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ABSTRACT

To study various forces governing the drug-receptor interaction of a series
of Tetrahydroimidazodiazepinones with their receptor, we have evaluated
Log P and SASA for measurement of hydrophobic interaction; energy of
protonation (ATE) for measurement of most favorable hydrogen bond ac-
ceptor site; bond length and bond strain for measurement of strength of
hydrogen bond formed between drug and receptor; atomic charges, ioniza-
tion potential (IP), electronegativity (y), acidic (E*n) and basic atomic soft-
ness (E*m) and their difference (AE# nm) for measurement of elactrostatic
interaction. The molecular modeling and geometry optimization of the com-
pounds and receptor’s aminoacids (Val, Met and Tyr) have been done by
M OPA C-2002 associated with CaChe software. Softness Cal culator hasbeen
used to evaluate effective atomic softness (Efn and E* m). The study have
shown that hydrophobic interaction is predominant and made major contri-
bution, while hydrogen bonding and polar interactionshelp in proper orien-
tation of the compound (or itsfunctional groups) to make maximam interac-
tion. The overal strengths of these bonds determine the degree of affinity
between the drug and the receptor.
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1.INTRODUCTION

Inthisarticle, we have studied variousforcesgov-
erning thedrug-receptor interaction of aseriesof TIBO
derivatived¥ with their receptor (NNRTIs binding
pocket)i?3, Theamino acidscongtituting the NNRTIs-
pocket are Val (Y 187), Met (Y 184), and Tyr (Y181
and Y 188). Since, Val and Met are hydrophaobicinna
ture¥, they must play amagjor rolein hydrophobicin-
teraction. To andyze hydrophobicinteraction®, wehave
evauated Log Pand SA SA of the substituentsof each
derivative and their effect on the activity of the com-

pounds®”. The hydrophobic nature of the NNRTIs
pocket providesreatively few possibilitiesfor polar in-
teraction and hydrogen bonding. Amino acid, Tyr hav-
ing phenolic group asitssde chain only responsiblefor
hydrogen bonding®. To analyze hydrogen bonding, we
have searched out hydrogen bond donor and acceptor
sites¥. Then, the strength of hydrogen bonds formed
between the most favorable hydrogen acceptor and
donor sites have been evaluated by bond length and
bond strain. The hydrophobic nature of the NNRTIs
pocket providesreatively few possibilitiesfor polar in-
teraction. To anayze polar or e actrostatic interaction,
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we haveeva uated atomic charges, ionization potentid,
€l ectronegativity, acidic and basi c atomi ¢ softness.

2. Theory

Onthebasisof the nature of receptor‘samino ac-
ids (Val, Met and Tyr) and nature of compound, we
have sl ected following parametersfor drug-receptor
interaction: Log P and SA SA for measurement of hy-
drophobicinteraction; energy of protonation for mea-
surement of most favorabl e hydrogen bond acceptor
site; bond length and bond strain for measurement of
strength of hydrogen bond formed between drug and
receptor; atomic charges, ionization potentid, € ectrone-
gativity, acidic and bas c atomic softnessfor measure-
ment of dactrogtaticinteraction. Thevauesof theabove
parameters have been evaluated by using thevarious
equationsgiven below:

Themolecular lipophilic potentid (MLP)? wasthe
first method designed to cd cul atethe hydrophobic pro-
fileof amoleculein thredimensions. Thedevel opment
of theMLPwasbased on thefinding that the partition
coefficient (P) of amolecule, whichrepresentsitsrela
tive distribution over an octanol/water boundary, can
be estimated fromitschemica structure®.
log Concentration of drugin octanol

Concentration of drugin water @

From the assumption that thelog Pisan additive
property of the molecular fragmentsthat make up a
molecule, valuesfor awidevariety of atom typesand
groups have been cd culated.
n,=logP-logP, 2
where m, is the hydrophobicity of substient-R, log P is the

hydrophobicity of the whole compound and log P,, is the hy-
drophobicity of the compound when substituent-R is replaced

by hydrogen atom.

n,.=logP,.-logP,,. 3
where r, . is the hydrophobicity of substient-X”, log P, isthe
hydrophobicity of the compound where substituent-R is re-
placed by hydrogen and log P,,, . is the hydrophobicity of the
compound when substituent-R and X, both are replaced by

hydrogen atoms.

Oneway to provide asimple account of surface
propertiesisto compute the sol vent-accessible surface
area(SASA)M. SASA wasfirst described by Leeand
Richardsin 1971 is sometimes called Lee-Richard
molecular surface. SASA istypically calculated using
the rolling ball algorithm developed by Shrake and

LogP=

Rupletin 1973. Thisapproach providesauseful tool to
ganinsight into the over all extent of ahydrophobic
region onamoleculeor inthebinding site of aprotein
but lacks any red account of the particular atom types
that make up thebinding Siteor their positionsrelative
to one another. In addition, it provides no means of
assessing the shapeof thebinding since, it only calcu-
latestheredativeaccessibility of thecontributing atoms.
RSASA = SASA - HSASA 4

where RSASA is the solvent accessible surface area of
substient-R, SASA is the solvent accessible surface area of

the whole compound and "SASA is the solvent accessible
surface area of the compound where substituent-R is replaced
by hydrogen atom.

X’SASA =RSASA - RCSASA (5)
where X’'SASA is the solvent accessible surface area of
substient-X', RSASA is the solventaccessible surface area of
the compound where substituent-R is replaced by hydrogen
atom and ®'SA SA is the solventaccessible surface area of the
compound where substituent-R and X*, both are replaced by

hydrogen atoms.

Thetotd energy ca culated by semiempirica meth-
ods has been shown to beagood descriptor inanum-
ber of different cased'-*4. Thetotal energy of amo-
lecular systemisthe sum of thetotal € ectronic energy
(E..) andtheenergy of internuclear repulsion (E, )
Total energy (TE)=E_+E (6)

Theenergy of protonation defined asthedifference
between thetotal energies of the protonated and neu-
tral formsof the molecul e can be considered asagood
measure of the strength of hydrogen bonds (the higher
the energy, the stronger the bond) and can be used to
determinethecorrect localization of themost favorable
hydrogen bond acceptor site’”.

ATE=TE-TE’ @)
where ATE isthe energy of protonation, TE isthetotal energy
of neutral compound and TE” isthe energy of protonated com-
pound at a particular hydrogen acceptor site.

Thesoftnessof anatominamoleculewasdescribed
by Klopmani*® and modified by Singh et a.l¢l. The
Klopman equationisgiven by
E*=IP -b?(IP -EA)-[x.(C/?/R]

(1-Ve)[q,+20%x, (C)] ®)
E #=IP_-a-(IP_-EA )[x, (C")?/R] o
(1-Ve)[q, +2b%x, (C")] ©)

where E *isthe softness of Lewis acid, Emi isthe softness of a
Lewis base, IP is the ionization potential of atom, EA isthe
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TABLE 1. TIBO derivativeswith their biological activity intermsof EC_

NH—'//
¢ N
(ALe e
N~CH,CH=CH,

Compound No. 1 ECgy = 4.23

NH—f

°N
N-CH,CH,=CMe,

Compound No. 4 ECg, =5.38
S

NH4'//

C N
DO,
cl

Compound No. 7 EC5,=6.35

XMe

3H7
Compound No. 10 EC5, = 6.62

HN— S
N
L
Cl
CH,C4H-
Compound No. 13 ECs, = 7.37

S
HN—f
Cl CN
B XMe
cl N
CH,CH=CMe,
Compound No 16 EC5, = 7.60

lMe

CH ,CH=CIE],

Compound No. 19 EC, = 8.29

N~CH,C[Me]=CH,

o}

NH%

C N

N~cH,C[Me]=CH,

Compound No. 2 ECg, = 4.85
NH—|//
Gy
C| N\CH2CH2C3H5

Compound No. 5 ECg, = 5.66
NH—|//
G
N~CH,CH,C4Hs

Compound No. 8 EC5, = 6.48

HN— S
N
XMe
ci N
CH,CH=CMe,
Compound No. 11 ECs5=7.04

XMe

CHZCH CMe,
Compound No. 14 EC5, = 7.48

HN—C——NfS
XMe
ci N

CH,CH=CI[Et],
Compound No 17 EC5=7.82

1

CH ,CH=CMe,

Compound No. 20 EC5, = 8.34

NH—|//
e
N~CH,C[Me]=CH,

Compound No. 3ECs, =5.33
S
NH—I//

.
Me N~CH,CH,=CMe,

Compound No. 6 ECs, = 6.10

HN—fo

L

CHZCH C[Et]»
Compound No. 9 ECs, = 6.51

HN—FS

B

CH2CH:CM 82
Compound No. 12 EC5, = 7.36

(0]
HN—f
CN
G e
ci N
CH2CH:CM €

Compound No. 15 EC5, = 7.60

HN—f

X—Me

Me “CH,CH=CMe,

Compound No. 18 EC5, = 7.85

CH,CH=CMe,

Compound No. 21 EC5, = 8.52

electron affinity of atom, e is the dielectric constant of the
mediuminwhichreactioniscarried out. R, g aretheradiusand
charge of atomsand r, Cistheelectron density, x isq- (g-1)Vk
and k =0.75and a, b isthe variational parameter defined as &

+b?=1.

Itiswell established that the stability of the com-
pound formed between nucleophile and el ectrophile
dependsupon thevaueof difference between softness

vauesof E‘m of nucleophile, and softnessvauesof Efn

of electrophile, AE"nm represent the difference. The

higher isthe AE'nm greater isthe stability of the com-

pound!*-21,

AE'nm = |En-E'm| (10)
Themethod for the cal cul ation of i onization poten-

tial of anatominamolecule (IP) hasbeen described by
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Dewar and Moritd? by thefollowing equation.
|P=athq+cg? (11)
where q is the charge of an atom in a molecule and C is the
electron density of an atomin amolecule.

Themethod for calculation of thee ectron affinity
of anatominamolecule (EA) isgiven as®
EA=-(eHOMO+eLUMO)-(IP) (12)
where HOMO and LUMO are the highest occupied and lowest
unoccupied molecular orbital, respectively.

3.MATERIALAND METHODS

Twenty one Tetrahydroimidazodiazepinonederiva
tives, that havebeentaken fromliterature, used as study
material and arelisted in TABLE 1 aongwith their ob-
served biological activity intermsof EC_ (the concen-
tration of compound leading to 50% effect and ex-
pressed in mol/l or mol/g). Thelogarithmsof thein-
verseof EC_ have been used asbiological end point
(logl/C) inthe study. For drug-receptor interaction, the
mol ecular modeling and geometry optimization of all
thederivativeshave been carried out with CAChePro
software by applying semiemperical method usimg
MOPAC 2002. The parameters used for drug-recep-
tor interaction: log P, solvent accessible surfacearea,
energy of protonation, bond length, bond order, bond
strain, atomic charges and atomic softnesshave aso
been evaluated by solving thevariousequationsgiven
inthetheory same software. Log Piscalculated using
the atom-typing scheme of Ghoseand Crippen'®l. The
solvent accessiblesurfacearea(SASA) iscalculated at
an optimized geometry inwater. Thewater geometry is
from optimization first using Augmented MM 2, then
using MOPAC with PM3 parameters and the Con-
ductor like Screeing Model (COSMO)#., Thetotal
energy isdetermined by aZINDO calculation using
INDO/1 parameters, at ageometry determined by op-
timization first with Augmented MM 2 and then with
MOPAC using PM3 parameters®. Thepartid charge
cd culated for an atom from quantum mechanics. Atom
partial chargesare determined by first optimizing the
mol ecul ar geometry usingAugmented MM 2, followed
by MOPAC with AM 1 parameters. Vaues for bond
property are onesthat existed in the chemical sample
whentheextraction wasevauated. Thefractiona bond
order (the distance between two bonded atoms) cal-

@Wu'c CHEMISTRY co—

culated from quantum mechanics. Bond ordersarede-
termined after geometry optimization us ngAugmented
MM 3followed by MOPAC with PM 3 parameters. The
amount of steric (molecular mechanics) energy required
to changethebond toits current length. Bond strain
energiesaredetermined after optimization usngAug-
mented MM 2. Theatomic softnessof every atom of al
the derivatives has been done by Softness Cal culator
(Itisaprogramin basic language created by usused
for the cal culation of hardness, softness, € ectronega-
tivity, chemical potential, E *and E_*withthe help of
above equations) by semiempericd methods. There-
action medium has been consider fresh water hence
dielectric constant () hasbeentaken for fresh water
81127,

4. RESULT AND DISCUSSION

Thebinding of the drug (compound) to the recep-
tor will initially depend upon thetypesof chemica bonds
(covaent bond, ionic bond, hydrogen bond and hy-
drophaobicinteractions) that can be established between
thedrug anditsreceptor. Theoverdl strengthsof these
bondswill vary and will determinethedegreeof affinity
between the drug and the receptor. The affinity of the
compound for thereceptor isdependent uponitsproper
three-dimensional characteristicssuch as: itssize; ste-
reochemical orientation of itsfunctiond groups, andits
physical and el ectrochemical properties. Inthispaper
we have chosen twenty-onetetrahydroimidazodiaze
pinone (T1BO) derivativesfor drug-receptor interac-
tion. TIBO belongs to non-nucleoside group of
reversatranscriptaseinhibitors(NNRTIS). TheNNRTIs
interect non-competitively with an dlosteric steof the
reversetranscriptase enzyme and thus do not directly
impair thefunction of the substrate binding site¢®. In
fact, NNRTIshave acomparatively higher binding af-
finity for theenzyme-substrate complex thanfor thefree
enzymeitself. Ther interaction with theenzymeleads
toaconformationa changeintheenzyme, resultingina
decreasein the affinity of the active sitefor the sub-
strate. However, NNRTIsare active against the RT of
only HIV-1 and not of HIV-2 or any other retrovirus.
Thisspecificity of NNRTIsfor theHIV-1-RT isdueto
presencein HIV-1-RT, and not in other RTsor DNA
polymerases, of aflexiblehighly hydrophobic pocketin
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which anon-substrateana oguecmfitmugly{z%ll.The TABLE 3: Calculation of solvent accessible surface area

hydrophobic pocket in HIV-1-RT isformed by the hy-
drophobicresidues(Y 181, Y 184,Y 187 and Y 188) of
theY 181-Y 188 regionid. The hydrophobic nature of
the NNRTIspocket providesrelatively few possibili-
tiesfor polar interaction and hydrogen bonding.

(@] (@]
S
NH NH

OH 2 2
Tyr-Y181 Met-Y 184
0] O

o L

NH, OH NH;

Val-Y 187 Tyr-Y 188

Figurel

TABLE 2: Calculation of Log P of thesubstituentsof TIBO
derivatives

Log P at R-Substituent Log P at X -Substituent
S.no. logP logPy  mg |Sno. logPg log Prx: 7y
1 1265 0.163 1102| 1 0.163 -0.250 -0.087
2 1419 0163 1256| 2 0.163 -0.250 -0.087
3 1937 0681 1256| 3 0.681 0.268 0.413
4 1770 0.163 1.607| 4 0.163 -0.250 -0.087
5 3432 2361 1071| 5 2361 1948 0413
6 2237 0631 1606 | 6 0631 0.217 0414
7 3616 2361 1255| 7 2361 1.948 0.413
8 4326 2361 1965| 8 2361 1948 0.413
9 3030 0631 2399| 9 0631 0217 0414
10 3.015 1.843 1.172| 10 1.843 1430 0.413
11 3967 2361 1.606| 11 2361 1.430 0.931
12 3449 1843 1606 | 12 1843 1430 0.413
13 3.828 2361 1467 | 13 2361 1948 0413
14 3.967 2.361 1.606 | 14 2361 1.948 0.413
15 2.288 0681 1.607 | 15 0.681 0.268 0.413
16 4.485 2879 1.606| 16 2879 2466 0.413
17 4760 2361 2399 | 17 2361 1948 0.413
18 3917 2310 1.607 | 18 2310 1.897 0.413
19 4760 2361 2399 | 19 2361 1948 0.413
20 3967 2361 1.606 | 20 2.361 1.948 0.413
21 4241 2635 1606 | 21 2.635 2221 0.413

Onthebasisof the nature of receptor‘samino ac-

(SASA) of thesubgtituentsof TIBO derivatives
SASA at R-Substituent SASA at X -Substituent

S.no. SASA "SASA RSASA |Sno. RSASA RXSASA *SASA
113.731 95.558 18.173 95.558 90.6170 4.941
118.740 95.698 23.042 95.698 90.7170 4.981
130.086 107.004 23.082 107.004 101.933 5.071
126.198 95.710 30.488 95.710 90.6210 5.089
137.395 115.401 21.994 115.401 110.291 5.110
133.326 102.689 30.637 102.689 97.6330 5.056
136.124 115.160 20.964 115.160 110.310 4.850
149.633 115.040 34.593 115.040 110.097 4.943
145.969 103.162 42.807 103.162 98.2980 4.864
123.043 103.530 19.513 103.530 98.8300 4.700
147.275 116.506 30.769 116.506 98.8300 17.67
136.434 105.244 31.190 105.244 98.9810 6.263
143.629 115.049 28.580 115.049 110.063 4.986
148.072 116.575 31.497 116.575 110.190 6.385
139.046 108.623 30.423 108.623 102.098 6.525
152.695 122.784 29.911 122.784 118.768 4.016
159.151 116.261 42.890 116.261 110.050 6.211
138.567 110.662 27.905 110.662 104.442 6.220
158.331 114.653 43.678 114.653 108.614 6.039
143.533 114.902 28.631 114.902 108.388 6.514
21 148592 118.475 30.117 | 21 118.475 112.085 6.390

ids(Va; Met and Tyr), we have sdl ected following pa-
rametersfor drug-receptor interaction: Log Pand SASA
for measurement of hydrophobicinteraction; energy of
protonation for measurement of most favorable hydro-
gen bond acceptor site; bond length, bond order and
bond strain for measurement of strength of hydrogen
bond formed between drug and receptor; atomic
charges, ionization potentid,, € ectronegativity, acidicand
basi ¢ atomic softnessfor measurement of € actrostatic
interaction. Theskeleton structure (Figure 1) of TIBO
isbased on following parent skeleton, which have 10
gtes.
Tetrahydroimidazodiazepinonederivativesarein-
cludedin TABLE 1, dongwiththeir observed biologi-
cal activitiesintermsof EC_ values, asreported by
Pauwelset a.[. Theva uesof log Pand SASA of the
hydrophobic substituentsof al thederivativeshavebeen
calculated and arepresented in TABLES 2and 3, re-
spectively while, TABLE 4 representstheir relation-
shipswith observed activity (EC, ). To analyze hydro-
gen bond i nteraction, we have eva uated energy of pro-
tonation toidentify the hydrogen bond acceptors and
to measurethemost favourable hydrogen bondingsand
are presented in TABLE 5. The bond properties of
various hydrogen bonds (formed between nitrogen at
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TABLE 4: Calculation of hydrophobic parametersof TIBO TABLE 6: Calculation of bond propertiesof hydrogen bond
drivativesandtherr reationshipswith observed activity (EC_)  (H-Bond) for med between nitrogen at site-6 and hydr ogen of

Study of drug-receptor interaction of tetrahydroimidazodiazepinones OCAIJ, 4(6-8) December 2008

Relationship between Log P| Relationship between SASA and ~ Sidechain of tyrosine(Y 188)
and EC EC

SUbS.no. n LOSJOP ECs SUbs.no. . Ss.%o. SASA Sno. H-Bond N> H* Eﬁg& :?2'(:]
roup- roup- - +
ng P 4241 8520 gl7 P 159.151  7.820 1 Z_H““O; -0.292 0240 2,514 0.007
20 3967 8340 16 152695  7.600 2 H----O -0.318 0.234  2.532 0.234
14 3.967 7.480 14 148.072  7.480 3 "H----O% -0.326 0.235 2.537 0.011
13 3.828 7.370 13 143629 7.370 4  H----O%" -0.275 0240 2.700 0.021
192 gggg Z;E?S 172 gg-ﬁj 2328 5 SH--O" -0284 0237 4.097  0.035
6 2237 6.100 6 133326 6.100 6  "H--O" -0274 0230 4893 0049
4 1.770 5.380 3 130,086 5.330 7  H----0®* -0.259 0.233 2.936 0.075
2 1419 4.850 2 118.740 4.850 8 "H----O%" -0.288 0.235 3.553 0.154

Subgigup-B 760 829 | Sub 1 5 113731 4.230 9 *H----0%" -0.295 0.241 2539 0.019

. . roup- 5+

17 4760 7.820 g21 P 148592 8520 10 zH““O; -0.284 0227 4.262 0.235
16 4485 7.600 20 143533 8.340 11 H----O -0.280 0.238 2.653 0.018
8 4326 6.480 18 138567 7.850 12 ¥H---O -0275 0236 2512 0.105
7 3616 6.350 5 137.395  5.660 13 ¥H----0*" -0.277 0.236  4.218 0.051

sbgapc P OO g o1 8014 TR0 0274 0239 2628 0031
18 3917 7.850 19 158331 8.290 15 "H--O" -0278 0235 3676 0123
5 3.432 5.660 11 147.275 7.040 16 *H---0** -0.295 0.235 4,551 0.001
15 2.288 7.600 9 145969 6.510 17 ¥H---0> -0.281 0.239 4.063 0.050
3 1.937 5330 10 123043 6.620 18 "H--O"" -0282 0239 3976 0011
e pao 4zl B 1908 040 19 W0 0277 0238 2839  0.099

* indicates compounds do not follow sequential trend 20 BH““O?Jr -0.277 0.235 3.653 0.062

TABLE 5: Calculation of ener gy of protonation of hydrogen 21 ¥H----0"" -0.277 0236  3.970 0.091

bond acceptorson TIBO derivatives

Energy of protonation at site-3 Energy of protonation at site-6  (H-Bond) for med between nitrogen at site-3and hydr ogen of
Sno. TE TE ATE |[Sno. TE TE ATE  sSdechainof tyrosine(Y188) at site-3
1 -129.310-129.346 0.036| 1 -129.346-128.638 0.708 S, N .. Bond Bond
2 -136.500-136.536 0.036| 2 -136.536-135.826 0.710 no. H-Bond N H length  strain
3 -148.271-148.303 0.032 3 -148.303 -147.595 0.708 1  H----0% -0.223 0.249 3.742 9.026
4 -143.684-143.721 0.037| 4 -143.721-143.011 0.710 > MO -0.261 0.248 5100  8.442
5 -145.688-145.731 0.043| 5 -145.731-145.032 0.699 3 SHe O™ 0227 0245 4534  7.807
) asas1 10 0008| 7 1sode 1a47re oggo L Ol 0230 0220 491l 8706
-145.431-145, . -145.459 -144. . 5 s+
8 -154.309-154.445 0.046| 8 -154.445-153.756 0.689 2 838& :g'gi 8'2&2 g'gig %827674
9 -165.188-165.226 0.038| 9 -165.226-164.513 0.713 s o : : : '
10 -128.309-128.358 0.049| 10 -128.358-127.666 0.692 4 B_H““05+ -0192 0234 4372 9.813
11 -152.792-153.010 0.218| 11 -153.010-151.971 1.039 8 “H--O" -01/8 0246 4453 10139
12 -140.838-140.898 0.060| 12 -140.898 -140.203 0.695 9 H----O" -0.216 0246 3745 8733
13 -152915-152.962 0.047 | 13 -152.962 -152.269 0.693 10  “H----0" -0195 0236 3583 10.098
14 -152.611-152.659 0.048| 14 -152.659-151.971 0.688 11  °H----0°* -0.190 0246 4.457  9.649
15 -155.455-155.492 0.037| 15 -155.492-154.783 0.709 12 ¥H----0°* -0.188 0.249 4.054 9.770
16 -164.372-164.433 0.061| 16 -164.433-163.732 0.701 13 ¥H----0°* -0.192 0.234 6.434  9.690
17 -166.918-166.975 0.057 | 17 -166.975-166.280 0.695 14  ¥H----0°* -0.189 0.246 4.457  9.640
18 -148.023-148.076 0.053| 18 -148.076-147.379 0.697 15 SH-—--O%  -0.225 0.225 4528 10.734
19 -166.901-166.972 0.071| 19 -166.972-166.283 0.689 16 S H----O%  -0.180 0.247 3.721 9.724
20 -152.600-152.661 0.061| 20 -152.661 -151.960 0.701 17 dH-—--0% -0.197 0.233 3.675 0.826
21 -150.718-150.773 0.055| 21 -150.773-150.092 0.681 18 B—H____OB+ -0.187 0231 4.631 9.036
site-6 and hydrogen of sidechain of tyrosineresidueat 19 zHOZ -0.186 0243 4485  9.776
Y 188; between nitrogen at Site-3 and hydrogen of side 20 B_H““OB+ 0191 0248 4524 10508
21 H----O -0.196 0.235 3.789 10.122

chain of tyrosineresidueat Y 188; and between hydro-
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TABLE 8: Calculation of bond propertiesof hydrogen bond
(H-Bond) for med between hydrogen at site-1 and oxygen of
sidechain of tyrosine(Y 181)
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TABLE 9: AE* valuesderived from E* of carbon atom
(-CONH-) of amino acidsand E*  of oxygen (-CO-) and sul-
phur (-CS-) atom of thecompounds

_ Bond Bond

S.no. H-Bond H® OF length _ strain
1  ®H---O0* 0.268 -0.266 3.634 0.021
2  "H---0> 0.282 -0245 2.782 0.064
3 ¥H----0> 0275 -0275 2.604 0.000
4  ¥H----0> 0.273 -0.267 2945 0.024
5 40> 0.298 -0.300 4.493 0.059
6  H--0> 0.297 -0300 1.852 0.052
7  ¥H----0> 0295 -0270 3.323 0.026
8 ¥H---0> 0301 -0.283 3.259 0.021
9 40> 0.275 -0284 5832 0.024
10 ¥H----0> 0.296 -0.300 2.496 0.006
11  ¥H----0> 0301 -0283 1.834 0.085
12 ¥H----0> 0288 -0.268 3.433 0.025
13  ¥H----0> 0.300 -0.302 3.224 0.038
14  ¥H----0> 0.298 -0.301 2.662 0.026
15 ¥H----0O> 0259 -0.249 4.289 0.043
16 ¥H----0> 0.306 -0.279 1.819 0.026
17 ¥H----0> 0301 -0283 1.835 0.011
18 ¥H----0> 0.298 -0.281 1.837 0.020
19 ¥H----0> 0300 -0.282 3.153 0.030
20 ¥H----0O* 0299 -0.301 1.848 0.062
21  ¥H----0> 0301 -0.283 1.835 0.004

gen at Site-1 and oxygen of sidechain of Tyrosneres-
dueat Y 181) have been evaluated and are presented in
TABLES6t0 8. For polar interaction, acidic atomic
softness (E‘n) and basi ¢ atomic softness (E’m) of the
reactive sites of each derivative and their difference
(?Efnm) has been evauated and are presented in
TABLE9and TABLE 10.

Hydrophobic interactions play a crucial rolein
ligand- protein binding®. Most ligand binding sitescon-
tain at least one hydrophobic (nonpolar) region, with
many demonstrating aclear preferencefor nonpolar
ligands. Inthiscase, out of four receptor’samino acids
thetwo arehydrophobic (Met-Y 184 and VA -Y 187) in
nature. Inthese, thevaine (Val-Y 187) amino acidis
the second top most hydrophobic aminoacid (first one
isisoleucine) andisresponsiblefor hydrophobicinter-
actionwith R-subgtituentsof thecompounds. Whileme-
thionine(Met-Y 184) isa so hydrophobicin natureand
itsside chain has CH.-S- fragment at theend, whichis
responsi ble hydrophobicinteraction but with X -sub-
stituents (CH,-group) of the compounds. The
substituent‘shydrophobicity of al thederivativeshave
been calculated and are presented TABLE 2. A refer-

Tyr Glu Asn
No. A  E, E'y= E'= % - 3608613

3603069 3600171 "

AE* AE* AE*
1 O 215674 57.607 57.569 57.654
2 O -215165  57.556 57,518 57.603
3 0 21251 57201 57.253 57.337
4 O 216042 57644 57.606 57.690
5 S -887875 44918 44.880 44.965
6 S -9.0201 45060 45,022 45.106
7 S -9.09032 45130 45,092 45.176
8 S -864563 44685 44,647 44.732
9 O 217132 57.753 57.715 57.799
10 S -893743 44977 44.939 45.024
11 S -864372 44683 44,645 44.730
12 S -887625 44916 44878 44.962
13 S -86988 44738 44.701 44.785
14 S -864575  44.685 44.647 44.732
15 O 213191  57.359 57.321 57.405
16 S -84333 44473 44.435 44519
17 S -866098 44701 44,663 44.747
18 S -940715  45.447 45.409 45.493
19 S -869364 44733 44,695 44.780
20 S -915172 45191 45.153 45.238
21 S 907213 45112 45.074 45.158

encetothistableindicatesthat CH,CH=C[Et] ,asR-
subgtituents have highest va ue of log P (compound no-
9, 17 and 19 having log P=2.399); CH,CH=C[M¢],
have amedian va ues (compound no-6, 11, 12, 14, 16,
20, and 21withlog P=1.606) and CH,CH,C H, have
lowest value (compound no-5, log P=1.071) vale of
log P. While CH_-group as X*-substituents haslog P
value 0.413. When both hydrophobic substituents-R
and X have been removed, thereisgreat lossin the
hydrophobicity of the compounds as clear from the
negative values of log P of compounds-(1, 2 and 4).
Thenegativevaueof log Pisanindication of hydrophi-
licity and lossof hydrophobicity. Thus, theremust bea
rel ationshi p between the hydrophobicity (log P) and ac-
tivity of thedrugs. A closelook of TABLE 4 indicates
thereisadirect rel ationship between the hydrophobi c-
ity (log P) and activity of the compoundsand aslog P
decreases activity decreases.

Solvent accessible surfacearea (SASA) also pro-
videsauseful tool togaininsght intotheover al extent
of ahydraophobicregiononamoleculeor inthebinding
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TABLE 10: AE*  valuesderived fromE* of carbon (-CO-)and
sulphur (-CS-) of thecompoundsand E*  of oxygen atom of
aminoacids(-CONH-)

Tyr Glu Asn
No. A E*, E",=-22.3384E" =-22.2171 E" =-225734

AE* AE* AE*
1 C 4199085  64.329 64.208 64.564
2 C 4199191  64.330 64.209 64.565
3 C 420364 64.375 64.254 64.610
4 C 4199277 64331 64.210 64.566
5 C 56.85379  79.192 79.071 79.427
6 C 5685717  79.196 79.074 79.431
7 C 5711108  79.449 79.328 79.684
8 C 56.83739  79.176 79.054 79.411
9 C 4195711  64.296 64.174 64.531
10 C 56.86086  79.199 79.078 79.434
11 C 56.8359 79.174 79.053 79.409
12 C 56.77247  79.111 78.990 79.346
13 C 56.926 79.264 79.143 79.499
14 C 56.83545  79.174 79.053 79.409
15 C 41.99724  64.336 64.214 64.571
16 C 56.5651 78.904 78.782 79.138
17 C 56.8469 79.185 79.064 79.420
18 C 56.98361  79.322 79.201 79.557
19 C 56.91424  79.253 79.131 79.488
20 C 57.1369 79.475 79.354 79.710
21 C 4199085  64.329 64.208 64.564

siteof aprotein but lacksany real account of the par-
ticular atom typesthat make up thebinding siteor their
positionsrelative to one another. In addition, it pro-
vides no means of assessing the shape of the binding,
sinceit only caculatestherelative accessibility of the
contributing atoms. The substituent’s SASA of al the
derivatives have been calculated and are presented
TABLE 3. A reference to this table indicates that
CH,CH=C[Et],, as R-substituentshave highest value
of SASA (34.5931043.678); CH,CH=C[M€], have
values (30.117 to 31.497) somewhat lower than val-
ues of CH,CH=CI[Et],. While CH,CH2=CH, have
lowest value (18.173) of SASA. CH_-group as X ‘-
ubstituentshas SASA vauelower than R-substituents.
A closelook of TABLE 4 dsoindicatesthat thereisa
direct relationship between the SASA and activity of
the compounds and as SASA decreases activity de-
creases. For alarge hydrophobic object, it becomes
impossibleto maintain ahydrogen-binding network in
itsvicinity resultingin thedisruption of thestructure of
water and astronger hydrophobicinteraction. TheLum-
Chandler Weekstheory of hydrophobicity can account

for thetransition that occursfrom the hydrophobic hy-
dration of smal nonpolar solutesto the strong tendency
for depletion of water near extended nonpolar surfaces
of nanometer length scae such asthosein proteins.3
Consequently, the computer s multation evidenceand
recent theoreticd developmentsreved theneedto cap-
turethestronger hydrophobic attraction that would arise
between aligand and aprotein with alarge or concave
nonpolar surface. Thestrength of the hydrophobicin-
teraction isthusinfluenced not only by the polarity but
a so by the shape and extent of the exposed molecular
surface.

Hydrogen bondingismost likely an essential re-
quirement for many drug-receptor interactions.Asingle
hydrogen bond isrelatively weak and would not be
expected to support adrug-receptor interaction aone,
but when multiple hydrogen bonds areformed between
drugs and receptors, asistypicaly thecase, asignifi-
cant amount of stability isconferred upon thedrug-re-
ceptor interaction. Theenergy of protonation defined
asthedifference between thetota energiesof thepro-
tonated and neutral forms of themol ecul e can be con-
Sidered asagood measure of the strength of hydrogen
bonds (the higher the energy, the stronger the bond)
and can beused to determinethe correct | ocalization of
themost favorabl e hydrogen bond acceptor site. The
TIBO derivatives have three nitrogen atoms, out of
whichtwo (at site-3 and 6) may act ashydrogen bond
acceptor and the remaining one (at site-1) as donor.
For correct locdlization of the most favorable hydrogen
bond acceptor site, we have cal culated energy of pro-
tonation of site-3and 6 and arepresented in TABLEDS.
A referencetothistableindicatesthat Site-6isthemost
favorable hydrogen bond acceptor siteasit hashigher
energy of protonation (ranging from 0.680t01.039) than
site-3 (ranging from 0.028 to 0.218). In the hydropho-
bic pocket of the HIV-1-RTase, tyrosine amino acid
congtitutestheresiduesY 181 and Y 188. Thephenolic
(-OH) group of the side chain of thisamino acid has
been evaluated to acts as hydrogen donor and thus
formed H-bond with N-atom of site-6 and or with Site-
3. Thebond properties of the H-bonds formed have
been evaluated and are presented into TABLES 6 and
7. A reference to these tables indicate the H-bond
formed between N-atom at Site-6 and H-atom of Y 188
resi due have comparatively short bond length and | esser
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bond strain (most favourable H-bond) than H-bond
formed between N-atom at site-3. Another most
favourable H-bondisformed between H-atom of hy-
drogen donor (-NH-) at site-1 and O-atom of the phe-
nolic (-OH) group of theside chain of tyrosineamino
acidat'Y 181. Thebond propertiesof thebond aseva u-
ated are presented into TABLE 8.

The hydrophobic pocket in HIV-1-RT isformed
by the hydrophobicresidues(Y 181, Y 184, Y 187 and
Y 188) of the'Y 181-Y 188 region. Thehydrophobic na-
tureof theNNRTIs pocket providesre atively few pos-
ghilitiesfor polar interaction and hydrogen bonding. The
remaining residuesof theY 181-Y 188 region areAsn-
Y 182, Tyr-Y 183, Glu-Y 185 and Glu-Y 186, and con-
gitutethedNTPsubstrate-binding Site. All theseamino
acidsresiduesof Y 181-Y 188 region held together with
the help of peptide bonds (-CONH-). The carbonyl
group of amino acids of dNTP substrate binding may
involveinthepolar interactionwith the polar groupson
the compounds (ligands). The polar representati ons of
the carbonyl group indicate that the carbon atom will
be somewhat positive and the oxygen atom somewhat
negative. Thissuggeststwo possiblemodesof reaction
for acarbonyl group. The e ectron deficient (electro-
philic) carbon atom can react with nucleophile, and the
el ectron rich (nucleophilic) oxygen atom canreact with
electrophiles. Wenormaly classify thereactionsasnu-
cleophilic addition because bond formationto the car-
bonyl carbon atom by an electron rich reagent isthe
most significant changethat occurs. It iswell estab-
lished that the stability of the compound formed be-
tween nucleophile and e ectrophile depends upon the
value of difference between softnessval ues of E‘m of
nucl eophile, and softnessva uesof E'n of el ectrophile,
AE"nm represent the difference. The higher is the
AE'nm (AE'nm = |E"'n—E’m|) greater isthe stability of
the compound*™2Y,

AE"nmvd ues, when the compoundstreated as nu-
cleophile and receptor amino acids (Asn-Y 182, Tyr-
Y 183, and Glu-Y 186) asel ectrophile, have shownthat
interaction occur between the compound (O/S-atom
at site-2) andAsn'Y 182 amino acid (C-atom of carbo-
nyl group of -CONH-), astheinteraction have higher
vaueof ?? AE* nm thaninteraction between Tyr-Y 183
and Glu-Y 185; 186, TABLE 9. Whileintheother case,
the compounds (C-atom of site-2) treated as

= Fyl) Paper

€l ectrophiles and receptor amino acids (O-atom of car-
bonyl group of -CONH-) asnhucleophiles, interaction
occurs between the compound (C-atom at site-2) and
Asn’Y 182 amino acid (O-atom of carbonyl group of (-
CONH-), astheinteraction have higer valueof AE"nm
than interaction between Tyr-Y 183 and Glu-Y 186;
186, TABLE 10. A reference to TABLES 9 and 10
indicatesthat later case has higher values of AE'nm
than former and thusthe compoundsformed between
Asn-Y 182 amino acid and Tetrahydroi midazodiaze
pinone havehigher stability.

The study have shown that hydrophobic interac-
tionispredominant and made mgjor contribution, while
hydrogen bonding and polar interactionshel pin proper
orientation of the compound (or itsfunctiona groups)
to makemaximam interaction. Theoverdl strengthsof
these bonds determine the degree of affinity between
the drug and the receptor.
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