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Abstract  As a group of diversified frameworks, quinazolin derivatives displayed a broad field of biological functions, especially 
as anticancer. To investigate the quantitative structure-activity relationship, 3D-QSAR models were generated with 24 quinazolin 
scaffold molecules. The experimental and predicted pIC50 values for both training and test set compounds showed good correlation, 
which proved the robustness and reliability of the generated QSAR models. The most effective CoMFA and CoMSIA were obtained 
with correlation coefficient 2

ncvr of 1.00 (both) and leave-one-out coefficient q2 of 0.61 and 0.59, respectively. The predictive abilities 
of CoMFA and CoMSIA were quite good with the predictive correlation coefficients ( 2

predr ) of 0.97 and 0.91. In addition, the statis-
tic results of CoMFA and CoMSIA were used to design new quinazolin molecules. 
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1 Introduction 
Cancer is one of the most serious health problems in 

the world (Mohamed et al., 2016). Quinazolin derivatives 
has been regarded as effective drug scaffolds (Antoszczak 
et al., 2014) in cancer treatment (Alafeefy et al., 2008; 
Zhang et al., 2013) since their high-potency, low toxicity 
and diversity of substituent. Morpholino quinazolin de-
rivatives have been proved carrying the good anticancer 
activities through docking studies, however, electronic 
structure and QSAR studies have been barely reported. 
Castillo et al. (2012) had studied a series of quinazolin 
derivatives using DFT method, the results showed that the 
presence of chlorine helped increasing the molecular re-
activity. Hammond et al. (2003) reported a kind of potent 
inhibitor (KF24345) which showed less species hetero-
geneity than prototypical inhibitor NBMPR. Thus, it is 
need to carry out quantum chemistry and QSAR studies 
on quinazolin molecules to better understand the rela-
tionship between electronic structure and biological activ-
ity of this kind compound.  

3D-QSAR models are also applied to design new use-
ful compounds, sieve large beneficial active chemicals 
and further understand the mechanism (Joshi et al., 2014). 
In this paper, DFT calculations were used to explore the 
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active sites of quinazolin molecules. 3D-QSAR of quina-
zolin derivatives and their electronic structures were also 
investigated in details. Finally, the results from CoMFA, 
CoMSIA and DFT were used as a guide in designing new 
quinazolin compounds. 

2 Materials and Methods 
Structures of quinazolin derivatives were optimized by 

DFT B3LYP/6-31G(d,p) Gaussian 09 program. QSAR 
study including parameter calculation and analysis for 
CoMFA and CoMSIA were performed by SYBYL-X2.0.  

2.1 Data Set 

In this paper, a series of 24 m-(4-morpholinoquinazo- 
lin-2-yl) benzamides (Wang et al., 2015) were used for 
3D QSAR study. The pIC50 (-logIC50) values against 
HCT- 116 cell lines were listed in Table 1. The whole 3D 
structures were divided into two parts, structure A and 
structure B, based on their infrastructure. All molecules 
were randomly separated into two sets, training set and 
test set. The training set including 19 molecules was used 
to generate model. And the remaining 5 compounds were 
used as test set to verify the quality of predictive ability of 
generated model. 

2.2 Molecular Alignment 

All QSAR modeling studies including molecular align-  
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Table 1 Structures, experimental and predicted pIC50 values for both training and test compounds 

 
Pred pIC50 

No. R1 R2 R3 Exp pIC50 
CoMFA CoMSIA 

1 CONH2 H H 6.05 6.04 6.03 
2* CONH2 OCH3 H 6.33 6.30 6.24 
3 CONH2 Cl H 5.53 5.53 5.53 
4 CONH2 H OCH3 6.35 6.35 6.35 
5 CONH2 H OBn 5.42 5.42 5.42 
6 CONH2 OBn H 6.05 5.30 5.30 
7 CONH2 H OH 6.06 6.07 6.08 
8 CONH2 OH H 5.56 5.55 5.56 
9 CONH2 H CF3 6.15 6.15 6.16 
10 CONH2 H OCF3 6.52 6.52 6.51 
11 CO2CH3 H H 5.97 5.96 5.96 
12 CONHCH3 H H 5.60 5.60 5.60 
13 NHAc H H 5.85 5.86 5.85 
14* H CONH2 H 5.90 5.94 5.96 
15 H NHAc H 5.96 5.97 5.95 

 
Pred pIC50 

No. R’ R’’ Exp pIC50 
CoMFA CoMSIA 

16* CH2CH2OCH3 CH3 6.05 6.04 6.24 
17 CH2CH2OCH3 CH2CH2OCH3 5.04 5.05 5.05 
18 CH3 Bn 5.19 5.19 5.19 
19* CH3 CH2CH2OCH3 5.57 5.53 5.59 

20 CH3 
 

5.5 5.49 5.49 

21* CH3 
 

5.89 5.78 5.85 

22 CH3 
 

6.09 6.09 6.09 

23 CH3 
 

5.02 5.01 5.02 

24 CH3 
 

4.66 4.66 4.66 

 
Fig.1 Three-dimensional training set alignment (A) setting on a template molecule (B) (core structure for alignment is shown in 
bold and partial atoms are shown their label for further discussion). 
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ments were carried out using SYBYL-X2.0 without ex-
tra-defined values. Generally, low energy conformation 
of the highest bio-active molecule was set as reference. 
Thus, all molecules were aligned on Compound 10 (the 
most active compound) based on a common core. The 
aligned database and the template molecule were showed 
in Fig.1. 

2.3 CoMFA Analysis 

The grid spacing was set to 2.0Å each in all Cartesian 
directions. The CoMFA grid points generated with Tripos 
force field using a sp3 carbon with net+1 charge. The 
maximum energy cutoff of steric and electrostatic fields 
was set to 30 kcal mol−1 (Lokwani et al., 2014). 

2.4 CoMSIA Analysis 

In CoMSIA study, the attenuation factor was set to 
0.328. The grid spacing in CoMSIA calculations was 
same to CoMFA. Similarity indices were calculated be-
tween a probe and each atom of the molecules based on a 
Gaussian distance function (Zhang et al., 2016).  

 
3 Results and Discussion 
3.1 Frontier Orbital Analysis 

According to the frontier molecular orbital theory, the 
highest occupied molecular orbital (HOMO) and the 
lowest unoccupied molecular orbital (LUMO) were im-
portant factors for bioactivity. The frontier molecular 
orbital diagrams of the most active molecule (compound 
10) were showed in Fig.2. The HOMO of compound 10 is 
mainly constituted by morpholino, quinazolin and ben-
zene rings; while LUMO is quinazolin and benzene rings. 
Similarly, HOMO-1 and LUMO+1 orbitals were then 
mainly distributed on aromatic and heteroatomic rings. 
HOMO/LUMO distribute over the basic skeleton of 
compound 10 but not over the substituent groups, which 
meant that morpholino, quinazolin should be functional 
sites of the molecule. It was the morpholino, quinazolin 
rings in all molecules that played a dominant role for the 
biological activity against HCT-116 cell lines. And the 
active parts could be used as common core in 3D-QSAR 
studies. 

 
Fig.2 Frontier molecular orbital diagrams of compound 10. 

3.2 CoMFA and CoMSIA Results 

The results of CoMFA analysis on the contribution of 
steric and electrostatic fields were listed in Table 2. The 
most effective CoMFA and CoMSIA were obtained with 
correlation coefficient of 1.00 (both) and leave-one-out 
coefficient q2 of 0.61 and 0.59, respectively. The predic-
tive abilities of CoMFA and CoMSIA were quite good 
with the predictive correlation coefficients ( 2

ncvr ) of 0.97 
and 0.91. In addition, the statistic results of CoMFA and 
CoMSIA were used to design new quinazolin molecules.  

Table 2 Statistical results of CoMFA and CoMSIA models 

Statistical parameter CoMFA model CoMSIA model 

N 9   9   
q2 0.61 0.59 
rncv

2 1.00 1.00 
rpred

2 0.97 0.91 
SEE 0.01 0.01 
F value 7794.17 4461.92 
r2 for test set 0.96 0.80 
QF1

2 0.97 0.91 
QF2

2 0.95 0.83 
QF3

2 0.89 0.66 
CCC 0.92 0.89 

3.3 Contour Maps Analysis 

Both contour maps of CoMFA and CoMSIA statistical 

results were interpreted using STDEV*COEFF type of 
field at 3D grid orientation for proper visualization. In 
this study, contour maps of CoMFA were displayed at 
steric and electrostatic fields in Fig.3. In CoMSIA model, 
contour maps of steric (S) and hydrophobic (H) were 
showed in Fig.4. All contour maps were consisted of 80% 
favorable and 20% unfavorable sites.  

3.3.1 CoMFA map analysis 

The compound 10 (pIC50 = 6.52) with the CoMFA 
model of steric contour map was shown in Fig.3A. The 
green contours represented the contribution of a high 
steric tendency, while yellow contours represented low 
steric tendency. In Fig.3A, two green contours were cov-
ering -OCF3 (R3 in structure A), which indicated bulky 
substitutions in R3 position would increase the activity. 
Three yellow-color and green-color contour maps were 
overlapped at -CONH2 (R1 in structure A). That repre-
sented bulky-sized groups in R1 would decrease the activ-
ity, but the size of the groups could not be infinitely small. 
In addition, two small steric favorable contour maps were 
observed over -OCH3 (R” in structure B) at the terminal 
of quinazolin ring suggesting that bulky groups in this 
region would favor the activity. The electrostatic contour 
maps of compound 10 in CoMFA model was shown in 
Fig.3B. In Fig.3B, electrostatic field was expressed by 
blue contours for more positive charge groups and red for 
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more negative charge groups, respectively. In this figure, 
three large red contours were overlapping R3 region at the 
terminal of benzene ring, which indicated high electro-
static groups would increase activity. Furthermore, two 

electropositive blue contours were overlapping R1 region, 
showed positively charged groups at this position would 
increase activity.  

 
Fig.3 Steric (A) and Electrostatic (B) contour maps of the CoMFA model of compound 10. 

 

3.3.2 CoMSIA map analysis 

CoMSIA model contour maps of steric and hydropho-
bic fields were showed in Figs.4(A) and 4(B). CoMSIA 
contour maps at steric field of compound 10 showed the 
similar results to CoMFA model. So in this analysis, only 
hydrophobic field was discussed. Hydrophobic contour 
was indicated by cyan and purple colors representing hy-
drophobic and hydrophilic groups, respectively. In CoM-
SIA hydrophobic contour maps, one large cyan contour 
was covering the -R3 group to benzene ring, while one 

large purple color and a small purple one overlapped at 
the same region. Based on the contribution of the contour 
map, it could be revealed hydrophilic groups in -R3 re-
gion might enhance the activity, but the intensity of the 
hydrophilic property should not too strong. One hydro-
philic favorable contour map was close to R1 region, in-
dicating hydrophilic favorable group at this region would 
increase the activity. Meanwhile, a small cyan-color con-
tour map was overlapping at the terminal of the quina-
zolin ring, which indicated a small hydrophobic group in 
R” position could help with increasing activity.  

 

Fig.4 Steric (A) and Hydrophobic (B) contour maps of the CoMSIA model of compound 10. 

      
Fig.5 Plots of the experimental datum versus the predicted values of CoMFA (A) and CoMSIA (B) models.  

 

3.4 External Test Set Validation 

External test set validation is the most important part to 
test the predicted ability of the generated CoMFA and 
CoMSIA models. The 2

1FQ , 2
2FQ , 2

3FQ and the CCC value 
of external test set were listed in Table 2. The plot of pre-

dicted pIC50 value versus experimental pIC50 value of 
both training and test sets of CoMFA and CoMSIA mod-
els were presented in Fig.5. As results showed, the pre-
dictive activity values of training and test set were quite 
coincident with their experimental data respectively, 
which proved these build models for both CoMFA and 
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CoMSIA could be used to predict activity of novel de-
signed molecules. 

3.5 Designing Compounds 

The designing information was obtained from the re-
sults of QSAR study relied on both CoMFA and CoMSIA. 
Contour map analysis showed structural requirements to 
be incorporated for increasing the activity by using less 
bulky and hydrophilic of R2, more hydrophilic group and 
negative charge of R3 and high electrostatic groups of R1 
(showed in Fig.6).  

 

Fig.6 Structural requirements from CoMFA and CoMSIA 
for molecular design. 

4 Conclusions 
Aromatic and heteroatomic rings were the major skele-

tons of high bioactivity. Hence, quinazolin ring was con-
sidered to be a common core of the assignment step in 
3D-QSAR studies. Great stability and predictive abilities 
of QSAR models on a series of 24 m-(4-morpholinoqui- 
nazolin-2-yl) benzamides were established. 3D Contour 
maps showed that several modifications on substituental 
groups would be beneficial for the promotion of the ac-
tivity. Based on contour map analysis, improvement in 
activity has been achieved by substituting R1, R2 and R3. 
This contributes majorly towards enhancing the original 

characters of molecules. 
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