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Abstract—4-Aryl-5-pyrimidyl-based cytokine synthesis inhibitors of TNF-a production, which contain a novel bicyclic pyrazole
heterocyclic core, are described. Many of these inhibitors showed low nanomolar activity against LPS-induced TNF-a production
in a THP-1 cell-based assay and against human p38a MAP kinase in an isolated enzyme assay. The X-ray crystal structure of a
bicyclic pyrazole inhibitor co-crystallized with mutated p38 (mp38) is presented.
� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Tumor necrosis factor-a (TNF-a) is a key pro-inflam-
matory cytokine produced in response to immunostimu-
lants primarily by activated monocytes/macrophages to
help clear infections and damaged cells from injured tis-
sues. However, the overexpression of TNF-a has been
implicated in a number of serious inflammatory disor-
ders1 such as rheumatoid arthritis,2 inflammatory bowel
disease (IBD),3 osteoarthritis,4 and Crohn�s disease.
Furthermore, TNF-a is a potent inducer of other pro-
inflammatory cytokines such as IL-1, IL-6, and IL-8.5

Accordingly, agents that inhibit TNF-a production
can diminish the levels of these proinflammatory cyto-
kines resulting in a reduction of inflammation and pre-
vention of further tissue destruction.

Our research strategy involves designing kinase inhibi-
tors that will result in the inhibition of TNF-a forma-
tion. There are multiple points at which one may
effectively inhibit TNF-a synthesis since several MAP
kinases exist in the signaling cascade. With this in mind,
our primary assay entails screening analogs for inhibi-
tion of TNF-a production in LPS-stimulated human
monocytic cells (THP-1). Although we are interested
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in the efficacy of our inhibitors against the overall cas-
cade that leads to TNF-a formation, inhibition of p38
kinase may be one possible pathway through which
the intended cellular effect is being demonstrated.

Various p38 inhibitors have been reported containing a
common 4-aryl-5-pyridinyl (or 5-pyridyl)-based motif
fused to a five or six-membered heterocyclic core,6 such
as SB2035807 (Fig. 1), which represents a prototypical
pyridyl imidazole-based inhibitor.

In a previous paper, we have reported the development
of a class of cytokine inhibitors, which contains a vicinal
bis-aryl five-membered heterocyclic core (Fig. 2).8 In our
continued effort towards the development of disease
modifying treatments for osteoarthritis, we began to
SB203580
TNF-α IC50 = 72 nM
p38 kinase IC50 = 136 nM

Figure 1. Imidazole-based pro-inflammatory cytokine inhibitor.
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Figure 2. Vicinal bis-aryl five-membered heterocyclic cytokine inhib-

itor.
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investigate other vicinal bis-aryl five-membered hetero-
cycles as potential TNF-a inhibitors and these efforts
led to the development of a new structural class of cyto-
kine inhibitors, which contain a novel bicyclic pyrazole
core. Herein we wish to report the synthesis and struc-
ture–activity relationships for this developing series.
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Scheme 1. Synthesis of pyrazolones 2 and 8. Reagents and conditions:

(a) LDA, 4-pyridine-carboxaldehyde 3 or 2-methylsulfanyl-pyrim-

idine-4-carbaldehyde 4, THF, �78�C, 76%; (b) CrO3, pyridine,

CH2Cl2, 43%; (c) Semicarbazide hydrochloride, EtOH, 78�C, 81%;

(d) Br(CH2)nBr, NaH, DMF, rt.
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Scheme 2. Synthesis of the bicyclic pyrazole series. Reagents and

conditions: (a) Br(CH2)nBr, NaH, DMF, rt, 44%; (b) mCPBA, CHCl3,

0 �C, quant.; (c) R1NH, toluene, 120 �C or ArOH, NaH, THF.
2. Chemistry

Based upon the success of the triazole series (Fig. 2),8 we
began to explore similar heterocycles as potential TNF-
a inhibitors such as the pyrazolone series. The unsubsti-
tuted parent pyrazolone 7 was synthesized in four steps
from commercially available starting materials. Aldol
reaction of methyl 4-fluorophenylacetate (2, Scheme 1)
with 4-pyridine-carboxaldehyde (3) or 2-methylsulf-
anyl-pyrimidine-4-carbaldehyde (4) using LDA gives b-
hydroxyester products 5a–b. Alcohols 5a–b are oxidized
with chromium trioxide/pyridine to provide b-ketoesters
6a–b containing the desired 4-fluorophenyl and either
pyridyl or pyrimidyl functionality. The pyrazolone core
is installed through a thermal cyclization reaction be-
tween b-ketoesters 6a–b and semicarbazide hydrochlo-
ride (EtOH, 78 �C) to give 1,2-dihydropyrazolones 7
and 8. We envisioned further functionalization of 7 via
alkylation with dihaloalkanes to provide bicyclic pyr-
azolone 9. However, alkylation of the 1,2-dihydropyrazo-
lone 7 with 1,3-dibromopropane in the presence of NaH
gives bicyclic pyrazole 10a (Scheme 2) instead of the
anticipated bicyclic pyrazolone 9.9 Alkylation of the
1,2-dihydropyrazolone 8 with either 1,2-dibromopro-
pane or 1,2-dibromoethane in the presence of NaH gives
10b–c as either a [5,6]- or [5,5]-bicyclic pyrazole, respec-
tively. The 2-substituted pyrimidyl bicyclic pyrazole ser-
ies provides an added benefit of a second site for
functionalization. Oxidation of the thiomethylether
group in 10b–c to the corresponding sulfoxide 11 is per-
formed using mCPBA in CHCl3. Finally, displacement
of sulfoxide 11 with either amines (R1NH2, toluene,
120 �C) or phenol (ArOH, NaH, THF) gives the corre-
sponding amino- and phenoxy-bicyclic pyrazoles.
3. Results and discussion

Table 1 summarizes the results from our screening of se-
ven novel bicyclic pyrazoles for inhibiting the produc-
tion of TNF-a in LPS-stimulated human monocytic
cells (THP-1)10 and for the inhibition of human p38
MAP kinase.13 The initial [5,6]-bicyclic pyrazole 10a
demonstrated similar effectiveness as an inhibitor of



Figure 3. X-ray crystal structure of bicyclic pyrazole 12b co-crystal-

lized with mutated p38 (mp38) enzyme.

Table 1. TNF-a inhibition data for the bicyclic pyrazole derivatives

N X

F

N
N n

Y

O

Compound n X Y TNF-a
IC50 (lM)

Human p38

MAP Kinase

IC50 (lM)

1 –– –– –– 0.49 0.31

7 –– C H 3.1 0.32

10a 2 C H 3.1 0.46

12a 2 N O >10 6.6

12b 1 N O 0.30 2.2

12c 1 N
NH

>2.0 11.2

12d 1 N NH
MeO

1.7 0.28

12e 1 N NH 0.08 0.36
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both TNF-a synthesis and human p38 MAP kinase as
the unsubstituted parent pyrazolone 7. In the pyrimidyl
series, the [5,5]-bicyclic pyrazole inhibitor 12b proved to
be a more potent inhibitor of both TNF-a production
and human p38 MAP kinase than its [5,6]-bicyclic pyr-
azole counterpart 12a. The X-ray crystal structure14 of
bicyclic pyrazole 12b co-crystallized with mutated p38
(mp38) is shown in Figure 3. The mutated p38a herein
described is a double mutant (S180A, Y182F) of murine
p38a.17 The phenoxy-substituted inhibitor 12b orients
itself in the mp38 enzyme such that the 4-fluorophenyl
ring lies in the hydrophobic (specificity) pocket
(Thr106). The inhibitor has a direct interaction between
the oxygen of the pyrazole ring and Lys53 as well as
an interaction between the nitrogen of the pyrimidine
ring and the Met109 N–H. However, the oxygen of the
phenoxy-substituent suffers from a possible repulsive
interaction with the carbonyl of Met109.

Various amine analogs were then synthesized in the
hope of obtaining a more favorable interaction between
the amine substituent and the carbonyl of the Met109
residue. However, sulfoxide displacement with a benzyl-
amine (12c) resulted in a less potent inhibitor. Smaller
alkyl amines such as 2-methoxypropyl amine (12d) re-
sulted in a modest improvement in potency against
TNF-a production. Bicyclic pyrazole 12e containing a
sec-butylamine substitution on the 2-position of the pyr-
imidine ring demonstrated a pronounced improvement
in potency against TNF-a formation (IC50 = 0.08lM)
as compared to the other analogs in this series. Presum-
ably, the improvement in activity seen with 12e is due to
the amine providing an additional interaction with the
carbonyl of Met109 as compared to 12b. Additionally,
bicyclic pyrazoles 12d and 12e proved to be as effective
as the initial pyrazolone lead 7 against human p38
MAP kinase.

The discrepancies between the human p38 MAP kinase
data and the TNF-a inhibition data suggest that the
bicyclic pyrazole series is possibly inhibiting TNF-a pro-
duction via multiple mechanisms. Recent literature re-
ports18 have described known p38 inhibitors to be
even more effective at inhibiting the RICK (Rip-like
interacting caspase-like apoptosis-regulatory protein
[CLARP] kinase/Rip2/CARDIAK) kinase, which is a
signal transducer of inflammatory responses.

In conclusion, we have reported the synthesis of a series
of novel bicyclic pyrazole inhibitors of TNF-a synthesis.
Beginning from a modestly active lead 10a, we have
identified bicyclic pyrazole 12e (IC50 = 0.08lM) as a po-
tent inhibitor of TNF-a formation in an in vitro assay
against LPS-stimulated production of TNF-a. We hope
to report further progress in developing this series of
bicyclic pyrazoles in the near future.
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