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To explore the structural requirements and inhibitory mechanism of Src inhibitors, the comparative 
molecular field analysis, comparative molecular similarity indices analysis and three-dimensional 
quantitative structure-activity relationship and molecular docking of 45 substituted thienopyridine 
carbonitriles as tyrosine kinase pp60src inhibitors was conducted. Three three-dimensional quantitative 
structure-activity relationship models showed high predictabilities with cross-validated correlation 
coefficient and predictive correlation coefficient values of 0.793 and 0.887 for comparative molecular field 
analysis and 0.624 and 0.793 for comparative molecular similarity indices analysis, respectively. Docking 
results indicated that 4 compounds with high inhibitory activity penetrated into the active pocket of 
tyrosine kinase pp60src and formed stable hydrogen bonds with the binding pocket of tyrosine kinase 
pp60src. Leu273, Lys295, Thr338, Asp348, and Ser345 of tyrosine kinase pp60src are important residues. 
The results could be of great value in designing novel substituted thienopyridine carbonitriles with more 
potent Src kinase inhibitory activity.

Key words: Non-receptor tyrosine kinase, comparative molecular field analysis, comparative molecular 
similarity indices analysis, three-dimensional quantitative structure-activity relationship, molecular 
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Protein tyrosine kinases (PTKs) can catalyze the 
phosphorylation of a tyrosine residue on substrate 
proteins and are classified into two types, receptor 
protein tyrosine kinase and non-receptor protein 
tyrosine kinase. Non-receptor tyrosine kinase (Src), 
a kind of well-known non-receptor protein tyrosine 
kinase, plays a critical role in the regulation of many 
normal cellular transduction pathways such as cell 
proliferation[1], differentiation, adhesion, apoptosis and 
angiogenesis[2]. It is a prototypic member of a family of 
kinases (Src Family Kinases, SFKS) including Src, Yes, 
Fyn, Lyn, Lck, Hck, Fgr, Blk and Yrk. In most normal 
cells, Src is expressed at low levels. But as reported, Src 
is over-expressed in a variety of human tumor types[3-5], 
osteoporosis[6] and bone disease[7], which indicated that 
lower the activity of Src kinase is profoundly significant. 
Therefore, Src exists as a therapeutic target for tumors, 
bone and other diseases. In recent years, a good 
number of Src kinase inhibitors have been identified. 
These include various heteroaromatic compounds, 
such as pyrazolopyrimidines[8], pyrrolopyrimidines[9], 

pyridopyrimidines[10], quinolines[11], quinazolines[12], 
indolinones[13] and others. Although many inhibitors 
have been reported, most of these have poor specificity. 
Designing selective Src kinase inhibitors is challenging 
because of the highly homologous nature of the domain 
within the Src family.

Three-dimensional quantitative structure-activity 
relationship (3D-QSAR) can analyze the structure 
factors of compounds with the same structure in 
3D space, build pharmacophore models with high 
predictive abilities and map the characteristics of 
receptor sites. Comparative molecular field analysis 
(CoMFA) is one of the most important 3D-QSAR 
research methods, which can explore the properties of 
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compounds through the studies of electrostatic field 
and steric field produced by non-covalent interaction 
of compounds and receptors[14]. Comparative molecular 
similarity indices analysis (CoMSIA) is an extension 
of the CoMFA method. Compared to CoMFA, it 
takes Gaussian functions that related to distance as 
its molecular fields energy functions. CoMSIA can 
define 5 kinds of molecular fields, steric, electrostatic, 
hydrophobic, hydrogen-bond donor and hydrogen-
bond acceptor[15].

Docking is an operational process, in which receptors 
and drugs can identify each other and form molecular 
complex by space and energy matching, thus can predict 
the structure of the complex. It’s a kind of important 
target-based drug design method. 

3D-QSAR and docking analysis has previously been 
used to understand the structure-activity relationship of 
Src inhibitors and develop novel potential Src inhibitors 
with better activity. Fang et al reported theoretical 
studies of QSAR and molecular design on a novel series 
of ethynyl-3-quinolinecarbonitriles as Src inhibitors[16]. 
Anwer et al. conducted a QSAR study on a series of 
indolin-2-ones acting as non-receptor Src tyrosine kinase 
Inhibitors[17]. However, so far, the structure-activity 
relationship and inhibitory mechanism of Src inhibitors 
of substituted thienopyridine carbonitriles remain 
largely unknown. In this investigation, 3D-QSAR 
studies including CoMFA and CoMSIA analysis and 
docking analyses on substituted 2-phenyl-, 2-thienyl-7-
phenylamino-thieno[3,2,-b]pyridine-6-carbonitriles,7-
phenylamino-thieno[3,2-b]pyridine-6-carbonitriles, 
and 7-[(2,4-dichloro-5-methoxyphenyl)-amino]-2-
heteroaryl-thieno[3,2-b] pyridine-6-carbonitriles as 
potent Src inhibitors reported by Boschelli et al.[18-20] 
were conducted. These results could not only help to 
understand the structure-activity relationship of Src 
inhibitors but also to design new compounds with 
higher inhibitory activity against Src.

MATERIALS AND METHODS 

Data sets:

A set of 45 substituted thienopyridine carbonitriles 
synthesized by Boschelli et al [18-20] was selected. Their 
structures and biological data are listed in Table 1. 
The index of the biological activity of the compounds 
was expressed along with IC50 values. The IC50 values 
were converted to pIC50 (-logIC50) values and used as 
dependent variables in the 3D-QSAR.

Molecular modeling and alignment:

Molecular modeling was performed using molecular 
modeling software package SYBYL-X 2.1 (Tripos, 
St Louis, MO, USA). The compounds were charged 
with the Gasteiger-Hückel and the preliminary 
conformational search was performed. The energy was 
minimized for 1000 steps using Tripos force field and 
the Powell method and the termination setting was 
0.001 kcal/(mol×A). The optimized conformations 
through molecular mechanics conformational search 
were obtained and submitted to CoMFA and CoMSIA 
analysis. 

Molecular alignment is the base of 3D-QSAR modeling. 
Molecular alignment hypothesized that the ligands 
that were to be analyzed should interact with receptor 
binding sites in the same or similar mode. To make 
sure the pharmacophore of the ligands has the same 
spatial distribution, selection of the composite parts is 
an important factor for CoMFA and CoMSIA analysis. 
The compounds that were used in this investigation had 
the same skeleton, but with different substituents. Thus 
public skeleton was used for molecular alignment. Here 
compound 14, one of the compounds with the highest 
biological activity was chosen as the template. The 
public skeleton that used for alignment of the training 
set was shown in fig. 1. The results of the alignment 
were shown in fig. 2.

CoMFA and CoMSIA setup:

CoMFA and CoMSIA analyses were performed by 
SYBYL-X 2.1. In CoMFA analysis, the electrostatic 
and steric fields were included in the field analysis. 
An sp3 carbon atom with 0.2 nm grid spacing and  
0.152 nm van der Waals radium were used as the 
probe. The default cut-off energy for both the steric and 
electrostatic field was set to 125.46 kJ·mol-1. In addition 
to the electrostatic and steric fields, hydrophobic, 
hydrogen bond acceptor and hydrogen bond donor 
descriptor fields were calculated in CoMSIA analysis.

 

S

N

HN

Fig. 1: Public skeleton of thienopyridine carbonitriles 
used for alignment
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Partial least squares (PLS):

The PLS methodology was used for statistical analysis 
which can identify the quality of CoMFA and CoMSIA 
models. Here leave-one-out (LOO) cross-validation 
method was performed to get the optimum number 
of components. The column filtering value was set as  
8.4 kJ·mol-1, and none-cross-validation was employed 
to do regression analysis. Among the results, the cross-
validation correlation coefficient (q2) can represent 
the stability of the models, and the none-cross-
validation coefficient (r2), standard error estimate 
(SEE), F-estimated value (F) and predictive correlation 
coefficient (r2

pred) can reflect the fitting degree of the 
models.

Molecular docking:

To understand the binding mechanism and interaction 
mode of Src kinase with its inhibitors as well as the 
binding conformation of the ligand better, molecular 
docking was employed by using the Surflex dock 
module in SYBYL-X 2.1. The crystal structure of Src 
kinase with an inhibitor AP23464 was retrieved from 
RCSB Protein Data Bank (PDB entry code: 2BDJ). 
Before docking, all the water molecules and ligands 
were removed and the polar hydrogen atoms and 
AMBER7FF99 charges were added to the protein. 
MOLCAD surfaces were generated for visualizing 
the binding mode of the docked Scr kinase-ligand 
complexes.

RESULTS AND DISCUSSION

CoMFA and CoMSIA methods in SYBYL-X 2.1 were 
used to generate the 3D-QSAR model to evaluate 

how the changes in 3D structural features of chemical 
substituent groups affected inhibitory activity. Thirty 
five substituted thienopyridine carbonitrile compounds 
were selected as the training set that the range of pIC50 
values of those compounds covers the values of the 
entire 45 compounds, then the 10 remaining compounds 
were used as a test set. The models of CoMFA and 
CoMSIA were both based on the training set (Table 1). 
Internal statistical validation by PLS analysis conferred 
significant parameters was shown in Table 2. 

The model of CoMFA with a better cross-validated 
correlation coefficient value (q2 = 0.739) is a suitable 
model for predictive capability. Both of the predicted 
and experimental pIC50 values of the 45 substituted 
thienopyridine carbonitrile compounds are shown in 
Table 3. The data from the CoMFA model are depicted 
graphically as a scatter plot in fig. 3A. Other parameters 
included a non-cross-validated coefficient r2 of  
0.997 with an optimal component of 7, SEE of 0.053 
and F value of 1232.712. Furthermore, the CoMFA 
model also has a high predictive correlation coefficient 
(r2

pred) of 0.887 for prediction of the test set, which 
indicated that the predictive ability of the CoMFA 
model is effective. The static field and electrostatic field 
descriptors account for 56.1 and 43.9 % of the variance, 
respectively. 

As shown in Table 2, The CoMSIA model possessed 
high non-cross-validated coefficient (r2= 0.991) and q2 
(0.624). Moreover, the result showed that the CoMSIA 
model was a good model for predictive capability 
because of its predictive correlation coefficient (r2

pred) 
of 0.793 for prediction of the test set. The data from 
the CoMSIA model are depicted graphically as a scatter 
plot in fig. 3B.

To visualize the structure-activity relationship 
information content of the 3D-QSAR model, 3D 
CoMFA contour maps were generated to display 
favored and disfavored positions by plotting the 
coefficients from the CoMFA model. The CoMFA 
steric and electrostatic contour maps of 3D-QSAR 
analysis were shown in fig. 4 using compound 14 as 
a template molecule. As shown in fig. 4A, the CoMFA 
steric field included green and yellow regions. The 
green areas (80 % contribution) meant these regions 
were bulkily favorable and the yellow contours meant 
20 % contribution for the disfavored region. The steric 
green contours surrounding the group R1 indicated 
that this region with a bulky group would improve the 
inhibitory activity. The methoxy group of R2 is near the 
yellow areas, which means adding a bulky substitution 

Fig. 2: Overall alignment of the molecules used in the 
3D-QSAR study
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Compounds R1 R2 IC50, nM pIC50

1* N

O

Cl

O

Cl

CH3
34 -1.53

2
N

N
H3C

Cl

O

Cl

CH3
13 -1.11

3 ClCl

ClCl
50 -1.70

4*
N

N
H3C

Cl

O

Cl

CH3

980 -2.99

5
N

N
H3C

O

140 -2.15

6 N
CH3

H3C

ClCl

53 -1.72

7
S

NNH3C Cl

O

Cl

CH3
7.2 -0.86

8
S

NNH3C

S

NNH3C

67 -1.83

9
S

NNH3C Cl

O

Cl

CH3

1300 -3.11

10
S

N
H3C

H3C

Cl Cl

O
CH3

14 -1.15

11

S
N

N
H3C

Cl Cl

O
CH3

25 -1.40

12
N

N
H3C

S

Cl Cl

O
CH3

420 -2.62

TABLE 1: STRUCTURES OF SRC INHIBITORS USED IN 3D-QSAR ANALYSIS
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13*
N

N
H3C

Cl

O

Cl

CH3
8.2 -0.91

14 N

HN

Cl

O

Cl

CH3
7.2 -0.86

15
N

N
HO

Cl

O

Cl

CH3
7.4 -0.87

16 N
Cl

O

Cl

CH3
17 -1.23

17 N

S

Cl

O

Cl

CH3
52 -1.72

18
Cl

O

Cl

CH3

Cl

O

Cl

CH3
9.1 -0.96

19*
Cl

O

Cl

CH3

Cl

O

Cl

CH3
11 -1.04

20
N

N
H3C

O

Cl

O

Cl

CH3
13 -1.11

21 NH3C
CH3

O Cl

O

Cl

CH3
23 -1.36

22* N
H3C

H3C

Cl

O

Cl

CH3
110 -2.04

23 N
H3C

H3C

Cl

O

Cl

CH3 8.8 -0.94

24 NNH3C

Cl

O

Cl

CH3
15 -1.18

25 H

Cl

O

Cl

CH3
2500 -3.40

26

Cl

O

Cl

CH3
250 -2.40
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27* NO
Cl

O

Cl

CH3
34 -1.53

28 NNH3C

Cl

O

Cl

CH3
13 -1.11

29 N

N
H3C

Cl

O

Cl

CH3
21 -1.32

30 N

N
CH3

Cl

O

Cl

CH3
>10000 -4.00

31
ClCl

ClCl
50 -1.70

32
N

N
H3C

Cl

O

Cl

CH3
13 -1.11

33
Cl

O

Cl

CH3

Cl

O

Cl

CH3
21 -1.32

34
S

N
NH3C

Cl

O

Cl

CH3
7.2 -0.86

35
SN

N
H3C Cl

O

Cl

CH3
25 -1.40

36
O

N
N

H3C

Cl

O

Cl

CH3
13 -1.11

37
O

N

N
H3C Cl

O

Cl

CH3
52 -1.72

38*
N

S

N
NH3C

Cl

O

Cl

CH3
56 -1.75

39

N

N

N
H3C

Cl

O

Cl

CH3
13 -1.11
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40*
Cl

O

Cl

CH3

Cl

O

Cl

CH3
51 -1.71

41*
N

N
H3C

Cl

O

Cl

CH3
300 -2.48

42
Cl

O

Cl

CH3

Cl

O

Cl

CH3
13 -1.11

43
NN

N
H3C

O
Cl

O

Cl

CH3
14 -1.15

44 ClCl

ClCl
47 -1.67

45 N

O
Cl

O

Cl

CH3
>10000 -4.00

PLS CoMFA CoMSIA
q2 0.739 0.624
r2 0.997 0.991
ONC 7 6
SEE 0.053 0.091
F values 1232.712 495.174
r2

pred 0.887 0.793
Fraction
Steric 0.561 0.276
Electrostatic 0.439 0.42
Donor - 0.089
Acceptor - 0.025
Hydrophobic - 0.191

TABLE 2: PLS STATISTICS OF THE COMFA AND COMSIA 3D-QSAR MODELS

here would decrease the biological activity. This result 
can be used to explain compound 25 and 26, which 
has a hydrogen atom and benzoyl ring respectively as 
the group R1, exhibited lower activity. Furthermore, 
compound 9 has only one methyl group in R2 compared 
to compound 7, which exhibited a lower activity and 
conversely, compound 23 with a longer carbon chain at 
R1, but showed higher activity than compound 22. The 
electrostatic field contour maps of the CoMFA model 
are displayed in fig. 4B. The small-scale red contour 
was located in the methoxy group of R2, which indicated 
that adding electronegative groups here would increase 
inhibitory activity. Meanwhile, the whole molecule 
was surrounded by blue regions, especially the R1 
group. The blue regions showed that electropositive 

groups around these areas would increase the inhibitory 
activity of substituted thienopyridine carbonitrile 
compounds. Therefore, pIC50 of compound 7 is higher 
than compound 8 and that of compound 31 is higher 
than compound 32. Compared to compounds 8 and 
31, compounds 7 and 32 have one additional methoxy 
group in the R2 group. Compounds 16 and 17 have only 
one atom different, but compound 16 showed higher 
activity. The CoMSIA contour maps displayed that with 
compound 14 and the field contributions of the CoMSIA 
model of steric, electrostatic, hydrogen bond acceptor, 
hydrogen bond donor and hydrophobic were 27.6, 42, 
2.5, 8.9 and 19.1 %, respectively (Table 2). Here, the 
3D contour of hydrogen bond acceptor, hydrogen bond 
donor and hydrophobic were shown to make up for the 
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TABLE 3: COMPARISON OF EXPERIMENTAL AND PREDICTED PIC50 OF COMPOUNDS USING COMFA 
MODELS

Compounds Experimental
CoMFA CoMSIA

Pred. Res Pred. Res
1* -1.5315 -1.034 -0.4975 -0.78 -0.7515
2 -1.1139 -1.125 0.0111 -1.155 0.0411
3 -1.699 -1.693 -0.006 -1.79 0.091
4* -2.9912 -1.679 -1.3122 -1.006 -1.9852
5 -2.1461 -2.152 0.0059 -2.139 -0.0071
6 -1.7243 -1.647 -0.0773 -1.657 -0.0673
7 -0.8573 -0.865 0.0077 -1.031 0.1737
8 -1.8261 -1.787 -0.0391 -1.736 -0.0901
9 -3.1139 -3.079 -0.0349 -3.081 -0.0329
10 -1.1461 -1.145 -0.0011 -1.287 0.1409
11 -1.3979 -1.417 0.0191 -1.427 0.0291
12 -2.6232 -2.623 -0.0002 -2.547 -0.0762
13* -0.9138 -1.138 0.2242 -1.126 0.2122
14 -0.8573 -1.002 0.1447 -0.807 -0.0503
14 -0.8573 -1.002 0.1447 -0.807 -0.0503
15 -0.8692 -0.862 -0.0072 -0.896 0.0268
16 -1.2304 -1.108 -0.1224 -1.097 -0.1334
17 -1.716 -1.712 -0.004 -1.629 -0.087
18 -0.959 -0.994 0.035 -1.008 0.049
19 -1.0414 -1.244 0.2026 -1.369 0.3276
20 -1.1139 -1.029 -0.0849 -1.06 -0.0539
21 -1.3617 -1.366 0.0043 -1.396 0.0343
22* -2.0414 -1.685 -0.3564 -1.466 -0.5754
23 -0.9445 -0.997 0.0525 -1.057 0.1125
24 -1.1761 -1.21 0.0339 -1.096 -0.0801
25 -3.3979 -3.4 0.0021 -3.395 -0.0029
26 -2.3979 -2.339 -0.0589 -2.289 -0.1089
27* -1.5315 -1.163 -0.3685 -0.999 -0.5325
28 -1.1139 -1.115 0.0011 -1.126 0.0121
29 -1.3222 -1.348 0.0258 -1.261 -0.0612
30 -4 -4.04 0.04 -4.036 0.036
31 -1.699 -1.703 0.004 -1.79 0.091
32 -1.1139 -1.12 0.0061 -0.994 -0.1199
33* -1.3222 -1.917 0.5948 -1.809 0.4868
34 -0.8573 -0.87 0.0127 -0.937 0.0797
35 -1.3979 -1.395 -0.0029 -1.446 0.0481
36 -1.1139 -1.127 0.0131 -1.045 -0.0689
37 -1.716 -1.724 0.008 -1.668 -0.048
38* -1.7482 -1.348 -0.4002 -1.504 -0.2442
39 -1.1139 -1.065 -0.0489 -1.049 -0.0649
40* -1.7076 -2.336 0.6284 -2.473 0.7654
41* -2.4771 -2.336 -0.1411 -2.473 -0.0041
42 -1.1139 -1.1 -0.0139 -1.04 -0.0739
43 -1.1461 -1.116 -0.0301 -1.236 0.0899
44 -1.6721 -1.771 0.0989 -1.821 0.1489
45 -4 -4.007 0.007 -4.027 0.027
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Fig. 3: CoMFA and CoMSIA graphs of experimental and 
predicted pIC50 values
(●) Training set, (       ) test set

Fig. 4: CoMFA contour maps of compound 14 as reference

deficiencies in the CoMFA model (fig. 5). 

Hydrophobic contour maps are displayed in fig. 5B, 
which yellow (with 80 % contribution) and azure (with 
20 % contribution), respectively specify hydrophobic 
and hydrophilic groups. A large yellow contour is near 
the meta-position and ortho-position of the benzene 
ring in R1. Besides, part of the yellow region is located 
in the ortho and para position of the benzene ring in 
the R2 groups, which indicated that hydrophobic groups 
here can increase the activity. These findings confirmed 
that most of the compounds with a benzene ring, except 

compound 25, possessed better activity. 

In figs. 5A and 5C, the hydrogen bond acceptor fields 
and the hydrogen bond donor fields were depicted. 
In hydrogen bond accepting counter maps, magenta  
(80 %) and red (20 %) contours indicated that hydrogen 
bond acceptor groups are favorable and unfavorable, 
respectively. All magenta contours and most of the red 
contours were located near the benzene ring of R1 and 
a small part of the red region located on the piperazine 
at the end of the R1 group. This could explain why the 
compounds exhibited higher activity when they have 
an N atom in the para position of the benzene ring in 
the R1 group and hydrogen bond donor in the terminal 
of the R1 group as in compounds 14 and 15. Hydrogen 
bond donor fields are displayed in cyan (80 %) and 
purple (20 %) contour in which the cyan region referred 
to the area where a hydrogen bond donating groups is 
favorable, while the purple region represented the area 
where a hydrogen bond donating groups is unfavorable. 
Interestingly, all the purple regions were located on 
the imino group in the skeleton near the R2 group. 
So the imino group in the skeleton could play a key 
positive effect on Src kinase inhibitory activity of those 
compounds.

To explore the mechanism of inhibitory activity of 
thienopyridine carbonitriles, compounds 7, 14, 15, 
30 and 34 were used as predictors for intermolecular 
interactions between Src and thienopyridine 
carbonitriles by molecular docking. As shown in  
Table 4, all these compounds except compound 30 could 
be considered as specific ligands of Src with a docking 
scores of more than 5. It is worth noting that compound 
30 has the lowest docking score, which explains 
why it has the lowest inhibitory activity. Moreover, a  
re-docking procedure with inhibitor AP23464, which 
was co-crystallized with Src in PDB structure 2BDJ 
was performed. The docking results showed that 
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and Ser345 of Src and the others by interacting with 
Asp348 and Leu273, respectively. While there is no 
hydrogen bond formed between compound 30 and Src, 
which explained why compound 30 exhibited very low 
inhibitory activity. According to fig. 7, the electrostatic 
potential and lipophilic potential models demonstrated 
that all these compounds penetrated into the active 
pocket of Src (fig. 7). There was a large lipophilic 
domain in the active pocket where the benzene ring of 
the R1 group and the common skeleton interacted with 
each other and the hydrophilic R2 group was repelled 
into the hydrophilic domain inside the pocket. These 
results display the binding mode of the docked Src 
kinase and thienopyridine carbonitriles complexes 
to indicate why these compounds 7, 14, 15, 34 and 
AP23464 exhibited high inhibitory activity. However, 
the low inhibitory activity of compound 30 combined 
with other compounds in a different binding mode 
indicated that these compounds did not interact with the 
large lipophilic domain at the edge of the active pocket.

CoMFA[14] and CoMSIA[15] are general methods in 
3D-QSAR. Stable CoMFA and CoMSIA models 
for 3D-QSAR analysis were obtained with a good 

AP23464 has the highest docking score of 12.0469 
(Table 4). To better present the docking mode,  
3 types of binding modes (line, electrostatic potential 
and lipophilic potential, respectively) visualized by 
MOLCAD surfaces have been shown in figs. 6 and 7. 
The line model showed that these 4 compounds formed 
stable hydrogen bonds with the binding pocket of Src 
(fig. 6). The Src inhibitor AP13464 formed 4 hydrogen 
bonds with Met341, Asp404 and Glu310. Compounds 
14 and 34 formed one hydrogen bond with Lys295 and 
Thr338 of Src, respectively. Besides, compound 7 and 
15 formed 3 hydrogen bonds with Src, which formed 
similar hydrogen bonds by interacting with Thr338 

 
Fig. 5: CoMSIA contour maps of compound 14 as reference

 
Fig. 6: The predicted line binding modes of compounds 7, 14, 15, 30, 34 and AP23464 to Src

Compounds Docking Score Crash Polar
AP23464 12.0469 -0.8535 3.844
7 6.7999 -2.6147 2.4788
14 5.0248 -2.2371 0.8378
15 5.8674 -1.8958 0.6965
30 4.3022 -4.136 0.0085
34 5.1418 -2.5482 0.9912

TABLE 4: DOCKING RESULT OF COMPOUNDS 7, 
14, 15, 30 AND 34
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predictive capacity for thienopyridine carbonitriles 
Src inhibitors in the present studies. The models 
can provide quantitative estimations of inhibitory 
activity of thienopyridine carbonitriles on Src. In 
the CoMFA model, the addition of a bulky group 
or the electropositive group to the R1 group can 
enhance the inhibitory activity of the compound. In 
addition, reducing the bulky group or increasing the 
electronegative group on the R2 group can also increase 
the inhibitory activity of the compound (fig. 4A). The 
effect of methoxy as an electronegative group on the 
activity was greater than the effect of its steric hindrance. 
However, after comparing the structure and activity of 
compounds 7, 8 and 9, it was found that the activity of 
a compound is reduced when a methyl group was added 
to the methoxy group, indicating that effect of steric 
hindrance of thienopyridine carbonitriles might have a 
higher priority than the effect of electrostatic field in 
the inhibitory activity on Src. That could explain the 
differences in the inhibitory activity among compounds 
2, 3 and 4 as well. Therefore, both steric and electrostatic 
factors play key roles in the inhibitory activity of 
thienopyridine carbonitriles on Src. According to the 3D 
Contour maps of the CoMSIA model, the hydrophilic 
and hydrogen bond acceptor groups at the R1 group 
are advantageous for the activity of these compounds 
(fig. 5A-B). However, hydrogen bond donating groups, 
which are located at the R2 group might increase the 
activity of the compounds (fig. 5C). In fact, hydrogen 
bond donor groups are not exclusively located on the 
R2 group and are also located on the imino group of 
the skeleton, which is contained by each thienopyridine 
carbonitrile compound. Therefore, the imino group in 

the skeleton could play a key positive effect on Src 
kinase inhibitory activity of those compounds. 

Molecular docking of compounds 7, 14, 15, 30 and 
34 were figured out for a better understanding of the 
interaction with Src (fig. 6). Here, AP23464, a known 
inhibitor of Src kinase, which has a 2,6,9-trisubstituted 
purine targeted the ATP-binding site of Src[21], was 
used as a reference molecule. AP23464 could protrude 
deeply into the active site, which made abundant polar 
and hydrophobic interaction with Src residues (fig. 7). 
This interaction is similar to that of compounds 7, 14, 
15 and 34 but 30 appeared to be different, as can be 
seen from the docking results. The formation of driving 
hydrogen bonds between these compounds and Src also 
made their binding more stable. Docking studies have 
indicated that compounds with high inhibitory activity 
could bind well with the substrate site of Src and the 
binding feature of these compounds was similar to that 
of the reference inhibitor. The inhibitory activity of 
compounds 7, 14, 15, 30 and 34 on Src was adequately 
supported by molecular docking calculations. These 
compounds would be of great value as lead compounds 
for exploiting new Src inhibitors.

In conclusion, the CoMFA QSAR model (Table 2), 
which had good internal availability with a q2 value 
of 0.739 and high predictive ability with r2

pred of 0.887, 
demonstrated that steric and electronic properties 
were significant factors for inhibitory activity of 
thienopyridine carbonitriles on Src. Furthermore, the 
CoMSIA QSAR model (Table 2) with a q2 value of 
0.624 and high predictive ability with r2

pred of 0.793 has 
been generated to explain that hydrogen bond acceptor, 

 
Fig. 7: Docking conformation of compounds 7, 14, 15, 30, 34 and AP23464 and MOLCAD surface of Src at the  
binding site
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hydrogen bond donor and hydrophobic properties play a 
very crucial role on the inhibitory activity as well. Those 
models (fig. 3) could supply the tools for predicting 
the inhibitory activity of thienopyridine carbonitrile 
compounds. Molecular docking analysis showed that 
these compounds with high inhibitory activity were 
able to bind well in the ATP-binding region of Src. The 
results of the present study could be of great value in 
designing novel substituted thienopyridine carbonitriles 
with more potent Src kinase inhibitory activity.
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