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A 3D-CoMFA model with pranlukast analogues was constructed, which could be applied to predict the
antagonistic activity of aryl benzyl ether analogues against LTD4. Molecular modeling and 3D-CoMFA studies
were performed on 78 pranlukast analogues and 14 aryl benzyl ethers to evaluate the antagonistic behavior of
aryl benzyl ethers and provide information for further modification of this kind of compounds. The aryl benzyl
ether core was found to be in excellent three dimensional match with the central planar moiety of pranlukast
analogues, and the pranlukast 3D-CoMFA model could be successfully applied to predict the biological activity
of aryl benzyl ether analogues.
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Introduction

In spite of the availability of effective and relatively cheap
treatments, approximately 5% of asthmatic patients remain
poorly controlled. Treatment with combination inhalers,
which contain a corticosteroid and long-acting adrenoceptor
agoinst, is the most effective current therapy, but the poor
compliance has yet to be improved with oral therapy given
once daily. However, the problem of systemic side effects
conferred by oral therapy necessitates the development of
oral drugs to specifically treat asthma that do not have
effects on normal physiological mechanisms. There is

(0]
/@)kN O
H
o O~
N=N

N™ NH

Pranlukast

Zafirlukast

therefore a search for new therapies, particularly safe and
effective oral treatments and those that are more efficacious
in severe asthma.

Antileukotrienes (montelukast, pranlukast and zafirlukast,
Fig. 1) were the first new class of anti-asthma treatment to
be introduced in 30 years.! Owing to their anti-inflammatory
properties, antileukotrienes have been the primary thera-
peutics in asthma management for several years. Although
antileukotrienes have had some clinical success in asthma,
they are considerably less effective and more expensive than
inhaled corticosteroids.’

In previous studies,® as a continuation of our efforts to
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Figure 1. Structures of pranlukast, montelukast, zafirlukast, and FPL55712. The central planar triene-like moiety is shown bold.
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1 4-OMe 4-OH 8 2-OMe 2-OH
2 40OMe 3-OH 9  3,4-Methylenedioxy 3-OH
3 3-OMe 4-OH 10 3,4-Methylenedioxy 2-OH
4 3-OMe 3-OH 1 2,3-di-OMe 4-OH
5 3-OMe 2-OH 12 2,3-di-OMe 2-OH
6 2-OMe 4-OH 13  3,5-di-OMe 4-OH
7 2-OMe  3-OH 14  3,5-di-OMe 2-OH

Figure 2. Structures of aryl benzyl ethers.

develop new classes of therapeutic agents for asthma, we
demonstrated that aryl benzyl ethers (Fig. 2) show interest-
ing biological activity as leukotriene D4 (LTD4) antagonists.
The promising initial assay result warrants extensive struc-
ture-activity relationship study of the aryl benzyl ethers with
various substituents at the aromatic rings. However, the
structure-activity relationship study has been hampered due
to the large number of possible combinations of substituents
on both aromatic rings. Thus, in order to make the synthetic
work simple and focused, a model system which can be used
to predict the effects of the aromatic substituents on the
activity of aryl benzyl ethers was required.

In this study, we constructed a 3D-CoMFA model with
pranlukast analogues, which could be applied to predict the
antagonistic activity of aryl benzyl ether analogues against
LTDA4. The aim of CoMFA is to derive a correlation between
the biological activity of a set of molecules and their 3D
shape, electrostatic and hydrogen bonding characteristics.
This correlation is derived from a series of superimposed
conformations, one for each molecule in the set. These
conformations are presumed to be the biologically active
structures, overlaid in their common binding mode. Each
conformation is taken in turn, and the molecular fields
around it are calculated. Thus, a good alignment is the single
most important part of doing a CoMFA analysis. The
common substructure should have the same conformation in
all molecules, and other parts should be superimposed as
much as possible by adjusting internal torsional angles. Even
though the three existing classes of antileukotriene drugs
(montelukast,® pranlukast® and zafirlukast®) have originated
from different sources, they have been eventually modified
by incorporating structural components present in FPL
55712 and/or leukotriene (Fig. 1). Therefore, it is of no
surprise that antileukotrienes have a planar triene-like
moiety with flanking hydrophobic chain and acidic head
(Fig. 1). In order to find the similar triene-like moiety in aryl
benzyl ether, its lowest energy conformation was investi-
gated by Grid search around the three rotatory bonds
bridging two aromatic rings at the center of the molecule.
Interestingly, the energy minimized conformation of aryl
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Figure 3. Superposition of pranlukast (dark) and aryl benzyl ether
(3, light).

benzyl ether showed perfect match with the antileukotrienes
around the central planar region. In particular, pranlukast
and aryl benzyl ether could be superimposed atom by atom,
which allowed three-dimensional structure-activity relation-
ship study with these two series of compounds (Fig. 3).

At first, 78 pranlukast analogues were collected from the
literature (15-92, Fig. 4).** They were then randomly divided
into two groups: 69 compounds as training set and the other
9 compounds as test set (Table 1). The training set was used
to build 3D-CoMFA models with CoMFA (comparative
molecular field analysis)” methods, while the test set was
used to validate the 3D-CoMFA model. The model was
further validated using an external test set of 14 aryl benzyl
ethers (Fig. 2). Finally, the contour plots of CoOMFA were
analyzed to provide helpful information on how to improve
the biological activity of aryl benzyl ether derivatives by
structural modifications.

Materials and Methods

All calculations were carried out on a linux enterprise
operating system using molecular modeling software pack-
age SYBYL v 7.2. All compounds were constructed by the
Sketch module in SYBYL base, protonated and assigned
with MMFF94s charges. For more flexible compounds such
as aryl benzyl ethers, systematic searches were performed
with an interval of 10° on every rotatory bonds to ensure
their lowest energy conformations. Finally, they were mini-
mized with MMFF94s force field.

The most crucial step in performing CoMFA is to deter-
mine the bioactive conformations of the compounds so that
all compounds could be aligned together. As discussed
above, the central planar regions of the pranlukast analogues
and aryl benzyl ethers were used as the common sub-
structure for alignment. The most active compound among
the series, pranlukast (41) was used as a template for
structural alignment from the alignment facility in SYBYL,
and 69 training set molecules, 9 test set molecules and 14
external aryl benzyl ether test set molecules were all aligned
together (Fig. 5).

As usual, PLS (partial least squares) method was used to
establish and validate CoMFA. The ICs, values were con-
verted into pICso (-logICsp) values to describe the biological
activities. COMFA was set at standard values, with a sp’
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Figure 4. Structures of pranlukast analogues. “para-substituted unless otherwise mentioned.

Figure 5. Superposition of 69 training set molecules, 9 test set
molecules, and 14 external test set molecules (aryl benzyl ethers).

carbon atom with one positive charge used to probe steric
and electrostatic fields. The standard cutoff value was set to
30 kcal/mol. LOO (leave-one-out) cross-validation method
was used to evaluate the initial model. The cross-validated
coefficient ¢* was calculated using the following equation:

Z ( pred
z ( actual —

actual )

T=10- 2

2
mean)

where Jpred, Yactual, and Ynean are predicted, actual, and mean
values of the target property (pICso), respectively, and
PRESS = Z/(Jpred — Jacwal)” is the sum of predictive sum of
squares. The optimum number of components was then
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Table 1. COMFA analysis on pranlukast analogues
PRESS ¢ N 2 SEE F SEEbs g% Pred.”

391 0845 5 0971 0.249 258.8 0.214 0.981 0.938¢
0.599"

¢*leave one out (LOO) cross-validated correlation coefficient, N-
optimum number of components, r*-noncross-validated correlation
coefficient, SEE-standard error of estimate, F-F-test value, SEEbs-
standard error of estimate by boot strapping analysis, ¢’hs-mean 7 by
boot strapping analysis (in 10 runs), Pred. 7>-CoMFA predictive ¢* values
on the test set: “test set composed of 9 pranlukast analogues, “external
test set composed of 14 aryl benzyl ethers.

given, and CoOMFA model was finally derived corresponding
to the optimum number. The parameters of confidence
intervals were further estimated by bootstrap in 10 runs. The
column filtering box was kept unchecked during all
operations (Table 1).

In addition to LOO method to validate the CoMFA model,
two test sets made up of 9 and 14 molecules, respectively,
was used for model validation. Similar to cross-validated ¢’
values of LOO method, the predictive performance of
models on the test set was estimated by predictive * value
(Table 1).

Results and Discussion

The best prediction was obtained with CoMFA standard
model (PRESS =3.91, ¢° =0.845, N=15), and its predictive
performance on the test was 7 = 0.971, which indicated that
the built 3D-CoMFA model was reliable and able to predict
biological activity of new derivatives accurately (Table 1).
The relative contribution of steric and electrostatic field to
the overall CoMFA field is 0.642 and 0.358, respectively,
which indicates dominant contribution by the steric factor.
Also, the predictive 7* values for both test sets were greater
than 0.5, which indicates significant predictive power of the
model.

The conventional fit values on training set and prediction
values on the test set made by the CoOMFA model is shown in
Table 2. The relationship curve between observed values
versus conventional fit values (prediction values) on the
training set and two test sets are also displayed in Fig. 6.

CoMFA result is visualized by ‘stDev*Coeff’ contours,
which shows that there is a large green contour around the
phenyl ring at the end of the hydrophobic alkyl chain (Fig.
7a). Interestingly, the alkyl chain has a discrete length for
optimum activity, and thus, even a slightly longer chain
results in unfavorable steric interaction (yellow contour next
to green one). Also, the small yellow contours around the
alkyl chain indicate that branched alkyl chains would have
unfavorable steric interaction. On the other hand, around the
tetrazole moiety electrostatic interaction is favored (blue
contour, Fig. 7b). The fused rings are sandwiched between
two red contours, which show that the fused rings should
remain planar between these two contours. The small blue
contour around the aromatic alkyl substituent indicates that
substitution of the alkyl chain with charged heteroatoms
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Table 2. Actual versus predicted activity of CoMFA (standard)
model on the training set and test set

pICsoa pIC50
(act)® (pred)

pIC50 pIC 50

(act)’ (predy 1

Compds Res | Compds

(a) Training set
15 485 497 -0.12 57 630 632 —0.02
16 470 480 -0.10 58 566 631 —0.65
18 552 540 0.13 59 6.66 651 0.14
19 5.51 553 -0.02 60 7.89  7.97 -0.08
21 6.00 589 0.11 62 785  7.89 -0.03
22 6.52 656 -0.03 63 770 7.11  0.59
23 6.62 652 0.10 64 6.52 651 0.01
24 6.74 7.03 -028 65 6.82 7.01 -0.18
25 7.82 743 040 66 837 812 0.25
26 838 854 -0.17 68 870  8.72 -0.02
27 826 855 -0.29 69 828 818 0.10
29 830 756 0.75 70 889 859 0.30
30 728 780 -0.52 71 9.17 920 -0.03
31 9.07 889 0.17 72 896 932 -0.36
32 930 943 -0.13 73 721 718 0.03
33 826 872 -0.46 74 770 7.76 —-0.06
34 8.13 816 -0.02 75 943 937 0.06
35 882 9.03 -0.21 76 796  8.11 -0.15
37 1022 9.56  0.66 77 567 548 0.19
38 996 9.78 0.18 78 564 549 0.15
39 9.85 9.98 -0.13 79 6.82  6.99 -0.17
40 9.02 898 0.04 80 692  7.19 -0.26
41 1036 1041 -0.05 81 6.31 6.16 0.15
42 747 735 0.12 82 6.66 6.62 0.03
44 7.00 7.12 -0.11 83 6.85 681 0.04
45 774 762 0.12 84 646  6.52 —0.06
46 6.85 694 -0.08 85 624 612 0.12
47 440 454 -0.15 86 549  5.68 -0.18
49 503 498 0.04 87 596  5.65 0.31
50 530 528 0.02 88 6.18  6.18 0.00
52 582 585 -0.03 89 692 676 0.16
53 6.68 6.75 -0.07 920 7.68 738 0.30
54 715 7.00 0.16 91 7.06  7.16 —0.11
55 7.00 690 0.10 92 6.67 694 -0.27
56 6.80 6.74 0.06

(b) Test set?

17 505 479 025 48 559 633 -0.74
20 752 739 0.13 51 7.00 695 0.05
28 815 803 0.12 61 8.05 835 -031
36 10.51 9.75  0.76 67 933 9.03 030
43 749 763 -0.13

(c) External test set’

5.11 438 0.73 8 448  4.07 041
474 429 045 9 418 445 -0.27
542 436  1.06 10 482  4.88 -0.06
465 462 003 1 433  4.60 -0.27
439 480 -041 12 432 417 0.15
416 374 042 13 459 443 0.16
7 445 447 -0.02 14 468 4.77 -0.09

A N AW N =

9pICsy = —logICso; ‘actual activity; predicted activity; “test set of 9
pranlukast analogues; “test set of 14 aryl benzyl ethers
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Figure 6. Plot of observed pICsy versus conventional fit predictions (predicted activity) of training set (a) and test set (b). Gray dot show

conventional fit (prediction) of aryl benzyl ethers.

(a)

Figure 7. CoMFA (standard model) Contour plots: pranlukast (41) is depicted as a reference molecule: (a) light contours predict bulky group
enhance activity, whereas dark contours predict less bulky group is favored for activity; (b) light contours predict negative charge enhance
activity, whereas dark contours predict positive charge enhance activity; (c) pranlukast (41) and 1 are shown together inside the combined
map of steric and electrostatic contours; (d) aryl benzyl ether with pranlukast-like substitution is located inside the contour map.

such as oxygen, or nitrogen would favor electrostatic
interaction. Aryl benzyl ether 1 is located inside the
combined map of steric and electrostatic contours with
pranlukast (Fig. 7c), which provides insights into the
structural modification of the aryl benzyl ether to improve its
activity. As an example, a compound with simple intro-
duction of the aromatic substituents of pranlukast (41) into
the aryl benzyl ether core (Fig. 7d) snuggly fits into the
contour map, and the QSAR program expects this
compound to be even more active than pranlukast (predicted
pICsy for this compound is 10.83).

Based on this information, various alkyl chains with
optimum chain length and fused aromatic rings with polar
substituents are being designed and installed onto the aryl
benzyl ether core structure. The extensive structure-activity
relationship study of aryl benzyl ethers as a novel class of
antileukotriene would be reported in due course.

Conclusions

In summary, even though leukotriene modifiers have been
used for asthma treatment for several years, problems
associated with the current therapy such as the lack of
clinical efficacy for severe asthma and the lack of specific
LTB4 antagonists® have continuously prompted the dis-
covery of novel leukotriene modifiers. Due to the promising
biological activity as leukotriene D4 (LTD4) antagonists,>®
extensive structure-activity relationship study of the aryl
benzyl ethers with various substituents at the aromatic rings
are underway. In this study, in order to design an efficient
structure-activity relationship study of aryl benzyl ethers, a
3D-CoMFA model was constructed by using the pranlukast
analogues. The aryl benzyl ether core was found to be in
excellent three dimensional match with the central planar
moiety of pranlukast analogues, and the pranlukast 3D-
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CoMFA model could be successfully applied to predict the
biological activity of aryl benzyl ether analogues. The 3D-
CoMFA study also shows that hydrophobic alkyl chain with
optimum length substituted at the benzylic aromatic ring as
well as highly charged fused aromatic moiety at the other
side of aryl benzyl ether core would greatly enhance the
biological activity of aryl benzyl ether analogues.
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