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Abstract—Inhibitors of the MAP kinase p38 provide a novel approach for the treatment of osteoporosis, inflammatory disorders,
and cancer. We have identified N-(3-tert-butyl-1-methyl-5-pyrazolyl)- N'-(4-(4-pyridinylmethyl)phenyl)urea as a potent and selective
p38 kinase inhibitor in biochemical and cellular assays. This compound is orally active in two acute models of cytokine release
(TNF-induced IL-6 and LPS-induced TNF) and a chronic model of arthritis (20-day murine collagen-induced arthritis). © 2002

Elsevier Science Ltd. All rights reserved.

The MAP kinase p38 is involved in IL-1B and TNFa
signaling pathways,! and provides a novel approach to
the treatment of osteoporosis and inflammatory dis-
orders. For example, SB 203580 (1, Fig. 1), shows
potent activity in models of endotoxin shock and bone
resorption.? In addition, p38 kinase has been linked to
angiogenesis through cellular VEGF production.?
Screening of a Bayer combinatorial chemistry library
afforded a novel class of p38 inhibitors such as urea 2.

Early optimization of urea 2 (Fig. 1) into phenylpyr-
azolyl ureas has already been reported in this journal,
and provided in vivo proof-of-principle for this com-
pound class.* More recently, X-ray crystallographic
data suggested that diarylureas are binding to an allos-
teric domain of p38 kinase.> The present report focuses
on optimization of phenoxy-phenyl urea 3, resulting in

*Corresponding author. Tel.: +1-203-812-5204; fax: +1-203-812-
3655; e-mail: jacques.dumas.b@bayer.com

further improvements of both potency and drug-like
properties.®

Synthetic routes to ureas similar to 2 and 3, as well as
the SAR of the pyrazole unit of urea 2 have already
been reported by our group.*’ The focus of this study is
the bisaryl ether side chain of 3 (Tables 1 and 2). While the
introduction of nonpolar substituents at the 4-position of
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Figure 1. P38 kinase inhibitors.
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the phenoxy group (entries 4-6) does not seem to
impact p38 kinase activity, addition of hydrogen bond
donors such as amides (7-9), carbamates (11-12), or
phenols (13) improves potency. Pyridines 22 and 23
(Table 2) also offer good replacements for the phenyl
group of 3 and display potent activity in both the p38
kinase assay and the functional assay (IL-1-TNFa-
induced IL-6 production in SW1353 cells).® The oxygen
linker atom of urea 3 can easily be replaced by a sulfur
atom, a methylene, or a thiomethylene group. The
observation that the length of the linker is non-critical
for activity, and that hydrophilic substituents are pre-
ferred on this side of the molecule suggests that the
extremity of the biaryl side chain could be extending
into solvent. Our first acute in vivo model measures
TNFao induced IL-6 production in mice, and provides
oral efficacy data with a rapid turnaround time.® Car-
bamate 11 shows a promising in vitro profile, but does
not demonstrate significant activity in our in vivo
screening model (Table 3). In contrast, urea 23 and its

Table 1. Substitution of the bisaryl ether

methylene analogue 22 show significant effects in this
model, at doses ranging from 25 to 50 mg/kg po. The
latter analogue was selected for chronic pharmacology
studies.

The in vitro kinase selectivity of urea 22 was evaluated
against a panel of receptor kinases and cytosolic kina-
ses. Of these, only the isoform p38 BI is inhibited at
appreciable levels.! This finding appears consistent
with the hypothesis developed by Regan et al.> in which
pyrazolyl ureas bind to an allosteric stire specific to p38,
outside of the ATP pocket. Plasma exposure following
single dose oral administration in mice was then mea-
sured, and is depicted in Figure 2. Micromolar levels of
22 are maintained for 4h after a 10 mg/kg single oral
administration (0.5% Tween 80/water vehicle). The
ability of urea 22 to block LPS-induced TNFa synth-
esis'! was also measured, and is summarized in Table 4.
Potent inhibition of TNFa production is observed at
20 mg/kg po single dose. In comparison, SB 203580 1 is
also efficacious in this model (30 mg/kg po).

The activity of urea 22 was then assessed in a 20-day,
murine model of arthritis (Fig. 3, Table 5).!2 In this
model, mice are immunized with bovine type II col-
lagen, then treated with test compounds or vehicle. The
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Table 4. Activity of compounds 1 and 22 in LPS-induced TNFa
production in mice

Table 5. Activity of SB 203580 (1) and urea 22 in 20-day murine
collagen-induced arthritis model: clinical scores and histopathology

Compd Dose Plasma % P Compd Dose Clinical score Histopathology
(mg/kg po) TNFo Inhib. Value (mg/kg)
(ng/mL,£+SEM) No. paws affected % regression  IC 10
Vehicle 37.54£2.9 Vehicle 2.3+04 19.1£8.0 1.13  0.63
1 10 38.0+5.6 —1.4 NS 1 50 1.04+0.4* 65.0+£13.5*  0.63* 0.25*
1 30 13.0+£2.8 65.4 <0.0001 22 3 1.44+0.5 43.5+15.8 0.80 0.33
22 10 46.7+5.3 —24.5 NS 22 10 1.9+0.5 25.0+13.4 0.78  0.30
22 20 19.8+2.3 47.1 <0.0001 22 30 0.740.3* 61.7+£14.5* 0.382  0.20*
22 50 5.14+0.7 86.5 <0.0001
IC, inflammatory cells; 10, interstitial oedema.
4Significant from vehicle (p <0.05).
"
82, 591. Jackson, J. R.; Bolognese, B.; Hillegass, L.; Kassis, S.;
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o, Ther. 1998, 284, 687.
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[55] Lowinger, T. B.; Redman, A. M.; Johnson, J. S.; Kingery-
£ 1 p<0.05 Wood, J.; Scott, W. J.; Smith, R. A.; Bobko, M.; Schoenleber,
g, R.; Ranges, G. E.; Housley, T. J.; Bhargava, A.; Wilhelm,
3 S. M.; Shrikhande, A. Bioorg. Med. Chem. Lett. 2000, 10,
i 2047. Ranges, G. E.; Bortolon, E.; Chau, T.; Dixon, B. R.;
Bhargava, A.; Dumas, J.; Gianpaolo-Ostravage, C.; Hatoum-
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Figure 3. Activity of SB 203580 (1) and urea 22 in 20-day murine
collagen-induced arthritis model: severity scores.

In conclusion, optimization of urea 3 through a com-
bined combinatorial and medicinal chemistry effort
resulted in improvements of both potency and drug-like
properties. As a result, we identified N-(3-tert-butyl-1-
methyl-5-pyrazolyl)- N'-(4-(4-pyridinyl-methyl)phenyl)urea
2213 as a potent and selective inhibitor of the MAP
kinase p38. This analogue is orally available in mice,
and shows significant in vivo activity in two acute
models of cytokine release (TNFa-induced IL-6 and
LPS-induced TNFa) and a chronic model of arthritis
(20-day murine collagen induced arthritis).
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20-30 psi hydrogen pressure until reduction was complete by
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Step 3: synthesis of urea 22. A suspension of 5-amino-3-tert-
butyl-1-methylpyrazole (300.0g, 1.96 mol) in methylene chlo-
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