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A novel class of potent Syk inhibitors has been developed from rational design. Highly potent aminopyr-
idine derivatives bearing a 4-trifluoromethyl-2-pyridyl motif and represented by compound 13b ICsp:
0.6 nM were identified. Substitution by a 2-pyrazinyl motif and SAR expansion in position 4 of the central
core provided diverse potent non-cytotoxic Syk inhibitors showing nanomolar activity inhibiting human
mast cell line LAD2 degranulation.

© 2012 Elsevier Ltd. All rights reserved.

Spleen tyrosine kinase (Syk) is a cytosolic non-receptor protein
tyrosine kinase essential for the signalling of several immunore-
ceptors including B-cell receptor, Fce and Fcg receptors. Upon
receptor engagement by allergen, antigen or immune complex
Syk mediates cellular responses (proliferation, differentiation,
adhesion, cytokine production, mast cell degranulation) that are
important for both allergic and antibody-mediated diseases.! Thus,
pharmacological inhibition of Syk activity can modulate the
inflammatory response in allergic and autoimmune diseases.? Fur-
thermore, as Syk is positioned upstream in the cell signalling path-
way, therapies with Syk inhibitors may be more advantageous
relative to drugs that inhibit a single downstream event.

In addition to these adaptive immune response functions, re-
cent studies have described new functions for Syk in innate im-
mune response by coupling activation of lectins and integrins
receptors to cellular responses.> Syk is currently considered an
interesting biological target and the possibility to treat allergic,
autoimmune diseases and malignancies has prompted the devel-
opment of Syk inhibitors.*

To date, few compounds are into clinical development. Fosta-
matinib currently in phase II for rheumatoid arthritis, other auto-
immune diseases and lymphoma has shown promising results.?
Other molecules are in early phases of clinical studies, including
PRT062607° for autoimmune diseases and R343 for asthma.” Re-
cently R343 has shown activity in early and late asthmatic re-
sponse in a phase I study in mild asthmatic patients by inhaled
route®
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As part of ongoing efforts toward the discovery of novel Syk
inhibitors,® and based on previous knowledge'® we designed and
identified compound 1 (Fig. 1) as an interesting starting point
where the nitrogen atom (1) of the picoline group and the attached
NH (2) could act as hinge binding motifs with the backbone of
Ala451. We also hypothesized that and the presence of nitrogen
atom 3 could help to keep the planarity between rings to allow
the right positioning for substitution in the upper pyridine ring
and in position 4.

We envisaged two areas of further optimization: exploration of
different rings and substitutions in the upper pyridine area and
systematic exploration of the picoline motif.

Initial SAR efforts were directed towards replacement and sub-
stitution of upper pyridyl motif to improve potency by capturing
new interactions with the protein. In accordance with docking
studies we envisaged that substitution in the meta position should
allow to establish a salt bridge interaction with Asp512. Thus, a
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Figure 1. Knowledge based designed starting point.
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Scheme 1. Reagents and conditions: (a) t-BuOK, benzene, 80 °C, 67%; (b) PdCl,dppf-DCM, Na,CO3, EtOH-toluene, 90 °C, 34-85%; (c) (i) BOCNHCH,CHO, NaBH5;CN, MeOH-
AcOH, r.t.; (ii) TFA, CH,Cl,, r.t. 40% two steps; (d) Pd/C, H,, MeOH-aq. HCl, rt, 75%; (e) TFA, CH,Cl,, r.t. 65%; (f) K,CO3, DMSO, 100 °C, sealed tube, 54-84%.
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convergent synthesis was devised in order to rapidly access mole- 7a-g that were submitted (except for 7b) to a deprotection of the

cules containing different substituents at this position (Scheme 1). BOC group with TFA.
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Scheme 2. Reagents and conditions: (a) 2-amino-6-bromopyridine, PdCl,dppf.DCM, Na,CO3, EtOH-toluene, 90 °C, 62-63%; (b) K;CO3, DMSO, 100 °C, sealed tube, 54-84%; (c)
Kt-BuO, Pd,(dba)s, BINAP, toluene, 100 °C, 53%; (d) bis(pinacolato)diboron, PdCl,dppf, dppf, KOAc, 80 °C, 90%; (e) 2-bromo-4-(trifluoromethyl)pyridine (for 13a-b) or 2-
chloropyrazine (for 13c-d), Cs,COs, Pd,(dba)s, Xantphos, dioxane, 95 °C, 65-82%; (f) TFA, CH,Cl,, rt 83-98%.

Keeping the biaryl amine motif fixed, we proceeded to examine
the effects of various substituents in R! in Syk inhibitory activity
(Table 1).!" Increasing the chain length resulted in a rapid increase
in potency with an optimal chain length of 4 atoms (see 4f and 7a
vs 4e and 7c). Replacement of the free amine in the chain by a hy-
droxyl group results in a drop of activity (7a vs 7b) probably be-
cause the ammonium motif is involved in a salt bridge
interaction with Asp514 of the Syk protein. Interestingly the pres-
ence of a cyclic amine substituent in R! such as piperazine or
homopiperazine (7d and 7g) provided the best Syk inhibitory
activities while nitrogen extrusion as in the aminopyrrolidine
and aminopiperidine derivatives 7e and 7f resulted less active.

We then explored replacement of the picoline motif by 4-tri-
fluoromethyl-2-pyridyl and 2-pyrazinyl derivatives keeping the
piperazine motif fixed. As observed in Table 2, outstanding poten-
cies were observed with trifluoromethyl analogues 13a and 13b
whereas similar potencies were observed for 13c and 13d with a
4.4-fold drop in potency when 13c is compared to the picoline
analogue 7d.

Figure 2. X-ray co-crystal structure of compound 13b in the ATP binding site of Syk

kinase.
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Scheme 3. Reagents and conditions: (a) 2-aminopyrazine, Cs,COs, Pd,(dba)s, Xantphos, dioxane, 95 °C, 63%; (b) (i) tert-butyl piperazine-1-carboxylate, K,CO3, DMSO, 100 °C,
sealed tube, 78%; (ii) bis(pinacolato)diboron, PdCl,dppf, dppf, KOAc, dioxane, 80 °C, 100%; (c) (i) PdCl,dppf-DCM, Na,COs, EtOH-toluene, 90 °C, 42%; (ii) Fe, aq. NH4CI/EtOH,
70 °C, 45%; (d) for 19b-c: R*CHO, NaBH3CN, MeOH-AcOH, r.t., 54-85%; for 19d—j: R*COOH, EDCHCI, Et3N, HOBt, CAN, rt or R*COOH, HATU, DIEA, DMF, or R*COCI, DIPEA, DCM,
—78 °C, 60-100%; for 19k-1: (i) MeOOCR*COOH, EDC-HCI, EtsN, HOBt, r.t., 56-74%; (ii) LiOH, THF/H,0, rt 33-75% (e) TFA, CH,Cl,, rt 60-98%.
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Piperazinyl derivatives 13a-d were prepared by the synthetic
route described in Scheme 2. Suzuki coupling of boronate 8 with
2-amino-6-bromopyridine provided intermediate 9 that by substi-
tution with a conveniently protected piperazine led to intermedi-
ate 12a. Commercially available 1-bromo-3-iodobenzene (10)
was converted to boronate 11 which upon Suzuki coupling with
2-amino-6-bomopyridine provided intermediate 12b. Palladium
catalyzed N-arylation of 12a-b with the corresponding 2-halohet-
erocycles followed by removal of the BOC protecting group yielded
compounds 13a-d.

X-ray structure of compound 13b bound to Syk (Fig. 2) con-
firmed our postulated binding mode.'? The pyridine N1 atom and
2-amino group form bidentate hydrogen bonds with the backbone
of the hinge residue Ala451. These position the trifluoromethyl
moiety of the inhibitor in the hydrophobic area close to the gate-
keeper residue Met448. Probably this hydrophobic interaction con-
tributes to the high potency observed. In addition hydrogen
bonding and salt bridge interactions are observed between the ion-
ized nitrogen of the piperidine and Asn499 and Asp512
‘respectively’.

Analysis of the crystal structure of 13b suggested that large sub-
stituents in position 4 of the central pyridine ring would be accom-
modated, and allow exploration of additional interaction sites or
modulation of physicochemical properties since it should be point-
ing towards the solvent exposed area.

Unfortunately, most potent analogues identified (7d, 13a-b) suf-
fered from cytotoxicity in CHO cells in the range of 1-5 uM level.
Although the cause of the high cytotoxicity of this compounds is un-
clear, we hypothesized that a decrease in lipophilicity (c log P of 7d,
13a-b: 3.7, 4 and 4.6) could be beneficial to identify less cytotoxic
compounds. Indeed, pyrazine substituted analogues 13c-d (c log P:
1.9 and 2.5)did show cytotoxicity values in CHO cells greater than 15
microM. We decided to go further by exploring SAR in position 4
keeping the pyrazine motif in the hinge binding area as well as the
piperazinyl substituted pyridine in the upper region.

Diaminopyridine derivatives 19a-1 were prepared following the
synthetic route described in Scheme 3. Key intermediate 18 was
prepared from Suzuki coupling of chloropyridine 15 and boronic
acid 17. Direct removal of BOC group yields compound 19a
whereas reductive amination or standard coupling conditions for
amide formation with intermediate 18 followed by BOC removal
provided compounds 19b-1.

As can be observed from Table 3, the placement of a primary
amine at position 4 (compound 19a) resulted in more than 10-fold
increase in enzymatic potency compared to analogue 13c. With
single digit nanomolar potency achieved we began to profile com-
pounds in a degranulation assay in the human mast cell line LAD2
cells.” Methyl or benzyl substitution in R® (19b-c) did not result in
significant impact on Syk enzymatic potency compared to 19a with
a slight drop in cellular potency for 19b and 5-fold decrease for 19¢
‘respectively’. When amides in R®> were explored, 4-pyperidinyl
analogues 19d-e produced comparable potency to 19a although
a dramatic drop of activity in LAD2 was observed. The presence
of an ionisable group in 19d may be the reason for the low activity
whereas 19e kept some cellular activity. Aryl, heteroaryl and het-
eroarylmethyl amides (19f-j) were also well tolerated with single
digit nanomolar activities inhibiting Syk (except for 19f) and LAD2
potency in a range of ICso = 122-362 nM. Zwitterionic compounds
19k-1 were also examined, keeping both enzymatic and cellular
potencies. Compounds 19a-1 did not show cytotoxicity in CHO
cells (ICs0 >20 uM).

Compound 19a was tested in a kinase selectivity panel,' being
the kinases most potently inhibited (>90%) Fgr, FIt3, Lyn and Yes.
Considering the role of Lyn in the signaling of FceRI receptor!® it
can not be excluded some contribution of off-target activities to
the cell activity observed.

Table 3
Inhibition of Syk activity and LAD2 cells degranulation'* of 4,6-diaminopyridine
derivatives®®
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b ICso and percentage of inhibition values are an average of two or more
determinations.

In conclusion, a novel class of Syk inhibitors has been discov-
ered from a structure-based design. Subnanomolar compound
13b was co-crystalized bound to Syk enzyme. This allowed the
identification of an area for SAR expansion that led to highly potent
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and diverse non-cytotoxic derivatives showing good activity in
LAD2 degranulation assay.
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