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ABSTRACT

A series of 2,4-thiazolidinedione derivatives weyathesized and studied for antihyperglycemic agtivith QSAR
study. 3-(2,4-Dimethoxyphenyl)-2-{4-[4-(2,4-dioxattolidin-5-ylmethyl)phenoxy]-phenyl}- acrylic acidhethyl
ester (Thz7) was found the most active compourttiisnseries. Antihyperglycemic activity of thesatlsgsized
derivatives was described by 5 models in whichbtigarametric model-3 containing’ and log P was found to be
the best model. Some parameters proves the effretis of QSAR model-3, like correlation coeffic(@®47),
observed square correlation coefficient (0.896gdicted square correlation coefficient (0.872) atandard error
(0.079) was lowest for this model.

INTRODUCTION

Development of novel antidiabetic agent is an ingpatrand challenging task for the medicinal chesnistd many
research programs are directed towards the desidrsynthesis of new antidiabetic drugs. Quantigastructure
activity relationships (QSAR) attempt to find rédsships between the molecular properties of mdéscand the
biological responses they elicit when applied thadogical system. QSAR models allow the biologipedperties of
virtual structures to be predicted, and a morerinexl choice of target to be selected for synthédie use of
computational approaches for the estimation ofatwévity of various molecules as drug candidatéerpo their
synthesis can save the resources and accelerateutheiscovery procedure [1].

Thiazolidinediones was found a good antidiabetiovig [2,3], so there is an urgent need for idéatition of novel
lead structure for the designing of new, potentl k&ss toxic antidiabetic agents which ideally s&orthe duration
of therapy.

Thiazolidinediones have been demonstrated to psssegidiabetic [4,5], antihyperlipidemic [6-8], ant
inflammatory [9,10], antioxidant [11,12], antithydo[13], antibacterial[14,15], antimalarial [16] é&ranticancer
[17,18] activities. These reports prompted us totlsgsize the novel derivatives of 2,4-Dioxothiadivie which
would be effective against diabetes.

Quantitative structure—activity relationship (QSAg)dies are indubitably of great importance in eracchemistry
and biochemistry. To obtain a significant corralafiit is essential that appropriate descriptoes employed,
whether they are theoretical, empirical or derifiean readily available experimental characteristéstructures.
Many descriptors reflect simple molecular propsraed can thus provide insight into the physicodbalhmature of
the activity under consideration [19].
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MATERIALS AND METHODS

2.1. Synthesis of 2,4-Dioxothiazolidine Derivatives

Perkin condensation of aryl aldehyde with 4-hydmhgnyl acetic acid yielded the 3-Aryl-2-(4-hydroxgmyl)—
acrylic acid. Esterification of this substituteddafollowed by condensation with 4-fluorobenzaldeeyyielded 3-
Aryl-2-[4-(4-formylphenoxy)-phenyl]-acrylic acid &yl ester. Knovenagel condensation of this esteth vi,4-
thiazolidinedione in the presence of piperidiniuenboate followed by hydrogenation gave a good yidléinal
compound 3-Aryl-2-{4-[4-(2,4-dioxothiazolidin-5-ylethyl)-phenoxy]-phenyl} -acrylic acid alkyl estefThe
synthesized compounds were characterized physiodchlty by determination of melting point, Rf vakiand %
yield. Their structures were confirmed by IR and Ridpectral studies.

COOH COOH X COOR
Ar-CHO + —L >
OH
1 2 3 4
COOR COOR COOR

5

Scheme- Reagents and conditions: (a) acetic anhyde, E:N, 6 hrs, 130°C; (b) ROH, HSO4, 15 hrs, reflux; (c) 4-fluorobenzaldehyde,
NaH, DMF, 18 hrs, 80°C; (d) 2,4-thiazolidinedionepiperidine, benzoic acid, toluene, 5 hrs, reflux;&) Pd/C (10%), AcCOH-HCOONH,,
15 hrs, 125°C

2.2. QSAR Analysis

The independent variables such as log of octantdwgartition coefficient (Clog P), molar refradtiv(CMR),
total structure connectivity index ()X balaban topological index (J), eccentric conivéigt index (CSI), kier’s
molecular connectivity indexxf, x*, X%, X°), total energy (Te), energy of highest occupiedenalar orbital
(HOMO) and lowest unoccupied molecular orbital (LOMwere calculated for synthesized compounds hygusi
the computer software CS ChemOffice 8.0 version BRAGON 5.5 evaluation version. The regression ysisl
were performed by the SP%Software.

2.3. Determination of physiochemical parameters andegression analysis

Structures of all the compounds were sketched usSB@ghemoffice 8.0 version and HYPERCHEM 8.0 eviédua
version. The sketched structures were subjectede¢ogy minimization using molecular mechanics (MMajil the
root mean square (RMS) gradient value became snthée 0.1 kcal/mol A°. The geometry optimizatiomsre
done by using HYPERCHEM 8.0 version. The variouscdetors for all the energy minimized compoundseve
calculated using DRAGAN 5.5 and ChemOfiice 8.0. Taa was transferred to the statistical programh @n
correlation matrix was constructed showing corretabetween various descriptors as well as betvdescriptors
and biological activity. Then various regressionatpns were derived using multiple linear regmssnethod. The
statistically significant equations were taken ansideration on the basis of correlation coeffitigR), observed
squared correlation coefficient {8y, standard error of estimate (Se) and Fischeafissic. The internal predictive
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powers of the equations were validated by Leaveu@i©ut (LGO) cross-validation method consideringdicted
residual sum of square (PRESS) and predicted sqoarelation coefficient (?gred).

Table 2- Antihyperglycemic activity of thiazolidinedione derivatives

Compound | %Plasma Glucose Reduction(B.A.) Compound %Bsma Glucose Reduction(B.A.)
Thzl 10.74 £ 2.23 Thz14 36.53 + 2.95
Thz2 9.80 +2.58 Thz15 37.24+4.39
Thz3 8.60 + 3.64 Thz16 18.81 + 302
Thz4 16.30 + 3.43 Thz17 18.16 + 2.07
Thz5 14.61+2.58 Thz18 17.48+2.92
Thz6 13.00 + 2.63 Thz19 13.26 + 1.93
Thz7 46.13 £+ 4.95 Thz20 12.40 £ 2.7%
Thz8 46.03 + 3.08 Thz21 12.45 +2.39
Thz9 4591 +451 Thz22 1558+ 25
Thz10 38.11 + 3.67 Thz23 13.63 +2.7%4
Thz11 37.15 + 4.06 Thz24 13.42 +3.01
Thz12 35.85 + 3.29 Rosiglitazone 56.73 * 3.09
Thz13 37.05+ 38 Control 0.433+1.17

Values are presented as mean +S.E.M..
One way ANOVA followed by Dunnett's test (a = p.850and b = p < 0.01)

RESULTS AND DISCUSSION

In an attempt to determine the relationship betwstncture of the molecule and the antidiabetiavigt
guantitative structure activity relationship (QSARjtudies were under taken using Hansch analysis.
Antihyperglycemic activity (biological activity) da was first transformed into log BA, which was disas
dependent variable in QSAR study and is listedablé 2. The values of selected molecular descept@re used

in QSAR studies are depicted in Table 4.

In the present work a set of 2,4-thiazolidinedideévatives consisting of 24 molecules was usedrfoltiple linear
regression model generation. Preliminary analysis carried out in terms of correlation analysisoirelation of
different parameters with antihyperglycemic activiof 2,4-thiazolidinedione derivatives is presehin Table 5.
The highest correlation (0.79) was found betweérd trder connectivity descripto) and biological activity.
Therefore correlation involving® as a correlating parameter will give statisticalignificant models for modeling

the activity. Based on these assumptions, a morempeiric linear regression equation was derivechqug’®
descriptor.

QSAR model for Antihyperglycemic activity with x> parameter :
logBA = 0.295 (+ 0.099)° - 2.485 (+ 1.281) (Eq.1)

Eq. 1 shows thag® is positive indicating thereby that antihyperglyie activity of synthesized compounds is directly
proportional to the magnitude gf. The antihyperglycemic activity increases withirerease in magnitude)of This is
evidenced by the values gt in Table 4. The values §f for compounds Thz7-15 lies in range of 13-14 wihihhigher
than thex® values of other compounds, making them to be thet effective.

Further the sample size and ‘Rule of Thumb’ allowsdto go for development of multi-parametric modsing
multiple linear regression analysis. The first Stepnalyzing multivariate correlation is to invgste auto-correlation
which is achieved by obtaining correlation mat@®]. Table 5 shows thaf is poorly correlated with log P, HOMO,
LUMO and Te. Therefore the models involviggwith either of above four mentioned parameters it suffer from
the defect due to colinearity. Hence the multi-partiic models were developed usjicas the common parameter for

all models. Different statistically significant efions were obtained by multiple linear regressioalysis are given
below:
QSAR model for Antihyperglycemic activity with x*and LUMO :

logBA = 0.280 (+0.054%® + 0.071 (20.235) Fmo — 2.216 (+1.577) (Eq.2)
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QSAR model for Antihyperglycemic activity with x> and log P :

logBA = 0.342 (+ 0.056)°- 0.196 (+ 0.556) log P — 1.879 (+0.716) (Eq.3)

QSAR model for Antihyperglycemic activity with x* and Te :

logBA = 0.309 (+0.095)°~0.0002 (+2.207) Te—2.093 (+1.271) (Eq4)
QSAR model for Antihyperglycemic activity with x3, HOMO and LUMO :

logBA = 0.292 (+0.116 +0.107 (+0.251) 5vo — 0.090 (+0.213),fgmo— 3.059 (+2.555) 0.

The quality of the regression model is indicatethieyfollowing parameters depicted in the followiraple 3.

Table 3- Parameters of different QSAR model equatio

Eg.no. | N R Robe F Se Rored
1 24 | 0.894| 0.799| 37.514 0.14p 0.729
2 24 | 0.870| 0.757 16.70 0.15p 0.691
3 24 | 0.947| 0.896 91.00 0.07p 0.872
4 24 | 0.890| 0.792| 23.34§ 0.13p 0.711
5 24 | 0.877| 0.769 12.41 0.148 0.708

n- no. of compounds, R- correlation coefficierft,fRobserved square correlation coefficieRt Fischer's statistic, Se- standard error.

As opposed to traditional regression models, cvafidation method evaluate the validity of a mobglhow well it
predicts data rather than how well it fits dataefEfiore cross validation parameters were calculaed) Leave Group
Out (LGO) technique [21]. The predicted square elation coefficient (l?{),ed> 0.5) values obtained for the best
QSAR models indicated their reliability in predigi the antihyperglycemic activity of different siesized
compounds. Obtaining most appropriate model doésnaan that it will also have the highest preditability.
Therefore the aptness of the regression model tabe decided. It was achieved by predicted sqoaneslation
coefficient- ng,ed The closer this correlation is to unity, the bethe predictive ability.

Some parameters proves the effectiveness of QSA#RRY) like correlation coefficient (0.947), obsedvsquare
correlation coefficient (0.896) and predicted sgueorrelation coefficient (0.872) are highest amalighe models.
Standard error (0.079) was lowest for this modeictviurther confirmed the good quality of this mbdéhe
coefficient of log P is negative in equation-3, athishows that log P is inversly proportional to thelogical
activity. This fact is confirmed by the observedidties (BA) of all compounds as shown in Table 4n all
synthesized compounds methyl ester have higheisitgdtian ethyl and propyl esters which is duehte teason that
antihyperglycemic activity decreases with incre@msthe value of log P. Based on all above mentiostatistical
calculations model 3 was found to be the best model

QSAR studies were carried out to find out correlatbetween antihyperglycemic activity and physiesoltal
parameters of synthesized compounds indicatedatitédtyperglycemic activity of these synthesizedwdgives are

governed by connectivity parametet The bi-parametric model containig and log P was found to be the best
mode.
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Table 4- Molecular descriptors of synthesized compmds

Comp. mi| csi| 3 Xt X0 X X2 X* | LUMO (ev) | HOMO (ev) (TEotf("Cgl?rig;’ ClogP | CMR | logBA
Thzl 170 [ 1054| 1.165] 0.203 23200 16.012 14742 1155 .079D4 -8.4899 2375.5 5755 13.1i0 1.068
Thz2 174 | 1089 1.176] 0.201 23916 16512 14.622 11.855 .0471 -7.9489 2944.14 6.284 13574 1.0]5
Thz3 178 | 1126 1.183] 0.194 24623 17.012 14976 11.l24 .0388 -7.931 2935.45 6.813[ 14.038 0.946
Thz4 180 | 1203| 1.165] 0.199 27.786 16.944 15033 12.p74 .1299 -8.4516 2387.82 5.674 15727 1.2%1
Thz5 184 | 1238| 1.179] 0.19 25493 17.444 15413 12.574 .0982 -7.9609 2956.79 6.203] 14191  1.1¢2
Thz6 188 | 1275| 1.188] 0.194 26.2]  17.944 15767  12.043 891.0 -7.942 2943.10 6.732] 14635  1.099
Thz7 190 [ 1235] 1.21[ 0.199 26.368 17.893 15.754  13[35 279.0 -8.2678 2406.37 5.783]  14.344  1.647
Thz8 194 | 1270 1226 0.192 27.07 18393 16.134  13[33 9129 -7.8162 2975.48 6.292] 14.848  1.639
Thz9 198 [ 1307| 1.237[ 0.9 27.77f 18.893 16488 13[32 860.9 -7.7968 2667.01 6.821] 15272 1.622
Thz10 190 [ 1279 1.188] 0.199 26.363 17.893 15754 13.528 .176% -8.8479 2439.46 5413 14344 1564
Thz-11 194 | 1314 1.204] 0.193 27.07 18393 16.134 13[32 491.1 -7.9585 3008.4 5.942| 14808 1.542
Thz12 198 [ 1351 1.215] 0.19] 27.77f 18.893 16.488  13J09 409.1 -7.9391 2999.68 6.471] 152742 1515
Thz13 190 [ 1307 1.238] 0.193 26.363  17.91  15.669  13J05 251.0 -8.2159 2436.64 5.413]  14.344 1.5%2
Thz-14 194 | 1270] 1.227] 0.192  27.07 1841  16.05  13.056 09.99 -7.7719 3005.74 5.942| 14808 1.534
Thz15 198 | 1307 1.238] 0.19] 27.77f 1891 16.4p3 13.025 8619 -7.757 2997.23 6.971] 15272  1.5B
Thz16 176 | 1091 1.173[ 0203 24.079 16.406 14476  12[17 1492 -8.4811 2381.85 5.088] 13264 1.2%6
Thz17 180 | 1126 1.186] 0.199 24786 16.906 15256  12[07  887L. -7.9804 2950.83 5.617] 13.747  1.268
Thz18 184 | 1163| 1.193] 0.194 25493 17.406 1561  12Jo4 1011 -7.9691 2942.14 6.646] 14.191  1.239
Thz19 176 | 1126 1.167] 0.202 24.070 16.406 14464 12.166 .8121 -8.9901 2422.55 5498 13722 1119
Thz20 180 | 1161 1.179] 0.199 24786 16.906 15244 12.p66 .816B -8.3779 2991.66 6.027] 14186 1.111
Thz21 184 | 1198 1.187] 0.194 25493 17.406 15598 12.p35 .896B -8.3796 2983.81 6.556] 14.650 1.068
Thz22 186 | 1202 1.184] 0.197 25656 17.317 15775 1197 .3162 -8.691 2375.83 6.618) 13847 1.1p
Thz23 190 [ 1237] 0.199] 0.193 26.363 17.817 1655 11.p97 .2866 -8.0792 2944.36 7.147] 14.3%1  1.091
Thz24 194 | 1274 1.209] 0194 2707 18317 16509 11.p66 2779 -8.06 2935.66 7.826] 14815 1.074

Table 5- Correlation matrix of different molecular descriptors with Antihyperglycemic activity of thiazolidinedione derivatives
7M1 csi 3 Xt X0 X1 X2 X3 LUMO HOMO Total Clog CMR log
energy energy | energy P BA

Zm1 1.00

csl 0.947 1.00

J 0.002 0.037 1.00

Xt -0.978 -0.927 -0.053 1.00

X° 0.897 0.904 0.017 -0.881 1.00)

X? 0.990 0.942 0.045 -0.994 0.89 1.0p

X2 0.975 0.897 -0.089 -0.954 0.85] 0.9%6  1.00

X3 0.974 0.958 0.076 -0.934 0.901 0.960 0.907 1)00

LUMO energy 0.346 0.345 0.089 -0.381 0.37 0.394 0.227 0.419 00 1.

HOMO energy 0.484 0.384 0.012 -0.603 0.42] 0.567 0.469 0.384 443.] 1.00

Total energy 0.333 0.260 -0.107 -0.460 0.211 0401 0.3908 0.2680.083 0.746 1.00

Clog P 0.395 0.304 -0.292 -0.482 0.32§ 0.427 0520 0.241.080 [ 0.451 0.530 1.00

CMR 0.757 0.797 0.077 -0.781 0.938 0779 0.721 0.756 2510.] 0.409 0.300]  0.350] 1.00

LogBA 0.698 0.658 0.270 -0.621 0.63%5 0.675 0.566 0.793 407.[ 0.230 | -0.107] -0.30d  0.44 1.0p

1.8
1.7 A
< 1.6
m 1.5
S 14
B 1.3
0 124
B 111
o 1
0.9 4
0.8 . . . . . . . . .
0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Observed log BA
Fig. 1- Plot of observed logBA values against prectied logBA values for the QSAR model by Eq.- 1
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3.1. Plots between observed and predicted activiidor gsar models:

In order to confirm our results we have predicteel activities of different compounds using all misdexpressed
by Eg. 1 to 5. Here Fig. 1 to 5 shows that predictetivities calculated by best model- 3 (Fig. &evvery close to
each other as evidenced by low values of residutality (Table 6).

Table 6- Comparison of observed and predicted antifperglycemic activities of synthesized derivativassing corresponding QSAR models

Comp. log BA by using Eqg.1 log BA by using Eq.2 log BA by using Eq.3 log BA by using Eq.4 log BA by using Eq.5
Obs. | Pred. Res. Obs.[ Pred] Res. Obg Pregl. Reg. Obs Pred. Res. Obs. Pred. Res.
Thzl 1.068 | 0.978] 0.090] 1.068 1.068 0.000 1.068 1.024 440.0 1.068| 1.012] 0.056) 1.068 1.044 0.024
Thz2 1.015| 1.007| 0.008] 1.01 1.013 0.002 1.015 1.009 060.p 1.015| 0.942] 0.073 1.01p 0.954 0.061
Thz3 0.946 | 1.087| -0.141 0.94 1.093 -0147 0946 1.08®.141 | 0946/ 0.930 0.014 0946 1.039 -0.093
Thz4 1221 | 1.219| 0.002] 1.22] 1221 0.000 1.221 1.2550340] 1.221| 1308 -0.087 1.224 1.296 -0.0[75
Thz5 1.162 | 1.249| -0.087 1.162 1252 -0.090 1.162 1.2440.082 | 1.162| 1.238 -0.07 1162 1.205 -0.043
Thz6 1.099 | 1.328| -0.229 1.099 1331 -0.232 1.099 1.32®».223 | 1.099| 1.227 -0.12 1.099 1.292 -0.193
Thz7 1.647 1.448 0.199 1.647 1.454 0.193 1.647 1476 710.01 1.647| 1.552 0.095 1.64)7 1.532 0.115
Thz8 1639 | 1477 0.162| 1639 1486 0153 1.639 1.469 700.1 1.639| 1.486| 0.153 1.63p 1.442 0.197
Thz9 1622 | 1557 0.065| 1.622 1565 0.0§7 1.622 1546 760.p 1.622| 1.474] 0.148 162 1591 0.031
Thz10 1.564 1.441 0.123 1.564 1.440 0.134 1564 1506 580.p 1.564| 1.617| -0.053 1.564 1.518 0.046
Thz11l | 1542 | 1.471] 0.071] 1542 1471 0.071 1542 1458 840.p 1.542| 1547 -0.00§ 154p 14328 0.114
Thz12 | 1515 | 1.550| -0.035 151 1550 -0.085 1515 1.53®.021 | 1.515| 1.535 -0.02 1515 1513 0.0p2
Thz13 | 1552 | 1.450| 0.102| 1552 1456 0.096 1552 1474 780.p 1.552| 1.627| -0.073 155 1.537 0.025
Thz14 1.534 1.479 0.055 1.534 1.487 0.047 1534 1467 670.p 1.534| 1557 -0.023 1.53¢4  1.437 0.097
Thz15 | 1.530 | 1.558| -0.028 1530 1567 -0.087 1530 1.54%.014 | 1.530| 1.545 -0.01 1530 1.523  0.0p7
Thz16 | 1.296 | 1.072] 0.224] 1296 1.078 0243 1296 1110 860.1 1.296 | 1.252] 0.044 1.295 1.142 0.1%4
Thz17 | 1.268 | 1.102] 0.166] 1.268 1.068 0205 1.268 1.015 530.2 1.268[ 1.182] 0.086 1.26B 1.092 0.216
Thz18 | 1.239| 1.181] 0.058] 1.239 1.183 0096 1239 1176 630.p 1.239| 1.171] 0.068 1.23p 1137 0.102
Thz19 | 1.119 | 1.099| 0.020] 1119 1.065 0.044 1119 1.111 080.p 1.119| 1.203] -0.084 1.11p 1.162 -0.043
Thz20 1.111 1.129 -0.018 1.111 1.094 0.017 1111  1.0850260. 1.111 1.133] -0.027 1.111  1.071 0.040
Thz21 | 1.068 | 1.208| -0.140 1.068 1169 -0.101 1.068 1.156.088 | 1.068| 1.121] -0.05 1.068 1.1%7 -0.089
Thz22 | 1.160 | 1.285] -0.12§ 1.160 1277 -0.117 1160 1.32®.163| 1.160[ 1.194 -0.038 1.160 1.367 -0.207
Thz23 | 1.091 | 1.314] -0223 1.091 1.307 -0.216 1.091 1.29®9.208 | 1.091[ 1.129 -0.038 1.091 1.2y7 -0.186
Thz24 | 1.074 | 1.394] 0320 1074 1387 -0.313 1.074 1.370.303| 1.074] 1.087 -0.018 1074 1.3¢2 -0.288
1.8
1.7
< 1.6
m 15
o
o 1.4
T 1.3
2
o 1.2
B 11
o 1
0.9 |
0.8 . . . . . . . . .
0.8 0.9 1 11 1.2 1.3 14 15 1.6 17 1.8
Observed log BA

Fig. 2- Plot of observed logBA values against callated logBA values for the QSAR model using Eq.- 2
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Fig. 3- Plot of observed logBA values against callated logBA values for the QSAR model using Eq.- 3
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Fig. 4- Plot of observed logBA values against callated logBA values for the QSAR model using Eq.- 4
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Fig. 5- Plot of observed logBA values against callated logBA values for the QSAR model using Eq.- 5
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