
 

 

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 Infection and Public Health 13 (2020) 1671–1677

Contents lists available at ScienceDirect

Journal  of  Infection  and  Public  Health

jou rn al hom epage: ht tp : / /www.e lsev ier .com/ locate / j iph

Original  Article

In  silico  molecular  docking:  Evaluation  of  coumarin  based  derivatives
against  SARS-CoV-2

Chidambaram  Sathish  Kumara,  Daoud  Alib,  Saud  Alarifib,
Surendrakumar  Radhakrishnana,  Idhayadhulla  Akbara,∗

a Research Department of Chemistry, Nehru Memorial College (Affiliated to Bharathidasan University), Puthanampatti, 621007, Tiruchirappalli District,
Tamil  Nadu, India
b Department of Zoology, College of Sciences, King Saud University (KSU), P.O. Box 2455, Riyadh, 11451, Saudi Arabia

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 15 July 2020
Received in revised form 9 September 2020
Accepted 12 September 2020

Keywords:
Coumarin
COVID-19
Molecular docking
Virtual ADME
5N5O protein

a  b  s  t  r  a  c  t

Background:  The  unique  anthropological  coronavirus  which  has  been  titled  as  SARS-CoV-2  was originally
arisen  in  late  2019  in  Wuhan,  China  affecting  respiratory  infection  named  as  COVID-19.  Coronavi-
rus  is disturbing  human  life  in  an  exceptional  method  and has converted  a  public  health  global
crisis. Natural  products  are  ahead  consideration  due to the  huge  beneficial  window  and  effective  anti-
inflammatory,  immunomodulatory,  antioxidant  and  antiviral  possessions.  Consequently,  the  present
study  was  intended  to  display  inhibition  ability  of  natural  products  coumarins  and  their  analogues  against
SARS  coronavirus.
Methods:  The  present  study,  aims  to forecast  theoretical  assembly  for the  protease  of  COVID-19  and  to
discover  advance  whether  this  protein  may  assist  as  a  target  for protease  inhibitors  such  as  psoralen,
bergapten,  imperatorin,  heraclenin,  heraclenol,  saxalin,  oxepeucedanin,  angelicin,  toddacoumaquinone,
and  aesculetin.  The  docking  score  of  these  natural  coumarin  analogues  compared  with  standard  Hydrox-
ychloroquine.  Whereas  the  3D  assembly  of  main  protease  of SARS  coronavirus  was  forecast  with  SWISS
MODEL  web  server,  and  molecular  interaction  studies  amongst  target  protein  and  ligands  were  done
with  AutoDock  Vina software.
Results:  The  study  more  exposed  that  all the  inhibitors  acquired  with  negative  dock  energy  against
the  target  protein.  Molecular  docking  investigation  displayed  that  natural  coumarin  analogue  todda-
coumaquinone  displayed  a  remarkable  inhibition  ability  with  the binding  energy  of  −7.8  kcal/mol  than
other  compounds  against  main  protease  of SARS  coronavirus  in  intricate  with  �-ketoamide  (PDB  ID:
5N5O).  The  synthetic  coumarin  analogue  (1 m)  also  displayed  the  comparable  inhibition  ability  with  a
binding  energy  of −7.1 kcal/mol  against  main  protease  of  SARS  coronavirus  in intricate  with  �-ketoamide.
Keeping  the  overhead  results  of ADME  and  toxicity,  all tested  compounds  were  recognized  as  drug-like
nature,  passing  Lipinski’s  “Rule  of  5” with  0  violation  except  �-ketoamide  passes  Lipinski’s  “Rule  of  5”

with  1 violation  MW  >  500. The  projected  constraints  are  within  the  assortment  of  recognized  values.
Conclusions:  Based  upon  the results  of  the  manifold  sequence  alliance,  natural  and  synthetic  coumarin
binding  sites  were  preserved.  The  present  in  silico  examination  thus,  delivers  structural  awareness  about
the protease  of  COVID-19  and  molecular  relations  with  some  of  the  recognised  protease  inhibitors.

© 2020  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.

r
Introduction
Coronaviruses (CoVs) are an etiologic negotiator of severe infec-
tions in both animals and humans, which may  origin sickness in
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espiration territory and also in the digestive area. Earlier inspec-
ions of CoVs stated that CoVs can affect assured kinds of animals,
s well as reptiles, avian species and mammals [1]. At the end
f 2019, the novel species of CoV was recognized and originally
ermed 2019-nCoV, and occurred through an eruption in Wuhan,

hina [2]. On January 30, 2020, The Emergency Committee of the
HO acknowledged an eruption in China, which was deliberated

o be a Public Health Emergencies of International Concern (PHEIC)
3]. Formally, on February 11, 2020, WHO  termed this CoV COVID-
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Fig. 1. Antiviral active vario

19 (coronavirus disease 2019) upon talks and associations with the
World Organization for Animal Health and the Food and Agriculture
Organization of the United Nations [4]. Now, no precise remedies
for COVID-19 are obtainable and research concerning the deal-
ing of COVID-19 is deficient [3]. Yet, the actions that have been
instigated persist restricted to protective and compassionate treat-
ments, intended to avoid additional problems and organ injury
[3]. As a structural glycoprotein on the virion surface, the main
protease of coronavirus is accountable for binding to host cellu-
lar receptors and the following fusion between the viral envelope
and the cellular membrane [5] and essential for virus replication
[6]. Ecological features can significantly stimulus the exudation of
secondary metabolites like phytochemicals from tropical plants.
Consequently, secondary metabolites concealed by plants in trop-
ical areas prodigious consideration and that may  be advanced as
remedies [7,8]. Numerous phytochemicals from therapeutic plants,
have been testified for antiviral activity [9–11]. Fig. 1 shows that
various natural coumarin antiviral agents against viral active Look-
ing for natural anti-AIDS agents several furanocoumarins namely,
psoralen (EC50 = 0.1 �g/mL), bergapten (EC50 = 0.354 �g/mL),
Imperatorin (EC50 = <0.10 �g/mL), heraclenin (EC50 = 2.37 �g/mL),
heraclenol (EC50 = 0.115 �g/mL), saxalin (EC50 = 2.25 �g/mL), and
oxepeucedanin (EC50 = 1.0 �g/mL) have been isolated from diverse
medicinal plants viz. Prangos tschimganica, and Ferula sumbul and
displayed important anti-HIV activity by preventing HIV repeti-
tion in H9 lymphocytes [12,13]. An angular furanocoumarin for
example angelicin was designate benign natural bio-active element

of anti-influenza activity by inhibiting influenza viruses A and B
[14]. Ishikawa et al.1995, reported a distinctive dimer of coumarin-
naphthoquinone titled toddacoumaquinone isolated from Toddalia
asiatica (Rutaceae) and assessed against HIV-1, HSV-1 and HSV-2

p
4
0

167
ural coumarin compounds.

or antiviral activity evaluation. The isolated coumarin was origi-
ated to be inadequately active against HSV (EC50 = 10 �g/mL) and
lso ineffectual in contradiction of HIV [15]. A dihydroxy deriva-
ive of coumarin termed as aesculetin, acquired from the medicinal
lant Artemisia capillaris aerial part and too, described as an anti-
IV agent with ED50 value of 2.51 �g/mL [16]. Keep this in mind, we
xamined natural coumarin analogues psoralen, bergapten, imper-
torin, heraclenin, heraclenol, saxalin, oxapeucedanin, angelicin,
oddacoumaquinone, aesculetin as potential inhibitor candidates
or protease of SARS coronavirus in intricate with �-ketoamide
nd compared with hydroxychloroquine and coumarin analogue (1
).  The outcomes of this study will offer other investigators with

rospects to find the precise medication to fight COVID-19.

aterial and methods

The starting material 7-hydroxy-4-methylcoumarin was bought
rom Sigma-Aldrich and used as received. Chemical characteriza-
ion was used as following instruments such as Shimadzu 8201 pc
or IR spectra on KBr pellets at 4000–400 cm−1, Bruker DRX instru-

ent at 300 MHz  was  used to inspect 1H & 13C NMR  spectra. The
lements C, H, N present in synthetic compounds were analyzed
ith Elemental analyzer (Varian EL III). Thin layer chromatography

TLC) was used to check the purity of the compounds.

reparation of synthetic coumarin analogue (1 m)
The synthetic coumarin analogue used in this study was
repared for our previous literature [17]. The mixture of 7-hydroxy-
-methyl-2H-chromen-2-one (0.001 mol, 0.17 g), citral (0.003 mol,
.5 mL), hydrazine hydrate (0.003 mol, 0.1 mL), potassium phos-
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phate buffer (pH 6.0) and CuCl2 (0.1 mg)  is mixed together with
continues staring. The final product was washed with ice cold water
and purity was confirmed by TLC.

3-(2,6-dimethylhepta-1,5-dien-1-yl)-4-methyl-2,3-
dihydrochromeno[2,3-c]pyrazol-7-ol (1
m)

Yield: 86%; mp  168 ◦C; IR (KBr): 3174.54, 3074.57, 3034, 2596.43
cm−1; 1H NMR  (DMSO-d6): � 10.5 (s, 1 H), 8.70 (s,1 H), 7.04–7.06 (d, J
= 6.21 Hz, 1 H), 6.40 (s, 1 H), 6.21−6.18 (d, 1H, J = 6.21 Hz), 5.33−5.30
(d, 1H, J = 6.21 Hz), 5.20−5.17 (d, 1H, J = 6.21 Hz), 3.99−3.96 (d, 1H, J =
6.21 Hz), 2.42−2.39 (s, 3 H), 2.00−1.98 (d, 4H, J = 6.21 Hz), 1.81−1.78
(d, 6H, J = 6.21 Hz), 1.70 (d, 3H, J = 6.21 Hz); 13C NMR  (DMSO-d6):
159.5 (1C), 155.7 (1C), 150.6 (1C), 137.2 (1C), 135.5 (1C), 132.0 (1C),
123.5 (1C), 116.7 (1C), 127.2, 108.4, 107.9, 99.5 (4C), 122.3 (1C), 39.8
(1C), 39.3 (1C), 26.4 (1C), 24.6 (1C), 18.6 (1C), 16.5 (1C,), 15.7(1C);
EI-MS: m/z  325.19 (M+, 20%).

Molecular docking

In this studies, inspect the binding mode and interac-
tion between compounds psoralen, bergapten, imperatorin,
heraclenin, heraclenol, saxalin, oxepeucedanin, angelicin, tod-
dacoumaquinone, aesculetin, hydroxychloroquine, synthetic
coumarin analogue (1 m)  and co-crystallized ligand �-ketoamide
with protein 5N5O were used to analysis via Autodock vina 1.1.2
[18]. The crystal structure of the main protease of SARS coronavirus
in complex with �-ketoamide (PDB ID: 5N5O) was downloaded
from Protein Data Bank. The 3D structures of the ligands were
drawn and energy minimized via ChemDraw Ultra 12.0 software.
The binding pocket was identified by using co-crystallized ligand
�-ketoamide via discovery studio program and the amino acid
residues Thr26, His41, Met49, Phe140, Leu141, Asn142, Gly143,
Ser144, Cys145, His163, His164, Met165, Glu166, His172, Asp187,
Gln189 and Thr190 were situated in the binding pocket. The
search grid of 5N5O protein was recognized as center x: -23.002,
center y: -3.023, and center z: 4.681 with size dimensions x: 24, y:
24, and z: 24 with 1.0 Å spacing. The value of exhaustiveness was
set to 8. The further constraints were fixed to default for Autodock
Vina and not stated. Discovery studio 2019 program was  used to
investigate visually the best binding affinity of compounds.

ADME and molecular property prediction

In this present study, Lipinski’s “Rule of five” was pre-
dicted by theoretical in silico ADME and toxicity of compounds
psoralen, bergapten, imperatorin, heraclenin, heraclenol, sax-
alin, oxepeucedanin, angelicin, toddacoumaquinone, aesculetin,
hydroxychloroquine, synthetic coumarin analogue (1 m)  and �-
ketoamide [19]. A web tool of Swiss ADME was used to predict
the Lipinski’s parameters [20]. Topological polar surface area (tPSA)
was used to forecast the bioavailability and the transportation of an
effective compound via the blood-brain barrier [21]. Bioavailability
is extremely multifactorial, then predominantly obsessed through
gastrointestinal absorption [22]. The percentage of absorption was
calculated from the formula: % ABS = 109 – (0.345 x TPSA). We  also
projected the water solubility, CYP2D6, CYP2D9, P-glycoprotein
inhibition and phospholipidosis (PLD) too.

Result and discussion
Chemistry

The synthesis compounds 1 m was outline in Scheme 1. The
reaction of 7-hydroxy-4-methyl-2H-chromen-2-one was  reacted
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ith citral, hydrazine hydrate, and 50 mM potassium phosphate
uffer, with using CuCl2 as a catalysis. The compound was  recrys-
allized by suitable alcohol to get pure brown color solid product.
he key projections of compound were confirmed by IR, 1 H NMR,
nd 13C NMR  analyses. The FT-IR spectra embrace absorption bands
t 2596, 3034 and 3174 cm−1, conforming the -C = N, Ar-H and
NH functional groups. The 1H NMR  spectra displays peaks at �
0.50, 8.70, 5.33−5.30, 5.20−5.17, 3.99−3.96, 2.42, 2.00−1.98 and
.81−1.78 ppm, conforming the -OH, -NH, -C = C, -CH = C, 4-CH,
CH3, -CH2-CH2-, and -(CH3)2 protons respectively. The 13C NMR
pectra displayed signals at � 159.5, 155.7, 150.6, 137.2, 123.5, 39.3,
nd 15.7 ppm, conforms -C-OH, -C–O-, -C = N, -C–CH3, -C = C-, -C-
H, and -CH3 carbon atoms. The compound was  further confirmed
y mass spectroscopy and elemental analysis.

ocking studies

In order to advance perception into the plausible mecha-
ism of biological activities docking, simulations were performed.
he compounds psoralen, bergapten, imperatorin, heraclenin, her-
clenol, saxalin, oxepeucedanin, angelicin, toddacoumaquinone,
esculetin, hydroxychloroquine, synthetic coumarin analogue (1
) and co-crystallized ligand �-ketoamide were considered for

heir docking behaviour of protein 5N5O via Autodock Vina pro-
ram. All of this tested inhibitors shows negative binding energy.
he natural quinone containing coumarin toddacoumaquinone
hows remarkable binding affinity (−7.8 kcal/mol) than other
ompounds psoralen (−5.6 kcal/mol), bergapten (−5.8 kcal/mol),
mperatorin (−6.8 kcal/mol), heraclenin (−6.8 kcal/mol) heraclenol
−7.0 kcal/mol), saxalin (−6.4 kcal/mol), oxepeucedanin (−6.8
cal/mol), angelicin (−5.6 kcal/mol), aesculetin (−6.0 kcal/mol),
ydroxychloroquine (−5.8 kcal/mol) and co-crystallized ligand
-ketoamide (−6.6 kcal/mol) in 5N5O protein respectively. The
ynthesized coumarin analogue (1 m)  shows significant inhibi-
ion ability with the binding energy of −7.1 kcal/mol. All of the
ested ligands shows significant inhibition ability than in-build co-
rystallized ligand �-ketoamide with the binding energy of −6.6
cal/mol except psoralen, bergaptan, saxalin, angelicin, aesculetin
nd hydroxychloroquine. Hydrogen bonding plays a major role in
onding stability between protein and ligand, and the approving
ond distance is less than 3.5 Å amongst H-donor and H-acceptor
toms [23]. The hydrogen bond distances of relevant compounds
ere less than 3.5 Å in target protein 5N5O indicates the resilient
ydrogen bonding between protein and ligands. Compound tod-
acoumaquinone displays two hydrogen bonding interaction with
he receptor 5N5O. The residues of amino acids Gly143 and Gln189
ere tangled in hydrogen bonding interaction with the bond

engths of 2.31 and 2.84 Å. The residues of amino acids Asn142,
ys145, His164 and Met165 were tangled in hydrophobic contacts.
he hydrogen bonding and hydrophobic contacts of amino acid
esidues in 5N5O protein with compound toddacoumaquinone was
hown in Fig. 2. The synthesized coumarin analogue (1 m) dis-
lays two hydrogen bond interface through the receptor 5N5O.
he residues of amino acids Gly143 (bond length: 2.00 Å) and
er144 (bond length: 2.30 Å) were tangled in hydrogen bonding
ontacts with the bond lengths of 2.00 and 2.30 Å respectively. The
esidues amino acids His163 and His172 were tangled in hydropho-
ic contacts. The hydrogen bonding and hydrophobic contacts of
mino acid residues in 3T9T protein with synthesized coumarin

nalogue (1 m)  was  shown in Fig. 3. The fallouts displayed that
he compound toddacouma- quinone having the remarkable inhi-
ition ability than other compounds in respective target protein.
he outcomes were abridged in Table 1.
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Scheme 1. Synthesis of coumarine derivative 1m.
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Fig. 2. Molecular docking interaction of todda

ADME property prediction

The bioactive compounds were checked via oral bioavailability,
which is plays a key part in compounds for healing agents [24].
The representation such as hydrogen-bounding capacity, low polar
surface area, reduced molecular flexibility and intestinal absorption
were the main forecasters of this study [25]. All tested compounds
passes Lipinski’s “Rule of 5” with 0 violation except �-ketoamide

passes Lipinski’s “Rule of 5” with 1 violation MW > 500 (Table 2). The
conformational changes of molecules were described by the num-
ber of rotatable bonds and also, for the binding ability to receptors.
The tested compounds except �-ketoamide (17 rotatable bonds)

1
b
s
t

167
aquinone with binding site of 5N5O protein.

evising under 10 rotatable bonds and without chirality centre,
ass one of the oral bioavailability conditions, displaying low
onformational flexibility. The passive molecular transport over
embranes, as well as the blood–brain barrier was  correlated with

he property topological polar surface area (tPSA) [21]. The tested
ompounds having tPSA value of <140 Å2 passes the standards
or gastro-intestinal absorption, later oral administration crite-
ia. In contrast, all tested compounds except �-ketoamide (tPSA =

36.63 Å2) and toddacoumaquinone (tPSA = 92.04 Å2) to have a low
lood-brain barrier penetration (tPSA >90 Å2), that indicates the
ide effects of central nervous system (CNS) are compact or inat-
entive in compounds �-ketoamide and toddacoumaquinone but

4
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Fig. 3. Molecular docking interaction of 1 m with binding site of 5N5O protein.

Table 1
Molecular docking interaction of compounds (1a-1 m)  and co-crystallized ligand �-ketoamide against 5N5O.

Compounds
Main protease of SARS coronavirus (PDB ID: 5N5O)

Binding affinity (kcal/mol) No. of H-bonds H-bonding residues

Psoralen (1a) −5.6 0 –
Bergapten (1b) −5.8 0 –
Imperatorin(1c) −6.8 1 Cys145
Heraclenin(1d) −6.8 1 Cys145
Heraclenol(1e) −7.0 5 Leu141, Gly143, Ser144, Gln189
Saxalin(1f) −6.4 2 Glu166, Gln189
Oxepeucedanin(1 g) −6.8 0 –
Angelicin(1 h) −5.6 0 –
Toddacoumaquinone(1i) −7.8 2 Gly143, Gln189
Aesculetin(1 j) −6.0 3 Ser144, Cys145, Glu166

�-ketoamide(1k) −6.6 

Hydroxychloroquine(1 l) −5.8 

Synthetic compound (1 m)  −7.1 
not in other compounds. The tested compounds displayed absorp-
tion percent of (%Abs = >50), which indicates high bioavailability.
The acceptable bioavailability through oral route was  (>50%). The

t
o
a

167
0 –
2 Ser144, Cys145
2 Gly143, Ser144
ested compounds displayed excellent water solubility (-logS value
f >−4) except compounds imperaotaarin (-logS value of −4.00)
nd toddacoumaquinone (-logS value of −4.73) shows moderate

5
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Table  2
The compounds (1a-1 m)  and co-crystallized ligand �-ketoamide prediction of the potent of ADME value.

Compounds No. tPSA %Abs MW RoB HBD HBA MR IlogP
(MlogP)

LogS CYP2D6
Inhibitor

Rule ≤140 Ǻ2 >50 ≤500 ≤10 ≤5 ≤10 40–130 <5 >−4 –
Psoralen (1a) 43.35 94.04 186.16 0 0 3 52.26 2.01

(1.48)
−2.73 No

Bergapten (1b) 52.58 90.85 216.19 1 0 4 58.75 2.29
(1.18)

−2.93 No

Imperatorin (1c) 52.58 90.85 270.28 3 0 4 77.50 3.05
(2.14)

−4.00 No

Heraclenin (1d) 65.11 86.53 286.28 3 0 5 76.98 3.00
(1.39)

−3.33 Yes

Heraclenol (1e) 93.04 76.90 304.29 4 2 6 80.34 2.57
(0.57)

−2.73 No

Saxalin (1f) 72.81 83.88 322.74 4 1 5 83.97 2.95
(1.63)

−3.65 Yes

Oxepeucedanin (1 g) 65.11 86.53 286.28 3 0 5 76.98 3.00
(1.39)

−3.29 Yes

Angelicin (1 h) 43.35 94.04 186.16 0 0 3 52.26 2.03
(1.48)

−2.99 No

Toddacoumaquinone (1i) 92.04 77.24 406.38 4 0 7 109.56 3.17
(1.08)

−4.73 No

Aesculetin (1 j) 70.67 84.61 178.14 0 2 4 46.53 1.25
(0.45)

−2.28 No

�-Ketoamide (1k) 136.63 61.86 534.65 17 5 5 150.47 3.58
(1.11)

−3.72 No

Hydroxychloroquine (1 l) 48.39 92.30 335.87 9 2 3 98.57 3.58 −3.91 Yes

c
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Synthetic compound (1 m)  53.85 90.42 324.42 4 

water solubility. The liver dysfunction side effect was not antic-
ipated upon the direction of compounds aesculetin, angelicin,
bergaptan, heraclenol, imperatorin, �-ketoamide, psoralen and
toddacoumaquinone because it predicted as non-inhibitors of
CYP2D6 and that was anticipated in heraclenin, hydroxychloro-
quine, oxepeucedanin and saxalin due to the property of CYP2D6
inhibitor. The member of ATP-binding cassette transporter fam-
ily P-glycoprotein (P-gp) involves in brain penetration, intestinal
absorption, and drug metabolism, and its reticence can extremely
modify the drug’s bioavailability and protection [26]. Drug per-
suaded phospholipidosis is a syndrome regarded by the additional
accretion of phospholipids in tissues and that related with drug
encouraged toxicity [27]. The outcomes shows that the tested
compounds were not a component for P-gp and that were not
encourage phospholipidosis. Keeping the overhead results of ADME
and toxicity, the compounds synthesized coumarin analogue(1 m),
�-ketoamide and toddacoumaquinone shows respectable phar-
macokinetic properties, and short gastrointestinal absorption and
without blood-brain barrier penetration. All tested compounds
were recognized as drug-like nature, passing Lipinski’s “Rule of 5”
with 0 violation except �-ketoamide passes Lipinski’s “Rule of 5”
with 1 violation MW > 500. The projected constraints are within
the assortment of recognized values.

Conclusion

At this time, COVID-19 has occurred in the human populace, in
China, and is a prospective risk to entire healthiness, worldwide.
Still, there is no clinically agreed medicine to cure the illness. The
presently accessible medicines for COVID-19 dealing on main pro-
tease. The present study, inspect some therapeutic plant-derived
coumarin analogues that may  be cast-off to combat the COVID-19.
Psoralen, bergapten, imperatorin, heraclenin, heraclenol, saxalin,

oxepeucedanin, angelicin, toddacoumaquinone, aesculetin were
the utmost suggested compounds originate in therapeutic plants
that might act as significant inhibitors of COVID-19 main protease
(PDB ID: 5N5O). Molecular docking studies showed that natural

R

167
(2.35)
2 3 106.48 3.42

(3.82)
−4.92 No

oumarin analogue toddacoumaquinone displayed a remarkable
nhibition ability with the binding energy of −7.8 kcal/mol than
ther compounds. The synthetic coumarin analogue synthesized
oumarin analogue (1 m)  also displayed the comparable inhibition
bility through a binding energy of −7.1 kcal/mol. ADME prop-
rties of the compound synthesized coumarin analogue (1 m),
-ketoamide and toddacoumaquinone shows respectable phar-
acokinetic properties, and short gastrointestinal absorption and
ithout blood-brain barrier penetration. All tested compounds
ere recognized as drug-like nature, passing Lipinski’s “Rule of 5”
ith 0 violation except �-ketoamide passes Lipinski’s “Rule of 5”
ith 1 violation MW > 500. The projected constraints are within

he assortment of recognized values. However, advance investi-
ation is essential to inspect the probable uses of these coumarin
ompounds.
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