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Abstract—Synthesis of prodrugs of orally active COX-2 inhibitor 3 involving sulfamoyl (SO,NH,) and hydroxymethyl (CH,OH)
groups, and their biological evaluation are described. Of these prodrugs, the N-propionyl sulfonamide sodium 3k was found to
be much superior to the parent compound 3 and other marketed COX-2 inhibitors in carrageenan induced rat paw edema model
of inflammation due to highly elevated drug levels in systemic circulation. This prodrug has a potential both for oral as well as par-
enteral administration due to impressive analgesic activity, antipyretic potency, and extraordinary water solubility.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Prostaglandin (PG) synthase (cyclooxygenase) is a key
enzyme involved in inflammatory process. Recently, its
two isoforms (COX-1 and COX-2) with entirely differ-
ent roles have been identified.! The COX-1, a constitu-
tive enzyme, mainly expressed in gastrointestinal (GI)
tract, is responsible for the cytoprotection and platelet
aggregation.”> So, its inhibition for a long time causes
gastrointestinal toxicity such as ulceration, bleeding,
and perforation.> The COX-2, in contrast, is induced
by pro-inflammatory cytokines viz. tumor necrosis fac-
tor-a (TNF-a), interleukins, mitogens, and endotoxins
at the time of injury, and produces PGs for inflammato-
ry cells (monocytes and macrophages) to cause inflam-
mation, pain, and fever.* The conventional
non-steroidal anti-inflammatory drugs (NSAIDs), thus
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being non-selective inhibitors of these two enzymes,
exhibit anti-inflammatory activity along with GI toxicity
on extended treatment.> Hence, the selective inhibition
of the COX-2 enzyme, sparing COX-1, emerged as a
new concept in treating chronic inflammation. Many
drugs viz. celecoxib 7,° rofecoxib 1,7 valdecoxib 5.°
and etoricoxib 2° were launched as a proof of concept
for the treatment of rheumatoid and osteoarthritis,
claiming minimal GI damage (Figs. 1 and 2). The recent
use of COX-2 inhibitors in cancer'® and Alzheimer’s dis-
ease,!! and the discovery of its third form (COX-3),'?
have also put forth more challenges and opportunities
in this area. However, a mild cardiac toxicity associated
with COX-2 inhibitors has raised a cautionary flag on
this research.!?® Hence, there remains a demand for more
efficacious and safer COX-2 inhibitors with higher pa-
tient acceptability to completely abandon the use of ste-
roidal and narcotic drugs.

Several vicinal diaryl carbocycles and heterocycles have
been identified as COX-2 inhibitors'* following the
molecular recognition model proposed by Kurumbail
in 1996.'° In our own effort of modifying celecoxib-scaf-
fold, we introduced a hydroxymethyl group in its sulfa-
moyl (SO,NH,)-phenyl ring and could identify many


mailto:sunilkumarsingh@drreddys.com

S. K. Singh et al. | Bioorg. Med. Chem. 14 (2006) 86268634

8627

OH
MeO,S O MeO,S H,NO,S
Z Cl N-N
| o |  )—CF;
N N
O | 7
Me N MeO
1. Rofecoxib 2. Etoricoxib 3. DRF-4367

Figure 1. COX-2 inhibitors.
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Figure 2. Injectable anti-inflammatory agents.

potent COX-2 inhibitors.!® This series, on further opti-
mization, led to the discovery of a more efficacious com-
pound 3 than celecoxib 7 based on the data obtained
from various animal models of acute and chronic
inflammation.!” Due to significantly improved pharma-
cokinetic profile over celecoxib, this new chemical entity
was identified as a potential candidate for oral
administration.

Generally, the patients undergoing surgery, require
injectable analgesics for a rapid relief from unbearable
pain. Despite many orally effective COX-2 inhibitors
in clinic, until recently, this acute pain was managed
by ketorolac (Fig. 2),'® a non-selective cyclooxygenase
inhibitor because of modest aqueous solubility of the
available COX-2 inhibitors. Parecoxib sodium 6,!° a
prodrug of valdecoxib 5 (Fig. 2),® has recently been
introduced for parenteral administration and is claimed
to cause minimal GI irritation. Following a similar ap-
proach, recently, we could improve the potency of a
few poorly active (in vivo) COX-2 inhibitors (in vitro)
obtained from the new 1,5-diarylpyrazole class.?° In this
report, we discuss our attempt to further improve the
in vivo potency, pharmacokinetic properties, and aque-
ous solubility of the lead drug candidate 3 of the series
through a prodrug approach derivatizing its hydroxy-
methyl (CH,OH) as well as sulfonamide (SO,NH,)
groups. One of its prodrugs 3k was identified as a highly
potent COX-2 inhibitor suitable for oral as well as par-
enteral administration.

2. Chemistry

The parent diarylpyrazole 3, required for the synthesis
of prodrugs, was prepared by the reported proce-
dures.'%!7-21 Conversion of this bifunctional compound
to its N-acyl, O-acyl, N,O-diacyl derivatives, and their
sodium salts is depicted in Schemes 1 and 2.2° While
mono QO-acyl derivatives 3a-¢ were synthesized in
65-80% yield by pyridine-catalyzed chemoselective acyl-
ation of the hydroxymethyl group using acid anhydride
in presence of corresponding acid at room temperature,
the N,O-diacyl derivatives 3d-f were prepared in 80—
90% yield by triethylamine-catalyzed exhaustive acyla-
tion using acid anhydride under heating condition
(Scheme 1). In both the transformations, the CH, pro-
tons shifted from ~5.0 ppm (in drug) to ~5.5 ppm (in
prodrugs). The structure of O-acylated products, pre-
pared from chemoselective acylation, was confirmed
by the X-ray diffraction studies of one of the analogues
3b (Fig. 3).?2 The N,O-diacyl sodium salts 3g—i were
prepared in 90-95% yield from the corresponding diacyl
derivatives 3d—f using 0.95 equiv of aqueous NaOH
(50%) in toluene (Scheme 2). Toluene was found to be
the most suitable solvent in this reaction to suppress
the ionization of NaOH which could otherwise cause
unwanted hydrolysis of the ester. The mono N-acylated
sodium salts 3j-1 were prepared in 85-90% yield by the
chemoselective hydrolysis of the N,0-diacylated deriva-
tives 3d-f using 1.9 equiv of NaHCO; in methanol at
0-25 °C. Methanol was found to be a suitable solvent
for this transformation which avoided the formation
of a mixture of mono- and diacylated salts. The N-acyl-
ated sulfonamides 3m-o0 were generated in quantitative
yield from N-acylated sodium salts 3j-1 by treating with
dilute HCI. The salts were identified by the absence of
sulfonamide protons in 'H NMR and by abnormally
high melting points.

3. Biology

The parent compound 3 and its prodrugs 3a-o were
screened against human recombinant COX-2 enzyme
(expressed in sf-9 cells, infected with baculovirus) and
against COX-1 (obtained from microsomal fraction of
Ram Seminal Vesicles) at different concentrations by
TMPD method using celecoxib 7 as internal standard.??
All the prodrugs, though less potent than the parent
compounds in this assay (general observation),'” were
subjected to in vivo screening to assess their anti-inflam-



8628 S. K. Singh et al. | Bioorg. Med. Chem. 14 (2006) 8626-8634

NF
(@]

O, 0
HoN S

-

3a-c

/@/‘\% CFs 5. 807/©/‘\%
MeO

OR1

80- 90% /©)JCF3

/
\\

Scheme 1. Reagents and conditions: (a) (R;CO),0, R{CO,H, pyridine, rt, 24 h; (b) (R;CO),0, TEA, CH,Cl,, reflux, 10-12 h.
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Figure 3. Crystal structure of compound 3b.

matory activity at an initial dose of 30 mg/kg (po) in car-
rageenan-induced rat paw edema model.?* EDsys were
calculated only for those prodrugs which reduced the
paw swelling by more than 50% at this dose. The pro-
drugs, exhibiting EDsgs better than celecoxib/parecoxib,
were subjected to single dose pharmacokinetic studies.
Antipyretic>> and analgesic?® activities in different ani-
mal models, and aqueous solubility were determined
for only those prodrugs which could demonstrate a dose
dependent effect in carrageenan-induced rat paw edema
model.

4. Results and discussion

Compound 3 and its analogues showed better pharma-
codynamic and pharmacokinetic profiles than celecoxib
which could be attributed to the hydrophilic hydroxy-
methyl group adjacent to sulfonamide.!”?’ Salts of
N-acylated sulfonamide of valdecoxib (e.g., parecoxib
sodium 6)'° and that of celecoxib (8)?® are known to
release the parent drug in systemic circulation and
show improved efficacy following oral and parenteral
administration. The data from in vitro enzyme assay
(COX-1/COX-2) and in vivo efficacy from carrageen-
an-induced rat paw edema model of compound 3,
and its prodrugs are presented in Table 1. The O-acetyl
and O-propionyl derivatives 3a and 3b showed a medi-
ocre COX-2 inhibition while N-acyl, N,O-diacyl deriv-
atives, and their sodium salts could hardly exhibit any
significant in vitro activity. However, many of them
exhibited impressive in vivo activity in the carrageen-
an-induced rat paw edema model (Table 1). Among
O-acyl derivatives, the acetyl compound 3a exhibited
EDs, similar to celecoxib but the activity decreased
through propionyl to butyryl derivatives possibly be-
cause of relatively poor rate of hydrolysis of these es-
ters while releasing the parent compound. An almost
similar pattern of activity was observed with the
N,O-diacyl derivatives 3d-f. However, all the sodium
salts of these N,O-diacyl derivatives 3g-i exhibited
impressive in vivo efficacy. Particularly, prodrug 3h
(EDsp, 4.8 mg/kg) was found to be the most potent
among these. Similarly, among N-acyl sodium salts
3j-1, the N-propionyl sulfonamide sodium 3k exhibited
5-fold better anti-inflammatory potency (EDsy, 0.4 mg/
kg) than the parent compound 3 (EDsy, 1.9 mg/kg) in
this model. But, the simple N-acyl derivatives 3m-o
showed only modest in vivo activity.
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Table 1. In vitro and in vivo activity of compound 3 and its prodrugs

R;0,S

N
N
w CFa
MeO

OR;

-N

Compound R! R? % Inhibition® EDs,° (mg/kg)
COX-1 COX-2
3 NH, H 63.25 + 3.40° 0.365 + 0.082° 1.90 £0.22
3a NH, COCH; 18 1.700 % 0.288° 7.25+0.58
3b NH, COC,H; 100.65 + 5.45° 1.500 % 0.350° 1212+ 1.25
3c NH, COC;H, 20 45 254
3d NHCOCH; COCHj; 7 38 1552+ 1.65
3e NHCOC,H; COC,H; 4 30 1505+ 1.15
3f NHCOC;H; COC;H; 0 18 314
3g N(Na)COCHj; COCH; 0 5 7.15+0.28
3h N(Na)COC,H; COC,H; 5 35 4.82 +0.31
3i N(Na)COC;H; COC;H; 0 25 10.04 £ 1.27
3j N(Na)COCH,4 H 2 15 14.34 +1.29
3k N(Na)COC,Hs H 2 23 0.40 + 0.06°
3l N(Na)COC;H; H 0 19 5.62+0.57
3m NHCOCH; H 0 18 16.28 £ 1.35
3n NHCOC,H; H 3 22 22.58 +£1.95
30 NHCOC;H; H 0 13 10.43 +1.38
6 Parecoxib-Na — f f 98¢
7 Celecoxib — 10.75 + 0.88° 0.076 + 0.002° 6.70 + 0.48
8 CBX-Bu-Na — 0 2 6.64 +0.67

# At 10 uM (single determination).
®ICs in pM (mean + SEM, average of three determinations).

¢ Carrageenan-induced rat paw edema model (male Wistar rats). Each value represents the mean £ SEM, experiment in eight animals/group, dosed at

1, 3, 10, and 30 mg/kg, average of three experiments.
494 Reduction in paw volume at 30 mg/kg (single determination).

¢Mean = SEM, experiment in eight animals/group, dosed at 0.1, 0.3, 1, 3, and 10 mg/kg, average of two experiments.

"Not tested.
€% Reduction in paw volume at 0.3 mg/kg, see Ref. 19.

The comparative data from single dose oral pharmaco-
kinetic study of compound 3 and its prodrugs, per-
formed in male Wistar rat at 100 mg/kg, are presented
in Table 2 and Figure 4. Most of the prodrugs, except
O-propionyl derivative 3b and N-acetyl sulfonamide
sodium 3j, when dosed, showed enhanced release of
drug in plasma when compared to the dosing of parent
drug 3. While N,O-diacetyl sulfonamide sodium 3g
(AUCqy_o, 140.31 pg h/mL; Cax, 14.73 pg/mL) and N,
O-dipropionyl sulfonamide sodium 3h (AUC, .,
220.19 pg h/mL; Cpax, 18.16 pg/mL) released 2- to 3-
fold enhanced concentration of drug, the prodrugs/N-
propionyl  sulfonamide sodium 3k (AUC( .,
22412 pg h/mL; Cyax, 21.60 pg/mL) and N-butyryl sul-
fonamide sodium 31 (AUC(_,., 168.59 pg h/mL; Cy.x,
18.95 png/mL), respectively, released 4- and 3-fold elevat-
ed concentration of drug in blood when compared to the
dosing of parent compound 3 (AUC, ., 68.51 ng h/mL;
Cax, 4.08 pg/mL). Presumably, due to this easy bio-
transformation at physiological condition, the prodrug
3k exhibited excellent reduction in paw-volume (Table
1). This prodrug also showed a dose proportional drug
level in blood (AUCy ., 44.81 +1.89 ugh/mL and
Crnax, 4.59 £ 1.03 pg/mL at 30 mg/kg) which is an essen-

tial requirement for fixing the therapeutic dose during
clinical study (Fig. 5). Though most of the prodrugs re-
leased improved drug concentration in systemic circula-
tion, it remained unclear why only N-propionyl
sulfonamide sodium 3k exhibited better in vivo potency
than the parent compound 3.

Since prodrug 3k was picked up as the most potent can-
didate based on above data, its study was advanced to
assess its antipyretic>® and analgesic®® activities in suit-
able animal models (Table 3). Though the EDs5, for anti-
pyretic activity of this prodrug 3k (6.46 mg/kg) was
similar to that of its parent compound 3 (4.68 mg/kg),
it was found to be far superior to that of celecoxib 7
(15.68 mg/kg). Similarly, its analgesic activity (EDs,
0.74 mg/kg) was found to be three times better than cele-
coxib 7 and almost 2-fold better than that of the parent
compound 3. The prodrug 3k was also found to be six
times more efficacious than parecoxib sodium 6 (Lit.
data, Table 3).'°

The preliminary gastrointestinal safety of the prodrug
3k was compared with those of its 5;])arent compound
3, celecoxib 7 and indomethacin by > Cr excretion test
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Table 2. Single dose oral pharmacokinetic data of compound 3 released from its prodrugs at 100 mg/kg®

Drug released from AUC(_, £ SEM® AUC( o) £ SEM® Crax T SEM° Tnax £ SEMY K, + SEM® f1» + SEM'
(ng h/mL) (ng h/mL) (ng/mL) (h) (h") (h)
3 46.25 £ 8.18 68.51 +10.92 4.08 £ 1.08 3.67+0.98 0.08 £ 0.02 9.33+3.05
3b 4448 £ 1.12 60.22 + 14.97 4.50 £ 0.35 3.00 = 0.00 0.05 = 0.00 13.20 £ 0.83
3g 122.30 £ 19.05 140.31 + 13.42 14.73 + 3.56 2.50£0.58 0.10 £ 0.01 6.79 + 0.54
3h 171.70 £ 38.46 220.19 £ 41.39 18.16 £ 4.85 2.75 + 1.50 0.07 £ 0.01 10.80 £ 1.73
3j 50.74 £ 15.19 67.31 £ 19.93 8.92+3.62 2.00 + 1.00 0.15%0.01 4.50 £ 0.30
3k 190.37 £ 8.53 22412+ 17.13 21.60 + 1.11 2.75 +0.50 0.08 = 0.01 9.01 +1.20
31 131.15 £ 23.53 168.59 + 22.99 18.95 £ 6.61 2.75 £ 0.50 0.14 £ 0.05 4.17 £ 0.56
8 129.20 £ 24.32 132.52 £24.12 16.02 + 1.60 2.50 + 1.00 0.16 £ 0.03 4.40 +0.70
# Average of two experiments, each carried out in a group of six animals (male Wistar rats) on single dosing.
® Area under curve, the mean + SEM.
¢Peak plasma concentration, the mean £ SEM.
4 Time taken in achieving Cp., the mean + SEM.
¢ Terminal elimination constant, the mean + SEM.
" Terminal half-life, the mean * SEM.
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Figure 4. Time versus concentration profile of compound 3 released
from its prodrugs in male Wistar rats at 100 mg/kg.

in an acute and chronic model of inflammation at
100 mg/kg. In this study, like parent compound 3, the
safety profile of the prodrug 3k remained almost same
as that of celecoxib 7 (data not tabulated here).!”

Water solubility is the ultimate criteria for a drug to qual-
ify for parenteral administration. Though most of the N-
acyl sulfonamide sodium prodrugs were found to be
highly soluble in water, the prodrug 3k exhibited an
exceptional aqueous solubility (230 mg/mL at 25 °C),
and the solution was stable at room temperature for more
than 12 h. With its more than 10-fold superior aqueous
solubility compared to those of parecoxib sodium 6
(22 mg/mL)" and celecoxib-prodrug 8 (15 mg/mL),?® it
is anticipated that its low volume injection would release
a sufficient concentration of drug in plasma on biotrans-
formation to cure patients suffering from severe pain.
Thus, based on pharmacodynamic data from different
animal models, manifold increased pharmacokinetic pro-

Figure 5. Time versus concentration profile of compound 3 released
from prodrug 3k at 30 and 100 mg/kg in male Wistar rats.

Table 3. Comparative in vivo activity of compound 3 and its most
active prodrug 3k in different animal models

Compound EDsys®

Pyresis® Hyperalgesia®
3 4.68 £ 0.82 1.13+0.06
3k 6.46 £ 0.02 0.74 £ 0.03
7 (Celecoxib) 15.68 £0.75 2.11£0.57
6 (Parecoxib-Na) ¢ 5.00¢

#See Section 6.

®Each value represents the mean = SEM of six animals/group (male
Wistar rats) dosed at 0.1, 0.3, 1, 3, 10, and 30 mg/kg, average of two
experiments.

“Not tested.

4Data from Ref. 19.

file and exceptional water solubility, the prodrug 3k has
been identified as a potential COX-2 inhibitor both for
oral as well as parenteral administration.
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5. Conclusion

In conclusion, we have described herein the synthesis
and in vivo activity of various prodrugs of orally active
COX-2 inhibitor 3. One of these prodrugs, the N-propi-
onyl sulfonamide sodium 3k, demonstrated its bioequiv-
alence to compound 3 and exhibited many times
improved in vivo efficacy, pharmacokinetic properties,
and water solubility. Thus, this prodrug 3k has been
identified as a potential COX-2 inhibitor for oral as well
as parenteral administration.

6. Experimental
6.1. Chemistry

Celecoxib, valdecoxib, and the parent compound 3 were
prepared according to the literature procedure. Melting
points, determined on Buchi-B-540 apparatus, are
uncorrected. IR spectra were recorded on Perkin-Elmer
FT-IR 1650 spectrometer and the '"H NMR and "*C
NMR experiments were performed at 200 MHz Varian
Gemini 200 spectrometer. Mass spectra were recorded
on HP-5989A spectrometer either as direct inlet probe
(DIP) or by chemical ionization method using isobu-
tane. Elemental analyses (C, H, N) were performed on
Perkin-Elmer 2400 series II CHN-O analyzer. The
HPLC purity was determined using ‘System 1’ consist-
ing column Symmetry C-18 (250 mm) with mobile phase
0.01 M KH,PO4/CH;CN (40:60) and ‘System 2’ com-
prising column Intersil ODS 3V (250 mm) with mobile
phase H>,O/CH;CN (50:50), both running at 1.0 mL/
min with UV detection at respective wavelengths of
maximum absorption. All the analyses were performed
in the Analytical Research Division of Discovery Re-
search-Dr. Reddy’s Laboratories Ltd.

6.2. Representative synthesis of propionic acid 5-[5-(4-
methoxyphenyl)-3-trifluoromethylpyrazol-1-yl]-2-sulfa-
moyl benzyl ester 3b

2-Hydroxymethyl-4-[5-(4-methoxyphenyl)-3-trifluoro-
methylpyrazol-1-yl]benzenesulfonamide 3 (2.0 g,
4.68 mmol) dissolved in propionic acid (10 mL) was
sequentially added with pyridine (0.92 g, 11.70 mmol)
and propionic anhydride (0.91 g, 7.00 mmol), and stir-
red at room temperature for 20 h. The reaction mixture
was poured on crushed ice, stirred, and extracted with
ethyl acetate. The combined organic layer was washed
with water, dried (anhyd Na,SQ,), and evaporated to
get a residue which was finally purified by column chro-
matography using 230-400 mesh silica gel and 30% ethyl
acetate—petroleum ether. The concentrated mass was
triturated with a minimum quantity of a mixture of ethyl
acetate and petroleum ether to afford a colorless solid of
the title compound (1.53 g, 68%). Mp 150-152 °C. IR
(Nujol) 3395, 2854, 1735, 1461, 1377cm™'. '"H NMR
(200 MHz, DMSO-dg) 6 7.97 (d, J=8.6 Hz, 1 H), 7.37
(br s, 2H, D,O exchangeable), 7.58 (d, J=8.6 Hz,
1H), 7.42 (s, 1H), 7.26 (d, J=8.4Hz, 2H), 7.15 (s,
1H), 7.00 (d, J=8.4Hz, 2H), 5.43 (s, 2H), 3.77 (s,
3H), 2.25 (q, J = 7.2 Hz, 2H), 1.00 (t, J = 7.2 Hz, 3H).

13C NMR (50 MHz, DMSO-ds) & 173.2, 160, 145,
142.3 (q, J=37.4Hz, 1C), 141.6, 140.7, 135.8, 130.6
(2C), 129.1, 124.3, 124.1, 120.7, 118.8 (q, J = 256.8 Hz,
1C), 114.5 (2C), 106.3, 61.6, 55.4, 26.9, 9.0. MS (DIP
Method) 483 (M)*, 464, 426, 409, 403, 347, 318, 273,
149. HPLC (System 1) 99.3%; HPLC (System 2)
98.9%. C,1H,0F3N305S Caled (%): C, 52.17; H, 4.17;
N, 8.69. Found (%): C, 51.95; H, 4.50; N, 8.92.

6.3. Acetic acid 5-[5-(4-methoxyphenyl)-3-trifluoro-
methylpyrazol-1-yl]-2-sulfamoyl benzyl ester 3a

Mp 170-174°C. IR (KBr) 3346, 1713, 1559, 1472,
1465cm™!. 'H NMR (200 MHz, CDCl;) 6 8.05 (d,
J=8.8Hz, 1H), 7.54 (s, 1H), 7.45 (d, J = 8.8 Hz, 1H),
7.17 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 6.71
(s, 1H), 5.46 (br s, 2H, D,O exchangeable), 5.35 (s,
2H), 3.84 (s, 3H), 2.03 (s, 3H). MS (CI Method) 470
(M+H)*, 409. HPLC (System 1) 99.4%; HPLC (System
2) 99.5%. CoH;sF3N30sS Caled (%): C, 51.17; H, 3.86;
N, 8.95. Found (%): C, 51.40; H, 3.70; N, 8.83.

6.4. Butyric acid 5-[S-(4-methoxyphenyl)-3-trifluoro-
methylpyrazol-1-yl]-2-sulfamoyl benzyl ester 3¢

Mp 144-146 °C. IR (KBr) 3356, 1707, 1478, 1348 cm ™.
'"H NMR (200 MHz, CDCI5) 6 8.03 (d, J = 8.4 Hz, 1H),
7.65 (br s, 2H, D,0O exchangeable), 7.58 (s, 1H), 7.40 (d,
J=84Hz, 1H), 7.17 (d, J=84Hz, 2H), 691 (d,
J=84Hz, 2H), 6.71 (s, 1H), 5.47 (s, 2H), 3.83 (s,
3H), 2.30 (t, J=7.2 Hz, 2H), 1.64-1.56 (m, 2H), 0.97
(t, J=7.2 Hz, 3H). MS (DIP Method) 497 (M)", 409,
347. HPLC (System 1) 98.5%; HPLC (System 2)
98.7%. C22H22F3N305S Calcd ((%))Z C, 5311, H, 446,
N, 8.45. Found (%): C, 53.10; H, 4.83; N, 8.19.

6.5. Representative synthesis of propionic acid 5-[5-(4-
methoxyphenyl)-3-trifluoromethylpyrazol-1-yl]-2-propio-
nylsulfamoyl benzyl ester 3e

2-Hydroxymethyl-4-[5-(4-methoxyphenyl)-3-trifluoro-
methylpyrazol-1-ylJbenzenesulfonamide 3 (2.0 g, 4.68
mmol) dissolved dichloromethane (30 mL) was added
with triethylamine (1.41 g, 14.05 mmol) and stirred at
room temperature for 0.5h. Propionic anhydride
(1.52 g, 11.70 mmol) was slowly added to the reaction
mixture and refluxed overnight. The reaction mixture
was cooled to room temperature, poured over crushed
ice, stirred, and extracted with dichloromethane. The
combined organic layer was washed with water, dried
(anhyd Na,SQy,), and evaporated to get a residue which
was finally purified by column chromatography using
230-400 mesh silica gel and 25% ethyl acetate—petroleum
ether. The concentrated mass was triturated with a mini-
mum quantity of a mixture of dichloromethane and
petroleum ether to afford a colorless solid of the title
compound (1.89 g, 75%). Mp 80-83 °C. IR (KBr) 3250,
2945, 1723, 1612, 1471cm™'. 'H NMR (200 MHz,
DMSO-dg) 6 9.05 (br s, 1H, D,O exchangeable), 7.87
(d, J=84Hz 1H), 7.37 (d, /=84 Hz 1H), 7.21 (d,
J=8.8Hz, 2H), 7.18 (s, 1H), 7.10 (s, 1H), 6.94 (d,
J=8.8Hz, 2H), 544 (s, 2H), 3.74 (s, 3H), 2.22 (q,
J=178Hz, 2H), 197 (q, J=78Hz, 2H), 092 (t,
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J=17.8 Hz, 3H), 0.80 (t, J = 7.8 Hz, 3H). MS (CI Meth-
od) 540 (M+H)™", 483, 426, 409, 403, 347. HPLC (System
1) 9830/0, HPLC (System 2) 98.5%. C24H24F3N306S
Caled (%): C, 53.43; H, 4.48; N, 7.79. Found (%): C,
53.38; H, 4.32; N, 8.15.

6.6. Acetic acid 2-acetylsulfamoyl-5-[5-(4-methoxyphe-
nyl)-3-trifluoromethylpyrazol-1-yl] benzyl ester 3d

Mp 85-87°C. IR (KBr) 3438, 1724, 1613, 1472,
1442 cm™!. 'TH NMR (200 MHz, CDCls) 6 8.80 (br s,
1H, D,O exchangeable), 8.20 (d, J = 8.8 Hz, 1H), 7.63
(s, 1H), 7.46 (d, J=8.8 Hz, 1H), 7.18 (d, J=8.6 Hz,
2H), 6.92 (d, J=8.6Hz, 2H), 6.72 (s, 1H), 5.48 (s,
2H), 3.84 (s, 3H), 2.08 (s, 6H). MS (CI Method) 512
(M+H)*, 468, 451, 425, 407, 365. HPLC (System 1)
98.9%; HPLC (System 2) 99.0%. C»,H,oF3N304S Calcd
(%): C, 51.66; H, 3.94; N, 8.22. Found (%): C, 52.01; H,
3.72; N, 7.85.

6.7. Butyric acid 2-butyrylsulfamoyl-5-[S-(4-methoxy-
phenyl)-3-trifluoromethylpyrazol-1-yl] benzyl ester 3f

Mp 128-130°C. IR (KBr) 3085, 2960, 1749, 1677,
1471 cm™"'. "H NMR (200 MHz, CDCl;) 6 8.89 (br s,
1H, D,O exchangeable), 8.20 (d, J = 8.8 Hz, 1H), 7.66
(s, 1H), 7.41 (d, J=8.8 Hz, 1H), 7.17 (d, J = 8.8 Hz,
2H), 6.91 (d, J = 8.8 Hz, 2H), 6.71 (s, 1H), 5.50 (s, 2H),
3.83 (s, 3H), 2.32-2.21 (m, 4H), 1.66-1.49 (m, 4H),
0.98-0.84 (m, 6H). MS (CI Method) 568 (M+H)", 487,
415. HPLC (System 1) 98.8%; HPLC (System 2) 99.3%.
Cr6H»sF3N30¢S Caled (%): C, 55.02; H, 4.97; N, 7.40.
Found (%): C, 55.24; H, 5.22; N, 7.76.

6.8. Representative synthesis of sodium salt of propionic
acid 5-[5-(4-methoxyphenyl)-3-trifluoromethylpyrazol-1-
yl]-2-propionylsulfamoyl benzyl ester 3h

The above prepared compound 3e (1.5 g, 2.77 mmol)
was dissolved in toluene (30 mL) and cooled to 0—
5 °C. Aqueous sodium hydroxide [(105 mg, 2.63 mmol),
dissolved in 100 uL. water] was slowly injected into the
reaction mixture and stirred at 5-15 °C for 5 h. The sol-
vent was evaporated under reduced pressure keeping the
bath at 15-20 °C. The residue on trituration with a mix-
ture of ethyl acetate and petroleum ether afforded the
desired compound 3h (1.0g, 71%). Mp 210-212 °C.
IR (KBr) 3443, 2979, 1740, 1613, 1256cm™'. 'H
NMR (200 MHz, CD;0D) ¢ 8.13 (d, J=8.6 Hz, 1H),
745 (d, J=8.6 Hz, 1H), 7.37 (s, 1H), 7.24 (d,
J =8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 6.89 (s, 1H),
5.63 (s, 2H), 3.85 (s, 3H), 2.31-2.22 (m, 4H), 1.15-1.02
(m, 6H). MS (CI Method) 539 (M—Na+H)", 483, 465,
426. HPLC (System 1) 97.9%; HPLC (System 2)
98.2%. C,4H,3F3N3NaOgS Caled (%): C. 51.34; H,
4.13; N, 7.48. Found (%): C, 51.52; H, 4.31; N, 7.63.

6.9. Sodium salt of acetic acid 2-acetylsulfamoyl-5-[5-(4-
methoxyphenyl)-3-trifluoromethylpyrazol-1-yl] benzyl
ester 3g

Mp 210-212 °C. IR (KBr) 1722, 1622, 1482, 1437 cm ™.
'"H NMR (200 MHz, DMSO-d) ¢ 8.18 (d, J = 8.6 Hz,

1H), 7.64 (s, 1H), 7.38 (d, J=8.6Hz, 1H), 7.08
(d, J=8.4Hz, 2H), 686 (d, J=8.4Hz, 2H), 6.70
(s, 1H), 5.46 (s, 2H), 3.90 (s, 3H), 2.05 (s, 3H), 2.00
(s, 3H). MS (CI Method) 511 (M—Na+H)", 468, 451,
425, 407, 365. HPLC (System 1) 97.9%; HPLC
(System 2) 98.1%. CyH;9F3N3NaOgS Caled (%): C,
49.53; H, 3.59; N, 7.88. Found (%): C, 49.28; H, 3.92;
N, 7.54.

6.10. Sodium salt of butyric acid 2-butyrylsulfamoyl-5-[5-
(4-methoxyphenyl)-3-trifluoromethylpyrazol-1-yl] benzyl
ester 3i

Mp 195-197°C. IR (KBr) 3051, 2978, 1751, 1674,
1467 cm™'. '"TH NMR (200 MHz, DMSO-d) ¢ 8.21 (d,
J=8.6 Hz, 1H), 7.65 (s, 1H), 7.46 (d, J = 8.6 Hz, 1H),
7.20 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H), 6.74
(s, 1H), 5.48 (s, 2H), 3.80 (s, 3H), 2.30-2.20 (m, 4H),
1.60-1.50 (m, 4H), 0.96-0.80 (m, 6H). MS (CI Method)
567 (M—Na+H)", 511, 494, 437. HPLC (System 1)
98.59 0, HPLC (System 2) 99.7%. C26H27F3N3N8.OGS
Calcd (%): C, 52.97; H: 4.62; N, 7.13. Found (%): C,
53.21; H, 5.01; N, 6.87.

6.11. Representative synthesis of sodium salt of 2-
hydroxymethyl-4-[5-(4-methoxyphenyl)-3-trifluoro-
methylpyrazol-1-yl]-V-propionyl benzenesulfonamide 3k

The above prepared compound 3e (1.5 g, 2.77 mmol)
was dissolved in methanol (15 mL) and cooled to 0-
5°C. Solid sodium bicarbonate (0.44 g, 5.27 mmol)
was slowly introduced to the reaction mixture and stir-
ring was continued at 15-20 °C for 7 h. The solvent
was evaporated under reduced pressure keeping the bath
temperature at 15-20 °C. The residue on trituration with
diethyl ether afforded a white colored solid of the desired
salt 3k (0.84 g, 60%). Mp 218-220 °C. IR (KBr) 3085,
2960, 1749, 1677, 1471 ecm™'. '"H NMR (200 MHz,
CDCl) ¢ 8.08 (d, J=8.4Hz, 1H), 7.77 (s, 1H), 7.25
(d, J=8.4Hz, 1H), 7.15 (d, J = 8.8 Hz, 2H), 6.89 (d,
J=8.8Hz, 2H), 6.71 (s, 1H), 5.50 (br s, 1H, D,O
exchangeable), 5.00 (d, J=2.8 Hz, 2H), 3.83 (s, 3H),
2.27 (q, J=17.4Hz, 2H), 1.04 (t, J=7.4 Hz, 3H). MS
(CI Method) 483 (M—Na+H)", 428. HPLC (System 1)
98.6° 0, HPLC (System 2) 98.8%. C21H19F3N3N305S
Caled (%): C, 49.90; H, 3.79; N, 8.31. Found (%): C,
50.22; H, 4.08; N, 8.10.

6.12. Sodium salt of N-acetyl-2-hydroxymethyl-4-[5-(4-
methoxyphenyl)-3-trifluoromethylpyrazol-1-yl] benzene-
sulfonamide 3j

Mp 225-228 °C. IR (KBr) 3459, 1613, 1575, 1471,
1462 cm™'. 'TH NMR (200 MHz, DMSO-dg) & 7.75 (d,
J=8.4Hz, 1H), 7.63 (s, 1H), 7.25 (d, J = 8.4 Hz, 1H),
7.21 (d, J=7.8 Hz, 2H), 6.97 (d, J = 7.8 Hz, 2H), 6.93
(s, 1H), 5.25 (br s, 1H, D,O exchangeable), 4.87 (s,
2H), 3.76 (s, 3H), 1.65 (s, 3H). MS (CI Method) 469
(M—Na+H)*, 427, 346. HPLC (System 1) 96.9%; HPLC
(System 2) 97.3%. C20H17F3N3N3.0SS Calcd (OA))Z C,
48.88; H, 3.49; N, 8.55. Found (%): C, 49.20; H, 3.72;
N, 8.32.
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6.13. Sodium salt of N-butyryl-2-hydroxymethyl-4-|5-(4-
methoxyphenyl)-3-trifluoromethylpyrazol-1-yl] benzene-
sulfonamide 31

Mp 255-257 °C. IR (KBr) 3469, 3217, 2964, 1614, 1588,
1470 cm~'. "TH NMR (200 MHz, DMSO-dy) 6 7.76 (d,
J=82Hz, 1H), 7.63 (dd, J=2.0 & 8.2 Hz, 1H), 7.23
(d, J=8.8 Hz, 2H), 7.11 (s, 1H), 7.07 (dd, J=2.0 &
8.2 Hz, 1H), 6.95 (d, J=8.8 Hz, 2H), 5.30 (br s, 1H,
D,O exchangeable), 4.89 (d, J=2.2 Hz, 2H), 3.76 (s,
3H), 1.90 (t, J=7.0 Hz, 2H), 1.49-1.35 (m, 2H), 0.77
(t, J=17.2 Hz, 3H). MS (CI Method) 497 (M—Na+H)",
480, 410, 347, 311, 259. HPLC (System 1) 99.2%; HPLC
(System 2) 99.0%. C,,H,F3N3NaOsS Caled (%): C,
50.87; H, 4.07; N, 8.09. Found (%): C, 51.11; H, 4.20;
N, 8.14.

6.14. Representative synthesis of 2-hydroxymethyl-4-[5-
(4-methoxyphenyl)-3-trifluoromethylpyrazol-1-yl]- /V-pro-
pionyl benzenesulfonamide 3n

The above prepared compound 3k (0.6 g, 1.18 mmol)
was dissolved in water (10 mL) and treated under stir-
ring with 2 N HCI to bring to pH 1-2. After stirring
for 0.5h at room temperature, the reaction mixture
was extracted with ethyl acetate. The combined organic
layer was washed with water, dried (anhyd Na,SOj),
and evaporated to get a residue which on trituration
with a mixture of ethyl acetate and petroleum ether
afforded a colorless solid of the title compound (0.50 g,
87%). Mp 121-122°C. IR (KBr) 3421, 1718, 1612,
1472cm~'. '"H NMR (200 MHz, CDCl;) 6 8.55 (br s,
1H, D,O exchangeable), 8.02 (d, J = 8.6 Hz, 1H), 7.55
(s, 1H), 7.40 (d, /J=8.6 Hz, 1H), 7.14 (d, J=8.8 Hz,
2H), 6.87 (d, J= 8.8 Hz, 2H), 6.70 (s, 1H), 5.50 (br s,
1H, D,O exchangeable), 5.00 (d, J = 3.0 Hz, 2H), 3.82
(s, 3H), 2.26 (q, J=7.6 Hz, 2H), 1.03 (t, J=7.6 Hz,
3H). MS (CI Method) 484 (M+H)", 464, 426, 409,
347, 317. HPLC (System 1) 99.3%; HPLC (System 2)
98.9%. C21H20F3N305S Calcd (%)): C, 5217, H, 417,
N, 8.69. Found (%): C, 51.89; H, 4.40; N, 8.31.

6.15. N-Acetyl-2-hydroxymethyl-4-|S-(4-methoxyphenyl)-
3-trifluoromethylpyrazol-1-yl] benzenesulfonamide 3m

Mp 127-128 °C. IR (KBr) 3459, 1721, 1575, 1471,
1462 cm™'. "TH NMR (200 MHz, DMSO-d) 6 8.00 (d,
J=8.4Hz, 1H), 7.75 (s, 1H), 7.63 (d, J = 8.4 Hz, 1H),
7.60 (br s, 1H, D,O exchangeable), 7.25 (d, J = 8.6 Hz,
2H), 6.92 (d, J=28.6 Hz, 2H), 6.72 (s, 1H), 5.25 (br s,
1H, D,O exchangeable), 4.87 (s, 2H), 3.76 (s, 3H),
1.65 (s, 3H). MS (DIP Method) 469 (M)", 346. HPLC
(System 1) 97.9%. Cy0H;gF3N305S Calcd (%): C,
51.17; H, 3.86; N, 8.95. Found (%): C, 51.32; H, 4.22;
N, 8.87.

6.16. N-Butyryl-2-hydroxymethyl-4-[5-(4-methoxyphe-
nyl)-3-trifluoromethylpyrazol-1-yl] benzenesulfonamide
3o

Mp 118-120°C. IR (KBr) 3388, 2975, 1644, 1584,
1462 cm™'. '"H NMR (200 MHz, CDCl;) 6 7.95 (br s,
1 H, D,O exchangeable), 6 7.75 (d, J=8.6 Hz, 1H),

7.66 (d, J=8.6 Hz, 1H), 7.20 (d, J = 8.4 Hz, 2H), 7.12
(s, 1H), 6.97 (d, J = 8.4 Hz, 2H), 6.86 (s, 1H), 5.32 (br s,
1H, D,O exchangeable), 4.89 (d, J = 2.2 Hz, 2H), 3.85
(s, 3H), 1.98 (t, J = 7.2 Hz, 2H), 1.50-1.34 (m, 2H), 0.78
(t, J= 7.2 Hz, 3H). MS (CI Method) 498 (M+H)™, 480,
410, 347, 311. HPLC (System 1) 99.5%; HPLC (System
2) 99.7%. C5,H»,F3N305S Caled (%): C, 53.11; H, 4.46;
N, 8.45. Found (%): C, 52.89; H, 4.69; N, 8.29.

6.17. In vitro enzyme assay?>

Microsomal fraction of ram seminal vesicles was used as
a source of COX-1 enzyme and the microsomes from sf-
9 cells infected with baculovirus expressing human
COX-2 cDNA were used as a source of COX-2 enzyme
in measuring inhibitory activity by TMPD method. The
assay mixture (1000 pL) contained 100 uM Tris, pH 8.0,
3uM EDTA, 15 puM hematin, 150 U enzyme, and 8%
DMSO. The mixture was incubated at 25°C for
15 min before initiation of enzyme reaction in the pres-
ence of compound/vehicle. The reaction was initiated
by the addition of 100 uM arachidonic acid and
120 uM TMPD, and the velocity of TMPD oxidation
over the first 25 s was monitored at 603 nm. The ICs,
values were calculated using non-linear regression anal-
ysis of percent inhibitions.

6.18. In vivo screening. Carrageenan-induced rat paw
edema?*

Male Wistar rats (120-140 g) were fasted for 16 h before
starting the experiment. Compounds were suspended in
0.25% CMC and administered orally in a volume of
10 mL/kg. After 2 h of dosing, 50 pL of 1% A-carrageen-
an, suspended in saline, was injected into the plantar
aponeurosis of the right paw. The paw volume was mea-
sured 3 h before and after carrageenan injection using
plethysmometer (Ugo-Basile, Italy). The paw edema
was compared with the vehicle control group, and the
percent inhibition was calculated. EDsgs were calculated
using linear regression plot.

6.19. Endotoxin-induced pyresis in rats>>

Male Wistar rats (150-170 g) were fasted for 16 h before
starting the experiment, and the baseline rectal temper-
ature was recorded with a flexible temperature probe
(YSI series-400) connected to a digital thermometer.
At time zero, the rats were intra-peritoneally injected
with 0.36 mg/kg of lipopolysaccharide (Sigma Chemical
Co., St. Louis, USA), and the rectal temperatures were
recorded after 5 and 7 h. The test compounds were
administered 5 h after LPS injection to determine their
antipyretic potential. The percent reversal of pyrexia
was calculated by taking the ratio of the difference in
temperature at Sth and 7th h and the baseline of the
treated and the control group.

6.20. Carrageenan-induced rat paw hyperalgesia (Randal-
Selitto method)°

Hyperalgesia was induced in the hind paw of male Wis-
tar rats (150-170 g) by intraplantar injection of carra-



8634 S. K. Singh et al. | Bioorg. Med. Chem. 14 (2006) 8626-8634

geenan (2 mg/per paw). Test compounds were dosed
after 2 h from carrageenan injection. The vocalization
response to compression of the carrageenan-injected
paw was measured 1 h later by analgesiometer (Ugo-Ba-
sile, Italy). For normal response, one group of animals
was given intraplantar injection of saline. The percent
increase in pain was calculated as difference in threshold
in treated versus control group. EDsgs were calculated
using linear regression plot.

6.21. Single dose oral pharmacokinetic studies

All the studies were carried out in male Wistar rats ob-
tained from the National Institute of Nutrition, Hydera-
bad, India. The animals (200-225 g) were fasted for 12 h
before starting the experiment and had free access to
water throughout the experiment. The animals were fed
after 3 h from drug administration. The animals were
dosed at 100 mg/kg (po) as a 0.25% CMC suspension,
and 0.4 mL of blood samples were collected into heparin-
ized microfuge tubes at pre-determined time points from
the retro-orbital plexus. An additional study was per-
formed for compound 3 k at 30 mg/kg. The samples were
analyzed by a validated HPLC method after suitable
extraction, and plasma concentration versus time profiles
were generated for potent compounds along with cele-
coxib. The pharmacokinetic parameters were calculated
by non-compartmental model analysis.
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