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ABSTRACT

Anti-HIV drug discovery has been increasingly focusing on HIV-pro-
tease as a potential therapeutic target. QSAR study of three sets of pep-
tidic HIV-protease inhibitors has been studied. The descriptor that have
been used arelog P for the measurement of pharmacokinetics, topological
indices(chiOv and chilv and KierA1) for themolecular structure quantiza-
tion, and steric parameters (MR and MW) for the measurement of elec-
tronic effect and dipole-dipole interaction at the active site. The values of
descriptors that have been used for QSAR models have been evaluated
by CAChe software using the by PM 3 method. The relationship between
various descriptors and inhibitory activity has been presented. The com-
bination of descriptors that provide best QSAR model and have correla-
tion coefficient value above 0.80 is log P, chilv, KierAl and MR. The
compounds having higher inhibitory activity have been identified on the
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basis of pharmacokinetics.

INTRODUCTION

Anti-HIV drug discovery hasbeenincreasingly fo-
cusing on HIV-protease asapotentia therapeutic tar-
get™3. SinceHIV-proteaseisan aspartic protease and
itssubstrate is peptidein nature, anumber of peptide
derived compounds have been identified asHIV-pro-
teaseinhibitors4. These peptidic HIV-proteaseinhibi-
torsbind to the substrate binding site pocket of theen-
zymethat has aconsiderable number of hydrophobic
residues®”. Theamino acidsthat make up these pock-
etsareVdine-32, Isoleucine-47, 1soleucine-50 and Iso-
leucine-84 in each monomer of homodimeric polypep-
tides of the HIV-protease. Isoleucineand valine have
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their hydropathy index 4.5 and 4.2 and arethe top hy-
drophobic amino acidsrespectively. According to HUff(,
theinhibitor-enzymebindingisdominated by hydropho-
bic interaction. Hencetheinhibitors must have higher
hydrophaobicity™® for strong and effective hydrophobic
interactionwith hydrophobic amino acidsof thebinding
pocket. Although, the activity of inhibitorsincreasesas
their hydrophobicity (log P) increasesbut log P above
5.0 show poor pharmacokinetics™?, includinglow ordl
bioavailability and rapid excretion. Since, the pharma-
cokineticsof adrugisasimportant toitsefficacy asis
its pharmacodynamics, both must be optimizedin pro-
ducing amedicinally useful drug. One of themaost im-
portant empirically based rule™ formulated by Chris-
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topher Lipinski isthat acompound islikely to exhibit
poor absorption or permeation if itsvalue of log Pis
greater than 5.0. Thus, themost effectivedrugsare usu-
ally acompromise; they are neither too hydrophobic
nor too hydrophilic. Recently, QSAR*213 hasgained
importanceinthefield of pharmacological sciences. In
this paper we present QSARstudy of three setsof pep-
tidic HIV-proteaseinhibitorsfromtheliteraturd+3 with
thehelp of following descriptors:
(). LogPforthemeasurement of pharmacokinetics,
(if). Topologica indices(chiOv and chilv andKierAl)
for themolecul ar structure quantization, and
(iii). Steric parameters (MR and MW) for themeasure-
ment of e ectronic effect and dipole-dipoleinter-
actionat theactivesite.

THEORY

If the hydrophobicity of adrug isimportant for its
biologica activity, then changing the substituentsonthe
drug so asto dter itshydrophobicity will affect itsac-
tivity. Of course, thebiologica activitiesof thesedrugs
(peptidic HIV-proteaseinhibitors) depend on their hy-
drophobicities. A measureof thedrug’s hydrophobicity
isitspartition coefficient (P) between twoimmiscible
solvents, octanol and water at equilibrium67;

Concentration of drug in octanol
Log P=log - - @
Concentration of drug in water

Biological activity may beexpressed as1/C, where
Cisthedrug concentration required to achieveaspeci-
fiedleve of biological function and can beexpressed:
Log(V/C) =k, logP +k, 2
herek and k,are constants, where optimum valuesinthisQSAR
can be determined by computerized curve-fitting methods.

For compoundswith alarger rangeof log Pvaues
itisbetter described by quadratic equation:

Log (V/C)=k, (logP)2+k,logP +Kk, (3)

Thetopologica indicesaremolecular connectivity
indicesand shapeindex. Molecular connectivity isa
method of molecular structure quantizationinwhich
weighted counts of substructurefragmentsareincor-
porated into numerica indicessuch assize, branching,
unsaturation, hetero atom content and cyclicity which
areencoded. Substructuresfor molecular skeleton are
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defined by the decomposition of theskdetonintofrag-
ments of atom (zero order, m=0) and one bond paths
(first order, m=1). Thecdculaion of theindicesbegins
with thereduction of the mol ecul e to hydrogen-sup-
pressed skel eton. Themolecular connectivity indices
aresymbolized by "X . Theva enceconnectivity index™
of zero (chiOv =%") and first order (chilv="y") is
given respectively by eqn-4 and egn-5

Ns

w =% ()

i=1

Ns

=) (5)

i=1
where °Ci¥and 'CiV are given by egn-6 and eqn-7

m+1

cr =[] (6)
k=1
m+1

1y =1‘[(8kv)70.5 @
k=1

TheKappashapeindices™ ("K) arealso amethod
of molecular structurequantizationinwhich attributes
of molecular shape are encoded into kappa val ues(*K
for first order, 2Kfor second order, 3K for third order,
K a for kappadfafirst order). Thevauesof thekappa
alpha, order 1(KierAl = *Ka) can be calculated di-
rectly fromthe equation-.

_(A+0)[(A+0)-1

1
Ka
(lPi + 0.)2

(®)

where o isgiven by

a=r(x)/r[C(sp?)]-1 ©)
here r(x) is the covalent radius of atom x and r[C(sp®)] is the
covalent radius of carbon in sp® state.

Molecular refractivity (MR) isused asasteric pa-
rameter'® and measuresthe e ectronic effect dso and
may reflect the dipole-dipoleinteraction at the active
dte,

[(n% =1)/(n? + 2]MW
d

wherenistherefractiveindex for the sodium D line, MW isthe
molecular weight and d is the density of the compound. Mo-
lecular weight (MW) isalso used as steric parameter.

MR = (10)
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TABLE 1: First set of derivativescontaining 15 compounds TABLE 3: Third set of derivativescontaining 11 compounds

and their biological activity in termsof inhibitory activity and their biological activity in termsof inhibitory activity
Comp. Substituents Inhibitory : Inhibitory
no. R X Y Z activity(A) Comp. no. Substituents (X) activity(A)
1 Chz H CHMe Me 5.82 31 PhCHNH- 6.94
2 Qua H CHMe, n-Bu 6.90 32 HO-CsHe-NH- 7.47
3 Cbz H CHMe, n-Pr 6.29 33 Ph CH,-CH(CH;OH)NH- 6.16
: 35  MeOOC-CgHg-NH- 7.18
5 Cbz H CHM i-Pr 6.59 9’8
. o © 36 HO-CoH-(Me)NH- 6.67
z H CHMeg t-Bu 7.46 37 HO-CeHy-NH- 6.91
7 Qua H CHMe t-Bu 8.22 38 HO-CHgO-NH- 7'39
9 Qua H CH,CHMe, t-Bu 8.52 40 CeHll-CH(Me)NH' 6.84
10 Cbhz H CgHy t-Bu 754 a1 Ph-CH(CH,OH)NH- 7.41
11 Qua H GCHn t-Bu 8.30 TABLE 4.1 : Relationship between log P and activity of
12 Chz H CgHs t-Bu 7.72 Compoundsof first sat
1‘31 832 : EGPH; ESE ggg Comp. Substituents Inhibitory Log
' no. R X Y Z activity(A) P
15 Qua H 4-Py t-Bu 7.72 SUbOTOUD-A
Cbz= Carbobenzyloxy, Qua=Quinalinyl-2-Car boxamide gl P Cbz H CHM Me 5.82 1.55¢
TABLE 2: Second st of derivativescontaining 15 compounds 2 Cbz H CHMeZ Et 6.48 1‘901
and their biological activity in termsof inhibitory activity 5 Cbz H CHMgZZ i-Pr 6.59 2'314
Comp. Substituents lnhibitC()rAxg 12 Chz H CgHs t-Bu 772 2.90¢
no. R4 R2 R3 activity CH,CH ~
16 CH,Ph H H 9.60 9 Qua H Me, t-Bu 852  3.077
17 CH,Ph Me H 811 Subgroup-B
18 CH,CH.Ph H OH 9.72 14 Cbz H 4Py t-Bu 6.98  1.64:
19 CH»4-CFsPh H H 9.59 6 Cbz H CHMe, t-Bu 7.46 2.392
20 (E)CHCH=CHPh  H H 9.64 8 Cbz H ﬁ'je'zzc"' tBu  7.89  271€
21 CH,CgFs H H 9.22
22 CHy-4-CHsPh H H 954 SUbll CQua H CgHiy t-Bu 8.30 3.35¢
e group-
gj gﬂz_j_mgzgﬂ ﬂ ﬂ g'gi 3 Cbz H CHMe, n-Pr 629 236¢
%5 OH.-4-OHPh H H 9.80 2 Qua H CHMe, nBu 690 292
6 CHZCH_CH H H . 10 Cbz H CHy  t-Bu 754 372
22 : * Qua H CHMe2 t-Bu 822  2.54¢
27 CHp-4-IPh H H 9.14 15 Qua H 4Py tBu  7.72  1.664
28 CH,C(O)Pn H H 8.27 13  Qua H C6H5 tBu 852 207
29 CH,SPh H H 9.60 Cbz = Carbobenzyloxy, Qua=Quinolinyl-2-Car boxamide
30 CH,-4-CMesPh H H 9.77

0] 0]

T

| |
H OH*H

X Y

NH,

Figure 2: Skeleton structure of parent compound of

Figure1: Skeleton structur e of parent compound of first second st

set

RESULT AND DISCUSSION (Figures 1-3) aredifferent, the peptidic HIV-protease
inhibitorshavebeen dividedinthree sets, whichaong
Sincethe skeleton structures of parent compound  withtheir biological activity arepresentedin TABLES
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Figure3: Skeleton structur eof parent compound of third
set

TABLE 4.2: Relationship between chiOv and activity of com-
poundsof first set

o]

\lllll-

Comp. Substituents Inhibitory chiov
no. R X Y Z activity(A)
Subgroup -A
1 Cbz H CHMe, Me 582 22631
4 Cbz H CHMe, Et 6.48  23.339
5 Cbz H CHMe, i-Pr 6.59  24.209
14 Cbz H 4-Py t-Bu 6.98  25.811
8 Cbz H CH,CHMe, t-Bu 789  25.839
7 Qua H CHMe, t-Bu 822  26.449
9 Qua H CH,CHMe, t-Bu 852  26.667
13 Qua H CgHs t-Bu 852  27.258
Subgroup -B
3 Cbz H CHMe, n-Pr 6.29  24.046
6 Cbz H CHMe, t-Bu 746 25131
10 Cbz H CgHy t-Bu 754  27.156
15 Qua H 4-Py t-Bu 772  28.018
11  Qua H CgHy t-Bu 830 28277
2* Qua H CHMe n-Bu 6.90 26.07
12* Chz H CgHs t-Bu 772  27.013

Chbz= Carbobenzyloxy, Qua=Quinolinyl-2-Carboxamide, chiOv
= valence connectivity index of zero order

TABLE 4.3: Relationship between chilv and activity of com-
poundsof first set

Comp. Substituents Inhibitory chilv
no. R X Y Z activity(A)

Subgroup-A
1 Cbz H CHMe, Me 582 18583
4 Cbz H CHMe, Et 6.48  19.083
5 Cbz H CHMe, i-Pr 6.59 19.438
6 Cbz H CHMe, t-Bu 746 19.729
8 Cbz H CH,CHMe, tBu 7.89 20.229
7 Qua H CHMe, t-Bu 822 21212
9 Qua H CH,CHMe, tBu 852 21.391
13 Qua H CgHs t-Bu 852 23.036

Subgroup-B
3 Cbz H CHMe, nPr 629 19583
14 Cbz H 4-Py t-Bu 698 21.391
10 Cbz H CgHypy t-Bu 754 21802
11 Qua H CgHyy t-Bu 830 22874
2*  Qua H CHMe, nBu 690 21.566
12*  Cbz H CgHs t-Bu 7.72 21415
15 Qua H 4-Py t-Bu 7.72 23514

Cbz= Carbobenzyloxy, Qua=Quinolinyl-2-Carboxamide, chilv
= valence connectivity index of first order
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TABLE 4.4 : Relationship between Kier Aland activity of
compoundsof first set

Comp. Substituents Inhibitory .
no. R X Y Z activity(A) KierAl
Subgroup-A
1 Cbz H CHMe, Me 582 32.054
4 Cbz H CHMe, Et 6.48  33.049
5 Cbz H CHMe, i-Pr 659  34.043
6 Cbz H CHMe, t-Bu 7.46  35.038
10 Cbz H CgHyy t-Bu 754  35.268
8 Cbz H CH,CHMe, t-Bu 7.89 36.033
9 Qua H CH,CHMe, t-Bu 8.52 36.31
Subgroup-B
12 Cbz H CgHs t-Bu  7.72  32.038
15 Qua H 4-Py t-Bu 7.72 32.21
7 Qua H CHMe2 t-Bu 822 35726
11 Qua H CgHyy t-Bu 830 37.075
13*  Qua H CgHs t-Bu 852 32599
3* Cbz H CHMe, n-Pr 6.29  34.043
14*  Cbz H 4-Py t-Bu 698  35.469
2* Qua H CHMe, nBu 690 35.726

Cbz= Carbobenzyloxy, Qua=Quinolinyl-2-Carboxamide, KierAl
= kappa alfa first order
TABLE 4.5 : Relationship between MR and activity of
compoundsof first set

Comp. Substituents

Inhibitory

no. R X Y Z activity(A) MR
Subgroup-A
1 Cbz H CHMe, Me 582 142.697
4 Cbz H CHMe, Et 6.48 147.445
5 Cbz H CHMe, i-Pr 659 151.864
6 Cbz H CHMe, t-Bu  7.46 156.501
10 Cbz H CHy t-Bu 754 167.485
15 Qua H 4Py t-Bu  7.72 170.662
11  Qua H CgHy t-Bu  8.30 171.945
13  Qua H CgHs t-Bu 852 180.764
Subgroup-B
3 Cbz H CHMe, n-Pr  6.29 151.97
8 Cbz H CH,CHMe, t-Bu 7.89 161.179
7 Qua H CHMe, t-Bu 822 165.873
9 Qua H CH,CHMe, t-Bu 8.52 168.502
12 Chz H CgHs t-Bu  7.72 147.974
14* Chz H 4-Py t-Bu  6.98 165.213
2* Qua H CHMe, Er;u 6.90 165.943

Chz= Carbobenzyloxy, Qua=Quinolinyl-2-Carboxamide, MR =
molar refractivity

1-3. Thereectivity indices, Log P, chiOv, chilv, KierAl,
MR and MW of the corresponding derivativesare pre-
sented in TABLES 4.1-4.6 for first set; in TABLES
5.1-5.6for second set andin TABLES6.1-6.6 for third
set. Each table hasbeen divided into subgroupsin or-
der to demonstrate better sequential relationship be-
tween thebiologicd activity and thereactivity indices.
The QSAR study of each setispresented below
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TABLE 4.6: Relationship between MW and activity of com-
poundsof first set

TABLE 5.2: Relationship between chiOv and activity of com-
poundsof second set

Comp. Substituents Inhibitory

no. activity(A) MW
R X Y z

Subgroup-A
1 Cbz H CHMe, Me 582 541.646
4 Cbz H CHMe, Et 6.48  555.673
5 Cbz H CHMe, i-Pr  6.59 569.7
6 Cbz H CHMe, t-Bu 746  583.726
8 Cbz H CH,CHMe, t-Bu  7.89  597.753
7 Qua H CHMe; t-Bu 822  620.747
9 Qua H CH,CHMe, t-Bu 852  623.791
13* Qua H C¢Hs t-Bu 852 654.764

Subgroup-B
3 Cbz H CHMe, n-Pr 6.29 569.7
14 Cbz H 4-Py t-Bu 698 618.731
2 Qua H CHMe; n-Bu 6.90 620.747
12 Cbz H CgHs t-Bu 772  623.791
11 Qua H CgHyy t-Bu 830 660.812
10* Cbz H CgHyy t-Bu 754 634.774
15* Qua H 4-Py t-Bu 772  669.779

Chz= Carbobenzyloxy, Qua=Quinolinyl-2-Carboxamide, MW
= molecular weight

TABLE 5.1: Rdationship between L og Pand activity of com-
poundsof second set

Comp. Substituents

Inhibitory

no. R, R2 R3 activity(A) ~°9P
Subgroup-A
26 CH,CH=CH, H H 7.56 4.352
17 CH,Ph Me H 8.11 4.994
23 CH,-4-NH,Ph H H 9.51 4.605
22 CH,-4-CHsPh H H 9.54 5.855
19 CH»-4-CF3sPh H H 9.59 6.271
20 (E)CH,CH=CHPh H H 9.64 6.317
30 CH,-4-CMesPh H H 9.77 7.015
16* CH,Ph H H 9.60 5.388
Subgroup-B
25 CH,-4-OHPh H H 9.80 5.104
29 CH,SPh H H 9.60 5.175
24 CH,-4-NO,Ph H H 9.57 5.436
21 CH.CeFs H H 9.22 6.086
27 CH,-4-1Ph H H 9.14 6.646
18* CH,CH,Ph H OH 9.72 5.784
28* CH,C(O)Ph H H 8.27 4.461
First set

Thefirst set consistsof fifteen ureaisosterederiva-
tivesandtheir biologica activity hasbeen measuredin
termsof inhibitory activity!4,

Thevauesof reactivity indices, log P, chiOv; chily;
KherAl; MR and MW, of this set of compounds
aongwithther reportedinhibitory activity areplacedin
TABLES 4.1-4.6 respectively. A close look at the
TABLES indicates that successive addition of

@Wu'c CHEMISTRY —

Comp. Substituents Inhibitory  chiOv
no. R R2 R3 activity(A)
Subgroup -A
26  CH,CH=CH, H H 7.56 21.315
23 CHx-4-NH,Ph H H 9.51 23.917
22 CHy-4-CHgPh H H 9.54 24.340
24 CH»4-NO,Ph H H 9.57 24.604
29 CH,SPh H H 9.60 24.642
20 (E)CH,CH=CHPh H H 9.64 25.279
30 CHy4CMesPh H H 9.77 26.84
Subgroup -B
25 CHy-4-OHPh H H 9.80 23.787
18 CH,CH,Ph H OH 9.72 24.124
28 CH,C(O)Ph H H 8.27 24.326
17  CH,Ph Me H 8.11 24,522
Subgroup -C
16 CH,Ph H H 9.60 23.417
19 CH,-4-CF3Ph H H 9.59 24.974
27  CHx-4-1Ph H H 9.14 25.875
21*  CH,C¢Fs H H 9.22 24.920

chiOv = valence connectivity index of zero order

TABL E 5.3: Relationship between chilv and activity of com-
poundsof second set

Comp. Substituents Inhibitory chilv
no. R, R2 R3 activity(A)
Subgroup -A
26 CH,CH=CH, H H 7.56 17.069
17 CH,Ph Me H 8.11 19.432
27 CHy-4-1Ph H H 9.14 19.480
23 CHy-4-NH,Ph H H 9.51 19.480
22 CHy-4-CHzPh H H 9.54 19.480
24  CH,-4-NOyPh H H 9.57 20.518
19 CHy-4-CFsPh H H 9.59 20.692
30* CHx-4-CMesPh H H 9.77 20.692
Subgroup -B
25 CH,-4-OHPh H H 9.80 19.480
18 CH,CH,Ph H OH 9.72 19.586
29 CH,SPh H H 9.60 19.586
28 CH,C(O)Ph H H 8.27 19.997
20* (E)CH,CH=CHPh H H 9.64 20.586
21*  CH,CgFs H H 9.22 21.157
16* CH2Ph H H 9.60 19.086
chilv = valence connectivity index of first order
e h i =
R A e P e i
e

b e

L T L L U T )

'IdlEIﬂI3I1-1I5I£I‘1I3-I2I'ZIIT'I'5-'I‘3‘
Figure4: Graphicrepresentation of relationship between
L og Pand Activity of compoundsof first set

subsititutents Me, Et, i-Pr, t-Bu, 4-Py, CHMe2,
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TABLE 5.4: Relationship between Kier Aland activity of com-
poundsof second set

—== Pyl Paper

TABLE 5.6: Relationship between MW and activity of com-
poundsof second set

Comp. Substituents Inhibitory KierAl Comp. Substituents Inhibitory MW

no. R R2 R3 activity(A) no. R, R2 R3 activity(A)

Subgroup-A Subgroup-A
26 CH,CH=CH, H H 7.56 27.900 26 CH,CH=CH, H H 756  494.63(
23 CHy-4-NHyPh H H 9.51 30.712 17 CH,Ph Me H 8.11 558.71¢
22 CH,-4-CHsPh H H 9.54 30.752 22 CH,-4-CHsPh H H 9.54  558.71¢
24 CH,-4-NO,Ph H H 9.57 32.278 18 CH,CHsPh H OH 9.72  558.71¢
19 CH,-4-CF3Ph H H 9.59 33.482 25 CH,-4-OHPh H H 9.80 560.68¢
30 CH,-4-CMesPh H H 9.77 33.688  Subgroup-B

Subgroup-B 27 CHy-4-1Ph H H 9.14 670.58t
17 CH,Ph Me H 8.11 30.918 21 CH,C¢Fs H H 922 634.64:
28 CH,C(O)Ph H H 8.27 31.407 19 CH,-4-CFsPh H H 959 612.68¢
27 CHy-4-1Ph H H 9.14 31.465 30 CHx4-CMesPh H H 9.77  600.79i
21  CH.,C4Fs H H 9.22 34.326  Subgroup-C

Subgroup-C 28 CH,C(O)Ph H H 8.27 572.7((
16 CH,Ph H H 9.60 29.775 29 CH,SPh H H 9.60 576.74¢
29  CH,SPh H H 9.60 31.094 20 (E)CH,CH=CHPh H H 9.64 584.75¢
20 (E)CH,CH=CHPh H H 9.64 32.454 23* CHx-4-NH,Ph H H 951  559.70¢
18* CH,CH,Ph H OH 9.72 30.752 24* CH-4-NO,Ph H H 9.57 589.68i
25*  CHy-4-OHPh H H 9.80 30.712 16* CH,Ph H H 9.60 544.68¢

KierAl =kappa alfafirst order
TABLE 5.5: Relationship between MR and activity of

compoundsof second set

Comp. Substituents Inhibitory MR
no. R, R2 R3 activity(A)
Subgroup -A
21 CH,CgFs H H 9.22 155.954
23 CHy-4-NH,Ph H H 9.51 159.573
22 CHy-4-CHsPh H H 9.54 159.914
24  CHx4-NO,Ph H H 9.57 161.796
29 CH,SPh H H 9.60 162.654
20 (E)CH,CH=CHPh H H 9.64 169.792
Subgroup -B
26 CH,CH=CH, H H 7.56 139.423
17 CH,Ph Me H 8.11 160.050
28 CH,C(O)Ph H H 8.27 160.260
27  CHy4-1Ph H H 9.14 167.281
Subgroup -C
16 CH,Ph H H 9.60 154.872
18 CH,CH,Ph H OH 9.72 159.473
30 CH,-4-CMesPh H H 9.77 173.538
25*  CH,-4-OHPh H H 9.80 156.567
19* CH,-4-CF;:Ph H H 9.59 160.846
MR = molar refractivity
= —m—i
i —— - ___._.—I-H s . ] e |
20 = -— 2 —
18 —— i hilv —

10
el
=III._.,_4,__,._.‘.,_.-...--—--'_‘'_'""_"“ﬂ---.,',_.---i—

o

T 3 TR T
Figure5: Graphicrepresentation of relationship between
chiOv and Activity of compoundsof first set

'Iﬂlgl'dlg.lflcl'}.'le

MW = molecular weight

CH2CHMe2, carbobenzyloxy and quinolinyl-2-
carboxamideincreasesthehydrophobicity and dsothe
inhibitory activity. Therdaionshipiswe | demonsirated
by graph (Figures 4-6) drawn between theinhibitory
activity and reactivity indices. Although thereisadirect
relationship but thereisno sequential riseor fal. Inor-
der to provide sequentia relationship wehavedivided
theTABLESA4.1-4.6into subgroups: TABLE 4.1 into
three subgroups-A, B, and C; whileTABLES 4.2-4.6
into two subgroups-A and B. Thecompoundsin each
subgroup show thesequentid relationship very clearly.
Compoundswhich do not follow the sequential trend
areindicated by *.

Second set

Second set of isostere derivativesal so containsfif-
teen compounds and their biological activity isalso
shownintermof inhibitory activity*®,

i 4 E -] & 7 -] 12 3 14 10 11 2 12 g
Figure6: Graphicrepresentation of relationship between
chilv and Activity of compoundsof first set
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TABLE 6.1: Relationship between log Pand activity of com-
poundsof third set

TABLE 6.4: Relationship between Kier Aland activity of com-
poundsof third set

Inhibitory Log

Comp. Inhibitory KierAl

Comp. no. Substituents(X) activity(A) P no. Substituents (X) activity(A)

Subgroup-A Subgroup-A
33 Ph CH,-CH(CH3;OH)NH- 6.16 3.489 33 Ph CH,-CH(CH3;OH)NH- 6.16 26.829
36 HO-CgH;(Me)NH- 6.67 3.367 36 HO-CgH/(Me)NH- 6.67 26.189
34 HOOC-CH(i-pr)NH- 6.79 2.784 34  HOOC-CH(i-pr)NH- 6.79 26.066
37 HO-CeH1o-NH- 6.91 2.649 40  CgHy-CH(Me)NH- 6.84 25.659

Subgroup-B 39  CgHg-NH- 6.89 24.266
40 CeH11-CH(Me)NH- 6.84 4.145 31  PhCH,NH- 6.94 23.895
39 CyHg-NH- 6.89 3.913 Subgroup-B
38 HO-CgHgO-NH- 7.39 3.732 37  HO-CgHyo-NH- 6.91 24.628
41 Ph-CH(CH,OH)NH- 7.41 3.359 38  HO-CygHgO-NH- 7.39 24.667
35* MeOOC-CyHg-NH- 7.18 4.080 41  Ph-CH(CH,OH)NH- 7.41 26.611
31* Ph CH,NH- 6.94 3.609 35*  MeOOC-CgHg-NH- 7.18 26.887
32* HO-CsHe-NH- 7.47 4.058 32*  HO-CsHg-NH- 7.47 24.266

TABLE 6.2: Relationship between chiOv and Activity of com-
poundsof third set

COmP- - substituents (X) ;”J:{/E’;;‘Z% chiov
Subgroup-A

33  Ph CHx-CH(CH3OH)NH- 6.16 19.66

34  HOOC-CH(i-pr)NH- 6.79 18.345

37  HO-CgHio-NH- 6.91 18.265

31  PhCHyNH- 6.94 17.929
Subgroup-B

36 HO-CoH,(Me)NH- 6.67 20.376

40  CgHy-CH(Me)NH- 6.84 19.525

39  CoHg-NH- 6.89 19.136

38  HO-CgHgO-NH- 7.39 18.655

32 HO-CgHe-NH- 147 19.136

35*  MeOOC-CgHg-NH- 7.18 20.914

41*  Ph-CH(CH,OH)NH- 741 19.679

chiOv = valence connectivity index of zero order

TABLE 6.3: Relationship between chilv and activity of com-
poundsof third set

Comp. Inhibitory

no. Substituents (X) activity(A) chilv
Subgroup -A

34  HOOC-CH(i-pr)NH- 6.79 13.886

40 CgHy-CH(Me)NH- 6.84 14.637

39 CgHg-NH- 6.89 15.192

32 HO-CsHg-NH- 7.47 15.209
Subgroup -B

37 HO-CgHio-NH- 6.91 14.137

31 PhCH,NH- 6.94 14.226

41  Ph-CH(CH,OH)NH- 7.41 15.175
Subgroup -C

33  Ph CH,-CH(CH3OH)NH- 6.16 15.658

36 HO-CgH/(Me)NH- 6.67 15.976

35 MeOOC-CgHg-NH- 7.18 16.531

38* HO-CyHgO-NH- 7.39 14.226

chilv = valence connectivity index of first order

Thebiologicd activity and thereactivity indices, log
@Wu'c CHEMISTRY —

KierAl =kappa alfafirst order
TABLE 6.5: Relationship between M R and activity of com-
poundsof third set

Comp. . Inhibitory
no. Substituents (X) activity(A) MR
Subgroup-A
37  HO-C¢Hio-NH- 6.91 114.655
31  PhCH,NH- 6.94 116.893
38  HO-CyHgO-NH- 7.39 118.025
41  Ph-CH(CH,OH)NH- 7.41 123.988
32  HO-CsHg-NH- 7.47 124.473
Subgroup-B
34  HOOC-CH(i-pr)NH- 6.79 111.854
40  CgHy-CH(Me)NH- 6.84 122.443
39  CgHo-NH- 6.89 124.627
35 MeOOC-CgHg-NH- 7.18 134.111
33*  Ph CH,-CH(CH;OH)NH- 6.16 127.61
36* HO-CgH/(Me)NH- 6.67 130.473

MR =molar refractivity
TABLE 6.6: Relationship between MW and activity of com-
poundsof third set

Comp. . Inhibitory
no. Substituents (X) activity(A) MV
Subgroup-A
34  HOOC-CH(i-pr)NH- 6.79 422.52
40  CgHy-CH(Me)NH- 6.84 432.602
39  CgHg-NH- 6.89 438.566
32  HO-CsHg-NH- 7.47 438.566
Subgroup-B
Ph CH,-
33 CH(CH;OH)NH- 6.16 456.581
36 HO-CyH,(Me)NH- 6.67 468.592
35 MeOOC-CgHg-NH- 7.18 480.603
Subgroup-C
31  PhCH,NH- 6.94 412.528
38  HO-CyHgO-NH- 7.39 418.575
41  Ph-CH(CH,OH)NH- 7.41 448.601
37*  HO-CgHip-NH- 6.91 420.548

MW = molecular weight
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P; chiOv; chilv; kierA1l; MR and MW, of thesederiva:
tivesaregiveninTABLES5.1-5.6. A closelook at the
TABLE 5.1 indicates that successive addition of
substitutents, -CH,CH=CH,; -CH_Ph; -CH_-4-
NH_Ph; -CH,-4-CH Ph; -CH,-4-CF_Ph; -CH,CH
=CHPN(E) and -CH,-4-CMe,Phincrease hydropho-
bicity and al so theinhibitory activity. But successive
addition of substitutents, -CH_-4-OHPh; -CH_SPh; -
CH,-4-NO,Ph; -CH,CF, and -CH_-4-IPh increase
hydrophobicity but decreasethe activity. It alsoindi-
catesthat thereisadirect relationshi p between reactiv-
ity indices, KierA1, MR and MW, and inhibitory activ-
ity of thisset of compounds. We havedivided thecom-
pounds of TABLE 5.1 into two subgroups-A and B;
and TABLES5.2-5.6 into three subgroups-A, B and
C. All thesubgroupsof TABLESS5.1,5.2,5.4and 5.5
show direct relationshipsvery clearly, except subgroup-
B of TABLES5.1-5.3 and subgroup-C of TABLE5.2.
Compoundswhich do not follow the sequential trend
areindicated by*.

Third set

Third set contain el even derivativesand their bio-
logicd activity isdsoshownintermof inhibitory activ-
ityl®l,

Theinhibitory activity dongwith reactivity indices,
log P; chiOv; chilv; KierAl, MRand MW, aregivenin
TABLES6.1-6.6. Examination of TABLES6.1 show
that successive addition of substitutents, Ph CH.-
CH(CH,OH)NH-; HO-CH_(Me)NH-; HOOC-
CH(i-pr)NH-; and HO-CH, -NH- in subgroup-A
while CH ,-CH(Me)NH-; CH,-NH-; HO-C H,0O-
NH- and Ph-CH(CH,OH)NH- in subgroup-B de-
creasehydrophobicity but increasetheactivity. TABLE
6.2 showsinversereationship. TABLES6.3-6.6 show
that biologica activity hasdirect rd ationshipswithchily;
KierAl, MRand MW. Theinverseand direct relation-
ship can be better represented by dividingthe TABLES
6.1, 6.2, 6.4 and 6.5 into two sub groups: A and B,
whiletheremaining TABLES 6.3 and 6.6 into three
subgroups. A, B and C. Compoundswhich do not fol-
low the sequentia trend areindicated by*.

QSAR moddls

Multi linear regression analysisusing thedescrip-
tors, Log P, chiOv, chilv, KielPA1MR and MW, in dif-

= Pyl Paper

TABLE 7: Predicted activity from PA1-PA7 asobtained from
regression equations, RE1-RE7

Comp Inhik_)itory

" activity PA1 PA2 PA3 PA4 PA5 PA6 PAY
no. (A)
1 582 6.505 6.955 7.061 6.993 6.377 6.344 6.364
2 69 7352 7.961 8.04 8.002 7.774 7.746 7.77
3 6.29 7.009 7.29 7.324 7.277 7.028 6.993 6.99
4 6.48 6.718 7.135 7.204 7.145 6.676 6.64 6.647
5 6.59 6.974 7.314 7.289 7.267 6.995 6.97 6.939
6 7.46  7.023 7.533 7.387 7.409 7.159 7.143 7.053
7 822 7.2 8.041 7.975 7.996 7.586 7.577 7.526
8 7.89  7.224 7.705 7.523 7.554 7.445 7.428 7.325
9 852  7.447 8.157 8.073 8.087 7.917 7.899 7.844
10 754 7.847 8.17 8.136 8.215 8.268 8.307 8.306
11 83  7.623 7.999 7.999 8.101 8.141 8.191 8.21
12 7.72  7.343 6.831 6.93 7.227 7.257 7.469 7.591
13 852  6.823 9.895 10.08 10.056 8.23 8.205 8.224
14 6.98 6.558 7.98 8.065 8.004 7.128 7.083 7.08
15 7.72  6.571 8.755 9.032 9.159 7.611 7.711 7.829
16 9.6  8.881 8.657 8.699 8.688 8.98 8.964 8.993
17 811 8.636 8.839 8.79 8.843 8922 8.915 8.867
18 9.72  9.127 8.824 8.831 8.831 9.301 9.284 9.302
19 959 9.429 8.107 821 8.108 9.381 9.384 9.482
20 9.64 9.457 9.335 9.306 9.29 9.881 9.842 9.839
21 922 9.314 7.273 7.529 7.371 9.004 9.034 9.23
22 954 9.171 8.899 8.843 8.872 9.355 9.349 9.338
23 951 8395 8.87 8.882 8.846 8.724 8.686 8.676
24 957 80911 8515 8641 857 9.106 9.084 9.162
25 9.8  8.705 8.541 8.597 8562 8.839 8.82 8.854
26 756 8238 7.874 7.89 7.868 7.945 7.927 7.932
27 9.14 9.661 9.55 9.189 9.025 9.986 10.039 9.89
28 8.27 8.306 8.666 8.729 8.697 8.627 8.6 8.622
29 9.6  8.749 9.098 8.995 8.985 9.108 9.092 9.039
30 9.77  9.89 9.451 9.161 9.283 10.294 10.31 10.207
31 6.94 7.778 6.985 7.053 7.018 6.914 6.897 6.922
32 7.47 8.056 7.489 7.549 7.551 7.434 7.435 7.462
33 6.16  7.703 7.165 7.195 7.151 7.09 7.063 7.067
34 6.79  7.266 6.047 5.978 5.976 6.116 6.127 6.099
35 7.18 8.069 7.647 7.648 7.668 7.657 7.664 7.667
36 6.67  7.628 7.538 7.523 7.539 7.201 7.205 7.185
37 691 7.182 6.603 6.606 6.601 6.282 6.285 6.275
38 7.39 7.854 6.941 6.878 6.913 6.964 6.972 6.945
39 6.890 7.966 7.51 7.565 7.566 7.369 7.367 7.388
40 6.84 811 7.107 6.963 7.035 7.283 7.302 7.244
41 741  7.623 6.936 6.876 6.892 6.886 6.887 6.856

ferent combinations have been tried but only thefol-
lowing equations have provided better results, which
can be used as QSAR models. The cross validation
coefficient and correl ation coefficient of thesemodels
arepresentedin TABLE 8. The QSAR modelshave
been dividedinthree sets:

Thefirst set (REL) hasbeen devel oped using only
log P. Thecorrdation vaue of themodd isbe ow 0.60.
RE1=0.620278 LogP+5.53898
rCV"2=0566415r"2=0.59635

The second set (RE2-RE4) has been devel oped
using thedescriptors. chilv, Ki|)A1MRand MW. The

ey, Onganic CHEMISTRY
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TABLE 8: Thevaluesof crossvalidation coefficient and cor-
relation coefficient with combination of descriptors

Regression

equation rcv”2 r'2 Descriptor (s) used
RE1 0.566415 0.59635 Log P
RE2 0.48182 0.555834 chilv, KierAl, MR
RE3 0.424793 0.543502 chiOv, KierAl, MR
RE4 0.500887 0.538817 KierAl, MW, MR
RES5 0.77206 0.802924 Log P, KierAl, MW, MR
REG6 0.770993 0.804 LogP, chiOv, KierAl, MR
RE7 0.760549 0.80768 Log P, chilv, KierAl, MR

correation values of thesemodd sarea so bel ow 0.60,

hence can not considered ashigh classmodels.
RE2=-0.24875 chilv-0.216955 KierA1+0.109446 MR +2.91411
rCV"2=0.48182r"2=0.555834

RE3=-0.152724 chiOv -0.230804 KierA1+0.101157 MR+3.48108
rCV"2=0.424793r"2=0.543502

RE4=-0.248168 KierA1-0.00320675 MW +0.0935459MR
+3.33581

rCV"2=0.500887r"2=0.538817

Thethird set (RE5-RE7) has been devel oped by
@Wu'c CHEMISTRY co—

using thecombination of four reactivity indiceseg., log
P: chiOv; chilv; KherAl; MR and MW. Thecorre a
tion values of these model sare above 0.80 hence can
be considered ashigh classmodels.

RE5=0.495205 L og P-0.0758793 KierA1-0.000262398MW
+0.0438808 MR +1.91849

rCV~2=0.77206r"2=0.802924

RE6=0.50345 L og P+0.0576518 chiOv-0.0895402
KierA1+0.0363927 MR +1.93135

rCV~2=0.770993r2=0.804

RE7=0.524553 Log P+0.130978 chi1v-0.0945474
KierA1+0.0278393 MR +2.17043

rCV"2=0.760549r"2=0.80768

The predicted inhibitory activity of variousderiva
tivesasobtained from regression equationsRE1-7 are
presented inTABLE 7. A referenceto these TABLES
clearly indicatesthat predicted activitiesare closeto
observed activity. In order to adjudgetheir quality the
values of crossvalidation coefficient and correlation
coefficient, are collectively presented in TABLE 8

Au Tudian Yournal



OCAIJ, 4(4) June 2008

PPSingh et al.

293

alongwith combination of descriptors. The values of
correlaion coefficientsof QSAR modd sRE5, RE6and
RE7 are above 0.80, hence are considered as best
model shaving reliable predictive power. Thecombina:
tionsof descriptorsof thesemodelsarea so shownin
the TABLE 8. Graphs (Figures 7-9) between predicted
activity and observed activity have been drawn for
QSAR modelsRES-REY to demonstratethequality of
prediction.

EXPERIMENTAL

The study materials of thispaper are proteasein-
hibitorsand are presented inTABLES 1-3. TABLE 1
includesderivativesof ureaisosteres'® and TABLE 2,
3includesderivatives of other isosteres?”. Thebio-
logical activity of thesederivatives hasbeen measured
interm of inhibitory activity. For QSAR prediction, the
3D modeling and geometry optimization of al thede-
rivativesof proteaseinhibitors have been donewith the
help of PCMODEL software using the semiemipical
PM 3 Hamiltonian?, TheMOPAC caculationshave
been performed with Win MOPAC 7.21 software by
applying key words: PM3, Charge=0, Gnorm=0.1,
Bonds, Geo-OK, Vectors Density, and all the values
required for the determination of thevaueof log P, va
lence connectivity index order O, val ence connectivity
index order 1, shapeindex order 1, molar refractivity
and mol ecular weight have been obtained from thissoft-
ware by solving theequationsgiven intheory and result
arereportedin TABLES4.1-6.6.

CONCLUSION

1. Out of thesix descriptorsthat haveused for study-
ing therelationship withinhibitory activity of HIV-
proteaseinhibitors, thelog Pisthe best. In other
wordsthe hydrophobicity providesbetter relation-
ship as compared with topological or stericindi-
Ces.

2. LogPasoistheessential descriptor of al combi-
nations providing good QSAR modd.

3. Thebest QSAR model (RE7) isprovided by the
combination of four descriptors, whicharelog P,
chilv, KherAland MR. Thecorrelation coefficient
valuesof thismodd is0.80768.

= Pyl Paper

4. Addition of substituent which increasesthe hydro-
phobicity alsoincreasestheinhibitory activity. Such
substituentsareMe, Et, i-Pr, t-Bu, 4-Py, CHMe,
and CH,CHMe,. While substituents which de-
creasethe hydrophobicity but increasetheinhibi-
tory activity are PhCH,-CH(CH,OH)NH-, HO-
C,H,(Me)NH-, HOOC-CH(i-pr)NH- and HO-
CH. -NH-.
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