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HIBITORS AND PHARMACEUTICAL COMPOSITIONS

COMPRISING THE SAME
Technical Field

The present invention relates to novel compounds as autotoxin inhibitors for
treatment and prophylaxis of conditions or a disorder caused by autotaxin activation or
increased concentration of lysophosphatidic acid, and also a pharmaceutical com-

position containing the same.

Background Art

Autotaxin (hereinbelow, abbreviated as ATX) is an enzyme which is responsible for
the increase in lysophosphatidic acid in ascites and plasma, and it is a secretory
enzyme important for converting lysophosphatidylchloine (hereinbelow, abbreviated as
LPC) into lysophosphatidic acid (hereinbelow, abbreviated as LPA) as a bioactive
signaling molecule. ATX is also referred to as an ectonucleotide pyrophosphatase/
phosphodiesterase 2 or lysophospholipase D. ATX plays a role in causing pathological
conditions including fibrosis, arthritis inflammation, neurodegeneration, neuropathic
pain, and cancer.

LPA is a physiologically active lipid having an influence on the migration, pro-
liferation, and survival of various types of cells. Since the LPA level in plasma is
highly related to the activity of ATX, it is believed that ATX is an important supply
source of extracellular LPA.

It has been shown that, in pathological conditions, inhibition of ATX reduces the
LPA level. LPA reduction may provide therapeutic benefit for a disorder with un-
satisfied medical needs, including cancer, lymphocyte homing, chronic inflammation,
neuropathic pain, fibrotic disorder like idiopathic pulmonary fibrosis (IPF),
thrombosis, cholestatic pruritus, or the like that are induced, mediated, and/or
propagated by increased LPA level and/or ATX activation.

Furthermore, it has been found that LPA is present in increased concentrations in
plasma and ascites fluid from ovarian cancer patients in the early and late phase.
Increased LPA level and altered expression and altered response of a receptor for LPA
can be one of the causes of having an onset, a progress, or a result of ovarian cancer.
LPA is also related to prostate cancer, breast cancer, melanoma cancer, head and neck
cancer, bowel cancer, brain cancer, and thyroid cancer. LPA plays a role in tumor cell

proliferation and invasion thereof into neighboring tissue, which can result in metasta-
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sization. These biological and pathobiological processes are switched on by activation

by LPA of G-protein coupled receptors.
For the treatment of tumor patients, it is desirable to lower the LPA level. This can be

achieved by the inhibition of enzymes which are involved with LPA biosynthesis, for
example, ATX. Autotaxin belongs to the enzyme family of the nucleotide pyrophos-
phatases and phosphodiesterases representing an important starting point in anti-tumor
therapy. That is because ATX is expressed to an increased extent in tumors to exhibit
an influence on tumor cell proliferation and invasion into neighboring tissue, which
can result in metastases formation.

Namely, as ATX is expressed in tumors and has an influence on tumor cell pro-
liferation and infiltration to neighboring tissue, both of them can result in metastases
formation, ATX is a target for anti-tumor therapy. Furthermore, during the course of
angiogenesis, ATX together with other angiogenic factors causes blood vessel
formation. Angiogenesis supplies the tumor with nutrients during tumor growth. As
such, it can be said that inhibition of angiogenesis is an important starting point in
cancer and tumor therapy.
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Disclosure of Invention

Technical Problem

Under the circumstances, the inventors of the present invention found that
compounds having novel structure, which have not been studied until now, not only
exhibit an excellent inhibitory activity for ATX but also can lower LPA concentration,
and thus completed the present invention accordingly.

One Object of the present invention is to provide novel compounds as autotoxin in-
hibitors for treatment and prophylaxis of conditions or a disorder caused by autotaxin
activation or increased concentration of LPA, or a prodrug thereof, a hydrate thereof, a
solvate thereof, an isomer thereof, or a pharmaceutically acceptable salt thereof.

Another object of the present invention is to provide an autotoxin inhibitor com-
position containing, as an effective ingredient, the aforementioned novel compounds,
or a prodrug thereof, a hydrate thereof, a solvate thereof, an isomer thereof, or a phar-
maceutically acceptable salt thereof.

Still another object of the present invention is to provide a pharmaceutical com-
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position for prophylaxis or treatment of a disorder related to autotoxin activity
containing, as an effective ingredient, the aforementioned novel compounds, or a
prodrug thereof, a hydrate thereof, a solvate thereof, an isomer thereof, or a pharma-

ceutically acceptable salt thereof.

Solution to Problem

To achieve the aforementioned object, the present invention provides a novel
compound of the following chemical formula 1 which can effectively inhibit the
activity of ATX, and a prodrug thereof, a solvate thereof, a stereoisomer thereof, or a
pharmaceutically acceptable salt thereof.

[Chemical formula 1]

Al -A Ky

o _R

R

wherein A, L, Q, X, Y, and R are defined herein.

In some embodiments, in the chemical formula 1,

X and Y are each independently CR' or N, with the exclusion of cases in which both
of them are N;

R'is hydrogen, C1-C10 alkyl, or C6-C12 aryl;

R is indanyl (e.g., 2-indanyl), C6-C12arC1-C10 alkyl, or C6-C12arC3-C10 cy-
cloalkenyl;

said aralkyl and arcycloalkenyl of above R may be further substituted with one or
more (e.g., 1, 2, or 3) substituents that are each independently selected from halogen,
C1-C10 alkoxy, and halo substituted C1-C10 alkoxy;

A is C2-C12 heteroaryl, carboxyl-substituted C1-C10 alkyl, C6-C12 aryl,
C6-C12arC1-C10 alkyl, C2-C12 heterocycloalkyl, or NR|R»;

said heteroaryl, aryl, aralkyl, and heterocycloalkyl of above A may be further sub-
stituted with one or more (e.g., 1, 2, or 3) substituents that are each independently
selected from hydroxy, carboxyl, carbamoyl, aminosulfonyl, C1-C10 alkylsul-
fonylamino, C6-C12 arylsulfonylamino, aminosulfonylamino (-NHSO,NH,), -
C(=0)CH,0H and amino,

R, and R, are each independently hydrogen or carboxyl-substituted C1-C10 alkyl, or

R, and R, may be linked to each other to form a monocycle, a polycycle, or a spriro
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ring that are either saturated or unsaturated;

[32] said ring formed as above may contain one or more hetero atoms that are selected
from nitrogen, oxygen, and sulfur and may contain C=C, C=N, or N=N double bond,
and CH, in said ring formed as above may be substituted with C(=0) and also may be
further substituted with one or more substituents that are selected from hydroxy,
carboxyl, carbamoyl, aminosulfonyl, C1-C10 alkylsulfonylamino, C6-C12 arylsul-
fonylamino, aminosulfonylamino (-NHSO,NH,), hydrazide and amino;

[33] L is a single bond, -(CR;R4),C(=0)-, -C(=0)-(CR;Ry,),-, -C(=0)-(CR;R¢),-NH-(CR,R
g)cm» -NH-(CR;R;)-C(=0)-(CR:sR¢)p-, -C(=NRy)-(CR;R,),-, C2-C12 heteroarylene, -(CR
3Ry),-C2-C12 heterocycloalkylene-, -C2-C12 heterocycloalkenylene-(CR;R).-, -
C2-C12 heterocycloalkylene-(CR;Ry),-(NH),-, %_ (C RgR 4) , or

2O

T~y
O.:{N

Y
1\0

[34] R; to Ry are each independently hydrogen or C1-C10 alkyl;

[35] Ry is hydroxy, C1-C10 alkoxy, or mono- or di-C1-C10 alkylamino;

[36] Y1is NRyy, O, or S;

[37] each Ry, is independently hydrogen or C1-C10 alkyl;

[38] a is an integer of from 1 to 5;

[39] b and c are each independently an integer of from O to 5;

[40] d is an integer of 0 or 1;

[41] Q is carbonyl, C2-C12 heterocycloalkylene, or C2-C12 heteroarylene;

[42] said heteroarylene of above Q may be further substituted with one or more (e.g., 1, 2,

or 3) substituents that are selected from C1-C10 alkyl, halo-substituted C1-C10 alkyl,
hydroxy C1-C10 alkyl, C3-C10 cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, carboxy],
NR R, -O(CH,).R 35, -(CH,)R 14, and -C(=O)R 5, in which said alkyl, cycloalkyl, aryl,
and heteroaryl may be further substituted with NR;R, halogen or carboxyl;

[43] R, and R, are each independently hydrogen, C1-C10 alkyl, C6-C12 aryl, C2-C12
heteroaryl, or C3-C10 cycloalkyl;

[44] e and f are each independently an integer of from O to 5 ;

[45] Ry; is hydrogen, C1-C10 alkyl, C6-C12 aryl, C2-C12 heterocycloalkyl, or carboxyl,
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in which said aryl and heterocycloalkyl of above R;; may be further substituted with
one or more (e.g., 1, 2, or 3) substituents that are selected from C1-C10 alkyl, halo-

substituted C1-C10 alkyl, and carboxy;
R, and Rs are each independently C2-C12 heterocycloalkyl, in which said heterocy-

cloalkyl of Ry, and Ris may be a single ring, a fused ring, or a spriro ring that are either
saturated or unsaturated and also may be further substituted with -C(=O)CH,OH, or
CH, in the ring may be substituted with C(=0) and also may be further substituted with
one or more (e.g., 1, 2, or 3) substituents that are selected from halogen, C1-C10 alkyl,
halo-substituted C1-C10 alkyl, and C6-C12 aryl; and

said heteroaryl, heteroarylene, heterocycloalkylene, heterocycloalkenylene, and hete-
rocycloalkyl contain at least one hetero atom that is selected from nitrogen, oxygen,
and sulfur.

In addition, according to confirmation of an excellent ATX inhibiting activity of the
compound represented by the above chemical formula 1, the present invention further
provides an autotoxin inhibitor composition containing, as an effective ingredient, the
compound of the above chemical formula 1, or a prodrug thereof, a solvate thereof, a
stereoisomer thereof, or a pharmaceutically acceptable salt thereof.

In addition, the present invention still further provides a pharmaceutical composition
for prophylaxis or treatment of a disorder related to autotoxin activity containing, as an
effective ingredient, the compound of the above chemical formula 1, or a prodrug
thereof, a hydrate thereof, a solvate thereof, an isomer thereof, or a pharmaceutically

acceptable salt thereof.

Advantageous Effects of Invention

Because the compounds of the present invention as a novel compound exhibit a very
high inhibiting activity on ATX and also inhibits simultaneously the production of
LPA, they can be used advantageously as an effective agent for prophylaxis and
treatment of a disorder mediated by ATX, for example, cardiovascular disorder,
cancer, metabolic disorder, kidney disorder, liver disorder, inflammatory disorder,
nervous system disorder, respiratory system disorder, fibrotic disease, ocular disorder,
cholestatic and other forms of chronic pruritus, or acute or chronic organ transplant

rejection.

Mode for the Invention
Hereinbelow, the present invention is explained more specifically. With regard to the
technical terms and scientific terms that are used therefor, if there is no other definition

available, they have a meaning that is commonly understood by a person who has
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common knowledge in the technical field to which the present invention pertains, and
explanations of well-known functions and constitutions, which may unnecessarily
obscure the gist of the present invention, are omitted in the descriptions that are given
below.

The present invention provides a compound that is represented by the following
chemical formula 1, and a prodrug thereof, a solvate thereof, a stereoisomer thereof, or
a pharmaceutically acceptable salt thereof.

[Chemical formula 1]

Al Xy

o _R

A

wherein A, L, Q, X, Y, and R are defined herein.

In some embodiments, in the chemical formula 1,

X and Y are each independently CR' or N, with the exclusion of cases in which both
of them are N;

R'is hydrogen, C1-C10 alkyl, or C6-C12 aryl;

R is indanyl (e.g., 2-indanyl), C6-C12arC1-C10 alkyl, or C6-C12arC3-C10 cy-
cloalkenyl;

said aralkyl and arcycloalkenyl of above R may be further substituted with one or
more (e.g., 1, 2, or 3) substituents that are selected from halogen, C1-C10 alkoxy, and
halo-substituted C1-C10 alkoxys;

A is C2-C12 heteroaryl, carboxyl-substituted C1-C10 alkyl, C6-C12 aryl,
C6-C12arC1-C10 alkyl, C2-C12 heterocycloalkyl, or NRR;

said heteroaryl, aryl, aralkyl, and heterocycloalkyl of above A may be further sub-
stituted with one or more (e.g., 1, 2, or 3) substituents that are selected from hydroxy,
carboxyl, carbamoyl, aminosulfonyl, C1-C10 alkylsulfonylamino, C6-C12 arylsul-
fonylamino, aminosulfonylamino (-NHSO,NH,), -C(=O)CH,OH and amino,

R, and R; are each independently hydrogen or carboxyl-substituted C1-C10 alkyl, or
R, and R, may be linked to each other to form a monocycle, a polycycle, or a spriro
ring that are either saturated or unsaturated;

said ring formed as above may contain one or more (e.g., 1, 2, or 3) hetero atoms that
are selected from nitrogen, oxygen, and sulfur and may contain C=C, C=N, or N=N

double bond, and CH, in said ring formed as above may be substituted with C(=0) and
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also may be further substituted with one or more (e.g., 1, 2, or 3) substituents that are
selected from hydroxy, carboxyl, carbamoyl, aminosulfonyl, C1-C10 alkylsul-
fonylamino, C6-C12 arylsulfonylamino, aminosulfonylamino (-NHSO,NH,),
hydrazide and amino;

L is a single bond, -(CR;R,),C(=0)-, -C(=0)-(CR;Ry),-, -C(=0)-(CR5R;),-NH-(CR,R
g)e-» -NH-(CR/Ry)-C(=0)-(CR5R¢),-, -C(=NRy)-(CR;R,),-, C2-C12 heteroarylene, -(CR
3Ry),-C2-C12 heterocycloalkylene-, -C2-C12 heterocycloalkenylene-(CR;R).-, -
C2-C12 heterocycloalkylene-(CR;Ry),-(NH),-, %_ I:C RgR 4) , , Or

FoX i

T~y
Oz{N

Y
1\0

R; to Ry are each independently hydrogen or C1-C10 alkyl;

Ry is hydroxy, C1-C10 alkoxy, or mono- or di-C1-C10 alkylamino;

Y1is NRyy, O, or S;

each Ry, is independently hydrogen or C1-C10 alkyl;

a is an integer of from 1 to 5;

b and c are each independently an integer of from O to 5;

d is an integer of O or 1;

Q is carbonyl, C2-C12 heterocycloalkylene, or C2-C12 heteroarylene;

said heteroarylene of above Q may be further substituted with one or more (e.g., 1, 2,
or 3) substituents that are selected from C1-C10 alkyl, halo-substituted C1-C10 alkyl,
hydroxy C1-C10 alkyl, C3-C10 cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, carboxy],
NR R, -O(CH,).R 35, -(CH,)R 14, and -C(=O)R 5, in which said alkyl, cycloalkyl, aryl,
and heteroaryl may be further substituted with NR;R, halogen or carboxyl;

R, and R, are each independently hydrogen, C1-C10 alkyl, C6-C12 aryl, C2-C12
heteroaryl, or C3-C10 cycloalkyl;

e and f are each independently an integer of from O to 5;

Ry; is hydrogen, C1-C10 alkyl, C6-C12 aryl, C2-C12 heterocycloalkyl, or carboxyl,
in which said aryl and heterocycloalkyl of above R;; may be further substituted with
one or more (e.g., 1, 2, or 3) substituents that are selected from C1-C10 alkyl, halo-
substituted C1-C10 alkyl, and carboxy;
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R, and Rs are each independently C2-C12 heterocycloalkyl, in which said heterocy-
cloalkyl of Ry, and Ris may be a single ring, a fused ring, or a spriro ring that are either
saturated or unsaturated and also may be further substituted with -C(=O)CH,OH, or
CH, in the ring may be substituted with C(=0) and also may be further substituted with
one or more (e.g., 1, 2, or 3) substituents that are selected from halogen, C1-C10 alkyl,
halo-substituted C1-C10 alkyl, and C6-C12 aryl; and

said heteroaryl, heteroarylene, heterocycloalkylene, heterocycloalkenylene, and hete-
rocycloalkyl contain at least one hetero atom that is selected from nitrogen, oxygen,
and sulfur).

The compound of the chemical formula 1 according to the present invention inhibits
LPA production based on very high inhibiting activity on ATX. As such, it is useful as
a therapeutic agent and a prophylactic agent for a disorder mediated by ATX, for
example, kidney disorder, liver disorder, inflammatory disorder, nervous system
disorder, fibrotic disease, and acute or chronic organ transplant rejection.

Some of the variables in Formula 1 herein are divalent radicals. For example, "L" is
linked to both A and Q in Formula 1; and "Q" is linked to both L and the core aromatic
ring. For the avoidance of doubt, as used herein, unless otherwise specified, a divalent
radical can be attached to the remaining of the molecule through either attaching
points. To illustrate, for example, when L is said to be "-(CR;R,),C(=0)-", the as
written left attaching point of L, i.e., a CR;R, unit, can be linked to either A or Q,
whereas the carbon atom of the C(=0) unit can be linked to the remaining Q or A ac-
cordingly. However, in any of the embodiments described herein, the as drawn or
written left attaching point of a divalent radical of L can be linked to the variable "A"
in any of the formulae herein, and the as drawn or written right attaching point of the
divalent radical of L can be linked to the variable "Q" in any of the formulae herein.
And in any of the embodiments described herein, the as drawn or written left attaching
point of a divalent radical of Q can be linked to the variable "L" in any of the formulae
herein.

In various definitions herein, the symbol "-" may be used preceding and after a
divalent radical, indicating its connection points. For example, a divalent radical
"C2-C12 heterocycloalkylene" can be used in a definition such as "-(CR;R,),-C2-C12
heterocycloalkylene-", which should be understood such that one of the two C2-C12
heterocycloalkylene connecting points is connected to a CR3R4 unit, whereas the other
connecting point is connected to the remaining of the structure. Other similar ex-
pressions should be understood similarly. Also, those skilled in the art would un-
derstand that a divalent radical will have two attaching points regardless whether the
symbol "-" is used or not.

In various embodiments herein, the expression "Cx-Cy" or "Cx-y" can be used to
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designate the number of carbon atoms in the definition. For example, a C1-C10 (or
C1-10) alkyl means an alkyl that has 1-10 carbon atoms. Also, CO means no carbon
atom, C1 means one carbon, and so on.

In various embodiments herein, an alkyl, alkoxy, cycloalkyl, cycloalkenyl, cy-
cloalkylene, cycloalkenylene, heterocycloalkyl, heterocycloalkylene, heterocy-
cloalkenyl, heterocycloalkenylene, aryl, arylene, heteroaryl or heteralene, etc. can be
described as "optionally substituted,” which refers to the respective group being unsub-
stituted or further substituted with one or more (e.g., 1, 2, 3, or 4) independently
selected substituents. If substituted, unless otherwise specified, the substituents can be
selected from the group that includes, but is not limited to, halo, C;-Cy,alkyl, —CF;,
—NH,, —N(C;-C¢alkyl),, —NO,, oxo, —CN, —N,;, —OH, —O(C,;-Cs alkyl), C;-Cy,
cycloalkyl, C,-Cgalkenyl, C,-Cgalkynyl, (Cp-Cyalkyl) S(O)g,—, aryl-S(O)g,—, (Cy-Cs
alky])S(O)g2(Cp-Cs alkyl)-, (Cy-Cg alkyl)C(O)NH—, H,N—C(NH)—, —O(C;-Cs
alkyl)CF;, (Cy-Ce alkyl)C(O)—, (Cp-Csalky)OC(O)—, (Cy-Cealkyl)O(C;-Cq alkyl)-,
(Co-Cealkyl)C(O), 2(Cy-Cg alkyl)-, (C;-Co alky) OC(O)NH—, aryl, aralkyl, heteroaryl,
heterocycloalkyl, halo-aryl, halo-aralkyl, halo-heterocycle and halo-heterocycloalkyl.

Unless expressly stated to the contrary, all ranges cited herein are inclusive. For
example, a heteroaryl ring described as containing from "0 to 3 heteroatoms" means
the ring can contain 0, 1, 2, or 3 heteroatoms. It is also to be understood that any range
cited herein includes within its scope all of the sub-ranges within that range. The
oxidized forms of the heteroatoms N and S are also included within the scope of the
present invention.

When any variable (for example, R") occurs more than one time in any constituent or
in formula 1 or in any other formula depicting and describing compounds of the
invention, its definition on each occurrence is independent of its definition at every
other occurrence. Combinations of substituents and/or variables are permissible if such
combinations result in stable compounds.

Unless expressly stated to the contrary, substitution by a named substituent is
permitted on any atom provided such substitution is chemically allowed and results in
a stable compound. A "stable" compound is a compound that can be prepared and
isolated and that has a structure and properties that remain or can be caused to remain
essentially unchanged for a period of time sufficient to allow use of the compound for
the purposes described herein (e.g., therapeutic or prophylactic administration to a
subject).

The term "alkyl" in the present invention means a monovalent linear or branched
saturated hydrocarbon radical which consists of carbon and hydrogen atoms only, and
1 to 10 carbon atoms, and preferably 1 to 7 carbon atoms (e.g., 1 to 4 carbons) may be

contained therein. Examples of the alkyl radical include methyl, ethyl, propyl,
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isopropyl, butyl, isobutyl, t-butyl, pentyl, and hexyl, but it is not limited thereto.

The term "aryl" in the present invention means an organic radical that is derived from
aromatic hydrocarbons according to removal of one hydrogen, and it includes a mono-
or fused-ring system containing suitably 4 to 7, preferably 5 or 6 ring atoms in each
ring, and also a type in which several aryls are connected to one another via a single
bond. Specific examples thereof include phenyl, naphthyl, biphenyl, anthryl, indenyl
and fluorenyl, but it is not limited thereto.

Carboxyl-substituted alkyl as used herein refers to an alkyl group defined herein sub-
stituted with one or more carboxyl group, for example, 1 carboxyl group.

Hydroxy-substituted alkyl as used herein refers to an alkyl group defined herein sub-
stituted with one or more hydroxyl group, for example, 1 or 2 hydroxyl groups.

The term "heteroaryl” in the present invention means an aryl group which includes,
as an aromatic ring skeleton atom, 1 to 4 hetero atoms that are selected from N, O, and
S in which the rest of the aromatic ring skeleton atoms are carbons. It is 5- to
6-membered monocyclic heteroaryl or a polycyclic heteroaryl fused to one or more
benzene rings, and can be partially saturated. Furthermore, also included in the
heteroaryl in the present invention is a type in which one or more heteroaryls are
linked to one another via a single bond. Examples of the heteroaryl group include
pyrrole, quinoline, isoquinoline, pyridine, pyrimidine, oxazole, thiazole, thiadiazole,
triazole, imidazole, benzimidazole, isoxazole, benzisoxazole, thiophene, ben-
zothiophene, furan, and benzofuran, but it is not limited thereto.

The term "halo" in the present invention represents an element of the halogen group,
and examples thereof include fluoro, chloro, bromo, and iodo.

Halo-substituted group refers to the respective group being substituted with one or
more halogen, for example, substituted with 1, 2, or 3 fluorine. For example, halo-
substituted alkyl (or halo alkyl) as used herein refers to an alkyl group defined herein
substituted with one or more halogen, for example, substituted with 1, 2, or 3 fluorine.
Similarly, halo-substituted alkoxy as used herein refers to an alkoxy group defined
herein substituted with one or more halogen, for example, substituted with 1, 2, or 3
fluorine.

The term "cycloalkyl" in the present invention means a monovalent saturated car-
bocyclic radical consisting of one or more rings, and it may have 3 to 10 carbon atoms,
and preferably 3 to 7 carbon atoms. Specific examples thereof include cyclopropyl, cy-
clobutyl, cyclopentyl, and cyclohexyl, but it is not limited thereto.

The term "alkoxy" in the present invention means a -O-alkyl radical, and it may have
1 to 10 carbon atoms, and preferably 1 to 7 carbon atoms. Herein, the 'alkyl' is as
defined in the above. Specific examples thereof include methoxy, ethoxy, isopropoxy,

butoxy, isobutoxy, and t-butoxy, but it is not limited thereto.
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The term "heterocycloalkyl” in the present invention means a monovalent radical of a
non-aromatic heterocycle which includes 1 to 4 hetero atoms that are selected from N,
O, and S, in which the non-aromatic heterocycle includes all types of ring structures
such as a monocyclic ring and polycyclic ring, including a single ring, a fused ring
(e.g., a fused bicyclic ring), and a spiro ring (e.g., a bicyclic ring including a spiro ring)
that are either saturated or unsaturated, and in the case of a polycyclic structure, the
rings can bind to each other via one or more hetero atom(s) and/or carbon atom(s).
Examples of the heterocycloalkyl radical may include a monovalent radical of non-
aromatic heterocycle such as aziridine, pyrrolidine, azetidine, piperidine, tetrahy-
dropyridine, piperazine, morpholine, thiomorpholine, 3-azabicyclo[3.1.0]hexane, oc-
tahydropyrrolo[3,4-c]pyrrole. 2,7-diazaspiro[4.4]nonane, or 2-azaspiro[4.4]nonane.

The term "heterocycloalkenyl” in the present invention means a monovalent radical
of a non-aromatic heterocycle which includes 1 to 4 hetero atoms that are selected
from N, O, and S, and includes one or more double bonds, and it includes all types of
ring structures such as a monocyclic ring and polycyclic ring, including a single ring, a
fused ring, and a spiro ring that are unsaturated, and in the case of a polycyclic
structure, the rings can bind to each other via one or more hetero atom(s) and/or carbon
atom(s).

The term "cycloalkenyl" in the present invention means an unsaturated monovalent
carbocyclic radical consisting of one or more rings, and it may have 3 to 10 carbon
atoms, and preferably 3 to 7 carbon atoms. Specific examples thereof include cyclo-
propenyl, cyclobutenyl, cyclopentenyl, and cyclohexenyl, but it is not limited thereto.

The terms "arylene" and "heteroarylene” in the present invention mean a divalent
radical of an aromatic ring and a divalent radical of a heteroaromatic ring, respectively.

The terms "heterocycloalkylene" and "heterocycloalkenylene” in the present
invention mean a divalent radical of a saturated heterocycle and a divalent radical of an
unsaturated heterocycle, respectively.

In some embodiments, A is NR;R,. In some embodiments, R, R,, and the nitrogen
atom to which they are attached, form an optionally substituted monocyclic or
polycyclic heterocyclic ring (e.g., a 5-14 membered ring). As used herein, a polycyclic
ring can include a ring system containing two rings fused together via two shared
atoms, and a ring system containing two rings sharing only one single carbon atom,
i.e., forming a spiro ring. With regard to the compounds according to one example of
the present invention, the ring formed as R, and R, are linked to each other is a
monocycle, a polycycle, or a spiro ring that are either saturated or unsaturated, and

itcan be preferably a ring selected from the following structures:
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[105]

[106]

[107]
[108]
[109]

[110]

[111
[112
[113
[114
[115

—t e e b

Ay o m?, Rb'NHJm O‘H.Jn N

b
Ry

RY, R

- R 0 R2 N
S0P 0 S0 40 0

Rbf Rb" Ra

a R N
L w0, L OO0 o ,fJQ
4

R? R2 Ra

e R oY R%N‘ﬁ/\ﬁ R%MAN)\ i\nﬁ
‘5\; R N N’N\/I N’A\/I 07N

Rb Rb

wherein R® is hydrogen, hydroxy, carboxyl, carbamoyl, C1-C10 alkylsulfonylamino,
aminosulfonylamino (-NHSO,NH,), or amino;

RP is hydrogen, carboxyl, or aminosulfonyl; and

m is an integer of 0, 1, or 2.

With regard to the compounds according to one example of the present invention, the

above A can be selected from the following structures.

Neg™ O:O\_} 0 o
Nﬁj;j'_i ojﬂ o HO%/ HO/U\H:.N?/ HOEL;\N_;

: 0 ; , A
Ny Ho—4¢ "N HNE N B
0%
N WO Ny 2 Neo sy N
Q Hom . N'HEQ HzN{sJO "=

o N}\ 0 (\N}\ @)\
OI{Q’I\) Ho)ﬂ)\ Ho\g’mﬂﬂ "M

wherein Re¢ is C1-C7 alkyl or amino;

p is an integer of from O to 5;

q and r are each independently an integer of from 1 to 5; and
m is an integer of 0, 1, or 2 (e.g., 1).

With regard to the compounds according to one example of the present invention, the
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[116]

[117
[118
[119
[120
[121
[122
[123

—t e e e e e e

[124]

[125]
[126]

[127]

[128]

above L may be either a single bond or selected from the following structures.

Rcl Re

0 OR, R, 0
AP N R Ay AR A
0 0 0

0 0 s A
y“\ﬁ H . }”Yq N i

[ S %—N\/kﬂx O%\“ )

wherein R4 and Re¢ are each independently hydrogen or C1-C7 alkyl;

Rfis hydroxy, C1-C7 alkoxy, or mono- or di-C1-C7 alkylamino;

Y1is NRyy, O, or S;

each Ry is independently hydrogen or C1-C7 alkyl;

s is an integer of from O to 3; and

tis an integer of from 1 to 3.

With regard to the compounds according to one example of the present invention, the

above Q may be selected from the following structures.

W@W%#&%WHMH&
k'“a/ L 1,

wherein Re is hydrogen or C1-C7 alkyl;

R! is hydrogen, hydroxy, NR R ,, C1-C7 alkoxy, C1-C7 alkyl, hydroxy C1-C7 alkyl,
C3-C7 cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, carboxyl, -O(CH,).R;, -(CH,)R 4,
or -C(=O)R;s, in which said alkyl, cycloalkyl, aryl, and heteroaryl of Rt may be further
substituted with NR;R;, or carboxy];

R, and R, are each independently hydrogen, C1-C7 alkyl, C6-C12 aryl, C2-C12
heteroaryl, or C3-C7 cycloalkyl;

Ry; 18 C6-C12 aryl, C3-C9 heterocycloalkyl, or carboxyl, in which said aryl and hete-

rocycloalkyl of R;; may be further substituted with one or more substituents that are
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[129]

[130]
[131]

[132]
[133]
[134]

[135]

[136]

[137
[138
[139
[140
[141
[142
[143

e e e d e e

selected from C1-C7 alkyl, halo-substituted C1-C7 alkyl, and carboxyl;

R4 and Rs are each independently C3-C9 heterocycloalkyl, in which said heterocy-
cloalkyl of Ry, and Ris may be a single ring, a fused ring, or a spriro ring that are either
saturated or unsaturated, or CH, in the ring may be substituted with C(=0), and said
heterocycloalkyl of Ry, and R;5s may be further substituted with one or more sub-
stituents that are selected from halogen, C1-C10 alkyl, halo-substituted C1-C10 alkyl,
and C6-C12 aryl;

Riis hydrogen, C1-C7 alkyl, or halo-substituted C1-C7 alkyl;

Riis hydrogen, C1-C7 alkyl, halo-substituted C1-C7 alkyl, C3-C7 cycloalkyl, or
C6-C12 aryl;

e is an integer of from O to 3; and

{ is an integer of from O to 3.

With regard to the compounds according to one example of the present invention, the
above Rt may be more preferably hydrogen, hydroxy, NR;R,, C1-C7 alkoxy, C1-C7
alkyl, hydroxy C1-C7 alkyl, C3-C7 cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, or

carboxyl, or selected from the following structures.
N PO o o N
7R
\{Oﬁ,@ NI () N
Rn
O‘HJLOH AQOL MN AHOC/ Ji{«}c\(© /\(‘7\[/\\\

Rm

UG RN UVT S IR
‘;LD \JCLNOLRI A%J@Rp AHOR ‘Hﬁ@

wherein Ry, and R, are each independently hydrogen, C1-C7 alkyl, C6-C12 aryl, or
C3-C7 cycloalkyl;

Rk is hydrogen or carboxyl;

R!is hydrogen, C1-C7 alkyl, halo-substituted C1-C7 alkyl, or carboxyl;

R™ and R are each independently hydrogen, C1-C7 alkyl, halogen, or carboxyl;

Re is hydrogen or C1-C7 alkyl;

Rr is C6-C12 aryl; and

w is an integer of from O to 3.

./R!

R"

With regard to the compounds according to one example of the present invention, the
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[145]

[146]
[147]
[148]

[149]
[150]

[151
[152
[153
[154
[155
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compounds can be more preferably represented by the chemical formula 2:

[Chemical formula 2]

A0

wherein A, L, Q, and R are defined herein.

In some embodiments, in the chemical formula 2,

R is indanyl (e.g., 2-indanyl), halo-substituted C1-C7 alkoxybenzyl, or halo-

substituted C6-C12 aryl C5-C7 cycloalkenyl;

A is selected from the following structures;

N, O:O\_} 0, o
Nﬁ:g}i Oﬁ“_( | o HO}‘% HO“’U‘H;N}/ HoEJ\N—i

0 0
0 ;
Ho?‘—t\,my @Ny Qu, e B

Re is C1-C7 alkyl or amino;
p is an integer of from O to 5;
q and r are each independently an integer of from 1 to 5;

m is an integer of 0, 1, or 2;

L is either a single bond or selected from the following structures;
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[156]

[157
[158
[159
[160
[161
[162
[163
[164

e e e e e b

[165]
[166]

Rd Re

0 OR,y R, O
AN e Y At Ay A
Ry - Yy
O

0 ‘“T“N/\

R4 and Re are each independently hydrogen or C1-C7 alkyl;
Rfis hydroxy, C1-C7 alkoxy, or mono- or di-C1-C7 alkylamino;
Y1is NRyy, O, or S;

each Ry is independently hydrogen or C1-C7 alkyl;

s is an integer of from O to 3;

tis an integer of from 1 to 3;

Q is selected from the following structures;

O ,N=N ET_Q N— "
\)g, VN i—ND—{ \‘Nv\j, \{Nf:j}\f \(N'{j\/
W3 iy vy vy iy

R"}_ 'Ri R
=N N = "N =|=
\‘,,N\?J -\/é_ ,?\\’; ER/I[V \,(\‘ I-}N
>’ N T
Re is hydrogen or C1-C7 alkyl;
R! is hydrogen, hydroxy, NR R ,, C1-C7 alkoxy, C1-C7 alkyl, hydroxy C1-C7 alkyl,
C3-C7 cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, or carboxyl, or selected from the

following structures;
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[167] JR!

e O, 0L SRS
OﬁJJ\OH AQOLRAMN ,AHOC/ ﬂ{\/};;© A(”)m\\

Rm

AHCLZ ﬂ@jj\) /\e);"“vj ‘Hwﬁ AN

w

Sy ey 4l O w@

[168] said alkyl, cycloalkyl, aryl, and heteroaryl of R* may be further substituted with NR,

R'

R, or carboxyl;
[169] Riis hydrogen, C1-C7 alkyl, or halo-substituted C1-C7 alkyl;
[170] Riis hydrogen, C1-C7 alkyl, halo-substituted C1-C7 alkyl, C3-C7 cycloalkyl, or

C6-C12 aryl;

[171] R, and R, are each independently hydrogen, C1-C7 alkyl, C6-C12 aryl, or C3-C7
cycloalkyl;

[172] Rk is hydrogen or carboxyl;

[173] R!is hydrogen, C1-C7 alkyl, halo-substituted C1-C7 alkyl, or carboxyl;

[174] R™ and R" are each independently hydrogen, C1-C7 alkyl, halogen, or carboxyl;

[175] Re is hydrogen or C1-C7 alkyl;

[176] Rris C6-C12 aryl; and

[177] w is an integer of from O to 3).

[178] With regard to the compounds according to one example of the present invention, it
is more preferable that said R is indanyl (e.g., 2-indanyl) or halo-substituted C1-C7
alkoxybenzyl;

[179] A is selected from the following structures;

[180] D—% O:(:G; }_% Ok Nzﬂ/\
QB ;\,]:\/) H):J 0L Ny,

[181] p is an integer of from 1 to 5;
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[182] m is an integer of 0, 1, or 2;
[183] L is either a single bond or selected from the following structures;
[184] Ry R. 0 0 R, Re}x H f(‘ 0
N f\ /U\HX
- Rf N ~Y. Q -MTA‘ N }\
NI | N v oM
s P Ay
I t A 7’ ¥ o
[185] R4 and Re are each independently hydrogen or C1-C7 alkyl;
[186] s is an integer of from O to 3;
[187] tis an integer of from 1 to 3;
[188] Q is selected from the following structures;
[189] R39
N_ N
\(Ik/ — e VI ”N}\{
Rh N -
N— FN N—N O-N / ';I‘l
, N s SRy -
N g A 0 N N
Rl a
R} R Re
>=N f N \/[‘ l'_"\N
\ L4
XTN \%‘, N/)\If N
[190] Re is hydrogen or C1-C7 alkyl;
[191] Riis hydrogen, C1-C7 alkyl, or halo-substituted C1-C7 alkyl;
[192] Riis hydrogen, C1-C7 alkyl, halo-substituted C1-C7 alkyl, C3-C7 cycloalkyl, or
C6-C12 aryl;
[193] R! is hydrogen, hydroxy, NR R ,, C1-C7 alkoxy, C1-C7 alkyl, hydroxy C1-C7 alkyl,

C3-C7 cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, or carboxyl, or selected from the

following structures;
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[194] R

e O, 0L SRS
OﬁJJ\OH AQOLRAMN ,AHOC/ ﬂ{\/};;© A(”)m\\

Rm

AHCLZ ﬂ@jj\) /\e);"“vj ‘Hwﬁ AN

w

Sy ey 4l O w@

[195] R, and R, are each independently hydrogen, C1-C7 alkyl, C6-C12 aryl, or C3-C7

R'

cycloalkyl;

[196] Rk is hydrogen or carboxyl;

[197] R!is hydrogen, C1-C7 alkyl, halo-substituted C1-C7 alkyl, or carboxyl;

[198] R™ and R are each independently hydrogen, C1-C7 alkyl, or halogen;

[199] Re is hydrogen or C1-C7 alkyl;

[200] Rr is C6-C12 aryl; and

[201] w may be an integer of from O to 3.

[202] With regard to the compounds according to one example of the present invention, it
is more preferable that said R is indanyl, more preferably, 2-indanyl, i.e., \(C{\j}

[203] With regard to the compounds according to one example of the present invention, the

compounds can be selected specifically from the following structures, but they are not

limited thereto.
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[212]

[213]

[214]

o]
OH
N.yN/ 7 N CH HN-NH 2
3L -0 Oy
I =N @ s} o} l =N /@
N’;‘L'f;l‘ N"J\

H

As the compounds represented by the chemical formula 1 according to the present
invention can be used after they are prepared in the form of a prodrug, a hydrate, a
solvate, or a pharmaceutically acceptable salt to have enhanced in vivo absorption or
increased solubility, the prodrug, hydrate, solvate, and pharmaceutically acceptable salt
are also encompassed within the scope of the present invention. Furthermore, as the
compounds represented by the chemical formula 1 can have a chiral carbon,
stereoisomers thereof are also present and those stereoisomers are also encompassed
within the scope of the present invention.

In the compounds of generic formula 1, the atoms may exhibit their natural isotopic
abundances, or one or more of the atoms may be artificially enriched in a particular
isotope having the same atomic number, but an atomic mass or mass number different
from the atomic mass or mass number predominantly found in nature. The present
invention is meant to include all suitable isotopic variations of the compounds of
generic formula 1. For example, different isotopic forms of hydrogen (H) include
protium ('H) and deuterium (*H or D). Protium is the predominant hydrogen isotope
found in nature. Enriching for deuterium may afford certain therapeutic advantages,
such as increasing in vivo half-life or reducing dosage requirements, or may provide a
compound useful as a standard for characterization of biological samples. Isotopically-
enriched compounds within generic formula 1 can be prepared without undue experi-
mentation by conventional techniques well known to those skilled in the art or by

processes analogous to those described in the Schemes and Examples herein using ap-
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propriate isotopically-enriched reagents and/or intermediates.

[215] As would be recognized by one of ordinary skill in the art, certain of the compounds
of the present invention can exist as tautomers. For the purposes of the present
invention a reference to a compound of formula 1 is a reference to the compound per
se, or to any one of its tautomers per se, or to mixtures of two or more tautomers.

[216] The present invention also provides a method for producing the compounds of the
chemical formula 1.

[217] As a method for producing the compounds of the chemical formula 1, the reaction
schemes 1 to 11 are exemplified, but the method for producing the compounds of the
chemical formula 1 according to the present invention is not limited by the following
production methods. The following reaction schemes 1 to 11 are only exemplifications,
and it is evident that, depending on a specific substituent, they can be easily modified
by a person skilled in the pertinent art.

[218] [Reaction scheme 1]

[219] 0 o) 0
/ — —
N)W N7 N
H H
1-a
N NH
0 0 NN | HCI 0 6
HO/‘L\/\N | S /@ ___‘j___l_[n_’_?______._ N,[um)]\ﬂﬁ l Ny @
H R
N//]\N H NIA\N v
H H

1-b 1
[220] [Reaction scheme 2]

[221] " NH r”\m/\mfo\w’___’ r”\N’\\/OH r/\N/“\fo
boc’N\) boc’N\) 0 boc’N\) boc"N\)

B-a B-b B-c

0O
N JHK\N
; NH )\
N = o}
H I\/' HCl (\NJbOC (\ ﬁ/\cr CFy

HO
NH
o s ¢ At
N N
N

im-2a

N
N/

N

H

&
(
C

[222] [Reaction scheme 3]
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[223] 0
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[224] [Reaction scheme 4]
225 H
[225] 0 NO, 0 NH, 0 N ol
o= — X = =< AT
N N
H H H
10-a 27-a 27-b

[226] [Reaction scheme 5]
[227] 9 0

H
M O
Y o N @
IN J\H 3 ot W ,J\
im-2a 33-a 33-b
-~ J? M- ,1{
0 HO
\»—{"O‘ /@ , w*'( Ef >
33-d

IZ

(it wa\“*w R
im-7 )\

[228] [Reaction scheme 6]
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[230] [Reaction scheme 7]
[231]
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0 NJ
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- o o ¥
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[232] [Reaction scheme 8]

[233] 0] HN,“:
i ZQ \TWE@ " ’i@
e - > - =
W Ut "
m-3

53-a

0O ,
oo HCI -
HOFQN\ - im7 HNC 'ZQ,
—_— N = }\.j @ \N
\NJ\H

A3-c

[234] [Reaction scheme 9]
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[235]

[236]
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[240]

[241]

56-a 56-b H

N ™
56 H
[Reaction scheme 10]
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[Reaction scheme 11]
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As aresult of biochemical and pharmacological tests, the compounds of the chemical

formula 1 according to the present invention are found to exhibit an excellent in-
hibiting activity on ATX and also simultaneously lower the LPA concentration, and
thus they can exhibit a therapeutic and prophylactic effect for conditions or a disorder
caused by ATX activation or increased LPA concentration.

The term "pharmaceutically acceptable salt” means a salt of a compound that does

not cause severe irritation to an organism into which the compound is administered and



33

WO 2018/212534 PCT/KR2018/005516

[242]

[243]

[244]

[245]

does not deteriorate biological activity and physical properties of the compound. The

"o "o

terms "hydrate,” "solvate," "isomer," and "prodrug” also mean the same as defined
here. The pharmaceutically acceptable salt includes pharmaceutically acceptable,
anion-containing, non-toxic acid addition salts formed by acids, for example, inorganic
acids such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, hy-
drobromic acid, hydriodic acid, and the like, organic carboxylic acids such as tartaric
acid, formic acid, citric acid, acetic acid, trichloroacetic acid, trifluoroacetic acid,
gluconic acid, benzoic acid, lactic acid, fumaric acid, maleic acid, salicylic acid, and
the like, and sulfonic acids such as methane sulfonic acid, ethane sulfonic acid,
benzene sulfonic acid, p-toluene sulfonic acid, and the like. Examples of the pharma-
ceutically acceptable salt for a carboxylic acid include metallic salts or alkaline earth
metal salts of lithium, sodium, potassium, calcium, magnesium, and the like, amino
acid salts such as lysine, arginine, guanidine, and the like, and organic salts such as di-
cyclohexylamine, N-methyl-D-glucamine, tris(thydroxymethyl)methylamine, di-
ethanolamine, choline, triethylamine, and the like. The compound of the chemical
formula 1 may be converted into a salt thereof by using a conventional method.

The term "hydrate" refers to the compound according to the present invention or a
salt thereof that contains stoichiometric or non-stoichiometric amount of water bound
thereto by non-covalent intermolecular force.

The term "solvate" refers to the compound according to the present invention or a
salt thereof that contains stoichiometric or non-stoichiometric amount of solvent bound
thereto by non-covalent intermolecular force. In this regard, preferable solvents may be
volatile solvents, nontoxic solvents, and/or solvents that are suitable for administration
to humans.

The term "isomer" refers to the compound according to the present invention or a salt
thereof which has the same chemical or molecular formula but is structurally or stereo-
chemically different. Such isomers include structural isomers such as tautomers and
the like, R or S isomers having an asymmetric carbon center, and stereoisomers such as
geometric isomers (trans and cis) and the like. All the isomers and mixtures thereof are
also encompassed within the scope of the present invention.

The term "prodrug” refers to a substance that is converted into a parent drug in a
living organism. In some cases, prodrugs are often used because of easier admin-
istration than parent drugs. For example, prodrugs have bioavailability when orally
administered, whereas parent drugs may not. In addition, a prodrug may have
improved solubility in a pharmaceutical composition when compared to
a parent drug. For example, in a living organism, the prodrug may be a hydrolyzable
ester of the compound according to the present invention or a pharmaceutically ac-

ceptable salt thereof. As another example, the prodrug may be a
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[246]

[247]

[248]

[249]

[250]

[251]

[252]

short peptide (polyamino acid) with an acid group linked thereto that is metabolized
such that the peptide exposes an active site.

Other terms as used herein may be interpreted as commonly understood in the
pertinent art to which the present invention pertains.

Various types of prodrugs are known in the pertinent art, and reference can be made
to the following literatures, for example: a) Literature [Design of Prodrugs, edited by
H. Bundgaard, (Elsevier, 1985) and Methods in Enzymology, Vol.42, p.309-396,
edited by K. Widder, et al. (Academic press, 1985)]; b) Literature [A Textbook of
Drug Design and Development, edited by Krogsgaard-Larsen and H. Bundgaard,
Chapter 5 "Design and Application of Prodrugs”, by H. Bundgaard p. 113-191 (1991)];
c) Literature [H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992)]; d)
Literature [H. Bundgaard, et al., Journal of Pharmaceutical Sciences, 77, 285 (1988)];
and e) Literature [N. Kakeya, et al., Chem Pharm Bull, 32, 692 (1984)].

Such prodrug is mainly used when solubility is relatively low or absorptivity is low.
Conversion into prodrugs may lead to improvement of absorption, distribution,
metabolism and excretion (ADME) and PK profile, in addition to increase in solubility
and absorption.

Furthermore, the present invention provides an ATX inhibitor composition
containing, as an effective ingredient, the compound of the above chemical formula 1,
or a prodrug thereof, a hydrate thereof, a solvate thereof, an isomer thereof, or a phar-
maceutically acceptable salt thereof.

Furthermore, the present invention provides a pharmaceutical composition for pro-
phylaxis or treatment of a disorder related to autotoxin activity containing, as an
effective ingredient, the compound of the above chemical formula 1, or a prodrug
thereof, a hydrate thereof, a solvate thereof, an isomer thereof, or a pharmaceutically
acceptable salt thereof, and also containing additionally a pharmaceutically acceptable
carrier, a diluent, an excipient, or a combination thereof.

As described above, the compound of the above chemical formula 1, a prodrug
thereof, a solvate thereof, a stereoisomer thereof, or a pharmaceutically acceptable salt
thereof exhibits a very high inhibiting activity on ATX and also inhibits simul-
taneously the LPA production, and thus the pharmaceutical composition containing
them as an effective ingredient can be used, without any side effects, as an efficient
therapeutic agent and a prophylactic agent for a disorder mediated by ATX, for
example, kidney disorder, liver disorder, inflammatory disorder, nervous system
disorder, respiratory system disorder, vascular and cardiovascular disorder, fibrotic
disease, cancer, ocular disorder, metabolic conditions, cholestatic and other forms of
chronic pruritus, or acute or chronic organ transplant rejection.

Cardiovascular disorder includes, but not limited thereto, acute coronary syndrome,
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coronary heart disease, myocardial infarction, arterial and pulmonary hypertension,
cardiac arrhythmia such as atrial fibrillation, stroke and other vascular damage.

[253] Cancer includes, but not limited thereto, breast cancer, ovarian cancer, lung cancer,
prostate cancer, mesothelioma, glioma, hepatic carcinoma, and stomach cancer.

[254] Kidney disorder includes, but not limited thereto, acute kidney failure and chronic
kidney disease with or without proteinuria (including end stage renal disease (ESRD)).
In greater detail, the kidney disorder includes decreased creatinine clearance and
decreased glomerular filtration rate, microalbuminuria, albuminuria and proteinuria,
glomerulosclerosis with expansion of reticulated mesangial matrix with or without sig-
nificant hypercellularity (particularly diabetic nephropathy and amyloidosis), focal
thrombosis of glomerular capillaries (particularly thrombotic microangiopathies),
global fibrinoid necrosis, ischemic lesions, malignant nephrosclerosis (such as
ischemic retraction, reduced renal blood flow and renal arteriopathy), swelling and
proliferation of intracapillary (endothelial and mesangial) and/or extracapillary cells
(crescents) like in glomerular nephritis entities, focal segmental glomerular sclerosis,
IgA nephropathy, vasculitides/systemic diseases as well as acute and chronic kidney
transplant rejection.

[255] According to one example of the present invention, the kindey disorder is selected
from a group consisting of acute kidney failure, chronic kidney disease, diabetic
nephropathy, acute kidney transplant rejection, and chronic allograft nephropathy.

[256] Liver disorder includes, but not limited thereto, liver cirrhosis, hepatic congestion,
cholestatic liver disease including pruritus, nonalcoholic steatohepatitis and acute and
chronic liver transplant rejection.

[257] According to one example of the present invention, the liver disorder is acute and
chronic liver transplant rejection.

[258] Inflammatory disorder includes, but not limited thereto, atopic dermatitis, arthritis,
osteoarthritis, multiple sclerosis, systemic lupus erythematodes as well as in-
flammatory airway diseases such as idiopathic pulmonary fibrosis (IPF), chronic ob-
structive pulmonary disease (COPD), or chronic asthma bronchiale.

[259] According to one example of the present invention, the inflammatory disorder is
selected from arthritis, atopic dermatitis, and asthma.

[260] Disorder of the nervous system includes, but not limited thereto, neuropathic pain,
schizophrenia, neuro-inflammation (e.g. astrogliosis), peripheral and/or autonomic
(diabetic) neuropathies and the like.

[261] According to one example of the present invention, the disorder of the nervous
system is neuropathic pain.

[262] Respiratory system disorder includes, but not limited thereto, other diffuse

parenchymal lung diseases of different etiologies including iatrogenic drug-induced
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[263]

[264]

[265]

[266]

[267]

fibrosis, occupational and/or environmental induced fibrosis, systemic diseases and
vasculitides, granulomatous diseases (sarcoidosis, hypersensitivity pneumonia),
collagen vascular disease, alveolar proteinosis, Langerhans cell granulomatosis, lym-
phangioleiomyomatosis, inherited diseases (Hermansky-Pudlak Syndrome, tuberous
sclerosis, neurofibromatosis, metabolic storage disorders, familial interstitial lung
disease), radiation induced fibrosis, silicosis, asbestos induced pulmonary fibrosis or
acute respiratory distress syndrome (ARDS).

Fibrotic disease includes, but not limited thereto, myocardial and vascular fibrosis,
kidney fibrosis, liver fibrosis, pulmonary fibrosis, skin fibrosis, scleroderma and en-
capsulating peritonitis. Furthermore, the fibrotic disease is renal tubulo-interstitial
fibrosis or glomerulosclerosis, or non-alcoholic liver steatosis, liver fibrosis, liver
cirrhosis, or idiopathic pulmonary fibrosis.

According to one example of the present invention, the fibrotic disease is selected
from encapsulating peritonitis, idiopathic pulmonary fibrosis. is non-alcoholic liver
steatosis, liver fibrosis, and liver cirrhosis.

Ocular disorder includes, but not limited thereto, proliferative and non-proliferative
(diabetic) retinopathy, dry and wet age-related macular degeneration (AMD), macular
edema, central arterial /venous occlusion, traumatic injury, glaucoma and the like.

The term "pharmaceutical composition” means a mixture of the compound according
to the present invention and other chemical components such as a diluent or a carrier.
The pharmaceutical composition facilitates administration of the compound to a living
organism. Various techniques are present for the administration of the compounds.
Examples of the various administration techniques include, but not limited thereto, oral
administration, injection, aerosol administration, parenteral administration, and local
administration. The pharmaceutical composition may be obtained through a reaction
with an acid such as hydrochloric acid, bromic acid, sulfuric acid, nitric acid,
phosphoric acid, methanesulfonic acid, p-toluenesulfonic acid, salicylic acid, or the
like.

The term "therapeutically effective amount" means an effective amount of an active
ingredient of a compound for administration to alleviate or reduce one or more
symptoms of disorders treated by the composition or to delay initiation of clinical
markers or symptoms of diseases needed for prevention. Thus, the therapeutically
effective amount means an amount that has the effect of: (1) reversing progression rate
of disorders, (2) inhibiting further progression of disorders to some extent, and/or (3)
alleviating (preferably, eliminating) one or more symptoms related to disorders to
some extent. The therapeutically effective amount may be experimentally determined
through experiment of a compound in a known in vivo and in vitro model system for

disorders needed for treatment.
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The term "carrier” is defined as a compound that facilitates delivery of a compound
into cells or tissues. For example, dimethyl sulfoxide (DMSO) is a commonly used
carrier that facilitates introduction of many organic compounds into cells or tissues of a
living organism.

The term "diluent” is defined as a compound that stabilizes a biologically active form
of a target compound and is diluted in water used for dissolving the compound. Salts
dissolved in buffer solutions are used as diluents in the art. A commonly used buffer
solution is phosphate buffered saline because it mimics the salt state of a human
solution. Buffer salts can control pH of a solution at low concentrations and thus a
buffered diluent rarely modifies the biological activity of a compound.

The compounds used herein may be administered alone to a patient, or be ad-
ministered to a patient as a pharmaceutical composition prepared by mixing the
compound with other active ingredients or with an appropriate carrier or excipient as in
combination therapy. Techniques for formulation and administration of the compound
of the present application can be found in "Remington's Pharmaceutical Sciences,"
Mack Publishing Co., Easton, PA, 18" edition, 1990.

The pharmaceutical composition of the present invention may be prepared in a
known manner by methods such as conventional mixing, dissolution, granulation,
dragee making, levigating, emulsification, encapsulation, trapping, or lyophilization.

Accordingly, pharmaceutical compositions for use in accordance with the present
invention may be prepared in a conventional manner using one or more pharma-
ceutically acceptable carriers including excipients or auxiliary agents which facilitate
processing of active compounds into formulations for pharmaceutical use. Proper for-
mulation is dependent upon route of administration selected. Any suitable well-known
techniques, carriers, and excipients may be used as understood in the pertinent art, e.g.,
Remington's Pharmaceutical Sciences described above. The compound of the chemical
formula 1 according to the present invention may be formulated into a preparation for
injection, a preparation for oral administration, or the like according to intended ap-
plication.

For injection, the ingredients of the present invention may be formulated with a
liquid solution, preferably with a physiologically acceptable buffer such as Hank's
solution, Ringer's solution, or physiological saline buffer. For transmucosal admin-
istration, non-invasive agents suitable for a barrier through which the ingredients pass
are used in formulation. Such non-invasive agents are generally known in the pertinent
art.

For oral administration, the compounds may be formulated by combining active
compounds with therapeutically acceptable carriers known in the pertinent art. Such

carriers enable the compounds of the present invention to be formulated as tablets,
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[275]

[276]

[277]
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[279]

pills, powders, granules, dragees, capsules, liquids, gels, syrups, slurries, suspensions,
and the like. Capsules, tablets, pills, powders, and granules are preferable and, in
particular, capsules and tablets may be used. Tablets and pills may be preferably
prepared with enteric coatings. Pharmaceutical preparations for oral use may be
obtained by mixing one or more excipients with one or more compounds of the
invention, optionally grinding the resulting mixture, and processing the mixture of
granules, after adding suitable auxiliary agents, if desired, to obtain tablets or dragee
cores. Suitable excipients include, in particular, fillers such as lactose, sucrose,
mannitol, or sorbitol; cellulose-based materials such as corn starch, wheat starch, rice
starch, potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-
cellulose, sodium carboxymethyl cellulose, and/or polyvinylpyrrolidone (PVP). If
desired, disintegrating agents such as cross-linked polyvinyl pyrrolidone, agar, or
alginic acid or a salt thereof such as sodium alginate, lubricants such as magnesium
stearate, and carriers such as binders and the like may be added.

Pharmaceutical preparations which can be orally administered include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
plasticizer, such as glycol or sorbitol. The push-fit capsules may contain active in-
gredients in admixture with a filler such as lactose, a binder such as starch, and/or a
lubricant such as talc or magnesium stearate. In soft capsules, the active compounds
may be dissolved or dispersed in suitable liquids, such as fatty oils, liquid paraffin, or
liquid polyethylene glycol. In addition, stabilizers may be included. All formulations
for oral administration should be in dosages that are suitable for such administration.

The compounds may be formulated for parenteral administration by injection, e.g.,
by bolus injection or continuous infusion. Formulations for injection may be provided
in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added
preservative. The compositions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain agents for formulation such as
suspending agent, stabilizing agent, and/or dispersing agent.

In addition, they may be in the form of dried powder that is used after being
dissolved in sterile pyrogen-free water.

The compounds may be formulated as suppositories including conventional sup-
pository bases such as cacao butter or other glycerides, or as compositions for rectal
administration, such as retention enema.

Pharmaceutical compositions that are suitable for use in the present invention include
compositions in which the active ingredients are contained in an amount effective to
achieve its intended purpose. More specifically, a therapeutically effective amount
means an amount of compound effective to extend the survival of a subject to be

treated or to prevent, alleviate or ameliorate symptoms of disorders. Determination of
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the therapeutically effective amount may be within the capacity of one of ordinary skill
in the pertinent art, in particular, in terms of the detailed description provided herein.

When formulated in a unit dosage form, the compound of the chemical formula 1 as
an active ingredient is preferably contained in a unit dosage of approximately 0.1 to
1,000 mg. The dose of the compound of the chemical formula 1 is determined in ac-
cordance with the prescription of doctors depending upon factors, such as body
weights and ages of patients and particular properties and severity of diseases.
However, the dose required for treatment of adults may be administered once to three
times per day depending on frequency and intensity of administration and a dose
thereof per administration is generally in the range of about 1 to about 1,000 mg. When
administered to an adult either intramuscularly or intravenously, the administration can
be separately made once to three times per day and it would be sufficient that a single
dose thereof is about 1 to about 1,000 mg in general. However, for some patients, a
higher daily dose may be preferable.

The pharmaceutical composition of the present invention inhibits the activity of
ATX. According to the present invention, the compounds of the above chemical
formula 1 can inhibit the activity of ATX, which is a basic regulator for the conversion
of LPC to LPA.

A method of treating a disease or disorder in a subject in need thereof, comprising
administering to the subject a therapeutically effective amount of the compound of the
present invention, or a pharmaceutically acceptable salt thereof.

A method of treating idiopathic pulmonary fibrosis (IPF)in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of any one
of the compound of the present invention, or a pharmaceutically acceptable salt
thereof.

A method of treating a disease or disorder in a subject in need thereof, comprising
administering to the subject a therapeutically effective amount of any one of the
compound of the present invention, or a pharmaceutically acceptable salt thereof.

A method of inhibiting autotaxin in a subject in need thereof, comprising admin-
istering to the subject an effective amount of any one of the compound of the present
invention, or a pharmaceutically acceptable salt thereof.

The subject is a human subject.

Hereinbelow, the present invention is described in greater detail with reference to
preferred examples. However, those examples are provided only for exemplification of
the present invention and should not be construed as limiting the scope of the present
invention in any sense, and the scope of the present invention is defined only by the

claims that will be described later.



40
WO 2018/212534 PCT/KR2018/005516

[289] [Preparation example 1-1] Preparation of 5-bromo-N-(2,3-dihydro-1H -

inden-2-yl)pyrimidin-2-amine (compound im-1a)

Br

[290] . N
P

N H im-1a

[291] 5-Bromo-2-chloropyrimidine (2.0 g, 10.3 mmol), 2-aminoindane (1.6 mL, 12.4
mmol), and N,N-diisopropylethylamine (4.5 mL, 25.8 mmol) were dissolved in ethanol
(10 mL) and stirred at 90°C for 2 hours. Upon the completion of the reaction, the
mixture was cooled to room temperature, and the resulting solid was filtered, washed
with ethanol (20 mL), and dried to obtain the title compound im-1a as a beige solid
(2.2 g, 72%).

[292] MS m/z: 291 [M+1]*

[293] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.40(s, 2H), 7.81(d, 1H), 7.22-7.13(m, 4H),
4.56-4.51(m, 1H), 3.23(dd, 2H), 2.88(dd, 2H)

[294]

[295] [Preparation example 1-2] Preparation of 5-bromo-N -
{[3-(trifluoromethoxy)phenyl]methyl } pyrimidin-2-amine (compound im-1b)

[296]
Br 2y
A 0._F
N "N K
H e F
im-1b
[297] Except that 3-trifluoromethoxy benzylamine is used instead of 2-aminoindane, the

reaction was carried out in the same manner as Preparation example 1-1 to obtain the
title compound im-1b as a light brown liquid.

[298] MS m/z: 349 [M+1]*

[299] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.39(s, 2H), 8.11(t, 1H), 7.44(t, 1H), 7.33(d,
1H), 7.25(s, 1H), 7.22(d, 1H), 4.52(d, 2H)

[300]

[301] [Preparation example 1-3] Preparation of
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[302]

[303]

[304]

[305]
[306]

[307]

[308]

5-bromo-N-[4-(3-chlorophenyl)cyclohex-3-en-1-yl]pyrimidine-2-amine (compound

im-1¢)
OH CH 0 oTf
U " b U Tob /g " b U B
" 0C. & oc . oC .
HoM® N N N
2 H H H
im-lc-a im-1c-b im-1c-c
o g g
s eaainiiNe e
boc ..
bOC\H N HCI HaM
im-1c-d im-1c-e im-1¢-f
ROSE =
—
N/)\ﬁ

im-1c
Step 1) Preparation of tert-butyl N-(4-hydroxycyclohexyl)carbamate (compound im-
1c-a)
After dissolving (1R,4R)-4-aminocyclohexan-1-ol (15.0 g, 0.13 mol) in methylene
chloride (250 mL), di-tert-butyl dicarbonate (25.6 g, 0.12 mol) diluted in methylene
chloride (100 mL) and triethylamine (45.4 mL, 0.33 mol) were slowly added dropwise

thereto in order under stirring at 0°C, followed by stirring for 14 hours at room tem-

perature. The reaction mixture was diluted with distilled water (300 mL) and stirred for
10 minutes to terminate the reaction, followed by extraction with methylene chloride.
The organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated to obtain the title compound im-1c-a as a
pink solid (24.5 g, 97%).

MS m/z: 216 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 4.35(br, 1H), 3.61(m, 1H), 3.42(m, 1H), 1.99(t,
4H), 1.48-1.31(m, 12 H), 1.21-1.10(m, 2H).

Step 2) Preparation of tert-butyl N-(4-oxocyclohexyl)carbamate (compound im-
lc-b)

To a solution of oxalyl chloride (11.8 mL, 0.14 mol) in methylene chloride (100 mL)
at -78°C dimethyl sulfoxide (19.8 mL, 0.28 mol) diluted in methylene chloride (100
mL) and the compound im-1c-a (20 g, 0.093 mol) diluted in methylene chloride (300
mL) was added dropwise in order under nitrogen stream. After adding additional
methylene chloride (300 mL), the reaction mixture was stirred for 1 hour. After
dropwise adding triethylamine (64.7 mL, 0.46 mol), the reaction mixture was stirred
for 1 hour. After stirring for additional 2 hours while the temperature was gradually

increased to room temperature, the reaction was terminated by adding distilled water
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[309]
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[311]

[312]

[313]

[314]
[315]

[316]

[317]

(100 mL). The reaction mixture was extracted with methylene chloride, and the
organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated. The residue was treated with n-hexane to
produce a solid. The solid was filtered and washed with n-hexane to obtain the title
compound im-1c-b as a light brown solid quantitatively (20.5 g).

MS m/z: 214 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 4.51(br, 1H), 3.93(m, 1H), 3.36-2.48(m, 2H),
2.28-2.21(m, 2H), 1.72-1.64(m, 2H), 1.46(s, 9H).

(Step 3) Preparation of tert-butyl N -

[4-(trifluoromethanesulfonyloxy)cyclohex-3-en-1-yl]carbamate (compound im-1c-c)
The compound im-1c-b (5.0 g, 0.023 mol) which has been prepared in the above

(Step 2) was dissolved in 250 mL of anhydrous tetrahydrofuran. After cooling to -78°C
and under stirring nitrogen stream, 1 M potassium bis(trimethylsilyl)amide tetrahy-
drofuran solution (35 mL, 0.035 mmol) was added dropwise thereto. After 20 minutes,
a diluted solution of N-phenyl bis(trifluoromethanesulfonamide) (16.7 g, 0.047 mol) in
anhydrous tetrahydrofuran (50 mL) was added dropwise thereto followed by stirring
for 2 hours.

After raising the temperature to room temperature, the reaction was terminated by
adding distilled water (200 mL) followed by extraction with ethyl acetate. The organic
layer was washed with distilled water and saturated brine, dried over anhydrous
sodium sulfate, and concentrated. The residue was purified by silica gel column chro-
matography (ethyl acetate : n-hexane = 1 : 9) to obtain the title compound im-1c-c (4.5
g,56%).

MS m/z: 346 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 5.70(s, 1H), 4.51(br, 1H), 3.84(m, 1H),
2.60-2.34(m, 2H), 2.12-1.96(m, 2H), 1.84-1.73(m, 1H), 1.45(s, 9H).

(Step 4) Preparation of tert-butyl N -

4-(tetramethyl-1.3.2-dioxaborolan-2-yl)cyclohex-3-en-1-ylJcarbamate (compound im-
lc-d)

A mixture of the compound im-1c-c (6.5 g, 0.019 mol), bis(pinacolato)diboron (5.7
g, 0.023 mol), potassium acetate (5.5 g, 0.056 mol), and
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) (4.6 g, 5.6 mmol) in
N,N-dimethylformamide (120 mL) was stirred for 9 hours at 90°C under nitrogen
stream. Upon the completion of the reaction, the mixture was cooled to room tem-
perature. Insoluble mass was removed by filtration through a Celite pad, and the
filtrate was extracted with ethyl acetate and distilled water. The organic layer was
washed with distilled water and saturated brine, dried over anhydrous sodium sulfate,

and concentrated. The residue was purified by silica gel column chromatography (ethyl
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acetate : n-hexane = 5 : 95) to obtain the title compound im-1c-d as a white solid (4.9
g, 81%).

MS m/z: 324 [M+1]+

'H NMR (CDCl;, 400MHz), 6 ppm: 6.46(s, 1H), 4.52(br, 1H), 3.77(m, 1H),
2.54-2.43(m, 2H), 2.26-2.18(m, 2H), 1.98-1.81(m, 2H), 1.54-1.41(m, 10 H), 1.26(s,
12H)

(Step 5) Preparation of tert-butyl N -

[4-(3-chlorophenyl)cyclohex-3-en-1-yl]carbamate (compound im-1c-¢)
To a solution of the compound im-1c-d (4.9 g, 0.015 mol) in 1,4-dioxane (100 mL)

was added 3-chloroiodobenzene (3.3 g, 0.014 mmol), cesium carbonate (13.6 g, 0.042
mol), and tetrakis(triphenylphosphine)palladium (0) (1.61 g, 1.39 mmol) in order.
Distilled water (15 mL) and 1,4-dioxane (50 mL) were further added and the resultant
was stirred for 5 hours at 100°C under nitrogen stream. Upon the completion of the
reaction, the temperature was lowered to room temperature. Insoluble mass was
removed by filtration through a Celite pad, and the filtrate was extracted with ethyl
acetate and distilled water. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was purified by silica gel column chromatography (ethyl acetate : n-hexane =5 : 95) to
obtain the title compound im-1c-¢ as a yellow solid (4.1 g, 98%).

MS m/z: 308 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.35(s, 1H), 7.28-7.18(m, 3H), 6.04(m, 1H),
4.57(m, 1H), 3.85(m, 1H), 2.64-2.45(m, 3H), 2.12-1.98(m, 2H), 1.74-1.66(m, 1H),
1.46(s, 9H)

(Step 6) 4-(3-Chlorophenyl)cyclohex-3-en-1-amine hydrochloride salt (compound
im-1lc-f)

To a solution of the compound im-1c-e (4.1 g, 0.013 mmol) in methylene chloride
(30 mL) at 0°C was added 4 N hydrogen chloride dioxane solution (30 mL), and the
reaction mixture was stirred for 15 hours at room temperature. Upon the completion of
the reaction, the solvent was removed under reduced pressure, and diethyl ether was

added to produce a solid. The solid was filtered, washed with n-hexane, and dried to

obtain the title compound im-1c-f as a yellow solid (3.2 g, 96%).

MS m/z: 208 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.07(br, 3H), 7.45-7.30(m, 4H), 6.14(m, 1H),
3.32-3.28(m, 1H), 2.60-2.56(m, 1H), 2.32-2.18(m, 4H), 1.80-1.68(m, 1H)

(Step 7) Preparation of S-bromo-N -

Except that the compound im-1c-f (3.2 g, 0.013 mol) is used instead of

2-aminoindane, the reaction was carried out in the same manner as Preparation
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example 1-1 to obtain the title compound im-1c as a beige solid (3.6 g, 77%).

MS m/z: 365 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.28(s, 2H), 7.36(s, 1H), 7.28-7.18(m, 3H),
6.08(m, 1H), 5.21-5.19(d, 1H), 4.17(m, 1H), 2.78-2.46(m, 3H), 2.26-2.24(m, 2H),
1.89-1.78(m, 1H)

[Preparation example 1-4] Preparation of 5-bromo-N-(2,3-dihydro-/H -

inden-2-yl)pyridine-2-amine (compound im-1d)

ReWsY;
= /
N ﬁ im-1d

A mixture of 5-bromo-2-fluoropyridine (1.3 g, 7.5 mmol), 2-aminoindane (1.0 g, 7.5
mmol), and potassium carbonate (1.3 g, 9.0 mmol) in N,N-dimethylformamide (10
mL) was stirred for 10 hours at 140°C. Upon the completion of the reaction, the
mixture was lowered to room temperature, diluted with 20 mL of distilled water, and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was recrystallized by using methylene chloride and n-hexane to obtain the title
compound im-1d as a brown solid (0.8 g, 38%).

MS m/z: 290 [M+1]*

[Preparation example 1-5] Preparation of 5-bromo-N-(2,3-dihydro-/H -

inden-2-yl)pyrazin-2-amine (compound im-1e)

e L@
T
N N
H im-1e

2,5-Dibromopyrazine (1.0 g, 4.3 mmol), 2-aminoindane (0.6 g, 4.5 mmol), and
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cesium carbonate (2.2 g, 6.7 mmol) were dissolved in N,N-dimethylformamide (5 mL),
and the mixture was stirred for 2 hours at 80°C. Upon the completion of the reaction,
the mixture was cooled to room temperature, diluted with distilled water (60 mL), and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was purified by silica gel column chromatography (ethyl acetate : n-hexane =1:9 — 3
: 7) to obtain the title compound im-1le as a brown solid (124 mg, 10%).

MS m/z: 291 [M+1]*

[Preparation example 2-1] Preparation of 2-[(2,3-dihydro-/H -

inden—2—yl)amino]pyrimidine—S—carboxyliC acid (compound im—2a)

O — A 0 e

im-1a im-2a-a lm-Za

Step 1) Preparation of ethyl

2-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidine-5-carboxylate (compound im-2a-a

To a solution of the intermediate im-1a (5.0 g, 17.2 mmol) in ethanol (30 mL) and
N,N-dimethylformamide (3 mL) was added palladium (II) acetate (386 mg, 1.72
mmol) 1,1’-bis(diphenylphosphino)ferrocene(1.43 g, 2.58 mmol), and triethylamine
(7.2 mL, 0.052 mol) in order, and the reaction mixture was for 16 hours at 75*C under
one atmosphere of CO. Upon the completion of the reaction, the mixture was cooled to
room temperature, diluted with distilled water (100 mL), and extracted with ethyl
acetate. The organic layer was washed with distilled water and saturated brine, dried
over anhydrous sodium sulfate, and concentrated. The residue was purified by silica

gel column chromatography (ethyl acetate : n-hexane =2 : § — 5 : 5) to obtain the title

compound im-2a-a as a yellow solid (4.1 g, 84%).

MS m/z: 284 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.80(d, 2H), 8.46(d, 1H), 7.23-7.14(m, 4H),
4.70(q, 1H), 4.27 (q, 2 H), 3.28(dd, 2H), 2.92(dd, 2H), 1.29(t, 3H)

(Step 2) Preparatlon of 2- |12,3 dlhydro IH -

To a solution of the compound im-2a-a (2.5 g, 8.6 mmol) in tetrahydrofuran (30 mL)
and distilled water (10 mL) was added with lithium hydroxide (1.8 g, 0.043 mmol),
and the reaction mixture was stirred for 15 hours at room temperature. Upon the
completion of the reaction, 2 N aqueous hydrochloric acid solution was added thereto

to adjust pH of 2 or lower, followed by extraction with ethyl acetate. The organic layer
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[351]
[352]

[353]

[354]

[355]

[356]

[357]

[358]

[359]

[360]

[361]

[362]

was washed with distilled water and saturated brine, dried over anhydrous sodium
sulfate, and concentrated to obtain the title compound im-2a as a white solid quanti-
tatively (2.2 g).

MS m/z: 256 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.77(d, 2H), 8.36(d, 1H), 7.23-7.14 (m, 4H),
4.73-4.67 (m, 1H), 3.27(dd, 2H), 2.92(dd, 2H)

[Preparation example 2-2] Preparation of

2-({[3-(trifluoromethoxy)phenyl]methyl }amino)pyrimidine-5-carboxylic acid

(compound im-2b)

O
~N
| -;‘J\ O F
U e
H F im-2b

Except that the compound im-1b is used instead of the compound im-1a, the reaction

HO

was carried out in the same manner as Preparation example 2-1 to obtain the title
compound im-2b.

MS m/z: 314 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.72(s, 2H), 8.59(m, 1H), 7.45(t, 1H),
7.34(d, 1H), 7.27 (s, 1H), 7.24(d, 1H), 4.62(d, 2H)

[Preparation example 2-3] Preparation of

2-{[4-(3-chlorophenyl)cyclohex-3-en-1-yl]Jamino } pyrimidine-5-carboxylic acid

(compound im-2c)

~N Cl

H im-2¢

Except that the corresponding compound im-1c is used instead of the compound im-
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[363]
[364]

[365]
[366]

[367]

[368]

[369]
[370]
[371]
[372]

[373]

la, the reaction was carried out in the same manner as Preparation example 2-1 to
obtain the title compound im-2c as a white solid.

MS m/z: 330 [M+1]*

'H NMR (DMSO-dg, 400 MHz) 6 12.73 (br-s, 1H), 8.72(d, 2H), 8.07(d, 1H),
7.46-7.28(m, 4H), 6.18(s, 1H), 4.10(m, 1H), 2.60-2.43(m, 3H), 2.28-2.18(m, 1H),
2.30-2.21(m, 1H), 1.78-1.64(m, 1H)

[Preparation example 2-4] Preparation of

6-[(2,3-dihydro-1H-inden-2-yl)amino]pyridine-3-carboxylic acid (compound im-2d)

O
o
NE N
H

Except that the corresponding compound im-1d is used instead of the compound im-

im-2d

la, the reaction was carried out in the same manner as Preparation example 2-1 to
obtain the title compound im-2d as a brown solid.

MS m/z: 255 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.71 (m, 1H), 8.01 (m, 1H), 7.25-7.19 (m, 4H),
6.44-6.42 (m, 1H), 4.69 (m, 1H), 3.44-3.39 (m, 2H), 2.93-2.88 (m, 2H),

[Preparation example 3] Preparation of

1-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-yl }ethan-1-one (compound im-

O

im-3

o
N""\N
H
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[374]

[375]
[376]

[377]

[378]

[379]

To a solution of the compound im-1a (0.2 g, 0.68 mmol) and
bis(triphenylphosphine)dichloropalladium (II) (30 mg, 0.043 mmol) in tetrahydrofuran
(2 mL) under nitrogen atmosphere was added with tributyl(ethoxyvinyl)tin (0.25 mL,
0.74 mmol), and the mixture was stirred for 16 hours at 75°C. After adding 2 N
aqueous solution of potassium fluoride to terminate the reaction, the reaction mixture
was extracted with ethyl acetate. The organic layer was washed with distilled water
and saturated brine, dried over anhydrous sodium sulfate, and concentrated. The
residue was dispersed in methanol (10 mL) and was treated with 2 N aqueous hy-
drochloric acid (5 mL). After stirring for 4 hours at room temperature, a saturated
aqueous solution of sodium hydrogen carbonate was added thereto to adjust pH 7,
followed by extraction with ethyl acetate. The organic layer was washed with distilled
water and saturated brine, dried over anhydrous sodium sulfate, and concentrated. The
residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 1
: 9 — 3:7) to obtain the title compound im-3 as a white solid (0.11 g, 63%).

'H NMR (CDCl;, 400MHz), 6 ppm: 8.87(s, 1H), 8.60(s, 1H), 7.27-7.16(m, 4H),
6.85(m, 1H), 4.90(m, 1H), 3.40(dd, 2H), 2.90(m, 2H), 2.44(s, 3H)

[Preparation example 4] Preparation of N -
(2,3-dihydro-1H-inden-2-yl)-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amin

e (compound im-4)

O

1
~O"B\(“\'~N
’A\ 7
N™ N :
H im4

A mixture of the compound im-1a (4.5 g, 0.015 mol), bis(pinacolato)diboron (5.1 g,
0.020 mol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) (1.27 g, 1.55
mmol) and potassium acetate (4.6 g, 0.046 mol) in 1,4-dioxane (36 mL) was stirred for
18 hours at 100°C under nitrogen stream. Upon the completion of the reaction, the
mixture was cooled to room temperature and insoluble mass was filtered out by
through a Celite pad. The filtrate was diluted with distilled water (100 mL), and
extracted with ethyl acetate. The organic layer was washed with distilled water and

saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
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[380]
[381]

[382]

[383]

[384]

[385]

[386]

[387]
[388]

[389]

[390]

was purified by silica gel column chromatography (ethyl acetate : n-hexane = 15 : 85)
to obtain the title compound im-4 as a white solid (3.7 g, 71%).

MS m/z: 338 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.58 (s, 2H), 7.24-7.16 (m, 4H), 5.50 (d, 1H),
4.90-4.82 (m, 1H), 3.42-3.37 (m, 2H), 2.90-2.85 (m, 2H), 1.33 (s, 12H).

[Preparation example 5-1] Preparation of N -
(2,3-dihydro-1H-inden-2-yl)-5-(piperazin- 1-yl)pyrimidin-2-amine hydrochloride

(compound im-5a)

boc .
By N7 HN™
N’;L\N 4 \(\/)\ HCI \“\/;’\
H NN NTTN
H H
im-la im-5a-a im-5a

Step 1) Preparation of tert-butvl

4-12-[(2.3-dihydro-1H-inden-2-yamino]pyrimidin-5-vl }piperazine-1-carboxvlate

(compound im-5a-a)

A mixture of the compound im-1a (0.9 g, 3.1 mmol), 1-tert-butoxycarbonyl
piperazine (1.3 g, 6.9 mmol), 2-dicyclohexylphosphino-2’,4”,6"-triisopropylbiphenyl
(0.22 g, 0.461 mmol), palladium (II) acetate (0.070 g, 0.31 mmol), and sodium tert-
butoxide (0.92 g, 9.6 mmol) in toluene (18 mL) was flushed with nitrogen gas, and
stirred for 48 hours at 110*C. Upon the completion of the reaction, the mixture was
cooled to room temperature, and insoluble mass was filtered out through a Celite pad.
The filtrate was diluted with distilled water, and extracted with ethyl acetate. The
organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated. The residue was purified by silica gel

column chromatography (ethyl acetate : n-hexane =1:9 — 1 : 1) to obtain the title

compound im-5a-a as a yellow solid (0.60 g, 49%).

MS m/z: 396 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.08 (s, 2H), 7.22-7.17 (m, 4H), 5.24(s, 1H),
4.73(m, 1H), 3.58(br, 4H), 3.40-3.36(m, 2H), 2.94(br, 4H), 2.88-2.84(m, 2H), 1.48 (s,
9H)

(Step 2) Preparation of N -

(compound im-3a)

To a solution of the compound im-5a-a (0.60 g, 1.51 mmol) in methylene chloride (2
mL) was added 4 N hydrogen chloride dioxane solution (1 mL) at room temperature,

and the mixture was stirred for 1.5 hours. The solvent was removed by concentration
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[391]
[392]

[393]

[394]

[395]

[396]

[397]

[398]

[399]

[400]

[401]

[402]

under reduced pressure to obtain the title compound im-5a as a yellow solid quanti-
tatively (0.44 g).

MS m/z: 296 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.95 (s, 2H), 7.21-7.13 (m, 4H), 4.56(m,
1H), 3.57(br, 4H), 3.25(m, 2H), 3.22(br, 4H) 2.87 (m, 2H)

[Preparation example 5-2] Preparation of
S-(piperazin-1-yl)-N-{[3-(fluoromethoxy)phenyl]methyl } pyrimidin-2-amine hy-

drochloride (compound im-5b)

HCI

HNT ™

(A,

L
8] F
v K
F
H/\Q F im-5b

Except that the corresponding compound im-1b is used instead of the compound im-
la, the reaction was carried out in the same manner as Preparation example 5-1 to
obtain the title compound im-5b as a yellow solid.

MS m/z: 354 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.79(s, 2H), 8.26(s, 2H), 7.66(s, 1H), 7.40 (t,
1H), 7.30(d, 1H), 7.22(s, 1H), 7.17(d, 1H), 4.46(s, 2H), 3.15(br, 8 H)

[Preparation example 6] Preparation of N -
(2,3-dihydro-1H-inden-2-yl)-5-(piperidin-4-yl)pyrimidin-2-amine hydrochloride

(compound im-6)

" N boc\N boc\N
NN N”l‘ﬁ 4 N‘A\H

im-1a im-6-a im-6-b
HIN
— = My 0
LA
N7
H
im$

(Step 1) Preparation oftert-butyl

4-12-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5-y1}-1.2.3.6-tetrahvdropyridine- 1
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[403]

[404]
[405]

[406]

[407]

[408]
[409]

[410]

[411]

-carboxylate (compound im-6-a)
The compound im-1a (0.93 g, 3.19 mmol) and N-

tert-butoxycarbonyl-1,2,3,5-tetrahydropyridine-4-boric acid pinacol ester (0.99 g, 3.19
mmol) were dissolved in a mixture solvent of 1,4-dioxane (6 mL)/distilled water (2
mL). To the reaction mixture was then added sodium carbonate (1.0 g, 9.6 mmol) and
tetrakis(triphenylphosphine)palladium (0) (0.37 g, 0.32 mmol). The reaction mixture
was flushed with nitrogen gas, and stirred for 7 hours at 80°C. The mixture was cooled
to room temperature, and insoluble mass was then removed by filtration through a
Celite pad. Thereafter, the filtrate was diluted with distilled water and extracted with
ethyl acetate. The organic layer was washed with distilled water and saturated brine,
dried over anhydrous sodium sulfate, and concentrated. The residue was purified by

silica gel column chromatography (ethyl acetate : n-hexane = 3 : 7) to obtain the title

compound im-6-a as a yellow solid (0.83 g, 98%).

MS m/z: 393 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.32(s, 2H), 7.26-7.19 (m, 4H), 5.91(s, 1H),
5.37(d, 1H), 4.81- 4.79 (m, 1H), 4.06(s, 2H), 3.63(s, 2H), 3.43-3.37 (m, 2H), 2.91-2.87
(m ,2H), 2.44(s, 2H), 1.49(s, 9H)

Step 2) Preparation of rerz-butyl

(compound im-6-b)

To a solution of the compound im-6-a (0.30 g, 0.76 mmol) in methanol (5 mL) was
added Pd/C (10% by weight, 0.2 g) and the reaction mixture was stirred for 15 hours
under hydrogen pressure (1 atm). Upon the completion of the reaction, the catalyst was
removed by filtration through a Celite pad. The filtrate was concentrated under reduced
pressure, and the residue was purified by silica gel column chromatography (ethyl
acetate : n-hexane =3 : 7 — 5 : 5) to obtain the title compound im-6-b as a yellow
solid (0.17 g, 57%).

MS m/z: 395 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.14(s, 2H), 7.23-7.17 (m, 4H), 5.33(d, 1H),
4.79- 4.77 (m, 1H), 4.24 (s, 2H), 3.39 (dd, 2H), 2.90-2.79 (m ,4H), 2.49 (t, 1H), 1.80(d,
2H), 1.58 (d, 2H), 1.48(s, 9H).

(Step 3) Preparation of N -

2.3-dihydro-1H-inden-2-yI)-5-(piperidin-4-yl)pyrimidin-2-amine hydrochloride

{compound im-6)

To a solution of the compound im-6-b (0.17 g, 0.43 mmol) in methylene chloride (1
mL) was added with 4 N hydrogen chloride dioxane solution (1 mL), and the reaction
mixture was stirred for 3 hours at room temperature. Upon the completion of the

reaction, the solvent was concentrated under reduced pressure to obtain the title
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[412]
[413]

[414]

[415]

[416]

[417]
[418]

[419]
[420]
[421]

[422]

[423]
[424]

[425]
[426]

compound im-6 as a yellow solid quantitatively (0.14 g).

MS m/z: 295 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.81-8.63(m, 2H), 8.27 (s, 2H), 7.77 (s, 1H),
7.14-7.23 (m, 4H), 4.63-4.60 (m, H), 3.22-3.37 (m, 4H), 2.77-3.01 (m, 4H), 2.68-2.74
(m, 1H), 1.99 (d, 2H), 1.73-1.83 (m, 2H)

[Preparation example 7] Preparation of 4H,5H,6H,7H-tetrahydro-1H -
[1,2,3]triazolo[4,5-c]pyridine hydrochloride (compound im-7)

HoM = N Ry N NH
et O N
HN o \N o ﬁ HCI
H
im-7-a im-7

(Step 1) Preparation of 1H-[1.2.3]triazolo[4.5-c]pyridine (compound im-7-a)

To a solution of 3,4-diaminopyridine (2.0 g, 0.048 mol) in 2 N aqueous hydrochloric
acid (25 mL) was slowly added a solution of sodium nitrite (1.9 g, 0.027 mol) in
distilled water (3 mL) at 0°C, and the mixture was stirred for 1 hour. The precipitate
was filtered and washed with distilled water to obtain the title compound im-7-a as a
yellow solid (1.96 g, 89%).

MS m/z: 121 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 9.47 (s, 1H), 8.49 (d, 1H), 7.89 (d, 1H)

(Step 2) Preparation of 4H,5H,6H,7H-tetrahydro-1H-[1,2,3]triazolo[4,5-c]pyridine
hydrochloride (compound im-7)

To a solution of the compound im-7-a (1.0 g, 8.3 mmol) in methanol (60 mL) was
added Pd/C (10% by weight, 2.0 g) and conc. hydrogen chloric acid (1 mL), the
mixture was reacted for 7 hours under hydrogen pressure (75 psi). After removing the
catalyst through a Celite pad, the filtrate was concentrated and dried under reduced
pressure to obtain the title compound im-7 as a yellow solid quantitatively (1.38 g).

MS m/z: 125 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 15.04 (S, 1H), 9.78(s, 2H), 4.32(s, 2H), 3.42
(t, 2H), 2.99(t, 2H)

[Preparation example 8] Preparation of 1-(3-hydroxy-1H-pyrazol-1-yl)ethan-1-one

(compound im-8)
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[427]

[434]
[435]

[436]
[437]

[438]

[439]
[440]

H OH

Im-8-a im3$8

(Step 1) Preparation of 2.3-dihydro-1H-pyrazol-3-one (compound im-§8-a)

The title compound im-8-a was synthesized according to a well-known method
(Tetrahedron, 2012, 68(27-28), 5434-5444).

MS m/z: 85 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 9.61 (brs, 1H), 7.35 (s, 1H), 5.43 (s, 1H)

Step 2) Preparation of 1-(3-hydroxy-1H-pyrazol-1-yl)ethan-1-one (compound im-8
To a solution of the compound im-8-a (2.85 g, 0.034 mol) in pyridine (6 mL) at 0°C
was added acetic anhydride (3.36 mL, 0.036 mol), and the reaction mixture was stirred

for 1 hour at room temperature. Upon the completion of the reaction, the solvent was
removed. Diethyl ether (30 mL) was added to the residue and the mixture was stirred
for 16 hours at room temperature. The precipitate was collected and dried to obtain the
title compound im-8 as a yellow solid (3.24 g, 76%).

MS m/z: 127 [M+1]*

'H NMR (DMSO-d¢, 400MHz), & ppm: 10.99 (brs, 1H), 8.13 (d, 1H), 6.01 (d, 1H),
2.48 (s, 3H)

[Preparation example 9-1] Preparation of tert-butyl
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-formyl- 1H-pyrazol-1-yl

)acetate (compound im-9a)

Ow""

. o o ., 97 L N
7R
L e il S ey
I
im-9a-a im-9a-b I )
im-9a-c im-Ja-d
0
N
— oA N
N\/ <
/[ / | | :
im-9a-e N ﬁ im9a N/?LN

Step 1) Preparation of 3-(dimethoxymethyl)-1H-pyrazole (compound im-9a-a
According to a well-known method (WO 2007043677), the title compound im-9a-a

was synthesized.
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[441] MS m/z: 143 [M+1]*

[442] 'H NMR (CDCl;, 400MHz), 6 ppm: 7.59 (d, 1H), 3.35 (d, 1H), 5.58 (s, 1H), 3.37 (s,
6H)

[443] Step 2) Preparation of 1-[3-(dimethoxymethyl)-1H-pyrazol-1-yl]ethan-1-one
(compound im-9a-b)

[444] By using the compound im-9a-a (7.6 g, 0.053 mol) instead of the compound im-8-a,
the reaction was carried out in the same manner as the Step 2 of Preparation example 8
to obtain the title compound im-9a-b as a yellow liquid (6.6 g, 67%).

[445] MS m/z: 185 [M+1]*

[446] 'H NMR (CDCl;, 400MHz), 6 ppm: 8.22 (d, 1H), 6.52 (d, 1H), 5.45 (s, 1H), 3.42 (s,
6H), 2.72 (s, 3H)

[447] Step 3) Preparation of 3-(dimethoxymethyl)-4-iodo-1H-pyrazole (compound im-
9a-c)

[448] By using the compound im-9a-b (1.0 g, 5.4 mol) instead of the compound 61-a, the
reaction was carried out in the same manner as the Step 2 of Example 10-1 to obtain
the title compound im-9a-c as a light yellow liquid (1.4 g, 99%).

[449] MS m/z: 269 [M+1]*

[450] 'H NMR (CDCls;, 400MHz), 6 ppm: 7.62 (s, 1H), 5.52 (s, 1H), 3.37 (s, 6H)

[451] (Step 4) Preparation of tert-butyl
2-[3-(dimethoxymethyl)-4-iodo-1H-pyrazol-1-yl]acetate (compound im-9a-d

[452] By using the compound im-9a-c (1.4 g, 5.2 mmol) instead of the compound 61-b, the
reaction was carried out in the same manner as the Step 3 of Example 10-1 to obtain
the title compound im-9a-d as a white solid (1.3 g, 64%).

[453] MS m/z: 383 [M+1]*

[454] 'H NMR (CDCl;, 400MHz), 6 ppm: 7.55 (s, 1H), 5.50 (s, 1H), 4.83 (s, 2H), 3.38 (s,
6H), 1.46 (s, 9H)

[455] (Step 5) Preparation of tert-butyl
2-(4-{2-[(2.3-dihydro-1H-inden-2-ylh)amino]pyrimidin-5-yl }-3-(dimethoxymethyl)-1H
-pyrazol-1-yDacetate (compound im-9a-¢)

[456] By using the compound im-9a-d (0.2 g, 0.52 mmol) instead of the compound 61-c,
the reaction was carried out in the same manner as the Step 4 of Example 10-1 to
obtain the title compound im-9a-e as a white solid (0.2 g, 84%).

[457] MS m/z: 466 [M+1]*

[458] 'H NMR (CDCl;, 400MHz), 6 ppm: 8.45 (s, 2H), 7.53 (s, 1H), 7.25-7.16 (m, 4H),
5.53 (d, 1H), 5.49 (s, 1H), 4.87-4.79 (m, 3H), 3.43 (dd, 2H), 3.37 (s, 6H), 2.91 (dd,
2H), 1.48 (s, 9H)

[459]

(Step 6) Preparation of tert-butyl
2-(4-12-1(2.3-dihvdro-1H-inden-2-vDaminolpvrimidin-5-vl}-3-formyvl-1H-pvrazol-1-vl
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[460]

[461]
[462]

[463]
[464]

[465]

[466]

[467]
[468]

[469]
[470]
[471]

)acetate (compound im-9a)

A mixture of the compound im-9a-e (0.2 g, 0.44 mmol) in a mixture solvent of
distilled water (1.5 mL) and acetic acid (1.5 mL) was stirred for 2 hours at room tem-
perature. Upon the completion of the reaction, the reaction mixture was concentrated
under reduced pressure. The residue was diluted with ethyl acetate and washed with a
saturated aqueous sodium hydrogen carbonate and distilled water in order. The organic
layer was dried over anhydrous sodium sulfate and concentrated to obtain the title
compound im-9a as a yellow solid quantitatively (0.19 g).

MS m/z: 420 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 10.05 (s, 1H), 8.51 (br, 2H), 7.60 (s, 1H),
7.24-7.15 (m, 4H), 6.05 (d, 1H), 4.93 (s, 2H), 4.83 (m, 1H), 3.41 (dd, 2H), 2.92 (dd,
2H), 1.51 (s, 9H)

[Preparation example 9-2] Preparation of ethyl
2-(4-(2-(2,3-dihydro-1H-inden-2-ylamino)pyrimidin-5-yl)-3-formyl- 1H-pyrazol-1-yl)a

cetate (compound im-9b)

0 0
0 -{dl‘*‘m H
N “
|
N"?I\N
H

By using ethyl bromoacetate instead of tert-butyl bromoacetate, the reaction was

im-9b

carried out in the same manner as the Step 4 to the Step 6 of Preparation example 9-1
to obtain the title compound im-9b as a yellow solid.

MS m/z: 392 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 9.82 (s, 1H), 8.41 (d, 2H), 7.67 (s, 1H),
7.25-7.08 (m, 4H), 5.56 (d, 1H), 4.89-4.82 (m, 1H), 4.29-4.12 (m, 2H), 3.44 (dd, 2H),
2.93 (dd, 2H), 1.30 (t, 3H)

Examples
[Example 1-1] Preparation of

2-[(2,3-dihydro-1H-inden-2-yl)amino]-N-(3-oxo-3-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[
4,5-c]pyridin-5-yl } propyl)pyrimidine-5-carboxamide (compound 1)



56

WO 2018/212534 PCT/KR2018/005516

[472]

[473]

[474]

[475]
[476]

[477]

[478]

0 O 0
_— —_—
N/’L*ﬁ N”kﬁ /

im-2a 1-a
0 O 0 0
HO/U\/\N e m /[\] NJ\/\N Y
Ho 2 % N i PN 4
NN N NZ N
H H
1-b 1

(Step 1) Preparation of ethyl

(compound 1-a)

To a solution of the intermediate im-2a (0.10 g, 0.39 mmol) in
N,N-dimethylformamide (1 mL) was added ethyl 3-aminopropanoate hydrochloride
(54 mg, 0.35 mmol) and N,N-diisopropylethylamine (0.24 mL, 1.37 mmol) in order.
To a reaction mixture was slowly added benzotriazol-1-yl oxy-
tripyrrolidinophosphonium hexafluorophosphate (0.30 g, 0.58 mmol) at 0 °C, and the
mixture was stirred for 15 hours at room temperature under nitrogen stream. Upon the
completion of the reaction, the mixture was diluted with distilled water (50 mL) and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was purified by silica gel column chromatography (ethyl acetate : n-hexane =8 : 2 —
ethyl acetate) to obtain the title compound 1-a as a white solid (82 mg, 65%).

MS m/z: 355 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.65(br, 2H), 7.24-7.18(m, 4H), 6.66(br, 1H),
5.77(d, 1H), 4.87-4.85(m, 1H), 4.17(q, 2H), 3.70(q, 2H), 3.40(dd, 2H), 2.89(dd, 2H),
2.63(t, 2H), 1.28(t, 3H)

(Step 2) Preparation of

3-({2-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-yl }formamido)propanoic acid

(compound 1-b)

To a solution of the compound 1-a (82 mg, 0.23 mmol) in a mixture solvent of
tetrahydrofuran (2 mL) and distilled water (1 mL) was added lithium hydroxide (48
mg, 1.16 mmol), and the reaction mixture was stirred for 1.5 hours at room tem-
perature. Upon the completion of the reaction, 2 N aqueous hydrochloric acid solution
was added thereto to adjust pH 2 or lower, followed by extraction with ethyl acetate.
The organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated to obtain the title compound 1-b as a white
solid (70 mg, 93%).
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[479]
[480]

[481]

[482]

[483]
[484]

[485]
[486]
[487]

[488]
[489]

MS m/z: 327 [M+1]*
'H NMR (DMSO-dq, 400MHz), & ppm: 8.72 (br, 2H), 8.42(s, 1 H), 8.13(s, 1H),
7.22-7.13(m, 4H), 4.66(q, 1H) 3.48-3.40(m, 2H), 3.25(dd, 2H), 2.89(dd, 2H)

(Step 3) Preparation of
2-1(2.3-dihvdro-1H-inden-2-yDamino]-N-(3-oxo0-3-{ 1H.4H.5SH.6H.7H-[ 1.2.3]triazolo

4.5-clpyridin-5-yl }propyD)pyrimidine-5-carboxamide (Compound 1

To a mixture of the compound 1-b (70 mg, 0.21 mmol), the compound im-7 (27 mg,
0.17 mmol), N,N-diisopropylethylamine (0.14 mL, 0.78 mmol), and
N,N-dimethylaminopyridine (5 mg, 0.04 mmol) in N,N-dimethylformamide (2 mL)
was slowly added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (61 mg, 0.32
mmol) at 0°C. Then, the mixture was stirred for 15 hours at room temperature under
nitrogen stream. Upon the completion of the reaction, the mixture was diluted with
distilled water (50 mL) and extracted with ethyl acetate. The organic layer was washed
with distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The residue was purified by silica gel column chromatography (methanol :
methylene chloride =5 : 95 — 7 : 93) to obtain the title compound 1 as a white solid (4
mg, 5%).

MS m/z: 433 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.69(br, 2H), 8.40-8.36(m, 1H) 8.11-8.09(im,
1 H), 7.21-7.14(m, 4H), 4.67-4.65(m, 3 H), 3.79-3.76(m, 2H), 3.46-3.34(m, 2H),
2.28-3.22(m, 2H), 2.90(dd, 2H), 2.80(s, 2H), 2.74-2.68(m, 2H)

[Example 1-2 to Example 1-5]

Except that, instead of the compound im-2a and ethyl 3-aminopropanoate, the
compound im-2b and the corresponding amino acid ester for the title compound are
used, the reaction was carried out in the same manner as Example 1-1 to obtain the

following compounds.

[Example 1-2] Preparation of N -
(3-oxo0-3-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl } propyl)-2-({ [3-(trifluor

omethoxy)phenyl]methyl }amino)pyrimidine-5-carboxamide (compound 2)



58

WO 2018/212534 PCT/KR2018/005516

[490]

[491]
[492]

[493]
[494]

[495]

[496]
[497]

[498]
[499]

O 0
NORERS

k]

\ YT

2

I=

MS m/z: 491 [M+1]+

'H NMR (CDCL;, 400MHz), & ppm: 11.64 (m, 1H), 8.69 (s, 2H), 7.35 (t, 1H), 7.26
(d, 1H), 7.18 (s, 1H), 7.12 (d, 1H), 7.02 (m, 1H), 5.86 (m, 1H), 4.71 (d, 2H), 3.96 (t,
1H), 3.77 (q, 3H), 3.47 (m, 2H), 2.89 (m, 2H), 2.72 (m, 2H)

[Example 1-3] Preparation of N -
(2-ox0-2-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)-2-({ [3-(trifluoro

methoxy)phenyl]methyl }amino)pyrimidine-5-carboxamide (compound 3)

e

MS m/z477 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.73(s, 2H), 8.57-8.54(m, 1H), 8.39(t, 1H),
7.45(t, 1H), 7.34(d, 1H), 7.27(s, 1H), 7.23(d, 1H), 4.67(m, 4H), 4.23-4.17(m, 2H),
3.80(s, 2H), 2.84-2.71(m, 2H)

~N
N.-;l\N O*E

3 i F

[Example 1-4] Preparation of N-
(1-oxo-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl } propan-2-yI)-2-({ [ 3-(tri

fluoromethoxy)phenylJmethyl }amino)pyrimidine-5-carboxamide (compound 4)
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NN N
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[500

[501] MS m/z491 [M+1]*

[502] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.74-8.56(m, 3H), 8.39-8.38(m, 1H), 7.44(t,
1H), 7.34(d, 1H), 7.27(s, 1H), 7.23(d, 1H), 5.04-4.98(m, 1H), 4.86-4.74(m ,2H),
4.60(d, 2H), 4.50(d, 1H), 3.94-3.72(m, 2H), 2.82-2.67(m, 2H), 1.32-1.23(m, 3H)

[503]

[504] [Example 1-5] Preparation of
S-{[2-({[3-(fluoromethoxy)phenylJmethyl }amino)pyridin-5-yl]formamido } pentanoic

acid (compound 5)
O O
H OJJ\/\/\N S
H

'NA\ O _F
H/D/ \F[<F
5
[506] MS m/z: 413 [M+1]*

[507] 'H NMR (CDCl;, 400MHz), 6 ppm: 8.76 (s, 2H), 7.34 (t, 1H), 7.27 (d, 1H), 7.19 (s,
1H), 7.12 (d, 1H), 4.69 (d, 2H), 3.40 (s, 2H), 2.53 (s, 4H), 2.37 (m, 2H), 1.67 (m, 4H)

[505]

[508]

[509] [Example 1-6] Preparation of
5-[4-(2-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)piperazine-1-carbo
nyl]-N-{[3-(trifluoromethoxy)phenylJmethyl } pyrimidin-2-amine (compound 6)
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[510]

[511]

[512]

[513]
[514]

[515]

[516]

[517]

" NH I (\N”’\/OH . (\NMO
6-a &b B-c

b
N [ NH im-2b

Step 1) Preparation of tert-butyl 4-(2-ethoxy-2-oxoethyl)piperazine-1-carboxylate

(compound 6-a)

To a solution of 1-(tert-Butoxycarbonyl)piperazine (1.0 g, 5.37 mmol) in acetonitrile
(15 mL) under nitrogen atmosphere was slowly added triethylamine (1.1 g, 0.011
mmol) and ethyl bromoacetate (1.3 g, 8.05 mmol) successively at 0°C, and the mixture
was stirred for 3 hours at room temperature. Upon the completion of the reaction, the
precipitate was collected, washed with diethyl ether, and dried to obtain the title
compound 6-a as a white solid (1.35 g, 92%).

MS m/z: 273 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 4.19 (q, 2H), 3.48 (t, 4H), 3.22 (s, 2H), 2.52 (t,
2H), 1.45 (s, 9H), 1.27 (t, 3H)

Step 2) Preparation of rert-butyl 4-(2-hydroxyethylpiperazine-1-carboxylate
(compound 6-b)

To a solution of the compound 6-a (1.35 g, 4.96 mmol) in anhydrous tetrahydrofuran
(15 mL) under nitrogen atmosphere was slowly added lithium aluminum hydride (3.2
g, 0.084 mmol) at 0°C, and the mixture was stirred for 24 hours at room temperature.
The reaction was terminated by adding distilled water (5 mL). After adding 15%
aqueous sodium hydroxide (3.2 mL) and methylene chloride (50 mL) thereto, the
mixture was stirred for 30 minutes. Insoluble mass was removed by filtration through a
Celite pad, and the filtrate was concentrated under reduced pressure and extracted with
ethyl acetate. The organic layer was washed with distilled water and saturated brine,
dried over anhydrous sodium sulfate, and concentrated to obtain the title compound
6-b as a colorless liquid (0.94 g, 82%).

MS m/z: 231 [M+1]*
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[518]

[519]

[520]

[521]
[522]

[523]

[524]

[525]
[526]

[527]

[528]

'H NMR (CDCl;, 400MHz), 6 ppm: 3.62 (t, 2H), 3.44 (t, 4H), 2.65 (brs, 1H), 2.55 (t,
2H), 2.45 (t, 4H), 1.46 (s, 9H)

(Step 3) Preparation of tert-butyl 4-(2-oxoethyl)piperazine-1-carboxylate (compound
6-¢)

To a solution of oxalyl chloride (165 mg, 1.30 mmol) in anhydrous methylene
chloride (4 mL) under nitrogen atmosphere was slowly added a solution of dimethyl
sulfoxide (0.20 g, 2.60 mmol) in methylene chloride (1 mL) at -78°C. After stirring for
10 minutes, a solution of the compound 6-b (0.2 g, 0.87 mmol) in methylene chloride
(2 mL) was slowly added to the reaction mixture. After stirring for 1 hour, tri-
ethylamine (0.44 g, 4.34 mmol) was slowly added thereto. Temperature was raised to
room temperature, and stirring was continued for 3 hours. Upon the completion of the
reaction, the mixture was diluted with distilled water (30 mL), and extracted with
methylene chloride. The organic layer was washed with distilled water and saturated

brine, dried over anhydrous sodium sulfate, and concentrated to obtain the title

compound 6-c as a yellow liquid quantitatively (0.216 g).

MS m/z: 229 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 9.71 (s, 1H), 3.48 (m, 4H), 2.61 (s, 2H), 2.54
(m, 4H), 1.45 (s, 9H)

(Step 4) Preparation of zert-butyl

te (compound 6-d)
To a solution of the compound 6-c (0.2 g, 0.87 mmol) in methylene chloride (10 mL)

under nitrogen atmosphere was added with the intermediate im-7 (0.14 g, 0.87 mmol).
After stirring for 1 hour at room temperature, sodium acetoxyborohydride (0.46 g, 2.17
mmol) was added and the mixture was stirred for 48 hours. The reaction was
terminated by adding a saturated aqueous solution of sodium hydrogen carbonate, and
the mixture was extracted with ethyl acetate. The organic layer was washed with
distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The residue was purified by silica gel column chromatography (methanol :
methylene chloride =3 : 97 — 15 : 85) to obtain the title compound 6-d as a yellow
solid (91 mg, 31%).

MS m/z: 337 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 3.68 (s, 2H), 3.46 (t, 4H), 2.85 (d, 2H), 2.82 (d,
2H), 2.77 (t, 2H), 2.64 (t, 2H), 2.51 (t, 4H), 1.44 (s, 9H)

(Step S5) Preparation of
1-(2-{1H.4H.5H.6H.7H-[ 1.2 3]triazolo[4.5-c]pyridin-Syl }ethyl)piperazine hy-

drochloride (compound 6-¢

To a solution of the compound 6-d (90 mg, 0.27 mmol) in methylene chloride (3 mL)



62

WO 2018/212534 PCT/KR2018/005516

[529]
[530]

[531]

[532]

[533]
[534]

[535]
[536]

[537]

[538]

[539]

was added 4 N hydrogen chloride dioxane solution (1 mL), and the reaction mixture
was stirred for 14 hours at room temperature. Upon the completion of the reaction, the
solvent was removed by concentration under reduced pressure to obtain the title
compound 6-¢ as a white solid quantitatively (98 mg).

MS m/z: 237 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.79 (s, 1H), 4.52(s, 1H), 3.60 (m, 4H), 3.56
(s, 2H), 3.14 (m, 4H), 3.08 (t, 2H), 2.86 (m, 2H), 2.74 (m, 4H)

(Step 6) Preparation of

5-[4-(2-11H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-vl lethv])piperazine-1-carbo

nyl]-N-{[3-(trifluoromethoxy)phenylJmethyl } pyrimidin-2-amine (compound 6

Except that, the compound 6-e and the compound im-2b are used instead of the
compound im-7 and the compound 1-b described in Example 1-1 respectively, the
reaction was carried out in the same manner as the Step 3 of Example 1-1 to obtain the
title compound 6.

MS m/z: 532 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.44(s, 2H), 7.36(t, 1H), 7.27(d, 1H), 7.19(s,
1H), 7.13 (d, 1H), 5.77 (m, 1H), 4.87 (m, 1H), 4.71 (d, 2H), 3.66 (m, 6H), 2.61 (t, 2H),
2.56 (s, 4H), 2.02 (d, 2H), 1.50 (m, 4H)

[Example 1-7] Preparation of
8-[2-({[3-(trifluoromethoxy)phenyl]Jmethyl }amino)pyrimidine-5-carbonyl]-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-3-carboxylic acid (compound 7)

HCl salt

- O
0 o4 8 ) NH
\]\;\N .U . YUO\] —
“Boc "Boc /”‘ © “Boc ~ iy
7-a 7-b 7-c

0
L
im-2b O = 0. _.F
HO 0 7

Step 1) Preparation of tert-butvl-4-methvlidenepiperidine-1-carboxvlate (compound
7-a
To a solution of methyltriphenyl phosphonium bromide (13.0 g, 0.037 mol) in

anhydrous tetrahydrofuran (100 mL) was slowly added potassium tert-butoxide (4.2 g,
0.037 mol) at 0 °C , and the mixture was stirred for 30 minutes at room temperature
under nitrogen atmosphere. After cooling to 0°C again,

1-(tert-butoxycarbonyl)-4-piperidone (5.0 g, 0.025 mol) diluted in anhydrous tetrahy-
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[540]

[541]

[542]

[543]
[544]

[545]

[546]
[547]

[548]

[549]

drofuran (55 mL) was slowly added thereto and stirred for 14 hours at room tem-
perature. Upon the completion of the reaction, the mixture was diluted with distilled
water (50 mL), and extracted with ethyl acetate. The organic layer was washed with
distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The residue was purified by silica gel column chromatography (ethyl acetate
: n-hexane = 1 : 9) to obtain the title compound 7-a as a colorless liquid (4.5 g, 90%).

'H NMR (CDCl;, 400MHz), 6 ppm: 4.74 (s, 2H), 3.42 (t, 4H), 2.17 (t, 4H), 1.46 (s,
9H)

(Step 2) Preparation of

8-tert-butyl-3-ethyl-1-oxa-2.8-diazaspiro[4.5]dec-2-ene-3.8-dicarboxylate (compound

7-b)

To a suspension of the compound 7-a (1.0 g, 5.1 mmol) and sodium hydrogen
carbonate (2.1 g, 0.025 mol) in ethyl acetate (10 mL) at 0°C was added ethyl
(27)-2-chloro-2-(hydroxyimino)acetate (1.2 g, 7.6 mmol), which has been synthesized
according to a known method (Tetrahedron Letters, 2011, 52(43), 5656-5658), and the
mixture was stirred for 48 hours at room temperature. Upon the completion of the
reaction, the reaction mixture was diluted with distilled water (100 mL) and extracted
with ethyl acetate. The organic layer was washed with distilled water and saturated
brine, dried over anhydrous sodium sulfate, and concentrated. The residue was purified
by silica gel column chromatography (ethyl acetate : n-hexane =5:95 - 3:7) to
obtain the title compound 7-b as a yellow solid (1.4 g, 93%).

MS m/z: 313 [M+1]*

(Step 3) Preparation of ethyl 1-oxa-2.8-diazaspiro[4.5]dec-2-ene-3-carboxylate hy-

drochloride (compound 7-¢)
To a solution of the compound 7-b (0.10 g, 0.32 mmol) in methylene chloride (2 mL)

was added 4 N hydrogen chloride dioxane solution (2 mL) and the reaction mixture
was stirred for 1 hour at room temperature. Upon the completion of the reaction, the
solvent was removed to obtain the title compound 7-c as a beige solid (80 mg), which
was then used for the next reaction without further purification.

MS m/z: 213 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 9.79 (br, 2H), 4.37 (m, 2H), 3.52-3.24 (m, 4H),
3.07 (s, 2H), 2.38-2.21 (m, 2H), 2.18-2.08 (m, 1H), 1.39 (t, 3H)

(Step 4) Preparation of

8-[2-({[3-(trifluoromethoxyv)phenyl]lmethyl lamino)pyrimidine-5-carbonyl]-1-oxa-2.8-

diazaspiro[4.5]dec-2-ene-3-carboxylic acid (7)

Except that, the compound 7-c and the compound im-2b is used instead of the
compound im-7 and the compound 1-b described in Example 1-1 respectively, the

reaction was carried out in the same manner as the Step 3 of Example 1-1 to obtain the
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[550]
[551]

[552]
[553]

[554]

[555]

[556]

[557]
[558]
[559]

[560]

title compound 7.

MS m/z: 480 [M+1]*

'H NMR (DMSO-dg, 400 MHz), 6 ppm: 13.50 (br, 1H), 8.39 (s, 2H), 8.28 (t, 1H),
7.44 (t, 1H), 7.32-7.18 (m, 3H), 4.57 (d, 2H), 3.68-3.48 (m, 4H), 3.00 (s, 2H),
1.82-1.72 (m, 4H)

[Example 1-8] Preparation of
5-(3-{1H,4H,5H,6H,7H-[ 1,2,3]triazolo[4,5-c]pyridin-5-ylmethyl }-1-oxa-2,8-diazaspir
o[4,5]dec-2-ene-8-carbonyl)-N-{[3-(trifluoromethoxy)phenylJmethyl } pyrimidin-2-ami

ne (compound 8)

HCI sait N-—O
N“O
Al
_~__/0 boc
0
7-c 8- '.l
N~NH
O
N@ w2 »QQK@\ o s
—_— NH—' — 4 <
\*f R YT
—B\J 8
N
H

(Step 1) Preparation of tert-

butyl-3-(hydroxymethyl)-1-oxa-2.8-diazaspiro[4.5]dec-2-ene-8-carboxylate

(compound 8-a)
To a solution of the compound 7-c (1.47 g, 4.70 mmol) in ethanol (10 mL) was

added sodium borohydride (0.46 g, 0.012 mol) at 0°C, and the reaction mixture was
stirred for 1 hour at room temperature under nitrogen atmosphere. The reaction was
quenched by adding distilled water (30 mL), and the mixture was extracted with ethyl
acetate. The organic layer was washed with distilled water and saturated brine, dried
over anhydrous sodium sulfate, and concentrated to obtain the title compound 8-a as a
white solid (1.25 g, 98%).

MS m/z: 271[M+1]*

(Step 2) Preparation of

tert-butyl-3-formyl-1-oxa-2.8-diazaspiro[4.5]dec-2-ene-8-carboxyvlate (compound

8-b)

To a solution of the compound 8-a (1.25 g, 4.62 mmol) in methylene chloride (70
mL) was added manganese oxide (II) (8.75 g), and the reaction mixture was stirred for
23 hours at room temperature. Upon the completion of the reaction, insoluble mass
was removed by filtration through a Celite pad, and the filtrate was concentrated under

reduced pressure to obtain the title compound 8-b as a grey solid (0.55 g, 44%).
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[561] MS m/z: 269[M+1]*

[562] (Step 3) Preparation of tert-
butyl-3-{1H4H.5SH.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-S-ylmethyl} 1-oxa-2.8-diazas
iro[4.5]dec-2-ene-§-carboxylate (compound §-¢)

[563] By using the compound 8-b (0.4 g, 1.5 mmol) instead of 6-C, the reaction was
carried out in the same manner as the Step 4 of Example 1-6 to obtain the title
compound 8-c as a white solid (0.31 g, 55%).

[564] MS m/z: 377 [M+1]*

[565] 'H NMR (CDCl;, 400MHz), 6 ppm: 11.29 (s, 1H), 3.73 (s, 2H), 3.65 (m, 2H), 3.49
(s, 2H), 3.39 (t, 2H), 2.87 (s, 4H), 2.79 (s, 2H), 1.83 (d, 2H), 1.65 (t, 2H), 1.46 (s, 9H)

[566] (Step 4) Preparation of
3-{1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5S-ylmethyl } 1-oxa-2.8-diazaspiro[4.
S]dec-2-ene hydrochloride (compound 8-d)

[567] By using the compound 8-c (0.31 g, 0.82 mmol) instead of 6-d, the reaction was
carried out in the same manner as the Step 5 of Example 1-6 to obtain the title
compound 8-d as a white solid quantitatively (0.27 g).

[568] MS m/z: 313 [M+1]*

[569] (Step 5) Preparation of

[570]

[571]
[572]

[573]
[574]

ne (compound 8)

Except that, instead of the compound im-7 and the compound 1-b described in

Example 1-1, the compound 8-d and the compound im-2b are used respectively, the
reaction was carried out in the same manner as the Step 3 of Example 1-1 to obtain the
title compound 8.

MS m/z: 572 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 11.57 (s, 1H), 8.45 (s, 2H), 7.36 (t, 1H), 7.27 (d,
1H), 7.19 (s, 1H), 7.13 (d, 1H), 5.85 (t, 1H), 4.71 (d, 2H), 3.73 (s, 2H), 3.58 (m, 2H),
3.50 (s, 2H), 2.87 (s, 4H), 2.84 (s, 2H), 1.94 (m, 2H), 1.74 (m, 2H), 1.59 (s, 2H)

[Example 1-9] Preparation of
1-(1H-1,2,3-benzotrizol-5-yl1)-3-methyl-8[2-({[3-(trifluoromethoxy)phenylJmethyl }am

ino)pyrimidine-5-carbonyl]-1,3,8-triazaspiro[4,5]-decane-2,4-dione (compound 9)
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[576] (Step 1) Preparation of tert-butyl

[577]

[578]
[579]

[580]

[581]

4-1(1H-1.2.3-benzotriazol-5-yvamino]-4-cvanopiperidine- 1 -carboxylate (compound

9-a)

To a solution of 4-(tert-Butoxycarbonyl)piperidone (0.59 g, 2.96 mmol) and
S-amino-1H-benzotriazole (0.34 g, 2.56 mmol) in acetic acid (3 mL) was added
trimethylsilyl cyanide (0.51 g, 5.12 mmol) at 0 °C. Then, after flushing with nitrogen
gas, the reaction mixture was stirred for 15 hours at room temperature. Upon the
completion of the reaction, the mixture was diluted with a saturated aqueous solution
of ammonium chloride and extracted with ethyl acetate. The organic layer was washed
with distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The residue was purified by silica gel column chromatography (ethyl acetate
:n-hexane=1:1 — 8 : 2) to obtain the title compound 9-a as a light brown solid
quantitatively (0.9 g).

MS m/z: 343 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.84(d, 1H), 7.22(s, 1H), 6.83(d, 1H), 4.34(s,
1H), 4.00(s, 2H), 3.33 (t, 2H), 2.40(d, 2H), 1.92-1.85 (m, 2H), 1.48 (s, 9H)

Step 2) Preparation of benzvl

S-({1-[(tert-butoxv)carbonvl]-4-cvanopiperidin-4-vl }amino)-1H-1.2 3-benzotriazole-1-

carboxylate (compound 9-b)

To a solution of the compound 9-a (0.9 g, 2.6 mmol) in a mixture solvent of tetrahy-

drofuran (5 mL) and distilled water (5 mL) was added potassium carbonate (0.84 g,
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[582]
[583]

[584]

[585]

[586]
[587]

[588]

[589]

6.05 mmol) and benzyl chloroformate (0.64 mL, 4.46 mmol) at 0°C, and the mixture
was stirred for 1 hour at room temperature. Upon the completion of the reaction, the
mixture was diluted with distilled water (30 mL) and extracted with ethyl acetate. The
organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and then concentrated. The residue was purified by silica
gel column chromatography (ethyl acetate : n-hexane =4 : 6) to obtain the title
compound 9-b as a yellow solid (1.12 g, 92%).

MS m/z: 477 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.97(d, 1H), 7.64(d, 1H), 7.56(d, 1H), 7.46-7.37
(m, 3H), 7.21-7.18 (dd, 1H), 4.04(br, 2H), 3.29(t, 2H), 2.38(d, 2H), 1.87-1.81 (m, 2H),
1.47(s, 9H)

(Step 3) Preparation of tert-butyl
1-{1-[(tert-butoxy)carbonyl]-1H-1.2.3-benzotriazol-5-yl}-2.4-dioxo-1.3.8-triazaspiro[4

.S]decane-8-carboxyvlate (compound 9-¢)

To a solution of the compound 9-b (315 mg, 0.64 mmol) in methylene chloride (4
mL) was added chlorosulfonyl isocyanate (10 mg, 0.70 mmol) at 0°C, and the reaction
mixture was stirred for 1 hour. To the reaction mixture was added 2 N aqueous hy-
drochloric acid solution (1 mL) and ethanol (5 mL), and the mixture was stirred at
80°C for 1 hour. After cooling to room temperature, the solvent was removed and a
solution of di-tert-butyl dicarbonate (0.37 mL, 1.6 mmol) in tetrahydrofuran (3 mL)
was added to the mixture. After adjusting pH 9 by adding 1 N aqueous solution of
sodium hydroxide, the mixture was stirred for 4 hours at room temperature. Upon the
completion of the reaction, the mixture was dilute with distilled water (80 mL) and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and then concentrated. The
residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 1
: 1) to obtain the title compound 9-c as a white solid (240 mg, 75%).

MS m/z: 487 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.26-8.17 (m, 2H), 8.00(d, 1H), 4.66(bs, 2H),
4.10 (br, 1H), 3.50 (br, 2H), 2.03(d, 2H), 1.78 (m, 11H), 1.37 (s, 9H)

(Step 4) Preparation of tert-butyl
1-{ 1-[(tert-butoxy)carbonyl]-1H-1.2.3-benzotriazol-5-yl }-3-methyl-2.4-dioxo-1.3.8-tri

azaspiro[4.5]decane-8-carboxylate (compound 9-d)

To a solution of the compound 9-c¢ (93 mg, 0.19 mmol) in N,N-dimethylformamide
(1.5 mL) was added sodium hydride (11 mg, 0.29 mmol) at 0°C, and the mixture was
stirred for 20 minutes at room temperature. After cooling again to 0°C, iodomethane
(0.014 mL, 0.23 mmol) was added thereto, and the mixture was stirred for 30 minutes

at room temperature. Upon the completion of the reaction, the mixture was diluted
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[590]
[591]

[592]

[593]

[594]

[595]

[596]

[597]

[598]
[599]

[600]
[601]

with distilled water (30 mL) and extracted with ethyl acetate. The organic layer was
washed with distilled water and saturated brine, dried over anhydrous sodium sulfate,
and then concentrated. The residue was purified by silica gel column chromatography
(ethyl acetate : n-hexane = 1 : 1) to obtain the title compound 9-d as a white solid (73
mg, 77%).

MS m/z: 501 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.22-8.17(m, 1H), 7.99(d, 1H), 7.26(d, 1H),
4.08(br, 2H), 3.56 (br, 2H), 3.15(s, 3H), 1.96(d, 2H), 1.79(m, 11H), 1.38(s, 9H)

(Step S5) Preparation of
1-(1H-1.2.3-benzotriazol-5-yl)-3-methyl-1.3.8-triazaspiro[4.5]decane-2.4-dione

(compound 9-¢)

By using the compound 9-d (73 mg, 0.14 mmol) instead of the compound 6-d, the

reaction was carried out in the same manner as the Step 5 of Example 1-6 to obtain the

title compound 9-¢ as a yellow solid quantitatively (38 mg, 75%).

MS m/z: 315 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.97(s, 1H), 8.15-7.98 (m, 2H), 7.39(d, 1H),
3.39-3.26 (m, 4H), 2.99(s, 3H), 2.35(d, 2H), 1.96-1.88 (m, 2H)

(Step 6) Preparation of
1-(1H-1.2.3-benzotrizol-5-y1)-3-methyl-8[2-({[ 3-(trifluoromethoxy)phenyllmethyl }am

ino)pvrimidine-5-carbonvll-1.3.8-triazaspiro[4.5]-decane-2.4-dione (compound 9

Except that, instead of the compound im-7 and the compound 1-b described in
Example 1-1, the compound 9-e and the compound im-2b are used respectively, the
reaction was carried out in the same manner as the Step 3 of Example 1-1 to obtain the
title compound 9.

MS m/z: 596[M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.33(s, 2H), 7.72(br, 2H), 7.34(t, 1H),
7.26-7.22(m, 1H), 7.16-7.11 (m, 3H), 5.85(s, 1H), 4.67(d, 2H), 3.89(br, 4H), 3.17(s,
3H), 2.05-1.83 (m, 4H)

[Example 1-10] Preparation of N-
{[(55)-2-0x0-3-(2-0x0-2,3-dihydro-1,3-benzoxazol-6-yl)- 1,3-oxazolidin-5-yl|methyl } -
2-({[3-(trifluoromethoxy)phenyl]methyl }amino)pyrimidine-5-carboxamide (compound
10)
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[603] (Step 1) Preparation of 6-nitro-2.3-dihvdro-1.3-benzoxazol-2-one (compound 10-a)

[604] To a solution of 2-amino-5-nitrophenol (3.0 g, 0.013 mol) in tetrahydrofuran (50 mL)
was added 1,1'-carbonyldiimidazole (3.79 g, 23.35 mmol). After stirring for 4 hours at
100°C, the mixture was cooled to room temperature and stirred for 9 hours. Upon the
completion of the reaction, the solvent was removed by concentration under reduced
pressure, and the residue was diluted with 2 N aqueous hydrochloric acid and extracted
with ethyl acetate and. The organic layer was washed with distilled water and saturated
brine, dried over anhydrous sodium sulfate, and concentrated to obtain the title
compound 10-a as a light brown solid (3.49 g, 99%).

[605] MS m/z: 181 [M+1]*

[606] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 12.42 (br, 1H), 8.21 (d, 1H), 8.14 (dd, 2H),
7.29 (d, 1H)

[607] (Step 2) Preparation of
6-nitro-3-(triphenylmethyl)-2.3-dihydro-1.3-benzoxazol-2-one (compound 10-b)

[608] To a solution of the compound 10-a (0.50 g, 2.8 mmol) in methylene chloride (20
mL) was added triethylamine (1.1 mL) and triphenylmethyl chloride (TrCl, 930 mg,

3.33 mmol) in order at 0°C, and the mixture was stirred for 9 hours at room tem-
perature. Upon the completion of the reaction, the mixture was diluted with distilled

water, and extracted with ethyl acetate. The organic layer was dried over anhydrous
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[609]
[610]

[611]

[612]

[613]
[614]

[615]

[616]

[617]
[618]

[619]

[620]

sodium sulfate and concentrated. The residue was treated with diethyl ether, and the
precipitated was collected, washed with n-hexane to obtain the title compound 10-b as
a beige solid quantitatively (1.26 g).

MS m/z: 423 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.01 (d, 1H), 7.82 (dd, 1H), 7.45-7.29 (m, 15H),
6.15 (d, 1H)

(Step 3) Preparation of

6-amino-3-(triphenvlmethyl)-2.3-dihydro-1.3-benzoxazol-2-one (compound 10-c

To a solution of the compound 10-b (1.26 g, 2.78 mmol) in methanol (20 mL) was
added with Pd/C (10% by weight, 0.63 g), and it was stirred for 3 hours at room tem-
perature under hydrogen (1 atm). The catalyst was removed by filtration through a
Celite pad. After washing with methanol, the filtrate was concentrated under reduced
pressure to obtain the title compound 10-c as a beige solid quantitatively (1.21 g).

MS m/z: 393 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.47-7.21 (m, 15H), 7.12 (d, 1H), 6.50 (d, 1H),
6.13 (dd, 1H), 5.81 (d, 1H), 3.55 (br, 2H)

(Step 4) Preparation of ethyl N-
[2-0x0-3-(triphenylmethyl)-2.3-dihydro-1.3-benzoxazol-6-yl]carbamate (compound
10-d)

To a solution of the compound 10-c (1.21 g, 2.78 mmol) in methylene chloride (10
mL) was added 1 N aqueous solution of sodium carbonate (4.2 mL) and ethyl chlo-
roformate (0.32 mL, 3.33 mmol) at 0°C. The reaction mixture was stirred for 2 hours at
room temperature. Upon the completion of the reaction, the mixture was diluted with
distilled water, and extracted with methylene chloride. The organic layer was dried
over anhydrous sodium sulfate, and concentrated. The residue was purified by silica
gel column chromatography (ethyl acetate : n-hexane = 1 : 9) to obtain the title
compound 10-d as a white solid (0.84 g, 65%).

MS m/z: 465 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.64 (s, 1H), 7.49-7.24 (m, 15H), 6.83 (d,
1H), 5.94 (d, 1H), 5.72 (s, 1H), 4.09 (m, 2H), 1.21 (t, 3H)

(Step S5) Preparation of
6-[5-(hydroxymethyl)-2-0x0-1.3-oxazolidin-3-yl1]-3-(triphenylmethyl)-2.3-dihydro-1.3

-benzoxazol-2-one (compound 10-¢)

To a solution of the compound 10-d (840 mg, 1.81 mmol) in a mixture solvent of
tetrahydrofuran (4 mL) and N,N-dimethylformamide (2 mL) was dropwise added 2.2
M lithium tert-butoxide (1.54 mL, 3.08 mmol) at O °C. After stirring for 30 minutes at
0°C, R-(-)-glycine butyrate (0.4 mL, 2.8 mmol) and methanol (0.08 mL) was added in

order, and the reaction mixture was stirred for 4 hours at room temperature. After
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[621]
[622]

[623]

[624]

[625]
[626]

[627]

[628]

[629]
[630]

[631]

adding a saturated aqueous solution of ammonia chloride to quench the reaction, the
mixture was extracted with ethyl acetate. The organic layer was washed with distilled
water, dried over anhydrous sodium sulfate, and concentrated. The residue was then
purified by silica gel column chromatography (ethyl acetate : n-hexane = 55 : 45) to
obtain the title compound 10-¢ as a pink solid (563 mg, 63%).

MS m/z: 493 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.49-7.22 (m, 16H), 6.93 (dd, 1H), 5.99 (d, 1H),
4.72 (m, 1H), 3.99-3.88 (m, 3H), 3.76-3.71 (m, 1H), 1.86 (t, 1H).

(Step 6) Preparation of
6-[5-(hydroxymethyl)-2-0x0-1.3-oxazolidin-3-yl1]-2.3-dihydro-1.3-benzoxazol-2-one

{compound 10-1)

To a solution of the compound 10-¢ (0.35 g, 0.71 mmol) in methylene chloride (2
mL) was added anisole (0.2 mL) and trifluoroacetic acid (1.5 mL) in order, and the
reaction mixture was stirred for 14 hours at room temperature. Upon the completion of
the reaction, the solvent was removed by concentration under reduced pressure and
diethyl ether was added to the residue. The precipitate was collected and washed with
diethyl ether to obtain the title compound 10-f as a pink solid quantitatively (0.18 g).

MS m/z: 251 [M+1]*

'H NMR (DMSO-d¢, 400MHz), & ppm: 11.66 (br, 1H), 7.57 (s, 1H), 7.26 (dd, 1H),
7.12 (d, 1H), 5.05 (m, 1H), 4.70-4.62 (m, 2H), 4.21 (t, 1H), 3.91 (dd, 1H)

(Step 7) Preparation of

[2-0x0-3-(2-0x0-2.3-dihydro-1.3-benzoxazol-6-v1)-1.3-oxazolidin-5-vl|methyl

methanesulfonate (compound 10-g)
To a solution of the compound 10-f (0.18 g, 0.71 mmol) in methylene chloride (3

mL) was added triethylamine (0.15 mL, 1.06 mmol) and methanesulfonyl chloride
(0.07 mL, 0.85 mmol) in order at 0°C, and the mixture was stirred for 1 hour. Upon the
completion of the reaction, the mixture was diluted with distilled water (20 mL) and
extracted with methylene chloride. The organic layer was washed with distilled water,
dried over anhydrous sodium sulfate, and concentrated. The residue was treated with
diethyl ether so as to produce a solid. The precipitate was collected and washed with
diethyl ether to obtain the title compound 10-g as a beige solid (0.21 g, 90%).

MS m/z: 329 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 7.79-7.74(m, 1H), 7.57-7.52(m, 1H),
7.42-7.36(m, 1H), 5.08(m, 1H), 4.72-4.49(m, 2H), 4.23(t, 1H), 3.94(dd, 1H), 3.67(s,
3H)

(Step 8) Preparation of
6-[5-(azidomethyl)-2-0x0-1.3-0xazolidin-3-v1]-2.3-dihydro-1.3-benzoxazol-2-one

(compound 10-h)
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[632]

[633]
[634]

[635]

[636]

[637]
[638]

[639]

[640]

[641]
[642]

[643]
[644]

To a solution of the compound 10-g (0.21 g, 0.64 mmol) in N,N-dimethylformamide
(3 mL) was added with sodium azide (0.10 g, 1.60 mmol), and the mixture was stirred
for 3 hours at 90°C. Upon the completion of the reaction, the mixture was cooled to
room temperature, diluted with distilled water, and extracted with ethyl acetate. The
organic layer was washed with distilled water, dried over anhydrous sodium sulfate,
and concentrated. The residue was purified by silica gel column chromatography (ethyl
acetate : n-hexane =1 : 1) to obtain the title compound 10-h as a beige solid (33 mg,
18%).

MS m/z: 276 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.65(br, 1H), 7.60(s, 1H), 7.27(d, 1H),
7.11(d, 1H), 4.88 (m, 1H), 4.14(t, 1H), 3.82-3.64 (m, 3H)

(Step 9) Preparation of

6-[5-(aminomethyl)-2-ox0-1.3-oxazolidin-3-v1]-2.3-dihydro-1.3-benzoxazol-2-one

{compound 10-i)

To a solution of the compound 10-h (82 mg, 0.30 mmol) in methanol (5 mL) was
added Pd/C (10% by weight, 50 mg), and the mixture was stirred for 5 hours at room
temperature under hydrogen (1 atm). The catalyst was removed by filtration through a
Celite pad. After washing with methanol, the filtrate was concentrated under reduced
pressure to obtain the title compound 10-i as a beige solid (45 mg, 60%).

MS m/z: 250 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 7.53 (s, 1H), 7.20 (d, 1H), 7.03 (d, 1H), 4.56
(m, 1H), 4.01 (t, 1H), 3.82 (t, 1H), 2.83-2.73 (m, 2H)

(Step 10) Preparation of N-
{[(55)-2-0x0-3-(2-0x0-2.3-dihydro-1.3-benzoxazol-6-yl)- 1.3-oxazolidin-5-yljmethyl } -
2-({[3-(trifluoromethoxy)phenyllmethyl }amino)pyrimidine-5S-carboxamide (compound
10)

Except that, instead of the compound im-7 and the compound 1-b described in

Example 1-1, the compound 10-i and the compound im-2b are used respectively, the
reaction was carried out in the same manner as the Step 3 of Example 1-1 to obtain the
title compound 10.

MS m/z: 545 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.62 (m, 1H), 8.67-8.67 (m, 3H), 8.40 (t,
1H), 7.58-7.02 (m, 7H), 4.81 (m, 1H), 4.59 (d, 2H), 4.15 (t, 1H), 3.86-3.81 (m, 1H),
3.64-3.52 (m, 2H)

[Example 1-11] Preparation of
3-[2-0x0-5-({[2-({ [3-(trifluoromethoxy)phenyl Jmethyl }amino)pyrimidin-5-yl]formami
do}methyl)-1,3-oxazolidin-3-yl]benzoic acid (compound 11)
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im-Zb» . O )H\/\)\ *F

Step 1) Preparation of ethvl 3-[(ethoxvcarbonvlamino]benzoate (compound 11-a

By using ethyl 3-aminobenzoate(1.0 g, 6.05 mmol) instead of the compound 10-c,
the reaction was carried out in the same manner as the Step 4 of Example 1-10 to
obtain the title compound 11-a as a pink solid (1.4 g, 98%).

MS m/z: 238 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.92 (s, 1H), 7.78-7.72 (m, 2H), 7.39 (t, 1H),
6.67 (br, 1H), 4.37 (m, 2H), 4.24 (m, 2H), 1.39 (t, 3H), 1.32 (t, 3H)

(Step 2) Preparation of ethyl
3-[(5R)-5-(hydroxymethyl)-2-oxo0-1.3-o0xazolidin-3-yl]benzoate (compound 11-b)

By using the compound 11-a (1.0 g, 4.2 mmol), which has been prepared in the

above (Step 1), instead of the compound 10-d, the reaction was carried out in the same
manner as the Step 5 of Example 1-10 to obtain the title compound 11-b as a light pink
solid (0.9 g, 83%).

MS m/z: 266 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.30-8.15 (m, 2H), 8.05 (d, 1H), 7.69 (t, 1H),
5.02 (m, 1H), 4.61 (m, 2H), 4.38-4.20 (m, 3H), 4.08-3.39 (m, 1H), 2.29 (t, 1H), 1.63 (t,
3H)

(Step 3) Preparation of ethyl

3-[(5R)-5-[(methanesulfonvloxyv)methvl]-2-ox0-1.3-oxazolidin-3-vl]benzoate

(compound 11-¢)
By using the compound 11-b (0.4 g, 1.5 mmol), which has been prepared in the

above (Step 2), instead of the compound 10-f, the reaction was carried out in the same
manner as the Step 7 of Example 1-10 to obtain the title compound 11-c as a pink
liquid quantitatively (0.6 g).

MS m/z: 344 [M+1]*
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[657]

[658]

[659]

[660]
[661]
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[663]

[664]
[665]

[666]

[667]

[668]
[669]

[670]
[671]
[672]

'H NMR (CDCl;, 400MHz), 6 ppm: 8.02-7.94(m, 2H), 7.84(d, 1H), 7.47(t, 1H),
4.97(m, 1H), 4.56-4.36 (m, 4H), 4.23(t, 1H), 4.02(m, 1H), 3.93(s, 2H), 3.11(s, 3H),
1.40(t, 3H)

(Step 4) Preparation of ethyl

3-[(5R)-5-(azidomethy])-2-0x0-1.3-0xazolidin-3-vl]benzoate (compound 11-d)

By using the compound 11-c (0.6 g, 1.5 mmol), which has been prepared in the

above (Step 3), instead of the compound 10-g, the reaction was carried out in the same

manner as the Step 8 of Example 1-10 to obtain the title compound 11-d as a beige
solid (0.2 g, 47%).

MS m/z: 291 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.07-8.04(m, 1H), 7.92(s, 1H), 7.84(d, 1H),
7.47(t, 1H), 4.82(m, 1H), 4.39(m, 2H), 4.16(t, 1H), 3.93(m, 1H), 3.74(dd, 1H),
3.62(dd, 1H), 1.41(t, 3H)

(Step 5) Preparation of ethyl

By using the compound 11-d (0.2 g, 0.7 mmol), which has been prepared in the
above (Step 4), instead of the compound 10-h, the reaction was carried out in the same
manner as the Step 9 of Example 1-10 to obtain the title compound 11-¢ as a yellow
liquid (0.18 g, 95%).

MS m/z: 265 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.08-8.06(m, 1H), 7.94(s, 1H), 7.81(d, 1H),
7.45(t, 1H), 4.71(m, 1H), 4.38(m, 2H), 4.11(t, 1H), 3.94(m, 1H), 3.18-2.92(m, 2H),
1.40(t, 3H)

(Step 6) Preparation of

3-[2-0x0-5-({[2-({[3-(trifluoromethoxy)phenyl methyl }amino)pyrimidin-3-vl]formami

do }methyl)-1.3-oxazolidin-3-yl]benzoic acid (compound 11)

Except that, instead of the compound im-7 and the compound 1-b described in

Example 1-1, the compound 11-e and the compound im-2b are used respectively, the
reaction was carried out in the same manner as the Step 3 of Example 1-1 to obtain the
title compound 11.

MS m/z: 532 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 13.10(br, 1H), 8.75-8.66(m, 3H), 8.39(t, 1H),
8.14(s, 1H), 7.78-7.66(m, 2H), 7.54-7.41(m, 2H), 7.35-7.19(m, 3H), 4.84(m, 1H),
4.59(d, 2H), 4.21(t, 1H), 3.92(dd, 1H), 3.64-3.59(m, 2H)

[Example 2]
[Example 2-1] Preparation of
1-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)-3-{ 1H,4H,
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[673]

[674]

[675]

[676]

[677]

[678]

[679]

[680]

[681]

[682]

SH,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl } propan-1-one (compound 12)

0 0
N’!\JIO‘"'H — NJ“]\/;N’\)J\Ok — N.WIO\J/\ALOH
N HCI N N
N N N HC
im-7

im- 12-a 12-b

(Step 1) Preparation of tert-butyl
3-{1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl } propanoate (compound 12-a)

To a solution of the compound im-7 (0.1 g, 0.62 mmol) in methylene chloride (1 mL)
was added tert-butyl acrylate (0.1 mL, 0.68 mmol) and triethylamine (0.2 mL, 1.6

mmol) at 0°C under nitrogen atmosphere, and the mixture was stirred for 6 hours at
room temperature. After cooling the reaction mixture to room temperature, the solvent
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (methanol : methylene chloride = 3 : 97) to obtain the title
compound 12-a as colorless liquid (99 mg, 67%).

MS m/z: 253 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 3.89(s, 2H), 3.41(s, 2H), 3.01(t, 2H),
2.91-2.88(m, 2H), 1.49(s, 9H)

(Step 2) Preparation of
3-11H.4H.5H.6H.7H-[1.2 31triazolo[4.5-clpvridin-5-vl }propanoic acid (compound

12-b)

To a solution of the compound 12-a (99 mg, 0.42 mmol) in methylene chloride (1
mL) was slowly added 4 N hydrogen chloride dioxane solution (1 mL) at 0°C, and the
mixture was stirred for 2 hours at room temperature. The solvent was removed by con-

centration under reduce pressure to obtain the title compound 12-b as a white liquid

quantitatively (90 mg).
MS m/z: 197 [M+1]*

(Step 3)
1-(4-{2-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5-vl }piperazin-1-v1)-3-{ 1H.4H

SH.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }propan-1-one (compound 12)

To a solution of the compound 12-b (49 mg, 0.21 mmol) and the compound im-5a
(60 mg, 0.16 mmol) in N,N-dimethylformamide (2 mL) was added
N,N-diisopropylethylamine (0.14 mL, 0.80 mmol) and benzotriazol-1-yl oxy-
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[683]
[684]

[685]
[686]

[687]

[688]

[689]
[690]

[691]
[692]

tripyrrolidinophosphonium hexafluorophosphate (0.13 g, 0.24 mmol) in order at 0°C,
and the mixture was stirred for 3 hours at room temperature under nitrogen stream.
Upon the completion of the reaction, the mixture was diluted with distilled water (30
mL) and extracted with ethyl acetate. The organic layer was washed with distilled
water and saturated brine, dried over anhydrous sodium sulfate, and then concentrated.
The residue was purified by silica gel column chromatography (methanol : methylene
chloride =5 : 95) to obtain the title compound 12 as an ivory solid (27 mg, 36%).

MS m/z: 474 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.07(s, 2H), 7.24-7.18 (m, 4H), 5.16(m, 1H),
4.74(m, 1H), 3.84-3.62 (m, 6H), 3.42-3.34 (m, 2H), 3.04-2.82 (m, 12H), 2.82-2.62 (m,
2H)

[Example 2-2] Preparation of
3-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-y1 }-1-{4-[ 2-({ [3(trifluoromethoxy
)phenyl]methyl }amino)pyrimidin-5-yl]piperazin- 1-yl } propan-1-one (compound 13)

O
RS

N K/ &Y

H
| PN O._F

NTN
13 H/U TF

Except that the compound im-5b is used instead of the compound im-5a, the reaction
was carried out in the same manner as Example 2-1 to obtain the title compound 13 as
a yellow solid.

MS m/z: 532 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.06(s, 2H), 7.34(t, 1H), 7.28(d, 1H), 7.20(s,
1H), 7.12(d, 1H), 5.43 (t, 1H), 4.64(d, 2H), 3.79(br, 2H), 3.75(s, 2H), 3.65(br, 2H),
3.03-2.97(m, 6 H), 2.91-2.87(m, 4H), 2.67 (t, 2H)

[Example 2-3] Preparation of
1-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperidin- 1-yl)-3-{ 1H,4H,
SH,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl } propan-1-one (compound 14)
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[693]

[694]
[695]

[696]

[697]
[698]

[699]

[700]

[701]

0

N’\)\N

N

Except that the compound im-6 is used instead of the compound im-5a, the reaction

=4

Ir=

was carried out in the same manner as Example 2-1 to obtain the title compound 14.
MS m/z: 473 [M+1]*
'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.20(s, 2H), 7.29(d, 1H), 7.29-7.13 (m, 4H),
5.76(s, 1H), 4.58-4.52 (m, 2H), 4.06-4.03(m, 1H), 3.60(s, 2H), 3.25-3.04(m, 3H),
2.89-2.56(m, 12 H), 1.75-1.39(mm, 4H)

[Example 2-4] Preparation of
4-[3-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)-3-oxopr

opyl]piperazine-1-sulfonamide (compound 15)

o/ OH OH
Boc, © ‘/—% e Boc, O — _/_‘% — 0 ﬂ
HN-8-N N HN-8-N N HoN-S-N N 0
TN TN TN
HCI
15-a 15-b 15-c

) N
s
"o N»)\m %

15

(Step 1) Preparation of ethyl
3-[4-({[(tert-butoxy)carbonyl]amino }sulfonyl)piperazin-1-yl]propanoate (compound
15-a)

hlorosulfonyl isocyanate (0.11 mL, 1.30 mmol) and tert-butanol (0.12 mL, 1.30
mmol) was added successively to methylene chloride (2 mL) at 0°C, and the mixture
was stirred for 30 minutes at room temperature under nitrogen stream, and cooled
again to 0°C. To a reaction mixture a solution of ethyl ester of
3-(piperazin- 1-yl)propionic acid (240 mg, 1.082 mmol) in methylene chloride (3 mL)
and triethylamine (0.75 mL, 5.41 mol) was slowly added successively, and the mixture

was stirred for 14 hours at room temperature. Upon the completion of the reaction, 2 N
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[702]
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[704]
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[706]
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[709]

[710]
[711]
[712]

[713]

[714]

aqueous hydrochloric acid solution (20 mL) was added and the mixture was extracted
with ethyl acetate. The organic layer was washed with distilled water and saturated
brine, dried over anhydrous sodium sulfate, and then concentrated. The residue was
purified by silica gel column chromatography (ethyl acetate : n-hexane=5:5 —
methanol : methylene chloride = 1 : 9) to obtain the title compound 15-a as a yellow
solid (174 mg, 44%).

MS m/z: 366 [M+1]+.

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 4.72-4.09(m, 2H), 3.43(s, 4H), 2.79-2.52(m,
8H), 1.49(s, 9H), 1.28-1.24(m, 3H)

(Step 2) Preparation of

3-[4-({[(tert-butoxy)carbonyl]amino }sulfonvl)piperazin-1-vl]propanoic acid

(compound 15-b)

To a solution of the compound 15-a (174 mg, 0.476 mmol) in a mixture solvent of
tetrahydrofuran (2 mL) and distilled water (1 mL) was added lithium hydroxide (110
mg, 2.63 mmol), and the mixture was stirred for 5 hours at room temperature. Upon
the completion of the reaction, the solvent was removed by concentration under
reduced pressure, and the residue was purified by silica gel column chromatography
(methanol : methylene chloride =1 : 9 — 2 : 8) to obtain the title compound 15-b as a
white solid (95 mg, 59%).

MS m/z: 338 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 3.17-3.14 (m, 4H), 2.57(t, 2H), 2.43(s, 4H),
2.37(t, 2H)

Step 3) Preparation of 3-(4-sulfamoylpiperazin-1-yl)propanoic acid hydrochloride

(compound 15-¢)
To a solution of the compound 15-b (95 mg, 0.28 mmol) in methylene chloride (1

mL) was added 4 N hydrogen chloride dioxane solution (1 mL) and the mixture was
stirred for 15 hours at room temperature. Upon the completion of the reaction, the
solvent was concentrated under reduced pressure to obtain the title compound 15-c as a
white solid quantitatively (72 mg).

MS m/z: 238 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 7.11(s, 2H), 3.65-3.12(m, 10 H), 2.80(t, 2H)

(Step 4) Preparation of

4-13-(4-{2-[(2.3-dihydro-1H-inden-2-y)amino]pyrimidin-5-vl }piperazin-1-v1)-3-oxopr

opyl]piperazine-1-sulfonamide (compound 15

Except that, instead of the compound 12-b of Example 2-1, the compound 15-c is
used, the reaction was carried out in the same manner as the Step 3 of Example 2-1 to
obtain the title compound 15.

MS m/z: 514 [M+1]*
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[725]
[726]

'H NMR (DMSO-dg, 400MHz), & ppm: 8.15(s, 2H), 7.21-7.12(m, 4H), 7.05(d, 1H),
6.79(s, 2H), 4.54-4.52(m, 1H), 3.59-3.58(m, 4H), 3.22(dd, 2H), 2.97-2.82(m, 12H),
2.58-2.53(m, 4H)

[Example 2-5] Preparation of

6-[3-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperidin- 1-yl)-3-oxopr
opyl]-2,3- dlhydro 1,3-benzoxazol-2-one (compound 16)

PO B
g = W%NL@

(Step 1) Preparation of ethyl (2F)-3-(3-hydroxy-4-nitrophenyl)prop-2-enoate

(compound 16-a)

To a solution of 3-hydroxy-4-nitrobenzaldehyde (0.50 g, 2.99 mmol) in
N,N-dimethylformamide (5 mL) was added triethyl phosphonoacetate (1.32 mL, 6.59
mmol) and sodium ethoxide (0.45 g, 6.59 mmol) in order, and the mixture was stirred
for 14 hours at room temperature. The reaction was terminated by adding 2 N aqueous
hydrochloric acid (8 mL), and the precipitate was collected, washed with distilled
water and n-hexane, and dried under reduced pressure to obtain the title compound
16-a as a yellow solid.(0.52 g, 74%).

MS m/z: 238 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 10.61 (s, 1H), 8.14-8.12 (d, 1H), 7.63-7.59 (d,
1H), 7.15-7.13 (d, 1H), 6.56-6.52 (d, 1H), 4.29 (m, 2H), 1.35 (t, 3H)

Step 2) Preparation of ethyl 3-(4-amino-3-hydroxyphenyl)propanoate (compound
16-b)

To a solution of the compound 16-a (0.77 g, 3.25 mmol) in methanol (50 mL) was
added Pd/C (10% by weight, 1.4 g) and the mixture was stirred for 15 hours under
hydrogen pressure (1 atm). Upon the completion of the reaction, the catalyst was
removed by filtration through a Celite pad. The filtrate was concentrated under reduced
pressure to obtain the title compound 16-b as a grey solid (0.62 g, 91%).

MS m/z: 210 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.87(br, 1H), 6.51-6.36(m, 3H), 4.36(br,
2H), 4.02(m, 2H), 2.62 (t, 2H), 2.46(t, 2H), 1.15(t, 3H)
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(Step 3) Preparation of ethyl 3-(2-0x0-2.3-dihydro-1.3-benzoxazol-6-yl)propanoate

(compound 16-¢)
To a solution of the compound 16-b (0.70 g, 3.34 mmol) in tetrahydrofuran (16 mL)

was added 1,1'-carbonyldiimidazole (0.91 g, 5.61 mmol) under stirring, and the
mixture was stirred under reflux for 15 hours. Upon the completion of the reaction, the
mixture was cooled to room temperature, diluted with distilled water and extracted
with ethyl acetate. The organic layer was washed with distilled water and saturated
brine, dried over anhydrous sodium sulfate, and concentrated to obtain the title
compound 16-c as a pink solid (0.74 g, 94%).

MS m/z: 236 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.56(br, 1H), 7.18(s, 1H), 7.01-6.96 (m,
2H), 4.03(m, 2H), 2.85 (t, 2H), 2.62(t, 2H), 1.15(t, 3H)

(Step 4) Preparation of 3-(2-ox0-2.3-dihydro-1.3-benzoxazol-6-yl)propanoic acid

(compound 16-d)
The compound 16-c (0.74 g, 3.14 mmol) was dissolved in tetrahydrofuran (16 mL),

and after adding 1 N aqueous solution of lithium hydroxide (15 mL) thereto, the
mixture was stirred for 5 hours at room temperature. Upon the completion of the
reaction, 2 N aqueous hydrochloric acid solution was added to adjust pH 2 or less. Half
amount of the solvent was removed by concentration under reduced pressure, and the
solid was filtered out. The filtrate was extracted with methylene chloride, and the
organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and then concentrated under reduced pressure to obtain the
title compound 16-d as a yellow solid (0.63 g, 97%).

MS m/z: 208 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 12.88-11.02 (m, 2H), 7.18(s, 1H), 7.12-6.94
(m, 2H), 2.82(t, 2H), 2.58-2.50 (m, 2H),

(Step S5) Preparation of

6-[3-(4-12-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-vl }piperidin-1-y1)-3-oxopr

opvl]-2.3-dihvdro-1.3-benzoxazol-2-one (compound 16)

Except that, instead of the compound 12-b and im-5a described in Example 2-1, the
compound 16-d and the compound im-6 are used respectively, the reaction was carried
out in the same manner as the Step 3 of Example 2-1 to obtain the title compound 16.

MS m/z: 484 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 9.73 (br, 1H), 8.08(s, 2H), 7.27(s, 1H),
7.22-7.15(m, 4H), 7.07 (s, 1H), 6.94(d, 1H), 6.88(d, 1H), 5.45(d, 1H), 7.83-4.47(m,
2H), 3.93(d, 1H), 3.49(s, 2H), 3.38(dd, 2H), 3.12-2.94 (m, 3H), 2.87(dd, 2H),
2.78-2.52(m, 4H), 2.12-1.74 (m, 4H), 1.54-1.41(m, 1H), 1.34-1.21(m, 1H)
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[740] [Example 3]

[741] [Example 3-1] Preparation of
1-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-y1)-2-{ 1H,4H,
SH,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 17)

[742]  nHn

ka | N /C/@
HCI N‘;J\ﬁ
im-5a
m\/?L l N’MEO o
N L\/}l \fN m? s N AL N
1 O 1 e Y
N LAy
17-a 17

[743] Step 1) Preparation of
2-chloro-1-(4-{2-[(2.3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-vlet
han-1-one (compound 17-a)

[744] The compound im-5a (80 mg, 0.22 mmol) was dissolved in methylene chloride (3
mL). Under stirring at 0°C, triethylamine (0.1 mL) and chloroacetyl chloride (0.02 mL,
0.24 mmol) was added dropwise thereto in order followed by stirring for 20 minutes at
0°C. Upon the completion of the reaction, the mixture was diluted with 10 mL of
methanol and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (ethyl acetate : n-hexane =7 : 3) to obtain the title
compound 17-a as a brown solid (74 mg, 91%).

[745] MS m/z: 460 [M+1]*

[746] 'H NMR (CDCl;, 400MHz), 6 ppm: 8.09(s, 2H), 7.24-7.14(m, 4H), 5.22-5.19(m,
1H), 4.74(m, 1H), 4.11 (s, 2H), 3.82-3.65(m, 4H), 3.42-3.34(m, 2H), 3.08-2.98(m,
4H), 2.90-2.82(m, 2H).

[747] (Step 2) Preparation of
SH.6H.7H-[1.2 3]triazolo[4.5-c]pyridin-5-yl }ethan-1-one (compound 17

[748] To a solution of the compound 17-a (73 mg, 0.20 mmol) in N,N-dimethylformamide

(2 mL) .was added dropwise a solution of the compound im-7 (70 mg, 0.44 mmol) and
N,N-diisopropylethylamine (0.17 mL, 0.98 mmol) in N,N-dimethylformamide (1 mL),

and the mixture was stirred for 14 hours at room temperature. Upon the completion of

the reaction, the mixture was diluted with distilled water (20 mL) and extracted with
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[754]

[755]
[756]

[757]
[758]

ethyl acetate. The organic layer was washed with distilled water and saturated brine,
dried over anhydrous sodium sulfate, and then concentrated. The residue was purified
by silica gel column chromatography (methanol : methylene chloride = 6 : 94) to
obtain the title compound 17 as a yellow solid (36 mg, 40%).

MS m/z: 460 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.39(br, 1H), 8.07(s, 2H), 7.24-7.17(m,
4H), 5.20-5.16(m, 2H), 4.74(m, 1H), 3.82-3.74(m, 6H), 3.50(s, 2H), 3.37(dd, 2H),
3.00-2.82(m, 12H)

[Example 3-2] Preparation of
2-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-y1 }-1-{4-[2-({[3 trifluo-
romethoxy)phenyl]methyl }amino)pyrimidin-5-yl]piperazin-1-yl}ethan-1-one
(Compound 18)

- \)J\
K/N s~

* "
18

Except that the compound im-5b is used instead of the compound im-5a, the reaction
was carried out in the same manner as the Example 3-1 to obtain the title compound
18.

MS m/z: 518 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.10(s, 2H), 7.44-7.39(m, 2H), 7.32(d, 1H),
7.24(s, 1H), 7.19(d, 1H), 4.48(d, 2H), 3.65-3.58(m, 6 H), 3.45(s, 2H), 2.93(br, 4 H),
2.81-2.67(m, 4H)

[Example 3-3] Preparation of
1-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)-2,2-dimeth
yl-3-{1H.,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl } propan- 1-one (compound
19)
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Except that 3-chloropivaloyl chloride is used instead of chloroacetyl chloride, the
reaction was carried out in the same manner as the Example 3-1 to obtain the title
compound 19 as a yellow solid.

MS m/z: 502 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.99(s, 2H), 7.26-7.15(m, 4H), 5.39-5.37(d, 1H),
4.73(m, 1H), 3.84-3.76(m, 6H), 3.41-3.35(dd, 2H), 2.98-2.78(m, 12H), 1.36(s, 6H)

[Example 4-1] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)-1-{ 1H,4H,
SH,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 20)

PN

HN Boc N
HCI N//I\N / N/)\N
H H
im-5a 20-a

: N
20-b 20

(Step 1) Preparation of tert-butyl

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-vl }piperazin-1-yl)acetate

(compound 20-a)

To a solution of the compound im-5a (0.10 g, 0.27 mmol) in methylene chloride (3
mL) was added dropwise triethylamine (0.19 mL, 1.35 mmol) and tert-butyl bro-
moacetate (0.06 mL, 0.40 mmol) in order, and the mixture was stirred for 14 hours at
room temperature. Upon the completion of the reaction, the mixture was diluted with
distilled water (20 mL) and extracted with methylene chloride. The organic layer was

washed with distilled water and saturated brine, dried over anhydrous sodium sulfate,
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and then concentrated. The residue was purified by silica gel column chromatography
(ethyl acetate : n-hexane = 4 : 6) to obtain the title compound 20-a as a beige solid (93
mg, 84%).

MS m/z: 410 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.08(s, 2H), 7.24-7.15(m, 4H), 5.11(d, 1H),
4.72(m, 1H), 3.38(dd, 2H), 3.18(s, 2H), 3.08(t, 4H), 2.86(dd, 2H), 2.75(t, 4H), 1.48(s,
9H)

(Step 2) Preparation of

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-vl } piperazin-1-vl)acetic acid

(compound 20-b)
To a solution of the compound 20-a (93 mg, 0.22 mmol) in methylene chloride (2

mL) was added trifluoroacetic acid (2 mL), and the mixture was stirred for 2 hours at

room temperature. Upon the completion of the reaction, the solvent was concentrated

under reduced pressure to obtain the title compound 20-b as a yellow solid quanti-
tatively (130 mg).

MS m/z: 354 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.18(s, 2H), 7.20-7.11(m, 4H), 4.84-3.92(m,
7H), 3.59-3.29(m, 4H), 3.21(dd, 2H), 2.84(dd, 2H)

(Step 3) Preparation of

SH.6H.7H-[1.2 3]triazolo[4.5-c|pyridin-5-yl }ethan-1-one (compound 20

To a solution of the compound 20-b (130 mg, 0.22 mmol) and the compound im-7
(71 mg, 0.44 mmol) in N,N-dimethylformamide (3 mL) was slowly added
N,N-diisopropylethylamine (0.19 mL, 1.10 mmol) and benzotriazol-1-yl oxy-
tripyrrolidinophosphonium hexafluorophosphate (172 mg, 0.33 mmol) in order, and
the reaction mixture was stirred for 15 hours at room temperature under nitrogen
stream. Upon the completion of the reaction, the mixture was diluted with distilled
water (50 mL) and extracted with ethyl acetate. The organic layer was washed with
distilled water and saturated brine, dried over anhydrous sodium sulfate, and then con-
centrated. The residue was purified by silica gel column chromatography (methanol :
methylene chloride = 5 : 95) to obtain the title compound 20 as a white solid (12 mg,
12%).

MS m/z: 460 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.07(d, 2H), 7.23-7.15(m, 4H), 5.28-5.26(m,
1H), 4.86(d, 2H), 4.72 (m, 1H), 3.92(m, 2H), 3.41-3.34(m, 4H), 3.08-3.02(m, 2H),
3.00-2.82(m, 6H), 2.74-2.62(m, 4H)

[Example 4-2] Preparation of
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1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-y1}-2-{4-[2-({ [3-(trifluoromethox
y)phenyl]methyl }amino)pyrimidin-5-yl]piperazin-1-yl }ethan-1-one (compound 21)
[780] H

N \g/\mg .

| N’)\N O F
H’U \f“F
21

[781] Except that the compound im-5b is used instead of the compound im-5a of Example
4-1, the reaction was carried out in the same manner as the Example 4-1 to obtain the
title compound 21.

[782] MS m/z: 518 [M+1]*

[783] 'H NMR (CDCl;, 400MHz), 6 ppm: 11.49(s, 1H), 8.08(d, 2H), 7.33(t, 1H), 7.20(s,
1H), 7.11(d, 1H), 5.24 (br, 1H), 4.89(d, 2H), 4.64(d, 2H), 3.96-3.90(m, 2H), 3.40(d,
2H), 3.06-2.88(m, 6H), 2.70-2.66(m, 4H)

[784]

[785] [Example 4-3] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperidin- 1-yl)-1-{ I1H,4H,
SH,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 22)

[786] H

B
Sy

[787] Except that the compound im-6 is used instead of the compound im-5a of Example
4-1, the reaction was carried out in the same manner as the Example 4-1 to obtain the
title compound 22.

[788] MS m/z: 459 [M+1]*
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[789]

[790]
[791]

[792]

[793]

[794]
[795]

[796]
[797]

[798]

[799]
[800]

'H NMR (DMSO-dg, 400MHz), & ppm: 8.21(d, 2H), 7.29-7.27(m, 1H), 7.14-7.12(m,
4H), 4.83-4.54(m, 3H), 3.85-3.78(m, 2H), 3.28-3.19(m, 4H), 2.83-2.82(m, 5H),
2.70-2.67(m, 1H), 2.13-2.08(m, 2H), 1.74-1.45(m, 4H)

[Example 4-4] Preparation of
3-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperidin- 1-yl)-1-{3H,4H,
SH,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl } propan-1-one (compound 23)

Ny Ay ™
G §
23 N’)\N

Except that ethyl bromopropionate is used instead of tert-butyl bromoacetate of
Example 4-1, the reaction was carried out in the same manner as the Example 4-1 to
obtain the title compound 23.

MS m/z: 474 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.07(s, 2H), 7.22-7.15(m, 4H), 5.19(m, 1H),

4.80-4.71(m, 3H), 3.95-3.77(m, 2H), 3.41-3.35(m, 2H), 3.06-3.02(m, 4H),
2.89-2.83(m, 6H), 2.73-2.71(m, 6H)

[Example 4-5] Preparation of
1-(3-hydroxypyrrolidin-1-yl)-2-{4-[2-({ [3-(trifluoromethoxy)phenyl|methyl }Jamino)py
rimidin-5-yl]piperazin-1-yl }ethan-1-one hydrochloride (compound 24)

thdms
0

HO 0 A N
1| J—— s NH
“C/ tbdrms “C/ 0 k,NTiNL
24-a = O F
Hoﬂ
- K\N/\
o L
- O F
o Y
24 F
Step 1) Preparation of 3-[(tert-butvldimethvlsilvDox rrolidine (compound 24-a

To a solution of DL-3-Pyrrolidinol (0.10 g, 1.15 mmol) in methylene chloride (1 mL)
was added imidazole (0.23 g, 3.45 mmol) and tert-butyldimethylsilyl chloride (0.26 g,
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[801]

[802]

[803]

[804]

[805]
[806]

[807]

[808]

[809]

[810]

[811]
[812]

1.72 mmol) in order, and the mixture was stirred for 15 hours at room temperature
under nitrogen stream. Upon the completion of the reaction, a saturated aqueous
solution of sodium hydrogen carbonate was added and the mixture was extracted with
ethyl acetate. The organic layer was washed with distilled water and saturated brine,
dried over anhydrous sodium sulfate, and then concentrated to obtain the title
compound 24-a as a crude brown liquid (0.25 g, crude).

MS m/z: 202 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 4.34(s, 1H), 3.14-3.08(m, 1H), 2.84-2.77(m,
3H), 1.91-1.82(m, 1H), 1.67-1.65(m, 1H), 0.88(s, 9H), 0.06(s, 6H)

(Step 2) Preparation of
1-{3-[(tert-butyldimethylsilyl)oxy]pyrrolidin-1-yl }-2-{4-[2-({[3-(trifluoromethoxy)phe

nyl]methyl }amino)pyrimidin-5-vl]piperazin-1-vl}lethan-1-one (compound 24-b

Except that the compound 24-a (36 mg, 0.18 mmol) is used instead of the compound

im-7 of Example 4-2, the reaction was carried out in the same manner as the Example

4-2 to obtain the title compound 24-b as a yellow solid (45 mg).

MS m/z: 595 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.07(s, 2H), 7.34(t, 1H), 2.28(d, 1H), 7.20(s,
1H), 7.11(d, 1H), 5.32(t, 1H), 4.64(d, 2H), 4.45-4.39(m, 2H), 3.71-3.41(m, 4H),
3.21(d, 2H), 3.07(s, 4H), 2.72(s, 4H), 1.99-1.86(m, 2H), 0.88(s, 9H), 0.08(s, 6H)

(Step 3) Preparation of

1-(3-hydroxypvrrolidin-1-y1)-2-14-[2-({[3-(trifluoromethoxy)phenylmethyl }amino

rimidin-S-yl|piperazin-1-yl }ethan-1-one hydrochloride (compound 24)

To a solution of the compound 24-b (45 mg, mmol) in methylene chloride (1 mL)
was added 4 N hydrogen chloride dioxane solution (1 mL), and the mixture was stirred
for 1 hour at room temperature. Upon the completion of the reaction, the reaction was
quenched by adding ethyl acetate. The precipitate was collected and washed to obtain
the title compound 24 as a yellow solid (20 mg, yield of the two-step reaction: 43%).

MS m/z: 481 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 10.02(s, 1H), 8.14(s, 2H), 7.56(s, 1H), 7.40(t,
1H), 7.30(d, 1H), 7.22(s, 1H), 7.18(s, 1H), 4.47(s, 2H), 4.35-4.13(m, 4H), 3.22-2.99(mm,
4H), 1.92-1.70(m, 2H)

[Example 4-6] Preparation of
1-(2-{4-[2-({[3-(trifluoromethoxy)phenyl Jmethyl }amino)pyrimidin-5-yl]piperazin-1-yl
}acetyl)piperidine-4-carboxylic acid hydrochloride (compound 25)
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[813]

[814]

[815]
[816]

[817]

[818]

[819]

[820]

0
HO HCI

O

l /l\
25 - @) F

Except that methyl isonipecotate is used instead of the compound im-7, the reaction
was carried out in the same manner as the Example 4-2, followed by the reaction as the
Example 1-1 (Step 2) to obtain the title compound 25 as a yellow solid.

MS m/z: 523 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.08(s, 2H), 7.41(t, 1H), 7.35-7.30(m, 2H),
7.24(s, 1H), 7.18(d, 1H), 4.48(d, 2H), 4.18(d, 1H), 3.97(d, 1H), 3.37-3.03(m, 7H)
2.96(s, 4H), 2.71(t, 1H), 2.42-2.33(m, 1H), 1.80(s, 2H), 1.52-1.49(m, 1H),
1.35-1.32(m, 1H).

[Example 5-1] Preparation of
6-[(55)-5-[(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)m
ethyl]-2-oxo0-1,3-0xazolidin-3-yl]-2,3-dihydro-1,3-benzoxazol-2-one (compound 26)

HN
N JoY
HCI N/J\N /
H
im-5a 0 0

+ - HN‘@\‘ ""\“\N
N
‘:—FO\S’ ;\3 Q >N
) b © 1§
0 N\(O 2 NN
O=<N:©/ O
H

10-g
To a solution of the compound im-5a (0.14 g, 0.38 mmol) and the compound 10-g
(63 mg, 0.19 mmol) in N,N-dimethylformamide (1 mL) was added
N,N-diisopropylethylamine (0.17 mL, 0.94 mmol), and the mixture was stirred for 15

hours at 80°C. Upon the completion of the reaction, the mixture was cooled to room

temperature, diluted with distilled water (20 mL), and then extracted with ethyl acetate.
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[821]
[822]

[823]
[824]

[825]

[826]
[827]

[828]

[829]

[830]

[831]

The organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and then concentrated. The residue was purified by silica
gel column chromatography (methanol : methylene chloride = 7 : 93) to obtain the title
compound as a beige solid (5 mg, 5%).

MS m/z: 528 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.69(s, 1H), 10.21(s, 1H), 8.20(s, 2H),
7.61(s, 1H), 7.31-7.28 (m, ,1H), 7.22-7.12(m, 4H), 5.24(m, 1H), 4.54(m, 1H), 4.24(m,
1H), 3.83(m, 2H), 3.78-3.48(m, 4H), 3.25-3.20(m, 3H), 3.16-2.91(m, 4H), 2.86(dd,
2H)

[Example 5-2] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)-N-(2-oxo-
2,3-dihydro-1,3-benzoxazol-6-yl)acetamide (compound 27)

H
0 NO Q NH2 0 N .
0=<j©( 2_*0:(:@ . O%D/l(\cl_w..
N
H H b
27-a 27-b
O:<©/ TI/\N
\ ‘:

/L

Step 1) Preparation of 6-amino-2.3-dihvdro-1.3-benzoxazol-2-one (compound 27-a

Except that the compound 10-a (3.4 g, 0.019 mol) is used instead of the compound
10-b, the reaction was carried out in the same manner as the Step 3 of Example 1-10 to
obtain the title compound as a beige solid (2.68 g, 95%).

MS m/z: 151 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 10.98(br, 1H), 6.69-6.67(m, 1H), 6.44(d,
1H), 6.30(dd, 1H), 4.89 (br, 2H)

(Step 2) Preparation of
2-chloro-N-(2-0x0-2.3-dihydro-1.3-benzoxazol-6-yl)acetamide (compound 27-b)

To a solution of the compound 27-a (0.50 g, 3.33 mmol) in methylene chloride (16

mL) was slowly added a solution of chloroacetyl chloride (0.3 mL, 3.7 mmol) in
methylene chloride (5 mL) at 0°C, and the mixture was stirred at room temperature for
14 hours. Upon the completion of the reaction, the solvent was concentrated to 1/2
under reduced pressure. After adding distilled water (15 mL), the mixture was stirred
for 30 minutes at room temperature. The precipitate was collected, washed with
methanol, and dried to obtain the title compound 27-b as a brown solid (0.27 g, 36%).
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[832] MS m/z: 227 [M+1]*

[833] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.57(br, 1H), 10.3(s, 1H), 7.65(d, 1H),
7.24(dd, 1H), 7.05(d, 1H), 4.24(s, 2H)

[834] (Step 3) Preparation of
2-(4-{2-[(2.3-dihydro-1H-inden-2-ylamino]pyrimidin-5-yl } piperazin-1-yI)-N-(2-oxo-
2.3-dihydro-1.3-benzoxazol-6-yl)acetamide (compound 27)

[835] Except that the compound 27-b (40 mg, 0.16 mmol) is used instead of the compound
10-g, the reaction was carried out in the same manner as Example 5-1 to obtain the title
compound 27 as a brown solid (32 mg, 62%).

[836] MS m/z: 486 [M+1]*

[837] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.69 (br, 1H), 10.21 (br, 1H), 8.20 (s, 2H),
7.61 (d, 1H), 7.26-7.12 (m, 6H), 5.24 (br, 1H), 4.54 (m, 1H), 4.24 (m, 1H), 3.83 (t,
2H), 3.61 (m, 4H), 3.42-3.32 (m, 1H), 3.22 (dd, 2H), 3.04 (m, 4H), 2.86 (dd, 2H)

[838]

[839] [Example 5-3] Preparation of
6-[2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)acetyl]-2
,3-dihydro-1,3-benzoxazol-2-one (compound 28)

[840] H

N
0=
O
N
T Ay

[841] By using 6-(2-chloroacetyl)-2,3-dihydro-1,3-benzoxazol-2-one (50 mg, 0.24 mmol)
instead of the compound 10-g, the reaction was carried out in the same manner as
Example 5-1 to obtain the title compound 28 as a yellow solid (21 mg, 19%).

[842] MS m/z: 471 [M+1]*

[843] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 12.07(br, 1H), 8.12(s, 2H), 7.90(t, 1H),
7.21-7.11(m, 5H), 6.96 (d, 1H), 4.52(m, 1H), 3.87(s, 2H), 3.22(dd, 2H), 2.99(m, 4H),
2.84(dd, 2H), 2.66(m, 4H)

[844]

[845] [Example 5-4] Preparation of

6-[(1E)-2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)-1-
(hydroxyimino)ethyl]-2,3-dihydro-1,3-benzoxazol-2-one (compound 29)
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[846]

[847]

[848]
[849]

[850]
[851]

[852]

[853]

[854]

[855]
[856]

[857]

[858]

B @\r e
Vg 0 e eVse

To a solution of the compound 28 (15 mg, 0.032 mmol) in a mixture solvent of
methylene chloride (1 mL) and ethanol (4 mL) was added hydroxylamine hy-
drochloride (18 mg, 0.22 mmol) and sodium acetate (44 mg, 0.63 mmol) in order, and
the mixture was stirred for 7 hours at 80°C. The mixture was cooled again to room
temperature, and stirred for 14 hours. Upon the completion of the reaction, the solvent
was concentrated under reduced pressure, and the residue was purified by silica gel
column chromatography (methanol : methylene chloride = 5 : 95) to obtain the title
compound 29 as a yellow solid (7 mg, 44%).

MS m/z: 486 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.39(s, 1H), 8.09(s, 2H), 7.62(s, 1H), 7.58
(d, 1H), 7.11-7.20 (m, 4H), 7.06 (d, 1H), 6.93 (d, 1H), 4.50 (m, 1H), 3.68 (s, 2H), 3.20
(dd, 2H), 2.91 (m, 4H), 2.83(dd, 2H), 2.56 (m, 4H)

[Example 5-5] Preparation of
6-[(1E)-3-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)-1-
(hydroxyimino)propyl]-2,3-dihydro-1,3-benzoxazol-2-one (compound 30)

N
N |
0= j@\(\/m L O:(o]@)\ﬁm/\l
g Y
N7

30-a 30

(Step 1) Preparation of 6-(3-chloropropanoyl)-2.3-dihydro-1.3-benzoxazol-2-one
(compound 30-a)

The title compound 30-a was synthesized according to a well-known method (WO
2008148449).

MS m/z: 226 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 12.10(s, 1H), 7.86-7.93(m, 2H), 7.24(d, 1H),
4.00 (t, 2H), 3.54(t, 2H).

(Step 2) Preparation of
6-[(1E)-3-(4-{2-[(2.3-dihydro-1H-inden-2 iperazin-1-yD)-1-
(hydroxyimino)propyl]-2.3-dihydro-1.3-benzoxazol-2-one (compound 30)

By using the compound 30-a (81 mg, 0.36 mmol), the reaction was carried out in the

1
—
au]
=
=
=}
=g
=,
o
=
i
N
1
—

same manner as Example 5-3 followed by Example 5-4 to obtain the title compound 30
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(3 mg, 2%).

[859] MS m/z: 500 [M+1]*

[860]

[861] [Example 5-6] Preparation of
6-{5-[(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } piperazin-1-yl)methyl
]-4,5-dihydro-1,2-oxazol-3-yl}-2,3-dihydro-1,3-benzoxazol-2-one (compound 31)

[862] HNK/

N e
HCI \“\/N\/jI\N/@
im-5aH
Ty W o
Ho o, N . N
ST o WeY; 0 o
3-a H 31 NJ\N
31-b

[863] (Step 1) Preparation of
6-[(1E)-(hydroxyimino)methyl]-2.3-dihvdro-1.3-benzoxazol-2-one (compound 31-a

[864] The title compound 31-a was synthesized according to a well-known method (WO
2002050070).

[865] MS m/z: 179 [M+1]*

[866] 'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.79(br, 1H), 11.34(s, 1H), 8.13(s, 1H),
7.48(s, 1H), 7.37(d, 1H), 7.10(d, 1H)

[867] (Step 2) Preparation of N-

2.3-dihydro-1H-inden-2-yl)-5-[4-(prop-2-en-1-yl)piperazin-1-yl]pyrimidin-2-amine
(compound 31-b)

[868] To a solution of the compound im-5a (00.15 g, 0.41 mmol) in
N,N-dimethylformamide (4 mL) was slowly added N,N-diisopropylethylamine (0.35
mL, 2.03 mmol) and allyl bromide (0.05 mL, 0.6 mmol), and the mixture was stirred
for 14 hours at room temperature. Upon the completion of the reaction, the mixture
was cooled to room temperature, diluted with distilled water (20 mL), and then
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and then concentrated. The
residue was purified by silica gel column chromatography (methanol : methylene
chloride = 7 : 93) to obtain the title compound 31-b as a dark brown solid (41 mg,
30%).

[869] MS m/z: 336 [M+1]*

[870] 'H NMR (CDCls;, 400MHz), 6 ppm: 8.09(s, 2H), 7.22-7.15(m, 4H), 5.88(m, 1H),

5.27-5.10(m, 3H), 4.73 (m, 1H), 3.38(dd, 2H), 3.09-3.02(m, 6H), 2.86(dd, 2H),
2.68-2.59(m, 4H)
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[871] (Step 3)

[872]

[873]
[874]

[875]
[876]

[877]

[878]

[879]

6-15-1(4-12-[(2.3-dihvdro-1H-inden-2-vDamino]pyrimidin-5-vl }piperazin-1-yl)methvl

1-4.5-dihydro-1.2-oxazol-3-yl}-2.3-dihydro-1.3-benzoxazol-2-one (compound 31)
To a solution of the compound 31-a (0.10 g, 0.56 mmol) in N,N-dimethylformamide

(1.5 mL) was added N-chlorosuccinimide (0.083 g, 0.62 mmol), and the mixture was
stirred for 1 hour at room temperature. After adding the compound 31-b (40 mg, 0.12
mmol) and sodium hydrogen carbonate (50 mg, 0.60 mmol) in order, the reaction
mixture was stirred for 9 hours at room temperature. Upon the completion of the
reaction, the mixture was cooled to room temperature, diluted with distilled water (50
mL), and then extracted with ethyl acetate. The organic layer was washed with distilled
water and saturated brine, dried over anhydrous sodium sulfate, and then concentrated.
The residue was purified by silica gel column chromatography (methanol : methylene
chloride =5 : 95) to obtain the title compound 31 as a dark brown solid (17 mg, 28%).

MS m/z: 512 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 11.06(br, 1H), 8.12(s, 2H), 7.57(s, 1H),
7.47(d, 1H), 7.22-7.11 (m, 5H), 6.83(d, 1H), 4.89(m, 1H), 4.52(m, 1H), 3.53-3.46(m,
1H), 3.28-3.17(m, 3H), 2.98(m, 4H), 2.85 (dd, 2H), 2.70-2.54(m, 6H)

[Example 5-7] Preparation of N-
[2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino|pyrimidin-5-yl}piperazin-1-yl)-2-oxo0-2,3

-dihydro-1,3-benzoxazole-6-carboxamide (compound 32)

HN
o,
HCI N//I\N 4
H

|m5a
HZNN/‘N/\I H
O%Qf N\(\ /@_,. \/‘\[\G
A SN d >
|
32b 32 \(N;I\N

Step 1) Preparation of 2-0x0-2.3-dihydro-1.3-benzoxazole-6-carboxyvlic acid

(compound 32-a)

To a solution of 4-amino-3-hydroxybenzoic acid (1 g, 6.5 mmol) and potassium

carbonate (1.4 g, 10.5 mmol) in distilled water (§ mL) was dropwise added methyl
chloroformate (0.8 mL, 9.8 mmol) at 40°C, and the temperature was increased to §0°C
followed by stirring for 12 hours. Upon the completion of the reaction, the mixture was
cooled to room temperature, and then treated with 2 N aqueous hydrochloric acid to
adjust pH 2 or lower. The precipitate was collected, washed with cold water, and dried

to obtain the title compound 32-a as a brown solid (0.66 mg, 57%).
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[880]
[881]
[882]

[883]

[884]
[885]

[886]

[887]

[888]
[889]

[890]
[891]

MS m/z: 180.1, [M+1]*
'H NMR (DMSO-ds, 400MHz), 6 ppm: 7.63(d, 1H), 7.53(s, 1H), 6.93(d, 1H)
(Step 2) Preparation of

5-[4-(2-aminoethyl)piperazin-1-v1]-N-(2.3-dihydro- 1H-inden-2-vDpvrimidin-2-amine

(compound 32-b)

To a solution of the compound im-5a (40.46 g, 1.4 mmol) and tert-butyl N-
(2-oxoethyl)carbamate (0.2 g, 1.3 mmol) in N,N-dimethylformamide (5 mL), and the
mixture was stirred for 30 minutes at room temperature. Thereafter, sodium triacetoxy
borohydride (0.53 g, 2.5 mmol) was added thereto, and the mixture was stirred for 12
hours at room temperature under nitrogen atmosphere. After adding distilled water (50
mL) to quench the reaction, the mixture was extracted with ethyl acetate. The organic
layer was washed with distilled water and saturated brine, dried over anhydrous
sodium sulfate, and concentrated. The residue was purified by silica gel column chro-

matography (methanol : methylene chloride =1 : 9) to obtain yellow solid. Thereafter,

the reaction was carried out in the same manner as Example 1-3 (Step 6) to obtain the
title compound 32-b as a light brown solid (0.1 g, 23%).

MS m/z: 339 [M+1]*

'H NMR (D,0, 400MHz), 6 ppm: 8.31(s, 2H), 7.34-7.25(m, 4H), 4.65(m, 1H),
3.58-3.36(m, 14H), 3.01-2.96(m, 2H)

(Step 3) Preparation of N-
2-(4-12-[(2.3-dihvdro-1H-inden-2-vDamino]pvrimidin-5-vl }piperazin-1-y1)-2-0x0-2.3

-dihydro-1.3-benzoxazole-6-carboxamide (compound 32)
Except that the compound 32-a (0.1 g, 0.6 mmol) and the compound 32-b (0.11 g,

0.30 mmol) are used instead of the compound 12-b and the compound im-5a re-
spectively, the reaction was carried out in the same manner as the Step 3 of Example
2-1 to obtain the title compound 32 as a yellow solid (64 mg, 44%).

MS m/z: 500 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.38(m, 1H), 8.12(s, 2H), 7.72-7.68(m, 2H),
7.19-7.12(m, 4H), 6.95(d, 1H), 4.55-4.49(m, 1H), 3.41-3.38(m, 2H), 3.24-3.18(m, 2H),
2.98(br, 4H), 2.87-2.82(m, 2H), 2.57(br, 4H), 2.54(m, 2H)

[Example 6-1] Preparation of
2-(5-(2-((2,3-dihydro-1H-inden-2-yl)amino)pyrimidin-5-yl)-1,3,4-oxadiazol-2-yl)- 1-(1
,4,6,7-tetrahydro-5SH-[1,2,3]triazolo[4,5-c]pyridin-5-yl)ethan-1-one (compound 33)
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Step 1) Preparation of ethyl 2-(hvdrazinecarbonyl)acetate (compound 33-a

The title compound 33-a was synthesized according to a well-known method
(European Journal of Medicinal Chemistry, 2008, 43(3), 584-594).
MS m/z: 147 [M+1]*
'H NMR (CDCl;, 400MHz), 6 ppm: 8.14(br, 1H), 4.21(m, 2H), 3.35(s, 2H), 1.30 (t,
3H)
Step 2) Preparation of ethyl

i
anoate (compound 33-b)

To a solution of the compound im-2a (2.2 g, 8.7 mmol) in N,N-dimethylformamide
(30 mL) was slowly added the compound 33-a (1.9 g, 13.1 mmol),
N,N-diisopropylethylamine (4.6 mL, 26.2 mmol), and benzotriazol-

1-yl-oxy-tripyrrolidinophosphonium hexafluorophosphate (6.8 g, 13.1 mmol) in order
at 0°C, and the mixture was stirred for 14 hours at room temperature under nitrogen
stream. Upon the completion of the reaction, the reaction mixture was cooled to room
temperature, diluted with distilled water (30 mL) and extracted with ethyl acetate. The
organic layer was washed with distilled water and saturated brine, dried over

anhydrous sodium sulfate, and concentrated. The residue was treated with methylene

chloride to form solid, which was then filtered and dried to obtain the title compound
33-b as a white solid (1.4 g, 43%).

MS m/z: 384 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 10.47(s, 1H), 10.17(s, 1H), 8.79(d, 2H),
8.26(d, 2H), 7.23-7.14 (m, 4H), 4.42(q, 1H), 3.35(s, 2H), 3.27(dd, 1H), 2.91(dd, 2H),
1.18(t, 3H)

(Step 3) Preparation of ethyl
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ate (compound 33-¢)
To a solution of the compound 33-b (0.17 g, 0.46 mmol) in anhydrous tetrahy-

drofuran (50 mL) was added methyl N-(triethylammoniumsulfonyl)carbamate (0.16 g,
0.55 mmol) at 0°C, and the mixture was stirred for 2 hours at 70°C under nitrogen at-
mosphere. Upon the completion of the reaction, the mixture was cooled to room tem-
perature, diluted with distilled water (80 mL), and extracted with ethyl acetate. The
organic layer was washed with distilled water and saturated brine, dried over

anhydrous sodium sulfate, and concentrated. The residue was purified by silica gel

column chromatography (methanol : ethyl acetate = 3 : 7) to obtain the title compound
33-c as a yellow solid (0.12 g, 75%).

MS m/z: 366[M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.94(d, 2H), 7.25-7.19(m, 4H), 5.80(d, 1H),
4.90(q, 1H), 4.02(s, 1H), 3.44(dd, 2H), 2.93(dd, 2H), 1.28(t, 3H)

(Step 4) Preparation of

¢ acid (compound 33-d)

To a solution of the compound 33-c (0.12 g, 0.35 mmol) in a mixture solvent of
tetrahydrofuran (4 mL) and distilled water (2 mL) was added lithium hydroxide (0.072
g, 1.72 mmol), and the mixture was stirred for 1 hour at room temperature. Upon the
completion of the reaction, the mixture was treated with 2 N aqueous hydrochloric acid
to adjust pH 2 or lower followed by extraction with ethyl acetate. The organic layer

was washed with distilled water and saturated brine, dried over anhydrous sodium

sulfate, and concentrated to obtain the title compound 33-d as a yellow solid (0.11 g,
95%).

MS m/z: 338 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.87(d, 2H), 8.45(d, 2H), 7.24-7.14(m, 4H),
4.71(q, 1H), 4.12(s, 1H), 3.29(dd, 2H), 2.96(dd, 2H)

(Step S5) Preparation of
2-(5-(2-((2.3-dihydro-1H-inden-2-yl)amino)pyrimidin-5-y1)-1.3.4-oxadiazol-2-y1)-1-(1

4.6.7-tetrahydro-5SH-[1.2.3]triazolo[4.5-c]pyridin-S-yl)ethan-1-one (compound 33)
To a solution of the compound 33-d (0.19 g, 0.55 mmol) and the compound im-7

(0.18 g, 1.09 mmol) in N,N-dimethylformamide (5 mL) was slowly added
N,N-diisopropylethylamine (0.33 mL, 1.9 mmol) and benzotriazol-
1-yl-oxy-tripyrrolidinophosphonium hexafluorophosphate (0.43 g, 0.82 mmol) at 0°C,
and the mixture was stirred for 2 hours at room temperature under nitrogen at-
mosphere. Upon the completion of the reaction, the mixture was diluted with distilled
water (20 mL) and extracted with ethyl acetate. The organic layer was washed with

distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
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centrated. The residue was purified by silica gel column chromatography (methanol :
methylene chloride = 5 : 95) to obtain the title compound 33 as a white solid (0.065 g,
27%).

MS m/z: 444 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.85-8.79(m ,2H), 8.43(d, 1H), 7.24-7.14(m,
4H), 4.81-4.68(m, 3H), 4.44(d, 2H), 3.85-3.83(m, 2H), 3.28 (m, 2H), 3.00-2.91 (m,
3H), 2.76-2.73 (m, 1H)

[Example 6-2] Preparation of
1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-y1}-2-{ 5-[2-({ [3-(trifluoromethox
y)phenyl]methyl }amino)pyrimidin-5-yl]-1,3,4-oxadiazol-2-yl }ethan-1-one (compound
34)

™
l F
N"AN O\F‘F
34 F

By using the compound im-2b instead of the compound im-2a, the reaction was

0
T A 3«-@
N VJP \-"’(O

carried out in the same manner as Example 6-1 to obtain the title compound 34.

MS m/z: 502 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.85-8.78(m, 2H), 8.65(t, 1H), 7.48-7.21(m,
4H), 4.82-4.62(m, 4H), 4.42(d, 2H), 3.88-3.79(m, 2H), 2.84-2.72(m, 2H)

[Example 6-3] Preparation of
2-[5-(2-{[4-(3-chlorophenyl)cyclohex-3-en-1-yl]Jamino }pyrimidin-5-yl)-1,3,4-oxadiaz
ol-2-yl]-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(compound 35)

M 0
NQ ~ N"’N
I':«l / N 7y
\J 0 = Cl

|
N")\N
35

By using the compound im-2c instead of the compound im-2a, the reaction was
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carried out in the same manner as Example 6-1 to obtain the title compound 35.

MS m/z: 518 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.84-8.78(m, 2H), 8.13(d, 1H), 7.46-7.26(m,
4H), 6.19(m, 1H), 4.69(d, 2H), 4.42(d, 2H), 4.11(m, 1H), 3.88-3.80(m, 2H),
2.92-2.72(m, 2H), 2.62-2.51(m, 3H), 2.32-2.22(m, 1H), 2.12-2.02(m, 1H),
1.80-1.68(m, 1H)

[Example 6-4] Preparation of

2-(5-{6-[(2,3-dihydro-1H-inden-2-yl)amino]pyridin-3-yl }-1,3,4-oxadiazol-2-yl)-1-{ IH
,4H,5H,6H,7H-[1,2,3 tr1az010[4 5-c]pyridin-5-yl }ethan-1-one (compound 36)

Oy
-~
N N

36 H

By using the compound im-2d instead of the compound im-2a, the reaction was

~

carried out in the same manner as Example 6-1 to obtain the title compound 38.

MS m/z: 443 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.54(d, 1H), 7.84-7.79(m, 1H), 7.67(d, 1H),
7.21-7.12(m, 4H), 6.60(d, 1H), 4.78(s, 1H), 4.65(s, 2H), 4.38-4.34(m, 2H),
3.82-3.81(m, 2H), 3.29-3.25(m, 2H), 2.87-2.71 (m, 4H)

[Example 6-5] Preparation of
2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)-1-{
SH,6H,7H,8H-imidazo[1,2-c]pyrimidin-6-yl }ethan-1-one (Compound 37)

@r\NH Hof"(v,q \ /EQ _bf'mfj(\_,q ¥ J@
) * )\

37-a 37

33-d
Step 1) Preparation of SH.6H.7H.8H-imidazo[1.2-a]pyrazine (compound 37-a
According to a well-known method (US2004/220189 A1 and US2008/153843 Al),
the intermediate SH,6H,7H,8H-imidazo[1,2-a]pyrazine (compound 37-a) was syn-
thesized.
MS m/z: 124 [M+1]*
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[937] (Step 2) Preparation of
2-(5-12-1(2.3-dihvdro-1H-inden-2-yDaminolpyrimidin-5-v1}-1.3.4-oxadiazol-2-v1)-1-

[938]
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[940]
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[943]

[944]
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[949]
[950]

[951]

[952]
[953]

SH.6H.7H.8H-imidazo[1.2-clpyrimidin-6-yl }ethan-1-one (compound 37

By using the compound 37-a instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the title compound 37.

MS m/z: 443 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.91(d, 2H), 7.25-7.18(m, 4H), 7.07(d, 2H),
6.91(d, 2H), 5.89-5.87 (m, 1H), 4.92-4.88(m 3H), 4.17-4.07(m, 4H), 3.42(dd, 2H),
2.92(dd, 2H)

[Example 6-6] Preparation of
2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)-1-{
3H,4H,5H,6H,7H-imidazo[4,5-c]pyridin-5-yl }ethan-1-one (compound 38)

H

H 0 N 0

N M-y NN
W RIS — MO A,
NS | L | A

N "N N7 TN
38-a H 38 H
33-d
Step 1) Preparation of 3H.4H.SH.6H.7H-imidazo[4.5-c]pyridine (compound 38-a

According to a well-known method (Bioorganic & Medicinal Chemistry, 2008,
18(11), 3359-3363), the intermediate 3H,4H,5H,6H,7H-imidazo[4,5-c]pyridine
(compound 38-a) was synthesized.

MS m/z: 124 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 10.10(br, 2H), 9.01(s, 1H), 4.27(s, 2H),
3.43-3.40 (m, 2H), 2.92(s, 2H)

(Step 2) Preparation of

2-(5-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-v1)-1-

3H.4H.5H.6H.7H-imidazo[4.5-c]pyridin-5-yl }ethan-1-one (compound 38

By using the compound 38-a instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the title compound 38.

MS m/z: 443 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.90(d, 2H), 7.54(d, 1H), 7.25-7.17(m, 4H),
5.92(t, 1H), 4.90-4.84(m, 1H), 4.69-4.63(m, 2H), 4.16(d, 2H), 3.97-3.86(m, 2H),
3.49(s, 2H), 3.41(dd, 2H), 2.92(dd, 2H), 2.80-2.74(m, 2H)

[Example 6-7] Preparation of
6-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-y1}-1,3,4-oxadiazol-2-yl)a
cetyl]-1,2,5,6,7,8-hexahydro-1,6-naphthyridin-2-one (compound 39)
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Step 1) Preparation of 3H.4H.5H.6H.7H-imidazo[4.5-c]pvridine (compound 39-a
According to a well-known method (WO 2009121812), the intermediate
1,2,5,6,7,8-hexahydro-1,6-naphthiridin-2-one (compound 39-a) was synthesized.

MS m/z: 151 [M+1]*
6-[2-(5-12-1(2 3-dihvdro- 1H-inden-2-vDaminolpvrimidin-5-v1}-1.3 4-oxadiazol-2-vl

acetvl]-1.2.5.6.7.8-hexahvdro-1.6-naphthvridin-2-one (compound 39

By using the compound 39-a instead of the compound im-7, the reaction was carried

out in the same manner as Example 6-1 to obtain the title compound 39.

MS m/z: 470 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 11.57(s, 1H), 8.85-8.79(m, 2H),
8.44-8.42(m, 1H), 7.30-7.14 (m, 5H), 6.23-6.18 (m, 1H) 4.73-4.68(m, 1H),
4.47-4.33(m, 4H), 3.75-3.70(m, 2H), 3.29-3.22(m, 2H), 2.93(dd, 2H), 2.71-2.60(m,
1H), 2.50(m, 1H)

[Example 6-8] Preparation of
5-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-y1}-1,3,4-oxadiazol-2-yl)a
cetyl]-1H,2H,3H,4H,5H,6H,7H-imidazo[4,5-c]pyridin-2-one (compound 40)

O N
0
Br. O N—{ E@N—{ OYH‘
D = Py O
40-a 0b Q 40-c O 40-d

0 Q{ 0
N —
LA Oy
+ 0 ~N Q R
| //,k | N
NN .
10 N
33-d
Step 1) Preparation of 3-Bromo-piperidin-4-one hvdrobromide (compound 40-a
According to a well-known method (Journal of Medicinal Chemistry, 2010, 53(19),
7107-7118), the title compound (40-a) was synthesized.
MS m/z: 179 [M+1]*
'H NMR (DMSO-ds, 400MHz), 6 ppm: 9.23(br, 2H), 5.06-5.03(m,1H), 4.00-3.95(m,

1H), 3.71-3.49(m, 3H), 2.84-2.76(m, 2H)
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Step 2) Preparation of 9H-fluoren-9-ylmethyl

3-bromo-4-oxopiperidine- 1 -carboxylate (compound 40-b)

To a solution of the compound 40-a (2.6 g, 0.010 mol) in a mixture solvent of
distilled water (3 mL) and 1,4-dioxane (20 mL) was slowly added sodium carbonate
(3.2 g, 0.030 mol) and 9-fluorenylmethoxycarbonyl chloride (2.6 g, 0.010 mmol) in
order at 0°C, and the mixture was stirred for 15 hours at room temperature. Upon the
completion of the reaction, the mixture was cooled to room temperature, diluted with
distilled water (30 mL), and then extracted with ethyl acetate. The organic layer was
washed with distilled water and saturated brine, dried over anhydrous sodium sulfate,
and concentrated. The residue was purified by silica gel column chromatography (ethyl
acetate : n-hexane = 1 : 95) to obtain the title compound 40-b as a white solid (2.7 g,
69%).

MS m/z: 401 [M+1]*

'H NMR (CDCls, 400MHz), 6 ppm: 7.78 (d, 2H), 7.59 (d, 2H), 7.42-7.30 (m, 4H),
4.79-4.54 (m, 2H), 4.26 (t, 1H), 3.96-3.52 (m, 4H), 2.96-2.74 (m, 1H), 2.39-2.18 (m,
1H)

(Step 3) Preparation of 9H-fluoren-9-ylmethyl
2-oxo-1H.2H.30.4H.5H.6H.7H-imidazo[4.5-c]pyridine-S-carboxylate (compound
40-c)

To a solution of the compound 40-b (0.60 g, 1.50 mmol) and urea (0.55 mg, 8.99
mmol) in acetic acid (2.6 mL) was added 30% ammonia water (0.64 mL) at 0°C, and
the mixture was stirred for 4 hours at 100°C. Upon the completion of the reaction, the
mixture was cooled to room temperature, diluted with distilled water (50 mL) and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was purified by silica gel column chromatography (methanol : methylene chloride =5 :
95) to obtain the title compound 40-c as a yellow solid (0.22 g, 40%).

MS m/z: 362 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 9.86-9.64(m, 2H), 7.78-7.64(m, 2H),
7.54-7.24(m, 6H), 4.51-4.36 (m, 2H), 4.30-4.12(m, 3H), 3.72-3.56(m, 2H),
2.42-2.30(m, 2H)

(Step 4) Preparation of 1H.2H.3H.4H.5H.6H.7H-imidazo[4.5-c]pyridin-2-one
(compound 40-d)

The compound 40-c (0.22 g, 0.60 mmol) was dissolved in tetrahydrofuran (25 mL).

After adding piperidine (5 mL) slowly, the mixture was stirred for 1 hour at room tem-

perature. Upon the completion of the reaction, the mixture was concentrated under
reduced pressure, and the residue was treated with diethyl ether to form a solid. The

precipitate was collected, washed with diethyl ether, and then dried to obtain the title
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compound 40-d as a beige solid (77 mg).

MS m/z: 140 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.43(d, 2H), 3.42-3.33(m, 2H), 2.83(t, 2H),
2.17(m, 2H)

(Step 5) Preparation of
5-[2-(5-12-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-yDa

cetyl]-1H.2H.3H.4H.5H.6H.7H-imidazo[4.5-c]pvridin-2-one (compound 40)

By using the compound 40-d instead of the compound im-7, the reaction was carried

out in the same manner as Example 6-1 to obtain the title compound 40.

MS m/z: 459 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.78-9.61(m, 2H), 8.89-8.76(m, 2H), 8.42(d,
2H), 7.26-7.12(m, 4H), 4.71(m, 1H), 4.38-4.32(m, 2H), 4.24(d, 2H), 3.76-3.71(m, 2H),
3.27(m, 2H), 2.94(dd, 2H), 2.44-2.28(m, 2H)

[Example 6-9] Preparation of
2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)-1-{
SH,6H,7H,8H-[1,2,4]triazolo[ 1,5-a]pyrazin-7-yl }ethan-1-one (compound 41)

N J? N Nﬁ N\>_F\N ) N
N _ -
oy MO
— N T IQ
H N7 N

41-a 41
33-d

(Step 1) Preparation of 3H.4H.SH.6H.7H-imidazo[4.5-c]pyridine (compound 41-a)

According to a well-known method (Journal of Medicinal Chemistry, 2014, 57(9),
3687-3706), the intermediate 5,6,7,8-tetrahydro-[1,2,4]triazolo[1,5-a]pyrazine
(compound 41-a) was synthesized.

MS m/z: 125 [M+1]+

'H NMR (DMSO-ds, 400MHz), 6 ppm: 7.86(s, 1H), 4.02(t, 2H), 3.90(s, 2H), 3.11(m,
2H), 2.82(br, 1H)

(Step 2) Preparation of

SH.6H.7H.8H-[1.2 4]triazolo[1.5-a]pyrazin-7-yl }ethan-1-one (compound 41

By using the compound 41-a instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the title compound 41.

MS m/z: 444 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.88-8.81(m, 2H), 7.95(d, 1H), 7.28-7.20(m,
4H), 5.84-5.79(m, 1H), 4.98(s, 2H), 4.91(m, 1H), 4.39-4.29(m, 2H), 4.24-4.14(m, 4H),
3.44(dd, 2H), 2.94(dd, 2H)
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2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)-1-{
1H,4H,5H,6H,7H-pyrazolo[4,3-c]pyridin-5-yl }ethan-1-one (compound 42)

0 N o
N— N~
N Ho-—q ] [":l HN N'{‘_{ ['I\]
HN—f  NH + \'{o =N ” 0
| B
NN NAN
422 334 42 H

(Step 1) Preparation of 1H.4H.5H.6H.7H-pyrazolo[4.3-c]pyridine hydrogen chloride
salt (compound 42-a)

According to a well-known method (US 20070232600887),
1H,4H,5H,6H,7H-pyrazolo[4,3-c]pyridine hydrogen chloride salt (compound 42-a)
was synthesized.

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.39(br, 2H), 7.57(s, 1H), 4.10(m, 2H),
3.35(m, 2H), 2.90(t, 2H).

(Step 2) Preparation of

2-(5-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-v1)-1-

1H.4H.5H.6H.7H-pyrazolo[4.3-c]pyridin-5-yl }ethan-1-one (compound 42

By using the compound 42-a instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the title compound 42.

MS m/z: 443 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 12.54(br, 1H), 8.86-8.78(m, 2H), 8.42(d,
2H), 7.24-7.14(m, 4H), 4.70(m, 1H), 4.64-4.46(m, 2H), 4.36(d, 2H), 3.82-3.74(m, 2H),
3.29(dd, 2H), 2.94(dd, 2H), 2.84-2.62(m, 2H)

[Example 6-11] Preparation of
1-{2-amino-4H,5H,6H,7H-[1,3]thiazolo[4,5-c]pyridin-5-yl }-2-(5-{2-[(2,3-dihydro- 1 H-
inden-2-yl)amino]pyrimidin-5-yl}-1,3,4-oxadiazol-2-yl)ethan-1-one (compound 43)

Br

o< 3k ey,
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Step 1) Synthesis of 4H.5H.6H.7H-[1.3]thiazolo[4.5-c]pyridin-2-amine dihy-
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drobromide (compound 43-a)
To a solution of the compound 40-b (0.7 g, 2.7 mmol) in ethanol (7 mL) was added

thiourea (0.21 g, 2.7 mmol), and the mixture was stirred under reflux for 9 hours. Upon
the completion of the reaction, the solid was filtered out and washed with ethanol. The
filtrate was concentrated, and the resulting solid was filtered again. The solid was
collected and dried to obtain the title compound 43-a as a pink solid (0.46 g, 53%),
which was then used for the next reaction without further purification.

MS m/z: 155.9 [M+1]*

(Step 2) Preparation of

1-12-amino-4H.5H.6H.7H-[1.3]thiazolo[4.5-c

inden-2-vDamino

By using the compound 43-a instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the title compound 43.

MS m/z: 475 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.86(d, 2H), 8.41(d, 1H), 7.23-7.14(m, 4H),
6.85(d, 2H), 4.74-4.69(m, 1H), 4.57-4.31(m, 4H), 3.79-3.76(m, 2H), 3.31-3.26(m, 2H),
2.97-2.91(m, 3H), 2.62(s, 1H)

[Example 6-12] Preparation of
2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)-1-{
1H,4H,5H,6H,7H-pyrazolo[3,4-c]pyridin-6-yl }ethan-1-one (compound 44) and
2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)-1-{
1H,4H,5H,6H,7H-pyrazolo[4,3-b]pyridin-4-yl }ethan-1-one (compound 45)

0 Lboc ~ NES HCI N
N H b H H N=
o) I Jbac N N0 HN A boc N nn AN HC
s + N .- N\ [ + =N H
N +
AN
tin i 44b 45 ¢ 45c

Step 1) Preparation of tert-butvl

4E)-4-[(dimethvlamino)methvlidene]-3-oxopiperidine-1-carboxvlate(44-a) and tert-
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butyl (27)-2-[(dimethylamino)methylidene]-3-oxopiperidine-1-carboxylate (compound

45-a)

A solution of tert-butyl 3-oxopiperidine- 1-carboxylate (1.0 g, 5.02 mmol) in
N,N-dimethylformamide dimethyl acetal (1 mL) was stirred under reflux for 1 hour.
Upon the completion of the reaction, the solvent was removed and the residue was
purified by silica gel column chromatography (ethyl acetate) to obtain a mixture of the
title compounds (44-a and 45-a) (0.89 g, 70%).

MS m/z: 255 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 4.24-4.01(m, 1H), 3.20-2.80(m, 8H),
2.39-2.08(m, 3H), 1.73(m, 1H), 1.43 (s, 1H)

(Step 2) Preparation of tert-butyl
1H.4H.5H.6H.7H-pyrazolo|3.4-c]pyridine-6-carboxylate(44-b) and tert-butyl
1H.4H.5H.6H.7H-pyrazolo[4.3-b]pyridine-4-carboxylate (compound 45-b)

To a solution of the mixture (0.89 g, 3.50 mmol) of the compounds 44-a and 45-a in
ethanol (10 mL) was added hydrazine hydrate (0.35 g, 6.99 mmol), and the mixture

was stirred under reflux for 2 hours. Upon the completion of the reaction, the mixture
was cooled to room temperature, and the solvent was removed to obtain a mixture of
the title compounds (44-b and 45-b) (0.64 g, 81%), which was then used for the next
reaction without further purification.
Step 3) Preparation of 1H.4H.5H.6H.7H-pyrazolo[3.4-c]pyridine(44-¢) and

1H.4H.5H.6H.7H-pyrazolo[4.3-b]pyridine(45-¢

To a solution of the mixture (0.64 g, 2.86 mmol) of the title compounds (44-b and
45-b) in methylene chloride (5 mL) was added 4 N hydrogen chloride dioxane solution
(5 mL) at 0 °C, and the mixture was stirred for 15 hours. Upon the completion of the
reaction, the solvent was removed and thus the residue was treated with diethyl ether to
form a solid. The precipitate was filtered, and washed with diethyl ether to obtain a
mixture of the title compounds quantitatively (44-c and 45-c) (0.55 g).

MS m/z: 124 [M+1]*

(Step 4) Preparation of

2-(5-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-v1)-1-
1H.4H.5H.6H.7H-pyrazolo[3.4-c]pyridin-6-vyl }ethan-1-one (compound 44) and
2-(5-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-v1)-1-

1H.4H.5H.6H.7H-pyrazolo[4.3-b]pyridin-4-yl }ethan-1-one (compound 45

By using the mixture of the compounds 44-c and 45-c instead of the intermediate im-
7, the reaction was carried out in the same manner as Example 6-1 to obtain a mixture
of the title compounds 44 and 45.

(Compound 44)

MS m/z: 443 [M+1]*



106

WO 2018/212534 PCT/KR2018/005516

[1032]

[1033]
[1034]
[1035]

[1036]
[1037]

[1038]

[1039]

[1040]

[1041]

[1042]

[1043]

[1044]

[1045]

[1046]

[1047]

'H NMR (CDCl;, 400MHz), 6 ppm: 8.98-8.76(m, 2H), 7.38(s, 1H), 7.28-7.18(m,
4H), 5.84-5.81(m, 1H), 5.30(d, 1H), 4.89(m, 1H), 4.79(d, 2H), 4.16(d, 2H), 3.86(m,
2H), 3.42(dd, 2H), 2.92(dd, 2H), 2.74(m, 2H)

(Compound 45)

MS m/z: 443 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.85(d, 2H), 8.42(m, 1H), 7.99(m, 1H),
7.24-7.14(m, 4H), 4.72 (m, 1H), 4.67(s, 2H), 3.27(dd, 2H), 2.94(dd, 2H), 2.74-2.66(m,
2H), 2.04-1.94(m, 2H)

[Example 6-13] Preparation of N-
{1-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1,3,4-oxadiazol-2-yl)
acetyl]pyrrolidin-3-yl }aminosulfonamide (compound 46)

H

HoMNo N
738 N
0" 0

46-3

Hzxf
. 55 N |“‘N
A
G O
)\

33-d
Step 1) Preparation of N-(pyrrolidin-3-yl)aminosulfonamide hydrochloride salt
(compound 46-a)

According to a well-known method (WO 2011160020), the intermediate N-
(pyrrolidin-3-yl)aminosulfonamide hydrochloride salt (compound 46-a) was syn-
thesized.

MS m/z: 166 [M+1]+

'H NMR (DMSO-ds, 400MHz), 6 ppm: 9.30(s, 2H), 6.99(s, 1H), 6.77(s, 1H), 3.92(s,
2H), 3.33-3.04 (m, 4H), 2.17-1.89 (m, 2H)

Step 2) Preparation of N-(pyrrolidin-3-yl)aminosulfonamide hydrochloride salt

(compound 46-a)

By using the compound 46-a instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the compound 46.

S m/z: 485 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.86(s, 2H), 8.43(d, 2H), 7.23-7.14(m, 4H),
6.95(dd, 1H), 6.70 (d, 2H), 4.74-4.69(m, 1H), 4.19-4.12(m, 2H), 3.94-3.43(m, 4H),
3.33-3.26(m, 2H), 2.97-2.91(m, 2H), 2.16-1.87 (m, 2H)
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[Example 6-14] Preparation of N-
{1-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1,3,4-oxadiazol-2-yl)
acetyl] pyrrolidin—3—y1 }methanesulfonamide (compound 47)

N
8 \(
070 NH
47-a N ﬁ
* — e SUs Y
o
HO/‘( NTTN
ey D o
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33d

Step 1) Preparation of N-(pvrrolidin-3-y)methane sulfonamide (compound 47-a

According to a well-known method (US 20110183985), the intermediate N-
(pyrrolidin-3-yl)methanesulfonamide (compound 47-a) was synthesized.
MS m/z: 166 [M+1]*

(Step 2) N-
1-[2-(5-12-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-vl

acetyl]pyrrolidin-3-yl }methanesulfonamide (compound 47)

By using the compound 47-a instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the compound 47.

MS m/z: 484 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm 8.85(d, 2H), 5.41(d, 2H), 7.45(dd, 1H),
7.23-7.14(m, 4H), 4.74-4.69(m, 1H), 4.15(s, 2H), 4.00-3.38 (m, 4H), 3.31-3.26(m,
2H), 2.99-2.92(m, 5H), 2.21-1.80 (m, 2H)

[Example 6-15] Preparation of
1-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)a
cetyl]-1,2,3,6-tetrahydropyridine-4-carboxylic acid (Compound 48)

IO 0

48-d

0
N—N
by TG 0
| L A
MR
33d

48

Step 1) Preparation of 1-benzvl-4-(methoxvcarbonvlpvridin-1-ium(compound 48-a

To a solution of methyl isonicotinate (1.0 g, 7.3 mmol) in methanol (10 mL) was
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added benzyl bromide (0.95 mL, 8.75 mmol), and the mixture was stirred for 2 hours
at 80°C under nitrogen atmosphere. Upon the completion of the reaction, the reaction
mixture was cooled to room temperature, and concentrated to remove the solvent. The
residue was treated with n-hexane to form a solid. The formed solid was filtered and
washed with n-hexane to obtain the title compound 48-a as a yellow solid quanti-
tatively (1.7 g).

MS m/z: 229 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.39(d, 2H), 8.54(d, 2H), 7.56-7.45(m, 5H),
3.98(s, 3H)

(Step 2) Preparation of methyl 1-benzyl-1.2.3.6-tetrahydropyridine-4-carboxylate

(compound 48-b)

To a solution of the compound 48-a (2.1 g, 9.2 mmol) in ethanol (20 mL) was added
sodium borohydride (0.38 g, 0.010 mol) and distilled water (4 mL) 0°C, and the
mixture was stirred for 1 hour at room temperature. Upon the completion of the
reaction, the mixture was diluted with distilled water (20 mL) and extracted with
methylene chloride. The organic layer was washed with distilled water and saturated
brine, dried over anhydrous sodium sulfate, and concentrated to obtain a crude product
of the title compound 48-b as a yellow liquid (1.84 g) which was used for the next step
without further purification.

MS m/z: 232 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.33-7.24(m, SH), 6.88-6.87(m, 1H), 3.73(s,
3H), 3.61(s, 2H), 3.14-3.12(m, 2H), 2.61(t, 2H), 2.41-2.41(m, 2H)

(Step 3) Preparation of 4-methyl 1-[2-(trimethylsilyDethyl]
1.2.3.6-tetrahydropyridine-1.4-dicarboxylate (compound 48-¢

To a solution of the compound 48-b (1.8 g, 7.9 mmol) in methylene chloride (5 mL)
was added 2-(trimethylsilyl)ethyl chloroformate (2.8 g, 0.016 mol) at 0°C, and the
mixture was stirred for 1 hour at room temperature. Upon the completion of the
reaction, the mixture was diluted with distilled water (20 mL) and extracted with ethyl
acetate. The organic layer was washed with saturated solution of sodium hydrogen
carbonate and saturated brine, dried over anhydrous sodium sulfate, and concentrate.
The residue was then purified by silica gel column chromatography (ethyl acetate : n-
hexane =1 : 9) to obtain the title compound 48-c as a colorless liquid (1.34 g, 59%).

MS m/z: 286 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 6.89(s, 1H), 4.21(t, 2H), 4.15-4.11(m, 2H),
3.76(s, 3H), 3.56(s, 2H), 2.41(s, 2H), 1.02(t, 2H), 0.05(s, 9H)

Step 4) Preparation of methyl 1.2.3.6-tetrahydropyridine-4-carboxylate (compound
48-d)
To a solution of the compound 48-c¢ (0.50 g, 1.75 mmol) in methylene chloride (5
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mL) was added trifluoroacetic acid (3 mL), and the mixture was stirred for 3 hours at
room temperature. Upon the completion of the reaction, saturated solution of sodium
hydrogen carbonate was added and the mixture was extracted with methylene chloride.
The organic layer was washed with water and saturated brine, dried over anhydrous
sodium sulfate, and concentrated to obtain the title compound 48-d as a brown liquid
(0.22 g, 89%).

MS m/z: 142 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 6.95(s, 1H), 3.75(s, 3H), 3.53(s, 2H), 2.99(t,
2H), 2.32(s, 3H)

(Step S5) Preparation of

1-[2-(5-12-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-yDa

cetyl]-1.2.3.6-tetrahvdropyridine-4-carboxvlic acid (compound 48)

By using the compound 48-d instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the compound 48.

MS m/z: 447 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.86-8.63(m, 2H), 8.43-8.42(m, 1H),
7.23-7.14(m, 4H), 7.00-6.69(m, 1H), 4.74-4.62(m, 1H), 4.40-4.28(m, 2H),
4.24-4.09(m, 1H), 3.70-3.59(m, 2H), 3.23-3.22(m, 3H), 2.97-2.87(m, 3H),
2.38-2.18(m, 1H)

[Example 6-16] Preparation of
1-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)a
cetyl]-1,2,3,6-tetrahydropyridine-4-carboxamide (compound 49)

\H/O YO 7(@1/ Y@H
= HoM » N
O 4oc ° o
o N~
0’15{\,.-{’(1l \ - . »_C J«——(’(}
0)\@\ )\ o
N 49

33-d
(Step 1) Preparation of 1-tert-butyl 4-methyl

1.2.3.6-tetrahydropyridine- 1.4-dicarboxvlate (compound 49-a)

To a solution of the compound 48-d (0.33 g, 2.36 mmol) in methylene chloride (15
mL) was slowly added di-tert-butyl dicarbonate (0.76 g, 3.49 mmol) and triethylamine
(0.6 mL, 4.4 mmol) in order, and the mixture was stirred for 15 hours at room tem-
perature. The reaction mixture was treated with 2 N aqueous hydrochloric acid (2 mL)
and stirred for 10 minutes. After adding additionally distilled water (20 mL), the
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reaction mixture was extracted with methylene chloride. The organic layer was washed
with distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The residue was purified by silica gel column chromatography (ethyl acetate
: n-hexane = 1 : 9) to obtain the title compound 49-a as a colorless liquid (0.15 g,
27%).

MS m/z: 242 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 6.89(br, 1H), 4.07(m, 2H), 3.76(s, 3H), 3.51(m,
2H), 2.40(m, 2H), 1.47(s, 9H)

(Step 2) Preparation of

1-[(tert-butoxy)carbonyl]-1.2.3.6-tetrahydropyridine-4-carboxylic acid (compound

49-b)
To a solution of the compound 49-a (0.15 g, 0.63 mmol) in tetrahydrofuran (3 mL)

was added 1 N aqueous solution of lithium hydroxide (3 mL), and the mixture was
stirred for 2 hours at room temperature. Upon the completion of the reaction, the
mixture was treated with 2 N aqueous solution of hydrochloric acid to adjust pH 2 or
lower followed by extraction with methylene chloride. The organic layer was washed
with distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated to obtain the title compound 49-b as a white solid (0.13 g, 92%).

MS m/z: 228 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 7.02 (br, 12H), 4.11(m, 2H), 3.53(m, 2H),
2.40(m, 2H), 1.48(s, 9H)

(Step 3) Preparation of tert-butyl
4-carbamoyl-1.2.3.6-tetrahydropyridine-1-carboxylate (compound 49-¢

To a solution of the compound 49-b (0.13 g, 0.59 mmol) and ammonium chloride
(0.16 g, 2.93 mmol) in N,N-dimethylformamide (7 mL) was dropwise added to
N,N-diisopropylethylamine (0.51 mL, 2.93 mmol) and benzotriazol-1-yl oxy-
tripyrrolidinophosphonium hexafluorophosphate (0.46 g, 0.89 mmol) in order 0°C, and
the mixture was stirred for 15 hours at room temperature. Upon the completion of the
reaction, the mixture was diluted with distilled water (50 mL), and extracted with ethyl
acetate. The organic layer was washed with distilled water and saturated brine, dried
over anhydrous sodium sulfate, and concentrated. The residue was then purified by
silica gel column chromatography (methanol : methylene chloride =5 : 95) to obtain
the title compound 49-c as a white solid quantitatively (0.14 g).

MS m/z: 227 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 6.62(s, 1H), 6.21-5.54(m 2H), 4.19(m, 2H),
3.54(m, 2H), 2.39(m, 2H), 1.47(s, 9H)

(Step 4) Preparation of 1.2.3.6-tetrahydropyridine-4-carboxamide (compound 49-d)

To a solution of the compound 49-c (0.14 g, 0.59 mmol) in methylene chloride (2
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mL) was added 4 N hydrogen chloride dioxane solution (2 mL) at 0°C, and the mixture
was stirred for 9 hours at room temperature. Upon the completion of the reaction, the
mixture was concentrated under reduced pressure. The residue was treated with
methylene chloride to form a solid. The formed solid was filtered and washed with
methylene chloride to obtain the title compound 49-d as a white solid (41 mg, 43%).

MS m/z: 127 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.12(m, 2H), 7.54(br, 1H), 7.18(br, 1H),
6.54(s, 1H), 3.70(m, 2H), 3.17(m, 2H), 2.43(m, 2H)

(Step S5) Preparation of

1-[2-(5-12-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-yDa

cetyl]-1.2.3.6-tetrahydropyridine-4-carboxamide (compound 49)

By using the compound 49-d instead of the compound im-7, the reaction was carried
out in the same manner as Example 6-1 to obtain the compound 49.

MS m/z: 446 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.83(d, 2H), 8.42(d, 1H), 7.43(br, 1H),
7.26-7.12(m, 4H), 7.08-7.02(m, 1H), 6.58-6.52(m, 1H), 4.71(m, 1H), 4.38-4.04(m,
4H), 3.64-3.54(m, 2H), 3.32-3.24(m, 2H), 2.94(dd, 2H), 2.42-2.21(m, 2H)

[Example 6-17] Preparation of
4-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)a

cetamido]benzoic acid (compound 50)

O
HO

I=
O

50

By using tert-butyl 4-aminobenzoate instead of the compound im-7, the reaction was
carried out in the same manner as Example 6-1 to obtain the compound 50.

MS m/z: 457 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 10.72(s, 1H), 8.85(d, 2H), 8.43(d, 1H),
7.92-7.90(m, 4H), 7.24-7.14(m, 4H), 4.74-4.68(m, 1H), 3.27-3.25(m, 2H),
2.97-2.91(m, 2H)
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[Example 7]

As explained in the following Example 7-1 to Example 7-5, the compound 51 to the
compound 55 were prepared from the intermediate im-7 and the compounds that are
produced in the following Examples, instead of the compound produced in Example

6-1 (Step 4) according to the similar manner as Example 6-1.

[Example 7-1] Preparation of
2-(3-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,2,4-oxadiazol-5-yl)-1-{
1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 51)

T\)\@ chx@——*‘ @———-

im-1a 51-a
Eto‘uo“ll‘d HO O~N
nePsY ﬁ” LQ
N//L\N 4
51-c
el
L ¥,
51 )\

(Step 1) Preparation of

2-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidine-5-carbonitrile (compound 51-a

A mixture of the compound im-1a (2.5 g, 8.6 mmol) and copper (I) cyanide (1.0 g,
11.2 mmol) in N,N-dimethylformamide (41 mL) was stirred for 18 hours at 180°C.
Upon the completion of the reaction, the reaction mixture was diluted with ethyl
acetate (50 mL) and washed twice with an aqueous solution of sodium cyanide (50
mL). The organic layer was washed with distilled water and saturated brine, dried over

anhydrous sodium sulfate, and concentrated. The residue was then purified by silica

gel column chromatography (ethyl acetate : n-hexane = 15 : 85) to obtain the title
compound 51-a as a white solid (1.48 g, 73%).

MS m/z: 237 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.556 (s, 1H), 8.249 (s, 1H), 7.252-7.134 (m,
4H), 6.189 (d, 1H), 4.900-4.796 (m, 1H), 3.432-3.375 (m, 2H), 2.920-2.852 (m, 2H)

(Step 2) Preparation of

(compound 51-b)
The compound 51-a (0.30 g, 1.27 mmol), hydroxylamine hydrochloride (0.21 g, 3.02
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[1120]
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[1122]

[1123]

[1124]

[1125]

[1126]

[1127]

[1128]
[1129]

[1130]

[1131]

mmol), and potassium carbonate (0.36 g, 2.59 mmol) were dissolved in a mixture
solvent of methanol (9 mL) and distilled water (1 mL), and the mixture was stirred
under reflux at 100°C for 2 hours. The reaction mixture was diluted with distilled
water (50 mL), and then the precipitate was filtered, washed with distilled water, and
dried to obtain the title compound 51-b as a white solid (0.2 g, 59%).

MS m/z: 270 [M+1]+

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.76 (m, 2H), 8.53(s, 2H), 7.72 (d, 1H),
7.13-7.22(m, 4H), 5.82(br, 1H), 4.58-4.70(m, 1H), 3.22-3.29 (m, 2H), 2.86-2.93(m,
2H)

(Step 3) Preparation of ethyl

2-(3-{2-1(2.3-dihvdro-1H-inden-2-yDamino]pvyrimidin-5-v1}-1.2.4-oxadiazol-5-yl)acet

ate (compound 51-¢)

To a solution of the compound 51-b (0.37 g, 1.37 mmol) in toluene (18 mL) was
added sodium hydride (41 mg, 1.70 mmol) at 0°C, and the mixture was stirred for 30
minutes at room temperature. The mixture was cooled to 0°C again, and after adding
ethyl malonyl chloride (0.21 mL, 1.64 mmol) thereto, the mixture was stirred for 9
hours at 80°C. Upon the completion of the reaction, insoluble mass was removed by
using Celite, and the filtrate was concentrated. The residue was then purified by silica

gel column chromatography (ethyl acetate : n-hexane =1 : 1) to obtain the title

compound 51-c as a yellow solid (0.29 mg, 58%).

MS m/z: 366 [M+1]+

'H NMR (CDCl;, 400MHz), 6 ppm: 6 8.92 (m, 2H), 7.18-7.25(m, 4H), 5.83(d, 1H),
4.87-4.93(m, 1H), 4.27(q, 2H), 3.43(dd, 2H), 2.92(dd, 2H), 1.31(t, 3H)

(Step 4) Preparation of
2-(3-{2-[(2.3-dihvdro-1H-inden-2-yDaminolpvrimidin-5-v1}-1.2.4-oxadiazol-5-yaceti

¢ acid (compound 51-d)
By using the compound 51-c (0.29, 0.79 mmol) instead of the compound 33-c, the

reaction was carried out in the same manner as the Step 4 of Example 6-1 to obtain the
title compound 51-d (0.19 g, 73%).

MS m/z: 338 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.869 (d, 2H), 8.312 (d, 1H), 7.142-7.240
(m, 4H), 4.678-4.732 (m, 1H), 4.226 (s, 2H), 3.167-3.295 (m, 2H), 2.910-2.966 (dd,
2H)

(Step S5) Preparation of

1H.40.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }ethan-1-one (compound 51
By using the compound 51-d instead of the compound 33-d, the reaction was carried

out in the same manner as the Step 5 of Example 6-1 to obtain the title compound 51.
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[1143]
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[1145]

[1146]

MS m/z: 444 [M+1]*
'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.81-8.86 (m, 2H), 8.30 (d, 1H), 7.24-7.14
(m, 4H), 4.80-4.51 (m, 5SH), 3.85-3.83 (m, 2H), 3.31-3.25 (m, 2H), 2.97-2.67 (m, 4H)

[Example 7-2] Preparation of

2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-4H-1,2,4-triazol-3-yl)-1-{
1H,4H,5H,6H,7H-[ 1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 52)

0 —_ 75 N
O NH HoN © 7
e M . PN
-0 07 H 1/1\ N
= H [)\
NT N NZ SN
H
52-b

52-a - 52-¢

=

0
N~
Hou \
—_— N P

N p
m, HNC“&/ )

N N =N
DY O
N/)\N g N/)\N /

H H

52-d 52
Step 1) Preparation of ethyl 3-ethoxy-3-iminopropanoate hydrochloride (compound

52-a)

According to a well-known method (Synthesis, 2016, 48(17), 2851-2862), the title
compound 52-a was prepared.

MS m/z: 160 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 6 4.13-4.09 (m, 4H), 3.45 (s, 2H), 1.20-1.18
(m, 6 H)

(Step 2) Preparation of

2-1(2.3-dihvdro-1H-inden-2-y)aminolpyrimidine-5-carbohvydrazide (compound 52-b

To a solution of the compound im-2a (6.0 g, 0.02 mol) in ethanol (50 mL) was added
hydrazine hydrate (10 mL, 0.21 mol), and the mixture was stirred for 15 hours at 80°C.
Upon the completion of the reaction, the reaction mixture was cooled to room tem-
perature to form a solid, which was then filtered, washed with ethanol, and dried to
obtain the title compound 52-b as a white solid (5.3 g, 83%).

MS m/z: 270[M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.58 (s, 1H), 8.71 (d, 2H), 8.08 (d, 2H),
7.23-7.13 (m, 4H), 4.69-4.63 (m, 1H) 4.41 (s, 2H), 3.26 (dd, 2H), 2.9 (dd, 2H)

(Step 3) Preparation of ethyl

2-(5-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-4H-1.2.4-triazol-3-ylacet

ate (compound 52-¢)
To a solution of the compound 52-a (0.88 g, 4.53 mmol) and the compound 52-b
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(0.61 g, 2.26 mmol) in ethanol (10 mL) was added triethylamine (0.95 mL, 6.80
mmol), and the mixture was stirred for 24 hours at 90°C under nitrogen atmosphere.
Upon the completion of the reaction, the reaction mixture was cooled to room tem-
perature, diluted with distilled water (20 mL) and then extracted with ethyl acetate.
The organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated. The residue was then purified by silica
gel column chromatography (ethyl acetate : n-hexane =6 : 4 — 7 : 3) to obtain the title
compound 52-c as a yellow solid (0.27 g, 33%).

MS m/z: 365 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.93 (s, 2H), 7.26-7.16 (m, 4H), 5.77 (d, 1H),
4.90-4.85 (m, 1H), 4.30-4.21 (m, 2H), 3.99 (s, 2H), 3.42 (dd, 2H), 2.91 (dd, 2H),
1.42-1.35 (m, 3H)

(Step 4) Preparation of

2-(5-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-4H-1.2.4-triazol-3-ylacet

ic acid (compound 52-d)
By using the compound 52-¢ (73 mg, 0.20 mmol) instead of the compound 33-c, the

reaction was carried out in the same manner as the Step 4 of Example 6-1 to obtain the
title compound 52-d (52 mg, 77%).

MS m/z: 337 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.82 (s, 2H), 7.96 (s, 1H), 7.23-7.15 (m, 4H),
4.69-4.67 (m, 1H), 3.79 (s, 2H), 3.29-3.25 (m, 2H), 2.92 (dd, 2H)

(Step 5) Preparation of
2-(5-{2-1(2.3-dihvdro-1H-inden-2-yDaminolpyrimidin-5-v1}-4H-1.2 .4-triazol-3-v1)-1-

1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c|pyridin-5-yl }ethan-1-one (compound 52

By using the compound 52-d (52 mg, 0.154 mmol) instead of the compound 33-d,
the reaction was carried out in the same manner as the Step 5 of Example 6-1 to obtain
the title compound 52 (10 mg, 15%).

MS m/z: 443 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.80 (d, 2H), 8.08-7.82 (m, 1H), 7.22-7.15
(m, 4H), 4.84-4.68 (m, 3H), 4.13-3.83 (m, 4H), 3.31-3.24 (m, 2H), 2.95-2.73(m, 4H)

[Example 7-3] Preparation of
2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)-1-{
1H,4H,5H,6H,7H-pyrazolo[4,3-c]pyridin-5-yl }ethan-1-one (compound 53)
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(Step 1) Preparation of
2E)-1-{2-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5

[1159]

[1160]

[1161]

[1162]
[1163]

[1164]

[1165]

[1166]
[1167]

[1168]

[1169]

0

11-3-(dimethylamino)pro

-2-en-1-one (compound 53-a)

To a solution of the compound im-3 (0.10 g, 0.39 mmol) in toluene (3 mL) was
added N,N-dimethylformamide dimethyl acetal (0.06 mL, 0.45 mmol), and the mixture
was stirred for 16 hours at 120 °C. Upon the completion of the reaction, the reaction
mixture was cooled to room temperature, diluted with distilled water (20 mL), and then
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated to obtain the
title compound 53-a (0.11 g, 92%).

MS m/z: 309 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.84 (br, 2H), 7.81 (d, 1H), 7.25-7.17(m, 4H),
5.64(d, 1H), 5.55(d, 1H), 4.90-4.86(m, 1H), 4.27(q, 2H), 3.41(dd, 2H), 3.16(br, 3H),
2.92 (br, 3H), 2.90(dd, 2H)

(Step 2) Preparation of N-

2.3-dihydro-1H-inden-2-y1)-5-(1H-pyrazol-3-yl)pyrimidin-2-amine (compound 53-b

To a solution of the compound 53-a (0.11 g, 0.36 mmol) in ethanol (15 mL) was

added hydrazine hydrate (0.19 g, 3.71 mmol), and the mixture was stirred for 2 hours
at 80°C. Upon the completion of the reaction, the mixture was cooled to room tem-
perature, diluted with distilled water (50 mL), and then extracted with ethyl acetate.
The organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated to obtain the title compound 53-b as a red
solid (97 mg, 98%).

MS m/z: 309 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 6 8.73 (br, 2H), 7.63 (d, 1H), 7.25-7.17(m, 4H),
6.54 (d, 1H), 5.50(d, 1H), 4.90-4.84(m, 1H), 3.43(dd, 2H), 2.91(dd, 2H)

(Step 3) Preparation of

2-(3-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-1H-pyrazol-1-vDacetic

acid (compound 53-¢)

To a solution of the compound 53-b (97 mg, 0.35 mmol) in acetone (12 mL) was
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added potassium carbonate (0.2 g, 1.4 mmol) and tert-butyl bromoacetate (0.06 mL,
0.64 mmol), and the mixture was stirred under reflux for 13 hours. Upon the
completion of the reaction, the mixture was cooled to room temperature, diluted with
distilled water (30 mL) and extracted with ethyl acetate. The organic layer was washed
with distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The residue was then dissolved in methylene chloride (2 mL) and trifluo-
roacetic acid (1.5 mL) was added thereto followed by stirring for 3 hours at room tem-
perature. Upon the completion of the reaction, the solvent was concentrated and the

residue was treated with diethyl ether to form a solid. The formed solid was filtered

and washed with diethyl ether to obtain the title compound 53-c as a beige solid (94
mg, 80%).

MS m/z: 336 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.70 (s, 2H), 7.77 (d, 1H), 7.74-7.61(m, 1H),
7.25-7.12(m, 4H), 6.69-6.68(d, 1H), 4.98 (s, 2H), 4.65 (m, 1H), 3.27(dd, 2H), 2.91(dd,
2H)

(Step 4) Preparation of

1H.4H.5H.6H.7H-pyrazolo[4.3-c]pyridin-S-yl }ethan-1-one (compound 53

By using the compound 53-c instead of the compound 33-d, the reaction was carried
out in the same manner as the Step 5 of Example 6-1 to obtain the title compound 53.

MS m/z: 442 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.64 (d, 2H), 7.56 (dd, 1H), 7.21(m, 4H),
6.51(dd, 1H), 5.69(dd, 1H), 5.13(d, 1H), 4.87-4.83(m, 3H), 3.93 (m, 2H), 3.43-3.38(m,
2H), 2.93-2.83(m, 4H)

[Example 7-4] Preparation of
2-(3-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-5-ethyl-1H-pyrazol-1-yl)-
1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 54)

0
o)
0 0 HO—<_ —
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(Step 1) Preparation of

1-12-1(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-vl } pentane-1.3-dione
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(compound 54-a)

To a solution of the compound im-3 (80 mg, 0.32 mmol) in anhydrous tetrahy-
drofuran (1.5 mL) was added sodium hydride (20 mg, 0.63 mmol) under stirring at
0°C, and the mixture was stirred for 1 hour. Then, a solution of ethyl propionate (50
mg, 0.5 mmol) in anhydrous tetrahydrofuran (1 mL) was slowly added thereto. After
stirring for 1.5 hours, N,N-dimethylformamide (0.3 mL) was added. After stirring for 1
hour, the reaction temperature was raised to 50°C followed by stirring for 15 hours.
Upon the completion of the reaction, the mixture was cooled to room temperature,
diluted with distilled water (40 mL), and extracted with ethyl acetate. The organic
layer was washed with distilled water and saturated brine, dried over anhydrous

sodium sulfate, and concentrated. The residue was purified by silica gel column chro-

matography (ethyl acetate : n-hexane = 2 : 8) to obtain the title compound 54-a as a
brown solid (26 mg, 27%).

MS m/z: 310 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.92-8.64 (m, 2H), 7.28-7.16 (m, 4H), 5.98 (s,
1H), 5.93 (d, 1H), 4.89 (m, 1H), 3.42 (dd, 2H), 2.91 (dd, 2H), 2.43 (m, 2H), 1.21 (t,
3H)

(Step 2) Preparation of

acetic acid (compound 54-b)

From the compound 54-a (115 mg, 0.37 mmol) which has been prepared in the above
(Step 1), the similar method of (Step 2) and (Step 3) of Example 7-3 was carried out to

obtain the title compound 54-b as a beige solid (100 mg, 3-step yield of 57%).

MS m/z: 364 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 9.96 (m, 1H), 9.07 (m, 1H), 8.44 (m, 1H),
7.25-7.18 (m, 4H), 6.27 (s, 1H), 4.92-4.84 (m, 3H), 3.42 (dd, 2H), 3.07 (dd, 2H), 2.63
(m, 2H), 1.33 (t, 3H)

(Step 3) Preparation of
2-(3-{2-[(2.3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-5-ethyl- 1H-pyrazol-1-yI)-

1-{1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }ethan-1-one (compound 54
By using the compound 54-b instead of the compound 33-d, the reaction was carried
out in the same manner as the Step 5 of Example 6-1 to obtain the title compound 54.
MS m/z: 470 [M+1]*
'H NMR (CDCl;, 400MHz), 6 ppm: 8.63 (d, 2H), 7.24-7.12 (m, 4H), 6.29 (d, 1H),
5.74 (dd, 1H), 5.08-5.06 (m, 2H), 4.86-4.76 (m, 3H), 3.96-3.84 (m, 2H), 3.44-3.34 (m,
2H), 2.94-2.74 (m, 4H), 2.69-2.59 (m, 2H), 1.38-1.30 (m, 3H)

[Example 7-5] Preparation of
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2-{4-[2-({[3-(trifluoromethoxy)phenylJmethyl }amino)pyrimidin-5-yl]-1H-1,2,3-triazol
-1-yl}acetic acid (compound 55)
™S
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(Step 1) Preparation of N-

3-(trifluoromethoxy)phenvl]methyl }-5-[2-(trimethylsilyDethynvl]pyvrimidin-2-amine

(compound 55-a)

To a mixture of the compound im-1b (0.5 g, 1.44 mmol),
bis(triphenylphosphine)dichloropalladium (II) (20 mg, 0.03 mmol), and copper iodide
(Cul) (11 mg, 0.06 mmol) in N,N-dimethylformamide (3 mL) was added triethylamine
(3 mL, 0.02 mol) and trimethylsilylacetylene (0.24 mL, 1.72 mmol), and the mixture
was stirred at 90°C. Upon the completion of the reaction, insoluble mass was removed
by filtration using a Celite pad. The filtrate was washed with water three times. The
organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated. The residue was purified by silica gel
column chromatography (ethyl acetate : n-hexane = 1 : 9) to obtain the title compound
55-a as a brown solid (0.55 g, 87%).

MS m/z: 366 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.34 (s, 2H), 7.36-7.11 (m, 4H), 6.03 (br, 1H),
4.66 (d, 2H), 0.24 (s, 9H)

(Step 2) Preparation of
S-ethynyI-N-{[3-(trifluoromethoxy)phenyllmethyl } pyrimidin-2-amine (compound
33-b)

To a solution of the compound 55-a (0.25 g, 0.68 mmol) in methanol (3 mL) was
added potassium carbonate (0.28 g, 2.05 mmol), and the mixture was stirred for 2
hours at room temperature. Upon the completion of the reaction, the mixture was
cooled to room temperature, diluted with distilled water (10 mL), and then extracted

with ethyl acetate. The organic layer was washed with distilled water and saturated
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brine, dried over anhydrous sodium sulfate, and concentrated. The residue was purified
by silica gel column chromatography (ethyl acetate : n-hexane = 1 : 9) to obtain the
title compound 55-b as a beige solid (0.16 g, 80%).

MS m/z: 294 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.41 (s, 2H), 7.38-7.11 (m, 4H), 5.69 (br, 1H),
4.68 (d, 2H), 3.19 (s, 1H)

(Step 3) Preparation of ethyl

1]-1H-1.2.3-triazol

2-14-[2-({[3-(trifluoromethoxy)phenvlmethyl }amino)pvrimidin-5

-1-yllacetate (compound 55-c)

To a solution of the compound 55-b (0.16 g, 0.54 mmol) in a mixture solvent of
ethanol (3 mL) and distilled water (1 mL) was added ethyl 2-azidoacetate (85 mg, 0.65
mmol), copper sulfonate (8.7 mg, 0.05 mmol), and sodium ascorbate (0.11 g, 0.54
mmol) in order, and the mixture was stirred for 16 hours at room temperature. Upon
the completion of the reaction, the mixture was diluted with distilled water (20 mL),
and extracted with ethyl acetate. The organic layer was washed with distilled water and

saturated brine, dried over anhydrous sodium sulfate, and concentrated to obtain the

title compound 55-c as a beige solid quantitatively (0.24 g).

MS m/z: 423 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.77 (s, 2H), 7.87 (s, 1H), 7.41-7.13 (m, 4H),
5.67 (t, 1H), 5.23 (s, 2H), 4.74 (d, 2H), 4.34-4.28 (m, 2H), 1.36-1.32 (m, 3H)

(Step 4) Preparation of

2-14-12-({[3-(trifluoromethoxy)phenyllmethyl }amino)pyrimidin-5-y1]-1H-1.2.3-triazol

-1-vl}acetic acid] (compound 55-d)
By using the compound 55-c (0.24 g, 0.54 mmol) instead of the compound 33-c, the

reaction was carried out in the same manner as the Step 4 of Example 6-1 to obtain the
title compound 55-d as a beige solid (0.21 g, 95%).

MS m/z: 395 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.75(s, 2H), 8.45 (s, 1H), 8.08 (br, 1H),
7.47-7.21 (m, 4H), 5.34 (s, 2H), 4.60 (s, 2H)

(Step S5) Preparation of

2-14-12-({[3-(trifluoromethoxy)phenyllmethyl }amino)pyrimidin-5-y1]-1H-1.2.3-triazol

-1-vl}acetic acid (compound 55)

By using the compound 55-d instead of the compound 33-d, the reaction was carried
out in the same manner as the Step 5 of Example 6-1 to obtain the title compound 55.

MS m/z: 501 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.74 (br, 2H), 8.38-8.33 (m, 1H), 8.03 (t,
1H), 7.47-7.19 (m, 4H), 5.68 (d, 2H), 4.75 (d, 2H), 4.59 (d, 2H), 3.84-3.80 (m, 2H),
2.96-2.66 (m, 2H)
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[1214]
[1215]

[1216]

[1217]

[1218]

[1219]
[1220]

[1221]

[1222]

[Example 8-1] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } - 1H-pyrazol-1-yl)-1-{ 1H,
4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1-one (compound 56)

0
HO N
ot — Ul
L I NS N
0 0 [
© N’/'J\N
56-a H

56-b

L
im-7 Hf\ll@ N\/ 5
] I M
PN
56 NTN

(Step 1) Preparation of tert-butyl

2-[4-(tetramethyl-1.3.2-dioxaboroalan-2-v1)-1H-pyrazol-1-vl]acetate (compound 56-a

To a mixture of 4-(4,4,5,5-Tetramethyl-1,3,2-dioxabororan-2-yl)-1H-pyrazole (0.5 g,
2.6 mmol) and cesium carbonate (1.3 g, 3.9 mmol) in N,N-dimethylformamide (10
mL) was added tert-butyl bromoacetate (0.6 mL, 3.9 mmol), and the mixture was
stirred for 8 hours at room temperature. Upon the completion of the reaction, the
mixture was cooled to room temperature, diluted with distilled water (50 mL), and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue

was purified by silica gel column chromatography (ethyl acetate : n-hexane =1 : 3) to

obtain the title compound 56-a as a yellow solid (1.1 g, 63%).

MS m/z: 309 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.82(s, 1H), 7.75(s, 1H), 4.82(s, 2H), 1.47(s,
9H), 1.31(s, 12H)

(Step 2) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDaminolpyrimidin-5-v1}-1H-pyrazol-1-vlacetic

acid (compound 56-b)
The compound 56-a (0.2 mg, 0.7 mmol), the compound im-1a (0.2 g, 0.6 mmol),

tetrakis(triphenylphosphine)palladium (0) (35 mg, 0.03 mmol), and potassium
carbonate (0.2 mg, 1.2 mmol) were dissolved in a mixture solvent of acetonitrile and
distilled water (4 : 1, 10 mL). After flushing with nitrogen gas, the mixture was stirred
for 12 hours at 110°C. Upon the completion of the reaction, the mixture was cooled to
room temperature, diluted with ethyl acetate (20 mL), and extracted with distilled
water. Aqueous layer was diluted with saturated solution of sodium hydrogen
carbonate and extracted with ethyl acetate. The organic layer was washed with distilled

water and saturated brine, dried over anhydrous sodium sulfate, and concentrated to
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[1223]
[1224]

[1225]

[1226]
[1227]

[1228]
[1229]

[1230]

[1231]

[1232]
[1233]

[1234]

obtain the title compound 56-b as a light yellow solid (110 mg, 55%).
MS m/z: 336 [M+1]*

(Step 3) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDaminolpyrimidin-5

1}-1H-pyrazol-1
4H.5H.6H.7H-[1.2 3]triazolo[4.5-c]pyridin-5-vl }ethan-1-one (compound 56
By using the compound 56-b (97 mg, 0.3 mmol) instead of the compound 33-d, the

D-1-{1H

reaction was carried out in the same manner as the Step 5 of Example 6-1 to obtain the
title compound 56 as a white solid (44 mg, 34%).

MS m/z: 442 [M+1]*

IH NMR (CD;0D, 400 MHz,) 6 (ppm) 8.632 (s, 2H), 8.028 (d, 1 H), 7.870 (d, 1H),
7.232-7.147 (m, 4H), 5.334-5.297 (m, 2H), 4.825-4.739 (m, 3H), 3.946-3.916 (m, 2H),
3.397-3.341 (m, 2H), 2.993-2.835 (m, 4H)

[Example §8-2] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1H-pyrazol-1-yl)-N-(2-ox
0-2,3-dihydro-1,3-benzoxazol-6-yl)acetamide (compound 57)

H
O
O
8]
HNJ{_N,N.._
L l “n
57 N'AH

Except that the compound 27-a (54 mg, 0.40 mmol) which has been prepared in
Example 5-2 (Step 1) and the compound 56-b (60 mg, 0.20 mmol) which has been
prepared in Example 8-1 (Step 2) are used, instead of the compound im-7 and the
compound 33-d respectively, the reaction was carried out in the same manner as the
Step 5 of Example 6-1 to obtain the title compound 57 as a white solid (6 mg, 7%).

MS m/z: 468 [M+1]*

'H NMR (400MHz, DMSO-d), 6 ppm: 10.349 (s, 1H), 8.540 (s, 2H), 8.099 (s, 1H),
7.840 (s, 1H), 7,588 (s, 1H), 7.435 (d, 1H), 7.183-7.091 (m, 5H), 6.981 (d, 1H), 4.972
(s, 2H), 4.613-4.560 (m, 1H), 3.249-3.191 (m, 2H), 2.891-2.834 (m, 2H)
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[1235] [Example 8-3] Preparation of
2-(4-{6-[(2,3-dihydro-1H-inden-2-yl)amino]pyridin-3-yl }-1H-pyrazol-1-yl)-1-{ 1H,4H,
SH,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 58)

[1236] 0

HN N—<_ )N___
sy N

58

[1237] By using the compound im-1d instead of the compound im-1a, the reaction was

I=

carried out in the same manner as the Step 2 and the Step 3 of Example 8-1 to obtain
the title compound 58 having white color (33 mg, 27%).

[1238] MS m/z: 441 [M+1]+

[1239]  1H NMR (400 MHz, CD;0D) & (ppm) 8.116-8.033 (m, 3H), 7.891 (d, 1H),
7.286-7.179 (m, 4H), 7.068 (d, 1H), 5.348-5.307 (m, 2H), 4.793 (s, 2H), 4.575-4.518
(m, 1H), 3.976-3.917 (m, 2H), 3.496-3.438 (m, 2H), 3.039-2.987 (m, 2H), 2.977-2.832
(m, 2H)

[1240]

[1241] [Example 8-4] Preparation of
2-(4-{5-[(2,3-dihydro-1H-inden-2-yl)amino]pyrazin-2-yl }-1H-pyrazol-1-yl)-1-{ 1H,4H
,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 59)

N 0
L l{
Nl @
L
< s
N N
59 k

[1243] By using the compound im-1le instead of the compound im-1a, the reaction was

[1242]

carried out in the same manner as the Step 2 and the Step 3 of Example 8-1 to obtain
the title compound 59 having white color (25 mg, 12%).

[1244]  MS m/z: 442 [M+1]*

[1245]  1H NMR (400 MHz, CD;0D) 6 (ppm) 8.273 (s, 1H), 8.042-8.013 (d, 1H),
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[1246]
[1247]

[1248]

[1249]
[1250]

[1251]
[1252]

[1253]

[1254]

7.927-7914 (d, 1H), 7.866 (s, 1H), 7.230-7.125 (m, 4H), 5.328-5.291 (m, 2H),
4.833-4.796 (m, 2H), 4.690-4.657 (m, 1H), 3.974-3.910 (m, 2H), 3.391-3.333 (m, 2H),
2.956-2.848 (m, 4H)

[Example 9] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1H-imidazol-1-yl)-1-{ I1H
,A4H,5H,6H,7H-[ 1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 60)

Ph =
H Ph = /=N
N Ph——Ph ,}—-NPN HN, =
N & LA L) oy
N M H H
[
80-a 60-b B0-¢

o F«._ N
— N { =y — o Y
|

50-d H 6

(Step 1) Preparation of 4-iodo-1-(triphenylmethyl)-1H-imidazole (compound 60-a)

To a solution of 4-iodoimidazole (4-iodo-1H-imidazole) (3.0 g, 0.015 mol) and
chlorotriphenylmethyl (6.0 g, 0.021 mol) in anhydrous N,N-dimethylformamide (50
mL) was slowly added triethylamine (7.2 mL, 0.052 mol) at 0°C, and the mixture was
stirred for 14 hours at room temperature. The reaction mixture was concentrated,

diluted with distilled water (100 mL), and stirred for 20 minutes at room temperature.

Thereafter, the precipitate was filtered, and the filtrate was washed with distilled water
and diethyl ether to obtain the title compound 60-a as a white solid (4.4 g, 66%).

MS m/z: 437 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.34-7.36(m, 9H), 7.32(s, 1H), 7.10-7.12(m,
6H), 6.91(s, 1H)

(Step 2) Preparation of N-
2.3-dihydro-1H-inden-2-vD)-5-[ 1 -(triphenylmethy])- 1H-imidazol-4-vl]pyrimidin-2-am

ine (compound 60-b)
A mixture of the compound im-4 (0.69 g, 2.03 mmol), the compound 60-a (0.68 g,

1.56 mmol), tetrakis(triphenylphosphine)palladium (0)(0.18 g, 0.16 mmol), and 2 N
aqueous solution of sodium carbonate (2.5 mL) in 1,4-dioxane (10 mL) was flushed
with nitrogen gas, and stirred for 9 hours at 100°C. Upon the completion of the
reaction, the mixture was cooled to room temperature, diluted with distilled water (50
mL), and extracted with ethyl acetate. The organic layer was washed with distilled
water and saturated brine, dried over anhydrous sodium sulfate, and concentrated. The

residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 3
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[1255]
[1256]

[1257]

[1258]

[1259]
[1260]

[1261]

[1262]

[1263]
[1264]

: 7) to obtain the title compound 60-b as a red solid (0.65 g, 80%).

MS m/z: 520 [M+1]+

'H NMR (CDCl;, 400MHz), 6 ppm: 8.61(br, 2H), 8.41(s, 1H), 7.50(s, 1H),
7.29-7.37(m, 11H), 7.15-7.24(m, 8H), 7.00 (s, 1H), 5.40(d, 1H), 4.79-4.83(m, 1H),
3.39(dd, 2H), 2.86(dd, 2H)

(Step 3) Preparation of N-
2.3-dihydro-1H-inden-2-vD)-5-(1H-imidazol-4-yDpyrimidin-2-amine (compound 60-c

To a solution of the compound 60-b (0.68 g, 1.31 mmol) in methylene chloride (20
mL) was added trifluoroacetic acid (3 mL) and anisole (0.5 mL), and the mixture was
stirred for 16 hours at room temperature. Upon the completion of the reaction, 2 N
aqueous solution of hydrogen chloric acid was added to adjust pH 2 or lower, followed
by washing with methylene chloride. The aqueous solution layer was treated with 2 N
aqueous solution of sodium hydroxide to adjust pH 10 or higher, then extracted again
with methylene chloride and ethyl acetate. The organic layer was washed with distilled

water and saturated brine, dried over anhydrous sodium sulfate, and concentrated. The

residue was purified by silica gel column chromatography (methanol : methylene
chloride = 1 : 9) to obtain the title compound 60-c as a dark brown solid (0.27 g, 73%).
MS m/z: 278 [M+1]*
'H NMR (CDCls;, 400MHz), 6 ppm: 8.68(s, 2H), 7.73(s, 1H), 7.16-7.25(m, 4H), 7.19
(s, 1H), 5.47(d, 1H), 4.83-4.85(m, 1H), 3.41(dd, 2H), 2.90(dd, 2H)

(Step 4) Preparation of
2-(4-12[(2.3-dihydro-1H-inden-2-yDamino]pvrimidin-5-y1}-1H-imidazol-1-v]acetic

acid (compound 60-d)

To a solution of the compound 60-c (0.22 g, 0.79 mmol) in anhydrous
N,N-dimethylformamide (15 mL) was added sodium hydride (29 mg, 1.2 mmol) at
0°C, and the mixture was stirred for 30 minutes. Then, the mixture was cooled again to
0°C. After adding tert-butyl bromoacetate (0.13 mL, 0.87 mmol) thereto, the mixture
was stirred for 9 hours at 80°C. Upon the completion of the reaction, the mixture was
cooled to room temperature, diluted with distilled water (50 mL), and extracted with
ethyl acetate. The organic layer was washed with distilled water, dried over anhydrous
sodium sulfate, and concentrated. The residue was then dissolved in methylene
chloride (2 mL). After adding trifluoroacetic acid (1.5 mL) the mixture was stirred for
3 hours at room temperature. Upon the completion of the reaction, the solvent was
removed and the residue was washed with diethyl ether to form a solid. The formed
solid was filtered and washed with diethyl ether to obtain the title compound 60-d as a
beige solid (0.16 g, 2-step yield of 60%).

MS m/z: 336 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.67(s, 2H), 7.55(s, 1H), 7.16-7.25(m, 4H),
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[1265]

[1266]

[1267]
[1268]

[1269]
[1270]

[1271]

[1272]
[1273]

[1274]

7.13(s, 1H), 5.68(d, 1H), 4.81-4.85(m, 1H), 3.41(dd, 2H), 2.89(dd, 2H)

(Step 5) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDaminolpvyrimidin-5-vyl}-1H-imidazol-1-y1)-1-{ 1H

AH.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }ethan-1-one (compound 60)
By using the compound 60-d (50 mg, 0.14 mmol) instead of the compound 33-d, the

reaction was carried out in the same manner as the Step 5 of Example 6-1 to obtain the
title compound 60 as a pink solid (17 mg, 28%).

MS m/z: 442[M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.64 (s, 2H), 7.61 (d, 1H), 7.46-7.42 (m, 2H),
7.22-7.14 (m, 4H), 5.20 (d, 2H), 4.76-4.60 (m, 3H), 3.83-3.82 (m, 2H), 3.26 (dd, 2H),
2.93-2.67 (m, 4H)

[Example 10-1] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-ethoxy- 1H-pyrazol-1-yl
)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 61)

OH
}N\j — /‘LN&IN_\TOV — HNTY O — 0\(‘1\1_\ e
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Step 1) Preparation of 1-(3-ethoxy-1H-pyrazol-1-yvlethan-1-one (compound 61-a

To a solution of the compound im-8 (3.24 g, 0.026 mol) in N,N-dimethylformamide
(30 mL) was added potassium carbonate (7.10 g, 0.051 mol) and bromoethane (3.83
mL, 0.051 mol) in order, and the mixture was stirred for 15 hours at room temperature.
Upon the completion of the reaction, the mixture was diluted with distilled water (20
mL) and extracted with ethyl acetate. The organic layer was washed with distilled
water and saturated brine, dried over anhydrous sodium sulfate, and concentrated. The
residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 3
: 7) to obtain the title compound 61-a as a light brown solid (3.74 g, 76%).

MS m/z: 155 [M+1]*
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[1275]

[1276]
[1277]

[1278]
[1279]

[1280]

[1281]

[1282]
[1283]

[1284]

[1285]

'H NMR (CDCl;, 400MHz), 6 ppm: 8.06 (d, 1H), 5.96 (d, 1H), 4.32-4.27 (m, 2H),
2.58 (s, 3H), 1.41(t, 2H)
(Step 2) Preparation of 3-ethoxy-4-iodo-1H-pyrazole (compound 61-b)

To a solution of the compound 61-a (3.2 g, 0.021 mol) in a mixture solvent of
distilled water (100 mL) and ethanol (50 mL) was added sodium iodide (3.4 g, 0.022
mmol), iodine (7.9 g, 31.134 mmol), and potassium carbonate (11.5 g, 83.024 mmol)
in order, and the mixture was stirred for 1.5 hours at room temperature. Upon the
completion of the reaction, the mixture was diluted with saturated solution of sodium
hydrogen carbonate to form a solid, which was then filtered and washed with distilled
water to obtain the title compound 61-b as a yellow solid (4.1 g, 83%).

MS m/z: 239 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 12.27 (s, 1H), 7.69 (s, 1H), 4.18-4.12 (m,
2H), 1.30 (t, 3H)

(Step 3) Preparation of tert-butyl 2-(3-ethoxy-4-iodo-1H-pyrazol-1-yl)acetate

(compound 61-¢)
To a solution of the compound 61-b (0.36 g, 1.59 mmol) in N,N-dimethylformamide

(3 mL) was added cesium carbonate (0.73 g, 2.25 mmol) and tert-butyl bromoacetate
(0.3 mL, 2.2 mmol) in order, and the mixture was stirred for 3 hours at room tem-
perature. Upon the completion of the reaction, the mixture was diluted with distilled
water (30 mL) and extracted with ethyl acetate. The organic layer was washed with
distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-

centrated. The residue was purified by silica gel column chromatography (ethyl acetate

:n-hexane =1:9 — 3 :7) to obtain the title compound 61-c as a light brown liquid
(0.39 g, 82%).

MS m/z: 353 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 7.29 (d, 1H), 4.60 (s, 2H), 4.28-4.23 (m, 2H),
1.47 (s. 9H), 1.40 (t, 3H)

(Step 4) Preparation of tert-butyl
2-(4-{2-[(2.3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-ethoxy-1H-pyrazol-1-yl

Jacetate (compound 61-d)

To a mixture of the compound 61-c (0.46 g, 1.58 mmol) and the compound im-4
(0.58 g, 1.70 mmol) in a mixture solvent of 1,4-dioxane (6 mL) and distilled water (2
mL) was added tetrakis(triphenylphosphine)palladium (0) (0.15 g, 0.13 mmol) and
sodium carbonate (0.42 mg, 3.93 mmol), and the mixture was stirred for 2 hours at
80°C under nitrogen atmosphere. Upon the completion of the reaction, the mixture was
cooled to room temperature, diluted with distilled water (50 mL) was added, and ex-
traction with ethyl acetate was carried out. The organic layer was washed with distilled

water and saturated brine, dried over anhydrous sodium sulfate, and concentrated. The



128

WO 2018/212534 PCT/KR2018/005516

[1286]
[1287]

[1288]

[1289]

[1290]

[1291]

[1292]

[1293]

[1294]
[1295]

[1296]
[1297]

residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 3
: 7) to obtain the title compound 61-d as a yellow solid (0.37 g, 65%).

MS m/z: 436 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.56 (s, 2H), 7.44 (s, 1H), 7.25-7.16 (m, 4H),
5.34 (d, 1H), 4.85-4.77 (m, 1H), 4.63 (s, 2H), 4.33-4.28 (m, 2H), 3.41 (dd, 2H), 2.90
(dd, 2H), 1.98 (s, 1H), 1.48 (s, 9H), 1.40 (t, 3H)

(Step S5) Preparation of

2-(4-12-1(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5-vl }-3-ethoxy-1H-pyrazol-1-vl

Jacetic acid (compound 61-¢)

To a solution of the compound 61-d (0.37 g, 0.85 mmol) in methylene chloride (3
mL) was added 4 N hydrogen chloride dioxane solution (3 mL), and the mixture was

stirred for 15 hours at room temperature. Upon the completion of the reaction, the

solvent was removed, the resulting solid was filtered, washed with diethyl ether, and
dried to afford the title compound 61-€ as a light brown solid (0.29 g, 89%).

MS m/z: 380 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.60 (s, 2H), 7.84 (s, 1H), 7.24-7.14 (m, 4H),
4.79 (s, 2H), 4.71-4.62 (m, 1H), 4.25-4.14 (m, 2H), 3.28 (dd, 2H), 2.92 (dd, 2H), 1.35
(t, 3H)

(Step 6) Preparation of

)-1-{1H.4H SH.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }ethan-1-one (compound 61)
By using the compound 61-¢ (30 mg, 0.08 mmol) instead of the compound 33-d, the

reaction was carried out in the same manner as the Step 5 of Example 6-1 to obtain the
title compound 61 as a white solid (11 mg, 41%).

MS m/z: 486[M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.54 (s, 2H), 7.89 (d, 1H), 7.41 (d, 1H),
7.22-7.13 (m, 4H), 5.13 (d, 2H), 4.76-4.58 (m, 3H), 4.22-4.08 (m, 4H), 3.81 (s, 2H),
3.28-3.22 (m, 2H), 2.92-2.73 (m, 4H), 1.35-1.31 (m, 3H)

[Example 10-2] Preparation of
2-[3-(azetidin-3-yloxy)-4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-y1}-1H-
pyrazol-1yl]-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one hy-
drochloride (compound 62)
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[1299]  (Step 1) Preparation of tert-butyl
3-[(1-acetyl- 1H-pyrazol-3-yl)oxylazetidine- 1 -carboxylate (compound 62-a)

[1300] To a mixture of the compound im-8 (0.50 g, 3.96 mmol) and 1-N-tert-butoxy
carbonyl-3-hydroxyazetidine (0.89 g, 5.15 mmol) in anhydrous tetrahydrofuran (10

mL) was added triphenylphosphine (1.56 g, 5.94 mmol) and diisopropyl azodicar-
boxylate (1.17 mL, 5.95 mmol) in order at 0°C, and the mixture was stirred for 15
hours at 50°C under nitrogen atmosphere. Upon the completion of the reaction, the
mixture was cooled to room temperature, diluted with distilled water (20 mL), and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was purified by silica gel column chromatography (ethyl acetate : n-hexane =1:9) to
obtain the title compound 62-a as a light yellow liquid (0.86 g, 77%).

[1301] MS m/z: 282[M+1]*

[1302] 'H NMR (CDCl;, 400MHz), 6 ppm: 8.07 (d, 1H), 5.98 (d, 1H), 5.21-5.16 (m, 1H),
4.32-4.28 (m, 2H), 4.03-4.00 (m, 2H), 2.56 (s, 3H)

[1303] Step 2) Preparation of tert-butyl
3-[(4-iodo-1H-pyrazol-3-yhoxylazetidine- 1-carboxylate (compound 62-b)

[1304] By using the compound 62-a (0.86 g, 3.05 mmol) instead of the compound 61-a, the

reaction was carried out in the same manner as the Step 2 of Example 10-1 to obtain
the title compound 62-b as a white solid (0.71 g, 64%).

[1305] MS m/z: 366 [M+1]+

[1306] 'H NMR (CDCl;, 400MHz), 6 ppm: 10.89 (s, 1H), 7.39 (s, 1H), 5.12-5.07 (m, 1H),
4.34-4.05 (m, 4H), 1.46 (s, 9H)

[1307]  (Step 3) Preparation of tert-butyl
3-{[1-(2-ethoxy-2-oxoethyl)-4-iodo-1H-pyrazol-3-ylJoxy }azetidine-1-carboxylate
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[1308]

[1309]

[1310]

[1311]

[1312]

[1313]
[1314]

[1315]

[1316]

[1317]
[1318]

[1319]

[1320]

(compound 62-¢)
By using the compound 62-b (0.30 g, 0.82 mmol) and ethyl bromoacetate (0.18 mL,

1.23 mmol) instead of the compound 61-b and tert-butyl bromoacetate respectively, the
reaction was carried out in the same manner as the Step 3 of Example 10-1 to obtain
the title compound 62-c as a white solid (0.39 g, 99%).

MS m/z: 452 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.31(s, 1H), 5.11-5.06 (m, 1H), 4.67 (s, 2H),
4.26-4.20 (m, 4H), 4.01 (dd, 2H), 1.45 (s, 9H), 1.32-1.24 (m, 3H)

(Step 4) Preparation of tert-butyl

3-[(4-{2-[(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-1-(2-ethoxy-2-oxoethyl)-

1H-pyrazol-3-vDoxy]azetidine- 1 -carboxylate (compound 62-d)

By using the compound 62-c (0.39 g, 0.81 mmol) instead of the compound 61-c, the

reaction was carried out in the same manner as the Step 4 of Example 10-1 to obtain
the title compound 62-d as a yellow solid (0.32 g, 71%).

MS m/z: 535 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.52 (s, 2H), 7.40 (s, 1H), 7.25-7.14 (m, 4H)
5.51(d, H), 5.21-5.15 (m, 1H), 4.85-4.77 (m, 1H), 4.70 (s, 2H), 4.30-4.22 (m, 4H) 4.01
(dd, 2H), 3.45-3.38 (m, 2H), 2.95-2.87 (m, 2H), 1.45 (s, 9H), 1.33-1.23 (m, 3H)

(Step S5) Preparation of

To a solution of the compound 62-d (0.10 g, 0.19 mmol) in a mixture solvent of
tetrahydrofuran (2 mL) and distilled water (1 mL) was added lithium hydroxide (40
mg, 0.94 mmol), and the mixture was stirred for 1.5 hours at room temperature. Upon
the completion of the reaction, 2 N aqueous solution of hydrogen chloric acid was
added to adjust pH 2 or lower, followed by extraction with ethyl acetate. The organic

layer was washed with distilled water and saturated brine, dried over anhydrous

sodium sulfate, and concentrated to obtain the title compound 62-¢ as a yellow solid
(80 mg, 84%).

MS m/z: 507 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.58 (s, 2H), 7.99 (s, 1H), 7.66 (brs, 1H),
7.22-7.14 (m, 4H), 5.15-5.10 (m, 1H), 4.79 (s, 2H), 4.65-4.60 (m, 1H), 4.23-4.19 (m,
2H), 3.87-3.85 (m, 2H), 3.27 (dd, 2H), 2.89 (dd, 2H), 1.38 (s, 9H)

(Step 6) Preparation of tert-butyl

xylate (compound 62-f)
By using the compound 62-¢ (80 mg, 0.16 mmol) instead of the compound 61-¢, the



131

WO 2018/212534 PCT/KR2018/005516

[1321]
[1322]

[1323]

[1324]

[1325]
[1326]

[1327]
[1328]

[1329]

[1330]

[1331]

reaction was carried out in the same manner as the Step 6 of Example 10-1 to obtain
the title compound 62-f as a light yellow solid (82 mg).

MS m/z: 613 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.52 (s, 2H), 7.54 (d, 1H), 7.25-7.16 (m, 4H),
5.49 (d, 1H), 5.17-5.11 (m, 1H), 4.92-4.29 (m, SH), 4.28-4.21 (m, 2H), 4.04-3.95
(m,3H), 3.86-3.83 (m, 1H), 3.41 (dd, 2H), 2.93-2.85 (m, 4H), 1.45 (s, 9H)

(Step 7) Preparation of

2-13-(azetidin-3-vloxv)-4-{2-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-v1}-1H-

pyrazol-1v1]-1-{ 1H4H.5SH.6H.7H-[1.2.3 ]triazolo[4.5-c]pyridin-5-yl }ethan-1-one hy-

drochloride (compound 62)

To a solution of the compound 62-f in methylene chloride (1 mL) was added 4 N
hydrogen chloride dioxane solution (2 mL), and the mixture was stirred for 15 hours at
room temperature. Upon the completion of the reaction, the solvent was removed, the
resulting solid was filtered, washed with methylene chloride, and dried to provide the
title compound 62 as a light yellow solid (42 mg, 2-step yield of 48%)

MS m/z: 513 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 9.03-8.73 (m, 2H), 8.61 (s, 2H), 7.96 (d, 1H),
7.52 (s, 1H) 7.23-7.14 (m, 4H), 5.18-5.10 (m, 3H), 4.75-4.62 (m, 3H), 4.34-4.32 (m,
2H), 4.07-4.00 (m, 2H), 3.80 (t, 2H), 3.29-3.23 (m, 2H), 2.94-2.74 (m, 4H)

[Example 10-3] Preparation of
2-[3-(benzyloxy)-4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1H-pyrazo
1-1-yl]-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound
63)

N
N* / % O
[N f_-" \N
LAl
63 N N

By using benzyl bromide instead of bromoethane, the reaction was carried out in the
same manner as Example 10-1 to obtain the title compound 63.
MS m/z: 548 [M+1]*
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[1332]

[1333]
[1334]

[1335]

[1336]
[1337]

[1338]

[1339]
[1340]

'H NMR (CDCl;, 400MHz), 6 ppm: 12.58 (br, 1H), 8.54 (d, 2H), 7.54 (d, 1H),
7.33-7.28 (m, SH), 7.23-7.14 (m, 4H), 5.45 (d, 1H), 5.27 (d, 2H), 4.96 (br, 2H),
4.84-4.74 (m, 3H), 3.89 (dt, 2H), 3.39 (dd, 2H), 2.92-2.80 (m, 4H)

[Example 10-4] Preparation of
2-[3-(benzyloxy)-4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1H-pyrazo
1-1-y1]-1-(morpholin-4-yl)ethan-1-one (compound 64)

By using morpholine instead of the compound im-7, the reaction was carried out in
the same manner as Example 10-3 to obtain the title compound.

MS m/z: 511 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.54 (s, 2H), 7.53 (s, 1H), 7.43-7.42 (m, 2H),
2.38-7.29 (m, 3H), 7.23-7.14 (m, 4H), 5.56 (d, 1H), 5.29 (s, 2H), 4.82-4.74 (m, 3H),
3.68-3.62 (m, 6H), 3.55-3.54 (m, 2H), 3.39 (dd, 2H), 2.88 (dd, 2H)

[Example 10-5] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-hydroxy-1H-pyrazol-1-
yD)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound
65)
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[1341]

[1342]

[1343]

[1344]

[1345]
[1346]

[1347]

[1348]

N
N 0
RO, o
N.—»—""
Rl
LA
65 NT N

To a solution of the compound 63 (60 mg, 0.11 mmol) in a mixture solvent of
methanol (3 mL) and ethyl acetate (0.5 mL) was added Pd/C (10% by weight, 75 mg),
and the mixture was stirred for 15 hours under hydrogen pressure (1 atm). Upon the
completion of the reaction, the catalyst was removed by filtering through a Celite pad,
and the filtrate was concentrated under reduced pressure. The residue was then purified
by silica gel column chromatography (methanol : methylene chloride =7 : 93) to
obtain the title compound 65 as a dark brown solid (1.6 mg, 3.2%).

MS m/z: 458 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 10.34 (bs, 1H), 8.59 (s, 2H), 7.84-7.81 (m, 1
H), 7.64 (br, 1 H), h), 7.92 (s, 1H), 7.65 (br, 1H), 7.23-7.13 (m, 4H), 5.04-5.01 (m,
2H), 4.75-4.66 (m, 2H), 4.64-4.60 (m, 1H), 3.83-3.79 (m, 2H), 3.26 (dd, 2H), 2.90 (dd,
2H), 2.86-2.69 (m, 2H)

[Example 10-6] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[2-(morpholin-4-yl)eth

oxy]-1H-pyrazol-1-y1)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1
-one (compound 66)

66 M™ N
H

By using 4-(2-chloroethyl)morpholine instead of bromoethane, the reaction was
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[1349]
[1350]

[1351]
[1352]

[1353]

[1354]

[1355]
[1356]

[1357]
[1358]

carried out in the same manner as Example 10-1 to obtain the title compound 66.
MS m/z: 571 [M+1]*
'H NMR (CDCl;, 400MHz), 6 ppm: 8.51 (s, 2H), 7.50 (d, 1H), 7.26-7.18 (m, 4H),
5.36-5.30 (m, 1H), 4.93 (d, 2H), 4.86-4.76 (m, 3H), 4.35 (m, 2H), 3.92 (m, 2H),
3.74-3.68 (m, 4H), 3.41 (dd, 2H), 2.94-2.78 (m, 6H), 2.61-2.54 (m, 4H)

[Example 10-7] Preparation of

2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[2-(piperazin-1-yl)etho
xy]-1H-pyrazol-1-yl)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-

one (compound 67)
" OVA‘N/\l HCI
H{;J-CN—( L__NH
N 3N O N /E‘B
f;{ \ Vi

67 H

By using tert-butyl 4-(2-chloroethyl)piperazine- 1-carboxylate instead of bro-

moethane, the reaction was carried out in the same manner as Example 10-1 and the
Step 7 of Example 10-2 to obtain the title compound 67.

MS m/z: 570 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.49 (brs, 2H), 8.61 (s, 2H), 7.96 (d, 1H),
7.62 (s, 1H), 7.24-7.14 (m, 4H), 5.18 (d, 2H), 4.77-4.62 (m, 3H), 4.53 (s, 2H),
3.82-3.37 (m, 8H), 3.27 (dd, 2H), 2.94-2.67 (m, 4H)

[Example 10-8] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[(1-ethylazetidin-3-yl)o
xy]-1H-pyrazol-1-yl)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-

one (compound 68)
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[1359]

[1360]

[1361]

[1362]
[1363]

[1364]

[1365]

[1366]
[1367]

,N 0] ,N e} ,N 0
0 NT S 0 N ® o] N
~ j(\ _ D ~ ‘{\ _ E‘ - \‘(\ _ E\
8] N 0 NH 0 Nv
N A\

boc — —n 7 N
N

7N N
W= =(
HN HM

68-a 68-b

N, m7 HI'\J"CN{ N
N s
N= =y
HN |
88-c 68 NN

(Step 1) Preparation of ethyl

Y
W={
HN
62-d

2-[3-(azetidin-3-vloxvy)-4-{2-[(2.3-dihydro-1H-inden-2-yDamino]pyvrimidin-5

=

pyrazol-1-vyl]acetate hydrochloride (compound 68-a)

To a solution of the compound 62-d (0.10 g, 0.19 mmol) in methylene chloride (2
mL) was added 4 N hydrogen chloride dioxane solution (2 mL), and the mixture was
stirred for 15 hours at room. Upon the completion of the reaction, the solvent was
removed, and the residue was then filtered, washed with diethyl ether, and dried to
obtain the title compound 68-a as a light brown solid quantitatively (90 mg).

MS m/z 435 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 9.03-9.24 (m, 1H), 8.65 (s, 2H), 8.05 (s, 1H),
7.24-7.13 (m, 4H), 5.24-5.18 (m, 1H), 4.94 (s, 2H), 4.68-4.61 (m, 1H), 4.36-4.19 (m,
2H), 4.34-4.13 (m,. 2H), 4.10-4.02 (m, 2H), 3.28 (dd, 2H), 2.93 (dd, 2H), 1.24-1.20
(m, 3H)

Step 2) Preparation of ethyl
2-(4-{2-1(2.3-dihydro-1H-inden-2-ylamino]pyrimidin-5-yl}-3-[(1 -ethylazetidin-3-yl)o
xy]-1H-pyrazol-1-yl)acetate (compound 68-b)

To a solution of the compound 68-a (90 mg, 0.19 mmol) in N,N-dimethylformamide
(1 mL) was added N,N-diisopropylethylamine (0.1 mL, 0.44 mmol) and bro-
moethane(16 uL, 0.21 mmol) in order, and the mixture was stirred for 1 hour at room
temperature under nitrogen atmosphere. Upon the completion of the reaction, the
mixture was cooled to room temperature, diluted with distilled water (25 mL), and
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was purified by silica gel column chromatography (methanol : methylene chloride =1 :
9) to obtain the title compound 68-b as a white solid (40 mg, 45%).

MS m/z: 463 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.54 (s, 2H), 7.44 (s, 1H), 7.16-7.15 (m, 4H),
5.40 (d, 1H), 5.14-5.11 (m, 1H), 4.83-4.79 (m, 1H), 4.70 (s, 2H), 4.28-4.22 (m, 2H),
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[1368]

[1369]

[1370]
[1371]

[1372]

[1373]

[1374]
[1375]

[1376]
[1377]

3.90 (t, 2H), 3.41 (dd, 2H), 3.18-3.14 (m, 2H), 2.91 (dd, 2H), 2.63-2.57 (m, 2H). 1.30
(t, 3H), 1.02 (t, 3H)

(Step 3) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDaminolpyrimidin-5-v1}-3-[(1-ethvlazetidin-3-v1)o

xv]-1H-pvyrazol-1-yDacetic acid (compound 68-¢)

By using the compound 68-b (0.10 g, 0.19 mmol) instead of the compound 62-d, the
reaction was carried out in the same manner as the Step 5 of Example 10-2 to obtain a

crude product of the title compound 68-c as a yellow solid (37 mg), which was then

used for the next reaction without further purification.

MS m/z: 435 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.53 (s, 2H), 7.79 (s, 1H), 7.35 (d, 1H),
7.23-7.13 (m, 4H), 4.92-4.88 (m, 1H), 4.64-4.58 (m, 2H), 4.13 (s, 3H), 3.64-3.60 (m,
2H), 3.28-3.23 (m, 2H), 2.97-2.86 (m, 4H), 2.46-2.40 (m, 2H), 0.89 (t, 3H)

(Step 4) Preparation of

one (compound 68)
By using the compound 68-c (37 mg, 0.086 mmol) instead of the compound 62-¢, the

reaction was carried out in the same manner as the Step 6 of Example 10-2 to obtain
the title compound 68 as a white solid (12 mg, 26%).

MS m/z: 541 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.54 (s, 2H), 7.90 (d, 1H), 7.43 (d, 1H),
7.23-7.13 (m, 4H), 5.11 (d, 2H), 4.93-4.89 (m, 1H), 4.75-4.59 (m, 3H), 4.12-4.08 (m,
2H), 3.82-3.79 (m, 2H), 3.61 (s, 2H), 3.28-3.23 (m, 2H), 2.98 (s, 2H), 2.93-2.73 (m,
4H), 2.50-2.44 (m, 2H), 0.87 (t, 3H)

[Example 10-9] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(piperidin-4-yloxy)-1H
-pyrazol-1-yl)-1-{ 1H,4H,5H,6H,7H-[ 1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(compound 69)
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[1380]
[1381]

[1382]
[1383]

[1384]

[1385]

By using tert-butyl 4-hydroxypiperidine- 1-carboxylate instead of
1-N-tert-butoxycarbonyl-3-hydroxyazetidine, the reaction was carried out in the same
manner as Example 10-2 to obtain the title compound 69.

MS m/z: 541 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.89 (br 1H), 8.76 (br, 1H), 8.60 (s, 2H),
7.98-7.68 (m, 2H), 7.26-7.12 (m, 4H), 5.34 (d, 2H), 4.88-4.61 (m, 4H), 3.81 (s, 2H),
3.44 (dd, 2H), 3.04-3.22 (m, 4H), 2.96-2.71 (m, 4H), 2.18-2.10 (m, 2H), 2.00-1.88 (m,
2H)

[Example 10-10] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[(1-ethylpiperidin-4-y1)
oxy]-1H-pyrazol-1-y1)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1

-one (compound 70)

By using the compound 69 instead of the compound 68-a, the reaction was carried
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[1386]
[1387]

[1388]
[1389]

[1390]

[1391]

[1392]
[1393]

[1394]
[1395]

out in the same manner as the Step 2 of Example 10-8 to obtain the title compound 70.
MS m/z: 569 [M+1]*
'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.55 (s, 2H), 7.88 (d, 1H), 7.41 (d, 1H),
7.28-7.12 (m, 4H), 5.11 (d, 2H), 4.79-4.58 (m, 4H), 3.84-3.78 (m, 2H), 3.34-3.22 (m,
6H), 2.94-2.71 (m, 6H), 2.06 (m, 2H), 1.96-1.78 (m, 2H), 1.24 (m, 3H)

[Example 10-11] Preparation of
2-(3-{[1-(2,2-difluoroethyl)piperidin-4-ylJoxy }-4-{2-[(2,3-dihydro-1H-inden-2-yl)ami
no]pyrimidin-5-yl}-1H-pyrazol-1-y1)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridi
n-5-yl}ethan-1-one (compound 71)

r‘].‘i;'hJ ) ? 0
71 N’/ N

By using 2,2-difluoroethyl trifluoromethanesulfonate instead of bromoethane, the
reaction was carried out in the same manner as Example 10-10 to obtain the title
compound 71.

MS m/z: 605 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.543 (s, 2H), 7.514 (d, 1H), 7.245-7.160 (m,
4H), 6.033-5.732 (m, 1H), 5.483 (d, 1H), 4.933 (d, 2H), 4.847-4.694 (m, 4H),
3.962-3.832 (m, 2H), 3.435-3.379 (m, 2H), 2.926-2.842 (m, 4H), 2.787-2.702 (m, 4H),
2.536-2.490 (m, 2H), 2.040-1.888 (m, 4H).

[Example 10-12] Preparation of
4-{[(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1-(2-oxo0-2-{ 1H,4H,5H,
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[1397]
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[1399]
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[1401]

[1402]

[1403]
[1404]

[1405]
[1406]

6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)-1H-pyrazol-3-yl)oxy]methyl }benzoic
acid (compound 72)

OH

12 H

Step 1) Preparation of Methvl 4-(bromomethvlbenzoate (compound 72-a

To a solution of methyl 4-(hydroxymethyl)benzoate (1.0 g, 6.0 mmol) in benzene (40
mL) was added triphenylphosphine (3.2 g, 12.0 mmol) and carbon tetrabromide (4.0 g,
12.0 mmol) in order at 0°C, and the mixture was stirred for 2 hours. Upon the
completion of the reaction, n-hexane (60 mL) was added, and insoluble mass was
removed by filtration. The filtrate was then concentrated under reduced pressure, and
the residue was then purified by silica gel column chromatography (ethyl acetate : n-
hexane =1 : 9) to obtain the title compound 72-a as a white solid (1.07 g, 78%).

MS m/z: 230 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.02 (d, 2H), 7.46 (d, 2H), 4.50 (s, 2H), 3.92 (s,
3H)

(Step 2) Preparation of

4-11(4-12-1(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5-v1}-1-(2-oxo0-2-{ 1H.4H.5H

6H.7H-[1.2.3]triazolo[4.5-c]lpyridin-5-yl lethy]D)-1H-pyrazol-3-vDoxv]methyl }benzoic
acid (compound 72)

By using the compound 72-a instead of bromoethane, the reaction was carried out in
the same manner as Example 10-1 and the Step 5 of Example 10-2 to obtain the title
compound 72.

MS m/z: 592 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.64-8.59 (m, 2H), 8.05-7.93 (m, 3H), 7.59
(t, 2H), 7.25-7.12 (m, 4H), 5.38-5.30 (m, 2H), 5.18-5.13 (m, 1H), 4.83-4.77 (m, 1H),
4.69-4.60 (m, 2H), 2.82 (m, 2H), 3.30-3.24 (m, 2H), 2.94-2.84 (m, 4H)

[Example 10-13] Preparation of
2-[(4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-yl}-1-(2-oxo-2-{ 1H,4H,5H,6
H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)- 1H-pyrazol-3-yl)oxy]Jacetic acid
(compound 73)
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Step 1) Preparation of 1-[3-(oxan-2-yloxy)-1H-pyrazol-1-vllethan-1-one (compound
73-a)

To a solution of the compound im-8 (1.0 g, 7.9 mmol) in methylene chloride (20 mL)
was added p-toluenesulfonic acid (0.4 g, 1.6 mmol) and 2',4'-dihydroxyacetophenone
(2.2 mL, 23.8 mmol) in order, and the mixture was stirred for 2 hours at room tem-
perature. Then, the mixture was heated to 40°C and stirred for 4 hours. Upon the
completion of the reaction, the mixture was cooled to room temperature, diluted with
distilled (50 mL), and extracted with ethyl acetate. The organic layer was washed with
distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The obtained residue was purified by silica gel column chromatography
(ethyl acetate : n-hexane = 2 : 8) to obtain the title compound 73-a as a light brown
liquid (0.5 g, 30%).

MS m/z: 211 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.10 (d, 1H), 6.12 (d, 1H), 5.74(t, 1H), 3.97-3.49
(m, 3H), 2.61 (s, 2H), 2.03-1.51(m, 6H)

Step 2) Preparation of 4-iodo-3-(oxan-2-yloxy)-1H-pyrazole (compound 73-b

By using the compound 73-a (0.5 g, 2.4 mmol) instead of the compound 61-a, the
reaction was carried out in the same manner as the Step 2 of Example 10-1 to obtain
the title compound 73-b as a light brown liquid (0.68 g, 96%).

MS m/z: 295 [M+1]*
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[1416]
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[1421]

[1422]
[1423]

[1424]
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[1426]

[1427]

[1428]

[1429]

'H NMR (CDCl;, 400MHz), 6 ppm: 10.07 (bs, 1H), 7.43 (s, 1H), 5.82-5.81 (m, 1H)
4.06-3.50 (m, 2H), 2.01-1.52(m, 6H)
(Step 3) Preparation of tert-butyl 2-[4-iodo-3-(oxan-2-vloxvy)-1H-pyrazol-1-yl]acetate

(compound 73-c)

By using the compound 73-b (0.68 g, 2.41 mmol) instead of the compound 61-b, the
reaction was carried out in the same manner as the Step 3 of Example 10-1 to obtain
the title compound 73-c as a white solid (0.29 g, 29%).

MS m/z: 409 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.32 (s, 1H), 5.85 (s, 1H), 4.71-4.57 (m, 2H),
4.05-3.99 (m, 1H), 3.66-3.64 (m, 1H), 2.66-2.05(m, 6H), 1.46 (s, 9H)

(Step 4) Preparation of tert-butyl

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pvrimidin-5-vy1}-3-(oxan-2-vloxy)-1H-pyr

azol-1-yDacetate (compound 73-d)

By using the compound 73-c (0.29 g, 0.70 mmol) instead of the compound 61-c, the
reaction was carried out in the same manner as the Step 4 of Example 10-1 to obtain
the title compound 73-d as a yellow solid (0.28 g, 81%).

MS m/z: 492 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.58(s, 2H), 7.47 (s, 1H), 7.24-7.17 (m, 4H),
5.97 (s, 1H), .5.51 (d, 1H), 4.89-4.84 (m, 1H), 4.83-4.49 (m, 2H), 3.90-3.79 (m, 1H),
3.79-3.66(m, 1H), 3.55-3.35 (m, 3H), 2.93-2.83 (m, 3H), 1.97-1.63 (m, 6H), 1.48 (s,
9H)

Step 5) Preparation of tert-butyl
2-(4-{2-[(2.3-dihydro-1H-inden-2-ylhamino]pyrimidin-5-yl }-3-hydroxy-1H-pyrazol-1-
ylacetate (compound 73-¢)

To a solution of the compound 73-d (0.28 g, 0.57 mmol) in methanol (1 mL) was

added p-toluenesulfonic acid (0.4 g, 1.6 mmol), and the mixture was stirred for 2 hours
at room temperature. Upon the completion of the reaction, the solvent was removed,
the resulting solid was filtered, washed with diethyl ether, and dried to afford the title
compound 73-¢ as a white solid (0.18 g, 78%).

MS m/z: 408 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.54 (s, 2H), 7.82 (s, 1H), 7.37 (d, 1H),
7.23-7.12 (m, 4H), 4.69-4.58 (m, 3H), 4.12-4.08 (m, 2H), 3.31-3.22 (m, 2H), 2.94-2.86
(m, 2H), 1.43 (s, 9H)

(Step 6) Preparation of ethyl

-5-v1}-1H-pyrazol-3-yl}oxy)acetate (compound 73-f)
To a solution of the compound 73-¢ (0.14 g, 0.35 mmol) in N,N-dimethylformamide

(1 mL) was added ethyl bromoacetate (0.04 mL, 0.35 mol) and potassium carbonate
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[1434]
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[1436]
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[1438]
[1439]

[1440]

[1441]

(72 mg, 0.53 mmol), and the mixture was stirred for 1 hour at room temperature. Upon
the completion of the reaction, the mixture was diluted with distilled water (50 mL)
was added and extracted with ethyl acetate. The organic layer was washed with
distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
centrated. The obtained residue was purified by silica gel column chromatography
(ethyl acetate : n-hexane = 1 : 1) to obtain the title compound 73-f as a dark brown
solid (92 mg, 53%).

MS m/z: 494 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.58 (s, 2H), 7.45 (s, 1H), 7.25-7.16 (m, 4H),
5.43 (d, 1H), 4.84-4.80 (m, 3H), 4.60 (s, 2H), 4.27-4.21 (m, 2H), 3.41 (dd, 2H), 2.89
(dd, 2H), 1.48 (s, 9H), 1.27 (t, 3H)

(Step 7) Preparation of

11-3-(2-ethoxy-2-oxoethox

2-(4-12-1(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5

)-1H-pyrazol-1-vDacetic acid (compound 73-g2)

By using the compound 73-f (92 mg, 0.19 mmol) instead of the compound 61-d, the

reaction was carried out in the same manner as the Step 5 of Example 10-1 to obtain

the title compound 73-g as a yellow solid (72 mg, 90%).

MS m/z: 438 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.60 (s, 2H), 7.97 (s, 1H), 7.66 (brs, 1H),
7.23-7.13 (m, 4H), 4.85 (s, 2H), 4.77 (s, 2H), 4.65-4.65 (m, 1H), 3.27 (dd, 2H), 2.59
(dd, 2H), 1.20 (t, 3H)

(Step 8) Preparation of ethyl
2-1(4-12-[(2.3-dihvydro-1H-inden-2-vDamino]pyrimidin-5

1}-1-(2-ox0-2-{ 1H.4H.5H.6
H.7H-[1.2.31triazolo[4.5-cIpvridin-5-vyl }ethv])-1H-pvrazol-3-vl)oxy]acetate
(compound 73-h)

By using the compound 73-g (72 mg, 0.16 mmol) instead of the compound 61-¢, the
reaction was carried out in the same manner as the Step 6 of Example 10-1 to obtain
the title compound 73-h as a yellow solid quantitatively (95 mg).

MS m/z: 544 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.56 (s, 2H), 7.53 (d, 1H), 7.24-7.15 (m, 4H),
5.54 (d, 1H), 4.90 (d, 2H), 4.82-4.72 (m, 5H), 4.25-4.20 (m, 2H), 3.95-3.81 (m, 2H),
3.48 (s, 2H), 3.40 (dd, 2H), 2.88 (m, 4H), 1.27 (t, 3H)

(Step 9) Preparation of
2-[(4-{2-[(2.3-dihydro-1H-inden-2-ylamino]pyrimidin-5-yl}-1-(2-ox0-2-{ IH.4H.5H.6

H.7H-[1.2 3]1triazolo[4.5-c]lpvridin-5-vl lethvD)-1H-pvrazol-3-voxvlacetic acid

(compound 73)
By using the compound 73-h (95 mg, 0.18 mmol) instead of the compound 62-d, the

reaction was carried out in the same manner as the Step 5 of Example 10-2 to obtain
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the title compound 73 as a light yellow solid (20 mg, 22%).

MS m/z: 516 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.67-8.58 (m, 2H), 7.85 (s, 1H), 7.37 (d, 1H),
7.22-7.13 (m, 4H), 5.09 (d, 1H), 4.73-4.58 (m, 2H), 4.43-4.29 (m, 4H), 4.11-3.81 (m,
2H), 3.28-3.22 (m, 2H), 2.92-2.73 (m, 4H)

[Example 10-14] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } -3-(dimethylamino)- 1H-p
yrazol-1-yD)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1-one
(compound 74)

N N N
NS -NH2 L ol e e e e e HN"QN{
\:_7, J P&&N\ 8]

74-a
74 H

Step 1) Preparation of N.N-dimethvl-1H-pvrazol-3-amine (compound 74-a

To a solution of 3-aminopyrazole (1.57 g, 0.019 mol) in methanol (50 mL) was
added paraformaldehyde (1.70 g, 0.057 mol) at 0°C, and the mixture was stirred for 2
hours at room temperature. After cooling to 0°C again, sodium cyanoborohydride
(3.56 g, 0.057 mol) was added and stirred for 2 hours at room temperature. Upon the
completion of the reaction, the mixture was cooled to room temperature, diluted with
distilled water (10 mL), and extracted with ethyl acetate. The organic layer was
washed with distilled water and saturated brine, dried over anhydrous sodium sulfate,
and concentrated. The obtained residue was purified by silica gel column chro-
matography (ethyl acetate : n-hexane = 6 : 4) to obtain the title compound 74-a as a
light brown liquid (0.64 g, 30%).

MS m/z: 112 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.72 (bs, 1H), 7.37 (d, 1H), 5.66 (d, 1H), 2.88 (s,
6H)

(Step 2) Preparation of

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-vl }-3-(dimethylamino)-1H-

(compound 74)

By using the compound 74-a (0.37 g, 3.36 mmol) instead of the compound 61-a, the
reaction was carried out in the same manner as the Step 2 to Step 6 of Example 10-1 to
obtain the title compound 74 as a white solid (23 mg, 5-step yield of 3%).

MS m/z: 485 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.46 (s, 2H),7.44 (d, 1H), 7.25-7.16 (m, 4H),
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[1455]
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[1457]
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[1462]

[1463]

[1464]
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[1466]
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5.57 (d, 1H), 5.08(d, 2H), 4.84-4.71 (m, 3H), 3.94-3.91 (m, 1H), 3.83-3.80 (m, 1H),
3.41 (dd, 2H), 2.91 (dd, 2H), 2.81 (s, 2H), 2.72 (s, 6H)

[Example 10-15] Preparation of
4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-yl }-1-(2-oxo-2-{ 1H,4H,5H,6H,7
H-[1,2,3]triazolo[4,5-c]pyridin-5-yl}ethyl)-1H-pyrazole-3-carboxylic acid (compound
75)

)
0
N 7 Hmi"z/( N’N“ on
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Step 1) Preparation of ethvl 4-iodo-1H-pvrazole-3-carboxvlate (compound 75-a

To a solution of ethyl pyrazole-3-carboxylate (1.00 g, 7.14 mmol) in acetonitrile (28
mL) was added N-iodosuccinimide (1.77 g, 7.85 mmol) and trifluoroacetic acid (0.16
mL, 2.14 mmol) in order, and the mixture was stirred for 3 hours at room temperature.
Upon the completion of the reaction, the mixture was extracted with ethyl acetate. And
the organic layer was washed with 5% aqueous sodium hydrogen carbonate and
distilled water. The organic layer was dried over anhydrous sodium sulfate, and con-
centrated. The obtained residue was purified by silica gel column chromatography
(ethyl acetate : n-hexane = 4 : 6) to obtain the title compound 75-a as a yellow solid
(1.69 g, 89%).

MS m/z: 267 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 12.067 (s, 1H), 7.805 (s, 1H), 4.477-4.424 (q,
2H), 1.468-1.431 (t, 3H) ppm

(Step 2) Preparation of

4-12-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5

1}-1-(2-ox0-2-{1H.4H.5H.6H.7
H-[1.2.3]triazolo[4.5-c]pvridin-5-vyl}ethy])-1H-pyrazole-3-carboxylic acid (compound

13
By using the compound 75-a (1.69 g, 6.35 mmol) instead of the compound 61-b, the

reaction was carried out in the same manner as the Step 3 to Step 6 of Example 10-1
and the Step 5 of Example 10-2 to obtain the title compound 75.

MS m/z: 592 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.381 (s, 2H), 7.921 (d, 1H), 7.518 (d, 1H),
7.225-7.124 (m, 4H), 5.394 (d, 2H), 4.773 (s, 1H), 4.679-4.588 (m, 2H), 3.828 (m,
2H), 3.283-3.225 (m, 2H), 2.930-2.746 (m, 6H) ppm

[Example 10-16] Preparation of
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[1471]

[1472]
[1473]

2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl } -3-(piperidine- 1 -carbonyl)
-1H-pyrazol-1-yD)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(compound 76)

To a solution of the compound 73 (26 mg, 0.054 mmol) in N,N-dimethylformamide
(2 mL) was added piperidine (11.0 puL, 0.11 mmol), followed by benzotriazol-1-yl oxy-
tripyrrolidinophosphonium hexafluorophosphate (42 mg, 0.081 mmol) and
N,N-diisopropylethylamine (47.0 uL, 0.27 mmol) in order at 0°C, and the mixture was
stirred for 1 hour at room temperature. Upon the completion of the reaction, the
mixture was diluted with distilled water (50 mL) and extracted with ethyl acetate. The
organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated. The obtained residue was purified by
silica gel column chromatography (methanol : methylene chloride =5 : 95) to obtain
the title compound 76 as a white solid (15 mg, 51%).

MS m/z: 553 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.354 (s, 2H), 8.029 (d, 1H), 7.556 (d, 1H),
7.225-7.128 (m, 4H), 5.338 (d, 2H), 4.729 (d, 2H), 4.641-4.570 (m, 1H), 3.830 (m,
2H), 3.583 (m, 2H), 3.312-3.222 (m, 4H), 2.920-2.731 (m, 4H), 1.564-1.492 (m, 4H),
1.308-1.235 (m, 2H) ppm

[Example 10-17] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(piperazine- 1 -carbonyl)
-1H-pyrazol-1-yD)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
hydrochloride (compound 77)
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[1476]
[1477]

[1478]
[1479]

By using 1-(tert-butoxycarbonyl)piperazine instead of piperidine, the reaction was
carried out in the same manner as Example 10-16 and the Step 7 of Example 10-2 to
obtain the title compound 77.

MS m/z: 554 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.954 (m, 2H), 8.408 (s, 2H), 8.056 (d, 1H),
7.614 (d, 1H), 7.229-7.132 (m, 4H), 5.372 (d, 2H), 4.779 (s, 1H), 4.682-4.614 (m, 2H),
3.829-3.783 (m, 6H), 3.284-3.226 (m, 2H), 3.164-3.085 (m, 4H), 2.936-2.748 (m, 6H)

ppm

[Example 11-1] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-5-ethyl-1H-pyrazol-1-yl)-
1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 78)
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Step 1) Preparation of (1E)-1-(dimethylamino)pent-1-en-3-one (compound 78-a
A mixture of 2-butanone (10 mL, 0.11 mol) and N,N-dimethylformamide dimethyl
acetal (10 mL, 0.075 mol) was stirred for 9 hours at 110°C. Upon the completion of the

reaction, the mixture was cooled to room temperature, and the solvent was removed to
obtain the title compound 78-a (8.3 g, 86%).

MS m/z: 128 [M+1]+

'H NMR (DMSO-ds, 400MHz), 6 ppm: 7.47 (d, 1H), 4.94 (d, 1H), 3.33 (s, 3H), 3.04
(s, 3H), 2.25 (m, 2H), 0.95 (t, 3H)

(Step 2) Preparation of 3-ethyl-1H-pyrazole (compound 78-b)

To a solution of the compound 78-a (8.3 g, 0.065 mol) in ethanol (20 mL) was added

hydrazine hydrate (4.9 mL, 0.098 mol) under stirring, and the mixture was stirred

under reflux for 15 hours. Upon the completion of the reaction, the mixture was cooled
to room temperature, and the solvent was removed to obtain the title compound 78-b as
a yellow liquid quantitatively (6.2 g).

MS m/z: 97 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.50 (d, 1H), 6.09 (d, 1H), 2.72 (m, 2H), 1.29 (t,
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3H)

(Step 3) Preparation of 1-(3-ethyl-1H-pyrazol-1-yl)ethan-1-one (compound 78-c)

By using the compound 78-b (6.2 g, 0.065 mol) instead of the compound im-8-a, the
reaction was carried out in the same manner as the Step 2 of Preparation example 8§ to
obtain the title compound 78-c as a yellow liquid (1.8 g, 20%).

MS m/z: 139 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.15 (d, 1H), 6.28 (d, 1H), 2.73-2.65 (m, SH),
1.27 (t, 3H)

(Step 4) Preparation of 3-ethyl-4-iodo-1H-pyrazole (compound 78-d)

By using the compound 78-c (1.8 g, 0.013 mol) instead of the compound 61-a, the
reaction was carried out in the same manner as the Step 2 of Example 10-1 to obtain
the title compound 78-d quantitatively (2.9 g).

MS m/z: 223 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 7.55 (s, 1H), 2.70 (m, 2H), 1.29 (t, 3H)

Step 5) Preparation of tert-butyl 2-(3-ethyl-4-iodo-1H-pyrazol-1-yl)acetate
compound 78-¢) and tert-butyl 2-(5-ethyl-4-iodo-1H-pyrazol-1-yl)acetate (compound
78-1)

By using the compound 78-d (2.9 g, 0.013 mol) instead of the compound 61-b, the

reaction was carried out in the same manner as the Step 3 of Example 10-1 to obtain a

mixture of the title compounds 78-e and 78-f as a yellow liquid (3.5 g, 80%), which

was then used for the next reaction without further purification.

(Step 6) Preparation of tert-butyl
2-(4-{2-[(2.3-dihydro-1H-inden-2-ylamino|pyrimidin-5-yl }-3-ethyl-1H-pyrazol-1-yl
acetate (compound 78-g) and tert-butyl
2-(4-{2-[(2.3-dihydro-1H-inden-2-ylamino|pyrimidin-5-yl }-5-ethyl-1H-pyrazol-1-yl

acetate (compound 78-h)
By using the mixture of the compounds 78-e and 78-f (0.65 g, 1.93 mmol) instead of

the compound 61-c, the reaction was carried out in the same manner as the Step 4 of
Example 10-1, and then purified by silica gel column chromatography (ethyl acetate :
n-hexane =2 : §) to obtain the title compounds as a brown solid of each.

The compound 78-g : tert-butyl
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-ethyl-1H-pyrazol-1-yl)
acetate (0.36 g)

MS m/z: 420 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.32 (s, 2H), 7.44 (s, 1H), 7.24-7.16 (m, 4H),
5.35(d, 1H), 4.83 (m, 1H), 4.79 (s, 2H), 3.42 (dd, 2H), 2.92 (dd, 2H), 2.72 (m, 2H),
1.49 (s, 9H), 1.24 (t, 3H)

The compound 78-h : tert-butyl
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2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-5-ethyl-1H-pyrazol-1-yl)
acetate (0.094 g)

MS m/z: 420 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.41 (s, 2H), 7.56 (s, 1H), 7.25-7.17 (m, 4H),
5.35(d, 1H), 4.86-4.78 (m, 3H), 3.43 (dd, 2H), 2.92 (dd, 2H), 2.67 (m, 2H), 1.49 (s,
9H), 1.19 (t, 3H)

(Step 7) Preparation of

2-(4-12-1(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5

1}-5-ethyl-1H-pyrazol-1-yl)-
1-{1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }ethan-1-one (compound 78
By using the compound 78-h (0.094 g, 0.22 mmol), the reaction was carried out in

the same manner as the Step 5 and Step 6 of Example 10-1 to obtain the title
compound 78 as a beige solid (45 mg, 43%).

MS m/z: 470 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.36 (s, 2H), 7.58-7.57 (m, 1H), 7.50 (d, 1H),
7.25-7.13 (m, 4H), 5.28-5.26 (m, 2H), 4.83-4.60 (m, 3H), 3.89-3.80 (m, 2H), 3.26 (dd,
2H), 2.76-2.61 (m, 6H), 1.08 (t, 3H)

[Example 11-2] Preparation of

2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-ethyl-1H-pyrazol-1-yl)-
1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 79)

0
. J(_ N
im-7 HE AN N .
*N LA
N7 TN
79 H

By using the compound 78-g (0.36 g, 0.86 mmol) instead of the compound 78-h, the

78-g

reaction was carried out in the same manner as the Step 7 of Example 11 to synthesize
the title compound 79 (24 mg, 38%).

MS m/z: 470 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.35 (s, 2H), 7.79-7.76 (m, 2H), 7.49 (d, 1H),
7.23-7.13 (m, 4H), 5.23-5.19 (m, 2H), 4.77-4.60 (m, 3H), 3.85-3.79 (m, 2H), 3.26 (dd,
2H), 3.94-2.71 (m, 4H), 2.68-2.61 (m, 2H), 1.18-1.11 (m, 3H)

[Example 12-1] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(morpholin-4-ylmethyl)
-1H-pyrazol-1-yD)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(compound 80)
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[1520]

[1521]

[1522]
[1523]

[1524]

[1525]

[1526]
[1527]

80-b H
(Step 1) Preparation of tert-butyl
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pvrimidin-5-vy1 }-3-(morpholin-4-ylmethvl

-1H-pyrazol-1-yDacetate (compound 80-a)

To a solution of the compound im-9a (0.19 g, 0.44 mmol) in methanol (4 mL) was
added morpholine (0.07 mL, 0.66 mmol), sodium cyanoborohydride (50 mg, 0.79
mmol), and acetic acid (0.03 mL, 0.44 mmol) in order, and the mixture was stirred for
1 hour at room temperature. After removing the solvent, the mixture wad diluted with
ethyl acetate, washed with saturated aqueous solution of sodium hydrogen carbonate
and distilled water. The organic layer was dried over anhydrous sodium sulfate, and
concentrated. The obtained residue was purified by silica gel column chromatography
(methanol : methylene chloride = 1 : 99) to obtain the title compound 80-a as a white
solid (0.14 g, 64%).

MS m/z: 491 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.55 (s, 2H), 7.53 (s, 1H), 7.25-7.17 (m, 4H),
5.35(d, 1H), 4.85 (m, 1H), 4.80 (s, 2H), 3.69 (t, 4H), 3.51 (s, 2H), 3.42 (dd, 2H), 2.91
(dd, 2H), 2.50 (m, 4H), 1.48 (s, 9H)

(Step 2) Preparation of
2-(4-{2-[(2.3-dihydro-1H-inden-2-yhamino]pyrimidin-5-yl }-3-(morpholin-4-ylmethyl
-1H-pyrazol-1-yDhacetic acid (compound 80-b)

By using the compound 80-a (0.14 g, 0.28 mmol) instead of the compound 61-d, the
reaction was carried out in the same manner as the Step 5 of Example 10-1 to obtain
the title compound 80-b as a white solid (90 mg, 73%).

MS m/z: 435 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 10.56 (br, 1H), 8.40 (s, 2H), 8.06 (s, 1H),
7.69 (br, 1H), 7.22-7.13 (m, 4H), 5.05 (s, 2H), 4.64 (m, 1H), 4.43 (m, 2H), 3.96-3.64
(m, 4H), 3.28-3.08 (m, 6H), 2.92 (dd, 2H)
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[1528]

[1529]

[1530]
[1531]

[1532]
[1533]

[1534]

[1535]
[1536]

[1537]

[1538]
[1539]

(Step 3) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDaminolpvrimidin-5-vy1 }-3-(morpholin-4-ylmethvyl

(compound 80)
By using the compound 80-b (230 mg, 0.28 mmol) instead of the compound 61-¢, the

reaction was carried out in the same manner as the Step 6 of Example 10-1 to obtain
the title compound 80 as a white solid (80 mg, 53%).

MS m/z: 541 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.56 (s, 2H), 7.90 (d, 1H), 7.43 (d, 1H),
7.23-7.13 (m, 4H), 5.25 (d, 2H), 4.79-4.61 (m, 3H), 3.86-3.78 (m, 2H), 3.52 (m, 2H),
3.26 (dd, 2H), 2.94-2.71 (m, 4H), 2.36 (m, 4H)

[Example 12-2] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(piperidin-1-ylmethyl)-
1H-pyrazol-1-yl)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(compound 81)

By using piperidine instead of morpholine, the reaction was carried out in the same
manner as Example 12-1 to obtain the title compound 81 as a white solid.

MS m/z: 539 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.47 (br, 2H), 7.59 (d, 2H), 7.27-7.15 (m, 4H),
5.44 (dd, 1H), 5.13 (s, 2H), 4.89-4.72 (m, 3H), 3.91 (dt, 2H), 3.55 (br, 2H), 3.42 (dd,
2H), 2.94-2.81 (m, 4H), 2.49 (br, 4H), 1.59 (br, 4H), 1.25 (br, 2H)

[Example 12-3] Preparation of
4-[(4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-yl}-1-(2-oxo-2-{ 1H,4H,5H,6
H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)- 1H-pyrazol-3-yl)methyl]piperazin-2-on
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e (compound 82)
[1540]
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[1541] By using 2-piperazinone instead of morpholine, the reaction was carried out in the
same manner as Example 12-1 to obtain the title compound 82 as a white solid.

[1542] MS m/z: 554 [M+1]+

[1543] 'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.53 (s, 2H), 7.92 (d, 1H), 7.46 (s, 1H), 7.34
(d, 1H), 7.28-7.13 (m, 4H), 5.27 (d, 2H), 4.79-4.58 (m, 3H), 3.86-3.79 (m, 2H), 3.52
(s, 2H), 3.280 (dd, 2H), 3.12-3.06 (m, 2H), 2.96-2.41 (m, 6H), 2.59-2.52 (m, 2H)

[1544]

[1545]  [Example 12-4] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(2,3-dihydro- 1H-indol-
I-ylmethyl)-1H-pyrazol-1-yl)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-y1}
ethan-1-one (compound 83)

[1546]

83
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[1547]

[1548]
[1549]

[1550]
[1551]

[1552]

[1553]

[1554]
[1555]

[1556]
[1557]

By using 2,3-dihydro-1H-indole instead of morpholine, the reaction was carried out
in the same manner as Example 12-1 to obtain the title compound 83 as a white solid.

MS m/z: 573 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 13.12 (br, 1H), 8.41 (s, 2H), 7.61 (d, 1H),
7.24-7.14 (m, 2H), 7.08-7.02 (m, 2H), 6.67 (t, 1H), 6.59-6.56 (m, 1H), 5.53 (d, 1H),
5.18-5.12 (m, 2H), 4.82-4.68 (m, 3H), 4.22 (d, 2H), 3.94-3.79 (m, 2H), 3.49 (dd, 2H),
3.28-3.22 (m, 2H), 3.92-3.78 (m, 6H)

[Example 12-5] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(1,2,3,4-tetrahydroisoq
uinolin-2-ylmethyl)-1H-pyrazol-1-y1)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridi
n-5-yl}ethan-1-one (compound 84)

|
A A
84 H

By using 1,2,3,4-tetrahydroisoquinoline instead of morpholine, the reaction was
carried out in the same manner as Example 12-1 to obtain the title compound 84 as a
white solid.

MS m/z: 587 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.548 (s, 2H), 7.609 (s, 1H), 7.236-7.154 (m,
4H), 7.097-6.982 (m, 4H), 5.387 (d, 1H), 5.134 (d, 2H), 4.864-4.780 (m, 3H),
3.995-3.893 (m, 2H), 3.678-3.661 (m, 4H), 3.420-3.361 (m, 2H), 2.915-2.781 (m, 8H)

ppm

[Example 12-6] Preparation of
2-{3-[(4.,4-difluoropiperidin-1-yl)methyl]-4-{2-[(2,3-dihydro- 1 H-inden-2-yl)amino]py
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rimidin-5-yl}-1H-pyrazol-1-yl}-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-y
1}ethan-1-one hydrofluoride (compound 85)

[1558] F F
N
N
N %
HIN &N‘N--
N | \'N
N’)\N
85 H

[1559] By using 4,4-difluoropiperidine instead of morpholine, the reaction was carried out
in the same manner as Example 12-1 to obtain the title compound 85 as a white solid.

[1560] MS m/z: 575 [M+1]+

[1561] 'H NMR (CDCl,;, 400MHz), 6 ppm: 8.50 (d, 2H), 7.61 (d, 1H), 7.26-7.17 (m, 4H),
5.49 (d, 1H), 5.15 (d, 2H), 4.86-4.74 (m, 3H), 3.98-3.84 (m, 2H), 3.45-3.39 (dd, 2H),
2.94-2.85 (m, 4H), 2.59 (s, 4H), 1.99-1.82 (mm, 4H)

[1562]

[1563] [Example 12-7] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[(4-phenyl-1,2,3,6-tetra
hydropyridin- 1-yl)methyl]- 1H-pyrazol-1-yl)-1-{3H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c
]pyridin-5-yl}ethan-1-one (compound 86)
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[1565] By using 4-phenyl-1,2,3,6-tetrahydropyridine instead of morpholine, the reaction was
carried out in the same manner as Example 12-1 to obtain the title compound 86 as a
white solid.

[1566] MS m/z: 613 [M+1]+

[1567] 'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.578 (s, 2H), 7.944 (d, 1H), 7.436-7.118 (m,
9H), 6.161 (s, 1H), 5.278 (d, 2H), 4.793 (s, 1H), 4.685-4.549 (m, 3H), 3.832 (m, 2H),
3.543 (s, 2H), 3.269-3.211 (m, 2H), 3.096 (m, 2H), 2.887-2.869 (m, 2H), 2.743 (m,
2H), 2.668 (m, 2H), 2.426 (m, 2H) ppm

[1568]

[1569] [Example 12-8] Preparation of
4-[(4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-y1}-1-(2-oxo-2-{ 1H,2H,3H.4
H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)-1H-pyrazol-3-yl)methyl]-1-meth

ylpiperazin-2-one (compound 87)
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[1570]

[1571]

[1572]
[1573]

[1574]
[1575]

By using 1-methylpiperazin-2-one instead of morpholine, the reaction was carried
out in the same manner as Example 12-1 to obtain the title compound 87 as a white
solid.

MS m/z: 568 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.454 (s, 2H), 7.606 (d, 1H), 7.223-7.173 (m,
4H), 5.702 (m, 1H), 5.140 (s, 2H), 4.796-4.746 (m, 3H), 3.916-3.813 (m, 2H), 3.565 (s,
2H), 3.428-3.376 (m, 2H), 3.301 (s, 2H), 3.184-3.146 (m, 2H), 2.919-2.748 (m, SH)

ppm

[Example 12-9] Preparation of
1-[(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-y1}-1-(2-oxo-2-{ 1H,4H,5H,6
H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)- 1H-pyrazol-3-yl)methyl]piperazin-2-on
e (compound 88)
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[1577]

[1578]

[1579]
[1580]

[1581]

[1582]

[1583]
[1584]

[1585]
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Step 1) Preparation of tert-butvl

razol-1-yl)acetate (compound 88-a

To a solution of the compound im-9a (0.30 g, 0.72 mmol) in methanol (5 mL) was
added sodium borohydride (40 mg, 1.07 mmol) at 0°C, and the mixture was stirred for
3 hours at room temperature. By adding ice water, the reaction was terminated, and the
reaction mixture was diluted with ethyl acetate, and washed with distilled water. The
organic layer was dried over anhydrous sodium sulfate and concentrated to give the
title compound 88-a as a brown solid (0.30 g, 99%).

MS m/z: 422 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.44 (s, 2H), 7.53 (s, 1H), 7.24-7.16 (m, 4H),
5.75(d, 1H), 4.91-4.80 (m, 3H), 4.70 (s 2H), 3.41 (dd, 2H), 2.91 (dd, 2H), 1.49 (s, 9H)

(Step 2) Preparation of tert-butyl

2-13-(bromomethyl)-4-{2-[(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-S-vI1}-1H-pyr

azol-1-vyllacetate (compound 88-b)

To a solution of the compound 88-a (0.30 g, 0.72 mmol) in methylene chloride (5
mL) was added carbon tetrabromide (0.33 g, 0.98 mmol) and triphenylphosphine(0.26
g, 0.98 mol) in order at 0 °C, and the mixture was stirred for 18 hours at room tem-
perature. Upon the completion of the reaction, the solvent was removed, and the
residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 3
: 7 — 4:6) to obtain the title compound 88-b as a yellow solid (0.24 g, 69%).

MS m/z: 485 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.44 (s, 2H), 4.49 (s, 1H), 7.23-7.17 (m, 4H),
5.60 (d, 1H), 4.85-4.82 (m, 3H), 4.52 (s, 2H), 3.43 (dd, 2H), 2.92(dd, 2H), 1.49 (s, 9H)

(Step 3) Preparation of benzyl
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[1586]

[1587]
[1588]

[1589]

[1590]

[1591]

[1592]

[1593]

[1594]

[1595]
[1596]

[1597]

To a solution of 4-benzyloxycarbonylpiperazin-2-one (63 mg, 0.27 mmol) in
N,N-dimethylformamide (1 mL) was added sodium hydride (11 mg, 0.48 mmol) at
0°C, and the mixture was stirred for 1 hour at room temperature. After cooling again to
0°C, a solution of the compound 88-b (0.12 g, 0.25 mmol) in N,N-dimethylformamide

(2 mL) was dropwise added thereto, and the mixture was stirred for 1 hour at room
temperature. The reaction was terminated by adding distilled water (25 mL), and the
mixture was extracted with ethyl acetate. The organic layer was washed with distilled
water and saturated brine, dried over anhydrous sodium sulfate, and concentrated. The

residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 1

: 1 — ethyl acetate) to obtain the title compound 88-c as a yellow liquid (20 mg, 13%).

MS m/z: 638 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.28 (s, 2H), 7.48 (s, 1H), 7.34-7.31 (m, SH),
7.23-7.16 (m, 4H), 5.43 (d, 1H), 5.13 (s, 2H), 4.83-4.75 (m, SH), 4.12 (s, 2H),
3.62-3.59 (m, 2H), 3.43-3.33 (m, 4H), 2.89 (dd, 2H), 1.49 (s, 9H)

(Step 4) Preparation of

By using the compound 88-c (35 mg, 0.055 mmol) instead of the compound 61-d, the

reaction was carried out in the same manner as the Step 5 of Example 10-1 to obtain

the title compound 88-d as a brown liquid (38 mg).

MS m/z: 582[M+1]+

'H NMR (CDCl;, 400MHz), 6 ppm: 7.34 (s, 5H), 7.21-7.19 (m, 4H), 5.13 (s, 2H),
4.90 (s, 3H), 4.60 (s, 2H), 4.13 (s, 2H), 3.63-3.38 (m, 6H), 3.09-3.03 (m, 2H)

Step 5) Preparation of benzyl
4-[(4-{2-[(2.3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-(2-ox0-2-{ IH.4H.5H.6

H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-vl lethy])-1H-pyrazol-3-vl)methvl]-3-oxopiperazi

ne-1-carboxyvlate (compound 88-¢)

By using the compound 88-d (38 mg, 0.067 mmol) instead of the compound 61-¢, the

reaction was carried out in the same manner as the Step 6 of Example 10-1 to obtain

the title compound 88-¢ as a yellow solid (25 mg, 54%).

MS m/z: 688[M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.27 (d, 2H), 7.57-7.51 (m ,1H), 7.34 (bs, SH),
7.24-7.16 (m, 4H), 5.49 (s, 1H), 5.14-5.08 (m, 4H), 4.81-4.68 (m, 5H), 4.03-3.82 (i,
4H), 3.61 (s, 2H), 3.39 (dd, 2H), 3.30-3.25 (m, 2H), 2.90-2.86 (m, 4H)

(Step 6) Preparation of
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[1598]

[1599]
[1600]

[1601]

[1602]

[1603]

[1604]

[1605]

[1606]

H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-vyl lethy])-1H-pyrazol-3-vDmethvlIpiperazin-2-on

e (compound §8)

To a solution of the compound 88-¢ (25 mg, 0.036 mmol) in ethyl acetate (5 mL) was
added Pd/C (10% by weight, 20 mg), and the mixture was stirred for § hours at room
temperature under hydrogen pressure (1 atm). Upon the completion of the reaction, the
catalyst was removed by filtration through a Celite pad, and the filtrate was con-
centrated under reduced pressure. The residue was then purified by silica gel column
chromatography (methanol : methylene chloride = 2 : 8) to obtain the title compound
88 as a white solid (4 mg, 20%).

MS m/z: 554 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 8.33 (s, 2H), 7.86 (d, 1H), 7.52 (d, 1H),
7.22-7.14 (m, 4H), 5.29 (d, 2H), 4.77-4.59 (m, 5H), 3.83 (d, 2H), 3.29-3.23 (m, 2H),
3.16-3.10 (m, 2H), 2.97-2.87 (m, 4H), 2.73-2.67 (m, 2H)

[Example 12-10] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(piperazin- 1 -ylmethyl)-
1H-pyrazol-1-yl)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(compound §89)

boc boc
1 1
N N
0
- ) )
G N N
./N'~ ;N*"
N N
H N Y P S
im-9b 0 | HO |
—/ NN N7 N
89-a H 89-b H

(Step 1) Preparation of tert-butyl

4-1(4-12-1(2 3-dihvdro- 1H-inden-2-vDaminolpvrimidin-5-vl}-1-(2-ethoxv-2-oxoethvl)-

1H-pyrazol-3-ylymethyl]piperazine-1-carboxylate (compound 89-a
By using 1-(tert-butoxycarbonyl)piperazine (0.29 g, 1.53 mmol) instead of
morpholine and using the compound im-9b (0.40 g, 1.02 mmol) instead of the
compound im-9a, the reaction was carried out in the same manner as the Step 1 of
Example 12-1 to obtain the title compound 89-a as a white solid (0.37 g, 65%).
MS m/z: 562 [M+1]*
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[1607]

[1608]

[1609]

[1610]
[1611]

[1612]

[1613]

[1614]
[1615]

[1616]

[1617]

[1618]
[1619]

[1620]
[1621]

'H NMR (CDCl;, 400MHz), 6 ppm: 8.53 (s, 2H), 7.55 (s, 1H), 7.21-7.16 (m, 4H),
5.41 (d, 1H), 4.90 (s, 2H), 4.86-4.81 (m, 1H), 4.28-4.23 (m, 2H), 3.51 (s, 2H),
3.45-3.37 (m, 6H), 2.91 (dd, 2H), 2.43 (s, 4H), 1.45 (s, 9H), 1.29-1.24 (m, 3H)

(Step 2) Preparation of
2-13-({4-[(tert-butoxy)carbonvlpiperazin-1-vl imethyl)-4-{2-[(2.3-dihydro-1H-inden-2

By using the compound 89-a (45 mg, 0.08 mmol) instead of the compound 61-d, the
reaction was carried out in the same manner as the Step 5 of Example 10-2 to obtain
the title compound 89-b quantitatively (46 mg).

MS m/z: 534 [M+1]*

'H NMR (CD;OD, 400MHz), 6 ppm: 8.63 (s, 2H), 7.82 (s, 1H), 7.23-7.13 (m, 4H),
4.76-4.73 (m, 3H), 3.52 (s, 2H), 3.41-3.33 (m, 6H), 2.94 (dd, 2H), 2.46-2.41 (m, 4H),
1.46 (s, 8H)

(Step 3) Preparation of tert-butyl

4-1(4-12-1(2 3-dihvdro-1H-inden-2-vDamino]pvrimidin-S-vI}-1-(2-ox0-2-{ IH4H.5H.6

arboxylate (compound 89-c)
By using the compound 89-b (46 mg, 0.08 mmol) instead of the compound 61-¢, the

reaction was carried out in the same manner as the Step 6 of Example 10-1 to obtain
the title compound 89-c as a white solid (28 mg, 55%).

MS m/z: 640 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.51 (d, 2H), 7.60 (s, 1H), 7.24-7.17 (m, 4H),
5.44 (d, 1H), 5.13 (s, 2H), 4.84-4.79 (m, 3H), 3.97-3.86 (m, 2H), 3.52-3.49 (m, 3H),
3.45-3.39 (mm, 6H), 2.93-2.85 (m, 4H), 2.43-2.39 (m, 4H), 1.45 (s, 9H)

(Step 4) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDaminolpyrimidin-5-v1 }-3-(piperazin- 1 -ylmethvl)-

(compound 89)

By using the compound 89-c (28 mg, 0.044 mmol) instead of the compound 62-f, the
reaction was carried out in the same manner as the Step 7 of Example 10-e to obtain
the title compound 89 as a white solid (21 mg, 83%).

MS m/z: 540 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.64 (s, 2H), 8.54 (s, 2H), 8.05-8.03 (m, 2H),
7.25-7.15 (m, 4H), 5.40-5.36 (m, 2H), 4.80-4.69 (m, 3H), 3.85-3.83 (m, 2H), 3.41-3.17
(m, 10 H), 2.98-2.74 (m, 4H)

[Example 12-11] Preparation of
2-[3-(1,4-diazepan-1-ylmethyl)-4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-
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yl}-1H-pyrazol-1-yl]-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1-
one. HCI (compound 90)

[1622] H
N
N
N7 Q
1
N l "\N
w NP

[1623] By using 1-tert-butoxycarbonyl homopiperazine instead of
1-(tert-butoxycarbonyl)piperazine, the reaction was carried out in the same manner as
Example 12-10 to obtain the title compound 90 as a white solid.

[1624]  MS m/z: 554 [M+1]+

[1625] 'H NMR (DMSO-dg, 400MHz), 6 ppm: 11.06 (br, 1H), 9.53-9.49 (m, 2H), 8.48 (s,
2H), 8.09-7.88 (m, 2H), 7.25-7.15 (m, 4H), 5.76-5.37 (m, 2H), 4.81-4.62 (m, 3H), 4.45
(br, 2H), 3.88-3.80 (m, 2H), 3.79-3.48 (m, 8H), 3.31-3.12 (m, 4H), 2.99-2.73 (m, 4H),
2.12 (br, 2H)

[1626]

[1627] [Example 12-12] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[(4-ethylpiperazin-1-yl)
methyl]-1H-pyrazol-1-yl)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }etha
n-1-one (compound 91)

B
[1628] °°N

{i@d&g‘o H@ '[N;\f:;@

M N P %
HO j\F /CQ HNN@{ JTI\]\/)N\N
H

91
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[1629] (Step 1) Preparation of ethyl

[1630]

[1631]
[1632]

[1633]

[1634]

[1635]
[1636]

[1637]

[1638]
[1639]

[1640]

[1641]
[1642]

[1643]
[1644]

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDaminolpyrimidin-5
1H-pyrazol-1-yDacetate (compound 91-a)

1}1-3-(piperazin-1-ylmethyl)-

By using the compound 89-a (0.18 g, 0.32 mmol) instead of the compound 62-f, the
reaction was carried out in the same manner as the Step 7 of Example 10-2 to obtain
the title compound 91-a as a beige solid quantitatively (0.20 g).

MS m/z: 462 [M+1]*

'H NMR (DMSO-d¢, 400MHz), 6 ppm: 9.65 (br, 2H), 8.53 (s, 2H), 8.11 (s, 1H), 8.03
(br, 1H), 7.25-7.15 (m, 4H), 5.17 (s, 2H), 4.69 (m, 1H), 4.58-4.22 (m, 2H), 4.18 (m,
2H), 3.54-3.24 (m, 11H), 2.61 (dd, 2H), 1.23 (t, 3H)

(Step 2) Preparation of ethyl

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-3-[(4-ethylpiperazin-1-vl

methyl]-1H-pyrazol-1-yDacetate (compound 91-b)

By using the compound 91-a (0.20 g, 0.32 mmol) instead of the compound 68-a, the

reaction was carried out in the same manner as the Step 2 of Example 10-8 to obtain
the title compound 91-b as a yellow solid (0.10 g, 66%).
MS m/z: 490 [M+1]*

(Step 3) Preparation of

methyl]-1H-pyrazol-1-vlacetic acid (compound 91-c)
By using the compound 91-b (0.10 g, 0.21 mmol) instead of the compound 62-d, the

reaction was carried out in the same manner as the Step 5 of Example 10-2 to obtain

the title compound 91-c quantitatively (0.13 g).
MS m/z: 462 [M+1]*

(Step 4) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-3-v1}-3-[(4-ethylpiperazin-1-vl

methyl]-1H-pyrazol-1-vD-1-{1H.4H.SH.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-vl }etha

n-1-one (compound 91)

By using the compound 91-c (0.13 g, 0.21 mmol) instead of the compound 61-¢, the
reaction was carried out in the same manner as the Step 6 of Example 10-1 to obtain
the title compound 91 as a white solid (36 mg, 30%).

MS m/z: 568 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.54 (d, 2H), 7.59 (d, 2H), 7.25-7.14 (m, 4H),
5.39-5.32 (m, 1H), 5.10 (d, 2H), 4.83-4.79 (m, 3H), 3.91 (m, 2H), 3.50 (d, 2H), 3.42
(dd, 2H), 2.94-2.84 (m, 4H), 2.71-2.32 (m, 10H), 1.14-1.05 (m, 3H)

[Example 12-13] Preparation of
2-(3-{[4-(2,2-difluoroethyl)piperazin-1-ylJmethyl }-4-{2-[(2,3-dihydro- 1 H-inden-2-yl)
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[1645]

[1646]

[1647]
[1648]

[1649]
[1650]

amino]pyrimidin-5-yl}-1H-pyrazol-1-yl)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]py

ridin-5-yl }ethan-1-one (compound 92)
F
O
CJ
N

N % O
Hi— Nf‘<’ N
N,
Ay

92

By using 2,2-difluoroethyl trifluoromethanesulfonate instead of bromoethane, the
reaction was carried out in the same manner as the Step 2 to Step 4 of Example 12-12
to obtain the title compound 92.

MS m/z: 604 [M+1]*

'H NMR (CDCl;, 400MHz), 6 ppm: 8.51 (s, 2H), 7.61 (d, 1H), 7.25-7.17 (m, 4H),
6.02-5.72 (m, 1H), 5.55-5.52 (m, 1H), 5.14 (d, 2H), 4.91-4.74 (m, 3H), 3.95 (t, 1H),
3.84 (t, 1H), 3.52 (s, 2H), 3.42 (dd, 2H), 2.94-2.84 (m, 4H), 2.76-2.67 (m, 2H), 2.58
(bs, 8H)

[Example 12-14]
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[2-(morpholin-4-yl)eth
yl]-1H-pyrazol-1-y1)-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-0

ne (compound 93)
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[1651] \ OH /‘“O—tbdms O tbdms __oms
= B —— N = P N el N_/
N ! 0, g Q. ¢
P HN\; \f,N P \]».—N\;
93-a 93-h ohc 93.4

[1652]
[1653]

[1654]
[1655]

[1656]

[1657]

[1658]
[1659]

[1660]

[1661]

(/“0
N
M/ h{ p)
— HN N
!\l.._
©
N

93-¢

Step 1) Preparation of 2-(1H-Pyrazol-3-yl)ethanol(compound 93-a

According to a well-known method (WO 2013164321, WO 2007034277), the title
compound 93-a was synthesized.

MS m/z: 113 [M+1]+

'H NMR (CDCl;, 400MHz), 6 ppm: 7.49(d, 1H), 6.15(d, 1H), 3.91(t, 2H), 2.92(t,
2H)

Step 2) Preparation of 3-{2-[(tert-butyldimethylsilyl)oxylethyl }-1H-pyrazole
(compound 93-b)

To a solution of the compound 93-a (0.60 g, 5.37 mmol) in N,N-dimethylformamide
(10 mL) was added tert-butyldimethylsilyl chloride (2.43 g, 16.0 mmol) and imidazole
(1.83 g, 26.8 mmol) in order, the mixture was stirred for 13 hours at room temperature.
The reaction was terminated by adding distilled water (20 mL), and the mixture was
extracted with ethyl acetate. The organic layer was washed with distilled water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated. The obtained

residue was purified by silica gel column chromatography (ethyl acetate : n-hexane = 1

: 9) to obtain the title compound 93-b as a colorless liquid quantitatively (1.2 g).
MS m/z: 227 [M+1]*
'H NMR (CDCl;, 400MHz), 6 ppm: 7.47(d, 1H), 6.09(d, 1H), 3.87(t, 2H), 2.88(t,
2H), 0.90 (s, 9H), 0.04 (s, 6H)
(Step 3) Preparation of

93-¢)

To solution of the compound 93-b (1.2 g, 5.5 mmol) in pyridine (3 mL) was slowly
added a solution of acetic anhydride (0.63 mL, 6.62 mmol) in pyridine (3 mL), and the
mixture was stirred for 3 hours at room temperature. Upon the completion of the
reaction, the solvent was removed, and the residue was purified by silica gel column
chromatography (ethyl acetate : n-hexane =5 : 95) to obtain the title compound 93-c as
a yellow liquid (0.76 g, 51%).
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[1662]
[1663]

[1664]

[1665]

[1666]
[1667]

[1668]
[1669]

[1670]
[1671]

[1672]

[1673]
[1674]

[1675]

MS m/z: 269 [M+1]+

'H NMR (CDCl;, 400MHz), 6 ppm: 8.15 (d, 1H), 6.34 (d, 1H), 3.90 (t, 2H), 2.87 (t,
2H), 2.67 (s, 3H), 0.88 (s, 9H), 0.03 (s, 6H)

(Step 4) Preparation of 2-(1-acetyl-1H-pyrazol-3-ylethyl methanesulfonate

(compound 93-d)
To a solution of the compound 93-c¢ (0.76 g, 2.83 mmol) in methylene chloride (5

mL) was added 4 N hydrogen chloride dioxane solution (2 mL), and the mixture was
stirred for 1 hour at room temperature. Then, the solvent was removed, and the residue
was dissolved again in methylene chloride (5 mL). To reaction mixture was added tri-
ethylamine (1.2 mL, 8.5 mmol) and methanesulfonyl chloride (0.33 mL, 4.24 mmol) at
0°C, and the mixture was stirred for 1 hour at room temperature. The mixture was
diluted with distilled water (50 mL) and extracted with methylene chloride. The
organic layer was washed with distilled water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated. The obtained residue was purified by
silica gel column chromatography (methanol : methylene chloride = 3 : 7) to obtain the
title compound 93-d as a yellow liquid (0.29 g, 44%).

MS m/z: 233 [M+1]*

'H NMR (CDCls;, 400MHz), 6 ppm: 8.19 (d, 1H), 6.35 (d, 1H), 4.56 (t, 2H), 3.14 (t,
2H), 3.00 (s, 3H), 2.67 (s, 3H)

Step 5) Preparation of 4-[2-(1H-pyrazol-3-yDethyllmorpholine (compound 93-¢

To a solution of the compound 93-d (0.29 g, 1.25 mmol) in N,N-dimethylformamide
(2 mL) was added triethylamine (0.35 mL, 2.5 mmol) and morpholine (0.16 g, 1.87
mmol), and the mixture was stirred at 95°C for 2 hours. Upon the completion of the
reaction, the mixture was cooled to room temperature, and concentrated to obtain the
title compound 93-e quantitatively (0.50 g).

MS m/z: 182 [M+1]*

(Step 6) Preparation of

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1 }-3-[2-(morpholin-4-yl)eth

ne (compound 93)

By using the compound 93-¢ instead of the compound 61-a, the reaction was carried
out in the same manner as the Step 2 to Step 6 of Example 10-1 to obtain the title
compound 93 as a white solid.

MS m/z: 555 [M+1]*

'H NMR (DMSO-ds, 400MHz), 6 ppm: 8.36 (s, 2H), 7.79-7.77 (m, 1H), 7.50 (d, 1H),
7.22-7.14 (m, 4H), 5.23-5.19 (m, 2H), 4.76-4.62 (m, 3H), 3.86-3.78 (m, 2H), 3.54 (br,
4H), 3.30-3.21 (m, 2H), 2.94-2.70 (m, 6H), 2.36 (br, 4H)
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[1676]

[1677]

[1678]

[1679]

[1680]

[1681]

[1682]

[1683]

[Example 13] Preparation of
1-{4-[2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-ethyl- 1H-pyrazol
-1-yDacetyl]piperazin-1-yl}-2-hydroxyethan-1-one (compound 94)

(Step 1) Preparation of tert-butyl
4-12-(4-{2-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5-y1}-3-ethyl-1H-pyrazol-1-

Dacetyl]piperazine-1-carboxylate (compound 94-a

Except that 1-(tert-butoxycarbonyl)piperazine (205 mg, 1.10 mmol) is used instead
of im-7 by using the compound 78-g (0.23 g, 0.55 mmol), the reaction was carried out
in the same manner as Example 11-2 to obtain the title compound 94-a as a beige solid
(237 mg, 81%).

(Step 2) Preparation of

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-vyl}-3-ethyl-1H-pyrazol-1-yl)-

1-(piperazin- 1-yl)ethan-1-one hydrochloride (compound 94-b)
To a solution of the compound 94-a (237 mg, 0.44 mmol) in methylene chloride (2

mL) was added 4 N hydrogen chloride dioxane solution (6 mL), and the mixture was
stirred for 15 hours at room temperature. Upon the completion of the reaction, the

solvent was removed followed by drying to obtain the title compound 94-b as an ivory-

colored solid quantitatively (255 mg).
(Step 3) Preparation of

-1-vDacetyllpiperazin-1-y1}-2-hvdroxyethan- 1-one (compound 94)
To a solution of glycolic acid (67 mg, 0.88 mmol) and the compound 94-b (255 mg,

0.44 mmol) in N,N-dimethylformamide (5 mL) was slowly added
N,N-diisopropylethylamine (0.38 mL, 2.20 mmol) and benzotriazol-1-yl oxy-
tripyrrolidinophosphonium hexafluorophosphate (343 mg, 0.66 mmol) in order at 0°C,
and the reaction mixture was stirred for 3 hours at room temperature under nitrogen at-
mosphere. Upon the completion of the reaction, the mixture was diluted with distilled
water (50 mL) and extracted with ethyl acetate. The organic layer was washed with

distilled water and saturated brine, dried over anhydrous sodium sulfate, and con-
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[1684]
[1685]

[1686]
[1687]
[1688]

[1689]

centrated. The residue was purified by silica gel column chromatography (methanol :
methylene chloride = 6 : 94) to obtain the title compound 94 as a white solid (123 mg,
57%).

MS m/z: 490 [M+1]*

'H NMR (CDCl;, 400 MHz) 6 8.31 (s, 2H), 7.50 (s, 1H), 7.15-7.25 (m, 4H), 5.36 (d,
1H), 4.98 (s, 2H), 4.82 (m, 1H), 4.20 (s, 2H), 3.69 (m, 6H), 3.50 (br, 1H), 3.42 (dd,
2H), 3.30 (t, 2H), 2.91 (dd, 2H), 2.70 (m, 2H), 1.23 (t, 3H)

[Examples 14 to 33]
According to the methods of the above Examples 1 to 13, the compounds 95 to 114
of the following Table 1 were prepared. Structures of the compounds 1 to 114 that are

prepared in Examples 1 to 33 are shown in the following Table 1.
[Table 1]
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[1699]

[1700] [Example 15] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-4-y1)-1H-pyra
zol-1-yD)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c |pyridin-5-yl }ethan-1-one

(Compound 96)
[1701]
' ,\C
Ny,
[1702] 0 7N 7N 7N
) i rN \,\II B | /\N —— HN'N: — O}-N’N: — HNN: l\
e o () 7
S i — -
SN
o . 1
R = N-—(’N,N:
Ny =N
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[1703]  (Step 1) Preparation of 4-(1H-Pyrazol-3-yD)pyridine

[1704]

[1705] A mixture of 4-acetylpyridine (3 mL, 27 mmol) and DMF-DMA (6 mL, 45.15 mmol)
was stirred at 110 °C for 2 h. After completion, the reaction mixture was cooled to
room temperature and concentrated under reduced pressure. The remained residue was
dissolved in ethanol (12 mL) and hydrazine hydrate (1.6 mL, 32.40 mmol) was added
thereto. The reaction mixture was stirred at reflux for 15 h. After completion, the
reaction mixture was cooled to room temperature and the solvent was removed under
reduced pressure. The residue was diluted with dichloromethane (20 mL) and washed
with water. The organic layer was dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure to afford the title compound as yellow solid (3.66
2,93 % in 2 steps).

[1706] MS m/z: 272 [M+1]+.

[1707]  1H NMR (DMSO-d6, 400MHz), 6 ppm: 13.18 (bs, 1H), 8.57 (d, 2H), 7.87 (s, 1H),
7.78 (d, 2H), 6.91 (s, 1H)

[1708] Step 2) Preparation of 1-[3-(Pyridin-4-y1)-1H-pyrazol-1-yl]ethan-1-one

[1709]

[1710]  To a solution of 4-(1H-pyrazol-3-yl)pyridine (2.0 g, 13.78 mmol) in pyridine (10

mL) was added slowly acetic anhydride (1.56 mL, 16.53 mmol) which was dissolved
in pyridine (5 mL), and the reaction mixture was stirred at room temperature for 4 h.
After completion, the solvent was removed under reduced pressure. The remained
residue was diluted with water (50 mL) and extracted with ethyl acetate. The organic

layer was washed with brine, dried over anhydrous sodium sulfate, filtered, and con-
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centrated under reduced pressure. The resulting residue was purified by column chro-
matography (40% ethyl acetate/n-hexane) to afford the title compound as white solid
(2.02 g, 78 %).

[1711]  MS m/z: 188 [M+1]+

[1712]  1H NMR (CDCI3, 400MHz), 6 ppm: 8.71 (d, 2H), 8.34 (d, 1H), 7.76 (d, 2H), 6.84
(d, 1H), 2.79 (s, 3H).

[1713]  (Step 3) Preparation of 4-(4-lodo-1H-pyrazol-3-yDpyridine

[1714]

[1715]  To a solution of 1-[3-(pyridin-4-yl)-1H-pyrazol-1-yl]Jethan-1-one (1 g, 5.34 mmol) in
a mixed solvent of ethanol/water (1/2, 15 mL) were added sodium iodide (0.88 g, 5.87
mmol), idodine (2.03 g, 8.01 mmol), potassium carbonate (2.94 g, 21.24 mmol) suc-
cessively, and the reaction mixture was stirred at room temperature for 1.5 h. After
completion, the reaction mixture was diluted with ethyl acetate and washed with
saturated sodium thiosulfate aqueous solution. The organic layer was dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
residue was triturated with dichloromethane to afford the title compound as light
orange solid (1.17 g, 81 %).

[1716] MS m/z: 272 [M+1]*.

[1717]  1H NMR (CDCI3, 400MHz), 6 ppm: 13.62 (bs, 1H), 8.66 (bs, 2H), 7.84 (bs, 2H)

[1718]  (Step 4) Preparation of Tert-butyl 2-[4-iodo-3-(pyridin-4-y1)-1H-pyrazol-1-yl]acetate
]

[1719 / [’;l
O o~
30{' N
N . |

[1720]  To a solution of 4-(4-iodo-1H-pyrazol-3-yl)pyridine (1.17 g, 4.32 mmol) in DMF (10
mL) were added cesium carbonate (2.1 g, 6.48 mmol) and tert-butyl bromoacetate
(0.76 mL, 5.18 mmol) successively, and the reaction mixture was stirred at room tem-

perature for 15 h. After completion, the reaction mixture was diluted with water (30
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[1721]
[1722]

[1723]

[1724]

[1725]

[1726]
[1727]

[1728]

[1729]

mL) and extracted with ethyl acetate. The organic layer was washed with brine, dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography (30% ethyl acetate/
n-hexane) to afford the title compound as orange oil (1.39 g, 83%).

MS m/z: 386 [M+1]*.

IH NMR (CDC13, 400MHz), 6 ppm: 8.67 (d, 2H), 7.84 (d, 2H), 7.65 (s, 1H), 4.86 (s,
2H), 1.50 (s, 9H)

(Step 5) Preparation of Tert-butyl

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-3-(pvridin-4-v1)-1H-pvyra

zol-1-yl)acetate

A mixture of tert-butyl 2-[4-i0do-3-(pyridin-4-yl)-1H-pyrazol-1-yl]acetate (0.50 g,
1.30 mmol), the compound im-2a (0.48 g, 1.43 mmol),
tetrakis(triphenylphosphin)palladium(0) (150 mg, 0.13 mmol), 2N sodium carbonate
solution (2 mL, 4.0 mmol) was dissolved in 1.4-dioxane (10 mL) and stirred at 100 °C
for 6 h under nitrogen atmosphere. After completion, the reaction mixture was cooled
to room temperature and water (50 mL) was added thereto, and then extracted with
ethyl acetate (50 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The

resulting residue was purified by column chromatography (80% ethyl acetate/

n-hexane) to afford the title compound as yellow oil (486 mg, 76%).

MS m/z: 469 [M+1]*.

IH NMR (CDC13, 400MHz), 6 ppm: 8.58 (d, 2H), 8.22 (s, 2H), 7.57 (s, 1H), 7.45 (d,
2H), 7.17-7.24 (m, 4H), 5.46 (d, 1H), 4.90 (s, 2H), 4.82 (m, 1H), 3.42 (dd, 2H), 2.91
(dd, 2H), 1.52 (s, 9H)

(Step 6) Preparation of
2-(4-12-1(2.3-Dihydro-1H-inden-2-yDamino]pvrimidin-5

1
=
I
=
o
s
i
&
=
;
iz
=
[s¥}

zol-1-vy1) acetic acid

a

0 .
Ho-f"\_ N
N__.
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[1730]

[1731]
[1732]

[1733]

[1734]

[1735]
[1736]

[1737]
[1738]

[1739]

To a solution of tert-butyl
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-4-y1)-1H-pyra
zol-1-yl)acetate (0.46 g, 1.00 mmol) in dichloromethane (2 mL) was added trifluo-
roacetic acid (6 mL), and the reaction mixture was stirred at room temperature for 3 h.
After completion, the solvent was removed under reduced pressure to afford the title
compound quantitatively as yellow solid (456 mg, 69%), which was used for the next
step without further purification.

MS m/z: 413 [M+1]+.

IH NMR (DMSO-d6, 400MHz), 6 ppm: 13.34 (bs, 1H), 8.71 (d, 2H), 8.26 (bs, 2H),
8.08 (s, 1H), 7.77 (d, 2H), 7.73 (d, 1H), 7.16-7.24 (m, 4H), 5.13 (s, 2H), 4.64 (m, 1H),
3.26 (dd, 2H), 2.93 (dd, 2H)

(Step 7) Preparation of

2-(4-12-1(2.3-dihvdro-1H-inden-2-yvl)amino

=
2
o
=
5
3
1
<
0o
1
=3
o
=
i
&
<
—_
T
=
[s¥}

To an ice-cooled solution of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-4-y1)-1H-pyra
zol-1-yDacetic acid (100 mg, 0.24 mmol) and the compound im-7 (58 mg, 0.36 mmol)
in DMF (3 mL) were added DIPEA (0.21 mL, 1.20 mmol) and PyBOP (187 mg, 0.36
mmol), and the mixture was stirred at room temperature for 15 h under nitrogen at-
mosphere. After completion, water (50 mL) was added to the reaction mixture and it
was extracted with ethyl acetate (50 mL X 3). The organic layer was washed with
brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography (5%
methanol/dichloromethane) to afford the title compound as beige solid (71 mg, 57 %).

MS m/z: 519 [M+1]+.

IHNMR (DMSO-d6, 400MHz), 6 ppm: 8.55 (d, 1H), 8.20 (s, 2H), 7.94 (d, 1H), 7.62
(d, 1H), 7.41 (t, 2H), 7.11-7.25 (m, 4H), 5.41 (d, 2H), 4.75 (d, 2H), 4.61 (m, 1H),
3.81-3.85 (m, 2H), 3.26 (dd, 2H), 2.72-2.96 (m, 4H).

[Example 17] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(piperidin-4-y1)- 1H-pyr
azol-1-yl)-1-{1H,4H,5H,6H,7H-[ 1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(Compound 98)
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[1740]

[1741]
[1742]

[1743]

[1744]
[1745]

[1746]

[1747]

[1748]

HNAN
W\l-boc

» HN-N - -
N-boc Ny N-boc

Step 1) Preparation of Tert-butvl 4-(1H-pvrazol-3-vDpiperidine-1-carboxvlate

HN -N\

A mixture of tert-butyl 4-acetylpiperidine-1-carboxylate (Prepared according to the
known procedure (Bioorganic & Medicinal Chemistry Letters, 21(5), 1299-1305;
2011)) (3.7 g, 16.277 mmol) and DMF-DMA (10 mL) was stirred at 140 °C for 48 h.
After completion, the reaction mixture was cooled to room temperature and con-
centrated under reduced pressure. The remained residue was dissolved in ethanol (12
mL) and hydrazine hydrate (1.2 mL, 24.42 mmol) was added thereto. The reaction
mixture was stirred at reflux for 18 h. After completion, the reaction mixture was
cooled to room temperature and the solvent was removed under reduced pressure to
afford the title compound quantitatively as brown oil (4.4 g).

MS m/z: 252 [M+1]*.

IH NMR (CDC13, 400MHz), 6 ppm: 7.50 (d, 1H), 6.12 (d, 1H), 4.02-4.24 (m, 2H),
2.76-2.92 (m, 3H), 1.90-2.01 (m, 2H), 1.58-1.68 (m, 2H), 1.47 (s, 9H)

Step 2) Preparation of Tert-butyl

4-(1-acetvl-1H-pvrazol-3-vDpiperidine- 1 -carboxvlate

O

A
D e

To a solution of tert-butyl 4-(1H-pyrazol-3-yl)piperidine- 1-carboxylate (4.4 g, 16.28
mmol) in pyridine (10 mL) was added slowly acetic anhydride (2.3 mL, 24.42 mmol)
which was dissolved in pyridine (10 mL), and the reaction mixture was stirred at room

temperature for 15 h. After completion, the solvent was removed under reduced
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[1749]
[1750]

[1751]

[1752]

[1753]

[1754]
[1755]

[1756]

[1757]

[1758]

pressure. The remained residue was diluted with water (50 mL) and extracted with
ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The resulting residue was
purified by column chromatography (20% ethyl acetate/n-hexane) to afford the title
compound as white solid (4.5 g, 94 %).

MS m/z: 294 [M+1]+.

IH NMR (CDC13, 400MHz), 6 ppm: 8.16 (d, 1H), 6.28 (d, 1H), 4.08-4.25 (m, 2H),
2.79-2.94 (m, 3H), 2.66 (s, 3H), 1.90-1.98 (m, 2H), 1.59-1.70 (m, 2H), 1.48 (s, 9H).

(Step 3) Preparation of Tert-butyl

4-(4-iodo-1H-pyrazol-3-vl)piperidine-1-carboxylate

HN R,
— N-boc

To a solution of tert-butyl 4-(1-acetyl-1H-pyrazol-3-yl)piperidine-1-carboxylate (1 g,
3.41 mmol) in a mixed solvent of ethanol/water (1/2, 15 mL) were added sodium
iodide (0.56 g, 3.75 mmol), idodine (1.3 g, 5.11 mmol), potassium carbonate (1.9 g,
13.63 mmol) successively, and the reaction mixture was stirred at room temperature
for 2 h. After completion, the reaction mixture was diluted with ethyl acetate and
washed with saturated sodium thiosulfate aqueous solution. The organic layer was
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure
to afford the title compound quantitatively as yellow solid (1.42 g).

MS m/z: 378 [M+1]*.

IH NMR (CDC13, 400MHz), 6 ppm: 10.52 (bs, 1H), 7.55 (s, 1H), 4.12-4.34 (m, 2H),
2.78-2.92 (m, 3H), 1.86-1.94 (m, 2H), 1.62-1.75 (m, 2H), 1.48 (s, 9H)

Step 4) Preparation of Tert-butyl

4-11-(2-ethoxv-2-oxoethvl)-4-iodo-1H-pvrazol-3-vllpiperidine- 1 -carboxvlate

To a solution of tert-butyl 4-(4-iodo- 1 H-pyrazol-3-yl)piperidine-1-carboxylate (1.42
g, 3.41 mmol) in DMF (15 mL) were added cesium carbonate (1.67 g, 5.11 mmol) and
ethyl bromoacetate (0.49 mL, 4.43 mmol) successively, and the reaction mixture was
stirred at room temperature for 2 h. After completion, the reaction mixture was diluted

with water (50 mL) and extracted with ethyl acetate. The organic layer was washed
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[1759]
[1760]

[1761]

[1762]

[1763]

[1764]
[1765]

[1766]

[1767]

with brine, dried over anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography (30%
ethyl acetate/n-hexane) to afford the title compound as yellow oil (1.3 g, 83%).

MS m/z: 464 [M+1]+.

IH NMR (CDC13, 400MHz), & ppm: 7.46 (s, 1H), 4.83 (s, 2H), 4.09-4.28 (m, 4H),
2.72-2.94 (m, 3H), 1.82-1.92 (m, 2H), 1.65-1.79 (m, 2H), 1.46 (s, 9H), 1.28 (t, 3H)

(Step 5) Preparation of Tert-butyl

4-(4-12-1(2.3-dihvdro-1H-inden-2-vDamino]pyrimidin-5-v1}-1-(2-ethoxy-2-oxoethvl)-

1H-pvrazol-3-ypiperidine- 1 -carboxylate

boc

A mixture of tert-butyl
4-[1-(2-ethoxy-2-oxoethyl)-4-iodo- 1H-pyrazol-3-yl]piperidine- 1 -carboxylate (0.40 g,
0.86 mmol), the compound im-2a (0.32 g, 0.95 mmol),
tetrakis(triphenylphosphin)palladium(0) (100 mg, 0.086 mmol), 2N sodium carbonate
solution (1.3 mL, 2.6 mmol) was dissolved in 1.4-dioxane (7 mL) and stirred at 100 °C
for 1 h under nitrogen atmosphere. After completion, the reaction mixture was cooled
to room temperature and water (50 mL) was added thereto, and then extracted with
ethyl acetate (50 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The

resulting residue was purified by column chromatography (30% ethyl acetate/

n-hexane) to afford the title compound as yellow solid (253 mg, 54%).

MS m/z: 547 [M+1]+.

IH NMR (CDC13, 400MHz), 6 ppm: 8.28 (s, 2H), 7.42 (s, 1H), 7.14-7.24 (m, 4H),
5.41 (d, 1H), 4.87 (s, 2H), 4.82 (m, 1H), 4.08-4.30 (m, 4H), 3.43 (dd, 2H), 2.92 (dd,
2H), 2.68-2.86 (m, 3H), 1.69-1.84 (m, 4H), 1.45 (s, 9H), 1.30 (t, 3H)

(Step 6) Preparation of
2-(3-{1-[(tert-butoxy)carbonyl]piperidin-4-y1}-4-{2-[(2.3-dihydro-1H-inden-2-vl)amin

o] pyrimidin-5-v1}-1H-pvyrazol-1-yvDacetic acid lithium salt
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[1768]

[1769]

[1770]

[1771]

[1772]

[1773]
[1774]

[1775]

[1776]

To a solution of tert-butyl
4-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-(2-ethoxy-2-oxoethyl)-
1H-pyrazol-3-yl)piperidine- 1-carboxylate (0.253 g, 0.46 mmol) in THF (3 mL) was
added 1IN lithium hydroxide aqueous solution (0.9 mL, 0.9 mmol), and the reaction
mixture was stirred at room temperature for 1.5 h. After completion, the solvent was
removed under reduced pressure to afford the title compound quantitatively as yellow
solid (255 mg), which was used for the next step without further purification.

MS m/z: 519 [M+1]+.

(Step 7) Tert-butyl

4-(4-12-1(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5

1}-1-(2-ox0-2-{1H.4H.5H.6
H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-vl }ethy])-1H-pyrazol-3-vl)piperidine-1-carboxyvla

te

To an ice-cooled solution of

2-(3-{ 1-[(tert-butoxy)carbonyl]piperidin-4-yl }-4-{2-[(2,3-dihydro-1H-inden-2-yl)amin
o]pyrimidin-5-yl}-1H-pyrazol-1-yl)acetic acid lithium salt (255 mg, 0.46 mmol) and
the compound im-7 (89 mg, 0.55 mmol) in DMF (5 mL) were added DIPEA (0.24 mL,
1.38 mmol) and PyBOP (359 mg, 0.69 mmol), and the mixture was stirred at room
temperature for 15 h under nitrogen atmosphere. After completion, water (20 mL) was
added to the reaction mixture and it was extracted with ethyl acetate (30 mL X 3). The
organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered,

and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (3% methanol/dichloromethane) to afford the title compound as white
solid (258 mg, 90 %).

MS m/z: 625 [M+1]*.

IH NMR (CDC13, 400MHz), 6 ppm: 13.34 (bs, 1H), 8.24 (s, 2H), 7.47 (d, 1H),
7.14-7.25 (m, 4H), 5.61 (t, 1H), 4.61-5.14 (m, 5H), 3.81-4.24 (m, 4H), 3.41 (dd, 2H),
2.92 (dd, 2H), 2.61-2.86 (m, 5H), 1.60-1.86 (m, 4H), 1.41-1.51 (m, 9H)

(Step &) Preparation of

To a solution of tert-butyl
4-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-(2-oxo-2-{ 1H,4H,5H,6
H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)- 1H-pyrazol-3-yD)piperidine- 1 -carboxyla
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te (258 mg, 0.41 mmol) in dichloromethane (3 mL) was added 4N HCl in dioxane
solution, and the reaction mixture was stirred at room temperature for 3 h. After
completion, the solvent was removed under reduced pressure to afford the title
compound as ivory solid (142 mg, 62 %).

[1777]  MS m/z: 525 [M+1]+

[1778]  1H NMR (DMSO-d6, 400MHz), 6 ppm: 8.71-9.32 (m, 2H), 8.45 (s, 2H), 8.11 (bs,
1H), 7.83 (d, 1H), 7.12-7.26 (m, 4H), 5.26 (d, 2H), 4.63-4.79 (m, 3H), 3.76-3.86 (m,
2H), 3.21-3.34 (mm, 4H), 2.91-3.14 (m, 5H), 2.71-2.86 (m, 2H), 1.79-1.98 (m, 4H).

[1779]

[1780] [Example 18] Preparation of
2-[3-(4-aminocyclohexyl)-4-{2-[(2,3-dihydro- 1 H-inden-2-yl)amino]pyrimidin-5-yl }-1
H-pyrazol-1-yl]-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1-one
(Compound 99)

[1781]

[1782]

[1783]  (Step 1) Preparation of Tert-butyl N-

4-(1-acetyl-1H-pvyrazol-3-vl)cyclohexvl]carbamate

[1784] ®)

[1785] A mixture of tert-butyl N-(4-acetylcyclohexyl)carbamate (Prepared according to the
known procedure (WO 2012018668)) (1.20 g, 4.99 mmol) and DMF-DMA (3 mL)
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[1786]
[1787]

[1788]

[1789]

[1790]
[1791]

was stirred at 110 °C for 26 h. After completion, the reaction mixture was cooled to
room temperature and concentrated under reduced pressure. The remained residue was
dissolved in ethanol (10 mL) and hydrazine hydrate (0.36 mL, 7.48 mmol) was added
thereto. The reaction mixture was stirred at reflux for 4 h. After completion, the
reaction mixture was cooled to room temperature and the solvent was removed under
reduced pressure. The resulting residue was dissolved in pyridine (3 mL), and acetic
anhydride (0.7 mL, 7.48 mmol) was added slowly thereto. The reaction mixture was
stirred at room temperature for 3 h. After completion, the solvent was removed under
reduced pressure. The remained residue was diluted with water (50 mL) and extracted
with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
sodium sulfate, filtered, and concentrated under reduced pressure. The resulting
residue was further purified by column chromatography (30% ethyl acetate/n-hexane)
to afford the title compound as white solid (628 mg, 40% in 3 steps), of which NMR
spectra was unable to be assigned due to complexity.

MS m/z: 308 [M+1]*.

(Step 2) Preparation of Tert-butyl N-
[4-(4-iodo-1H-pyrazol-3-yl)cyclohexyl]carbamate

boc

To a solution of tert-butyl N-[4-(1-acetyl-1H-pyrazol-3-yl)cyclohexyl]carbamate
(628 mg, 2.04 mmol) in a mixed solvent of ethanol/water (1/1, 8 mL) were added
sodium iodide (337 mg, 2.25 mmol), idodine (778 mg, 3.07 mmol), potassium
carbonate (1.1 g, 8.17 mmol) successively, and the reaction mixture was stirred at
room temperature for 3 h. After completion, the reaction mixture was diluted with
ethyl acetate and washed with saturated sodium thiosulfate aqueous solution. The
organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated

under reduced pressure to afford the title compound quantitatively as yellow oil (814

mg), which was used without further purification.
MS m/z: 392 [M+1]*.

(Step 3) Preparation of Ethyl
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[1792]

[1793]

[1794]
[1795]

[1796]

[1797]

[1798]
[1799]

.N

0 N
wﬁo(\

To a solution of tert-butyl N-[4-(4-iodo-1H-pyrazol-3-yl)cyclohexyl]carbamate (814
mg, 2.04 mmol) in DMF (5 mL) were added cesium carbonate (1.0 g, 3.12 mmol) and
ethyl bromoacetate (0.25 mL, 2.29 mmol) successively, and the reaction mixture was
stirred at room temperature overnight. After completion, the reaction mixture was
diluted with water (30 mL) and extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography

(30% ethyl acetate/n-hexane) to afford the title compound as yellow oil (488 mg,

50%), of which NMR spectra was unable to be assigned due to complexity.
MS m/z: 478 [M+1]*.
(Step 4) Preparation of Ethyl
2-[3-(4-{[(tert-butoxy)carbonyl]amino }cyclohexyl)-4-{2-[(2.3-dihydro-1H-inden-2-yl

amino]pyrimidin-5-vy1}-1H-pvyrazol-1-vl]acetate

A mixture of ethyl
2-[3-(4-{ [(tert-butoxy)carbonyl]amino }cyclohexyl)-4-iodo-1H-pyrazol-1-yl]acetate
(271 mg, 0.57 mmol), the compound im-2a (249 mg, 0.74 mmol),
tetrakis(triphenylphosphin)palladium(0) (66 mg, 0.057 mmol), 2N sodium carbonate
solution (0.85 mL, 1.7 mmol) was dissolved in 1.4-dioxane (3 mL) and stirred at 80 °C
for 1 h under nitrogen atmosphere. After completion, the reaction mixture was cooled
to room temperature and water (50 mL) was added thereto, and then extracted with
ethyl acetate (50 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography (40% ethyl acetate/
n-hexane) to afford the title compound as white solid (20 mg, 6%).

MS m/z: 562 [M+1]+.

IHNMR (CDCI13, 400MHz), 6 ppm: 8.39 (s, 1H), 8.26 (s, 2H), 7.41 (s, 1H), 7.19 (m,
4H), 5.55 (d, 1H), 4.84 (m, 4H), 4.27 (m, 2H), 3.84 (s, 1H), 3.42 (dd, 2H), 2.88 (dd,
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[1800]

[1801]

[1802]

[1803]
[1804]

[1805]

[1806]

[1807]

2H), 1.69 (m, 9 H), 1.44 (s, 9H)

(Step 5) Preparation of
2-13-(4-{[(Tert-butoxy)carbonyl]lamino }cyclohexyl)-4-{2-[(2.3-dihydro-1H-inden-2-vl

amino]pyrimidin-5-y1}-1H-pvrazol-1-vl]acetic acid

To a solution of ethyl
2-[3-(4-{[(tert-butoxy)carbonyl]amino }cyclohexyl)-4-{2-[(2,3-dihydro- 1 H-inden-2-yl)
amino]pyrimidin-5-yl}-1H-pyrazol-1-yl]acetate (40 mg, 0.072 mmol) in THF (1 mL)
was added IN lithium hydroxide aqueous solution (0.2 mL, 0.2 mmol), and the
reaction mixture was stirred at room temperature for 2 h. After completion, the solvent
was removed under reduced pressure to afford the title compound quantitatively as
yellow solid (34 mg, 88%), which was used for the next step without further pu-
rification.

MS m/z: 533 [M+1]+.

IHNMR (DMSO-d6, 400MHz), 6 ppm: 8.65 (s, 1H), 8.35 (s, 2H), 7.81 (m, 2H), 7.18
(m, 4H), 6.72 (s, 1H), 4.89 (s, 2H), 4.65 (m, 1H), 3.25 (dd, 2H), 2.88 (dd, 2H), 2.50 (s,
1H), 1.75 (m, 4H), 1.48 (m, 4H), 1.38 (s, 9H)

(Step 6) Preparation of tert-butyl N-

4-(4-12-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5

1}-1-(2-0x0-2-{1H.4H.5H.6
H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }ethy])-1H-pyrazol-3-yl)cyclohexyl]carbamate

To an ice-cooled solution of
2-[3-(4-{[(tert-butoxy)carbonyl]amino }cyclohexyl)-4-{2-[(2,3-dihydro- 1 H-inden-2-yl)
amino]pyrimidin-5-yl}-1H-pyrazol-1-yl]acetic acid (34 mg, 0.064 mmol) and the
compound im-7 (15 mg, 0.095 mmol) in DMF (1 mL) were added DIPEA (0.04 mL,
0.256 mmol) and PyBOP (49 mg, 0.095 mmol), and the mixture was stirred at room
temperature for 4 h under nitrogen atmosphere. After completion, water (20 mL) was

added to the reaction mixture and it was extracted with ethyl acetate (30 mL X 3). The
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[1808]
[1809]

[1810]

[1811]

[1812]
[1813]

[1814]
[1815]

[1816]

organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The resulting residue was purified by column
chromatography (3% methanol/dichloromethane) to afford the title compound as white
solid (22 mg, 54 %).

MS m/z: 639 [M+1]*.

IHNMR (DMSO-d6, 400MHz), 6 ppm: 8.28 (s, 2H), 7.72 (m, 1H), 7.46 (d, 1H),
7.15 (m, 4H), 6.65 (s, 1H), 5.20 (m, 2H), 4.64 (m, 4H), 3.83 (m, 2H), 3.39 (m, 1H),
3.25 (m, 2H), 3.00 (m, 1H), 2.90 (dd, 2H), 2.80 (m, 2H), 1.76 (m, 4H), 1.47 (m, 4H),
1.37 (s, 9H)

(Step 7) Preparation of

2-13-(4-aminocyclohexyl)-4-12-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5-v1}-1

To a solution of tert-butyl N-
[4-(4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-yl}-1-(2-oxo-2-{ 1H,4H,5H,6
H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)- 1H-pyrazol-3-yl)cyclohexyl]carbamate
(22 mg, 0.034 mmol) in dichloromethane (1 mL) was added 4N HCl in dioxane
solution, and the reaction mixture was stirred at room temperature for 2 h. After
completion, the solvent was removed under reduced pressure to afford the title
compound as ivory solid (18.6 mg, 94 %).

MS m/z: 539 [M+1]*.

IHNMR (DMSO-d6, 400MHz), 6 ppm: 8.37 (s, 2H), 7.80 (m, 5H), 7.19 (m, 4H),
5.75 (s, 1H), 5.22 (m, 2H), 4.70 (m, 3H), 3.82 (m, 2H), 3.27 (m, 3H), 2.90 (m, 5H),
1.76 (m, 8H)

[Example 19] Preparation of
2-[3-(cyclobutylamino)-4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }- 1H-
pyrazol-1-yl]-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1-one
(Compound 100)

.N 0 NH
a N.__
NN‘@NJ{/N'
: Y /@
N'J\N
H
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[1817]

[1818]
[1819]

[1820]

[1821]
[1822]

[1823]

. Q I, Nal N Q >Loj\,8'

N _NH N
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H

Step 1) Preparation of N-cvclobutvl-1H-pvrazol-3-amine

TRLL

To an ice-cooled solution of 3-aminopyrazole (1.0 g, 12.04 mmol) in methanol (20
mL) were added cyclobutanone (0.99 mL, 13.24 mmol) and sodium cyanoborohydride
(1.5 g, 24.07 mmol), and the reaction mixture was stirred at room temperature for 18 h
under nitrogen atmosphere. The reaction mixture was concentrated under reduced
pressure and the resulting residue was purified by column chromatography (70% ethyl
acetate/n-hexne) to afford the title compound as light yellow oil (320 mg, 19%)

MS m/z: 138 [M+1]*.

IHNMR (CDCl;, 400MHz), 6 ppm: 7.32 (d, 1H), 8.59 (d, 1H), 3.90 (m, 1H), 2.37
(m, 2H), 1.77 (m, 4H)

Step 2) Preparation of N-cvclobutvl-4-iodo-1H-pvrazol-3-amine
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[1824]

[1825]

[1826]
[1827]

[1828]

[1829]

[1830]

HN.N\' NH

To a solution of N-cyclobutyl-1H-pyrazol-3-amine (320 mg, 2.33 mmol) in a mixed
solvent of ethanol/water (1/1, 10 mL) were added sodium iodide (384 mg, 2.56 mmol),
idodine (887 mg, 3.5 mmol), potassium carbonate (1.3 g, 9.32 mmol) successively, and
the reaction mixture was stirred at room temperature for 3 h. After completion, the
reaction mixture was diluted with ethyl acetate and washed with saturated sodium
thiosulfate aqueous solution. The organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography (30% ethyl acetate/n-hexne) to afford the title compound as
brown oil (70 mg, 11%).

MS m/z: 264 [M+1]+.

IHNMR (CDCl;, 400MHz), 6 ppm: 10.24 (s, 1H), 7.48(s, 1H), 4.00 (s, 1H), 2.80 (m,
2HO, 2.43 (m, 2H), 2.21 (m, 2H)

(Step 3) Preparation of tert-butyl

2-13-(cvclobutvlamino)-4-iodo-1H-pyrazol-1-vl]acetate

N
® \(\ N 5-NH
A8 ¥Z
I
To a solution of N-cyclobutyl-4-iodo-1H-pyrazol-3-amine (70 mg, 0.27 mmol) in

DMF (1 mL) were added cesium carbonate (130 mg, 0.40 mmol) and tert-butyl bro-

moacetate (0.04 mL, 0.27 mmol) successively, and the reaction mixture was stirred at

room temperature for 15 h. After completion, the reaction mixture was diluted with
water (30 mL) and extracted with ethyl acetate. The organic layer was washed with

brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
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[1831]
[1832]

[1833]

[1834]

[1835]

[1836]
[1837]

[1838]

[1839]

pressure. The resulting residue was purified by column chromatography (15% ethyl
acetate/n-hexne) to afford the title compound as light brown oil (53 mg, 52%).

MS m/z: 378 [M+1]*.

IH NMR (CDCl;, 400MHz), 6 ppm: 7.25 (d, 1H), 4.54 (s, 2H), 4.12 (m, 1H), 3.62
(d, 1H), 2.40 (m, 2H), 1.85 (m, 2H), 1.69 (m, 2H), 1.45 (s, 9H)

(Step 4) Preparation of tert-butyl

1}-1H-

2-[3-(cyclobutylamino)-4-{2-[(2.3-dihvdro-1H-inden-2-yDamino]pvrimidin-5

pyrazol-1-yl]acetate

:N%
N s
0
‘7< N')\N
H

A mixture of tert-butyl 2-[3-(cyclobutylamino)-4-iodo-1H-pyrazol-1-yl]acetate (53
mg, 0.14 mmol), the compound im-2a (61 mg, 0.18 mmol),
tetrakis(triphenylphosphin)palladium(0) (16 mg, 0.014 mmol), 2N sodium carbonate
solution (0.21 mL, 0.42 mmol) was dissolved in 1.4-dioxane (2 mL) and stirred at 80
°C for 1 h under nitrogen atmosphere. After completion, the reaction mixture was
cooled to room temperature and water (10 mL) was added thereto, and then extracted
with ethyl acetate (20 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting residue was passed through silica pad (40% ethyl acetate/n-hexane) to afford

a crude mixture as brown solid containing the title compound (38 mg), which was used

for the next step without further purification.

MS m/z: 462 [M+1]+.

IH NMR (CDCl;, 400MHz), 6 ppm: 8.40 (s, 2H), 8.02 (s, 1H), 7.27 (s, 1H), 7.19 (m,
4H), 5.40 (d, 1H), 4.81 (m, 1H), 4.62 (s, 2H), 4.12 (m, 1H), 3.59 (s, 1H), 2.90 (dd, 2H),
2.38 (m, 2H), 1.70 (m, 4H), 1.47 (s, 9H)

(Step S5) Preparation of

pyrazol-1-yl]acetic acid

N N
N P
e ey
0
N”L*N
H
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[1840]

[1841]
[1842]

[1843]

[1844]

[1845]
[1846]

[1847]
[1848]

[1849]

To a solution of the residue obtained (38 mg) in dichloromethane (2 mL) was added
trifluoroacetic acid (1 mL), and the reaction mixture was stirred at room temperature
overnight. After completion, the solvent was removed under reduced pressure to afford
a crude mixture as yellow oil containing the title compound (40 mg), which was used
for the next step without further purification.

MS m/z: 405 [M+1]+.

IH NMR (CD;0D, 400MHz), 6 ppm: 8.37(s, 2H), 7.52 (s, 1H), 7.16 (m, 4H), 4.70
(m, 2H), 2.91 (m, 2H), 2.32 (m, 2H), 2.02(m,2H), 1.87 (m, 2H)

(Step 6) Preparation of

2-13-(cyclobutylamino)-4-{2-[(2.3-dihydro-1H-inden-2-vl)amino]pyrimidin-5-v1}-1H-

To an ice-cooled solution of the residue obtained (40 mg) and the compound im-7
(20 mg, 0.12 mmol) in DMF (1 mL) were added DIPEA (0.07 mL, 0.42 mmol) and
PyBOP (64 mg, 0.12 mmol), and the mixture was stirred at room temperature for 3 h
under nitrogen atmosphere. After completion, water (20 mL) was added to the reaction
mixture and it was extracted with ethyl acetate (30 mL X 3). The organic layer was
washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified by preparative TLC (5%
methanol/dichloromethane) to afford the title compound as beige solid (5 mg, 7% in 3
steps).

MS m/z: 512 [M+1]+.

IHNMR (CDCl;, 400MHz), & ppm: 8.35 (s, 1H), 7.34 (s, 1H), 7.21 (m, 4H), 5.42 (d,
1H), 4.96 (d, 2H), 4.80 (m, 3H), 4.07 (m, 1H), 3.90 (m, 2H), 3.41 (dd, 2H), 2.85 (m,
4H), 2.35 (m, 2H), 2.02 (m, 2H), 1.74 (m, 2H)

[Example 25] Preparation of
2-[3-(diethylamino)-4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-yl } - 1H-pyr
azol-1-yl]-1-{1H,4H,5H,6H,7H-[ 1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(Compound 106)

(
N~

N
-N T
u? N
0O
NA\H
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[1851] Step 1) Preparation of N.N-diethyl-1H-pvyrazol-3-amine

W

[1853] To an ice-cooled solution of 3-aminopyrazole (2.0 g, 24.07 mmol) in methanol (50

mL) were added acetaldehyde (3.4 mL, 60.18 mmol) and sodium cyanoborohydride
(15 g, 72.21 mmol), and the reaction mixture was stirred at room temperature for 17 h
under nitrogen atmosphere. The reaction mixture was concentrated under reduced
pressure and the resulting residue was purified by column chromatography (30% ethyl
acetate/n-hexne) to afford the title compound as colorless oil (1.87 g, 50%)

[1854] MS m/z: 140 [M+1]*.

[1855] 1H NMR (DMSO-ds, 400MHz), 6 ppm: 11.55 (s, 1H), 7.37 (s, 1H), 5.51 (s, 1H).
3.14 (m, 4H), 0.96 (m, 6H)

[1856] Step 2) Preparation of N.N-diethvl-4-iodo-1H-pyrazol-3-amine

[1857]
!,ﬂf’*
Nv

.N
HN ™

[1858]  To a solution of N,N-diethyl-1H-pyrazol-3-amine (1.87 g, 13.43 mmol) in a mixed
solvent of ethanol/water (1/1, 20 mL) were added sodium iodide (2.2 g, 14.78 mmol),

idodine (5.1 g, 20.15 mmol), potassium carbonate (7.4 g, 53.7 mmol) successively, and



195

WO 2018/212534 PCT/KR2018/005516

[1859
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[1861
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[1863]

[1864]
[1865]

[1866]

[1867]

[1868]

the reaction mixture was stirred at room temperature for 15 h. After completion, the
reaction mixture was diluted with ethyl acetate and washed with saturated sodium
thiosulfate aqueous solution. The organic layer was dried over anhydrous sodium

sulfate, filtered, and concentrated under reduced pressure. The residue was purified by

column chromatography (30% ethyl acetate/n-hexne) to afford the title compound as
brown oil (1.22 g, 34%).

MS m/z: 266 [M+1]*.

IHNMR (CDCl;, 400MHz), & ppm: 7.46(s, 1H), 3.26 (m, 4H), 1.10 (m, 6H)

To a solution of N,N-diethyl-4-iodo-1H-pyrazol-3-amine (1.22 g, 4.60 mmol) in
DMF (10 mL) were added cesium carbonate (2.2 g, 6.9 mmol) and tert-butyl bro-
moacetate (0.8 mL, 5.52 mmol) successively, and the reaction mixture was stirred at
room temperature for 15 h. After completion, the reaction mixture was diluted with
water (30 mL) and extracted with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced

pressure to afford the title compound quantitatively as brown oil (1.79 g), which was

used for the next step without further purification.
MS m/z: 380 [M+1]*.
IHNMR (DMSO-ds, 400MHz), 6 ppm: 7.67 (s, 1H), 4.74 (s, 2H), 3.33 (s, 6H). 3.13
(m, 4H), 1.41 (s, 9H), 0.98 (m, 6H)
(Step 4) Preparation of tert-butyl
2-[3-(diethylamino)-4-{2-[(2.3-dihydro- I H-inden-2-yl)amino]pyrimidin-5

1}-1H-pvr

azol-1-vyl]acetate

A mixture of tert-butyl 2-[3-(diethylamino)-4-iodo-1H-pyrazol-1-yl]acetate (0.50 g,
1.32 mmol), the compound im-2a (0.53 g, 1.58 mmol),
tetrakis(triphenylphosphin)palladium(0) (152 mg, 0.13 mmol), 2N sodium carbonate
solution (2 mL, 4.0 mmol) was dissolved in 1.4-dioxane (10 mL) and stirred at 80 °C

for 3 h under nitrogen atmosphere. After completion, the reaction mixture was cooled
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[1869]
[1870]

[1871]

[1872]

[1873]

[1874]

[1875]

[1876]

[1877]

to room temperature and water (40 mL) was added thereto, and then extracted with
ethyl acetate (30 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting residue was passed through silica pad (40% ethyl acetate/n-hexane) to afford
a mixture of title compound and deboronated byproduct (200 mg), which was used for
the next step without further purification.

MS m/z: 463 [M+1]+.

IHNMR (CDCl;, 400MHz), & ppm: 8.52 (s, 2H), 7.36(s, 1H), 7.19 (m, 4H), 5.55 (m,
1H), 4.82 (m, 1H), 4.55 (s, 2H), 3.39 (m, 2H), 3.07 (m, 4H), 2.88 (m, 2H), 1.23 (s,
9H), 1.02 (m, 6H)

(Step S5) Preparation of

2-[3-(diethylamino)-4-{2-[(2.3-dihydro-1H-inden-2-yDamino]pvrimidin-5

1}-1H-pvr

azol-1-vl]acetic acid

(

;N'“'h N‘-\/
N
.
{0 0
0
N”J\N
H

To a solution of the residue obtained (200 mg) in dichloromethane (2 mL) was added

trifluoroacetic acid (6 mL), and the reaction mixture was stirred at room temperature
overnight. After completion, the solvent was removed under reduced pressure. The
residue was purified by column chromatography (20% methanol/dichloromethane) to
afford the title compound as light brown solid (58 mg, 11% in 2 steps).

MS m/z: 407 [M+1]+.

IHNMR (DMSO-d¢, 400MHz), & ppm: 8.50 (s, 2H), 7.80 (s, 1H), 7.23 (s, 1H), 7.16
(m, 4H), 5.75 (s, 1H), 4.80 (s, 2H), 4.61 (m, 1H), 3.26 (m, 2H), 3.00 (m, 4H), 2.90 (m,
2H), 0.94 (m, 6H)

(Step 6) Preparation of

2-[13-(diethylamino)-4-{2-[(2.3-dihvdro-1H-inden-2-ylDamino]pvrimidin-5-y1}-1H-pvr
azol-1-vl1]-1-{1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-vl }ethan-1-one

To an ice-cooled solution of
2-[3-(diethylamino)-4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]pyrimidin-5-yl } - 1H-pyr
azol-1-ylJacetic acid (57 mg, 0.14 mmol) and the compound im-7 (34 mg, 0.21 mmol)
in DMF (1 mL) were added DIPEA (0.07 mL, 0.42 mmol) and PyBOP (109 mg, 0.21
mmol), and the mixture was stirred at room temperature for 15 h under nitrogen at-
mosphere. After completion, water (20 mL) was added to the reaction mixture and it

was extracted with ethyl acetate (30 mL X 3). The organic layer was washed with
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[1878]
[1879]

[1880]
[1881]

[1882]

[1883]

[1884]
[1885]

[1886]

brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography (5%
methanol/dichloromethane) to afford the title compound as light yellow solid (21 mg,
29%).

MS m/z: 513 [M+1]+.

IHNMR (DMSO-d¢, 400MHz), 6 ppm: 8.50 (s, 2H), 7.73 (d, 1H), 7.41 (d, 1H), 7.17
(m, 4H), 5.12 (m, 2H), 4.64 (m, 3H), 3.81 (s, 2H), 3.23 (m, 2H), 2.92 (m, 7H), 2.82 (m,
1H), 0.87 (m, 6H)

[Example 26] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-2-methyl-1H-imidazol-1-
yD)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan- 1-one (Compound
107)

N O
xSy
" . @
NTN

boronate

Pd(PPhy) o HC
CH,  tbutyl bromoacetate N Nazcg3 x
=

H,C /K =N
HN TN onoakf\l e © N =y
\_( DME N\{/&\| 14-dioxane lN/;L\N
H

To a solution of 5-Iodo-2-methyl-1H-imidazole (300 mg, 1.44 mmol) in DMF (7.2
mL) were added cesium carbonate (704.7 mg, 2.16 mmol) and tert-butyl bromoacetate
(0.21 mL, 1.44 mmol) successively, and the reaction mixture was stirred at room tem-
perature for 18 h. After completion, the reaction mixture was diluted with water (20
mL) and extracted with ethyl acetate. The organic layer was washed with brine, dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The

resulting residue was purified by column chromatography (80% ethyl acetate/
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[1887]

[1888]

[1889]

[1890]

[1891]

[1892]

[1893]

[1894]

n-hexane) to afford the title compound as yellow oil (326.8 mg, 70%).

IH NMR (CDCl;, 400MHz), 6 ppm: 6.91 (s, 1H), 4.45 (s, 2H), 2.34 (s, 3H), 1.47 (s,
9H)

Step 2) tert-butyl
2-(4-{2-[(2.3-dihydro-1H-inden-2-ylamino]pyrimidin-5-y1 }-2-methyl- 1 H-imidazol-1-

yDacetate

x o) H3C)-
oAy B!
~N
WY
A mixture of tert-butyl 2-(4-iodo-2-methyl-1H-imidazol-1-yl)acetate (326.8 mg, 1.01

mmol), the compound im-2a (263 mg, 0.78 mmol),

Iz

tetrakis(triphenylphosphin)palladium(0) (270.4 mg, 0.23 mmol), 1N sodium carbonate
solution (2.6 mL, 2.34 mmol) was dissolved in 1.4-dioxane (12.5 mL) and stirred at 80
°C for 4 h under nitrogen atmosphere. After completion, the reaction mixture was
cooled to room temperature and water (10 mL) was added thereto, and then extracted
with ethyl acetate (10 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography (80% ethyl acetate/

n-hexane) first, and then impurities were separated by preparative-TLC (100% ethyl

acetate) to afford the title compound as white solid (95.1 mg, 30%).

IH NMR (CDCl;, 400MHz), 6 ppm: 8.64 (s, 2H), 7.24-7.15 (m, 4H), 7.00 (s, 1H),
5.44 (d, 1H), 4.87-4.79 (m, 1H), 4.51 (s, 2H), 3.43-3.37 (m, 2H), 2.91-2.86 (m, 2H),
2.38 (s, 3H), 1.49 (s, 9H).

(Step 3) Preparation of

ylacetic acid lithium salt

HO JK,N}T,N .
N
WY
N”LN

To a solution of tert-butyl
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-2-methyl-1H-imidazol-1-
yDacetate (65.1 mg, 0.16 mmol) in THF (1 mL) were added lithium hydroxide
monohydrate (33.8 mg, 0.81 mmol) in water (1 mL) and the reaction mixture was
stirred at room temperature for 2 h. After completion, the solvent was removed under

reduced pressure, and the resulting residue was triturated with diethyl ether to afford
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light yellow solid (122.8 mg), which was used for the next step without further pu-

rification.

[1895] IH NMR (DMSO-dg, 400MHz), 6 ppm: 8.57 (s, 2H), 7.32 (d, 1H), 7.24-7.12 (m,
SH), 4.65-4.59 (m, 1H), 4.08 (s, 2H), 3.28-3.22 (m, 2H), 2.91-2.86 (m, 2H), 2.19 (s,
3H).

[1896] (Step 4) Preparation of
2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-vl}-2-methyl-1H-imidazol-1-

yD-1-{1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pyridin-5-yl }ethan-1-one
[1897] To an ice-cooled solution of the reside obatined in step 3 (122.8 mg) and the

compound im-7 (112.7 mg, 0.70 mmol) in DMF (7 mL) were added DIPEA (0.31 mL,
1.76 mmol) and PyBOP (274.2 mg, 0.53 mmol), and the reaction mixture was stirred at
room temperature for 4 h under nitrogen atmosphere. After completion, water (20 mL)
was added to the reaction mixture and it was extracted with ethyl acetate (20 mL X 3).
The organic layer was washed with brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The resulting residue was purified
by column chromatography (5% methanol/dichloromethane) to afford the title
compound as white solid (35.4 mg, 48% in 2 steps).

[1898]  1H NMR (DMSO-ds, 400MHz), 6 ppm: 8.59 (s, 2H), 7.39 (d, 1H), 7.29 (d, 1H),
7.22-7.12 (m, 4H), 5.10 (d, 2H), 4.77 (s, 1H), 4.69 (s, 1H), 4.65-4.60 (m, 1H),
3.83-3.82 (m, 2H), 3.28-3.22 (m, 2H), 2.92-2.75 (m, 4H), 2.20 (s, 3H).

[1899]

[1900] [Example 31] Preparation of
2-(2-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-ethyl-1H-imidazol-4-yl1
)-1-{3H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one (compound 112)

[1901]

[1902] —— i\
oD D e Ty O e i O

180°C, 18 h 14,18 0\

amine
Ethyl 4. hI e{oa etate PyBOP
LIOH.H,0

/ N _ / N DIPEA //N
CH.CN =N J:Q THF/H 0(1 1 HO N @ oNE " N \/NL /@
N o .
" N

80°C,18h rt,18h

[1903] (Step 1) Preparation of

2-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidine-5-carbonitrile
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[1904]

[1905]

[1906]

[1907]

[1908]

[1909]

[1910]

[1911]

[1912]

[1913]

m@/j\u @

A mixture of the compound im-1a (2.5 g, 8.62 mmol) and copper cyanide (1.0 g,
11.2 mmol) in DMF (41 mL) was stirred at 180 °C for 18 h. After completion, the
reaction mixture was diluted with ethyl acetate (50 mL) and washed with 10% Sodium
cyanide solution (50 mL X 2). The organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography (15% ethyl acetate/n-hexane) to afford the title compound as
beige solid (1.48 g, 73%).

IH NMR (CDCl;, 400MHz), 6 ppm: 8.56 (s, 1H), 8.55 (s, 1H), 7.25-7.18 (m, 4H),
6.19 (d, 1H), 4.90-4.82 (m, 1H), 3.43-3.38 (m, 2H), 2.92-2.87 (m, 2H).

Step 2) Preparation of methyl

2-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidine-5-carboximidate hydrochloride

WCH

~o

~N

L

N N

H

An ice-cooled solution of
2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidine-5-carbonitrile (544 mg, 2.30 mmol)
in methanol (20 mL) was stirred at room temperature while HCI gas was bubbled.
After completion, ther solvent was removed under reduced pressure to afford the title
compound as beige solid (701 mg, 2.30 mmol).

IH NMR (DMSO-d;, 400MHz), 6 ppm: 9.08 (d, 1H), 8.99-8.95 (m, 2H), 7.24-7.13

(m, 4H), 4.79-4.70 (m, 1H), 4.22 (s, 3H), 3.31-3.25 (m, 2H), 2.97-2.92 (m, 2H).
(Step 3) Preparation of

2-1(2.3-dihvdro-1H-inden-2-yamino]-N-ethylpyrimidine-5-carboximidamide

To an ice-cooled solution of methyl
2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidine-5-carboximidate hydrochloride (701
mg, 2.30 mmol) in methanol (5 mL) was added ethyamine (6 mL, 11.5 mmol) slowly.
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[1914]

[1915]

[1916]

[1917]

[1918]
[1919]

[1920]

[1921]

[1922]

After completion, the solvent was removed under reduced pressure, and the resulting
residue was purified by column chromatography (20% methanol/dichloromethane) to
afford the title compound as beige solid (184.5 mg, 0.66 mmol).

IH NMR (DMSO-ds, 400MHz), 6 ppm: 9.28 (bs, 2H), 8.67 (d, 2H), 8.56 (d, 1H),
7.24-7.14 (m, 4H), 4.72-4.66 (m, 1H), 3.41-3.38 (m, 2H), 3.30-3.24 (m, 2H), 2.95-2.89
(m, 2H), 1.23 (t, 3H).

(Step 4) Preparation of ethyl

2-(2-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-vl }-1-ethyl-1H-imidazol-4-vl

)acetate

H { E§>
NZ =N

0 I

_/ o0 NA\ﬁ

A mixture of
2-[(2,3-dihydro-1H-inden-2-yl)amino]-N-ethylpyrimidine-5-carboximidamide (184.5
mg, 0.66 mmol) and potassium bicarbonate (197 mg, 1.97 mmol) in acetonitrile (2 mL)
was stirred at 50 °C, and a solution of ethyl 4-chloroacetate (0.12 mL, 0.92 mmol) in
acetonitrile (1 mL) was slowly added thereto. The reaction mixture was stirred at 80 °C
for 18 h under nitrogen atmosphere. After completion, the reaction mixture was cooled
to room temperature, and extracted with ethyl acetate and water. The organic layer was
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography (1% methanol/ethyl

acetate) to afford the title compound as brown oil (66.9 mg), which was used without

further purification.

MS m/z: 392 [M+1]*.

IH NMR (CDCl;, 400MHz), 6 ppm: 8.50 (s, 2H), 7.28-7.05 (m, 5H), 5.73-5.68 (m,
1H), 4.85 (m, 1H), 4.64 (s, 2H), 4.52-4.45 (m, 2H), 4.23-4.15 (m, 2H), 3.45-3.29 (m,
2H), 2.94-2.90 (m, 2H), 1.41 (t, 3H), 1.35-1.31 (m, 3H).

(Step 5) Preparation of
2-(2-{2-[(2.3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-ethyl-1H-imidazol-4-yl

)acetic acid

H")
wo— N @
0 NF?L\ﬁ

A mixture of ethyl
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[1923]
[1924]

[1925]

[1926]

[1927]

[1928]
[1929]

[1930]

2-(2-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-ethyl-1H-imidazol-4-yl1
)acetate (66.9 mg, 0.17 mmol) and lithium hydroxide monohydrate (35.7 mg, 0.85
mmol) was dissolved in THF (2 mL) and water (2 mL), and stirred at room tem-
perature for 2 h. The solvent was removed under reduced pressure to afford the title
compound as brown solid (109.6 mg), which was used for the next step without further
purification.

MS m/z: 364 [M+1]*.

(Step 6) Preparation of

2-(2-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-vl }-1-ethyl-1H-imidazol-4-vl

-1-13H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pvridin-5-yllethan-1-one

)
//N
:N’CH(;[N 'NXHIQ
H

To an ice-cooled solution of
2-(2-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-ethyl-1H-imidazol-4-yl1
)acetic acid (109.6 mg, 0.30 mmol) and the compound im-7 (97 mg, 0.60 mmol) in
DMF (5 mL) was added PyBOP (235.7 mg, 0.45 mmol), followed by DIPEA (0.26

mL, 1.5 mmol). The reaction mixture was warmed to room temperature and stirred for

18 h. After completion of the reaction, the reaction mixture was diluted by ethyl
acetate (20 mL), washed with water twice. The organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated under reduced pressure. The resulting
residue was purified by column chromatography (10% methanol/dichloromethane) to
afford the title compound as pale reddish solid (3.0 mg, 4%).

IH NMR (CDCl;, 400MHz), 6 ppm: 8.50 (s, 2H), 7.23-7.18 (m, 4H), 6.98 (d, 1H),
5.70 (d, 1H), 4.84-4.80 (m, 3H), 4.11-4.05 (m, 2H), 3.96-3.83 (m, 4H), 3.44-3.39 (m,
2H), 2.94-2.86 (m, 4H).

[Example 34] Preparation of
1-{4-[2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-y1}-3-(pyridin-4-y])- 1H
-pyrazol-1-yl)acetyl]piperazin-1-yl}-2-hydroxyethan-1-one (Compound 115)

# N

g
0
SN N =
N N‘*&_,-—
N
o) I\N@
N/J\N
H
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[1931]

[1932]

[1933]

[1934]

[1935]
[1936]

[1937]

//‘”1{3

0 = /"'\N,(—_ N
MO —<"N,N-—. — & boc-N ! N
P

(Step 1) Preparation of tert-butyl
4-12-(4-{2-1(2.3-dihvdro-1H-inden-2-vD)amino]pvrimidin-5-v1}-3-(pvridin-4-v)-1H-

razol-1-vDacetvl]piperazine- 1-carboxvlate

To an ice-cooled solution of
2-(4-{2-[(2,3-Dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-4-yl)-1H-pyra
zol-1-yl) acetic acid (described in example 36, step 6) (100 mg, 0.242 mmol) and
I-boc-piperazine (54 mg, 0.29 mmol) in DMF (1 mL) were added DIPEA (0.13 mL,
0.73 mmol) and PyBOP (188 mg, 0.36 mmol), and the mixture was stirred at room
temperature for 15 h under nitrogen atmosphere. After completion, water (20 mL) was
added to the reaction mixture and it was extracted with ethyl acetate (30 mL X 3). The
organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The resulting residue was passed through a
silica pad (5% methanol/dichloromethane) to afford a mixture as beige solid containing
the title compound (130 mg), which was used for the next reaction without further pu-
rification.

MS m/z: 581 [M+1]+.

IHNMR (CDCl;, 400MHz), 6 ppm: 8.57 (d, 2H), 8.22 (s, 2HO0, 7.61 (s, 1H), 7.43 (d,
2H), 7.20 (m, 4H), 5.41 (d, 1H), 5.08 (s, 1H), 4.81 (m, 1H), 3.48 (m, 10H), 2.90 (dd,
2H), 1.47 (s, 9H)

(Step 2) Preparation of

1
—
;
B
—_
[s¥}

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5-v1}-3-(pyridin-4

zol-1-y1)-1-(piperazin-1-yl)ethan-1-one dihydrochloride
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[1938]

[1939]

[1940]

[1941]

[1942]

[1943]

[1944]
[1945]

[1946]
[1947]

To an ice-cooled solution of rhe residue obtained (130 mg) in dichloromethane (2
mL) was added 4N HCI in dioxane solution (2 mL), then the reaction mixture was
stirred at room temperature for 4 h. The solvent was removed under reduced pressure

to afford the title compound as light yellow solid (100 mg, 75% in 2 steps), which was

used for the next step without further purification.

MS m/z: 481 [M+1]+.

IHNMR (DMSO-d¢, 400MHz), & ppm: 9.46 (s, 2H), 8.82 (d, 2H), 8.33 (s, 2HO, 8.02
(m, 3H), 7.26 (s 1H), 7.19 (m, 4H), 5.43 (s, 2HO, 4.67 (m, 1H), 3.75 (m, 4H), 3.27 (dd,
2H), 3.16 (m, 4H), 2.94 (dd, 2H)

(Step 3)
1-14-12-(4-{2-[(2.3-dihydro-1H-inden-2-yDamino]pyrimidin-5

1}-3-(pyridin-4-y1)-1H

-pyrazol-1-ylacetyl]piperazin-1-yl }-2-hydroxyethan-1-one

To an ice-cooled solution of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-4-y1)-1H-pyra
zol-1-yD)-1-(piperazin-1-yl)ethan-1-one dihydrochloride (100 mg, 0.18 mmol) and
glycolic acid (20 mg, 0.27 mmol) in DMF (1 mL) were added DIPEA (0.24 mL, 1.35
mmol) and PyBOP (140 mg, 0.27 mmol), and the mixture was stirred at room tem-
perature for 18 h under nitrogen atmosphere. After completion, water (20 mL) was
added to the reaction mixture and it was extracted with ethyl acetate (30 mL X 3). The
organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The resulting residue was purified by column
chromatography (5% — 10% methanol/dichloromethane) to afford the title compound
as beige solid (52 mg, 54 %).

MS m/z: 539 [M+1]*.

IHNMR (DMSO-d¢, 400MHz), 6 ppm: 8.55 (d, 2H), 8.20 (s, 2H), 7.92 (s, 1H), 7.62
(d, 1H), 7.43 (d, 2H), 7.18 (m, 4H), 5.30 (s, 2H), 4.64 (m, 2H), 4.13 (s, 2H), 3.52 (m,
7H), 3.26 (dd, 2H), 2.91 (dd, 2H)

[Example 35] Preparation of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-2-yl)-1H-pyra
zol-1-yD)-1-{1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c |pyridin-5-yl }ethan-1-one
(Compound 116)
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[1948]
Ht\ll N/
N;«N
[1949]
I =
N,
— . >

[1950]  (Step 1) Preparation of 2-(1H-Pyrazol-3-yD)pyridine
[1951]

[1952] A mixture of 2-acetylpyridine (3 mL, 27 mmol) and DMF-DMA (6 mL, 45.15 mmol)
was stirred at 110 °C for 4 h. After completion, the reaction mixture was cooled to
room temperature and concentrated under reduced pressure. The remained residue was
dissolved in ethanol (12 mL) and hydrazine hydrate (1.6 mL, 32.40 mmol) was added
thereto. The reaction mixture was stirred at reflux for 15 h. After completion, the
reaction mixture was cooled to room temperature and the solvent was removed under
reduced pressure. The residue was diluted with dichloromethane (20 mL) and washed
with water. The organic layer was dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure to afford the title compound as yellow solid (3.87
2,99% in 2 steps).

[1953] MS m/z: 146 [M+1]+
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[1954]

[1955]
[1956]

[1957]

[1958]
[1959]

[1960]
[1961]

[1962]

IH NMR (CDCl;, 400MHz), 6 ppm: 11.35 (bs, 1H), 8.64 (d, 1H), 7.69-7.79 (m, 2H),
7.66 (d, 1H), 7.21-7.28 (m, 1H), 6.80 (s, 1H)
(Step 2) Preparation of 2-(4-Todo-1H-pyrazol-3-yvl)pyridine

To a solution of 2-(1H-pyrazol-3-yl)pyridine (1 g, 6.89 mmol) in a mixed solvent of
ethanol/water (1/2, 18 mL) were added sodium iodide (1.14 g, 7.87 mmol), idodine
(2.62 g, 10.34 mmol), potassium carbonate (3.81 g, 27.56 mmol) successively, and the
reaction mixture was stirred at room temperature for 3 h. After completion, the
reaction mixture was diluted with ethyl acetate and washed with saturated sodium
thiosulfate aqueous solution. The organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure to afford the title compound
as light orange solid (1.32 g, 71 %).

MS m/z: 272 [M+1]*.

IH NMR (CDCl;, 400MHz), 6 ppm: 11.53 (bs, 1H), 8.65 (d, 1H), 8.39 (d, 1H),
7.78-7.85 (m, 1H), 7.69 (s, 1H), 7.28-7.33 (m, 1H).

(Step 3) Preparation of Tert-butyl 2-[4-iodo-3-(pyridin-2-y1)-1H-pyrazol-1-yl]acetate

To a solution of 2-(4-lodo-1H-pyrazol-3-yl)pyridine (1.70 g, 6.27 mmol) in DMF (12
mL) were added cesium carbonate (4.07 g, 12.50 mmol) and tert-butyl bromoacetate
(1.39 mL, 9.41 mmol) successively, and the reaction mixture was stirred at room tem-
perature for 2 h. After completion, the reaction mixture was diluted with water (40 mL)
and extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography (20% ethyl acetate/

n-hexane) to afford the title compound as yellow oil (1.15 g, 48%).
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[1963]
[1964]

[1965]

[1966]

[1967]

[1968]
[1969]

[1970]

[1971]

[1972]

MS m/z: 386 [M+1]*.

1H NMR (CDCL,, 400MHz), & ppm: 8.72 (d, 1H), 7.99 (d, 1H), 7.71-7.78 (m, 1H),
7.66 (s, 1H), 7.24-7.28 (m, 1H), 4.89 (s, 2H), 1.48 (s, 9H)

(Step 4) Preparation of Tert-butyl

2-(4-12-1(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-3-v1}-3-(pvridin-2-v1)-1H-pvyra

zol-1-yDacetate

A mixture of tert-butyl 2-[4-i0do-3-(pyridin-2-yl)-1H-pyrazol-1-yl]acetate (0.31 g,
0.80 mmol), the compound im-2a (0.3 g, 0.89 mmol),
tetrakis(triphenylphosphin)palladium(0) (92 mg, 0.08 mmol), 2N sodium carbonate
solution (1.2 mL, 2.4 mmol) was dissolved in 1.4-dioxane (7 mL) and stirred at 100 °C
for 15 h under nitrogen atmosphere. After completion, the reaction mixture was cooled
to room temperature and water (50 mL) was added thereto, and then extracted with
ethyl acetate (50 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography (60% ethyl acetate/
n-hexane) to afford the title compound as yellow oil (82 mg, 22%).

MS m/z: 469 [M+1]*.

IH NMR (CDCl;, 400MHz), 6 ppm: 8.59 (d, 1H), 8.38 (s, 2H), 7.64-7.71 (m, 2H),
7.58 (s, 1H), 7.14-7.24 (m, 4H), 5.40 (d, 1H), 4.91 (s, 2H), 4.81 (m, 1H), 3.41 (dd,
2H), 2.91 (dd, 2H), 1.50 (s, 9H)

Step 5) Preparation of

To a solution of tert-butyl
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-2-yl)-1H-pyra
zol-1-ylacetate (82 mg, 0.175 mmol) in dichloromethane (1 mL) was added trifluo-

roacetic acid (3 mL), and the reaction mixture was stirred at room temperature for 3 h.
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[1973]
[1974]

[1975]

[1976]
[1977]

[1978]
[1979]

[1980]

After completion, the solvent was removed under reduced pressure to afford the title

compound as white solid (50 mg, 69%), which was used for the next step without

further purification.
MS m/z: 413 [M+1]+.

(Step 6) Preparation of
2-(4-12-1(2.3-Dihydro-1H-inden-2-yDamino]pvrimidin-5

1
=
I
=
o
s
q
Dy
3
;
iz
=
[s¥}

To an ice-cooled solution of
2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-(pyridin-2-yl)-1H-pyra
zol-1-yDacetic acid (50 mg, 0.12 mmol) and the compound im-7 (29 mg, 0.18 mmol)
in DMF (2 mL) were added DIPEA (0.1 mL, 0.60 mmol) and PyBOP (94 mg, 0.18
mmol), and the mixture was stirred at room temperature for 5 h under nitrogen at-
mosphere. After completion, water (20 mL) was added to the reaction mixture and it
was extracted with ethyl acetate (30 mL X 3). The organic layer was washed with
brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography (3%
methanol/dichloromethane) to afford the title compound as beige solid (42 mg, 67 %).

MS m/z: 519 [M+1]*.

IH NMR (DMSO-ds, 400MHz), 6 ppm: 8.48 (d, 1H), 8.34 (s, 2H), 7.93 (d, 1H),
7.73-7.85 (m, 2H), 7.43 (d, 1H), 7.30 (t, 1H), 7.11-7.25 (m, 4H), 5.39 (d, 2H), 4.76 (d,
2H), 4.62 (m, 1H), 3.81-3.86 (m, 2H), 3.26 (dd, 2H), 2.72-2.94 (m, 4H)

[Example 36] Preparation of
2-[1-(4-chlorophenyl)-2-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1H-1
midazol-4-yl]-1-{ 1H,4H,5H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethan-1-one
(Compound 117)

cl

n* 0 5:::f
o
O

|
N’*N
H
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[1981] cl

[1984] A mixture of the compound 51-a (100 mg, 0.42 mmol), 4-chloroaniline (59.3 mg,
0.47 mmol), aluminum chloride (62 mg, 0.47 mmol) was stirred at 130 °C for 1 h.
After completion, 2M sodium hydroxide aqueous solution (1.7 mL) was added to the
reaction mixture, and then slowly added ice water (4.2 mL). After stirring for 15 min,
the reaction mixture was extracted with ethyl acetate (10 mL X 3). The organic layer
was washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography
(5% methanol/dichloromethane) to afford the title compound as light yellow solid
(77.2 mg, 50%).

[1985] 1H NMR (DMSO-ds, 400MHz), 6 ppm: 8.82 (s, 2H), 7.91 (d, 1H), 7.31 (d, 2H),
7.23-7.13 (m, 4H), 6.84 (d, 2H), 6.38 (bs, 2H), 4.69-4.65 (m, 1H), 3.30-3.24 (m, 2H),
2.94-2.88 (m, 2H).

[1986] Step 2) Preparation of ethyl
2-[1-(4-chlorophenyl)-2-{2-[(2.3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-y1}-1H-i

midazol-4-yl]acetate

[1987] cl

[1988] To a solution of N-
(4-chlorophenyl)-2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidine-5-carboximidamid
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e (75 mg, 0.21 mmol) in acetonitrile (3 mL) was added potassium bicarbonate (62 mg,
0.62 mmol). The soltion of ethyl-4-chloroacetoacetate (40 uL, 0.29 mmol) in ace-
tonitrile (0.5 mL) was added to the reaction mixture while it was stirred at 50 °C. The
reaction mixture was allowed to stir at 90 °C for 18 h. After competion, the precipitate
was filtered off, washed with ethyl acetate. The filtrate was concentrated under reduced
pressure, and the resulting residue was purified by column chromatography (5%
methanol/dichloromethane) to afford the title compound as brown solid (73.7 mg,
76%).

[1989] 1H NMR (CDCl;, 400MHz), 6 ppm: 8.28 (s, 2H), 7.42 (d, 2H), 7.23-7.15 (m, 6H),
7.12 (s, 1H), 5.47 (d, 1H), 4.80-4.72 (m, 1H), 4.25-4.19 (q, 2H), 3.74 (s, 2H),
3.39-3.34 (m, 2H), 2.88-2.38 (m, 2H), 1.31 (t, 3H).

[1990]  (Step 3) Preparation of

1}-1H-i

2-11-(4-chlorophenyl)-2-{2-[(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin-5

midazol-4-vl]acetic acid lithium salt
[1991] cl

S 0
Nﬁi“N
H

[1992] To a solution of ethyl
2-[1-(4-chlorophenyl)-2-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1H-1
midazol-4-yl]acetate (73.7 mg, 0.16 mmol) in THF (0.8 mL) were added lithium
hydroxide monohydrate (32.5 mg, 0.78 mmol) in water (0.8 mL), and the reaction

mixture was stirred at room temperature for 3 h. After completion, the solvent was
removed under reduced pressure and the resulting residue was triturated with diethyl
ether to afford the title compound quantitatively as brown solid (73.7 mg), which was
used for the next step without further purification.

[1993] 1H NMR (DMSO-d6, 400MHz), 6 ppm: 8.17 (s, 2H), 7.78 (d, 1H), 7.56 (d, 2H),
7.37 (d, 2H), 7.20-7.12 (m, 5H), 4.61-4.56 (m, 1H), 3.23-3.15 (m, 4H), 2.90-2.84 (m,
2H).

[1994]  (Step 4) Preparation of

2-[1-(4-chlorophenyl)-2-12-[(2.3-dihvdro- 1H-inden-2-vDamino]pyrimidin-5-v1}-1H-i
midazol-4-v1]-1-{1H.4H.5H.6H.7H-[1.2.3]triazolo[4.5-c]pvridin-5-yl }ethan-1-one

[1995] To an ice-cooled solution of
2-[1-(4-chlorophenyl)-2-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl}-1H-1
midazol-4-yl]acetic acid lithium salt (73.7 mg, 0.16 mmol) and the compound im-7 (53
mg, 0.33 mmol) in DMF (3.3 mL) were added DIPEA (0.14 mL, 0.83 mmol) and
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[1996]

[1997]
[1998]

[1999]

[2000]

[2001]

[2002]
[2003]

PyBOP (129 mg, 0.25 mmol), and the reaction mixture was stirred at room temperature
for 18 h under nitrogen atmosphere. After completion, water (20 mL) was added to the
reaction mixture and it was extracted with ethyl acetate (30 mL X 3). The organic layer
was washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography
(3% methanol/dichloromethane) to afford the title compound as light brown solid (40
mg, 44%).

IHNMR (CDCl;, 400MHz), & ppm: 8.23 (s, 2H), 7.42-7.40 (m, 2H), 7.22-7.16 (m,
6H), 7.10 (d, 1H), 5.59-5.47 (m, 1H), 4.91 (d, 2H), 4.79-4.74 (m, 1H), 4.05-3.97 (m,
2H), 3.89 (d, 2H), 3.40-3.33 (m, 2H), 2.95-2.84 (m, 4H)

[Example 37] Preparation of
1-[4-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-(2-oxo0-2-{ 1H,4H,5
H,6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)- 1H-pyrazol-3-yl)piperidin-1-yl]-2-h
ydroxyethan-1-one (Compound 118)

To an ice-cooled solution glycolic acid (26 mg, 0.34 mmol) and the compound 121
(60 mg, 0.107 mmol) in DMF (3 mL) were added DIPEA (0.1 mL, 0.535 mmol) and

PyBOP (84 mg, 0.16 mmol), and the mixture was stirred at room temperature for 3 h

under nitrogen atmosphere. After completion, water (50 mL) was added to the reaction
mixture and it was extracted with ethyl acetate (50 mL X 3). The organic layer was
washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography
(3% methanol/dichloromethane) to afford the title compound as beige solid (25 mg, 40
%).

MS m/z: 583 [M+1]*.

IH NMR (DMSO-ds, 400MHz), 6 ppm: 8.33 (s, 2H), 7.74 (d, 1H), 7.50 (s, 1H),
7.13-7.24 (m, 4H), 5.21 (d, 2H), 4.60-4.78 9m, 3H), 4.44 (t, 1H), 4.33 (m, 1H), 4.07 (t,
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[2004]
[2005]

[2006]

[2007]

[2008]
[2009]

[2010]

[2011]
[2012]

[2013]

2H), 3.82 (m, 2H), 3.67 (m, 1H), 3.26 (dd, 2H), 2.96-3.08 (m, 2H), 2.92 (dd, 2H),
2.70-2.84 (m, 3H), 1.74-1.84 (m, 2H), 1.42-1.68 (m, 2H)

[Example 38] Preparation of
4-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-(2-oxo-2-{ 1H,4H,5H,6
H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)- 1H-pyrazol-3-yl)benzoic acid
(Compound 119)

Step 1) Preparation of Methyl 4-[(2E)-3-(dimethylamino)prop-2-enoyl]benzoate

) O

pr— O_
—N
\

A mixture of methyl 4-acetylbenzoate (1 g, 5.61 mmol) and DMF-DMA (5 mL,
45.15 mmol) was stirred at 130 °C for 15 h. After completion, the reaction mixture was
cooled to room temperature and concentrated under reduced pressure. The remained
residue was triturated with diethyl ether to afford the title compound as yellow solid
(1.2 g,92 %).

MS m/z: 234 [M+1]+.

IH NMR (CDCl;, 400MHz), 6 ppm: 8.07 (d, 2H), 7.93 (d, 2H), 7.83 (d, 1H), 5.70 (d,
1H), 3.93 (s, 3H), 3.17 (bs, 3H), 2.95 (bs, 3H)

(Step 2) Preparation of Methyl 4-(1H-pyrazol-3-yl)benzoate
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[2014]

[2015]

[2016]
[2017]

[2018]
[2019]

[2020]

[2021]
[2022]

[2023]

[2024]

[2025]

}—N'N: C O
\..
—
O—

To a solution of methyl 4-[(2E)-3-(dimethylamino)prop-2-enoyl]benzoate (1.2 g,
5.187 mmol) in ethanol (10 mL) was added hydrazine hydrate (0.39 mL, 7.781 mmol),
and the reaction mixture was stirred at reflux for 4 h. After completion, the reaction
mixture was cooled to room temperature and concentrated under reduced pressure to
afford the title compound quantitatively as beige solid (1.1 g).

MS m/z: 203 [M+1]+.

IH NMR (CDCl;, 400MHz), 6 ppm: 8.09 (d, 2H), 7.87 (d, 2H), 7.65 (d, 1H), 6.71 (d,
1H), 3.94 (s, 3H)

(Step 3) Preparation of Methyl 4-(4-iodo-1H-pyrazol-3-yl)benzoate

H\l"l ‘l\\ O
—=e
O—
|

To a solution of methyl 4-(1H-pyrazol-3-yl)benzoate (0.65 g, 3.21 mmol) in a mixed
solvent of ethanol/ water (1/2, 15 mL) were added sodium iodide (0.57 g, 3.80 mmol),
idodine (1.32 g, 5.19 mmol), and potassium carbonate (1.91 g, 13.84 mmol) suc-
cessively, and the reaction mixture was stirred at room temperature for 1 h. After
completion, the reaction mixture was diluted with ethyl acetate and washed with
saturated sodium thiosulfate aqueous solution. The organic layer was dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to afford
the title compound quantitatively as beige solid (1.09 g).

MS m/z: 329 [M+1]+.

IH NMR (CDCl;, 400MHz), 6 ppm: 8.13 (d, 2H), 7.88 (d, 2H), 7.21 (s, 1H), 3.95 (s,
3H)

Step 4) Preparation of Methyl
4-{1-[2-(tert-butoxy)-2-oxoethyll-4-iodo-1H-pyrazol-3-vl }benzoate

\}/OTF/\N*'\{ O
O Iu

O

To a solution of methyl 4-(4-iodo-1H-pyrazol-3-yl)benzoate (1.09 g, 3.21 mmol) in
DMF (10 mL) were added cesium carbonate (1.57 g, 4.82 mmol) and tert-butyl bro-

moacetate (0.57 mL, 3.85 mmol) successively, and the reaction mixture was stirred at
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[2026]
[2027]

[2028]

[2029]

[2030]

[2031]
[2032]

[2033]

room temperature for 1 h. After completion, the reaction mixture was diluted with
water (40 mL) and extracted with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography (10% ethyl
acetate/n-hexane) to afford the title compound as yellow oil (1.28 g, 90%).

MS m/z: 443 [M+1]+.

IHNMR (CDCl;, 400MHz), 6 ppm: 8.10 (d, 2H), 7.95 (d, 2H), 7.64(s, 1H), 4.85(s,
2H), 3.93(s, 3H), 1.49(s, 9H).

(Step 5) Preparation of Methyl

4-11-[2-(tert-butoxy)-2-oxoethyl]-4-{2-[(2.3-dihvdro-1H-inden-2-yDamino]pyrimidin

A mixture of methyl

4-{1-[2-(tert-butoxy)-2-oxoethyl]-4-iodo-1H-pyrazol-3-yl }benzoate (1.28 g, 2.89
mmol), the compound im-2a (1.07 g, 3.18 mmol),
tetrakis(triphenylphosphin)palladium(0) (333 mg, 0.29 mmol), 2N sodium carbonate
solution (4.3 mL, 8.6 mmol) was dissolved in 1.4-dioxane (15 mL) and stirred at 100
°C for 2 h under nitrogen atmosphere. After completion, the reaction mixture was
cooled to room temperature and water (50 mL) was added thereto, and then extracted
with ethyl acetate (50 mL X 3). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The

resulting residue was purified by column chromatography (10% ethyl acetate/

n-hexane) to afford the title compound as beige solid (773 mg, 51%).

MS m/z: 526 [M+1]*.

IH NMR (CDCl;, 400MHz), 6 ppm: 8.21 (s, 2H), 8.03 (d, 2H), 7.61 (d, 2H), 7.58 (s,
1H), 7.16-7.24 (m, 4H), 5.40 (d, 1H), 4.91 (s, 2H), 4.81 (m, 1H), 3.93 (s, 3H), 3.42
(dd, 2H), 2.92 (dd, 2H), 1.53 (s, 9H))

(Step 6) Preparation of
2-(4-12-1(2.3-Dihydro-1H-inden-2-yDamino]pvrimidin-5

11-3-[4-(methoxycarbonyl

henyl]-1H-pyrazol-1-yDacetic acid
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[2034] o)

0
HO"'{_ .N--
N

)

[2035]  To a solution of methyl

PCT/KR2018/005516

4-{1-[2-(tert-butoxy)-2-oxoethyl]-4-{2-[(2,3-dihydro- 1H-inden-2-yl)amino]

pyrimidin-5-yl}-1H-pyrazol-3-yl}benzoate (0.77 g, 1.47 mmol) in dichloromethane (3

mL) was added trifluoroacetic acid (8 mL), and the reaction mixture was stirred at

room temperature for 4 h. After completion, the solvent was removed under reduced

pressure to afford the title compound quantitatively as yellow solid (941 mg).

[2036] MS m/z: 470 [M+1]*.

[2037]  1H NMR (DMSO-ds, 400MHz), 6 ppm: 8.19 (s, 2H), 8.01 (s, 1H), 7.96 (d, 2H), 7.65
(bs, 1H), 7.61 (d, 2H), 7.13-7.23 (m, 4H), 5.06 (s, 2H), 4.62 (m, 1H), 3.85 (s, 3H), 3.25

(dd, 2H), 2.91 (m, 2H).
[2038] Step 7) Preparation of Methyl

4-(4-12-1(2.3-dihvdro-1H-inden-2-vDamino

H.7H-11.2 31triazolo[4.5-c]lpvridin-5-vllethvD-1H-

[2039]

[2040] To an ice-cooled solution of

2-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-3-[4-(methoxycarbonyl)p
henyl]-1H-pyrazol-1-yl)acetic acid (116 mg, 0.35 mmol) and the compound im-7 (307

razol-3-v)benzoate

mg, 1.91 mmol) in DMF (10 mL) were added DIPEA (1.3 mL, 7.35 mmol) and
PyBOP (1.15 g, 2.21 mmol), and the mixture was stirred at room temperature for 2 h

under nitrogen atmosphere. After completion, water (50 mL) was added to the reaction

mixture and it was extracted with ethyl acetate (50 mL X 3). The organic layer was

washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated

under reduced pressure. The resulting residue was purified by column chromatography

(3% methanol/dichloromethane) to afford the title compound as white solid (589 mg,

70 %).
[2041] MS m/z: 576 [M+1]+.

[2042]  1H NMR (CDCl;, 400MHz), 6 ppm: 11.78 (bs, 1H), 8.19 (s, 2H), 8.00 (m 2H),
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[2043]

[2044]

[2045]

[2046]
[2047]

[2048]
[2049]

[2050]

7.52-8.02 (m, 3H), 7.17-7.24 (m, 4H), 5.41 (d, 1H), 5.19 (d, 2H), 4.86 (m, 2H), 4.79
(m, 1H), 5.47 (dt, 2H), 3.92 (s, 3H), 3.40 (dd, 2H), 2.86-2.96 (m, 4H)

(Step 8) Preparation of
4-(4-12-1(2.3-Dihydro-1H-inden-2-yDamino]pyrimidin-5-y1}-1-(2-oxo-2-{ 1H.4H.5SH.6

H.7H-[1.2.31triazolo[4.5-cIpyridin-5-vyl }ethv])-1H-pvrazol-3-vl)benzoic acid

N
N* O

A N
”C N

A solution of methyl
4-(4-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1-(2-oxo0-2-{ 1H,4H,5H,
6H,7H-[1,2,3]triazolo[4,5-c]pyridin-5-yl }ethyl)-1H-pyrazol-3-yl)benzoate (0.1 g, 0.17
mmol) in THF (2 mL) and 1N lithium hydroxide solution (0.52 mL, 0.52 mmol) was
stirred at room temperature for 4 h. After completion of the reaction, 2N HCl aqueous
solution was added to adjust pH to 2 and extracted with dichloromethane. The organic
layer was separated, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography
(15% methanol/dichloromethane) to afford the title compound as white solid (20 mg,
21%).

MS m/z: 562 [M+1]+.

IH NMR (DMSO-ds, 400MHz), 6 ppm: 8.17 (s, 2H), 7.86-7.94 (m, 3H), 7.45-7.57
(m, 3H), 7.11-7.24 (m, 4H), 5.37 (d, 2H), 4.75 (d, 2H), 4.61 (m, 1H), 3.81-3.84 (m,
2H), 3.21-3.24 (m, 2H), 2.72-2.94 (m, 4H)

[Example 39] Preparation of
1-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)a
cetyl]-1,2,3,6-tetrahydropyridine-4-carbohydrazide hydrochloride (Compound 120)

H 0
CH npn-N_ 7 N~
MO

|
N/J\N
H
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[2051] \N/@H
.0

0
PyBOP -0 7 3
HOJ\.( DIPEA )‘CNJ&_(/ i
DMF
rt,18h N”l\ﬁ

BocNHNH,

0
HO PyBOP
LIOH.H,0 ),—CN ) DIPEA
THF/H,0(1:1) I . r?MZFh
rt,05h N™ N
H 0 CiH
HN - -
DCM
rt.3h W

[2052]  (Step 1) Preparation of Methyl

1-[2-(5-12-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-y1l

acetvl]-1.2.3.6-tetrahvdropvridine-4-carboxvlate

2053] o . f o
N /“N
@y ~ 0
W

[2054] To an ice-cooled solution of the compound 33-d (98.9 mg, 0.29 mmol) and the
compound im-10 (83 mg, 0.59 mmol) in DMF (8 mL) were added PyBOP (229 mg,
0.44 mmol) and DIPEA (0.26 mL, 1.47 mmol). The reaction mixture was warmed to
room temperature and stirred for 18 h. After completion of the reaction, the reaction
mixture was diluted by ethyl acetate (20 mL), washed with water three times. The
organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated

under reduced pressure. The resulting residue was purified by column chromatography

(80% ethyl acetate/n-hexane) to afford the title compound quantitatively as white solid
(135 mg).

[2055] 1H NMR (CDCl;, 400MHz), 6 ppm: 8.89 (d, 2H), 7.24-7.18 (m, 4H), 6.93-6.88 (m,
1H), 5.82 (d, 1H), 4.92-4.87 (m, 1H), 4.28 (bs, 2H), 4.11-4.07 (m, 2H), 3.78-3.68 (m,
SH), 3.45-3.40 (m, 2H), 2.94-2.89 (m, 2H), 2.52-2.47 (m, 2H)

[2056] (Step 2) Preparation of
1-[2-(5-12-[(2.3-dihydro-1H-inden-2-vDamino]pyrimidin-5-v1}-1.3.4-oxadiazol-2-yDa

cetyl]-1.2.3.6-tetrahvdropyridine-4-carboxvlic acid lithium salt

O

[2057] Li* o~
Y N N~y
Fa ey ~ D
N/)\I}:]I
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[2058]

[2059]
[2060]

[2061]

[2062]

[2063]

[2064]

[2065]

A mixture of methyl
1-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)a
cetyl]-1,2,3,6-tetrahydropyridine-4-carboxylate (135 mg, 0.29 mmol) and lithium
hydroxide monohydrate (61.7 mg, 1.47 mmol) was dissolved in THF (1 mL) and water
(1 mL), and stirred at room temperature for 0.5 h. The solvent was removed under
reduced pressure and the resulting residue was triturated with dietheyl ether to afford
the title compound as pale yellow solid (141 mg), which was used for the next step
without further purification.

MS m/z: 447 [M+1]+.

(Step 3) Preparation of

N'-[(tert-butoxy)carbonvl]-1-[2-(5-{2-[(2.3-dihydro-1H-inden-2-yl)amino]pyrimidin-5

boc “m 0

Sy

° 0)\@“ @
AN

To an ice-cooled solution of
1-[2-(5-{2-[(2,3-dihydro-1H-inden-2-yl)amino]pyrimidin-5-yl }-1,3,4-oxadiazol-2-yl)a
cetyl]-1,2,3,6-tetrahydropyridine-4-carboxylic acid (50 mg, 0.11 mmol) and tert-Butyl
carbazate (29.6 mg, 0.22 mmol) in DMF (3 mL) were added PyBOP (87.4 mg, 0.17
mmol) and DIPEA (0.10 ml, 0.56 mmol). The reaction mixture was warmed to room
temperature and stirred for 2 h. After completion of the reaction, the reaction mixture
was diluted by EA (20 mL), washed with water three times. The organic layer was
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced

pressure. The resulting residue was purified by column chromatography (ethyl acetate)

to afford the title compound as pale yellow solid (14.3 mg, 23%).

IH NMR (CDCl;, 400MHz), 6 ppm: 8.88 (d, 2H), 7.77 (d, 1H), 7.25-7.20 (m, 4H),
6.72 (d, 1H), 6.11 (d, 1H), 5.20-5.13 (m, 1H), 4.89-4.88 (m, 1H), 4.22-4.10 (m, 3H),
3.96-3.66 (m, 2H), 3.49-3.39 (m, 2H), 3.14 (s, 1H), 2.96-2.89 (m, 2H), 2.33-2.22 (m,
2H), 1.46 (s, 9H).

(Step 4) Preparation of

cetyl]-1.2.3.6-tetrahydropyridine-4-carbohydrazide hydrochloride

To an ice-cooled solution of
N'-[(tert-butoxy)carbonyl]-1-[2-(5-{2-[(2,3-dihydro- | H-inden-2-yl)amino]|pyrimidin-5
-yl}-1,3,4-oxadiazol-2-yl)acetyl]-1,2,3,6-tetrahydropyridine-4-carbohydrazide (14.3
mg, 0.03 mmol) in dichloromethane (1 mL) was added 4N HCI in dioxane solution (1

mL), and the reaction mixture was stirred at room temperature for 3 h. After
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[2066]

[2067]
[2068]
[2069]

[2070]

completion, the solvent was removed under reduced pressure. The resulting residue
was triturated with diethyl ether to afford the title compound as beige solid (6.3 mg, 50
%).

IH NMR (DMSO-ds, 400MHz), 6 ppm: 8.82-8.76 (m, 2H), 8.42-8.34 (m, 1H),
7.22-7.16 (m, SH), 4.72-4.69 (m, 1H), 3.70-3.67 (m, 2H), 3.30-3.26 (m, 2H), 2.95-2.91
(m, 6H), 2.33-2.28 (m, 2H).

[Test example 1] Measurement of inhibitory activity on human ENPP2

Two-fold dilution of each test compound solution (10 uM, 100% dimethyl sulfoxide)
is carried out on 96-well V bottom plate (Costar 3363). After ten-fold dilution of each
the test compound solution (100% dimethyl sulfoxide) with deionized distilled water,
10 uL of the diluted each mpound solution (10% dimethyl sulfoxide) was aliquoted to
a black flat bottom 96-well plate (Costar 3915). 50 uL. of 1.6X Assay solution (224
mM NaCl, 80 mM Tris-HCI (pH 8.0), 8 mM KCI, 1.6 mM CaCl,, 1.6 mM MgCl,, and
1.6 mg/mL fatty acid free BSA) was added thereto, and subsequently 20 uL of 20 nM
human ENPP2 solution (buffer solution: 140 mM NaCl, 50 mM Tris-HCI (pH 8.0), 5
mM KCl, 1 mM CaCl,, 1 mM MgCl,, and 1 mg/mL fatty acid free BSA) and 20 pL of
5 uM FS-3 solution (buffer solution: deionized distilled water) were added thereto, re-
spectively, followed by mixing. Under reaction for 30 minutes at 37°C, fluorescence
intensity measurement (Ex: 485 mm, Em: 528 mm) was carried out at every 5 minutes
by Envision Xcite Multilabel Reader. ACFUsg,,, value (CFU value measured at 30
minutes - CFU value measured at O minute) is obtained for each test solution and based
on the equation of 100 - (ACFUs,,;, of test solution/Mean value of ACFU,;,, of
control group) X 100, the inhibitory activity percentage ratio (i.e., % inhibition) is
obtained. Furthermore, ICs, values that are shown in Table 2 were calculated using
Grafit5 Software based on the inhibitory activity percentage ratio.

[Table 2]
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[2071] Comp Conp Compo
Exam | o | ICs Exam [ o | ICso Exampl and ICse
ple No {(nM) [ ple No. {(nM}) e No. {nM)
1-1 1 3.3 €—4 36 2.9 16-8 68 1.8
1-2 2 2.1 &-€ 28 4.0 10-5 €9 4.0
1-3 3 14.3 || 6-7 3% 10.¢€ 10-10 70 2.3
1-4 4 18.5 || ¢-8 40 10.1 16-11 71 3.6
1-8 8 3.5 6-10 | 42 8.1 16-12 72 3.4
1-9 S $.0 6—-11 | 43 11.2 10-13 73 3.7
1-10 | 10 2.8 €-12 | 44 1€.¢ 10-14 74 1.7
2-1 12 3.2 €-13 | 46 4.¢ 16-15 75 1.5
2-2 13 3.7 &—15 | 48 13.3 10-16 76 3.0
2-3 14 2.4 6-17 | 50 4.5 10-17 77 €.5
2-5 16 2.2 7-1 S1 2.5 11-1 78 2.4
3-1 17 3.4 7-2 52 3.6 11-2 79 1.6
3-2 18 3.6 7-3 53 3.1 12-1 80 <1.5¢6
3-3 |19 3.1 [[7-4 |54 15.8 |[12-2 81 <1.356
4-1 |20 2.6 [7-5 |ss 2.9 12-3 82 <1.356
4-2 21 4.1 8-1 S6 2.2 12-4 83 2.1
4-3 22 2.9 g-2 57 2.0 12-3 84 2.8
4-4 23 €.8 8-3 58 3.5 12-¢ 83 2.2
S5-1 26 13.1 (| 8-4 55 11.1 12-7 8¢ 3.0
5-2 27 2.4 S 60 1.8 12-8 87 3.1
5-2 28 3.1 10-1 | 61 1.5 12-9 88 4.1
5-4 29 3.9 10-2 [ 62 2.4 12-10 89 4.2
5-6 31 11.8 | 16-3 | 63 2.0 12-11 S0 2.6
S-7 32 2.9 10-4 | 64 3.0 12-12 91 2.4
6-1 33 2.4 10-5 | &5 <1.56 | 12-13 92 2.3
-2 34 2.0 10-¢6 | 6& 1.9 12-14 93 2.1
6-3 35 2.4 16-7 | €7 €.1 132 54 2.3

[2072] From the results of above Table 2, it was confirmed that the compounds of the

present invention have an inhibitory activity on ENPP in significant sense.
[2073]
[2074]  [Test example 2] Measurement of inhibitory activity on LPA production in

[2075]

blood serum
After 100-fold dilution of each test compound solution (5 uL) (10 mM, 100%
dimethyl sulfoxide) with 495 uLL of methanol, 3 puL of the diluted methanol solution
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[2076]

[2077]
[2078]

[2079]

(1% dimethyl sulfoxide) was mixed with 57 uLL of human or mouse blood serum
solution in a 1.5 mL tube. The mixed test compound solution was serially diluted, 12
uL for each, with 48 uLL of 100% blood serum to have 5 different concentrations, and
each tube was kept for 15 minutes in a water bath with constant temperature of 37°C.
Subsequently, a solution prepared by diluting 10 mg/mL 18:1 LPC solution (50%
ethanol) with blood serum to have concentration of 375 pug/mL was aliquoted in an
amount of 2 uL to each tube so as to have 50 uL.. Each tube was kept for 3 hours in a
water bath at 37°C to allow a reaction. To the tube obtained after the reaction, 100 uL.
of 0.5 uM 17:0 LPA solution (chloroform/methanol/water = 65/35/8) was aliquoted
and mixed therein. Centrifuge was carried out for 10 minutes using a centrifuge at
conditions of 14,000 rpm and 4°C. 100 uL of 50% methanol solution is aliquoted first
to a 96-well polypropylene plate (Agilent Technology 5042-1385), and the supernatant
(50 uL) in a tube after the centrifuge was carefully transferred to the plate followed by
mixing. After covering it with Well cap (Thermo 276011), analysis was carried out by
LC-MS/MS (Agilent 1260). Based on the equation 100 - (Blood serum at 3 hours +
Test solution/Blood serum at 3 hours + Control group) X 100, the percentage ratio
(i.e., % inhibition) was obtained, and then ICs, values that are shown in Table 3 were
calculated using Grafit5 Software.

In the following Table 3, the mouse blood serum was described as (m) and human

blood serum was described as (h).

[Table 3]
- Compo 1o E Comp Te - Comp 1o
;am und ;;? :icam ound ;;’v;’ lxamp ound ::;
pLe No. (nM) pLe No. (nM) ® No. (nM)
1-2 2 23 (m) €-2 34 52 (m) 10-190 70 11 (m}
. _ 46 (m) _
1-10 | 10 10 (m) 6-3 35 9 (h) 10-12 72 42 (m)
2-1 12 11 (m) 8-1 56 13 (m) 10-13 73 69 (1)
2-2 13 13 (m) S €0 11 (m) 10-14 74 15 {m)
2-3 14 8 (m} 10-1 | el 25 (m) 11-2 79 S(h)
3-3 15 25 {(m) 10-2 | &2 22 (m) 12-1 80 € (m)
_ I 12 (m) -
4-1 20 25 (m) 10-3 | 63 10 (h) 12-2 81 S (m)
4-3 22 57 (m) 10-5 | €5 30 (m) 12-3 82 8 (m)
5-2 27 10 (m) 10-6 | 6¢ 12 (m) 12-5 84 8 (m)
-1 33 222; 10-8 | &8 32 (m) 12-10 85 21 (m)

From the results of above Table 3, it was confirmed that the compounds of the

present invention can reduce LPA in the presence of mouse or human blood serum,
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and also can inhibit the LPA production caused by autotoxin.

[2080]

[2081]  [Test example 3] Assay/ADME data

[2082]  ES-3 Assay

[2083] The test was carried out in the same process as Test example 1 to obtain the 1Cs

values in the following table 4.

[2084]  Bis-pNPP Assay

[2085]  Eight-fold dilution of each test compound solution (10 uM, 100% dimethyl
sulfoxide) is carried out on 96-well V bottom plate (Costar 3363). After eight-fold

dilution of each test compound solution (100% dimethyl sulfoxide) with deionized
distilled water, 10 uL of the diluted each test compound solution (10% dimethyl
sulfoxide) was aliquoted to a black flat bottom 96-well plate (Costar 3915). 50 uL of
60mM Tris-HCl(pH9.0) buffer was added thereto, and subsequently 20 uL of 3.75nM
human ATX solution (buffer solution: S0mM Tris-HCI(pHS.5),5mM CaC(l,, 2.5mM
MgCl,, 0.01% Brij35) and 20 pL of 25mM Bis-pNPP (bis(p-Nitrophenyl)-phosphate
sodium salt) solution (buffer solution: S0mM Tris-HCI(pH9.0)) were added thereto, re-
spectively, followed by mixing. Fluorescence intensity measurement (measurement
condition - Wavelengths: 405, Time: 35 min, Interval: 10s, reads: 211, Minimum
Interval: 0:09, Template: 37°) was carried out by Molecular Devices Spectramax 190
Microplate Reader. AOD gy, value (OD value measured at 10 minutes - OD value
measured at O minute) is obtained for each test solution and based on the equation of
100 - (AOD gy, of test solution/Mean value of AOD g, of control group) X 100, the
inhibitory activity percentage ratio (i.e., % inhibition) is obtained. Furthermore, ICs,
values that are shown in Table 3 were calculated using Grafit5 Software based on the
inhibitory activity percentage ratio.

[2086]  Ex-vivo assay (LPC assay)

[2087] The test was carried out in the same process as Test example 2 to obtain the 1Cs

values in the following table 4.

[2088]  Microsomal Stability

[2089] A 2.5 mM stock solution of test compound in DMSO is diluted to 25 uM with 100
mM potassium phosphate buffer(pH 7.4) containing 5 mM EDTA. This solution was

mixed with reaction mixtures (final concentration 1 uM). The incubation mixtures
(final volume 700 uL) of test compound with liver microsomes [Xenotech ; rat (male
SD), human (mixed gender)] consisted of liver microsomes (0.5 mg/mL.), substrate
(Compund 4, 5 uM), NADPH regenerating system (1.3 mM NADP+, 3.3 mM
Glucose-6-phosphate, 3.3 mM MgCl,, 0.4 U/ml Glucose-6-phosphate dehydrogenase)
in 81.3 mM potassium phosphate buffer (pH 7.4) containing 1 mM EDTA in du-
plicates. The reaction was initiated by addition of the NADPH regenerating system
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after preincubation at 37 °C for 10 min with test compounds. 100 uL of aliquot of the
sample was removed at 0, 5, 10, 20, 30 and 60 min. The reaction was stopped by
addition of 200 uL of acetonitrile containing internal standard (0.3 uM of Dex-
tromethorphan). Each sample was mixed and centrifuged at 14000 rpm for 10 min. The
resulting supernatant was analyzed by the LC-MS/MS method for determination of
loss of parent compound. % parent remaining was calculated at 6 point time testing
was done for T1/2 determination.

[2090] [Table 4]

[2091] [Table 4]

Exa | Comp | Enzymatic assay Ex-vivo | Additional assay @

npl | ound | (IC50) assay?t

& No. Fs-3 bis-pNPP | (IC50)

18 96 2.02 nM | <1.56 nM| 3.65 nM® | MS:
t1/2=22.2+0.70min (h) ;
30.0%x1.57min(x)

17 98 $.39 <1.56¢ nM MS: £1/2>60min(h, r);
Rat PK

18 95 2.8 nM 5.59 nM

19 100 1.74 nM | 3.6 nM MS:

t1/2=1€6.4%£0.45min (h);
10.3%20.72min(x)

25 10¢ 2.57 nM | 2.27 nM MS:
£1/2=4.24+0.1%9min (h);3
L. 9%20.03min(x)

26 107 1.5¢ nM 4.87 nM
34 115 .04 nM 66.8 nM 125 nMt MS: tl1/2>€0min(h,x};
Rat PK

35 116 <1.5¢ nM| <1.56 nM| 7.10 nM® | MS:
+1/2=33.0+0.41min(h);
25.2%0.6%min(x);

Rat PK

()

36 117 1.84 nM | >100 nM
37 118 <l.56 nM| 3.3 nM
38 115 <1.56 nM| 9.195 nM
35 120 25.% nM | 380 nM

' In mouse plasma, LPA 18:1

2MS = microsomal stability

! Por the other LPA iscoforms: 3.26 nM (16:0)y, 14.9 nM (18:0),
3.39 nM (18:2), 2.77 nM (20:4)

4 Por the other LPA isoforms: 31.7 nM (16:0), 323 nM (18:0), 107
nM (18:2), 78.2 nM (20:4)

5 For the other LPA isofocrms: 2.72 nM (16:0), 30.0 nM (18:0),
S.30 nM (18:2), 4.4€ nM (20:4)
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CLAIMS

1. A compound represented by the chemical formula 1, or a hydrate thereof, a solvate
thereof, or a pharmaceutically acceptable salt thereof:

[Chemical formula 1]

Al QX

S | Y
2 _R
N N
H
wherein:
XisCHand Yis N;
R is indanyl;

O B ) A
o) | P
#ND;% HO O\H/\
Ais H , P

or a ring selected from:

R Rb\ Rb
N b b N BN
SCRETGANS )
Rb/ Ra

, and
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Jaga
07N
Rb

Ra is hydrogen, carboxyl, carbamoyl, C1-C10 alkylsulfonylamino, aminosulfonylamino (-

NHSO,NH,), or amino;

, wherein

Rb is hydrogen, carboxyl, or aminosulfony];

m is an integer of 0, 1, or 2;

P is an integer of 0;

L is -(CR3R4),C(=0)-, -C(=0)-(CR3R4),-, -C(=0)-(CR5R¢)»-NH-(CR7Rs)c-, -NH-(CR7Rg)c-
C(=0)-(CRsRe)p-, or -C(=NRo)-(CR3R4)4-;

Rj to Rg are each independently hydrogen or C1-C10 alkyl;

Ro is hydroxy;

a is an integer of from 1 to 5;

b and c are each independently an integer of from O to 5;

Q is a five-membered heteroarylene having 2 or 3 heteroatoms selected from nitrogen,

oxygen and sulfur;

said heteroarylene of above Q may be further substituted with one or more substituents that
are selected from C1-C10 alkyl, halo C1-C10 alkyl, hydroxy C1-C10 alkyl, C3-C10
cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, carboxyl, NR;Rj;, -O(CH).R;3, -
(CHy){R14, and -C(=O)R;s, in which said alkyl, cycloalkyl, aryl, and heteroaryl may
be further substituted with NR;R;, or carboxyl;

R;; and Ry, are each independently hydrogen, C1-C10 alkyl, C6-C12 aryl, C2-C12 heteroaryl,
or C3-C10 cycloalkyl;

e and f are each independently an integer of from O to 5;

R3 is hydrogen, C1-C10 alkyl, C6-C12 aryl, C2-C12 heterocycloalkyl, or carboxyl, in which
said aryl and heterocycloalkyl of above R;3 may be further substituted with one or

more substituents that are selected from C1-C10 alkyl, halo C1-C10 alkyl, and



226

carboxyl;

R4 and R;5 are each independently C2-C12 heterocycloalkyl, in which said heterocycloalkyl
of Ry4 and R;s may be a single ring, a fused ring, or a spriro ring that are either
saturated or unsaturated, or CH; in the ring may be substituted with C(=0) and also
may be further substituted with one or more substituents that are selected from amide,

halogen, C1-C10 alkyl, halo C1-C10 alkyl, and C6-C12 aryl; and

said heteroaryl and heterocycloalkyl contain at least one heteroatom that is selected from

nitrogen, oxygen, and sulfur).

2. The compound of Claim 1, or a hydrate thereof, a solvate thereof, or a

pharmaceutically acceptable salt thereof, wherein A is selected from the following structures:

0 0
il A HO HaN—_
<A JEAn 3 3 3
H = HO = M HC?;\/N?"‘ L/N\j’ L/N?a“
r‘-“/\ 5
LR o S e Sl 5 G A e
g7 20:'8\:0 *% 0\) N HQN{SD

2 9 b b b

H 5 BN N=
N H H 4 N :
=T ) Sy NU\C)N)\ NN/”N\) HN%\}}K
H N N H
A

N

, and , wherein
R is C1-C7 alkyl, or amino;
p is an integer of 0; and
m is an integer of 0, 1, or 2.
3. The compound according to Claim 1, or a hydrate thereof, a solvate thereof, or a

pharmaceutically acceptable salt thereof, wherein L is selected from:
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O
Rs¢. Re W ORd Re>le H AH/H 0
ARG YO AN AP 7 A
H (0] N

o} 0 H i an

N
N

t

Rd and Re are each independently hydrogen or C1-C7 alkyl;

d
, wherein

R'is hydroxy;
s is an integer of from O to 3; and

tis an integer of from 1 to 3.

4. The compound according to Claim 1, or a hydrate thereof, a solvate thereof, or a
pharmaceutically acceptable salt thereof, wherein the Q is selected from:
Rh
3By Vi
%{N/ 2 r 3\{ %N 7
o N.
>/ 9 2{ 2 R'

Z
N

2

/=N N O-N N-N
L N N e A I
s E) E) E) E) RI s

Ri

p

R RY
=N N ==
S R T

, and , wherein

R# is hydrogen or C1-C7 alkyl;

Rh is hydrogen, hydroxy, NR;;R;,, C1-C7 alkoxy, C1-C7 alkyl, hydroxy C1-C7 alkyl, C3-C7
cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, carboxyl, -O(CH;).R 3, -(CH2){R 4, or -
C(=0)R s, in which said alkyl, cycloalkyl, aryl, and heteroaryl of Rh may be further
substituted with NR;R;; or carboxyl;

R;; and Ry, are each independently hydrogen, C1-C7 alkyl, C6-C12 aryl, C2-C12 heteroaryl,
or C3-C7 cycloalkyl;
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Rj3 is C6-C12 aryl, C3-C9 heterocycloalkyl, or carboxyl, in which said aryl and
heterocycloalkyl of Rj3 may be further substituted with one or more substituents that

are selected from C1-C7 alkyl, halo C1-C7 alkyl, and carboxyl;

R4 and R;s are each independently C3-C9 heterocycloalkyl, in which said heterocycloalkyl
of Ry4 and R;s may be a single ring, a fused ring, or a spriro ring that are either
saturated or unsaturated, or CH; in the ring may be substituted with C(=0), and said
heterocycloalkyl of Rjs and Rjs may be further substituted with one or more
substituents that are selected from carboxyl, halogen, C1-C7 alkyl, halo C1-C7 alkyl,
and C6-C12 aryl;

R'is hydrogen, C1-C7 alkyl, or halo C1-C7 alkyl;
R is hydrogen, C1-C7 alkyl, halo C1-C7 alkyl, C3-C7 cycloalkyl, or C6-C12 aryl;
e is an integer of from O to 3; and

f is an integer of from O to 3.

5. The compound according to Claim 4, or a hydrate thereof, a solvate thereof, or a
pharmaceutically acceptable salt thereof, wherein the R" is hydrogen, hydroxy, NR;;R},, C1-
C7 alkoxy, C1-C7 alkyl, hydroxy C1-C7 alkyl, C3-C7 cycloalkyl, C6-C12 aryl, C2-C12

heteroaryl, or carboxyl, or selected from:

|
= R

gk o) o) o N
LN E{\E\N\Rl E{U\RI H{OHVIV\JJ 1{0\(\/)\21\)

9 b

R™ R"

RSN TS BN LS &

2
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e YO Y0, M DT

\Rl d

Ao
’ , wherein
R and Ry; are each independently hydrogen, C1-C7 alkyl, C6-C12 aryl, or C3-C7 cycloalkyl;
R is hydrogen or carboxyl;
R' is hydrogen, C1-C7 alkyl, halo C1-C7 alkyl, or carboxyl;
R™ and R" are each independently hydrogen, C1-C7 alkyl, halogen, or carboxyl;
R’ is hydrogen or C1-C7 alkyl;
RP is C6-C12 aryl; and

w is an integer of from O to 3.

6. The compound according to Claim 1, or a hydrate thereof, a solvate thereof, or a
pharmaceutically acceptable salt thereof, wherein the compound is a compound represented

by the following chemical formula 2;

A\L/QﬁN
sy

N
H

wherein
R is indanyl;

A is selected from the following structures;

oS Q. N\ 0 ™ HOJ’Q ko 2N
:/\H:“/\;_-; ’ HC?_@\‘(}?\’ Ho%\/“'\’;’ O L/N\f’



HNT N (\N)ﬁ A Nw A
Re-g. "~ HaN. N\/]) N N
0 o Lm O\) H

R is C1-C7 alkyl or amino;
p is an integer of 0;
m is an integer of 0, 1, or 2;
L is selected from:
Rs R
Uy O O Rs Re H ,%rn
P AR Y
y 1\ 5 N t (@]
(@] t = O

2

@] N~ R
¢ |
AP e
H , and ;
R4 and R, are each independently hydrogen or C1-C7 alkyl;
Rt is hydroxy;
s is an integer of from O to 3;

tis an integer of from 1 to 3;
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Q is selected from the following structures;
Rh

ST W © R L
X{—N\ffg, %N“N—'}\/ \?& N

Ri
S NN O-N HNﬁF =N
\/(/;’)\/ Hoﬂ\f \//\\Nj\\/ R‘l'\J & %’N\?\j”
. o

JRJ
N ==\
] \/Q
\/[N’)\f N
, and

R# is hydrogen or C1-C7 alkyl,
R" is hydrogen, hydroxy, NR;R,, C1-C7 alkoxy, C1-C7 alkyl, hydroxy C1-C7 alkyl, C3-C7
cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, or carboxyl, or selected from :

gl 9 0 (\O K\N'RI
YO*ﬁQR 1 \C\"LRI K \O“Rl YOHE\) ‘(O”M\:J\)

P *%pfgﬂ e e WC\D A
i

RM ‘Rc' ,Rl R

R N e [ N |/\N
e fD S O

b 2

S VUQW ”\HU ’ VOR y MNQ

said alkyl, cycloalkyl, aryl, and heteroaryl of R" may be further substituted with NR;;R;; or
carboxyl;

R' is hydrogen, C1-C7 alkyl, or halo C1-C7 alkyl;
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Rl is hydrogen, C1-C7 alkyl, halo C1-C7 alkyl, C3-C7 cycloalkyl, or C6-C12 aryl;

R;; and Ry, are each independently hydrogen, CI1-C7 alkyl, C6-C12 aryl, or C3-C7
cycloalkyl;

R is hydrogen or carboxyl;

R'is hydrogen, C1-C7 alkyl, halo C1-C7 alkyl, or carboxyl;

R™ and R" are each independently hydrogen, C1-C7 alkyl, halogen, or carboxyl;
R® is hydrogen or C1-C7 alkyl;

RP is C6-C12 aryl; and

w is an integer of from O to 3.)

7. The compound according to Claim 6, or a hydrate thereof, a solvate thereof, or a
pharmaceutically acceptable salt thereof, wherein

R is indanyl;

A is selected from :

o 0 : |
=< TH I Y ]
H HO S 0\) H

X i
D 4]3“ HOINHﬂ
, and

p is an integer of O;

IZ

m is an integer of 0, 1, or 2;

L is selected from:

Mf\ S ORC.}‘H}H
*W FNQ\"'W
T o Y A

) , and
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N
R
t

RY and R°® are each independently hydrogen or C1-C7 alkyl;

b

s is an integer of from O to 3;
tis an integer of from 1 to 3;

Q is selected from the following structures;

Rh
N
N= o 3\/ e N
e SR W A A
N- Riy R
O-N H 1 ~—ff1 j N
\’{‘N’“\/ R‘N)\/ kN\’/’g/ %’)ﬁ;

, , , , and

RY
.
\N'N\];

R# is hydrogen or C1-C7 alkyl;

o

R'is hydrogen, C1-C7 alkyl, or halo C1-C7 alkyl;
Rl is hydrogen, C1-C7 alkyl, halo C1-C7 alkyl, C3-C7 cycloalkyl, or C6-C12 aryl;

R" is hydrogen, hydroxy, NR;R,, C1-C7 alkoxy, C1-C7 alkyl, hydroxy C1-C7 alkyl, C3-C7
cycloalkyl, C6-C12 aryl, C2-C12 heteroaryl, or carboxyl, or selected from:

i 0 = K\O K\N'RI
&{01%© = X \C\Npl K U‘R' %{OHE\) \{O\H\T\)

o %)OL s ‘HO& %%Q ge



" 9 9 " 9 0 9 b
0
o} RP RI
N
Sy PO, T T
N ;
O , I\/N R! ’ AAHW ’ i )Iw ’ and f\?’}w :

R;; and Ry, are each independently hydrogen, CI1-C7 alkyl, C6-C12 aryl, or C3-C7
cycloalkyl;

R is hydrogen or carboxyl;

R' is hydrogen, C1-C7 alkyl, halo C1-C7 alkyl, or carboxyl;

R™ and R" are each independently hydrogen, C1-C7 alkyl, or halogen;
R’ is hydrogen or C1-C7 alkyl,

RP is C6-C12 aryl; and

w is an integer of from O to 3.

8. The compound according to Claim 1, or a hydrate thereof, a solvate thereof, or a

pharmaceutically acceptable salt thereof, wherein the compound is selected from:

N-N a I
|k ¢ i |
NTN N7 N
H = 0
N-N & AN— N i
Yy - 9
o] h““)N\ \_/ E/A
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N o]
N 0 S l‘s‘l"Nf o ) o_/_
HNJCN—{—NT:\/\(\ HN—CN)(—N’ »
= N
J ’;"J\
N‘/J\‘N N
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N~
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¥
N 0
'LJZ:NJ&N i
’.F'

s
NN
H
N o
HN-4 N-{J =N
N
NA\
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Mo o P
LAy .
N'?I\N
H

and

(0]
PO, o
| ' //L"H

A compound selected from:

JK/\
N‘NJJ\) )\

0]
H N

(1.10),

2.1,
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(o]
NND/\)\N
N N j )
H
| N/)\N
H

(2.3),
1/\)\ @
(3.3),
§
N, |
.g
T2
H 4.1),
R
N,
¥ NY\O\K
=N
'N»\N@
H (4.3),
Sieas
\L/\)\ @
(5.2), and
* (6.1)
N D),

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

10. The compound according to claim 9, of formula 1.2
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o 0
N JO\J J\/\N | SN
N H )\
\N - O F
N VN T
F
1.2
or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

11. The compound according to claim 9, of formula 1.10

H”@ H A ’\U .

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

1.10

12. The compound according to claim 9, of formula 2.1
o}
N | k/
W o
N/)\N
H
2.1

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

13. The compound according to claim 9, of formula 2.2
o
LCRA S
N
b N \fw
PN oF

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

2.2
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14. The compound according to claim 9, of formula 2.3

0
(ND/\)LN
N
N ~ Q
H
| I\I/)\N
H

2.3

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

15. The compound according to claim 9, of formula 3.3

s
1= mfé@

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

33

16. The compound according to claim 9, of formula 4.1

N
I
N
g

4.1

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

17. The compound according to claim 9, of formula 4.3

H
N

o,
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4.3

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

18. The compound according to claim 9, of formula 5.2

)
0 N
o= 11T
5.2

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

19. The compound according to claim 9, of formula 6.1
N o) N
H\N‘CNM =
> LD
NN
H
6.1

or a hydrate thereof, or a solvate thereof, or a pharmaceutically acceptable salt thereof.

20. A pharmaceutical composition for prophylaxis or treatment of a disorder, the
composition comprising a compound of any one of claims 1-19, or a hydrate, solvate, or
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier, wherein
the disorder is selected from a group consisting of cardiovascular disorder, cancer, obesity,
diabetes mellitus, acute kidney failure, chronic kidney disease, diabetic nephropathy, acute
kidney transplant rejection, chronic allograft nephropathy, liver cirrhosis, hepatic congestion,
pruritus, nonalcoholic steatohepatitis, acute and chronic liver transplant rejection, arthritis,
atopic dermatitis, asthma, neuropathic pain, schizophrenia, neuro-inflammation, peripheral
neuropathy, autonomic neuropathy, systemic disease, vasculitides, sarcoidosis,
hypersensitivity pneumonia, alveolar proteinosis, langerhans cell granulomatosis,
lymphangioleiomyomatosis, radiation induced fibrosis, silicosis, asbestos induced pulmonary
fibrosis, acute respiratory distress syndrome (ARDS), myocardial and vascular fibrosis,
kidney fibrosis, liver fibrosis, pulmonary fibrosis, skin fibrosis, scleroderma, encapsulating

peritonitis, renal tubulo-interstitial fibrosis, glomerulosclerosis, non-alcoholic liver steatosis,
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idiopathic pulmonary fibrosis, liver cirrhosis, idiopathic pulmonary fibrosis, proliferative and
non-proliferative retinopathy, dry and wet age-related macular degeneration (AMD), macular
edema, central arterial /venous occlusion, traumatic injury, glaucoma, chronic pruritus of

cholestatic form, and acute or chronic organ transplant rejection.



