S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Molecular Structure 1244 (2021) 130967

journal homepage: www.elsevier.com/locate/molstr

Journal of Molecular Structure

3 = . . Journal of
Contents lists available at ScienceDirect MOLECULAR

STRUCTURE

(2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-naphthalen-1-one single N

Check for

crystal: Synthesis, growth, crystal structure, spectral characterization,
biological evaluation and binding interactions with SARS-CoV-2 main

protease

N. Afsar®# D. Reuben Jonathan¢, B.K. Revathi¢, Dhurairaj Satheesh®, S. Manivannan?

aDr. Ambedkar Government Arts College (Autonomous), Chennai 600 039, Tamilnadu, India

b [oganatha Narayanasamy Government College (Autonomous), Ponneri 601 204, Tamilnadu, India
¢ Department of Chemistry, Madras Christian College (Autonomous), Chennai 600 059, Tamilnadu, India
d Department of Physics, Madras Christian College (Autonomous), Chennai 600 059, Tamilnadu, India

ARTICLE INFO ABSTRACT

Article history:

Received 11 March 2021
Revised 20 June 2021
Accepted 22 June 2021
Available online 24 June 2021

Keywords:

Claisen-Schmidt condensation
Chalcone

Crystal growth

Crystal structure

Biological activity
SARS-CoV-2

6yb7) also performed.

A new «-Tetralone based chalcone compound, (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-naphthalen-
1-one (EBDN) has been synthesized by Claisen-Schmidt condensation reaction of «-Tetralone (1) with
4-Ethoxybenzaldehyde (2) in basic medium. Then it was allowed to grow through slow evaporation so-
lution growth technique. The molecular structure of grown EBDN has been systematically characterized
by SCXRD, FT-IR, '"H NMR and 3C NMR spectroscopic studies. The micro-hardness, thermal (TGA & DTA)
and photoluminence studies of the synthesized EBDN were also examined. The EBDN was screened for
its anti-inflammatory, antidiabetic and anti-oxidant activity. It has shown admirable anti-inflammatory
and antidiabetic activity. Protein-Ligand interactions of EBDN with SARS-CoV-2 main protease (PDB code:

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Chalcones ((E)-1,3-diphenylprop-2-ene-1-ones, Fig. 1) are one of
the most overbearing classes and a modest chemical scaffolding
of numerous naturally occurring compounds across the plant king-
dom (vegetables, spices, fruits, teas and etc.,) [1-6]. Chalcones be-
long to the family of flavonoids and they are also known as chal-
conoids. Which exhibits geometrical isomers cis and trans, and the
thermodynamically more stable one is the trans isomer (Fig. 1).

Chalcones are organic compounds possessing acceptor and
donor groups, which enhance their importance in various fields.
The chalcone compounds have attained significance because of
their excellent NLO properties [7]. The NLO response was found
to increase as the donor strength of the molecules increased.

The chalcone family has drawn a lot of attention not only from
synthetic and biosynthetic perspectives, but also from pharmaco-
logical applications because they have revealed a lot of biological
actions that include the treatment of medical disorders like mi-
crobial and viral infections [8-11], cancer [12-15], cardiovascular
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diseases and their risk factors [16-19], anti-inflammatory [20] and
antioxidant activities [21,22]. The maximum reactive moiety is
due to the, [23] «,B-unsaturated carbonyl bridge, which is related
to chalcone biological actions [24]. Some chalcone-moiety con-
taining compounds have additionally been permitted for clinical
use. For example, metochalcone ((E)-1-(2,4-dimethoxyphenyl)-3-
(4-methoxyphenyl) prop-2-en-1-one) was approved as a choleretic
while sofalcone was approved as an antiulcer and mucoprotective
drug (Fig. 1) [25,26].

1-Tetralones are an essential elegance of compounds, and
their numerous derivatives have proven important biological ap-
plications, including antimicrobial activity [27], anti-tumor activ-
ity [28], and neurological disorders. [29,30,43] Several (E)-2-(4'-
substitutedbenzylidene)-1-tetralones (Fig. 2) have been synthe-
sized, characterized by using spectroscopic tools and also per-
formed their biological applications [31-38].

Since it’s unveiling at the end of December 2019, SARS-CoV-2
has remained to spread chop-chop throughout the world. Despite
the fact that the number of deaths caused by COVID-19 is rapidly
increasing, an effective drug treatment other than vaccines has yet
to be developed.The existing literature comprises many investi-
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Fig. 2. Structure representation of 1-Tetralone based chalcones.

gations on SARS-CoV-2 main protease and its potential inhibitors
[39-45].

In this present investigation, a new «-Tetralone based chal-
cone compound, (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-
naphthalen-1-one (EBDN) has been synthesized and grown
through a slow evaporation solution growth technique. The molec-
ular structure of grown EBDN has been characterized by SCXRD,
FT-IR, 'TH NMR and 13C NMR spectroscopic studies. The micro-
hardness, thermal (TGA & DTA) and photoluminence studies were
also examined. The EBDN was screened for its anti-inflammatory,
antidiabetic and anti-oxidant activity. Protein-Ligand interactions
of EBDN with SARS-CoV-2 main protease also performed.

2. Experimental methods
2.1. Materials

«-tetralone (97%, Sigma Aldrich), p-Ethoxy benzaldehyde (99%,
Sigma Aldrich), Absolute alcohol and sodium hydroxide (Spec-
trochem) were purchased from commercially available and were
used.

Journal of Molecular Structure 1244 (2021) 130967
2.2. Methods

2.2.1. Synthesis of
(2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-naphthalen-1-one

In a 250 mL round-bottomed flask, «-tetralone (0.05 mol,
7.3 mL) and p-ethoxy benzaldehyde (0.05 mol, 7.0 mL) were taken
to which 100 mL of absolute alcohol was added and stirred well for
complete dissolution. After a span of 10 min, about 10 mL of 10%
sodium hydroxide solution was added and the solution was stirred
for about 1 hour at room temperature. After 12 h, ice cold water
was added to precipitate the obtained light yellow color product
which was filtered, washed with double distilled water and dried
(Scheme 1: Yield: 85%, 11.8297 g).

EBDN: Light yellow single crystal. m.p.: 141-142 °C. '"H NMR (8§
in ppm, CDCl3, 400 MHz): 8.13, 8.10 (d, 1H, J = 12 Hz), 7.84 (s,
1H), 749, 747 (d, 1H, J = 8 Hz), 7.45-7.40 (dd, 2H, J = 20 Hz),
7.37-7.33 (m, 1H, J = 16 Hz), 7.25, 7.23 (d, 1H, ] = 8 Hz), 6.94, 6.92
(d, 2H, ] = 8 Hz), 410-4.05 (q, 2H, J = 20 Hz), 3.15-3.13 (t, 2H,
J = 8 Hz), 2.96-2.93 (t, 2H, | = 12 Hz), 1.45-1.41 (t, 3H, ] = 16 Hz).
13C NMR (8 in ppm, CDCl3, 400 MHz): 188.07 (C=0), 159.59 (Cy5),
143.13 (Cs), 136.97 (Cqq), 133.97 (Cg & Cg), 133.62 (C3), 131.97 (Cy3
& Cy7), 128.45 (Cq), 128.35 (C4), 128.27 (Cyp), 127.16 (C3), 114.67
(C1a & Cyg), 63.77 (Cqg), 29.01 (Cg), 27.43 (C7), 14.98 (Cqg).

2.2.2. Crystal growth (slow evaporation solution method)

The slow evaporation solution method [38] was adopted to
crystallize the formed chalcone. About one gram of the synthesized
EBDN was taken in a 100 mL beaker to which 50 mL of acetone
was added and then stirred at room temperature for about half-an-
hour. Then it was filtered and the filtrate was collected in a 100 mL
beaker. It was allowed to undergo slow evaporation at room tem-
perature. When all the solvent was evaporated, the crystals were
harvested and dried for crystallographic study (Fig. 3).

2.2.3. Characterization techniques

2.2.3.1. Single crystal X-Ray diffraction studies. X-ray diffraction
data for the crystalline EBDN was collected by employing a
Bruker APEX DUO CCD diffractometer with a graphite monochro-
matic Mo-Ka radiation at a detector distance of 5 cm with
APEX2 software [46]. The collected data was reduced using the
SAINT program and the empirical absorption corrections were
performed with the SADABS program. The molecular structure
of the (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-naphthalen-1-
one (EBDN) crystalline was solved by direct methods and was re-
fined using a full-matrix least-squares method on F2 using the
SHELXTL program (Fig. 4) [46].

2.2.3.2. FI-IR spectral analysis. The FT-IR spectrum of the grown
crystal EBDN was recorded in the wave number region from 400 to
4000 cm~! using a Perkin Elmer FT-IR spectrometer by KBr pellet
technique.

2.2.3.3. NMR spectral analysis. 'H NMR and 3C NMR spectrum of
the synthesized grown crystal EBDN was recorded by using have
been Bruker AV 400 NMR spectrometer (400 MHz) in CDCls.

2.2.4. Biological evaluation

2.2.4.1. Anti-inflammatory analysis (BSA denaturation technique).
The grown chalcone compound EBDN and standard diclofenac
sodium were screened for anti-inflammatory activity in five differ-
ent concentrations (10, 25, 50, 125 & 250 pg/mL) by using the in-
hibition of albumin denaturation technique [47] with minor mod-
ification. The standard drug and compound were dissolved in a
minimum quantity of Dimethyl formamide (DMF) and diluted with
phosphate buffer (0.2 M, PH 7.4). The final concentration of DMF
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Scheme 1. Synthesis of (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-naphthalen-1-one.

Fig. 4. ORTEP diagram of crystalline EBDN.

in all solutions was less than 2.5%. Test Solution (4 mL) contain-
ing different concentrations of the drug was mixed with 1 mL of
1 mM Bovine serum albumin solution in phosphate buffer and in-
cubated at 37 °C in an incubator for 15 min. Denaturation was in-
duced by keeping the reaction mixture at 70 °C in a water bath for
30 min. After cooling, the turbidity was measured at 660 nm. The
percentage of inhibition of denaturation was calculated from con-
trol where no drug was added. The percentage inhibition of denat-
uration was calculated by using the following formula.

% ofnhibition = 100 x [Ac — Ac/Ac]

A¢: Absorbance of test
Ac: Absorbance of control

2.2.4.2. Anti-diabetic analysis (a¢-amylase inhibition technique). The
antidiabetic activity of the grown chalcone compound EBDN and
standard Acarbose in five different concentrations (10, 25, 50, 125
& 250 pg/mL) were performed using a-amylase inhibition method
[47]. Briefly, Amylase (0.5 mg/mL) was incubated with and with-
out extract and standard for 10 min at 25 °C. This experiment was
performed in 20 mM sodium phosphate buffer (pH 6.9). After pre
incubation, the 1% starch solution (1 mL) was added and the re-
action mixture was incubated for 30 min at 25 °C. In order to
stop the enzymatic reaction, DNSA reagent (1 mL) was added as
the color reagent and then incubated in a boiling water bath for15
min. After cooling down to the room temperature, the absorbance
measured at 540 nm using a spectrophotometer instrument. The
measured absorbance was compared with that of the control ex-

periment. The percentage inhibition was calculated from the given
formula.

% ofInhibition = 100 x [Ac — A¢/A(]

A¢: Absorbance of test
Ac: Absorbance of control

2.2.4.3. Total antioxidant activity (phosphomolybdenum method). To-
tal antioxidant activity of the grown chalcone compound EBDN and
standard Vitamin C in five different concentrations (10, 25, 50, 125
& 250 pg/mL) were observed using phosphomolybdenum method.
About 3 mL of antioxidant reagent (0.6 M H,SO,4, 28 mM Na3POy4
and 4 mM ammonium molybdate) were added to the test sam-
ples with various concentrations. The test mixture to accomplish
proper diffusion with phosphomolybdenum reagent was incubated
at 95 °C for 90 min in a water bath. The total antioxidant activity
of extracts and vitamin C standard drug were measured and de-
termined their absorbance at 695 nm using a spectrophotometer.
The total antioxidant activities were calculated using the given for-
mula.

TOA = [(A; — Ac)/A¢] x 100

A¢: Absorbance of test
Ac: Absorbance of control

2.2.5. Protein-ligand interactions

The 3D structure of the SARS-Cov-2 main protease enzyme
(6yb7.pdb) was downloaded from the protein data bank [48]. The
molecular docking poses are visualization using discovery stu-
dio. Molecular docking was performed using the Auto-Dock Tool
(1.5.6). The 3D structure of EBDN was optimized using Gaussian
09 W [49]. All avoidable water and ligand were removed from
the enzyme and polar hydrogen was added to the enzyme. The
target was generated as a PDBQT format. PDBQT file of the lig-
ands also generated and performed. The grid box size is fixed as
60 x 60 x 60 points in X, Y, and Z directions. Similarly, the grid
space is fixed as 0.375 A and ten runs were created by using
Lamarckian genetic algorithm searches. The default docking param-
eters were fixed and performed.

3. Results and discussion
3.1. Synthesis and crystal growth of EBDN

The title chalcone compound (2E)-2-(4-ethoxybenzylidene)-3,4-
dihydro-2H-naphthalen-1-one (EBDN) was successfully synthe-
sized by the simple Claisen-Schmidt condensation reaction of o-
Tetralone with 4-ethoxybenzaldehyde in a basic medium (Scheme
1). 85% of EBDN were obtained. Then it was grown through a slow
evaporation solution growth technique. The single crystal of grown
EBDN was obtained.

3.2. Characterization of EBDN

The molecular structure of the title chalcone compound (2E)-
2-(4-ethoxybenzylidene)-3,4-dihydro-2H-naphthalen-1-one (EBDN)
was successfully confirmed and characterized by SCXRD, FT-IR and
NMR spectral analysis.
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Table 1
Crystal data and structure refinement for the EBDN crystal.
CCDC No. 1954163
Identification code EBDN
Empirical formula Ci9 Hig Oy
Formula weight 278.33
Temperature 296(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2,
Unit cell dimensions a = 6.9532(6) A a =90°
b =14.8211(14) A B = 101.969(3)°
c=145529(13) A y =90°
Volume 1467.1(2) A3
z 4
Density (calculated) 1.260 mg/mm?
Absorption coefficient 0.080 mm™!
F (000) 592
Crystal size 0.200 x 0.150 x 0.150 mm?3

Theta range for data collection

2.749 to 25.133°

Index ranges —7<=h<=8, —17<=k<=17, -17<=l<=17
Reflections collected 23,021

Fig. 5. Crystal packing of Crystalline EBDN.

3.2.1. Single crystal X-ray diffraction study of EBDN

The title chalcone compound, (2E)-2-(4-ethoxybenzylidene)-
3,4-dihydro-2H-naphthalen-1-one (EBDN) crystallizes in a mono-
clinic crystal system with P2;/n space group with the unit cell pa-
rameters shown in Table 1. The crystal packing of the compound
viewed along the ‘b’ axis is presented in Fig. 5.

The molecule exists in an E configuration with respect to the
C9=Cy; double bond and the dihedral angle existing between the
mean plane of the two phenyl rings is 34.4°. The bond lengths and
angles are within the normal ranges and comparable with the pre-
viously reported structures of chalcone [38]. Table 2 provides ex-
perimental values of the bond lengths and bond angles of the syn-
thesised compound molecular structure.

3.2.2. FTIR spectral charatcerization

The FT-IR spectrum and vibrational frequencies of grown EBDN
are shown in Fig. 6 and Table 3. For the FT-IR spectrum of EBDN,
the aromatic and aliphatic C-H stretching vibrations are observed
at 3068 and 2960 cm~! respectively [38,50]. The strong peak was
observed at 1675 cm~! which is due to the C=0 group of the
tetralone moiety [38]. A very strong peak at 1599 cm~! is shown
which is attributed to the C=C and C=0 groups. The C=C group

Journal of Molecular Structure 1244 (2021) 130967
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Fig. 6. FT-IR spectrum of grown EBDN.

has also shown a very strong peak at 1508 cm~!. The C-0 group is
shown a very strong peak at 1253 cm~!. The C-H vibrations were
observed at 977, 838, 728 and 541 cm~! [38].

3.2.3. NMR spectral charatcerization

The 'H NMR and 3C NMR spectra of the title compound EBDN
was recorded in CDCl3 at 400 MHz and its neat spectrum is shown
in Figs. 7 and 8.

3.2.3.1. 'TH NMR spectral charatcerization. The 'H NMR spectrum
of the title compound, EBDN, is shown.A triplet peaks at 1.41-
1.45 ppm and a quartet peaks at 4.10-4.05 ppm are attributed to
the methyl and methylene protons of the ethoxy group present
in the 4-ethoxybenzylidene moiety respectively [51]. For the 4-
ethoxybenzylidene moiety, two aromatic protons (Ci3H & Cy7H) are
shown multiplet peaks at 7.40-7.45 ppm and another two aromatic
protons (Ci4H & CygH) are shown doublet peaks at 6.94, 6.92 ppm
(Fig. 7 & 8) [51]. The four aromatic protons of the «-Tetralone moi-
ety are shown at four different peaks. The C;H proton has mulplet
peaks at 7.33-7.37 ppm, the C;H proton has doublet peaks at 7.47,
7.49 ppm, the C3H proton has doublet peaks at 7.23, 7.25 ppm,
and the C4H proton has doublet peaks at 8.10, 8.12 ppm [38]. Two
triplet peaks are shown in the 'H NMR spectrum of the EBDN,
which are attributed to two methylene protons (C;H, & CgH,) of
the o-Tetralone moiety. And finally, a characteristic singlet peak is
shown at 7.84 ppm, which is assigned to methine (Ar-CH=C) pro-
ton (Fig. 7 & 8) [38].

3.2.3.2. 3C NMR spectral charatcerization. In the 3C NMR spec-
trum of the title compound EBDN, a peak is shown at 188.07 ppm,
which is attributed to the carbonyl (C=0) group (Fig. 7 & 9). In the
4-ethoxybenzylidene moiety, the methyl carbon (Cg9) is shown a
peak at 14.98 ppm and methylene carbon (Cyg) is shown a peak at
63.77 ppm [51]. Peaks for the four equivalent carbons are shown
at 128.27 ppm (Cyp), 131.97 ppm (Ci3 & Cy7), 114.97 ppm (Cyy
& Cyg), and 159.59 ppm (Cy5). A peak at 136.97 ppm is shown
for newly formed methine carbon (Cq;).Two distinct peaks are
shown for the two methylene carbons found in the « -tetralone
moiety (Fig. 7 & 9). One is observed at 27.43 ppm (C7) and an-
other one is 29.01 ppm (Cg). Both Cg and Cg are shown a peak
at 133.97 ppm. Peaks are shown for the five aromatic carbons at
128.45 for Cq, 133.62 for C,, 127.16 for C3, 128.35 for C4 and 143.13
(Cs) [38,50,51].
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Table 2

The geometrical parameters of the grown EBDN.
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Bond length (A)

Bond angles(*)

Dihedral angles [°]

Atoms Bond length  Atoms Bond angle  Atoms Dihedral angle
C(1)-C(6) 1.384(6) C(6)-C(1)-C(2) 121.0(4) C(6)-C(1)-C(2)-C(3) -0.9(7)
C(1)-C(2) 1.389(5) C(6)-C(1)-H(1) 119.5 C(1)-C(2)-C(3)-C(4) 0.2(7)
C(1)-H(1) 0.93 C(2)-C(1)-H(1) 119.5 C(2)-C(3)-C(4)-C(5) 0.3(7)
C(2)-C(3) 1.372(6) C(3)-C(2)-C(1) 120.1(4) C(3)-C(4)-C(5)-C(6) —-0.2(6)
C(2)-H(2) 0.93 C(3)-C(2)-H(2) 119.9 C(3)-C(4)-C(5)-C(10) -179.1(4)
C(3)-C(4) 1.372(6) C(1)-C(2)-H(2) 119.9 C(2)-C(1)-C(6)-C(5) 1.0(6)
C(3)-H(3) 0.93 C(2)-C(3)-C(4) 119.7(4) C(2)-C(1)-C(6)-C(7) 180.0(4)
C(4)-C(5) 1.392(5) C(2)-C(3)-H(3) 120.1 C(4)-C(5)-C(6)-C(1) —0.4(6)
C(4)-H(4) 0.93 C(4)-C(3)-H(3) 120.1 C(10)-C(5)-C(6)-C(1) 178.4(4)
C(5)-C(6) 1.388(5) C(3)-C(4)-C(5) 120.3(4) C(4)-C(5)-C(6)-C(7) —179.5(4)
C(5)-C(10) 1.485(5) C(3)-C(4)-H(4) 119.8 C(10)-C(5)-C(6)-C(7) —-0.6(6)
C(6)-C(7) 1.493(5) C(5)-C(4)-H(4) 119.8 C(1)-C(6)-C(7)-C(8) 144.6(4)
C(7)-C(8) 1.521(6) C(6)-C(5)-C(4) 120.5(4) C(5)-C(6)-C(7)-C(8) —36.4(5)
C(7)-H(7A) 0.97 C(6)-C(5)-C(10) 120.3(3) C(6)-C(7)-C(8)-C(9) 54.7(5)
C(7)-H(7B) 0.97 C(4)-C(5)-C(10) 119.1(4) C(7)-C(8)-C(9)-C(11) 142.5(4)
C(8)-C(9) 1.500(5) C(1)-C(6)-C(5) 118.2(4) C(7)-C(8)-C(9)-C(10) —38.4(5)
C(8)-H(8A) 0.97 C(1)-C(6)-C(7) 121.9(4) C(6)-C(5)-C(10)-0(1) -162.8(4)
C(8)-H(8B) 0.97 C(5)-C(6)-C(7) 119.8(4) C(4)-C(5)-C(10)-0(1) 16.1(6)
C(9)-C(11) 1.334(5) C(6)-C(7)-C(8) 110.9(4) C(6)-C(5)-C(10)-C(9) 18.8(6)
C(9)-C(10) 1.490(5) C(6)-C(7)-H(7A) 109.4 C(4)-C(5)-C(10)-C(9) -162.3(4)
C(10)-0(1) 1.223(4) C(8)-C(7)-H(7A) 109.4 C(11)-C(9)-C(10)-0(1) 2.9(6)
C(11)-C(12) 1.459(5) C(6)-C(7)-H(7B) 109.4 C(8)-C(9)-C(10)-0(1) -176.2(4)
C(11)-H(11) 0.93 C(8)-C(7)-H(7B) 109.4 C(11)-C(9)-C(10)-C(5) —178.6(4)
C(12)-C(13) 1.390(5) H(7A)-C(7)-H(7B) 108 C(8)-C(9)-C(10)-C(5) 2.2(5)
C(12)-C(17) 1.394(5) C(9)-C(8)-C(7) 111.3(3) C(10)-C(9)-C(11)-C(12) -172.6(3)
C(13)-C(14) 1.380(5) C(9)-C(8)-H(8A) 109.4 C(8)-C(9)-C(11)-C(12) 6.5(7)
C(13)-H(13) 0.93 C(7)-C(8)-H(8A) 109.4 C(9)-C(11)-C(12)-C(13) 34.4(6)
C(14)-C(15) 1.376(5) C(9)-C(8)-H(8B) 109.4 C(9)-C(11)-C(12)-C(17) —150.1(5)
C(14)-H(14) 0.93 C(7)-C(8)-H(8B) 109.4 C(17)-C(12)-C(13)-C(14)  0.4(6)
C(15)-0(2) 1.365(4) H(8A)-C(8)-H(8B) 108 C(11)-C(12)-C(13)-C(14)  176.0(4)
C(15)-C(16) 1.385(5) C(11)-C(9)-C(10) 117.9(3) C(12)-C(13)-C(14)-C(15)  —0.3(6)
C(16)-C(17) 1.368(5) C(11)-C(9)-C(8) 124.8(4) C(13)-C(14)-C(15)-0(2) —179.0(4)
C(16)-H(16) 0.93 C(10)-C(9)-C(8) 117.3(3) C(13)-C(14)-C(15)-C(16)  0.8(6)
C(17)-H(17) 0.93 0(1)-C(10)-C(5) 121.0(3) 0(2)-C(15)-C(16)-C(17) 178.4(4)
C(18)-0(2) 1.421(5) 0(1)-C(10)-C(9) 121.8(3) C(14)-C(15)-C(16)-C(17)  —1.4(6)
C(18)-C(19) 1.492(5) C(5)-C(10)-C(9) 117.2(3) C(15)-C(16)-C(17)-C(12)  1.6(6)
C(18)-H(18A)  0.97 C(9)-C(11)-C(12) 129.5(3) C(13)-C(12)-C(17)-C(16)  —1.0(6)
C(18)-H(18B)  0.97 C(9)-C(11)-H(11) 115.2 C(11)-C(12)-C(17)-C(16)  —176.8(4)
C(19)-H(19A)  0.96 C(12)-C(11)-H(11) 115.2 C(14)-C(15)-0(2)-C(18) —-0.8(5)
C(19)-H(19B)  0.96 C(13)-C(12)-C(17) 117.0(4) C(16)-C(15)-0(2)-C(18) 179.4(4)
C(19)-H(19C)  0.96 C(13)-C(12)-C(11) 123.4(4) C(19)-C(18)-0(2)-C(15) -176.7(4)
C(20)-C(25) 1.380(6) C(17)-C(12)-C(11) 119.5(4) C(25)-C(20)-C(21)-C(22)  -0.3(7)
C(20)-C(21) 1.384(6) C(14)-C(13)-C(12) 121.6(4) C(20)-C(21)-C(22)-C(23)  1.8(7)
C(20)-H(20) 0.93 C(14)-C(13)-H(13) 119.2 C(21)-C(22)-C(23)-C(24)  —2.1(7)
C(21)-C(22) 1.385(6) C(12)-C(13)-H(13) 119.2 C(22)-C(23)-C(24)-C(25)  0.8(6)
C(21)-H(21) 0.93 C(15)-C(14)-C(13) 120.2(4) C(22)-C(23)-C(24)-C(29)  —179.5(4)
C(22)-C(23) 1.375(5) C(15)-C(14)-H(14) 119.9 C(21)-C(20)-C(25)-C(24)  —0.9(6)
C(22)-H(22) 0.93 C(13)-C(14)-H(14) 119.9 C(21)-C(20)-C(25)-C(26)  179.7(4)
C(23)-C(24) 1.389(5) 0(2)-C(15)-C(14) 124.7(4) C(23)-C(24)-C(25)-C(20)  0.7(6)
C(23)-H(23) 0.93 0(2)-C(15)-C(16) 116.1(4) C(29)-C(24)-C(25)-C(20)  —179.0(4)
C(24)-C(25) 1.398(5) C(14)-C(15)-C(16) 119.3(4) C(23)-C(24)-C(25)-C(26)  —180.0(4)
C(24)-C(29) 1.486(5) C(17)-C(16)-C(15) 120.2(4) C(29)-C(24)-C(25)-C(26)  0.4(6)
C(25)-C(26) 1.505(5) C(17)-C(16)-H(16) 119.9 C(20)-C(25)-C(26)-C(27)  —144.2(4)
C(26)-C(27) 1.519(5) C(15)-C(16)-H(16) 119.9 C(24)-C(25)-C(26)-C(27)  36.5(5)
C(26)-H(26A)  0.97 C(16)-C(17)-C(12) 121.8(4) C(25)-C(26)-C(27)-C(28)  —55.4(4)
C(26)-H(26B)  0.97 C(16)-C(17)-H(17) 119.1 C(26)-C(27)-C(28)-C(30)  —139.3(4)
C(27)-C(28) 1.505(5) C(12)-C(17)-H(17) 119.1 C(26)-C(27)-C(28)-C(29)  39.5(5)
C(27)-H(27A)  0.97 0(2)-C(18)-C(19) 108.3(4) C(23)-C(24)-C(29)-0(3) —14.3(6)
C(27)-H(27B)  0.97 0(2)-C(18)-H(18A) 110 C(25)-C(24)-C(29)-0(3) 165.3(4)
C(28)-C(30) 1.327(5) C(19)-C(18)-H(18A) 110 C(23)-C(24)-C(29)-C(28)  162.5(3)
C(28)-C(29) 1.489(5) 0(2)-C(18)-H(18B) 110 C(25)-C(24)-C(29)-C(28)  —17.8(6)
C(29)-0(3) 1.224(4) C(19)-C(18)-H(18B) 110 C(30)-C(28)-C(29)-0(3) ~7.9(6)
C(30)-C(31) 1.461(5) H(18A)-C(18)-H(18B)  108.4 C(27)-C(28)-C(29)-0(3) 173.3(4)
C(30)-H(30) 0.93 C(18)-C(19)-H(19A) 109.5 C(30)-C(28)-C(29)-C(24)  175.3(4)
C(31)-C(32) 1.388(5) C(18)-C(19)-H(19B) 109.5 C(27)-C(28)-C(29)-C(24)  -3.5(5)
C(31)-C(36) 1.396(5) H(19A)-C(19)-H(19B)  109.5 C(29)-C(28)-C(30)-C(31)  174.4(4)
C(32)-C(33) 1.373(5) C(18)-C(19)-H(19C) 109.5 C(27)-C(28)-C(30)-C(31)  —6.8(7)
C(32)-H(32) 0.93 H(19A)-C(19)-H(19C)  109.5 C(28)-C(30)-C(31)-C(32)  148.8(5)
C(33)-C(34) 1.383(5) H(19B)-C(19)-H(19C) 109.5 C(28)-C(30)-C(31)-C(36)  —35.8(6)
C(33)-H(33) 0.93 C(15)-0(2)-C(18) 118.1(3) C(36)-C(31)-C(32)-C(33)  1.5(6)
C(34)-0(4) 1.369(4) C(25)-C(20)-C(21) 121.1(5) C(30)-C(31)-C(32)-C(33)  177.3(4)
C(34)-C(35) 1.385(5) C(25)-C(20)-H(20) 119.5 C(31)-C(32)-C(33)-C(34) -2.1(6)

(continued on next page)
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Bond length (A)

Bond angles()

Dihedral angles []

Atoms Bond length  Atoms Bond angle  Atoms Dihedral angle
C(35)-C(36) 1.380(5) C(21)-C(20)-H(20) 119.5 C(32)-C(33)-C(34)-0(4) —178.3(4)
C(35)-H(35) 0.93 C(20)-C(21)-C(22) 119.8(4) C(32)-C(33)-C(34)-C(35)  1.3(6)
C(36)-H(36) 0.93 C(20)-C(21)-H(21) 120.1 0(4)-C(34)-C(35)-C(36) 179.4(4)
C(37)-0(4) 1.425(5) C(22)-C(21)-H(21) 120.1 C(33)-C(34)-C(35)-C(36)  —0.1(6)
C(37)-C(38) 1.504(6) C(23)-C(22)-C(21) 119.6(4) C(34)-C(35)-C(36)-C(31)  —0.4(6)
C(37)-H(37A) 097 C(23)-C(22)-H(22) 120.2 C(32)-C(31)-C(36)-C(35)  —0.3(6)
C(37)-H(37B)  0.97 C(21)-C(22)-H(22) 120.2 C(30)-C(31)-C(36)-C(35)  —175.9(4)
C(38)-H(38A) 0.96 C(22)-C(23)-C(24) 120.8(4) C(33)-C(34)-0(4)-C(37) —176.5(4)
C(38)-H(38B)  0.96 C(22)-C(23)-H(23) 119.6 C(35)-C(34)-0(4)-C(37) 3.9(6)
C(38)-H(38C)  0.96 C(24)-C(23)-H(23) 119.6 C(38)-C(37)-0(4)-C(34) 171.6(4)

C(23)-C(24)-C(25) 119.7(4)

C(23)-C(24)-C(29) 120.2(4)

C(25)-C(24)-C(29) 120.1(3)

C(20)-C(25)-C(24) 118.9(4)

C(20)-C(25)-C(26) 122.1(4)

C(24)-C(25)-C(26) 119.0(4)

C(25)-C(26)-C(27) 111.6(4)

C(25)-C(26)-H(26A) 109.3

C(27)-C(26)-H(26A) 109.3

C(25)-C(26)-H(26B) 109.3

C(27)-C(26)-H(26B) 109.3

H(26A)-C(26)-H(26B) 108

C(28)-C(27)-C(26) 111.0(3)

C(28)-C(27)-H(27A) 109.4

C(26)-C(27)-H(27A) 109.4

C(28)-C(27)-H(27B) 109.4

C(26)-C(27)-H(27B) 109.4

H(27A)-C(27)-H(27B) 108

C(30)-C(28)-C(29) 117.5(3)

C(30)-C(28)-C(27) 125.8(3)

C(29)-C(28)-C(27) 116.6(3)

0(3)-C(29)-C(24) 119.6(3)

0(3)-C(29)-C(28) 122.0(4)

C(24)-C(29)-C(28) 118.3(3)

C(28)-C(30)-C(31) 129.6(3)

C(28)-C(30)-H(30) 115.2

C(31)-C(30)-H(30) 115.2

C(32)-C(31)-C(36) 116.8(4)

C(32)-C(31)-C(30) 119.6(3)

C(36)-C(31)-C(30) 123.4(3)

C(33)-C(32)-C(31) 122.3(4)

C(33)-C(32)-H(32) 118.8

C(31)-C(32)-H(32) 118.8

C(32)-C(33)-C(34) 119.7(4)

C(32)-C(33)-H(33) 120.1

C(34)-C(33)-H(33) 120.1

0(4)-C(34)-C(33) 115.6(4)

0(4)-C(34)-C(35) 124.8(4)

C(33)-C(34)-C(35) 119.7(4)

C(36)-C(35)-C(34) 119.7(4)

C(36)-C(35)-H(35) 120.2

C(34)-C(35)-H(35) 120.2

C(35)-C(36)-C(31) 121.8(4)

C(35)-C(36)-H(36) 119.1

C(31)-C(36)-H(36) 119.1

0(4)-C(37)-C(38) 106.9(4)

0(4)-C(37)-H(37A) 110.3

C(38)-C(37)-H(37A) 1103

0(4)-C(37)-H(37B) 110.3

C(38)-C(37)-H(37B) 110.3

H(37A)-C(37)-H(37B)  108.6

C(37)-C(38)-H(38A) 109.5

C(37)-C(38)-H(38B) 109.5

H(38A)-C(38)-H(38B)  109.5

C(37)-C(38)-H(38C) 109.5

H(38A)-C(38)-H(38C)  109.5

H(38B)-C(38)-H(38C)  109.5

C(34)-0(4)-C(37) 117.9(3)
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Fig. 7. '"H NMR and *C NMR spectral data representation of the grown EBDN.

3.2.4. Thermal studies

Thermal gravimetric (TG) and Differential thermal analysis
(DTA) were performed on the grown crystal in the nitrogen at-
mosphere. The studies were embedded in the temperature range
of 30-450 °C with a slow heating rate of 20 °C/min. Initially,

2.078 mg of the sample weighing was taken for the measurement,
and the thermogram is illustrated in Fig. 10. Because there is no
weight loss in the TG curve at temperatures up to 238 °C, it is clear
that the crystal is thermally stable. The small exothermic peak ex-
ists at 141 °C (The melting point of the EBDN is 141-142 °C) in
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Fig. 10. TG and DTA curve of grown EBDN.

Table 3 1500000

FT-IR data and functional group confirmation of grown EBDN crystal.

S. No.

Vibrational frequency (v, cm~!)

Vibrational assignment(s)

3068, vw
2960, vs
1675, s
1599, vs
1508, vs
1253,vs
977, s
838, s
728, s

C-H
C-H

=0
C=C/C=0
c=C

c-0

C-H

C-H

C-H

— O 00N U A WN =

o

541, s C-H

the DTA curve (Fig. 10) confirms the melting point of the crystal.
The weight loss begins gradually above 238 °C and becomes almost
steep until it reaches 365 °C, when 95% of the material decom-
poses into a gaseous state. The two endothermic peaks in the DTA
curve at 335 °C and 352 °C correspond to energy absorbed by the
material to decompose in the temperature range of 238 °C-365 °C.
There is no weight loss observed above 365 °C.

3.2.5. Photoluminescence studies

The FP-6500 Spectro-fluorometer was used to analyze the pho-
toluminescence (PL) of the grown crystal at an optical excitation
wavelength of 375 nm, and spectra were recorded in the range
350-700 nm. The recorded PL spectrum is shown in Fig. 11. Strong
emission in the blue range is observed with two peaks at 452 nm
and 464 nm for this excitation. The luminescence property of the
chalcone derivatives can be used effectively in the field of design
of optoelectronic devices and laser applications.

3.2.6. Mechanical studies

The structure and composition of the crystalline solids are invi-
olably related to the mechanical hardness. The EBDN crystal’s mi-
crohardness was measured using a Leitz-Wetzlar Vickers’ micro-
hardness tester equipped with a diamond pyramidal indenter and
attached to an optical microscope.Microhardness studies were per-
formed on EBDN crystal for loads in the range of 10-60 g. From
Fig. 12, it is observed that Vicker’s hardness (Hy) number increases

-

Hardness number (kg/mm-)

Intensity

1000000

500000

T T
400 500 600 700
Wavelength (nm)

Fig. 11. Photoluminescence graph of grown EBDN.
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g. 12. Plot of Vickers’ hardness (H,) against load (P) of EBDN crystal.
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Fig. 14. Anti-inflammatory activity of EBDN.

initially with load up to 50 g and cracks were observed beyond
50 g. This type of load variation of hardness is termed as the re-
verse indentation size effect. At low loads, the indenter penetrates
only the top surface layers, generating dislocations, which results
in the increase of hardness in this region. The load independence
to hardness at higher loads can be attributed to the mutual inter-
action or rearrangement of dislocations. The relation between load
and the size of indentation can be correlated using Meyer’s law,
P = kyd", where k; is a constant and ‘n’ is the Meyer’s index. The
slope of log P versus log d gives the work hardening coefficient
(n) and it is found to be 1.36, which indicates that EBDN crystal
belongs to the hard material category (Fig. 13).

3.2.7. Biological evaluation

The grown EBDN was screened for its anti-inflammatory (see
Section 3.2.7.1.), anti-diabetic (see Section 3.2.7.2.) and antioxidant
(see Section 3.2.7.3.) activities and percentage of inhibition are
shown in Figs. 14-16 and its results are summarized in Table 4.

3.2.7.1. Anti-inflammatory activity of grown EBDN. The grown EBDN
was screened for its anti-inflammatory activity in five different

10
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Fig. 16. Anti-oxidant activity of grown EBDN.

concentrations (10, 25, 50, 125 & 250 ug/mL) and the percent-
age of inhibition (%) is summarized in Table 4 and shown in
Fig. 14. Diclofenac sodium was used as a standard drug for this
present work. The 10 png/mL concentration of grown EBDN was
shown 17.62% of inhibition of anti-inflammatory activity. The stan-

Table 4
Anti-inflammatory, anti-diabetic and anti-oxidant activity of grown EBDN.

Percentage of inhibition (%)

Compound Concentration (pg/mL) ;ﬁng/mL)
10 25 50 125 250

Anti-inflammatory activity

EBDN 17.62 28.79 6143 81.19 98.71 133.95

Diclofenac sodium* 14.82 25.63 5944 7859 96.22  150.66

Anti-diabetic activity

EBDN 9.89 20.74 4873 6742 7731 22187

Acarbose* 1337 2415 53.67 7348 8532  181.95

Anti-oxidant activity

EBDN 3.61 5.80 8.37 11.41 17.22  1736.14

Vitamin C* 1242 2036 51.62 70.28 8344  198.96

* Standard drug.
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Table 5

Protein-ligand binding interactions of EBDN with 6yb7.
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Number of
hydrogen bonds

Binding energy

Compound  (Kcal/mol)

Inhibition

constant (M)

Interacting residues (H-A distance)

EBDN -7.25 4

4.85

THR26 (3.03 A), CYS145 (3.68 A),
GLU166 (3.65 A), GLU166 (3.04 A)

Fig. 17. Protein-Ligand binding interaction of EBDN in the active site pocket of 6yb7.

dard drug was shown 14.82% of inhibition. The grown EBDN and
standard drug were shown 28.79 and 25.63%, 61.43 and 59.44%,
81.19 and 78.59% and, 98.71 and 96.22% in the concentration of
25, 50, 125 and 250 pg/mL respectively. When compared to the
standard drug (ICsy value 150.66 pg/mL), the percentage of inhibi-
tion of grown EBDN (IC5q value 133.95 pg/mL) was excellent, and
its results were strongly cleared as an admirable anti-inflammatory
agent.

3.2.7.2. Antidiabetic activity of grown EBDN. The grown EBDN was
screened for its anti-diabetic activity in five different concentra-
tions (10, 25, 50, 125 & 250 pug/mL) and the percentage of inhi-
bition (%) is summarized in Table 4 and shown in Fig. 15. Acar-
bose was used as a standard drug for this present work. The
anti-diabetic activity of grown EBDN was inhibited by 9.89% at
10 g/mL concentration. The standard drug was shown 13.37% of in-
hibition. The grown EBDN and standard drug were shown 20.74
and 24.15%, 48.73 and 53.67%, 67.42 and 73.48% and, 77.31 and
85.32% in the concentration of 25, 50, 125 and 250 pg/mL re-
spectively. The percentage of inhibition of grown EBDN (IC5q value
221.87 pg/mL) was very close to that of the standard drug (ICsq
value 181.95 pg/mL), and its results were strongly supported as an
excellent anti-inflammatory agent.

3.2.7.3. Antioxidant activity of grown EBDN. The grown EBDN was
screened for its anti-oxidant activity in five different concentra-
tions (10, 25, 50, 125 & 250 ng/mL) and the percentage of inhi-
bition (%) is summarized in Table 4 and shown in Fig. 16. Vitamin

1

C was used as a standard drug for this present work. The 10 pg/mL
concentration of grown EBDN was shown 3.61% of inhibition of
anti-oxidant activity. The standard drug was shown 12.42% of inhi-
bition. The grown EBDN and standard drug were shown 5.80 and
20.36%, 8.37 and 51.62%, 11.41 and 70.28% and, 17.22 and 83.44%
in the concentration of 25, 50, 125 and 250 pg/mL respectively.
The% of inhibition of grown EBDN (ICs, value 1736.14 pg/mL)
was moderate activity compared to the standard drug (ICsq value
198.96 pg/mL) and its results indicate the compound EBDN should
be further modified structurally.

3.2.7.4. Protein-ligand binding interaction of EBDN with 6yb7. The
binding energy, number of hydrogen bond interactions, inhibition
constant and interacting amino acid residues were summarized in
Table 5. The binding energy of the synthesized chalcone compound
EBDN is —7.25 Kcal/mol [39-45]. The EBDN has shown strong
four hydrogen bond (H-bond) interaction with targeted SARS-CoV-
2 main protease (6yb7). The first H-bond interaction is shown with
the amino acid residue of THR26, which is due to the H-A distance
of 3.03 A (Table 5, Fig. 17). The second H-bond interaction is shown
with CYS145 and the H-A distance is 3.68 A (Table 5, Fig. 17). Both
third and fourth H-bond interactions were shown with the GLU166
amino acid residue of the SARS CoV-2 main protease and the H-A
distances are 3.65 and 3.04 A (Table 5, Fig. 17) respectively. Among
them, four H-bond interactions, H-A distance of two interactions
are shown a strong binding with SARS CoV-2 main protease, which
is due to THR26 (3.03 A) and GLU166 (3.04 A) [43].



N. Afsar, D.R. Jonathan, B.K. Revathi et al.
4. Conclusion

To summarize, we have presented in this paper, the synthesis
and crystal growth (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-
naphthalen-1-one single crystal (EBDN) in excellent yield under
very mild conditions. It has been fully characterized by cyrstal-
lographic and spectral analysis. The synthesized EBDN was suc-
cessfully screened for its anti-inflammatory, anti-diabetic and anti-
oxidant activities. Its results have also been shown as an excel-
lent anti-inflammatory as well as anti-diabetic agents and moder-
ate anti-oxidant activity. The EBDN’s binding interactions and bind-
ing affinity with SARS-CoV-2 are also investigated, and the results
show a very good binding with the targeted main protease (6yb7).
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