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ABSTRACT

Cyclic ureais known protease inhibitor and has been used for treatment of
HIV. Thirty eight derivatives of cyclic urea whose activity is reported in
terms of K, have been chosen for QSAR study. Seven descriptors, heat of
formation, molecular weight, total energy, HOMO energy, LUMO energy,
absolute hardness and electronegativity in different combinations have
been used for development of QSAR models. Fifty nine models have been
recogni zed to provide good predictive models. Thebest among them are six
which have regression coefficient values above 0.82. The combination of
descriptors providing these models are (i) heat of formation, total energy,
HOMO energy and electronegativity (ii) heat of formation, total energy,
HOMO energy and LUMO energy (iii) heat of formation, total energy, HOMO
energy and absolute hardness (iv) heat of formation, total energy, LUMO
energy and absolute hardness (v) heat of formation, total energy, LUMO
energy and electronegativity (vi) heat of formation, molecular weight, total
energy and HOMO energy. It has been noticed that best three descriptors
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are heat of formation, total energy and molecular weight.
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INTRODUCTION

Anessentid stepinthelifecycleof thehumanim-
munodeficiency virus (HIV)W isthe proteol ytic cleav-
ageof thevira polyprotein gene productsof gag and
gag-pol into activestructura and replicative proteing*2.
Thefinding that aviral-encoded proteaseisrespon-
siblefor processing these precursors, and that itsinac-
tivation producesimmeature, noninfectiousvird particles,
elicited anintense searchfor syntheticinhibitors. The
first competitiveinhibitorsof HIV protease (PR) were
trangition-state anal ogs (peptidomimetics) inwhichthe
scissile bonds were replaced with nonhydrolyzable
isosteres such as a reduced amide, phosphinate,
hydroxyethylene, dihydroxyethylene, statine, and
hydroxyethylamine®®. Recently, the Food and Drug

Administration (FDA) has approved the use of four
peptidomimetic proteaseinhibitors(sagquinavir, ritonavir,
indinavir, and ndfinavir) totreet HIV infection. Although
thesecompounds are potent inhibitors of thewild-type
protease, their therapeutic benefitis, inmost cases, short-
lived becausethey sdlect for variantsof HIV that havea
reduced sengitivity towardinhibitors, asaresult of mu-
tationswithinthe HIV protease sequence®?. Inan at-
tempt to delay the onset of drug resistance, theFDA
approved theuse of combinationtherapy, i.e. amixture
of protease and reverse transcriptase antiretroviral
agents. Although multidrug therapy has reduced the
plasmaviral load of someHIV-infectedindividuasto
undetectablelevelgt, thedaunting ability of thevirusto
rapidly mutate suggests an ongoing need for new
antiretrovira drugs.
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Inorder to design new and more potent inhibitors
of HIV protease, we must improve our understanding
of the principles of molecular recognition for the pro-
tease. Sofar researchershaveidentified two uniquefea
turesof thevira proteasethat distinguishit fromthe
human aspartic proteases pepsin and renin:

1. Theactiveformof thevird enzymeisahomodimer,
inwhich eachmonomer contributesequally tothe
activesiteand

2. Thepresenceof astructural water molecular that
bridgeslinear inhibitorsto theflap of theproteinvia
hydrogen bonds.

Although hydroxyethyl enei sosteresand phosphina
teswere among thefirst C, symmetric moleculesre-
ported to bind HIV PRI*213, C, symmetric cyclic urear
basedinhibitorswere oneof thefirst moleculescapable
of displacingthe structural water*¥, Thecyclic urea
(CU) scaffold isthereforewell suited tointeract with
thevird protease andto discriminate againg human pro-
teases. Sincetheseinhibitorswerefirst reported, the
number of CU mimicshasrapidly increased, and this
classof cyclic compoundsmay soon becomeaviable
aternativeto the currently available antiretroviral
agents >, In thisresearch paper we have performed
QSAR andysisof cyclicureasgiveninthe TABLE 1
whichenablesusto predict theactivity intermsof K of
any cydlic ureaby caculating thevauesof thedescrip-
tors.

MATERIALAND METHOD

Electronegativity isdefined asthe negative of apar-
tial derivative of energy E of an atomic or molecular
system with respect to the number of electronsN with
aconstant external potential v(y)™.
p=-x=-(E/ Ny @

In accordancewith the earlier work of Iczkowski
and Margrave,® it should be stated that when assum-
ing aquadratic relationship between E and N afinite
difference approximation Eg. 1 may berewritten as:
x=—-p=-(IE+EA)/2 2
WherelE and EA arethevertica ionization energy and
electron affinity, respectively, thereby recovering the
€lectronegativity definition of Mullken?¥. Moreover, a
theoretical justification was provided for Sanderson’s

TABLE 1: PRinhibition dataof cyclicureas(Obser ved activ-
ity intermsof K,)

T H
H N N
R
R* >—"
OH OH

No. R/IR’ Observed activity
1 CH,CeHs(A)? 8.47
2 Me(A) 5.30
3 CH,CgH;s-4CHMey(A) 8.96
4 CH,CgHs-4CHMey(A) 8.47
5 CH,CHMey(A) 5.77
6 CH(Me)SMe(A) 5.96
7 CH,-3indolyl(A)? 6.24
8 CHZ'Cy'CeH 11(A)a 7.55
9 CH,CH,CgH5(A)? 6.50
10 CHy-2-naphthyl(A) 8.01
11 CHy-3-furanyl(A) 8.08
12 CH,C6H4-3-SMe(A) 8.60
13 CH,C6H4-4-SO,-Me-(A) 8.60
14 CH,CgH4-2-OM e‘(A) 7.22
15 CH,CgH4-2-OH(A) 7.46
16 CH,CgH4-3-OMe(A) 8.33
17 CH,CgH4-4-OMe(A) 8.07
18 CH,Cg¢H4-4-OH(A) 8.96
19 CH,CsH4-3-NH4(A) 8.55
20 CH,CgH4-3-NMey(A) 8.37
21 CH,CgH4-4-NHo(A) 8.07
22 CeHs-4-NH2-2HCI(A) 8.15
23 CH,CgHs-4-NMey(A) 7.34
24 CH,-4-pyridyl(A) 7.66
25 3-2,5-Me-pyrolyl)-CH,CeH,4 (A) 6.80
26 CH,CgH;4-3,4-(-OCH,0-)(A) 8.89
27 CH,CeHs(B)" 8.72
28 CH,CHMey(B)° 7.07
29 CHMey(B)® 6.60
30 CH(Me)SMe(B) 5.60
31 CH,CgHs-4-F(B) 8.24
32 CH,CgH4-2-OMe(B) 7.19
33 CH,CgH4-3-OMe(B) 9.06
34 CH,CgH;-3-OH(B) 7.89
35 CH,CgH4-4-OMe(B) 8.54
36 CHynaphthyl(B) 8.37
37 CH,CgHs-3,5-OMe(B) 8.57
38 CH,-2-thienyl(B) 8.04

principleof e ectronegativity equdization, which states
that when two are moreatoms cometogether toforma
molecule, their e ectronegativitiesbecome adjusted to
the sameintermediate value?*?4. The absol ute hard-
nessm isdefined ag?®!.

n =1/2. (8]1/ 8N)v(1):1/2 (82E/8N2)v(1) (3)
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WhereE isthetotal energy, N isthe number of electronsof the
chemical species, and v(Y) istheexternal potential. The opera
tional definition of absolute hardness and electronegativity is

given as:

n=IP-EA)/2, x=(IP+EA)/2 4
Where IP and EA are the ionization potential and electron
affinity, respectively, of the chemical species. According to
Koopman’s theorem, the IP is simply the eigenvalue of the

HOMO with change of sign and the EA is the Eigen value of
the LUMO with change of sign®; hence, equation (4) can be

written as:
h=(e LUMO-¢HOMO)/2 (5)
c=-p=-(¢ LUMO +g£ HOMO)/2 (6)
With regard to QSAR of achemical system, the
total energy also played animportant role. Thetotal
energy of amolecular systemisthe sum of thetotal
electronic energy, E_ and theenergy of theinternucl ear
repulsion, E_. Thetota electronic energy of thesystem
isgiven by?7,
E=R(H+F)/2 @
Where P isthedensity matrix and H isthe one-el ectron matrix.

—= Py/] Peper

Finaly, amoregeneral, but important, property of
amolecular system, themol ecular wel ght hasal so been
tested asadescriptor.

We haveused thefoll owing descriptorsfor the pre-
diction of activity of cyclicureasgiveninTABLE 1.

Heat of Formation (kcal/mole) AHf
Molecular Weight MW
Tota Energy (Hartree) TE
HOMO Energy (eV) ¢eHOMO
LUMO Energy (V) eLUMO
Absolute Hardness n
Electronegativity X

Vauesof abovedescriptorsof thecyclicureasgiven
in TABLE 1 have been calculated using Computer
Aided Chemistry software (CAChe) by PM 3 method
andshownintheTABLE 2. Outliersarethe compounds
1,5,7,9, 13, 14, 18, 23, 25, 27, 33 and 38. These
compounds have been excluded from the QSAR studly.
QSAR modelsAPA1 to PAS9 have been devel oped
using thecombinations of above descriptorswhich pro-
videgood qudity of prediction of activitiesof cydicuress.

TABLE 2: Valuesof descriptorsused in QSAR analysisof cyclic ureas

Heat of Molecular Total energy HOMO LUMO Absolute  Electron- Activity in

Comp. formation (kcal  weight (Hartree) energy (eV) energy (eV) hardness egativity terms of K.

/mole)AHf MW TE gHOMO  gLUMO n !
2 -81.065 324.419 -171.436 -9.509 0.091 4.800 -4.709 5.300
3 -60.967 560.775 -286.826 -9.232 -0.004 4.614 -4.618 8.960
4 -50.934 560.775 -286.816 -9.176 0.042 4.609 -4.567 8.470
6 -73.245 444.646 -218.388 -8.869 -0.135 4.367 -4.502 5.960
8 -25.262 476.614 -243.797 -9.437 0.087 4.762 -4.675 7.550
10 75.592 576.734 -291.650 -8.563 -0.636 3.963 -4.600 8.010
11 -80.572 456.537 -243.058 -9.123 0.113 4.618 -4.505 8.080
12 47.825 568.788 -277.032 -8.380 -0.232 4.074 -4.306 8.600
15 -36.126 508.613 -268.720 -8.369 -0.021 4.174 -4.195 7.460
16 -26.914 536.666 -283.011 -8.487 -0.050 4.219 -4.268 8.330
17 146.747 536.666 -282.863 -8.769 -0.022 4.374 -4.396 8.070
19 2762.641 506.643 -263.456 -8.452 0.055 4.253 -4.198 8.550
20 2749.742 562.750 -291.953 -8.418 0.068 4.243 -4.175 8.370
21 7.958 506.643 -263.227 -8.382 -0.029 4.176 -4.205 8.070
22 -79.492 547.480 -271.909 -8.553 -0.193 4.180 -4.373 8.150
24 109.801 478.590 -248.096 -8.496 -2.079 3.209 -5.288 7.660
26 -148.360 564.634 -303.990 -8.700 -0.039 4.331 -4.370 8.890
28 -139.519 364.567 -196.204 -10.385 0.719 5.552 -4.833 7.070
29 -122.456 336.514 -181.848 -10.406 0.716 5.561 -4.845 6.600
30 -36.539 400.634 -200.175 -7.977 -1.921 3.028 -4.949 5.600
31 -136.175 468.583 -257.435 -9.340 -0.323 4.509 -4.831 8.240
32 -124.421 492.654 -264.331 -8.915 -0.027 4.444 -4.471 7.190
34 -144.907 464.600 -250.052 -8.894 -0.099 4.397 -4.496 7.890
35 -130.571 492.654 -264.351 -8.723 0.043 4.383 -4.340 8.540
36 -13.488 532.721 -272.933 -8.521 -0.690 3.915 -4.606 8.370
37 -200.923 552.706 -303.111 -8.667 0.037 4.352 -4.315 8.570
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RESULT AND DISCUSSION

MLR eguationshave been deve oped withthehelp
of Project Leader of CAChe softwareinall the combi-
nations of the descriptors. Fifty nine MLR equations
have beenfoundto providegood QSAR modds. These
equationsaregiven below-

APA1=0.000139954* AH{-0.0278183* TE -0.525574*cHOMO-
0.11325*y-4.56318

rCVA2=0.735679

2=0.820245

APA2=0,000139954* AHf-0.0278183* TE-0.582199*¢HOMO-
0.056625* cLUMO-4.56318

rCVA2=0.735679

2=0.820245

APA3=0.000139954* AHf-0.0278183* TE- 0.638824* cHOMO-
0.11325*n-4.56318

rCVA2=0.735679

2=0.820245

APA4=0.000139954* AHf-0.0278183* TE -0.638824* :tLUMO
+1.16441-4.56318

rCVA2=0.735679

12=0.820245

APA5=0,000139954* AHf-0.0278183* TE+0.525574* YL UMO-
1.1644* 456318

rCVA2=0.735679

2=0.820245

APA6=0.000130667* AHf-0.00104636 * MW-0.0293102* TE-
0516619* cHOMO-3.83743

rCVA2=0.739129

2=0.819897

APA7=0.000130193* AHf-0.0274241* TE-0.530248*cHOMO-
3.98933

rCv~2=0.746226

"2=0.819638

APA8=-0.000884559* MW-0.0291132* TE-0.471436* cHOMO
+0.00843069* LUMO-3.44308

rCVv~2=0.749665

"2=0.810105

APA9=-0.000884559* MW-0.0291132 * TE-0.463005* HOMO
+0,0168614*1-3.44308

rC\/A2=0.749665

r2=0,810105

APA10=-0.000884559* MW-0.0291132 * TE-0.479866*sHOMO
+0.0168614*y-3.44308

rCVA2=0.749665

2=0.810105

APA11=-0.000884559* M\W-0.0291132 * TE-0.463005* eLUMO
+0.942871*1-3.44308

rCVA2=0.749665

2=0.810105

APA12=-0,000884559* MW-0.0291132 * TE+0.479866+ eLUMO-
0.942871*y-3.44308

@Wu'c CHEMISTRY —

rCVv"2=0.749665
"2=0.810105

APA13=-0.000884559* M\W-0.0291132 *TE+0.479866*1-
0.463005*y-3.44308

rCVA2=0.749665

2=0.810105

APA14=-0,000902676* MW-0.0292062 * TE-0.478487* HOMO-
352213

rCVA2=0.774152

2=0.81009

APA15=-0.0275026* TE-0.481194 *¢HOMO+0.0106117*
eLUMO-355139

rCVA2=0.749716

2=0.809921

APA16=-0.0275026* TE-0.470582* eHOM O+0.0212235* -
355139

rCVA2=0.749716

2=0.809921

APA17=-0.0275026* TE-0.491806* eHOMO+0.0212235* -
355139

rCVA2=0.749716

2=0.809921

APA18=-0.0275026+ TE-0.470582* e UMO+0.962388*-3.55139
rCVA2=0.749716

2=0.809921

APA19=-0,0275026+ TE+0.491806* sL UMO-0.962388*-3.55139
rCVA2=0.749716

2=0.809921

APA20=-0.0275026* TE+0.491806*-0.470582* y-3.55139
rCVA2=0.749716

2=0.809921

APA21=-0,0275786* TE-0.490369* eHOMO -3.65422
rCVA2=0.77687

2=0.809897

APA22=-0,0275026* TE-1.09375* eHOMO +0.65625* LUMO-
1.25%n-343735

rCVA2=0.766381

2=0.809811
APA23=8,15696e-005* AHf-0.00202203 * MW-0.0287341* TE+
0411197*1-0.404072

rCVA2=0.704548

2=0.803913

APA24=-0.0275026* TE-0.5* eHOMO +0.125% L UMO+0* 5 -
369835

rCVA2=0.721723

2=0.803684
APA25=7.818466 005+ AHf-0.024981 * TE+0.435018*1-0.543305
rCVA2=0.708372

2=0.802043

APA26=-0.00168109* M\W-0.0283839 *TE +0.408714*1-
0458255

rCVA2=0.741546

2=0.799972

APA27=-0,0252543+ TE+0.429498+-0.572944

Au Tudian Yournal
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rCv"2=0.744301

"2=0.799297

APA28=5.75446e-005* AHf-0.0039588 * MW-0.0307578* TE
+0.237179*eLUMO+1.86473

rCv"2=0.665684

"2=0.784697

APA29=-0.00360377* MW-0.0303022 * TE+0.244974*cLUMO
+1.81741

rCv/2=0694151

M2=0.782757

APA30=4.72362e-005* AHf-0.023217 * TE+0.271859* cLUMO
+1.85899

rCV"2=0657442

"2=0.780821

APA31=-0.0234019* TE+0.275767* eLUMO+1.81995
rCv"2=0689165
r"2=0.779492

APA32=9.93633e-005* AHf-0.007025 * M W-0.0374062* TE-
0.244574*y +0.51267

rCv"2=0.669786

r"2=0.767881

APA33=7.67099e-005* AHf-0.006895 * MW-0.0362243* TE+
186291

rCv"2=0.703563

"2=0.765033

APA34=-0.00656259* M W-0.0364708* TE-0.141106*y+1.00917
rCv"2=0.735566

r"2=0.762596

APA35=0,00011835* AHf+0.0138896* MW-0.593866* tHOM O+
0.0554938* L UMO-4.33998

rCVA2=0.629665

"2=0.762335

APA36=0.00011835* AHf+0.0138896* M W-
0.538372* tHOMO+0,110988*1-4.33998

rCVA2=0.629665

"2=0.762335

APA37=0,00011835* AHf+0.0138896* MW-0.64936* tHOMO
+0.110088*1-4.33098

rCVA2=0.629665

"2=0.762335

APA38=0.00011835* AHf+0.0138896* MW-0.538372* sLUMO
+1.18773*11-4.33998

rCVA2=0.629665

"2=0.762335

APA39=0.00011835* AHf+0.0138896* MW+0.64936* eLUMO-
1.18773*1-4.33998

rCVA2=0.629665

"2=0.762335

APA40=0.00011835* AHf+0.0138896* MW-+0.64936* -
0.538372*1-4.33998

rCVA2=0.629665

"2=0.762335

APA41=0,000127917* AHf+0.0140798* MW-0.645822* sHOMO-
490614

—= Py/] Peper

rCv"2=0671966
m2=0.761731

APA42=-0.00654716* MW-0.0358523* TE+1.79906
rCv"2=0.741246
"2=0.761547

APA43=0.0137763*MW-0.510279* eHOMO+0.110424*LUMO
-3.51367

rCv/2=0635569

"2=0.754933

APA44=0.0137763* MW-0.399855* ¢HOM O+0.220848*-
351367

rCv~2=0635569

"2=0.754933

APA45=0.0137763* MW-0.620702* ¢HOM O+0.220848*-
351367

rCv/2=0635569

"2=0.754933

APA46=0.0137763* MW-0.399855* eL UM O+1.02056*n-3.51367
rCv"2=0.635569

"2=0.754933

APA47=0.0137763* MW+0.620702* L UM O-1.02056* ¢ -3.51367
rCv~2=0.635569

"2=0.754933

APA48=0.0137763* MW-+0.620702*n-0.399855* ¢-3.51367
rCv"2=0.635569

"2=0.754933

APA49=8.2441e-005* AHf-0.0239064 * T E-0.222918* +0.620297
rCv~2=0687086

M2=0.754213

APA50=0.014168* MW-0,60804 *sHOM O-4.59373
rCV/A2=0.692044

M2=0.752331

APA51=6.20448e-005* AHf-0.0230548 * TE+1.85118
rCVA2=0.696883

M2=0.751843

APA52=-0.0238675* TE-0.137294*+1.03096

rCVA2=0.72218

M2=0.750534

APA53=6.79917e-005* AHf +0.012632 *MW~+0.559571*1-
0835223

rCVA2=0.648058

2=0.750004

APAB4=0,0127678* MW+0.555987+1-0.92558
rCVA2=0.676896

M2=0.74735

APA55=3.05861e-005* AHf+0.011405 *MW+0.368716*
eLUMO+2.22453

rCVA2=0565871

M2=0.723337

APA56=0.0114734* MW+0.371845* eLUMO+2.19635
rCV/A2=0591043

M2=0.722785

APA57=5.36456e-005* AHf+0.011013 *MW+0.0192655*
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1 +243683
rCVA2=0583073
2=0.670636

APA58=5.53752e-005* AHf+0.011049 * MW+2.33167
rCv~2=0.605156
"2=0.670617

APA59=0.01102* MW+0.0721741*+2.68173
rCv"2=0.606628

r2=0.669077

INnMLR equations, theregression coefficientsare
denoted by r*2 and cross-validation coefficientsare
denoted by rCV/2. TheMLR equationissaid to have
good predictivepower if regression coefficient isgreater
than 0.5 and the cross-vaidation coefficient isgreater
than 0.2. Astheva ueof regress on coefficient increases,
thepredictivepower of MLR equationincreases. The
maximum val ueof regressi on coefficient may beunity
and inthat casethe predictive power is 100%.

Above QSAR modelsarearranged in decreasing
order of quality of prediction which depends on the
valueof regression coefficient ("2).

We have cd cul ated the predicted activitiesby sub-
stituting thevalues of descriptorsin MLR eguations 1

to10and shownin TABLE 3.
Best QSAR models

Above TABLE indicates that there are five best
QSAR modelsAPAL APA2, APA3, APA4andAPAS.
Inall these QSAR models, thevalue of cross-valida-
tion coefficientis0.735679 and regression coefficient
150.820245. Thesevaluesindicate that these QSAR
moded shavevery good predictive power. These QSAR
model sarediscussed bel ow-

QSAR model APA1

In this QSAR model, the descriptors are heat of
formation, total energy, HOMO energy and €l ectrone-
gativity. Multilinear regression equation of thismodd is
givenby
APA1=0.000139954* AHf-0.0278183* TE-0.525574*¢HOMO-
0.11325* 4-4.56318
rCV/2=0.735679
r2=0.820245

Linegraph between observed activity and predicted
activityAPA 1 of cydicureasisshownin Grgph-1which
showsthat this QSAR modd hasvery good predictive

TABLE 3: Predicted activitiesof cyclicureasfromAPA1toAPA10

Comp APA1 APA2 APA3 APA4 APAS5 APAG APA7 APAS8 APA9  APA10
2 5.726 5.726 5.726 5.726 5.726 5.750 5.744 5.745 5.745 5.745
3 8.782 8.782 8.782 8.782 8.782 8.744 8.764 8.764 8.764 8.764
4 8.747 8.747 8.747 8.747 8.747 8.715 8.734 8.737 8.737 8.737
6 6.673 6.673 6.673 6.673 6.673 6.671 6.693 6.702 6.702 6.702
8 7.704 7.704 7.704 7.704 7.704 7.681 7.697 7.682 7.682 7.682

10 8.582 8.582 8.582 8.582 8.582 8.541 8.559 8.569 8.569 8.569
11 7.492 7.492 7.492 7.492 7.492 7.512 7.504 7.531 7.531 7.531
12 8.042 8.042 8.042 8.042 8.042 8.023 8.058 8.068 8.068 8.068
15 7.781 7.781 7.781 7.781 7.781 7.826 7.813 7.876 7.876 7.876
16 8.250 8.250 8.250 8.250 8.250 8.277 8.269 8.322 8.322 8.322
17 8.433 8.433 8.433 8.433 8.433 8.441 8.437 8.451 8.451 8.451
19 8.070 8.070 8.070 8.070 8.070 8.082 8.077 7.764 7.764 7.764
20 8.841 8.841 8.841 8.841 8.841 8.839 8.839 8.528 8.528 8.528
21 7.642 7.642 7.642 7.642 7.642 7.679 7.675 7.723 7.723 7.723
22 7.980 7.980 7.980 7.980 7.980 7.968 7.992 8.019 8.019 8.019
24 7.418 7.418 7.418 7.418 7.418 7.337 7.334 7.344 7.344 7.344
26 8.940 8.940 8.940 8.940 8.940 8.957 8.941 9.009 9.009 9.009
28 6.881 6.881 6.881 6.881 6.881 6.879 6.880 6.848 6.848 6.848
29 6.496 6.496 6.496 6.496 6.496 6.501 6.500 6.465 6.465 6.465
30 5.753 5.753 5.753 5.753 5.753 5.727 5.726 5.775 5.775 5.775
31 8.035 8.035 8.035 8.035 8.035 8.025 8.006 8.038 8.038 8.038
32 7.965 7.965 7.965 7.965 7.965 7.984 7.971 8.019 8.019 8.019
34 7.556 7.556 7.556 7.556 7.556 7.581 7.565 7.618 7.618 7.618
35 7.848 7.848 7.848 7.848 7.848 7.885 7.869 7.930 7.930 7.930
36 8.028 8.028 8.028 8.028 8.028 8.005 8.012 8.043 8.043 8.043
37 8.884 8.884 8.884 8.884 8.884 8.920 8.893 8.979 8.979 8.979
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power.
QSAR mode APA2

In this QSAR model, the descriptors are heat of
formation, total energy, HOMO energy and LUMO
energy. Multilinear regression equation of thismodel is
givenby
APA2=0.000139954* AHf-0.0278183* TE-0.582199* eHOM O-

0.056625*cLUMO-4.56318
rCv~2=0.735679

r2=0.820245

Stacked line graph between observed activity and
predicted activity APA2 of cyclic ureasisshownin
Graph-2 which showsthat this QSAR model also has
very good predictive power.

QSAR modd APA3

In this QSAR model, the descriptors are heat of
formation, total energy, HOMO energy and absol ute
hardness. Multilinear regression equation of thismode
isgivenby
APA3=0.000139954* AHf-0.0278183* TE-0.638824* eHOM O-

0.11325*n-4.56318
rCv"2=0.735679

r2=0.820245

Trend of observed activity and predicted activity
APA3 of cyclic ureas in shape of barsis shown in
Graph-3 which showsthat this QSAR model also has
very good predictive power.

QSAR modd APA4

In this QSAR model, the descriptors are heat of
formation, total energy, LUMO energy and absolute
hardness. Multilinear regression equation of thismode
isgivenby
APA4=0.000139954* AHf-0.0278183* TE-0.638824* sLUM O+

1.1644*n-4.56318
rCv~2=0.735679

r2=0.820245
QSAR modd APA5S

In this QSAR model, the descriptors are heat of
formation, total energy, LUMO energy and electro
negetivity. Multilinear regression equation of thismodel
isgivenby
APA5=0.000139954* AHf-0.0278183* TE+0.525574* e LUM O-

1.1644*y-4.56318
rCv"2=0.735679

"2=0.820245
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Next 5 QSAR Models having good quality of
prediction

Next 5 QSAR Models having good quality of
predictionAPAG,APA7,APA8,APA9, andAPA10in
which regression coefficient isgreater than 0.8. The
QSAR modelsAPAS,APA9,APA10,APA11,APA12
and APA 13 areat the samelevel of predictive power
becausethe values of regression and cross-vaidation
coefficientsindl thesemodd saresame. QSAR modd's
APA6to APA10 arediscussed bel ow-

QSAR ModesAPAG

Descriptorsused inthisQSAR mode are heat of
formation, molecular weight, total energy and HOMO
energy. The value of cross-validation coefficient is
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0.739129 and the value of regression coefficient is
0.819897. Asthevaueof regresson coefficientisvery
high, therefore, the quality of prediction of the QSAR
model isvery high. With the help of thisQSAR modd,
theactivity of any member of cyclicureacaneasly be
predicted by substituting the values of descriptorsin
thefollowing equation-

APA6=0.000130667* AHf-0.00104636* MW-0.0293102* TE-
0.516619*cHOMO-3.83743
rCv~2=0.739129

r2=0.819897
QSAR modesAPA7

Descriptorsusedinthis QSAR model are heat of
formation, total energy and HOM O energy. Thevalue
of cross-validation coefficientis0.746226 andthevaue
of regression coefficient is0.819638. Asthevaue of
regression coefficientisvery high, therefore, thequaity
of prediction of the QSAR moded isvery high. Withthe
help of thisQSAR modd, the activity of any member
of cyclic ureacan easily be predicted by substituting
thevauesof descriptorsin thefollowing equation-

APA7=0.000130193* AHf-0.0274241* T E-0.530248* cHOM O-
3.98933
rCv~2=0.746226

r"2=0.819638
QSAR modesAPA8

DestriptorsusedinthisQSAR modd areMolecular
Weight, Total Energy, HOMO Energy and LUMO
Energy. The value of cross-validation coefficient is
0.749665 and the value of regression coefficient is
0.810105. Asthevaueof regresson coefficientisvery
high, therefore, the quality of prediction of the QSAR
model isvery high. With the help of thisQSAR modd,
theactivity of any member of cyclicureacaneasily be
predicted by substituting the values of descriptorsin
thefollowing equation-

APA8=-0.000884559* MW-0.0291132* TE-0.471436* HOM O+
0.00843069*LUMO-3.44308

rCV~2=0.749665
"2=0.810105

QSAR modesAPA9

DestriptorsusedinthisQSAR modd areMolecular
Weight, Total Energy, HOMO Energy and Absolute
Hardness. Thevalueof cross-vaidation coefficientis
0.749665 and the value of regression coefficient is
0.810105. Asthevadueof regresson coefficientisvery

@Wu'c CHEMISTRY —

high, therefore, the quality of prediction of the QSAR
modd isvery high. With thehelp of thisQSAR modd,
theactivity of any member of cyclicureacaneasily be
predicted by substituting the values of descriptorsin
thefollowing equation-

APAG=-0,000884559* MW-0.0291132 * TE-0.463005* HOM O+
0.0168614*1-3.44308
rCVA2=0.749665

r"2=0.810105
QSAR modesAPA10

DestriptorsusedinthisQSAR modd areMolecular
Weight, Total Energy, HOM O Energy and Electrone
gativity. Thevalue of cross-validation coefficient is
0.749665 and the value of regression coefficient is
0.810105. Asthevaueof regression coefficientisvery
high, therefore, the quality of prediction of the QSAR
modéd isvery high. With the help of thisQSAR mode,
theactivity of any member of cyclicureacaneasily be
predicted by substituting the values of descriptorsin
thefollowing equation-

APA10=-0.000884559* MW-0.0291132 * TE-0.479866* e HOM O+
0.0168614*¢-3.44308
rCVv"2=0.749665

r2=0.810105
CONCLUSION

In all thefive best QSAR modelsAPA1, APA2,
APA3, APA4 and APA5, the descriptors heat of
formation and total energy is common. In all these
QSAR modds, the values of cross-validation and
regression coefficients are 0.73569 and 0.820245
respectively. These values indicate that the QSAR
models provide very good quality of prediction of
activitiesof cydicurea Heat of formation can betreated
as best descriptor of activities of cyclic ureas as it
providesvery good QSA R modelscombining with the
descriptors total energy, HOMO energy, electrone
gativity, LUMO energy, molecular weight and absolute
hardness. Next best descriptor of activity istotal energy
asit givesthelowest regression coefficient 0.750534 in
combination with electronegativity in QSAR model
APA52 and highest regression coefficient 0.820245in
APA1 dongwith eectronegativity, HOMO energy and
heat of formation. In any other combinations, the
regression coefficient is greater than 0.750534.
Molecular weight, which is introduced as new
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descriptor, dso providevery good QSAR modelsasit
givesthe lowest regression coefficient 0.669077 in
APAS9 aongwith the el ectronegativity and highest
regression coefficient 0.819897 inAPAG dongwith total
energy, HOMO energy and heat of formation. Thus,
we can concludethat the best threedescriptorsof cyclic
ureasarehest of formation, total energy and molecular
weight. Most important fact in the cyclic ureasisthat
the heavier compounds possess more activity.
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