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Selective Cyclooxygenase Inhibitors:
Novel 1,2-Diarylcyclopentenes Are Potent
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Prostaglandins (PGs) play a major role in the inflam-
mation process, and the inhibition of PG production has
been a common target of antiinflammatory drug dis-
covery.l? Nonsteroidal antiinflammatory drugs (NSAIDs)
that are active in reducing the pain and swelling
associated with inflammation also affect other prosta-
glandin-regulated processes not associated with inflam-
mation. Thus, ingestion of high doses of most common
NSAIDs can produce side effects, including life-threat-
ening ulcers, that may limit their therapeutic potential .3
An alternative to NSAIDs is the use of corticosteroids,
which have even more severe side effects, especially
when long-term therapy is involved.*

NSAIDs have been found to prevent the production
of prostaglandins by inhibiting conversion of arachidonic
acid to PGs by the constitutive cyclooxygenase enzyme
(COX-1).12 More recently, a previously unknown en-
zyme in the human arachidonic acid/prostaglandin
pathway was discovered®~7 and designated “cyclooxy-
genase II (COX-2)” or “prostaglandin G/H synthase II”.
Cytokines and endotoxins have been reported® to induce
COX-2 expression, and such induction is inhibited by
glucocorticoids. The discovery of an inducible enzyme
(COX-2) associated with inflammation provides a novel
target for therapeutic intervention with the potential
for more effective reduction of inflammation with fewer
side effects.

Due to the novelty of this approach, the literature
contains very few documented examples of selective
cyclooxygenase inhibitors. Gans et al.® have reported
that the thiophene DuP 697 (EDs; = 0.18 mpk) shows
antiinflammatory activity in the rat adjuvant-induced
arthritis model without the concomitant formation of
gastric lesions at 400 mpk, which is the pharmacological
profile expected of a selective COX-2 inhibitor. Simi-
larly, Futaki et al.l® have reported that the methane-
sulfonamide NS-398 (ED3, = 4.7 mpk) also shows
antiinflammatory activity in the rat adjuvant-induced
arthritis model without the concomitant formation
of gastric lesions at 1000 mpk. Moreover, several
groups have now reported that NS-398 is a selective
inhibitor of COX-2.1112 Recently, Isakson et al.1® re-
ported that the pyrazole SC-58125 (COX-1 IC50 > 100
uM, COX-2 IC50 = 0.09 uM) is a selective inhibitor of
the inducible form of human recombinant cyclooxyge-
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nase and is orally active (EDsp = 0.4 mpk) in rat
adjuvant-induced arthritis.
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Our interest in this area has been to develop novel
selective inhibitors of cyclooxygenase that have im-
proved therapeutic properties relative to currently used
NSAIDs. Toward that goal, we have investigated a
series of 1,2-diaryl-substituted cyclopentenes and now
report our preliminary results.

The spatial disposition of the 1,2-diaryl rings of DuP
697 and SC-58125, relative to the carbon—carbon double
bond of their respective heterocyclic rings, was thought
to play an important role in cyclooxygenase inhibition.
It was believed that the function of the heterocyclic ring
was to provide the necessary double bond geometry and
that the heterocycle itself was not essential for good
activity. To test this hypothesis, carbocycles (cyclo-
pentenes) were investigated as heterocyclic surrogates;
this substitution in both DuP 697 and SC-58125 would
produce the same 1,2-diarylcyclopentene analog, i.e.,
1-[2-(4-fluorophenyl)cyclopenten-1-yl]-4-(methylsulfo-
nyl)benzene (1a, Table 1).

The synthesis of 1a (SC-57666) from commercially
available 1,2-dibromocyclopentene in three relatively
simple steps is outlined in Scheme 1. Suzuki coupling!4
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Table 1. Cyclopentene Cyclooxygenase Inhibitors

R
SO,CH,

(p (3
e

ICs0 (uM)
compd® R! Rz COX-1® COX-2¢ nc selectivity
la F H >100 0.026 11 >3800
1b OCH; H 992 0.005 3 1980
1c Cl H >100 0.003 4 =>33,000
1d CHj3; H >100 0.003 2 =>33,000
le H H >100 2.25 2 >44
1f CF;3 H >100 0.865 2 >120
1g Cl Cl >100 0.053 2 >1900
1h CN H >100 77.9 3 >1.3
1i CH.0H H >100 3.20 1 >31
1j CH,OCH; H >100 6.60 2 >15
1k SCH3 H >100 0221 4 >450
11 F CH; >100 0.075 3 >1300
NS-398 >10 0.01 3 >1000
indomethacin 0.2 1.2 10 0.167

@ See ref 20. ¢ See ref 21. ¢ Number of assays conducted.

of [4-(methylthio)phenyllboronic acid (prepared from
4-bromothioanisole, n-butyllithium, and trimethyl bo-
rate) with an excess of commercially available 1,2-
dibromocyclopentene in the presence of tetrakis(tri-
phenylphosphine)palladium(0) provided a mixture of
monocoupled and dicoupled material that could be
separated by silica gel chromatography to give 2 in 45%
vield. Selective oxidation of the sulfide 2 to the cor-
responding sulfone 3 in the presence of the cyclopentene
double bond was conveniently accomplished with potas-
sium peroxymonosulfate (Oxone) in 90—-95% yield. A
second Suzuki coupling with commercially available (4-
fluorophenyl)boronic acid gave 1a in 89% yield.

Compound la was found to be a very potent COX-2
inhibitor (ICs50 = 0.026 uM),15 essentially devoid of
COX-1 activity (ICs50 > 100 uM). On the basis of these
results, a structure—activity relationship (SAR) study
was conducted by varying only the substituents on the
4-fluorophenyl ring of 1a to determine if COX-2 potency
and/or selectivity could be increased. The results of this
study are summarized in Table 1 for analogs 1a—11
along with reference compounds NS-398 and indometha-
cin.

Substitution at the 4-position of the 4-fluorophenyl
ring of 1la had little effect on the inhibition of the
constitutive COX-1 enzyme. With the exception of 1b
(R1 = OCHj3, COX-1 IC50 = 9.92 uM), all 1,2-diarylcy-
clopentene analogs in Table 1 are essentially inactive
on COX-1 (COX-11ICs0 > 100 uM). On the other hand,
substituents did have a dramatic effect on the inhibition
of the inducible COX-2 enzyme, and thus on selectivity.
Replacing fluorine with chlorine or a methyl group gave
1le (COX-2 ICso = 0.003 uM) or 1d (COX-2 ICs0 = 0.003
uM), respectively, which were almost an order of mag-
nitude more potent than 1a. Moreover, both analogs
had impressive enzyme selectivity ratios of >33,000.
Some type of substituent at the 4-position of the
4-fluorophenyl ring of 1a appears to be necessary for
good COX-2 inhibition, since removal of the substituent
altogether gave the phenyl analog le (COX-2 IC5, =
2.25 uM), which was almost 2 orders of magnitude less
potent than 1a.
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Table 2. 4,4-Disubstituted Cyclopentene Cyclooxygenase
Inhibitors

ICs (uM)
compd* R3 R* COX-16 COX-26 nc¢  selectivity
1 F H >100 0.026 11 >3800
7a F CH3; 18.3 0.015 3 1200
o Cl CHj 1.6 0.007 3 230
e F CF; >100 0.067 3 >1500
7d F CqHs >100 65 2 >1.5
Te F CH.F 58 0.051 1 1100
@ See ref 20. & See ref 21. ¢ Number of assays conducted.
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Substituents at the 4-position of cyclopentene ring of
COX-2 inhibitors are oriented above and below the plane
of the double bond and therefore offer a unique op-
portunity to probe the spatial requirements of the
enzyme in these areas. By comparision, substituents
at the 5-position of the thiophene DuP 697 and/or the
3-position of the pyrazole SC-58125 lie in the plane of
the heterocycle. A second SAR study was conducted to
ascertain the effects of geminal substitution at the
4-position of the cyclopentene ring of 1a. The results
of this study are summarized in Table 2.

The 4,4-disubstituted cyclopentene analogs shown in
Table 2 were synthesized by the procedures outlined in
Schemes 2 and 3. Scheme 2 was used to prepare
analogs 7a—7d. The silyl enol ether 4 (prepared from
4-(methylthio)acetophenone, chlorotrimethylsilane, so-
dium iodide, and triethylamine in acetonitrile) was
reacted with the appropriate ketone and titanium(IV)
chloride to give the corresponding S-hydroxy ketone
intermediate which was dehydrated with trifluoroacetic
anhydride and pyridine to give the a,8-unsaturated
ketone 5. Subsequent reaction with 4-R3CgH,C=CHo,-
OSi(CHj3); (prepared as above for 4) and titanium(IV)
chloride (for analogs 7a—%¢) or tris(dimethylamino)-
(trimethylsilyl)sulfur difluoride (TAS-F) (for analog 7d)
provided the 1,5-diketones 6. McMurry coupling'® of 6
with titanium(IV) chloride and metallic zinc in THF
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gave the methyl sulfide cyclopentene analogs which
were subsequently oxidized with Oxone to the cor-
responding methyl sulfone analogs shown in Table 2.
Scheme 3 was used to prepare analog 7e. Dimethyl
malonate was successively dialkylated with 2-bromo-4-
fluoroacetophenone and 2-bromo-4-(methylsulfonyl)-
acetophenone to give the 1,5-diketone 8, which was
cyclized under McMurry conditions to give the cyclo-
pentene analog 9. Reduction with diisobutylalumunim
hydride (DIBAL-H) provided the bis(hydroxymethyl)
analog. Treatment with p-toluenesuifonyl chloride in
pyridine gave the corresponding ditosylate, which was
subsequently converted to the bis(fluoromethyl) analog
7e by reaction with tetrabutylammonium fluoride in
THF at reflux.

Table 2 shows that geminal substitution at the
4-position of 1,2-diarylcyclopentene cyclooxygenase in-
hibitors produced analogs which were generally less
selective due to increased COX-1 activity. Furthermore,
the decrease in COX-2 activity of the series 7a (methyl)
> T7e (fluoromethyl) > 7c¢ (trifluoromethyl) > 7d (ethyl)

also suggests that the enzyme domain binding this .

region is highly sensitive to inhibitor steric bulk. In
fact, over 3 orders of magnitude of COX-2 activity is lost
by replacing methyl with ethyl (7a vs 7d).

Figure 1 shows the dose—response curves for 1a and
1c in the rat adjuvant-induced arthritis model. While
1c (COX-2 IC5 = 0.003 uM) is almost 1 order of
magnitude more potent than 1la (COX-2 IC5 = 0.026
uM) in enzyme inhibition, 1a (EDsp = 1.7 mpk) is almost
twice as active as 1¢ (ED5¢ = 3.2 mpk) in the arthritis
model. The superior in vivo performace of la relative
to 1c is likely due to a combination of better absorption,
longer half-life, lower first-pass clearance, and/or dif-
ferential distribution;1” however, at this time the exact
cause is unknown. Additional in vivo testing was
conducted in both mice and rats to address the central
issue of GI toxicity. No gastric lesions were observed
in mice after 5 h when la was administered intragas-
trically at 600 mpk. Similarly, no intestinal damage
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Figure 1. Rat adjuvant-induced arthritis dose—response
curves for 1a and 1e¢. Each point represents an average of eight
animals; see ref 9 for assay procedure.

was observed in rats after 72 h when 1a was adminis-
tered intragastrically at 200 mpk.18

In summary, novel 1,2-diarylcyclopentenes have been
shown to be very potent COX-2 inhibitors with inhibi-
tion (ICs0) in the low nanomolar range and enzyme
selectivity ratios as high as 4 orders of magnitude. In
vivo testing in the rat adjuvant-induced arthritis model
has established that 1,2-diarylcyclopentenes are orally
active with edema inhibition (EDso) in the low mpk
range. Compound la (COX-1 IC5 > 100 uM, COX-2
IC50 = 0.026 M) has been shown to be orally active
(EDso = 1.7 mpk) in the adjuvant-induced arthritis
model and therefore is a selective 1,2-diarylcyclopentene
cyclooxygenase inhibitor of particular interest.1® More-
over, no gastric or intestinal lesions were observed in
mice at 600 mpk or rats at 200 mpk, respectively.
Studies with selective 1,2-diarylcyclopentene cyclooxy-
genase inhibitors are continuing, and a more detailed
report will appear subsequently.

Supplementary Material Available: Biological proce-
dures for the in vitro human recombinant COX-1 and COX-2
assays and GI toxicity studies conducted in both mice and rats
are available, detailed procedural examples for the synthesis
of 1a and 7e, as well as the physical properties, spectral data,
and elemental analyses for all analogs synthesized (10 pages).
Ordering information is given on any current masthead page.
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