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ABSTRACT

A new chalcone derivative (3E)-3-(2,4-dimethoxybenzyldene)-2,3-dihydro-4H-chromen-4-one
(DBDB) has been synthesized by following the Claisen-Schmidt condensation reaction method at
ambient temperature using the slow evaporation technique. The 3D crystal structure was solved
using the single-crystal X-ray diffraction method (XRD). XRD intensity data reveal that the title
compound crystallizes in an orthorhombic crystal system with non-centrosymmetric space group P21
21 21. The crystallographic parameters such as bond lengths, bond angles, torsion angles were
estimated and are found to be in the normal range and comparable with the literature values. The
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unit cell packing of the molecules shows that the adjacent molecules are linked via C-H...O
hydrogen bonds. Hirshfeld surfaces namely dnorm, electrostatic potential, shape index, and
curvedness were analyzed to visualize and to evaluate the weak intermolecular interactions, positive
and negative potential regions, C-H...mr, and m...m stacking interactions, respectively. The 2D
fingerprint plots for the whole and delineated interactions were generated and analyzed to estimate
their contributions to the total Hirshfeld surfaces. The pairwise intermolecular interactions were
calculated as the sum of four scaled energy components namely electrostatic (Eee), polarization
(Epar), dispersion (Edis), and exchange-repulsion (Erep) and graphically represented as energy
frameworks. The energy frameworks analysis reveals that the total stabilizing energy is highly
influenced by dispersion (Edis) energy than the other components. In-vitro and in-silico investigations
have also been performed for the title molecule which discloses the efficacious for use as a drug in
inhibiting breast cancer cells without affecting the normal cells.

Keywords: Claisen-Schmidt condensation reaction; Hirshfeld surfaces; 2D fingerprint plots; Biological
activity;  In-vitro investigation; Cytotoxicity; Molecular docking; Anti-cancer activity
evaluation.

1. INTRODUCTION To predict and to recommend the kind of
treatment for cancer demands research at the
Cancer is a disease in which some of the body's molecular level and this involves cell |ines,
cells grow uncontrollably and spread to other Particularly, as in vitro models in cancer
parts of the body. This fast-growing disease is research. An MCF-7 cell line is a commonly used
anticipated to affect 22 million people by 2030 breast cancer cell line that has been promoted
[1]. Fundamental Research at the molecular level ~ for more than 40 years by multiple research
on cancer attributes increases in the risk of groups [17]. It proves to be a suitable model cell
getting cancer to low intake of fiber diet, small line for breast cancer investigations worldwide,
consumption of fruit and green vegetables, high including those regarding anticancer drugs [18].
consumption of red meats, alcohol consumption, It is Estrogen-positive  (ER-positive) and
smoking, higher intake of salt and saturated fats, ~Progesterone receptor (PR)- positive [19]. MCF-7
etc. [2]. Also, increased exposure to UV radiation IS @ poorly- hostile and non-protruding cell line
either occupational or general is one of the [18], normally being considered to have low
primary factors of cancer development. There Metastatic potential [19,20]. Despite certain
are more than 100 types of cancer, which are advances in cancer therapy, still there is
usually named for the organs or tissues where considerable demand for developing efficient
the cancers form and specified by the type of cell ~ therapeutic agents. In this study, the cytotoxicity
that formed them, such as an epithelial cell or a Of @ synthetic chalcone derivative was
squamous cell [3,4-5]. Breast cancer (BC) is a investigated against MCF-7 cell line using MTT
recurring and fatal ailment noticed in females. Its ~ assay and for in silico study, the AutoDock 4.2.6
repercussions on the human population are Was adopted.
enormous including the major cause of cancer
deaths. Next to skin cancer, breast cancer is the ~Chalcones are a class of natural open-chain
most common cancer diagnosed, accounting for ~ flavonoids that are linked by a three-carbon
23% of the total cancer cases and 14% of the Spacer between two aromatic rings [21]. The a,
cancer deaths [6-10,11]. Actually, BC does not B- unsaturated ketones and their analogs are

symbolize a single disease but rather a number ~ Well _known for their uncountable biological
of molecularly distinct tumors arising from the activities and those are attributed to the carbonyl

epithelial cells of the breast [12-13]. function with the double bond conjugate [22].
Considerable assistance for breast cancer These compounds from flavonoids make them
discernment and research funding has helped display antibacterial [23], anti-inflammatory [24],
create advances in the diagnosis and treatment ~ antifungal [25], anticancer [26], and many other
of breast cancer [14-16]. Surgery, Pharmacological activities. The chalcone with a,
Chemotherapy, Hormonal Therapy, Biological B unsaturated carbonyl group, and chromanone
therapy, and Radiation therapy are the general ~Moiety may increase the pharmaceutical
medications practiced for cancer treatment, efficiency since chromanone has good biological

among which Chemotherapy is most|y preferred aCtiVity such as antiOXidant, anti-leishmanial [27-
by the medical fraternity. 28], antimicrobial [29]. The antivascular activity of
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chalcones several tubulin-binding agents that
inhibit tubulin assemblies, such as colchicine
and vincristine, have recently been
demonstrated to also disrupt tumor vasculature
[29]. Presumably, these agents are capable of
rapidly changing the shape of endothelial cells,
thereby disrupting the endothelial cell layer
surrounding blood vessels and exposing
underlying basement membranes [30]. The
change in the shape of endothelial cells leads to
a loss of blood flow to the tumor, resulting in
tumor necrosis [31]. This process is generally
selective, and quiescent cells remain
unaffected. Due to the unforeseen biological
activity spectrum of chalcones and their analogs
[32], we have focused on the synthesis and
investigation of one such derivative and
presenting the results in this communication. In
the future, an attempt will be taken to conduct in
vivo experiments to prove the efficaciousness of
the title compound against cancer cell
proliferation and to recommend its use in the field
of drug designing.

The synthesis procedure and brief note on the
characterization technigques and tools are given
under Materials and methods. Detailed
discussions on the derived results are arranged
under results and discussion which is followed by
the conclusion. The figures and tables are given
at the appropriate places.

2. MATERIALS AND METHODS
2.1 Method of Preparation

All chemicals and solvents used in this study
were purchased from Sigma Aldrich and Spectro
chem. Pvt Ltd, Chennai, as high purity materials
and used as such without any further purification.
The title compound, CigH1604, was synthesized
by base catalyst Claisen-Schmidt condensation

reaction. During the synthesis process, an
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aqueous solution of NaOH (10%, 10 mL) was
added to a mixture of 2,3-dihydro-4H-1-
benzopyran-4-one and 2,4-dimethoxy
benzaldehyde in 95% ethanol. The reaction
mixture was stirred for 2 h and left overnight. A
dark yellow colored product was obtained after
filtering and is washed with ice-cold water. The
product is then recrystallized in ethanol and
yellow-colored transparent crystals of diffraction
quality were obtained after seven days (m.p: 368
K; Yield-90%).

2.2 Chemical Characterization

The crystal data were collected using a
diffraction quality crystal of size 0.200x0.200x
0.150mm on the goniometer head of the
BRUKER AXS KAPPA APEX2-CCD
diffractometer with MoKa (A = 0.71073 A) as an
X-ray radiation source from Sophisticated
Analytical Instruments  Facility(SAIF), [ITM,
Chennai. The 3D crystal structure of the title
molecule, CigHi604, was solved and refined
using the SHEL-XS 97 [33] and SHEL-XL/XT-14
[34] software, respectively, by employing a full-

matrix least-squares procedure on F2.The
Program PLATON [35] a  Multipurpose
Crystallographic tool was utilized to calculate the
crystal parameters such as bond lengths, bond
angles, torsion angles, dihedral angles, intra and
intermolecular interactions, and conformation of
the ring systems.

2.3 Hirshfeld Surfaces and
Frameworks Investigation

Energy

2.3.1 Hirshfeld surfaces

The  Hirshfeld surfaces, two-dimensional
fingerprint plots, and the colour-coded interaction
energies mapping were generated to recognize
and quantify the weak intermolecular
interactions, using the software program Crystal

Fig. 1. Reaction scheme of DBDB

49



Hemalatha et al.;

!

CS\1J, 30(7): 47-64, 2021; Article no.CSIJ.73659

Fig. 2. DBDB Crystal

Explorer 17.5 [36]. In the recent past, the
analysis of calculated Hirshfeld surfaces has
become an indispensable tool for
crystallographers and crystal designers, as this
supplements information regarding the role of
weak intermolecular interactions in the packing of
molecules in crystals. These are surfaces
wherein the ratio between the density weight
function of the pro-molecule and the pro-crystal
is 0.5a.u. (isosurface). Unlike van der Waals
surface, these surfaces take into account the
nearest neighbouring molecules, and thus
provide details about intermolecular interactions
[37, 38]. The surface properties to be mapped
over this surface were di and de, the internal and
external distances of an atom to the developed
Hirshfeld surface. Compartmentalization of the
generated surface using di and de values in a
pair (di, de) and fitting into the intervals of 0.2 A
results in the generation of 2D fingerprint plots. In
addition, these (di, de) pairs when normalized
with respect to the van der Waals radii of their
respective atoms results in the dnorm surface. The
red color on the dnorm surface represents contacts
shorter than the sum of the van der Waals radii of
the two atoms resulting in a negative value.
Contacts with lengths approximate to the van der
Waals limit are colored white, and blue color
illustrates longer contacts.

The Hirshfeld surfaces mapped over the
molecular electrostatic  potential can be
generated using the computational software

package Tonto [39], incorporated into the Crystal
Explorer 17.5 program, which authorizes the
visualization of the donors and acceptors of
intermolecular interactions via blue and red
regions around the participating atoms
corresponding to positive and negative
electrostatic  potential on the  surface,
respectively. In addition, Hartree-Fock/DFT
(HF/DFT) theory-based wave-function
calculations and surface generation can be
effected using Tonto, a popular quantum
chemistry package that may replace other
packages like Gaussian16 [40].
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The shape-index is an approximate quantification
of the geometrical shape (triangle), which is
sensitive even to minute changes in surface
shape (flat region), whereas Hirshfeld surface
mapped on the surface property curvedness is
the measure of the flathess of the regions
particularly ring systems, with high curvedness is
highlighted as dark-blue boundaries. These two
surfaces analysis introduced by Koendrink [41,
42], provide additional information regarding the
molecular packing within the crystal. The
presences of adjacent blue and red triangles/flat
regions inside the ring systems over shape-
index/curvedness are illustrating the existence of
... stacking interactions. Also, shape-index >
1 or < 1 represents the donor and acceptor
atoms of intermolecular interaction, respectively.

Hirshfeld surface which comprises de and di in
pair can be utilized to generate 2D fingerprint
plots [43,44] representing the contribution due to
various interatomic interactions. The colour of
each segment on the surface relative to the area
of a (de, di) pair is acknowledged as the
supplement from different interatomic contacts.
The frequency of occurrence of the interatomic
(specific) interactions varies as blue-green-red,
which illustrate the potential contribution to the
total Hirshfeld surface changes as lowest-
moderate-largest. The delineated 2D fingerprint
plots obtained from the total 2D fingerprint plot
can be an effective tool to derive the complex
molecular interaction details hidden in a crystal.

2.4 Energy Frameworks

A new computational and graphical tool to
calculate pairwise intermolecular interaction
energies for organic and some inorganic
molecular crystals were introduced by Turner et
al., 2014, whose employment in fabricating
‘energy frameworks’ provide an indomitable but
new way to visualize the supramolecular
architecture of molecular crystal structures [45],
but with limitations i.e. energy frameworks were
restricted to electrostatic and dispersion-energy



terms, in addition, total energies of the negative
sign by assuming that these are the stabilizing

energies the crystal structures of neutral
molecules.  Fundamentally, ionic  crystals
integrate large positive destabilizing (cation-

cation and anion-anion), as well as a large
negative (cation- anion) energies and these need
to be represented as part of an energy-
framework picture. To include these destabilizing
energies, implementation of energy frameworks
[45] now incorporates additional cylinders of
different colors to energy-framework diagrams
i.e. red for the electrostatic term, green
dispersion, and blue total energy.

The pair-wise interaction energies within a crystal

may be obtained by adding four energy
components  namely, electrostatic  (Eel),
polarization  (Epol), dispersion (Egs), and

exchange-repulsion (Erep) [26], and by fitting into
the expression, Viz Ewt =Eele +Epol +Edis +Erep,
based on the energy model called counterpoise-
corrected B3LYP-D2/6-31G (d,p). The calculation
of interaction energies for crystal structures are
generally simple, whereby users need to
generate a cluster of molecules within a radius of
3.8 A (i. e .the default value for molecules
comprising light atoms) for a selected reference
molecule and subsequently subject it to energy
calculation upon setting the relevant parameters
such as molecular charge, multiplicity, and
energy model. The calculation of molecular
interaction energies not only provide information
about the four energy components but also
supplement details about the existence of
rotational symmetry operations, the centroid-to-
centroid distance between the reference
molecule and interacting molecules, and the
number of pair(s) of interacting molecules with
respect to the reference molecule. Visualization
of these energies and their electrostatic and
dispersion components, in the form of energy
frameworks sheds light on the architecture of
molecular crystals comprising metal coordination
compounds, organic salts, solvates, and open-
shell molecules.

2.5 Cytotoxicity and Anticancer Activity
Investigation — MTT Assay

VERO cell line (normal) and MCF-7 cell lines
(cancerous) were obtained from the National
Centre for Cell Sciences, Pune (NCCS). The
cells were maintained in Gibco Dulbecco's
Modified Eagle Medium (DMEM) supplemented
with 10% FBS, penicillin (100 U/mL), and
streptomycin (100 pg/mL) in a humidified
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atmosphere of 50 ug/mL CO, at 37°C. Cells

(1><105/well) were plated in 24-well plates and
incubated in 37°C with 5% CO> condition. After
the cell reaches the confluence, the various
concentrations of the sample were added and
incubated for 24h. After incubation, the sample
was removed from the well and washed with
phosphate-buffered saline (pH 7.4) or DMEM
without serum. 100uL/well (5mg/mL) of 0.5% 3-
(4,5-dimethyl- 2-thiazolyl)-2,5-diphenyl--
tetrazolium bromide (MTT) was added and
incubated for 4 h. After incubation, 1mL of DMSO
was added to all the wells. The absorbance at
570nm was measured with a UV-
Spectrophotometer using DMSO as the blank.
Measurements were performed and the
concentration required for a 50% inhibition (ICso)
was determined graphically. The anticancer
activity test of the synthesized chalcone
analogue on MCF-7 breast carcinoma was also
performed by MTT assay [46].

2.6 In-Silico Analysis

The 3D crystal structure determination and the
structure-activity relationship analysis play a
predominant role in designing new drugs to fight
against new diseases. AutoDock is an automated
procedure for predicting the interaction of ligands
with  biomacromolecular targets, using the
Lamarckian Genetic Algorithm along with the
traditional genetic algorithms and simulated
annealing. The empirical free energy scoring
function, will provide reproducible docking results
for ligands with approximately 10 flexible bonds,
in addition to, visualizing conformations,
visualizing interactions between ligands and
proteins, and visualizing the affinity potentials
created by AutoGrid. In the present work, the
ligand (small molecule)- target (protein)
interactions were studied using the AutoDock
4.2.6 software package [47], and the preparation
of ligand and protein for the in-silico study and
visualizing the interactions between them were
done using PYMOL [48] a graphic software.

3. RESULTS AND DISCUSSION

3.1 Geometrical Parameters

The intensity data collection and refinement
details are given in Table 1. In the title compound
(Fig. 3), experimentally estimated C-C and C=C
bond distances of the phenyl ring C1-C6 and
C11-C16 are in the range 1.368(5)-1.403(4) and
1.364(4)-1.403(4)(A), respectively, and the other
C-C single bond distances in the structure are



lies between 1.450(4)-1.508(4) A. The elongation
observed in the C=C distances of the phenyl
rings is attributed to the fusion between the rings
about C5-C6 and the methoxy groups at C14 and
Cl16. The C-O bond distances [1.364(4)-
1.436(4)(A)] and C=0 distance of the
chromenone ring is 1.220(4)A (Table 3), and
those are in good agreement with the similar
reported structure [49-51]. The torsion angle
C18-04-C16-C11=175.97(1)°and C17-0O3-C14-
C15 = 0.16(1)°, indicates that the methoxy group
is in +anti- periplanar (+ap) and syn-periplanar
(+sp) orientation, respectively, with respect to the
benzene ring (C11- C16). The carbonyl oxygen
02 tends to be coplanar with the chromenone
ring, which is revealed by the symmetry between
the bond angles C5-C7-O2 [121.7(3)] and C8-
C7-02 [122.5(3)°]. The dihedral angle between
the mean aromatic planes is 57.42°, which

Hemalatha et al.; CSIJ, 30(7): 47-64, 2021; Article no.CSIJ.73659

shows the equatorial orientation with each other.
In the title compound, the central cyclohexane
ring [O1/C5-C9] adopts a distorted sofa
conformation with ring puckering parameters;
g2=0.3690(2)A, phi2=77.4(3)°,q3= -0.1627(2)A,
QT= 0.4033(2)A and 6= 113.79(2)° [52]. In the
crystal packing, the adjacent molecules are
linked via C-H...O hydrogen bonds [Table 2]
forming a chain with deep bending and they are
interlocked in such a way that there appears to
generate 2D network (Fig. 4a), but not so
because the chains running along ‘a’ axis are not
linked by any intermolecular interaction. The
packing of the molecules in the title compound
viewed along ‘a’ axis is shown in Fig. 4a. The
distorted sofa conformation taken up by the
chromenone ring in Fig. 4b, and the unit cell
packing for clarity drawn using mercury software
is shown in Fig. 4c.

Fig. 3. Molecular structure of the title compound with atom labeling. Displacement ellipsoids
are drawn at 30% probability level

Fig. 4. (a) The crystal packing of the title compound, viewed along the ’a’ axis
with C-H...O hydrogen bonds (dashed line) (b) Ring conformation [Distorted Sofa] (c) Packing
by mercury software
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Table 1. Crystal data and structure refinement details

Crystal Data DBDB
CCDC Number 1970618
Temperature (K) 296(2)
Wavelength( A) 0.71073
Crystal system Orthorhombic
Space group P2, 2121
Unit cell dimensions( A,°) a=p=y = 90
a =7.8756(5)
b
=13.4142(8)
c
=13.8440(8)
Volume( A3) 1462.55(15)
Z 4
Density (calculated)( Mg/m?) 1.346
Absorption coefficient( mm-1) 0.095
F(000) 624

Crystal size( mm)
Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole( e.A-?)

0.200 x 0.200 x 0.150
2.943 t0 26.415°.
-9<h<9, -16<k<16, -
17<117

35974

2971 [R(int) = 0.0492]
99.5 %

Full-matrix least-squares
on F2

2971/0/199

1.095

R1 =0.046, wR2 = 0.126
R1 =0.057, wR2 = 0.142
-0.4(3)

n/a

0.20 and -0.18

Table 2. Hydrogen bond geometry (A,°)

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

C18-H18B ...02 #1 0.96 2.44 3.368(5) 162

Symmetry code: #1 1-x,-1/2+y,1/2-z

Table 3. Selected Bond Length (A), Bond Angle(°) and Torsion Angle(°)

Atoms Bond Atoms Bond/torsion Atoms torsion
distances angles (°) angles (°)
A

01-Cé6 1.371(4) C6-01-C9 116.0(2) C11-C10-C8-C9 -4.17

01-C9 1.436(4) C16-04-C18 118.2(2) C11-C10-C8-C7 175.5

04-C16 1.366(4) C6-C5-C4 118.6(3) C16-C15-C14-03 -179.41

04-C18  1.428(4)  C6-C5-C7 120.5(3) C16-C15-C14-C3  -0.39
03-Cl4 1.364(4)  C4-C5-C7 120.7(3) 02-C7-C8 -C9 171.66
03-C17 1434(5) C8-C10-Cl1 129.4(3) 02-C7-C8-C10 -8.04
02-C7  1.220(4) C12-C13-Cl4 119.5(3) C5-C7-C8 -C9 -11.08
C9-C8 1.508(4)  C15-C16-C11 121.7(3) C5-C7-C8-C10 169.23
C2-C3 1.3789(6) C13-C12-Cl11 122.1(3) 01-C6-C1-C2 -178.87
C4-C3 1.368(5)  C14-03-C17 117.4(3) C5-C6-C1-C2 -1.37
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Atoms Bond Atoms Bond/torsion Atoms torsion
distances angles (°) angles (°)
A
C16-C15 1.387(4) 01-C9-C8 113.6(2) C6 -C1-C2-C3 -1.17
C16-C11 1.403(4) 04-C16-C15 122.9(3) C1-C2-C3-C4 2.35
C12-C13 1.374(5) 04-C16-C11 115.4(2) C5-C4-C3-C2 -0.98
Cl12-C11 1.393(4) C6-01-C9-C8 -45.97 C4-C5-C7-02 -8.39
C13-C14 1.386(4) C9-01 -C6 -C5 24.03 C4-C5-C7-C8 174.32
C5-C6 1.386(4) C9-01-C6-C1 -158.51 C7-C5-C6 -01 6
C5-C4 1.403(4) C18-04 -C16-C15 -4.24 C7-C5-C6 -C1 -171.37
C5-C7 1.473(4) C18-04-C16-C11 175.97 C4-C5-C6-01 -179.96
C10-C8 1.345(4) C17-03-C14-C13 -178.91 C4 -C5-C6-C1 2.67
C10-C11 1.450(4) C17 -03-C14 -C15 0.16 C7-C5-C4-C3 172.53
C15-C14 1.381(4) 01-C9-C8-C10 -141.04 C6-C5-C4-C3 -1.49
C7-C8 1.476(4) 01-C9-C8-C7 39.29 C8-C10-C11-C16 150.56
C6-C1 1.392(4) 04 -C16 -C15-C14 178.93 C8-C10-C11-C12 -35.41
Ci1-C2 1.369(5) Cl11-Ci16-Ci15-C14 -1.3 04 -C16-C11-C12 -178.32
04 -C16 -C11 -C10 -3.91 C13-C12-C11-C10 -175
C15-Ci16 -C11-C12 1.89 C12-C13-C14 - 03 -179.49
C15 -C16 -C11-C10 176.3 C12-C13-C14-C15 1.41
C11-C12-C13-H13 179.23 C6 -C5-C7-02 165.52
C11-C12-C13-C14 -0.77 C6 -C5-C7-C8 -11.77
C13-C12-C11-C16 -0.84

3.2 Hirshfeld Surfaces Analysis and

Energy Frameworks Investigation

For the title molecule, the Hirshfeld surface
mapped over dnorm Was quantified with the default
setting of arbitrary units range by using the
validated Crystallographic Information File (CIF)
as input to the Crystal Explorer 17.5. On rotation
of the calculated plot Fig. 5(a), helps in
identifying the bright-red spots near the methoxy
hydrogen and carbonyl oxygen atoms indicate
donors and acceptors of a potential C-H...O
intermolecular interaction. The intensity of the
red spots (bright, diminutive, and faint) can be
utilized to specify the intermolecular interaction
as potential hydrogen bonds, weak interactions,
or short interatomic contacts. The Hirshfeld
surfaces mapped over other surface properties
namely shape-index and curvedness (Fig. 5b
and d) can be effectively used to explain the role
of weak intermolecular interactions such as C-
H...m/m...m in stabilizing the crystal structure.
Presence of adjacent blue and red regions
(triangular shapes) within the ring systems on the
Hirshfeld surface mapped over shape-index and
the flat regions around the rings on the Hirshfeld
surface mapped over curvedness are generally
acknowledged as an indicator of C- H...1r/m...1T
intermolecular contacts, but there are no such
colored shapes either or flat regions over the
generated Hirshfeld surface in the present study
i.e the structure is devoid of C-H...m/m...m
intermolecular contacts.
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The calculated Hirshfeld surface of the title
compound can also be analyzed in terms of two-
dimensional fingerprint plots. As shown in Fig.6,
the resultant two-dimensional fingerprint plot
which includes all intermolecular contacts is the
sum of the delineated plots due to various
specific interactions (Fig. 6a-e). In general, the
main contribution to the overall surface arises
from H...H contacts, whereas the traditional
hydrogen bonding always makes relatively small
percentage contributions to the overall surface.
In Fig. 6(b) and (d), the symmetrical forceps-like
tips correspond to interactions H...C/C...H
(15.2%) and H...0/O...H (13.9%) with di + de =
3A, which is slightly greater than the sum of the
respective van der Waals radii, and indicative of
the less likelihood for the C-H...m type of
intermolecular contacts. The very weak T...1
stacking interactions are evident from the
fingerprint plot delineated into C...C (9%)
contacts (Fig. 6¢) as the rocket-like tip at de + di
= 3.4A.The fragment patches on the Hirshfeld
surface provide convenient way to identify the
nearest neighbour coordination environment of a
molecule.

The simulated energy frameworks [37], were
estimated to compare the topology of the
intermolecular interactions in the title crystal. The
pair-wise intermolecular interaction energies
were calculated for a selected molecule in a
cluster of molecules of radius 3.8 A, using a
counter poise-corrected DFT energy model CE-



B3LYP (Fig. 7a and Table.4) In the energy
frameworks, the individual energy components
such as Eee, Eds and Ewt are depicted as

cylinders in red, green and blue colours,
respectively, and with the radius of the
corresponding cylinders proportional to the

magnitude of interaction energy [44]. An analysis
of the resultant energy frameworks is shown in
Fig. 7b and reveals that the crystal packing of the
titte material is mainly stabilized by electrostatic
and dispersive forces. These energies confirm
that the interactions are predominantly dispersion
based as is revealed by the energy-framework
diagrams in Fig. 7b [53], where the magnitude of
the dispersion energies almost mirrors the total
energies; the electrostatic term though not
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influential, but largely cancelled by repulsion in
each case.

3.3 In vitro Analysis Cytotoxicity

3.3.1 Cytotoxic effect on normal VERO cell
line

The cytotoxic effect of the test compound on the
normal VERO cell line was recorded by varying
the sample concentration and quantifying the cell
viability (Table 5), by following the standard MTT
assay procedure [46]. A graph relating the
sample concentration and the cell viability (Fig.
8) is extrapolated to calculate the ICso (half
maximal inhibitory concentration).

Fig. 5. Hirshfeld surface mapped over (a) dnorm (b) Electrostatic potential (c) Shape Index
(d) Curvedness (e) Fragment patches
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It is noticed that the concentration of the sample
increases, the cell viability decreases slowly to
50% of its initial value at a half-maximal inhibitory
concentration (ICsg) > 1000 pg/mL, and thus
indicate less toxicity (Fig. 8, Table 6). Also, the
morphological changes of Vero cells with respect
to the varying sample concentration were
compared to untreated cells, which show the
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concentration increases. The title compound
exhibits 60.51% cell viability at a high
concentration of 1000 ug/mL. Indicative of ICso at
concentration > 1000 pg/mL, and thus the
compound is nontoxic on Vero cell line up to
1000 pg/mL (maximum testing concentration).
The surface morphology changes recorded at a
concentration of 1000 and 7.8ug/mL (available

decrease of normal cells as the sample limit) are shown in Fig.9.
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Fig. 6. Two-dimensional fingerprint plot for the title compound showing the delineated
contributions: (a) C-O contacts, (b) C-C contacts, (c) H-O contacts, (d)H -C contacts, (e) H-H
contacts and the whole

Table 4. Interaction energies (kJ mol '1)

Color N Sym.op Electron density R Eelec Epol Edisp Erep Etotal

B>  x+1/2-y+1/2,-z B3LYP/631G(d,p) 4.00 -9.2 -47 -836 430 -59.3

2  -x+1/2,-y,-z+1/2 B3LYP/631G(d,p) 9.44 -6.7 -2.2  -21.0 126 -19.2

I 2 x+1/2,-y-z+1/2 B3LYP/631G(d,p) 10.38 -42 -26 -152 97 -136

2 XYz B3LYP/631G(d,p) 13.41 -58 -0.8 -95 49  -12.0

2 -x+1/2,y+1/2,- B3LYP/631G(d,p) 9.79 -121 -45 -143 125 -20.8
z+1/2

2  -x+1/2,y+1/2,- B3LYP/631G(d,p) 9.79 -21 -05 -167 9.0 -11.6
z+1/2

2 -X,Y,-Z B3LYP/631G(d,p) 13.31 -0.4 -0.2 -4.0 05 -38

Energy Model K_ele K_pol K_disp K_rep

CE-B3LYP ... B3LYP/6-31G(d,p) electron 1.057 0.740 0.871 0.618

densities
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G (d)

Fig. 7. (a) interaction between the selected molecule and the molecules around 3.8 & radius
(b) electrostatic energy (c) dispersion energy and (d)total energy

Table 5. Cytotoxicity of the title compound

S.No Concentration (ug/mL) Dilutions Absorbance (0.D) Cell Viability (%)
1 1000 Neat 0.308 60.51
2 500 1:1 0.335 65.81
3 250 1:2 0.363 71.31
4 125 14 0.390 76.62
5 62.5 1:8 0.418 82.12
6 31.2 1:16 0.445 87.42
7 15.6 1:32 0.473 92.92
8 7.8 1:64 0.501 98.41
9 Cell control - 0.509 100
120 L] L] L] o
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r 80 /

¢ 60 -

e

n 40

t 20

a 0 T T T T T T T T 1

g

. D A N0 O N
e & & DN RN N S o&@
N
. &
Concentration(ug/mL)

Fig. 8. Concentration vs Cell viability graph on extrapolation provide ICsovalue for the title
Compound
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3.4 Anticancer Activity on MCF-7 Cell
Lines

The anti-cancer proliferative activity of the
synthesized compound on MCF-7 cell lines was
evaluated by using an MTT assay method [46], in
which the cell viability is measured for various
sample concentrations (Table 6). It is observed
that the cell viability decreases as the
concentration of the sample increases and the
concentration corresponding to ICso value of the
compound is just around 7.8ug/mL (Fig.10),

which demonstrate its efficacy as potential
anticancer material in the field of drug designing.
The recorded surface morphology changes of
MCF-7 cells treated with the synthesized
compound at 1000 and 7.8ug/mL concentrations
are shown in Fig.11. The ICso value corresponds
to lower sample concentration of about 7.8ug/mL
clearly illustrate the high toxicity against
cancerous cells, and thus the title molecule can
be considered as a lead drug candidate to fight
against breast cancer

Table 6. Anticancer activity of title compounds on MCF-7 Cells

S.No Concentration (ug/mL) Dilutions Absorbance Cell Viability (%)
(0.D)

1 1000 Neat 0.045 07.40
2 500 1:1 0.080 13.15
3 250 1:2 0.115 18.91
4 125 1:4 0.151 24.83
5 62.5 1:8 0.186 30.59
6 31.2 1:16 0.221 36.34
7 15.6 1:32 0.256 42.10
8 7.8 1:64 0.294 48.35
9 Cell control - 0.608 100

Normal VERO Cell line

Sampleat1000pg/mL
R FE

Fig. 9. Morphological changes (Cytotoxic effect) of the title compound on normal Vero cell line
at sample concentration of 1000 and 7.8ug/mL

120 O O 0
00 Cell Viability (%)
9% 80 //
60 y 4
» /
20 /
O T T T T T T T T 1
1000 500 250 125 625 31.2 156 7.8 Cell
. control
Concentration(ug/mL)

Fig. 10. Concentration vs. Cell viability plot showing the ICsovalue for the title compound

58



Hemalatha et al.; CSIJ, 30(7): 47-64, 2021; Article no.CSIJ.73659

Sample
- e

y .

_t\11()/QOgg/mL Sample at 7.8ug/mL

. = W g
R |
o= % B BCLEE T
L vt P
g B o J z
. Gt

s f
&

Fig. 12. PYMOL plot representing the active site interactions (a) between the ligand (DBDB)
and the protein (3s7s) (b) between the co-crystal (triazole) and the protein (3s7s)
protein (3s7s) and (b) Between the co-crystal and the protein (3s7s)

Table 7. Scoring functions obtained via molecular docking simulation

Run No. Binding energy Inhibition Intermolecular
kcal/mol constant(Ki) pM energy kcal/mol

1 -6.40 0.20 -7.29

2 -9.90 0.55 -10.79

3 -8.01 1.35 -10.02

4 -9.13 2.03 -9.68

5 -8.70 4.22 -9.59

6 -7.59 2.72 -8.49

7 -8.90 2.99 -9.79

8 -7.10 6.28 -7.99

9 -9.17 1.88 -10.07

10 -9.11 2.09 -10.01

Table 8. Binding site interactions and binding energies

Ligand Run Binding site interaction D-H...A (A) Binding energy
No./Pose kcal/mol
Co-crystal (triazole) 5 [VAL'370A)IN-H...O 3.3 8.70
N-H...O[CYS’310(A)] 3.9
Title molecule (DBDB) 2 N-H...O1[ VAL'370(A)] 2.6 -9.90

0...SG1[CYS'437(A)] 2.9
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Fig. 13. Lig plot representing the active site interactions (a) Between the ligand (DBDB) and the

3.4 Molecular Docking Investigation

Molecular docking analysis has been performed
to identify the best pose in which the ligand
(small molecule) perfectly fit into the active site of
the target (protein) using AutoDock 4.2.6
software and PYMOL graphic software to
visualize the molecular interactions. In this work,
the 3D crystal structure of the reference drug
complexed with the co-crystal triazole (PDB ID:
3s7s) [54] was downloaded from RCSB Protein
Data Bank [55,56]. After preparing the ligand and
protein for molecular docking, the co-crystal
inhibitor was replaced by the title compound and
the docking processes has initiated with the
protein active site of grid spacing 0.375A [57].
The docking process was continued for ten runs
using AutoDock Tools 1.5.6, and the scoring
functions including binding energy, inhibition
constant, and intermolecular interaction energy
was tabulated [Table7]. The protein active site
interactions (hydrogen bonding interactions)
along with binding energies were given in Table
8. The best fit interaction is defined by the lowest
binding energy  (-9.9kcal/mol) and the
corresponding inhibition constant Ki (0.55uM)
[Table 7]. In the present work, corresponding to
run 2, the ligand interaction with 3s7s protein
exhibits the lowest binding energy value of
-9.90kcal/mol, which is illustrative of the excellent
binding affinity between the ligand and the
protein receptor. Also, the title molecule well fits
into the binding site of protein with amino acid
residues VAL’370(A) and CYS’437(A), and are in
good agreement with the reported co-crystal
complexed structure Fig 12 and 13 [58].
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4. CONCLUSION

(3E)-3-(2, 4-Dimethoxy Benzyldene)-2,3-Dihydro-
4H- Chromen-4-One (DBDB), a new chalcone
derivative was synthesized using Claisen-
Schmidt condensation reaction at room
temperature. The grown crystal was studied for
its 3D structure via the XRD technique and the
calculated crystallographic parameters were
found to be normal. Hirshfeld surfaces mapped
over the surface properties such as dnorm,

electrostatic  potential,  shape-index, and
curvedness  provide valuable information
regarding the potential hydrogen bonding

contacts, the positive and negative electrostatic
potential regions, and the C-H...m and .17
stacking interactions. The calculation of pairwise
intermolecular interaction energies described by
the energy frameworks for the title molecule
indicates the predominant contribution due to the
dispersion energy. The 2D fingerprint plots of the
total and the delineated Hirshfeld surfaces clearly
explain the contribution resulting from various
intermolecular contacts. In vitro analysis on
normal (VERO) and cancerous (MCF 7) cell lines
were performed to understand the cytotoxic
effect of the title compound. It is observed that
the present material is less toxic (with large cell
viability) to normal cells but highly toxic (least cell
viability) to cancerous cells. The combination of
in vitro and in silico (molecular docking) method
is followed to test and quantify the efficacy of the
titte material to be a potential drug candidate to
treat breast cancer, and from the derived results
we recommend that the synthesized material can
be a lead material for pharmaceutical
applications.
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