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Abstract—A group of celecoxib analogues in which the para-SO,NH, substituent on the N'-phenyl ring was replaced by a para-sul-
fonylazido (SO,N3) 4, or a meta-SO,N3 8, substituent were designed for evaluation as selective cyclooxygenase-2 (COX-2) inhibitors.
In vitro COX-1 and COX-2 inhibition studies showed that 4-[5-(4-methylphenyl)-3-trifluoromethyl-1H-pyrazol-1-yl]benzenesulfonyl
azide (4) with a para-SO,Nj; substituent was a selective COX-1 inhibitor. In contrast, 3-[5-(4-methylphenyl)-3-trifluoromethylpyrazol-
1-yl]benzenesulfonyl azide (8a) having a meta-SO,Nj3 substituent (COX-1 ICsy > 100 uM; COX-2 IC5o=5.16 uM; COX-2 selectivity
index > 19.3) is a selective COX-2 inhibitor. A molecular modeling (docking) study showed that the SO,N3 group of 8a inserts deep
inside the secondary pocket of the COX-2 binding site. The SO,N3 moiety of 8a can undergo a dual H-bonding interaction via one
of its SO, oxygen-atoms, and an electrostatic (ion—ion) interaction via the terminal azido (N3) nitrogen-atom, to the guanidino NH,
of Arg!3 in the secondary pocket of COX-2. These observations indicate that an appropriately positioned SO>N5; moiety is a novel
alternative bioisostere to the traditional SO,NH, and SO,Me pharmacophores present in selective COX-2 inhibitors, that are only

capable of H-bonding interactions with the COX-2 isozyme, for use in drug design.

© 2003 Elsevier Ltd. All rights reserved.

Introduction

Development of the non-ulcerogenic selective COX-2
inhibitor celecoxib (Celebrex®, 1)! provided a sig-
nificant advancement in the treatment of rheumatoid
arthritis and osteoarthritis.> The SO,NH, pharmaco-
phore present in celecoxib is believed to induce COX-2
selectivity by insertion into the secondary (2°) pocket of
the COX-2 binding site that is absent in COX-1. This
2°-pocket in COX-2 is formed due to a conformational
change at Tyr3 that is attributed to the presence of
Ile>?3 in COX-1 relative to Val’?® having a smaller side
chain in COX-2.3 Accordingly, the combined volume of
the primary COX-2 binding site and its associated
2°-pocket (394 A%) is about 25% larger than the COX-1
binding site (316 A3).# It has been reported that repla-
cement of His>'? in COX-1 by Arg®'? in COX-2 plays a
key role in the hydrogen-bond network of the COX-2
binding site. Access of ligands to the 2-pocket of COX-2
is controlled by histidine (His*?), glutamine (GIn'®?) and
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tyrosine (Tyr3>%),> and interaction of Arg>!® with the

bound drug is a requirement for time-dependent inhibi-
tion of COX-2.° The SO,NH, moiety of SC-558, an
analogue of celecoxib (1) where Me is replaced by a Br
substituent, interacts with His®®, GIn'°? and Arg>'3. One
sulfonamide oxygen atom forms a H-bond to His*°, the
other oxygen atom is linked by a H-bond to Arg>!3, and
the nitrogen atom is H-bonded to the carbonyl oxygen
of Phe®!8.3 Recently we exploited, for the first time, the
amino acid Arg®'3 to design selective COX-2 inhibitors
having a dipolar azide (N3) pharmacophore that can
undergo an electrostatic (ion—ion) interaction with
Arg’3 in the COX-2 2°pocket. In this regard, a
molecular modeling study, where the azido compound
2, namely 1-(4-azidophenyl)-5-(4-methylphenyl)-3-tri-
fluoromethyl-1H-pyrazole was docked in the active site
of the COX-2 isozyme, showed that (i) the terminal
nitrogen atom of the azide substituent was inserted
deep into the 2°-COX pocket, and (ii) the ligand—
enzyme intermolecular and electrostatic binding ener-
gies for the azido compound 2 were significantly larger
than that for celecoxib (1) in which the corresponding
SO,NH, pharmacophore is only capable of H-bonding
(Fig. 1).7
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Figure 1. Structures for celecoxib (1) and 1-(4-azidophenyl)-5-(4-
methylphenyl)-3-trifluoromethyl-1 H-pyrazole (2).

As a part of our ongoing program to develop new drug
design concepts,®” we now report a novel dipolar sulfo-
nylazide pharmacophore that has the potential to
undergo dual H-bonding (sulfonyl oxygens) and elec-
trostatic (ion—ion) interactions (azido) with amino acid
residues lining the 2°-pocket of the COX-2 binding site.
Accordingly, a group of celecoxib analogues having a
SO,N; moiety at the ortho-, meta-, or para-position of
the N'-phenyl ring were synthesized, their COX-1/
COX-2 inhibition selectivity indices were determined,
and some molecular modeling studies are described
where target compounds are docked in the binding site
of the COX-2 isozyme.

Chemistry

The diazotization of the previously reported!-” anilino
compound 3 gave rise to the corresponding diazonium
salt which on treatment with 37% w/v SO, in HOAc in
the presence of CuCl, using a method described by Gil-
bert!'? yielded the intermediate sulfonyl chloride deriva-
tive. Subsequent azidation!! of this SO,CI intermediate
product using NaNj afforded the target product 4-[5-(4-
methylphenyl)-3-trifluoromethyl- 1 H-pyrazol-1-yl]bene-
zenesulfonyl azide (4, 22% yield) where the SO,NH,
pharmacophore of celecoxib has been replaced by a
SO,Nj; substituent (Scheme 1).

Condensation'” of a 1-(para-substituted-phenyl)-4,4,4-tri-
fluorobutane-1,3-dione Sa—e! with either phenylhydrazine
hydrochloride (6a), or 4-sulfonamidophenylhydrazine
hydrochloride (6b),'?> afforded the respective pyrazole
product 7a—f in 39-92% yield (see Scheme 2). Reaction
of the N'-phenylpyrazoles (7a—e) with CISO;H at 25°C
afforded the respective meta-benzenesulfonyl chloride in

CF3 CFy
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Me Me
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Scheme 1. Synthesis of 4. Reagents and conditions: (a) NaNO,, con-
centrated HCI, 0-5°C, 30 min (in dark); (b) 37% w/v SO, in HOAc,
CuCl,, 40-50°C, 30 min (in dark); (c) NaNj, acetone, H,O, 0°C, 3 h.
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8a, R'=Me, R?=H, R®*=SO,N;, R*=H

8b, R' = OMe, R = H, R®* = SO,N;, R*=H
8c,R'=CI,R?=H, R*=SO,N;, R* = H
8d,R'=F,R?=H, R®*=SO,N;, R*=H
8e,R'=Br, R*=H, R®*=SO,N;,R*=H

8f, R' = Me, R? = SO,NH,, R®* = H, R* = SO,N,

Scheme 2. Synthesis of 8a—f. Reagents and conditions: (a) 95% EtOH,
reflux, 24 h; (b) CISO;H, 25°C, 1h; (c) NaNj, acetone, H,O, 0°C, 3 h.

situ,!3 which on reaction with NaN3, gave the respective
meta-benzenesulfonyl azide product 8a—e (46-70%
yield). In contrast, similar in situ chlorosulfonation!?
and azidation of 7f having a N'-(4-sulfonamidophenyl)
substituent yielded the corresponding N'-(4-sulfon-
amido-2-sulfonylazidophenyl) product 8f (45%).

Electrophilic chlorosulfonation of compound 7a, and
the related compounds 7b—e, occurred at the meta-posi-
tion of the N'-phenyl ring system that is attributed to
the electron-withdrawing effect of the protonated pyra-
zole ring. Chlorosulfonation at the meta-position of the
N'-phenyl ring is consistent with data obtained from a
geometry optimized PM3 calculation!# for 7a which
showed that the electron density was highest at the
meta-position (—0.097) relative to the ortho- (—0.0065)
and para- (—0.082) positons of the N'-phenyl ring. In
contrast, chlorosulfonation of compound 7f having a
sulfonamido substituent gave compound 8f in which the
chlorosulfonyl group was incorporated ortho to the
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N'-pyrazole nitrogen or meta to the sulfonamido sub-
stituent. This exclusive chlorosulfonation meta to the
sulfonamide substituent of 7f is due to the strong elec-
tron-withdrawing effect of the protonated sulonamido
group rather than protonation of the pyrazole ring. The
position at which this chlorosulfonation occurred is in
agreement with electron densities data acquired from a
PM3 calculation which showed the electron density was
low (0.009) at the ortho-position, and high (—0.1000) at
the meta-position, to the sulfonamido substituent.

Results and Discussion

The dipolar azido substituent has attracted our atten-
tion as a pharmacophore for use in drug design since it
has the potential to undergo electrostatic (ion—ion)
binding interactions with enzymes or pharmacological
receptors. In this regard, covalent azides can exist as
resonance hybrids between ionic species A, B and C (see
Fig. 2).!15 Pauling eliminated C as a major contributor
based on the adjacent charge rule.'® Accordingly, the
remaining hybrids A and B predict a 2.5 bond order for
the N,—N3 bond and a 1.5 bond order for the N;—N,
bond (see D, Fig. 2). A structure determination for
methyl azide (D) is also in good agreement with this
prediction since the bond lengths from an electron dif-
fraction study!” are as follows: Ny-N;=1. 124,
N;-No=1.24 A, C-N; =147 A, and the C-N;-N, bond
angle was 120°. The azido group has a linear configur-
ation that is consistent with the sp? hybridization indi-
cated by the lack of nonbonded electron pairs on Nj.!?

+ 4+ o
N=N—N: NTNz=N
R/ . Me/ 1~ N2 3

B C D

N—N= N=N=N:
R/N_N_N ] =N=N.
A

Figure 2. Resonance hybrid structures for the azido moiety.

Table 1.

In a recent study we reported that the dipolar azido (N3)
substituent present in the azido compound 2 undergoes
an electrostatic (ion—ion) interaction with Arg®'3 in the
COX-2 2°-pocket. This observation, together with the
fact that the azido compound 2 is a selective COX-2
inhibitor, indicates that the dipolar azido substituent is
a pharmacophore of the H-bonding SO,NH, moiety
present in celecoxib (1).” A comparison of substituent
volumes, calculated by PM 3 geometry optimization using
the Alchemy 2000 program, showed the azido substituent
(25. 5A3) is smaller than the traditional SO,NH,
(44.8 A3) and SO,Me (49.7 A%) pharmacophores present
in selective COX-2 inhibitors, or a SO,N; (58. 6A3)
substituent. A SO,Nj3 substituent has the potential to
undergo dual H-bonding (sulfonyl oxygens) and elec-
trostatic (ion-ion) interactions (dipolar N3) suggesting
that the SO,N3; moiety could serve as a new and alter-
native COX-2 pharmacophore to the SO,NH, and
SO,Me pharmacophores.

Replacement of the SO,NH, moiety of celecoxib (1) by
a SO,Nj; substituent gave the target compound 4-[5-(4-
methylphenyl)-3-trifluoromethyl-1 H-pyrazol-1-yl]benze-
nesulfonylazide (4). In vitro COX inhibition studies
showed that 4 inhibited COX-1 selectively (COX-1
IC50=3.3uM; COX-2 ICsy >100uM) (see data in
Table 1). A molecular modeling study was therefore
performed where 4 was docked in the active site of the
murine COX-2 isozyme in order to explain its failure to
inhibit COX-2. This docking experiment showed 4 binds
in the center of the enzyme active site with the phe-
nylsulfonylazide moiety oriented towards the mouth of
the COX-2 channel such that the SO,N; group is in
close proximity with Arg!?® and Tyr3>3 (see Fig. 3). The
linear N3 group is involved in extensive electrostatic
interaction with the side chains of Arg!?® and Tyr3%3.
Llorens and coworkers have shown the importance of
the perturbation of the hydrogen bonding network

In vitro COX-1 and COX-2 inhibition data and molecular volumes of 4-[5-(4-methylphenyl)-3-trifluoromethyl-1H-pyrazol-1-yl]benzene-

sulfonyl azide 4, 3-[5-(4-substituted-phenyl)-3-trifluoromethyl-1H-pyrazol-1-yl]benzenesulfonyl azide 8a, 8b and 8d, and 5-sulfonamido-2-[5-(4-

methylphenyl)-3-trifluoromethyl-1 H-pyrazol-1-yl]benzenesulfonyl azide 8f

CF
/ 3
I N
X N7
R’ = R
RE
L
Compd R! R? R} R Vol (A% ICso (UM)® SI¢
COX-1 COX-2
4 Me SO,N; H H 312.6 33 >100 <0.033
8a Me H SO,N;3 H 312.6 >100 5.16 >19.36
8b OMe H SO,N; H 321.3 > 500 >100 >5.00
8d F H SO,N; H 300.4 38.1 >100 <0.38
8f Me SO,NH, H SO,N;3 357.9 0.59 178.81 0.0032
1 Me SO,NH, H H 279.4 22.9 0.0507 404

2The volume of the molecule, after minimization using the MM3 force field, was calculated using the Alchemy 2000 program.
®The in vitro test compound concentration required to produce 50% inhibition of COX-1 or COX-2. The result (ICso, pM) is the mean of two

determinations.
Selectivity Index (SI)=COX-1 IC5o/COX-2 ICs.
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Figure 3. Docking the pyrazole 4 (ball and stick) in the active site of
murine COX-2.

involving Arg'?°, Glu>?*, Tyr3> and His/Arg’!?® at the
mouth of the channel by different ligands and their
effect on COX inhibition. > The SO,Nj; terminal N-atom
is located about 4.93 A from the OH of Tyr*>, a SO,
O-atom of the SO,Nj3 substituent is about 4.30 A away
from the OH of Tyr®* and the C-5 phenyl ring is
oriented toward Val’?®>. The C-3 CF; substituent is
oriented towards a hydrophobic pocket comprised of
Leu®®4, Tyr?> and Trp®*’, and it is positioned about
3.32A from the OH of Tyr®3 and about 4.92A from
the OH of Ser’¥. The N?-atom of the central pyrazole
ring is about 5.88 A away from the OH of Ser53%. Recent
studies have shown the importance of ionic interactions
involving the CO,H group of NSAIDs with Arg!?° and
its critical role in COX-1 inhibition.'®!® The in vitro
COX inhibition data showing that 4 is a selective
COX-1 inhibitor are consistent with this docking
experiment which indicates that the dipolar N3 moiety
of the SO,Nj; substituent is interacting with Arg!?° at
the mouth of the primary binding site, like the CO,H
group of NSAIDs, rather than insertion into the
2°-pocket of the COX-2 isozyme near Val’?? that is
required for selective COX-2 inhibition.

It was anticipated that relocation of the SO,Nj3 sub-
tituent from the para- to the meta-position of the
N'-phenyl ring of compound 4 may result in a more
suitable orientation within the COX-2 binding side that
could provide selective COX-2 inhibition. In this regard,
in vitro COX inhibition studies showed that 3-[5-(4-
methylphenyl)- 3 - triffuoromethylpyrazol - 1 - yl)benzene-
sulfonylazide (8a) is a selective COX-2 inhibitor (COX-
2 ICs9=5.16 uM; COX-1 ICs5o > 100 uM) with a COX-2

selectivity index > 19 (see data in Table 1). The selective
in vitro COX-2 inhibition exhibited by 8a is consistent
with observations from a molecular modeling experi-
ment where 8a was docked in the active site of the
COX-2 isozyme (see Fig. 4). Compound 8a binds in the
center of the active site with the phenylsulfonyl azide
moiety oriented towards the 2°-pocket region. The
terminal N-atom of the m-SO,Nj; is inserted about
425A deep inside the entrance to the 2°-pocket of
COX-2 (Va1523) and about 5.20 A removed (within elec-
trostatic ion-ion interaction distance) from the NH, of
Arg>'3. A SO, oxygen atom of the SO,Nj group is
about 2.74 A away (within H-bonding distance) from
the NH, of Arg>3. The C-3 CF; substituent is posi-
tioned about 5.63A from the NH, of Arg‘zo and the
N?-nitrogen atom of the central pyrazole ring is located
about 3.11 A from the OH of Tyr*>°. The center of the
C-5 phenyl ring is about 5.87 A from the OH of Ser>3°
with the Me group at the para-position orienting in a
hydrophobic region surrounded by Leu3**, Tyr3%> and
Trp3¥7. Molecular modeling studies of 1,5-diarylpyr-
azoles have shown that stereoelectronic effects of sub-
stituents at the para-position of the C-5 phenyl ring are
determinants of cyclooxygenase inhibition where
H-bonding, and electron-withdrawing, substituents
exhibit diminished COX-1 and COX-2 binding affi-
nity.?° Accordingly, among this group of celecoxib ana-
logues 8, compound 8a with a SO,N; moiety at the
meta-position of the N!'-phenyl ring and a para-Me
substituent on the C-5 phenyl ring was the most potent
and selective COX-2 inhibitor. Introduction of a para-
OMe substituent on the C-5 phenyl ring abolished both
COX-1 and COX-2 inhibitory activity, and compound
8d having a 5-(4-fluorophenyl) substituent selectively
inhibited COX-1 (COX-1 ICs50=38.1 uM; COX-2 ICs

Figure 4. Docking the pyrazole 8a (ball and stick) in the active site of
murine COX-2.
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> 100 uM). Introduction of a SO,Nj3 substituent at the
ortho-position of the N'-phenyl ring of celecoxib pro-
duced 8f which was a more selective inhibitor of COX-1
(IC59=0.59 uM) than COX-2 (ICs5q=178.8 uM).

Conclusions

It has been demonstrated that the meta-sulfonylazido
analogue 8a of celecoxib (1) is a selective COX-2 inhi-
bitor. Molecular modeling (docking) studies showed
that the sulfonylazido (SO,Nj3) group of 8a inserts deep
inside the 2°-pocket of the COX-2 isozyme where it can
undergo both H-bonding via one of its SO, oxygen-
atoms, and an electrostatic ion—ion interaction via its
terminal azide nitrogen atom, with the guanidino NH,
group of Arg®'3. These results indicate that a suitably
positioned sulfonylazido moiety is a potentially novel
dual H-bonding/electrostatic pharmacophore for the
design of potent COX-2 inhibitors with a high COX-2
selectivity index.

Experimental

Melting points were determined using a Buchi capillary
apparatus and are uncorrected. Infrared (IR) spectra
were recorded as films on NaCl plates with a Nicolet
550 Series 11 Magna FT-IR spectrometer. 'H NMR, 13C
NMR and '"F NMR spectra were recorded on a Bruker
AM-300 spectrometer, where J (coupling constant)
values are estimated in Hz. '3C NMR spectra were
acquired using the J modulated spin echo technique
where methyl and methine carbons appear as positive
peaks and methylene and quaternary carbon resonances
appear as negative peaks. Elemental Analysis (EA) were
performed for C, H and N (Micro-analytical Service
Laboratory, Department of Chemistry, University of
Alberta, Canada). Silica gel column chromatography was
performed using Merck silica gel 60 ASTM (70-230
mesh). Compounds 3,7 Sa—e,! 6b,'> and 7f' were pre-
pared using literature methods. All other reagents were
purchased from the Aldrich Chemical Company (Mil-
waukee, WI, USA) and used without further purification.

Synthesis of 4-[S-(4-methylphenyl)-3-trifluoromethyl-1H-
pyrazol-1-yl]benzenesulfonyl azide (4). Sodium nitrite
(0.42 g, 494mmol) was added slowly to a solution of
the amine 37 (0.14 g, 0.44mmol) in concentrated HCI
(5mL) at 0°C with stirring. This mixture was stirred for
30min at 0-5°C in the dark and the 4-[5-(4-methylphe-
nyl)-3-trifluoromethyl- | H-pyrazol- 1 -yl]benzenediazo-
nium chloride produced in situ was added slowly with
stirring to a solution of 37% w/v SO, in HOAc (3.7mL,
21.34 mmol), CuCl, (0.19g, 2.11 mmol), KCl (0.51¢g,
6.84 mmol), benzene (2mL) and 1,4-dioxane (4mL) at
5-10°C. The reaction mixture was stirred for 30 min at
40-50°C in the dark at which time nitrogen gas evolu-
tion was complete, the mixture was cooled to 25°C,
water (12mL) was added, and the mixture was extracted
with benzene (3 x 15mL). The combined organic
extracts were washed with 10% w/v aqueous NaOH
(20mL), the organic extract was dried (Na,SO,), and

the solvent was removed in vacuo to yield the crude 4-
[5-(4-methylphenyl)-3-trifluoromethyl-1 H-pyrazol-1-yl]-
benzenesulfonyl chloride as a brown syrup.'® Dissolu-
tion of this syrup in acetone (2mL) and then drop wise
addition to a stirred solution of NaNj3 (0.04g,
0.61 mmol) in water (2mL) at —10°C to initiate the
azidation reaction.!! The reaction was allowed to pro-
ceed for 3h at 0°C with stirring. After warming to
25°C, the solvent was removed in vacuo, and the resi-
due was purified by silica gel column chromatography
using n-hexane—EtOAc (2:1, v/v) as eluent to afford the
benzenesulfonyl azide 4 (0.04 g, 22%) as a white solid;
mp 130-132°C; IR (film) v3100, 3020 (CH,;om), 2138
(N3), 1168, 1335 (SO,) cm~!; '"H NMR (300 MHz;
CDCl3) 6 7.34 (d, 2H, J=8.8Hz, benzenesulfonyl
azido H-2, H-6), 7.26 (d, 2H, J=8.8 Hz, benzenesulfo-
nyl azido H-3, H-5), 7.16 (d, 2H, J=8.5Hz, 4-methyl-
phenyl H-2, H-6), 7.10 (d, 2H, J=8.5Hz, 4-
methylphenyl H-3, H-5), 6.72 (s, 1H, pyrazole H-4),
2.37 (s, 3H, CH;); 3C NMR (75MHz; CDCl;) §
144.83 (pyrazole C-5), 144.34 (q, Jccr=38.4 Hz, pyra-
zole C-3), 139.32 (benzenesulfonyl azido C-4), 137.82
(4-methylphenyl C-4), 134.14 (benzenesulfonyl azido C-
1), 129.50, 129.21 and 128.65 (benzenesulfonyl azido C-
2, C-6; 4-methylphenyl C-3, C-5 and C-2, C-6), 126.56
(benzenesulfonyl azido C-3, C-5), 126.00 (4-methylphe-
nyl C-1), 121.19 (q, Jcp=269.1 Hz, CF3), 105.59 (pyr-
azole C-4), 21.31 (CHj). Anal. caled for
C17H12F3N502S: C, 5012, H, 297, N, 17.19. Found: C,
50.21; H, 2.83; N, 17.28.

General procedure for synthesis of 1-phenyl-5-(4-methyl-
phenyl)-3-trifluoromethyl-1H-pyrazole (7a)

Phenylhydrazine hydrochloride 6a (1.66g, 11.48 mmol)
was added to a solution of the 4.,4,4-trifluoro-1-(4-
methylphenyl)butane-1,3-dione 5a! (2.60 g, 11.29 mmol)
in 95% ethanol (100 mL) with stirring and the reaction
was allowed to proceed at reflux for 24 h. After cooling
to 25°C, the solvent was removed in vacuo. Water
(40mL) was added to the residue that was extracted
with EtOAc (3 x 50mL), the combined organic extracts
were dried (Na,SO,4) and the solvent was removed in
vacuo to give a brown syrup. Purification of this pro-
duct by silica gel column chromatography using n-hex-
ane—EtOAc (1:1, v/v) as eluent afforded 7a (1.92 g, 55%)
as a yellow syrup; IR (film) v 3137, 3055 (CH o) cm™';
'H NMR (300 MHz; CDCl;) & 7.30-7.38 (m, S5H,
N'-phenyl hydrogens), 7.12 (d, 2H, J=28.5 Hz, 4-methyl-
phenyl H-2, H-6), 7.14 (d, 2H, J=28.5Hz, 4-methylphe-
nyl H-3, H-5), 6.73(s, 1H, pyrazole H-4), 2.36 (s, 3H,
CHs3). Anal. calcd for C;H3F3N»: C, 63.74; H, 4.68; N,
8.74. Found: C, 64.18; H, 4.41; N, 8.44.

Compounds 7b—e were prepared using a similar proce-
dure where Sb—e were used in place of 5a, and 7f was
obtained from the reaction of 5a with 6b according to a
literature method.! Physical and spectral data for 7b—e
are listed below.

5-(4-Methoxyphenyl)-1-phenyl-3-trifluoromethyl-1 H-pyr-
azole (7b). Brown syrup (92%); IR (film) v 3137, 3070
(CHgrom) cm~!; 'H NMR (300MHz; CDCl3) 3§
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7.31-7.38 (m, 5H, N'-phenyl hydrogens), 7.15 (d, 2H,
J=9.0Hz, 4-methoxyphenyl H-2, H-6), 6.85 (d, 2H,
J=9.0Hz, 4-methoxyphenyl H-3, H-5), 6.70 (s, 1H,
pyrazole H-4), 3.81 (s, 3H, OCH3); 3C NMR (75 MHz;
CDCl3) 6 159.40 (4-methoxyphenyl C-4), 144.49 (pyra-
zole C-5), 142.77 (q, Jccr=38.4Hz, pyrazole C-3),
132.95 (N'-phenyl C-1), 129.23 (4-methoxyphenyl C-1),
128.74, 128.68, 128.54 and 126.77 (4-methoxyphenyl
C-2, C-6, N'-phenyl C-2, C-6; C-3, C-5; C-4), 121.28 (q,
Jcr=269.1Hz, CF3), 114.17 (4-methoxyphenyl C-3,
C-5), 105.08 (pyrazole C-4), 55.48 (OCH3;). Anal. caled
for C;;H3F3N>0: C, 64.15; H, 4.12; N, 8.80. Found: C,
64.39; H, 4.01; N, 8.45.

5-(4-Chlorophenyl)-1-phenyl-3-trifluoromethyl-1H-pyra-
zole (7c). Yellow syrup (66%); IR (film) v 3136, 3044
(CHypom) cm™'; '™H NMR (300MHz; CDCl3) &
7.32-7.40 (m, 3H, N'-phenyl H-3, H-4, H-5), 7.29-7.31
(m, 4H, N'-phenyl H-2, H-6, 4-chlorophenyl H-2, H-6),
7.15 (d, 2H, J=8.5Hz, 4-chlorophenyl H-3, H-5), 6.75
(s, 1H, pyrazole H-4). Anal. caled for C;¢H;oCIF;N,
requires C, 58.72; H, 3.20; N, 8.55. Found: C, 58.98; H,
3.39; N, 8.57.

5-(4-Fluorophenyl)-1-phenyl-3-trifluoromethyl-1H-pyra-
zole (7d). Brown syrup (58%); IR (film) v 3145, 3065
(CHurom) cm™!; 'TH NMR (300 MHz; CDCl5) § 7.20-
7.42 (m, 7H, N'-phenyl hydrogens, 4-fluorophenyl H-2,
H-6), 7.07 (d, 2H, JHCCF: 8.5Hz of d, JHCCH =8.5 HZ,
4-fluorophenyl H-3, H-5), 6.76 (s, 1H, pyrazole H-4).
Anal. caled for CigHoF4sN,: C, 62.75; H, 3.29; N, 9.15.
Found: C, 62.72; H, 3.06; N, 9.09.

5-(4-Bromophenyl)-1-phenyl-3-trifluoromethyl-1H-pyra-
zole (7e). Brown solid (39%); mp 92-94°C; IR (film) v
3116, 3050 (CHuom) cm™'; 'H NMR (300 MHz;
CDCly) 6 7.46 (d, 2H, J=8.8 Hz, 4-bromophenyl H-3,
H-5), 7.25-7.40 (m, SH, N'-phenyl hydrogens), 7.09 (d,
2H, J=8.8 Hz, 4-bromophenyl H-2, H-6), 6.76 (s, 1H,
pyrazole H-4). Anal. caled for Ci;¢H;(BrF3;N,. C,
52.34; H, 2.75; N, 7.63. Found: C, 52.30; H, 2.60; N,
7.22.

General procedure for synthesis of 3-[S-(4-methylphenyl)-
3-trifluoromethylpyrazol-1-yl|benzenesulfonyl azide (8a)

Chlorosulfonic acid (3.3mL, 49.64 mmol) was added
drop wise to the ice-cold 1-phenyl-5-(4-methylphenyl)-3-
trifluoromethyl-1H-pyrazole 7a (3.0 g, 9.92 mmol) with
vigorous stirring. The cooling bath was removed, the
mixture was stirred for 1h at 25°C, and then poured
into crushed ice (50g) very slowly. Extraction with
EtOAc (3 x 60mL), washing the combined organic
extracts with water, and removal of the solvent in vacuo
afforded a brown syrup.!? This intermediate product, 3-
[5-(4-methylphenyl)-3-trifluoromethylpyrazol-1-yl]ben-
zenesulfonyl chloride, was dissolved in acetone (10 mL)
and added drop wise to a stirred solution of NaNj
(1.0g, 15.38 mmol) in water (10mL) at —10°C.'"" The
reaction was allowed to proceed for 3h at 0°C, the sol-
vent was removed in vacuo, and water (30mL) was
added to the residue. Extraction with EtOAc (3 X
40mL), drying the combined organic extracts (Na,SQy),

and removal of the solvent in vacuo gave a yellow syrup
which was purified by silica gel column chromatography
using n-hexane-EtOAc (2:1, v/v) as eluent to give 8a
(2.48 g, 61%) as pale yellow needles; mp 65-67°C; IR
(film) v 3133, 3083 (CHgurom), 2125 (N3), 1183, 1356
(SO,) ecm~!; '"H NMR (300 MHz; CDCl5) 8 7.89 (d, 1H,
J=1.53 Hz, benzenesulfonyl azido H-2), 7.28-7.44 (m,
7H, benzenesulfonyl azido H-4, H-5, H-6, 4-methylphe-
nyl H-2, H-3, H-5, H-6), 6.86 (s, 1H, pyrazole H-4), 2.67
(s, 3H, CHj3); 3C NMR (75MHz; CDCl;) & 143.38 (q,
Jecr=38.4Hz, pyrazole C-3), 142.12 (pyrazole C-5),
139.12, 138.63 (benzenesulfonyl azido C-1 and C-3),
137.55 (4-methylphenyl C-4), 134.11, 133.49 (benzene-
sulfonyl azido C-2 and C-6), 129.45, 129.15 (4-methyl-
phenyl C-2, C-6, C-3, C-5), 127.87 (4-methylphenyl C-
1), 125.68 (benzenesulfonyl azido C-4, C-5), 121.02 (q,
Jcp=269.1 Hz, CFj3), 10591 (pyrazole C-4), 20.26
(CHj3); 6F (282 MHz; CDCls) 99.40 (s, CF5). Anal. caled
for Ci7H,F3NsO,S: C, 50.12; H, 2.97; N, 17.19.
Found: C, 50.34; H, 2.81; N, 16.93.

Compounds 8b—{f were prepared using a similar proce-
dure where 7b—f were used in place of 7a. The physical
and spectral data for 8b—f are listed below.

3-[5-(4-Methoxyphenyl)-3-trifluoromethylpyrazol-1-yl]-
benzenesulfonyl azide (8b). Yellow solid (70%); mp
121-123°C; IR (film) v 3141, 3067 (CHa,om), 2142 (N3),
1165, 1355 (SO,) cm~'; '"H NMR (300 MHz; CDCls) 8
7.86 (d, 1H, J=2.1Hz, benzenesulfonyl azido H-2),
7.29-7.43 (m, 6H, benzenesulfonyl azido H-5, H-6,
4-methoxyphenyl H-2, H-3, H-5, H-6), 7.03 (d, 1H,
J=8.8 Hz, benzenesulfonyl azido H-4), 6.79 (s, 1H,
pyrazole H-4), 4.05 (s, 3H, OCH;); '3C NMR
(75MHz; CDCl;3) & 157.04 (4-methoxyphenyl C-4),
143.19 (q, Jccr = 38.5Hz, pyrazole C-3), 142.00 (pyra-
zole C-5), 138.61 (benzenesulfonyl azido C-1), 136.08
(benzenesulfonyl azido C-2), 130.49 (benzenesulfonyl
azido C-6), 129.39 (4-methoxyphenyl C-2, C-6), 129.00
(benzenesulfonyl azido C-4), 128.03 (benzenesulfonyl
azido C-3), 125.61 (benzenesulfonyl azido C-5), 121.93
(4-methoxyphenyl C-1), 119.1 (q, Jcp=269.0 Hz, CF3),
112.61 (4-methoxyphenyl C-3, C-5), 105.71 (pyrazole
C-4), 56.67 (OCH3) Anal. calcd for C17H12F3N503SZ C,
48.02; H, 2.86; N, 16.46. Found: C, 48.34; H, 2.79; N,
16.06.

3-|5-(4-Chlorophenyl)-3-trifluoromethylpyrazol-1-yl]ben-
zenesulfonyl azide (8c). Yellow syrup (46%); IR (film) v
3110, 3084 (CH rom), 2131 (N3), 1150, 1355 (SO5) cm ™!,
'"H NMR (300 MHz; CDCl3) 6 7.98 (d, 1H, J=2.1 Hz,
benzenesulfonyl azido H-2), 7.16-7.70 (m, 7H, chloro-
phenyl hydrogens, benzenesulfonyl azido H-4, H-5, H-
6), 6.88 (s, 1H, pyrazole H-4); '3C NMR (75MHz;
CDCl;3) o 143.52 (q, Jccr=39.5Hz, pyrazole C-3),
141.09 (pyrazole C-5), 138.24, 137.08 (benzenesulfonyl
azido C-1, C-3), 133.14 (4-chlorophenyl C-4), 128.73
(4-chlorophenyl C-1), 134.69, 132.55, 131.04, 129.57,
129.35, 125.58 (benzenesulfonyl azido and chlor-
ophenyl C,.,n—H), 120.84 (q, Jcp=269.1Hz, CF3),
106.26 (pyrazole C-4). Anal. caled for
C6HyCIF3N50,S: C, 44.92; H, 2.12; N, 16.37. Found:
C, 45.02; H, 2.15; N, 16.68.
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3-[5-(4-Fluorophenyl)-3-trifluoromethylpyrazol-1-yl|ben-
zenesulfonyl azide (8d). Pale yellow solid (54%); mp
123-125°C; IR (film) v 3100, 3050 (CH, om), 2125 (N3),
1380, 1150 (SO,) cm™'; '"H NMR (300 MHz; CDCl3) &
791 (d, 1H, J=2.1Hz, benzenesulfonyl azido H-2),
7.06-7.16 (m, 4H, aryl hydrogens), 7.18-7.32 (m, 3H,
aryl hydrogens), 6.85 (s, 1H, pyrazole H-4); '°F NMR
(282 MHz; CDCls) (proton decoupled spectrum) & 104.0
(s, 3F, CF3), 50.2 (s, 1F, F-C¢H4—). Anal. caled for
Ci16HoF4N50O,S: C, 46.72; H, 2.21; N, 17.0. Found: C,
46.65; H, 2.23; N, 17.21.

3-[5-(4-Bromophenyl)-3-trifluoromethylpyrazol-1-yl|ben-
zenesulfonyl azide (8e). Yellow syrup (63%); IR (film) v
3165, 3100 (CH,;om), 2140 (N3), 1380, 1180 (SO5) cm™!;
'"H NMR (300 MHz; CDCls) § 7.97 (dt, 1H, J=17.9, 1.8,
1.8 Hz, benzenesulfonyl azido H-6), 7.84 (dd, 1H,
J=1.8, 1.8 Hz, benzenesulfonyl azido H-2), 7.62 (dd,
1H, J=7.9, 7.9 Hz, benzenesulfonyl azido H-5), 7.54
(dt, 1H, J=17.9, 1.8, 1.8 Hz, benzenesulfonyl azido H-4),
7.40 (d, 2H, J=8.5Hz, 4-bromophenyl H-2, H-6), 7.26
(d, 2H, J=8.5Hz, 4-bromophenyl H-3, H-5), 6.89 (s,
1H, pyrazole H-4); 3C NMR (75MHz, CDCls) §
143.63 (q, Jccr=38.4 Hz, pyrazole C-3), 141.17 (pyra-
zole C-5), 138.92 and 138.31 (benzenesulfonyl azido
C-1, C-3), 129.29 (4-bromophenyl C-1), 121.24 (4-bro-
mophenyl C-4), 136.16, 134.52, 131.39, 129.63, 129.39,
125.65 (Curom—H), 120.86 (q, Jcp=268.0Hz, CFy),
106.25 (pyrazole C-4). Anal. calcd for
C¢HoBrF;NsO,S: C, 40.69; H, 1.92; N, 14.83. Found:
C, 40.88; H, 1.84; N, 14.64.

5-Sulfonamido-2-[5-(4-methylphenyl)-3-trifluoromethyl-
pyrazol-1-yllbenzenesulfonyl azide (8f). White solid
(45%); mp 176-178°C; IR (film) v 3400, 3300 (NH,),
3150, 3100 (CH, om), 2135 (N3), 1350, 1150 (SO5) cm ™!
'H NMR (300 MHz; DMSO-dg) & 7.97 (1H, s, benze-
nesulfonyl azido H-6), 7.92 (2H, two overlapping d,
J=28.5Hz, benzenesulfonyl azido H-3, H-4), 7.59-7.62
(4H, m, 4-methylphenyl hydrogens), 7.53 (2H, s, NH,),
7.46 (1H, s, pyrazole H-4), 2.61 (3H, s, CH3); '*C NMR
(75MHz; DMSO-ds) 6 144.25 (pyrazole C-5), 142.85
(benzenesulfonyl azido C-5), 142.15 (q, Jccp=37.3 Hz,
pyrazole C-3), 140.52 (benzenesulfonyl azido C-2),
138.83 (4-methylphenyl C-4), 136.37 (benzenesulfonyl
azido C-1), 135.20 (benzenesulfonyl azido C-6), 133.67
(benzenesulfonyl azido C-4), 129.11 (benzenesulfonyl
azido C-3), 126.92 (4-methylphenyl C-1), 126.82 and
126.09 (4-methylphenyl C-2, C-3, C-5, C-6), 121.10 (q,
Jocp=268.0Hz, CF3), 107.15 (pyrazole C-4), 19.53
(CH3). Anal. calcd for C;7H3F3NgO4S,: C, 41.97; H,
2.69; N, 17.28. Found: C, 42.33; H, 2.65; N, 17.06.

Molecular modeling (docking) studies

Docking studies were performed using Insight 1T soft-
ware (Version 97) running on a Silicon Graphics Indigo
2 workstation.?! The coordinates for the X-ray crystal
structure of the selective COX-2 inhibitor SC-558
bound to the murine COX-2 enzyme was obtained from
the RCSB Protein Data Bank (1cx2) and hydrogens
were added. The ligand molecules were constructed
using the Builder module and were energy minimized

for 1000 iterations reaching a convergence of 0.01 kcal/
mol A. The energy minimized ligands were super-
imposed on SC-558 in the PDB file 1cx2 after which
SC-558 was deleted. The resulting structure was sub-
jected to docking using the Affinity command in the
Docking module of Insight II by defining subsets of the
enzyme such that residues within 10A of the ligand
were allowed to relax, while the rest of the enzyme resi-
dues were fixed. The ESFF (force field) was employed
for all docking purposes. The optimized ligand-enzyme
complex was further subjected to molecular dynamics
simulation at a constant temperature of 300 K for over
1000 fs with a time step of 1 fs.

Volume determination

The Alchemy 2000 program'* was used to calculate the
molecular volume (A3) of compounds 4 and 8 after
minimization using PM3.

In vitro cyclooxygenase inhibition studies

The compounds listed in Table 1 were tested for their
ability to inhibit COX-1 and COX-2 using a COX-
(ovine) inhibitor screening kit (catalog no. 560101,
Cayman Chemical, Ann Arbor, MI, USA) using the
method previously reported.??
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