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a b s t r a c t 

In medicinal chemistry, heterocyclic compounds like pyridazine analogs has shown significant 

pharmaceutical importance. In this view, the compound 6-chloro-3-[(4-chloro-3-methylphenoxy) 

methyl][1,2,4]triazolo[4,3-b]pyridazine ( 4 ) was synthesized treating 2-(4-chloro-3 methylphenoxy) acetic 

acid ( 1 ) with 3-chloro-6-hydrazinylpyridazine ( 2 ) in dry dichloromethane (DCM) followed by the addition 

of lutidine, and O -(benzotriazole-1-yl)- N,N,N’,N’ -tetramethyluronium tetrafluoroborate (TBTU) in cold con- 

dition to achieve 2-(4 - chloro-3-methylphenoxy)- N’ -(4-chloropyridazin-3-yl)acetohydrazide ( 3 ). Then the 

compound ( 3 ) was heated with chloroamine T in the presence of ethanol to furnish the desired com- 

pound ( 4 ). The synthesized compound was elucidated by spectroscopic techniques (IR, NMR and LC-MS), 

and finally the structure was confirmed by XRD technique. The compound ( 4 ) has crystallized in the mon- 

oclinic crystal system with the space group P2 1 / c . Density functional theory calculations were carried out 

to find the extent of harmony between the theoretical and experimental values. HOMO-LUMO energy gap 

and the global reactivity descriptor values of the compound ( 4 ) have been determined. In the structure 

C-H...N intermolecular hydrogen bond and the scarce C-Cl...cg interaction are observed. Hirshfeld surface 

analysis is also performed. Energy frameworks were constructed to understand the packing of molecules 

by studying the different intermolecular interaction energies. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Triazole, also known as pyrrodiazole is one of the essential 

zoheterocycles containing a five-membered ring and its deriva- 

ives are important structural moieties of several potential ap- 

lications [ 1 , 2 ]. Due to its medicinally favored, triazole is com-

only integrated into synthetic therapeutic agents and bioactive 

atural items [3] . Triazoles exhibit excellent electron-transport and 

ole-blocking properties because of their electron-deficient nature, 

ausing them interesting organic materials in material science ap- 

lications [4] . Pyridazines also known as (oizine or 1,2-diazine) are 

ix-membered azoheterocylic compounds. In the field of medici- 

al and drug design, heterocyclic compounds based on the pyri- 
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azine skeleton have been reported as important biologically ac- 

ive pharmacophores, offering a wide variety of safe and potent 

rugs [ 5 , 6 ]. Therefore, the pyridazine ring is part of the structure of

everal marketable therapeutic agents, such as cadralazine and hy- 

ralazine, minaprine, pipofezine, etc [ 7 , 8 ]. Interestingly many phar- 

acological properties are endowed with triazole and pyridazine 

erivatives, in this connection researchers has integrated these two 

ings and identified them as antitubulin [9] , anti-inflammatory, an- 

ibacterial [10] , and anticonvulsant [11] agents and also as tyrosine 

inase inhibitor [12] . In view of this, a number of synthetic proce- 

ures have been developed for the synthesis of 1,2,4-triazolo[4,3- 

]pyridazine derivatives. Regrettably, most of these methods suffer 

rom various disadvantages such as hazardous materials, longer re- 

ction times at higher reaction temperatures and poor yield. Use- 

ulness of chloramine T in oxidative transformation is a valuable 

pproach for greener synthesis because of its easy availability, mild 

https://doi.org/10.1016/j.molstruc.2021.130282
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130282&domain=pdf
mailto:mas@physics.uni-mysore.ac.in
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Table 1 

The crystal data and structure refinement details. 

Parameter Value 

Empirical formula C 13 H 10 Cl 2 N 4 O 1 

Formula weight 309.15 

Temperature 293 K 

Wavelength 0.71073 Å 

θ range 3.33 o to 33.29 o 

Crystal system, Space group Monoclinic, P2 1 / c 

Cell parameters a = 6.1277(2) Å 

b = 20.7092(7) Å 

c = 10.4574(4) Å 

β = 90.414(2) o 

Volume 1327.01(8) Å 3 

Z 4 

Density(calculated) 1.547 Mg m 

−3 

Absorption coefficient 0.489 mm 

−1 

F 000 632 

Crystal size 0.12 mm × 0.15 mm × 0.10 mm 

Index ranges −9 ≤ h ≤ 9 

−31 ≤ k ≤ 31 

−15 ≤ l ≤ 16 

Reflections collected 51919 

Independent reflections 5080 [R int = 0.0458] 

Absorption correction Multi-scan 

Refinement method Full matrix least-squares on F 2 

Data / restraints / parameters 5080 / 0 / 182 

Goodness-of-fit on F 2 1.039 

Final [ I > 2 σ ( I )] R1 = 0.0575, wR 2 = 0.1168 

R indices (all data) R1 = 0.1056, wR 2 = 0.1366 

Largest diff. peak and hole 0.370 and −0.432 e Å −3 
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eaction condition and ease of handling. With this background, 

 simple technique was developed in the present study for the 

ynthesis of 6-chloro-3-[(4-chloro-3-methylphenoxy) methyl][1,2,4] 

riazolo[4,3-b] pyridazine (4) using chloramine T as an eco-friendly 

gent [13] . In view of their broad spectrum of biological properties 

nd as a part of our ongoing work on synthesis and characteriza- 

ion of heterocyclic derivatives [14-16] . The compound was synthe- 

ized and characterized spectroscopically and the molecular struc- 

ure was confirmed by single crystal X-ray diffraction studies. The 

ensity functional theory calculations for the title compound were 

arried out to compare the theoretical and experimental results. 

. Experimental details 

.1. Materials and methods 

The chemicals required for the synthesis of title compound (4- 

hlorophenol, Ethyl chloroacetate, 3-chloro-6-hydrazinylpyridazine, 

BTU) were procured from Sigma Aldrich Chemical Co. The 

rogress of the reaction was monitored by Thin Layer Chromatog- 

aphy (TLC) performed on aluminium-backed silica plates, and the 

pots were detected by exposure to UV-lamp at λ= 254 nm. Melt- 

ng point and boiling point were measured on a Chemiline, micro- 

ontroller based melting point/boiling point-Cl725 apparatus with 

 digital thermometer. IR spectra were recorded on the Agilent 

echnologies Cary 630 FT-IR spectrometer. 1 H and 

13 C NMR spec- 

ra were recorded on VNMRS-400 Agilent-NMR spectrophotometer. 

he mass spectra were obtained with a VG70-70H spectrometer. 

he elemental analysis (C, H, and N) was performed on Elementar 

ario EL III elemental analyzer. The result of elemental analysis is 

ithin ±0.4% of the theoretical value. 

.2. 2-(4-chloro-3-methylphenoxy)-N’-(4-chloropyridazin-3-yl) 

cetohydrazide (3) 

To a solution of 2-(4-chloro-3-methylphenoxy)acetic acid ( 1 , 2 

mol) in dry DCM (20 ml), lutidine (3 mmol) was added at 25- 

7 °C, followed by the addition of 3-chloro-6-hydrazinylpyridazine 

 2 , 2 mmol). The reaction mixture was stirred at the same tem- 

erature for 35 minutes. After reducing the temperature to 0-5 °C, 

BTU (2 mmol) was added to the mixture. The temperature was 

aintained below 5 °C for a period of 30 minutes and the reaction 

ass was stirred overnight. The solvent was evaporated under re- 

uced pressure, quenched by the addition of crushed ice, and the 

olid obtained was filtered and dried. This crude product was sub- 

ected to column chromatography, and eluted with a solvent mix- 

ure of ethyl acetate: hexane (4:1) to get the pure product which 

as recrystallized to afford compound ( 3 ). 

.3. Synthetic procedure for 6-chloro-3-((4-chloro-3- 

ethylphenoxy)methyl)-[1,2,4]triazolo [4,3-b]pyridazine (4) 

The compound ( 3 , 0.02 mol) and chloroamine T (2 mmol) 

n ethanol was heated and refluxed with stirring for 5 h. The 

odium chloride formed in the reaction was filtered off, washed, 

nd then evaporated in vacuum; the residue was extracted with 5% 

ydrochloric acid, and washed thoroughly with dichloromethane. 

he aqueous layer was neutralized with 10% sodium hydroxide to 

chieve compound ( 4 ). 

.4. Spectral data 

.4.1. 2-(4-chloro-3-methylphenoxy)-N’-(6-chloropyridazin-3-yl) 

cetohydrazide (3) 

Yield 70%; M.P 133-135 °C; FT-IR (KBr, νmax cm 

−1 ): 1660 (C = O), 

130-3240 (NH-NH); 1 H NMR (400 MHz, DMSO) δ (ppm): 2.35 
2 
s, 3H, CH 3 ), 4.60 (s, 2H, OCH 2 ), 6.81-8.11 (m, 3H, Ar-H), 6.92-

.18 (m, 2H, pyridazin-H), 8.95 (s, 1H, NH), 10.94 (s, 1H, NH); 13 

 NMR (100 MHz, DMSO) δ (ppm): 20.90, 68.25, 118.30, 120.85, 

30.35, 131.05, 133.14, 152.40, 158.52, 165.04, 168.75; LC-MS m/z 

28 [M + 2] 330 [M + 4]. Anal. Calcd. For C 13 H 12 Cl 2 N 4 O 2 (326): C,

7.73; H, 3.70; N, 17.13. Found: C, 47.70; H, 3.68; N, 17.10%. 

.4.2. 6-chloro-3-((4-chloro-3-methylphenoxy)methyl)- 

1,2,4]triazolo[4,3-b]pyridazine (4) 

Yield: 75%.M.P 125-127 °C; IR (KBr, νmax cm 

−1 ): 1345 (C = N), 
 H NMR (400 MHz, DMSO) δ (ppm): 2.33 (s, 3H, CH 3 ), 5.56 (s, 

H, OCH 2 ), 6.87-7.24 (m, 3H, Ar-H), 6.16-8.12 (m, 2H, pyridazin-H). 
3 C NMR (100 MHz, DMSO) δ (ppm): 20.85, 67.72, 118.05, 126.40, 

28.20, 130.30, 133.98, 143.75, 154.50, 157.80, 165.20; LC-MS m/z 

10 (M + 2), 312 (M + 4). Anal. Cal. For C 13 H 10 Cl 2 N 4 O (308): C, 50.51;

, 3.26; N, 18.12. Found C, 50.50; H, 3.25; N, 18.10%. 

.5. X-ray crystallography 

A block of brown coloured single crystal with approximate di- 

ensions 0.12 × 0.15 × 0.10 mm 

3 was selected for X-ray data col- 

ection. The X-ray intensity data were collected on a Bruker CMOS 

iffractometer equipped with Mo K α radiation with a wavelength 

.71073 Å [17] . The data reduction of all the measured reflections 

as done using Bruker SAINT [18] software package. Data were 

orrected for absorption effects using the multi-scan method. The 

rystal structure was solved using direct methods by employing 

HELXS -97 and the refinement against F 2 was carried out using 

HELXL-18 [19] . Using PLATON [20] , the geometrical calculations 

ere carried out and the crystal graphics were generated by MER- 

URY [21] softwere. A total of 182 parameters were refined with 

080 unique reflections. The residual factor and the goodness of 

t are 0.0575 and 1.035 respectively. The compound has CCDC No. 

881936 at the Cambridge Crystallographic Data Centre where full 

rystallographic data (CIF) has been deposited. Table 1 lists the 

rystal data collection and refinement details. 
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Fig. 1. Reaction pathway for the synthesis of the title compound ( 4 ). 

Fig. 2. a) ORTEP of the compound with thermal ellipsoids drawn at 50% probability. b) The optimized structure of the compound. 
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. Results and discussions 

.1. Synthesis 

Initially 2-(4-chloro-3-methylphenoxy)acetic acid ( 1 ), was 

reated with 3-chloro-6 hydrazinylpyridazine ( 2 ), in dry DCM 

ollowed by the addition of lutidine, and TBTU in cold condition 

o achieve 2-(4-chloro-3-methylphenoxy)- N’ -(4-chloropyridazin-3- 

l)acetohydrazide ( 3 ). Finally compound ( 3 ) and chloroamine T in 

thanol were heated to obtain the title compound ( 4 ) as shown 

n Figure 1 . The structure of the newly synthesized compound 

as assigned on the basis of FT-IR, NMR and LC-MS spectroscopic 

ata and also by C, H, and N analysis. The FT-IR spectrum of 

ompound ( 3 ) had shown the disappearance of OH stretching 

and of compound ( 1 ) and NH 2 stretching band of compound 

 2 ). At the same time compound ( 3 ) shown the appearance of

eto and (NH-NH) stretching bands at 1660 and 3130-3240 cm 

−1 

espectively. Similarly the compound ( 4 ) was confirmed by the 

isappearance of keto and (NH-NH) stretching bands of compound 

 2 ) and appearance of (C = N) band at 1345 cm 

−1 . The 1 H NMR

pectrum of compound ( 3 ) has shown the disappearance of OH 

nd NH 2 protons of compounds ( 1 ) and ( 2 ) respectively, and

ppearance of two NH groups’ protons at δ 8.95 and 10.94. Finally, 

he compound ( 4 ) was confirmed by disappearance of two NH 

roups’ protons of compound (3) (see Figure 1 in the supplemen- 

ary file). Besides, the mass spectrum gave significant stable M + 2 

nd M + 4 peaks at m/z 310 and 312 respectively, which clearly 

ffirmed the formation of compound ( 4 ). 

p

3 
.2. XRD and DFT calculations 

From the single crystal X-ray diffraction the 3D structure of the 

ompond ( 4 ) has been confirmed. The compound crystallizes in the 

onoclinic crystal system with the space group P2 1 /c. The unit cell 

onstants are: a = 6.1277(2) Å, b = 20.7092(7) Å, c = 10.4574(4) 
˚
 and β = 90.414(2) о . The ORTEP of the compound is shown 

n Figure 2 (a). Using Gaussian 09 package [22] with B3LYP func- 

ion and 6-31G(d,p) basis set with the DMSO solvent, the density 

unctional theory calculations were performed [23] . The optimized 

tructure of the compound is shown in the Figure 2 (b). The cal- 

ulated bond lengths, bond angles and torsion angles of the com- 

ound are compared with the values obtained from single crystal 

-ray diffraction. The calculated and experimental values are al- 

ost identical. Selected bond lengths, bond angles and torsion an- 

les are listed in Table 2 (the full lists are given in Tables 1–3 of

upplementary file). 

.3. HOMO and LUMO analyses 

The frontier molecular orbitals (HOMO-LUMO) were investi- 

ated for the geometrically optimized structure. The molecular or- 

itals HOMO and LUMO of the compound are shown in Figure 3 . 

he energy gap between HOMO (highest occupied molecular or- 

ital) and LUMO (lowest unoccupied molecular orbital) describes 

he kinetic energy and chemical reactivity of the molecule. The 

mall energy gap of the molecule implies a soft molecule with 

igh chemical reactivity while, a large value of energy gap im- 

lies a hard molecule and low chemical reactivity [24] . For this 
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Table 2 

Selected bond lengths, bond angles and torsion angles for the compound. 

Atoms Bond lengths ( ̊A) 

Atoms 

Bond lengths ( ̊A) 

XRD DFT XRD DFT 

Cl1-C2 1.746(2) 1.7271 O9-C10 1.423(2) 1.4272 

C2-C7 1.390(3) 1.3997 N15-C11 1.367(2) 1.3732 

C7-C8 1.507(3) 1.5021 Cl20-C17 1.724(2) Cl20-C17 

Atoms Bond angles ( °) Atoms Bond angles ( °) 
XRD DFT XRD DFT 

C2-C7-C8 122.7(2) 122.08 N13-N12-C11 108.6(2) 108.14 

C5-O9-C10 118.0(1) 117.14 N13-C14-C19 133.6(2) 132.58 

C6-C7-C8 120.6(2) 120.49 Cl20-C17-C18 118.8(2) 118.78 

Atoms Torsion angles ( °) Atoms Torsion angles ( °) 
XRD DFT XRD DFT 

Cl1-C2-C7-C6 179.2(1) 179.98 N15-N16-C17-C18 0.2(3) 0.39 

C3-C4-C5-C6 0.1(3) 0.05 N15-C14-C19-C18 −0.7(3) -0.64 

O9-C10-C11-N15 −81.8(2) -77.24 Cl20-C17-C18-C19 −178.9(2) -179.3 

Table 3 

HOMO-LUMO and global reactivity descrip- 

tor values of the compound. 

Parameter Value 

E HOMO -6.238 (eV) 

E LUMO -2.768 (eV) 

Energy gap ( 	E) 3.469 (eV) 

Ionization potential (I) 6.238 (eV) 

Electron affinity (A) 2.768 (eV) 

Chemical hardness ( η) 1.734 (eV) 

Global softness ( σ ) 0.288 (eV −1 ) 

Eletronegativity (X) 4.503 (eV) 

Chemical potential ( μ) -4.503 (eV) 

Eletrophilicity ( ω) 5.845 (eV) 

Fig. 3. HOMO-LUMO and energy gap of the title compound. 
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Fig. 4. The packing of the molecules viewed along b axis. 

(

(

r

r

T

s

O

n

a

t

a

i

l

i

s

3

(

ompound the HOMO and LUMO energies are -6.238 eV and - 

.768 eV respectively. The energy gap between them is 3.469 eV, 

hich referes to a soft molecule and easy transfer of electrons 

rom HOMO to LUMO. The HOMO is localized in the phenoxy ring, 

xygen atom and methylene, whereas the LUMO is localized in the 

riazole-pyridazine rings and chlorine atom. The energy gap and 

he other global reactivity descriptors for the compound were cal- 

ulated ( Table 3 ). 

.4. Description of structure 

All the rings in the structure are sp 

2 hybridized and are nearly 

lanar. The maximum deviation from the plane for the triazole ring 
4 
C11-N12-N13-C14-N15) is 0.002 Å for C14; for the pyridazine ring 

C14-N15-N16-C17-C18-C19) is 0.009 Å for N15; for the phenoxy 

ing (C2-C3-C4-C5-C6-C7) is 0.004 Å for C2; for the 9 membered 

ing (C11-N12-N13-C14-C19-C18-C17-N16-N15) is 0.013 Å for N13. 

he phenoxy ring deviates from the fused triazole-pyridazine ring 

ystem by a torsion angle value of 175.1(2) ° for bridge atoms C5- 

9-C10-C11. The chloro-methyl-phenoxy ring is not typical hexago- 

al. This distortion in the benzene ring is due to the chlorine atom 

nd methyl group connected with it where the angles are greater 

han 120 ° at the points of substitution i.e., C3-C2-C7 = 122.5(2) °
nd C2-C7-C8 = 122.8(2) o respectively. 

In the structure C10–H10A...N13 intermolecular hydrogen bond 

nteractions ( Table 4 ), that link the molecules into helical chains 

ying along b axis are presented in Figure 4 . Additionally, as listed 

n Table 5 there are two C–Cl �Cg interactions, which is scarcely 

een in the structure of organic molecules [25] . 

.5. Hirshfeld surface analysis and fingerprint plots 

CrystalExplorer-17 software [26] with B3LYP function and 6-31G 

d, p) basis set was employed to generate the Hirshfeld surface and 
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Table 4 

Hydrogen bonds geometry. 

D-H ... A D-H ( ̊A) H ... A ( ̊A) D ... A ( ̊A) D-H ... A ( o ) Symmetry code 

C10–H10A...N13 0.97 2.61 3.5247 157 1 + x,y,z 

Table 5 

C–Cl �Cg interactions. 

C-Cl...Cg Cl -Cg ( ̊A) C..Cg ( ̊A) Gamma ( o ) C-Cl ..Cg ( o ) Symmetry codes 

C17-Cl20... Cg(1) 3.5359(10) 4.157(2) 17.07 98.52(7) X,3/2-Y,-1/2 + Z 

C2-Cl1...Cg (2) 3.8274(10) 5.1326(19) 27.22 130.33(7) -X,1/2 + Y,3/2-Z 

Cg(1) is the centroid of the triazole ring and Cg(2) is the centroid of the pyridazine ring. 

Fig. 5. Hirshfeld surface mapped over d norm . 
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D fingerprint plots of each type of contact in Hirshfeld surface 

rea for the compound. The Hirshfeld surface volume and surface 

rea are 324.88 Å 

3 and 313.61 Å 

2 respectively. The mapping of Hir- 

hfeld surface over normalized contact distance d norm 

is shown in 

igure 5 . This mapping shows blue, red, and white color schemes. 

he bright red region on it is due to C10–H10A...N13 intermolec- 

lar hydrogen bonds. The blue ( d norm 

is positive) and red ( d norm 

s negative) colored regions on the surface are from longer and 

horter contacts than van der Waals radii respectively; the white 

olored regions represent the contacts which are equal to the van 

er Waals radii i.e, d norm 

= zero [27] . 

The two-dimensional fingerprint plots enable us to know the 

ercentage contribution of each type of contact to the total Hirsh- 

eld surface area. Figure 6 shows the fingerprint plots of d i (dis- 

ance from the nearest atom internal to the surface), and d e (dis- 

ance from the nearest atom external to the surface). The strong 

ntermolecular interactions appear as distinct spikes in the finger- 

rint plots. The decomposed fingerprint plot highlights the close 

ontacts of a particular atom pair. Among all the contacts, N-H 

ontacts contribute the most (22.0%) to the total Hirshfeld sur- 

ace area. The two sharp peaks observed at the top left and bot- 

om right of the plot are from the close intermolecular N-H con- 

acts ( Figure 6 b). H-H contacts ( Figure 6 d) showed as a character-

stic spike in the middle by contributing 18.4% to the total Hir- 

hfeld surfaces. H-H and N-H interactions have significant contri- 

ution to the crystal packing where the distance d i + d e ≈ 2.2 Å 

nd 2.5 Å respectively (i.e., the distance is shorter than van der 

aals radii). The wings in Figure 6 e are due to Cl-H contacts with

 i + d e ≈ 2.8 Å. C-H, Cl-H, and O-H contacts contribute about 

8.9%, 18.2%, and 5.7% respectively to the total Hirshfeld surface 

rea. 
5 
.6. Shape index, curvedness, and electrostatic potential map 

In order to get more details about Hirshfeld surface and the 

olecular packing in the crystal other properties like shape index, 

urvedness and electrostatic potential map were studied. 

The molecular Hirshfeld surface mapping over the shape index 

f the compound is presented in Figure 7 (a). This map is used to 

dentify the complementary bumps (blue) and hollows (red) where 

wo molecular Hirshfeld surfaces touch each other [28] . The red 

nd blue color regions on the shape index map represent the clus- 

er of the surface about the acceptor and the donor atoms respec- 

ively. 

Figure 7 (b) shows curvedness map. It is the large green region 

eparated by dark blue curves. The sharp curvature areas corre- 

pond to high values of curvedness, while the flat areas of the sur- 

ace correspond to low values of curvedness. From this map, it is 

lear that there is no planar stacking between the molecules. 

The electrostatic potential mapping in Hirshfeld surface of the 

olecule shown in Figure 7 (c). 

On this map, the red color regions are around hydrogen 

ond acceptor (electronegative regions); the blue color regions are 

round hydrogen bond donor (electropositive regions) [29] . For the 

ompound ( 4 ) electronegative regions around N13 atom and elec- 

ropositive regions around C10-H10A atoms. 

.7. Energy frameworks 

Energy frameworks is a powerful method to understand the 

rystal packing of molecules by studying the different interaction 

nergies, and to know the dominant among them. Energy frame- 

orks calculations were performed by employing CrystalExplorer- 

7 software [26] with B3LYP function and 6-31G (d, p) basis set 

ithin a radius of 3.8 Å around a single molecule. 

Table 6 lists the diffrent interaction energies such as electro- 

tatic, polarization, dispersion, and repulsion between the molec- 

lar pairs. R is the mean atomic distance between molecular 

entroids in Å. The scale factors used for the construction of 

nergy framework for B3LYP/6-31G (d,p) electron densities are 

_ele = 1.057, k_pol = 0.740, k_disp = 0.871, k_rep = 0.618 [30] .

he calculated interaction energies for electrostatic, polarization, 

ispersion, repulsion and total energy are -66.0 kJ/mol, -21.1 kJ/ 

ol, -224.3 kJ/mol, 144.5 kJ/mol and -191.6 kJ/mol respectively. 

he dispersion energy is the dominant of all the interaction en- 

rgies. Figure 8 represents the visualization of different interaction 

nergies like Coulomb interaction energy (red), dispersion energy 

green), total interaction energy (blue) of the compound along sev- 

ral axes. The cylinders in the energy framework represent the rel- 
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Fig. 6. Fingerprint plots of the compound a) From all the contacts b) Decomposed fingerprint plot showing N-H (22.0%) contacts c) C-H (18.9%) contacts d) H-H (18.4%) 

contacts e) Cl-H (18.2%) contacts f) O-H (5.7%) contacts. 

Fig. 7. Hirshfeld surface with (a) shape index, (b) curvedness and (c) electrostatic potential map. 

Table 6 

Different interaction energies of the molecular pairs in kJ/mol. 

6 
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Fig. 8. The graphical representation of electrostatic interactions (Coulomb interaction energy (red), dispersion energy (green), total interaction energy (blue) of the compound 

along different axes. 
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tive strengths of molecular packing in a, b , and c directions. An 

verall scale factor is applied in order to contract or expand the 

ize of the cylinders in the framework [31] . 

. Conclusions 

The Triazolo pyridine derivative was synthesized and charac- 

erized using different methods to identify the final structure. 

FT calculations for the title compound show very good agree- 

ents between the predicted and the experimental values. The 

mall energy gap (3.469 eV) between (HOMO-LUMO) indicates a 

oft molecule and higher chemical reactivity. The structure is rein- 

orced by C-H...N intermolecular interactions and C-Cl...cg interac- 

ions. Hirshfeld surface studies show that the major contribution is 

rom N-H contacts with 22%. Energy frameworks calculations show 
7 
hat the dispersion energy is the dominant factor among all inter- 

ction energies. 
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