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ABSTRACT

The title compound, 10-(4-chlorophenyldiazenyl)-3-(3-chlorophenyl)-1-methyl-3,5a,6,11b-
tetrahydro-5H-benzopyrano [4',3'-4,5]pyrano|2,3-c]pyrazole, crystallizes in the triclinic
crystal system having the space group P-1 with the following unit cell parameters: a =
7.599(2), b = 11.596(3), ¢ = 12.796(3) A, a = 90.092(5), B = 94.810(5), y = 90.583(5)°, Z = 2.
The crystal structure was solved by direct methods using single-crystal X-ray diffraction
data collected at 100 K and refined by full-matrix least-squares procedures to a final R-value
of 0.0636 for 2578 observed reflections. All three phenyl rings A, B, and F are planar. The
pyrazole ring E is also planar. Rings C and D are in half-chair conformation with asymmetry
parameters: AC2(C7a-C11a) = 3.02 and ACz(C3a-C11c) = 4.02, respectively. Hirshfeld surface
is a 3D boundary around a molecule/crystal structure based on electron density. The
Hirshfeld surface analysis revealed dominant H---H (31.0%), H---Cl (26%), and H---C (18%)
interactions, contributing to crystal stability and packing efficiency. Molecular docking
studies further indicated a strong and stable ligand-enzyme interaction, highlighting its
potential for small-molecule inhibitor development.

Cite this: Eur. J. Chem. 2025, 16(3),311-318 Journal website: www.eurjchem.com

1. Introduction

aminochromene is the precursor to a wide range of bioactive
compounds [20-23]. Furthermore, annulations of amino-

For complex heterocyclic preparations [1-3], a domino
strategy is a highly efficient route to assess a wide range of
polycyclic compounds [4-7]. A Domino/Knoevenagel-hetero-
Diels-Alder (DKHDA) approach has particularly evolved as an
efficient route to many bioactive natural and unnatural
compounds [8-12]. Ring systems constructed so far include
chromenopyran, pyrimidonedione, tetrahydroquionoline, ben-
zopyrano-fused benzoprane, benzopyrano-fused napthoyran
and pyranoxanthene [13].

The pyrano [2,3-c] pyrazole unit has gained much promi-
nence since it forms a central skeleton of many compounds
which are known for their antimicrobial [14], insecticidal [15],
anti-inflammatory [16] and molluscicidal activity [17].
Although a benzopyran ring system forms the core structure of
many photochromic compounds, and is widely used in data
storage, optical filters, displays, sensor protection, waveguides
and ophthalmic plastic lenses [18,19], one of its classes called

chromene with heterocycles offer an interesting and useful way
to produce medicinal compounds [20-23]. Here, we wish to
present the crystallographic and Hirshfeld surface analysis of
10-(4-chloro phenyldiazenyl)-3-(3-chloro phenyl)-1-methyl-
3,5a,6,11b-tetrahydro-5H-benzopyrano[4',3'-4,5]pyrano[2,3-
c]pyrazole. The chemical structure of the title compound is
shown in Figure 1.

2. Experimental
2.1. Synthesis

A mixture of 2-(allyloxy)-5-((4-chlorophenyl)diazenyl)
benzaldehyde (1mmol, 0.301 g), 1-(3-chlorophenyl)-3-methyl-
pyrazol-5-one (1mmol, 0.208 g), and TBA-HS (tetrabutyl
ammoniumhydrogensulphate) (25 mol%) was stirred in
refluxing acetonitrile for 8 h [24]. After completion of the
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Table 1. Crystallographic characteristics, details of the X-ray data collection, and structure refinement parameters for the title compound.

Empirical formula

C26H20C12N402

Formula weight (g/mol)
Temperature (K)

Crystal system

Space group

a(d

b (A)

c(d)

()

B

Y ()

Volume (A3)

Z

Pcalc (g/cm3)

p (mm-1)

F (000)

Crystal size (mm3)
Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1220 ()]
Final R indexes [all data]
Largest diff. peak/hole (e.A3)

491.36

293(2)

Triclinic

P-1

7.5994(19)

11.596(3)

12.796(3)

90.092(5)

94.810(5)

90.583(5)

1123.6(5)

2

1.452

0.322

508.0

0.3x0.2x0.2

MoKa (A =0.71073)
6.484 to 49.988
-9<h<9,-13<k<13,-15</<8
5755

3866 [Rint = 0.0383, Rsigma = 0.0856]
3866/1/319

0.973

R1=0.0620, wRz = 0.1404
R1=0.0988, wRz = 0.1604
0.29/-0.24

Figure 1. Chemical structure of the title compound.

reaction, as confirmed by TLC, it was cooled, and the solvent
was evaporated in vacuo. The mixture was washed with
acetonitrile to remove any residual starting material and dried.
The product was obtained in good yield with high purity.
Finally, preparative TLC was applied, using the mixture of ethyl
acetate: hexane (3:7, v:v) as an eluent, to purify the product
[24].

2.2. Crystal structure determination and refinement

X-ray intensity data of 5755 reflections (of which 3866 are
unique) were collected on a X'calibur CCD area detector
diffractometer equipped with graphite monochromated
MoKa radiation (A= 0.71073 A). The crystal used for data
collection was of dimensions 0.30x0.20x0.20 mm. The cell
dimensions were determined by least-squares fit of angular
settings of 3866 reflections in the 6 range 2.38 to 22.34°. The
intensities were measured by ¢ and o scan mode for 6 ranges
3.24 to 24.99°. 2578 reflections were treated as observed (I >
20(1)). Data were corrected for Lorentz, polarization, and
absorption factors. All H atoms were geometrically fixed and
allowed to ride on their parent C atoms with C-H = 0.93-0.98 A.
The final refinement cycles converged to R = 0.0636 and wR(F?)
= 0.1442 for the observed data. Residual electron densities
ranged from -0.300 to 0.336 e.A=3. Crystal structure was solved
by direct methods using SHELXS97 software [25]. A total of 256
phase sets were refined with the correct phase set having an
absolute figure of merit, M(abs) = 1.109 and combined figure of
merit CFOM = 0.0685. Multisolution tangent refinement was
carried out using 1321 E-values with E >1.2. An E-map drawn

with the correct set of phases revealed all of the non-H atoms of
the molecule. The R-factor based on the 1321 E-values was RE
=0.187. The data were collected at 100 K. Crystal structure was
solved by direct methods using SHELXS97 software [25].
Crystallographic data for the title compound are summarized in
Table 1.

2.3. Hirshfeld Surface analysis

Hirshfeld surface analysis is a robust crystallographic tool
that is used to quantitatively and visually assess intermolecular
interactions within molecular crystals. The Hirshfeld surface is
constructed on the partitioning of electron density, defining a
three-dimensional boundary where the contribution of the
promolecule equals that of the surrounding environment. In the
present study, a Hirshfeld surface analysis was performed to
investigate the nature and extent of intermolecular contacts in
the crystal structure of 10-(4-chlorophenyldiazenyl)-3-(3-
chloro phenyl)-1-methyl-3, 5a, 6, 11b-tetrahydro-5H-benzo
pyrano[4’, 3'-4, 5]pyrano[2, 3-c]pyrazole. Analysis was carried
out using the CrystalExplorer 21.5 software suite [26], which
allows mapping of normalized contact distances (dnorm) on the
molecular surface and generation of two-dimensional
fingerprint plots. These plots provide a quantitative represent-
tation of the various types of intermolecular interactions (such
as H-+H, C---H, Cl-+-H contacts), thus providing valuable insight
into the molecular packing and crystal cohesion forces that
govern the solid-state structure. A detailed analysis of the
Hirshfeld analysis for the present structure is provided in
Section 3.3.
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Figure 2. The structure of the compound and displacement ellipsoids are drawn at 40% probability level.

2.4. Molecular docking

Molecular docking studies for the title compound were
carried out using Hex 8.0 [27], which uses spherical polar
Fourier correlations to predict protein-ligand interactions
efficiently. The ligand structure, derived from the experi-
mentally determined crystal structure, was prepared using
GaussView [28] and exported in pdb format without prior
geometry optimization. Docking simulations were executed
directly in Hex 8.0 [27] and the resulting binding energy values
were obtained from the software’s scoring function. No post-
docking refinement or further computational analysis of the
docked complexes was performed using external tools such as
AutoDockTools (for flexible docking and grid-based energy
evaluation) [29], Chimera (for structural visualization and
hydrogen bond analysis) [30], Discovery Studio (for interaction
profiling and advanced binding site analysis) [31] detailed
visualization of docking poses and molecular surfaces) [32].
Additionally, no molecular dynamics (MD) simulations were
performed using packages such as GROMACS or AMBER, which
are commonly used to validate the stability and energetics of
protein-ligand complexes in a dynamic environment.

3. Results and discussion
3.1. Synthesis

The target compound was successfully synthesized by the
reaction of 2-(allyloxy)-5-((4-chlorophenyl)diazenyl) benz-
aldehyde and 1-(3-chlorophenyl)-3-methyl-pyrazol-5-one in
the presence of tetrabutylammonium hydrogen sulfate (TBA-
HS). The reaction was carried out in refluxing acetonitrile for 8
hours and its progress was monitored by thin layer
chromatography (TLC), which confirmed the completion of the
reaction. After solvent removal under reduced pressure and
purification steps including washing with acetonitrile, the
crude product was dried and isolated in good yield with high
purity. Further purification was achieved by preparative TLC
using an ethyl acetate:hexane (3:7, v:v) eluent system,
providing the final product suitable for subsequent
characterization. These results indicate that the reaction
conditions employed were effective in forming the desired
compound with minimal side products.

3.2. Crystal structure

The geometric parameters show normal values and are
within the expected ranges (Table 2). As expected, atom N3
hybridizes with sp?, as evidenced by the sum of the valence
angles around it (360.0(2)°), with the lone pair of electrons
available for bonding. The length of the N-N bond in the
pyrazole ring has been reported to vary over a wide range from
1.234(8) to 1.385(4) A, where the length depends on the

substituent bonded to the N atoms; accordingly, the length of
the adjacent C=N bond ranges from 1.288(4) to 1.461(8) A.
These differences are caused by a varying degree of conjugation
in the electron portion of the pyrazole ring, which is sensitive to
the nature of the substituent(s) bonded to the atoms of the
system [33]. The N2-N3 bond length of 1.391(4) & and C1-N2
bond length of 1.318(4)A found in the present derivative falls in
this range [33]. All three phenyl rings A, B, and F are planar.

The pyrazole ring E is also planar. Rings C and D are in half-
chair conformation with asymmetry parameters: AC2(C7a-
C11a) =3.02 and AC2(C3a-C11c) = 4.02, respectively [33].

The torsion angle C21-C20-C19-Cl22 = -179.5 ° and C17-
C18-C19-Cl22 = 178.5° conveys that the chlorine atom Cl22 lies
almost in the plane of phenyl ring A. Additionally, the torsion
angles N14-C10-C9-C8 = -180.0° and N15-C16-C21-C20 =
179.7° show that the N14 atom and N15 are almost in the plane
of ring B and ring A. Furthermore, C10-N14-N15-C16 =-179.0,
shows a linear character of the torsion angle. The exocyclic
bond angles at the ring junction of ring B and ring C i.e. at C11A
and C7A are 122.0(3) and 115.3(3)°, and atring D and ring E i.e.
at C11C and C3A are 135.6(3) and 121.2(3)°, respectively [33].

The values of the C-0 bonds, (C7A-07 = 1.367(4) A, C6-07 =
1.447(4) A) in the pyran ring C and (C3A-04 = 1.342(4) A, C5-
04 = 1.457(4) A) in the pyran ring D are in good agreement with
the literature [33]. The bond distances C1-N2 =1.318(4), N2-N3
=1.391(4), C3A-N3 = 1.364(5) A in the pyrazole ring are also in
good agreement with the standard values [33].

The stability of molecules inside the unit cell is caused by
intermolecular interactions of the type C-H-:-N, C-H---O, and C-
H---m types. Table 3 provides the geometry of the C-H---N, C-
H---0 and C-H---m types of intermolecular hydrogen bonds. The
stability of molecules inside the unit cell is caused by
intermolecular interactions. Furthermore, molecules are
reinforced by -1 interaction between pyrazole and phenyl
rings (I and J]): the distance between the ring centroids
Cgl--Cg5 (1-x, 1-y, 1-z) is 3.937 A; the perpendicular distance
of the centroid of ring I from the plane of ring ] (Cgl---P is 3.219
A); the dihedral angle between the planes of rings (a is 11°); the
angle between normal to the centroid of ring I and the line
joining ring centroids (B is 25.1°); and the displacement of the
centroid of ring ] relative to the intersection point of the normal
to the ring I and the least squares plane of ring J (A is 2.26 A)
(Table 4).

Figure 2 shows the ORTEP view of the title compound with
displacement ellipsoids drawn at 40% probability level. Crystal
packing analysis revealed the presence of -1 interactions and
intermolecular hydrogen bonds like C-H-::N, C-H...0, and C-
H---m types, all of which are crucial for stabilizing crystal
structures. Figure 3 shows the packing view of molecules within
the unit cell, which is created using PLATON [34] and viewed
down to the a-axis. Zig-zag-like patterns are formed by the
arrangement of molecules in the crystal lattice.

2025 - European Journal of Chemistry - CC BY NC - DOI: 10.5155/eurjchem.16.3.311-318.2668
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Table 2. Selected bond lengths, bond angles, and torsion angle for compound.

Bond d A Bond d A
Cl22-C19 1.741(4) N3-C3A 1.363(4)
N14-N15 1.261(4) N3-N2 1.390(4)
N14-C10 1.423(4) N3-C13 1.416(4)
07-C7A 1.367(4) C16-C17 1.386(5)
07-C6 1.447(4) C16-C21 1.397(4)
N15-C16 1.429(4) C10-C9 1.387(5)
04-C3A 1.344(4) C10-C11 1.404(4)
04-C5 1.455(4) C17-C18 1.384(4)
C11-C11A 1.381(4) C18-C19 1.372(5)
C11A-C7A 1.411(5) C11A-C11B 1.526(5)
C8-C9 1.368(4) C8-C7A 1.394(5)
N2-C1 1.319(4) C21-C20 1.371(4)
C19-C20 1.388(5) C11C-C3A 1.363(4)
Cc11c-C1 1.407(5) C11C-C11B 1.505(5)
C11B-C5A 1.527(5) C1-C12 1.489(5)
C13-C23 1.382(5) C13-C27 1.400(5)
C6-C5A 1.511(5) C5A-C5 1.518(5)
C27-C26 1.373(5) C23-C24 1.383(5)
C25-C26 1.364(6) C25-C24 1.382(6)
Angle w, deg Angle w, deg
C3A-N3-N2 109.3(3) C17-C16-C21 119.3(3)
C9-C10-C11 119.5(3) C16-C17-C18 120.4(3)
C10-C11-C11A 121.5(3) C17-C18-C19 119.4(3)
C7A-C11A-C11B 120.6(3) C7A-C8-C9 119.7(3)
C1-N2-N3 105.2(3) C16-C21-C20 120.6(3)
C19-C20-C21 119.3(1) C3A-C11C-C11B 120.1(3)
C8-C7A-C11A 121-4(3) C23-C13-C27 120.1(4)
C8-C9-C10 120.5(3)

Torsion angle T, deg Angle T, deg
C10-N14-N15-C16 -179(3) C21-C16-C17-C18 -0.8(5)
N15-C16-C17-C18 179.4(3) C9-C10-C11-C11A 0.3(5)
N14-C10-C11-C11A 178.8(3) €16-C17-C18-C19 1(5)
C10-C11-C11A-C7A 1.7(5) C1-N2-N3-C3A 0.4(9)
C17-C16-C21-C20 -0.1(5) N15-C16-C21-C20 179.7(3)
€21-C20-C19-CL22 -179.5(3) C17-C18-C19-CL22 178.5(3)
C21-C1-N2-N3 -176.8(3) C1-N2-N3-C13 -171.5(3)
04-C3A-N3-C13 -13.3(6) C9-C10-N14-N15 -174(3)
N15-N14-C10-C11 7.4(5) C13-C23-C24-C25 0(7)
C8-C9-C10-N14 -180(3)

Table 3. Geometry of intermolecular interactions for a compound.

D-H-A D-H,A HA4,A DA, A 0(D-H--4), deg
C11-H11--N15! 0.93(3) 2.517 2.770(4) 95.78(2)
C21-H21--N14i 0.93(4) 2.442 2.707(5) 96.27(2)
C27-H27--04Ai 0.93(4) 2.241 2.867(5) 123.99(3)
C23-H23+-N2A'i 0.93(4) 2.435 2.759(5) 100(2)
C6A-H61---N14ii 0.97(4) 2.875 3.773(5) 154(2)
C12-H122...Cg6iii 0.96 2.83 3.7143(10) 153

Symmetry codes: i, y, z, i1-x, y, z, i -1+x, y, z.

Table 4. Geometry of m-1 interactions for compound.

cgl Cgl Cgl-CgJ, A Cgl-P, A a, deg B, deg A A

1 5i 3.937 3.219 11 25.1 2.26

Symmetry code: i: 1-x, 1-y, 1-z.

Figure 3. Packing view of molecules down to a axis for hydrogen interactions.
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(a) dnorm

(b) Shape index

(c) Curvedness

(d) Fragment patch

Figure 4. Hirshfeld surface-mapped dnorm, shape index, curvedness and fragment patch for 10-(4-chlorophenyldiazenyl)-3-(3-chlorophenyl)-1-methyl-

3,53,6,11b-tetrahydro-5H-benzopyrano[4',3'-4,5]pyrano[2,3-c]pyrazole.

The centers of gravity of the pyrazole and phenyl rings are
denoted by Cg1 and Cg5, respectively. The distance between the
centroid of one ring and the plane of the other is represented by
Cgl---CgJ; the distance between the centroid of one ring and the
plane of the other is represented by Cgl---P; the dihedral angle
between the planes of rings I and ] is denoted by o; the angle
between the normal to the centroid of ring I and the line
connecting the centroids of the ring is denoted by f; the
displacement of the centroid of rings ] with respect to the
intersection point of normal to the centroid of ring I and the
least squares plane of ring ] is denoted by A.

3.3. Hirshfeld surface analysis and Fingerprint plots

As shown in Figure 4, different aspects of the Hirshfeld
surface are mapped around the given crystal structure. These
aspects include normalized contact distance (dnorm), Which is a
descriptor that quantifies the strength of intermolecular
interactions in a crystal structure, shape index, curvedness, and
fragment patch. All these aspects help in identifying interaction
sites on the given Hirshfeld surface (Figure 4). The surfaces in
Figure 4 are produced in transparent mode to allow visuali-
zation of the molecular moiety in a consistent orientation. The
dhorm Tange in the present case lies between -0.27 and 1.42 A.
This given range indicates the presence of strong attractive as
well as repulsive interactions, thus highlighting the strength
and type of interactions present; for example, the red spots in
Figure 4 (dnorm) represent regions of closer contacts. Likewise,
the red and blue regions on the shape index surface indicate
concave and convex regions, respectively, thus indicating the
regions that are involved in interactions between molecules in
the crystal. The shape index is mapped between -0.99 and +0.99
A. The curvedness mapped between -3.80 and 0.28 A is the
measure of the overall curvature in the Hirshfeld maps. Thus,
large flat green areas indicating low curvedness values
represent noninteracting sites, while sharp blue edges
represent areas of close molecular interactions [35,36].
Another very important aspect of the Hirshfeld surface is the

fragment patch, which aids in the understanding of crystal
packing. It corresponds to regions of the Hirshfeld surface
associated with a specific atom or group within the molecule.
The range of the present fragment patch lies between 0.0 and
25.0 A, indicating long range interactions. As shown in Figure 4
(Fragment patch), the different colored patches represent
different molecular fragments that participate in molecular
interactions with the crystal [37].

Fingerprint plots are 2D visualizations that help to
understand intermolecular interactions in a crystal structure.
They show how atoms or molecules in a crystal interact with
their neighbors by analyzing the contact distances between
them. Fingerprint plots are drawn as a function of di vs. de,
where di is the distance of a point on the surface to the nearest
atoms inside the surface, while de is the distance of a point on
the surface to the nearest point outside the surface. It also gives
what percentage of the surface is involved in hydrogen bonding,
m-1 stacking, etc. In Figure 5, only the dominant intermolecular
interactions have been shown for the present crystal structure.
Interactions that have contributions less than 5% are not
shown. From Figure 5, it can be concluded that the most
dominant of all interactions is the one involving H-H contacts
(percentage contribution = 31.0%). The second most dominant
interactions are H-Cl and H-C, which have percentage
contributions of 26% and 18%, respectively. The other
interactions shown in the figure are relatively smaller.

3.4. Molecular docking

Figure 6 illustrates the molecular docking interaction
between the ligand 10-(4-chlorophenyldiazenyl)-3-(3-chloro
phenyl)-1-methyl-3, 5a, 6, 11b-tetrahydro-5H-benzopyrano
[4',3'-4,5]pyrano[2,3-c]pyrazole and the biologically significant
enzyme target 3HFL, which corresponds to the heme oxygenase
of Neisseria meningitidis. Heme oxygenase enzymes catalyze the
oxidative cleavage of heme to biliverdin, releasing free iron and
carbon monoxide-a critical step in bacterial iron acquisition
and survival under host-induced oxidative stress [38,39].
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Figure 5. 2D fingerprint plots along with the percentage of surface area included, in different interactions within the given crystal structure 10-(4-
chlorophenyldiazenyl)-3-(3-chlorophenyl)-1-methyl-3,5a,6,11b-tetrahydro-5H-benzopyrano[4',3'-4,5]pyrano[2,3-c] pyrazole.
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Figure 6. 10-(4-Chlorophenyldiazenyl)-3-(3-chlorophenyl)-1-methyl-3,5a,6,11b-tetrahydro-5H-benzopyrano[4',3'-4,5]pyrano[2,3-c]pyrazole ligand docked
with 3HFL (a heme oxygenase enzyme from Neisseria meningitides), a target enzyme used in molecular docking studies.

Consequently, inhibition of bacterial heme oxygenases has
emerged as a novel therapeutic strategy, particularly to combat
antibiotic resistance in pathogenic strains such as N.
meningitidis [40,41]. The docking simulation, performed using
Hex 8.0 [42], revealed a total binding energy of -467.53 kJ/mol,
suggesting a strong and energetically favorable interaction
between the ligand and the enzyme. This highly negative
binding energy indicates high affinity binding, likely driven by
a combination of non-covalent interactions such as hydrogen
bonding, hydrophobic interactions, van der Waals forces, and
potential m-m stacking between the ligand’s aromatic rings and
the protein residues.

The structural features of the ligand-including its fused
heterocyclic system and diazenyl-linked chlorophenyl
moieties-contribute to its multivalent interaction profile.
Halogen atoms, such as chlorine, are known to participate in
halogen bonding and can improve the specificity and strength
of binding by interacting with electronegative residues within
the binding site [43]. Furthermore, the extended conjugated

system of the ligand can allow favorable m interactions with
aromatic amino acid side chains such as phenylalanine,
tyrosine, or tryptophan commonly found at the active site of
heme oxygenases [44].

Although the current docking study offers compelling
preliminary information on the potential of the ligand as a heme
oxygenase inhibitor, further analyses are required to confirm
the precise interaction mechanism. Structural visualization of
the binding pocket and identification of interacting residues-
along with molecular dynamics (MD) simulations-would
provide a more comprehensive picture of binding stability and
flexibility under near-physiological conditions [45,46].
However, the significantly negative binding energy reported
supports the promise of this compound as a leading scaffold for
further development in the context of antimicrobial drug design
targeting bacterial iron acquisition pathways.
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4. Conclusions

The compound, 10-(4-chlorophenyldiazenyl)-3-(3-chloro
phenyl)-1-methyl-3, 53, 6, 11b-tetrahydro-5H-benzopyrano [4',
3'-4, 5]pyrano[2, 3-c]pyrazole, crystallizes in the triclinic
crystal system having space group P-1. The pyrano[2,3-c]
pyrazole unit has gained great biological importance because it
is used for antimicrobial, insecticidal, anti-inflammatory and
molluscicidal activity. Structure characterization of the
compound was done by means of single X-ray crystallographic
studies to elucidate the crystal structure and to understand the
behavior of the title molecule in the presence of hydrogen
bonding interactions. Different types of intermolecular
interactions in the present crystal structure were studied using
Hirshfeld surface analysis. Key parameters analyzed include
dnorm (-0.27 to 1.42 A), which highlights attractive (red spots)
and repulsive interactions, shape index (-0.99 to +0.99 A),
which differentiates interaction regions, and curvedness (-3.80
to 0.28 &), where flat green areas indicate non-interacting sites
and sharp blue edges highlight close molecular interactions.
Fragment patch (0.0 to 25.0 A) maps crystal packing by
associating molecular fragments with their interaction sites.
These analyses provide insight into molecular stability, packing
efficiency, and interaction strength within the crystal
Fingerprint plots were used to show only dominant
interactions (contributions = 5%) in the present case. The most
significant interaction observed was H-H contacts (31.0%),
followed by H-Cl (26%) and H-C (18%) interactions. Other
interactions contribute relatively less to the crystal packing.
These findings highlight the key forces that stabilize the crystal
structure. The docking analysis indicates a strong and stable
interaction between the ligand and the target enzyme,
highlighting its potential as a candidate for further investigation
in small-molecule inhibitor studies. The geometric parameters
of the crystal structure studied fall within the expected ranges,
confirming the hybridization of atom N3 with sp? and the
influence of conjugation on the length of the bonds in the
pyrazole ring. Planarity is observed in the phenyl rings (A, B, F)
and the pyrazole ring (E), while rings C and D adopt a half-chair
conformation. Crystal packing analysis reveals C-H--:N, C-H-+-0,
and C-H--m hydrogen bonds, along with m-m stacking
interactions between the pyrazole and phenyl rings, which
contribute to structural stability. The packing arrangement
follows a zigzag pattern in the crystal lattice.
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