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Abstract: The title bis(chalcone) compound has been synthesized and characterized by FTIR, 1H-NMR,
13C-NMR techniques, X-ray structure analysis. The optimized molecular structure of the studied compound
is calculated using DFT/B3LYP with 6-31G (d,p) level. The calculated geometrical parameters are in
compatible with the experimental data obtained from X-ray structure analysis. The calculated IR
fundamental bands, 1H and 13C-NMR chemical shifts of the compound were assigned and compared with
the experimental data. Additionally, frontier molecular orbital energies (HOMO, LUMO), their energy gap
(AE), molecular electrostatic potential analysis of the compound have been calculated by the same method.
The charge distribution of the molecule is obtained with molecular electrostatic potential (MEP). In addition,
the intercontacts in the crystal structure are analyzed using Hirshfeld surfaces computational method. The
title compound (C16H1408S2) crystallizes in the monoclinic chiral space group P21/c with a=15.0492(10)A,
b=12.0085(9)A, ¢=7.6283(6) A, B=95.883(7)o, V=1371.31(17)A3, Dcalc=1.387g/cm3. The central
cyclohexanone ring has a chair conformation and the the fragments at the vinyl group of the compound
exhibit a trans conformation, and the two thiophene rings adopt a syn conformation and are located on the
both side of the cyclohexanone. The asymmetric unit of the title compound, C16H140S2, contains one-half
of a molecule. The other half of the molecule is generated with (x,y,-z) symmetry operator. In the molecule
there are two weak C-H...S and C-H...O intramolecular and only C-H...O intermolecular hydrogen bonds.
In addition, &...w interactions are found in the crystal structure between the thiophene rings.
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1. Introduction biological activities of chalcones, as removal of this

Chalcones, also known as o,3-unsaturated
ketones, are not only important precursors for
synthetic manipulations but also form a major
component of the natural products. Chalcones as
well as their synthetic analogues display enormous
number of biological activities [1]. The presence of
double bond in conjugation with carbonyl
functionality is believed to be responsible for the
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functionality make them inactive [2,3]. These are
also found useful in the field of material sciences;
few chalcones due to their good SHG (second-
harmonic generation) conversion efficiencies [4]
have been found useful in nonlinear optical [5] and
electro-active fluorescent materials such as
fluorescent dyes [6] and light-emitting diodes,
LEDs [7]. Claisen-Schmidt reaction is the one of
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the most important reaction for the synthesis of
donor-acceptor conjugated dienes, known as
chalcones [8]. Although studies on the Claisen-
Schmidt reaction have been focused on a-
alkylidene- and a-arylidene-carbonyl compounds,
interest in  a,0’-bisalkylidene- and a,0’-
bisarylidene-carbonyl ~ compounds  is  still
increasing.

Diarylidenecyclohexanones with  donor-(z-
spacer)—acceptor-(n-spacer)—donor  (D-n—A-n-D)
molecular configuration are closely related to the
class of organic chromophores known as ‘bis-
chalcones’ [9]. The double condensation reaction of
a cycloalkanone that possesses two active o,0’-Sites
with two equivalents of aldehyde yields a bis-
chalcone derivative. In general, such reactions
proceed in a straightforward manner and the
resulting product, which is normally isolated
without difficulty, can be electronically tuned to
produce a variety of colors through control of the
extant m-conjugation. In recent years, bis-chalcone
derivatives have been extensively used in numerous
applications ranging from anti-cancer [10,11],
radio-protective and anti-viral activities [12],
synthons for heterocycles [13], chemoprotective

agents, phase 2 enzyme inducers, radical
scavengers [14], catalysis [15,16] and nonlinear
optics [17].

Control of the polymorphic properties displayed
by medicinally active D-n—A-n—D bis(chalcones) is
important to the pharmaceutical industry [18,19]. A
thorough understanding of the stability and relative
energies of different polymorphic forms of a
compound is best achieved through a combined
experimental and computational approach. Herein
we report our results on the structural and
computational analysis of the bis(chalcone)
compound 2,6-(E,E)-bis((thiophene-2-
yl)methylene)cyclohexanone. DFT calculations on
the compound confirm the solid-state structure as
the preferred ground-state minimum and the
geometrical parameters, the mechanism for the
cis/trans isomerism of the thiophene moieties and
IR vibrational bands of carbonyl group is discussed.
Additionaly, the GIAO (gauge-independent atomic
orbital) 'H and BC-NMR chemical shifts are
determined theoretically. The presence of weak H-
bonds of the compound in a noncovalent manner is
verified by Hirshfeld surface analysis.

2. Experimental
2.1. Materials and Equipments

The bis(chalcone) compound was synthesized
according to previous studies (Scheme 1) [20].
FTIR spectra were recorded on Bruker Tensor27
FTIR spectrometer calibrated with polystyrene film
using the KBr disc. Nuclear magnetic resonance
(*H and *C) spectra were taken on BRUKER
Spectrospin  Avance DPX400 Ultrashield (400
MHz) spectrometer, reference tetramethylsilane as
internal standard.
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Scheme 1. Synthesis procedure for title
compound

Bis-chalcones (1-3) were synthesized following
literature procedures by the condensation of
cyclohexanone and cyclopentanone with aromatic
aldehydes, respectively. [26-27]. Synthesis and
spectroscopic details of the compounds are given in
these literatures [26-27].

2.2. X-ray Crystallographic Data

Good-quality single-crystal of dimensions
0.493 x 0.137 x 0.118 mm was selected for the X-
ray diffraction experiment at T = 293(2) K.
Diffraction data was collected on an Oxford
Diffraction X-Calibur equipped with an Eos-CCD
detector, operated at 50 kV and 40 mA with
graphite monochromated Mo-Ka (A = 0.71073 A)
radiation for the compound. The absorption
corrections of the collected data was done using the
program CrysAlis Pro [21]. The structure was
solved with the SHELXS structure solution
program using the Direct Methods and refined with
the SHELXL using least squares minimization
[22], using Olex2 [23]. All non-hydrogen atoms
were refined anisotropically. The positions of the
hydrogen atoms on their respective parent carbon
atoms were generated geometrically C-H=0.93 A°
and Uiso(H) = 1.2Ueq(C) for thiophene rings H
atoms, C-H =0.97 A° and Uiso(H) = 1.5Ueq(C) for
cyclohexanone ring H atoms, C-H = 0.93 A° and
Uiso(H) = 1.2Ueq(C) for methlene vinyl H atoms
and assigned isotropic displacement parameters
before the final cycle of least-squares refinement. A
summary of crystallographic data, experimental
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details, and refinement results for the compound are
given in Table 1.

Table 1. Crystal data and structural refinement parameters
for the title compound.

Crystal Data

C1H140S;

286.39
monoclinic/ P2;/c
a=15.0492(10)
b= 12.0085(9)

Empirical Formula
Formula Weight (g/mol)
Cell setting / Space group
Unit cell dimensions (A)

c= 7.6283(6)
Unit cell volume ( A%) 1371.31(17)
Temperature (K) 293 (2)
Absorption coefficient (mm™) 0.376
Z / Density [g/cm?] 4/1.387
F(000) 600
Crystal size (mm?) 0.493 x 0.137 x 0.118
0 range (°) 2.18-25.68
h range -18 - 15
k range -7 - 14
| range —4-9
Reflections collected / unique 4304/2590
Completeness to Omax 99.99%
Goodness-of-fit on F? 1.037
Final R indices [1> 20(I)] R; =0.0633
WR; = 0.1593
R indicesall data R, =0.1045
WR; = 0.1862
Large diff. peak and hole 0.48/-0.37

2.3. Theoretical Studies

All the quantum chemical calculations of the
compound were performed by DFT method with
the B3LYP functional and 6-31G(d,p) basis set
[24-25] using Gaussian 09 software [26]. The

geometrical parameters, frontier molecular orbital
energies, Molecular Electrostatic Potential (MEP)
analysis, frequency (FT-IR) and NMR calculations
were obtained from the optimized structures.
GaussView 5.0 [27] program has been used to draw
the structure of the optimized geometry and to
visualize the MEP, HOMO, and LUMO pictures.
Frequency calculations at the optimized geometry
were done to confirm the optimized structure to be
at an energy minimum. The true energy minimum
at the optimized geometry of the studied compound
was confirmed by the absence of any imaginary
frequency modes [27]. The 1H and 13C chemical
shifts referenced to the TMS calculations were
carried out at the same level of theory.

3. Results and discussion

3.1. X-ray Structure Analysis and
Computational Studies
The ortep diagram and the optimized

geometries at the optiumum conformation of the
title compound is shown in Fig. 1. The asymmetric
unit of the title compound, CisH140S2, has one-
half-molecule and it is completed with a twofold
symmetry axis [symmetry code:x, y, -z]. The
molecular structure of the compound, C16H140S;,
has an E-configuration so that the substituents at
the vinyl group of the compound [(C5=C6,
C10=C12)] indicate a trans conformation, and the
two thiophene rings adopt a syn orientation and are
located on both side of the cyclohexanone.

(b)

Fig. 1 (a) The ortep diagram and (b) the optimized structure of the title compound. Displacement ellipsoids

are drawn at the 50% probability level.
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Table 2. Experimental and optimized geometrical parameters of the title compound.

Parameter Experimental Calculated
Bond length (A)
S1-Cl 1.686(5) 1.730(2)
01-C11 1.223(4) 1.234(2)
S1-C4 1.726(4) 1.763(2)
S2-C13 1.733(4) 1.763(2)
S2-C16 1.698(5) 1.730(2)
C5-Cé 1.346(5) 1.358(2)
C10-C12 1.345(5) 1.358(2)
C4-C5 1.442(5) 1.440(2)
C12-C13 1.446(4) 1.440(2)
Bond Angle (%)

S1-C4-C5 125.7 126.538(2)
S2-C13-C12 126.0(3) 126.540(2)
01-C11-C10 121.8(3) 120.762(2)
01-C11-C6 121.1(3) 120.766(2)
C13-S2-C16 92.6(2) 91.942(2)

C4-S1-C1 92.2(2) 91.941(2)
C13-C12-C10 131.0(3) 131.864(2)

C4-C5-C6 131.2(3) 131.865(2)
Torsion Angle (%)

S1-C4-C5-C6 -0.2(6) 5.91(2)
C5-C6-C11-01 18.2(5) -5.11(2)
C12-C10-C11-01 -20.6(6) 5.10(2)
C10-C12-C13-S2 -1.0(6) -5.94(2)
C11-C10-C12-C13 -172.9(4) -177.23(2)
C4-C5-C6-C11 173.4(4) 177.23(2)
C9-C10-C12-C13 2.9(7) 1.87(2)
C4-C5-C6-C7 -2.1(7) 1.87(2)
The title compound has three earthly  0.001(1)A for S2, respectively. The cyclohexanone

diastrecisomers which are zZzZ, ZE, EE forms
depending on the sterochemical configurasyon of
the thiophenes and carbonyl moieties. The (EE)
diastereomer that thiophene groups are located
trans to the central carbonyl fragment is more stable
than others.

The two independent thiophene ring systems are
essentially identical and the central cyclohexanone
ring is not planar with these rings with the dihedral
angles 0f 19.09 (2)0 (include S1 ring) and 19.73(2)0
(include S2 ring). So thiophene rings are tipped out
of the plane. The tipping of each these moiety
provides to short contacts between the C7-H7B/S1
and C9-H9B/S2. The carbonyl group and its
conjugated double bonds show to be synperiplanar
(01-C11-C6-C5= -5.11(2), C12-C10-C11-O1= -
5.10(2))

The two thiophene rings are nonplanar where
the cyclohexanone bridge is out of the molecular
plane of thiophene core and are twisted with respect
to each other by angle is 36.5(2)0 with a maximum
deviation from the plane of 0.012(1)A for S1,

ring is parallel to the molecule plane with the
dihedral angle of 1,35(5)0. From this result support
that pure sample of the compound could be isolated
as in chalcone[28].

In the molecular structure, the central
cyclohexanone ring display a chair conformation
with the C8 atom lying 0.385(4)A above the plane
C7-C9 atoms. The exocyclic alkenyl moieties
defined by the C5=C6, C10=C12 vectors reveal
bond distances of 1,345(5)A and 1,346(5)A,
respectively consistent with their double bond
character [29]. The C12-C13, C4-C5 bond lengths
of 1.442(5)A, 1.446(4)A  respectively, are
intermediate between the double and single bonds.
The C-C bond length of the cyclohexanone moiety
(1.499(5)A to 1.533(5)A) are normal single bonds.
Similarly, the bond lengths within thiophene rings
which include S1 atom are between 1.341 (8)A and
1.726 (4)A, which include S2 atom are between
1.378 (6)A and 1.733(4)A which exhibit that the
rings have the aromatic character [30].
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In Table 2, theoretical studies indicated that the
shorting of the C=C double bonds (C5=CS,
C10=C12) showing the partial double bond
character of the C=C bands which are influenced by
adjacent conjugated double bonds. Also, the
conformation of these molecules is the result of the
interaction between the electronic pair of oxygen in
the carbonyl group [30].

The optimized C=0 bond length obtained by

B3LYP/6-31G is slightly longer than the
experimental value of 1.223 A [31]. The
experimetal bond angles are very close

calculationed values but the torsion angles are
slightly  differ experimental values. These
discrepancies showed that the calculations assume
an isolated molecule, where the intermolecular
coulombic interactions with the neighboring
molecules are absent and inplane deformation of
the =C-H bond.

In the molecule, there are two C-H...S and C-
H...O intramolecular, only C-H...O intermolecular
hydrogen bonds (Table 3 and Fig. 2). In addition to
this, there are two very weak m...m interactions
found in the crystal structure between the thiophene
rings with 5.149(2)A distance between the
centroids Cgl Cgl (Cg 1: C1/C6; symetry code:
1/2-x, 1/2-y,-1/2 + z)

Table 3. Hydrogen-bond interactions geometry(A, ©) for the

compound.
Bond D-H H...A D...A D-
H...A

C5-H5...01 0.929(5) 2.340(4) 2.751(4) 106.4(3)
C7-H7A...S1 0.969(5) 2.675(3) 3.164(3) 111.7(3)
C9-H9A...S2 0.969(5) 2.711(4) 3.142(3) 107.5(3)
C12-HI2...01 0.930(5) 2.376(4) 2.774(4) 105.5(3)
C16-H16...01' 0.930(7) 2.451(5) 3.329(5) 157.5(5)

Symetry code: (i) 1-x,1/2+y,1/2-z

Fig. 2 Intramolecular and intermolecular C-
H...O and intramolecular C-H...S
bonding of the title compound.

hydrogen

The result of these interactions leads to 1D
supramolecular network along the (010) plane (Fig.
3). A packing diagram of the molecule is formed

by intermolecular C-H...O, =...w these interactions
along the (010) plane (Fig. 4). The 1D
supramolecular network and the packing diagram
indicate chain structure with hydrogen bonds and
interactions. A weak aromatic stacking interactions
stabilised the crystal structure.

by intermolecular 7 ...t and C-H ... O interactions
along the b axis.

Fig. 4 Showing the 1D supramolecular network
of the molecule along the (010) plane in the crystal
structure by intermolecular = ... w interactions.
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3.2. Frontier Molecular Orbitals

The electron densities of the frontier molecular
orbitals (FMOs) were used for estimating the most
reactive position in m—electron systems and to
explaine several types of reactions in the
conjugated system [30]. The energy values of the

J%s .‘

P

LUMO

lowest unoccupied molecular orbital (LUMO) and
the highest occupied molecular orbital (HOMO)
and their energy gap (AE) reflect the chemical
reactivity of the molecule. This also forecasted that
the region of electrophiles and nucleophiles of atom
where the HOMO and LUMO are stronger [32].

Fig. 5 Frontier molecular orbital surfaces for the HOMO and LUMO of the compound computed at

B3LYP/6-311 G(d,p) level.

The energy gap of the compound was calculated
using B3LYP/6-31G (d,p) level. In this title
compound, highest electronic energy which
exhibited at 76'" is calculated about -5.74 eV. The
lowest electronic, which exhibited at 75 virtual
orbital and measured as LUMO value -2.18 eV. The
energy gap of HOMO and LUMO could be
calculated about -7.92 eV, which leads the
molecule becomes more stability and less
reactivity. Also, The HOMO-LUMO energy gap
(AE) represents the lowest energy electronic
transition which mainly belongs to T—n* excitation
[33]. HOMO-LUMO band gap increases linearly
with increasing aromaticity [34]. Thiophene ring is
more aromatic structure. Corresponding frontier
molecular orbitals are shown in Fig 5.

Chemical hardness is approximated using
equation n = (ELumo— EHomo)/2, electronegativity
is determined using equation y = - (EHomo + ELumo)
12, electronic chemical potential determined using
equation p = (Enomo + ELumo)/2, electronic
chemical potential determined using equation pu=
(EHomo + ErLumo)/2 and global electrophilicity
index (w), introduced by Parr, is calculated using
the electronic chemical potential and chemical
hardness as shown in equation w = u%2y are
calculated using DFT (Table 4) [35].

Table 4. Calculated energies, dipole moments (D),
frontier orbital energies and chemical reactivity
descriptors of the compound.

Basis Set B3LYP/6-31 G(d,p)
Etotal (Hartree) -1489.718
Enomo (eV) -5.74
ELUMO (EV) -2.18
Enomo - ELumo (energy -3.56
gap) (eV)
Chemical hardness (») 1.78
Chemical potential (u) -3.96
Electronegativity (y) 3.96
Electrophilicity index 4.40
(w) 1.9003

D (debye)

3.3.  Molecular Electrostatic Potential

The molecular electrostatic potential (MEP)
display earthly region for the electrophilic and
nucleophilic attacks and hydrogen bonding
interaction of organic molecules. So as to forecast
bulunmakthe reactive site of the electrophilic and
nucleophilic attack the MEP of the title compound
was also calculated from B3LYP/6-31G (d, p)
optimized geometry. The negative region (red) of
MEP which exist nearby the O1 atom of
cyclohexanone ring were related to electrophilic
reactivity that is responsible intramolecular
hydrogen bonding and positive region (blue) which
exist nearby the thiophene rings correspond to
nucleophilic  reactivity that is responsible
intermolecular hydrogen bonds (Fig. 6).
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2P

-
Fig. 6 Molecular electrostatic potential diagram
of the title compound

3.4. NMR Spectra

The *H and C chemical shifts (Scalc) of the
title compound were calculated and the results are
compared to the experimental NMR data (dexp).
The details of NMR values are given in Table 5.

According to these results, the calculated chemical
shifts are in harmony with the experimental results.

The *H-NMR spectrum of the double bonds of
chalcone were calculated at 9.1686(5) ppm. The
high frequency resonances of these protons are due
to the intramolecular hydrogen bond formed with
the carbonyl group. In addition, this result indicates
cis configuration of the molecule conformation.
13C-NMR spectrum of the compound the carbonyl
carbon atom was calculated at 185.780(5) ppm. The
carbon atoms of the double bonds (C5, C6, C10,
C12) give characteristic signals at 136.657(5),
136.924(5), 136.922(5), 136.659(5) ppm. These
values are good aggrement with reported values
[28].

Table 5. Experimental and theoretical *C and *H chemical shifts (ppm) for the compound

Atom Experimental (ppm) Calculated (ppm)
C1 C8 130.171 21.875 139.016(15) 32.087(5)
c2 Cc9 129.982 28.342 128.546(5) 37.829(5)
C3 C10 127.849 136.441 136.460(5) 136.922(5)
C4 Cl1 133.412 189.912 151.529(5) 185.780(5)
C5 C12 133.268 133.268 136.657(5) 136.659(5)
C6 C13 136.441 133.412 136.924(5) 151.526(5)
C7 C14 28.342 127.849 37.830(5) 136.464(5)
C15 Cl16 129.982 130.171 128.547(5) 139.012(5)
H1 H8B 7.378 1.973 8.2673(5) 2.5596(5)
H2 H9A 7.151 2.941 7.9977(5) 3.3255(5)
H3 H9B 7.536 2.941 8.1942(5) 3.7647(5)
H5 H12 7.985 7.985 9.1686(5) 9.1688(5)
H7A H14 2.941 7.536 3.3256(5) 8.1943(5)
H7B H15 2.941 7.151 3.7642(5) 7.9978(5)
HB8A H16 1.973 7.378 2.6994(5) 8.2670(5)

3.5.  Analysis of the Vibrational Spectra

Selected  calculated and  experimental
vibrational frequencies of the compound and their
assignments are showed in Table 6. A correlation
graph between these frequencies values is indicated
in Fig. 7. As shown in figure 7, high correlation
coefficient (R = 0.9996) exhibit a good correlation
between the calculated and the experimental
vibrational frequencies.

In the IR spectra of chalcones ontained from
optimized structure symetric and asymmetric
streching vibrations of the thiophene C-H bonds
3264.40 and 3217.40 cm™, respectively. C-H
streching band of the =C-H group (C5, C12) is
observed at 3166 cm™ (symetric) and 3165 cm™?
(asymmetric). The carbonyl stretching vibrations
(C=0) can be found at 1733.28 cm™. The C=0

strecthing mode of trans-conformer is observed at
the lower frequency, whereas the C=0 stretching
mode of cis-conformer is observed at the higher
frequency [28]. On the other hand, the IR spectrum
of the compound exhibited an absorption band at
746.23 cm! corresponding to the C-S-C stretching
frequency. These values are good aggrement with
reported values.

The IR spectrum for the compound
demonstrates three bands which are expected for
the carbonyl at 1619.60 cm™, 1647.81 cm™ and
1733.28 cm™ in which are obtained from DFT
analysis. Of these three bands, the strongest band at
1733.28 cm* was carbonyl stretching band of the
bis(chalcone) fragment. The other two IR bands are
best explaned as antisymmetric and symmetric
stretching modes of the vibrationally coupled
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alkene and carbonyl groups of the bis(chalcone)
moiety [36]. The dipole changes of these vibrations
are shown in Fig. 7.

2 = M m
/Y\ I :
173328 cm?  1647.81cm?® 1619.60 cm

Fig. 7 Carbonyl group IR frequencies of the
compound in DFT.

4000
3500 IR frequencies
y=1.1279x-125.51
3000 R=0.9952
z 20
£ 2000 /
Z 1500
1000
500
0
0 500 1000 1500 2000 2500 3000 3500

Calculated
Fig. 8 Correlation graph of calculated and
experimental frequencies of the title compound (R:
correlation coefficient)

Table 6. Details of IR frequence values for the compound

Experimental Calculated frequency Assignment
frequency
3074 3264.40 veym(C-H) Thiophene rings
2939 3217.40 vasym (C-H) Thiophene rings
2885 3166.00 veym(C-H) C5, C12
2873 3165.00 vasym(C-H) C5, C12
2822 3072.47 veym(C-H) CH>
2822 2999.61 vasym(C-H) CH>
1646 1733.28 Vasym(C=0)
1582-1549 1647.81 Vasym(C:C) C5=C6,C10=C12
1411 1619.60 veym(C-C)C4-C5, C12-C13, (C=0)
1371 1371.66 S(C-H) whole molecule
1263 1256.33 B(C5=C6,C10=C12)
700 746.23 v(C-S-C)

Vibration mode: v; stretching, g, bending, sym; symmetric, asym; asymmetric.

3.6.  Hirshfeld Surface Analysis

Hirshfeld surface analysis is a quite practical
technique for indicating intermolecular contacts in
a crystal structure. Hirshfeld surfaces are based on
the ratio representing a weight function between the
electron distribution of a sum of spherical atoms for
a molecule and the same sum for the whole crystal
[37]. It is important to specify a normalized contact
distance, given by Eq.(1), in terms of de, di and the
van der Waals radii of the atoms. As the
intermolecular contacts closer than the sum of their
van der Waals radii of related atoms, dnom IS
negative and these contacts are stressed in red on
the dnorm Surface. Longer contacts are blue (dnorm is
positive), and contacts nearby the sum of van der
Waals radii are white on the dnorm Surface [38].

_ di—TinW d, _reudw

anT'm - TinW - Tevdw (1)

The Hirshfeld surfaces and the associated 2D
fingerprint plots for the title compound were
calculated using CrystalExplorer 3.0 [39].

The  2D-fingerprint plots of  various
intermolecular interactions is formed by Hirshfeld
surface of the compound are given in Fig 9. 2D-
fingerprint plots of the Hirshfeld surface showed
intermolecular interactions of the molecule.

Fig. 9 Hirshfeld Surface mapped with dnom for the
compound.

The chart indicates that the contribution of inter
contacts to the Hirshfeld surfaces, H...H (51.5%),
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S..H (12.9%), O..H (9.3%), H...C (indicate C-
H...n) (13%). Fig. 11 showed that the percentage of
these intermolecular contacts which is obtained
Hirshfeld Surface analysis. These inter molecular
interactions are highlighted by clasicl mapping of

dnorm 0N molecular Hirshfeld surfaces are shown in
Fig. 10. InFig. 9, the dnorm is showed C16-H16...01
intermolecular interaction.

d e d e
2.4 24
22 2.2
20 2.0
18 1.8
1.6 16
14 14
12 1.2
1.0 1.0
0.8 08
06
° d i d |
06 08 T0 T2 T2 16 18 20 2272 27 06 U8 TO T2 T4 16 T8 20 27 24
() (b)
d e
24 2_45’ €
22 22
20 20
1.8 18
1.6 16
14 14
1.2 12
1.0 10
08 08
0.6 06
d i d i

U6 08 TO T2 T4 16 T8 20 272 724

(©)

U6 08 TO T2 T4 16 18 20 272 24

(d)

Fig. 10. Fingerprint plots of the compound: (a) H...H contacts, (b) Reciprocal O...H/H...O contacts,
(c) Reciprocal H...S/ S...H contacts, (d) Reciprocal H...C/C...H contacts, mainly indicating C-H...n

interactions.

The fingerprint plot at de =di < 1.2 A (van der
Waals radius of Hatom), whereas hydrogen bonds
characteristically display spikethemselves as spikes
[35]. H...H intercontacts, (Figure 10(a)) indicated
large surfaces .H...C/C...H also known as C-H...n
interactions show up as a pair of ““wings’’ in Fig.
9d. H...O0/O...H (Figure 10(b)) interactions and
H...S/S...H interactions appearing as distinct
spikes in fingerprint Plot.

EH..H

mS.H
O..H
C..H

B Other

Fig. 11 The result of Hirshfeld surface Analysis.
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4. Conclusion

The structural characterization of the title
compound is reported. The molecular structure of
that has been optimized using the DFT/B3LYP
method and 6-31G (d,p) basis set. The theoretical
bond distances and bond angles harmony with with
X-ray crystal structure analysis. The MEP results
demonstrated that the carbonyl oxygen (O1) is the
most electronegative and the H atoms of thiophene
rings are the most electropositive sites. According
to the HOMO-LUMO energy gap (AE), the
molecule is taken into account as a better aromatic
character. The GIAO 'H- and ¥C-NMR chemical
shift values correlated well with the experimental
data. The IR vibrational frequencies are calculated
and the basis bands were assigned and compared
with the experimental data (R? = 0.9996). Utilising
Hirshfeld surfaces computational method the
intercontacts in the crystal structure are determined.
The result of analyzed intercontacts in the crystal
structure are good aggreement DFT calculations.
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