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ABSTRACT 
HIV AND COVID-19 are of great concern that the global healthcare system have to be treated with new antiviral drugs 
for the epidemic. While Protease inhibitors and Remdesivir help to fight HIV and COVID-19 infection, drug resistance 
and side effects are on the rise. In this work, a hybrid molecule Derivatives was added to indazole and pyrimidine 
scaffolds. Bounding by molecular docking and QSAR modelling, our compound achieved excellent antiviral binds with 
HIV-1 protease, reverse transcriptase, SARS-CoV-2 main and RNA-dependent RNA polymerase in contrast to the 
standard drugs with good ADMET results. Atazanavir (-8.3), darunavir (-8.9) and remdesivir (-9.8) docking scores were 
well above that of our compounds (M1: -11.0 for COVID-19, -9.6 for HIV; M2: -10.5, -10.1) suggesting the possibility 
that both drugs show antiviral activity, although of course, further validation will take place in the in vivo and in vitro 
settings [5, 6]. 
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INTRODUCTION 
The global epidemic of viral diseases, such as HIV and 
COVID-19, has presented major threats to health and these 
drugs have to be efficiently and effectively developed into 
antiviral therapy. The various antiviral drugs have been 
introduced to the global health community for decades for 
which viral replication is the primary cause of treatment 
with the largest clinical benefit to the public health 
community. Protein inhibitors -- the most commonly used 
HIV therapy - like Atazanavir and Darunavir have the 
inhibitor of HIV-1 protease which are a very crucial factor 
in the production of virus polyproteins and the formation 
of infection vectors in humans. Antiviral therapies like 
these drugs have shown substantial efficacy in providing 
an important combination antiretroviral therapy (cART) in 
some of Africa; but the problem of drug resistance and 
high cost and drug development are ongoing and always 
requiring novel drugs with a better pharmacokinetic and 
safety profile. Following the COVID-19 pandemic caused 
by SARS-CoV-2 drugs like Remdesivir was quickly 
repurposed, a nucleoside agent derived for Ebola [9,10]. 
Remdesivir inhibits RNA dependent RNA polymerase 
(RdRp) involved in gene replication of viruses so RNA 
can be effectively produced from the nucleus for re-
expression for another fluency. 

Although it has received emergency use approval, its 
clinical effectiveness is still modest, there are concerns 

about the clinical effectiveness of it in cases of severe 
COVID-19. From the limitations of existing antiviral 
therapy but because resistant viral species are found and a 
variety of anti-cancer activity is evolving, novel antiviral 
agents with better inhibitory effects that last over the long 
term, broad range of targets and safety is important. 
Computational approaches (i.e. QSAR modelling and 
molecular docking) for drug discovery in silico have 
advanced drug discovery process and fast drug screening 
in laboratory, as long as new drugs are targeted at viral 
targets. We show here what is a newly developed 
derivative, a hybrid structure consisting of indazole and 
pyrimidine moieties that is characterized as a heterocyclic 
scaffold and has good antiviral properties. We obtained 
docking and QSAR figures that our synthetic drug has 
good binding (and the effect of our compound on 
absorption, distribution, metabolism and excretion, and 
toxicity of metabolism) and good absorb and excretion 
(ADMET) results compared to common drugs, such as 
Atazanavir, Darunavir and Remdesivir. They also showed 
very high interaction energies, good hydrogen bonding and 
strong binding in and near the active enzymes. These 
promising in silico results underline a dual-agent therapy 
for HIV and SARS-CoV-2 in the future. The chemical 
structures and docking score of all the drugs related to the 
treatment of COVID-19 and HIV have been shown in 
figure. Remdesivir proposed for treatment of COVID-19 
showed -9.8 auto docking. So it has a promising biologics. 
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We had included two compounds, M1 and M2, of which 
auto vina was present to both COVID-19 and HIV activity, 
so that M1 is -11.0 for COVID-19 and anti-HIV activity 
and M2 is -10.5 and -10.1 for anti-HIV. We also tested the 
anti-HIV drugs Atazanavir and Darunavir and obtained 

auto-dock scores of -8.3 and -8.9, respectively. These 
results imply double-activity of both COVID-19, HIV for 
some of our drugs including M1 and M2 and also showed 
promising result in the docking computation and 
simulations for both, and our chemical carriers: 

 

 
Figure:01 Auto dock score of already marketed drug for HIV and Covid-19, our synthesized molecules is more binding 

efficiency than the marketed molecules. 

outperforming the existing commercial drugs. These 
findings warrant further in vitro and in vivo investigation 
to fully assess their pharmacological potential and 
therapeutic suitability. These promising in silico results 
support the potential of derivatives as dual-action antiviral 
agents with improved efficacy against both HIV and 
SARS-CoV-2, outperforming the existing commercial 
drugs. These findings warrant further in vitro and in vivo 

investigations to fully assess their pharmacological 
potential and therapeutic suitability[19]. 

MATERIALS AND METHODS: 
All chemicals purchased from sigma Aldrich and solvents 
from local vendors, Analytical chemistry support got from 
SATHI-BHU facility. Insilco evaluation by Swiss ADME, 
CLICK 2 DRUG like online tools. 
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MOLECULE SYNTHESIS DERIVATIVES: 

 
Structure Elucidation of Synthesized Derivatives: 

M1:1HNMR:δ:1.27-1.30(1H),2.10(6H),2.59-
2.64(5H),3.02-3.29(2.5H),3.92(1.6H),4.12(5H), 
6.01(0.77H),6.70-6.90(2H),7.28(2H),7.50-
7.60(2H),8.11(1H) , 13C NMR: δ 9.90(1C) 21.6 (1C), 
37.4(1C), 41.4 (2C), 45.3 (2C) ,102.41(1C), 109.3(1C),  
117.8 (2C), 121.3(2C), 131.1(1C),  
132.5(3C),134.5(2C),148.2(2C)158.7(1C),158.7(1C),163.
0(1C),Mass Spectra 
(MW:521.89):522.89(M+1),520.10,504.10,478.20,295.20,
266.10,228.4,79.05 

M2:1H NMR: δ 2.38-2.57 (6H), 3.00 (3H), 3.42-3.69 
(8H), 3.81 (3H), 5.96 (1H), 6.96 (1H), 7.12 (1H), 7.58-
7.75 (2H),7.76-7.96 (2H), 8.11 (1H). 13C NMR: δ 11.2 
(1C), 20.5 (1C), 36.9 (1C), 40.2 (1C), 45.4 (2C), 49.1 
(2C), 102.6 (1C), 118.3 (1C), 120.0 (1C), 120.8 (1C), 
121.6 (1C), 121.8 (1C), 123.6 (1C), 125.3 (1C), 128.0 
(1C), 131.8 (1C), 136.1-136.4 (2C),144.8 (1C), 145.1 
(1C), 148.9 (1C), 159.9 (1C), 162.6 (1C), 168.2 (1C). 

M3: 1H NMR: δ 2.49-2.60 (9H),2.94-3.01 (11H),6.94-7.11 
(2H), 7.64 (1H), 7.76-7.96 (2H), 8.14 (1H). 13C NMR: δ 
11.2 (1C), 20.5 (1C), 24.9 (1C), 36.9 (1C), 45.4 (2C), 49.1 
(2C), 117.0 (1C), 118.3 (1C), 118.6 (1C), 121.6 (1C), 
121.8 (1C), 123.6 (1C), 125.3 (1C), 128.0 (1C), 131.8 
(1C), 136.1-136.4 (2C), 136.6 (1C), 145.1 (1C), 159.9 
(1C), 164.8 (1C), 165.6 (1C), 168.2 (1C). 

M4:- 1H NMR: δ 2.52 (3H), 3.47 (4H), 3.59-3.79 (10H), 
7.64 (1H), 7.76-7.96 (2H), 13C NMR: δ 20.5 (1C), 24.9 
(1C), 44.4 (2C), 45.1 (2C), 121.6 (1C), 123.6 (1C), 125.3 
(1C), 128.0 (1C), 131.8 (1C), 136.2 (1C), 161.6 (1C), 
164.8 (1C), 165.6 (1C), 168.2 (1C). Mass Spectra 
(MW:411.12):413.42 (M+2). 

M5: 1H NMR: δ 2.49 (3H), 3.50 (4H), 3.60-3.79 (10H), 
7.64 (1H), 7.76-7.96 (2H). 13C NMR: δ 20.5 (1C), 43.4 
(2C), 45.1 (2C), 55.4 (2C), 121.7 (1C), 123.7 (1C), 126.1 
(1C), 128.1 (1C), 130.8 (1C), 130.2 (1C), 164.8 (2C), 
166.8 (1C), 172.2 (1C). Mass Spectra 
(MW:387.42):389.41(M+2). 

M6: 1H NMR: δ 2.49 (3H), 3.40(4H), 3.71-3.79 (10H), 
7.64 (1H), 7.79-7.96 (2H). 13C NMR: δ 20.5 (1C), 45.4 
(2C), 49.1 (2C), 54.5 (2C), 121.6 (1C), 123.6 (1C), 125.3 
(1C), 128.0 (1C), 131.8 (1C), 136.2 (1C), 163.8 (2C), 

164.8 (1C), 168.2 (1C), Mass Spectra 
(MW:423.12):424.45(M+2). 

BIOLOGICAL STUDY: 

In Silico Analysis Using Swiss ADME 
In silico pharmacokinetic and drug-likeness evaluation of 
the studied small molecules was performed using the 
Swiss ADME web tool (http://www.swissadme.ch/), a 
widely recognized free resource for early drug discovery 
and development [20,21]. Swiss ADME predicts key 
Absorption, Distribution, Metabolism, Excretion, and 
Toxicity (ADMET) properties, medicinal chemistry 
friendliness, and pharmacokinetic parameters based on the 
molecular structures of compounds. This tool integrates 
multiple predictive models and rules to enable the efficient 
prioritization of potential drug candidates prior to 
experimental testing [22,23]. 

Pre-ADMET (PREADME) Study 
Our ADMET profile was initially assessed by using Swiss-
ADME pre-ADMET predictions to characterize biological 
assays and drug absorption, distribution, metabolism, 
excretion and toxicity for the drug compounds. This 
preliminary screening helps us identify compounds with 
suboptimal pharmacokinetic quality early, making it easier 
to exclude the few remaining poor candidates [24]. 
Toxicity Prediction Our risk of the drugs was evaluated by 
Brenk & PAINS (Pan-Assay Interference compound) 
filters in Swiss-ADME in terms of toxicology. PAINS 
targets for a class of chemical motifs known to interfere 
non-specifically with biological assays while Brenk looks 
for non-specific features that will lead to a toxic or 
metabolic issue. The compounds we identified by these 
filters would be put into a drug-likeness analysis. For the 
drug-likeness analysis, we followed a range of established 
empirical rules including Lipinski's Rule of Five, Ghose, 
Veber's, Egan's and Muegge's rules which are applied in 
Swiss ADME. For any molecular parameters that are 
linked to the criteria as described to them, Lipophilicity 
(LogP), topological polar area (TPSA), number of 
hydrogen bond donors and acceptors along with number of 
rotatable bonds were found on the molecular levels. Drug-
likeness can be defined based on these factors and as such, 
these compounds are considered drug-like such that they 
may be more biologically beneficial in terms of oral 
bioavailability. Pharmacokinetic Properties. 
Pharmaceutical pharmacokinetic parameters such as GI 
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absorption, BBB permeability, P-gp substrate 
susceptibility, CYP enzyme inhibition rates and 
pharmacokinetics were predicted by Swiss ADME 
integrated models that are integrated prediction models, 
which would allow for the estimation of absorption 
efficiency, the risk of exposure to the central nervous 
system, efflux of drugs and drug-drug interaction risks 
[27]. 

Lipophilicity Assessment 
Lipophilicity (LogP) for five different computations 
(XLOGP3 and WLOGP, MLOGP, SILICOS-IT and 
iLOGP) were achieved and a consensus value was used to 
make a reasonable estimate of Lipophilicity. Lipophilicity 
influences membrane permeability, solubility and 
pharmacodynamic interactions. It is often below five, 
based on Lipinski's criteria. 

BOILED-Egg Model 

The BOILED-Egg graphical model was used to predict the 
intestinal absorption and BBB permeation. Compounds 
were mapped onto the plot; those probably absorbed by 
the GI tract (white region) and those that could pass across 
the BBB (yellow region) giving insights into their 
probable biodistribution and CNS exposure[29]. 

Application to target validation and molecular docking. 
Swiss ADME and Swiss Dock can efficiently sample on 
the selected cell lines to check these ADMET and drug 
phenotype profiles, for in vitro experiments with HIV and 
SARS-CoV-2 cell lines to determine binding ability and 
ability of those compounds with HIV protease and SARS-
CoV-2 main protease in the respective cell-line. For 
molecular docking, compounds with best ADMET profiles 
were selected for their docking by modelling and docking 
with the targets in the in vitro and in vivo experiments 
against the respective molecular docking and pre-screened 
drugs to monitor their affinity, toxicity and binding 
characteristics.

 

RESULTS AND DISCUSSION: 

 
1. Molecular Weight (g/mol): represents the mass one 
mole of molecules. When it comes to oral drugs, 
Lipinski’s rule has a weight limit of no more than 500 
g/mol. The M4, M5 and M6 have weight less than that of 
M1, M2 and M3 to help our oral drug absorb more 
quickly. 2. It gives an indication of drug-likeness, 
complexity and molecular size for the molecule. Number 
of Aromatic Heavy Atoms: Number of non-hydrogen 
atoms in aromatic systems that affect stability and binding, 
toxicity. Fraction Csp3: In sp3 hybridization state, the 
carbon atoms are fractionally distributed. With higher 
values, it showed that overall three dimensions are of 
higher quality since good oral bioavailability. Values near 
0.4 are very good. 5. Number of Rotatable Bonds, a 
number of single non-ring bonds in the body excluding 

those with terminal bond points that can be rotated. The 
lower the number of non-rings to the end is positive for 
oral bioavailability. Number of Hydrogen Bond Acceptors: 
Atoms that accept protons in hydrogen bonds. A 
compound with ≤ 10 acceptors had acceptable oral 
character. Drug-like molecules are usually made up of less 
than 5 donors. Molar reactivity-both volumes of 
molecules, and polarizability-both of which affect binding 
affinity and solubility. Topological polar surface area 
(TPSA, Å²), i.e. sum of polar atoms in the cell. Solutions 
which were lower than 140 Å² in membrane permeation 
and bioavailability were more "drug-like". Drug-likeness 
properties are important when examining drug-likeness: 
lighter molecular weight of the molecule with good 
donor/acceptor for hydrogen bond and more rotatable 
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bonds. In oral molecule M4–M6 with weight (400 g/mol 
to 80 mg/mol), TPSA of medium. M1 & M3, for example, 
both heavier and above 140 mg were better at oral drugs. 
Medicinal Chemistry: Good aromatic content and Csp3 
fraction indicated in comparison to other candidates that 

are very diverse planarity and three dimensionality. Such 
parameters must also be assessed along with ADME, 
toxicity and docking studies and some of the promising 
compounds will be tested experimentally. 
[31,32,33,34,35,36]

 

Parameter Descriptions and Significance 

 
Early Toxicity Filtering Structural Alerts: The material 
reports toxicity predictions (PAINS and Brenk alerts) in 
terms of substructures and potentially hazardous 
compounds. Tracking on the basis of data-driven screening 
helps to differentiate safer candidates. It is then possible to 
stop all worrying for more likely failures in clinical trial. 
Drug-Likeness: The file reports, molecular weight, 
hydrogen bonds, rotatable bonds, TPSA and the other 
ingredients that are important in the assessment of its rate 
of drug absorption and distribution. Chemical compounds 
meeting the drug-likeness criteria without toxicity alerts 
can become the basis to move on with greater trust on 
them; clinical studies on human clinical drugs in the 
absence of toxicity alerts are available in a systematic 

manner and have been proven clinical to be in evidence. 
Data collected in silico can be used to obtain transparent 
data about drug-likeness selection and respond to 
regulatory demands that require toxicity screening. It 
supports the communication of chemists, pharmacologists 
and toxicologists. Data is also useful for resource 
optimization—and the computational analysis helps 
optimize the experimental toxicology studies to select 
drugs to follow, reducing animal testing and cost. An 
integrated approach to safety assessment has been done in 
silico studies, with more testing done on those high-risk 
compounds; multiple analyses have been performed to 
provide a prediction for drug safety assessment. 

 

Boiled Egg Study 
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The plot comprises two fundamental measurements: 1. 
TPSA (x-axis): The polarity of molecule, and a higher 
average absorption value, than a lower one. 2. WLOGP (y-
axis): lipophilicity of molecule. The plot details two 
important regions: White egg white - Molecules in this 
area are said to be efficient in gastrointestinal absorption. 
Yellow egg white - Molecules in this area are likely to 
easily penetrate the brain’s blood tissue-sheaths. We plot 
the examples of molecules (M1-M6) with blue circles 
denoting some of the molecules in the material which 

could be expelled from cells whereas red with the 
molecules in the medium being released. Molecules M1 
and M2 are best placed for absorption and even brain 
entry. In contrast molecular M3 and M6 show poor 
absorption. Molecular M4 and M5 are very promising for 
absorption. Thus, in order for drug development to take 
place as fast as possible, it is a relevant tool to quickly and 
efficiently analyze and improve proposed drugs that would 
leave any chance of no absorption ability or no brain entry 
[39,40].

 

MOLECULAR DOCKING STUDY: 

1) Anti-HIV 

Candidate Drug Best Docking 
Score (kcal/mol) 

Relative Binding Compared 
to Reference Drugs 

M2 -10.1 Much better 
M1, M3 -9.6 Better 

M4 -8.4 Comparable 
M5, M6 -8.3 Comparable 

Atazanavir -8.3 Reference 
Darunavir -8.9 Reference 

Thus, this method can be used for targeting candidates 
before clinical development to allow for better 
understanding of the compounds in question. Candidate 
molecules were selected based on the molecule structure 
and predicted binding function. The table summarizes an 
in silico analysis of six candidates (M1–M6) with anti-
HIV drugs Atazanavir and Darunavir by means of 
molecular docking simulations. Docking simulations were 
conducted to assess drug binding affinity to HIV virus 
protein to identify antiviral drugs that could inhibit viral 
activity. The "Vina score" (in kcal/mol) is calculated and 

shows binding affinity; lower values indicate stronger 
likely binding to the virus proteins. M2 had the lowest 
docking score (-10.1) indicating the strongest predicted 
binding. Both M1 and M3 showed similar binding scores 
or better with reference drugs and similar signals for M4, 
M5, M6. These candidates also had docking poses that 
were better than atazanavir and matched or exceeded 
darunavir's docking poses. This modelling study has 
shown that various promising M2 as potential HIV 
inhibitors have potential to reach biologic lab trials in the 
future, but we are waiting for feedback[41,42]. 

 

Molecule Top Docking Score 
(Best) 

Other 
Scores 

Relative to 
Remdesivir 

M1 -11 -10, -9.2 Much better 
M2 -10.5 -10.1, -9.4 Better 
M3 -10.9 -10.7, -9.5 Much better 
M4 -9 -8.2, -7.5 Close 
M5 -8.4 -8.2, -8.1 Slightly worse 
M6 -8.5 -8.4, -7.2 Slightly worse 

Remdesivir -9.8 -9, -8.8 Reference 

2) Anti-Covid19 
With molecular docking studies of the binding of COVID-
19 protein to the most commonly used drug for COVID-19 
Remdesivir, we found M1 (-11), M2 (-10.5), and M3 (-
10.9) to have better (negative) docking scores than 
Remdesivir (-9.8). This is consistent with a better binding 
with the protein, i.e. stronger binding affinity of the 
COVID-19 with Remdesivir drug which suggests high 
potential for antiviral activity. Molecule M4 had good 
binding affinity but weaker (better than Remdesivir) with 
molecular docking poses, but the molecules M5 and M6 
stayed weak. We also presented secondary docked poses 

(of other possible binding pathway) for all the molecules 
which almost all of the molecule have the same binding 
affinity, or at least the same binding affinity. The three 
most efficient binding routes are M1, M2 and M3, and the 
best Binders always have to do with the high binding 
affinity to the CoVID-19 protein: the binding affinity of 
M2 and the one of M3. -Potential: Molecules with higher 
potential for comparison in silico to remdesivir do not 
seem to be approved enough. Caveat: Docking scores only 
provide some indication of how drug development is 
going on. More experiments to evaluate remdesivir on its 
safety, effectiveness and as a therapeutic candidate need to 
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be carried out to determine if remdesivir turns out to be 
effective on these new molecules: M1, M2, M3. Based on 
findings of this docking study we will know whether these 
drugs have improved likelihood of interaction with 
COVID-19 targets compared with remdesivir. 

CONCLUSION 
We also see that global pathogens such as HIV and 
COVID-19 present a global challenge which demands 
effective (ultrasensely) antiviral drugs. These drugs, with 
Protease Inhibitors and Remdesivir among them, have 
limited therapeutic benefit but their drug resistance is good 
but limited and they do not perform as well as the new 
drugs. The in silico design and evaluation of the novel 
hybrid molecule derivatives has shown the potential of this 
dual-active antiviral for HIV and SARS-CoV-2 on an 
HIV/SARS enzyme level, for which increased docking 
score for the drug and favourable binding affinity to the 
drug has been noted. As such there is potential for an 
ability that this drug could overcome all the existing 
treatment challenges it is overcoming and contribute to the 
next generation antivirals. But, extensive in vitro and in 
vivo studies are still needed to document our 
computational results and determine if they can be applied 
in medicine. Combining computational drug design with 
empirical validation could accelerate the development of 
broad-spectrum antiviral drugs which would serve as a 
much bigger public health mission for the future against 
the persistent viruses and the emergence as they emerged 
out of the virus’ outbreak environment. 
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