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ABSTRACT

Our objective in the present study is to describe and validate the procedures utilized to
investigate a quinoline-based compound's potential as an anti-HIV-1 reverse transcriptase (HIV-1 RT)
agent. Through the fusion of the pharmacophores found in the structural makeup of HIV-1 RT drugs,
the quinoline derivatives 4-(2’,6'-dimethyl-4'-cyanophenoxy)-6-(4""-cyanophenyl)-aminoquinoline (1)
and 4-(2',6"-dimethyl-4"-cyanophenoxy)-2-(4"'-cyanophenyl)-aminoquinoline (2) have been reported and
developed. Using cross-docking, molecular docking, and molecular dynamic approaches, the binding
interactions of nonnucleoside reverse transcriptase inhibitors (NNRTIs), quinoline derivatives, and HIV-1
RT were examined. When compared to the other conformations of HIV-1 RT, the cross-docking revealed
that the 4G1Q.pdb conformation had the lowest binding energy values. According to the molecular
docking evidence, (2) interacted with LYS101 residues by hydrogen bonding and with TYR181 and

TRP229 residues via TT-TU stacking in the binding pocket of HIV-1 RT, similar to that of rilpivirine.
Furthermore, molecular dynamics simulations showed that the binding affinity of (1) and (2) with HIV-1
RT was quite stable. The stronger binding of HIV-1 RT-(2) in comparison to HIV-1 RT-(1) was further
corroborated by the binding free energy determined by MMPBSA and MMGBSA calculations.
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Introduction

The cause of acquired immune deficiency syndrome (AIDS) has been identified as the human
immunodeficiency virus type 1 (HIV-1). In infected cells, the HIV-1 reverse transcriptase (RT) enzyme
catalyzes the reverse transcription of the viral RNA genome to double-stranded DNA [1,2]. Therefore,
the identification of HIV-1 RT inhibitors is one of the key therapeutic plans for antiretroviral
development. Nonnucleoside reverse transcriptase inhibitors (NNRTIs) are one of numerous HIV-1 RT
inhibitors. Nonnucleoside reverse transcriptase inhibitors (NNRTIs) have currently been approved by the
Federal Food and Drug Administration (FDA) for two generations [3,4]. The first-generation NNRTIs
displayed broad anti-HIV-1 RT efficacy but were defenseless against common drug-resistance mutations
such as efavirenz (EFV), delavirdine (DLV), and nevirapine (NVP) [5,6]. Second-generation drugs, such
as etravirine (ETR), rilpivirine (RPV), and talviraline (HBY097), have shown considerable activity
against drug-resistant strains of HIV-1 RT. However, the World Health Organization (WHO) has issued
a warning about the developing trend of drug-resistant HIV, which is a threat to progress in the treatment
and prevention of HIV infection [7-9]. As a result, ongoing research and development of anti-HIV-1 RT
drugs have been reported.

In a recent study, we used a molecular hybridization technique to create amino-oxy-
diarylquinolines by integrating NVP, EFV, ETR, and RPV pharmacophore templates. Following that,
two groups of derivatives were synthesized: 2-amino-4-oxy-diarylquinolines and 4-amino-6-oxy-
diarylquinolines. The inhibitory activity of these compounds against HIV-1 RT was evaluated using
HIV-1 RT inhibition assays and molecular docking techniques. When compared to the 4-amino-6-oxy-
diarylquinolines, the 2-amino-4-oxy-diarylquinolines demonstrated better binding affinity and more
favorable binding interactions within the binding pocket of HIV-1 RT (PDB: 4G1Q) [10,11]. However,
the protein database includes HIV-1 RT conformations such as 1FK9, 1KLM, 1VRT, 21C3, 3MEC, and
4G1Q. The methodologies employed to examine the potential of a quinoline-based chemical as an anti-
HIV-1 RT are discussed and described in this paper. 4-(2',6"-dimethyl-4'-cyanophenoxy)-6-(4"'-
cyanophenyl)-aminoquinoline (1) and 4-(2',6"-dimethyl-4'-cyanophenoxy)-6-(4"'-cyanophenyl)-amino-
quinoline (2) were chosen for this investigation due to their structural similarity to ETR and RPV,
especially in terms of the side chain. Using cross-docking, molecular docking, and molecular dynamics
simulations, we aim to validate the conformations of HIV-1 RT with NNRTIs and amino-oxy-
diarylquinolines. Cross-docking approaches are used to dock several ligands and proteins utilizing
different X-ray crystal structures of the same protein receptor to demonstrate a single protein receptor.
Cross-docking is useful for anticipating the importance of the mechanism of drug-receptor binding
interactions [12,13]. Molecular dynamics (MD) simulations were used to evaluate the binding stability
of the ligands and the target protein, with the goal of investigating their stability and conformational
changes in a solvent environment [14-16]. These findings provide critical information on binding
location, binding energy, and ligand-receptor interactions, which is useful for drug design and

complements prior and future research efforts.
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Materials and Methods
Cross-docking between ligands with HIV-1 RT

The binding interactions of ligands with HIV-1 RT were simulated by molecular docking using
AutoDock 4.2 (The Scripps Research Institute, La Jolla, CA, USA) [17]. The Lamarckian Genetic
Algorithm (LGA) was selected with a population size of 150 individuals, and the number of genetic
algorithm runs was set at 200. The grid box size was set at 80 x 80 x 80 A, with a spacing of 0.375 A.
The docking results were explained by Accelrys Discovery Studio Client 4.0. Ligands were extracted
from the crystal structures of HIV-1 RT, and hydrogen atoms were added. The geometries of the ligands,
namely, efavirenz (EFV), delavirdine (DLV), nevirapine (NVP), talviraline (HBY097), etravirine (ETR),
rilpivirine (RPV), 4-(2',6 -dimethyl-4'-cyanophenoxy)-6-(4""-cyanophenyl)-aminoquinoline (1), and 4-
(2',6"-dimethyl-4"-cyanophenoxy)-2-(4"'-cyanophenyl)-aminoquinoline (2), are shown in Figure 1. This
was then fully optimized by density functional theory (DFT) at the B3LYP/6-31G(d,p) level
implemented in Gaussian 09 [18]. The crystal structures of HIV-1 RT were obtained from the Protein
Data Bank, such as 1FK9 [19], 1KLM [20], 1VRT [21], 2IC3 [22], SMEC [23] and 4G1Q [24]
(www.rcsb.org). The ligand and water in each protein structure were removed, and hydrogen atoms were

added using Discovery Studio 2020 software (Accelrys, San Diego, CA, USA).
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Figure 1 Structures of nonnucleoside reverse transcriptase inhibitors (NNRTIs) and quinoline derivatives.
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Molecular Dynamic Simulations

The molecular dynamics (MD) simulations were conducted using the GROMACS (v2022.3)
package (University of Groningen, Groningen, Netherlands). The AMBER99SB force field [25] was
utilized in the MD simulations. MD simulations were performed to evaluate the stability and
conformational changes of the complexes involving HIV-1 RT-RPV, HIV-1 RT-(1), and HIV-1 RT-(2).
The complexes were solvated in a cubic box with the SPC216 water model. Energy minimization was
carried out using the steepest descent method with 50,000 steps, followed by a 1000 ps equilibration
of the entire system. The MD simulation was then run for 50 ns, maintaining a temperature of 310 K
and a pressure of 1 bar. Additionally, the MD simulation results were visualized and analyzed using the
Visual Molecular Dynamics (VMD) (University of Illinois Urbana-Champaign, Illinois, USA) [26].

Binding Free Energy Calculations

MMPBSA and MMGBSA are commonly used computational methods for studying protein-
ligand interactions and drug design [27,28]. The binding free energies of HIV-1 RT-RPV, HIV-1 RT-
(1), and HIV-1 RT-(2) were calculated by collecting 500 snapshots from the last 50 ns of the MD
simulation. The gmx_MMPBSA tool [29] was utilized to analyze these snapshots based on the Molecular
Mechanics/Poisson-Boltzmann surface area (MMPBSA) approach. Additionally, the Molecular
Mechanics/Generalized Born surface (MMGBSA) binding free energy calculation was performed in

accordance with the MD simulation trajectories.

Results and Discussion
Cross-Docking between ligands with HIV-1 RT

The binding interaction of the ligands and HIV-1 RT was studied using molecular docking to
understand the binding mode of the selected ligands with HIV-1 RT and provide information for drug
design [30,31]. In this study, the X-ray crystal structures of the complex between the HIV-1 RT enzyme
and its ligands, namely, 1FK9 (EFV), 1IKLM (DLV), 1VRT (NVP), 2IC3 (HBY097), 3SMEC (ETR),
and 4G1Q (RPV), were used and docked to perform a cross-docking method to find a suitable crystal
structure for HIV-1 RT inhibitor. The structures of the ligands are shown in Figure 1. The results showed
that the binding energy values between the promising ligands and HIV-1 RT ranged from -6.69 to
-12.62 kcal/mol, as shown in Table 1. RPV displayed the lowest binding energy value of -12.62 kcal/mol
with 4G1Q, whereas HBY097 had the highest binding energy value of -6.69 kcal/mol with 2IC3,

compared with other ligands and proteins, as shown in Table 1.



Sci. Ess. J. Vol. 39 No. 2 (2023) 27

Table 1 The results of cross-docking between NNRTI drugs (NVP, EFV, DLV, HBY097, ETR, and
RPV) with HIV-1 RT.
Protein code of HIV-1 RT Binding energy (kcal/mol)

Ligand 1VRT 1FK9 1KLM 21C3 3MEC 4G1Q
NVP -8.64 -8.27 -8.19 -6.96 7.67 -8.39
EFV -9.94 -10.85 -9.10 -8.86 -8.82 -9.25
DLV -10.03 -10.08 -11.00 -10.15 8.50 -10.05

HBY097 -8.18 -7.97 8.04 -6.69 -7.63 -7.43
ETR -10.60 -10.21 -10.78 -9.60 -11.65 -11.58
RPV -10.06 -9.11 -11.03 -11.18 -11.68 -12.62

The results of overlaying the native ligand and the re-docked ligand within the different crystal
structures of HIV-1 RT complexed with various ligands are presented in Figure 2. Among the different
crystal structures of HIV-1 RT complexed with various ligands, the three structures with the lowest
RMSD values were 1FK9 (EFV), 3MEC (ETR), and 4G1Q (RPV), with corresponding values of 0.23 A,
0.40 A, and 0.51 A, respectively. The RMSD threshold commonly used for accurate ligand binding pose
reproduction is 2 A which indicates that the ligand binding poses are considered to be accurately

reproduced when the RMSD value is below this threshold.
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Figure 2 The validation of the docking method by overlaying the native ligand (blue) and the redocked
ligand (yellow) within the binding pocket of HIV-1 RT crystal structures. (A) 1FK9 (EFV), (B) 1IKLM
(DLV), (C) 1VRT (NVP), (D) 2IC3 (HBY097), (E) SMEC (ETR), and (F) 4G1Q (RPV).

In this study, the 4G1Q conformation of HIV-1 RT was chosen for further analysis and

investigation. This decision was based on several factors. Firstly, it had a lower binding energy, indicating
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a stronger binding affinity. The structure also showed a low RMSD value, indicating good alignment
with the native ligand. Additionally, the 4G1Q structure had a relatively low resolution of 1.51 A, as
obtained from the RCSB PDB, indicating a high-quality crystal structure. The binding region of these
ligands in HIV-1 RT corresponded with the NNRTI pocket, in which the active ligands against HIV-1
RT interacted with the amino acid residues within a 3.0 A diameter centered at the ligands PRO95,
LYS101, LYS103, VAL106, VAL179, TYR181, TYR183, TYR188, PRO225, PRO226, PHE227,
TRP229, HIS235, PRO236, and TYR318 in the substrate binding pocket of HIV-1 RT via hydrogen
bonding and hydrophobic interactions.

The molecular docking results are shown in Figure 3, indicating that all selected ligands were
bound to the hydrophobic cavity in the binding pocket of HIV-1 RT (Figure 3A). Moreover, the
overlaying of each selected ligand in the binding pocket revealed that all ligands bound in a similar
region (Figure 3B). In addition, the crystal structure 4G1Q of the HIV-1 RT enzyme in a complex with
RPV corresponded with the inhibitory activity against HIV-1 RT. A previous report also showed that
RPV provided the most potential inhibition of nonnucleoside reverse transcriptase inhibitors (NNRTIs)
[10, 32]. Consequently, 4G1Q was selected for further study as the most suitable crystal structure for
the binding interaction between ligands and HIV-1 RT.
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Figure 3 (A) The docking conformation of the analyzed ligands in HIV-1 RT (4G1Q) using molecular
docking. (B) Overlaying of the conformations of NNRTI drugs EFV (pink), DLV (red), NVP (green),
HBY097 (gray), ETR (blue) and RPV (yellow) in the binding pocket of HIV-1 RT.

Investigation of binding interaction between designed drug and HIV-1 RT

In this study, the binding interaction between amino-oxy-diarylquinoline derivatives, namely 4-
(2',6'-dimethyl-4 "-cyanophenoxy)-6-(4""-cyanophenyl)-aminoquinoline (1) and 4-(2",6"-dimethyl-4'-
cyanophenoxy)—Z-(él”-cyanophenyl)-aminoquinoline (2), and NNRTIs drugs (NVP, EFV, HBY097, ETR,
and RPV) were investigated, as shown in Figure 4 and Table 2. From the molecular docking results, it

was found that the conventional hydrogen bonding interactions between HIV-1 RT and NNRTIs drugs
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were demonstrated as between the N atom of the NH, group in LYS101 and the H atom of the NH

group in those ligands. The hydrophobic interaction was performed using TT-TU stacking between
TYR181, TYR188, TRP229 and TYR318 of HIV-1 RT and the benzene ring for ETR and RPV. In
addition, compound (1) is also bound to LYS103 via H-bonding interactions between the H atom of the
NH, group in LYS103 and the N atom of the CN group in the sidechain of (1) (Figure 4F). Additionally,
(2) interacted with LYS101 via H-bonding interactions between the H atom of the NH, group in
LYS101 and the N atom in the quinoline core structure of (2) (Figure 4G). Moreover, (2) formed
LYS101 using H-bonding interactions between the O atom of the C=0O amide group in LYS101 and the
H atom of the NH group in the sidechain of (2). Hydrophobic interactions were found in the TYR181,
TYR188, and TRP229 residues of HIV-1 RT using TC-TU stacking interactions with aromatics in
compounds (1) and (2). The interaction of (2) in the binding pocket of HIV-1 RT was similar to that
of NVP, EFV, and RPV because those ligands formed two conventional hydrogen bonds with LYS101.
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Interactions
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I:l Pi-Donor Hydrogen Bond D Pi-Alkyl
- Pi-Pi Stacked

Figure 4 2D diagram showing the types of contacts formed between (NVP) (A), (EFV) (B), (ETR) (C),
(HBY097) (D) (RPV) (E), (1) (F) and (2) (G) and HIV-1 RT.
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Table 2 The results of molecular docking between ligands with HIV-1 RT (4G1Q.pdb).
Binding Energy

Ligand Hydrogen bond TC-TC Stacking
(kcal/mol)
NVP -8.39 LYS101 -
EFV -9.25 LYS101 -
HBY097 -7.43 LYS101 -
ETR -11.58 LYS101 TYR181 TYR188 TRP229 TYR318
RPV -12.62 LYS101 TYR188 TYR181 TRP229
(1) -12.07 LYS103 TYR181 TYR188 TRP229
(2) -13.65 LYS101 TYR181 TRP229

Molecular Dynamic Simulations

Molecular dynamics (MD) simulations were employed to analyze the binding stability between
ligands and the target protein in order to investigate the stability and conformational changes in a solvent
environment. To assess the binding stability of RPV, (1) and (2) at the binding site of HIV-1 RT,
several parameters, namely root mean square deviation (RMSD), root mean square fluctuation (RMSF),
and radius of gyration (Rg), were examined over a 50 ns MD simulation. The RMSD served as an
indicator of binding stability and the equilibrium state of the complex in the simulated system. The
RMSF analysis provided insights into the fluctuation of amino acid residues during the MD simulation.
Additionally, the Rg value was used to assess the compactness of the protein structure throughout the
MD simulation process [33,34]. The RMSD calculations for HIV-1 RT and the HIV-1 RT complexes
(RPV, (1), and (2)) are shown in Figure 5A. The analysis reveals that the RMSD values of HIV-1 RT-
(1) and HIV-1 RT-(2) are lower compared to HIV-1 RT-free and HIV-1 RT-RPV.

This suggests that HIV-1 RT-(1) and HIV-1 RT-(2) may have a more stable binding to HIV-1
RT. The lower RMSD values indicate that the conformations of HIV-1 RT-(1) and HIV-1 RT-(2) are
relatively closer to the initial structure, implying a stronger interaction between the ligands and the
protein. Figure 5B illustrates the RMSF calculations for HIV-1 RT and its complexes with RPV, (1),
and (2). It can be observed that RMSF values of HIV-1 RT-RPV and HIV-1 RT-(2) at LYS101,
TYR181, and TRP229 are lower compared to HIV-1 RT-free. This finding suggests that RPV and (2)
establish interactions within the active site of HIV-1 RT, specifically involving the LYS101, TYR181,
and TRP229 residues. In part of HIV-1 RT-(1), the RMSF values at TYR181, TYR188, and TRP229
are lower than those of HIV-1 RT-free. This indicates that (1) also engages in interactions within the
active site of HIV-1 RT, specifically involving the TYR181, TYR188, and TRP229 residues.

These observations are consistent with the binding interactions predicted by the molecular
docking studies (as shown in Table 2). The lower RMSF values at specific residues in the HIV-1 RT-
(1) and HIV-1 RT-(2) complexes suggest a more restrained and stable binding of the ligands to the
HIV-1 RT. Furthermore, Figure 5C depicts the radius of gyration (Rg) for HIV-1 RT and its complexes
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with RPV, (1), and (2). In the Rg graph, we can observe that the Rg values of the HIV-1 RT complexes
(RPV, (1), and (2)) are lower compared to the Rg value of HIV-1 RT-free. This indicates that the
binding of RPV, (1), and (2) to HIV-1 RT results in a more compact and stable protein structure. The
lower Rg values suggest that the binding of these ligands promotes a more tightly packed conformation
of the protein, potentially leading to enhanced stability of the complexes. This observation is consistent
with the lower RMSD values, indicating that the conformations of HIV-1 RT-(1) and HIV-1 RT-(2) are
more compact and stable during the binding interaction process.

Therefore, the results obtained from the MD simulation of these complexes suggest that the
lower RMSD values, lower RMSF values at key residues, and lower Rg values observed for HIV-1 RT-
(1) and HIV-1 RT-(2) compared to HIV-1 RT-free indicate a more stable and compact conformation of
the protein in the presence of these ligands. These findings strongly support the potential of these ligands

as promising candidates for further development as anti-HIV-1 agents.

Binding Free Energy Calculations

The Molecular Mechanics/Poisson-Boltzmann surface area (MMPBSA) and Molecular
Mechanics/Generalized Born surface area (MMGBSA) methods are commonly employed to determine
the binding free energies between proteins and designed drugs by considering various energy
components, such as van der Waals interactions, electrostatic interactions, solvation energies, and entropy
contributions [28,35]. The binding free energy between these ligands (RPV, (1), and (2)) and HIV-1
RT was calculated using the MMPBSA and MMGBSA approaches [29]. The results obtained from the
MMPBSA and MMGBSA calculations indicated that RPV, (1), and (2) are bound to HIV-1 RT, as
shown in Table 3.

The MMPBSA binding free energies of RPV, (1), and (2) bound to HIV-1 RT were determined
as -55.08 * 3.44, -45.74 * 238, and -54.33 * 2.57 kcal/mol, respectively. From Table-3, the
MMGBSA binding free energies of RPV, (1), and (2) with HIV-1 RT were found to be -57.88 * 3.44,
-48.89 * 241, and -56.94 * 2.61 kcal/mol, respectively. Regarding the energy components, the Van
der Waals interaction energies of HIV-1 RT-RPV, HIV-1 RT-(1), and HIV-1 RT-(2) were observed to
be -60.68 * 3.09, -50.45 * 2.28, and -57.29 * 2.66 kcal/mol, respectively. RPV and (2) exhibited
efficient binding energies with HIV-1 RT, demonstrating lower binding energy compared to (1). These
results indicate that the binding activity of (2) is similar to that of RPV. Furthermore, the calculated
binding energies of these complexes demonstrated that the binding interaction of HIV-1 RT-(2) was
more stable than HIV-1 RT-(1), which is consistent with the binding energy obtained from the molecular
docking studies (Table 2). Therefore, the results suggest that 4-(2',6'-dimethyl-4 -cyanophenoxy)-2-(4"'-
cyanophenyl)-aminoquinoline (2) can be explored as a potential drug candidate for the development of

new anti-HIV-1 RT agents.
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Figure 5 Superimposed structure of HIV-1 RT from MD simulation of HIV-1 RT, HIV-1 RT-RPV,
HIV-1 RT-(1), and HIV-1 RT-(2). (A) RMSD graphs of HIV-1 RT, HIV-1 RT-RPV, HIV-1 RT-(1),
and HIV-1 RT-(2). (B) RMSF graphs of HIV-1 RT, HIV-1 RT-RPV, HIV-1 RT-(1), and HIV-1 RT-
(2). (C) Rg graphs of HIV-1 RT, HIV-1 RT-RPV, HIV-1 RT-(1), and HIV-1 RT-(2).
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Table 3 Binding energies and individual component energy values obtained from the MMP-BSA and
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MMGBSA calculation of HIV-1 RT-RPV, HIV-1 RT-(1), and HIV-1 RT-(2) complexes.

Energetic terms

Tt HIV-1 RT-RPV HIV-1 RT-(1) HIV-1 RT-(2)
AE,,, -60.68 * 3.09 -50.45 * 2.28 -57.29 * 2.66
AE,, -4.51 * 0.80 -0.22 * 0.85 -3.98 + 0.68
AE\y -65.19 * 2.98 -50.67 £ 2.41 -61.27 £ 255
AG 6.56 * 1.65 3.26 + 0.76 429 + 0.33
AGyy 7.78  0.60 5.14 * 0.63 6.75 £ 0.41
AG, o potarses -4.24 % 0.10 -4.47 £ 0.09 -4.09 + 0.11
AG,,,pp 3.54 + 0.61 0.67 £ 0.65 2.66 + 0.41
JAYC . -55.08 * 3.44 -45.74 * 2.38 -54.33 * 257
AGg; 7.34 * 0.59 471 £ 0711 6.41 £ 0.42
AG,ompotarcs -6.59 * 0.19 -6.19 + 0.17 -6.36 + 0.18
AG,,65 0.75 £ 0.60 -1.48 + 0.71 0.04 * 0.45
AGy, 65 -57.88 £ 3.44 -48.89 £ 2.41 -56.94 * 2.61

AEvdW: Van der Waals energy; AE,,: electrostatic energy; AE: equal to the sum of the electro-static
(AE,.) and Van der Waals (AE,,,) interactions; AGy: Interaction entropy; AGyg: The Polar solvation
free energy received from the Poisson Boltzmann method. AGnon_polar/pB: Non-polar solvation energy from
the Poisson Boltzmann method; AGsolv/sz Solvation energy from the Poisson Boltzmann method;
AG,;,p5: Binding free energy received from the Poisson Boltzmann method. AGgg: The Polar solvation
free energy received from the generalised Born method. AGnon-polar/GB: Non-polar solvation energy from

the generalised Born method. AG,,, s Solvation energy from the generalised Born method; JAYC

Binding free energy received from the generalised Born method

Conclusion

The goal of this study is to demonstrate the conformations of HIV-1 RT with NNRTIs and
amino-oxy-diarylquinolines using cross-docking, molecular docking, and molecular dynamics
simulations. Cross-docking investigation revealed that 4G1Q had a lower binding energy, RMSD value,
and resolution when compared to the other conformations of HIV-1 RT. The binding free energy values
between the ligands and HIV-1 RT ranged from -7.43 to -12.62 kcal/mol, with rilpivirine being the
lowest at -12.62 kcal/mol. 4-(2',6'-dimethyl-4"-cyanophenoxy)-6-(4""-cyanophenyl)-aminoquinoline (1)
and 4-(2',6"-dimethyl-4"-cyanophenoxy)-6-(4""-cyanophenyl)-aminoquinoline (2) were designed to
develop a binding interaction and inhibit HIV-1 RT. Molecular docking revealed that (2), similar
rilpivirine, interacts with LYS101 residues via two hydrogen bonds and with TYR188 and TRP229

residues via TT-TC stacking in HIV-1 RT. Furthermore, the molecular dynamics simulations conducted in
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this study demonstrated the stability of the binding between (1) and (2) with HIV-1 RT. The MMPBSA
and MMGBSA calculations indicated that HIV-1 RT-(2) had a lower binding free energy than HIV-1
RT-(1). As a result, the conformation of 4G1Q is thought to be the most suited for the binding
interaction between ligands and HIV-1 RT, and the 2-amino-4-phenoxy-substituted quinoline molecule

offers significant promise as a fundamental platform for the development of anti-HIV-1 agents.
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