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Introduction. Nonsteroidal antiinflammatory drugs
(NSAIDs) are among the most widely used prescription
and over the counter medications, used primarily for
the treatment of pain and inflammation, particularly
arthritis. In the 1970s, it was demonstrated that aspirin
and other NSAIDs block the formation of prostaglandins
(PGs) produced from arachidonic acid by the enzyme
cyclooxygenase (COX), sometimes called prostaglandin
synthase.1 PGs are produced by most cells, and their
presence in tissues elicits a broad array of biological
responses. Most notably, PGs in the gastrointestinal
tract are cytoprotective, in the kidney they are respon-
sible for normal renal function, and they allow platelets
to aggregate. PGs mediate a number of characteristic
features of the body’s response to tissue injury or
inflammation. Dilation of small blood vessels leading
to development of redness and heat is mediated by PGs.
They contribute to an increase in vascular permeability
leading to the characteristic swelling of tissues. In
addition, PGs sensitize peripheral nerve endings to
transmit pain signals to the brain and spinal cord. Thus,
it is now known that PGs play an important role in
pathologic as well as physiologic processes.

Consumption of NSAIDs for inflammatory diseases
unavoidably leads to blockade of PGs required for
normal physiology. It is now evident that the therapeu-
tic effects and side effects of this class of drug are related
to their mechanism of action. The first-line mode of
therapeutic intervention of chronic inflammatory dis-
eases such as osteoarthritis and rheumatoid arthritis
is NSAIDs. As a consequence, NSAID users suffer from
a high incidence of gastrointestinal irritation, including
the development of life-threatening gastrointestinal
ulcers.2 Additionally, consumption of NSAIDs can lead
to abnormal renal physiology.3,4 More advanced means
of treatment of chronic inflammatory diseases are
glucocorticoids and immunosuppressives that possess
an even greater array of side effects.5

Until the latter part of the 1980s, most researchers
in the prostaglandin field felt that the formation of PGs
was limited only by the available pool of arachidonic
acid. Several observations suggested this view was not
entirely accurate. It was found that the amount of COX

protein in inflamed tissues was appreciably higher than
in normal tissues.6 The amount of COX could be
increased by stimulating cells with selected cytokines
such as interleukin-1, TNF-R, or bacterial endotoxin.
The increase in COX protein synthesis was found to be
blocked by glucocorticoids, whereas the level of free
arachidonic acid did not appreciably change.7,8 These
observations led to the hypothesis that a second form
of COX existed. In 1991, the inducible form of the
enzyme, COX-2, was cloned.9-11 The cloned COX-2 was
the same as a unique form of the enzyme that had
previously been reported.12,13 It is now known that the
constitutive enzyme (COX-1) is expressed in essentially
all tissues, whereas COX-2 expression is largely absent
unless induced by inflammatory stimuli. The discovery
of a second enzyme, intimately associated with inflam-
matory states, led to the hypothesis that selective
inhibitors of COX-2 would be antiinflammatory with
diminished side effects.

Since the mid-1990s, a number of reports have ap-
peared on the preparation and biological activity of
selective COX-2 inhibitors.14 Recently we detailed the
synthesis and biological profile of celecoxib (1).15 As part
of our continuing efforts to identify inhibitors with
greater potency and high specificity for COX-2, we
prepared a series of diarylisoxazole derivatives that
possess exceptional antiinflammatory properties. Herein
we detail our study on two of the diarylisoxazole COX-2
inhibitors. This research effort culminated in the iden-
tification of SC-65872 (valdecoxib, 2) which is currently
in clinical evaluation for the management of pain and
inflammation.

Chemistry. The synthesis of 2 was very concise and
is outlined in Scheme 1. Deoxybenzoin was converted
to the corresponding oxime by treatment with hydroxy-
lamine hydrochloride in the presence of sodium ac-
etate.16 Deprotonation of the oxime with 2 equiv of
butyllithium followed by condensation with ethyl ac-
etate afforded isoxazoline 4.17 Treatment of 4 with
chlorosulfonic acid followed by reaction of the incipient
sulfonyl chloride with aqueous ammonia afforded 2 in
good yield.

After some experimentation, a workable method for
the preparation of 3 was identified, Scheme 2. The route
involved condensation of the dianion of deoxybenzoin
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with methyl chloroacetate to provide isoxazoline 5.
Chlorosulfonation and treatment of the corresponding
sulfonyl chloride with aqueous ammonia afforded sul-
fonamide 6. Treatment of 6 with formic acid in the
presence of triethylamine provided the formate ester
which was hydrolyzed with aqueous sodium hydroxide
to afford 3 in excellent yield.18

Results and Discussion. As an initial screen for
activity, 2 was evaluated against human recombinant
COX-1 and COX-2 enzymes.19 Against COX-1 2 showed
weak inhibitory activity with an IC50 ) 140 ( 19 µM (n
) 10), whereas the compound showed potent activity
against COX-2 with an IC50 ) 0.005 ( 0.001 µM (n )
10), Table 1. Cellular in vitro activity and selectivity
was evaluated in human whole blood.20 For assessment
of the extent of COX-2 inhibition, human heparinized
whole blood was cultured with lipopolysaccharide (LPS)
overnight in the presence of inhibitor, and plasma was
assayed for PGE2 production as a function of COX-2
inhibition. For COX-1 activity, inhibitors were added
to heparinized whole blood for 15 min prior to the
addition of calcium ionophore, A-23187. After 10 min,
plasma was collected for analysis of TxB2 as a function
of COX-1 activity, Table 1. As summarized in Table 2,
2 showed potent oral activity in an acute antiinflam-
matory assay [rat carrageenan foot pad edema;21 ED50

) 10.2 ( 1.4 mg/kg (n ) 2)]. Chronic antiinflammatory
activity was achieved with 2 in the rat adjuvant
arthritis model22 [ED50 ) 0.032 ( 0.002 mg/kg/day (n
) 2)], a potency exceeding that obtained with the most
potent NSAIDs. Blockade of prostaglandin production
at the inflammatory site was demonstrated in the rat
carrageenan air pouch model23 [ED50 ) 0.05 ( 0.02 mg/
kg (n ) 2)]. These data indicate that 2 is a highly potent
and selective inhibitor of COX-2 that possesses excellent
oral activity as an antiinflammatory in animal models
typically used to develop NSAIDs.

Additionally, 2 is converted in vivo in rodents and
dogs, and in very low abundance in humans, to an active
metabolite 3. In vitro 3 showed an IC50 ) 1120 ( 198
µM (n ) 6) against COX-1 and an IC50 ) 0.18 ( 0.04
µM (n ) 7) against COX-2, Table 1. Pharmacological
evaluation of independently synthesized 3 showed it
possessed oral activity in the acute antiinflammatory
assay [carrageenan paw edema; ED50 ) 1.06 ( 0.01 mg/
kg (n ) 3)]. Chronic antiinflammatory activity was
achieved with 3 in the rat adjuvant arthritis model
[ED50 ) 1.49 ( 0.37 mg/kg/day (n ) 3)]. Compound 3,
while more potent in the carrageenan paw edema assay
than 2, was less potent against the isolated enzyme and
in the air pouch or adjuvant arthritis assays. These
seemingly incongruous data likely reflect the different
pharmacokinetics and tissue distribution of these two
compounds in the different animal models.

Conclusion. We have shown that 2 is a highly
selective and potent inhibitor of COX-2 in human whole
blood and against the recombinant human enzyme. In
animal models of acute and chronic inflammation, 2
showed exceptional potency after oral administration.
An active metabolite, 3, formed in rodents and dogs was
also found to be a COX-2-selective inhibitor. Valdecoxib
(2) is currently in clinical evaluation for the treatment
of arthritis and pain.

Supporting Information Available: Biological proce-
dures, synthetic procedures, and spectral data for compounds
2 and 3. This material is available free of charge via the
Internet at http://pubs.acs.org.
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3 1120 ( 198 (6) 0.18 ( 0.04 (7) >50 (4) 0.329 ( 0.101 (4)

Scheme 1a

a (a) NH2OH‚HCl, NaOAc, aq EtOH; (b) 1. 2 equiv nBuLi, 2.
EtOAc; (c) 1. ClSO3H, 2. NH4OH.

Scheme 2a

a (a) 1. ClSO3H, 2. NH4OH; (b) 1. HCO2H, Et3N, 2. aq NaOH.

Table 2. In Vivo Activity of 1-3

EC50, mg/kg (n)

no. rat air pouch
rat adjuvant

arthritisa
rat carrageenan

edemab
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3 0.81 ( 0.19 (2) 1.49 ( 0.37 (3) 1.06 ( 0.01 (3)
a ED50 values were determined using a minimum of four dose

points, 8-10 animals/group. b ED50 values were determined using
a minimum of four dose points, 5 animals/group.

776 Journal of Medicinal Chemistry, 2000, Vol. 43, No. 5 Communications to the Editor



(5) Haynes, R. C., Jr. Adrenocorticotropic Hormones; Adrenocortical
Steroids and Their Synthetic Analogues; Inhibition of the
Synthesis and Actions of Adrenocortical Hormones. In The
Pharmacological Basis of Therapeutics, 8th ed.; Gilman, A. G.,
Rall, T. W., Nies, A. S., Taylor, P., Eds.; McGraw-Hill: New York,
1993; pp 1442-1452.

(6) Raz, A.; Wyche, A.; Siegel, N.; Needleman, P. Regulation of
Fibroblast Cyclooxygenase Synthesis by Interleukin-1. J. Biol.
Chem. 1988, 263, 3022-3028.

(7) Masferrer, J. L.; Seibert, K.; Zweifel, B.; Needleman, P. Endog-
enous Glucorticoids Regulate an Inducible Cyclooxygenase
Enzyme. Proc. Natl. Acad. Sci. U.S.A. 1992, 89, 3917-3921.

(8) Masferrer, J. L.; Zweifel, B. S.; Seibert, K.; Needleman, P.
Selective Regulation of Cellular Cyclooxygenase by Dexametha-
sone and Endotoxin in Mice. J. Clin. Invest. 1990, 86, 1375-
1379.

(9) Xie, W.; Chipman, J. G.; Robertson, D. L.; Erikson, R. L.;
Simmons, D. L. Expression of a Mitogen-responsive Gene
Encoding Prostaglandin Synthase is Regulated by mRNA Splic-
ing. Proc. Natl. Acad. Sci. U.S.A. 1991, 88, 2692-2696.

(10) Kujubu, D. A.; Fletcher, B. S.; Varnum, B. C.; Lim, R. W.;
Herschman, H. R. TIS10, a Phorbol Ester Tumor Promoter-
inducible mRNA from Swiss 3T3 cells, Encodes a Novel Pros-
taglandin Synthase/Cyclooxygenase Homologue. J. Biol. Chem.
1991, 266, 12866-12872.

(11) O’Banion, M. K.; Sadowski, H. B.; Winn, V.; Young, D. A. A
Serum and Glucocorticoid Regulated 4 Kilobase mRNA Encodes
a Cyclooxygenase Related Protein. J. Biol. Chem. 1991, 266,
23261-23267.

(12) Merlie, J. P.; Fagan, D.; Mudd, J.; Needleman, P. Isolation and
Characterization of the Complementary DNA for Sheep Seminal
Vesicle Prostaglandin Endoperoxide Synthase (Cyclooxygenase).
J. Biol. Chem. 1988, 263, 3550-3553.

(13) DeWitt, D. L.; Smith, W. L. Primary Structure of Prostaglandin
G/H Synthase from Sheep Vesicular Gland Determined from the
Complementary DNA Sequence. Proc. Natl. Acad. Sci. U.S.A.
1988, 85, 1412-1416.

(14) Talley, J. J. Selective Inhibitors of COX-2. In Progress in
Medicinal Chemistry 36; King, F. D., Oxford, A., Eds.; Elsevier:
Amsterdam, 1999; pp 201-234.

(15) Penning, T. D.; Talley, J. J.; Bertenshaw, S. R.; Carter, J. S.;
Collins, P. W.; Docter, S.; Graneto, M. J.; Lee, L. F.; Malecha, J.
W.; Miyahiro, J. M.; Rogers, R. S.; Rogier, D. J.; Yu, S. S.;
Anderson, G. D.; Koboldt, C. M.; Perkins, W. E.; Seibert, K.;
Veenhuizen, A. W.; Zhang, Y. Y.; Isakson, P. C. Synthesis and
Biological Evaluation of the 1,5-Diarylpyrazole Class of Cy-
clooxygenase-2 Inhibitors: Identification of 4-[5-(4-Methylphe-
nyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide (SC-
58635, Celecoxib). J. Med. Chem. 1997, 40, 1347-1365.

(16) House, H. O.; Richey, A. F., Jr. Use of Ketoxime Derivatives to
Prepare R-Acetoxy Ketones. J. Org. Chem. 1969, 34, 1430-1439.

(17) Park, C. A.; Beam, C. F.; Kaiser, E. M.; Kaufman, R. J.; Henoch,
F. E.; Hauser, C. R. Preparation of 2-Isoxazolines from C(a),O-
Dilithiooximes and Aldehydes and Ketones. J. Heterocycl. Chem.
1976, 13, 449-453.

(18) Alexander, J.; Renyer, M. L.; Veerapanane, H. A Convenient
Method for the Conversion of Halides to Alcohols. Synth.
Commun. 1995, 25, 3875-3881.

(19) Gierse, J. K.; Hauser, S. D.; Creeley, D. P.; Koboldt, C.;
Rangwala, S. H.; Isakson, P. C.; Seibert, K. Expression and
Selective Inhibition of the Constitutive and Inducible Forms of
Human Cyclooxygenase. Biochem. J. 1995, 305, 479-484.

(20) Brideau, C.; Kargman, S.; Liu, S.; Dallob, A. L.; Ehrich, E. W.;
Rodger, I. W.; Chan, C. C. A human Whole Blood Assay for
Clinical Evaluation of Biochemical Efficacy of Cyclooxygenase
Inhibitors. Inflamm. Res. 1996, 45, 68-74.

(21) Winter, C. A.; Risley, E. A.; Nuss, G. W. Carrageenan-Induced
Edema in Hind Paw of the Rat as an Assay for Antiinflammatory
Drugs. Proc. Soc. Exp. Biol. Med. 1962, 305, 479-484.

(22) Jaffee, B. D.; Kerr, J. S.; Jones, E. A.; Giannaras, J. V.;
McGowan, M.; Ackerman, N. R. The Effect of Immunomodulat-
ing Drugs on Adjuvant-induced Arthritis in Lewis Rats. Agents
Actions 1989, 27, 344-346.

(23) Masferrer, J. L.; Zweifel, B. S.; Manning, P. T.; Hauser, S. D.;
Leahey, K. M.; Smith, W. G.; Isakson, P. C.; Seibert, K. Selective
Inhibition of Inducible Cyclooxygenase-2 In Vivo is Antiinflam-
matory and Nonulcerogenic. Proc. Natl. Acad. Sci. U.S.A. 1994,
91, 3228-3232.

JM990577V

Communications to the Editor Journal of Medicinal Chemistry, 2000, Vol. 43, No. 5 777


