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I N T R O D U C T I O N

Glucose balance is very important to mammalian survival.
Glucose imbalance can lead to various disorders, like type 2
diabetes mellitus [1,2]. Type 2 diabetes mellitus has become
more prevalent disease day-by-day. Many therapies available
in the market, but are associated with some side effects. As a
result, the quest for new antidiabetic medications continues. In
glucose homeostasis, glucokinase (hexokinase IV) plays a
distinctive role. Glucokinase is a monomeric enzyme that converts
D-glucose into glucose-6-phosphate in the presence of ATP.
The drugs which activate glucokinase enzyme are known as
glucokinase activators [3]. Variety of glucokinase activators
like benzamide derivatives, phenyl acetamide derivatives, sulp-
honamides, quinazolines and benzimidazole derivatives have
been reported till date [2-7]. Pyridine derivatives have also
been reported as glucokinase activators [8,9].

In this work, 3D QSAR study of reported pyridone-
pyrimidone derivatives is performed. We have used webserver
https://www.3d-qsar.com/ [10]. There are several web
applications available in this server [11] like (1) Py-MolEdit,
which allows for the compilation of the data set by either
uploading a list of molecules in any open babel recognized
format or drawing directly in a java script molecular editor;
(2) Py-ConfSerch, which contains different conformational
analysis engines to generate conformational ensembles for each
dataset molecule; (3) Py-Align, which allows for molecular
alignment on up to 16 pre-defined different templates using
automatic molecular alignment software; and (4) Py-CoMFA,

In this work, we have performed 3D QSAR study of reported pyridone-
pyrimidone derivatives. CoMFA was applied to generate 3D QSAR
models. Total eight QSAR models were generated. Model 2 was close
to standard set criteria. Effect of steric and electrostatic substituents
on biological activity was observed on contour maps. This study will be
helpful for future researchers in designing new pyridine-pyrimidone
derivatives.
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which works in the same way as the original CoMFA software
for creating and validating 3-D QSAR models [11,12].

E X P E R I M E N T A L

Collection and preparation of ligands (dataset): Total
28 pyridone, pyrimidone-based series of glucokinase activators,
reported in the literature [9], were used for 3D QSAR study.
Structural data for the dataset was obtained from the Pubchem
database in .sdf format. All ligands were prepared using Biovia
Discovery studio software 2020.

3D QSAR studies

Generation of CoMFA-based QSAR models [8-10]: We
have used webserver https://www.3d-qsar.com/. We have used
CoMFA to develop QSAR models [10]. The shape of a
molecule is used by CoMFA [4]. Molecular interaction fields
were calculated at each grid point using a probe atom during
the method, which describes molecules that have virtually united
into a cuboid grid. In the typical CoMFA, only two potentials
are used: steric (STE) and electrostatic (ES) (ELE). PLS is
used to identify the quantitative effect of physico-chemical
characteristics of compounds on their pharmacological activity
[4] and the molecular interaction Fields are linearly correlated
with the training set biological activity data. We took 28 pyri-
done, pyrimidone-based series of glucokinase activators as a
data set, categorized them into training and test set. Out of 28
molecules, 20 were categorized into training set and 8 molecules

were into test set. Table-1 shows structures of pyridone-pyrimi-
done derivatives reported in literature along with actual EC50

and pEC50 values. Test set compounds are shown with asterisk*
in Table-1. The molecular interaction fields between probe
atoms and molecules were calculated using aligned molecules
in a grid box [4]. Fig. 1 shows the flowchart of 3D QSAR work-
flow.

Pyrimidone-base series of 
glucokinase activators

Training set and test set

Py-Mo1Edit

Py-ConfSearch

Py-Align

Py-CoMFA

Fig. 1. 3D QSAR modeling workflow as given on www.3d-qsar.com

TABLE-1 
STRUCTURES OF PYRIDONE-PYRIMIDONE DERIVATIVES REPORTED IN  

LITERATURE ALONG WITH ACTUAL EC50 VALUES ACTUAL pEC50 

S. No. Compound Pubchem 
CID 
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R E S U L T S A N D   D I S C U S S I O N

QSAR results of the 28 pyridone, pyrimidone-based
series of glucokinase activators: For QSAR study, biological
activities reported in the literature as EC50 (nM) were converted
to pEC50. To determine the predicted pEC50 value in the 3D-
QSAR, The whole dataset was divided randomly into a test
set and training sets in 3:7 ratio [10]. There were 28 molecules
in total, 20 were used as a training set and 08 as test set. Test set
molecules are shown with asterisk*. Training set compounds
were utilized to construct the CoMFA based QSAR models
and test set molecules were utilized to validate the models.
For evaluation of QSAR models, parameters like squared cross-
validation coefficient (q2), squared non-cross-validation coeffi-
cient (r2), error fit, error CV and predictive r2 were considered
[4]. We got 8 models, among them; model no. 2 had shown
the better value of q2 for both steric and electrostatic as -0.764.
Model 2 showed r2 value as 0.943 (standard value near to 1).
Table-2 shows the results of all 8 QSAR models. Table-3 shows
the results of QSAR of the training and test sets’ fit. It was
concluded based on this hypothesis that none of the 8 generated
models met the criteria set forth. But, model 2 was close to
standard criteria [4].

Contour map analysis: Fig. 2 shows an alignment of
training set ligands. Figs. 3-5 show positive steric contour map
ofmost potent compound, 54767118, as a template. Figs. 6-8
show negative steric contour map of most potent compound,
54767118, as a template. Figs. 9-11 show positive electrostatic
contour map of most potent compound, 54767118, as a template.

TABLE-2 
CoMFA QSAR STATISTICS FOR  
STERIC-ELECTROSTATIC BOTH 

PC Optimal PC r2 SDEC q2 SDEP 
1  0.724 0.075 -0.834 0.496 
2 * 0.943 0.015 -0.764 0.477 
3  0.982 0.005 -0.817 0.492 
4  0.998 0.001 -0.778 0.481 
5  0.999 0 -0.753 0.474 
6  1 0 -0.761 0.477 
7  1 0 -0.757 0.475 
8  1 0 -0.755 0.475 

 

Fig. 2. Alignment of training set molecules

Figs. 12-14 show negative electrostatic contour map most
potent compound, 54767118, as a template.

TABLE-3 
ACTUAL pIC50, PREDICTED pIC50 AND RESIDUAL VALUES OF GENERATED CoMFA  

MODEL (CoMFA QSAR STATISTICS FOR BOTH STERIC AND ELECTROSTATIC) 

S. No. Name (Pubchem CID) Exp Fit/Pred Err Fit/Pred CV Err CV Mol Set 
1 46916694 6.721 6.892 -0.17 6.267 0.454 Training set 
2 54765712 7.046 6.897 0.149 5.549 1.497 Training set 
3 54765716 6.959 6.803 0.155 6.458 0.5 Training set 
4 54765880 5.959 5.867 0.092 6.338 -0.38 Training set 
5 54766044 6.229 6.374 -0.144 6.802 -0.573 Training set 
6 54766195 6.699 6.844 -0.145 6.603 0.096 Training set 
7 54766497 6 5.922 0.078 6.331 -0.331 Training set 
8 54766500 6.638 6.893 -0.255 6.427 0.211 Training set 
9 54767116 6.699 6.542 0.157 6.198 0.501 Training set 

10 54767117 6.081 6.152 -0.071 6.571 -0.49 Training set 
11 54767118 7.155 7.06 0.095 6.351 0.804 Training set 
12 54767120 6.027 5.984 0.043 6.296 -0.269 Training set 
13 54767447 6.824 6.85 -0.026 6.449 0.374 Training set 
14 54767610 6.071 5.957 0.113 6.331 -0.261 Training set 
15 54767784 5.854 5.904 -0.05 6.634 -0.78 Training set 
16 54767786 6.638 6.68 -0.041 6.583 0.055 Training set 
17 54767787 6.77 6.812 -0.042 6.479 0.291 Training set 
18 71813336 6.131 6.185 -0.055 6.658 -0.528 Training set 
19 73350645 6.959 6.754 0.205 6.241 0.717 Training set 
20 136239454 4.987 5.076 -0.088 6.806 -1.819 Training set 
21 54766199 6.357 6.621 -0.265 – – Test set 
22 54767119 5.125 6.319 -1.194 – – Test set 
23 54767782 6.301 6.107 0.194 – – Test set 
24 67996575 5.125 6.265 -1.14 – – Test set 
25 67996937 5.036 5.916 -0.88 – – Test set 
26 71627422 5.699 5.899 -0.2 – – Test set 
27 71813669 4.638 5.986 -1.347 – – Test set 
28 71814304 5.42 5.745 -0.325 – – Test set 
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Fig. 3. Steric contour map of 54767118 for steric coefficient positive

Fig. 4. Steric contour map of 54767118 for steric coefficient positive

Fig. 5. Steric contour map of 54767118 for steric coefficient positive

Fig. 6. Steric contour map of 54767118 for steric coefficient negative

Fig. 7. Steric contour map of 54767118 for steric coefficient negative

Fig. 8. Steric contour map of 54767118 for steric coefficient negative

Fig. 9. Electrostatic contour map of 54767118 for electrostatic coefficient
positive

Fig. 10. Electrostatic contour map of 54767118 for electrostatic coefficient
positive
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Fig. 11. Electrostatic contour map of 54767118 for electrostatic coefficient
positive

Fig. 12. Electrostatic contour map of 54767118 for electrostatic coefficient
negative

Fig. 13. Electrostatic contour map of 54767118 for electrostatic coefficient
negative

Fig. 14. Electrostatic contour map of 54767118 for electrostatic coefficient
negative

Green-coloured contour shows that we can substitute steric
substituents at that position [5]. In pyrimidone, at 3rd position
we can substitute steric substituent, at sulphonyl group steric
substituent can be added and in ortho aryl group, we can add
steric substituent. Yellow-coloured contour shows that we
cannot substitute steric substituents at that position. The phenyl
ring attached to sulphonyl group cannot be substituted with
steric substituents. The blue-coloured contours in CoMFA’s
electrostatic contour map indicate that we can substitute electro-
positive groups at these positions whereas large red-coloured
contours indicate that electronegative groups can be substituted
here. At sulphonyl group electropositive substituent can be
added and in ortho aryl group, we can added electropositive
substituent. The phenyl ring attached to sulphonyl group cannot
be substituted with electronegative groups, next to oxygen
attachment.

Conclusion

In current 3D QSAR study, we have used 28 pyridone-
pyrimidone derivatives reported in the literature with their EC50

values. All the 28 compounds were divided into training and
test set molecules. 3D QSAR models were generated using
www.3d-qsar.com as a webserver. CoMFA models were
generated and validated by using test set molecules. Total 8
models were generated by webserver. None of them fulfilled
the standard criteria given for q2 and r2. But model 2 was closed
to standard criteria. From the model and contour maps, we
came to know about where to substitute steric and electrostatic
substituents in pyrimidine structures for improved biological
activities. This study will be helpful to researchers during
designing of pyrimidone derivatives.
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