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A B S T R A C T   

This work presented the microwave assisted synthesis of six new 2́-hydroxychalcones and their characterization 
based on FTIR, UV–Vis, 1H NMR, and mass spectral analysis. Quantum chemical studies confirmed the structures 
of prepared chalcones. Antioxidant, in vitro antimicrobial and in silico antiviral studies have been performed to 
evaluate their biological performance. Results of molecular docking of prepared 2́-hydroxychalcones against 
SARS-CoV-2 (7BQY) main protease disclosed their inhibition which is comparable to standard, remdesivir and 
better than hydroxychloroquine (HCQ). ADMET prediction revealed them to be non-carcinogenic and relatively 
safe.   

Introduction 

World Health Organization announced corona virus 2019 (COVID- 
19), a viral respiratory disease in human, as pandemic disease [1]. Re-
searchers are working vigorously to test a wide variety of potential 
COVID-19 treatments. The world was eagerly waiting for any hope in 
defying the COVID-19 pandemic when researchers focused the encour-
aging data from clinical trial of the antiviral drug such as hydroxy-
chloroquine formerly used as the malaria drug or remdesivir previously 
trialed against the Ebola virus. While remdesivir reduces the mortality 
rate and the duration of the illness COVID-19, there is no magic remedy. 
On the other hand hydroxychloroquine is already considered as dis-
carded drug against COVID 19 treatment. But no drug is still unani-
mously proved to be effective for the treatment of COVID-19. Besides in 
some cases side effects of the prescribed drugs are reported. As potential 
inhibiting properties of some chalcone derivatives are indicated [2,3], 
attention might be given on their probable applications in treatment of 
COVID-19. 

Chalcones where two aromatic rings having diverse array of sub-
stituents are linked by an aliphatic three carbon chain are known as 
benzyl acetophenone or benzylideneacetophenone or trans-1, 3-diaryl- 
2-propen-1-ones. Two rings are interconnected by a highly 

electrophonic α, β-unsaturated carbonyl system containing the ketoe-
thylenic group (–CO–CH=CH–). Chalcones having linear or nearly 
planar structure possess conjugated double bonds where π-electrons are 
delocalized on both rings [4,5]. This special structure of chalcones made 
them biologically active having high therapeutic value [6]. Therefore, 
chalcones exhibited tremendous potentiality as a pharmacological agent 
and their derivatives were proved to be suitable for the expansion of new 
medicinal agents possessing improved potency, lesser toxicity and good 
pharmacological actions. Chalcones are considered as important thera-
peutic potentials in the context of broad-spectrum biological activities 
including amoebicidal, antibacterial, anticancer, antihelmintic, anti-
oxidative, antiprotozoal, antiulcer, cytotoxic, immunosuppressive and 
insecticidal properties [7]. Nowadays, chalcones are being used for the 
treatment of stomach cancer, cardiovascular diseases, viral disorders, 
pain, gastritis, and parasitic infections [7]. 

The potential anti-viral activities of chalcones have been well 
recognized via various targets including glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), topoisomerase-II, fumarate reductase, 
lactate dehydrogenase, several protein kinases, protein tyrosine phos-
phatase, human immunodeficiency virus (HIV-integrase (IN)/protease), 
lactate/isocitrate dehydrogenase, etc. [8]. 

Consequently, with the proven antiviral role of chalcones, they 
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became a new attractive subject of interest to the scientific community. 
Different types of chalcones are reported to act on important targets in 
diseases caused by viral infections [9,10]. The promising diverse anti-
viral bioactions made chalcone derivatives a favourable broad-spectrum 
candidate for targeting the most recent viral pandemic, COVID-19 
[11,12]. Several scientific investigations focused the interesting bio-
logical activities of chalcone derivatives as potential pharmacological 
agents capable of targeting a variety of human viruses including; Middle 
East respiratory syndrome coronavirus MERS-CoV, severe acute respi-
ratory syndrome related coronavirus (SARS-CoV) [13]. 

In this study, six 2́-hydroxychalcones belonging to two groups were 
synthesized by an eco-friendly microwave assisted method; one with 
different substituent in one benzene ring and other one with replacing 
benzene ring by a heterocyclic ring in one site of ketoethylenic group as 
to introduce a new group of chalcones. Anti-bacterial, antifungal and 
antioxidant activities were tested. Emphasizing the present demand 
molecular docking, nonbonding interaction, and ADMET calculation 
have been performed to investigate the potentiality of chalcones as 
antiviral drag against main protease of SARS-CoV-2 (7BQY). 

Experimental 

Chemicals and instrumentations 

Solvents and reagents of analytical grade were purchased from 
Merck and used without any further purification. All reactions were 
carried out in a commercially available LG microwave oven (MB-3947C) 
having a maximum output of 800 W operating at 2450 MHz. The 1H 
NMR spectra were taken by a Bruker Advance DPX 500 MHz spec-
trometer in CDCl3 from “Wazed Miah Science Research Centre 
(WMSRC), Jahangirnagar University, Dhaka, Bangladesh using tetra-
methylsilane (TMS) as a standard. FTIR spectrophotometer (Model- 
8900, Shimadzu, Japan) was used to record spectra on KBr pellets. 
Samples were dissolved in CHCl3 to take mass spectra using Agilent 
6460 Triple Quad LC/MS. Autoclave Machine (ALP Co. Ltd. Japan), 
Laminar Airflow (BIOQUELL Medical Ltd.UK) and Incubator were 
adjusted at 35 ± 2 ◦C. 

Synthesis of 1-(2′-hydroxyphenyl)-3-(substituted)furan-prop-2-en-1-one 
(1–3) 

2′-hydroxychalcones (1–3) were synthesized from 2-hydroxyaceto-
phenone and (substituted) furaldehyde under microwave condition. 
10 mL of ethanolic KOH (10%) solution was added to 2′-hydrox-
yacetophenone (6 mmol) and furaldehyde (substituted) (6 mmol) placed 
previously in a porcelain dish and mixed well. The mixture was irradi-
ated under 160 W microwave irradiation for 3 min 40 sec. The pro-
gression of the reaction was checked by TLC (n-hexane: ethyl acetate, 
6:1). Ice cold water was acidified with dil. HCl and the reaction mixture 
was diluted with it and product was extracted with ether. The ether layer 
was washed with water, dried over anhydrous Na2SO4 and the solvent 
was evaporated when light yellow crystal of the product was obtained. 
The yellow crude solid was recrystallized from ethyl acetate and n- 
hexane to give as crystal. 

The structural analyses of the compound (1) by spectroscopic 
methods are given below: 

1-(2′-hydroxyphenyl)-3-furan-prop-2-en-1-one (1) 
Colour: yellow, Yield: 86.96%, Melting Point: 83–85 ◦C; IR (KBr) 

νmax (cm¡1): 3501.09 (C-OH), 3013.90, 2970(C–H), 1641.49 (>C=O), 
1583.63 (C=C), 1554.69, 1474.69 (C=C, Ph), 1215.21(C-O). 1H NMR 
(400 MHz, CDCl3): δH (ppm): 6.57 (q, 1H, C3-H), 6.80 (d,1H,J = 8 Hz 
C2-H), 6.94 (d, 1H, J = 8 Hz, C4-H), 7.05 (d, 1H, J = 8 Hz, C3′-H), 7.54 
(m, 2H,C4ꞌ-H and C5′-H), 7.56 (d, 1H, J = 15.2 Hz, Cα-H), 7.69 (d, 1H, J 
= 14.8 Hz, Cβ-H), 7.96 (d, 1H, J = 8 Hz, C6′-H), 12.90 (s, 1H, C2′-OH). 
Mass (m/z) 213.56 (214), Element (%): C 72.34 (72.90), H 4.71 (4.67). 

1-(2′-hydroxy-phenyl)-3-(5-methyl-furan)-prop-2-en-1-one (2) 
Colour: light yellow, Yield: 88.16%, Melting Point: 128 ◦C; IR 

(KBr) νmax (cm¡1): 3520 (O–H), 1648 (C=O), 1612 (C=C of Ar), 1505 
(CH=CH); 1HNMR (400 MHz, CDCl3): 2.61 (3H, s, CH3), 7.38 (1H, d, J 
= 17 Hz, –CO-CH=), 7.52 (1H, d, J = 17 Hz, =CH-Ar), 6.89 (1H, s, Ar- 
OH), 7.18–7.79 (6H, Ar-H); Mass (m/z) 227.96 (228.25), Element (%): 
C 73.74 (73.60), H 5.13 (5.26). 

1-(2′-hydroxy-phenyl)-3-(5-methoxy-furan))-prop-2-en-1-one (3) 
Colour: yellow, Yield: 85.14%, Melting Point: 89 ◦C; IR (KBr) νmax 

(cm¡1): 3460 (O–H), 1652 (C=O), 1585 (C=C of Ar), 1462 (CH=CH), 
1127 (-O-CH3),; 1HNMR (400 MHz, CDCl3): 3.78 (3H,s, –OCH3), 7.15 
(1H, d, J = 17 Hz, –CO-CH=), 7.64 (1H, d, J = 17 Hz, =CH-Ar), 
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Fig. 1. Schematic presentation of synthesis of Chalcones.  
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7.12–7.58 (4H, Ar-H), Mass (m/z) 245.06 (244.25); Element (%): C 
67.74 (68.78), H 5.13 (5.32). 

Synthesis of 3-(4-hydroxyphenyl)-1-(substituted)phenyl-prop-2-en-1-one 
(4–6) 

2′-hydroxychalcones (4–6) were synthesized from 2-hydroxyaceto-
phenone and benzaldehyde (derivatives) under microwave condition. 
For the synthesis of 2′-hydroxychalcones (4–6), 10 mL of ethanolic KOH 
(10%) solution was added to the mixture of 2-hydroxyacetophenone (6 
mmol) and benzaldehyde (derivatives) (6 mmol) placed in a porcelain 
dish and mixed well. Microwave irradiation under 320 W was irradiated 
on the mixture put in the microwave oven for 1 min 20 sec. The 
improvement of the reaction was observed by TLC (n-hexane: ethyl ac-
etate, 6:1). Ice cold water was acidified with dil. HCl and the reaction 
mixture was diluted with it. The product was extracted with ether, 
washed with water, dried over anhydrous Na2SO4 and the solvent 
evaporated. The yellow crude solid was recrystallized from ethyl acetate 
and n-hexane. 

The structural analyses of the compound (4–6) by spectroscopic 
methods are given below: 

3-(4-hydroxyphenyl)-1-(2-hydroxyphenyl)-prop-2-en-1-one (4) 

Colour: Greenish yellow, Yield: 88.16%, Melting Point: 129 ◦C; IR 
(KBr) νmax (cm¡1): 3226 (–OH), 1692 (C=O), 1636 (C=C, aliphatic), 
1562 (C=C, aromatic); 1HNMR (400 MHz, CDCl3): 5.78 (Ar-OH), 
7.6–8.36 (Ar-H), 3.8 (HC=CH); Mass (m/z) 240.96 (240.26); Element 
(%): C 74.74 (74.92), H 5.11 (4.99). 

1-(2′-Hydroxyphenyl)-3-(4-nitro-phenyl)- prop-2-en-1-one (5) 

Colour: Golden yellow, Yield: 88.16%, Melting Point: 128 ◦C; IR 
(KBr) νmax (cm¡1): 3236 (–OH). 1670 (C=O), 1630 (C=C, aliphatic), 
2835 (–NO2), 1598 (C=C, aromatic); 1HNMR (400 MHz, CDCl3): 5.80 
(Ar-OH), 7.44–8.21 (Ar-H), 3.32 (HC=CH); Mass (m/z) 270.16 
(269.26); Element (%): C 66.74 (66.85), H 4.11 (4.09), N 5.11 (5.20). 

1-(2′-hydroxyphenyl)-3-(4-(N,N-dimethylaminophenyl)-prop-2-en- 
1-one (6) 

Colour: yellow, Yield: 1.6942 g, (98.96%), Melting Point: 
147–148 ◦C; IR (KBr) νmax (cm¡1): 3495.16 (C-OH), 3015, 2976(C–H), 
1661.75 (>C=O), 1575.9 (C=C), 1489.11 (C=C, Ph), 1339.62 (C-N), 
1230.65 (C-O), 1035.82. 1H NMR (400 MHz, CDCl3): δH (ppm): 3.08 (s, 
6H, C4-N(CH3)2), 6.74 (d, 2H,J = 8 Hz C3-H and C5-H), 6.96 (d, 1H, J =
8 Hz, C3′-H), 7.02 (d, 1H,J = 8 Hz C6′-H), 7.48 (m,1H C5ꞌ) 7.61(d, 1H, J 
= 15.2 Hz, Cα-H), 7.7 (d, 2H, J = 8 Hz, C2-H and C6-H), 7.94 (d, 1H, J =
15.2 Hz, Cβ-H), 7.96 (m, 1H, C4′-H), 13.21 (s, 1H, C2′-OH). Mass (m/z) 
264.9 (267), Element (%): C 76.74 (76.31), H 6.11 (6.36), N 5.11 
(5.24). 

Fig. 1 shows the schematic presentation of synthesis of 2′-hydrox-
ychalcone. Scheme 1 and 2 showed the mechanistic presentation of two 
representative 2′-hydroxychalcone synthesis. 

Computational study 

Geometry optimization 
Computational chemistry is becoming popular media to calculate the 

physicochemical and spectral properties [14]. Based on characterization 
result, structural drawing and optimization were carried out in Gaussian 
16 software [15]. Density functional theory (DFT) based on Becke’s (B) 

Scheme 1. Mechanistic presentation of (2E) 1-(2-hydroxyphenyl)-3-furan-prop-2-en-1-one synthesis.  
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[16] exchange functional combining Lee, Yang and Parr’s (B3LYP) 
correlation functional methods [17] with 3–21 g basis set was employed 
to optimize and characterize the molecules which has amply been 
proven to give very good ground state geometries [18]. Frontier mo-
lecular orbital features HOMO (highest occupied molecular orbital), 
LUMO (lowest unoccupied molecular orbital) were calculated at the 
same level of theory. From the energies of frontier HOMOs and LUMOs 
as previously reported, hardness (η), softness (S), and chemical potential 
(μ) were calculated for each of the compounds [18] considering Parr and 
Pearson interpretation [19] of DFT and Koopmans theorem [20] on the 
correlation of ionization potential (I) and electron affinities (E) with 
HOMO and LUMO energies (ε). The following equations are used to 
calculate hardness (η), chemical potential (μ) and softness (S); 

η = 1
2 [εLUMO − εHOMO]; μ = 1

2 [εLUMO+ εHOMO]; S = 1
η 

Protein preparation, docking and visualization 
The 3D crystal structure of SARS-CoV-2 main protease was collected 

from RCSB protein data bank (PDB) database (PDB ID: 7BQY) [21]. The 
energy of the protein was minimized using Swiss-Pdb viewer software 
(version 4.1.0) because there are some issues regarding to improper 
bond order, side chains geometry and missing hydrogen (s) in the 
structure [22]. All hetero atoms and water molecules in crystal were 
eliminated using PyMol (version 1.3) software packages [23,24]. Dis-
covery studio (Version 4.1) was utilized to calculate, and visualize the 
nonbonding interactions. 

ADMET prediction 
ADMET prediction implies chemical absorption, distribution, meta-

bolism, excretion and toxicity (ADMET) those play an important role in 
drug discovery. A potential drug candidate should have sufficient 

efficiency against target and also have appropriate ADMET parameters. 
AdmetSAR online database has been utilized to predict pharmacokinetic 
properties of synthesized compounds [25]. 

Antimicrobial activities 

Four human pathogenic bacteria e. g. Escherichia coli, Bacillus sub-
tilies, Salmonella paratyphi, Staphylococcus aureus and two fungi e. g. 
Aspergillus niger, Aspergillus flavus collected from the Department of 
Microbiology, University of Chittagong, Bangladesh were selected to 
investigate antimicrobial activities of prepared chalcones. The liquid 
culture method [26] was followed for the detection of antibacterial 
activities measuring absorbance at 510 nm by spectrophotometer. Re-
sults of the antimicrobial activities were represented in graphs when 
results were compared to that of a standard, Ciprofloxacin (Sigma- 
Aldrich). 0.002 g and 0.008 g solid samples of tested compounds and 
antibiotic were dissolved in 1 mL ethanol prepare 0.1% and 0.8% so-
lutions. Solid samples were dissolved completely in ethanol and also as it 
has no inhibitory effect on the cultures it was chosen as solvent. 

Bacterial culture and sensitivity spectrum analysis 
Standard Nutrient Broth media (NA) having the composition, 

Peptone (5 g), Beef Extract (3 g), NaCl (0.5 g) and Distilled water (1000 
mL), was used throughout the study [27]. 24 h old culture was trans-
ferred to the test-tubes with the help of sterilized needles to prepare test 
tube slants of NA medium for the maintenance of cultures. Small amount 
of the microorganisms were transferred to the test tubes containing 
nutrient agar. Tubes were inoculated and incubated at 35 ± 2 ◦C for 24 
h. The test tubes were capped with cotton placing 10 mL of prepared 
nutrient broth and sterilized at 121 ◦C for 20 min by autoclaving at 15- 

Scheme 2. Mechanistic presentation of (2E) 1-(2′-hydroxyphenyl)-3-(4-(N, N-dimethylamino phenyl)- prop-2-en-1-one synthesis.  
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lbs. pressure/sq. inch. 100 µL test solutions were added to the sterilized 
nutrient broth and 100 µL incubated (at 37 ◦C) selected microorganisms 
were carefully inoculated to these test tubes. The absorbance of every 
incubated solution was recorded by UV-Spectrophotometer at 510 nm 
sequentially after 3, 6, 18 and 21 h. 

Fungal cultures suspension and effects on fungal growth 
For the growth and maintenance of fungal isolates, Potato Dextrose 

Agar (PDA) medium was used throughout the study [27]. The PDA was 
prepared by the composition of Potato (200 g), Dextrose (20 g), Agar 
(15 g) and Distilled Water (1000 mL). Potato Dextrose liquid culture 
medium was prepared without Agar which was used for the evaluation 
of fungal activity against test compounds. 

After pouring on sterilized Glass Petri plates, 10 mL of the molten 
sterilized PDA medium was left for solidification. To the center of each 
PDA plate, small portion of each fungus mycelium was placed carefully 
with the help of sterilized needles. Equal amount of fungal mat were 
mixed with 50 mL of sterilized Potato Dextrose Liquid medium. Mixture 
was shaken well to mix thoroughly and suspension so prepared was used 
as stock culture for the test. 

100 µL of test compounds (0.1% concentration) were added to 50 mL 
of sterilized potato dextrose liquid medium dispensed into 200 mL 
conical flasks. Each of the flasks was labeled and shaken well to mix 
thoroughly. After addition of 1 mL fungal suspension carefully, conical 
flasks were incubated at 27 ± 2 ◦C for 5 days. A control conical flask was 
prepared with ethanol instead of test compounds. The fungal biomass 
growth was observed and recorded after 4 days incubation. After 
filtration through Whatman filter paper fungal mass was collected and 
kept in the oven for overnight drying at 70–80 ◦C. A control filter paper 
was also kept in oven simultaneously. The supernatant of the fungal 
culture was carefully collected and pH change was measured. At the 
same time initial and final pH of the test compounds (without fungus) 
were checked and recorded. The pH change of control experiment with 
ethanol was also checked. 

Antioxidant properties 

18 mL distilled water was added to 2 mL of Folin Ciocalteu Reagent 
(FCR) kept in a beaker to make 10 times dilution [28]. 7.5% Na2CO3 
(7.5 g) solution was prepared in a 100 mL volumetric flask dissolving 
with distilled water. Stock solution of gallic acid of conc. 1 mg mL− 1 or 
1000 μg mL− 1 was prepared. Serial dilution was made as required. Blank 
solution consisting 5 mL Folin-Ciocalteau reagent, 1 mL ethanol and 4 
mL sodium carbonate solution (7.5%) was prepared. 2.5 mL of diluted 
Folin-Ciocalteau reagent, 2.5 mL of sodium carbonate (7.5%) solution 
was added into the test tube containing 0.5 mL of standard solution. The 
test tube was incubated for 20 min at 25 ◦C to complete the reaction. The 
absorbance of the solution was measured at 760 nm in a spectropho-
tometer against blank. 

The total phenolic content in different concentration levels of stan-
dard was calculated in gallic acid equivalents (GAE) by the following 
formula; C = (c × V)/m. Where, C indicates the total content of phenolic 
compounds, mg/g standard, in GAE; c indicates the concentration of 
gallic acid established from the calibration curve, mg/mL; V is the the 
volume of extract (mL); m is the weight of simple in gram. 

Results and discussion 

Spectral characterization 

1-(2-hydroxyphenyl)-3-(substituted)furan-prop-2-en-1-one (1–3) 
An equimolar mixture of 2-hydroxyacetophenone and furaldehyde in 

the presence of potassium hydroxide in ethanol was irradiated under 
microwave condition at 160 W for 3 min 40 sec which afforded 2ꞌ- 
hydroxychalcone derivatives (1–3) as a crystal (Fig. 1). The compounds 
are insoluble in H2O but soluble in organic solvents. 

2́-hydroxychalcone compounds (1–3) in its IR spectra showed ab-
sorption stretching band at 3460–3520 cm− 1, 2970–3013.40 cm− 1, 
1641–1652 cm− 1, 1462–1505 cm− 1, 1215 cm− 1 due to presence of –OH, 
C–H, C=O, C=C (olefinic) and C-O bond, respectively. The spectra also 
exhibited characteristics of aromatic C=C 1583–1612 cm− 1 function-
ality. Absorption stretching band at 1127 cm− 1 is assigned to -O-CH3 in 

Fig. 2. 1H NMR spectrum of the compound, 2ꞌ-hydroxy-4-(N, N-Dimethylamino)chalcone (6).  
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compound 3. 
The 1H NMR spectra of the 2ꞌ-hydroxychalcones (1–3), displayed 

quartet signal resonated at δH 6.57 (J = 7.2 Hz) corresponding to one 
heteroaromatic proton, C3-H. One doublet resonated at δH 6.80 (J = 8 
Hz) corresponding to C2-H, another doublet signal resonated at δH 6.94 
due to C4-H. The compound displayed a doublet signal resonated at δH 
7.05 (J = 8 Hz) corresponding to one aromatic proton C3ꞌ-H. This proton 
coupled with C4ꞌ-H and produce multiplet signal at δH 7.53. The olefinic 
proton of an α, β unsaturated ketone were clearly observed at δH 7.56 (J 
= 15.2 Hz) and δH 7.69 (J = 15.2 Hz) corresponding to Cα-H and Cβ-H, 
respectively. The higher coupling value shows that the two olefinic 
protons are in trans-position. The doublet signal resonated at a lower 
field, δH 7.96 (J = 8 Hz) was attributed to one aromatic proton, C6ꞌ-H. 
The 1H NMR spectrum displayed one singlet signal at δH 12.90 attrib-
uted to presence of one (–OH) group located at C2ꞌ, respectively. 

Additional singlet at δH 2.61 (3H, s) and 3.78 (3H, s) attributed to –CH3 
and –OCH3 in compound 2 and 3, respectively. Based on these spectral 
evidences, compounds (1–3) were identified as 2ꞌ-hydroxychalcone. The 
m/z of molecular peak and elemental analytical data of the compounds 
(1–3) are also in good agreement with the assigned structure of the 
compounds 1–3. 

1-(2′-hydroxyphenyl)-3-(substituted)phenyl-2 propen-1-one (4–6) 
An equimolar mixture of 2́-hydroxyacetophenone and benzaldehyde 

or it’s derivatives in the presence of potassium hydroxide in ethanol was 
irradiated under microwave condition at 320 W for 1 min 30 sec 
afforded desired chalcones (4–6) as a crystal (Fig. 1). 

The compounds 4–6 in its IR spectra showed absorption stretching 
band at 3226 – 3495 cm− 1, 2976–3015.12 cm− 1, 1670–1692 cm− 1, 
1575–1636 cm− 1 and 1230.64 cm− 1 due to the presence of –OH, C–H, 

Fig. 3. Mass spectrum of the compound, 2ꞌ-hydroxy-4-(N,N-Dimethylamino)chalcone (6).  

Table 1 
Physicochemical properties, Energy of HOMO-LUMO (eV), hardness, softness and chemical potential and selected vibrational frequencies).  

Name MF MW  Internal energy Enthalpy Free energy Dipole moment 

01 C13H10O3 214.217  − 722.812784 − 722.811840 − 722.866657 4.2348 
02 C14H12O3 228.25  − 761.894195 − 761.893251 − 761.952108 4.6949 
03 C14H13O4 244.25  − 836.676741 − 836.675797 − 836.737453 3.9138 
04 C15H12O3 240.26  − 837.654853 − 837.653909 − 837.713087 2.5932 
05 C15H11NO4 269.26  − 928.328034 − 928.327090 − 928.390989 2.7747 
06 C17H17NO2 267.322  − 858.149523 − 858.148579 − 858.216738 7.1328 
Name HOMO LUMO  Gap Hardness Softness Chemical potential 
01 − 0.22500 − 0.08118  0.14382 0.07191 13.90627 − 0.15309 
02 − 0.22197 − 0.07735  0.14462 0.07231 13.82935 − 0.14966 
03 − 0.22647 − 0.07340  0.1375 0.076535 13.06592 − 0.14994 
04 − 0.17839 − 0.06271  0.11568 0.05784 17.28907 − 0.12055 
05 − 0.23651 − 0.1184  0.11804 0.059055 16.93337 − 0.17746 
06 − 0.28771 − 0.21124  0.07647 0.038235 26.15405 − 0.24948 
Compd. Assignment Vibrational frequencies 

(cm¡1)  
Compd. Assignment Vibrational frequencies 

(cm¡1)    
Calculated Experimental   Calculated Experimental 

01    06     
υO-H 3452 3601  υO-H 3518 3495  
υC-H 3196 3014  υC-H 3013 3015  
υC=O 1640 1641  υC=O 1643 1661  
υC=C 1582 1583  υC=C 1575 1575  
υC=C, ph 1487 1474  υC=CPh 1481 1489  
υC-O 1204 1215  υC-N 1324 1339      

υC-O 1206 1230  
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C=O, C=C (olefinic) and C-O bond, respectively. The spectrum also 
exhibited characteristics of aromatic C=C functionality 1489–1598 
cm− 1. Additional peak at 2835 cm− 1 is due to the presence of –NO2 in 
compound 5. Peaks at 1339–1350 cm− 1 are assigned to C-N in com-
pounds 5 and 6. 

The 1H NMR spectrum of the compound 2ꞌ-hydroxy-4-(N,N-Dime-
thylamino)chalcone (6) as shown in Fig. 2 displayed a one singlet signal 
resonated at δH 3.08 due to presence of two methyl group at C4 (s, 6H, 
C4-N(CH3)2 attached with electronegative nitrogen atom. One doublet 
signal resonated at δH 7.04 corresponding to one aromatic proton at C3ꞌ- 
H. The compound displayed a multiplet signal resonated at δH 7.48 
corresponding to two aromatic protons, C4ꞌ-H and C5ꞌ-H. The presence of 
two two-proton doublet signals resonated at δH 6.74 and δH 7.7 with J 
value 8.0 Hz were designated to C3-H; C5-H and C2-H; C6-H respectively. 
The olefinic proton of α, β unsaturated ketone were clearly observed at 
δH 7.61(J = 15.6 Hz) and δH 7.94 (J = 15.6 Hz) corresponding to Cα-H 
and Cβ-H, respectively. The higher coupling value shows that the two 
olefinic protons are in trans-position. The doublet signal at a lower field, 
δH 7.96 (J = 8 Hz) was attributed to one aromatic proton, C6ꞌ-H. The 1H 
NMR spectrum displayed a singlet signal at δH 12.89 attributed to 
presence of one (–OH) group located at C2ꞌ, respectively. 

Based on these spectral evidences, compounds (4–6) were identified 
as 2ꞌ-hydroxychalcones. The m/z of molecular peak (Fig. 3) and 

elemental analytical data of the compounds (4–6) is also in good 
agreement with the assigned structure. The spectra, however, didn’t 
look explicit probably as isotopic effect. 

Computational characterization 

Thermodynamic properties and equilibrium geometry 
Any modifications in structure significantly influence physicochem-

ical, and binding properties [29]. Internal energy, enthalpy and Gibb’s 
free energy are important thermodynamic factors which regulate the 
spontaneity of a reaction and stability of a product. Greater negative 
values are favourable for improved thermodynamic properties. The 
thermodynamic properties and dipole moment of the compounds are 
reported in Table 1. The free energy of compounds (1 – 6) ranges from 
− 722.866657 to − 928.390989 (Hartree), respectively. Improved free 
energy in compound 5 and dipole moment in compound 6 was observed, 
which can positively influence the thermodynamic, binding, and in-
teractions properties [30]. Geometry discloses the change of structural 
properties due to the addition of different functional groups. Bond dis-
tances and angles (calculated) depicted in Suppl. Table 1 are approxi-
mately same to the theoretical values which support the proposed 
structures. 

Fig. 4. Optimized structures, atomic partial charges and HOMO-LUMO energy gap of optimized structures.  
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Molecular electrostatic potential 
Electronegative region in molecular electrostatic potential (MEP) 

which is favorable site for electrophilic attack has been represented by 
red color. Meanwhile, electropositive site represented by blue colour is 
the preferred site for nucleophilic attack. Region having the negative 
potential over oxygen electronegative atoms and that having positive 
potential over electropositive hydrogen atoms has been focused in MEP. 
Compound 2 showed the highest electropositive value with high possi-
bility for nucleophilic attack whereas compound 6 showed the highest 
electronegative value with maximum possibility for electrophilic attack 
[31]. 

Molecular orbital analysis 
The electronic absorption relates to the transition is electron from the 

ground to the first excited state. It is described by one electron excitation 
from the HOMO (highest occupied molecular orbital) to the LUMO 
(lowest unoccupied molecular orbital). DOS (density of states) plot and 
HOMO-LUMO energy gap of compound 1 and 6 has been shown in 
Fig. 4. The HOMO and LUMO energies, energy gap, hardness (η), soft-
ness (S) and chemical potential (μ) of all compounds are presented in 
Table 1. Small HOMO-LUMO energy gap (0.07647 eV) of compound 6 
describes its high chemical reactivity and low kinetic stability. Similarly, 
high kinetic stability and low chemical reactivity associated with large 
HOMO-LUMO gap (0.14382 eV) of compound 1. The optimized struc-
tures, molecular electrostatic potential graphs and HOMO-LUMO gap 
values of representative compounds 1 and 6 are shown in Fig. 4. Frontier 
molecular orbitals (HOMO and LUMO) are displaying in Suppl. Fig. 1. 

Vibrational frequency 
The stretching vibrations (theoretical IR-frequencies) of the some 

characteristic bands O–H, C–H, C=O, C-N, C-O, and C–H are compared 
with those of experimental values of compounds 1 and 6. Calculated 
frequencies were scaled by multiplying scaling factor (0.9688) [32]. The 
experimental and theoretical IR-frequencies of both compounds are 
tabulated in Table 1. IR spectra obtained by the program are presented 
in Suppl. Fig. 2. The band observed at 3452 cm− 1 is due to the OH group 
in the infrared spectra of the compounds. Presence of stretching vibra-
tions at 3003–3196 cm− 1 is characteristic to C–H vibrations of the aro-
matic structure. The bands observed at 1640 and 1582 cm− 1 are due to 
υC=O and C=C of the ketoethylenic group. Stretching vibrations 
observed in the region 1480–1487 cm− 1 indicated to the presence of 

aromatic structure C=C. Band observed in the region 1204 cm− 1 in both 
compounds is due to C-O bond adjacent to OH substituent. Additional 
peak in compound 6 due to presence of C-N band was observed in 1324 
cm− 1. All theoretical IR-frequencies comply with the experimental 
values. 

Biochemical applications 

Antimicrobial properties 

Effects on selected bacteria 
The optical density of Escherichia coli, Staphylococcus aureus, Salmo-

nella paratyphi and Bacillus subtilis were recorded for the test compounds 
representing the bacterial growth after 3 h to 21 h incubation. Suppl. 
Figs. 3 and 4 depicts the bacterial growth of tested chalcone (1). From 
the investigation it is seen that chalcone (1) showed nearly the same 
activity as the control against Bacillus subtilies, E. coli, Staphylococcus 
aureus and Salmonella paratyphi. Maximum growth of bacteria was found 
at higher concentration against Salmonella paratyphi after both 3 h to 21 
h incubation. At lower concentration B. subtilie and E. coli show some 
inhibiting activity. 

Fig. 5 and Suppl. Fig. 5 depict the bacterial growth of test com-
pounds. Chalcone (6) showed nearly the same activity as the control 
against Bacillus subtilies, E. coli, Staphylococcus aureus and Salmonella 
paratyphi. Maximum growth of bacteria was found at higher concen-
tration but in lower concentration growth was minimum of all test or-
ganisms. So, the test chalcones (1, 2, 6) showed some enhancing 
capacity after both 3 h to 21 h incubation. In comparison study the 
antibiotic, ciprofloxacin at lower concentration (0.1%) inhibited the 
growth of bacteria from 3 h to 21 h incubation in case of B. Subtilies and 
S. paratyphi. In case of E. coli no induced or inhibition properties was 
found at lower concentration. The growth of all tested organisms was 
significantly inhibited with the increase of concentration of samples. It is 
concluded from the observations that chalcones showed the inducing 
activity rather than the inhibiting activity against the test organisms. 

Effects on selected fungal growth 
Fungal growth inhibition of the prepared chalcones was checked 

against Aspergillus flavus and Aspergillus niger by the observation fungal 
growth pattern, pH change and by the determination total biomass. The 
growth of mycelial mat on the surface of culture supernatant was 

Fig. 5. Antibacterial activity of chalcone-2 at 0.80%.  
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observed after optimum incubation periods. The images of sporulation 
and mat formation captured by digital camera showed that they covered 
the culture surface in control flask. Whereas, in treatment flask only 
fungal mat covered the culture surface very small or scanty spore for-
mation observed after the period of 4 days incubation. 

The initial and final pH change of the culture broth was recorded. 
The initial pH of the medium and the final pH level of the positive 
control were 6.3 and 4.9, respectively. Suppl. Fig. 6 represents the pH of 
the treatment and control fungal mycelial mat indicating antifungal 
role. The pH level of 5.3 in treatment flasks was much higher for both 
tested chalcones against both organisms. The initial and final pH of the 
cultures in presence of compounds was also recorded. It is found that the 
changes of pH in presence of compounds were not affecting the final pH 
of the cultures indicating the inhibition by lower pH values. 

The dry weight of the biomass of the treatment and control fungal 
mycelial mat were determined and compared. The dry weight of the 
total biomass of the treatment and control fungal mycelial mat has 
shown in Fig. 6. After the period 4 days incubation the positive control 
biomass was recorded as 0.31 g for Aspergillus flavus and 0.43 g for 
Aspergillus niger. After the same incubation period chalcone 1 and 2 
produced 0.26 g and 0.15 g of mycelial mat of Aspergillus flavus and 0.10 
g and 0.45 g of mycelial mat of Aspergillus niger, respectively. Small 
amount of mat was produced in case of chalcones than the control which 
indicates the better inhibition property of chalcones against the tested 
fungi. 

Minimum inhibitory concentration (MIC) of the synthesized chal-
cones was determined by serial broth dilution method. Among the 
compounds tested, 1, 2, 6 with electron releasing substituents was found 
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Fig. 6. Dry weight of the total biomass of the treatment and control fungal mycelial mat indicating antifungal role.  

Fig. 7. Docked conformations of 1, 6 and remdesivir and hydroxychloroquine (HCQ) at inhibition binding site of receptor protein (7BQY).  
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to be the most potent having a MIC value of 30 μg mL− 1 in each case. 
Other chalcones were also found to be somewhat potent against selec-
tive organisms with a MIC of 70 μg mL− 1. The structure–activity rela-
tionship based on the above results clearly indicated that compounds 

with electron releasing substituent enhancing the antimicrobial activity. 

Molecular docking and nonbonding analysis 

In computer aided drug design, molecular docking is a key tool to 
predict binding affinity, and mode(s) of a ligand with the target [33]. In 
this study, molecular docking has been performed against SARS-CoV-2 
main protease (7BQY) to investigate the binding affinity and inhibit-
ing properties of prepared chalcones considering remdesivir and 
hydroxychloroquine (HCQ) as standard. The pictorial presentation of 
molecular docked standard, remdesivir and hydroxychloroquine (HCQ), 
and chalcones (1, 6) against receptor protein 7BQY is as in Fig. 7. 

Fig. 8 shows nonbonding interactions of chalcones 1 & 6 with the 
receptor protein (7BQY) generated by Discovery studio. Binding affinity 
and nonbonding interaction of standard, remdesivir and hydroxy-
chloroquine (HCQ) and prepared chalcones after rigid docking with 
receptor protein 7BQY are given in Table 2. The binding affinity of 
remdesivir and hydroxychloroquine (HCQ) is − 6.7 and − 5.8 kcal/mol, 
respectively whereas that of chalcones 4–6 has considerably increased to 
− 6.8 kcal/mol. The highest binding affinity may contribute significant 
hydrogen bond (HB) formation with the amino acid residues of target 
protein [33]. From docking results, it confirms the simultaneous binding 
ability of chalcones to the active site of protein. It further supports them 
as potential candidate for the inhibiting of SARS-CoV-2 protease. Stan-
dards, Remdesivir and hydroxychloroquine (HCQ), and chalcone de-
rivatives were bound at the same binding pocket of receptor protein and 
superimposed to each other. Important conventional hydrogen bond, 
and carbon hydrogen bonds were observed in all compounds. HB with <
2.3 Å significantly influence the binding affinity and specialty in 
different magnitude [34]. Some common significant HBs were observed 
in both compounds with the amino acid residues (Thr111, Thr292) of 
receptor protein (7BQY) and they were relatively smaller than remde-
sivir. Thr111, Thr292, Arg298, Tyr154, and Gln110 residues commonly 
play key to improve the interactions. Pi-alkyl (PA) bond interactions 
with Leu286, Leu287, Cys145, Arg298, Tyr154, Phe294 are possibly 

Fig. 8. A & B: Nonbonding (compound 1 and 6) and C & D: hydrogen bond interactions of chalcones compound (2 and 4) with the receptor protein (7BQY), 
generated by Discovery studio. 

Table 2 
Binding affinity and nonbonding interaction chalcones.  

Compound 
code 

Pyrx (kcal/ 
mol) 

Residues in contact, Distance (Å), Interaction type 

01  − 6.1 THR111 (2.04182) H; THR111 (2.68779) H; 
THR292 (2.13952) H; ARG298(3.86692)PA 

02  − 6.4 GLY143 (2.03997) H; MET49 (4.64012) PS; 
MET165 (5.58544) PS; HIS41 (4.00613) Pi; HIS41 
(4.81622) Pi-T; MET49 (3.7371) A; LEU27 (5.3052) 
PA; CYS145 (4.39946) PA 

03  − 6.2 GLN110 (2.33019) H; THR111 (1.95153) H; 
THR292 (2.16072) H; ARG298 (3.85404) PA 

04  − 6.8 ASP289 (2.7759) H; ARG131 (2.95043) H; LEU287 
(1.8963)H; LEU272 (3.8602) Pi-Si; LEU287 
(3.89853)  
Pi-Si; LEU286 (5.03857) PA; LEU287 (5.18171) PA 

05  − 6.8 THR111 (2.06664) H; THR111 (2.58368) H; 
THR292 (2.08623) H; ARG298 (3.84075) PA 

06  − 6.8 THR111 (2.73847) H; THR111 (1.99482) H; 
THR292 (2.1401) H; ARG298 (3.94618) PA 

Remdesivir  − 6.7 GLN110 (2.12309) H; THR111 (2.6096) H; THR111 
(2.073060H; ASN151 (3.06489) H; ASN151 
(2.70568) C; ASP295 (2.12543) C; ILE152 (2.82569) 
C; ASP153 (2.56878) C; VAL297 (5.45995) A; 
ARG298 (4.479) A; TYR154 (5.12661) PA; PHE294 
(4.68956) PA 

HCQ  − 5.8 THR111 (2.88215) H; GLN110 (2.49387) C; 
THR111 (2.99261) C; THR111 (2.19003) C; 
ARG298 (3.96857) A; ARG298 (4.75658) A; 
VAL104 (3.84512) A; ILE106 (5.36765) A; PHE294 
(5.1869) PA 

H: Conventional hydrogen bond, C: Carbon hydrogen bond, A: Alkyl, PA: Pi- 
alkyl, Pi-T: Pi-Pi T-shaped, PS: Pi-Sulfur, Pi-Si: Pi-Sigma. 
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considered for the higher affinity of tested chalcones than remdesivir 
and His41 showed Pi and Pi-Pi-T shaped interactions showed in com-
pound 2. 

ADMET analysis 

From ADMET results, it is found that all the molecules have positive 
response for blood brain barrier and human intestinal absorption. Which 
predicting that they can pass through the BBB and absorbed by intestine. 
They are non-carcinogenic and have no inhibition to P-glycoprotein, 
where inhibition can block the absorption, permeability and retention of 
the chemicals [35]. Selected pharmacokinetics parameters are reported 
in Table 3. However, all compounds showed weak inhibitory property 
for human ether-a-go-go-related gene (hERG). As hERG inhibition leads 
to long QT syndrome more study of this phase is required. 

Antioxidant properties, total phenolic content 

The compounds having good antioxidant properties are supposed to 
possess biological properties like anti-apoptosis, anti-aging, anti- 
carcinogen, anti-inflammation, anti-atherosclerosis, cardiovascular 
protection and improvement of endothelial function. Inhibition of 
angiogenesis and cell proliferation activities are also for such com-
pounds. It might have the anti-inflammation, anti-atherosclerosis and 
the antioxidant properties. Investigation showed the total phenolic 
content (TPC) of prepared chalcones (1–6) 212.27 ± 1.48, 225.64 ±
3.17, 213.05 ± 2.04, 145.34 ± 2.13, 239.61 ± 3.17 and 164.22 ± 2.56 
mg g− 1, respectively. These results indicate that they have good anti-
oxidant properties which are attributable to phenolic –OH group 
attached to the ring structures. Pyrazolic chalcones are reported to 
possess higher antioxidant ability. 

Conclusion 

In this study six new 2́-hydroxychalcone derivatives were synthe-
sized by microwave assisted method and characterized by spectral (FT- 
IR, UV–Vis, 1H NMR, and MS), physicochemical analysis. Antimicrobial, 
antioxidant, molecular docking, nonbonding interactions, and pharma-
cokinetic studies were performed to evaluate the biological/biomedical, 
and biochemical performance. Compounds showed good inhibition 
against tested pathogenic organisms and possessed good antioxidant 
properties. ADMET prediction disclosed that synthesized chalcones are 
non-carcinogenic and relatively less toxic. Molecular docking study 
suggested their improved inhibition to the SARS-CoV-2 main protease 
than remdesivir compare to hydroxychloroquine (HCQ). 
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