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Abstract—4-Aryl-5-pyrimidyl based cytokine synthesis inhibitors that contain a novel monocyclic, pyrazolone heterocyclic core are
described. Many of these inhibitors showed low nanomolar activity against LPS-induced TNF-a production. One of the compounds
(6e) was found to be efficacious in the rat iodoacetate (RIA) in vivo model of osteoarthritis. The X-ray crystal structure of a
pyrazolone inhibitor cocrystallized with mutated p38 (mp38) is presented.

© 2005 Elsevier Ltd. All rights reserved.

Numerous efforts in anti-inflammation research have
been focused on the development of small molecule
inhibitors of cytokine release. The overexpression of
cytokines, such as TNF-o and IL-1f3, has been impli-
cated in a number of serious inflammatory disorders.
Consequently, agents that inhibit the production of
TNF-a can decrease levels of these proinflammatory
cytokines,! and thereby reduce inflammation and
prevent further tissue destruction in diseases such as
rheumatoid arthritis (RA),? osteoarthritis (OA),> and
Crohn’s disease.

We are interested in the efficacy of our inhibitors against
the overall cascade that leads to TNF-o production and
have identified p38 MAP kinase as one of the critical tar-
gets of inhibition. However, considering that many other
kinases (e.g., JNK, MAPKAPK?2) participate in the sig-
naling cascade leading to TNF-a synthesis induction and
that p38 kinase itself exists in several conformational
states (inactive and active conformations being the major
ones) we decided to use a whole cell assay (inhibition of
TNF-a release from lipopolysaccharide (LPS) induced
THP-1 cells) as our primary screening tool.
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Many other small molecule TNF-a production inhibi-
tors have been reported containing a common 4-aryl-
5-pyrimidinyl based motif fused to a 5- or 6-membered
heterocyclic core. SB203580" (Fig. 1) represents a proto-
typical pyridyl imidazole-based inhibitor, although
numerous structural classes, for example, pyrroles, pyr-
imidines, pyridines, pyrimidones, indoles, heteroindoles,
ureas, and various fused bicyclic heterocycles containing
a variety of functionality have been reported to inhibit
cytokine activity.*

In our previous paper, we reported the development of a
class of triazole based cytokine inhibitors (e.g., 1; Fig.
1).> Researchers from Merck reported studies on pyr-
roles and other heterocycles as inhibitors of p38 kinase.®
Two monocyclic pyrazolones were presented (e.g., 2;
Fig. 1) with good p38a-kinase inhibition, but weak
whole cell assay activities. We speculated that alkyl sub-
stitution of both pyrazolone ring nitrogen atoms could
facilitate cell membrane permeability and improve cellu-
lar cytokine synthesis inhibition profile. This led to the
development of mono-, bi-, and tricyclic pyrazolones
as an emerging, leading series in our project.”® Many
compounds in these scaffolds exhibited good to excellent
activities in the THP-1 cell-based assay, inhibiting the
production of TNF-o with ICss in the low nanomolar
range. Herein we wish to report the synthesis and struc-
ture—activity relationships for the series of monocyclic
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Figure 1. p38a-kinase/TNFa synthesis inhibitors.

pyrazolones. All compounds were tested for the inhibi-
tion of TNF-a production using lipopolysaccharide
(LPS) stimulated human monocytic cells (THP-1).!!

The synthesis of the first compounds in this series was
based on the addition of alkyl hydrazines to B-ketoester
4. Coupling of methyl-4-fluorophenylacetate (3),
(Scheme 1) with 2-thiomethylpyrimidine-4-carboxalde-
hyde as described by Smith et al.' followed by chro-
mium oxidation provides B-ketoester 4. Addition of
symmetrically substituted hydrazines to P-ketoester 4
gives the core pyrazolone ring system 5. Further func-
tionalization of the pyrimidine ring was achieved via
an oxidation—nucleophilic substitution reaction se-
quence, using sodium phenoxide, leading to pyrazolone
6a.

In general, amino substitution at the pyrimidine ring led
to more active compounds than with phenoxy analogs
(this trend was also observed in the bicyclic pyrazolone
series—see Refs. 7,8). An attempt to increase solubility
by replacement of the benzyl amino substituent with
amino-pyridine ring system led to decrease of activity
(compare 6e vs 6f, 6g, 6h). Increasing the size of the
substitution on the ring nitrogens of the pyrazolone

Scheme 1. Reagents and conditions: (a) LDA, THF, —78°C, 2-
methylsulfanyl-pyrimidine-4-carbaldehyde; (b) CrO;, pyridine; (c)
RNHNHR-'HCI, EtOH, 90 °C; (d) Oxone®, THF/MeOH/H,O0, rt;
(e) RlNHz, toluene, 120 °C or ArOH, NaH, THF.

Table 1. Symmetrically substituted pyrazolones
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All chiral compounds are pure enantiomers as indicated.
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from methyl to ethyl resulted in a 10-fold loss of potency
(compare 6e vs 6i). Isobutyl analog (6b) showed very
good potency however is potentially metabolically
unstable. All our attempts to substitute it with more
metabolically stable fragments resulted in a surprising
loss of activity (e.g., 6¢,d) (see Table 1).

In order to increase solubility of our compounds we
decided to explore SAR around non-symmetrically
substituted pyrazolones. For the synthesis of this class
of compounds we applied an alternative synthetic proto-
col that was developed recently in our group (Scheme 2).

Hydrazone formation between acylated hydrazine 7 and
an aldehyde (R?*CHO), followed by hydride reduction
led to trisubstituted hydrazine 8. Acylation using acid
chloride 9 afforded bis-acylated hydrazine 10. Sodium
hydride mediated cyclization followed by sulfoxide
formation and displacement led to the final compound 11.

Scheme 2. Reagents and conditions: (a) R?*CHO, EtOH, reflux,
15 min; then NaBH;CN, MeOH, pH 4; (b) acid chloride 9, pyridine;
(¢c) NaH, DMF, 0 °C; (d) mCPBA, DCM;: (¢) R“NH,, toluene +120 °C,
or PhOH, NaH, THF.

12 13

Scheme 3. Reagents and conditions: (a) R!CHO, EtOH, reflux,
15 min; then NaBH3CN, MeOH, pH4; (b) 4-fluorophenylacetyl
chloride, pyridine; (c) NaH, DMF, 0°C; (d) mCPBA, DCM; (e)
R*NH,, toluene +120 °C, or PhOH, NaH, THF.

A complementary, regioisomer synthesis starts with
hydrazine 12, which in an analogous synthetic sequence
was transformed into pyrazolone 15 (see Scheme 3).

Syntheses of both 1,1-acyl-methyl hydrazines 7 and 12
were accomplished in one step via a highly regioselective
monoacylation of methyl hydrazine'? (see Scheme 4).

Tables 2 and 3 summarize a preliminary survey of phen-
oxy- and amino-pyrimidine substituents for the non-
symmetrically substituted, monocyclic pyrazolones of
type 11—with R' substituent fixed as methyl
(R' = Me) and monocyclic pyrazolones type 15—with
R? substituent fixed as methyl (R? = Me). In general,
substitution of either methyl group with a more polar
functional group increased potency (compare 6d, 11d,

Scheme 4. Reagents and conditions: (a) DCM, —78 °C.

Table 2. Non-symmetrically substituted pyrazolones 11 (R' = Me)
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Table 3. Non-symmetrically substituted pyrazolones 15 (R*> = Me)
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All chiral compounds are pure enantiomers as indicated.

15c¢). Presumably this could result from picking up addi-
tional polar interaction with the Aspl68 carboxylate
group (Figure 2).

Figure 2. Compound 15d bound in the active site of mutated p38a-
kinase.

Table 4. Pharmacokinetic properties and in vivo data of selected
compounds (rat)

Compound  TNF-o Metab®  Sol ti F
ICso (nM) (mg/mL)  (h) (%)
6e 13 44 0.123 1.1 32
11d 75 0 >30.0 2.2 15
11f 309 30 0.429 ND ND
15d 32 32 0.650 32 17

# Metabolism measured as percent loss at 4 h in rat hepatocytes.

X-ray analysis of compound 15d cocrystallized with mu-
tated p38 kinase is presented in Figure 2.'* A hydrogen
bond between the backbone amide N-H of Met-109 and
the pyrimidine ring was observed. A second hydrogen
bond was formed between the N-H of the amine substi-
tuent and the backbone carbonyl of Met-109. The pyr-
azolone carbonyl forms a third hydrogen bond with
the Lys 53 amine group. A favorable interaction be-
tween the piperidine ring and Asp168 carboxylate group
is also observed.

One of our early goals was to improve the aqueous sol-
ubility of initial leads. Unfortunately this led to com-
pounds with lower bioavailability (Table 4). From the
series of monocyclic pyrazolones only compound 6e
was found to significantly (p < 0.05) inhibit knee joint
degeneration in the rat iodoacetate (RIA) model of
osteoarthritis (dose 25 mg/kg).'®!”

In conclusion, we have reported the synthesis of a series
of cytokine synthesis inhibitors, based on a monocyclic
pyrazolone scaffold. Many of these inhibitors showed
low nanomolar activity in whole cell assay (inhibition
of TNF-a release from lipopolysaccharide (LPS)
induced THP-1 cells). Pyrazolone 6e was found to be
orally active in rat iodoacetate (RIA) in vivo model of
osteoarthritis.
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