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compound

2-(4-chlorophenoxy)-N-[4-(4-methylphenyl)-1,3-thiazol-2-yl]acetamide  (3)
has been achieved via a sequence of multistep synthesis processes in good yield started
by 2-(4-chlorophenoxy)acetic acid (1) with 4-(4-methylphenyl)thiazol-2-amine (2) in dry
dichloromethane followed by the addition of lutidine, and O-(benzotriazole-1-yl)-N,N,N’,N’-
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tetramethyluroniumtetrafluoroborate as coupling agent in cold condition to accomplish (3). The
synthesized compound was elucidated by different spectroscopic techniques (NMR and LC-MS) and
finally, the structure was confirmed by X-ray diffraction method. The title compound has crystallized
in the orthorhombic crystal system with the space group Pca2;. Density functional theory calculations
were carried out to compare the computational values of (1) and (2) with (3). The frontier molecular
orbitals (HOMO-LUMO) and molecular electrostatic potential (MEP) of (3) were analyzed. In the crystal
structure, intermolecular and intramolecular interactions were observed. Atom N12 represents the chiral
center of (3) which is connected to four different groups. The stereochemistry of this molecule at N12
is S configuration. Hirshfeld surface studies and 2D fingerprint plots neatly quantify the interactions
involved within the structure. Energy frameworks analysis for (3) were performed through different
intermolecular interaction energies to understand the packing of molecules and to determine the type of

the dominant energy.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Over the years, the drug discovery and design process has un-
dergone significant changes, where the ever-increasing demand for
new and effective drugs has resulted in a continuous search for
simple and efficient approaches for virtual screening and biologi-
cal libraries to be developed [1,2]. For these purposes, medicinal
chemists have specially appealed to such synthetic methodologies
that allow easy access to vast databases of molecules [3]. In medi-
cal chemistry, heterocycles represent by far the main classical cate-
gories of new drugs that have overwhelming applications both bio-
logically and industrially [4-6]. The heterocyclic nucleus possesses
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an essential role in drug discovery and acts as a crucial template
for the design, synthesis, and development of different therapeutic
drugs [7].

Among many of the heterocyclic molecules, thiazoles and their
derivatives occupy a major and important position [8]. While thi-
azole has long been established to be biologically active, there
still is significant scientific value in its varying biological charac-
teristics [9]. The class of heterocyclic derivatives known as thi-
azole is involved in a wide variety of pharmacological activi-
ties in many natural and synthetic products, such as anti-fungal
[10], anti-viral [11], anti-inflammatory [12], anti-cancer [13], anti-
bacterial [14], and anti-convulsant [15] activities which can be
well demonstrated by the wide number of drugs comprising this
class of compounds. In the market, thiazoles present in several po-
tent pharmacologically active molecules such as sulfathiazol (anti-
microbial drug), ritonavir (anti-retroviral drug), abafungin (anti-
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Fig. 1. Thiazoles present in several potent pharmacologically active molecules.

fungal drug) and tiazofurin (anti-neoplastic drug), etc [16], Fig. 1.
As examples, the anti-convulsant riluzole, anti-parkinsonian tal-
ipexole, anti-schistosomal miridazole, anthelmintic tiabendazole
and anti-ulcer alizatidine can be cited [17]. In contemporary mem-
ory, the applications of thiazoles were found in drug development
for the treatment of many diseases for example hypertension, hyp-
notics, schizophrenia, allergies, and more recently for the treat-
ment of pain and anti-thrombotic activity [16]. The thiazole ring
also can be found in other many applications of different fields,
such as liquid crystals [18], polymers [19], fluorescent dyes [20],
photo-nucleases [21], and finally in insecticides [22]. In view of
their broad spectrum of biological properties and as a part of
our ongoing work on synthesis and characterization of heterocyclic
thiazole derivatives [23,24]. The compound 2-(4-chlorophenoxy)-
N-[4-(4-methylphenyl)-1,3-thiazol-2-yl]acetamide (3) was synthe-
sized and characterized spectroscopically and the molecular struc-
ture was confirmed by single crystal X-ray diffraction technique. In
this study, we present the experimental and computational results
of (3) by employing DFT calculations, Hirshfeld surface studies, and
3D energy frameworks analysis.

2. Experimental details
2.1. Materials and methods
The reagents required for the synthesis of the ti-
tle compound (ethyl chloroacetate, 4-chlorophenol, 4-(4-
methylphenyl) thiazol-2-amine, O-(benzotriazole-1-yl)-N,N,N’,N’-
tetramethyluroniumtetrafluoroborate (TBTU) and lutidine) were
procured from Sigma Aldrich Chemical Co. The progress of the
reaction was monitored by Thin Layer Chromatography (TLC)
performed on aluminium-backed silica plates, and the spots were
detected by exposure to UV-lamp at A= 254 nm. The melt-
ing point was measured on a Chemiline, microcontroller based
melting point/boiling point-Cl725 apparatus with a digital ther-

mometer. 'H and 13C NMR spectra were recorded on VNMRS-400
Agilent-NMR spectrophotometer. The mass spectra were obtained
with a VG70-70H spectrometer. The elemental analysis (C, H, and
N) was performed on Elementar Vario EL III elemental analyzer.

2.2. 2-(4-chlorophenoxy )-N-[4-(4-methylphenyl)-1,3-thiazol-2-
yl]acetamide (3)

A solution of 2-(4-chlorophenoxy)acetic acid (1, 2 mmol) was
added to 4-(4-methylphenyl)thiazol-2-amine (2, 2 mmol) in dry
DCM (20 ml), lutidine (3 mmol) at 25-28 °C. The reaction mix-
ture was stirred at the same temperature for half an hour. Then
TBTU (2 mmol) was added to the mixture after the temperature
was reduced to 0-5 °C [25-27]. Continuously the temperature was
maintained below 5 °C for more than half an hour and the reaction
mass was stirred overnight. The solvent was evaporated under re-
duced pressure, quenched by the addition of crushed ice, and the
solid obtained was filtered and dried. The crude product upon re-
crystallization with ethanol and acetonitrile afforded (3) as colour-
less rectangular block shape crystals.

Yield 85%; M.P 174-177 °C; 'H NMR (400 MHz, DMSO) § (ppm):
2.19 (s, 3H, CH3), 4.80 (s, 2H, OCH,), 6.81-7.89 (m, 9H, Ar-H), 12.45
((bs, TH, NH); 13C NMR (100 MHz, DMSO) § (ppm): 20.48, 66.65,
109.51, 114.85, 127.84, 129.19, 130.26, 130.42, 132.74, 165.04, 133.51,
148.13, 156.11, 157.95, 167.69; LC-MS m/z 359 [M+], 361 [M+2].
Anal. Calcd. For CigH;5CIN,0,S (359): C, 60.25; H, 4.21; N, 7.81.
Found: C, 60.20; H, 4.18; N, 7.80%.

2.3. XRD data collection, structure solution and refinement

A colourless rectangular block of (3) with approximate dimen-
sions 0.10 x 0.5 x 0.20 mm3 was chosen for X-ray data col-
lection. The data were collected on a Bruker CCD diffractome-
ter equipped with MoK, radiation with wavelength 0.71073 A
[28] at 296 K. Data were corrected for absorption effects using the
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Table 1

The crystal data and structure refinement details.
Parameter Value
CCDC No. 1868543
Empirical formula Cig His CIN, O, S
Formula weight 358.84
Temperature 296(2) K
Wavelength 0.71073 A
6 range 1.03° to 25.55°

Orthorhombic, Pca2,

a = 14.205(3) A

b = 19.812(4) A
c=5742(1) A

Crystal system, Space group
Cell parameters

Volume 1616.0(5) A3
z 4
Density(calculated) 1.475 Mg m~3
Absorption coefficient 0.379 mm™!
Fooo 744

Crystal size 0.10 mm x 0.15 mm x 0.20 mm
Index ranges —-17 <h <16

-23 <k <17

-6<1<6
Reflections collected 8463

Independent reflections
Absorption correction
Refinement method Full matrix least-squares on F 2
Data [ restraints / parameters 2984 [ 1 [ 218

Goodness-of-fit on F 2 1.013

Final [I > 20(I)] R = 0.0526, wR; = 0.1104

R indices (all data) R1 = 0.1325, wR; = 0.1738
Largest diff. peak and hole 0.295 and —0.332 e A3

2984 [R i, = 0.0458]
Multi-scan

multi-scan method. The structure has been solved and refined by
adopting SHELXS-97 and SHELXL-97 [29] programs respectively. The
non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were added at calculated positions and allowed to ride on their
parent atoms. The geometrical calculations were carried out us-
ing PLATON software [30]. The molecular packing diagrams were
generated using Mercury [31]. The crystal data and refinement de-
tails of (3) are presented in Table 1. This compound has CCDC No.
1868543 at the Cambridge Crystallographic Data Centre where full
crystallographic data (CIF) has been deposited.

2.4. Computational studies

The density functional theory (DFT) computations for the com-
pounds (1), (2) and (3) were performed using Gaussian 09 software
[32]. They were carried out with Becke three parameter for the
exchange with correlation functional of Lee-Yang-Parr (B3LYP) for
6-31 + G(d,p) basis sets. The frontier molecular orbitals (HOMO-
LUMO) and molecular electrostatic potential (MEP) map were gen-
erated for the geometrically optimized structure of (3) with the
same basis set levels. The Hirshfeld surface analysis and 3D energy
frameworks calculations for (3) have been studied by employing
CrystalExplorer-17 program [33].

3. Results and discussions
3.1. The synthesis and characterization of compound (3)

The schematic diagram of the synthesized compound is shown
in Fig. 2. Initially, 2-(4-chlorophenoxy)acetic acid (1), was treated
with 4-(4-methylphenyl)thiazol-2-amine (2), in dry DCM followed
by the addition of lutidine, and TBTU in cold condition to
achieve 2-(4-chlorophenoxy)-N-[4-(4-methylphenyl)-1,3-thiazol-2-
yl]acetamide (3). Finally, the crude product upon re-crystallization
with ethanol and acetonitrile afforded the title (3) as colourless
rectangular block shape crystals.
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Furthermore, the synthesized compound has been proved by
TH NMR, 3C NMR, and mass spectra characterization (refer Figs
S1-S3 of supplementary file). The THNMR spectrum of (3) showed
the disappearance of the protons of the carboxyl group as well
as the amino group of the compounds (1) and (2), respectively,
and also the appearance of new proton for the N-H group at &
12.45 ppm. Besides, the compound (3) was also supported by in-
specting the 3C NMR and mass spectrum with significant stable
[M+] and [M+2] peaks at m/z 359 and 361 which clearly affirmed
the formation of (3).

3.2. Conformational analysis of compound (3)

Single crystal X-ray diffraction technique revealed that the com-
pound (3) crystallizes in the orthorhombic crystal system with the
space group Pca2; and the unit cell constants are: a = 14.205(3)
A, b = 19.812(4) A, c = 5.742(1) A, and Z = 4. The ORTEP of the
compound is shown in Fig. 3.

The molecule consists of three rings chloro-phenoxy ring [C2-
C3-C4-C5-C6-C7], thiazole ring [C13-N14-C15-C16-S17] and methyl-
phenoxy ring [C18-C19-C20-C21-C22-C23]. All the rings in the
structure are in planar conformation. The maximum deviation from
the plane for the thiazole ring is 0.007(6) A for C16, while the
maximum deviation from the plane for the chloro-phenoxy ring
and methyl-phenoxy ring are -0.016(6) A and 0.004(7) A for C5
and C22 respectively. The chlorine atom is planar with the (C2/C7)
ring as indicated by 180.0(5)° torsion angle for the atoms Cl1-
C2-C3-C4. The chloro-phenoxy ring is coplanar with the mean
plane of the thiazole ring as the torsion angles between the mean
plane of (C2/C7) and (C13/S17) rings are 163.7(5)° and 167.0(5)°,
for the atoms C5-08-C9-C10 and C9-C10-N12-C13 respectively. The
chloro-phenoxy ring has nearly typical hexagonal as the bond an-
gle around each atom in the ring is nearly equal to 120° (C3-C2-
C7 = 120.0(7)* C2-C7-C6 = 119.1(7)°, C5-C6-C7 = 120.3(7)°, C2-
C3-C4 = 121.3(6)°, C4-C5-C6 = 120.3(7)°). The methyl group at the
end of the molecular structure is planer with the methyl-phenoxy
ring, where the torsion angle for the atoms C19-C20-C21-C24 is
—177.9(6)°. This ring is almost planer with thiazole ring as indi-
cated by 174.6(6)° torsion angle for C19-C18-C15-C16 atoms (+anti-
periplanar conformation). The methyl group shows distortion in
(C18/C23) ring yielding an angle smaller than 120° at the posi-
tion of substitution i.e., C20-C21-C22 = 116.9(7)°. Selected bond
lengths, bond angles and torsion angles of (3) are listed in Table 2.

In the structure, atom N12 is a chiral center which is connected
to four different groups [34] (a hydrogen atom, C10 or carbonyl
group, C13 in thiazole ring, and a lone pair). Since there is only
one chiral center in this molecule, there are two probabilities, ei-
ther R or S configuration (stereocenter). R configuration means a
clockwise direction, while S configuration means an anti-clockwise
direction. Assigning priority to each of those four groups is based
on atomic mass with the extended chain. Here, a lone pair is ig-
nored and the remaining groups are to be considered. C13 in thia-
zole ring has priority 1 as the atomic number of sulphur is larger
than oxygen, carbonyl group has priority 2 and the hydrogen atom
is of priority 3. If one follows the numbers of priority 1, 2 and 3,
it is found that the direction is anti-clockwise. So the stereochem-
istry of the molecule at N12 is S configuration.

The structure exhibits intermolecular hydrogen bond interac-
tion of the type C9-H9A..011 with a bond length of 3.398(8) A
that links the molecules into chains along ¢ axis as shown in
Fig. 4. Intramolecular hydrogen bond of the type C-HeeeN exists
between C19 and N14 which plays a role in the stabilization of
the molecule. The hydrogen bond interactions with the geometry
details are listed in Table 3. Additionally, there are three C-H...Cg
interactions as listed in Table 4.
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Fig. 2. Reaction pathway for the synthesis of the title compound (3).

Fig. 3. ORTEP of (3) with thermal ellipsoids drawn at 50% probability.

Table 2
Selected bond lengths, bond angles and torsion angles of (3).

Bond lengths (A)

Bond angles (°)

Torsion angles (°)

Atoms Atoms Atoms
XRD DFT XRD DFT XRD DFT
Cl1-C2 1.730(8) 1.7298 C3-C2-C7 120.0(7) 119.97 Cl1-C2-C3-C4 180.0(5) 179.97
C2-C7 1.39(1) 13932  (C2-C7-C6 119.1(7) 119.13  (C5-08-C9-C10 163.7(5) 163.65
08-C9 1.414(7) 14141 08-C5-C6 114.6( 114.64 08-C9-C10-011 —35.6(9) -35.64
N14-C13 1.29(1) 1.2875 C13-517-C16 87.5(4 87.55 C16-S17-C13-N14 —-0.5(5) -0.54
S17-C16 1.715(6) 1.7150 C16-C15-C18 127.4( 127.37 C16-C15-C18-C23 =7(1) -6.73
C21-C24 1.51(1) 1.5078 C20-C21-C22 116.9( 116.92 C19-C20-C21-C24 —177.9(6) 177.69
Table 3
Hydrogen bonds geometry of (3).
D-H..A D-H(A) H.A(A) D.A(A) D-H..A(°) Symmetry codes
C9-H9A..011  0.97 2.54 3.398(8) 148 1/2-x,y,1/2+z
C19-H19.N14  0.93 2.53 2.858(8) 101 Intramolecular
Table 4
C-H...Cg interactions.
C-H..Cg H-Cg (A) C.Cg(A) p() C-H.Cg(°) Symmetry codes
C3-H3...Cg(2) 2.76 3.472(6)  9.79 134 1/2-X.Y,1/2+Z
C9-H9B...Cg(3) 2.78 3.645(7) 11.31 150 1-X,-Y,1/2+Z
C24-H24C..Cg(2) 2.80 3.697(8)  7.95 156 1-X,-Y,-1/2+Z

Cg(2) is the centroid of the ring (C2/C7) and Cg(3) is the centroid of the ring (C18/C23).

3.3. DFT computations

The density functional theory (DFT) is a technique widely used
in material science to explain the various electronic transitions and
chemical properties of the compound. It is an important tool to in-
vestigate the properties like geometry optimization, frontier molec-
ular orbital analysis, and molecular electrostatic potential. The op-
timized structure of compound (3) is shown in Fig. 5. DFT calcu-
lations depend on the electron density distribution function of the
studied compound. The calculated bond lengths, bond angles, and
torsion angles of (3) are compared with the reactants compounds
(1) and (2). The theoretical values of the compounds are almost
identical as listed in Tables S1-S3 in the supplementary file.

3.3.1. Frontier molecular orbitals and global reactivity descriptors
The chemical reactivity and kinetic stability of any compound

depends on the frontier molecular orbitals (HOMO-LUMO) and the

energy gap between them. The frontier molecular orbitals and the

energy gap for the title compound are shown in Fig. 6. The energy
gap for the compound is 4.569 eV, which describes the hardness of
the compound and the difficult transfer of electrons from HOMO to
LUMO [7].

The global chemical reactivity descriptors enable us to know
the chemical properties of the compound. Ionization potential (I)
is a measure of electron donating power of a molecule which is
calculated by I = -Ey. The electron affinity (A) characterizes the
ability of a molecule to accept electrons and it is given as A = -
E.. The difference between (E.) and (Ey) is the energy gap (AE),
which determines the hardness, softness and chemical reactivity
of the molecule. The chemical hardness (n) is one-half of the en-
ergy gap i.e., » = AE | 2, while global softness (o) of the molecule
is calculated by the formula 0 = 1 [ 2n. Chemical potential (p) of
the molecule is expressed as y = Ey + E| [ 2. Electronegativity ()
is the tendency of an atom in a molecule to attract shared elec-
trons and it is given by x = - . Eletrophilicity (w) specifies the
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Fig. 4. The packing of the molecules along c axis involving C-H...0 hydrogen bonds.

electrophilic power of a molecule and is calculated by w = n2 | 2y
[32]. The energy gap and the other global reactivity descriptors for
the studied compound are listed in Table 5.

3.3.2. Molecular electrostatic potential (MEP)

The molecular electrostatic potential (MEP) is a 3D map repre-
senting the charge distribution of the molecule. This map shows
the colour scheme that is scaled from the deepest red maxi-
mum electron concentration (-6.828e—2 a.u.) to the deepest blue
maximum electron deficient (+6.828e—2 a.u.) for (3). The differ-
ent colors on electrostatic potential map determine the nucle-
ophilic or electrophilic reactive sites [24]. The MEP of the studied
compound (Fig. 7) illustrates the maximum electron concentration
around O11 atom, nucleophilic site, and the maximum electron de-
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Fig. 6. HOMO-LUMO and energy gap of (3).

Table 5

Calculated energy values and quantum molecular descrip-

tors of (3).
Parameters Symbol and formula Values
HOMO energy Ey (eV) -5.695
LUMO energy EL (eV) -1.126
Energy gap AE = E| - Ey (eV) 4.569
Ionization potential I = - Ey (eV) 5.695
Electron affinity A =-E_ (eV) 1.126
Chemical hardness n=AE][2(eV) 2.285
Global softness o =1/ 2n (eV1) 0.219
Chemical potential pu=Eyg+E [2(eV) -3411
Eletronegativity X =-n(eV) 3.411
Eletrophilicity w =1? [ 2q (eV) 2.546

ficient around H9A atom, electrophilic site. This is due to the C9-
H9A...011 hydrogen bond in (3) (see Subsection 3.2). The obtained
result indicates that the reactive sites of the molecule can interact
with the neighboring molecules.

3.4. Hirshfeld surface studies

The Hirshfeld surface is a powerful graphical visualization tool
for realising the intermolecular interactions of the studied com-
pound. Hirshfeld surface volume and surface area of (3) are 395.92
A3 and 379.37 A? respectively. The close intermolecular contacts
can be shown on the Hirshfeld surface map by calculating normal-
ized contact distance dnorm (Fig. 8). This mapping shows red, blue,
and white color regions. The normalized contact distance dporm iS
defined as

d,‘ — r,'.’dW de — r;}dW

drorm = Frdw + prdw
i e

Fig. 5. The optimized structure of (3) at DFT/B3LYP/6-31+G(d,p) level.
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Fig. 7. Molecular electrostatic potential map of (3).

Fig. 8. Hirshfeld surface of (3) mapped over dnom.

where, d; and d, are the distances from each point on the surface
to the nearest nuclei internal and external to the surface, respec-
tively. ;4" and r,'® are the van der Waals radii of the atoms in-
ternal and external to the surface, respectively. The value of dporm
can be negative (red regions) or positive (blue regions) depending
on contacts that are shorter or longer than the van der Waals radii
respectively; whereas the white colored regions represent the con-
tacts which are equal to the van der Waals radii or dporm = zero
[35]. The two bright red regions on the surface are due to C9-
H9A...011 intermolecular hydrogen bonds. It is clear that, the Hir-
shfeld surface analysis of (3) confirms the existance of intermolec-
ular hydrogen bond (C9-H9A...011) which is responsible for linking

Table 6
Contribution of different intermolecular interac-
tions in percentages (%).

Interaction Contribution (%)
C-H 30.9

H-H 27.6

O-H 13.2

Cl-H 11.7

S-H 4.5

N-H 3.9

the molecules in the crystal as it was revealed from the crystallo-
graphic analysis (see Subsection 3.2).

3.4.1. 2D fingerprint plots

Two dimensional fingerprint plots were generated to reveal the
percentage of the intermolecular contributions of intermolecular
interactions of each type of contact to the total Hirshfeld surface
area [36]. The Fingerprint plots were mapped by using the trans-
lated 1-3 A, and filtering by element. The decomposed fingerprint
plots are shown in Fig. 9a-f. The major contribution is from C-H
contacts, which contribute the most (30.9%) to the total Hirshfeld
surface area. The remaining contributions are from H-H, O-H, Cl-
H, S-H, N-H contacts. The contributions from different interactions
to the total Hirshfeld surface area are listed in Table 6. The strong
intermolecular interactions appear as distinct spikes in the finger-
print plots. O-H interactions appear as two characteristic spikes
(Fig. 9¢) which have a significant contribution to the crystal pack-

Table 7
Different interaction energies of the molecular pairs in kj/mol.
N Symmetry operation R (A) Electron Density E_ele E_pol E.dis Erep E_tot
. 2 xVyz 574  B3LYP/6-31G(d, p) -252 -5.8 -448 316  -50.4
2 x+1/2,y, z+1/2 454  B3LYP/6-31G(d, p) -13.0 -52 -68.9 47.1 -48.4
2 X, -y, z+1)2 6.51 B3LYP/6-31G(d, p) -14.1 -6.0 -67.0 402  -52.9
2 X,y Z 20.63 B3LYP/6-31G(d, p) -11 -0.1 -4.8 3.2 -34
. 2 x+1/2,y, z+1/2 2033 B3LYP/6-31G(d, p) -1.0  -0.1 3.1 2.3 2.5
. 2 xvyz 19.81  B3LYP/6-31G(d, p) -1.0  -0.2 -58 33 -42
. 2 =X, -y, z+1)2 15.88  B3LYP/6-31G(d, p)  -1.2 -0.4 -9.0 5.0 -6.3
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Fig. 9. (a), (b), (c), (d), (e), (f) are the 2D fingerprint plots showing each decomposed contact with the percentage contribution and (a*), (b*), (c*), (d*), (e*), (f*) represent
the associated d,orm Hirshfeld surfaces. The full fingerprint plot appears as a gray shadow below each decomposed plot.

@)

(b)

©

Fig. 10. Hirshfeld surface with (a) shape index, (b) curvedness and (c) electrostatic potential map.

ing where the distance d; + de ~ 2.4 A respectively (i.e., shorter
than van der Waals radii).

3.4.2. Shape index, curvedness, and electrostatic potential map

The shape index throws light on the stacking arrangement of
molecules. The shape index map (Fig. 10a) is used to identify the
complementary hollows (red) and bumps (blue) where two molec-
ular Hirshfeld surfaces touch each other. These red and blue col-
ored triangular shaped patterns are the representation of a partic-
ular stacking arrangement of molecules [37].

Curvedness map conveys the magnitude of the surface curva-
ture [38]. It is characterized by relatively large green colored re-
gions, separated by dark blue ‘edges’ as shown in Fig. 10b. The sur-
face is mapping from -4.0 to +0.4 and has been found to be use-
ful with molecular Hirshfeld surfaces. Since there is no flat surface

seen on the curvedness plot, there is no planar stacking between
the molecules.

The blue and red colored regions on the electrostatic map rep-
resent the electropositive and electronegative regions respectively
for the studies compound [37]. On the electrostatic map, the bright
red colored region is the electronegative region, which localized
on 011 atom and blue colored region is the electropositive region,
which exists around C9-H9A atoms (Fig. 10c).

3.5. Energy frameworks analysis on interaction energies

The total interaction energy of (3) was calculated by generat-
ing a cluster of molecules within a radius of 3.8 A around the se-
lected molecule. The scale factors for standard energies used for
the construction of energy models were taken from Mackenzie et
al. k_ele = 1.057, k_pol = 0.740, k_disp = 0.871, k_rep = 0.618
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Fig. 11. The graphical representation of electrostatic interactions Coulomb interaction

[39]. Table 7 lists the calculated interaction energies in kj/mol
and the symmetry operations for seven molecules. The red col-
ored molecule with symmetry operation (x,,z) located at 5.74 A
from the centroid of the selected molecule showing the highest
total interaction energy (-50.4 kJ/mol) whereas the turquoise col-
ored molecule with symmetry operation (-x+1/2, y, z+1/2) located
at 20.33 A from the centroid of the selected molecule exhibits the
lowest total interaction energy (-2.5 kJ/mol). The total interaction
energy of the compound is -168.1 kJ/mol. The calculated interac-
tion energies for electrostatic, polarization, dispersion, and repul-
sion are -56.6 kJ/mol, -17.8 kJ/mol, -203.4 k]J/mol, and 132.7 kj/mol
respectively. The dispersion interaction energy dominates over the
electrostatic energy frameworks. The visualization of 3D energy
frameworks of (3) was generated for the above energy terms and
represented in terms of different colored cylinders along with dif-
ferent directions (Fig. 11). There is an absence of cylinders in some
directions due to the exclusion of a few interactions under certain
threshold energy. These weaker interactions ignored only to make
the figures less crowded [40].

4. Conclusions

In conclusion, phenyl thiazole acetamide (3) was achieved in
excellent yield and its structure was analyzed by spectroscopic

Dispersion energy

Journal of Molecular Structure 1249 (2022) 131588

Total interaction energy

energy, dispersion energy, and total interaction energy of (3) along different axes.

and XRD techniques. This compound (C;gH;5CIN,0,S) crystallizes
in the orthorhombic crystal system with the Pca2; space group.
Crystal structure of the compound stabilized by C-H...O intermolec-
ular and C-H..N intramolecular hydrogen bonds. The strucure has
one chiral center (atom N12) and the stereochemistry of (3) at this
atom is S configuration. DFT calculations show very good agree-
ments between the computational values of the reactants (1) and
(2) with compound (3). The high energy gap (4.569 eV) between
the frontier molecular orbitals implies the stability of (3). The
charge distribution on the MEP map shows nucleophilic and elec-
trophilic sites in the molecule. Hirshfeld surface studies confirm
the existance of intermolecular hydrogen bond (C9-H9A...011) and
2D fingerprint plots show that the major contribution is from C-H
contacts with 30.9%. The crystal packing of (3) was performed us-
ing the concept of 3D energy frameworks analysis and found that
dispersion energy is the dominant value (-203.4 kJ/mol) among all
interaction energies.
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