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a b s t r a c t 

A new α-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 α-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, 1 H NMR and 13 C 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: 

6yb7 ) also performed. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Chalcones ((E)-1,3-diphenylprop-2-ene-1-ones, Fig. 1 ) are one of 

he most overbearing classes and a modest chemical scaffolding 

f numerous naturally occurring compounds across the plant king- 

om (vegetables, spices, fruits, teas and etc.,) [1–6] . Chalcones be- 

ong to the family of flavonoids and they are also known as chal- 

onoids. Which exhibits geometrical isomers cis and trans, and the 

hermodynamically more stable one is the trans isomer ( Fig. 1 ). 

Chalcones are organic compounds possessing acceptor and 

onor groups, which enhance their importance in various fields. 

he chalcone compounds have attained significance because of 

heir excellent NLO properties [7] . The NLO response was found 

o increase as the donor strength of the molecules increased. 

The chalcone family has drawn a lot of attention not only from 

ynthetic and biosynthetic perspectives, but also from pharmaco- 

ogical applications because they have revealed a lot of biological 

ctions that include the treatment of medical disorders like mi- 

robial and viral infections [8–11] , cancer [12–15] , cardiovascular 
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iseases and their risk factors [16–19] , anti-inflammatory [20] and 

ntioxidant activities [ 21 , 22 ]. The maximum reactive moiety is 

ue to the, [23] α, β-unsaturated carbonyl bridge, which is related 

o chalcone biological actions [24] . Some chalcone-moiety con- 

aining compounds have additionally been permitted for clinical 

se. For example, metochalcone ((E)-1-(2,4-dimethoxyphenyl)-3- 

4-methoxyphenyl) prop-2-en-1-one) was approved as a choleretic 

hile sofalcone was approved as an antiulcer and mucoprotective 

rug ( Fig. 1 ) [ 25 , 26 ]. 

1-Tetralones are an essential elegance of compounds, and 

heir numerous derivatives have proven important biological ap- 

lications, including antimicrobial activity [27] , anti-tumor activ- 

ty [28] , and neurological disorders. [ 29 , 30 , 43 ] Several (E)-2-(4 ′ -
ubstitutedbenzylidene)-1-tetralones ( Fig. 2 ) have been synthe- 

ized, characterized by using spectroscopic tools and also per- 

ormed their biological applications [31–38] . 

Since it’s unveiling at the end of December 2019, SARS-CoV-2 

as remained to spread chop-chop throughout the world. Despite 

he fact that the number of deaths caused by COVID-19 is rapidly 

ncreasing, an effective drug treatment other than vaccines has yet 

o be developed.The existing literature comprises many investi- 

https://doi.org/10.1016/j.molstruc.2021.130967
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130967&domain=pdf
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Fig. 1. Structure representation of chalcone and two clinically approved chalcone 

moiety containing drugs. 

Fig. 2. Structure representation of 1-Tetralone based chalcones. 
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ations on SARS-CoV-2 main protease and its potential inhibitors 

39–45] . 

In this present investigation, a new α-Tetralone based chal- 

one compound, (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H- 

aphthalen-1-one (EBDN ) has been synthesized and grown 

hrough a slow evaporation solution growth technique. The molec- 

lar structure of grown EBDN has been characterized by SCXRD, 

T-IR, 1 H NMR and 

13 C NMR spectroscopic studies. The micro- 

ardness, thermal (TGA & DTA) and photoluminence studies were 

lso examined. The EBDN was screened for its anti-inflammatory, 

ntidiabetic and anti-oxidant activity. Protein-Ligand interactions 

f EBDN with SARS-CoV-2 main protease also performed. 

. Experimental methods 

.1. Materials 

α-tetralone (97%, Sigma Aldrich), p -Ethoxy benzaldehyde (99%, 

igma Aldrich), Absolute alcohol and sodium hydroxide (Spec- 

rochem) were purchased from commercially available and were 

sed. 
2 
.2. Methods 

.2.1. Synthesis of 

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

In a 250 mL round-bottomed flask, α-tetralone (0.05 mol, 

.3 mL) and p -ethoxy benzaldehyde (0.05 mol, 7.0 mL) were taken 

o which 100 mL of absolute alcohol was added and stirred well for 

omplete dissolution. After a span of 10 min, about 10 mL of 10% 

odium hydroxide solution was added and the solution was stirred 

or about 1 hour at room temperature. After 12 h, ice cold water 

as added to precipitate the obtained light yellow color product 

hich 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. 1 H NMR ( δ
n ppm, CDCl 3 , 400 MHz): 8.13, 8.10 (d, 1H, J = 12 Hz), 7.84 (s,

H), 7.49, 7.47 (d, 1H, J = 8 Hz), 7.45–7.40 (dd, 2H, J = 20 Hz),

.37–7.33 (m, 1H, J = 16 Hz), 7.25, 7.23 (d, 1H, J = 8 Hz), 6.94, 6.92

d, 2H, J = 8 Hz), 4.10–4.05 (q, 2H, J = 20 Hz), 3.15–3.13 (t, 2H,

 = 8 Hz), 2.96–2.93 (t, 2H, J = 12 Hz), 1.45–1.41 (t, 3H, J = 16 Hz).
3 C NMR ( δ in ppm, CDCl 3 , 400 MHz): 188.07 (C = O), 159.59 ( C 15 ),

43.13 ( C 5 ), 136.97 ( C 11 ), 133.97 ( C 6 & C 9 ), 133.62 ( C 2 ), 131.97 ( C 13 

 C 17 ), 128.45 ( C 1 ), 128.35 ( C 4 ), 128.27 ( C 12 ), 127.16 ( C 3 ), 114.67

 C 14 & C 16 ), 63.77 ( C 18 ), 29.01 ( C 8 ), 27.43 ( C 7 ), 14.98 ( C 19 ). 

.2.2. Crystal growth (slow evaporation solution method) 

The slow evaporation solution method [38] was adopted to 

rystallize the formed chalcone. About one gram of the synthesized 

BDN was taken in a 100 mL beaker to which 50 mL of acetone 

as added and then stirred at room temperature for about half-an- 

our. Then it was filtered and the filtrate was collected in a 100 mL 

eaker. It was allowed to undergo slow evaporation at room tem- 

erature. When all the solvent was evaporated, the crystals were 

arvested and dried for crystallographic study ( Fig. 3 ). 

.2.3. Characterization techniques 

.2.3.1. Single crystal X-Ray diffraction studies. X-ray diffraction 

ata for the crystalline EBDN was collected by employing a 

ruker APEX DUO CCD diffractometer with a graphite monochro- 

atic Mo-K α radiation at a detector distance of 5 cm with 

PEX2 software [46] . The collected data was reduced using the 

AINT program and the empirical absorption corrections were 

erformed with the SADABS program. The molecular structure 

f the (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H-naphthalen-1 - 

ne (EBDN) crystalline was solved by direct methods and was re- 

ned using a full-matrix least-squares method on F2 using the 

HELXTL program ( Fig. 4 ) [46] . 

.2.3.2. FT-IR spectral analysis. The FT-IR spectrum of the grown 

rystal EBDN was recorded in the wave number region from 400 to 

0 0 0 cm 

−1 using a Perkin Elmer FT-IR spectrometer by KBr pellet 

echnique. 

.2.3.3. NMR spectral analysis. 1 H NMR and 

13 C NMR spectrum of 

he synthesized grown crystal EBDN was recorded by using have 

een Bruker AV 400 NMR spectrometer (400 MHz) in CDCl 3 . 

.2.4. Biological evaluation 

.2.4.1. Anti-inflammatory analysis (BSA denaturation technique). 

he grown chalcone compound EBDN and standard diclofenac 

odium were screened for anti-inflammatory activity in five differ- 

nt concentrations (10, 25, 50, 125 & 250 μg/mL) by using the in- 

ibition of albumin denaturation technique [47] with minor mod- 

fication. The standard drug and compound were dissolved in a 

inimum quantity of Dimethyl formamide (DMF) and diluted with 

hosphate 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. 3. Photograph of the Grown Crystal of EBDN. 

Fig. 4. ORTEP diagram of crystalline EBDN. 
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n all solutions was less than 2.5%. Test Solution (4 mL) contain- 

ng different concentrations of the drug was mixed with 1 mL of 

 mM Bovine serum albumin solution in phosphate buffer and in- 

ubated at 37 °C in an incubator for 15 min. Denaturation was in- 

uced by keeping the reaction mixture at 70 °C in a water bath for 

0 min. After cooling, the turbidity was measured at 660 nm. The 

ercentage of inhibition of denaturation was calculated from con- 

rol where no drug was added. The percentage inhibition of denat- 

ration was calculated by using the following formula. 

 ofInhibition = 100 × [ A c − A t / A c ] 

 t : Absorbance of test 

A c : Absorbance of control 

.2.4.2. Anti-diabetic analysis ( α-amylase inhibition technique). The 

ntidiabetic activity of the grown chalcone compound EBDN and 

tandard Acarbose in five different concentrations (10, 25, 50, 125 

 250 μg/mL) were performed using α-amylase inhibition method 

47] . Briefly, Amylase (0.5 mg/mL) was incubated with and with- 

ut extract and standard for 10 min at 25 °C. This experiment was 

erformed in 20 mM sodium phosphate buffer (pH 6.9). After pre 

ncubation, the 1% starch solution (1 mL) was added and the re- 

ction mixture was incubated for 30 min at 25 °C. In order to 

top the enzymatic reaction, DNSA reagent (1 mL) was added as 

he color reagent and then incubated in a boiling water bath for15 

in. After cooling down to the room temperature, the absorbance 

easured at 540 nm using a spectrophotometer instrument. The 

easured absorbance was compared with that of the control ex- 
3 
eriment. The percentage inhibition was calculated from the given 

ormula. 

 ofInhibition = 100 × [ A c − A t / A t ] 

 t : Absorbance of test 

A c : Absorbance of control 

.2.4.3. Total antioxidant activity (phosphomolybdenum method). To- 

al antioxidant activity of the grown chalcone compound EBDN and 

tandard Vitamin C in five different concentrations (10, 25, 50, 125 

 250 μg/mL) were observed using phosphomolybdenum method. 

bout 3 mL of antioxidant reagent (0.6 M H 2 SO 4 , 28 mM Na 3 PO 4 

nd 4 mM ammonium molybdate) were added to the test sam- 

les with various concentrations. The test mixture to accomplish 

roper diffusion with phosphomolybdenum reagent was incubated 

t 95 °C for 90 min in a water bath. The total antioxidant activity 

f extracts and vitamin C standard drug were measured and de- 

ermined their absorbance at 695 nm using a spectrophotometer. 

he total antioxidant activities were calculated using the given for- 

ula. 

OA = [ ( A t − A c ) / A t ] × 100 

 t : Absorbance of test 

A c : Absorbance of control 

.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 

olecular docking poses are visualization using discovery stu- 

io. Molecular docking was performed using the Auto-Dock Tool 

1.5.6). The 3D structure of EBDN was optimized using Gaussian 

9 W [49] . All avoidable water and ligand were removed from 

he enzyme and polar hydrogen was added to the enzyme. The 

arget was generated as a PDBQT format. PDBQT file of the lig- 

nds also generated and performed. The grid box size is fixed as 

0 × 60 × 60 points in X, Y, and Z directions. Similarly, the grid 

pace is fixed as 0.375 Å and ten runs were created by using 

amarckian genetic algorithm searches. The default docking param- 

ters were fixed and performed. 

. Results and discussion 

.1. Synthesis and crystal growth of EBDN 

The title chalcone compound (2E)-2-(4-ethoxybenzylidene)-3,4- 

ihydro-2H-naphthalen-1-one ( EBDN ) was successfully synthe- 

ized by the simple Claisen-Schmidt condensation reaction of α- 

etralone with 4-ethoxybenzaldehyde in a basic medium ( Scheme 

 ). 85% of EBDN were obtained. Then it was grown through a slow 

vaporation solution growth technique. The single crystal of grown 

BDN was obtained. 

.2. Characterization of EBDN 

The molecular structure of the title chalcone compound ( 2E )- 

-(4-ethoxybenzylidene)-3,4-dihydro- 2H -naphthalen-1-one ( EBDN ) 

as successfully confirmed and characterized by SCXRD, FT-IR and 

MR 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 C 19 H 18 O 2 

Formula weight 278.33 

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group P2 1 
Unit cell dimensions a = 6.9532(6) Å α = 90 °

b = 14.8211(14) Å β = 101.969(3) °

c = 14.5529(13) Å γ = 90 °

Volume 1467.1(2) Å 3 

Z 4 

Density (calculated) 1.260 mg/mm 

3 

Absorption coefficient 0.080 mm 

−1 

F (000) 592 

Crystal size 0.200 × 0.150 × 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. 
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Fig. 6. FT-IR spectrum of grown EBDN. 
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.2.1. Single crystal X-ray diffraction study of EBDN 

The title chalcone compound, (2E)-2-(4-ethoxybenzylidene)- 

,4-dihydro-2H-naphthalen-1-one (EBDN) crystallizes in a mono- 

linic crystal system with P2 1 /n space group with the unit cell pa- 

ameters shown in Table 1 . The crystal packing of the compound 

iewed along the ‘b’ axis is presented in Fig. 5 . 

The molecule exists in an E configuration with respect to the 

 9 = C 11 double bond and the dihedral angle existing between the 

ean plane of the two phenyl rings is 34.4 °. The bond lengths and

ngles are within the normal ranges and comparable with the pre- 

iously reported structures of chalcone [38] . Table 2 provides ex- 

erimental values of the bond lengths and bond angles of the syn- 

hesised compound molecular structure. 

.2.2. FTIR spectral charatcerization 

The FT-IR spectrum and vibrational frequencies of grown EBDN 

re shown in Fig. 6 and Table 3 . For the FT-IR spectrum of EBDN,

he aromatic and aliphatic C 

–H stretching vibrations are observed 

t 3068 and 2960 cm 

−1 respectively [ 38 , 50 ]. The strong peak was

bserved at 1675 cm 

−1 which is due to the C = O group of the

etralone moiety [38] . A very strong peak at 1599 cm 

−1 is shown 

hich is attributed to the C = C and C = O groups. The C = C group
4 
as also shown a very strong peak at 1508 cm 

−1 . The C 

–O group is

hown a very strong peak at 1253 cm 

−1 . The C 

–H vibrations were

bserved at 977, 838, 728 and 541 cm 

−1 [38] . 

.2.3. NMR spectral charatcerization 

The 1 H NMR and 

13 C NMR spectra of the title compound EBDN 

as recorded in CDCl 3 at 400 MHz and its neat spectrum is shown 

n Figs. 7 and 8 . 

.2.3.1. 1 H NMR spectral charatcerization. The 1 H NMR spectrum 

f the title compound, EBDN, is shown.A triplet peaks at 1.41–

.45 ppm and a quartet peaks at 4.10–4.05 ppm are attributed to 

he methyl and methylene protons of the ethoxy group present 

n the 4-ethoxybenzylidene moiety respectively [51] . For the 4- 

thoxybenzylidene moiety, two aromatic protons (C 13 H & C 17 H) are 

hown multiplet peaks at 7.40–7.45 ppm and another two aromatic 

rotons (C 14 H & C 16 H) are shown doublet peaks at 6.94, 6.92 ppm

 Fig. 7 & 8 ) [51] . The four aromatic protons of the α-Tetralone moi-

ty are shown at four different peaks. The C 1 H proton has mulplet 

eaks at 7.33–7.37 ppm, the C 2 H proton has doublet peaks at 7.47, 

.49 ppm, the C 3 H proton has doublet peaks at 7.23, 7.25 ppm, 

nd the C 4 H proton has doublet peaks at 8.10, 8.12 ppm [38] . Two

riplet peaks are shown in the 1 H NMR spectrum of the EBDN, 

hich are attributed to two methylene protons (C 7 H 2 & C 8 H 2 ) of

he α-Tetralone moiety. And finally, a characteristic singlet peak is 

hown at 7.84 ppm, which is assigned to methine (Ar-CH 

= C ) pro- 

on ( Fig. 7 & 8 ) [38] . 

.2.3.2. 13 C NMR spectral charatcerization. In the 13 C NMR spec- 

rum of the title compound EBDN, a peak is shown at 188.07 ppm, 

hich is attributed to the carbonyl (C = O) group ( Fig. 7 & 9 ). In the

-ethoxybenzylidene moiety, the methyl carbon (C 19 ) is shown a 

eak at 14.98 ppm and methylene carbon (C 18 ) is shown a peak at 

3.77 ppm [51] . Peaks for the four equivalent carbons are shown 

t 128.27 ppm (C 12 ), 131.97 ppm (C 13 & C 17 ), 114.97 ppm (C 14 

 C 16 ), and 159.59 ppm (C 15 ). A peak at 136.97 ppm is shown

or newly formed methine carbon (C 11 ).Two distinct peaks are 

hown for the two methylene carbons found in the α -tetralone 

oiety ( Fig. 7 & 9 ). One is observed at 27.43 ppm (C 7 ) and an-

ther one is 29.01 ppm (C 8 ). Both C 6 and C 9 are shown a peak

t 133.97 ppm. Peaks are shown for the five aromatic carbons at 

28.45 for C 1 , 133.62 for C 2 , 127.16 for C 3 , 128.35 for C 4 and 143.13

 C ) [ 38 , 50 , 51 ]. 
5 
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Table 2 

The geometrical parameters of the grown EBDN. 

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)-O(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)-O(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)-O(1) 1.223(4) C(8)-C(7)-H(7A) 109.4 C(11)-C(9)-C(10)-O(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)-O(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)-O(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)-O(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 O(1)-C(10)-C(5) 121.0(3) O(2)-C(15)-C(16)-C(17) 178.4(4) 

C(18)-O(2) 1.421(5) O(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)-O(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)-O(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)-O(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) O(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 O(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 O(2)-C(18)-C(19) 108.3(4) C(23)-C(24)-C(29)-O(3) −14.3(6) 

C(27)-H(27B) 0.97 O(2)-C(18)-H(18A) 110 C(25)-C(24)-C(29)-O(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) O(2)-C(18)-H(18B) 110 C(25)-C(24)-C(29)-C(28) −17.8(6) 

C(29)-O(3) 1.224(4) C(19)-C(18)-H(18B) 110 C(30)-C(28)-C(29)-O(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)-O(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)-O(2)-C(18) 118.1(3) C(36)-C(31)-C(32)-C(33) 1.5(6) 

C(34)-O(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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Table 2 ( continued ) 

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)-O(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 O(4)-C(34)-C(35)-C(36) 179.4(4) 

C(37)-O(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) 0.97 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)-O(4)-C(37) −176.5(4) 

C(38)-H(38B) 0.96 C(22)-C(23)-H(23) 119.6 C(35)-C(34)-O(4)-C(37) 3.9(6) 

C(38)-H(38C) 0.96 C(24)-C(23)-H(23) 119.6 C(38)-C(37)-O(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) 

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

O(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 

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

O(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 

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

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

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

O(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)-O(4)-C(37) 117.9(3) 
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Fig. 7. 1 H NMR and 13 C NMR spectral data representation of the grown EBDN. 
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.2.4. Thermal studies 

Thermal gravimetric (TG) and Differential thermal analysis 

DTA) were performed on the grown crystal in the nitrogen at- 

osphere. The studies were embedded in the temperature range 

f 30–450 °C with a slow heating rate of 20 °C/min. Initially, 
7 
.078 mg of the sample weighing was taken for the measurement, 

nd the thermogram is illustrated in Fig. 10 . Because there is no 

eight loss in the TG curve at temperatures up to 238 °C, it is clear

hat the crystal is thermally stable. The small exothermic peak ex- 

sts at 141 °C (The melting point of the EBDN is 141–142 °C) in 



N. Afsar, D.R. Jonathan, B.K. Revathi et al. Journal of Molecular Structure 1244 (2021) 130967 

Fig. 8. 1 H NMR spectrum of the grown EBDN. 

Fig. 9. 13 C NMR spectra spectrum of the grown EBDN. 
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Fig. 10. TG and DTA curve of grown EBDN. 

Table 3 

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

S. No. Vibrational frequency ( ν , cm 

−1 ) Vibrational assignment(s) 

1 3068, vw C-H 

2 2960, vs C –H 

3 1675, s C = O 

4 1599, vs C = C/C = O 

5 1508, vs C = C 

6 1253, vs C-O 

7 977, s C –H 

8 838, s C-H 

9 728, s C –H 

10 541, s C-H 

t  

T

s

p

c

m

T

3

t

w

3

e

a

c

o

3

o

c

h

a

f
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Fig. 11. Photoluminescence graph of grown EBDN. 

Fig. 12. Plot of Vickers’ hardness (H v ) against load (P) of EBDN crystal. 
he DTA curve ( Fig. 10 ) confirms the melting point of the crystal.

he weight loss begins gradually above 238 °C and becomes almost 

teep until it reaches 365 °C, when 95% of the material decom- 

oses into a gaseous state. The two endothermic peaks in the DTA 

urve at 335 °C and 352 °C correspond to energy absorbed by the 

aterial to decompose in the temperature range of 238 °C-365 °C. 

here is no weight loss observed above 365 °C. 

.2.5. Photoluminescence studies 

The FP-6500 Spectro-fluorometer was used to analyze the pho- 

oluminescence (PL) of the grown crystal at an optical excitation 

avelength of 375 nm, and spectra were recorded in the range 

50–700 nm. The recorded PL spectrum is shown in Fig. 11 . Strong 

mission in the blue range is observed with two peaks at 452 nm 

nd 464 nm for this excitation. The luminescence property of the 

halcone derivatives can be used effectively in the field of design 

f optoelectronic devices and laser applications. 

.2.6. Mechanical studies 

The structure and composition of the crystalline solids are invi- 

lably related to the mechanical hardness. The EBDN crystal’s mi- 

rohardness was measured using a Leitz-Wetzlar Vickers’ micro- 

ardness tester equipped with a diamond pyramidal indenter and 

ttached to an optical microscope.Microhardness studies were per- 

ormed on EBDN crystal for loads in the range of 10–60 g. From 

ig. 12 , it is observed that Vicker’s hardness (H v ) number increases 
9 
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Fig. 13. Plot of log d vs log P of EBDN crystal. 

Fig. 14. Anti-inflammatory activity of EBDN. 

i

5  

v

o

i

t

a

a

P  

s

(

b

3

S

(

s

3

w

Fig. 15. Anti-diabetic activity of grown EBDN. 

Fig. 16. Anti-oxidant activity of grown EBDN. 
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Table 4 

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

Compound 

Percentage of inhibition (%) 

IC 50 

(μg/mL) 
Concentration (μg/mL) 

10 25 50 125 250 

Anti-inflammatory activity 

EBDN 17.62 28.79 61.43 81.19 98.71 133.95 

Diclofenac sodium 

∗ 14.82 25.63 59.44 78.59 96.22 150.66 

Anti-diabetic activity 

EBDN 9.89 20.74 48.73 67.42 77.31 221.87 

Acarbose ∗ 13.37 24.15 53.67 73.48 85.32 181.95 

Anti-oxidant activity 

EBDN 3.61 5.80 8.37 11.41 17.22 1736.14 

Vitamin C ∗ 12.42 20.36 51.62 70.28 83.44 198.96 

∗ Standard drug. 
nitially with load up to 50 g and cracks were observed beyond 

0 g. This type of load variation of hardness is termed as the re-

erse indentation size effect. At low loads, the indenter penetrates 

nly the top surface layers, generating dislocations, which results 

n the increase of hardness in this region. The load independence 

o hardness at higher loads can be attributed to the mutual inter- 

ction or rearrangement of dislocations. The relation between load 

nd the size of indentation can be correlated using Meyer’s law, 

 = k 1 d 

n , where k 1 is a constant and ‘n’ is the Meyer’s index. The

lope 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 

elongs to the hard material category ( Fig. 13 ). 

.2.7. Biological evaluation 

The grown EBDN was screened for its anti-inflammatory (see 

ection 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 

hown in Figs. 14–16 and its results are summarized in Table 4 . 

.2.7.1. Anti-inflammatory activity of grown EBDN. The grown EBDN 

as screened for its anti-inflammatory activity in five different 
10 
oncentrations (10, 25, 50, 125 & 250 μg/mL) and the percent- 

ge of inhibition (%) is summarized in Table 4 and shown in 

ig. 14 . Diclofenac sodium was used as a standard drug for this 

resent work. The 10 μg/mL concentration of grown EBDN was 

hown 17.62% of inhibition of anti-inflammatory activity. The stan- 
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Table 5 

Protein-ligand binding interactions of EBDN with 6yb7. 

Compound 

Binding energy 

(Kcal/mol) 

Number of 

hydrogen bonds 

Inhibition 

constant (μM) Interacting residues (H-A distance) 

EBDN −7.25 4 4.85 THR26 (3.03 Å), CYS145 (3.68 Å), 

GLU166 (3.65 Å), GLU166 (3.04 Å) 

Fig. 17. Protein-Ligand binding interaction of EBDN in the active site pocket of 6yb7. 
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ard drug was shown 14.82% of inhibition. The grown EBDN and 

tandard drug were shown 28.79 and 25.63%, 61.43 and 59.44%, 

1.19 and 78.59% and, 98.71 and 96.22% in the concentration of 

5, 50, 125 and 250 μg/mL respectively. When compared to the 

tandard drug (IC 50 value 150.66 μg/mL), the percentage of inhibi- 

ion of grown EBDN (IC 50 value 133.95 μg/mL) was excellent, and 

ts results were strongly cleared as an admirable anti-inflammatory 

gent. 

.2.7.2. Antidiabetic activity of grown EBDN. The grown EBDN was 

creened for its anti-diabetic activity in five different concentra- 

ions (10, 25, 50, 125 & 250 μg/mL) and the percentage of inhi- 

ition (%) is summarized in Table 4 and shown in Fig. 15 . Acar-

ose was used as a standard drug for this present work. The 

nti-diabetic activity of grown EBDN was inhibited by 9.89% at 

0 g/mL concentration. The standard drug was shown 13.37% of in- 

ibition. The grown EBDN and standard drug were shown 20.74 

nd 24.15%, 48.73 and 53.67%, 67.42 and 73.48% and, 77.31 and 

5.32% in the concentration of 25, 50, 125 and 250 μg/mL re- 

pectively. The percentage of inhibition of grown EBDN (IC 50 value 

21.87 μg/mL) was very close to that of the standard drug (IC 50 

alue 181.95 μg/mL), and its results were strongly supported as an 

xcellent anti-inflammatory agent. 

.2.7.3. Antioxidant activity of grown EBDN. The grown EBDN was 

creened for its anti-oxidant activity in five different concentra- 

ions (10, 25, 50, 125 & 250 μg/mL) and the percentage of inhi- 

ition (%) is summarized in Table 4 and shown in Fig. 16 . Vitamin
11 
 was used as a standard drug for this present work. The 10 μg/mL 

oncentration of grown EBDN was shown 3.61% of inhibition of 

nti-oxidant activity. The standard drug was shown 12.42% of inhi- 

ition. The grown EBDN and standard drug were shown 5.80 and 

0.36%, 8.37 and 51.62%, 11.41 and 70.28% and, 17.22 and 83.44% 

n the concentration of 25, 50, 125 and 250 μg/mL respectively. 

he% of inhibition of grown EBDN (IC 50 value 1736.14 μg/mL) 

as moderate activity compared to the standard drug (IC 50 value 

98.96 μg/mL) and its results indicate the compound EBDN should 

e further modified structurally. 

.2.7.4. Protein-ligand binding interaction of EBDN with 6yb7. The 

inding energy, number of hydrogen bond interactions, inhibition 

onstant and interacting amino acid residues were summarized in 

able 5 . The binding energy of the synthesized chalcone compound 

BDN is −7.25 Kcal/mol [39–45] . The EBDN has shown strong 

our hydrogen bond (H-bond) interaction with targeted SARS-CoV- 

 main protease (6yb7). The first H-bond interaction is shown with 

he amino acid residue of THR26, which is due to the H-A distance 

f 3.03 Å ( Table 5 , Fig. 17 ). The second H-bond interaction is shown 

ith CYS145 and the H-A distance is 3.68 Å ( Table 5 , Fig. 17 ). Both

hird and fourth H-bond interactions were shown with the GLU166 

mino acid residue of the SARS CoV-2 main protease and the H-A 

istances are 3.65 and 3.04 Å ( Table 5 , Fig. 17 ) respectively. Among

hem, four H-bond interactions, H-A distance of two interactions 

re shown a strong binding with SARS CoV-2 main protease, which 

s due to THR26 (3.03 Å) and GLU166 (3.04 Å) [43] . 
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. Conclusion 

To summarize, we have presented in this paper, the synthesis 

nd crystal growth (2E)-2-(4-ethoxybenzylidene)-3,4-dihydro-2H- 

aphthalen-1-one single crystal (EBDN) in excellent yield under 

ery mild conditions. It has been fully characterized by cyrstal- 

ographic and spectral analysis. The synthesized EBDN was suc- 

essfully screened for its anti-inflammatory, anti-diabetic and anti- 

xidant activities. Its results have also been shown as an excel- 

ent anti-inflammatory as well as anti-diabetic agents and moder- 

te anti-oxidant activity. The EBDN’s binding interactions and bind- 

ng affinity with SARS-CoV-2 are also investigated, and the results 

how a very good binding with the targeted main protease (6yb7). 
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