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QSAR study on N- (Aryl)-4-(Azolylethyl) Thiazole-5-Carboxamides: Novel 
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Abstract: QSAR study on N- (Aryl)-4-(azolylethyl) thiazole-5-carboxamides analogues, which are novel potent inhibitor 

of VEGF receptor II and I, were performed using topological, electronic and physicochemical descriptors. The results ob-

tained demonstrate in detail, which specify that topological descriptors of the compounds play a significant role in devel-

oping QSAR models. The significance of presence and absence of substituents on particular position is successfully ex-

plored with the help of indicator variables. The results are critically discussed on the basis of multiple linear regression pa-

rameters.
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INTRODUCTION

Angiogenesis, the growth and expansion of blood vessels 
from pre-existing vasculature, is involved in a variety of dis-
ease states that include diabetic retinopathy, rheumatoid ar-
thritis, and tumor growth [1, 2]. Although angiogenesis is a 
highly complex process, there is a large body of evidence 
that suggests that an endothelial cell-specific mitogen, vascu-
lar endothelial growth factor (VEGF), is a major regulator of 
these events [3, 4]. The biological effects of VEGF are me-
diated by two-receptor tyrosine kinases known as VEGFR-1
(also known as Flt-1) and VEGFR-2. It has been demon-
strated that the disruption of VEGF signaling can retard an-
giogenesis and inhibit tumor growth. Numerous compounds, 
such as PTK 787, ZD 6474, SU6668, SU11248, CHR200131, 
CP547632, AG13736, CEP7055/CEP5214, KRN633 have 
been shown to be effective in this manner and other mole-
cules progressing to the clinic for further evaluation [5, 6].
Preclinical and clinical data strongly support the involvement 
of specific VEGFR in the formation and progression of a 
subset of solid tumors. 

Quantitative structure–activity relationships (QSAR) have 
been broadly used for some years mainly in medical research
[7-11]. It is basically concerned with the correlation of struc-
ture with activity. Several physicochemical, topological and 
electronic descriptors are used in QSAR studies. The present 
study involves QSAR analysis of N- (Aryl)-4-(azolylethyl) 
thiazole-5-carboxamides, which are novel potent inhibitors 
of VEGF receptors 1 and 2 [12].

EXPERIMENTAL

Biological Activity

The series consist of total 31 compounds but only 23 
compounds have well defined activity against VEGFR-2. All 
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the biological activity data (IC50 in μM) have been converted 
to negative logarithmic molar dose (pIC50) in order to line-
arly relate free energy change of the interaction of com-
pounds with receptor and to reduce the skewness of the data 
set. The general structure of these analogues along with 
their biological activity data are shown in Table 1.

Molecular Descriptors

The Compounds in the series were sketched using Chem 
Draw module of ChemOffice 200 [13] and the sketched 
structures were subsequently used for the calculation of mo-
lecular descriptors available in QSAR software Modeslab 1.5
[14].

Topological [15] and physicochemical descriptors were 
calculated for all molecules using QSAR software Modeslab 
whereas electronic descriptors were calculated on the 
Chem3D software using the “Compute Properties Module”.

The structures were energy minimized to calculate elec-
tronic descriptors. 

(i) MM2 server was used for energy minimization; minimum 
RMS gradient used was 0.100.

(ii) In the subsequent step MOPAC server was used for en-
ergy minimization, minimum RMS gradient used was 0.001.

Indicator Variables

Indicator variables are used to account for certain fea-
tures which can’t be described by the continuous variables. 
In QSAR equation they normally used to describe a certain 
structural element, be it a substituent or another molecular 
fragment. The present study employs two indicator variables 
I1 and I2 which represents the 4-pyridine nucleus and isoxa-
zole nucleus respectively.

REGRESSION ANALYSIS

Biological activity was taken as dependent variable and 
the calculated molecular descriptors were taken as independ-
ent variables. A correlation analysis was performed between 



456 Medicinal Chemistry, 2009, Vol. 5, No. 5 Patel et al.

dependent and independent variables. QSAR models were 
generated through forward stepwise multiple linear regres-
sion analysis using the method of least squares adopted by 
statistical program SYSTAT [16]. In this method, descriptors 
were selected on the basis of F-statistics and tolerance.

Descriptor having F value grater than or equal to 4 were se-
lected and less than or equal to 3.9 were removed. The statis-
tical measures used for the evaluating the generated models 
are correlation coefficient (r), squared correlation coefficient 
(r

2
), Fischer ratio value and standard deviation. Furthermore, 

Table 1. Structure of N- (Aryl)-4-(azolylethyl) thiazole-5-carboxamides Analogues Along with their Biological Activity Data
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Activity
Comp. No. R R1

VEGFR-2 VEGFR-1 VEGFR-2 Cell Based ELISA

1 4-Cl (C6H4) a 5.7329 5.3372 5.6383

2 4-Cl (C6H4) c 6.8861 6.5086 7.0223

3 4-Cl (C6H4) d 5.4711 5.1643 NA

4 4-t-Bu (C6H4) a 5.8386 NA 5.7878

5 46-t-Bu (C6H4) c 6.9586 6.1427 7.1367

6 4-t-Bu (C6H4) d 5.6003 5.2628 NA

7 4-i-Pr (C6H4) a 5.7932 5.1931 NA

8 4-i-Pr (C6H4) c 6.8539 6.0757 6.9208

9 4-ClF2CO (C6H4) a 5.7520 NA 5.6478

10 4-ClF2CO (C6H4) c 6.9586 6.1192 7.0706

11 3-Me (C6H4) c 6.2518 5.3316 NA

12 4-N-Morpholino- (C6H4) a 5.4341 NA NA

13 4-N-Morpholino- (C6H4) c 6.1487 5.6326 6.2366

14 3,4-Cl (C6H4) a 5.9031 5.2660 NA

15 3,4-Cl (C6H4) c 6.7447 6.2291 7.0315

16 4-Cl-3-CF3 (C6H3) a 5.6737 5.2741 NA

17 4-Cl-3-CF3 (C6H3) c 6.5686 6.1427 6.7212

18 2-F-4-Me (C6H3) a 5.7799 5.5199 5.5607

19 2-F-4-Me (C6H3) c 6.5086 6.2007 6.6383

20 3,4-methylenedioxy c 6.4318 6.1249 6.4815

21 4-Br (C6H4) c 6.0655 5.4145 5.9914

22 4-Ph (C6H4) c 5.9666 NA NA

23 4-PhO (C6H4) c 5.7167 NA NA
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the obtained models were also checked for multicollinearity 
problem by calculating correlation matrix for the descriptors 
in the QSAR models (Table 2). The selected models were 
validated by Leave One Out (LOO) [17] method employing 
validation software VALSTAT [18] and the validation pa-
rameters (Q2, r

2
pred, SPRESS and SDEP) were calculated for 

generated models. The Z score method was adopted for the 
detection of outliers. Z Score can be defined as absolute dif-
ference between the value of the model and the activity field, 
divided by the square root of the mean square error of the 
data set. Any compound which shows a value of Z score 
higher than 2.5, during generation of a particular QSAR 
model, is considered as outlier (Table 3).

RESULTS AND DISCUSSION

Correlations between different VEGFR inhibitory activi-
ties and calculated variables were established through for-
ward stepwise multiple linear regressions using the method 
of least squares. Various models were generated and best 
models were selected on the basis of their statistical signifi-
cance. It was observed from QSAR study that VEGFR in-
hibitory activity of N-(Aryl)-4-(azolylethyl) thiazole-5-car-
boxamides can be successfully explained in terms of topol-
ogy of the molecule.

Statistically significant QSAR models generated for dif-
ferent inhibitory activity data are as follow: 

Against VEGFR-2

Model-1

BA = [5.35111 (± 0.639971)] + I2 [1.21889 (± 0.28205)] + X 
(Ch)(6) [-4.40829 (± 1.95195)] + Xv (PC)(5) [0.399077 (± 
0.307898)] 

n=23, r=0.905808, r
2
=0.820487, std=0.229413, F=28.9474 

(F(3,19) = 4.94) Q
2
=0.753, SPRESS=0.268718, SDEP=0.244236

Against VEGFR-1

Model-2

BA = [9.20894 (± 0.694867)] + I1 [-1.21417 (± 0.190454)] + 
Xv (P)(5) [-1.49191 (± 0.317222)] 

n=16, r=0.968464, r
2
=0.937922, std=0.125256, F=98.2067 

(F(2,13) = 6.36), Q
2
= 0.897918, SPRESS= 0.160621, SDEP=

0.144782

Table 2. Correlation Matrix for Models 1-3

Models Descriptors I2 X (Ch)(6) Xv (PC)(5)

I2 1.0000

X (Ch)(6) 0.6026 1.0000

Model 1

Xv (PC)(5) 0.2573 0.1424 1.0000

Descriptors I1 Xv (P)(5)

I1 1.0000

Model 2

Xv (P)(5) 0.6345 1.0000

Descriptors I1 DL

I1 1.0000

Model 3

DL 0.0377 1.0000

Table 3. Z-Score Values of Compounds in QSAR Models 2 

and 3

Z-Score ValueCompound No.

Model 2 Model 3

1 -0.5728 -1.4250

2 1.7513 0.2127

3 -2.0527 0.2788

4 0.2142 1.3129

5 0.3934 -0.1671

6 -0.7658 0.8123

7 -0.9185 1.6984

8 -0.1370 -1.2502

9 -2.8640* 0.2240

10 1.4548 -0.6878

11 0.0883 0.3340

12 0.6265 -1.5231

13 0.7705 0.1803

14 0.4977 -2.8243*

15 0.4799

16 -1.4044

17 -0.4254

18 -3.1201*

*outlier.
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Against VEGFR-2 (Cell Based ELISA)

Model-3

BA = [7.16667 (± 0.251731)] + I1 [-1.18213 (± 0.242998)] + 
DL [-0.102785 (± 0.0607741)] 

n=13, r=0.963524, r
2
=0.928378, std=0.178149, F=64.8112 

(F(2,10) = 7.56 ), Q
2
= 0.876577, SPRESS= 0.233862, SDEP=

0.20511 

Where, n is the number of data points, r is correlation 
coefficient, r

2
is squared correlation coefficient, std is stan-

dard deviation, F represents Fischer ratio between the vari-
ances of calculated and observed activities, values in paren-
theses that follows calculated F-value, are tabulated F-values 
at 99% confidence interval, figures with ± sign which are 

given in the parentheses within the equation, are 95% confi-
dence limits associated with the regression coefficients, 
chance is the ratio of the equivalent regression equations to 
the total number of randomized sets, Q

2
is cross validated 

squared correlation coefficient, SPRESS and SDEP correspond 
to standard deviation based on predicted residual sum of 
squares and standard deviation of error of prediction respec-
tively. 

All the QSAR models are significant at 99% level, which 
is shown by their greater calculated F value in comparison to 
the tabulated F value. Each model can explain a good per-
centage of inhibitory activity, lowest being 82% for inhibi-
tion of VEGFR-2 and highest being 93% for inhibition of 
VEGFR-1 as shown by their r

2
values. Accuracy in the 

analysis is shown by low values of std. High Q
2

and low 

Table 4. Descriptors Involved in QSAR Models 

Model 1(VEGFR-2) Model 2(VEGFR-1) Model 3(VEGFR-2, Cell Based ELISA)
Sr. No.

I2 X (Ch)(6) Xv (PC)(5) I1 Xv (P)(5) I1 DL

1 0 0.0833 1.624979 1 1.736517 1 1.11412

2 1 0.1854 1.685507 0 1.94684 0 1.74132

3 0 0.2347 2.305011 0 2.550603 - -

4 0 0.0833 2.596807 - - 1 2.35507

5 1 0.1854 2.657335 0 2.072006 0 2.36905

6 0 0.2347 3.276839 0 2.675768 - -

7 0 0.0833 1.945869 1 1.818022 - -

8 1 0.1854 2.006398 0 2.028345 0 2.12754

9 0 0.0833 2.026945 - - 1 4.56119

10 1 0.1854 2.087473 0 2.06029 0 3.62213

11 1 0.1854 1.735986 0 1.862689 - -

12 0 0.1854 2.085257 - - - -

13 1 0.2874 2.145786 0 2.510828 0 7.07095

14 0 0.0680 2.0627 1 1.835941 1 2.26624

15 1 0.1701 2.1232 0 2.046263 0 1.66934

16 0 0.0680 2.2122 1 1.883844 1 3.87878

17 1 0.1701 2.2728 0 2.094166 0 3.24524

18 0 0.0680 1.7229 1 1.696306 1 4.65229

19 1 0.1701 1.7834 0 1.906628 0 2.73091

20 1 0.1701 1.8540 0 2.033897 0 6.95145

21 1 0.1854 1.8077 0 2.091344 0 1.70648

22 1 0.2875 1.9966 - - - -

23 1 0.2874 1.7912 - - - -

Compounds have no well-defined activity.
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SPRESS and SDEP values in each model reflect their good pre-
dictive potential.

The best correlation for modeling VEGFR-2 inhibition 
for N- (Aryl)-4-(azolylethyl) thiazole-5-carboxamides com-
prises of I2, Xv (PC)(5) and X (Ch)(6). I2 is the indicator 
variable given for the presence of pyridine nucleus. Indicator 
variables are used to account for certain features which can’t 
be described by the continuous variables. In QSAR equation 
they normally used to describe a certain structural element, 
be it a substituent or another molecular fragment (Table 4). I2

is positively correlated with the activity. It may be observed 
from Table 1, compounds 2, 5, 8, 10, 11, 13, 17, 19, 20, 21 
having pyridine nucleus show more activity in comparison to 
other compounds. It shows importance of pyridine nucleus 
for the activity. X (Ch)(6) is a topological descriptor. It is the 
sixth order chain type molecular connectivity index. The 
chain-type molecular connectivity indices describe the type 

of rings that are present in a molecule as well as the substitu-
tion patterns on those rings. X (Ch)(6) is corresponds to the 
4-pyridine nucleus. It is negatively correlated with the activ-
ity in the model. Thus, 4-pyiridinyl moiety is important for 
the VEGFR-2 inhibitory activity. Xv (PC)(5) is a topological 
descriptor. It denotes fifth order valence path cluster type 
molecular connectivity index. The path/cluster indices de-
scribe mainly local structural properties, such as the extent or 
degree of branching in a molecule. They are highly sensitive 
to changes in branching, and their value rapidly increases 
with the degree of branching. It is positively correlated with 
the activity indicates that inhibitory activity will decrease 
with molecular branching.

Model for VEGFR-1 inhibitory activity highlights the 
linear relationship between VEGFR-1 inhibitory activity of 
the molecules and the molecular descriptors I1 and Xv (P)(5). 
I1 is the indicator variable given for the presence of isoxazole 

Table 5. Observed and Predicted Activities for VEGFR Inhibition Calculated by Using the QSAR Models 

Model 1(VEGFR-2) Model 2(VEGFR-1) Model 3(VEGFR-2, Cell Based ELISA)
Sr. No.

Obs. Activity Pred. Activity Obs. Activity Pred. Activity Obs. Activity Pred. Activity

1 5.732828 5.60561 5.337242 5.42121 5.638272 5.99274

2 6.886057 6.36819 6.508638 6.26516 7.022276 6.98001

3 5.471083 5.13712 5.164309 5.49741 NA NA

4 5.838632 6.07109 NA NA 5.787812 5.72612

5 6.958607 6.75492 6.142668 6.11475 7.136677 6.88831

6 5.600326 5.65363 5.262807 5.18238 NA NA

7 5.793174 5.7555 5.193142 5.30488 NA NA

8 6.853872 6.52617 6.075721 6.19743 6.920819 6.95294

9 5.752027 5.7982 NA NA 5.647817 5.46071

10 6.958607 6.54909 6.119186 6.13712 7.070581 6.75973

11 6.251812 6.46717 5.331614 NA NA NA

12 5.434152 5.35011 NA NA NA NA

13 6.148742 6.16134 5.632644 5.40849 6.236572 6.57579

14 5.90309 5.86979 5.266001 5.2531 7.031517 6.98668

15 6.744727 6.65778 6.229148 6.14676 6.721246 6.84731

16 5.673664 5.97851 5.274088 5.16023 5.560667 5.48309

17 6.568636 6.75428 6.142668 6.0782 6.638272 6.92126

18 5.779892 5.72951 5.519993 5.44889 6.481486 6.43408

19 6.508638 6.53445 6.200659 6.40239 5.9914 NA

20 6.431798 6.5734 6.124939 6.18117 NA NA

21 6.065502 6.51459 5.414539 NA NA NA

22 5.966576 6.1309 NA NA NA NA

23 5.716699 6.11351 NA NA NA NA
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nucleus in the structure. I1 is negatively correlated with the 
VEGFR-1 inhibitory activity. It shows isoxazole nucleus is 
inimical to the VEGFR-1 inhibitory activity. Xv (P)(5) is a 
topological descriptor. It is the fifth order path type valence 
connectivity indices. It is negatively correlated with the ac-
tivity in model 2. Xv (P)(5) is similar to X (P)(5) with addi-
tional heteroatom and valence state information. It’s negative 
correlation with activity indicates that VEGFR-1 inhibitory 
activity will increase with presence of heteroatom.

The best correlation for modeling VEGFR-2 (Cell based 
ELISA) inhibition N- (Aryl)-4-(azolylethyl) thiazole-5-
carboxamides comprises of I1 and DL. I1 is the indicator vari-
able given for the presence of isoxazole nucleus in the struc-
ture. I1 is negatively correlated with the VEGFR-2 (Cell 
based ELISA) inhibitory activity. It shows isoxazole nucleus 
is not conducive for the VEGFR-2 inhibitory activity. DL is 
a electronic descriptor. It is determined by the dipole mo-
ment. The dipole moment is the first derivative of the energy 
with respect to an applied electric field. It measures the 
asymmetry in the molecular charge distribution and is re-
ported as a vector in three dimensions. The dipole length is 
the summarized vector of three dimensions. If the branches 
have narrow dimension, calculated dipole length will be 
high, if wide enough to be a plane, the value is 0. It is nega-
tively correlated with the VEGFR-2 (Cell based ELISA) 
activity, which implies that if dipole length will be high than 
the molecule will be less active.

Although, generation of QSAR models with good statis-
tical significance is of paramount importance, the models 
should also exhibit good predictive ability. The predictive 
ability of the models was gauged by a cross-validation pro-
cedure following a Leave-One-Out scheme. Furthermore, 
values and predicted activity values calculated by using the 
obtained models in Table 5 and graphical representation of 
the same are depicted in Graph 1. This comparison together 
with the graphical plot provides ample evidence for the good 
predictive potential of the models generated for modeling 
VEGFR inhibitory activity of N- (Aryl)-4-(azolylethyl) thia-
zole-5-carboxamides.

CONCLUSION

The present study gives rise to quantitative models to be 
capable of good prediction of VEGFR inhibition by N-
(Aryl)-4-(azolylethyl) thiazole-5-carboxamides. The results 
of the QSAR study suggest that I2 and Xv (PC)(5) are posi-
tively correlated with the VEGFR-2 inhibitory activity. It 
indicates pyridine nucleus is important for VEGFR-2 inhibi-
tory activity and activity will increase with decrease in mo-
lecular branching. Further, negative correlation of the X 
(Ch)(6) with VEGFR-2 inhibitory activity indicates pyridine 
nucleus is important for the activity.

I1 is negatively correlated with the VEGFR-1 inhibitory 
activity, which indicates that isoxazole nucleus is not re-
quired for VEGFR-1 inhibitory activity. Xv (P)(5) is nega-
tively correlated with VEGFR-1 inhibitory activity, which 
implies that inhibitory activity will increase with presence of 
heteroatom.

I1 is negatively correlated with the VEGFR-2 (cell based 
ELISA) inhibitory activity indicates isoxazole nucleus is not 

required for VEGFR-2 inhibitory activity. Dipole length is 
negatively correlated with the VEGFR-2 (cell based ELISA) 
inhibitory activity, which indicates substituents which are 
capable of forming dipole should not present in the molecule 
for VEGFR-2 inhibitory activity.
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