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ABSTRACT

Isatin analogues have versatile biological activities due to the presence of indole backbone. Today, AIDS is one of
the most challenging and escalating health problems and NNRTIs are commonly used drugs for the treatment. The
aim of this work is to design novel isatin derivatives as more potent and effective anti-HIV agents. Molecular
docking studies were performed for the title compounds on six different high resolution crystal structure of the
Reverse Transcriptase (RT) enzyme with five drugs Efavirenz, Etravirine, Delaviridine, Nevirapine, and Rilpivirine.
Pharmacokinetic properties and drug-likeness of the title compounds were also analyzed by using QuikProp.
Combined G Score of compound b5 (-58.6) was comparable with standard drugs, suggested that designed isatin
derivatives have a good binding affinity for HIV-1 RT enzyme. Pharmacological study results indicated that all
designed compounds have a promising pharmacological profile and drug-likeness property.
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INTRODUCTION

Viral diseases are highly contagious and escalatieglth problems that reached epidemic proportiongll
countries of the world with a large increase in remunic burden with mortality. But effective and &arl
pharmacotherapy is curable to control and preventliseases.

Acquired Immunodeficiency Syndrome (AIDS) is a Htldisorder caused by Human Immunodeficiency Virus
(HIV) and exists under two forms: HIV-1 and HIV4iB,which the mortality rate is high for HIV-1. Argsent, there

is no vaccine available for HIV treatment. CurrgntilV infection is prevented by the prominent wdeanti-viral
drugs that belongs to the category of HIV protaabéitors, entry inhibitors, chemokine receptonders,integrase
inhibitors, nucleoside/nucleotide reverse transas@ inhibitors (NRTIS/NTRIS) and non-nucleosideverse
transcriptase inhibitors (NNRTIs)[1].

NRTIs inhibits are highly selective and non-compegi inhibitors of HIV-1 reverse transcriptase. NRbind to
reverse transcriptase (RT) at a adjacent sitedaattiive site (Non-nucleoside binding pocket-NNBRglucing a
conformational change that results in inhibition exfizyme with the lack of cross-resistance [2]. Bxverse
transcriptase is one of the most promising tarfmtshe design of effective anti-HIV drug. At preseNNRTIs
(Fig. 1) used for treatment of AIDS are Delavirigi(DLV), Efavirenz (EFV), Etravirine (ETV), Nevirage (NVP)
and Rilpivirine (RPV).
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Isatin derivatives possess pharmacological aditisuch as antiviral, anti-HIV, antibacterial, amgal,
anticonvulsant activity, anti-inflammatory and agesic activity [3-8]. Due to indole nucleus and ingvwide
spectrum chemotherapeutic properties, isatin isidodically validated pharmacophore for the designd
development new chemical entities. In context vgithvious rationale and focusing on searching netreictural
leads with potential anti-HIV activity, substituteghtin derivatives have been designed.

In the present study, some novel isatin derivativeee designed and the binding mode was investigagedocking
studies with six different structures of HIV-1 Rfizgme (PDB Codes: 1REV, 1SV5, 1IKY, 1KLM, 1IKW and
1TKZ) complexed with five different ligands Deladine, Efavirenz, Etravirine, Nevirapine and Rilpine.
Furthermore, all designed compounds were subjaotptiarmacokinetic study and drug likeness.

In this work, we have concentrated on optimizatioh pharmacophore by understanding different binding
interactions of novel isatin derivatives by usingletular docking studies. In designing an effecawéi-viral drug
against HIV, the type and number of binding intéoats present in amino acid residue were also stuftir finding
the structural requirements for designing an eiffecanti-HIV drug.
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Fig. 1 Structure of currently used NNRTIs
MATERIALS AND METHODS

Ligand preparation

Designed compounds have appropriate bond ordeinaBb structure which were converted into maestnongt.
All structures were optimized by use of MMFF94 ferfield and generated possible ionisation statakérntarget
pH range 7.0£2 by using epic default settings @hg LigPrep 2.3 application (Schrodinger).

Selection of protein structures

The six crystal protein structures of HIV-1 revetsanscriptase were obtained from the RCSB pradeia bank.
These structures of HIV-1 RT were 1KLM, 1REV, 1SVBIKZ, 1IKY and 1IKW. 1KLM and 1REV are
categorised under nucleonics transferase, andl®ub, 1TKZ, 1IKY and 1IKW are categorised undensferase.

Protein preparation

A PDB crystal structure consists of water molecubesavy atoms, metal ions and cofactors. Schrédideeeloped

a set of tools that prepare a protein structur¢han acceptable format for modelling experimentsicS&iGlide
docking experiments utilize only single protein gesry, all structures were reduced to a single.urDB
structures also have missing information on mokcubpologies, formal charge and assigned bondrorde
Commonly, X-ray structure analysis does not recogNH and O that results misaligned terminal amide groups
Glide calculation needs ionization states and banars to be properly allocated and performed nedfectively
when side chains are reoriented, to relieve esdeaid steric clashes.

All protein structures were prepared for molecudacking using the “protein preparation wizard”. Ale water

molecules in PDB structure were deleted and Hydrsgeere added. Preparation of protein structuseciated on
two steps, preparation of protein and refinementpadtein. In the preparation of protein, after pomess,
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protonation and metal charge states were generatesingle co-crystallized protein structure wasestdd for
docking. Hydrogen bonds were optimized by waterenoles, reorienting hydroxyl groups, and amide gsoaf
GIn and Asn. Steric clashes were also detecteddigplaying the ligand and protein. The refinemericpss
consists of a restrained minimization of the protgructure by selecting RMSD tolerance. The mination was
restrained to the input protein coordinates by er-selected RMSD tolerance. For restrained minitiinaof the
co-crystallized protein structure the OPLS-AA forfeeld was used [10]. Glide uses an all-atom fofieéd for
accurate energy evaluation.

Receptor grid generation

For performing the docking and scoring of ligandthwhe receptor, the grid generation is essefitiamore than
one conformation on binding to ensure possiblevadites. The grid is generated by the Receptat Generation.
The OPLS_2005 force field was used for grid gemamatvhich allows a proper treatment of metalsdoeptor grid
generation, ligand molecule was picked and selietssite tab for determining the position of scgrgrids. The
grid box or enclosing box contains ligand atoms aae a size less than 50 A.

Ligand docking and scoring function

All prepared ligands were docked by the use of mdér docking tool, Glide 5.5, scored in “Extra @sgon” (XP)
mode. Glide is designed to search the positiom@&ntational and conformational space availabléhi ligands
[11]. This has been accomplished by using a sefiégerarchical filters. These initial filters ugeid-based method
to analyze the space fit of the ligand to the defiactive site [12], the ligands were flexible ardtein was rigid,
but the active site of protein has slight flexityiliFinally, all receptor flexible ligands were ded into different
receptor grids [13-14]. Initial poses pass throuigé filters for the initial geometry and complenaaity “fit”
between the ligand and receptor molecules entefiila¢ step of a process, which associate the atial and
energy-minimization of a grid approximation to t@&LS-AA nonbonded ligand-receptor interaction epef&p,
scoring is associated with energy-minimized poses fmally, energy-minimized poses are again scdrgdising
the GlideScore scoring function. Receptor’s shapmk@operties are represented on a grid by diffdield sets that
allowed more accurate scoring of the ligand pose.

Glide-Score, which is based on ChemScore, predietsbinding affinity and rank-ordering ligands iatabase
screens and contains a steric-clash term and adusitpolar terms.

Glide-Score = 0.065*vdW + Hbond + Lipo + 0.130*CauMetal + BuryP + RotB + Site

Where vdW is Van der Waals energy, Hbond is a Bgen-bonding, Lipo is a Lipophilicity, Coul represe
Coulomb energy, Metal is a Metal-binding, BuryPpresents Penalty for buried polar groups, RotB esgmts
Penalty for freezing rotatable bonds, Site reprsseolar interactions in the active site.

Pharmacokinetic study

Pharmacokinetic profiles of each designed structueee generated using Qikprop 2.5 (SchrodingerkP@ip

predicts physically significant descriptors and mphaceutically relevant properties of organic commusi All

structure must be three-dimensional and neutralis$dre using Qikprop. QikProp rapidly analysesratgpes and
charges, rotor counts, the sample molecule’s seréaea and volume. QikProp compares a particuldeaule’s

properties with those of 95% of known drugs. QdPevaluates the “drug-likeness” of the analogomlting to

Lipinski’s rule of five [15-16], which is based dour physicochemical parameter ranges (Moleculaghte< 500,

log P< 5, H-bond acceptors 10, H-bond donors 5).

RESULTS AND DISCUSSION

Designing of new chemical entities possessing Isatiucleus

Many structural investigations suggested that nedsNNRTIs have few common structural features thate
carboxamide or thiourea moiety as like body whilsturrounded by two hydrophobic, substituted anyieties as
like wings. The structure seems to be a butteilflg-tonformation (butterfly with the hydrophilic mer and two
hydrophobic moieties) that has also been provea trystallographic analysis [17] (Fig. 2a).

Analysis of X-ray crystal structure of HIV-RT enzgnmsuggested that many NNRTIs filled up an allosteri
hydrophobic pocket that is a nonnucleoside bindiibg and bound with the HIV-RT enzyme in a “butietike”
manner [18-19]. One wing of this butterfly is mageofr-electron-rich entity in which aryl or allyl subtsténts are
involved byn- & interactions with a hydrophobic pocket which cstssiof aromatic amino acids (Tyr318, Trp229,
Phe227, Tyrl81 and Tyrl88). The later wing is ndiymeepresented by a hetero aromatic ring that $ear
functional group which is capable of donating an@dfccepting hydrogen bonds with the main chairhefltys103
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and Lys101 (Fig. 2c). The butterfly body of a hyghobic portion satisfies a small pocket constituteginly by
amino acid side chains of Vall179, Val106 and Lys103

Table 1 Structures of designed Isatin derivatives

e
N
4
Crie

N

C=0

[

R;

Comp. R R, Comp. R R,

S1 -diethyl amine -morpholine S26 -dibutyl amine pyrimidine
S2 -ethyl methyl amine -morpholine S27 -diphenyirsam - pyrimidine
S3 -dibutyl amine -morpholine S28 -ethyl methyl aeni - pyrimidine
sS4 -diphenyl amine -morpholine S29 -ethyl propyirsen - pyrimidine
S5 -imidazole -morpholine S30 -piperidine - pyrimiel
S6 -dimethyl amine -thiazole S31 -dimethyl amine ,2:4- triazole
S7 -diethyl amine -thiazole S32 -diethyl amine 4;2riazole
S8 -ethyl methyl amine - thiazole S33 -ethyl metiyline -1,2,4- triazole
S9 -methyl propyl amine - thiazole S34 -methyl plagmine  -1,2,4- triazole
S10 -dibutyl amine - thiazole S35 -dibutyl amine ,2;4- triazole
S11 -piperidine - thiazole S36 -diphenyl amine A-Zriazole
S12 -diphenyl amine - thiazole S37 -piperidine A 2riazole
S13 -piperazine - thiazole S38 -piperazine -1,@jdzole
S14 -pyrrolidine - thiazole S39 -pyrrolidine -1,2tdazole
S15 -ethyl propyl amine - thiazole S40 -ethyl priogoyine -1,2,4- triazole
S16 -morpholine - thiazole S41 -morpholine -1,2Zriézole
S17 -pyrrole - thiazole S42 -imidazole -1,2,4-zake
S18 -imidazole - thiazole S43 -dimethyl amine -pipiee
S19 -diethyl amine -piperazine S44 -methyl propylr®e - piperidine
S20 -ethyl methyl amine -piperazine S45 -dibutyiream - piperidine
S21 -dibutyl amine - piperazine S46 -diphenyl amine - piperidine
S22 -diphenyl amine - piperazine sa7 -piperazine piperidine
S23 -pyrrolidine - piperazine S48 -dimethyl amine pyrazole
S24 -dimethyl amine - pyrimidine S49 -diphenyl aein -pyrazole
S25 -diethyl amine - pyrimidine S50 -dibutyl amine -pyrazole

On the basis of these two observations, diverswatemes of Isatin were designed. These designeldentes have
tried to fit with both these observations in whitie iminocarbamoyl moiety (—-N=C—CO-N-) constituttes body
and the aryl ring of isatin and the heteroaromatigs constitute the wings (Sriraghal., 2005) (Fig. 2b).

Hydrophilic site
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Lipophilic site Lipophilic site ® 1JLe
@ = 1RT1
Wings © = 1RT3
BOGV\ .-+ ..Ry — Heterocyclic Rings = 1RT4
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(b)

Fig. 2 a Butterfly configuration of NNRTI'S, b Butterfly shape of Isatin derivatives, ¢ Schematic re@sentation of the different NNBSs
with ligand bound conformation in the RT complex

Molecular docking study
Molecular docking study was carried out for six PBiBucture of the RT enzyme with different substitlilsatin
derivatives. The results of the experiment are shima able 2.
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To visualize the docking results, ligand poses warened by pose facility option on the table fomparing the
best docking poses in the Glide XP Visualizer. anid poses were displayed with the receptor alotig kyidrogen
bonds and per-residue interaction information. Tedjct the bound mode of title compounds, all NNRfigmoves
from the active site of the co-crystallized struetindividually and again docked into the bindiracket of the PDB

structure.
Table 2 Results of docking studies of title compowts

Compounds Gscore Ligand activity
Combined Gsore  1REV ~ 1SV5 1IKY IKLM  1TKZ  1IKW

Rilpivirine -72.58 -13.27 -9.68 -12.77 -10.31 -13.4 -13.13 1TKZ

Etravirine -63.43 -9.43 -9.87  -10.75 -8.82 -12.1712.38 1IKW
S5 -58.6 -11.03 -7.72 -10.05 -10.68 -11.08 -8.03 KAT

Efavirenz -55.96 -9.44 -7.96 -8.75 -9.87 -9.44  480. 1IKW
S37 -55.49 -9.15 -8.1 -9.1 -11.38 -8.63 -9.12 1KLM
S30 -54.55 -8.93 -8.74 -9.64 -9.25 -8.8 -9.17 1IKY
S29 -53.45 -8.9 -8.67 -9.84 -9.96 -7.36 -8.7 1KLM
S10 -51.95 -8.47 -7.83 -8.8 -11.14  -7.94 -7.75 1KLM
S22 -51.68 -7.81 -8.58 -9.65 -9.45 -8.25 -7.92 1IKY
S50 -51.58 -9.35 -7.89 -8.03 -10.02 -9.31 -6.97 WKL
S44 -51.56 -7.58 -7.35 -8.43 -9.94 -9.51 -8.72 1KLM
S4 -51.49 -7.91 -9.5 -9.98 -9.12 -8.02 -6.94 1IKY
S28 -51.14 -8.73 -8.49 -8.35 -9.49 -7.67 -8.39 1KLM
S26 -50.95 -8.31 -8.36 -8.85 -10.2 -6.28 -8.94 1KLM
S39 -50.89 -7.74 -7.87  -10.12 -6.41 -9.97 -8.76 YLIK
S11 -50.66 -7.98 -7.31 -9.59 -9.83 -8.92 -7 1KLM
S3 -50.48 -8.38 -7.64 -8.67 -8.81 -9.35 -7.61 1TKZ
S38 -50 -9.75 -7.17 -8.77 -4.72 -9.81 -9.75 1TKZ
S43 -49.47 -7.91 -8.73 -7.49 -9.27 -9.15 -6.9 1KLM
S42 -49.4 -7.84 -7.35 -8.95 -8.56 -7.56 -9.14 1IKW
S16 -49.39 -8.62 -7.6 -7.85 -9.91 -8.01 -7.37 1KLM
S18 -49.37 -9.18 -7.51 -7.58 -10.48 -7.22 -7.37 WKL
S12 -49.18 -8.28 -9.27 -9.94 -8.19 -8.19 -5.28 1IKY
S49 -49.04 -8.32 -9.71 -9.61 -8.18 -7.44 -5.76 1SV5
S47 -48.89 -8.33 -7.7 -8.4 -7.37 -8.72 -8.35 1TKZ
S17 -48.83 -7.59 -7.28 -9.08 -10.03 -6.81 -8.02 WKL
S41 -48.68 -8.55 -7.21 -9.55 -4.92 -8.43 -10 1IKW
S24 -48.01 -8.01 -7.64 -7.89 -9.11 -7.46 -7.87 1KLM
S45 -47.9 -7.42 -7.96 -9.26 -9.53 -8.06 -5.65 1KLM
S46 -47.81 -7.9 -9.99  -10.07 -5.11 -8.7 -6.03 1IKY
S23 -47.54 -8.19 -7.78 -8.34 -7.41 -7.76 -8.05 1IKY
S31 -47.19 -8.39 -7.53 -7.15 -8.58 -7.94 -7.58 1KLM
S6 -46.89 -7.37 -6.41 -7.81 -9.87 -8.14 -7.27 1KLM
S13 -46.77 -7.65 -7.26 -7.84 -8.75 -7.83 -7.41 1KLM
S33 -46.76 -7.65 -6.96 -8.26 -8.28 -7.61 -7.97 1KLM
S48 -46.64 -7.89 -5.93 -7.64 -9.85 -8.09 -7.22 1KLM
S27 -46.62 -7.18 -9.73 -9.66 -5.72 -7.57 -6.73 1SV5
S9 -46.55 -5.76 -7.17 -7.5 -11.7 -6.43 -7.97 1KLM
S19 -46.48 -8 -8 -9.94 -4.79 -7.37 -8.37 1IKY
S35 -46.25 -8.66 -7.9 -7.78 -4.59 -10.47  -6.83 1TKZ
S1 -45.69 -6.62 -5.95 -8.24 -8.68 -9.26 -6.91 1TKZ
S25 -45.61 -7.58 -8.02 -8.15 -8.15 -5.41 -8.27 1IKW
S34 -45.61 -7.82 -6.81 -7.25 -9.06 -7.61 -7.03 1KLM
S15 -45.52 -7.17 -7.2 -7.22 -8.56 -7.33 -8.01 1KLM
S20 -44.21 -8.11 -7.12 -9.64 -4.46 -6.79 -8.07 1IKY

Nevirapine -43.6 -5.61 -6.73 -8.32 -6.54 -9.33 47.0 1TKZ
S32 -42.76 -6.75 -6.59 -8.28 -7.72 -7.31 -6.09 1IKY
S7 -42.2 -7.16 -6.88 -7.59 -5.21 -1.7 -7.63 1TKZ
S36 -40.64 -7.52 -7.09 -9.34 -5.05 -7.18 -4.44 1IKY
S8 -39.55 -6.92 -6.68 -7.93 -4.86 -5.88 -7.26 1IKY
S14 -38.23 -7.51 -7.47 -6.51 -4.13 -4.74 -7.85 1IKW
S2 -34.36 -7.88 -6.14 -7.81 -8.75 -9.01 -7.04 1TKZ

Delavirdine -32.16 -2.23 -7.79 -5.11 -6.1 -4.14  77. 1SV5

Ligand-receptor interaction is necessary for sugfogsvirtual screening in structure-based drug glesiThis
interaction is best expressed in van der Waalssteudrostatic energy terms.

Combined G score (dock score) of compounds S5, &8 S30 was found to be -58.6, -55.49 and -54.55,
respectively, which was comparable with known NN&3uich as Rilpivirine, Etravirine, Efavirenz, Neypine and
Delavirdine (combined dock score: -72.58, -63.45.96, -43.6 and -32.16 respectively). On the basishe
combined G score, designed Isatin derivatives bhayeod binding affinity towards NNBS of RT enzyme.

All known NNRTIs bind in the same manner with theding pocket of viral enzyme. On the basis of dogk
results, designed compounds were bound to thermmubickets of the RT enzyme in the same way as N&IRfd.

Non-nucleoside binding pocket site consists of Fvematic (Tyrl81, Tyr1l88, Phe227, Trp229 and Tg)31ive

hydrophilic (Lys101, Lys102, Lys103, Ser 105, As}22)] and six hydrophobic (Pro95, Leul00, Vall106, 191y,

Leu234, Pro236) amino acids which belongs to p&&isit and Glu-138 amino acids belonging to the g&unit.
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Identification of binding pocket site with known MY Is predicts the binding conformations with liganahich
provide a rationale for designing safe and moreiefit compounds. Here, one of the best ligandviagtdf the
compounds for all six crystal structure of protbased on G score is also described. Compound Sbhesadigand
activity for 1TKZ protein. The binding conformatisiof designed isatin derivatives within binding ketcof all six
crystal structure of HIV-1 RT were studied whictsglayed hydrophobic interaction and H-bond intéoactvith
amino acid residues of nonnucleoside binding siie §he protein-ligand steric contact informatiaas also
analyzed in the total glide score. This informatisrbest expressed in terms of Van der Waals en&gulomb
energy and modified Coulomb-Van der Waals inteceictenergy. H-bond interaction with distance andicste
contact information of the protein-ligand comple&re depicted in Table 3.

In the binding pocket of RT (1REV), Rilpivirine eklited two hydrogen bonds with same amino acid Dys1
(1.889 A and 2.111 A) (Fig. 3a, €). Amino acid desis involved in hydrophobic interaction were foundbe
Trp229, Pro236, Asp237, Vall89, Leu234 and Pro®3lpivirine had Van der Waals energy -46.300 andegl
energy -53.968. Whereas compound S5 and S37shoydedden bonding with Lys101 (2.214 A) and Lys102(2
A), respectively. Hydrophobic interactions weredivwed with Tyr183, Val189, Trp229, Pro236, Asp2R8éu234
and Pro95 in compound S5 and S37. Compound S5 hadder Waals energy -48.571 and glide energy -50.09
and S37 showed Van der Waals energy -43.757 add ghiergy -46.377. Thus, it can be concluded thsigded
derivatives like Rilpivirine have similar hydropholpocket as like two wings of butterfly-like mode.

Same as in 1SV5 PDB code, Rilpivirine showed hyHodyic interactions with Pro95, Leul00, Vall79, Bt1
Phe227, Tyr318 and hydrogen bonding with His238§2). Compound S5, S37 and S30 had less G scer¢odu
absence of hydrogen bonding as compared to Rilpé:iiSo, H-bond interactions play a vital role alatlation of
glide score. In the binding pocket of RT (1IKY),afrenz had a higher G score without H-bond intiévas, but
had good hydrophobic interactions with Leu100, V&I1Tyr181, Trp229, Pro236 and Tyr318. Compound &390
S29 showed hydrogen bonding with Asn103 and hydsbjghinteractions with Leu100, Vall179, Tyr181, T292
Pro236 and Tyr318. Compound S32 and S2 have lesof@ as compared to Efavirenz due to absencedobtgn
bonding interactions and have less hydrophobicasct®ns.

Similarly, in 1KLM, Etravirine showed two hydrogdionds with Lys103 (1.85A) and Leu234 (2.29A) angeha
good hydrophobic interactions. Compound S5 and&38¢ a higher G score as compared to Etraviringcdge of
compound S32 was found less due to bad Van ders/¢aatacts. The Van der Waals energy of Etravinas also
found higher due H-bonding.

Delaviridine had two hydrogen bonds with Lys10188LA and 2.46A) in the binding pocket of RT (1IKWJ.

showed hydrophobic interactions with Pro95, LeuN#I106, Tyrl81, Trp229 and Pro236. Compound S3Qvsil

hydrogen bonding with Lys101 (2.39A) and have legdrophobic interactions that results less G sasreompared
to Delaviridine.

In 1TKZ PDB code compound S5 had a higher G scaeetd the presence of a hydrogen bond with Lys(2018
A) and have good hydrophobic interactions (Fig. ®c,Nevirapine showed two H-bond interactions wifs101
(2.44 A and 2.48 A) but have less G score due bpVian der Waals contacts or less hydrophobic autons.

Y
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Fig. 3 a Binding view of Rilpivirine in binding pocket of 1REV, b Ligand interaction view of Rilpiviri ne, ¢ Binding view of Etravirine in
binding pocket of 11IKW, d Binding mode of compoundS5 in binding pocket of 1TKZ, e Ligand interactionview of compound S5

From ligand interaction diagram of the designed poumd, it was found that different residues interith isatin
wing in which some residues contribute to the fdramaof the binding pocket for the butterfly—likbape of the
isatin derivatives. Some residues involved inithestacking (Tyr318)z-cation (Lys103), hydrophobic interactions
(Tyrl188, Pro95, Leul00, Vall06, Tyrl81, Trp229 &1d236) and metal coordination.

After comparing the binding pattern of isatin datives in the binding pocket of six different HIVRT proteins

with different NNRTIs, it was found that nitrogemrntaining heterocyclic ring at;Bosition binds in similar

patterns and give more active compound. 1,2 4dlazsubstitution at Rposition in Isatin derivatives binds
similarly as like Efavirenz. A close comparison gegts that the presence of heterocyclic ring apdsition and

presence of tertiary nitrogen containing substitutit R position generate more active compound.

Pharmacokinetic study

Both physicochemical descriptors and pharmacoldabyi relevant properties of designed compoundsewer
analyzed using QikProp. Here, we reported somerig¢sis which are essential for prediction of diikgness of
the compounds. Following descriptors were reported-

1. Molecular weight (mol_MW) (130.0 — 725.0)

2. Predicted octanol/water partition coefficieno@ Po/w) (-2.0 — 6.5)

3. Predicted aqueous solubility, (QPlogS) (-6.55) 0
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4. Predicted apparent MDCK cell permeability (QPPBA) in nm/sec (<25 poor, >500 great)
5. Predicted brain/blood partition coefficientRIQgBB) (-3.0 — 1.2)
6. Predicted Percent Human Oral Absorption (>80%gh, <25% is poor)

Table 3 Hydrogen bond interactions of Isatin derivéives with amino acid residues along with van der aals energy

PDB code Compounds G score H-bondinteraction Distance g@idbv  glide energy

1REV S5 -11.03 NH-Lys101 221 -48.571 -50.097
S37 -9.15 NH-Lys103 2.21 -43.757 -46.377
S30 -8.93 - - -36.368 -37.597
S29 -8.9 - - -38.583 - 39.552
S32 -6.75 NH-Lys101 2.22 -35.587 -38.084
S2 -7.88 NH-Lys101 2.06 -37.624 -42.816
Rilpivirine -13.27 NH-Lys101 211

NH-Lys101 1.89 -46.300 -53.968
Etravirine -9.43 NH-Lys101 2.05 -45.413 -48.559
Efavirenz -9.44 NH-Lys101 1.88 -35.234 -36.568
Nevirapine -5.61 - - -40.330 -41.624
Delavirdine -2.23 NH-Gly93 2.11 -35.782 -40.064

1SV5 S5 -7.72 - - -31.958 -32.805
S37 -8.1 - - -28.389 -29.312
S30 -8.74 - - -30.519 -30.979
S29 -8.67 - - -40.826 -41.986
S32 -6.59 - - -34.995 -37.534
S2 -6.14 - - -31.641 -35.33
Rilpivirine -9.68 NH-His235 2.06 -46.101 -48.890
Etravirine -9.87 NH-Lys102 2.29

NH-Tyr318 2.04 -39.550 -44.176
Efavirenz -7.96 - - -34.518 -36.815
Nevirapine -6.73 - - -34.840 -36.877
Delavirdine -7.79 - - -51.89 -54.610

1IKY S5 -10.05 NH-Lys101 1.91 -34.895 -38.909
S37 -9.1 - - -42.490 -42.187
S30 -9.64 NH-Asn103 1.97 -40.396 -41.954
S29 -9.84 NH-Asn103 2.03 -33.641 -35.283
S32 -8.28 - - -39.437 -39.292
S2 -7.81 - - -30.525 -30.935
Rilpivirine -12.77 NH-Lys101 1.84 -51.451 -55.915
Etravirine -10.75 NH-Lys101 1.83 -49.448 -54.516
Efavirenz -8.75 - - -34.669 -35.938
Nevirapine -8.32 NH-Lys101 2.36 -31.797 -34.576
Delavirdine -5.11 - - -40.332 -42.222

1KLM S5 -10.68 NH-Lys101 2.06 -36.200 -38.268
S37 -11.38 NH-Lys103 2.08 -30.803 -33.141
S30 -9.25 - - -47.968 -47.549
S29 -9.96 - - -46.004 -45.265
S32 -7.72 - - -32.413 -34.833
S2 -8.75 - - -35.103 -36.056
Rilpivirine -10.31 NH-Leu234 1.97 -47.061 -52.312
Etravirine -8.82 NH-Lys103 1.85 -47.724 -52.526

NH-Leu234 2.29
Efavirenz -9.87 NH-Lys101 1.64 -30.006 -32.780
Nevirapine -6.54 - - -30.131 -31.151
Delavirdine -6.1 NH-Lys103 1.76

OH-Lys103 1.9 -56.615 -67.453

1IKW S5 -8.03 - - -31.943 -33.047
S37 -9.12 - - -37.848 -39.057
S30 -9.17 NH-Lys101 2.39 -39.163 -42.675
S29 -8.7 - - -35.965 -36.379
S32 -6.09 NH-Lys101 2.4 -40.046 -42.408
S2 -7.04 - - -31.027 -32.804
Rilpivirine -13.13 NH-Lys101 2.17

NH-Lys101 1.62 -24.328 -32.479
Etravirine -12.38 NH-Lys101 1.67 -36.573 -43.127
Efavirenz -10.48 NH-Lys101 2.03 -35.894 -37.548
Nevirapine -7.04 - - -27.392 -28.031
Delavirdine -6.77 NH-Lys101 1.88

OH-Lys101 2.46 -38.168 -41.409

1TKZ S5 -11.08 NH-Lys101 2.18 -46.304 -50.179
S37 -8.63 - - -32.910 -34.592
S30 -8.8 - - -49.229 -51.589
S29 -7.36 - - -33.761 -34.087
S32 -7.31 NH-Lys101 2.07 -39.765 -42.947
S2 -9.01 OH-Lys101 1.89 -37.946 -42.896
Rilpivirine -13.42 NH-Lys101 1.56

NH-Lys101 2.1 -38.293 -45.586
Etravirine -12.17 NH-Lys101 2.11

NH-His235 2.25 -36.247 -35.405
Efavirenz -9.44 NH-Lys101 2.03 -34.231 -35.166
Nevirapine -9.33 NH-Lys101 2.44

OH-Lys101 2.48 -41.088 -45.141
Delavirdine -4.14 NH-Lys101 2.1 -32.863 -38.790
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All designed compounds showed significant valuegckvlvere analyzed for the descriptors. The pharkiaetic

profiles of designed compounds are reported inddbHere, only three properties are shown whictevaaalyzed
for Lipinski’'s rule of five, and aqueous solubilityreater than -7. All the compounds were found a@ehzero
Lipinski violation and have the most appropriateylRo/w value for better biological efficacy.

Aqueous solubility (QPlogS) may be expressed agtfudlibrium concentration of the solute in a sated solution
in the crystalline solid and measured in molridm

Brain/blood partition coefficient (QPlogBB) paramepredicts the ability of the compounds to passhilbod-brain
barrier which is essential for designing an antifHiirug. Apparent MDCK cell permeability (QPPMDCK)
parameter predicts the MDCK (Madin-Darby caninenkig) cell permeability. MDCK cells are an importanbl
for rapid membrane permeability screening [20], alsb a good mimic for the blood-brain barrier.d@et human
oral absorption was also evaluated for designecdhooimds.

Table 4 Results of pharmacokinetic study of desigaelsatin derivatives using QikProp

Compounds  mol_MW  QPlogPo/w  QPlogS QPlogBB QPPMDCK ercnt Human Oral Absorption  Rule of Five

S1 330.386 1.468 -1.838 -0.288 1180.261 92.527 0
S2 316.359 1.086 -1.448 -0.26 1079.378 88.983 0
S3 386.493 3.003 -3.23 -0.421 1744.432 100 0
S4 426.474 3.279 -3.547 -0.244 1415.588 100 0
S5 325.326 0.244 -0.654 -0.431 594.955 79.371 0
S6 300.334 1.301 -2.118 -0.479 663.058 84.046 0
S7 328.388 1.964 -2.532 -0.582 706.865 88.317 0
S8 314.361 1.682 -2.574 -0.514 746.475 87.632 0
S9 328.388 2.304 -2.898 -0.304 1762.525 94.931 0
S10 384.495 3.798 -4.533 -0.581 1916.162 100 0
Si11 340.399 2.255 -3.182 -0.229 1487.545 93.888 0
S12 424.476 3.807 -4.447 -0.5 980.841 100 0
S13 341.387 0.647 -1.938 -0.702 39.747 58.593 0
S14 326.372 1.757 -2.833 -0.598 536.979 85.03 0
S15 342.415 2.434 -3.168 -0.57 951.359 93.62 0
S16 342.372 1.196 -1.879 -0.225 1458.875 87.213 0
S17 322.341 1.847 -2.488 -0.363 1094.908 88.389 0
S18 323.328 0.538 -1.424 -0.872 251.937 72.142 0
S19 329.401 1.374 -1.616 0.075 258.864 80.389 0
S20 315.374 1.072 -1.602 0.024 209.5 76.434 0
S21 381.477 251 -2.338 -0.237 243.958 86.046 0
S22 425.489 2.982 -3.301 -0.082 195.469 87.672 0
S23 327.385 0.993 -1.996 -0.171 114.498 71.591 0
S24 295.3 0.778 -1.441 -0.583 392.192 80.06 0
S25 323.354 1.269 -1.834 -0.706 437.22 83.6 0
S26 379.461 3.053 -3.662 -1.038 444.125 94.159 0
S27 419.442 3.236 -4.079 -0.822 377.364 94.64 0
S28 309.327 0.96 -1.499 -0.658 397.542 81.13 0
S29 337.38 1.76 -2.032 -0.719 448.33 86.798 0
S30 335.365 1.581 -2.617 -0.608 418.534 85.446 0
S31 284.277 0.331 -0.892 -0.511 472.407 78.777 0
S32 312.33 0.766 -1.42 -0.929 227.156 76.018 0
S33 298.304 0.641 -1.159 -0.641 397.88 79.239 0
S34 312.33 0.881 -1.441 -0.727 390.243 80.814 0
S35 368.438 2.08 -2.752 -1.332 184.019 82.804 0
S36 408.418 2.959 -3.501 -0.556 717.339 100 0
S37 324.341 0.874 -2.008 -0.786 261.484 77.93 0
S38 325.329 -0.397 -1.027 -0.767 24.051 52.531 0
S39 310.315 0.432 -1.578 -0.947 171.239 71.945 0
S40 324.341 1.305 -1.798 -0.837 360.738 82.456 0
S41 326.314 -0.198 -0.503 -0.666 307.385 72.676 0
S42 307.271 -0.609 -0.19 -1.087 108.219 62.185 0
S43 300.36 1.818 -2.537 -0.241 994.161 92.804 0
S44 328.413 2.61 -3.166 -0.252 1378.342 100 0
S45 384.52 4.177 -5.023 -0.546 1452.082 100 0
S46 424.501 4.445 -5.205 -0.244 1556.181 100 0
S47 341.412 1.275 -2.267 -0.103 133.312 74.621 0
S48 283.289 1.065 -1.792 -0.584 399.276 81.856 0
S49 407.431 3.621 -4.235 -0.626 575.58 100 0
S50 367.45 3.34 -4.081 -0.931 576.608 100 0
Delavirdine 427.77 3.388 -6.728 -1.396 439 84 0
Nevirapine 266.302 2.36 -3.208 -0.07 1082.042 100 0
Efavirenz 315.679 3.582 -4.911 0.131 7631.099 100 0
Rilpivirine 364.409 3.434 -6.573 -1.547 122.958 T35, 0
Etravirine 435.282 2.334 -5.855 -2.244 29.602 70.52 0
CONCLUSION

Molecular docking is the one of the most promisiipgproaches in structure based drug-design. Thipotational
technique provides the information about the bigdiffinity and conformation of ligand with a pratddy forming
protein-ligand conformation. The molecular dockiregults suggested that designed Isatin derivatived to the
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RT enzyme in a same manner as known NNRTIs. Phakraatic studies concluded that the designed comg®u
have good ADME properties as well as the drug-iesn Compounds S5, S37 and S30 have better G asore
compared to standards and have a good pharmadokinefile with drug-like properties. So, these quunds may
be considered for further studié®. synthesis, pharmacological screening, QSAR etis Study will provide the
platform for designing new compounds with poterdiafi-HIV activity.
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