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New, selective 3-aminopyrazole based MK2-inhibitors were discovered by scaffold hopping strategy. The
new derivatives proved to inhibit intracellular phosphorylation of hsp27 as well as LPS-induced TNFo
release in cells. In addition, selected derivative 14e also inhibited LPS-induced TNFa release in vivo.

© 2009 Elsevier Ltd. All rights reserved.

Successful use of anti-TNFao biologics etanercept (Enbrel®), inf-
liximab (Remicade®) and adalimumab (Humira®) in the clinic
demonstrates a key-role of this cytokine in triggering and sustain-
ing the inflammation in autoimmune diseases such as rheumatoid
arthritis, psoriasis, Crohn’s disease and others.! TNFol is mainly
produced by macrophages and its biosynthesis is initiated upon
extracellular activation (e.g., LPS) of signaling pathways leading
to activation of mitogen-activated protein kinases (MAPKs) such
as p38 MAPK (p38).2 Some time ago, it was shown that MAPKAP
kinase-2 (MK2), a direct downstream substrate of p38, plays a
crucial role in the signaling and synthesis of TNFa. Evidence using
MK2 k.o. mice showed decreased TNFa levels in vivo and ex vivo
upon LPS stimulation.?® Furthermore, these mice were also resis-
tant to collagen-induced arthritis.* As MK2 is downstream of
p38, less side effects are predicted for MK2 inhibitors compared
to p38, whilst retaining the beneficial properties, that is, preven-
tion and treatment of diseases mediated by TNFa. This anticipation
led various groups to the search for potent MK2 inhibitors.>
Recently, we reported our initial chemical efforts in targeting this
kinase®? and in this study we wish to disclose our strategy towards
further modification leading to aminopyrazole series.

In order to substantially modify the pyrrolo-pyrimidinone
structure of 1 we employed a scaffold hopping strategy® (Fig. 1).
Using this approach, we aimed to replace the five-membered
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pyrrole ring of 1 with a six-membered phenyl ring. In order to fit
the new structure (distance and geometry) into the MK2-pharma-
cophore, the six-membered pyridine ring in 1 had to be substituted
with a five-membered heterocycle. General structure of such a new
scaffold is represented by a formula 2.

By screening for a suitable five-membered heterocycle, we have
found that pyrazole represented by compound 3b fitted best to
such an exercise (Table 1). Although a simple pyrazole only weakly
inhibits MK2 kinase activity, an additional amino group in the 3-
position of pyrazole-ring (3b) gained potency at MK2 by one log
unit (3b vs 3a). An amino group in 5-position of pyrazole (3c) led
to decreased inhibition of MK2, indicating that the 3-aminopyra-
zole ring is well positioned for binding to this kinase.

Pyrazole 3a was prepared in four steps starting with an acidic
formation of the pyrazole-ring by a condensation of p-methoxy-
phenyl hydrazine with 1,1,3,3-tetramethoxy-propane (Scheme 1).

-
N

Figure 1. Scaffold hopping strategy in derivatization of scaffold 1.
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Modification of five-membered heterocycle
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¢ Inhibition of kinase activity (ICso values) were measured using a FRET based
assay'® and are reported as a mean of >2 measurements.

Following bromination, Suzuki reaction with p-cyanophenyl-boro-
nic acid and hydrolysis of the nitrile led to an amide 3a. Unfortu-
nately, the synthetic precursor 6a for preparation of the more
potent 3-aminopyrazole 3b was obtained only as a minor product
(6a/6b = 1:15) under acidic cyclization’ of the hydrazine with enol
5a. However, cyclization of the hydrazine with methyl ether 5b un-
der basic conditions,® completely reverts the regioselectivity of this
reaction and 3-aminopyrazole intermediate 6a could be obtained
in excellent yield (93%) as a single isomer.

We next aimed to improve the MK2 binding affinity of the 3-ami-
nopyrazole scaffold. Since initial derivatization of N-aryl substituent
proved to be unsuccessful, we focused on the benzamide portion.

For this purpose, diverse lactames were prepared (Scheme 2)
by Suzuki coupling of 3-amino-4-bromopyrazole 9 (reached in
two steps by basic condensation of p-MeO-phenyl hydrazine

with 3-methoxyacrylonitrile followed by NBS bromination) and
boronic esters 11a-d (obtained by palladium catalyzed borona-
tion of the corresponding bromides or triflates known in the
literature).® Sulfonamide 7 was obtained by Suzuki coupling of
bromopyrazole 9 with commercially available 4-sulfamoyl-
phenylboronic ester.

Interestingly, while nitrile 6a and sulfonamide 7 are weaker
MK2-inhibitors than amide 3b (Table 2), freezing the rotation of
the amide group by its transformation to a lactame such as 8b signif-
icantly improved the potency at MK2 (ICsq of 3b/8b ~25). Quite sur-
prisingly, the lactame ring size was found to be of great importance
for this scaffold. While w-lactames 8c and 8d show a drop in the po-
tency (8c being in a range of the amide 3b), y-lactame 8a is even less
tolerated than the primary amide 3b (Table 2). Unfortunately, none
of the inhibitors described above showed any effect in our cellular
assays (inhibition of TNFa11 release in human PBMC cells or phos-
phorylation of hsp27'? (p-hsp27) in the monocytic cell line
THP-1). This did not appear to be due to the lack of cell penetration
as compounds showed reasonable permeability (e.g., 8b: PAMPA
(log Pe pH 6.8: —4.4); Caco-2 (Papp(A—B): 483 x 10 ®°cms';
P(B — A)/P(A-B): 0.31)).

In the search for compounds with cellular potency, we have
found that m-phenol 14a shows potency in both cellular assays
(TNFo and p-hsp27). Therefore, we explored this further by search-
ing for its biomimetics'? with less potential to fast in vivo clear-
ance (Table 3).

Since the corresponding anisole derivative 14b is inactive in the
p-hsp27 assay, the hydrogen donor of the phenol seems to be impor-
tant for cellular activity. This observation was further supported by
sulfonamide 14c¢, benzimidazole 14d or indole 14e, latter being the
best compound obtained in terms of MK2 activity as well as cellular
potency (Table 3). N-Methylation of indole (14e) resulted in a cellu-
lary inactive compound 14f. Interestingly, the 2-indolone compound
14g(having a hydrogen donor) was inactive for p-hsp27 (>30 uM) as
well, indicating that the carbonyl group may negatively interfere
with the enzyme (MK2: 0.22 uM).

An insight into the binding of such compounds was obtained by
X-ray crystallography of 14e with MK2 (47-364)'* (Fig. 2). As
expected, the aminopyrazole binds to the hinge region of MK2,
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Scheme 1. Reagents and conditions: (a) EtOH, reflux, 1 h (95%); (b) NBS, THF, 23 °C, 3.5 h (95%); (c) p-CN-Ph-B(OH),, PdCl,(PPhs), (cat.), Na,COs3, n-PrOH/H,0; 160 °C, 15 min,
microwave (50%); (d) H,0,, NaOH, H,0/MeOH/DMF, 23 °C, 16h (3a: 70%; 3b: 56%; 3c: 90%); (e) HCOOEt, for 5a: NaH, DME, 60 °C, 3h (96%); for 5b: NaOEt, EtOH, 50 °C, 3h, then
Mel, DMF, 40 °C, 2h (86%); (f) 5a, EtOH, AcOH, reflux, 3h (6a: 3%, 6b: 46%); (g) 5b, NaOEt/EtOH, reflux, 4h (6a: 93%).
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Scheme 2. Reagents and conditions: (a) NaOEt, EtOH, reflux, 20 h (9: 73%; 12: 91%); (b) NBS, THF, 23 °C, 16 h (9: 87%; 13a-g: 51-96% over two steps); (c) pinacolatodiboron,
Pd(dppf)Cl,/dppf (cat.), KOAc, dioxane, 80 °C, 16 h (87-97%); (d) 4-boronobenzenesulfonamide pinacol ester, PdCly(PPhs), (cat.), Na,CO3, n-PrOH/H,0, 150 °C, 15 min,
microwave (29%); (e) PdCl,(PPhs); (cat.), Na,COs, n-PrOH/H,0; 150 °C, 15 min, microwave or for 11b:80 °C, 16 h (8a-d: 17-63%; 14a-g: 9-36%); (f) NaH, Boc,0, DMF, rt, 16h

(99%).

Table 2
Modification of the amide portion

Table 3

Search for m-phenol biomimetics
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3 [Csg values are measured using FRET kinase assay'® and are reported as a mean
of >2 measurements.

2 ICso values are measured using FRET kinase assay'® and are reported as a mean

of >2 measurements.

° Inhibition of LPS stimulated release of TNFo. from human PBMCs.!!
¢ Inhibition of anisomycin stimulated phosphorylation of hsp27 in THP-1 cells.'?
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Figure 2. Crystal structure of 14e bound to MK2.'*

interacting with backbone of E139 and L141, and the lactame por-
tion makes a dual hydrogen bond interaction with residues of con-
served K93 and D207. Surprisingly, an unusual binding of the
indole-ring to a new, ligand induced hydrophobic pocket behind
MK2-hinge region was observed. The indole-NH group forms an
additional hydrogen bond interaction with the backbone carbonyl
of F90, highlighting the importance of an hydrogen donor at this
position. The induced-fit of MK2 with compound 14e most proba-
bly favors the observed high selectivity (ICso >10 pM) of this inhib-
itor against 29 different kinases in our in house kinase panel
including CDK2, JNK1, JNK2 and p38a as well as its low toxicity
in THP-1 cell proliferation assay (ICsq >20 pM).

In addition, compound 14e also inhibited LPS-induced TNFo re-
lease in mice.!® Although good inhibition (68%) was observed at
100 mg/kg po dosage (blood levels of 17.4 uM), no inhibition was
observed at a lower 30 mg/kg po dose. This was not surprising as
the blood levels at the lower dose (1.7 utM) did not reach levels ex-
pected to exert an effect as demonstrated using human PBMCs.
One possible explanation for the lack of linearity in the dose/blood
levels could be due to the low solubility of this compound (<2 mg/L
at pH 1, 4 and 6.8). In an additional study, a concentration depen-
dant effect was observed when TNFa levels were measured at dif-
ferent time points after compound dosing. Thus, dosing the
compound 1h before LPS challenge yields in 66% inhibition at
14.1 M blood exposure; 4h before LPS challenge (23% at
6.8 uM) and 6 h (67% at 25.8 uM). This study also indicates a sec-
ond absorption peak at 4-6 h, which may be caused by the low sol-
ubility of this compound. Therefore, we are currently further
searching for more potent and more soluble analogs of 14e.

In a summary, we have discovered and profiled novel 3-amino-
pyrazole MK2-inhibitors. This new class was revealed by scaffold
hopping strategy and could be developed to obtain a selective

MK2 kinase inhibitor 14e. This compound showed potent inhibi-
tion of MK2 activity and reasonable cellular activity (inhibition of
TNFa and phoshorylation of hsp27). In addition, the compound
was effective in vivo for inhibition of LPS-induced TNFo release
in mice. Interestingly, a novel binding pocket behind the hinge re-
gion which was induced by the ligand was discovered which seems
to improve binding to MK2 and also kinase selectivity.
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