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Abstract—A new series of cyclooxygenase-2 (COX-2) inhibitors with y-pyrone as central scaffold unit has been synthesized and their
biological activities were evaluated against cyclooxygenase inhibitory activity. The changes of physical properties of the molecules
were performed according to the medicinal chemistry principles and moderate oral anti-inflammatory activity was obtained with this

series of inhibitors.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Traditional nonsteroidal anti-inflammatory drugs
(NSAIDs) inhibit both cyclooxygenase-1 (COX-1) and
cyclooxygenase-2 (COX-2). Even though NSAIDs are
effective in the management of inflammation and pain,
chronic use of NSAIDs has been associated with
unwanted adverse effects including gastrointestinal PUB
(perforation, ulceration, and bleeding), and renal toxic-
ity. Inhibition of constitutively expressed COX-1 inter-
rupts bodily homeostasis and is known to contribute
much to such adverse effects.! On the other hand, the
anti-inflammatory effect of NSAIDs appears to be orig-
inating from inhibition of COX-2, being induced upon
inflammatory stimuli. Therefore, selective inhibition of
COX-2 could be suitable to treat inflammation and
inflammation-associated disorders without incurring
adverse effects from inhibition of COX-1, which had been
the main theme for development of blockbuster selective
COX-2 inhibitors such as celecoxib and rofecoxib.
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Even though selective COX-2 inhibitors are regarded to
have reduced the notorious GI toxicity of traditional
NSAIDs to a large extent, there appears to be some
room for improvement especially in renal and cardio-
vascular safety. Next generation selective COX-2
inhibitors are expected to address in more detail issues
relating to the cardio-renal safety.?

Previously, we reported that naturally occurring flavone
scaffold could be useful to achieve selective inhibition of
COX-2 over COX-1. COX-2 inhibitors with the benzo-
pyran scaffold in Scheme 1 showed poor oral anti-
inflammatory activity despite their strong COX-2
inhibitory potency, though. The poor oral anti-inflam-
matory activity was ascribed to the poor oral bioavail-
ability due to the hydrophobic nature of the tricyclic
COX-2 inhibitors.® In this article, will be discussed
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Scheme 1. Approaches to improve oral bioavailability of 2,3-diphen-
ylbenzopyran derivatives.
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efforts to improve in vivo activity profiles of COX-2
inhibitors by truncating the benzopyran scaffold.

We reported that oral bioavailability of COX-2 inhibi-
tors with the benzopyran scaffold could be improved by
switching the phenyl moiety to 3-pyridyl group on the 3-
position of the benzopyran scaffold (Approach A of
Scheme 1). Given that the hydrophobic character of the
benzopyran scaffold contributes much to the poor oral
bioavailability,* truncation of the benzopyran moiety
could lead to reduced hydrophobicity and subsequently
to improved bioavailability. In this regard, y-pyrone was
conceived as a replacement for the benzopyran scaffold
to improve oral bioavailability of COX-2 inhibitors
(Approach B of Scheme 1).

2. Synthesis

2,3-Diarylpyran-4-one derivatives were synthesized as
outlined in Scheme 2. First, hetero-Diels—Alder reaction
of 4-(methylsulfonyl)benzaldehyde with Danishefsky’s
diene (1) in the presence of zinc chloride gave dihydro-
pyran-4-one 2, which was followed by a-chlorination
with N-chlorosuccinimide (NCS) to afford dihydropy-
ran-4-one 3. Chloride compound 3 was subjected to
bromination using bromine/pyridine to obtain bromide
4, which was then transformed into desired 2,3-diaryl-
pyran-4-one 5° by Suzuki coupling® with appropriate
aryl boronic acid. Reductive dechlorination of 5 was
effected by reaction with Zn/KI to give 8. Thione com-
pound 9 was prepared by reacting 5 with Lawesson’s
reagent in toluene at reflux.’

3. In vitro activities

The diarylpyran-4-one analogs of this article were tested
for their ability to inhibit COX-2 and COX-1 by using
freshly harvested mouse peritoneal macrophages as
described in the literature.® The in vitro inhibitory
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Scheme 2. Reagents and conditions: (a) 4-(Methylsulfonyl)benzalde-
hyde, ZnCl,, benzene; (b) NCS, pyridine; (c) Bry, pyridine; (d)
ArB(OH), (6) or ArB~(OCHj;);Li* (7), Pd(PPh3),, 2M Na,COs,
EtOH-H,0-Toluene; (¢) KI, Zn, MeOH; (f) Lawesson’s reagent, tol-
uene; Ar = substituted or unsubstituted aryl, heteroaryl.

activities against COX-2 and COX-1 are summarized in
Table 1.

Most 2,3-diarylpyran-4-one 5 and 2,3-diarylpyran-4-
thione 9 showed modest COX-2 inhibitory activities,
which were considerably weaker than that of celecoxib.
Even though COX-1 ICsy’s were not quantified, most of
the pyrone COX-2 inhibitors in Table 1 did not show
notable inhibition at 10pug/mL. In case of biphenyl
compounds 5j and 5p, were observed COX-1 inhibition
over 50% at 10 pg/mL. However, these biphenyl com-
pounds showed COX-2 ICs’s of 0.04 pg/mL, yielding
COX-2 selectivity over COX-1 approaching 100-fold.
When compared to previously reported benzopyran
derivatives,” many of compounds 5 and 9 showed
somewhat reduced COX-2 inhibitory activity.

Compound 5b and 8b showed similar COX-2 inhibitory
activities, suggesting that lack of the chloride on the
S-position of the pyrone scaffold does not seem to show

Table 1. In Vitro mCOX-2 and mCOX-1 enzyme inhibitory activities
of diarylpyran-4-one derivatives 5, 8, and 9

Compd Ar mCOX-2 mCOX-1
(ICsp, pg/mL)* (% inhibition
@ 10 pg/mL)*

5a Phenyl 0.39 <5

5b 4-Fluorophenyl 0.56 <5

5¢ 2-Fluorophenyl 2.39 19

5d 3-Fluorophenyl 0.54 <5

Se 4-Chlorophenyl 0.37 <5

5t 3-Chlorophenyl 0.56 <5

5¢ 2.,4-Difluorophenyl 0.55 6

5h 3,4-Difluorophenyl 0.49 20

5i 3,5-Difluorophenyl 0.93 <5

5j 4-Biphenyl 0.04 68

5k 4-Ethylphenyl 0.28 14

51 4-Methoxyphenyl 2.68 <5

Sm 3-Thienyl 0.27 <5

5n 2-Thienyl 9% <5

50 4-Methylphenyl 0.66 <5

S5p (3-Fluoro-4-phenyl)-  0.04 70
phenyl

5q 4-Hydroxyphenyl Nab 17

5r (3-Phenyl)phenyl Na® <5

5s 4-Benzyloxyphenyl Nab <5

5t 3-Pyridyl 2.55 <5

8b 4-Fluorophenyl 0.77 <5

9b 4-Fluorophenyl 0.33 <5

10¢ 0.03 <5

11¢ 0.5 13

12¢ 0.5 12
Celecoxib 0.01 79

#Values are means of at least two measurements.
® Inhibition (%) @ 10 pg/mL (Na=not active).
¢See Ref. 3.
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much effect on the COX-2 inhibitory activity. COX-2
inhibitory activity was quite insensitive to substitution in
the phenyl group on the 3-position of the y-pyrone
compared to that of benzopyran series, even though
presence of biphenyl moiety on the 3-position of the y-
pyrone appeared to improve in vitro COX-2 activity
significantly (5j and 5p). It is interesting to note that the
COX-2 inhibitors with biphenyl group on the 3-position
of y-pyrone showed COX-2 inhibitory activities not far
off that of celecoxib. Compound 5t containing 3-pyridyl
group showed COX-2 inhibitory activity significantly
reduced from those of compounds containing phenyl
group on the 3-position of y-pyrone, paralleling a prior
observation made with COX-2 inhibitors of the benzo-
pyran scaffold.? Also thiocarbonyl compound 9 failed to
show notable improvement in COX-2 inhibitory activ-

1ty.

4. In vivo anti-inflammatory activities

The oral anti-inflammatory activities for compounds of
this article were assessed by carrageenan-induced rat
paw edema’ using male SD rats. Reflecting their modest
COX-2 inhibitory activities, the anti-inflammatory
activities of y-pyrone COX-2 inhibitors were moderate.
Compound 5b and 5h were the most potent of the pyr-
one analogs despite their modest COX-2 inhibitory
activities (see Tables 1 and 2). In the meantime, biphenyl
containing COX-2 inhibitor 5j showed a relatively poor
oral anti-inflammatory activity for its COX-2 inhibitory
potency, suggesting a poor pharmacokinetic profile for
5j. It is notable that Sh showed an oral anti-inflamma-
tory activity close to that of celecoxib in the rat paw
edema.

Previously, benzopyran COX-2 inhibitors 11 and 12
were designed to overcome the poor oral bioavailability
of COX-2 inhibitors with the benzopyran scaffold. Even

Table 2. Inhibition effect of diarylpyran-4-one derivatives 5 on car-
rageenan-induced rat paw edema

Compounds Dose (mg/kg, po)  Swelling (%) inhibition®
Indomethacin 3 42
Celecoxib 3 29
Celecoxib 10 42
11° 10 25
11° 30 41
12° 3 20
12° 10 26
12° 30 41
5b 3 20
5b 10 33
5g 3 20
5h 3 10
5h 10 37
5§ 10 21
5k 10 4
5m 10 13

#Inhibition values were determined using five animals/group.
®See Ref. 3.

though a short plasma half-life of 0.5 h was observed for
11 in male SD rats, consideration on the metabolic
stability of the benzopyran analogs yielded 12 as a
benzopyran COX-2 inhibitor with good oral absorption
and extended plasma half-life.> The pyridine moiety of
11 and 12 was the key functionality for improvement in
oral bioavailability. Flavonoid 11,12, and pyrone 5h
were quite similar with regards to COX-2 inhibitory
activity and lipophilicity. These compounds showed
COX-2 inhibitory activities around 0.5 pg/mL. Calcu-
lated log P’s of 1.98, 2.14, and 2.24 were obtained for
11,12, and 5h, respectively.!® When 5h was orally
administered to male SD rats at 10 mg/kg, a plasma half-
life (T ;) of 3.7h was observed along with T;,,x = 4.0h,
Cmax = 5.1 pg/mL. The plasma half-life of 5h was
extended than that of flavonoid 11, and the anti-
inflammatory activity of pyrone Sh was improved from
the activity of flavonoid 11 and 12.

In conclusion, we prepared a new series of COX-2
inhibitors containing the y-pyrone scaffold, which was
evolved from the hydrophobic benzopyran scaffold
through rational modification to improve oral bio-
availability. The physico-chemical factors such as lipo-
philicity, molecular size, and metabolic stability were
appropriately modulated by truncating the benzopyran
structure. Pyrone 5h was obtained as an orally active
COX-2 inhibitor and selected as a lead compound for
further modifications.
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