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Abstract

Pyridine derivatives with different “heterocyclic nucleus have shown potent
pharmacological properties as a part-from the previously marketed drugs. The title compound,
ethyl 2-[5-nitro-2-oxopyridine-1(2H)-yl] acetate has been synthesized, characterized by NMR,
mass spectroscopy and the‘molecular structure was confirmed by single crystal X-ray diffraction
studies. The crystal structure is stabilized by C—H---O inter and intramolecular hydrogen bond
interactions apart from the cycle stacking and N-O---x interactions. The structure exhibits R,*(8)
and R,%(10). 'supramolecular architecture. Hirshfeld surface analysis revealed that the O..H
(45.0%) interactions has the major contribution to the molecular surface. From the 3D molecular
energy frameworks the lattice energy of the compound is found to be -266.2 kJ mol™. The
electronic properties of the compound were quantified using quantum chemical computations by
density functional theory calculations. Further, the Mulliken atomic charges were estimated,

molecular electrostatic potential map was plotted to identify the chemical reactive sites.



Keywords: Pyridine, X-ray diffraction, N-O--z interactions, energy frameworks, DFT

calculations.

Specifications Table

Subject area

Medicinal Chemistry, Spectroscopy, Computational Chemistry, Physical
Chemistry, Chemical Crystallography.

Compound

Ethyl 2-[5-nitro-2-oxopyridine-1(2H)-yl] acetate

Data category

Crystallographic data

Data acquisition CIF
Format
Data type Analyzed




Procedure

To a solution of 4-hydroxypyridine (0.03 mol) in dry acetone (35 ml),
anhydrous potassium carbonate (0.044 mol) and ethyl chloroacetate (0.044
mol) were added, then the reaction mixture was refluxed at 70° C for 10
hours to afford phenoxyacetic ethyl ester. The progress of the reaction was
monitored by TLC [mobile phase: ethyl acetate/hexane (1:3)]. Finally, the
crude product on recrystallization with ethanol afforded the title compound
as colorless crystal. Yield (85%).

A single crystal of dimension 0.37x0.28x0.24 mm?® of the title compound
was selected and X-ray intensity data were collected at a temperature of
293 K on Rigaku XtaLAB mini diffractometer equipped with an X-ray
generator operating at 50 kV and 12 mA, using MoKa radiation of
wavelength 0.71073 A. Data was collected with different settings of @ (0°
and 360°), keeping the scan width of 0.5° and exposure time of 4 s.

Data accessibility

CCDC 1585442:
URL:https://www.ccdc.cam.ac.uk/conts/retrieving.html

1. Rationale

The literature survey revealed that aza-heterocycles are more interesting, as they modify

the electron distribution inside the scaffold which leads to alter the physical and chemical

properties of the compounds [1]. In addition to modification of the scaffold reactivity towards

metabolic pathways, they also increases its capacity to cross biological barriers. Among the

nitrogen containing six-member heterocyclic compounds, the pyridine structure is often found in

naturally occurring bio-active compounds such as alkaloids [2]. Pyridine is one of the most

prevalent heterocyclic compound in nature. Pyridine substitutes are most utilized as a part of




pharmaceutics as nicotinamides and nicotinic acid derivatives. The different therapeutic
capability of pyridine derivatives has been accounted for the treatment of assorted cancers of
diverse cells, by focusing on angiogenesis [3], apoptosis and by restricting a most of the tumor
promoting factors like focal adhesion kinase (FAK), cyclin-dependent kinase (CDK) and
topoisomerase 1l [4, 5]. Also antiproliferative and apoptogenic properties against Dalton’s
lymphoma was reported [6]. Pyridine derivatives exhibited various types of biological activities
such as antimicrobial [7, 8] antimycobacterial, analgesic antiparkinsonian, anticonvulsant [9],
antitumoral [10], cytotoxic [11], antimalarial [12], antidiabetic [13], pesticidal [14], inhibitory
and receptor antagonists [15]. Pyridine derivatives also have shown anti-HIV, anticancer and
anti-inflammatory activities [16]. In view of their broad spectrum of biological properties, and as
a part of our ongoing work on synthesis and characterization of pyridine derivatives [17, 18] the
title compound was synthesized. And the compound was spectroscopically characterized, finally
the three dimensional structure was affirmed by single crystal X-ray diffraction studies. An
investigation of close intermolecular contacts between the molecules via Hirshfeld surface
analysis is also performed in order to quantify the interactions within the crystal structure.
Further, the 3D energy frameworks calculations have been carried out to compute different
interaction energies. Density functional theory calculations were also performed to shed light on
electronic and chemical properties of the compound.

2. Experimentalprocedure
2.1 Materials'and methods

All the chemicals were purchased from Sigma Aldrich chemical company and used without
further purification. Melting point was determined using the Chemi Line CL725 Micro
Controller based melting point apparatus with a digital thermometer. Compound purity was

confirmed by TLC on 0.25 mm silica gel plates (Merck 60 F,s4) using solvent system hexane:



ethyl acetate (3:1). The NMR spectrum (*H and **C) was recorded on a VNMRS-400 MHz
Agilent-NMR spectrophotometer using DMSO solvent, mass spectrum was obtained with a
VG70-70H spectrophotometer. Elemental analysis results are within £0.5% of the calculated
value.

2.2 Synthesis of ethyl 2-(5-nitro-pyridine-2-yloxy) acetate (3):

To a solution of 4-hydroxypyridine (1, 0.03 mol) in dry acetone (35 ml), anhydrous potassium
carbonate (6.4 g, 0.044 mol) and ethyl chloroacetate (2, 0.044 mol) were added, then the reaction
mixture was refluxed at 70 ° C for 10 hours to afford phenoxyacetic ethyl ester (3). The progress
of the reaction was monitored by TLC [mobile phase: ethyl acetate/hexane (1:3)]. After
completion of the reaction, the mixture was cooled and the solvent was removed by distillation.
The residual mass was triturated with cold water to remove potassium carbonate and extracted
with ether (3 x 30 ml). The ether layer was washed with 10% sodium hydroxide solution (3 x 30
ml) followed by water (3 x 30 ml) and then dried over anhydrous sodium sulfate and evaporated
to afford compound (3) as yellow liquid which slowly solidify [18].

Synthesis of ethyl 2-[5-nitro-2-oxopyridine-1(2H)-yl] acetate (4):

The compound (3) dissolved in ethanol (10 ml) was kept three days for crystallization and was
left undisturbed at room temperature to obtain colorless single crystals of ethyl 2-[5-nitro-2-
oxopyridine-1(2H)-yl] acetate (4). A schematic diagram for the synthesis of the title compound is
shown in Fig. 1. The structure of newly synthesized compound was assigned on the basis of
NMR, LC-MS spectroscopic data and also by C, H and N elemental analysis. The *H NMR
spectrum (Fig. 2) showed disappearance of -OH proton of compound (1) and appearance of CHy,
CHjs protons of the title compound (3). In addition, the mass spectrum (Fig. 3) gave significant

stable [M+1] peak at 227.51( m/z) which clearly affirmed the formation of the compound (4).



Yield 85%. M.P. 67-69 ° C. 'H NMR (400 MHz, DMSO) &: 1.18 (t, 3H, CHj3 of ester), 4.13 (q,
2H, CH; of ester), 4.82 (s, 2H, CH,), 6.52 (d, 1H, Ar-H), 8.16 (d, 1H, Ar-H), 9.21 (s, 1H, Ar-H);
B3C NMR (100 MHz, DMSO) &: 13.6 (1C, CHs) , 59.5 (1C, -CH,), 75.6 (1C, -CH,), 117 (1C, Ar-
C), 130 (1C, Ar-C) 133 (1C, Ar-C), 143 (1C, Ar-C), 171 (1C, Ar-C), 172.3 (1C, C=0); LC-MS
(m/z): 227.50 [M+1]. Anal. Calcd. for CogH1oN,Os (226.50): C, 47.79; H, 4.46; N, 12.39 Found:
C, 46.60; H, 4.40; N, 12.30%.
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Fig.1: Schematic representation of the synthesis of the title compound.
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Fig. 2: *H NMR spectrum of the titlwound.
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Fig. 3: Mass spectrum of the title compound.



2.3 Crystallographic data collection

A block shaped colourless defect free single crystal of appropriate dimension was chosen for X-
ray diffraction studies. X-ray intensity data for the title compound were collected using Rigaku
XtaLAB Mini diffractometer with X-ray generator operating at 50 kV, 12 mA and MoK,
radiation. Data were collected with y fixed at 54° and for different settings of ¢ (0°.and 360°),
keeping the scan width of 0.5° with exposure time of 4 s and the sample to detector distance was

fixed to 50 mm. The title compound (CgH1oN,Os) was crystallized in the triclinic'erystal system,

in P1 space group. The complete intensity data sets were processed usifigy CRYSTAL CLEAR
[19]. The crystal structure was solved by direct method and refined by full-matrix least squares
method on F? using SHELXS and SHELXL program [20]. All_the non-hydrogen atoms were
refined anisotropically and the hydrogen atoms were positioned geometrically, with C-H = 0.93-
0.97 A and the final refinement using a riding model with,Uiss(H) = 1.2 Ueq(C), Uiso(H) = 1.5
Ueq(Cmetnyr). After several cycles of refinement, the final difference Fourier map showed peaks of
no chemical significance and the residual is saturated to.0.0677. The geometrical calculations
were carried out using the program PLATON' [21]¢ The molecular and packing diagrams were
generated using the software MERCURY [22].

2.4 Density functional theory, Hirshfeld surface analysis and 3D energy frameworks

The theoretical quantum chemical computations were carried out using density functional theory
(DFT) performed with Gaussian16 package [23]. The structural coordinates of the compounds
were optimized with“B3LYP hybrid functional and 6-311G+(d,p) level basis set [24-28] in gas
phase. Further, the electronic properties, molecular orbital energies and Mulliken atomic charges
of the compound were computed. The molecular electrostatic potential (MEP) map was plotted
and molecular orbitals were visualized using Gaussview 6.0.8 [29] without any constraints on the
geometry., The Hirshfeld surface analysis was carried out using CrystalExplorer 17.5 [30]
program 10 quantify and visualize different molecular interactions. The interaction energies
between the molecules in the crystalline environment were calculated from the monomer wave

functions at B3LYP/6-31G(d,p) for the 3D energy framework analysis.



3. Results and discussion
3.1 Single crystal X-ray diffraction studies

Single crystal X-ray diffraction analysis revealed that the title compound (CgH1oN,Os)
crystallizes in the triclinic crystal system in P1space group. The crystallographic data is
deposited at Cambridge Crystallographic Data Center with data access number CCDC 1585442.
The ORTEP of the molecule with thermal displacement ellipsoids drawn at 50% probability
level is shown in Fig. 4. The complete details of the crystal data and strueture-refinement
statistics are given in Table 1.
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Fig. 4: ORTEP of the molecule with thermal ellipsoids drawn at 50% probability.



Table 1: Crystal data and structure refinement details.

Parameter value
CCDC deposit No. CCDC 1585442
Empirical formula CoH10N205
Formula weight 226.19
Temperature 293 K
Wavelength 0.71073 A
Crystal system, space group Triclinic, P1
Unit cell dimensions a =4.9970(5) A
b =10.4289(5) A
c=11.3781(5) A
o = 64.81(4)°
B =77.94(6)°
y = 80.05(6)°
Volume 522.4(2) A’
v4 2
Density(calculated) 1.438Mgm™>
Absorption coefficient 0.119 mm '
Fooo 236
Crystal size 0.37 x 0.28 x 0.24 mm®
0 range for data collection 3.50°t0 27.43°
Index ranges —6<h<6
—13<k<12
—14<1<9
Reflections collected 3053
Independent reflections 2329 [Rint = 0.0452]
/Absorption correction multi-scan

Refinement method

Full matrix least-squares on F*

Data / restraints / parameters

2329/0/ 146

Goodness-of-fit on F 2

1.048

Final [1 > 26(I)]

R;=0.0677, wR, = 0.1633

R indices (all data)

R; =0.1018, wR, = 0.1916

Largest diff. peak and hole

0.453 and -0.332e¢ A~




Single crystal X-ray diffraction studies confirms the molecular structure of the title
compound (CgH;1oN20s). The bond lengths and bond angles are in good agreement with the
standard values, and the list of selected bond lengths and bond angles are given in Table 2 and
Table 3.

The molecular structure consists of a single six membered nitro-pyridine ring.as main
core structure with a ethyl acetate chain connected at N1 position of the ring. The observed bond
distance of C2-07 is 1.231(4) A and C12-013 is 1.192(4) A which is evident for/'the carbonyl
form and consistent with the C=0 bond. Similarly, the bond distance of C12-0O14 is 1.334(4) A
and C15-014 is 1.466(5) A which is evident for the C-O bond and»arexcomparable with the
standard bond distances [31]. The bond C3-C4 has the bond distance of /1.350(4) A, which is
consistent with the C=C bond. Further, the torsion angle describes the conformation of the
molecule, and the list of torsion angles are given in Table4. The pyridine ring [N(1)-C(2)-C(3)-
C(4)-C(5)-C(6)] is planar with sigplan value of 0.009. The-dihedral angle between the ring plane
and the plane of the ethyl acetate chain is 77.89(14)° indicating the non-planarity of the molecule.
The torsion angle value of 76.4(3)° for C2-N1-C11-C12 confirms the +syn-clinal conformation.
The nitro substitution of the ring is in the same plane of the ring as indicated by the torsion angle
values of 3.2(5)° for 09-N8-C5-C4 and 3.8(4)° for O10-N8-C5-C6. The structure exhibits C—

H---O type inter and intramolecular hydrogen bond interactions (Table 5).

Table 2. Bond lengths (A).

Atoms Bond lengths
XRD DFT
07-C2 1.231(4) | 1.217
09-N8 1.230(3) | 1.226
010-N8 1.227(4) | 1.228
013-C12 1.192(4) | 1.202
014-C12 1.334(4) | 1.338
014-C15 1.466(5) | 1.458
N1-C2 1.411(4) | 1.439
N1-C6 1.356(4) | 1.349
N1-C11 1.461(3) | 1.457
N8-C5 1.449(4) | 1.455




C2-C3 1.438(4) | 1.449
C3-C4 1.350(4) | 1.357
C4-C5 1.412(4) | 1.420
C5-C6 1.357(4) | 1.366
Cl1-C12 1.506(4) | 1.508
C15-C16 1.420(7) | 1.433
Correlation 0.9955
Coefficient
(CC)
Table 3. Bond angles (°).

Atoms Bond angles

XRD DFT
C12-014-C15 [118.7(3) 117.1
C2-N1-C6 122.9(2) 123.0
C2-N1-C11 117.6(2) 116.7
C6-N1-C11 119.5(2) 120.1
09-N8-010 123.8(3) 124.8
09-N8-C5 117.2(3) 117.2
010-N8-C5 119.1(2) 118.0
07-C2-N1 119.0(3) 119.6
07-C2-C3 125.9(3) 126.3
N1-C2-C3 115.1(3) 114.1
C2-C3-C4 121.8(3) 122.5
C3-C4-C5 119.6(3) 119.4
N8-C5-C4 121.1(3) 120.9
N8-C5-C6 118.6(3) 118.9
C4-C5-C6 120.2(3) 120.2
N1-C6-C5 120.3(3) 120.8
N1-C11-C12 112.3(2) 111.6
013-C12-014  [125.3(3) 124.7
013-C12-C11  [126.0(3) 126.0
014-C12-C11  [108.7(2) 109.3
014-C15-C16  [108.1(4) 111.2
Correlation 0.9997
Coefficient (CC)




Table 4. Torsion angles (°).

Atoms Torsion angles

XRD DFT

C15-014-C12-013 1.3(5) 0.19
C15-014-C12-C11 -179.2(3) | -179.18
C12-014-C15-C16 107.7(4) 86.66
C6-N1-C2-07 178.5(3) | 177.23
C11-N1-C2-07 -2.1(4) -2.27
C6-N1-C2-C3 -1.9(4) -3.12
C11-N1-C2-C3 177.5(3) | 178.09
C6-N1-C11-C12 —-104.1(3) -80.83
C2-N1-C6-C5 1.1(4) 2.87
C11-N1-C6-C5 ~178.4(3) | -177.68
C2-N1-C11-C12 76.4(3) 94.29
010-N8-C5-C6 3.8(4) 1.02
09-N8-C5-C4 3.2(5) 0.75
09-N8-C5-C6 -175.4(3) | -179.14
010-N8-C5-C4 —-177.6(3) -179.1
N1-C2-C3-C4 1.4(4) 1.89
O7-C2-C3-C4 —-179.0(3) | -178.49
C2-C3-C4-C5 —-0.1(5) -0.44
C3-C4-C5-N8 —-179.4(3) | -179.86
C3-C4-C5-C6 —-0.9(5) -0.02
N8-C5-C6-N1 179.03) | 178.94
C4-C5-C6-N1 0.4(5) 1.17
N1-C11-C12-013 2.7(4) 9.33
N1-C11-C12-O14 ~176.8(3) | -171.66
Correlation 0.9931

Coefficient (CC)




Table 5: Geometric parameters for hydrogen bond interactions (A, ©).

D-H..A D-H H..A D..A D-H..A
C(15)-H(15B)...0(13)* 0.97 [2.35 2.745(5) 103
C(3)-H(3)...0(7)’ 0.93 [2.55 3.481(4) 177
C(6)-H(6)...0(13)" 0.93 [2.51 3.325(4) 146
C(11)-H(11B)...0(13)" 0.97 [2.47 3.397(3) 160
C(16)-H(16B)...0(9)" 0.96 [2.59 3.522(7) 164

*Intra. i: -x, 1-y, -z; ii: 14X, y, z; iv: -1+, -1+y, 1+z.

The structure also exhibits the stacking interaction [32-34]; €g(1)--+Cg(1) (Cg(1) is the
centroid of the ring N1/C2/C3/C4/C5/C6 with a Cg-Cg distaneé-0f4.3757(2) A, a = 0°, B =
39.1°, y = 39.1°, a perpendicular distance of Cgl (centroid) on itself is 3.3963(1) A and a
symmetry code of 1-x, 1-y, -z with slippage of 2.759 A. The molecular structure also involves,
N-O--z interaction; N(8)-O(10)---Cgl with a N-Cg distance of 3.843(3) A, O---Cg distance of
3.439(2) A, N-O---Cg angle of 99.77(2)°, and with a symmetry code 1+x, y, z. Fig. 5 showing
the packing of the molecules when viewed down the a-axis, the dotted lines indicating the
hydrogen bond interactions. The bridging of molecules through C-H---O intermolecular
hydrogen bond interactions between carbonyl oxygen, oxygen of nitro group and the hydrogen of
phenyl ring form R,%(8) and R,%(10) supramolecular ring motifs [35-36] and are shown in Fig. 6.

The molecular stacking along the a-axis through N-O--- 7 interactions is shown in Fig. 7.




Fig. 5: The packing of the molecules when viewed down the a-axis. The dotted lines

indicating the hydrogen bond interactions.

Fig. 6: R, (8) and R, (10) supramolecular ring motif formation through C—H---O
intermolecular hydrogen bond interactions.

Fig. 7: N-O--- & stacking interactions along the a-axis.



3.2 Hirshfeld surface studies

Hirshfeld surface analysis helps to understand the molecular interactions in crystalline
environment and the graphical visualization of the molecular surface. Analysis and calculations
of the Hirshfeld surface were carried out by uploading the crystallographic information file to the
CrystalExplorer 17.5 software. The dnorm plots were mapped with color scale in between —0.182
au (blue) to 1.195 au (red) respectively. The expanded 2D fingerprint plots [37-38] were
displayed in the range of 0.6 - 2.8 A view with the d. and d; distance scales displayed on the
graph axes. Here de. and d; are the distances to the nearest nuclei outside.and inside the surface
from the Hirshfeld surface respectively. The calculated volume inside.the' Hirshfeld surface is
255.55 A% in the area of 254.23 A% .

The analysis of 2D fingerprint plot gives the quantitative contributions of molecular
contacts to the total Hirshfeld surface. The O...H (45.0%),contacts has maximum and C...N
(0.9%) has minimum contributions. Similarly, the H*H%(31.1%), C...O (7.7%), C...H (5.6%),
0...0 (4.1%), O...N (2.2%), N...H (1.8%) and C...C (1.7%) contacts also contribute to the total
area of the surface as shown in Fig. 8. These contacts are highlighted on the molecular Hirshfeld
surface using conventional mapping of dnormeelectrostatic potential, shape index, curvedness and
fragment patches as shown in the Fig=9. The colored regions on the molecular surfaces can be
used to analyze the different properties of the molecular surface. The regions with red and blue
color on the dnom represent.the,shorter and longer inter contacts, the white color indicates the
contacts around the van der Waals radii. The electrostatic potential map is plotted on Hirshfeld
surface using DFT-B3LYP/6-31G(d,p) hybrid functional. The region with red color represents
the negative potential with electrophilic nature and the blue color represents the positive
potential with nucleophilic nature. Similarly, the shape index mapped on Hirshfeld surface
represents the red“triangle concave regions of cycle stacking interactions and the blue triangle
convex regions of the ring atoms of the molecule [39-42]. The fragment patches on the molecular
surface’represents the different molecular interactions.
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Fig. 8: 2D Fingerprint plots of the title compound showing the individual contribution of each
interaction to the total Hirshfeld surface.



Fig. 9: dnorm(2), electrostatic potential (b), shape index (c), curvedness (d) and fragment patches

(e) mapped on Hirshfeld surface of the molecule.
3.3 Interaction energy and 3D energy frameworks

The interaction energy between the molecules can be calculated with the most efficient
procedure [43-45] using the CrystalExplorer=17.5 software. The total interaction energy was
calculated by generating the molecularcluster (Fig. 10) of radius 3.8 A around the selected
molecule. The energy frameworkcalculations were performed by employing symmetry
operations to compute molecular'waye functions and to generate electron densities of the cluster
of molecules present aroundithe selected molecule using the CE-B3LYP/6-31G(d,p) energy
model with scale factors,to determine Eo : Kele = 1.057, Kpol = 0.740, Kgis = 0.871, krep = 0.618.

Table 6 represents the crystallographic symmetry operations and the corresponding molecular
interaction'energies (where R is the distance between molecular centroids (mean atomic position)
in A and.N is/the number of molecules at that distance, energies are in kJ mol™). The yellow
colored"molecule with symmetry operation (x, y, z) located at distance of 5 A from the centroid
of the selected molecule has shown the highest total interaction energy of -42.4 kJ mol™, whereas
the light blue colored molecule with symmetry operation (-x, -y, -z) located at a distance of 12.47
A from the centroid of the selected molecule has shown the lowest total interaction energy (-1.9
kJ mol™).



The total interaction energy (-192.5 kJ mol™) involving the electrostatic (-92.27 kJ mol™),
polarization (-21.978 kJ mol™), dispersion (-151.72 kJ mol™) and repulsion (73.23 kJ mol™)
energy terms were evaluated by energy frameworks construction using molecular pair interaction
energy calculations. The energy frameworks of the compound were generated for electrostatic,
dispersion and total energy terms and represented in terms of different colored cylinders with
scale factor (cylinder tube size) 150 and cutoff energy -50 kJ/mol. These cylinders represent the
magnitude of the interaction energy between molecular pairs and the strength of the molecular
packing along different directions. The molecular cluster with red cylinders represents the
electrostatic energy (Eeec), green color cylinders represent dispersive<energy (Eqis) and blue
cylinders represents the total interaction energy (Fig. 11). The energy framework calculations
proved that the dispersion energy dominates over the electrostatic and-polarization energies in

the crystal environment. The lattice energy for the title compound is found to be -266.2 kJ mol™.

Table 6: Molecular interaction energies (kJ mol™) of the.cluster of molecules. Each energies
should be multiply by the conversion factors Keie = 1.057, Koot = 0.740, Kgis = 0.871, Krep = 0.618
to obtain the total energy (Eqo).

Molecule N Symop RinA Ecle Epol Egis Erep | Etot
color
- 1 X, Y, Z 8.95 132 [-43  [-197 [11.9 [-26.9
1 X, Y, -2 4.65 -103 |[-33 |-27.3 [13.8 [-286
2 X, Y, Z 5 -222 |-65 |-358 |276 |[-424
- 2 X, Y, Z 12.51 -33 [-08 [|-44 |51 [-47
1 X, Y, -2 8.28 208 |[-41 |-10.4 [159 |[-24.3
1 X, Y, -2 5.66 215 [-71 [-283 [235 |-38.1
1 X, Y, -z 12.47 0.7 02 |-4 14  |-1.9
2 XY, Z 11.71 0.4 -0.6 -5.9 3.5 -3
1 X, Y, -2 8.02 1.4 1.6 |-17.4 |6 -11.1
1 X, Y, -2 6.86 1.5 -1.2 |21 |98 [-115




Fig. 10: Molecular interactions between the selected molecule-(at the center) and the molecules

present in a cluster of radius 3.8 A.

Electrostatic term Dispersion term Total energy term

Fig. X1: The energy frameworks of the compound along a, b, c-axes for electrostatic energy,

dispersion energy and total energy terms.



3.4 Quantum chemical calculations and frontier molecular orbitals

The quantum chemical calculations, analysis of the frontier molecular orbitals, atomic charges
and surface studies play an important role to understand the electronic and chemical properties of
the compound. The molecular coordinates of the compound were optimized by DFT calculations
using Gaussian16 software with B3LYP hybrid functional and 6-311G(d,p) basis set in gas
phase. The optimized structure of the compound is shown in Fig. 12. Theoretically computed
structural parameters (bond lengths, bond angles and torsion angles) are in good agreement with
the experimental values, which is confirmed by the correlation coefficient between the
experimental and the theoretical values (Table 2, 3, and 4 respectively):

Further, the energies of the frontier molecular orbitals (HOMO-LUMO),.the band gap energy (E
gap), the ionization potential (I), the electron affinity (A), the'absolute electronegativity (), the
global hardness (1), the global softness (o), the global electrophilicity (®), the chemical potential
(n) and the dipole moment (D) are calculated and tabulated-in Table 7 [46-49] . The HOMO and
LUMO energy plot with the band gap energy is shown in Fig. 13.

W

Fig. 12: DFT optimized structure of the title compound.



Table 7: Calculated frontier molecular orbitals and electronic properties of the title compound.

Parameters Value [B3LYP/6-311G(d,p)] (eV)
Enomo -6.9241
ELumo -2.5767
AEg, (eV) 4.3474
lonization potential (1) 6.9241
Electron affinity (A) 2.5767
Electronegativity (y) 4.7504
Chemical hardness () 2.1737
Global softness (o) 0.4600
Electrophilicity (o) 5.1907
Chemical potential(p) -4.7504
Dipole moment (Debye) 45473

where, x = (ItA)/2, 1 = (I-A)/2, 6 = 1/n and @ = p?/2n

@ %
&,

Ewumo = -2.5767 eV

A

AE = 4.3474 eV

\ 4

Exomo = -6.9241 eV

[* ) éﬁ“a
@ >y

Fig. 13: Frontier molecular orbitals of the title compound.
The Mulliken atomic charges on each atom of the compound have been computed and listed in

Table 8. The hydrogen atoms attached to the C11 atom have high positive atomic charges when

compared to other hydrogen atoms. The oxygen atoms and some carbon atoms have shown



negative charges, and they are readily interacts with the positively charged acceptors. C16 (-
0.3121) atom has shown high value of electronegativity due to the electro-positiveness of the
three surrounded hydrogen atoms. N1 atom has the highest electronegativity (-0.4167) due to

electropositive surrounded atoms.

The molecular electrostatic potential (MEP) map of the compound is generated in the color scale
range -4.892 e au (deepest red) to +4.892 e au (deepest blue) and is shown in Fig. 14. The
analysis of the MEP surface represents charge distribution on the molecular surface. Based on
the colored region on the surface the chemical reactive sites were identified. The positive regions
(blue) of MEP represent the electrophilic reactivity, the negative regions (green) related to
nucleophilic reactivity of the molecule, and the red regions are related to the electrophilic attack.
MEP shows that, the negative regions are concentrated around the oxygen atoms and the blue

regions are spread around the hydrogen atoms attached to carbon atoms [50].

Table 8. Mulliken atomic charges of the title compound.

Atom Charge Atom Charge
N1 -0.4167 Cl1 -0.1456
Cc2 0.2732 H11A 0.1935
H2 0.1525 H11B 0.1656
C3 -0.0231 C12 0.3906
C4 0.0569 013 -0.3347
H4 0.1438 014 -0.3288
C5 -0.2262 C15 -0.0419
H5 0.1327 H15A 0.1327
C6 0.4348 H15B 0.1376
o7 -0.3573 C16 -0.3121
N8 0.1729 H16A 0.1256
09 -0.2924 H16B 0.1134
010 -0.2745 H16C 0.1213




+4.892 e-2

Fig. 14: Molecular electrostatic potential map of the title compound.
4. Conclusions

The title compound CgH1oN>Os has been synthesized and the,single crystals were grown by the
slow evaporation method using ethanol as a solvent.“The*compound was characterized using the
NMR, mass spectroscopy and finally the molecularstructure of the compound was confirmed by
the single crystal X-ray diffraction studies. The'synthesized compound crystallizes in the triclinic
crystal system, with P1 space group. The.crystal and molecular structure of the compound is
stabilized by inter and intramolecular'C—H---O interactions. The structure also exhibits cycle
stacking and N-O--z interactions, which contribute to the crystal packing. The molecular
Hirshfeld surface analysis and fingerprint plots revealed the nature of molecular interactions and
their contribution to the molecular surface, the O...H interaction is found to be the major
interactions with highest individual contribution (45.0%). Further, the 3D energy framework
revealed that the dispersion energy dominates the electrostatic energy and the lattice energy of
the compound is found to be -266.2 kJ mol™. The structural coordinates were geometrically
optimized by DFT calculations using B3LYP hybrid functional with 6-311G(d,p) level basis set.
The experimentally obtained structural parameters are well agreed with the theoretically
calculated values, confirmed by the correlation coefficient values. The frontier molecular orbital
energy calculations revealed that the energy gap between HOMO and LUMO is 4.3474 eV.
Further, Mulliken atomic charges and the molecular electrostatic potential surface analysis
showed the chemical reactive (electronegative and electropositive) sites of the title compound.
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