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Abstract

The (c-Jun N-terminal kinase 3) JNK3 is a potential therapeutic target for various neurological disorders. Here, a three
dimensional quantitative structure—activity relationship (3D-QSAR) study on phenoxypyridine as JNK3 inhibitors was
performed to rationalize the structural requirements responsible for the inhibitory activity of these compounds. The
comparative molecular field analysis (CoMFA) using different partial atomic charges, was employed to understand the
structural factors affecting JNK3 inhibitory potency. The Gasteiger-Marsili yielded a CoMFA model with cross-validated
correlation coefficient (q?) of 0.54 and non-cross-validated correlation coefficient (1*) of 0.93 with five components.
Furthermore, contour maps suggested that bulky substitution with oxygen atom in R* position could enhance the activity
considerably. The work suggests that further chemical modifications of the compounds could lead to enhanced activity

and could assist in the design of novel JNK3 inhibitors.
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1. Introduction

The c-Jun N-terminal kinases (JNKs) are serine/thre-
onine protein kinases and belong to the mitogen-acti-
vated protein kinase family (MAPK). The JNKs can be
activated in response to various stimuli such as
cytokines, mitogens, osmotic stress and ultraviolet irra-
diation. Activated JNKs lead to the phosphorylation of
several transcription factors related to apoptosis''>!. Of
the three isoforms (JNK1, 2, and 3), JNK3 is expressed
primarily in the brain and plays important role in central
nervous system (CNS) disorders. Dysfunctions of JNK3
have been implicated in the etiology of a variety of neu-
rological disorders such as Parkinson’s disease, Alzhe-
imer’s disease, multiple sclerosis, epilepsy and stroke.
JNK3 is a suitable therapeutic target for neurodegener-
ative diseases such as Alzheimer’s and Parkinson’s dis-
eases in addition to Huntington’s disease, and cerebral
ischemia™®!,

In the recent years, several compounds have been
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reported as JNK3 inhibitors. Although many of them
possess potent in vitro activities, they often lack selec-
tivity or have weak in vivo potency. Thus, developing
successful drugs targeting JNK3 is still a challenge. Pre-
viously our group has reported several papers covering
different in silico applications such as docking, 3D-
QSAR and importance of partial charges”'?. Here, 3D-
QSAR analysis was performed on the series of 29 phe-
noxypyridine inhibitors!"!. Influence of different charge
schemes on the CoOMFA models was investigated. The
relationship between structure and activity of the inhib-
itors suggested structural features contributing to the
inhibitory potency. This study would guide the design
of new potent JNK3 inhibitors.

2. Experimental Section

2.1. Data Set

A data set of 29 phenoxypyridine derivatives was
collected from the previous work!"®l. The reported
ICsy values for all compounds were converted into
pICso (-logICsyp), in order to use the data as the depend-
ent variable in the CoOMFA model. The chemical struc-
tures and biological activities of the inhibitors are listed
in Table 1. All the 3D structures of the compounds were
constructed using Sketch program in Sybylx2.0'"Y and
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Table 1. Structures and biological activities of phenoxy-
pyridine derivatives

HzNOC: : H2NOC
\ﬁj\ /i : ) Fscfj\

Compound 10a-10q & 11a-11i

Compound 9a - 9¢

Compound R! R? R? pICso
9a F - 7.319
9b Cl - 7.824
9¢ CF; - 7.432
10a - 3-MeOPh - 7.155
10b - 2-MeOPh - 5.456
10c - 4-CF;0Ph - 7.456
10d - 4-EtOPh - 6.959
10e - 4-n-PrOPh - 6.854
10f - 4--BuOPh - 7.569
10g - 4-FPh - 6.699
10h - 4-BrPh - 6.420
10i - 3-CIPh - 6.699
10j - 3.4-CIPh - 7.000
10k - 3,4-C1,4-MeOPh - 7.000
101 - 1-Naphthyl - 6.004

10m - 2-Naphthyl - 6.495
10n - 3,4-MethylenedioxyPh - 7.319
100 - 4-Triazole-Ph - 7.097
10p - 4-Piperazine-Ph - 7.469
10q - 3-Pyridyl-4-Ph - 7.143
11a - - 2-Cl  5.658
11b - - 2-OMe 5.658
11c - - 3-F 7347
11d - - 3-Cl  7.523
1le - - 4-F 7310
11f - - 4-Cl  7.108
11g - - 4-OMe 7.770
11h - - 5-F 7222
11i - - 5-Cl  6.796

their energies were minimized using Tripos force field.
Most active inhibitor (9b) was selected as the template
for sketching and alignment of the all other compounds.
The lowest energy conformation of template molecule
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Fig. 1. Alignment of data set molecules based on common
substructure using template molecule (9¢).

obtained from systematic conformational search was
used for sketching the rest of the molecules by changing
the substituents. The common moiety was constraint for
each molecule and only the varying parts were energy
minimized using Tripos force field. The minimized
structures were aligned over the template using com-
mon substructure based alignment method. The aligned
compounds are displayed in Fig. 1.

2.2. CoMFA

The CoMFA method was developed by Cramer et
al"™. COMFA calculations were carried out by applying
the default settings. Aligned molecules were placed in
the 3D cubic lattice with the grid spacing of 2.0 A. Elec-
trostatic and steric fields in CoMFA were calculated
from Coulomb and Lennard-Jones potentials, respec-
tively. The fields were generated using sp® carbon probe
atom carrying +1 charge and van der Waals radius of
1.50 A. Energy cut-off value of 30 kcal mol' was
adopted for both fields.

The relationship between the structural parameters
and the biological activities was derived by the partial
least squares (PLS) regression algorithm!'®, CoMFA
descriptors were used as independent variables and
pICsy values were used as dependent variables in the
PLS analysis. Cross-validation analysis was performed
using the leave one out (LOO) method to determine the
optimum number of components (ONC) with minimum
standard error of prediction (SDEP). In this procedure,
one compound was removed from the data set and its
activity was predicted using the model derived from the
rest of the molecules. The cross-validated correlation
coefficient (q°) that resulted in the ONC and lowest
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SDEP were considered for further analysis. The non-  Table 3. Actual and predicted activities of compounds by
cross-validated analysis was performed to determine  the selected COMFA model

conventional Pearson correlation coefficient (%), stand- Actual Predicted .
. . . . Compound Residual
ard error of estimate (SEE) and Fischer’s ratio (F) using pICso pICso
the ONC previously obtained from the cross-validation 10a 7.155 7.274 -0.119
method. 10b 5.456 5.266 0.19
10c 7.456 7.246 0.21
3. Results and Discussion 10d 6.959 6.877 0.082
10e 6.854 6.734 0.12
3.1. CoMFA Analysis 10 7.569 7.533 0.036
CoMFA models were developed using a series of 10g 6.699 6.767 20.068
df:rivatives possessing inhibitory activi.ty against JNK3. 10h 6.420 6.657 0237
Since (.)nly 29 compounds we@ ava%lable f.or. model 10i 6.699 6.668 0.031
generation, data set wa§ not divided 1f1t0 training and 10j 7,000 7032 0,032
test set. We employed ligand based alignment scheme 10k 7000 6.977 0,023
for generating COMFA models. Alignment was carried ' ' ’
. . 101 6.004 5.927 0.077
out using the most active compound (9b) as a template.
We tested various charge schemes during COMFA mod- 10m 6495 6.597 -0.102
eling. Developed models produced statistically reason- 10n 7319 7.326 -0.007
able results which are summarized in Table 2. These 100 7.097 7.193 -0.096
results were obtained at a column filtering of 2 kcal 10p 7.469 7450 0.019
mol! for both steric and electrostatic fields. Gasteiger- 10q 7.143 7.170 -0.027
Marsili charge scheme produced more reliable CoMFA lla 5.658 5.932 -0.274
model in terms of several statistical parameters and was 11b 5.658 5.595 0.063
selected as final model. The q* value was selected to 11c 7.347 7.410 -0.063
determine ONC. PLS analysis showed a high q* value 11d 7.523 7.552 -0.029
of 0.54 with five components. The non-cross-validated 11e 7310 7415 -0.105
analysis produced r’, SEE and F values of 0.93, 0.18 1f 7108 7145 20.037
and 62.96, respectively. The correlation between actual g 7770 7473 0.297
and predicted values (Table 3) from the selected 1h 7022 7232 2001
CoMFA model is shown in Fig. 2. i 6.796 7114 20318
9a 7.319 7.543 -0.224
3.2. CoMFA Contour Maps ' ' % 7804 7 460 0.364
The CoMFA results were graphically interpreted by
9¢ 7.432 7.190 0.242

the field contribution maps using the STDEV*COEFF

Table 2. Statistical summary of the developed CoMFA models with different charge schemes

Parameter G;S:liiielr- Gﬁzﬁﬁp f}?;mg:l MMFF9%4 Del-re Huckel Pullman
q 0.45 0.54 0.43 0.46 0.57 0.43 0.43
N 5 5 5 4 4 6 5
SEP 0.51 0.47 0.52 0.49 0.44 0.53 0.52
1 0.96 0.93 0.96 0.95 0.91 0.97 0.97
SEE 0.14 0.18 0.14 0.15 0.21 0.13 0.12
F 105.82 62.96 110.87 113.11 57.07 112.06 128.02

q2 = cross-validated correlation coefficient; N = number of components; SEP = standard error of prediction; 2 = correlation

coefficient; SEE = standard error of estimate; F = F-ratio.
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Fig. 2. Scatter plot diagram of predicted versus actual
activities of compounds by CoMFA analysis.

field type. The contour maps of different field contri-
bution of the model are displayed with template mole-
cule (9b) and depict default 80% and 20% level
contributions for favorable and unfavorable regions,
respectively. The maps display spatial requirement of
steric and electrostatics field for enhancing the inhibi-
tory activity. The Steric contour map for the selected
CoMFA model is shown in Fig. 3. The green color sig-
nifies regions that favor sterically bulky groups and yel-
low color signifies the unfavorable regions for bulky
substitution. A big green contour was seen in the R’
position of the phenyl ring suggested that bulky substi-
tution in this region is favorable to enhance the activity.
This might the possible reason for better inhibitory
activity of compounds 10f, 10n, 100, 10p and 10q
which possess long substituents in that position. The
two small yellow contours observed near the R? region
of the phenyl ring shows that bulky substituents in this
region could reduce the activity. This could be the pos-
sible reason for the lower activity of compounds 11a
which possess a long substitution in that position.

The electrostatic contour map of the selected CoOMFA
model is shown in Fig. 4. The blue color signifies pos-
itive charge is favored and red color signifies that neg-
ative charge is favored to increase the potency. The
small blue contour seen near the R? substitution sug-
gests that positive substitution in that position could
increase the activity of ligands. The small red contour
seen near the oxygen atom of the R? position suggests
that the substitution that have negative group in that par-
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Fig. 3. Contour map for steric field: favored (green) and
disfavored (yellow).

Fig. 4. Contour map for electrostatic field: electropositive
(blue) and electronegative (red).

ticular position could increase the activity. This could be
the reason why compounds 10¢, 10f and 10n containing
oxygen atom in that position have exhibited increased
activity. On the other hand, compounds 10g, 10h, 10i
and 101 not containing oxygen atom in that position has
lower activity levels. Thus, the contour map highlights
the favorable regions to increase the potency of the lig-
ands.

4. Conclusions

In this work, 3D-QSAR models were developed for
the series of JNK3 inhibitors. We applied various charge
schemes to generate a reasonable CoMFA model. On
the basis of the ligand-based alignment and Gasteiger-
Marsili charges, a reliable CoMFA model was obtained.
The model showed satisfactory predictive abilities in
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terms of q° and r*. Contour map analysis suggested that
bulky substitution with oxygen atom in R position
could enhance the activity considerably. Similarly, small
positive substitutions in R? position could increase the
activity. These results may provide some useful and
rational suggestions for further design of novel JNK3
inhibitors.
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