors, yielding minimum 

for protein 6EZQ, -10.09 kcal/mol for protein 5U3A, and -6.76 kcal/mol for 
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Fig.11:
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Table 5: Bonded residues, number of hydrogen bonds, bond distance, binding 
energy and Inhibition constant of AINDPC.

Protein 
(pdb code)

Bonded 
residues  

hydrogen 
bonds  

 Bond 
distance  

Binding energy 
(kcal/mol)

Inhibition 
constant

4URM ARG B:144 3 5.68 -4.30
ARG B:84 3.54
GLY B:85 6.69
GLU B:58 3.75
GLY B:83 3.35
ILE B:86 3.98
PRO B:87 5.07

6EZQ TYR A:138 3 4.90 -6.49
GLY A:189 2.83
LYS A:190 5.15
HIS A:146 3.08
LEU A:115 4.85
ILE A:115 4.85
ARG A:186 3.77

5U3A ALA A:224 3 2.17 -10.09
ASN A:216 2.19
GLY A:225 2.69
LYS A:227 3.08
TYR A:2 1.70
SER A:3 2.23

2I3B ASP A:33 4 3.73 -6.76
ARG A:107 5.84
ASN A:97 3.73
LYS A:26 5.14

5. Druglikeness properties
The process of developing new drugs is a lengthy one, fraught with high 

rate of roughly 93% is faced by the preclinical stage, which establishes the 
essential foundation and is a challenging step in drug development [30]. 
It is anticipated that over 75% of drug candidates will not succeed during 
phase I, II, or III clinical trials, as well as in the later stages of the drug 
approval process, despite some advancing to clinical evaluations. About 
40% of candidate molecules fail in this procedure because of undesirable 
pharmacokinetic characteristics, such as absorption, distribution, metabolism, 

in drug development, accounts for nearly 30% of the failures encountered 
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are successful overall and how crucial it is to evaluate ADMET properties 
early on. The 119 ADMET endpoints in ADMET 3.0 are made up of 36 
toxicity properties, 8 toxicophore rules, 9 absorption, 9 distributions, 14 
metabolisms, 2 excretions, 21 physicochemical, and 20 medical chemistry 
in Fig. 13 and 14. As per Lipinski's Rule of Five, ligand molecules intended 

criteria, allowing no more than one violation. The molecular weight of the 

its hydrogen bond acceptor value cannot exceed ten, and it can violate the 
rule no more than once. The anticipated toxicity, adsorption, distribution, 
metabolism, excretion, and physiochemical effects are listed in Table 6 and 

surface area [24]. For the compound AINDPC, the molecular weight is 336.1 
Da. Surface area plays a crucial role in predicting drug distribution, which 
depends on the number of rotatable bonds and the total count of polar 
atoms such as hydrogen, nitrogen, and oxygen. These parameters suggest 
that AINDPC may have low oral bioavailability. Rotatable bonds enhance 

binding sites of target proteins [31]. AINDPC contains four rotatable bonds, 
and its surface area of 138.18 Å² further supports the indication of limited 
oral bioavailability. There have been two infractions of Lipinski's rule for 
AINDPC in total. However, only oral medications will be subject to these 
regulations. With a rate of -4.911, AINDPC shows intestinal absorption 
and Caco-2 permeability. Skin permeability rate is 0.844 for AINDPC. The 

substances from entering the brain and thereby reducing toxicity, side 
effects, and unintended neurological activity. AINDPC exhibits a blood-

Compounds with permeability values above 0.3 are generally considered 
capable of penetrating the BBB. Thus, AINDPC is unlikely to cause 
adverse effects on the central nervous system. Additionally, it is neither a 
CYP2D6 enzyme inhibitor nor a substrate [25]. Based on the proportionality 
constant, the drug clearance rate of AINDPC is calculated to be 5.071 ml/
min/kg. Despite this, the compound shows no signs of hepatotoxicity or 

chemotherapeutic agent. Furthermore, its bioavailability and structural 
stability were evaluated using the band energy gap derived from molecular 
orbital theory, reinforcing its suitability for drug development.
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Table 6: ADME properties of the compound AINDPC

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

AINDPC High 138.18 4 336.10 1.31 9 3 0 1 1 3.77

Abbreviations: ABS: Absorption, TPSA: Topological Polar Surface Area, 
n-ROTB: Number of Rotatable Bonds, MW: Molecular Weight, Log P: 

n-ONHN acceptors: Number of hydrogen bond acceptors, n-OHNH donors: 
Number of hydrogen bonds donors, S.A: Synthetic accessibility.

Fig. 13: Bioavailability radar for the ligand molecule of AINDPC

Table 7: Physicochemical Property of Ligand

Property Value Comment
Molecular 
Weight

336.1 Contain hydrogen atoms. Optimal:100~600

Volume 322.973 Van der Waals volume
Density 1.041 Density = MW / Volume
nHA 9 Number of hydrogen bond acceptors. Optimal:0~12
nHD 3 Number of hydrogen bond donors. Optimal:0~7
nRot 4 Number of rotatable bonds. Optimal:0~11
nRing 3 Number of rings. Optimal:0~6
MaxRing 6 Number of atoms in the biggest ring. Optimal:0~18
nHet 9 Number of heteroatoms. Optimal:1~15
fChar 0 Formal charge. Optimal:-4 ~4
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nRig 20 Number of rigid bonds. Optimal:0~30
Flexibility 0.2 Flexibility = nRot /nRig
Stereo 
Centers

1 Optimal: 0 ~2

TPSA 138.18 Topological Polar Surface Area. Optimal:0~140

logS -3.487

logP 1.315

logD 1.342 logP at physiological pH 7.4. Optimal: 1~3

Fig. 14: Toxicity radar chart for the ligand molecule of AINDPC

6. Conclusion 
The computed vibrational spectra and optimized geometric parameters 
aligned well with experimental observations. Using this basis set, HOMO-
LUMO analysis revealed an energy gap of 1.68 eV, offering insights into 
the compound’s reactivity, electronegativity, chemical hardness, and 
softness. The relatively small HOMO-LUMO gap indicates intramolecular 
charge transfer and reduced reactivity, suggesting high kinetic stability. The 

around the C–H bonds of the pyrazole ring and nucleophilic zones near 
oxygen and nitrogen atoms. ELF and Localized Orbital Locator LOL analyses 

pronounced Van der Waals interactions. Molecular docking studies showed 
stable binding between the compound and the 5U3A protein receptor, with 

interaction. Evaluations of drug-likeness and ADMET properties further 

molecular behavior, well-balanced electronic properties, and encouraging 
biological activity. This integrated study offers a thorough understanding 
of its structural, electronic, and pharmacological features, supporting its 
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of the molecular structure and synthesis of derivatives is suggested for 

properties are also recommended for improving the therapeutic activity. 
To aid the preclinical phase pyrazole derivatives, adding QSAR modeling 
as well as ADMET and toxicity predictions are recommended for rational 

with pyrazole compounds will aid in further developing the base for these 
derivatives. While the current study highlights the antimicrobial potential 

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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