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Design, Synthesis, and Pharmacological Evaluation of Pyridinic Analogues of
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In this study, we report the synthesis and pharmacological evaluation of original pyridinic
sulfonamides related to nimesulide, a cyclooxygenase-2 (COX-2) preferential inhibitor widely
used as an anti-inflammatory agent. These original pyridinic derivatives were synthesized in
three steps starting from the condensation of 3-bromo-4-nitropyridine N-oxide with ap-
propriately substituted phenols, thiophenols, or anilines followed by a reduction of the nitro
moiety into the corresponding aminopyridine, which was finally condensed with alkane- or
trifluoromethanesulfonyl chloride to obtain the corresponding sulfonamides. The pK, deter-
minations demonstrated that the major ionic form present in solution at physiological pH
depends on the nature of the sulfonamide moiety subsituent. Indeed, alkanesulfonamides were
mainly present as zwitterionic molecules while trifluoromethanesulfonamides, more acidic
derivatives, were mainly present as anionic molecules. The in vitro pharmacological evaluation
of the synthesized compounds against COX-1 and COX-2 was performed in a human whole
blood model. Results obtained demonstrated that most of alkanesulfonamide derivatives
displayed a COX-2 preferential inhibition with selectivity ratio values (IC5,(COX-1)/IC5,(COX-
2)) up to 7.92 (celecoxib displaying a ratio value of 7.46 in the same test). On the other hand,
trifluoromethanesulfonamide derivatives displayed weaker selectivity ratios although they
exhibited ICsy values against COX-2 up to 0.09 uM (celecoxib ICs against COX-2: 0.35 uM).
Finally, in vivo evaluation of selected compounds showed that they exhibited anti-inflammatory
properties similar to that of nimesulide when tested in a carrageenan-induced rat paw oedema

model.

Introduction

Cyclooxygenase (prostaglandin endoperoxide synthase
or COX) compounds catalyze the transformation of
arachidonic acid into prostaglandin Hy (PGHy), the first
step in the biosynthesis of prostanoids (prostaglandins,
prostacyclin, and thromboxane), which are local media-
tors acting in an auto- or paracrine manner through
their binding to specific receptors. Three COX isozymes
are actually described: COX-1, COX-2, and COX-3.
COX-1 is an ubiquitous constitutive form of the enzyme
responsible for the basal levels of prostanoids involved
in the regulation of several physiological processes such
as the platelet aggregation or the homeostasis of the
gastrointestinal tract and kidneys. The COX-2 isozyme
is almost undetectable under physiologic conditions
although its expression can be induced by a wide range
of stimuli such as growth factors,'2 phorbol esters,?
interleukin-1 (IL-1)*7% or lipopolysaccharide (LPS).”*
COX-2 expression is mainly observed during inflamma-
tory processes and is responsible for the enhanced
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prostanoid biosynthesis observed under these pathologi-
cal conditions. Finally, a third COX isoform, COX-3,
located in the central nervous system has recently been
characterized and could be the pharmacological target
of acetaminophen.

Acting as nonselective COX inhibitors, classical non-
steroidal anti-inflammatory drugs (NSAIDs) have been
widely used in the treatment of acute and chronic
inflammation states. However, all these drugs cause
untoward side effects related to COX-1 inhibition,
among which gastrointestinal irritation leading to ulcers
and bleeding is the most common.!%!1 On the other
hand, COX-2 specific inhibitors display anti-inflamma-
tory, antipyretic and analgesic properties in several
animal and human models. These pharmacological
properties are correlated to their ability to decrease the
COX-2-dependent prostanoid biosynthesis. These data
clearly demonstrate the implication of COX-2 in inflam-
mation processes. Furthermore, prostanoids are also
involved in other pathological conditions such as cancer
progression. Indeed, because they affect mitogenesis,2
cellular adhesion!® and apoptosis,!* prostaglandins ap-
pear to play a major role in the pathogenesis of several
types of cancers such as head and neck,!® breast,6:17
lung,1819 colon,?%-2! pancreas,?? and prostate?? cancers
where an important COX-2 expression has been
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demonstrated by immunohistochemistry. Furthermore,
COX-2 expression has been demonstrated to contribute
to angiogenesis, a critical step in tumor vascularization
and subsequently development.2* The large body of
literature indicates the effectiveness of COX-2 inhibitors
in the prevention of cancer progression or treatment.
For example, celecoxib has been demonstrated to induce
an adenoma regression in a placebo-controlled trial in
familial adenomatous polyposis patients.2> The mech-
anism by which COX inhibitors display anticancer
properties is also related to their ability to inhibit the
prostanoid biosynthesis, although other non-prostanoid-
dependent mechanisms, such as the inhibitory proper-
ties of celecoxib against human carbonic anhydrase IX
(hCAIX),?6 a carbonic anhydrase isozyme overexpressed
in several cancer types, have also been demonstrated.
In conclusion, the evidence of therapeutic benefit deriv-
ing from selective COX-2 inhibition in pathological
conditions such as inflammatory states or cancer pro-
gression has led to the development of a large number
of COX-2 preferential inhibitors.

At the present time, two major classes of compounds
are presented as COX-2 selective inhibitors. The first
one is the methanesulfonamide class whose main in-
vestigated compounds are nimesulide, NS-398, and
flosulide. The second is the “coxib” family, which is
considered as the most promising class. Major com-
pounds of this family are celecoxib, rofecoxib, and
valdecoxib?’ (Figure 1). In a previous study,?® we have
demonstrated that pyridinic analogues of nimesulide are
potential COX inhibitors. The aim of our present work
is the development of a NSAID displaying a COX-2
preferential inhibitory profile in order to avoid the
classical side effects related to COX-1 inhibition. Herein,
we report the modulation of our lead compounds achieved
in order to obtain COX-2 selective inhibitors. The
influences of the susbtituent on the phenyl ring, the
nature of the intercycle linkage, and the sulfonamide
moiety have been investigated. The synthesized com-
pounds were pharmacologically evaluated in a whole
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Figure 1. Chemical structures of COX-2 inhibitors.

blood assay for COX-1 and COX-2 inhibition in vitro.
Secondly, selected compounds were also evaluated as
anti-inflammatory drugs in vivo. Finally, to understand
differences in COX inhibition for closely related com-
pounds, crystallographic and docking studies were also
performed.

Chemistry

The synthesis of our compounds begins with the
preparation of 3-bromo-4-nitropyridine N-oxide (com-
pound 3), the common intermediate derivative (Scheme
1). This synthesis was achieved in two steps, starting
with the oxidation of 3-bromopyridine 1 by hydrogen
peroxide in the presence of acetic acid. This oxidation
was followed by a nitration at the 4-position of the
pyridine N-oxide 2 in a mixture of nitric acid and
sulfuric acid at 90 °C for 5 h in order to obtain 3, a
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yellow solid. Following this step, the bromine atom was
substituted with appropriately substituted sodium phen-
olate such as 4-chlorophenolate under reflux to achieve
compounds 4a—h. Compound 5, the thio analogue of 4a,
was obtained by reaction of 3 and thiophenol under
reflux in toluene for 12 h. Finally, the reaction of 3 and
aniline or N-methylaniline led to compounds 6 and 7,
respectively. The nitro and the N-oxide functions of
compounds 4a—h and 5—7 were then reduced in one
step with iron in an acetic acid and water mixture to
afford the corresponding aminopyridines as oily com-
pounds (compounds 8a—h and 9—11). These aminopy-
ridines were used without further purification. The
sulfonamides were obtained by reaction of the aminopy-
ridines with the suitable sulfonyl chloride (methyl,
ethyl, propyl, or trifluoromethanesulfonyl chloride). As
presented in Scheme 2, compounds 16b and 17b were
synthesized by oxidation of 138b at room temperature,
using m-chloroperoxybenzoic acid (m-CPBA) in dichlo-
romethane or hydrogen peroxide in acetic acid, respec-
tively. A summary of the synthesized compounds is
presented in Table 1.

pPK, Determination

The determination of the ionic state of the synthesized
compounds at the physiological pH of 7.4 was deduced
from the pK, values. The pK, values were obtained by
UV spectrophometry according to our previously de-
scribed method,?® and the results obtained are presented
in Table 2. To determine the influence of the phenyl ring
substitution, the pK, values obtained for compounds
12a,c—e,g were compared. For these compounds, two
pK. values were obtained. The lower pK, values were
inferior to 4 and were not determined with more
precision. According to our first report?® and to the
chemical structure of the investigated compounds, these
values were assigned to the pK, value of the sulfona-
mide/sulfonamidate equilibrium while the higher ones
were assigned to the pyridinium/pyridine equilibrium
(see Figure 2). These data permitted us to conclude that
the introduction of a substituent like a halogen atom
or a methoxy group led to compounds mainly present
under their zwitterionic forms at physiological pH
(pyridinium compounds substituted by a sulfonamidate
group), as does the parent compound 12a. The introduc-
tion of a halogen atom on the phenyl ring does not
influence the major ionic form present in solution at
physiological pH. Inversely, comparison of the pK,
values obtained with compounds 12a,i,d,m led to the
conclusion that the replacement of the methanesulfona-
mide group by a trifluoromethanesulfonamide group
enhances the acidic character of these compounds.
Therefore, compounds bearing a trifluoromethane-
sulfonamide moiety are mainly present at physiological
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Table 1. Synthesized Compounds

R3
0,8 NH
X X X
I _ | ] R1
N R,

Ry R, R; X
12a H H CH; (6]
12b 2-Cl H CH3 (6]
12¢ 3-Cl H CH3 (6]
12d 4-Cl H CH; (6]
12e 4-Br H CH; (6]
12f 4-OCH3 H CH3 (6]
12¢g 2-Cl 4-Cl CH; o)
12h 3-C1 5-Cl CH3 (6]
12i H H CF; (6]
12k 2-Cl H CF3; (6]
121 3-Cl H CF; (6]
12m 4-Cl H CF; (6]
12n 4-Br H CF; (6]
120 4-OCH3 H CF; (6]
12p 2-Cl 4-Cl CF3; (0]
12q 3-Cl 5-Cl CF; (6]
12r H H CHzCH3 (]
12s 4-Cl H CH,CH3 (6]
12t H H CH,CH,CH; O
12u 4-Cl H CH,CH,CH; O
13a H H CH3 S
13b H H CF; S
14b H H CF; NH
15b H H CF; NCH;3;
16b H H CF; SO
17a H H CH3 SOz
17b H H CF; SO,

Table 2. pK, Values Determined for Selected Compounds

compds pKa1 pKaz
12a 2.98 +£0.11 8.13 + 0.03
12¢ <4 7.74 £ 0.19
12d <4 7.97 £0.08
12e <4 7.86 + 0.03
12g <4 7.81 £ 0.05
12i <1 6.81 £ 0.21
12m <1 6.71 + 0.34
12s <4 7.98 + 0.05
13b <1 6.54 £+ 0.26
16b <1 5.69 £+ 0.17
17b <1 5.30 + 0.07

pH as anionic molecules (pyridine derivatives substi-
tuted with a sulfonamidate function). On the other
hand, the replacement of the methanesulfonamide
moiety by an ethanesulfonamide resulted in a minor
change of the pK, value (comparison between the pK,
values obtained for compounds 12d and 12s). Like the
methanesulfonamide compounds, the ethane- and pro-
panesulfonamide derivatives are expected to be mainly
present at pH 7.4 as pyridinium compounds substituted
by a sulfonamidate function. Finally, the modulation of
the intercycle linkage leads to pK, modification in
accordance with the electron-withdrawing potential of
the atom or atom group of the bridge. The replacement
of the oxygen atom by a sulfur atom in the trifluo-
romethanesulfonamide class (compounds 12i and 13b)
did not induce a marked modification of the acidity of
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Table 3. 1C50(COX-1) and IC50(COX-2) of Compounds 12a—h,
Nimesulide, and Celecoxib and the Selectivity Ratio
(IC50(COX-1)/IC50(COX-2))
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Table 4. IC50(COX-1) and IC5,(COX-2) of Compounds 12a,
13a, and 17a and the Selectivity Ratio
(IC50(COX-1)/IC50(COX-2))

ICSO (ﬂM) ICso (ﬂM)

COX-1 COX-2 ratio COX-1 COX-2 ratio
12a 0.414+0.13 >100 12a 0.41+0.13 >100
12b 1.03 £ 0.32 0.13 £ 0.04 7.92 13a 3.62 +0.90 1.19 + 0.58 3.05
12¢ 10.86 + 4.08 1.99 +0.71 5.45 17a >100 >100
12d 1.45 + 0.68 1.87 + 1.56 0.77
ig? igi i (3)2(3) ;gg i ?gg 8%2 analogues of 12a display enhanced COX-2 inhibitory
12¢ 0.62 + 0.04 0.12 + 0.03 515 activities related to the introduction of a substituent
12h >100 >100 such as a halogen atom or a methoxy group in different
nimesulide 3.76 £ 1.01 0.70 +£0.23 5.37 positions. The most interesting compounds are 12b and
celecoxib 2.60 0.2 0.35 + 0.09 7.46

the analogues, while the introduction of a sulfinyl or a
sulfone group generates more acidic compounds (com-
parison between the pK, values obtained for compounds
12i, 13b, 16b, and 17b). In conclusion, our compounds
can be classified into two groups according to their major
ionic forms in solution at physiological pH: pyridinium
sulfonamidate compounds bearing an alkanesulfona-
mide group existing as zwitterions and anionic pyridine
sulfonamidate compounds bearing a trifluoromethane-
sulfonamide group. Because of their different ionic
states at physiological pH, further evaluation and
discussion were performed separately.

Pharmacological Evaluation

The synthesized compounds have been pharmacologi-
cally evaluated in vitro for their inhibitory potency
against COX-1 and COX-2, and the selectivity ratios
(IC50(COX-1)/IC50(COX-2)) were calculated. Selected
compounds were also evaluated in vivo as anti-inflam-
matory agents in a carrageenan-induced paw oedema
in rats.

The in vitro COX inhibitory experiments were per-
formed using a human whole blood model. In this test,
each compound was evaluated in triplicate for drug
concentrations ranging from 100 to 0.01 #M. Concentra-
tion—response curves were calculated using the Graph-
Pad Prism 3.02 software allowing the estimation of ICsg
against both COX-1 and COX-2 enzymes. The COX-1
activity was measured as the TXBg production after
stimulation of platelet aggregation by calcium ionophore
A-23,187. The COX-2 activity was measured as the
PGE; levels produced by leukocytes after stimulation
by LPS. As previously mentioned, we have separately
studied zwitterionic pyridinium and anionic pyridinic
compounds.

Table 3 reports the COX-1 and COX-2 ICs¢ values
(mean value of at least three independent determina-
tions + SEM) obtained for pyridinium compounds 12a—
h, nimesulide, and celecoxib. These results show that
the replacement of the nitrobenzene moiety of nime-
sulide by a pyridine ring leads to an important loss of
COX-2 inhibitory activity while the COX-1 inhibitory
potency is increased. Nevertheless, substituted phenyl

12g, which bear a chlorine atom in the 2-position (ICs¢-
(COX-2): 0.13 and 0.12 uM, respectively) and appear
more active toward both COX-1 and COX-2 than nime-
sulide and celecoxib. Moreover, in this model 12b
presents a selectivity ratio comparable to that measured
with celecoxib (IC5o ratios: 7.92 and 7.46, respectively).
Looking at the COX-1 inhibitory activity, the introduc-
tion of a substituent on the phenyl ring decreases the
inhibitory potency, especially when this substituent is
a halogen atom placed in the 3-position (IC5p against
COX-1: 10.86 and >100 uM for compounds 12c¢ and
12h, respectively). The more selective compounds ap-
peared to be those characterized by a chlorine atom at
the 2- or 3-position of the phenyl ring (compounds 12b,
12¢, and 12g). Moreover, the presence of a halogen atom
in the 2-position seems to be the best compromise
between the loss of activity against COX-1 and the
enhancement for the COX-2 inhibition, these compounds
displaying a selectivity ratio comparable to that of
nimesulide. Compounds with a substituent in the
4-position were found to be COX-1 preferential inhibi-
tors, and the introduction of a substituent in the
3-position was less favorable than in the 2-position for
the obtaining of COX-2 inhibitors while double substitu-
tion at the 3- and 5-positions led to an inactive com-
pound (12h).

The results obtained with compounds 12a, 13a, and
17a are presented in Table 4. The replacement of the
ether linkage of 12a with a thioether linkage led to the
enhancement of the COX-2 inhibitory potency (ICso-
(COX-2): >100 uM for 12a and 1.19 uM for 13a) and a
decrease of the COX-1 inhibitory activity. Therefore,
compound 13a was found to be a COX-2 preferential
inhibitor (ratio value of 3.05). The oxidation of the sulfur
atom into a sulfone linkage led to the loss of both COX-1
and COX-2 inhibitory properties (17a).

Another investigated modulation was the modification
of the alkylsulfonamide group (Table 5). The modifica-
tion of the sulfonamide moiety led to a decrease of the
COX-1 inhibitory activity and, in most cases, to an
enhanced COX-2 inhibition. Indeed, the replacement of
the methanesulfonamide (12a) by an ethanesulfonamide
(12r) or a propanesulfonamide moiety (12t) leads to
compounds displaying decreased COX-1 inhibitory prop-
erties (ICso against COX-1: 0.41, 5.34, 18.36 uM,
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Table 5. IC5)(COX-1) and IC5((COX-2) of Compounds
12a,d,r—u and the Selectivity Ratio (IC5o(COX-1)/IC50(COX-2))

1Cs0 (uM)

COX-1 COX-2 ratio
12a 0.414+0.13 >100
12d 1.45 4+ 0.68 1.87 +1.56 0.77
12r 5.34 +£1.31 14.11 +5.95 0.38
12s 2.44 4+ 0.70 3.28 4+ 2.07 0.75
12t 18.36 & 3.87 >100
12u 2.30 + 0.74 9.69 + 13.58 0.24

Table 6. IC50(COX-1) and IC50(COX-2) of Compounds 12i—q
and Nimesulide and the Selectivity Ratio
(IC50(COX-1)/IC50(COX-2))

1Cs0 (uM)

COX-1 COX-2 ratio
12i 0.14 +0.01 0.62 +0.18 0.22
12k 0.27 +£0.13 0.15 + 0.06 1.74
121 2.274+0.16 >100
12m 0.36 4+ 0.01 1.53 £0.33 0.24
12n 0.24 +0.06 13.84 + 4.61 0.02
120 0.26 + 0.07 0.44 4+ 0.20 0.59
12p 1.37 £ 0.47 2.55 + 1.06 0.54
12q >100 >100
nimesulide 3.76 +1.01 0.70 +0.23 5.37

respectively). This loss of COX-1 activity led to the
conclusion that the COX-1 inhibitory activity can be
correlated to the size of sulfonamide moiety. Concerning
the COX-2 inhibition, the loss of the potency in the
4-chloro family (compounds 12d, 12s, 12u) was also
correlated to the size of the alkyl chain (ICj5, against
COX-2: 1.87, 3.28, and 9.69 uM for compounds 12d, 12s,
and 12u, respectively). Nevertheless, replacement of the
methyl of 12a with an ethyl radical leads to 12r, which
is a weak COX-2 inhibitor (IC5¢(COX-2): 14.11 uM).

In the trifluoromethanesulfonamide family (Table 6)
the COX-1 inhibitory activity is, in general terms,
enhanced when compared to the methanesulfonamide
derivatives (ICsp against COX-1: 0.41 and 0.14 uM for
compounds 12a and 12i, respectively), although the
introduction of a substituent on the phenyl ring leads
to a slight reduction of the COX-1 inhibitory potency.
Like for the methanesulfonamide class, compounds
substituted in the 3-position appeared less active against
both COX isozymes (IC5o(COX-2) > 100 uM for 121) and
this loss of inhibitory activity was complete for com-
pound 12q, a 3,5-disubstituted derivative. Concerning
the COX-2 inhibitory activity, the replacement of the
methanesulfonamide group with a trifluoromethane-
sulfonamide one leads to an active COX-2 inhibitor
(IC50(12a) > 100 uM compared to IC50(12i) = 0.62 uM).
Moreover, the introduction of a chlorine atom in the
2-position significantly increased the COX-2 inhibitory
potency (IC5o(COX-2) = 0.15 uM for 12k).

Another variation investigated with our compounds
was the linkage between the pyridine ring and the
phenyl moiety. In the trifluoromethanesulfonamide
family, the ether linkage of 12i was replaced by a
thioether, an amino, a sulfinyl, and a sulfone linkage.
Pharmacological evaluations of these compounds are
reported in Table 7. These results demonstrate that the
replacement of the oxygen atom of 12i by a sulfur atom
(13b) leads to a decrease of the COX-1 inhibitory
potency (COX-1 ICsp: 0.14 and 0.41 uM, respectively)
and therefore to a more balanced nonselective COX
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Table 7. IC5)(COX-1) and IC50(COX-2) of Compounds 12i, 13b,
14b, 15b, 16b, and 17b and Nimesulide and the Selectivity
Ratio (IC5o(COX-1)/IC50(COX-2))

ICs0 (uM)

COX-1 COX-2 ratio
12i 0.14 £+ 0.01 0.62 +0.18 0.22
13b 0.41 4+ 0.27 0.53 +0.39 0.78
14b 0.18 +0.06 0.09 4 0.03 2.03
15b 4.63 +£1.12 47.62 £ 12.31 0.097
16b 25.61 +£9.72 >100
17b >100 >100

inhibitor (selectivity ratio of 0.22 and 0.78, respectively).
In contrast, the introduction of an amino linkage
enhanced the COX-2 inhibitory profile. Indeed, com-
pound 14b displays a greater COX-2 inhibitory profile
when compared to celecoxib (IC5,(COX-2): 0.09 and
0.35uM, respectively), although it appears less selective
against COX-2 (selectivity ratios of 2.03 and 7.46 for
14b and celecoxib, respectively). The methylation of the
amino linkage (compound 15b) leads to a decrease of
the COX inhibitory activity, especially against COX-2,
and subsequently to a weak COX-1 preferential inhibi-
tor (IC5o(COX-1) = 4.63 uM and IC5((COX-2) = 47.62
uM). Finally, oxidation of the thioether linkage to a
sulfinyl linkage leads to a weak COX-1 inhibitor (com-
pound 16b) while the corresponding sulfone derivative,
compound 17b, was found to be totally inactive.

These results led to the selection of compounds 12b,
12¢, 12g, 13a, 14b, which were COX-2 preferential
inhibitors, for further evaluation as anti-inflammatory
drugs in vivo. Compounds 12a and 12i, which are the
lead compounds of the methanesulfonamide and tri-
fluoromethanesulfonamide families, were also included
in these experiments. Compounds 12d, 12n, and 12h,
which are a nonselective inhibitor, a COX-1 preferential
inhibitor, and a nonactive COX inhibitor, respectively,
were also evaluated while nimesulide was tested as a
reference drug.

In these in vivo experiments, compounds were dis-
solved in DMSO and administered intraperitoneally 1
h prior to injection of 0.1 mL of a solution of 1-carrag-
eenan in the right paw of the rat. After 3 h, the rats
were euthanized and the paws were cut at the ankle.
The paws were weighed, and the percentage of swelling
was calculated. The results are expressed as percentage
of inhibition of the swelling (mean + SEM) compared
to that of the control group (six rats per group). Table 8
reports the results obtained with our compounds and
nimesulide at the doses of 3, 10, or 30 mg/kg of rat
weight. In this test, nimesulide significantly inhibited
the carrageenan-induced inflammation response at
doses of 3, 10, and 30 mg/kg with 44% swelling inhibi-
tion at the highest concentration. Among our lead
compounds, 12a was found to be lethal at a dose of 30
mg/kg and was not studied at lower doses. In contrast,
compound 12i inhibited the inflammation at doses of
10 and 30 mg/kg. At a dose of 30 mg/kg, 12i displayed
similar anti-inflammatory properties (46% inhibition)
as nimesulide and did not exhibit any observable
toxicity. The COX-2 preferential inhibitor 12b exhibited
a dose-dependent anti-inflammatory profile. This com-
pound showed an effect comparable to that observed
with nimesulide at doses of 10 and 30 mg/kg with 38%
and 63% swelling reduction, respectively. Compound
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Table 8. In Vivo Evaluation of Selected Compounds®

% inhibition of growth
compd 3 mg/kg 10 mg/kg 30 mg/kg

nimesulide 23.71 +5.1 40.20 + 6.18 44.32 + 7.21
12a ND ND lethal

12b 9.47 £+ 22.78 37.50 £ 23.37 62.84 + 24.29
12¢ 10.90 +£20.00 21.00 + 14.54  lethal

12d 28.72 + 14.89 35.12 +11.10  lethal

12g 20.89 + 6.24 15.82 +£10.62  32.71 + 11.37
12h 18.03 +13.11 18.03 +24.11 21.33 £ 14.75
12i 10.89 + 8.91 26.03 + 7.12 46.43 + 16.90
12n 5.00 + 21.60 8.33 + 16.60 36.66 + 21.00
13a 7.44 + 13.58 40.74 + 19.75  lethal

14b 22.67 +10.78  34.55 +£9.37 43.95 + 10.00

@ The results are expressed as percentage of inhibition of the
growth of the rat paw after injection of carrageenan (mean + SEM,
n = 6). ND: not determined.

12¢, which is lethal at a dose of 30 mg/kg, displayed a
weak inhibition of the inflammation at a dose of 10 mg/
kg. Finally, 12g significantly inhibited the oedema
development at doses of 3 and 10 mg/kg. Results
obtained at a dose of 30 mg/kg are comparable to these
obtained with nimesulide. Compound 13a, the thioether
analogue of 12a, also appeared toxic at a dose of 30 mg/
kg but exhibited similar anti-inflammatory properties
when compared with nimesulide at a dose of 10 mg/kg
(41% inhibition). Finally, 14b showed a similar activity
compared to nimesulide and significantly inhibited the
inflammatory response at the doses of 3, 10, and 30 mg/
kg. This compound decreased the rat paw swelling of
34% at 10 mg/kg and 44% at 30 mg/kg. Compound 12d,
a nonselective COX inhibitor, was a weak anti-inflam-
matory drug at 3 mg/kg. This compound also appeared
toxic at a dose of 30 mg/kg. The COX-1 preferential
inhibitor 12n and the nonactive inhibitor 12h did not
inhibit significantly the inflammation at a dose of 10
mg/kg. For 12h, no reduction of the inflammation was
observed. This result is in accordance with the effects
observed in vitro against COX-2.

Crystallographic and Docking Studies

Besides pharmacological evaluation, crystallographic
and docking studies were performed with compounds
14b and 15b, two structurally close compounds with
very different pharmacological profiles. The crystal
structures of the two compounds were resolved by X-ray
diffraction and revealed, as observed for 12i,28 a depro-
tonated sulfonamide moiety and a pyridinium group
(Figure 3). The conformations adopted by the two
compounds are quite different. Indeed, unlike 14b, the
sulfonamide and phenyl groups of 15b lie on the same
side with respect to the pyridinium plane. This is
highlighted by sulfonamide torsion angles of 84.3(2)°
(C13—N14-S15—-C18) and —91.1(2)° (C14—N15—-S16—
C19) for 14b and 15b, respectively. Moreover, phenyl
orientation is slightly modified with torsion angles of
—2.0(2)° (C8—N7—-C4—C3) and 17.7(4)° (C9—NT7—C4—
C5). Such observations could partly justify the different
behaviors of the compounds toward the COX isoforms.

Furthermore, molecular docking studies were per-
formed on the two compounds in the human modeled
isoforms. As previously described and assuming that the
pK. values of 14b and 15b are close to that of 12i, the
major form of the compounds at physiological pH is
thought to be a pyridine sulfonamidate form. The crystal
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structure obtained in the solid state was used as the
input conformation for the docking simulations. The
active site of the two COXs is a long, narrow hydropho-
bic channel extending from the membrane-binding
region to the protein core. The COX-2 binding site is
larger (about 20%) than that of COX-1 because of the
replacement of Val523 in COX-2 by a bulkier isoleucine
in COX-1, which enables access to a specific lateral
hydrophilic pocket, increasing the volume of COX-2.29

Two different binding modes were identified in the
human COX-2 enzyme for the two compounds (Figure
4). Unlike 15b, the sulfonamide group of 14b is able to
reach the hydrophilic pocket and is involved in hydrogen
bonding with His90 (O---HN = 2.17A) and Arg513 (O-
~HN = 1.62A). Such interactions are essential for
COX-2 inhibitory activity, as exemplified by the binding
interaction of SC-558, an analogue of celecoxib cocrys-
tallized in the COX-2 active site.3? The lateral pocket
of COX-2 would therefore be responsible for the COX-2
selectivity of 14b. In addition, the interaction between
the negative nitrogen and the amine group of 14b
(NH---N- = 2.23A) forces the phenyl ring to adopt a
specific orientation at the top of the channel. This
moiety is involved in a 7—x (CH---7) interaction with
Trp387. The binding mode of nimesulide, simulated by
docking studies, is in agreement with results coming
from the literature and is close from that of 14b (Figure
3a).31 As observed during the superimposition of the two
binding modes, the pyridinic nitrogen of 14b corre-
sponds to the nitro group of nimesulide and would play
the same role and particularly favorably interacts with
Arg120 situated at the bottom of the channel. Because
of its bulkier phenylmethylamine group, 15b cannot
take advantage of the hydrophilic side pocket in COX-2
and lies in the hydrophobic channel (Figure 4b). Al-
though H bonding and CH:--xr interaction are observed
between the sulfonamide moiety and Arg120 (O---NH
= 1.88A) and between the phenyl group and Trp387,
the corresponding complex is less stable than the one
of 14b. The total binding energies (AE4,), consisting of
van der Waals (AE,qw) and Columbic (AEy,) terms and
an electrostatic contribution of the solvation energy
(AEy) (see Experimental Section), were estimated to
be —26.25 and —31.99 kcal mol~1, respectively. Unlike
in COX-2, few differences are observed in COX-1
between 14b and 15b and no hypothesis concerning
their COX activities could be derived from these analy-
ses. As a result, crystallographic and docking studies
show different conformations and binding modes for 14b
and 15b and could explain the different activities of
these compounds.

Conclusions

In this study, we have achieved the synthesis of
pyridinic analogues of nimesulide. Obtained original
compounds can be classified in two families based on
their major ionic state at the physiological pH of 7.4:
the zwitterionic pyridinium (alkanesulfonamides) and
the anionic pyridinic (trifluoromethanesulfonamides)
compounds. The results obtained from their pharma-
cological evaluation in vitro showed that pyridinium
compounds are generally more selective toward COX-2
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Figure 3. ORTEP illustrations of (a) 14b and (b) 15b (atomic displacement ellipsoids drawn at the 50% probability level). Only

hydrogen atoms of nitrogen atoms are depicted.
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Figure 4. Potential binding mode of (a) 14b and nimesulide (rose) and (b) 15b in the human COX-2 active site.

when compared to their pyridinic analogues. Among
these, compound 12b displays a COX-2 selective profile
similar to the profile observed with celecoxib and
appears therefore to possess a better COX-2 selectivity
when compared to nimesulide under our test conditions
(selectivity ratio of 7.92, 7.46, and 5.37, respectively).
Nevertheless, more active compounds toward the two
COXs are usually found in the trifluoromethanesulfona-
mide group. The modulation of the linkage between the
pyridinic ring and the phenyl moiety in the trifluo-
romethanesulfonamide class led to the development of
an active and COX-2 preferential inhibitor: compound
14b, which displays ICs¢ against COX-1 of 0.18 uM and
IC50 against COX-2 of 0.09 uM. This compound presents
a selectivity ratio of 2.02. In vivo experiments led to the
statement that the investigated compounds possess
anti-inflammatory properties. Furthermore, a positive
correlation between the in vitro determined COX-2
inhibitory properties and in vivo evaluated anti-inflam-
matory potencies is observed with these derivatives. Our
most potent COX-2 inhibitor, compound 14b also called
FJ29, shows a similar in vivo profile as nimesulide when
tested in the rat paw oedema, while some of our

compounds bearing a methanesulfonamide group ap-
peared lethal at a dose of 30 mg/kg, although this
toxicity was not observed for disubstituted compounds
or compounds bearing a trifluoromethanesulfonamide
group. Moreover, crystallographic and docking studies
with 14b suggest that the sulfonamide moiety and the
second ring’s orientation in the solid state influence the
inhibitory potency on the COXs. Since no modulations
of the benzene ring substitution pattern of 14b have
been performed to date and in regard to the interest of
such substitution in terms of enhanced COX-2 selectiv-
ity, this compound may serve as a lead for the next
generation of pyridinic sulfonamides. Finally, it is worth
noting that rofecoxib has just been withdrawn world-
wide because it has been demonstrated to be responsible
for cardiovascular side effects related to its ability to
selectively inhibit COX-2 while this side effect was not
demonstrated with nonselective or preferential COX-2
inhibitors such as nimesulide. Therefore, the herein
presented original derivatives, since they display pref-
erential rather than selective COX-2 inhibition, should
not be responsible for such side effects.
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Experimental Section

Pharmacology. COX-1 Assay. Fresh blood was collected
into heparinized tubes by venipuncture and diluted with RPMI
(1:4). Aliquots of 0.25 mL of diluted blood were transferred
into siliconized tubes preloaded with 1 uL of vehicle (DMSO)
or test compounds at final concentrations ranging from 0.01
to 100 umol/L. The tubes were vortexed and incubated at 37
°C under constant agitation for 15 min, and then 10 uL of
calcium ionophore A-23,187 (0.2 mg/mL) was added and the
aliquots were incubated for 15 min. At the end of the
incubation, the serum was obtained by centrifugation (10000g
for 10 min) and was assayed for thromboxane B: (TXBs)
production using an enzyme immunoassay kit (Cayman Chemi-
cal TXB; EIA kit, Ann Arbor, MI) according to the manufac-
turer’s instructions.

COX-2 Assay. Fresh blood was collected in heparinized
tubes by venipuncture. Aliquots of 0.5 mL of blood were
transferred in heparinized tubes preloaded with either 2 uL.
of vehicle (DMSO) or 2 uL of test compound at final concentra-
tions ranging from 0.01 to 100 umol/L. The tubes were vortexed
and incubated at 37°C under constant agitation for 15 min.
This first treatment was followed by incubation of the blood
with 10 uL of lipopolysaccharide (LPS) at a final concentration
of 100 ug/mL (from E. coli serotype Bs) under constant
agitation for 24 h at 37 °C to induce COX-2 expression.
Appropriate controls (LPS replaced by 20 uL of PBS) were used
as blanks. After incubation, the tubes were centrifugated at
2500g for 20 min in order to obtain plasma. Plasma was
assayed for PGE; production by a specific enzyme immunoas-
say (Cayman Chemical PGE; EIA kit, Ann Arbor, MI) accord-
ing to the manufacturer’s instructions.

Carrageenan-Induced Rat Paw Oedema. Wistar rats
(250 g) were treated with an intraperitoneal injection of the
drug at the appropriate concentration (solution at a concentra-
tion of 10 mg/mL in DMSO). A-Carragenaan (0.1 mL, 1%) was
injected 1 h later into the plantar region of the right-hand paw.
Three hours thereafter, the rats were euthanized by injection
of nembutal (100 mg/kg) and the paws were cut at the ankle.
The swelling was calculated as a percentage increase in the
weight of the control paw.

Chemistry. Melting points were recorded on a Biichi 530
melting point apparatus in open capillary tubes and are
uncorrected. 'TH NMR spectra were recorded on a Bruker DRX-
400 spectrometer using DMSO-ds as solvent and tetrameth-
ylsilane as internal standard. For 'TH NMR spectra, chemical
shifts are expressed in 6 (ppm) downfield from tetramethyl-
silane. The abbreviations s = singulet, d = doublet, t = triplet,
m = multiplet, and b = broad were used throughout. Elemen-
tal analyses (C, H, N, S) were determined on a Carlo-Erba
EA 1108 elemental analyzer and were within +0.4% of the
theoretical values. All reactions were routinely checked by TLC
on silica gel Merck 60F 254.

Compounds 3 (3-bromo-4-nitropyridine N-oxide) and 4a (4-
nitro-3-phenoxypyridine N-oxide) were synthesized following
the procedure previously described.?®

4-Nitro-3-(2-chlorophenoxy)pyridine N-Oxide (4b).
2-Chlorophenol (1.4 g, 10.88 mmol) was dissolved in a 2.5 M
aqueous solution of NaOH (4 mL). After the mixture was
stirred, the solvent was evaporated under reduced pressure.
The white solid was then taken up with acetonitrile (20 mL),
and the obtained suspension was heated under reflux. Then
3-bromo-4-nitropyridine N-oxide (2 g, 9.13 mmol) was added
and the reflux was maintained for 12 h. The suspension was
filtered, and the solvent was evaporated under reduced pres-
sure. The residue was crystallized from methanol to afford
4-nitro-3-(2-chlorophenoxy)pyridine N-oxide as a pale-yellow
solid. Yield: 45%. Mp: 123—124 °C. '"H NMR (DMSO-ds): 0
7.28—7.44 (m, 3H, Hayo'), 7.63—7.68 (dd, 1H, Hay'), 8.09 (s, 1H,
H-2), 8.25 (s, 2H, H-5 + H-6). Anal. (C;;H;CIN,O3) C, H, N, S.

Compounds 4c—h were similarly prepared using the ap-
propriate substituted phenols instead of 2-chlorophenol.

4-Nitro-3-(3-chlorophenoxy)pyridine N-Oxide (4c).
Yield: 42%. Mp: 105—106 °C. 'H NMR (DMSO-dp): 6 7.19 (dd,
1H, H-5'), 7.31 (d, 1H, H-6'), 7.8 (m, 1H, H,'), 7.43 (m, 1H,
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H..'), 8.21-8.29 (m, 2H, H-2 + H-6), 8.32 (d, 1H, H-5). Anal.
(C11H7CIN2Oy) C, H, N, S.
4-Nitro-3-(4-chlorophenoxy)pyridine N-Oxide (4d).
Yield: 47%. Mp: 101—-102 °C. 'H NMR (DMSO-dg): 6 7.0—7.4
(m, 4H, Hayo'), 8.0—8.1 (m, 3H, H-2 + H-5 + H-6). Anal. (Cy;H7-
CIN.O4) C, H, N, S.
4-Nitro-3-(4-bromophenoxy)pyridine N-Oxide (4e). Yield:
38%. Mp: 124—125 °C. 'H NMR (DMSO-de): 0 6.8—7.0 (d, 2H,
H-2' + H-6"), 7.4-7.6 (d, 2H, H-3' + H-5'), 8.0—8.1 (m, 3H,
H-2 + H-5 + H-6). Anal. (C;;H;BrN;0,) C, H, N, S.
4-Nitro-3-(4-methoxyphenoxy)pyridine N-Oxide (4f).
Yield: 47%. Mp: 103—104 °C. '"H NMR (DMSO-ds): 6 3.76 (s,
3H, OCHj;), 7.05 (d, 2H, H-2' + H-6"), 7.25 (d, 2H, H-3' + H-5'),
7.76 (s, 1H, H-2), 8.1-8.2 (m, 2H, H-5 + H-6). Anal.
(C12H10N204) C, H, N, S.
4-Nitro-3-(2,4-dichlorophenoxy)pyridine N-Oxide (4g).
Yield: 53%. Mp: 142—143 °C. 'H NMR (DMSO-dg): 6 7.37—
7.48 (m, 2H, H-5' + H-6'), 7.84 (d, 1H, H-3"), 8.25 (m, 2H, H-5
+ H-6), 8.30 (s, 1H, H-2). Anal. (C1;HsCLl:N2Os) C, H, N, S.
4-Nitro-3-(3,5-dichlorophenoxy)pyridine N-Oxide (4h).
Yield: 47%. Mp: 160—161°C. '"H NMR (DMSO-dg): 6 6.73 (d,
1H, H-4"), 6.87 (d, 2H, H-2' + H-6'), 7.29 (s, 1H, H-2), 7.96—
7.98 (m, 2H, H-5 + H-6). Anal. (C;;HsCl:N;05) C, H, N, S.
4-Nitro-3-phenylsulfanylpyridine N-Oxide (5). 3-Bromo-
4-nitropyridine N-oxide (4 g, 18.26 mmol) was dissolved in
toluene (80 mL) in the presence of KoCOs3 (2.5 g). Thiophenol
(2.25 mL, 21.91 mmol) was added, and the suspension was
heated under reflux for 10 h. The suspension was filtered and
the toluene was evaporated under reduced pressure to give
an orange solid. This solid was crystallized from ethanol to
afford 4-nitro-3-phenylsulfanylpyridine N-oxide as a yellow
solid. Yield: 55%. Mp: 147—148°C. 'H NMR (DMSO-ds): 6 7.1
(s, 1H, H-2), 7.4-7.6 (m, 5H, Hay,'), 8.0—8.2 (m, 2H, H-5 +
H-G). Anal. (C11H3N203S) C, H, N, S
4-Nitro-3-phenylaminopyridine N-Oxide (6). 3-Bromo-
4-nitropyridine N-oxide (2 g, 9.13 mmol) was dissolved in
freshly distilled aniline (4 mL). The solution was stirred under
nitrogen at 50 °C for 5 h. Then ethyl acetate (50 mL) was added
and the suspension was cooled on ice bath for 15 min. The
orange solid was collected by filtration and crystallized from
ethyl acetate to give the title compound. Yield: 66%. Mp: 180
°C (dec). 'TH NMR (DMSO-ds): 6 7.3—7.65 (m, 5H, Hay'), 7.70
(m, 2H, H-2 + H-6), 810—8.15 (d, 1H, H-5), 9.60 (s, 1H, NH).
Anal. (011H9N303) C, H, N, S.
N'-methyl-4-nitro-N'-phenyl-3-pyridinamine N-Oxide
(7). 3-Bromo-4-nitropyridine N-oxide (2 g, 9.13 mmol) was
dissolved in freshly distilled N-methylaniline (10 mL). The
solution was refluxed under nitrogen for 24 h. Then ethyl
acetate (50 mL) was added and the resulting precipitate was
collected by filtration. The solid was purified by column
chromatography on silicagel using ethyl acetate as eluent to
give the title compound as a red solid after evaporation.
Yield: 58%. Mp: 218—219°C. 'H NMR (DMSO-dg): 6 3,34 (s,
3H, N-CH3), 6.97—7.01 (m, 3H, Hay'), 7.23—7.27 (m, 2H, Hy,),
7.93 (d, 1H, H-5"), 8.05 (dd, 1H, H-6'), 8.45 (d, 1H, H-2"). Anal.
(C12H11N303) C, H, N, S.
4-Amino-3-phenoxypyridine (8a). Compound 8a was
synthesized following the procedure previously described.?®
4-Amino-3-(2-chlorophenoxy)pyridine (8b). 4-Nitro-3-
(2-chlorophenoxy)pyridine N-oxide (0.65 g, 2.43 mmol) was
dissolved in a mixture of acetic acid (15 mL) and water (5 mL).
The solution was heated under reflux, and iron powder (0.67
g, 12.15 mmol) was added. The suspension was stirred for 12
h under reflux and then filtered. The filtrate was evaporated
under reduced pressure. The oily residue was taken up with
water, and the pH of the solution was neutralized by addition
of K3COs. The solution was extracted thereafter with ethyl
acetate. The organic layers were dried over magnesium sulfate
and evaporated under reduced pressure. 4-Amino-3-(2-chlo-
rophenoxy)pyridine was obtained as a brown oil and was used
without further purification. Yield: 66%.
The following compounds were similarly prepared.
4-Amino-3-(3-chlorophenoxy)pyridine (8c). Yield: 90%.
4-Amino-3-(4-chlorophenoxy)pyridine (8d). Yield: 89%.
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4-Amino-3-(4-bromophenoxy)pyridine (8e). Yield: 82%.
H NMR (DMSO-ds): 6 5.87 (bs exchangeable, 2H, NH>), 6.59—
6.84 (m, 3H, H-5 + H-2' + H-6'), 7.36 (d, 2H, H-3' + H5'), 7.82—
7.91 (m, 2H, H-2 + H-6).

4-Amino-3-(4-methoxyphenoxy)pyridine (8f). Yield: 75%.

4-Amino-3-(2,4-dichlorophenoxy)pyridine (8g). Yield:
41%.

4-Amino-3-(3,5-dichlorophenoxy)pyridine (8h). Yield:
72%.

4-Amino-3-phenylsulfanylpyridine (9). Yield: 77%.

4-Amino-3-phenylaminopyridine (10). Yield: 52%.

4-Amino-N'-methyl-N'-phenyl-3-pyridinamine  (11).
Yield: 60%.

N-(3-Phenoxy-4-pyridinyl)methanesulfonamide (12a)
and N-(3-Phenoxy-4-pyridinyDtrifluoromethanesulfona-
mide (12i). 12a and 12i were synthesized following the
procedure previously described.?®

N-(3-(2-Chlorophenoxy)-4-pyridinyl)methanesulfona-
mide (12b). Anhydrous potassium carbonate (8.29 g, 60 mmol)
was added to 4-amino-3-(2-chlorophenoxy)pyridine (2.20 g, 10
mmol) dissolved in dry acetonitrile (112 mL). The suspension
was stirred for 5 min, and methanesulfonyl chloride (3.11 mL,
60 mmol) was added. The suspension was stirred for 6 h and
filtered, and the solvent was evaporated under reduced pres-
sure. The residue was taken up with a 10% aqueous solution
of NaOH, and the resulting solution was neutralized with 1
N HCI to precipitate the title compound as a white solid.
Yield: 76%. Mp: 208—209 °C. 'H NMR (DMSO-ds): 6 2.50 (s,
3H, CHsy), 6.86 (d, 1H, H-6"), 7.12 (t, 1H, H-5"), 7.28 (m, 1H,
H-4"),7.41(d, 1H, H-3"), 7.54 (dd, 1H, H-5), 8.01—8.07 (m, 2H,
H-2 + H6). Anal. (C;2H;:CIN;05S) C, H, N, S.

The following compounds were similarly were prepared.

N-[3-(3-Chlorophenoxy)-4-pyridinyllmethanesulfona-
mide (12¢). Yield: 52%. Mp: 172—173 °C. '"H NMR (DMSO-
de): 0 2.79 (s, 3H, CHs), 6.88 (dd, 1H, H-4"), 6.98 (s, 1H, H-2'),
7.13(d, 1H, H-6"), 7.36 (t, 1H, H-5'), 7.44 (d, 1H, H-5), 8.06 (d,
lH, H-6), 8.18 (S, lH, H-2). Anal. (C12H1101N203S) C, H, N, S

N-[3-(4-Chlorophenoxy)-4-pyridinylImethanesulfona-
mide (12d). Yield: 64%. Mp: 213-214 °C. '"H NMR (DMSO-
de): 0 2.75 (s, 3H, CH3), 6.90—6.95 (m, 2H, H-2' + H-6'), 7.20—
7.40 (m, 3H, H-5 + H-3' + H-5"), 7.90-8.10 (m, 2H, H-2 +
H-6). Anal. (C12H;:CIN;05S) C H, N, S.

N-[3-(4-Bromophenoxy)-4-pyridinylImethanesulfona-
mide (12e). Yield: 73%. Mp: 224—225 °C. 'H NMR (DMSO-
dg): 0 2.73 (s, 3H, CH3), 6.90—6.95 (d, 2H, H-2' + H-6'), 7.25—
7.50 (m, 3H, H-5 + H-3' + H-5'), 8.00—8.10 (m, 2H, H-2 +
H-6) Anal. (ClenBI‘N203S) C, H, N, S

N-[3-(4-Methoxyphenoxy)-4-pyridinyl Imethanesulfona-
mide (12f). Yield: 68%. Mp: 188—189 °C. 'H NMR (DMSO-
de): 6 2.91 (s, 3H, CHy), 3.72 (s, 3H, OCHjs), 6.90—7.0 (m, 4H,
H...), 7.41 (d, 1H, H-5), 7.88 (s, 1H, H-2), 8.03 (d, 1H, H-6),
11.5 (bS, lH, N—H). Anal. (C13H14N204S) C, H, N, S

N-[3-(2,4-Dichlorophenoxy)-4-pyridinyllmethane-
sulfonamide (12g). Yield: 57%. Mp: 205—206 °C. 'TH NMR
(DMSO-de): 6 2.75 (s, 3H, CHs), 6.75 (d, 1H, H-6"), 7.15—7.60
(m, 3H, H-5 + H-3' + H-5"), 7.90—8.10 (m, 2H, H-2 + H-6).
Anal. (ClemClzNQOgS) C, H, N, S.

N-[3-(3,5-Dichlorophenoxy)-4-pyridinyl lmethane-
sulfonamide (12h). Yield: 78%. Mp: 126—127 °C. 'H NMR
(DMSO-ds): 0 2.60 (s, 3H, CHs), 6.90 (s, 2H, H-2' + H-6"), 7.2
(s, 1H, H-4"), 7.35 (d, 1H, H-5), 8.00 (d, 1H, H-6), 8.20 (s, 1H,
H-2) Anal. (C12H10012N2038) C, H, N, S

N-[3-(2-Chlorophenoxy)-4-pyridinyl]trifluoromethane-
sulfonamide (12j). Yield: 51%. Mp: 204—205 °C. 'H NMR
(DMSO-ds): ¢ 6.80 (dd, 1H, H'-6), 7.09—7.14 (m, 1H, H'-5),
7.22—17.27 (m, 1H, H'-4), 7.54 (dd, 1H, H'-3), 7.75 (d, 1H, H-5),
8.30 (d, 1H, H-6), 8.45 (s, 1H, H-2). Anal. (C12HgCIF35N303S)
C,H, N, S.

N-[3-(3-Chlorophenoxy)-4-pyridinylltrifluoromethane-
sulfonamide (12k). Yield: 59%. Mp: 198—199 °C. 'H NMR
(DMSO-ds): 6 6.87—7.95 (m, 2H, H-2' + H-6'), 7.13 (d, 1H,
H-4'), 7.30 (t, 1H, H-5'), 7.75 (d, 1H, H-5), 8.10 (d, 1H, H-6),
8.55 (s, 1H, H-2), 13.90 (bs, 1H, NH). Anal. (C12HsCIF35N303S)
C,H, N, S.
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N-[3-(4-Chlorophenoxy)-4-pyridinyl]trifluoromethane-
sulfonamide (121). Yield: 63%. Mp: 222—223 °C. 'H NMR
(DMSO-de): 6 6.92 (d, 2H, H'-2 + H'6), 7.35 (d, 2H, H'-3 +
H'-5), 7.75 (d, 1H, H-5), 8.27 (d, 1H, H-6), 8.48 (s, 1H, H-2).
Anal. (C12HgCIFsN2038) C, H, N, S.

N-[3-(4-Bromophenoxy)-4-pyridinyl]trifluoromethane-
sulfonamide (12m). Yield: 71%. Mp: 245—246 °C. '"H NMR
(DMSO-de): 0 6.87 (d, 2H, H-2' + H-6"), 7.48 (d, 2H, H-3' +
H-5"), 7.75 (d, 1H, H-5), 8.26 (d, 1H, H-6), 8.46 (s, 1H, H-2).
Anal. (ClegBI‘FsNzOgS) C, H, N, S

N-[3-(4-Methoxyphenoxy)-4-pyridinyl]trifluorometh-
anesulfonamide (12n). Yield: 56%. Mp: 191-192 °C. 'H
NMR (DMSO-ds): 6 3.72 (s, 3H, OCHjs), 6.91-6.96 (m, 4H,
H'ao), 7.72 (d, 1H, H-5), 8.17—8.23 (m, 2H, H-2 + H-6). Anal.
(C13H11FsN2048) C, H, N, S.

N-[3-(2,4-Dichlorophenoxy)-4-pyridinyl]trifluo-
romethanesulfonamide (120). Yield: 71%. Mp: 171-172
°C.™H NMR (DMSO-dg): 6 6.85 (d, 1H, H-6"), 7.33 (d, 1H, H-5"),
7.70 (m, 2H, H-5 + H-3'), 8.28 (d, 1H, H-6), 8.55 (s, 1H, H-2),
14.05 (bs, 1H, NH*). Anal. (C12H7CLFsN205S) C, H, N, S.

N-[3-(3,5-Dichlorophenoxy)-4-pyridinyl]trifluo-
romethanesulfonamide (12p). Yield: 67%. Mp: 219—220
°C. 'H NMR (DMSO-dg): 6 7.01 (m, 2H, H'-2 + H'-6), 7.29 (m,
1H, H'-4),7.77 (d, 1H, H-5), 8.31 (d, 1H, H-6), 8.57 (s, 1H, H-2).
Anal. (Cle7CI2F3N2038) C, H, N, S

N-(3-Phenoxy-4-pyridinyl)ethanesulfonamide (12q).
Yield: 63%. Mp: 128—129 °C. 'TH NMR (DMSO-dg): 6 0.95 (t,
3H, CHy), 2.85 (bm, 2H, CHy), 6.91 (d, 2H, H-2' + H-6"), 7.06
(t, 1H, H-4"), 7.33 (t, 2H, H-3' + H-5"), 7.42 (d, 1H, H-5), 8.02
(bS, lH, H-G), 8.08 (S, lH, H-2). Anal. (Cl3H14N203S) C, H, N,
S.

N-[3-(4-Chlorophenoxy)-4-pyridinyllethanesulfona-
mide (12r). Yield: 79%. Mp: 133—134 °C. 'H NMR (DMSO-
de): 6 0.95 (t, 3H, CHj), 2.80 (bm, 2H, CHy), 6.92 (d, 2H, H-2'
+ H-6'), 7.35—7.43 (m, 3H, H-5 + H-3' + H-5"), 8.0 (m, 1H,
H-6), 8.16 (s, 1H, H-2). Anal. (C13H13CIN205S) C, H, N, S.

N-(3-Phenoxy-4-pyridinyl)propanesulfonamide (12s).
Yield: 61%. Mp: 191-192 °C. 'TH NMR (DMSO-dg): 6 0.79 (t,
3H, CHs), 1.45 (m, 2H, CHy), 2.80 (bm, 2H, CHs), 6.91 (d, 2H,
H-2' + H-6"), 7.06 (t, 1H, H-4"), 7.29—-7.35 (t, 2H, H-3' + H-5"),
7.42(d, 1H, H—H-5), 8.02 (bs, 1H, H-6), 8.11 (s, 1H, H-2). Anal.
(C14H16N2059) C, H, N, S.

N-[3-(4-Chlorophenoxy)-4-pyridinyllpropanesulfona-
mide (12t). Yield: 47%. Mp: 121-122 °C. 'H NMR (DMSO-
de): 0 0.80 (t, 3H, CHj3), 1.35 (m, 2H, CHy), 2.75 (bm, 2H, CHy),
6.92 (d, 2H, H-2' + H-6'), 7.33—7.42 (m, 3H, H-5 + H-3' + H-5'),
8.01 (m, lH, H-6), 8.16 (S, lH, H-2). Anal. (Cl4H15CIN203S) C,
H, N, S.

N-(3-Phenylsulfanyl-4-pyridinyl)methanesulfona-
mide (13a). Yield: 53%. Mp: 180—181 °C. 'H NMR (DMSO-
de): 0 2.82 (s, 3H, CHy), 7.21 (d, 1H, H-5), 7.32 (s, 1H, H-2),
7.49 (m, 5H, H',y), 7.92 (d, 1H, H-6), 13.60 (bs, 1H, H"). Anal.
(C12H12N203S2) C, H, N, S.

N-(3-Phenylsulfanyl-4-pyridinyl) trifluoromethane-
sulfonamide (13b). Yield: 59%. Mp: 188—189 °C. 'H NMR
(DMSO-dg): ¢ 7.52—17.59 (m, 3H, H-2' + H-4' + H-6"), 7.70 (t,
2H, H-3' + H-5"), 7.93 (d, 1H, H-5), 8.35 (d, 1H, H-6), 9.03 (s,
1H, H-2). Anal. (C]2H9F3N2038) C, H, N, S

N-(3-Phenylamino-4-pyridinyl)trifluoromethane-
sulfonamide (14b). Yield: 42%. Mp: 188—189 °C. 'H NMR
(DMSO-dg): 0 7.05 (t, 1H, H-4'), 7.28—7.42 (m, 5H, H',, + NH),
7.62 (d, 1H, H-5), 7.97 (d, 1H, H-6), 8.05 (s, 1H, H-2), 13.60
(bs, 1H, N—H"). Anal. (C12H10F5N30,S) C, H, N, S.

N-[3-(N'-Methyl-N'-phenylamino)-4-pyridinyl]trifluo-
romethanesulfonamide (15b). Yield: 59%. Mp: 218—219
°C. 'TH NMR (DMSO-dg): 6 3.12 (s, 3H, N—CHj3), 6.58 (d, 2H,
H-2' + H-6'), 6.72 (t, 1H, H-4'), 7.11-7.18 (m, 2H, H-3' + H-5'),
7.76 (d, 1H, H-5), 8.25 (d, 1H, H-6), 8.35 (s, 1H, H-2). Anal.
(C13H12FsN20sS) C, H, N, S.

N-(3-Phenylsulfinyl-4-pyridinyl)trifluoromethane-
sulfonamide (16b). N-(3-Phenylsulfanyl-4-pyridinyD)trifluo-
romethanesulfonamide (0.1 g, 0.29 mmol) was dissolved in
dichloromethane (10 mL). Then m-chloroperbenzoic acid (0.056
g, 0.32 mmol) was added and the solution was stirred for 2 h.
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The title compound was collected by filtration as a white solid
and dried under vacuum. Yield: 87%. Mp: 273—274 °C. 'H
NMR (DMSO-dg): 6 7.49—7.55 (m, 4H, Hay'), 7.76—7.79 (m,
2H, H-5 + Ha.'), 8.38 (dd, 1H, H-6), 8.67 (d, 1H, H-2). Anal.
(C12HoF3N20sS2) C, H, N, S.

N-(3-Phenylsulfonyl-4-pyridinyl)methanesulfon-
amide (17a). N-(3-Phenylsulfanyl-4-pyridinyl)methanesulfona-
mide (0.25 g, 0.89 mmol) was dissolved in glacial acetic acid
(10 mL). Then a 30% hydrogen peroxide solution (78 uL) was
added and the solution was stirred for 24 h at room temper-
ature. The solvent was evaporated under reduced pressure and
the oily residue was crystallized from ethyl acetate to afford
N-(3-phenylsulfonyl-4-pyridinyl)methanesulfonamide as a white
solid. Yield: 73%. Mp: 221—-222 °C. '"H NMR (DMSO-ds):
2.74 (s, 3H, CHj), 7.16 (d, 1H, H-5), 7.48—7.56 (m, 3H, H,.,'),
7.80—7.85 (m, 2H, Hay'), 8.03 (d, 1H, H-6), 8.32 (s, 1H, H-2).
Anal. (012H12N204SQ) C, H, N, S.

N-(3-Phenylsulfonyl-4-pyridinyl)trifluoromethane-
sulfonamide (17b). N-(3-Phenylsulfanyl-4-pyridinyl)trifluo-
romethanesulfonamide (0.3 g, 0.89 mmol) was dissolved in
glacial acetic acid (10 mL). The solution was heated under
reflux, and a 30% hydrogen peroxide solution (78 uL) was
added. The solution was stirred for 4 h under reflux. The
solution was then evaporated under reduced pressure. The
residue was crystallized from water to afford the title com-
pound as a white solid. Yield: 79%. Mp: 217—-218 °C. 'H NMR
(DMSO-ds): 6 7.49—7.5 (m, 5H, H'sy,), 7.95 (d, 1H, H-5), 8.35
(d, 1H, H-6), 9.05 (s, 1H, H-2). Anal. (C12HgF3N»04S,) C, H,
N, S

PK. Determination. The determination and the calculation
of the pK, values were achieved according to a previously
described procedure.?®

X-ray Studies. Crystals of compounds 14b and 15b for
X-ray analysis were prepared by growth under slow evapora-
tion at room temperature of MeOH solution of each compound.
Diffraction data were collected on an Enraf-Nonius CaD-4
diffractometer by use of monochromatized Cu Ka radiation
(A=1.541 78 A). An analytical absorption correction was ap-
plied. The structure of each compound was solved and refined
on F? with the SIR97%2 and SHELXL973% programs.

Docking Studies. Because human COX-1 and -2 structures
are not yet available in the PDB databank, they were first
modeled by homology from the ovine COX-1 cocrystallized with
flurbiprofen (1CQE) and from the murine COX-2 complexed
with SC558 (6COX), respectively. This was performed using
the package HOMOLOGY in Insight II.3* Then three docking
algorithms were first used: GOLD, RESEARCH, and AUTO-
DOCK.?737 GOLD is a genetic algorithm used to dock flexible
ligands into protein binding sites. Conformation of some amino
acids (Ser, Thr, and Lys) are optimized during the run. Popsiz
= 100; maxops = 100 000; niche_size = 2.

RESEARCH performs exploration of one region of the
protein (rigid) by one ligand (flexible). The hypothesis genera-
tion is based on a Monte Carlo algorithm, randomly generating
conformations. Cutoff = 15A; E ., = —10 kcal/mol; nyjas =
10000.

AUTODOCK uses a hybrid method called Lamarckian
genetic algorithm (genetic algorithm coupled with a local
search) to predict the interaction of ligands with macromo-
lecular targets. Runs = 200; population size = 50; number of
generations = 27 000.

The solutions shared by the three programs were then
optimized with DISCOVERS from the Insight II software?® in
order to relax the amino acids of the active site. The ESFF
force field was used, and two minimization steps were ap-
plied: the steepest descent and the conjugated gradient
algorithms with convergence criteria of 0.01 and 0.001 kcal/
mol, respectively. The backbone moves following force con-
stants and side chains move freely. A dielectric constant of 1r
was used. A binding energy with van der Waals (AE.q4y) and
Columbic (AE,) terms are calculated by DISCOVERS.

DELPHI provides numerical solutions to the Poisson—
Boltzmann equation for molecules of arbitrary shape and

Julémont et al.

charge distribution. It allows calculation of the electrostatic
contribution to the solvation energy of a molecule (AE).%°
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