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A novel class of fused pyrazole-derived inhibitors of p38a mitogen-activated protein kinase (MAPK) is
disclosed. These inhibitors were evaluated for their ability to inhibit the p38a enzyme, the secretion of
TNFa in a LPS-challenged THP1 cell line and TNFa-induced production of IL-8 in 50% human whole blood.
This series was optimized through a SAR investigation to provide inhibitors with IC50 values in the low
single-digit nanomolar range in whole blood. Further investigation of their pharmacokinetic profiles
led to the identification of two potent and orally bioavailable p38 inhibitors 10m and 10q. Inhibitor
10m was found to be efficacious in vivo in the inhibition of TNFa production in LPS-stimulated Lewis rats
with an ED50 of 0.1 mg/kg while 10q was found to have an ED50 of 0.05–0.07 mg/kg.

� 2009 Elsevier Ltd. All rights reserved.
Rheumatoid arthritis (RA) is a chronic and systemic inflamma-
tory disease characterized by inflammation and progressive joint
deterioration. Recently, biologics such as Enbrel� (etanercept),
Remicade� (infliximab), Humira� (adalimumab), and Kineret�

(anakinra) have demonstrated clinical efficacy in the treatment of
RA.1 These protein therapeutics act by blocking the action of TNFa
or IL-1 and are significant therapeutic advances for the treatment
of these often debilitating conditions.

The development of orally active small molecule inhibitors to
modify the proinflammatory cytokine release associated with RA
represents an attractive alternative due to drawbacks related to pa-
tient cost, and administration associated with biologics.2 p38 mito-
gen-activated protein kinase (MAPK) is a member of the
intracellular family of MAP kinases implicated in the phosphoryla-
tion cascade leading to the release of TNFa and other cytokines
including interleukin-1beta (IL-1b), interleukin-6 (IL-6) and inter-
leukin-8 (IL-8). p38 kinases are activated by a variety of stress
stimuli including osmotic shock, ionizing radiation, mechanical
wear, and cytokine stimulation.3 Activation results in the release
All rights reserved.

: +1 805 480 1337.
of TNFa among other cytokines and the migration of white blood
cells to the site of inflammation.

p38 exists in four isoforms (a, b, c, and d) and expression of
each isoform varies among different cell types of the immune sys-
tem. The p38a isoform is believed to be the most clinically relevant
for the treatment of RA,4 hence, p38a has emerged as an attractive
target for small molecule drug discovery to blockade the action of
TNFa.5

Amgen recently disclosed a series of phthalazine-derived p38
inhibitors6 which were found to be highly potent in cell-based as-
says and efficacious in the rat collagen induced arthritis (CIA) mod-
el. Although these inhibitors exhibited exceptional selectivity for
p38ab over other kinases, the future goal of the program was to
further improve upon this selectivity in addition to reducing brain
exposure (data not shown). Herein, the discovery and exploratory
structure–activity relationship (SAR) study of a novel pyrazolopy-
ridinone chemotype (1) is described (Fig. 1).

Inspiration for this scaffold was based on recent reports of p38
inhibitors containing a benzamide unit linked to a heterocycle via
an aniline nitrogen (Fig. 2). The first of these reports contained a
benzamide tethered to a triazine scaffold (2, Fig. 2).7 In subsequent
disclosures, the triazine moiety was replaced with various
other heteroaromatic groups including 5-cyanopyrimidines (3),8
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Scheme 1. General synthetic route used to access aniline NH- and O-linked
pyrazolopyridinone benzamides. Reagents and conditions: (i) Et3N, EtOH, 90 �C; (ii)
Ac2O, DMAP, Et3N, 1,2-DCE, reflux; (iii) KOH, EtOH, rt; (iv) NaH, LiBr, R1X, 10:1
DME:DMF; (v) LDA, THF, �78 �C to rt; (vi) POCl3, 100 �C; (vii) X = NH: Pd2(dba)3,
Dave-Phos, R2NH2, LiHMDS, THF, 60 �C; X = O: Pd2(dba)3, t-Bu2X-Phos, R2OH, K3PO4,
PhMe:THF 5:1, lwave, 120 �C.
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Figure 1. Pyrazolopyridinone-derived p38 inhibitors.
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4-(phenylamino)-pyrrolo[2,1-f][1,2,4] triazines (4)9 and more
recently pyrazolopyrimidines (5).10

The compounds necessary for our SAR investigation were pre-
pared in seven steps via the general route illustrated in Scheme
1. Thus, suitably functionalized pyrazoles (6) were readily pre-
pared in excellent yields (70–99%) upon treatment of an aryl
hydrazine with ethyl (ethoxymethylene) cyanoacetate.11 Amine
bis(acetylation) followed by mono-deprotection using ethanolic
potassium hydroxide at room temperature afforded the 5-amino-
pyrazole monoacetate (7) which could be N-alkylated using the de-
sired halide (R1X) (33–82% yield over three steps).12 A variety of
bases13 were then examined for the construction of the pyridinone
ring through an intramolecular cyclization. Ultimately, lithium di-
isopropyl amide (LDA) was found to be the most effective base to
achieve this cyclization (35–99%). Chlorination of the 4-hydrox-
ypyridinone cyclization product using phosphorus oxychloride14

furnished the common chloride coupling partner in modest yields
(9, 23–75%). Subsequent Buchwald–Hartwig amination with the
desired aniline afforded analogues 10 (X = NH) in moderate yields
(15–87%)15 while Buchwald etherification with phenols yielded the
corresponding ether analogues 10 (X = O) in low to moderate
yields (20–60%).16

The preliminary SAR focused on optimization of R2. The com-
pounds were tested for their ability to inhibit p38a (by monitoring
the phosphorylation of ATF2), as well as their potency in lipopoly-
saccharide (LPS) challenged TNFa production in a THP1 cell line
and in TNFa stimulated IL-8 secretion in 50% human whole blood
(hWB, Table 1).17

Compounds with R2 groups such as tetrahydropyran (10a) or
fluorinated aryl groups (10b–c) were inactive against p38a. Intro-
duction of a 3-substituted-4-methyl-pyridine motif at R2 (10d) re-
sulted in weak inhibition of p38a. Incorporation of an ortho-tolyl
benzamide as R2 provided several compounds which were potent
inhibitors of p38a and exhibited IC50 values in the low single-digit
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Figure 2. Examples of Bristol-Myers Squibb p38 inhibitors containing an aniline N-
linked benzamide motif.
nanomolar range in hWB (10e–h). The sterically demanding tert-
butyl amide (10i) exhibited a 100-fold reduction in potency in
the TNFa/IL-8 assay in hWB compared to the cyclopropyl amide
analogue 10h. Replacement of the amide with a carboxylic acid
(10j) led to loss of enzyme and cell-based potency, illustrating
the importance of the amide in this position.

SAR was then directed to further optimization of the scaffold
while conserving the cyclopropylamide18 portion of the benzamide
motif (Table 2). The fluorine substitution pattern on the aryl group
at the N-1 position of the pyrazolopyridinone ring had little influ-
ence on IC50 values in hWB, varying from 1.3–2.5 nM across a ser-
ies (e.g., 10k,h,u,y). Replacement of the benzamide ortho-tolyl
group (R3 = Me) with an ortho-chloro group (R3 = Cl) also resulted
in potent compounds (e.g., 10m,q,v,z). In contrast, introduction
of a fluorine atom (R3 = F) at this position resulted in a >4-fold
reduction in hWB potency (e.g., 10s,aa) as compared to R3 = Me.
Modifying the R1-substituent from a methyl group to an ethyl
group was well tolerated (e.g., 10n–p,r).19

Replacement of X = NH to X = O generally resulted in a sizable
erosion in THP1 and hWB potency. This is possibly attributed to
the decline in solubility of these compounds.20 One exception to
this trend was compound 10ab which retained low single-digit
nanomolar potency in the cellular assays.

In light of their excellent cellular potencies, a series of com-
pounds were profiled for their pharmacokinetic (PK) parameters
in order to differentiate these compounds for further studies (Table
3). With the exception of compounds 10g and 10z, all of the com-
pounds demonstrated low to moderate clearance. However, com-
pounds 10m and 10q stood apart as they displayed good
exposure (AUC) and excellent oral bioavailability (%F) following
oral dosing at 2 mg/kg.

The X-ray co-crystal structure of 10h bound to unphosphory-
lated p38a (Fig. 3)21 revealed several key binding interactions.
The NH of the Met109 linker residue engages in a hydrogen bond-
ing interaction with N-2 of the pyrazolopyridinone scaffold (3.2 Å)
while the N-1 aryl group is projected into a hydrophobic pocket
near the hinge region of the p38a enzyme. This aryl group is
skewed with respect to the pyrazolopyridinone scaffold as previ-
ously reported.10 The floor of this hydrophobic pocket contains
an Ala157 residue, which is smaller than the corresponding residue
in over 98% of the kinome.22 This residue engages in a tight van der
Waals contact with the 2-fluorophenyl substituent (3.4 Å), thereby
providing a structure-based approach for enhancing selectivity
over other kinases. The ‘gate-keeper’ residue, Thr106, is internally



Table 1
SAR of modifications to Ar and R2a
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Compd Ar R2 p38a IC50 (nM) THP1 LPS/TNFa IC50 (nM) hWB TNFa/IL-8 IC50 (nM)

10a 3-F-Ph O >1000 >2500 >2500

10b 2,6-Di-F-Ph F >1000b 546b >833

10c 2,4-Di-F-Ph
F

F

>1000b 937b >2500

10d 2,5-Di-F-Ph
N

444b 208b 403

10e 2,4-Di-F-Ph NH2

O

2.6b 1.9 3.4

10f 2,5-Di-F-Ph NH2

O

3.7b 7.5 7.1

10g 2,4-Di-F-Ph
H
N

O
OMe

1.1 1.1 1.4

10h 2,4-Di-F-Ph
H
N

O

3.2b 1.0 2.4

10i 2,4-Di-F-Ph
H
N

O

269b 65b 204

10j 2,4-Di-F-Ph OH

O

>1000 >2500b >2500

a The IC50 data are mean values derived from at least three independent dose–response curves. Variability around the mean value was <50%.
b Data represents an average of two dose–response curves.
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hydrogen-bonded to the carbonyl of His107 while the oxygen lone
pair participates in a hydrogen bond with the aniline NH (3.0 Å).
The cyclopropyl amide forms two key interactions with Asp168
and Glu71. The amide carbonyl forms a hydrogen bond to the NH
of Asp168 (2.9 Å) while the carboxylate of Glu71 forms a hydrogen
bond with the NH of the cyclopropyl amide (3.0 Å). Another feature
of the binding of this inhibitor is the presence of two water mole-
cules which serve to bridge the pyridinone carbonyl to the carbox-
ylate of Asp168 and Lys53 through a network of hydrogen bonds.
The ‘DFG in’ configuration (residues Asp168, Phe169, Gly170) is
observed as expected.23

Compounds 10m and 10q were screened against a panel of 60
kinases for potential off-target liabilities.24 While compound 10m
showed no selectivity over p38b (IC50 = 4 nM), it was very selective
against p38c, p38d isoforms and JNK1-3 (IC50 values >10 lM). It
also showed some inhibitory activity against c-Raf (40% POC at



Table 2
SAR of modifications to R1, R3 and Ara

N
R1

O

X

N
N

Ar

R3

O

H
N

10

Compd Ar R1 R3 X p38a IC50 (nM) THP1 LPS/TNFa IC50 (nM) hWB TNFa/IL-8 IC50 (nM)

10k 3-F-Ph Me Me NH 3.3b 1.3 1.7
10l 3-F-Ph Me Me O 8.5 12 29
10m 4-F-Ph Me Cl NH 1.5 1.1 2.5
10n 4-F-Ph Et Me NH 4.0b 1.1 1.9
10o 4-F-Ph Et Cl NH 1.2 1.0 0.93
10p 4-F-Ph Et Me O 4.0 1.8 13
10h 2,4-Di-F-Ph Me Me NH 3.2b 1.0 2.4
10q 2,4-Di-F-Ph Me Cl NH 1.0 0.44 1.1
10r 2,4-Di-F-Ph Et Cl NH 1.1 0.67 1.3
10s 2,4-Di-F-Ph Me F NH 13b 6.7 19
10t 2,4-Di-F-Ph Me Me O 7.8b 3.5 16
10u 2,5-Di-F-Ph Me Me NH 2.9b 1.0 2.5
10v 2,5-Di-F-Ph Me Cl NH 1.1 1.1 1.9
10w 2,5-Di-F-Ph Me Me O 6.1b 5.0 16
10x 2,5-Di-F-Ph Me Cl O 3.3b 14 79
10y 2,6-Di-F-Ph Me Me NH 1.9b 0.87 1.3
10z 2,6-Di-F-Ph Me Cl NH 1.1b 0.62 1.5
10aa 2,6-Di-F-Ph Me F NH 1.9 3.2 8.2
10ab 2,6-Di-F-Ph Me Me O 1.4 1.0 2.6

a The IC50 data are mean values derived from at least three independent dose–response curves. Variability around the mean value was <50%.
b Data represents an average of two dose–response curves.

Table 3
Mean pharmacokinetic parameters for a series of compounds in male Sprague–
Dawley ratsa

Compd iv (2.0 mg/kg in DMSO) po (2.0 mg/kg)b

CL ((L/h)/kg) Vdss (L/kg) t1/2 (H) AUC(0-inf.) (ng.h/mL) F (%)

10g 2.6 1.7 3.3 120 15
10m 0.26 0.97 5.8 6547 84
10o 0.41 1.8 3.7 2293 45
10p 0.27 1.1 3.2 1496 41
10q 0.37 1.2 3.8 4612 81
10r 0.42 1.5 3.4 776 16
10v 0.52 1.2 2.1 2163 56
10y 0.88 1.2 2.8 273 12
10z 1.3 1.9 3.4 139 9
10ab 0.63 1.3 2.3 244 7

a Values are for an average of three rats.
b Vehicle: 1% Pluronic F68, 1% HPMC, 15% hydroxypropyl b-cyclodextrin, 83%

water.
Figure 3. X-ray co-crystal structure of compound 10h with unphosphorylated
p38a.

R. P. Wurz et al. / Bioorg. Med. Chem. Lett. 19 (2009) 4724–4728 4727
1.5 lM). Compound 10q displayed a very similar selectivity profile
to that of 10m (c-Raf 75% POC at 1.5 lM). Compound 10m was 97%
and 94% bound to rat and human plasma protein, respectively
(determined by ultrafiltration methods) while compound 10q
was 98% and 96% bound to rat and human plasma protein, respec-
tively. Compound 10m showed little inhibition of CYP 450 iso-
forms with 3A4 and 1A2 (IC50 >30 lM) and 2C9, 2C19 and 2D6
(IC50 >21 lM). Compound 10q did have a CYP 450 liability with
2C9 (IC50 8.4 lM). Two other isoforms were tested and found to
be satisfactory with 2C19 (IC50 16 lM), and 2D6 (IC50 22.7 lM).

Based on their suitable PK and selectivity profiles, compounds
10m and 10q were advanced to in vivo studies. The in vivo efficacy
of compounds 10m and 10q were demonstrated in an animal disease
model of LPS induced TNFa production in female Lewis rats.25 Both
compounds were administered at 0.01, 0.03, 0.1, and 0.3 mg/kg
and resulted in an ED50 of ca. 0.1 mg/kg for compound 10m (Fig. 4)
and an ED50 of ca. 0.05–0.07 mg/kg for compound 10q (Fig. 5). The
plasma exposure at the ED50 is 3.2 ng/mL for compound 10m and
estimated to be between 0.9 and 1.3 ng/mL for compound 10q. Com-
pounds 10m and 10q were also found to have very low brain to plas-
ma ratios of 0.04 and 0.06, respectively.

In conclusion, through SAR studies a novel class of pyrazolopy-
ridinone p38 inhibitors has been identified. Compounds from this
series show excellent potency against p38a, in THP1 cell-based as-
says and in TNFa challenged IL-8 secretion assays in 50% hWB.
Pharmacokinetic profiling also revealed that inhibitors 10m and
10q were orally bioavailable and displayed low iv clearance. Com-
pounds 10m and 10q were evaluated in vivo and found to inhibit



Figure 4. Effect of 10m on LPS induced TNFa production in female Lewis rats.
Vehicle or compound was dosed po 60 min prior to injection with LPS IV (100 lg/
rat). Blood was collected 90 min later. Serum TNFa levels were determined by ELISA
(Biosource). Data points represent mean ±STE (n = 6 rats/group): (*) p <0.01 versus
vehicle control.

Figure 5. Effect of 10q on LPS induced TNFa production in female Lewis rats.
Vehicle or compound was dosed po 60 min prior to injection with LPS IV (100 lg/
rat). Blood was collected 90 min later. Serum TNFa levels were determined by ELISA
(Biosource). Data points represent mean ±STE (n = 6 rats/group): (*) p <0.01 versus
vehicle control.
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the LPS induced production of TNFa with ED50’s of 0.1 mg/kg and
ca. 0.05–0.07 mg/kg, respectively.
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