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Design and synthesis of potent pyridazine inhibitors
of p38 MAP kinase
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Abstract—Novel potent trisubstituted pyridazine inhibitors of p38 MAP (mitogen activated protein) kinase are described that have
activity in both cell-based assays of cytokine release and animal models of rheumatoid arthritis. They demonstrated potent inhibi-
tion of LPS-induced TNF-a production in mice and exhibited good efficacy in the rat collagen induced arthritis model.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Inhibitors of p38 mitogen activated protein (MAP) ki-
nase inhibit the production of proinflammatory cyto-
kines, for example, tumor necrosis factor-a (TNF-a)
and interleukin-1b (IL-1b), whose accumulation initiates
a cascade of events leading to inflammation and tissue
destruction in diseases such as rheumatoid arthritis
(RA),1 Crohn�s disease,2 inflammatory bowel syndrome,
and psoriasis. The inhibition of TNF-a and IL-1b pre-
sents a useful therapeutic strategy to suppress the
inflammation and prevent joint damage caused by RA,
as shown by the newer biologic therapies for RA (eta-
nercept, infliximab, adalimumab, and anakinra) that
target these cytokines. p38 MAP kinase is a member
of a family of serine–threonine kinases that are activated
by dual phosphorylation of a TGY motif.3 This phos-
phorylation is carried out by dual specificity kinases
(MKK3 and MKK64) in response to extracellular sti-
muli such as osmotic shock, endotoxins (lipopolysacha-
ride, LPS), UV light or cytokines.5

Therefore, pharmacological inhibition of p38 kinase is a
potential therapy for inflammatory conditions due to
excessive cytokine production.
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2. Chemistry

3,4,6-Trisubstituted pyridazines were prepared by reac-
tion of hydrazine with either a 1,4-diketone or a 1,4-
diketoester.6,7 Aromatization of the cyclized adducts
followed by functional group modifications provided
the target analogues.

The preparation of 6-substituted carbon analogues is
shown in Scheme 1. Ketones 1 and 2 were prepared by
reaction of the anion derived from either 2-fluoro-4-meth-
ylpyridine (3) or 4-methyl-2-(methylthio)pyrimidine8 (4)
with the Weinreb amide of 3-trifluoromethylbenzoic
acid (5). Alkylation of the enolates of 1 and 2 with
4-(2-chloroacetyl)-piperidine-1-carboxylic acid benzyl
ester9 led to the 1,4-diketones 6 and 7, respectively.
The cyclization to form the 3,4-dihydropyridazines was
carried out by heating the 1,4-diketones with hydrazine
in t-butanol under reflux followed by evaporation of
the solvent and heating at 180 �C under high vacuum.
Aromatization by oxidation using DDQ in toluene
provided the pyridazines 8 and 9. The pyridazine 8
was converted to the analogue 10 by nucleophilic
displacement of the fluoride in neat (S)-a-methylbenzyl-
amine followed by hydrogenolysis of the protecting
group. Sulfide 9 was oxidized to the sulfone 11 by
heating under reflux with 30% hydrogen peroxide and
sodium tungstate in methanol.10 Nucleophilic displace-
ment of the sulfone with different amines led to 12, 13,
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Scheme 1. Synthesis of piperidine-pyridazines. Reagents and conditions: (i) LDA, THF, �78 �C, 60–64%; (ii) 60% NaH, DMSO, rt, 0.5 h then 4-(2-
chloroacetyl)-piperidine-1-carboxylic acid benzyl ester, rt, 18 h, 26–28%; (iii) (a) N2H4, t-BuOH, reflux, 0.5 h, then neat heated at 180 �C under high
vacuum; (b) DDQ, toluene, rt, 18 h, 32–75%; (iv) (S)-a-methylbenzylamine, 125 �C, 3 h, 70%; (v) Pd/C, H2, rt, 18 h, 31–87%; (vi) 30% H2O2,

Na2WO4Æ2H2O, MeOH, reflux, 18 h, 90%; (vii) R
1NH2 neat 125 �C, 57–70%; (viii) ArCOCl, Et3N, DCM, rt, 88–95%; (ix) EDC, HOBt, (R)-lactic

acid, 93%.
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and 14. Acylation of 12 with benzoyl chloride or p-fluoro-
benzoyl chloride followed by deprotection of the
Cbz group afforded the analogues 15 and 16. Hydro-
genolysis of 13 and 14 gave pyridazines 17 and 18.
Compound 17 was further acylated with lactic acid to
give 19.

Synthesis of the 6-amino substituted analogues is illus-
trated in Scheme 2. Ketones 24 and 25 were synthesized
by condensing the anion derived from 2-methylpyrimi-
dine (20) or 4-picoline (21) with the Weinreb amides
22 and 23, respectively. Alkylation of the enolatates
derived from the ketones 24 and 25 with ethyl bromo-
acetate led to the ketoesters 26 and 27, respectively.
Cyclization with hydrazine in t-butanol, followed by
oxidation with bromine in acetic acid afforded hydroxy-
pyridazines 28 and 29. Treatment of 28 and 29 with
phosphorous trichloride gave the chloropyridazines 30
and 31, respectively. The target analogues 32–41 were
then prepared by treatment of the corresponding chloro-
pyridazine with primary or secondary amines.
3. Biological results and discussion

Many small molecular inhibitors of p38 MAPK present
a similar structural motif containing a vicinal pyridin-4-
yl/phenyl group attached to a central heterocyclic core.11

Crystallographic studies have shown that these types of
p38 inhibitors bind to the ATP binding pocket of the
enzyme.12 The pyridyl nitrogen forms a key hydrogen
bond interaction with the main chain NH of Met109
and the aromatic group occupies the lipophilic pocket,
which includes residues Ala51, Lys53, Leu75, Ile84,
Leu86, Leu104, and Thr106. However, many of these
inhibitors, although very potent in vitro and in vivo,
have shown significant hepatotoxicity in part due to
their inhibition of cytochrome p450�s.11 Recently, sev-
eral groups have disclosed new analogues that incorpo-
rated an a-substituted aminopyridine or amino-
pyrimidine moiety in place of an unsubstituted pyridine
or pyrimidine with decreased p450 inhibition.13

Our approach was to design and prepare compounds
that incorporated some of these features using a
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Scheme 2. Synthesis of aminopyridazines. Reagents and conditions: (i) LDA, THF, �78 �C, 69–72%; (ii) 60% NaH, DMSO, 0 �C, 45 min then ethyl
bromoacetate, rt, 18 h, 20%; (iii) N2H4, t-BuOH, reflux, 0.5 h, then neat 180 �C under high vacuum, quant; (iv) Br2, AcOH, 95 �C, 2 h, 51–63%; (v)
POCl3, Et3BzNCl, iPr2EtN, 100 �C, 2 h, 58–76%; (vi) R2NH, K2CO3, NMP, 100 �C, 18 h, 10–35%.
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pyridazine as a central scaffold.6 In the first series of
analogues (10 and 17) we confirmed what was previously
reported for the imidazole series.14 Both compounds are
very potent in the binding and cellular assays15,16 (see
Table 1). However, their pharmacokinetic properties
are distinct. Using human liver microsomes we deter-
mined that the pyrimidine analogue 17 is more metaboli-
cally stable than 10 (125 vs 750 lL/min/mg), this could
be in part due to the reduced basicity of the pyrimidine
nitrogen compared to the pyridine, decreasing its ten-
dency to oxidation. We also tried to improve potency
by introducing an a-hydroxyamide on the piperidine
ring (19), this analogue although very potent is rapidly
cleared. Using molecular modeling based on the co-
crystal structures of closely related analogues (unpublished
data), we determined the mode of binding of this type of
trisubstituted pyridazines. As expected, the aryl substi-
tuent (mCF3-phenyl and napthyl) of the pyridazine core
fills the previously mentioned hydrophobic pocket
(Ala51, Lys53, Leu75, Ile84, Leu86, Leu104, and
Thr106) and the pyridyl/pyrimydyl nitrogen (p-position)
forms a key hydrogen bond interaction with the NH of
Table 1. SAR of piperidyl/pyridazines

CF3

N

N X

NR1

N

Compd X R1 R2 p

10 C (S)-PhCH(CH3) H 2

15 N MeCOPh H 7

16 N MeCO-pFPh H 1

17 N (S)-PhCH(CH3) H 1

18 N pF-PhCH(CH3) H 1

19 N (S)-PhCH(CH3) COCOHMe 6
Met109. The phenyl group on the pyridine/pyrimidine
substituent occupies a second hydrophobic pocket
around the linker residues (Met109, Gly110, Ala111,
and Asp112) and residue Leu167. To utilize these impor-
tant hydrophobic interactions we designed a second ser-
ies of compounds having a lipophilic amine linked to the
6-position on the central core (Table 2). With the assist-
ance of co-crystal structures17 and molecular modeling
we postulated that these two types of compounds utilize
very similar protein residue interactions (see Fig. 1).
Although we were able to get a new key interaction be-
tween the amino group on the side chain and the back-
bone of Ser154 (see Fig. 2)18 the new series is in general
less potent than the original carbon analogues (cf. 17
and 32). The pyridine analogues are 10-fold more potent
than the pyrimidine (cf. 32 and 34). Introduction of
substituent at the aromatic ring on 34 did not affect
potency (35). Secondary or tertiary amines were well
tolerated at the 6-position (34 and 39) however, when
the nitrogen at the 6-position is tertiary, the compounds
are less selective against JNK3. Alkylation of the side
chain nitrogen only reduces the potency slightly (34 vs
NR2

38 (Ki, nM) JNK3 (Ki, nM) THP–TNF (IC50, nM)

.1 ± 0.3 2970 ± 31 21.5 ± 0.6

09 ± 15 >10,000 1286 ± 153

772 ± 82 >10,000 1245 ± 54

.6 ± 0.2 1584 ± 147 5.3 ± 0.1

0.2 ± 0.5 >10,000 93.4 ± 10.4

.0 ± 0.9 556 ± 67 15.4 ± 1.1



Table 2. SAR of aminopyridazines

R1 N

N X

N

R2

Compd X R1 R2 p38 (Ki, nM) JNK3 (Ki, nM) THP–TNF (IC50, nM)

32 N mCF3-Ph
NH

NH2
56.2 ± 2.8 >10,000 40.2 ± 3.8

33 N mCF3-Ph
NH

NH2
179.3 ± 4.2 >10,000 251.2 ± 7.4

34 C Napht
NH

NH2
7.0 ± 0.5 735 ± 22 50.1 ± 6.3

35 C Napht
NH

NH2F
1.8 (n = 1) 1056 (n = 1) 92.2 (n = 1)

36 C Napht
NH

NH 20.4 ± 0.3 598 ± 55 110 ± 17

37 C Napht
NH

N 9.2 ± 0.2 81.5 ± 7.9 5.5 ± 0.3

38 C Napht
NH

NH

O OH
65.9 ± 5.2 211 ± 31 661 ± 93

39 C Napht
N

HN
7.3 ± 0.2 160 ± 15 67.6 ± 3.0

40 C Napht
N

HN
29.7 ± 1.9 650 ± 29 63.6 ± 6.4

41 C Napht

N

NO

OH

31.8 ± 0.6 72.5 ± 0.7 552.3 ± 51.8

Figure 1. Model of 17 and 32 bound in the ATP-binding site of p38

MAP kinase.

Figure 2. X-ray crystal structure of 39 cocrystallized with p38 MAP

kinase.
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36 and 37); however, we observed a significant dimini-
shing in cell potency (THP-1) and selectivity when the



Table 3. Inhibition of LPS induced TNF-a and IL-1b in human whole
blood

Compd WB TNF-a
(IC50, nM)

WB IL-1b
(IC50, nM)

10 5850 ± 8111 453 ± 513

17 1563 ± 738 610 ± 243

32 1827 ± 1667 2420 ± 2369

34 165 ± 34 454 ± 149

35 948 ± 28 974 ± 25

39 240 ± 57 415 ± 132

40 547 ± 331 550 ± 379
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side chain nitrogen is acylated (38 and 41). We observed
a good correlation between the binding and cell potency
(THP-1) for most of these analogues.

To select compounds for further in vivo evaluation, we
measured the activity of the most potent analogues in
inhibiting the LPS-induced release of IL-1b and TNF-a
from human whole blood (Table 3). This shift of
potency in this assay relative to the p38 kinase inhibition
assay provides information on the cell permeability and
protein binding.19

Based on its potency and pharmacokinetic profile,20 the
pyridazine 39 was evaluated on two models of rheuma-
toid arthritis. In the murine LPS challenge model,21 39
has an ED50 of 1.28 mg/kg when administered orally
1 h prior to LPS challenge.

Compound 39 was also effective in the rat collagen
induced arthritis (CIA) model,22 when administered at
0.3, 1, and 3 mg/kg once a day beginning on day 11
through day 13. Pyridazine 39 inhibited paw swelling
in this model dose dependently with an ED50 of 2.7
mg/kg.

In summary, two series of trisubstituted pyridazines
have been identified as p38 inhibitors. Using molecular
modeling and XR crystallography we were able to deter-
mine that the two different classes occupied a similar
space in the protein binding pocket. Pyridazine 39 from
this series showed oral efficacy in the mouse LPS and rat
CIA in vivo models. Additional SAR studies directed to-
ward increasing potency in the cell-based assays would
be required before any compound from this class could
be advanced further.
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