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Abstract—A series of 3-(2-methoxytetrahydrofuran-2-yl)pyrazoles (4-10) was synthesized. The compounds were evaluated for their
ability to inhibit cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) activity in human whole blood (HWB). The compound,
5-(4-methanesulfonylphenyl)-3-(2-methoxytetrahydrofuran-2-yl)-1-p-tolyl-1H-pyrazole 5 showed potent and selective COX-2 inhi-

bition (ICsg for COX-1: >100puM and COX-2: 1.2 uM).
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

A new generation of anti-inflammatory drugs, celecoxib
(Celebrex™),! rofecoxib (Vioxx®),> and valdecoxib
(Bextra®),? is being widely prescribed to treat acute or
chronic inflammation by providing symptomatic pain
relief. The high cyclooxygenase-2 (COX-2) versus cyclo-
oxygenase-1 (COX-1) selectivity demonstrated by these
compounds explains their superiority over other
NSAID:s in reducing gastrointestinal (GI) side effects.*>
However, emerging evidence suggests that adverse reac-
tions such as GI irritation or ulceration and renal liabil-
ities are associated with prolonged use of COX-2
selective inhibitors. These adverse reactions have been
attributed, at least in part, to COX-1 inhibition occur-
ring with long-term exposure or at higher doses.®
COX-2 selective inhibitors are also known to suppress
synthesis of prostacyclin, a potent vasodilator, gastro-
protectant, and platelet inhibitor, via inhibition of
endothelial COX-2. COX-2 selective inhibitors do not
inhibit production of thromboxane, a vasoconstrictor,
and promoter of platelet aggregation, which is synthe-
sized in platelets by COX-1.”® Therefore, COX-2 selec-
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tive inhibitors intrinsically lack anti-thrombotic activity,
and some cardiovascular liabilities have been associated
preclinically with them.” Thus, there is still a need for
novel, selective, and potent COX-2 inhibitors with an
improved profile compared to current COX-2 inhibitors.
Here we report the synthesis and COX inhibitory profile
of a novel series of pyrazoles (I) containing a five-mem-
bered cyclic ether, some of which potently and selec-
tively inhibit COX-2.
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4 X=-H
5 X=-CH;4
6 X=-CF;
7 X=-F
8 X=-Cl
9 X=-Br
10 X =-CN

Scheme 1. Reagents and conditions: (a) TBDMSO(CH,);MgBr, THF; (b) TBAF, THF; (c) Oxone, MeOH/H,O, rt.

2. Chemistry

The pyrazole containing COX-2 inhibitor, celecoxib has
a 1,5-diaryl substitution pattern as well as a trifluoro-
methyl group at C-3. Our recent studies suggested that
COX-2 selectivity and potency may be enhanced by
modifying the C-3 substituent of the central pyrazole
ring to incorporate alkyl, alkenyl, ketone, and oxime
groups.'%!! During the course of this work, we observed
formation of the cyclic ethers (4-10) and found that they
functioned as COX-2 selective inhibitors.

The synthesis of compounds 4-10 was adapted from our
earlier work (Scheme 1).!' Weinreb amides 1 were
prepared from the reaction of corresponding methyl
esters!!12 with N,O-dimethylhydroxylamine hydrochlo-
ride in the presence of trimethylaluminum.!!13:14a The
reaction of 1 with the Grignard reagent prepared from
(3-bromopropoxy) tert-butyldimethylsilane (1equiv)
and magnesium turnings (2.2equiv) gave 2 in good yield.
Deprotection of the TBDMS group with TBAF gave the
hydroxyketones 3. Oxidation of the sulfide (3) was
accompanied by simultaneous cyclization to give the
cyclic acetals 4-10. It has been reported that a solution
of Oxone® (1equiv) is useful for the deprotection of a
TBDMS group from alcohols.'” In our studies, the use
of excess Oxone® (3equiv) promoted the one-pot depro-
tection, oxidation and cyclization to afford compounds
4-10 directly from 2 in good yield (Scheme 1).¢

3. Biology

The inhibition of the COX-1 and COX-2 isoforms by 3-
(2-methoxytetrahydrofuran-2-yl)pyrazole derivatives 4—
10 in human whole blood (HWB) is presented in Table
1, together with comparative data for celecoxib and
rofecoxib.!”!® As an initial in vitro screen, compounds
were assayed against COX-1 at 100pM and COX-2 at

Table 1. In vitro human whole blood COX-1 and COX-2 inhibition by
1-(2-methoxytetrahydrofuran-2-yl)pyrazole derivatives

OCH;

Compd X % inhibition HWB*
COX-1 COX-2
100 uM 10pM 1M
4 -H 20 65 30
5 —CHj; 55 90 55
6 —CF3; 50 70 25
7 -F 25 75 40
8 -Cl 60 80 25
9 -Br 72 84 13
10 -CN 0 25 30
Celecoxib 65° 100 50
Rofecoxib 75 100 75

#Percent inhibition of COX-1 (100uM) or COX-2 (10 and 1uM) in
human whole blood (HWB). Average percent inhibition using blood
from two donors. Assays were performed on duplicate blood sam-
ples, each of which was assayed in duplicate by enzyme-linked
immunoassay (EIA), as described in Refs. 11, 17-19.

> COX-1 inhibition at 30 uM celecoxib.

10 and 1puM. For the most potent and selective COX-
2 inhibitors, the ICsy’s were then determined (Table 2).

In general, lipophilic or electron-rich substituents (4-7)
were preferred at the C4 phenyl ring over electron defi-
cient ones (8-10). Thus, the presence of a 4-chloro or 4-
bromo substituent increased COX-1 inhibition and
weakened COX-2 inhibition at the lower screening con-
centration (1 pM). In the presence of a cyano group (10),
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Table 2. 1Cs, for 1-(2-methoxytetrahydrofuran-2-yl)pyrazole deriva-
tive 5

Compound 1Cso (UM)

COX-1 COX-2
Celecoxib 14 1.2
Rofecoxib 40 0.3
5 >100% 1.2%

# Average of three blood donors.

COX-1 inhibitory activity was abrogated, and the po-
tency for COX-2 was reduced with no difference at the
two screening concentrations. The unsubstituted (4), tri-
fluoromethyl- (6) and fluoro-substituted (7) compounds
showed less COX-1 and COX-2 inhibition than celec-
oxib. The best substituent found on C-4 of the phenyl
ring, a C-4 methyl is not particularly surprising or unex-
pected since it is also found in celecoxib at the 5-position
of the central pyrazole ring. Thus, the most potent and
selective COX-2 inhibitor was the 4-methyl substituted
derivative (5), with activity (ICsy’s for COX-1:
>100uM and COX-2=1.2uM in HWB) comparable
to celecoxib and rofecoxib (Table 2).

In summary, we have prepared a series of novel 3-(2-
methoxytetrahydrofuran-2-yl)pyrazole COX-2 inhibi-
tors, from which compound 5 was identified as a highly
selective and potent COX-2 inhibitor with ICsy’s for
COX-1: >100uM and COX-2 = 1.2uM in HWB (Table
2). The reported identification of 5 invites further explo-
ration of cyclic substituents at C3 of the pyrazole-con-
taining COX-2 selective inhibitors, an area which so
far has received very little attention.
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5-(4-Methanesulfonylphenyl)-3-(2-methoxytetrahydrofu-
ran-2-yl)-1-phenyl-1H-pyrazole (4). White solid. Yield
71%. Mp 63-66°C. "H NMR & 7.86 (d, J = 8.4Hz, 2H),
7.22-7.51 (m, 7H), 6.67 (s, 1H), 4.00-4.28 (m, 2H), 3.27 (s,
3H), 3.06 (s, 3H), 2.32-2.58 (m, 1H), 1.95-2.32 (m, 3H).
C NMR 6 153.5, 141.5, 140.0, 139.6, 135.8, 129.3, 129.2,
128.2, 127.6, 125.7, 107.5, 106.5, 68.2, 50.1, 44.5, 38.7,
24.4. MS m/z 367 (M—OCH3), 457 (M+OAc). Anal. Calcd
(C51HuN,048): C, 63.30; H, 5.56; N, 7.03. Found: C,
63.27; H, 5.42; N, 6.80.
5-(4-Methanesulfonylphenyl)-3-(2-methoxytetrahydrofu-
ran-2-yl)-1-p-tolyl-1H-pyrazole (5). White foam. Yield
65%. Mp 65-68°C. "H NMR & 7.85 (d, J = 8.5Hz, 2H),
7.41 (dd, J= 1.8 and 6.8Hz, 2H), 7.12-7.19 (m, 4H), 6.45
(s, 1H), 4.02-4.21 (m, 2H), 3.27 (s, 3H), 3.06 (s, 3H), 2.40—
2.50 (m, 1H), 2.37 (s, 3H), 2.12-2.28 (m, 2H), 1.97-2.12
(m, 1H). '3C NMR ¢ 153.2, 141.4, 139.8, 138.2, 137.1,
135.9, 129.8, 129.3, 127.6, 125.6, 107.2, 106.5, 68.1, 50.0,
444, 38.7, 244, 21.3. MS m/z 381 (M—OCHj3;). Anal.
Calcd (C5H24N»04S): C, 64.06; H, 5.86; N, 6.79. Found:
C, 64.33; H, 6.03; N, 6.51.
5-(4-Methanesulfonylphenyl)-3-(2-methoxytetrahydrofu-
ran-2-yl)-1-(4-trifluoromethyl-phenyl)-1H-pyrazole  (6).
White solid. Yield 78%. Mp 120-123°C. 'H NMR §
7.94 (d, J = 8.3Hz, 2H), 7.64 (d, J = 8.6 Hz, 2H), 7.40-7.51
(m, 4H), 6.71 (s, 1H), 4.03-4.28 (m, 2H), 3.29 (s, 3H), 3.11
(s, 3H), 2.40-2.55 (m, 1H), 1.95-2.30 (m, 3H). *C NMR
0 154.5, 142.3, 141.9, 140.6, 135.5, 130.0 (Jc r=33.2),
129.5, 128.0, 126.5, 125.5, 122.0, 108.7, 106.4, 68.4, 50.2,
44.5, 38.8, 24.5. MS m/z 467 (MH™), 489 (MNa"), 435
(M—OCH3) Anal. Calcd (C22H21F3N204S)1 C, 5665, H,
4.54; N, 6.01; F, 12.22; S, 6.87. Found: C, 56.46; H, 4.50;
N, 5.83; F, 11.98; S, 6.69.
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1-(4-Fluoro-phenyl)-5-(4-methanesulfonylphenyl)-3-(2-meth-
oxytetrahydrofuran-2-yl)-1H-pyrazole (7). White foam.
Yield 69%. 'H NMR & 7.88 (dd, J=1.8 and 6.7Hz,
2H), 7.42 (dd, J = 1.8 and 8.6 Hz, 2H), 7.24-7.34 (m, 2H),
7.04-7.15 (m, 2H), 6.66 (s, |H), 4.08-4.50 (m, 2H), 3.27 (s,
3H), 3.07 (s, 3H), 2.35-2.51 (m, 1H), 1.91-2.58 (m, 3H).
C NMR 6 163.6, 160.3, 153.6, 141.6, 140.1, 135.7, 129.2,
127.7, 116.3, 116.0, 107.5, 106.4, 68.2, 50.0, 44.4, 38.7,
243. MS m/z 385 (M-OCH;). Anal. Calcd
(C51H, FN,O,4S): C, 60.56; H, 5.08; N, 6.73. Found: C,
60.61; H,5.12; N, 6.45.

1-(4-Chloro-phenyl)-5-(4-methanesulfonylphenyl)-3-(2-meth-
oxytetrahydrofuran-2-yl)-1H-pyrazole (8). White foam.
Yield 65%. Mp 65-68°C. 'H NMR 6 7.91 (d, J = 8.3Hz,
2H), 7.44 (d, J=8.3Hz, 2H), 7.18-7.37 (m, 4H), 6.68
(s, 1H), 4.00-4.22 (m, 2H), 3.27 (s, 3H), 3.09 (s, 3H),
2.30-2.52 (m, 1H), 1.98-2.30 (m, 3H). '*C NMR 4 153.9,
141.6, 140.3, 138.1, 135.6, 133.9, 129.43, 129.39, 127.8,
126.8, 107.9, 106.4, 68.3, 50.1, 44.5, 38.8, 24.4. MS m/z
401 (M-OCH;), 491 (M+OAc). Anal. Calcd
(C21H21C1N204S): C, 5826, H, 489, N, 647, S, 741, Cl,
8.19. Found: C, 58.03; H, 4.90; N, 6.20; S, 7.11; Cl, 8.10.
1-(4-Bromo-phenyl)-5-(4-methanesulfonylphenyl)-3-(2-meth-
oxytetrahydrofuran-2-yl)-1H-pyrazole (9). White solid.
Yield 76%. Mp 68-70°C. 'H NMR 6 7.90 (d, J = 8.4Hz,
2H), 7.31-7.53 (m, 4H), 7.18 (dd, J = 1.9 and 6.7Hz, 2H),
6.66 (s, 1H), 4.00-4.25 (m, 2H), 3.27 (s, 3H), 3.08 (s, 3H),

17.

19.

2.32-2.50 (m, 1H), 2.10-2.30 (m, 2H), 1.92-2.10 (m, 1H).
13C NMR 6 154.0, 141.6, 140.3, 138.6, 135.6, 132.4, 129.4,
127.8, 127.1, 121.9, 108.0, 106.4, 68.3, 50.1, 44.5, 38.8,
24.4. MS m/z 445/447 (M—OCHs3;), 535/537 (M+OAc).
Anal. Calcd (C,;H»;BrN,0O4S1/4mol H,O): C, 52.34; H,
4.50; N, 5.81. Found: C, 52.48; H, 4.54; N, 5.42.
4-[5-(4-Methanesulfonylphenyl)-3-(2-methoxytetrahydro-
furan-2-yl)-pyrazol-1-yl]-benzecarbonitrile  (10). White
solid. Yield 65%. Mp 148-150°C. 'H NMR 6 7.94 (d,
J=282Hz, 2H), 7.65 (d, J=8.4Hz, 2H), 7.40-7.48 (m,
4H), 6.69 (s, 1H), 4.00-4.20 (m, 2H), 3.27 (s, 3H), 3.10 (s,
3H), 2.40-2.52 (m, 1H), 2.00-2.30 (m, 3H).'*C NMR &
155.0, 142.9, 141.9, 140.9, 135.4, 133.3, 129.5, 128.1, 125.6,
118.1, 111.5, 109.2, 106.3, 68.4, 50.2, 44.5, 38.8, 24.4. MS
mlz 392 (M*OCH3) Anal. Calcd (C22H21N3O4S)Z C,
62.40; H, 5.00; N, 9.92. Found: C, 62.19; H, 4.83; N,
9.76.
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