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Abstract

Cancer has emerged as one of the leading cause of deaths worldwide. A three-dimensional quantitative structure-activity
relationship (3D-QSAR) analysis was performed on a series of quinazoline-based anticancer agents. Purpose of the study
is to understand the structural basis for their inhibitory activity. Comparative molecular field analysis (CoMFA) technique
was employed to develop 3D-QSAR model. Ligand-based alignment scheme was used to generate a reliable CoMFA
model. The model produced statistically significant results with a cross-validated correlation coefficient (q%) of 0.589 and
a non-cross-validated correlation coefficient () of 0.928. Model was further validated by bootstrapping and progressive
scrambling analysis. This study could assist in the design of novel and more potent anticancer agents.
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1. Introduction

Cancer is among the leading cause of death world-
wide!'!. The number of deaths due to cancer is expected
to reach approximately 13.1 million by 2030. Many bio-
active compounds have been reported to possess anti-
cancer activity®. However, their use as anticancer
agents is limited because of the side effects or the lim-
ited scope. Hence, the identification of novel, potent
drugs with a broad spectrum of activity and fewer side
effects is required for the improvement of cancer treat-
ment. Antimitotic agents which interact with microtu-
bules are widely used in the cancer chemotherapy””..
Microtubules or tubulin protein polymers are a major
component of the cytoskeleton of eukaryotic cells.
Tubulin proteins can polymerize as well as depolymer-
ize, and microtubules can undergo rapid cycles of
assembly and disassembly. Antimitotic agents interact
with tubulin either at the colchicine-, vinblastine- or
paclitaxel-binding site®). These agents either inhibit or
promote microtubule polymerization and accordingly
affect their function.
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Tremendous efforts have been made to develop anti-
cancer agents and a number of antimitotic compounds
have been synthesized as promising drug candidates ).
Recently, quinazoline-based anticancer agents were
reported!”’. However, a three-dimensional quantitative
structure-activity relationship (3D-QSAR) analysis on
these inhibitors has not been performed to establish
exactly how their chemical structures relate to the inhib-
itory activities. Our research group is involved in
molecular modeling studies!'"'*!. Here, we have per-
formed comparative molecular field analysis (CoMFA)
to identify the key structural elements that are required
in the rational design of novel drug candidates.

2. Experimental Section

2.1. Data Set

A data set of 45 quinazoline-based anticancer agents
was collected!'”. Reported activity values (ICs)) of
inhibitors were converted into pICsy values for 3D-
QSAR analysis. Converted pICs, values were used as
the dependent variables for developing CoOMFA model.
The energy minimized structure of the most active com-
pound (28) was used as template to construct other
compounds of the data set. All 3D structures were
sketched using SYBYL-X2.0!"", Gasteiger-Hiickel par-
tial atomic charges were applied to the structures.
Energy minimization was performed using Tripos force
field. The minimized structures were aligned to the
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Table 1. Chemical structures and biological activities of quinazoline-based anticancer agents
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Compound R, R, R; 1C50 (iM) pICso
1 4-OMe Me H 0.27 6.5686
2 4-F Me H >25 4.6021
3 4-Cl Me H >25 4.6021
4 4-CF; Me H >25 4.6021
5 H Me H >25 4.6021
6 4-OEt Me H 0.30 6.5229
7* 4-0"Bu Me H >25 4.6021
8 4-OCF; Me H >25 4.6021
9 3-OMe Me H >25 4.6021
10 3,4-OCH,0- Me H 20 4.6990
11 3,4-OMe Me H 21 4.6778
12 3,4,5-OMe Me H >25 4.6021
13 3-OBn Me H >25 4.6021
14 3-OH Me H >25 4.6021
15 4-NHMe Me H 4.1 5.3872
16 4-NMe, Me H 1.3 5.8861
17* 4-SMe Me H 0.34 6.4685
18 40Me H 20 4.6990
19 4-OEt H >25 4.6021
20 4-OMe Et H 1.8 5.7447
21 4-OMe Bn H 9.8 5.0088
22 4-OMe CF; H 1.1 5.9586
23 4-OMe H H >25 4.6021
24* 2.0 5.6990
25 4-OMe Me Me 0.053 7.2757
26 4-OMe Me Ph 0.1 7.0000
27 4-OMe Me CCls 0.038 7.4202
28 4-OMe Me Cl 0.027 7.5686
29% >25 4.6021
30 4-OMe Me OMe 0.058 7.2366
31 4-OMe Me OEt 0.34 6.4685
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Table 1. Chemical structures and biological activities of quinazoline-based anticancer agents

Compound R1 Rz R3 ICSU (iM) pICso
32 4-OMe Me OPr 1.2 5.9208
33 4-OMe Me Oallyl 0.41 6.3872
34 4-OMe Me OPh 33 5.4815
35 4-OMe Me SMe 0.067 7.1739
36 4-OMe Me NMe, 20.21 6.6778
37 4-OMe Me NHPh 2.7 5.5686
38 4-OMe Me AN 27 5.5686

9 4-OM M -i-N N-Me 19 4.7212
3 OMe e 7
. N\
40 4-OMe Me -i-N 0 0.17 6.7696
CN/

AR
41 4-OMe Me 4NN F 1.9 5.7212
PN
RIVe

4 4-OMe Me 0.035 7.4559
\_s
43 4-OMe Me ;Om 0.40 6.3979
44 4-OMe Me @ 0.78 6.1079
cl
cl
45 4-OMe Me ; @ 2.1 5.6778

*Compounds are considered as outliers.

template molecule using common substructure-based
alignment method. Chemical structures and biological
activities of the compounds are given in Table 1.

2.2. CoMFA

CoMFA calculations were performed using SYBYL-
X2.0. CoMFA technique is based on the assumption
that variations in the activity of compounds are related
to the changes in the steric and electrostatic fields'”.
CoMFA steric (Lennard-Jones potential) and electro-
static (Coulomb potential) interaction fields were calcu-
lated using default settings. A 3D cubic lattice with a
grid spacing of 2.0 A was created and fields were gen-
erated using a sp’ carbon probe atom carrying +1 charge
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and van der Waals radius of 1.50 A. An energy cut-off
of 30 kcal mol™ was used for the calculation of inter-
action fields.

Relationship between structural parameters and bio-
logical activities was derived using Partial least squares
(PLS) regression algorithm®. CoMFA descriptors
were used as independent variables while pICs, values
were used as dependent variables in the PLS analysis.
The leave-one-out (LOO) cross-validation was carried
out to obtain cross-validated correlation coefficient (q°),
optimal number of components (NOC) and standard
error of prediction (SEP). The non-cross-validated anal-
ysis was performed to obtain non-cross-validated cor-
relation coefficient (), standard error of estimate (SEE)
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and F-test value (F). Developed CoMFA model was
validated using bootstrapping analysis!'”! and progres-
sive scrambling. Bootstrapping of 100 runs and a total
of 100 independent scramblings with a maximum of 10
bins and a minimum of 2 bins were carried out.

3. Results and Discussion

3.1. CoMFA Model

CoMFA model was developed using a series of
quinazoline-based anticancer agents. Model was gener-
ated from the whole data set using ligand-based align-
ment scheme. All data set compounds were aligned
over the template (compound 28) using common sub-
structure alignment method. The aligned compounds
are displayed in Fig. 1. Data set was not divided into
training and test sets during model generation. Four
compounds (7, 17, 24 and 29) were removed from data
set as outliers during model development. Compounds
7 and 17 displayed high residual values whereas com-
pounds 24 and 29 were structurally different from rest
of the data set compounds.

A reliable CoMFA model in terms of several statis-
tical parameters was obtained. The detailed statistical
values for the model are given in Table 2. Model dis-
played a ¢° value of 0.589 with 5 components. The non-
cross-validated analysis produced 1*, SEE and F values
of 0.928, 0.291 and 90.859, respectively. The steric and
electrostatic contributions were 60.6% and 39.4%,
respectively. Actual and predicted activity values along
with the residual values for compounds are listed in

Fig. 1. Common substructure-based alignment of data set
compounds using compound 28 as a template.

Table 2. Statistical parameters of the CoMFA model

Parameters CoMFA
T 0.589
NOC 5
SEP 0.698
? 0.928
SEE 0.291
F 90.859
BS-r? 0.951
BS-sd 0.014
Q? 0.461
Steric contribution 60.6
Electrostatic contribution 39.4

Note: q2 is cross-validated correlation coefficient, NOC is
number of components, SEP is standard error of prediction,
2 is non-cross-validated correlation coefficient, SEE is
standard error of estimation; F is F-test value, BS-? is
bootstrapping r> mean, BS-SD is bootstrapping standard
deviation, Q? is corrected q* dependency.

Table 3. The scatter plot for actual versus predicted
pICsp values is shown in Fig. 2. Predicted activities are
in agreement with the experimental values suggesting
that a reliable COMFA model was developed.

3.2. CoMFA Contour Maps

The CoMFA results were graphically interpreted by
the field contribution maps. The contour maps of dif-
ferent fields are displayed with template (compound
28). Maps describe default 80% and 20% level contri-
butions for favorable and unfavorable regions, respec-

Predicted pICs, value
(o))

Actual pICs, value

Fig. 2. Scatter plot of the actual versus predicted activities
based on the CoMFA model.
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Table 3. Actual and predicted activity values with residuals
of the data set compounds

CoMFA
Compound Actual Predicted .
pICso Residual
pICso
1 6.5686 6.3400 0.2291
2 4.6021 4.7460 -0.1440
3 4.6021 4.5450 0.0572
4 4.6021 4.4310 0.1706
5 4.6021 4.5550 0.0473
6 6.5229 6.5930 -0.0705
8 4.6021 5.1110 -0.5091
9 4.6021 4.2370 0.3653
10 4.6990 4.5180 0.1814
11 4.6778 5.3240 -0.6460
12 4.6021 4.6570 -0.0545
13 4.6021 4.8830 -0.2811
14 4.6021 4.3240 0.2776
15 5.3872 5.2890 0.0984
16 5.8861 5.8550 0.0312
18 4.6990 4.6720 0.0266
19 4.6021 4.5730 0.0287
20 5.7447 6.0130 -0.2685
21 5.0088 5.0490 -0.0398
22 5.9586 6.3200 -0.3617
23 4.6021 4.5240 0.0779
25 7.2757 7.4310 -0.1548
26 7.0000 6.5520 0.4480
27 7.4202 7.2760 0.1443
28 7.5686 6.9580 0.6106
30 7.2366 7.2170 0.0193
31 6.4685 6.8630 -0.3944
32 5.9208 5.8690 0.0519
33 6.3872 6.4010 -0.0135
34 5.4815 5.3470 0.1347
35 7.1739 7.3800 -0.2063
36 6.6778 6.8680 -0.1903
37 5.5686 5.4070 0.1615
38 5.5686 5.7580 -0.1898
39 47212 4.9580 -0.2370
40 6.7696 6.1710 0.5983
41 5.7212 5.9310 -0.2101
42 7.4559 7.0150 0.4409
43 6.3979 6.5250 -0.1269
44 6.1079 6.0470 0.0605
45 5.6778 5.8410 -0.1631
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Color Legend

80.000
Fig. 3. CoMFA steric contour map with template
(compound 28) as a reference. Green contours indicate
sterically favored regions while yellow contours indicate
sterically unfavorable regions.

P

Color Legend
20.000
80.000

Fig. 4. CoMFA celectrostatic contour map with template
(compound 28) as a reference. Blue contours represent
favorable regions for electropositive substituents whereas
red represent favorable regions for electronegative
substituents.

tively. Maps indicate spatial requirement of steric and
electrostatic fields for improving the inhibitory activity
of the compounds.

Steric contour map is displayed in Fig. 3. Green con-
tours indicate favorable regions whereas yellow con-
tours indicate unfavorable regions for bulky group
substitution. A green contours observed near Rj substi-
tution suggested that bulky groups in this region are
favorable for increasing the activity. This could be the
possible reason for better inhibitory activities of com-
pounds 25, 27, 28 and 30 as compared to compound 1.
Yellow contours observed around R, substitution sug-
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gested that small groups are favored in this region and
bulky substituents could decrease the activity. This
might be the possible reason for the lower activities of
compounds 2, 3 and 5 as compared to compounds 6, 16
and 17.

Electrostatic contour map is displayed in Fig. 4. Blue
contours indicate regions where electropositive substi-
tutions are favored while red contours indicate favorable
regions for electronegative substitutions to enhance the
activity. Blue contours observed near R; substitution
suggested that electropositive groups at that position
could increase the activity. This could be the possible
reason for higher activities of compounds 15, 16 and 17
than compounds 2 and 3. The red contour observed near
R, substitution suggested that electronegative groups at
that position could improve the activity. This might be
the reason for higher activity of compound 22 than
compounds 20 and 23.

4. Conclusions

In the present study, a CoOMFA model was developed
for a series of quinazoline-based anticancer agents. The
model provided some insights into the crucial structural
factors affecting the bioactivity of these anticancer
agents. Ligand-based alignment scheme and Gasteiger-
Hiickel partial charges produced a reliable CoMFA
model. The model showed statistically acceptable
results in terms of q* and r* values. Validation results of
bootstrapping and progressive sampling also indicated
that the developed model is robust. Contour map anal-
ysis highlighted regions for chemical modification to
improve the inhibitory activity of the compounds.
Smaller groups with electropositive properties at R,
substitution whereas electronegative groups at R, sub-
stitution and bulky groups at R; substitution are desir-
able to improve the inhibitory potency. These results
may provide some useful and rational suggestions for
the design of novel and more potent anticancer agents.
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