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ABSTRACT

A QSAR study of triazole-linked chalcone and dienone hybrid compounds as antimalarial agents was performed
with 38 (33 training + 5 test) compounds. Molecular modeling studies were performed using chemoffice 6.0
supplied by cambridgesoft. The structures were drawn using chemdraw and were converted to 3D. Energy was
minimized and the lowest energy structure was used to calculate the properties. The regression analysis was carried
out using a computer program called VALSTAT. The best models were selected from the various statistically
significant equations. The analysis resulted in QSAR equation, which suggests that, n=32, r=0.896, r’=0.803,
adjusted squared multiple R=0.780, Standard error of estimate(s)=0.247 & validated r%(q?) =0.642.

Keywords. Quantitative structure—activity relationships (Q9ARBNtimalarial activity; triazole linked chalcones
dinones hybrid compounds.

INTRODUCTION

Malaria remains one of the most widespread infestidiseases, and poses a great challenge to wealthhThis is
underlined by staggering annual infection and ntitytatatistics.

Figure 1: Analogs of triazoleslinked chalcones and dinones and their antimalarial activities
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Tablel
Compound R’ D10IC50 (uM)  Compound R’ D10IC50 (uM)
la 4'-OMe 9.7 od 7.3
1b 2',4-diOMe 34 % 3.9
1c 2',3",4'-triOMe 7.7 10a 4-F 52
2a 2,4-diOMe >20 10b 2,4-diF 0.3
2b 2,3,4-triOMe 4.1 10c 2,4-diOMe 6.0
2c 2,4-diCl 3.3 10d 2,3,4-triOMe 7.4
2d 4-F 7.2 10e 2,4-diCl 4.1
2e 2,4-diF >20 11 4-F 12.0
4 — 9.7 12 2,4-diF 0.8
5a 4'-OMe 11.8 13a 4'-OMe 2.8
5b 2',4-diOMe 5.4 13b 2',4-diOMe 13
5c 2',3",4’-triOMe 0.9 13c 2',3",4’-triOMe 1.3
5d 2,4-diCl 9.2 13d 2,4-diCl 14
5e 4-F 9.8 13e 4-F 17
5f 2,4-diF 11.9 13f 2,4-diF 1.4
7a 4’-OMe 2.9 14a 4’-OMe 3.0
7b 2',4'-diOMe 15 14b 2',4-diOMe 51
7c 2'.3,4'-triOMe 3.3 14c 2',3",4'-triOMe 2.5
8a 4’-OMe 0.6 14d 2,4-diCl 19.0
8b 2',4'-diOMe 0.04 14e 4-F 94
8c 2'.3,4'-triOMe 0.4 14f 2,4-diF 10.2
9a 2,4-diOMe 10.2 16 >20
9 2,3,4-triOMe 5.4 17 >20
9c 2,4-diCl 3.7 AZT >20
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Resistance of malaria parasites to available atdiahdrugs remains a main challenge to the effeatontrol of

the disease. Varying levels of resistance to abklaclasses of antimalarials has been reported For
falciparum.[1,4] This has led to the adoption ofntnation therapies for the routine treatment afamplicated

malaria, with particular emphasis on artemisinisdzh combination therapies (ACTS).[5-7] However,entc
evidence of diminished activity of artemisinins 8outheast Asia threatens this strategy.[8,9] Wiittrdasing
resistance to available agents, intensive drugodesy efforts aimed at developing new antimaladalgs or

modifying existing agents are ongoing. ldeally,htygefficacious, novel antimalarial compounds vaé developed
to supplement available drugs.

Chalcones and dienones are structurally relatedpoands. Chalcones can be readily synthesized, atid b
naturally occurring and synthetic chalcones havenbghown to exhibit notable in vivo and in vitrotiaralarial
activity. [10-13] AZT (Fig. 1) an antiretroviral agt approved for use in HIV infection was selecsdone of the
entities for hybridization to the chalcones anchdiges for several reasons. Firstly, AZT is reldyiveydrophilic, 30
and the resulting hybrids would therefore have anbd aqueous solubilities and possibly improved ora
bioavailability. Secondly, AZT is a nucleoside (dgthymidine) analogue; nucleosides are biologicalenules
that are known to be actively transported into matram cells, 13 and therefore we hypothesized lthking AZT

to the chalcones or dienones (7, 9 and 13) coujaxre oral bioavailability and facilitate delivety intracellular
sites of action. Furthermore, hybridization of theentially antimalarial chalcones and dienonea toolecule with
intrinsic anti-HIV activity might lead to the idéfitation of molecules that exhibit both antimasdrand anti-HIV
activity. The goal of quantitative structure-aitiivrelationship (QSAR) studies are to relate theictural,
chemical, physical and other properties of a comgat his biological activity. These physiochemipabperties
include hydrophobicity, topology, electrical profes, steric effects as well as others. The prageere described
guantitatively so that a scoring function can beiviel to judge the suitability of a compound as ateptial
therapeutic agent. These arouse our interest f@ableshing correlation between physicochemical prtps of
molecules with their biological activity. Furthexgoration of responsible properties may be helgemelopment of
more potent anti-microbial agents.

MATERIALSAND METHODS
The antimalarial data of triazole linked chalcoaesl dinones hybrid derivatives containing 38 conmasuwere
taken from the research work of Guantai et(Bble 1). The biological activity data IC50 values (inhibito

concentration in um/L) were converted to acquirgatiee logarithm (plIC) for QSAR analysis.

Table 2.Values of Descriptorsin the final QSAR model

Comp. BA HOMO log P E14 Comp. BA HOMO log P E14

la 5.0132 -8.6689 3.4215 3.6299d 5.1366 -9.31918 2.7476 -5.95091
1b 5.4685 -8.5713 3.2951 2.35629% 54089 -9.46299 2.9057 -5.68754
1c 5.1135 -8.6269 3.1687 4.955210a 5.2839 -5.03773 5.5039 -0.45721
2b 5.3872 -8.82069 3.1687 5.1841510b 6.5228 -8.82865 5.3572 -2.65183
2c 54814 -8.80685  4.6643  3.8099610d 51307 -8.88746 5.8945 0.975189
2d 51426  -8.79522 3.706  5.4116410e 53872 -9.12332 5.8663 -5.97699
4a 5.0132 -8.822 1.7442 4.681111a 4.9208 -9.257 0.7858  -6.24955
5a 49281 -8.63459  4.6643  7.1249712a 6.0969 -8.85945 3.7464 -1.62904
5b 52676 -8.58499 3.7303  7.7136913a 55528 -8.87144 2.8983 -5.60008
5c 6.0457  -8.73938 3.6039 -2.036713c 5.8866 -8.92835 2.6455 -7.92071
5d 5.0362 -8.68215 5.0995  2.3342813d 5.8533 -9.27326 4.1411 -7.14217
5f 49244  -8.65873  4.2993  6.7371213e 5.7695 -9.20086 3.1828 -5.5669
Ta 55376  -8.55967 1.7442  -1.5495713f 5.8538 -9.29836 4.1411 -7.3227
7b 5.8239  -9.00021 2.3367 -3.1379914a 55228 -9.00715 5.8589 -2.90004
7c 54814 -8.89894 2.2103 -2.0619714b 5.2924 -8.80557 5.7325 -5.69726
8b 7.3979  -4.92309 5.5039 0.11958514c 5.602 -8.78601 5.6061 -4.92375
9a 49913 -8.68183 2.3367  2.6624714d 47212 -9.00262 7.1017 -2.1597
9 52676 -8.88927 2.2103  -1.3195214e 5.0268 -8.95044 6.1434 -3.15274
9c 54317 -9.56481 3.7059 -6.076314f 4.9913 -8.9107 6.3015 -3.08551

The series was subjected to QSAR studies using B3nEO0ffice Software version 2006 (Cambridge sdff)][
Structures of all the compounds were sketched usi@dpuilder module of the program. These strusturere then
subjected to energy minimization using moleculachamics (MM2) until the root mean square (RMS) gratd
value became smaller than 0.1kcal/mol A. Minimizedlecules were subjected to re—optimization via tifws
model-1 (AM1) method until the root mean square @G3Mradient attained a value smaller than 0.01/ikwdl A
using MOPAC. The descriptor values for all the males were calculated using “compute propertiestiuf® of
program. Calculated thermodynamic descriptors oetubend energy (Eb), heat of formation (Hf), teakrgy
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(ET), stretch energyHS), stretch bend energ{e®B) and torsion energyEfor). Steric descriptors derived were
Connolly accessible are€4A), Connolly molecular are&CIA), Connolly solvent excluded volumE€SEV), exact
mass EM), molecular weight NI\W), principal moment of inertia—X componerMIX), principal moment of
inertia—Y componentRMIY), principal moment of inertia—Z componem®M1Z2), molar refractivity MR) and
ovality (OVAL) apart from this Partition coefficient calculatesl OGP.

Electronic descriptors such as electronic enekEs),(highest occupied molecular orbital energyOMO), lowest
unoccupied molecular orbital energyyMO), repulsion energyREP), VDW-1,4— energyH&1,4) and Non-1, 4—
VDW energy (vd) were sequential Fischer teB)(The model was further validated on statistiGalgmeter leave—
one—out cross—validated square correlation coefftoR2 cv), randomize biological activitgata testChance) and
test for outliers using Z—score valugévlue). Stepwise multiple linear regression analysishoétwas used to
perform QSAR analysiemploying in—house VALSTAT [12] program. The besidal was selected on the basis of
variousstatistical parameters such as correlation coefficf), standard error of estimation (std), F value etc.

RESULTSAND DISCUSSION

When data set was subjected to stepwise multipksali regression analysis, in order to develop Q®afRveen
antimalarial activity as dependent variables angsjgochemical properties as independent varialdeseral
equations were obtained.

The statistically significant equation Eq. (1) witbefficient of correlationrf = 0.803) was Consider as model for
antimalarial activity of triazole linked chalconasd dinones hybrids which explains for 0.612 % aware in
inhibitory activity (Table 3) with low value of gstdard error of estimation (0.247). The model shamternal
statistical significance level more than 95% asdiue =11.328

Model 1
BA= [10.1958 (+ 0.545327)] +homo [0.495798( + 0.9884)] +vdweng [-0.06345( + 0.0102468)] +logp [-
0.132845( + 0.0305703)]

n=30, r:0.896158,21:0.803099,2radjz0.780379, variance=0.0612875, std=0.2475635PB486
Standard Fmax value at 95% confidence=11.3282

Table 3 correlation matrix

HOMO Vdweng Log P
HOMO | 1.00000
vdweng | 0.321931| 1.00000(
Log P 0.168739| 0.71088 1.00000Q0

The F-value accounts for 80.3% variance in observedviagtvalue. Model 1 is the best equation in the GSA
study. The graph between experimental BA and ptediBA of training set compounds by using modisl $hown
in Fig.1. It shows that descriptor HOMO Energy (Homo), citmtte positively towards antimalarial activity i
VDW Energy and Log P contribute negatively towaadtimalarial activity and this is the best modetaiied.

Table 4 Observed vs predicted BA of the test set.

compound| BA observed BA predicted
7c 5.60413 5.4814
2c 5.16669 5.4814
7b 5.8239 5.8239
2d 5.1426 5.1426
1b 5.4685 5.4685
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Figure 2 Observed vs Predicted BA of thetest set for Best Multiple Linear Regression model
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CONCLUSION

The present work shows how a set of antimalaritiviies of various triazole linked chalcone andalie hybrid
compounds may be treated statistically to uncdvemtolecular characteristics which are essentidhifgh activity.
The generated models were analyzed and validatethdédr statistical significance and external potidn power.
The awareness and understanding of the descriptesdved in antimalarial activity of these composndould
provide a great opportunity for the ligand struesidesign with appropriate features, and for thmamation of the
way in which these features affect the biologicaladupon binding to the respective receptor tarfje¢ results
derived may be useful in further designing moreaeh@ntimalarial agents in series.
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