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Abstract 

AIDS is one of the multifaceted diseases that develops from the infection of cells of the immune system by 

HIV virus, given room for severe opportunistic infections and this underlying complexity hampers its complete 

cure. Development of effective, safe and low-cost anti-HIV drugs is among the top global priority. Exploration 

of natural resources may give a ray of hope to develop new anti-HIV leads. HIV protease and reverse 

transcriptase inhibitors are one of the most important agents for the treatment of HIV infection. Coumarins 

have been reported to have various biological activities such as antiviral, antimicrobial anticancer. In this work 

molecular docking studies have been used to determine the binding of coumarin based derivatives as potential 

inhibitors of HIV-1 protease enzyme and reverse transcriptase enzyme. Molecular electrostatic potential and 

in-silico ADMET studies showed drug-likeness of these lead molecules. Molecular docking results show that 

the ligands bind very well in the active pocket of the enzymes with binding energy in the range -7.28 to -9.44 

kcal/mol. The ILE50 and ASP 25 residues of the PR enzyme and the LYS101 residue of the RT enzyme played 

important roles in the binding of the coumarin to the enzymes. The calculated drug-like scores suggest these 

compounds have clinical potential and ADMET predictions point to acceptable pharmacokinetic and toxicity 
profiles.  

NOTE: The abstract state clearly the method used and the findings and then conclude appropriately  
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Introduction 

Human immunodeficiency virus (HIV)/AIDS (Acquired 

Immunodeficiency Syndrome) pandemics remains a serious 

threat to health and development of mankind. In 2020, there 

were about 37.7 million people living with HIV, among 

which 10.2 million were not on HIV treatment. An estimated 

1.5 million new HIV infections and 680,000 deaths from 

AIDS-related causes occurred(UNAIDS data 2021, 2021). 

Approved Anti-HIV drugs for therapeutic use are distributed 

into six categories based on their inhibitory mechanism and 

the various targets in the reproduction cycle of the virus: 

nucleoside reverse transcriptase inhibitors (NRTIs), non-

nuleoside reverse transcriptase inhibitors (NNRTIs), 

protease inhibitors (PIs), integrase inhibitors (IIs), fusion 

inhibitors (FIs) and coreceptors antagonists (CAs)(Arts and 

Hazuda, 2012). Combination therapy using the above classes 

of inhibitors commonly called HAART (Highly active 

antiretroviral therapy) remains the most common treatment 

protocol(Tukulula, Klein and Kaye, 2010) thus improving 

life expectancy. However, the HAART approach is 

expensive, often not well tolerated and patient’s non-

compliance lead to multidrug resistant strains. An alternative 

approach attracting increasing number of researches is the 

design of dual inhibitors(Olomola et al., 2013). It is well 

known that both reverse transcriptase (RT) and Protease 

(PR) enzymes play key roles in viral replication. RT, a HIV 

enzyme necessary to catalyze the conversion of viral RNA 

into DNA, which on entering the host cell nucleus will be 

integrated into the genetic material of the host(Zhu et al., 

2021), while protease, cleaves the gag and gag-pol 

polyproteins required by the infectious virus to mature. 

Inhibition of the HIV RT and/or PR slow or results in 

immature virons that are incapable of replication(Su, Koh 

and Gan, 2019) therefore a search for natural materials 
capable of such suppression has become desirable 

Coumarin, a biologically active natural product has attracted 

attention in recent years due to its diverse pharmacological 

properties. An oxygen-containing heterocycle (2H-

chromen-2-ones or 2H-1-benzopyran-2-ones) derivatives 

are considered as a privileged structure for designing novel 

agents having high affinity and specificity to different 

molecular targets(Hassan et al., 2016) and endowed with a 

unique characteristic pharmacophore of planar aromatic 

nucleus connected with a hydrogen bond acceptor; lactone 

group as a facilitator of protein ligand binding for antiviral 

agents (Torres et al., 2014). Coumarins have been reported 

to exhibit valuable biological activities among which are: 

anticoagulant(Kasperkiewicz et al., 2020), anticancer(Salem 

et al., 2018), antioxidant(Randive et al., 2015), anti-

inflammatory agents(Thomas et al., 2017), HIV 

inhibitor(Olomola, Kaye and Klein, 2014) and anti-

diabetic(Soni et al., 2019) among others.  

As part of the group’s research focus: application of Baylis-

Hillman methodology in the construction of heterocyclic 

compounds as potential HIV inhibitors, we have in the past 

reported the synthesis of benzyl ether based β-amino-β-

hydroxyl esters (aza-Michael compounds) of 

Salicyaldehyde(Olasupo, Adams and Familoni, 2018). 

Molecular docking is an efficient way to investigate non-

covalent bonding interaction between macromolecules and 

small molecules We hereby report the progress, in the area 

of application, on the earlier work on design and synthesis 
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of Baylis-Hillman-derived coumarin derivatives(Olasupo et 

al., 2014), as dual-action HIV-1 protease/reverse 

transcriptase (PR/RT) inhibitors. The electronic structure 

and physicochemical properties of the coumarin are also 
reported 

 

Computational details 

Initial conformational search of coumarin derivatives was 

performed on each analogue using Avogadro software 

(Hanwell et al., 2012) http://avogadro.cc/  and the MMFF 94 

force field(Halgren, 1996), molecular mechanics model; the 

ten lowest energy conformers were further optimized at the 

B3PW91/6-31G (d,p) level of theory using Gaussian 

09W(Gaussian 09, Revision D.01; Frisch, et al. 2009) and 

frequency calculations were also carried out to confirm the 

nature of stationary point at the same level of theory. The 

GaussView(Dennington, Keith and Millam, 2009) software 

was used to generate the optimized structures. Gaussian 

09W. Electronic analysis of the lowest conformer after DFT 

optimization, is reported at this level of theory and was used 
for the molecular docking analysis.  

Molecular docking to determine the binding modes and 

inhibition potential was carried out using the AutoDock 4.2 

software(Morris et al., 2009; Forli et al., 2016). Molecular 

docking relies on the use of force field to estimate the free 

binding energy of the protein-ligand complex. The crystal 

structure of the enzymes were obtained from the protein data 

bank (https://www.rcsb.org/pdb)(Berman et al., 2000); the 

HIV-1 RT in complex with rilpivirine (TMC278, Edurant), 

a non-nucleoside rt-inhibiting drug pdbid 4g1q,(Kuroda et 

al., 2013) with resolution: 1.51 Å and the HIV-1 PR 

complexed with xv638 of dupont pharmaceuticals, pdbid 

1bwa(Ala et al., 1998) with resolution: 1.90 Å. The protein 

targets were subjected to pre –docking preparation using the 

discovery studio software (http://www.accelrys.com) to 

remove the water molecules and bound ligands and the 

AutoDockTools (ADT)(Morris et al., 2009) was used to add 

polar hydrogen atoms as they are absent from the 

crystallographic structure sourced from the protein data bank 

and geister charges. Based on the bound ligands, the 

coordinate of the active pocket of the enzymes were 

determined using LigPlot+(Laskowski and Swindells, 2011) 

as obtained from pdbsum 

webpage(www.ebi.ac.uk/pdbsum). The Autogrid program 

within the  Autodcok 4.2 was used to set up a grid map, 

centered at 42.73 × 34.085 × 39.395 Ǻ for the protease 

enzyme while for the reverse transcriptase, the grid box was 

centred at 51.665 × -28.333 × 30.662 Ǻ. For both enzymes, 

the box size is 60 × 60 × 60 Ǻ and the grid spacing was 0.375 

Å. The lamarckian genetic algorithm was used to find the 

docking poses. Autodocktools and the discovery studio 

software were used to visualize the docking results. Each 

ligand was analysed for receptor binding energy, inhibition 

constant and interactions present. The pharmacological 

properties of the coumarin derivatives were explored using 

the swissadme online tool(Daina, Michielin and Zoete, 

2017) (http://www.swissadme.ch/index.php). The FDA 

approved drugs, Delavirdin and Darunavir, were used as 

benchmark for analysis of efficacies of the coumarins on the 

inhibition of reverse transcriptase and protease transcriptase 
enzyme respectively.  

NOTE: The method used in this study should be stated 

clearly 

Results  

DFT studies 

The optimized structures of the most stable conformer of the 

coumarin derivatives being considered as dual inhibitor for 

HIV-1 protease and reverse transcriptase enzymes are 

displayed in Figure 1. The electron density plots for the 

lowest unoccupied molecular orbital (LUMO), highest 

occupied molecular orbitals (HOMO) and electrostatic 

potential maps are also given. Table 1 gives the calculated 

molecular descriptors obtained from the energies of the 

HOMO and LUMO. Generally, the HOMOs are centered on 

the thiobenzyl and the two of the heteroatoms, nitrogen and 

sulphur for 1 and 4, on the pyrone moiety for 2 and over the 

entire molecule for 3. while the LUMOs are centered on the 

pyrone part of the coumarin derivatives in all cases which 
suggests a possibility of charge transfer within the molecule. 

 

http://www.ftstjournal.com/
http://avogadro.cc/
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http://www.ebi.ac.uk/pdbsum
http://www.swissadme.ch/index.php


 

 

 

Molecular Docking of Coumarin Derivatives as Potential Dual-Action Inhibitor for Protease And Reverse Transcriptase in the Treatment of Hiv/Aids 

 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; December, 2022: Vol. 7 No. 3 pp. 291 - 301 
293 

 
Figure 1: Optimized structure, HOMO, LUMO and ESP of the comarine derivatives 

 

Table 1: The electronic properties of the binding modes of the ligand conformers showing the HOMO energy, 𝐸𝐻𝑂𝑀𝑂, LUMO 

energy,𝐸𝐿𝑈𝑀𝑂, absolute HOMO-LUMO gap energies,∆𝐸𝑔𝑎𝑝, molecular descriptors and the dipole moment. 

Cou. 𝐸𝐻𝑂𝑀𝑂, 
(𝑒𝑉) 

𝐸𝐿𝑈𝑀𝑂, 
(𝑒𝑉) 

∆𝐸𝑔𝑎𝑝, 
(𝑒𝑉) 

𝐼(𝑒𝑉) 𝐴(𝑒𝑉) 𝜂, (𝑒𝑉) 𝜇, (𝑒𝑉) 𝜒, (𝑒𝑉) 𝜔, (𝑒𝑉) 𝑆, (𝑒𝑉) D.M 

1 -6.069 -1.777 4.292 6.069 1.777 2.146 3.923 -3.923 16.51 0.233 5.3 

2 -6.017 -1.484 4.533 6.017 1.484 2.267 3.751 -3.751 15.94 0.221 3.2 

3 -6.020 -1.500 4.520 6.020 1.500 2.260 3.760 -3.760 15.97 0.221 2.4 

4 -6.211 -1.931 4.280 6.211 1.931 2.140 4.071 -4.071 17.73 0.234 2.5 

Key: Chemical hardness: 𝜂, (𝑒𝑉); Ionization potential: 𝐼, (𝑒𝑉); Chemical potential:  𝜇, (𝑒𝑉); Electronegativity: 𝜒, (𝑒𝑉); Global 

softness: 𝑆, (𝑒𝑉); ∆𝐸𝑔𝑎𝑝 = 𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂, (𝑒𝑉); electrophilicity index: 𝜔, (𝑒𝑉) D.M: dipole moment; electron affinity 𝐴(𝑒𝑉) 

 

Molecular docking studies 

All four ligands were observed to bind perfectly in the active 

pocket of both enzyme targets and the docking studies 

revealed a high affinity between the target protein and the 

four coumarin ligands. The 2D and 3D ligand interaction of 

the coumarin ligands with the protease enzyme are displayed 

in Figure 2. The molecular docking results, binding 

energies(BE), inhibition constant (K) and interactions 

between ligands and enzymes, are summarized in Tables 2 

and 3 respectively for the protease and reverse transcriptase 

enzymes.  With the protease enzyme, the observed binding 

energies observed with ligands 1, 2, 3, 4 and darunavir 

respectively are -8.85, -7.28 -8.53 -9.33 and -8.98kcal/mol; 

and the inhibition constants are 327.141, 4.61, 555.13, 

144.27 and 263.34nM. Hydrogen bonding plays a significant 

role in bonding stability between drug target and ligands 

with approved distance less than 3.5 Ǻ. From ADT and DS 

analysis, the conventional hydrogen bond was observed with 

ILE 50A (chain A) and the carbonyl (C=O) bond on the 

pyrone moiety with bond distance in the range 2.14 to 2.22 

Ǻ; between ILE 50B and oxygen atom in the ring with 

hydrogen bond distance in the range 1.70 to 2.07 Ǻ and 

between ASP 25B and hydrogen atom of the N-H group with 

hydrogen bond distance in the range 1.68 to 2.16 Ǻ in all 

http://www.ftstjournal.com/
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cases all of which have hydrogen bond distances ranging 

from 1.8 to 2.2Ǻ. Other types of interactions present between 

protease and all the ligands considered are the π -alky 

interaction between the pyrone ring and VAL 84 and 

between the benzene ring of the thiobenzyl moiety and the 

ALA 28 and ILE 47 amino acid residues on chain A; amide- 

π stacked interaction between benzene ring and GLY 49 

observed in 1; alkyl interaction, carbon-hydrogen π -donor 

hydrogen bond and as expected van der Waals interactions 

in different extents. The bromide atom presents in 4 is also 

involved in with π-alkyl interaction with PHE 82 and LEU 

23 both on chain A 

The corresponding binding energies between the ligands and 

the reverse transcriptase enzyme are   -8.12, -8.55, -7.58 -

9.44 and -8.43kcal/mol and inhibition constant 1.11, 537.8, 

2.81, 86.64 and 663 nM respectively for 1, 2, 3 4 and 

delavirdine. All four ligands are in hydrogen bonding with 

the LYS 101 amino acid residue and π-π interaction with the 

TYR 318 residue. The observed hydrogen bonds are 

between LYS 101 and the carbonyl oxygen, bond distance 

1.71 to 1.97 Ǻ; and between the same amino acid residue 

LYS 101 and hydrogen atom of the NH group, 1.92 to 2.15 

Ǻ. Additional hydrogen bond is observed in 2 and 3 between 

LYS 101 and the alkoxy group, 1.88 to 2.06 Ǻ. There is a π-

stacked interaction between the thiazole ring and the 

aromatic TYR 318 residue and π-sulphur interaction 

between the Sulphur atom and the PHE 227 amino acid. 

Additional interactions present are carbon-hydrogen bond, 
pi-sigma, pi-sulphur, pi-alkyl, π-π T shaped interaction. 

 

 

Table 2: Binding free energies and inhibition constants of the best binding modes from docking Simulation of each coumarin 

derivative with the HIV-1 protease enzyme pdbid:1bwa 

Ligand No of H-

bonds 

Interacting 

Aminoacid 

Binding 

Energy 

(kcal/mol) 

Inhibition 

Constant (nM) 

Other interactions 

1 3 ILE50, ILE 50, ASP 

25 

-8.85 327.41 Amide-π stacked, π-alkyl, carbon-

hydrogen, van der Waal  

2 3 ILE50, ILE 50, ASP 

25 

-7.28 4.61 π-donor hydrogen bond, π-alkyl, 

carbon-hydrogen, van der Waal 

3 3 ILE50, ILE 50, ASP 

25 

-8.53 555.13 alkyl, π-alkyl, carbon-hydrogen, van 

der Waal 

4 3 ILE50, ILE 50, ASP 

25 

-9.33 144.27 π-donor hydrogen bond, π-alkyl, alkyl, 

van der Waal 

Dar. 3 ASP 25, ILE 50,  

THR 80 

-8.98 263.34 π-sigma, Amide-π stacked, alkyl, π-

alkyl 

Dar.: darunavir 

Table 3: Binding free energies and inhibition constants of the best binding modes from docking simulation of each coumarin 

derivative with the HIV-1 reverse transcriptase enzyme, pdbid:4g1q 

Ligand No of H 

bonds 

Interacting 

Aminoacid 

Binding 

energy 

(kcal/mol) 

Inhibition 

Constant 

(nM) 

Other interactions 

1 2 LYS 101 -8.12 1.11 carbon-hydrogen,  π-sigma, π-alkyl, π-sulphur 

2 3 LYS 101 -8.55 537.8 carbon-hydrogen,  π-sigma, π-alkyl, π-sulphur π-π 

stacked, π-π-T-shaped, 

3 3 LYS 101 -7.58 2.81 carbon-hydrogen,  π-sigma, π-sulphur,  π-π-T-shaped, 

alkyl, π-alkyl,  

4 2 LYS 101 -9.44 86.64 carbon-hydrogen,  π-sigma, π-alkyl, π-sulphur 

Del. 2 LYS 101 -8.43 663 π-cation, π-donor hydrogen bond, π-sigma, π-π stacked, 

alkyl, π-alkyl, 

Del.: delavirdine

http://www.ftstjournal.com/
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Figure 2: the 3D and 2D representation of the docked pose of the coumarin ligands in the active pocket of the protease enzyme.. H-bond, alkyl-π, and sigma-π interactions 

are represented by green, pink, and violet dotted lines respectively
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Figure 3: 3D and 2D representation of the docked poses of  the coumarin ligands 1, 2, 3 and 4 in the binding pocket of the reverse transcriptase enzyme. H-bond, alkyl-π, 

and sigma-π interactions are represented by green, pink, and violet dotted lines respectively
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ADMET studies 

All four compounds and respective standards were screened for druglikeliness in the swissadme server and the results are given in 
Table 4.  

Table 4: Predicted absorption-distribution-metabolism- excretion (ADME) parameters and drug-like properties of the four 

coumarin derivatives, delavirdine and darunavir 

Property Parameters 1 2 3 4 Delavirdine Darunavir 

Physico-

chemical 

Properties 

MW 325.42 355.45 369.48 404.32 456.56 547.66 

#Rotatable bonds 7 8 9 7 7 13 

#H-bond 

acceptors 

3 4 4 3 4 8 

#H-bond donors 1 1 1 1 3 3 

MR 96.75 103.24 108.05 104.45 134.45 142.2 

TPSA 67.54 76.77 76.77 67.54 118.81 148.8 

Lipo-philicity 

iLOGP 3.1 3.43 3.85 3.73 2.55 3.2 

XLOGP3 3.98 3.95 4.32 4.67 2.45 2.94 

WLOGP 3.51 3.52 3.91 4.27 2.65 3.46 

MLOGP 3.17 2.81 3.04 3.78 0.75 1.18 

Consensus Log P 3.71 3.71 4.07 4.38 1.94 2.45 

Water 

Solubility 

ESOL Class MS MS MS MS MS MS 

Ali Class MS MS MS MS MS MS 

Silicos-IT class PS PS PS PS PS MS 

Pharmaco-

kinetics 

GI absorption High High High High High Low 

BBB permeant Yes Yes Yes Yes Yes No 

Drug-likeness 

Lipinski 

violations 

0 0 0 0 0 1 

Ghose violations 0 0 0 0 1 3 

Veber violations 0 0 0 0 0 2 

Egan violations 0 0 0 0 0 1 

Muegge 

violations 

0 0 0 0 0 0 

Bioavailability 

Score 

0.55 0.55 0.55 0.55 0.55 0.55 

Medicinal 

Chemistry 

PAINS alerts 0 0 0 0 0 0 

Brenk #alerts 1 1 1 1 0 1 

Leadlikeness 

violations 

1 3 3 2 1 2 

Synthetic 

Accessibility 

3.33 3.48 3.55 3.33 3.33 5.67 

*MS=moderately soluble; PS=poorly soluble 

 

Discussions 
The energy difference between these two orbitals can be 

used to explain the chemical behavior of the molecule. The 

wider the HOMO-LUMO range in a molecule, the more 

stable the molecule, and vice versa. Analysis of the ∆𝐸𝑔𝑎𝑝 

indicates that the values are small and relatively of similar 

values in the range 4.280 – 4.533 and increases in the order 

4 ≈1 < 3 ≈ 2 i.e. the presence of the alkoxy group in 2 (OEt) 

http://www.ftstjournal.com/
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and 3 (OMe) widens the HOMO-LUMO gap slightly.  A 

small ∆𝐸𝑔𝑎𝑝is characteristic of highly conjugated π-systems. 

The energy of the HOMO and LUMO can also be used to 

determine the chemical properties such as ionization 

potential, electron affinity, chemical potential, 

electronegativity, chemical hardness, chemical softness, 

electrophilicity(Jensen, 2017). The calculated values of 

these descriptors are reported in Table 1. The ionization 

potential is the minimum energy required to remove an 

electron from the molecule; the ease of removing electron 

follows the order 2 > 3 > 1 > 4.  Electron affinity is defined 

as the increases in the amount of energy when an electron is 

added to molecule and follows the trend 2 ≈ 3 < 1 < 4. 

Electronegativity refers to the measure of the molecule 

ability to attract electrons and follows the order 4 > 1 > 3 ≈ 

2, with 4 having the highest force of attraction. Chemical 

hardness is a measure of charge transfer inhibition within the 

molecule, and molecules with high chemical hardness value 

have little or no charge transfer within the molecule. Simply, 

hard molecules have a high resistance to changing their 

electronic distribution during a reaction, whereas soft 

molecules have a low resistance to changing their electronic 

distribution during a reaction. Table 1 also shows chemical 

hardness trend of 2 ≈ 3 > 1 ≈ 4, reflecting the structural 

similarities of the molecules and the contribution of the 

alkoxy groups to their relative chemical activities.  

Electrophilicity (ω) is a predictor for the electrophilic nature 

of a chemical species; it measures the propensity of molecule 

to accept an electron, with high values of ω characterizing 

good electrophilicity in a molecule. The ranking of organic 

molecules on electrophilicity scale classifies as  weak 

electrophiles  those with  ω less than 0.8 eV, moderate 

electrophiles have ω in a range between 0.8 and 1.5 eV, and 

strong electrophiles have ω greater than 1.5 eV(Edim et al., 

2021). The calculated values show that the coumarins are 

strong electrophiles. All the above descriptors have been 

defined in the gaseous phase(Pearson, 1986, 1987; Reed, 
1997; Parr, Szentpály and Liu, 1999). 

The molecular electrostatic potential (MEP) generated in 

space around a molecule by the charge distribution is useful 

to comprehend electrophilic or nucleophilic properties and 

provides information regarding the chemical reactivity of a 

molecule represented by various colours. The negative 

molecular electrostatic potential is in shades of red and 

resembles an attraction of proton by electron density in the 

molecule, the positive electrostatic potential represented by 

shades of blue corresponds to the attraction of electron 

density to the molecule; green represents regions of zero 

potential. From Figure 1, the negative electrostatic potential 

spread over the oxygen atoms in the pyrone moiety and the 

positive electrostatic potential concentrates over the 

hydrogen atom of the N-H bond. Thus, the H atom is the 

most reactive site for nucleophilic attack while the pyrrole 

moiety acts as the center for electrophilic attack. The 

presence of the alkoxy group in 2 and 3 diffuses the 
nucleophilic region. 

Molecular docking of the coumarin derivatives were 

performed to ascertain the inhibition potentials of the ligands 

on HIV-1 protease and reverse transcriptase. For the 

protease enzyme, a 22 kDa homodimer, with each subunit 

made up of 99 amino acids, the active pocket lies between 

the identical subunits and has the characteristic Asp-Thr-Gly 

(Asp25, Thr26 and Gly27) catalytic triad sequence common 

to aspartic proteases located in-between both chains A and 

B in accordance with the reported binding sites in literature 

of some ligands to HIV-1 protease(Brik and Wong, 2003). 

The active residues responsible for hydrogen bonding 

interactions are Asp25, Gly27, Gly48 and Ile50 (of both 

chains). and have good interaction with the amino acids 

present for the activity of the enzymes. The lower the 

binding energy the higher the binding affinity, docking 

studies also showed that 4 gave the most negative binding 

energy of -9.33 kcal/mol.  The licensed protease inhibitors 

are Saquinavir, Ritonavir, Indinavir, Nelfinavir, 

Amprenavir, Lopinavir, Atzanavir, Tipranavir and 

Darunavir etc. As of 2016, Darunavir is an Office of AIDS 

Research Advisory Council (OARAC) recommended 

treatment option. Therefore, Darunavir was taken as a 

standard protease inhibitor. The binding energy of -8.98 

kcal/mol observed with darunavir is not as low as what was 

observed with 4 and relatively comparable with BE of 1 and 

3 but lower than the BE of 2. The inhibition constant 263.34 

nM is higher than the K of all ligands except for 1. The 

presence of OEt and OMe group in 2 and 3 respectively did 

not seem to afford additional hydrogen bond interaction, it 

rather seems to elongate the H-bond between ILE50B with 

the oxygen atom embedded in the ring. However, the 

bromide atom presents in 4 is involved in with π-alkyl 

interaction with PHE 82 and LEU 23 both residues on chain 
A 

Similar to the what was observed with the protease enzyme, 

all four ligands fit perfectly in the binding pocket of the 

reverse transcriptase enzyme. Unlike with the protease 

enzyme, the alkoxy group provides additional inhibition 

with the reverse transcriptase. Emtricitabine, Didanosine, 

Abacavir and Lamivudine, Efavirenz, Etravirine, 

Delavirdine are some of the widely used reverse 

transcriptase inhibitors. Delavirdine was selected as the 

standard because it is the latest and commonly used drug for 

this target. The calculated binding energy between 

delavirdine and the reverse transcriptase 4g1q is -8.43 

kcal/mol of which the coumarin derivatives have 

comparable values. The inhibition constant is 663 nM which 

is considerably higher than the inhibition constant calculated 
for the coumarins except for 2. 

Chemical absorption, distribution, metabolism, excretion, 

and toxicity (ADMET) properties play a crucial role in 

determining the drug-likeliness of organic molecules in 

order to become a successful drug candidate. Swissadme 

server screens for various descriptors for drug-likeliness 

which includes but not limited to molecular weight (MW), 

molecular refractivity (MR), topological polar surface area 

(TPSA), n-octanol and water (log Po/w) which are the 

classical descriptor for Lipophilicity, Water Solubility, 

human gastrointestinal absorption (HIA) and blood-brain 

barrier (BBB) permeation(Daina, Michielin and Zoete, 

2014, 2017; Daina and Zoete, 2016). While these descriptors 

are not accurate enough to replace the in vivo or in vitro 

assay, they can help point out expected physicochemical 

properties and suggest if optimizations are required 

http://www.ftstjournal.com/
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thereafter. A potential drug against a biological target must 

align with several properties such as the Lipinski rule of five 

which are: no more than 5 hydrogen bond donors, no more 

than 10 hydrogen bond acceptors, all nitrogen or oxygen 

atoms, a molecular mass less than 500 daltons, an octanol-

water partition coefficient (log P) that does not exceed 

5(Lipinski et al., 2001).  According to these results, it is 

observed that all four coumarin derivatives passed the 

Lipinski rule of 5 and the other druglikeliness measures 

which are Ghose(Ghose, Viswanadhan and Wendoloski, 

1999), Veber(Veber et al., 2002), Egan(Egan, Merz and 

Baldwin, 2000) or Muegge(Muegge, Heald and Brittelli, 

2001). Since the molecules do not violate these rukes, they 

are deemed bioavailable. Also, it is noted that our coumarin 

derivatives were predicted to have a high gastrointestinal 

absorption and blood-brain barrier (BBB) permeation, Table 

4, indicating that the drugs will reach target destination. The 

topological polar surface area (TPSA) values were in the 

range from 67.5 to 96.8 Å2, which suggested that they will 

possess good transport properties in vivo. Also, it is observed 

that the synthetic accessibilities of designed compounds 

were lower than 5, suggesting that they are relatively easy to 

be synthesized. Water Solubility was modeled by ESOL 

model (Delaney, 2004), Ali model (Ali et al., 2012) and the 

SILICOS-IT (Daina, Michielin and Zoete, 2017); the 

molecules are poorly to moderately soluble in water. 

Compared to the current drugs, the ADME properties of the 

four coumarin derivatives compounds were superior. Thus, 

the four newly designed coumarin derivatives might be said 
to have good pharmacokinetics properties. 

Conclusion and further discussion 

The HIV-1 PR and RT enzymes are part of the most 

important target to inhibit the development of HIV to AIDS 

disease. Coumarin and coumarin-related compounds have 

proven for many years to have significant therapeutic 

potential. The coumarins are of great interest, due to their 

biological properties. Their physiological, bacteriostatic and 

anti-tumour activities make these compounds attractive for 

further backbone derivatisation and screening as novel 

therapeutic agents. Molecular docking, using Autodock4.0 

which uses the Lamarckian genetic algorithm (LGA), DFT 

descriptors and ADMET properties was reported for the four 
coumarin derivatives. 

MEP distribution revealed the potential sites of electrophilic 

and nucleopholic attack as the delocalized region containing 

the oxygen atoms and N-H regions respectively. ADMET 

profile of the coumarins as good candidates for lead 

optimization as none violated the drug-likeliness rules: 

Lipinski’s rule of 5, Ghose, Veber, Egan and Muegge while 

the BBB permeation is also of good value. Molecular 

docking shows that the compounds have good biological 

activity towards the two enzymes PR and RT. The presence 

of the aromatic residues afforded more interactions in the RT 

than in the PR enzyme. The derivative 4 gave the least 

binding energy with both enzymes with binding energy 

values -9.33 and -9.44 kcal/mol respectively with PR and 
RT, thus making it best probable lead drug candidate.  
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