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A series of triazolopyridazines substituted with methylisoquinolinone were designed and synthesized.
Some of the triazolopyridazines strongly inhibited c-Met kinase and showed good anti-proliferative
activity against a panel of c-Met-amplified gastric cancer cell lines (MKN-45, SNU-5 and Hs746T).

© 2011 Elsevier Ltd. All rights reserved.

Receptor tyrosine kinases (RTKs) have been extensively studied
as targets of anti-cancer drugs. Several small molecule inhibitors
and a few antibodies against RTKs have been used successfully in
the clinic for cancer treatment.’? c-Met tyrosine kinase, a receptor
for hepatocyte growth factor/scatter factor (HGF/SF), has recently
attracted considerable interest as a therapeutic target for several
types of cancers because it regulates cell survival, proliferation,
migration and angiogenesis in both normal mammalian cell devel-
opment and cancer metastasis.>™ Activating mutations or amplifi-
cation of c-Met have frequently been found in various cancers
including lung, gastric, renal, ovarian, prostate and liver cancers.>*
At the molecular level, binding of HGF to the extracellular domain
of c-Met results in receptor dimerization and phosphorylation
of multiple tyrosine residues. The activated c-Met binds and
phosphorylates adaptor proteins including growth factor recep-
tor-bound protein 2 (Grb2), Grb2-associated-binding protein 1
(Gab-1), Shc and c-Cbl, and subsequently induces the activation
of a number of downstream signal transducers such as extracellu-
lar signal-regulated kinases 1 and 2 (ERK1/2), signal transducers
and activators of transcription (STAT), phosphoinositide-3-kinase
(PI3K), Akt and focal adhesion kinase (FAK).?
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A number of c-Met kinase inhibitors have already been reported
and some of them have reached the clinical trial phase.* Among the
known c-Met inhibitors, bicyclic triazole-based inhibitors showed
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Figure 1. Structures of known bicyclic triazole-based inhibitors of c-Met kinase.
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high c-Met inhibitory potency and excellent selectivity against
other kinases (Fig. 1).° Some of the bicyclic triazole-based inhibi-
tors have also been examined in clinical trials in which they exhib-
ited good efficacy. However, further development of these was
stopped or delayed due to toxicity’ or unknown reasons. Thus,
there is a need to discover new classes of bicyclic triazole-based
inhibitors against c-Met for the treatment of cancer patients.

Previously, we have reported a series of aminopyridine based-
inhibitors of c-Met kinase.® In an ongoing effort to discover novel
c-Met inhibitors, we have designed and synthesized a new series
of triazolopyridazine-based inhibitors against c-Met kinase.

The synthesis of triazolopyridazines substituted with methyl-
isoquinolinone commenced with the incorporation of an acrylate
moiety into commercially available bromophenylacetic acid 6 by
the Heck reaction as shown in Scheme 1.° Coupling of phenylacetic
acid 7 with hydrazine 8 and subsequent treatment of the resulting
hydrazide 9 with TsOH afforded triazolopyridazine 10.5%-¢ The
t-butyl ester group in triazolopyridazine 10 was hydrolyzed by
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Scheme 1. Reagents and conditions: (i) t-butyl acrylate, (o-tolyl)sP, n-BusN,
1,4-dioxane, Pd(OAc),, reflux, 12 h, 94%; (ii) 3-chloro-6-hydrazinylpyridazine (8),
EDCI, CH,Cl,, 0 °C, 2 h, 79%; (iii) p-TsOH, THF, 60 °C, 12 h, 81%; (iv) CF3CO,H, CH,Cl,,
rt, 2 h, 95%; (v) EtsN, CICO,Et, acetone, 0 °C 10 min then NaNs3, H,0, 0 °C, 1 h, 83%;
(vi) n-BusN, Ph,0, 140-210 °C, 50 min, 47%; (vii) RB(OH), or RB(OR'),, Cs,CO3 or
Na,CO0s3, Pd(dppf)Cl, or Pd(Ph3P),Cl,, DME or 1,4-dioxane, H,0, 80-110°C, 2-12 h,
16-76%; (viii) pyrrolidine or piperidine, reflux, 2 h, 38-52%.

treatment with trifluoroacetic acid and the resulting carboxylic
acid 11 was transformed into acylazide 12. Subjection of 12 to
the Curtius rearrangement and concomitant cyclization yielded
isoquinolinone 13,'° which was converted to disubstituted triazo-
lopyridazines 14-18 and 23-33 by Suzuki coupling.5*>!! Substitu-
tion of the chloride in the triazolopyridazine ring of 13 with
pyrrolidine and piperidine furnished triazolopyridazines 21 and
22, respectively.

The syntheses of 19, 20, 34 and 35 are depicted in Scheme 2.
The respective removal of the THP group in 17 and the Boc group
in 18 was effected to produce alcohol 19 and piperidine 20, by
treatment with hydrogen chloride solution and trifluoroacetic acid,
respectively. N-Alkylation of isoquinolinone 29 with the corre-
sponding alkyl iodides gave triazolopyridazines 34 and 35.

To find a new class of triazole-based inhibitors that might target
the ATP-binding site of c-Met, triazolopyridazines 14 and 15'2
substituted with methylisoquinolinone were initially designed
and synthesized (Table 1). Gratifyingly, both of these compounds
showed excellent potency against c-Met. These results imply that
the isoquinolinone ring works well as a hinge binding group, sim-
ilar to the hydroxyphenyl and quinoline groups in the known tria-
zole-based c-Met inhibitors 1-5. Moreover, 14 and 15 revealed
good selectivity in the kinase profiling assay against a panel of ki-
nases consisting of structurally relevant kinases such as Ron, FIt3,
TrkA and Aur A (ICses >10 uM). The potency and selectivity of 14
and 15 were similar to those of 1-5. We sought to investigate
the structure-activity relationships (SAR) in triazolopyridazines
14 and 15, and the pyrazole moiety of 14 was modified first.
Replacement of the methyl group in the pyrazole ring of 14 with
a 2-hydroxyethyl group did not change the c-Met inhibitory
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Scheme 2. Reagents and conditions: (i) 1 M aqueous HCl, CH,Cly, rt, 2 h, 70%; (ii)
CF3CO,H then 4 M HCI in dioxane, MeOH, rt, 4 h, 80%; (iii) NaH, DMF, Mel or Etl,
0°C, 1h, 25-30%.
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Table 1
Triazolopyridazines substituted with methylisoquinolinone
o, H
N

Compound R c-Met ICso® (LM)
=N
14 *E \_N 0.002
~N
15 —E@ 0.003
=N
16 *E \_NH 0.005

19 0.002
OH

s

20 N 0.027

NH

21 -4 Nij 0.027

22 N 0.029
E IS

23 " 0.004
N

24 4 0.005

25 @ 0.014
,E s

2 For assay conditions, see Ref. 8.

potency. However, attachment of a piperidinyl group to the pyra-
zole ring decreased c-Met inhibitory activity. The pyrazole group
in compound 14 was also replaced with other heteroaryl or hetero-
cycloalkyl groups. Of these, pyrrole 21 and piperidine 22 were not
as active as pyrazole 14, while thiophene 23 and pyridine 24 did
show good potency against c-Met.

We then turned our attention to the modification of the phenyl
ring of triazolopyridazine 15, and synthesized a series of deriva-
tives in which the phenyl group of 15 was replaced with a variety
of substituted phenyl groups. Most of the compounds exhibited
good c-Met inhibitory activity (Table 2). The potency in N-alkyl-
ated isoquinolinones 34 and 35 against c-Met had decreased,
which suggests the free NH on the isoquinolinone ring might inter-
act with a hinge residue of c-Met.

Modeling experiments suggested that triazolopyridazine 15
would dock strongly into the ATP-binding site of c-Met, as shown
in Figure 2. This analysis utilized a crystal structure of c-Met com-
plexed with 1 that was obtained from the Protein Data Bank (pdb
entry: 3CCN).%® Calculations for this docking analysis were carried
out using LibDock'? interfaced with Discovery Studio 3.0 (Accel-
rys). The crystal structure of 3CCN was regenerated very well with
a root mean square displacement (RMSD) of 0.7 A. We set the H
atom in the peptide backbone of M1160 as an interaction site with
default parameters in LibDock. Triazolopyridazine 15 was bound
very tightly by c-Met when the same docking parameters were
used (DockScore, 137.0 for 15 vs 125.7 for 1). These calculated

Table 2
SAR of triazolopyridazine derivatives

Compound R! R? c-Met ICsp? (UM)
26 B @ H 0.072
cl

27 : O H 0.004
cl

28 ; O H 0.007
F

29 E O H 0.003
NO,

30 ; H 0.004
CN

31 : H 0.003
OH

32 ; H 0.003
OMe

33 : H 0.005
F

34 : O Me 0.073
F

35 EO Et 0.072

@ For assay conditions, see Ref. 8.

values are in good agreement with the experimental results (c-
Met ICso 3 nM for 15 vs 6 nM for 1). The strong interaction of 15
with c-Met is attributed both to H-bonding of the isoquinolinone
moiety with hinge residues M1160 and P1158, and to m-stacking
interactions between the triazolopyridazine moiety and Y1230.
Hydrophobic interactions of the triazolopyridazine moiety with
M1211 could also contribute to the tight binding. It is likely that
the low potencies of 26 and 27 compared with those of 15 and

28-33 arise from disfavorable interactions between the ortho-sub-
stituents on the phenyl ring and backbone carbonyl groups of
N1209 and R1208.

The anti-proliferative activity of the triazolopyridazines was
evaluated by performing a cytotoxicity assay on a panel of
c-Met-amplified gastric cancer cell lines (MKN-45, SNU-5 and
Hs746T).!4'> Most of the triazolopyridazines substituted with
methylisoquinolinones were potent growth inhibitors for all the
c-Met-amplified gastric cancer cell lines (Table 3). Several com-
pounds showed double digit nanomolar anti-proliferative activity,
but the proliferation of c-Met-independent N87 cells was hindered
only slightly by treatment with the triazolopyridazines, even at
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Figure 2. A proposed structure for the c-Met complex with triazolopyridazine 15
(yellow), 26 (green) and 28 (magenta). H-bonding interactions between the 15 and
c-Met are shown in blue dotted lines.

Table 3
Anti-proliferative activity of triazolopyridazine derivatives against a panel of gastric
cancer cell lines

Compound Glso (LM)?

MKN-45 SNU-5 Hs746T N87
14 0.13 0.69 0.064 >10
15 0.038 0.059 0.071 >10
23 0.032 0.056 0.17 >10
24 0.42 0.45 0.40 >10
28 0.011 0.019 0.053 >10
29 0.042 0.052 0.13 >10
31 0.036 0.12 0.059 >10
32 0.47 1.1 0.60 >10
33 0.095 0.13 0.10 >10

@ For assay conditions, see Ref. 15.

high concentration (10 pM). This difference represents a roughly
100-fold or more differential cytotoxicity toward c-Met-addicted
gastric cancer cell lines.

A preliminary pharmacokinetic study of triazolopyridazine 15
showed a suitable elimination half life (t;,2), slow absorption (Tiax)
and moderate bioavailability (F) (Table 4).

In summary, we have designed and synthesized a series of tria-
zolopyridazines substituted with methylisoquinolinone, a moiety
that strongly interacts with the hinge residues of c-Met, as selec-
tive c-Met kinase inhibitors. Some of the triazolopyridazines
showed good anti-proliferative activity against a panel of c-Met-
amplified gastric cancer cell lines, but the proliferation of c-Met
independent cells was little affected by treatment with any of
the triazolopyridazines. Further in vitro and in vivo pharmacolog-
ical evaluation of these compounds is planned and the results will
be reported in a due course.

Table 4

Preliminary pharmacokinetic profile for 15 in rats
Parameter iv? po?
Cmax (1g/mL) 03
Tmax 12.7
t12 6.4 53
AUC (pg h/mL) 112 3.9
CL (L/kg h) 0.8
Vs (L/kg) 6.4
F(%) 35

¢ Dose, 10 mg/kg (three rats were used).
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