ELSEVIER

Available online at www.sciencedirect.com

sc.ENCE@D.“W

European Journal of Medicinal Chemistry 40 (2005) 1316-1324

EURO.PEAN JOURNAL OF
ME INAL
CHEMISTRY

www.elsevier.com/locate/ejmech

Original article

A new potential cyclooxygenase-2 inhibitor,
pyridinic analogue of nimesulide

Catherine Michaux **, Caroline Charlier 2, Fabien Julémont °, Xavier de Leval °,
Jean-Michel Dogné ®, Bernard Pirotte ®, Frangois Durant *

& Laboratoire Chimie Biologique Structurale, Facultés Universitaires N.-D. de la Paix, 61, rue de Bruxelles, B-5000 Namur, Belgium
® Laboratoire de Chimie Pharmaceutique, Centre interfacultaire de recherche en pharmacochimie des substances naturelles et synthétiques, Université de
Liege (Ulg), 1, avenue de I’hopital, B-4000 Liege, Belgium

Received 2 December 2004; received in revised form 14 August 2005; accepted 25 August 2005

Available online 11 October 2005

Abstract

In this paper, the binding mode of original pyridinic compounds structurally related to nimesulide, a preferential cyclooxygenase (COX)-
2 inhibitor, is analyzed by docking simulations in order to understand structure—activity relationships of this family. Structural modifications
are proposed to reverse the selectivity of the more active inhibitor of the series characterized by a preferential activity on COX-1. On the basis
of these modifications, a new compound with a bromo substituent was designed and showed a COX-2 selective inhibition.

© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are
widely used for the treatment of rheumatism diseases, as rheu-
matoid arthritis, and pain [1]. The pharmacological effects of
NSAIDs are due to inhibition of a membrane enzyme called
cyclooxygenase (COX) which is involved in the prostaglan-
din biosynthesis [2]. The discovery in 1990 of two isoforms,
COX-1 and COX-2, helped to understand the side-effects of
NSAIDs [3]. The constitutive COX-1 is found in healthy
populations and has mainly a physiological role in kidneys
and the stomach. In contrast, the mainly inducible COX-2 is
involved in the production of prostaglandins mediating pain
and supporting the inflammatory process [4,5].

Classical NSAIDs such as aspirin and ibuprofen non-
selectively inhibit both isoenzymes and cause gastric failure
like bleeding and ulcer [6,7]. In order to prevent or decrease
these side-effects, a current strategy consists of designing
selective COX-2 inhibitors as NSAIDs with an improved gas-
tric safety profile [8,9].
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Recent data show that the biological functions of pros-
tanoids, mediators formed by the two enzymes, are much more
complex and interrelated than previously appreciated [10].
Experimental evidence indicates that a full inflammatory
response is likely sustained by prostanoids generated by both
enzymes. Similarly, inhibition of both isoforms is necessary
for gastrointestinal mucosal damage to develop and both
enzymes contribute to normal renal function. Moreover, the
synthesis of endothelial prostacyclin is mainly driven by
COX-2, so that the selective COX-2 inhibition may bias vas-
cular prostaglandin synthesis in favor of COX-1-derived
thromboxane A, in platelets. This could explain the cardiotox-
icity of the rofecoxib (Vioxx®), which was withdrawn in Sep-
tember 2004 [11].

Therefore, it is not obvious whether a high level of COX-
2 selectivity confers any advantages. On the contrary, the
design of COX-2 “preferential” inhibitors keeping a slight
effect on COX-1 at therapeutic dosage could theoretically
limit the imbalance prostacyclin/thromboxane A, leading to
cardiovascular side-effects. The question of the efficacy and
the limitations of gastrointestinal side-effects with these pref-
erential inhibitors should be further evaluated.

Moreover, a third variant of the COX enzyme, COX-3,
recently identified in the brain, was found to be composed of
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COX-1 and the retained intron 1 [12—14]. It was considered
at first as a potential target of paracetamol, but it was later
found that COX-3 inhibition by paracetamol is not specific
and rather weak, and therefore cannot account completely
for its inherent discrepancies. Anyway, identification of this
isoenzyme will open a new chapter in anti-inflammatory and
analgesic agents. However, a frame shift caused by complete
retention of intron 1 in the human sequence questions its rel-
evance to human pathophysiology. In addition, only canine
COX-3 would possess COX activity.

Nevertheless, it is still interesting to perform research on
new COX-2 compounds and try to design original structur-
ally families of COX-2 inhibitors with an appropriate bal-
ance between COX-1 and COX-2 inhibition. Such new agents
could also play a positive role in other pathophysiological
processes involving COX-2, and particularly in cancerogen-
esis and neurodegenerative disorders such as Alzheimer’s and
Parkinson’s diseases [15-17].

Nimesulide (1) is one of the first NSAIDs marketed, with
a preferential COX-2 inhibition profile [ 18-20]. Several origi-
nal pyridinic compounds derived from this drug were synthe-
sized and their COX inhibitory effects evaluated with a whole
blood assay (Fig. 1) [21]. On the basis of physicochemical
studies (pK, determination by spectrophotometry) and struc-
tural analyses (‘H-NMR, IR and X-ray diffraction) previ-
ously reported in [21], it was assumed that 1-4 showed dif-
ferent ionic states at physiological pH (Fig. 2). The
sulfonamide group is mainly deprotonated in 1-3 and a pyri-
dinium moiety is found in 3. Compound 4 is mainly non-
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Fig. 1. Structure of nimesulide (1) and its analogues (2-5).
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Fig. 2. Major ionic state at physiological pH of nimesulide and its analogues
1-4, determined by physicochemical studies (pK, determination by spectro-
photometry) and structural analyses ("H-NMR, IR and X-ray diffraction).

ionized at pH 7.4. These major forms are supposed to inter-
act with the COX enzymes.

In this contribution, COX-1 and COX-2 inhibitory potency
of derivatives of nimesulide was first evaluated in an enzy-
matic assay. Indeed, unlike the whole blood assay, such test
reflects the best the pure ligand—enzyme interactions. Sec-
ondly, their in vitro activities were rationalized and their
potential binding modes in human COXs explored by dock-
ing studies. On the basis of these analyses, structural modifi-
cations were investigated to enhance activity and selectivity
of this series of compounds. A new COX-2 selective lead com-
pound was then identified.

2. Method
2.1. Chemistry

The chemistry of the compounds presented in this publi-
cation was described elsewhere [21,22].

2.2. Biological assay

Depending on the assay used to determine COX inhibi-
tory activity, results can vary. In this study, in vitro enzymatic
assays were used as they are more directly explained by dock-
ing studies. As human COX-1 is not commercially available,
the in vitro COX inhibitory assay was determined by using
purified ovine COX enzymes. In this way, comparison of both
isoforms is valid and gives idea of the selectivity of the new
compounds. For technical reasons, two different ovine COXs
assays were used and a human COX-2 assay was also per-
formed.

The enzymes were purchased from Cayman Chemical
Company. The human recombinant COX-2 was isolated from
a baculovirus overexpression system in Sf21 cells. Its purity
is approximately 70%. The ovine COX-1 and COX-2 enzymes
were isolated from ram seminal vesicles and from sheep pla-
centa, respectively. The purity is 95% and 70%, respectively.

The inhibitory potency was assayed a) with purified ovine
enzyme [23]; b) with human purified COX-2 enzyme in the
same way as in assay a but with ligand—enzyme incubation
time of 5 min and with arachidonic acid incubation time of
3 min or; ¢) with a COX (ovine) inhibitor screening kit (cata-
log no. 560101, Cayman Chemical, Ann Arbor, MI). All the
values are averages over three experiments. Table 1 summa-
rizes the parameters for each assay performed. The human
COX-2 assay was not performed following assay a, because
the optimal conditions for the human COX-2 activity are not
strictly the same as for the ovine one.

In general, the COX inhibitory activity was determined by
measuring non-enzymatically PGE, or PGF,, (by SnCl,
reduction of COX-derived PGH,) production from arachi-
donic acid, substrate of COX enzymes. The COX enzymes
(1 unit: consumes 1 O, nanomol per min at 37 °C in 0.1 M
Tris—HCI pH 8, 2 x 107> M phenol, 1 x 10°° M hematin and
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Table 1
Characteristics of the performed assays
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Assay Isoforms Incubation Incubation Final [AA] End of the reaction Measure of the activity
time of time with ~ (umol ™)
drug with AA (min)
enzyme at 37 °C
(min)
a) Ovine COX-1 and COX-2 60at0°C 2 10 Addition of diclofenac sodium salt ~ PGE, production quantified by RIA
(1 mM)at0°C
b) Human COX-2 Sat37°C 3 10 Addition of diclofenac sodium salt ~ PGE, production quantified by RIA
(1 mM)at0°C
c) Ovine COX-1 and COX-2 5at37°C 2 100 Addition of HCI (1 M) at 0 °C PGF,,, production quantified by EIA

1 x 10 M arachidonic acid) were first incubated with drugs
(diluted in 0.2-1% DMSO) in their optimal activity condi-
tions: pH 8, 37 °C and with two cofactors (hematin and phe-
nol). Then sodium arachidonate was added and incubation is
continued. After the enzymatic reaction was stopped, PGE,
or PGF,, production was measured by radio- or enzyme
immunoassay.

2.3. Docking studies

Homology modeling of the human isoforms was per-
formed using Homology from the InsightIl package [24].

Research performs exploration of one region of the pro-
tein (rigid) by one ligand (flexible) [25]. The hypothesis gen-
eration is based on a Monte Carlo algorithm, randomly gen-
erating conformations. Cutoff: 15 A; Ecut: —10 kcal mol™";
ntrials: 10,000.

Gold is a genetic algorithm for docking flexible ligands
into protein binding sites [26]. Conformation of some amino
acids (Ser, Thr and Lys) is optimized during the run. Pop-
siz = 100; maxops = 100,000; niche_size = 2.

Autodock uses a hybrid method called Lamarckian Genetic
Algorithm (genetic algorithm coupled with a local search) to
predict the interaction of ligands with macromolecular tar-
gets [27]. Runs: 200; population size: 50; number of genera-
tions: 27,000.

Discover3 uses the molecular mechanics to optimize the
conformation of the ligand—protein complexes and evaluate
the interaction energy (AEvdw and AEcb) [28]. The back-
bone is moved following force constants and side-chains move
freely.

Table 2

Forcefield: ESFF; dielectric constant: 1%*r; criteria conver-
gence: 10 kcal mol™' for the Steepest Descent algorithm,
0.01 for the Conjugate Gradient one.

Delphi provides numerical solutions to the Poisson—
Boltzmann equation for molecules of arbitrary shape and
charge distribution [29]. It allows calculation of the electro-
static contribution to the solvation energy of a molecule
(AEsolv).

Molecular electrostatic potential (MEP) profiles were cal-
culated from the optimized structure of each moiety using
quantum mechanics, with HF method and 6-31G* basis set
[30].

3. Results and discussion
3.1. Enzymatic assay of the COX inhibitory effect

Ability of compounds 1-5 to inhibit COX-1 and -2 was
evaluated using enzymatic assays a and b (Table 2). NS-
398 and indomethacin, a COX-2 selective and a non-selective
inhibitor, respectively, were also tested as references. Al-
though ICy, of 1 is above 100 pM for the two isoforms, it
preferentially inhibits COX-2 at 100, 10 and 1 uM. Com-
pounds 3-5 are considered to be inactive or not very active.
Compound 2 exhibits an inhibitory activity on both COXs
with a preferential effect on COX-1, unlike 1. Compound 2
was therefore selected for further analyses.

COX-2 ICsy, values for 1 are markedly higher than values
found in literature. However, the selectivity ratio estimated
by different research groups, albeit in the same test, can be

Estimated ICs, values and % inhibition on enzymatic assay a and b for 1-5, NS-398 and indomethacin

Compound IC5, COX-1 ovine™* % Inhibition ovine COX-1"* IC5, COX-2 ovine™ *human™® % Inhibition ovine COX-2"*
(™M) (100 uM) (uM) (100 uM)

1 > 100 -1.62+4.10 > 100/97.5 34.79 +3.54

2 3.66 93.77 £ 5.68 82.7/> 100 57.56 + 10.68

3 > 100 0.72 +5.27 > 100 -1.87+1.05

4 > 100 241+093 > 100 4.24 +1.98

5 > 100 14.88 £4.80 > 100 19.35 + 6.68

NS-398 > 100 20.06 = 5.39 57.1/0.5 52.64 +2.36

Indomethacin 0.1 92.68 + 1.67 0.5/0.4 81.91 +2.08

* Details in experimental section.

# Assay a: enzyme-ligand incubation time of 1 h and arachidonic acid incubation time of 2 min.
® Assay b: enzyme-ligand incubation time of 5 min and arachidonic acid incubation time of 3 min.
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quite different. Therefore, it seems essential to consider this
kind of data only when other reference drugs are similarly
evaluated, which permit ranking simultaneously classical
NSAIDs and COX-2 selective inhibitors in terms of selectiv-

ity.
3.2. Docking studies

High-resolution X-ray structures of ovine COX-1 and
murine COX-2 in complex with inhibitors lead to the 3D struc-
ture of the COX active site [31,32]. It is a long, narrow hydro-
phobic channel extending from the membrane-binding region
to the protein core. Based on site-directed mutagenesis experi-
ments and comparison of different crystal structures, the sub-
stitution of isoleucine 523 in COX-1 for a less bulky valine in
COX-2 was proved to be the main contributing factor to the
difference of the two binding sites (Fig. 3) [33]. This residue
variation leads to a change in the size and shape of the two
active sites (about 20% larger for COX-2 isoform) with an
additional hydrophilic side-pocket characterizing COX-2.
Such difference is often used to design COX-2 selective
inhibitors [34]. Moreover, the substitution of histidine 513 in
COX-1 for an arginine in COX-2, coupled with the latter,
would also be responsible for the COX-2 selectivity of some
inhibitors [35]. An imidazole ring at this position would not
extent sufficiently in COX-1 for direct interactions with the
sulfonamide group of most of reference COX-2 inhibitors
[36].

As human COX-1 and -2 structures are not yet available in
the PDB databank, these were first modeled by homology
from the ovine COX-1 co-crystallized with flurbiprofen
(1CQE) (with 91% identity) and from the murine COX-2 in
complex with SC558 (6COX) (with 86% identity), respec-
tively. The human/ovine COX-1 (rmsdy,cpone = 0.38 A;
rmsdckleavy =1.07 A), hunlan/murine COX-2 (rmsdy,ekpone =
0.54A; rmsdyc,yy = 1.10 A) arzd also human/modeloed ovine
COX-2 (rmsdy,ckpone = 0-60 A; rmsd;,,, = 1.20 A) active
sites are identical. The differences between isoforms are not
located in the binding site but elsewhere. Here we are then
assuming the binding mode of the compounds will be similar

Leu384

Phe518

le523

His90

in both ovine and human isoforms. This hypothesis was tested
and confirmed by docking studies of the studied compounds
with the X-ray structure of ovine COX-1 and the modeled
ovine COX-2 (data not shown). As the final goal consists of
designing new anti-inflammatory drugs for humans, we
describe here the docking studies in the human isoforms,
assuming the COX-1/COX-2 selectivity is the same in both
human and ovine species.

For the docking studies, input conformations of the five
compounds were derived from X-ray studies [21,37-39] and
took into account the form at physiological pH as reported in
Fig. 2.

The compounds were docked in the human modeled iso-
forms using three different algorithms (Research, Gold and
Autodock) with different scoring functions in order to high-
light the solutions common to the three programs, supposed
to be the most likely. These were then refined with the Dis-
cover3 module in order to account for amino acids flexibility
of the active site (see Section 2). The other solutions can be,
respectively, summarized as being unable to bind the active
site while located at the protein surface, in bad agreement
with the topology of the active site, or having an unusual con-
formation.

3.2.1. Binding modes of active compounds 1 and 2

Two binding modes were identified in the COX-2 isoen-
zyme for 1 (pink) and 2 (blue): the “lateral” (Fig. 4a) and the
“inverse” modes (Fig. 4b). This result is in agreement with
another study performed on 1 [40]. Both modes were identi-
fied in all three programs, only the refined solutions from the
Gold program are given here.

In the lateral mode, the sulfonamide moiety fills the hydro-
philic side-pocket and is involved in hydrogen bonds with
such polar residues as His90 and Arg513. These interactions
are essential for COX-2 inhibitory activity as exemplified by
the binding interactions of SC558, an analogue of celecoxib,
co-crystallized in the COX-2 active site [41]. The nitro group
and the pyridinic nitrogen atom are close to the charged resi-
due Argl20 lying at the entrance of the COX-2 active site.
The phenoxy moiety fills the top of the channel and is stabi-

Leu384

Phe518

Hydrdphilic
poclket

Argl20

Argl20

Membrane

Membrane

COX-1

COX-2

Fig. 3. Schematic representation of the active site of both isoenzymes COX-1 and COX-2.
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Fig. 4. a) “Lateral” binding mode; b) “Inverse” binding mode of 1 (pink) and
2 (blue) docked in the human COX-2 active site. Hydrogen’s of amino acids
are not depicted for clarity.
lized by different interactions, respectively, T—n interactions
with Trp387 and Phe518 and CH-O bonds with Ser530 and
Met522. CH-n interaction is also observed between
Tyr355 and the phenyl or pyridine rings.

In the inverse mode, the sulfonamide group lies at the
bottom of the channel and interacts with Arg120, while the
nitro group and the pyridinic nitrogen atom are close to

Tyr385s
Trp387

"
Met522

Phe518

Ile523

His513 \\
Argl20

A E é Tyr355
His90

Fig. 5. Binding mode of 1 (pink) and 2 (blue) docked in the human COX-
1 active site. Hydrogen’s of amino acids are not depicted for clarity.

Valll6

His90 and Arg513. The phenoxy group and central ring are
involved in the same interactions as in the lateral mode.

Based on SAR studies and knowledge of the active site, it
is difficult to preferentially select one of the two binding
modes [40,42,43].

In order to understand the selectivity differences between
1 and 2, docking studies were also performed in the modeled
human COX-1 isoform. Only one binding mode was obtained
for the two compounds which remain in the hydrophobic
channel (Fig. 5).

According to total interaction energy (AEtot), 1 seems to
be more stable than 2 in COX-2 where it can accommodate
the larger volume and interact favorably with polar amino
acids of the hydrophilic side-pocket (Table 3). On the other
hand, 2, which is smaller than 1 (volume of 194.29 A3 against
206.50 A3 for 1), is better positioned in COX-1 (AEtot = —
34.23 kcal mol™ for 2 and —26.46 kcal mol™' for 1) where
H-bond interactions are observed with Arg120. Such analy-
ses could explain the pharmacological profile of each com-
pound: 1 and 2 preferentially inhibit COX-2 and COX-
1 enzymes, respectively.

3.2.2. Rationalization of the inactivity of compounds 35

Analysis of inactive molecules is an important step to
understand the essential features for a given activity. There-
fore, 3—5 were also docked in the COX-2 active site and com-
pared to the active compounds.

Compounds 3 and 4 adopt the lateral and inverse modes
but with smaller total binding energy than 1 or 2 (Table 3).
Indeed, an unfavorable interaction is observed between the
protonated nitrogen of 3 and Arg513, His90, or Arg120. As a
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Table 3

Interaction energies for compounds 1-5 in human COX-1 and/or COX-2 isoforms
Compound Enzyme Mode AEcb * AEvdw * AEsolv # AEtot *
1 COX-2 Lat -21.30 -18.31 2.73 -36.88
Inv -17.46 -19.39 2.60 -34.25
COX-1 -10.49 -18.03 2.06 —-26.46
2 COX-2 Lat -17.11 -17.60 2.69 -32.02
Inv -16.20 -17.87 2.51 -31.56
COX-1 -17.85 -18.07 1.69 -34.23
3 COX-2 Lat -13.03 -16.47 2.23 -27.27
Inv -16.52 -15.61 2.58 -29.55
4 COX-2 Lat -9.64 -16.67 1.26 -25.05
Inv -6.67 -17.70 1.25 -23.12
5 COX-2 Inv -7.19 -20.21 1.17 -26.23

Total interaction energy (AEtot) is composed of van der Waals (AEvdw) and Coulombic (AEcb) terms and of an electrostatic contribution of the solvation

energy (AEsolv).
# All energies are expressed in kcal mol™.

result, a positive charge would not be suitable in the COX-
2 active site and would be responsible for the inactivity of 3.
In the case of 4, the protonated nitrogen of sulfonamide is
involved in an intra-molecular H bonding interaction with the
oxygen of the phenoxy group, forcing the compound in a
restrained position. Such bond is also observed in the crystal
structure of 4 [21]. Moreover, the weaker negative partial
charge on the oxygen’s of the sulfonamide moiety and the
position of the pyridine nitrogen lead to weaker interactions
with polar residues as His90, Arg513 and Arg120.

Because of its bulky volume, the N-methyl group of 5 is
unable to access the hydrophilic pocket. Only the inverse
mode is therefore observed. This additional CH; moiety leads
to conformational restraints in the active site and some inter-
actions are therefore reduced or lost. Indeed, m—m interac-
tions with Trp387 and Phe5 18 are missing and the nitro group
interacts weakly with His90 and Arg513.

3.2.3. Pharmacophore and interactions model in
the COX-2 active site

Docking analyses of active and inactive compounds led us
to suggest a COX-2 pharmacophore model with essential, or
important, features for COX-2 activity and important inter-
actions in the COX-2 active site for this family of inhibitors
(Fig. 6). The distances between the molecular functions
depicted in Fig. 6 were calculated from complexes of 1 and 2
in the COX-2 active site for the two binding modes and rep-
resent the smallest and largest values. A suitable position of
the two polar groups near Arg120 and in the hydrophilic side-
pocket seems to be important. Moreover, involvement of the
phenyl ring in - interactions at the top of the channel prob-
ably leads to a better COX-2 activity.

3.3. Prediction of new compounds

Mainly because of its smaller volume (as seen in the dock-
ing studies), 2 preferentially inhibits the COX-1 isoform,
unlike 1. Therefore, in order to reverse its selectivity, we pro-
pose to take advantage of a structural difference between the
two isoforms observed in the upper part of the channel to

introduce new structural features. Indeed, a conserved amino
acid, Leu384, is oriented differently in each isoenzyme due
to the effects of a residue at position 503. In COX-1,
Phe503 with its large size pushes Leu384 side chain into the
top part of the channel. In COX-2, the smaller Leu503 allows
Leu384 to orient away from the active site, generating a small
lipophilic alcove (Fig. 7) [44]. This structural difference was
taken into account to modify 2 and to try to reverse its selec-
tivity. Such strategy has already been used to design COX-
2 selective compounds [45]. The “leucine tickle region” is
located close to the para position of the phenoxy group of 2
in both binding modes, leading to the design hypothesis that
substitution of a small lipophilic group (X) would introduce
COX-2 selectivity (Fig. 7).

3.3.1. Synthesis and pharmacological evaluation of new
compounds

Compounds 6 and 7 were then synthesized and their COXs
inhibitory potency was preliminarily tested by an in vitro
enzyme assay. Compound 8 was also designed to confirm our
hypothesis (Fig. 8 and Table 4).

—— H bonding
Leu384 fexn i
- PI-PI Interaction
Ser53
Phe518
Hyldrophilic ~g527.7.66
rocket 5.17-7.88
Polar
group
550-8.47 Palar
group
2 Tyr3ss
Argl20 —

Membrane

COX-2

Fig. 6. COX-2 pharmacophore model inside a schematic COX-2 active site
and important interactions between the pharmacophoric features and amino
acids. Distances are expressed in angstrom.
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Tyr385
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Fig. 7. Structure of proposed compounds, displaying a small lipophilic group (X) in para position of the phenoxy moiety, depicted in a schematic COX-2 active

site, following a) the lateral mode and b) the inverse mode.

NHSO,CF, NHSO,CF, NHSO,CF,
PN _N_O (ﬁ/o cl
N cl N Br N
6 7 g C

Fig. 8. Structure of compounds 6-8.

Table 4
% Inhibition (or ICs) of 2, 6-8 on ovine assay ¢ and human COX-2 assay b

Compound % Inhibition ovine % Inhibition ovine  ICs, human
COX-1 (100 uM)™ COX-2 (100 pM)™¢  COX-2 (uM)"®

2 15.53 +4.65 -8.59 +12.33" > 100
6 76.66 £ 5.15 18.35 + 8.05 48.8
7 -9.62 + 15.90"" 46.40 +0.78 20.7
8 Inactive Inactive > 100

* Details in experimental section. ** Inactive.

® Human assay b: enzyme-ligand incubation time of 5 min and arachido-
nic acid incubation time of 3 min.

¢ Ovine assay ¢: enzyme-ligand incubation time of 5 min and arachidonic
acid incubation time of 2 min.

Compound 6 is characterized by a preferential COX-
1 inhibition but shows a better COX-2 inhibitory activity than
2. On the other hand, compound 7 is a selective COX-
2 inhibitor with an improved COX-2 activity in comparison
with compound 2. Compound 8 is inactive for both isoforms.

Although compound 2 shows quite different activities in
Tables 2 and 4, theses values are not comparable because they
are issued from different kind of assays. This assumption was
reported several times in literature [46].

3.3.2. Rationalization

As a result, unlike bromine, the chlorine substitution is
not sufficient to obtain COX-2 selectivity and to fill the lipo-
philic alcove because of its small volume (22.14 A® against
29.38 A3 for bromine). Therefore, compound 6 remains
capable of binding COX-1 whereas compound 7 cannot. The
bromine substitution is sufficient to reverse the selectivity.

Compound 8, with two chlorine atoms in the meta posi-
tions of the phenyl group, does not show any activity for both
isoforms. Docked complexes of 8 in COX-2 show that the
chlorine atoms are not positioned in a good way to fill the
lipophilic alcove in the lateral or the inverse mode (data not
shown). Therefore, these first results confirm our hypothesis.

In addition, electronic distribution of a dichlorophenyl
group compared to a chloro- or a bromophenyl one is quite
different as shown by MEP profiles depicted in Fig. 9. Indeed,
unlike dichlorophenyl, a more negative attractive MEP area
is observed for bromo- and chlorophenyl moieties above the
central ring. Such differences could partly explain the inac-
tivity of 8 for both isoforms. Indeed, MEP profiles of aro-
matic compounds have already been correlated with binding
affinities in the literature [47,48]. Although CH-= interac-
tions seem to be important in the COX-2 binding (Fig. 6), the
dichlorophenyl moiety would lead to bad contacts with aro-
matic residues in the top part of the channel.

3.3.3. New pharmacophore model in the COX-2 active site

From these analyses, our pharmacophore model in the
COX-2 active site can be complemented by adding a small
hydrophobic group positioned inside the lipophilic alcove
(Fig. 10). This hypothesis is a first approach to explain COX-
1/COX-2 inhibition and compound selectivity. It may be used
to identify original lead compounds with COX-2 selective
inhibition.

4. Conclusions

The pharmacological profile of pyridinic analogues of
nimesulide was rationalized and compared to the parent com-
pound by docking studies. Two binding modes, lateral and
inverse, were observed where the sulfonamide group fills
either the hydrophilic side-pocket or the bottom part of the
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Fig. 9. MEP profile calculated for a) bromo-, b) chloro- and c) dichlorophenyl moieties and represented on the Connolly surface of each structure.
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Fig. 10. Improved COX-2 pharmacophore and interactions model inside a
schematic COX-2 active site. Distances are expressed in angstrom.

channel. In order to reverse the selectivity of 2, preferentially
inhibiting COX-1, structural modifications were proposed.
From the knowledge of a small lipophilic alcove specific to
COX-2, compound 7 was designed with a bromine substitu-
ent in the para position of phenoxy group. The latter com-
pound proved to inhibit preferentially COX-2 while 2 did not.
As a result, 7 can be considered as a new potential hit for
COX-2 inhibition.
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