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that has proven to result in a broad spectrum of biological activities. The present study
highlights the synthesis of chalcone containing the bromo-thiophene moiety and spectro-
scopically characterized by FI-IR, NMR and the crystal structure was confirmed by X-ray
diffraction method. The compound, C;;HgBr,0S, crystallizes in monoclinic system with

Keyword:

Chalcone space group P2;/n. The crystal structure revealed the supramolecular ring motif R}(6)
X-ray diffraction and R2(10). The Hirshfeld surface analysis quantifies the intermolecular interactions in-
Hirshfeld surface analysis and DFT studies volved in the crystalline environment. The molecular geometry was optimized using den-

sity functional theory at B3LYP/6-311G+(d, p) level basis set to substantiate the experimen-
tal results. Further, the frontier molecular orbital analysis revealed the electro-chemical pa-
rameters. The molecular electrostatic potential map and atomic charge analysis identifies
the positive, negative and neutral reactive sites in the molecular system.
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Specifications Table

Subject area Organic Chemistry and X-ray Crystallography

Compound 3-(4-bromothiophen-2-yl)-1-(5-bromothiophen-2-yl)prop-2-en-1-one
Data category Spectral, synthesis, crystallographic data

Data acquisition format FT-IR, NMR, X-ray diffraction studies

Data type Analyzed and simulated

Procedure The compound was synthesized by adding a mixture of ketone (2-

acetyl-5-bromo-thiophene) (1g, 4.85 mmol), 4-bromo-thiophene-2-
carboxaldehyde (0.92 g, 4.85 mmol), in ethanol (25 mL) and was treated
with lithium hydroxide monohydrate (LiOH®H20) (20.37 mg,0.485 mmol).
The reaction mixture was then poured over crushed ice and acidified with
dilute HCI and the solid which precipitated was filtered and washed with
water, dried to obtain pure green crystals.

Data accessibility CCDC No: 2012717
URL:https://www.ccdc.cam.ac.uk/conts/retrieving.html

1. Rationale

Chalcone is a simple scaffold of many naturally occurring compounds, and acts as the central core of various important
biological compounds [1]. In chalcone derivatives the aromatic substituents are introduced in to the terminal position of
the C=C-C=0 system. Chalcones belongs to family of bicyclic flavonoids, defined by the presence of two aromatic rings
linked by a three carbon unit, forming an «, B-unsaturated carbonyl group [2,3]. The o, B-unsaturated carbonyl system
of chalcones possesses two electrophilic reactive centers allowing them to participate in addition reactions via attack to
the carbonyl group (1,2-addition) or involving the B-carbon (1,4-conjugate addition), leading to the synthesis of promising
bioactive heterocyclic compounds [4]. The chemistry of chalcones has developed intensive scientific studies throughout the
world. Chalcones exist as either E or Z isomers, the E-isomer being in most cases the thermodynamically most stable form
and consequently, the majority of the chalcones is isolated as the E-isomer [5].

Chalcone derivatives have attracted significant attention in the past few decades due to their availability of many
useful properties including anti-bacterial [6], anti-viral [7], anti-fungal [8], anti-cancer [9], anti-inflammatory [10], anti-
tubercular [11], anti-hyperglycemic [12], anti-malarial agents [13], among others. Also, the Chalcone derivatives readily form
the supramolecular synthons, so that variety of novel heterocycles with good pharmaceutical profile can be obtained [14].
Chalcones can be used as intermediates in the synthesis of many pharmaceutically useful molecules [15]. Given such var-
ied pharmacological activities and synthetic utilities, chalcones derivatives have always attracted chemists to develop new
molecules and study their biological activities.

In view of variety of applications associated with the chalcone derivatives and as a part of our research on novel chal-
cones [16-19], herein were report the synthesis, spectral characterization, molecular and crystal structure, Hirshfeld surface
analysis and theoretical (DFT) studies of (E)-3-(4-bromothiophen-2-yl)-1-(5-bromothiophen-2-yl)prop-2-en-1-one.

2. Procedure
2.1. Materials and methods

All the aldehydes and the ketone (2-acetyl-5-bromo-thiophene) were purchased from Sigma Aldrich India and Merck
India. Lithium hydroxide monohydrate (LiOHeH,0) was procured from Sisco Research Laboratories (India). All the reagents
were used without purification and solvents used were commercial as well as analytical grade. The IR spectra of the title
compound was recorded on a Bruker FTIR spectrophotometer. 'HNMR spectra were recorded on a Bruker Avance DRX400
(400 MHz, FTNMR) in CDCl3 solvent. The progress of the reaction was monitored by TLC in a solvent-vapor-saturated cham-
ber on glass plates coated with Silica Gel GF,s4, followed by visualization under UV light (254 nm). The solvent system used
for thin layer and column chromatography was n-hexane: ethyl acetate (8:2). Sonication was performed using an ultrasonic
cleaner (with a frequency of 50 Hz and a nominal power 170 W). The X-ray diffraction data were collected using Rigaku
XtaLAB diffractometer.

2.2. Synthesis of the (E)-3-(4-bromothiophen-2-yl)-1-(5-bromothiophen-2-yl)prop-2-en-1-one

A mixture of ketone (2-acetyl-5-bromo-thiophene) (1 g, 4.85 mmol), 4-bromo-thiophene-2- carboxaldehyde (0.92 g,
4.85 mmol), in ethanol (25 mL) was treated with lithium hydroxide monohydrate (LiOHeH20) (20.37 mg, 0.485 mmol).The
mixture was irradiated in the water bath of an ultrasonic cleaner at the room temperature for a period of 30 min or until a
precipitate was formed. The reaction mixture was then poured over crushed ice and acidified with dilute HCI and the solid
which precipitated was filtered and washed with water, dried and was purified on column chromatography (silica gel with
10% ethyl acetate in hexane) to get pure green crystals (Scheme 1Yield: 1.8 g (93%), mp: 126 °C. The reaction pathway is
shown in Fig. 1.
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Fig. 1. Reaction path way of the synthesized title compound.

Table 1
Crystal data and structure refinement detail.
Parameter Values
CCDC Number 2012717
Empirical formula Cq1HgBr, 08,
Formula weight 378.10
Temperature (K) 293(2)
Radiation MoKa
Wavelength (A) 0.71073
Crystal system, space group Monoclinic, P21/n
a(A) 4.051(12)
b(A) 15.701(4)
c (A) 19.817(5)
a (%) 90.00
B(°) 95.572(16)
Y ©) ) 90.00
Volume (A3) 1257.6(6)
z 4
Density(calculated) Mg m~—3 2.002
Absorption coefficient mm~! 6.768
Fooo 728
Crystal size (mm) 0.27 x 0.25 x 0.23
0 range for data collection 3.32° to 23.81°
Index ranges —4< h <4
-17 <k <17
-13 <1<22
Reflections collected 3848
Independent reflections 1885 [Riy = 0.1874]
Data collection diffractometer Rigaku
Absorption correction Multi-scan
Refinement method Full matrix least-squares on F2
Data | restraints / parameters 1885/ 0 / 145
Goodness-of-fit 0.953
R1, wR2 [I > 20(1)] 0.0887, 0.2124
R1, wR2 [all data] 0.1126, 0.2322
Residual (eA-3) 1.065 and —1.843

2.3. X- Ray diffraction studies

A single crystal suitable for X-ray crystallographic study was selected using a polarizing microscope and mounted on
goniometer. The X-ray diffraction data were collected at room temperature using Rigaku XtaLAB Mini CCD diffractometer
equipped with X-ray generator operating at 45 kV, 12 mA, CCD area detector and fine-focus sealed tube with a graphite
monochromator using MoKer (A = 0.71073 A) radiation. Data were collected with x fixed at 54°, 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. Data collection and reduction were performed using Crystal Clear program [20,21].

The structure was solved by direct methods with SHELXS [22] and refined by a full-matrix least-squares technique on F2
using SHELXL-2014 [23] with anisotropic thermal parameters for the non-H atoms. All Hydrogen atoms were located using
difference Fourier techniques and refined with isotropic temperature factors. The geometric calculations were carried out
using the program PLATON [24] and the packing diagram was generated using MERCURY program [25]. The crystal data and
structure refinement summaries are given in Table 1.

2.4. Quantum computational studies

The quantum chemical computational studies help to investigate the electrochemical properties of the molecules. The
crystallographic information file was used as the input for the optimization of the structural coordinates. The molecular
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Table 2
Theselected bond lengths (A), bond angles (°) and torsion angles (°) of the title compound obtained from experimental (XRD)
and theoritical (DFT) methods.

Atoms Bond length (A) Atoms Bond Angles (°) Atoms Torsional Angles (°)
XRD DFT XRD DFT XRD DFT
Br16-C14 1.89(1) 1.8872  (C11-S15-C14 90.2(5) 90.56 C14-S15-C11-C9 180.0(9) 178.82
Br1-C2 1.90(1) 1.9024  (C5-S4-C3 92.2(6) 91.89 C14-S15-C11-C12 1.0(9) 1.64
$15-C11 1.75(1) 1.7505  S$15-C11-C9 116.9(8) 117.70  C11-S15-C14-C13  -0.4(9) -1.24
S15 -C14 1.70(1) 1.7315  S4-C5-C6 110.8(9) 11040  (C3-S4-C5-C6 2.3(9) 3.89
S4 - C5 1.72(1)  1.7535  C6-C5-C7 127(1) 125.72  C12-C11-C9-C8 6(2) 4.8
S4 - C3 1.73(1) 1.7307  C9-C8-C7 122(1) 119.90 S15-C11-C12-C13  -1(1) -1.68
010 - C9 1.21(1) 12268  010-C9-C11 120(1) 120.02  €9-C11-C12-C13 180(1) 178.86
C11 -C9 1.45(1) 14755 010-C9-C8 121(1) 122.18  S4-C5-C6-C2 -2(1) -3.05
C11 -C12 1.35(2) 13794  (C5-C6-C2 112(1) 112.62  S4-C5-C7-C8 5(2) 2.06
C5-C6 1.38(1) 1379 $4-C3-C2 109.7(9) 11094  C6-C5-C7-C8 178(1) 178.76
C5-C7 1.44(2) 1.4428 Br16-C14-C13  126.9(9) 12593  (C7-C8-C9-C11 174(1) 175.63
C8-C9 1.47(1)  1.482 $15-C14-C13 114.3(9) 11329  (C9-C8-C7-C5 179(1) 179.86
C8-C7 1.29(2) 1.3489  Br1-C2-C6 122.5(8) 122.88  C5-C6-C2-Brl -177.7(8)  -178.74
C6 -C2 1.39(2) 14189  (C6-C2-C3 115(1) 11396  C5-C6-C2-C3 1(2) 0.23
C3-C2 1.35(2)  1.3653 C11-C12-C13 115(1) 113.70  S4-C3-C2-Br1 179.4(6) 178.29
C14 - C13 1.33(2) 13718 C14-C13-C12 111(1) 111.40 $15-C14-C13-C12 -0(1) 0.52
C12-C13 1.39(2) 1.4191 C5-C7-C8 129(1) 12731  C11-C12-C13-C14  1(2) 0.77
Correlation coefficient = 0.9972  Correlation coefficient = 0.9958 Correlation coefficient = 0.9998

geometry optimization and the quantum chemical calculations of the title compound were carried out using Gaussian-16
software [26].The frontier molecular orbital energies (Eyomo and Ejymo), electronic properties and Mulliken’s atomic charges
were calculated using density functional theory by B3LYP hybrid functional with 6-311+G(d, p) basis set. The molecular elec-
trostatic potential (MEP) map and the frontier molecular orbitals were visualized using Gauss View 6.0.16 [27] software. The
Hirshfeld surface analysis was carried out using Crystal Explorer 17 [28] program to explore the intermolecular interaction
involved in the crystal environment.

3. Data, value and validation
3.1. Spectral characterization FTIR and NMR analysis

The FTIR spectra of the synthesized titled compound were recorded on a Bruker FTIR spectrophotometer. The character-
istic vibrational frequency observed in the FT-IR spectrum supports the structure of the title compound as shown in Fig. S1.
The low intensity absorption bands around the region of 2855 cm~! to 3085 cm~! are attributed to aromatic C-H stretching,
however the strong intensity bands at the region around 1408 cm~! to 1588 cm~! are attributed to aromatic C=C stretch-
ing vibrations of thiophene rings. The characteristic ketone peak of «, S-unsaturated carbonyl (chalcone) was observed at
1639 cm~!. A strong intense peak at 585 cm~! indicates the presence of C-Br stretch. The bending mode vibration of C-S
was identified at 789 cm~! and 869 cm~! that indicates the presence of thiophene.

'H NMR spectrum of the titled compound (E)-3-(4-bromothiophen-2-yl)-1-(5-bromothiophen-2-yl)prop-2-en-1-one was
recorded on Bruker Avance DRX400 (400 MHz, FTNMR) in CDCl; shows the proposed structural formula shown in Fig 1.
As the proposed structure contains two thiophene rings thus, the protons associated with the carbons falls under aromatic
region. Several peaks in the aromatic region from § 7.15 to § 7.85 ppm were assigned to aromatic thiophene protons as
shown in Fig. S2. The 'H NMR of the novel chalcone has shown a multiplet, at a range of § 7.56-7.57 ppm (for Hg) and
another at a range of 4 7.08-7.12 ppm (for Hy) for vinylic protons nearer the carbonyl group (-CHg=CH¢-C=0). Interestingly
for the title compound we found the coupling constants value (J) of Jy,-pg = 15.0 Hz, that confirms the trans configuration
of the vinylic system.

3.2. Single crystal X-ray diffraction analysis

The compognd crystallizes ip the monoclinic system in the P2;/n space group with the cell parameters a = 4.051(12) A,
b = 15.701(4) A, c = 19.817(5) A and @ = y = 90.00°, 8 = 95.572 (16)° and Z = 4. The ORTEP of the molecule with thermal
ellipsoids drawn at 50% probability and DFT optimized geometrical structure of the title compound is as shown in Fig. 2.
The theoretical parameters obtained from the DFT calculations with B3LYP/6-311G+(d,p) provide the complete information
of the molecular geometry. The theoretically calculated structural parameters are compared with the experimental values
with good correlation coefficient (bond length 0.9972, bond angles 0.9958 and torsion angles 0.9998) and are listed in
Table 2.

The structure has one molecule in the asymmetric unit and four molecules per unit cell. The non-planarity is confirmed
by a dihedral angle of (9.05°) between the two bromo-thiophene rings. The details of crystal structure and data refinement
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010

Fig. 2. (A) ORTEP of the molecule with thermal ellipsoids drawn at 50% probability and (B) DFT optimized molecular structure of the title compound.

Table 3
The hydrogen bond geometry of the title compound.
No. Type  D-HeeeA HeeeA (A) DeeeA (A) D-HeeeA (%)
1 Inter’  C6-HGeee0O10  2.454 3.303(14) 140
2 Inter'  C7-H7eee010 251 3.329(14) 102
3 Intra C8-H8eeeS4 2.86 3.210(12) 104

Symmetry codes: (i)1- x, 1-y,1- z

parameters are given in Table 1. The compound exhibits E-conformation with respect to ketone bond. The molecules are
connected in a zig-zag manner along the c-axis as shown in Fig. S3. The compound exhibits C9—010eeeCg(2) interaction
with a distance of 3.867(9) A (where Cg(2) is the centroid of the ring S15/C11/C12/C13C14). The two intermolecular interac-
tions C—HeeeO and C—HeeeS stabilize the crystal structure and are listed in Table 3.

The crystal structure exhibits C—HeeeO and C—HeeeS type of intramolecular hydrogen bondinteractions which greatly
contributes to the stability of the crystal structure. These interactions lead to the formation of supramolecular synthons of
the type R}(6) and R%(10) as depicted in Fig. 3.

4. Theoretical calculations
4.1. Hirshfeld surface analysis

The Hirshfeld surface analysis plays an important role in understanding the intermolecular interactions in the crystal
structure. The short contact was analyzed by Hirshfeld surface generated using Crystal Explorer [28]. The bright circu-
lar red spots on dporm Hirshfeld surface indicates the presence of strong C-HeeeO interaction, which corresponds to the
C6—HG6eee010 and C7—H7e010 hydrogen bonds as shown in Fig. 4, whereas the blue area represents completely free
from the close contacts. The Hirshfeld surface analysis of molecular structure shows BreeeH interaction contributes 21.40%,
CeeeH interaction contributes 14%, BreeeS interaction contributes 13.70%, HeeeH contact contributes 11.60%, to the total in-
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Fig. 3. The packing of the molecule viewed along a-axis and supramolecular ring motif.

/ N -

Fig. 4. Hirshfeld surface mapped with shape index and dyormof the title compound.

teractions and plays an important role in stabilizing the crystal structure. Further, the 2D-finger plots and the percentage
contributions of other weak interactions are shown in Fig. 5.

4.2. Geometry optimization and frontier molecular orbitals (FMOs)

The optimized geometrical structure is shown in Fig. 2(B). The bond length, bond angles and torsional angles are in good
correlation with the experimental values as tabulated in Table 2. The frontier molecular orbital theory allows a chemist
to make predictions about a reaction by knowing the distribution of orbital energy levels. The molecular coordinates of
structure was optimized by the density functional theory (DFT) using B3LYP hybrid functional with 6-311+G(d,p) basis set.
The intermolecular charge transfer process in molecular system from a donor to acceptor moiety is characterized by the
excitation of an electron form occupied orbital (HOMO) to unoccupied orbital (LUMO) and explained by quantum chemical
method approach [29]. A high HOMO energy level represents a compound that is a good nucleophile and a low LUMO level
represents a compound that is a good electrophile [30]. The frontier molecular orbital energies are as shown in the Fig. 6.

The calculated energies of the HOMO and LUMO can be used to obtain the electrochemical parameter such as global
electrophilicity index(u), global hardness (h), chemical potential (m) and global softness (S) were referred as global reactivity
parameters [31-35]. Also, the magnitudes of electrophilicity index can be used as possible descriptor for bioactivity of the

6
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Fig. 5. 2D-finger print plots and relative contributions of various interactions of the title molecule. Here d; is the closest internal distance from a given
point on the Hirshfeld surface and d. is the closest external contacts.
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N

AE|=2.2898 eV

8390 eV

Fig. 6. Frontier molecular orbital energies

chemical systems [36]. The frontier molecular orbital (HOMO-LUMO) energies can be obtained as I = -Eygpo and A = -Ejymo
respectively. The hardness and softness have been connected with the stability and chemical reactivity of the system [37].
The quantum chemical descriptors are listed in Table 4.
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Table 4

Quantum chemical descriptors of the title com-

pound.
Parameter Value
EHOMO -81289(EV)
Erumo (eV) -5.8390(eV)
Energy gap (Eg) 2.2898(eV)
Ionization energy (I) 8.1289(eV)
Electron affinity (A) 5.8390(eV)
Electronegativity (x) 6.9839(eV)
Chemical potential () -6.9839(eV)
Global hardness () 1.1449(eV)
Global softness (S) 0.8734(evV-1)

Electrophilicity index (w)  21.3008(eV)

Fig. 7. Molecular electrostatic potential map of the title compound.

4.3. Molecular electrostatic potential analysis

The molecular electrostatic potential (MEP) maps are very useful three dimensional diagrams which are used to visu-
alize the charge distributions and physiochemical features of the molecules. Also, MEP picture has been used to predict
electrophilic, nucleophilic and neutral electrostatic potential regions, in terms of color grading and useful in suites of the
molecular structure and physicochemical property relationship and in studies of biological recognition and hydrogen bond-
ing interactions [38,39]. The MEP of the title compound was calculated theoretically at the B3LYP/6-311+G (d,p) level basis
set and obtained plots are shown in Fig. 7.

In the title compound, the negative potential region with red color spread over oxygen atoms indicating the electrophilic
nature, hence the reactive sites are present near the C=0 group. The negative potential values of the compound around the
carbonyl oxygen atom indicates (-0.04983 a.u.) the strongest repulsive nature (electrophilic reactive site). The most positive
region is localized on the hydrogen atoms and shows the strongest attraction (nucleophilic reactive sites) in the molecular
system.

4.4. Mulliken atomic charge analysis

Mulliken atomic charge analysis helps in understanding the chemical and ionization potential. Atomic charge influences
the dipole moment, polarizability electronic structure and difference molecular properties of the system [40]. Mulliken
atomic charges with hydrogens summed into heavy atoms were calculated using B3LYP/6-311G+(d,p) basis set method and
are plotted in Fig .8. The atomic charges calculations showed that the carbonyl group connects between the two thiophene
ring have clearly affected electronic charge. As expected, the presence of ketone moiety increased the electronegativity of
the C9 atom.

5. Conclusion

The title compound (E)-3-(4-bromothiophen-2-yl)-1-(5-bromothiophen-2-yl)prop-2-en-1-one has been synthesized and
characterized spectroscopically by FT-IR, NMR techniques. The crystals of the compound were grown by slow evaporation
method and then the molecular structure was confirmed by single crystal X-ray diffraction studies. The title compound

crystallized in the monoclinic system with space group P2¢/n. The crystal structure exhibits both inter and intramolecular

8
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Fig. 8. The Mulliken atomic charge distributions of the title compound.

hydrogen bond interactions of the type C-HeeeQ, C-HeeeS apart from the C-Oeeesr interaction. These interaction leads to
the formation of supramolecularR; (6)andR§ (10)ring motif. The Hirshfeld surface analysis with 3D dporm and 2D-finger print
plot revealed the various intermolecular interactions BreeeH (21.4%), BreeeS (13.70%) and CeeeH (14.70%) involved in stabiliz-
ing the crystal structure. Further, structural parameters obtained by DFT calculations were well agreed with the experimental
parameters. The HOMO-LUMO energy gap of the compound is found to be 2.2829 eV. Finally, the molecular electrostatic po-
tential map and the atomic charge analysis explored the reactive nucleophilic, electrophilic sites on the molecular surface.
The most negative potential region with red color spread over the oxygen atoms and the positive potential with blue color
region are concentrated around the hydrogens of carbon atoms.
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