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Five novel 1H-pyrrolo[2,3-b]pyridine or 1H-pyrazolo[3,4-b]pyridine derivatives, with a methylene, sulfur,
sulfoxide or cyclopropyl group as a linker, were designed, synthesized and biologically evaluated against
c-Met and ALK. The development of these methods of compound synthesis may provide an important ref-
erence for the construction of novel 7-azaindole and 7-azaindazole derivatives with a single atom linker.

The enzyme assay and cell assay in vitro showed that compound 9 displayed strong c-Met kinase inhibi-
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tion with ICsq of 22.8 nM, moderate ALK kinase inhibition, and strong cell inhibition with MKN-45 ICs, of
329 nM and EBC-1 ICsq of 479 nM. In order to find the better candidate compounds, compounds 8, 9 and
10 have been selected as tool compounds for further optimization.

© 2016 Published by Elsevier Inc.

1. Introduction

The tyrosine kinase receptor, c-Met, is also known as hepato-
cyte growth factor receptor (HGFR), and its ligand, hepatocyte
growth factor (HGF), is also known as scatter factor [1]. c-Met is
a heterodimer composed of an extracellular o subunit linked by
a disulfide bridge to a transmembrane catalytic p subunit. Activa-
tion of c-Met occurs through autophosphorylation of Y1234 and
Y1235 located in the activation loop [2]. Following activation by
its ligand, HGF, c-Met induces a cell program that facilitates malig-
nant tumor behavior, consisting of cell proliferation, cell migration,
and invasion, increased cell survival, and cell morphogenesis [3].
Aberrant expression of c-Met and HGF is associated with the devel-
opment of a wide range of solid tumors, and is regarded as a prog-
nostic marker for malignancy [4]. Because of the known roles of c-
Met and its ligand HGF in the pathogenesis and progression of
human malignant tumors, c-Met inhibitors would be predicted to
have a potential role as targets for therapy in oncology.

At present, some small molecule c-Met inhibitors have been
reported to have inhibitory activity against c-Met in human tumors
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and to inhibit tumor growth [5,6]. Based on the binding modes
with c-Met kinase, these inhibitors have been classified to include
Type I inhibitors and Type II inhibitors [5,7]. Type I inhibitors com-
prise the majority of the ATP-competitive inhibitors due to their
ability to bind c-Met kinase in the active conformation. Type I inhi-
bitors typically adopt a ‘U-shaped’ conformation through interac-
tions with both hinge and activation loop residue Y1230. Type II
inhibitors recognize a conformation that is sometimes referred to
as ‘DFG-out’, owing to the rearrangement of this motif. The DFG-
out conformation then exposes an additional hydrophobic binding
site that is adjacent to the ATP binding site (Fig. 9 in Ref. [5]).
The clinically established targeted therapeutic compound, Cri-
zotinib, is a Type I c-Met inhibitor, that displays both anaplastic
lymphoma kinase (ALK) and c-Met inhibitory activity [8]. In
2011, Crizotinib has been approved by the US Food and Drug
Administration (FDA) for the treatment of ALK-rearranged non-
small cell lung carcinoma (NSCLC) as an ALK and c-Met inhibitor.
The co-crystalline structure of Crizotinib combined with c-Met
(Fig. 1) has been reported by J. Jean Cui and her co-authors [8],
in which she revealed that the aminopyridine forms two hydrogen
bonds with the backbone CO of P1158 and NH of M1160 of the
kinase hinge. The 2,6-dichloro-3-fluorobenzyloxy ring stacks in a
coplanar m-interaction against the phenol side chain of Y1230 of
the activation loop. In the Crizotinib molecule, both the 2-chloro
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Fig. 1. Cocrystalline structure of Crizotinib combined with c-Met.

and 3-fluoro elements on the 3-benzyloxy group point toward the
NH of D1222 of the activation loop, indicating that there may be
beneficial electrostatic interactions. The methylene linker allows
the two critical binding elements to wrap around M1211 and form
hydrogen bonds with the backbone of the hinge and m-stacking
interactions with Y1230. The R-methyl group is used to rigidify
the benzyl group, and also make favorable hydrophobic interac-
tions with the residues of V1092, L1157, K1110, and A1108 in
the pocket. The 5-pyrazol-4-yl group is bound through the narrow
lipophilic tunnel surrounded by 11084 and Y1159 and provides the
inhibition of c-Met. The terminal piperidine ring that appears to
serve as a solubilizing group, attached to the N1 position of the
pyrazol-4-yl, extends out into the solvent surrounding the kinase
hinge segment. Bringing together all of these groups in Crizotinib
compound, results in a strong inhibition of c-Met.

Replacement of the aminopyridine in Crizotinib with
7-azaindole, resulting in the production of compound 1, has been
previously reported. Compound 1 demonstrated c-Met inhibitory
activity [9]. Other 7-azaindole and 7-azaindazole derivatives (com-
pounds 2 and 3) have also been reported to show c-Met inhibitory
activity [10,11]. The structure-activity relationships (SAR) have
suggested that 7-azaindole or 7-azaindazole forms two hydrogen
bonds to the backbone of P1158 and M1160 of the kinase hinge.
A single atom linker, such as methylene, oxygen, sulfur, sulfone
or cyclopropyl group (Fig. 2) [9-13], is important, and allow two
aromatic appendages to wrap around M1211 and form hydrogen
bonds with the backbone P1158 and M1160 of the kinase hinge
and m-stacking interactions with Y1230. Furthermore, small sub-
stituent group at the benzylic position appears to be tolerated
(compounds 1, 3 and 5) [9,11,13]. Therefore, exploration of new
7-azaindole or 7-azaindazole derivatives, with a single atom linker,
may result in the development of new c-Met inhibitors.

2. Results and discussion

The results of this study included the design, synthesis, and
characterization of the five new compounds, following the replace-
ment of the aminopyridine in Crizotinib with the closely related
1H-pyrrolo[2,3-b]pyridine or 1H-pyrazolo[3,4-b]pyridine. The
results also included the design, characterization and biological
evaluation of the five new compounds directed against c-Met, fol-
lowing the replacement of the linkage between the 7-azaindole or

7-azaindazole and the 2,6-dichloro-3-fluorophenyl with a methy-
lene, sulfoxide or cyclopropyl. The mode of interactions between
Crizotinib and c-Met kinase was reported previously by J. Jean
Cui and her co-authors in Ref. [8] (Fig. 1). The new derivatives, tak-
ing Crizotinib and compound 1 as a lead scaffold, were expected to
have the similar binding mode. The NH and ring nitrogen of 7-
azaindole or 7-azaindazole in new compounds were expected to
result in two hydrogen bonds with the backbone CO of P1158
and NH of M1160 of the kinase hinge region, similar to the 2-
aminopyridine of Crizotinib. The halogenated phenyl group was
maintained owing to its potential co-planar m-interaction with
the residue Y1230 of the activation loop. Both the 2-chloro and
3-fluoro elements on the phenyl group were maintained due to
the electrostatic interactions with the backbone NH of D1222.
The pyrazole group at the C5 position of the 2-aminopyridine
was maintained due to its compact size and its ability to modulate
physicochemical properties. The terminal piperidine ring, which
attached to the N1 position of the pyrazol-4-yl, was maintained
to serve as a solubilizing group.

Compound 2a, with a 3-pyridyl group at the C2 position of 7-
azaindole, demonstrated c-Met inhibition activity [10], indicating
that the small lipophilic bulk at the C2 position of 7-azaindole
may be tolerated. In order to check this hypothesis, the aminopy-
ridine in Crizotinib was initially replaced with 7-azaindole. By
the addition of small lipophilic bulk Me or Cl at C2 position of
the 7-azaindole, two novel 7-azaindole derivatives 6 and 7 were
synthesized and evaluated for c-Met inhibition. The 7-azaindole
was expected to form two hydrogen bonds with the backbone of
P1158 and M1160. The Me or Cl substitution at the C2 position
of 7-azaindole may be affected the binding of the substrate with
the kinase hinge, and make favorable hydrophobic interactions
with the amino acid residues in the pocket, to improve inhibitory
strength and selectivity. But the enzyme and cell assays of com-
pounds 6 and 7 showed weak kinase and cell inhibition. These
findings suggested that the bulkier substituent at the C2 position
of 7-azaindole may be not favor the formation of hydrogen bonds
of 7-azaindole with the backbone of the hinge, and result in weaker
inhibitory effect.

Further optimization resulted from the introduction of
7-azaindazole and replacement of the linkage between the
7-azaindole and 7-azaindazole and the 2,6-dichloro-3-
fluorophenyl. Following replacement of the aminopyridine in
Crizotinib with 7-azaindole and 7-azaindazole, the methylene
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