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Description

Title of Invention: PYRIMIDINE COMPOUNDS AND PHARMA-

[1]

[2]

[3]

[4]

[5]

CEUTICAL COMPOSITIONS FOR PREVENTING OR

TREATING CANCERS INCLUDING THE SAME
Technical Field

The present disclosure relates to novel pyrimidine compounds, methods of preparing

the same, and pharmaceutical use thereof.

Background Art

Kinases mediate a reaction in which a phosphate group from high-energy molecules,
in particular, ATP, is transferred to a substrate. Kinases stabilize phosphoric anhydride
bonds, and locate the substrate and the phosphate group at a specific position to
increase a reaction rate. In most cases, the transition state resulting from the interaction
with a phosphate group having a negative charge is electrostatically stabilized through
surrounding amino acids having a positive charge, and some kinases may be co-
ordinated with the phosphate group through a metal cofactor.

Kinases can be classified as, for example, protein kinases, lipid kinases, and car-
bohydrate kinases, according to the substrate and characteristics. Proteins, lipids, or
carbohydrates may vary in their activity, reactivity, ability to bind to other molecules,
etc., depending on the phosphorylation state. Kinases affect intracellular signal
transduction and regulate complex biological mechanisms within cells. Due to phos-
phorylation, some molecules may have enhanced or reduced activities, and their ability
to interact with other molecules may be controlled. Because many kinases respond to
environmental conditions or signals, cells may control intracellular molecules by using
kinases, depending on the situation. As such, kinase plays a crucial role in cell growth,
differentiation, proliferation, survival, metabolism, signal transduction, cell transport,
secretion, and many other cellular reaction pathways.

Kinases have been found in a variety of species including bacteria, fungi, insects, and
mammals, and 500 or more kinases have been found in humans to date.

Protein kinases may increase or decrease the activity of a protein, become a marker
for stabilization or degradation, place a protein in a specific cell compartment, or
initiate or disturb interactions of a protein with other proteins. Protein kinases are
known to account for the majority of kinases and are considered to be an important
research target. Protein kinases regulate, together with phosphatase, proteins and
enzymes as well as cell signal transduction. Although cell proteins are subject to
numerous covalent bonds, not many of these bonds are reversible. Accordingly, it can

be said that phosphorylation of proteins has a regulatory function. Protein kinases may



[6]

[7]

[8]

WO 2020/022600 PCT/KR2019/001737

often have multiple substrates, and sometimes, a particular protein may act as a
substrate for at least one kinase. For this reason, protein kinases are named using
factors that regulate their activities. For example, a calmodulin-dependent protein
kinase is regulated by calmodulin. In some cases, kinases may be classified as sub-
groups. For example, type I and type II cyclic AMP-dependent protein kinases include
identical enzyme subunits, but their regulatory subunits binding to cyclic AMP are
different from each other.

A protein kinase is an enzyme that catalyzes the phosphorylation of the hydroxy
group located in tyrosine, serine, and threonine residues of proteins and plays an
important role in signaling growth factors that induce cell growth, differentiation, and
proliferation (Melnikova, I. et al., Nature Reviews Drug Discovery, 3 (2004), 993), and
it is reported that abnormal expression or mutation of a specific kinase frequently
occurs in cancer cells.

As one of the ways that cells recognize external stimuli, recognition via tyrosine
kinase, which is a receptor in the cell membrane, may be used. A receptor tyrosine
kinase (RTK) consists of an extracellular part exposed to the outside of a cell, an intra-
cellular part exposed to the intracellular cytoplasm, and a transmembrane part passing
through the plasma membrane between the extracellular part and the intracellular part.
The extracellular part of the receptor is the part to which a specific ligand binds, and
the intracellular part functions to transmit the activation signal of the receptor activated
by the ligand into the cell. The RTK has a domain having tyrosine kinase activity at the
C-terminal region exposed inside the cell, and when a specific ligand attaches to the
extracellular part, the kinase enzyme of the C-terminal tyrosine kinase domain exposed
to the cytoplasmic portion of the receptor protein is activated, and the two RTKs cross-
phosphorylate the tyrosines at the C-terminals of the neighboring RTKs. This phospho-
rylation process of tyrosine is the most important process in the transmission of signals
corresponding to extracellular stimulation into cells. There are many known receptors
that have tyrosine kinase activities for transmitting extracellular stimuli into cells based
on this mechanism. Examples of such receptors are FLT3, VEGFR, and SYK.

From among them, FMS-like tyrosine kinase 3 (FLT3), which is a receptor tyrosine
kinase, is normally expressed in hematopoietic progenitor cells by hematopoietic blast
cells and plays an important role in the expression of normal stem cells and the
immune system. Abnormal overexpression and mutations of FLT3 are often found in
patients with leukemia. In particular, various mutations of FLT3, such as D835V,
D835Y and internal tandem duplication (ITD), are found in acute myelogenous
leukemia (AML). AML is a hematopoietic stem cell disorder characterized by
abnormal proliferation and differentiation of blast cells in myeloid and peripheral

blood. FLT3 has recently been regarded as one of the most important targets in the
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therapeutic aspects of AML.

RAS and p53 gene mutations in adult AML are reported to be about 20% and 5% of
adult AML, respectively, whereas FLT3 gene mutations are found in about 30% of
adult AML. The most typical problem with AML is that FL'T3 mutations, which cause
poor prognosis, are activated. FLT3 mutations are classified into two types: one is
internal tandem duplications (ITD) in the juxtamembrane domain and the other is point
mutations in the tyrosine kinase domain (TKD). About 23% of early AML patients ex-
perience the activation of FLT3-ITD, the most frequently found mutation. Patients
with an ITD mutation show poor prognosis and high recurrence rates. Another major
FLT3 mutation is the FLT3 TKD mutation, which accounts for about 7% of the initial
AML cases. Point mutations in residues of aspartate 8§35 (D835), which are replaced
by various amino acids, are one of the most frequently occurring mutations, although
they occur less than ITD mutations. In addition, another major activation method of
FLT3 in AML is the overexpression of the wild type FLT3 protein.

The activation of ITD mutations in FL'T3 occurs in about 20% of patients with acute
myelogenous leukemia, which is associated with poor prognosis. Studies have shown
that FLT3-ITD is a driver lesion that causes the pathogenesis of malignancy and can be
an effective therapeutic target in human AML (Non-patent document 1). Mutations in
the FLT3 gene frequently occur in AML, and are usually accompanied by ITD
mutations in a juxtamembrane domain coding region or point mutations in the tyrosine
kinase domain (TKD). FLT3-ITD mutations and FL'T3-TKD mutations cause ligand-
independent proliferation due to dimerization of components and activation of the
FLT3 receptor. The high mutation rate of FLT3-ITD with respect to wild-type allele is
associated with poor prognosis in adults and children (Non-patent document 2). Other
types of leukemia, such as chronic myelomonocytic leukemia (CMML), may also have
an activation mutation of FL'T3. Thus, FLT3 with activated mutations is an important
target for several cancer types (Non-patent document 3 and Non-patent document 4).

Vascular endothelial growth factor receptor (VEGFR) is a kinase known to be
involved in the regulation of the angiogenesis process. Solid tumors require more
nutrients and oxygen than normal tissues. Therefore, insufficiency of blood supply
occurs compared to normal states, and the overexpression or activation of VEGFR
induces neovascularization, being involved in the angiogenesis required for the growth
and proliferation of tumor cells (Non-patent document 5). Therefore, various clinical
studies for the treatment of tumors through inhibition of angiogenesis have been
performed, and several promising results have been obtained. In addition, VEGF plays
an important role in blood cancer and is overexpressed in various malignant solid
tumors. The overexpression of VEGF is known to have a high correlation with disease

progression of malignant tumors. VEGFRs are classified according to subtypes
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including VEGFR-1, VEGFR-2, and VEGFR-3. VEGFR-2 (KDR) is a typical target
for tumor diseases having VEGFR expression. Representative diseases caused by the
overexpression of VEGFR-2 are lung cancer, breast cancer, non-Hodgkin's lymphoma,
ovarian carcinoma, pancreatic cancer, etc. VEGF, which is a ligand of VEGFR, may
have angiogenic activity and promote tumor growth by a direct pro-survival effect in

tumor cells (Non-patent document).
[12] Spleen tyrosine kinase (SYK) is mainly expressed in blood cells, and plays an

important role in the signal transduction pathways of other immunoreceptors such as
B-cell receptors and mast cells. SYK is expressed in non-hematopoietic cells such as
nerve cells and vascular endothelial cells. Recent studies show that SYK acts in oxi-
dization of stimuli of various cells including IL-1, TNF-a, and ITGB1. SYK is known
to be a good potential target for a variety of hematologic malignant tumor, autoimmune
diseases, and other inflammatory responses (Non-patent document 7 and Non-patent

document 8).

[13] [Prior Art Document]

[14] (Non-patent document 1)Catherine et al., Nature, 2012, 485: 260-263

[15] (Non-patent document 2)A S Moore et al., Leukemia, 2012, 26: 1462-1470

[16] (Non-patent document 3)Cancer Cell, (2007), 12: 367-380

[17] (Non-patent document 4)Current Pharmaceutical Design (2005), 11: 3449-3457

[18] (Non-patent document 5)Kliche, S. et al., J., Life, 52, (2002), 61

[19] (Non-patent document 6)Simons, M. et al., Nature Reviews Drug Discovery, 17,
(2016), 611

[20] (Non-patent document 7)Liu et al., Journal of Hematology & Oncology (2017)
10:145

[21] (Non-patent document 8)Yamada T et al., J. Immunol., (2001) 167, 283-288
Disclosure of Invention
Technical Problem

[22] Provided are novel pyrimidine compounds having kinase inhibitory activity.
[23] Provided are methods of preparing the pyrimidine compounds.
[24] Provided are pharmaceutical uses of the pyrimidine compounds.

Solution to Problem

[25] Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

[26] According to an aspect of an embodiment, provided is a compound selected from a
compound represented by Formula 1, and a stereoisomer, tautomer, solvate, or phar-

maceutically acceptable salt thereof:
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[27] [Formula 1]

[28]

R?
RB
va Y (R%)k
RS

[29] wherein, in Formula 1,

[30] R!'may be hydrogen, a halogen, a hydroxy group, a C, C,alkoxy group, or -NR,R,,

[31] wherein R, and R, may each independently be hydrogen or a C, C, alkyl group;

[32] R2may be hydrogen, a halogen, a cyano group, a nitro group, an amino group, a car-
boxamide group, a formyl group, a halo C, C,alkyl group, or a C, C, alkyl group;

[33] R3 may be hydrogen, a halogen, a hydroxy group, a halo C, C, alkyl group, a C, C,
alkyl group, a C, C,alkenyl group, or a C, C, alkynyl group;

[34] R*may each independently be hydrogen, a halogen, a hydroxy group, a cyano group,
a nitro group, an amino group, -S(=0)-R., a halo C; C,alkyl group, a C, C,alkoxy
group, a hydroxy C, C,alkyl group, a C, C,alkyl group, a C, C,alkenyl group, a C, C,
alkynyl group, -NR¢R., -CO,R, or -CO-NR4R.,

[35] wherein R, is a C;.C,alkyl group or -NR4R.,

[36] R and R. are each independently hydrogen or a C, C, alkyl group, and

[37] I may be an integer from O to 2;

[38] k may be an integer from O to 4;

[39] R3and R® may each independently be hydrogen, a halogen, a hydroxy group, a nitro
group, an amino group, a C; C,alkoxy group, or a C; C,alkyl group;

[40] R7 may be a hydroxy C, C,alkyl group, a C, C,alkyl group, a C, C,alkenyl group, a
C, C, alkynyl group, a C;.C; cycloalkyl group, or a C; Cy heterocycloalkyl group,

[41] wherein the C; C;cycloalkyl group or the C; Cy heterocycloalkyl group may be un-
substituted or substituted with a halogen, a C, C,alkyl group or a halo C, C, alkyl
group; and

[42] X is H or OH,

[43] wherein, when X is OH, the compound represented by Formula 1 may include a

[44]

tautomeric structure represented by Formula 2,
[Formula 2]
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[45]

4
\ (R*) - (R™)k
N N
H O \ O \
R R

[46] R3, R*,and k in Formula 2 may be the same as described in connection with Formula
1;

[47] Y is -(CHy)w, -(CHy)-O-(CHa) -, -(CH2)-CO-(CHy)y-, -(CH2)-NR?-(CHy),-, or -
(CH)1-SO»-(CHy),r,

[48] wherein R*is hydrogen or a C, C,alkyl group,

[49] m and n are each independently an integer from O to 2; and

[50] Z is represented by Formula 3;

[51] [Formula 3]

[52] 9

(R¥)q

[53] wherein, in Formula 3,

[54] @ is a C; Cypcycloalkyl group or a C, C; heterocycloalkyl group;

[55] R? is halogen, a hydroxy group, a cyano group, a nitro group, an amino group, a thiol
group, a formyl group, a halo C, C, alkyl group, a C; C,alkoxy group, a linear or
branched hydroxy C,.C, alkyl group, a linear or branched C, C, alkyl group, a C, C,
alkenyl group, a C, C, alkynyl group, a C; Cy, cycloalkyl group, a C,.Cy heterocy-
cloalkyl group, a hydroxyC, C, heterocycloalkyl group, a linear or branched hydroxyl
C,C,alkylcarbonyl group, -NR!“R!!, -COR"?, -COOR!? or -SO,R "3,

[56] q may be an integer from O to 5,

[57] wherein, when @ is piperazine or piperidine, q is not 0, and

[58] two or more R may be connected or fused with @ to form a 7 to 12-membered
bicycloalkyl group, heterobicycloalkyl group, spirocycloalkyl group, or spiroheterocy-
cloalkyl group;

[59] R!%and R''may each independently be hydrogen, a hydroxy C, C, alkyl group, a halo

C,C,alkyl group, a C, C,alkyl group, a C, C,alkenyl group, or a C, C,4 alkynyl group;
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[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]
[71]

[72]

R'2is hydrogen, a hydroxy group, a hydroxy C, C,alkyl group, a halo C, C,alkyl
group, a C, C,alkyl group, a C, C,alkenyl group, a C, C,alkynyl group, a C;C,, cy-
cloalkyl group, or a C, C, heterocycloalkyl group;

R may be hydroxy, a haloC,.C, alkyl group, a C, C,alkyl group, a C, C,alkenyl
group, a C, C,alkynyl group, a C;.Cycycloalkyl group, a C, Cy heterocycloalkyl group,
aryl group, or -NRR,, and

Rrand R, may each independently be hydrogen or a C, C, alkyl group.

According to an aspect of another embodiment, provided are methods of preparing
the compounds.

According to an aspect of another embodiment, pharmaceutical compositions for
preventing or treating cancer include the compounds or pharmaceutically acceptable
salts thereof as an active ingredient.

According to an aspect of another embodiment, pharmaceutical compositions for
preventing or treating FLT3 mediated disease include the compounds or pharma-
ceutically acceptable salts thereof as an active ingredient.

According to an aspect of another embodiment, pharmaceutical compositions for in-
hibiting FL'T3 kinase activity include the compounds or pharmaceutically acceptable
salts thereof and a pharmaceutically acceptable excipient.

According to an aspect of another embodiment, provided are methods of decreasing
FLT3 activity of a subject in need by using the compounds.

According to an aspect of another embodiment, provided are methods of treating
FLT3 mediated disease by using the compounds.

Advantageous Effects of Invention

The compound according to one aspect of the present disclosure is excellent in FLT3
inhibitory activity and thus is effectively used for the prevention or treatment of cell
proliferative diseases caused by abnormal FLT3 activity such as cancer, for example,
leukemia.

Mode for the Invention

The present disclosure will be described in further detail.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. Although example methods or materials are listed
herein, other similar or equivalent ones are also within the scope of the present
disclosure. Also, the numerical values set forth herein are considered to include the
meaning of "about" unless explicitly stated. All publications disclosed as references
herein are incorporated in their entirety by reference.

An aspect of the present disclosure provides a compound selected from a compound
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[73]

[74]

[75]

[76]

[77]
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represented by Formula 1, and a stereoisomer, tautomer, solvate, or pharmaceutically
acceptable salt thereof.

The residues indicated by R'to R, X, Y, Z, Z', A, B, Q, L, or E2to E¢ may be un-
derstood in the same ways as understood by one of ordinary skill in the art.

The term "halogen" includes fluorine, chlorine, bromine or iodine, unless otherwise
indicated, and may be, for example, fluorine or chlorine, but is not limited thereto.

The term "alkyl" refers to a saturated monovalent hydrocarbon radical. The term
"alkenyl" used herein refers to a monovalent hydrocarbon radical containing at least
one carbon-carbon double bond, wherein each double bond may have an E-or Z-steric
configuration. The term "alkynyl" used herein refers to a monovalent hydrocarbon
radical containing at least one carbon-carbon triple bond. Such an alkyl group, an
alkenyl group, and an alkynyl group may be linear, i.e., straight-or side-chained. As
defined above, the number of carbon atoms in an alkyl group may be 1, 2, 3, 4, 5, or 6;
or 1, 2, 3, or 4. Examples of alkyl include methyl, ethyl, propyl including n-propyl and
iso-propyl, n-butyl, sec-butyl, butyl including iso-butyl and a tert-butyl, pentyl
including n-pentyl, 1-methylbutyl, iso-pentyl, neo-pentyl, and tert-pentyl, hexyl
including n-hexyl, 3,3-dimethylbutyl, and iso-hexyl. A double bond of an alkenyl
group and a triple bond of an alkynyl group may each be in any position. Examples of
alkenyl and alkynyl are ethenyl, prop-1-enyl, prop-2-enyl (=allyl), but-2-eny],
2-methylprop-2-enyl, 3-methylbut-2-enyl, hex-3-enyl, hex-4-enyl, prop-
2-enyl(=propagyl), but-2-enyl, but-3-enyl, hex-4-enyl, and hex-5-enyl. In a case where
each of the compounds is sufficiently stable and suitable for a desirable use as, for
example, a pharmaceutical substance, a substituted alkyl group, a substituted alkenyl
group, and a substituted alkynyl group may be substituted at any position.

The term "cycloalkyl”, unless otherwise stated, refers to a substituted or unsub-
stituted cyclic alkyl group, and an example of a single or multi-cyclic group is a mono-
or bicycloaliphatic group. Examples of a cycloalkyl group include cyclopropyl, cy-
clobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cy-
clooctyl, cyclooctenyl, 2, 5-cyclohexadienyl, bicyclo[2.2.2]octyl, adamant-1-yl, dec-
ahydronaphthyl group, oxo cyclohexyl, dioxo cyclohexyl, thio cyclohexyl, 2-0xo
bicyclo[2.2.1]hept-1-yl, or any suitable isomer thereof without limitation.

The term “a bicycloalkyl group” used herein refers to, unless otherwise stated, a
saturated carbocycle including two rings, and includes a fused carbocycle in which the
two rings share two adjacent atoms as a part of the rings and a bridged carbocycle in
which the two rings share two non-adjacent atoms as a part of the rings. For example, a
7 to 12-membered bicycloalkyl refers to a fused carbocycle or bridged carbocycle,
each having a total of two rings constituted of 7 to 12 atoms.

The term "heterocycloalkyl" used herein, unless otherwise stated, refers to a sub-
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[79]

[80]

[81]

[82]

[83]

stituted or unsubstituted mono cyclic or multicyclic alkyl containing at least one
selected from O, N, and S, for example, 1 to 4 heteroatoms Examples of the mono het-
erocyclo alkyl group are piperazinyl, piperidinyl, piperazinyl-1-oxide, morpholinyl,
thiamorpholinyl, pyrrolidinyl, imidazolidinyl, tetrahydrofuranyl, diazabicycloheptanyl,
diazabicyclooctane, and diazaspirooctane, and groups similar thereto, but are not
limited thereto.

The term "heterobicycloalkyl” used herein, unless otherwise stated, refers to a bicy-
cloalkyl containing one or more hetero atom selected from O, N, and S, and includes a
fused hetero bicycloalkyl group and a bridged hetero bicycloalkyl group. The term
“bridged” used herein refers to a valence bond, single atom, or non-branched chain of
atoms that connects two different parts inside a molecule. Also, a pair of tertiary or
more carbon atoms linked through bridges is called "bridge heads." In other words, the
carbon atoms that are simultaneously participating as a part of two or more rings are
called bridge heads, and bonds connected to these bridge heads are called bridges. The
term "bridged compound" used herein refers to a compound in which two or more
rings share one or more pairs of carbon atoms.

Examples of a fused heterobicycloalkyl group include indole, quinoline, thiazolo[4,
5-b]-pyridine, quinoline, and the like, but are not limited thereto. Examples of bridged
heterobicycloalkyl include 7 to 12 membered heterobicycloalkyls such as a diaz-
abicyclo [2.2.1] heptane or a diazabicyclo [3.2.1] octane, but are not limited thereto.

The term "spiro" used herein refers to, unless defined otherwise, two rings which
share one atom, wherein the two rings are not connected to each other by bridges. The
term "spirocycloalkyl" used herein refers to, unless defined otherwise, a saturated
carbocycle consisting of two rings, which share only one carbon atom as part of the
rings. Examples of spirocycloalkyl include a 7 to 12 membered spirocycloalkyl group
such as diazaspiro[2.5]octane, but are not limited thereto. The term "heterospirocy-
cloalkyl" refers to, unless defined otherwise, a spirocycloalkyl containing at least one
heteroatom selected from O, N, and S. The expression"spiro connection” used herein
refers to a linker sharing one atom, unless defined otherwise.

The term "aryl" used herein, unless otherwise stated, refers to an aromatic group
which may be substituted or unsubstituted, such as phenyl, biphenyl, naphthyl, toluyl,
naphthalenyl, anthracenyl, or any suitable isomer thereof without limitation.

The term "heteroaryl” used herein, unless otherwise stated, refers to a monocyclic or
bicyclic or higher aromatic group containing at least one heteroatom selected from O,
N, and S, for example, from 1 to 4 heteroatoms. Examples of monocyclic heteroaryl
are thiazolyl, oxazolyl, thiophenyl, furanyl, pyrrolyl, imidazolyl, isoxazolyl, pyrazolyl,
triazolyl, thiadiazolyl, tetrazolyl, oxadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl,

pyrazinyl, and the like, but examples thereof are not limited thereto. Examples of
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[94]

bicyclic heteroaryl are indolyl, benzothiophenyl, benzofuranyl, benzimidazolyl, ben-
zoxazolyl, benzisoxazolyl, benzthiazolyl, benzthiadiazolyl, benztriazolyl, quinolinyl,
isoquinolinyl, purinyl, furopyridinyl, and the like, but are not limited thereto.

The term “alkylene bridge” refers to, unless defined otherwise, a linear or branched
bivalent hydrocarbon bridge that connects two different carbons having an identical
ring structure, may consist of carbon and hydrogen, is not unsaturated, and may have,
for example, 3 to 6 carbon atoms, and examples thereof are propylene, n-butylene, and
the like. An alkylene bridge may link any two carbons in a ring structure. At least one
of methylene in the alkylene bridge may be substituted with at least one selected from -
O-, -S-, -S(0)-, -S(0),-, and -N(R')-, wherein R' may be hydrogen, a C, Csalkyl group,
a C; C;cycloalkyl group, or aryl. In the present specification, the numerical range
indicated by using the term "to" refers to a range including the numerical values
described before and after the term as the lower limit and the upper limit, respectively.

In an example embodiment of an aspect of the present disclosure, R! in the
compound of Formula 1 may be hydrogen, a C, C, alkoxy group or a hydroxy group.

In an embodiment, R! in the compound of Formula 1 may be hydrogen, a halogen, a
hydroxy group, or a C, C, alkoxyl group.

In an embodiment, R? in the compound of Formula 1 may be hydrogen, a halogen, a
C,.C, alkyl group or a halo C,; 4 alkyl group.

In an embodiment, R? in the compound of Formula 1 may be hydrogen, a hydroxy
group, or a C, C, alkyl group. In an embodiment, R*may be hydrogen.

In an embodiment, R* in the compound of Formula 1 may be hydrogen, a halogen, a
hydroxy group, a cyano group, a nitro group, an amino group, haloC, jalkyl group, a C
1 Csalkoxy group, a hydroxyC, C,alkyl group, a C, C jalkyl group, a C, C,alkenyl
group, or a C, C,alkynyl group. In an embodiment, R* may be hydrogen, a halogen, a
hydroxy group, a C, C,alkoxy group, a hydroxyC, C,alkyl group, or a C, C,alkyl group.

In an embodiment, R> and R® in the compound of Formula 1 may each independently
be hydrogen, a halogen, a hydroxy group, a cyano group, or a C; C,alkyl group. In an
embodiment, R>and R® may each independently be hydrogen or hydroxy.

In an embodiment, R” in the compound of Formula 1 may be a C; C; cycloalkyl
group. In an embodiment, R” may be cyclopropyl.

In an embodiment, Y in the compound of Formula 1 may be -(CH.,),,-, -(CH,),, -
O-(CH,),-, or -(CH,),,-CO-(CH,),-, wherein m and n may each independently be an
integer from O to 2. In an embodiment, Y may be -(CH,),,-wherein m may be an
integer selected from 1 and 2.

In an embodiment, Z in the compound of Formula 1 may be a compound represented
by Formula 3.

[Formula 3]
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[95]

[96]
[97]

[98]

[99]
[100]

[101]

[102]

[103]

[104]

[105
[106
[107
[108

—t e e

[109]

9
(R¥)q
wherein, in Formula 3,
@ may be a C; Cyycycloalkyl group or a C, C;; heterocycloalkyl group;

R® may be halogen, a hydroxy group, a cyano group, a nitro group, an amino group, a
thiol group, a formyl group, a halo C, C, alkyl group, a C, C,alkoxy group, a linear or
branched hydroxyC, C, alkyl group, a linear or branched C, C, alkyl group, a C, C,4
alkenyl group, a C, C, alkynyl group, a C; Cy, cycloalkyl group, a C,.Cy heterocy-
cloalkyl group, a hydroxyC, C, heterocycloalkyl group, a linear or branched hydroxyC
4 alkylcarbonyl group, -NR!R!1, -COR!2, -COOR'? or -SO,R 3,

q may each independently be an integer from O to 5,

wherein, when @ is piperazine or piperidine, q may not be 0, and
2 or more R may be connected with each other or fused with @ to forma 7 to

12-membered bicycloalkyl group;

R!%and R''may each independently be hydrogen, a hydroxy C, C, alkyl group, a halo
C,C,alkyl group, a C, C,alkyl group, a C, C,alkenyl group, or a C, C,4 alkynyl group;

R!2is hydrogen, a hydroxy group, a hydroxy C;4alkyl group, a halo C, C,alkyl
group, a C, C,alkyl group, a C, C,alkenyl group, a C, C,alkynyl group, a C;.C,o cy-
cloalkyl group, or a C, Cy heterocycloalkyl group;

R131is hydroxy, a haloC, C, alkyl group, a C, C,alkyl group, a C, C, alkenyl group, a
C, C,alkynyl group, a C; Cjycycloalkyl group, a C, C, heterocycloalkyl group, aryl
group, or -NR(R,, and

Rrand R, are each independently hydrogen or a C, C,alkyl group.

In an example of Formula 3,
@ may be a C;-Cs heterocycloalkyl including one or two heteroatoms selected

from O, N, and S;

R® may each independently be hydrogen, a hydroxy group, a linear or branched
hydroxy C,C, alkyl group, a linear or branched C, C, alkyl group, a C; Cy, cycloalkyl
group, a C, Cy heterocycloalkyl group, a hydroxy C, Cs heterocycloalkyl group, -NR!°R
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11 or -COR!2,

[110] R!'%and R may be each independently hydrogen, a hydroxy C, C,alkyl group, or a C
1.C, alkyl group; and

[111] R?may be hydrogen, a hydroxy group, a hydroxy C, C,alkyl group, a halo C, C,
alkyl group, or a C, C,alkyl group.

[112]

[113] In an example embodiment, in the compound of Formula 1,

[114] X is H or OH,

[115] wherein, when X is OH, the compound represented by Formula 1 may include a

tautomeric structure represented by Formula 2:
[116] [Formula 2]

[117]
| R (R
N
HO N‘R3 O h3
[118] R3, R4, and k in Formula 2 are the same as described in connection with Formula 1.
[119]
[120] In an example embodiment, in the compound of Formula 1,
[121] X is H or OH,
[122] wherein, when X is OH, the compound represented by Formula 1 may include a
tautomeric structure represented by Formula 2;
[123] R! may be hydrogen, hydroxy , a C; C, alkoxy group, or a C, C, alkyl group;
[124] R? may be hydrogen, a halogen, a C, C, alkyl group or a halo C, C, alkyl group;
[125] R? may be hydrogen;
[126] R*may be hydrogen, a halogen, a hydroxy group, a C, C, alkoxy group, a hydroxy C
1.C4 alkyl group, or a C, C, alkyl group;

[127] k may be an integer from 0 to 2;
[128] R35 and R® may each independently be hydrogen or a hydroxy group;
[129] R” may be cyclopropyl;
[130] Y may be -(CHa)w-, -(CH)w-O-(CH,),-, or -(CH,),,-CO-(CHy),-;
[131] m and n are each independently an integer from O to 2; and
[132] Z may be Formula 3;

|

[133 [Formula 3]
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[134]

[135]
[136]

[137]

[138]

[139]

[140]
[141]

[142]

[143]
[144]

[145]
[146]

[147]

9
(R¥)q
wherein, in Formula 3,
@ may be a C;-Cs heterocycloalkyl including one or two heteroatoms selected

from O, N, and S;

R® may each independently be hydroxy, a hydroxy C; C, alkyl group, a C, C, alkyl
group, a C;.Cyy cycloalkyl group, a C, G, heterocycloalkyl group, a hydroxy C, Cy hete-
rocycloalkyl group, -NR!°R!!, or -COR2,

R!'%and R may be each independently hydrogen, a hydroxy C, C,alkyl group, or a C
1 Csalkyl group;

R'?> may be hydrogen, a hydroxy C, C, alkyl group, a halo C, C, alkyl group, or a C,_
C, alkyl group, and

q may each independently be an integer from O to 3.

In an example of the compound represented by Formula 1, when @ is

piperazinyl or piperidinyl, ¢ may not be 0.

In an example of the compound represented by Formula 1, Z may be any one
selected from Formula 11 to Formula 13.

[Formula 11]

R15)p

XN
v, W—R™

N

[Formula 12]

(R“")s

K/W_RM

[Formula 13]
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[148]
(R|1 5)t
—_—V W—R 14

[149]
[150]

[151]

[152]

[153]

[154]

[155]
[156]

[157]

[158]

__/

wherein, in Formulae 11 to 13,

V and W may each independently be N or a CH, provided that each of V and W is
not CH at the same time.

R'“may be hydrogen, a halogen, a linear or branched C, C, alkyl group, a linear or
branched hydroxy C, C, alkyl, a hydroxy group, -NR!R"7, a linear or branched
hydroxy C, C, alkylcarbonyl group, a C,-C, heterocycloalkyl group, a hydroxy C,-Cs
heterocycloalkyl group, a linear or branched halo C, C, alkyl group, and a linear or
branched C, C, alkoxy group,

R'> may each independently be a linear or branched C, C, alkyl group, a linear or
branched hydroxy C,.C, alkyl group, or halogen,

R!*and R may be connected to each other, or R or R'5 is fused with the cyclic
compound represented by one of Formulae 11 to 13 to form a 7 to 12-membered bicy-
cloalkyl group, heterobicycloalkyl group, spirocycloalkyl group, or spiroheterocy-
cloalkyl group,

R!¢ and R may each independently be hydrogen, a linear or branched C, C, alkyl
group, or a linear or branched hydroxy C, C, alkyl group,

p may be an integer from 0 to 4, and

s and t may each independently be an integer from O to 5 when R'#is hydrogen, and
an integer from O to 4 when R'#is nothydrogen.

Examples of the 7 to 12-membered bicycloalkyl formed by connecting R'* and R
each other or fusing R!* or R with the cyclic compound represented by any one of
Formulae 11 to 13 are diazabicycloheptanyl and diazabicyclooctanyl. In an em-
bodiment, the 7 to 12-membered bicycloalkyl may be 2,5-diazabicyclo[2.2.1]heptanyl
or 3,8-diazabicyclo[3.2.1]octanyl. Examples of the 7 to 12-membered spirocycloalkyl
formed by connecting R'* and R'° each other or fusing R!* or R with the cyclic
compound represented by any one of Formulae 11 to 13 may be a dazaspirooctayl
group, for example, diazaspiro[2.5]octanyl.

In an example of the compound represented by Formula 1, R’may be a C; C; cy-
cloalkyl and Z may be a substituted or unsubstituted C, C; heterocycloalkyl group. The
C;C;cycloalkyl may be, for example, cyclopropyl, cyclobutyl, cyclopentyl, cy-
clohexyl, or cycloheptyl, but is not limited thereto. Z may be, for example, C; C; cy-

cloalkyl unsubstituted or substituted with a halogen, hydroxy, cyano, nitro, amino, a
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[159]

[160]

[161]
[162]

[163
[164
[165
[166
[167
[168
[169

e e e d e e

[170]
[171]
[172]

halo C,.C,alkyl, a C,.C,alkoxy, a hydroxy C; C,alkyl, or a C, C,alkyl, but is not
limited thereto.. The C; C; cycloalkyl may be piperazinyl, piperidinyl, morpholinyl,
thiomorpholinyl, pyrrolidinyl, imidazolidinyl, or tetrahydrofuranyl, and is not limited
thereto.

In a compound according to an embodiment, R” may be cyclopropyl and Z may be a
piperazinyl substituted with a C, C,alkyl group, for example, dimethylpiperazinyl. The
compound according to an embodiment may have an improved pharmacokinetic
profile and metabolic stability, such as microsomal stability.

In an embodiment, the compound of Formula 1 may be selected from a compound
represented by Formula 14, and a stereoisomer, tautomer, solvate, or pharmaceutically
acceptable salt thereof:

[Formula 14]

Ed

wherein, in Formula 14,

E*may be hydrogen, a hydroxy group, or a C, C, alkoxy group;

E® may be hydrogen, a halogen, a C, C,alkyl group, or a C,;. C4fluoroalkyl group;

E¢ and E¢ may each independently be hydrogen or a hydroxy group;

X' may be hydrogen or a hydroxy group;

k may be an integer from O to 4;

Q may each independently be hydroxy, a halogen, a C, C,alkyl group, a hydroxyC, C
salkyl group, or a C, C,alkoxy group; and

7' may be a monovalent functional group represented by Formula 15.

[Formula 15]

N

Yoo

N
|

L
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[173]
[174]

[175]
[176]

[177]

[178]

[179]

[180
[181
[182
[183

— e e

wherein, n in Formula 15 may be an integer from 1 to §;

A may each independently be a functional group selected from hydroxy, a C, C,alkyl
group, and a hydroxyC, C,alkyl group, wherein when n is two or more, two A may be
linked to each other to form an alkylene bridge to form Z' being a 7 to 12-membered
bridged heterobicycloalkyl ring, or two A may be spiro-connected to form a 7 to
12-membered spiroheterocycloalkyl ring;

L may be hydrogen, a C, C,alkyl, a hydroxy group, or a hydroxyC, C,alkyl group.

The compound selected from the compound of Formula 14, and a stereoisomer,
tautomer, solvate, or pharmaceutically acceptable salt thereof may have improved
properties compared to other compounds having similar chemical structures in aspects
of a pharmacokinetic profile that is suitable for oral administration and a metabolic
stability, such as microsomal stability.

The term "pharmacokinetic profile" used herein refers to the absorption, distribution,
in vivo changes and excretion profile of a drug, from which the physiological and bio-
chemical actions of drugs on the living body and their mechanism of action, that is, the
response of the living body on the drugs may be identified.

The term “metabolic stability" such as microsomal stability used herein refers to the
degree of stability of the metabolic organs after administration of the drug, and may
affect pharmacokinetic parameters of the drug, such as clearance, half-life, and oral
bioavailability. As an experiment to predict the degree of drug metabolism by the
major organs in vitro, a metabolically active system, such as liver microsome or
hepatocyte, may be used to measure metabolic stability.

In an embodiment, E®> may be halogen, n may be an integer from 2 to 4, and A may
be alkyl group, for example, methyl, ethyl, or propyl.

In an embodiment, E® may be halogen, n may be 2, and A may be methyl.

In an embodiment, Z' may be 3,5-dimethylpiperazine-1-yl.

In an embodiment, E® may be chlorine.

The compound selected from the compound of Formula 14, and a stereoisomer,
tautomer, solvate, or pharmaceutically acceptable salt thereof may effectively control
one or more kinases involved in intracellular signal transduction and intracellular
complex biomechanisms. For example, the selected compound may act on receptor
tyrosine kinase (RTK) to effectively control the intracellular delivery of extracellular
stimuli. In an embodiment, the selected compound may effectively control fms-like
tyrosine kinase 3 (FLT3) which is frequently abnormally overexpressed or mutated in
patients with leukemia, and spleen tyrosine kinase (SYK) which acts on the signaling
pathways of endothelial growth factor receptor (VEGFR), which are involved in con-
trolling in the angiogenesis process, and other immunoreceptors such as B cell

receptors and mast cells. The compound according to an embodiment effectively
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[184]

[185]

[186]
[187]

[188]

[189]

suppresses the mutation or overexpressiong of FLT3, and at the same time, the overex-
pression or overactivation of VEGFR, thereby blocking the supply of nutrition and
oxygen to the tumor and suppressing SYK. Accordingly, the compound may be useful
for the treatment of acute myelogenous leukemia (AML), which shows resistance to
FLT3 inhibitors. The term "overall survival (OV)" used herein refers to the period of
time from random allocation to death in clinical trials. FLT3-ITD positive acute
myeloid leukemia (AML) is a disease with very low OV. SYK is overexpressed and
activated in hematological malignant tumor, and highly activated SYK is usually found
in FLT3-ITD-positive acute myeloid leukemia (AML), which has a very low OV.
Therefore, as a target for the treatment of AML disease, SYK needs to be considered
as an important factor together with FLT3.

The compound according to an embodiment shows an effective selective inhibitory
activity against SYK as well as FLT3, thereby greatly improving the treatment ef-
ficiency for acute myeloid leukemia (AML) and increasing the OV time.

In an embodiment, L is hydrogen, a C; C4alkyl, a hydroxy group, or a hydroxyC; C,
alkyl group;

E*is halogen, for example, chlorine, n is 2, and A is methyl;

The compound selected from the compound of Formula 14, and a stereoisomer,
tautomer, solvate, or pharmaceutically acceptable salt thereof wherein Z' is
3,5-dimethylpiperazine-1-yl shows an excellent inhibitory activity against FL.'T3 and
may effectively suppress the overexpression or overactivation of VEGFR and SYK. In
addition, the compound may be effectively used for the prevention or treatment of cell
proliferative diseases caused by abnormal activity of FLT3, VEGFR and SYK to
enhance the tumor treatment efficacy. Therefore, the compound may be useful for the
treatment of cancer or leukemia having resistance to FL'T3 inhibitors of the related art,
for example, AML.

In an embodiment, the compound of Formula 1 may be a compound selected from
compounds listed in Table 1:

[Table 1]
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[190] No. Compound

1 5-chloro-N-(3-cyclopropyl-5-({(3R,
58)-3,5-dimethylpiperazine-1-ylymethyl)phenyl)-4-(8-fluoro-1H-indole-3-yhpyrimidine-2-amine
5-chloro-4-(6-chloro-1H-indole-3-yl)-N-(3-cyclopropyl-5-(((3R,

z 58)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)pyrimidine-2-amine
2-((2R,

3 65)-4-(3-{{5-chloro-4-(6-fluoro-1H-indole-3-yl)pyrimidine-2-yl)amino}-5-cyclopropylbenzyl)-2 6-dim
ethylpiperazine-1-yhethane-1-ol
2-((2R,

4 65)-4-(3-{(5-chloro-4-(1H-indole-3-yl)pyrimidine-2-ylJamino)-5-cyclopropylbenzyl)-2 6-dimethyvipipe
razine-1-yl)ethane-1-ol
2-((2R,

5 65)-4-(3-((5-chloro-4-(6-methyl-1H-indole-3-yh)pyrimidine-2-y)amino)-5-cyclopropylbenzyl)-2 6-dim
ethylpiperazine-1-yl)ethane-1-ol

6 (R)-5-chloro-N-(3-cyclopropyl-5-({3-methylpiperazine-1-yl)methyl)pheny!)-4-{1H-indole-3-yl)pyrimid
ine-2-amine

7 (R)-5-chloro-N-(3-cyclopropyl-5-({3-methylpiperazine-1-ylimethyl)phenyl)-4-(8-methyl-1H-indole-3-
yhpyrimidine-2-amine
5-chloro-N-(3-cyclopropyl-5-({(3R,

8 58)-3,5-dimethylpiperazine-1-ylymethyi)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-amine

9 5-chloro-N-(3-cyclopropyl-5-({(3S,
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5R)-3-ethyl-5-methylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-amine

5-chloro-N-(3-cyclopropyl-5-((3,5-dimethylpiperazine-1-yl)methyl)phenyl}-4-(6-methyl-1H-indole-3-

10 yh)pyrimidine-2-amine

1" N-(3-cyclopropyl-5-({{3R,5S5)-3,5-dimethylpiperazine-1-ymethylphenyl)-4-(6-methyl-1H-indole-3-y
Dpyrimidine-2-amine
N-(3-cyclopropyi-5-({(3R,

12 585)-3,5-dimethylpiperazine-1-yl)methyt)phenyl)-5-fluoro-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-a
mine
N-{3-cyclopropyl-5-({(3R,

13 585)-3,5-dimethylpiperazine-1-yl)methyt)phenyl)-4-(1H-indole-3-yl)-5-methylpyrimidine-2-amine
N-(3-cyclopropyi-5-(((3R,

14 58)-3,5-dimethylpiperazine-1-ymethyl)phenyl)-5-methyl-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-a
mine
N-(3-cyclopropyi-5-(((3R,

15 58)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(68-methyl-1H-indole-3-yl)-5-(triffuoromethyl)pyri
midine-2-amine

15 (3-(5-chloro-2-((3-cyclopropyi-5-(((3R,
585)-3,5-dimethylpiperazine-1-yl)methyt)phenyl)amino)pyrimidine-4-yl)-1H-indole-8-yl)methanol
5-chloro-N-(3-cyclopropyl-5-(((3R,

17 58)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(5-methoxy-6-methyl-1H-indole-3-yl)pyrimidine-2
-amine

18 3-(5-chloro-2-((3-cyclopropyl-5-({(3R,
55)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl)-6-methyl-1H-indole-5-0l

19 3-(5-chloro-2-((3-cyclopropyl-5-(((3R,
55)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl)-6-methylindoline-2-one
5-chloro-N-{3-cyclopropyl-5-(((3R,

20 58)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)-4-methoxy-6-(6-methyl-1H-indecle-3-yl)pyrimidine-2
-amine

o1 5-chloro-2-((3-cyclopropyl-5-(((3R,
535)-3,5-dimethylpiperazine-1-yl)methyt)phenyl)amino)-6-(6-methyl-1H-indole-3-yl)pyrimidine-4-ol

29 3-(5-chloro-2-((3-cyclopropyl-5-(((3R,
585)-3,5-dimethylpiperazine-1-yl)methyt)phenyl)amino)pyrimidine-4-yl)-6-methyl- 1 H-indole-7-ol

23 2-((5-chloro-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-ylyamino)-4-cyclopropyl-6-({(3R,
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[192]

[193]

[194]

[195]

585)-3,5-dimethylpiperazine-1-yl)methyl)phenol

24 4-((5-chloro-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-yl)amino)-2-cyclopropyl-6-(((3R,
585)-3,5-dimethylpiperazine-1-yl)methyl)phenol

25 (R)-5-chloro-N-(3-cyclopropyl-5-((3,3,5-trimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-ind
ole-3-yl)pyrimidine-2-amine

(2R,
26 BR)-4-(3-((5-chloro-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-6-meth

ylpiperazine-2-yl)methanol

(R)-5-chioro-N-(3-cyclopropyl-5-((5-methyl-4, 7-diazaspiro[2.5]octan-7-yl)methyl)phenyl)-4-(6-meth

@ yl-1H-indole-3-yl)pyrimidine-2-amine

28 5-chloro-N-(3-cyclopropyl-5-(((3R,
5R)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1 H-indole-3-yl)pyrimidine-2-amine

29 5-chloro-N-{3-cyclopropyl-5-({((3S,
58)-3,5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-amine

30 5-chloro-N-(3-cyclopropyl-5-(((3R,

55)-3,4,5-trimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-amine
(2R,
31 65)-4-(3-((5-chloro-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-ylyamino)-5-cyclopropylbenzyl)-2,6-dim

ethylpiperazine-1-ol
(2R,
32 8S)-4-(3-cyclopropyl-5-((4-(6-methyl-1H-indole-3-yl)pyrimidine-2-yl)amino}benzyl)-2,6-dimethylpip

erazine-1-ol

The term “isomer” used herein refers to a compound having the same molecular
formula and a different structure. The compounds of Formula 1 according to an aspect
of the present disclosure may exist as various compounds having the isomer rela-
tionship in a three-dimensional aspect, and these isomers and mixtures are within the
scope of the present disclosure. In one or more embodiment, the compounds of
Formula 1 according to an aspect of the present disclosure may exist as a stereoisomer
or structural isomer, for example, a tautomer.

The term “stereoisomer” used herein refers to a compound that has the same
molecular formula and the same connection order of atoms and is different in
stereoscopic or optical aspects. That is, a stereoisomer refers to a compound having the
same chemical composition but being different in the three-dimensional arrangement
aspect, that is, being different in the arrangement of atoms or groups. The stereoisomer
includes geometric isomers, enantiomeric isomers, and partial stereoisomers.

The term “geometrical isomer” used herein refers to the type of a stereoisomer
depending on the direction of a functional group in a molecule, and may be called a
cis-trans isomer. Generally, these isomers contain non-rotatable double bonds and the
substituents of compounds containing double bonds may be in an E form or a Z form.
For example, when the compound contains a 2-substituted cycloalkyl group, the

compound may have the cis-trans form. When the compound of Formula 1 contains a
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[199]

bridged ring, the compound may exist as an exo or endo isomer.

The term "chiral” used herein refers to a molecule having a non-overlapping enan-
tiomeric partner, and the term "achiral” used herein refers to a molecule having an
overlapping enantiomeric partner. The term “enantiomer” used herein refers to the case
where two molecules having optical activity are mirror-symmetrical. That is, the
enantiomer indicates an isomer that does not overlap an original molecule, and does
not have any of the symmetry elements including the symmetry plane and the
symmetry center, and has the stereoscopic center (chiral center). The term "di-
astereomer” used herein refers to the case in which molecules having two or more
chiral centers are not enantiomers but stereoisomers. Since the compounds of Formula
1 according to an aspect of the present disclosure may have chiral centers or
asymmetric carbon centers (absent carbons), the compounds may exist as the
enantiomer(R or S isomer), racemates, diastereoisomers, or a mixture thereof, and all
of these isomers and mixtures are included within the scope of the present disclosure.
The optically active (R)-and (S)-isomers may be decomposed by using techniques of
the related art or chiral synthon or chiral reagents.

The term “constitutional isomers" used herein refers to isomers having the same
molecular formula but different connection orders of atoms, and may include tautomer.
The term “tautomers” used herein refers to constitutional isomers having different
energy structures that are interchanged through low energy barriers. For example, a
photon tautomer (also a proton tautomer) includes interconversion through the transfer
of photons, such as keto-enol and imine-enamine isomerization. Valence tautomers
include interconversions by the rearrangement of some electrons in the bound
electrons. The compound of Formula 1 according to an aspect, and the stereoisomer or
tautomer thereof may exist in the form of solvate. The term "solvate" may include a
molecular complex including the compound and at least one pharmaceutically ac-
ceptable solvent molecule, e.g., ethanol or water. A complex, in which the solvent
molecule is water, is also referred to as "hydrate".

The compound of Formula 1 according to an aspect, and the stereoisomer, tautomer,
and solvate thereof may exist in the form of a pharmaceutically acceptable salt. The
term "pharmaceutically acceptable salt" used herein refers to a salt that is low in
toxicity to humans and does not adversely affect the biological activity and physico-
chemical properties of the parent compound. Pharmaceutically acceptable salts include
pharmaceutically acceptable acid addition salts and pharmaceutically acceptable base
addition salts of the compound represented by Formula 1, which would be understood
by those skilled in the art.

The pharmaceutically acceptable salts may be prepared by a conventional method.

For example, the compound of Formula 1 may be dissolved in a solvent, which is
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capable of being mixed with water, e.g., methanol, ethanol, acetone, 1,4-dioxane, and
then, a free acid or a free base may be added thereto for crystallization to thereby
prepare a pharmaceutically acceptable salt.

Another aspect of the present disclosure provides a method of preparing the
compounds.

In accordance with another aspect of the present disclosure, provided is a method of
preparing the compound of Formula 1 including reacting a compound of Formula 6
with a compound of Formula 7:

[Formula 6]

[Formula 7]

wherein R!, R?, R3, R4, R>, R¢ R7, X, Y, Z, and k in Formulae 6 and 7 may be the
same as described in connection with Formulae 1 and 2, and V2 may be halogen.

An organic base, e.g., triethylamine, diisopropylethylamine, pyridine, and the like; an
inorganic base, e.g., sodium carbonate, potassium carbonate, hydrogenated sodium,
and the like; an organic acid, e.g., trifluoroacetic acid, toluenesulfonic acid, and the
like; or an inorganic acid, e.g., hydrochloric acid, sulfuric acid, phosphoric acid, and
the like, may or may not be added to a reaction solution when performing the reaction.
A solvent used in the reaction may be any solvent that does not inhibit the reaction, for
example, a polar aprotic solvent such as dimethylsulfoxide, N, N-dimethylformamide,

acetonitrile, or tetrahydrofuran (THF); a polar protic solvent such as methanol, ethanol,
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2-propanol, or 2-butanol; or a nonpolar aprotic solvent such as toluene or 1,4-dioxane.
A reaction temperature may be in a range of 0°C to 150°C, for example, from room
temperature to about 100°C.

[210] In an example embodiment, the compound of Formula 1 may be prepared as shown
in Reaction Scheme 1:

[211] [Reaction Scheme 1]

212]
. 1 R~ 7 R!
R i @‘(R“)k R s R j A’ R?
‘ N R? Z—Y" 7Y "NHz NN
R2 X \ . N7 = 5 } !
Nl)\/ R? A C ) R Z__Yj\/kN/\N/ @(R“)k
Vz‘l\r\fl\\p 5 veoN | N TR 7 po M )\“N
x~ N X R
Rr3 1
4 6
[213]
[214] The compounds of Formulae 4 and 5 may be prepared by using conventional

knowledge in the field of organic chemistry.

[215] wherein, in Reaction Scheme 1, R!, R, R3 R4 R>, R6, R7, X, Y, Z, and k may re-
spectively be defined the same as those of Formulae 1 and 2, and V! and V? may each
independently be halogen.

[216] In preparing the compound of Formula 6 by reacting the compound of Formula 4
with the compound of Formula 5, the reaction may be performed by adding an
organometallic compound. For example, the organometallic compound may be an
alkyl magnesium compound or an alkyl lithium compound.

[217] A solvent used in the reacting may be any solvent that does not inhibit the reaction,
for example, a polar aprotic solvent such as dimethylsulfoxide, N, N-
dimethylformamide, acetonitrile, or THF; or a nonpolar aprotic solvent such as toluene
or 1,4-dioxane. A reaction temperature may be in a range of 0°C to 100°C, for example,
from 0 °C to 60 °C.

[218] In preparing the compound of Formula 7,

[219] when Y is -(CH,),,-, m may be an integer from 1 to 2,

[220] when Y is -(CH,),,-O-(CH,),-, m may be 0 and n may each independently be an
integer from 0 to 2,

[221] when Y is -(CH,),-CO-(CHy),-, each of m and n may be 0, and

[222] the compound is prepared based on the common knowledge of the corresponding
organochemical field as explained in connection with Preparation Schemes 1 to 3.

[223] [Preparation Scheme 1]

[224] in a case where Y is -(CH,),,-:



24

WO 2020/022600 PCT/KR2019/001737
[225] o
, (R ,
R R R
RS %@ Re_ RS
e
v R® NO2 ’ R ° RS NO2 (RO—A RS NHa
(a-i) (a-ii) (a-ili)
m=1 g
R7 o R7 R7
RE _g RE r8 P
—_— - (RYtA —— q<RQ>{;\ ) |
- NO, 3 = NO, - N NH,
R5 RS R5
(b-i) (b-ii) (b-iii)

[226] In Preparation Scheme 1, R>, R®, R7, R?, @ , and q are the same as described in

connection with Formulae 1 and 3, and V? may be halogen and L. may be Cl, Br, I,
OMs, OTs, or the like.

[227] Preparation Scheme 2

[228] in a case where Y is -(CH.,),-O-(CH,),-:

[229] n=0,
(R%)
R’ X K r7 R?
R® A /‘\ R% \ RE =
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[230]

[231] In Preparation Scheme 2, R3, R®, R7, R?, @ , and q are the same as described in

connection with Formulae 1 and 3, and L may be Cl, Br, I, OMs, OTs, or the like.
[232] [Preparation Scheme 3]
[233] in a case where Y is -(CH,),-CO-(CH,),-:

[234]
R%q
Y Y% R’ R
RS e _E@ E \ RE P ™ RE
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In Preparation Scheme 3, R>, R®, R7, R?, @ , and q are the same as described in

connection with Formulae 1 and 3.
Another aspect of the present disclosure provides,
a method of preparing a compound represented by Formula 1a, the method including
a compound represented by Formula 10 and a compound represented by Formula 3:
[Formula 10]

R’ R’
6 2
R NN R
H )I\ —
N N (R4)
s H \ ‘
O R N
X \F\’3

[Formula 3]

+

[Formula 1a]

R7
R6
R%) N
q(
o K
RS H

(R%,

R!, R2, R3, R4, R Reé, R7, RY, @ , X, k, and q in Formulae 10, 3, and 1a are the

same as described in connection with Formulae 1, 2, and 3.

The reaction may be carried out by adding or not adding, to a reaction solution, a
reducing agent, such as sodium borohydride, sodium cyano borohydride, sodium tri-
acetoxyborohydride and the like; an organic base, such as triethylamine, diisopropy-

lethylamine, and pyridine; an inorganic base, such as sodium carbonate, potassium
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carbonate, and hydrogenated sodium; an organic acid, such as trifluoroacetic acid,
toluenesulfonic acid and the like; or an inorganic acid, such as hydrochloric acid,
sulfuric acid, and phosphoric acid. The solvent used in the reaction may be any solvent
that does not inhibit the reaction, and examples of the solvent are a polar aprotic
solvent, such as dichloromethane, 1,2-dichloroethane, dimethyl sulfoxide, N, N -
dimethylformamide, acetonitrile or tetrahydrofuran; a polar protic solvent, such as
methanol, ethanol, 2-propanol, or 2-butanol; and non-polar aprotic solvents, such as
toluene orl,4-dioxane. A reaction temperature may be in a range of 0°C to 150°C, for
example, room temperature.

The compound of Formula 10 may be prepared using conventional knowledge in the
field of organic chemistry.

In an embodiment, the compound represented by Formula 1a may be prepared by
using the method illustrated in Reaction Scheme 2.

[Reaction Scheme 2]

I x
NS
) V?J\N//\Y“/(\ i (R W rY
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R"\/k‘\ R 7 ﬂ\ N)\I N
o HO A i A 2
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1a

In Reaction Scheme 2, R!, R2, R3, R4, R35, R¢, R7, R?, @ , X, k, and q are the same

as described in connection with Formulae 1, 2, and 3, and V? is halogen.

To prepare a compound of Formula 10 from a compound of Formula 9, the
compound of Formula 9 is oxidized by using an oxidant, such as MnO, and then,
washed with an organic solvent, such as methylene chloride, followed by concentrating
and purifying the obtained organic layer.

To prepare the compound of Formula 9 by reacting a compound of Formula 8 with a
compound of Formula 6, the solvent used in the reaction may be any solvent that does
not inhibit the reaction. For example, the reaction may be carried out by adding or not
adding, to a reaction solution, an organic base such as triethylamine, diisopropy-
lethylamine, and pyridine; an inorganic base such as sodium carbonate, potassium
carbonate, and hydrogenated sodium; an organic acid such as trifluoroacetic acid,

toluenesulfonic acid and the like; or an inorganic acids such as hydrochloric acid,
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sulfuric acid, and phosphoric acid, and a base or acid equivalent may be 0.1 to 5
equivalents based on one equivalent of Compound 1 of Formula B. The solvent used in
the reaction may be a polar aprotic solvent, such as dimethylsulfoxide, N, N-dimethyl
formamide, acetonitrile, tetrahydrofuran, or the like; a polar protic solvent, such as
methanol, ethanol, 2-propanol, or 2-butanol; or a non-polar aprotic solvents, such as
toluene orl,4-dioxane. A reaction temperature may be in a range of 0 °C to 150 °C, for
example, from 50 °C to about 100 °C.

Although the method of the preparing Formula 1 has been described by way of
specific examples, specific reaction conditions, such as an amount of a reaction
solvent, a base, and a reactant to be used, are not limited to those described in the
present specification, and may not be construed as limiting the scope of the present
disclosure.

Another aspect of the present disclosure provides a pharmaceutical composition for
the prevention or treatment of cancer, the composition including the compound or a
pharmaceutically acceptable salt thereof as the active ingredient.

The cancer may include leukemia, such as acute myelogenous leukemia (AML),
chronic myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), chronic
lymphocytic leukemia (CLL), acute promyelocytic leukemia (APL), hairy cell
leukemia, chronic neutrophilic leukemia (CNL), or the like.

In one embodiment, the cancer may be leukemia.

In an embodiment, the leukemia may include AML, ALL, or CML.

Another aspect of the present disclosure provides a pharmaceutical composition for
the prevention or treatment of FLT3-mediated disease, the composition including the
compound or a pharmaceutically acceptable salt thereof as the active ingredient.

Another aspect of the present disclosure provides a pharmaceutical composition for
inhibiting FL'T3 kinase activity, the pharmaceutical composition including the
compound according to an aspect or a pharmaceutically acceptable salt thereof and a
pharmacologically acceptable excipient.

In an example embodiment, the pharmaceutical composition may include a pharma-
ceutically acceptable excipient or additive. The pharmaceutical composition of the
present disclosure may be formulated according to a conventional method and may be
formulated into various oral dosage forms such as a tablet, a pill, powder, a capsule,
syrup, emulsion, and microemulsion; or parenteral dosage forms such as intramuscular,
intravenous or subcutaneous administration.

When the pharmaceutical composition of the present disclosure is prepared in a form
of an oral formulation, examples of a carrier or additive to be used include a diluent, a
disintegrant, a binder, a lubricant, a surfactant, a suspension, and an emulsifier. When

the pharmaceutical composition of the present disclosure is prepared in a form of an



28

WO 2020/022600 PCT/KR2019/001737

[263]

[264]

[265]

[266]

[267]

injection, examples of a carrier or additive may include water, saline solution, aqueous
glucose solution, pseudosaccharide solution, alcohol, glycol, ether (e.g., polyethylene
glycol 400), oil, fatty acid, fatty acid ester, glyceride, a surfactant, a suspension, and an
emulsifier. Such formulation methods are well known to those of ordinary skill in the
pharmaceutical art.

In an embodiment, as the active ingredient included in the pharmaceutical com-
position, the compound of Formula 1 may be administered in an effective amount for
the treatment or prevention to a subject or patient. The compound of Formula 1 may be
administered orally or parenterally, according to purpose. When the compound is ad-
ministered orally, the active ingredient may be administered in an amount in a range of
0.01 milligrams (mg) to 1,000 mg, for example, 0.01 mg to 500 mg, for example, 0.1
mg to 300 mg, for example, 0.1 to 100 mg, per kilogram (kg) of body weight per day.
When the compound is administered parenterally, the active ingredient may be ad-
ministered from one to several times in an amount in a range of 0.01 mg to 100 mg, for
example, 0.1 mg to 50 mg, per kg of body weight per day. The composition may be ad-
ministered once for all or in several divided doses. The dose for a subject or patient
should be determined in light of the patient's weight, age, sex, health condition, diet,
time of administration, method of administration, severity of disease, etc. It is to be un-
derstood that the dose may be appropriately adjusted by a practitioner. The dose is not
intended to limit the scope of the disclosure in any aspects.

Another aspect of the present disclosure provides a method of preventing or treating
cancer by using the compound according to the aspect. In an embodiment, the method
may include administering the compound selected from the compound of Formula 1
according to an aspect and the stereoisomer, tautomer, solvate, or pharmaceutically ac-
ceptable salt thereof to a subject. The subject may be a patient. Another aspect of the
present disclosure provides a method of inhibiting FLT3 activity of a target subject by
using the compound according to the aspect.

Another aspect of the present disclosure provides a method of treating
FLT3-mediated disease by using the compound according to the aspect.

Details of the method of preventing or treating may be the same as described above
with reference to the pharmaceutical composition according to an aspect of the present
disclosure.

In an embodiment, the dosage, the number of administrations, or method of admin-
istration of the compound used for the treatment may vary depending on the subject to
be treated, severity of disease or condition, the speed of administration, and judgment
of a prescribing doctor. The dosage for a human with a body weight of 70 kg may be in
the range of 0.1 to 2,000 mg per day, for example, 1 to 1,000 mg or 10 to 2,000 mg.

The number of administrations may be administered once to several times, for



29

WO 2020/022600 PCT/KR2019/001737

[268]

[269]

[270]

[271]

[272]

[273]
[274]

example, 1 to 4 times or according to on/off schedules, and the administration method
may be administered an oral or parenteral route. In one or more embodiments, the
dosage may be less than the range described above. In one or more embodiments, the
dosage may be greater than the range described above without causing harmful side
effects. In the latter case, the dosage may be dispensed in several small portions
throughout a day. Physicians having ordinary skill in the relevant art may determine
and prescribe the dosage of a compound according to purpose. For example, physicians
may use the dosage of the compound according to embodiments of the present
disclosure at a level being lower than that required to achieve the target therapeutic
effect, and then gradually increase the dosage until the target effect is obtained.

In one embodiment, accordingto the method, as an active ingredient, the compound
according to one aspect of the present disclosure may be used alone, or in combination
with one or more other pharmaceutical drugs known to treat cancer, tumor or
leukemia, or pharmaceutical carriers. In one embodiment, the compound selected from
the compound represented by Formula 1, and the stereoisomer, tautomer, solvate, or
pharmaceutically acceptable salt thereof may be administered together with other in-
hibitors of FL'T3 kinase activity or other agents of various mechanisms that increase
the efficacy of FL'T3 kinase activity inhibition or exhibit synergistic action to decrease
the FLT3 activity or enhance the therapeutic effect of the FL T3 mediated disease.

The term "treatment” used herein includes treatment, improvement, amelioration, or
management of disease. The term "treating" or "treatment” used herein refers to in-
hibiting disease, for example, inhibiting a disease, condition or disorder, preventing
further development of pathology and/or symptoms, improving disease, or reversing
pathology and/or symptoms, for example, reducing the severity of the disease, in a
subject who experiences or shows a pathology or symptom of a disease, condition or
disorder.

The term "preventing" or "prevention" used herein refers to prevention of a disease,
for example, prevention of a disease, condition, or disorder in a subject that may be
predisposed to have the disease, condition, or disorder but have not yet experienced or
exhibited pathology or a symptom of the disease.

The term "subject” or "patient” used herein refers to any animal, including mammals,
for example, mice, rats, other rodents, rabbits, dogs, cats, pigs, cows, sheep, horses, or

primates and humans.

"o "o

The terms "having," "may have," "including," or "may include" may refer to the
presence of a feature (e.g., a component such as a number, component, etc.), and does

not exclude the presence of additional features.

Hereinafter, the present disclosure will be described in more detail with reference to



30

WO 2020/022600 PCT/KR2019/001737

[275]
[276]

[277]
[278]
[279]

[280]

[281
[282
[283
[284

— e e

[285]

the following Examples and Experimental Examples. However, Examples and Ex-
perimental Examples are intended to help understand the present disclosure, and the

scope of the present disclosure is not limited thereto in any sense.

Example 1: 5-chloro-N-(3-cyclopropyl-5-(((3R, 5§
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-fluoro- 1 H-indole-3-yl)pyrimidine-

2-amine

Process 1) Preparation of 3-bromo-5-nitrobenzoic acid

NO,

HO
Br

o

500 g (2991.86 mmol)) of 3-nitrobenzoic acid was dissolved in 1.4 L of concentrated
(conc.) sulfuric acid (H,SOs), and the temperature was raised to 60°C. 652 g (3590.23
mmol) of N-bromosuccinimide was added thereto three times for 1 hour, and the result
was stirred at a temperature of 60 °C for 2 hours. Once the reaction was complete, ice
was added to the reaction mixture. The resulting solid was obtained through filtration
and dried in an oven at a temperature of 40 °C for 16 hours to obtain 730 g of the target
compound in the yield of 99.2%.

'H-NMR (300 MHz, DMSO-d;): 6 8.59 (s, 1H), 8.51 (s, 1H), 8.38 (s, 1H).

Process 2) Preparation of (3-bromo-5-nitrophenyl)methanol
NO,

HO
Br

200 g (812.94 mmol) of 3-bromo-5-nitrobenzoic acid prepared in Process 1) was
dissolved in 1.25 L of tetrahydrofuran (THF), and the temperature was decreased to
0°C. 1.6 L (3251.76 mmol) of borane-dimethylsulfide (2.0 M in THF) was slowly
added dropwise thereto for 1.5 hours. The mixture was stirred at room temperature for
16 hours, and then stirred under reflux at a temperature of 80 °C for 1 hour. Once the

reaction was complete, the resultant was cooled to room temperature, and saturated
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sodium hydrogen carbonate was added dropwise thereto. An extraction process was
performed thereon three times using ethyl acetate, and an organic layer was washed
with saline water, dried using anhydrous sodium sulfate, and concentrated under
reduced pressure. The obtained residue was purified using column chromatography
(chloromethylene:methanol=10:1 (v/v)), and the resulting solution was concentrated
under reduced pressure and then crystallized by using hexane to thereby obtain 180 g
of a target compound in the yield of 95.4%.

'H-NMR (300 MHz, DMSO-d;): 6 8.23 (s, 1H), 8.17 (s, 1H), 7.96 (s, 1H), 4.63 (s,
2H).

Process 3) Preparation of (3-cyclopropyl-5-nitrophenylmethanol

NO,

HO

100 g (431.00 mmol) of (3-bromo-5-nitrophenyl)methanol prepared according to
Process 2) and 111 g (1293.00 mmol) of cyclopropylborate, 9.7 g (43.10 mmol) of
Pd(OAc),, 274.5 g (1293.00 mmol) of potassium phosphate, and 33.92 g (129.30
mmol) of triphenylphosphine were dissolved in a mixed solvent of toluene and H,O
(2:1, 1.35 L) and then purged with nitrogen for 5 minutes. The reaction mixture was
sealed, and the temperature was raised to 100°C, followed by stirring under reflux for
20 hours. Once the reaction was complete, the mixed solution was cooled to room tem-
perature, and the mixed solution was filtered using a celite filter. The celite layer was
washed with ethyl acetate. An organic layer was extracted three times from the mixed
solution, which underwent the filtration, and the organic layer was washed with saline
water, dried using anhydrous sodium sulfate, and concentrated under reduced pressure.
The obtained residue was purified using column chromatography (ethyl
acetate:hexane=1:5 (v/v)), and the resulting solution was concentrated under reduced
pressure to thereby obtain 62 g of a target compound in the yield of 74.5%.

'H-NMR (300 MHz, DMSO-d;): 6 8.07 (s, 1H), 7.71 (s, 1H), 7.25 (s, 1H), 4.70 (s,
2H), 1.90 (m, 1H), 1.01 (m, 2H), 0.71 (m, 2H).

Process 4) Preparation of (3R. 5§

-1-(3-cvclopropvl-S-nitrobenzv-3.5-dimethvlpiperazine
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: NO;

2 g (10.35 mmol) of (3-cyclopropyl-5-nitrophenyl)methanol prepared according to
Process 3) was dissolved in a mixed solvent including tetrahydrofuran and water (1:1,
66 mL), and the temperature was decreased to 0°C. Sodium hydroxide (NaOH; 829
mg, 20.70 mmol) and 3.95 g (20.70 mmol) of p-Toluenesulfonyl chloride were added
thereto. After stirring for 1 hour at a temperature of 0 °C, water was added dropwise
thereto at room temperature. An extraction process was performed thereon three times
using ethyl acetate, and an organic layer was washed with saline water, dried using
anhydrous sodium sulfate, and concentrated under reduced pressure. The obtained
residue was dissolved in 11 mL of N,N-dimethylformamide, and 796 mg (5.76 mmol)
of potassium carbonate (K,CO;) and 394 mg (3.45 mmol) of (2R, 65
)-2,6-dimethylpiperazine were added thereto and the resultant mixture was stirred
under reflux at a temperature of 100°C for 1 hour. Once the reaction was complete, the
mixed solution was cooled to room temperature, and ethyl acetate and water was added
dropwise thereto. An organic layer was extracted therefrom, and the organic layer was
washed with saline water, dried using anhydrous sodium sulfate, and concentrated
under reduced pressure. The obtained residue was purified using MPLC
(chloroform:methanol=10:1 (v/v)), and the resulting solution was concentrated under
reduced pressure to thereby obtain 645 mg of a target compound in the yield of 77%.

'H-NMR (300 MHz, CDCl5): 6 7.95 (s, 1H), 7.76 (s, 1H), 7.37 (s, 1H), 3.53 (m, 2H),
3.44 (t, 4H), 2.39 (t, 4H), 1.45 (m, 9H), 1.04 (m, 2H), 0.76 (m, 2H).

Process 5) Preparation of 3-cvclopropvl-5-(((3R.5S

-3 5-dimethvlpiperazine-1-v)methvDaniline

z NH:

11 mL of 50% ethanol was added to 622 mg (11.14 mmol) of Fe powder, and 0.1 mL
(0.89 mmol) of concentrated hydrochloric acid (conc.HCl) was slowly added dropwise
thereto, and the resultant mixture was stirred under reflux at a temperature of 110 °C
for 1.5 hours. (3R, 55)-1-(3-cyclopropyl-5-nitrobenzyl)-3,5-dimethylpiperazine (645

mg, 2.23 mmol) prepared according to Process 4) was added to the activated Fe
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mixture, and the resultant mixture was stirred under reflux at a temperature of 110 °C
for 1 hour. Once the reaction was complete, a filtration process was performed thereon
using a celite filter. A mixed solution of chloroform and methanol and saturated
sodium hydrogen carbonate solution were added dropwise to the filtrate. An organic
layer was separated from the mixture solution, washed with saline water, dried using
anhydrous sodium sulfate, and concentrated under reduced pressure to thereby obtain

518 mg of a target compound in the yield of 90%.

Process 6) Preparation of 5-chloro-N-(3-cyclopropyl-5-(((3R. 58

-3.5-dimethylpiperazine-1-vDmethyDpheny)-4-(6-fluoro- 1 H-indole-3-yD)pyrimidine-

2-amine

46 mg (0.17 mmol) of 3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)aniline prepared according to Process 5) and 50
mg (0.17 mmol) of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole, of which
preparation method is dislcosed in WO2013014448, were dissolved in 2 mL of
2-butanol, and 34 mg (0.17 mmol) of p-toluene sulfonic acid (p-TsOH) was added
thereto. This reaction mixture was stirred under reflux at a temperature of 120 °C for
21 hours. Once the reaction was complete, the mixture was cooled to room tem-
perature, and a saturated sodium hydrogen carbonate solution was added dropwise
thereto, followed by an extraction process using chloroform twice. The extracted
organic layer was washed with saline water, dried using anhydrous sodium sulfate, and
concentrated under reduced pressure. The obtained residue was purified using column
chromatography (chloroform:methanol=9:1 (v/v)), and the resulting solution was con-
centrated under reduced pressure to thereby obtain 11 mg of a target compound in the
yield of 12%.

MS (ESI*, m/z): 505 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.94 (bs, 1H), 9.50 (s, 1H), 8.60 (m, 1H), 8.50
(s, 1H), 8.44 (s, 1H), 7.43 (s, 1H), 7.36 (s, 1H), 7.29 (m, 1H), 6.96 (m, 1H), 6.63 (s,
1H), 2.70 (m, 4H), 1.85 (m, 1H), 1.44 (m, 2), 0.92 (m, 8H), 0.60 (m, 2H).

Example 2: 5-chloro-4-(6-chloro-1H-indole-3-yl)-N-(3-cyclopropyl-5-(((3R, 55
)-3.,5-dimethylpiperazine-1-yl)methyl)phenyl)pyrimidine-2-amine
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97 mg of a target compound was obtained in the yield of 69% in substantially the
same manner as in Process 6) of Example 1, except that 89 mg (0.30 mmol) of
6-chloro-3-(2,5-dichloropyrimidine-4-yl)-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro- 1H-indole in Process 6) of Example 1.

MS (ESI*, m/z): 521 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 12.01 (s, 1H), 9.54 (s, 1H), 8.58 (d, 1H), 8.54 (s,
1H), 8.46 (s, 1H), 7.55 (m, 1H), 7.46 (m, 1H), 7.36 (s, 1H), 7.11 (m, 1H), 6.65 (s, 1H),
3.37 (s, 2H), 2.85 (m, 2H), 2.71 (d, 2H), 1.84 (m, 1H), 1.60 (m, 2H), 0.95 (d, 7H), 0.89
(m, 2H), 0.61 (m, 2H).

Example 3: 2-((2R, 65)-4-(3-((5-chloro-4-(6-fluoro-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethylpiperazine-1-yl
)ethane-1-ol

Cl
N
A F
/
HN™ 'N
HO. _~ \ NH
N

RN

38 mg of a target compound was obtained in the yield of 63% in substantially the

same manner as in Process 6) of Example 1, except that 32 mg (0.11 mmol) of 2-((2R,
65)-4-(3-amino-5-cyclopropylbenzyl)-2,6-dimethylpiperazine-1-yl)ethane-1-ol was
used instead of 3-cyclopropyl-5-(((3R, 55)-3,5-dimethylpiperazine- 1-yl)methyl)aniline.

MS (ESI+, m/z): 549 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.94 (bs, 1H), 9.51 (s, 1H), 8.59 (m, 1H), 8.54
(m, 1H), 8.49 (s, 1H), 7.42 (s, 3H), 7.36 (s, 1H), 7.27 (d, 1H), 6.96 (t, 1H), 6.62 (s,
1H), 4.35 (m, 1H), 3.39 (m, 4H), 3.27 (m, 2H), 2.48 (m, 4H), 1.82 (m, 1H), 1.59 (m,
2H), 0.89 (m, 8H), 0.57 (m, 2H).

Example 4: 2-((2R, 68)-4-(3-((5-chloro-4-(1H -
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[321]

[322]

[323]
[324]

[325]

[326]

[327]

[328]

[329]
[330]

indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethylpiperazine-1-yl
HO. _~~
N /\

)ethane-1-ol
N Cl
P
HN N \
NH
m“K/N

18 mg of a target compound was obtained in the yield of 31% in substantially the
same manner as in Process 6) of Example 1, except that 32 mg (0.11 mmol) of 2-((2R,
65)-4-(3-amino-5-cyclopropylbenzyl)-2,6-dimethylpiperazine-1-yl)ethane-1-ol was
used instead of 3-cyclopropyl-5-(((3R, 55)-3,5-dimethylpiperazine- 1-yl)methyl)aniline,
and 31 mg (0.11 mmol) of 3-(2,5-dichloropyrimidine-4-yl)-1H-indole was used instead
of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 531 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.90 (bs, 1H), 9.48 (s, 1H), 8.57 (d, 1H), 8.54
(m, 1H), 8.47 (s, 1H), 7.49 (m, 3H), 7.23 (m, 1H), 7.18 (m, 1H), 6.61 (s, 1H), 4.35 (m,
1H), 3.39 (m, 4H), 3.27 (m, 2H), 2.48 (m, 4H), 1.82 (m, 1H), 1.59 (m, 2H), 0.89 (m,
8H), 0.59 (m, 2H).

Example 5: 2-((2R, 65)-4-(3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethylpiperazine-1-yl
)ethane-1-ol

N Ci
A -
HN™ 'N
HO. -~ \ NH
N

N

28 mg of a target compund was obtained in the yield of 47% in substantially the

same manner as Process 6) of Example 1, except that 32 mg (0.11 mmol) of 2-((2R, 6S
)-4-(3-amino-5-cyclopropylbenzyl)-2,6-dimethylpiperazine- 1-yl)ethane-1-ol was used
instead of 3-cyclopropyl-5-(((3R, 55)-3,5-dimethylpiperazine- 1-yl)methyl)aniline, and
31 mg (0.11 mmol) of 3-(2,5-dichloropyrimidine-4-yl)-6-methyl- 1 H-indole was used
instead of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 545 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.76 (bs, 1H), 9.45 (s, 1H), 8.45 (m, 3H), 7.43
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[333]
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[336]

[337]

[338]

[339]

[340]

(d, 1H), 7.25 (s, 1H), 6.94 (d, 1H), 6.61 (s, 1H), 4.35 (m, 1H), 3.39 (m, 4H), 3.27 (m,
2H), 2.48 (m, 4H), 2.40 (s, 3H), 1.82 (m, 1H), 1.59 (m, 2H), 0.89 (m, 8H), 0.59 (m,
2H).

Example 6: (R)-5-chloro-N -
(3-cyclopropyl-5-((3-methylpiperazine-1-yl)methyl)phenyl)-4-(1 H-indole-3-yl)pyrimid

ine-2-amine

32 mg of a target compound was obtained in the yield of 17% in substantially the
same manner as Process 6) of Example 1, except that 100 mg (0.41 mmol) of (R
)-3-cyclopropyl-5-((3-methylpiperazine- 1-yl)methyl)aniline was used instead of
3-cyclopropyl-5-(((3R, 55)-3.5-dimethylpiperazine- 1-yl)methyl)aniline, and 108 mg
(0.41 mmol) of 3-(2,5-dichloropyrimidine-4-yl)-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 473 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.93 (s, 1H), 9.52 (s, 1H), 8.58 (d, 1H), 8.50 (d,
1H), 8.46 (s, 1H), 7.54 (m, 3H), 7.22 (t, 1H), 7.15 (m, 1H), 6.65 (s, 1H), 3.77 (m, 1H),
3.45 (m, 2H), 3.21 (m, 2H), 2.95 (m, 1H), 2.82 (m, 2H), 2.28 (s, 3H), 2.20 (m, 1H),
2.01 (m, 1H), 1.84 (m, 1H), 0.93 (m, 2H), 0.63 (m, 2H).

Example 7: (R)-5-chloro-N -
(3-cyclopropyl-5-((3-methylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl- 1 H-indole-3-

yl)pyrimidine-2-amine

1l
I
=
4

HN_ﬂ “NH

39 mg of a target compund was obtained in the yield of 38% in substantially the
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[351]

same manner as in Process 6) of Example 1, except that 53 mg (0.21 mmol) of (R
)-3-cyclopropyl-5-((3-methylpiperazine- 1-yl)methyl)aniline was used instead of
3-cyclopropyl-5-(((3R, 55)-3.,5-dimethylpiperazine-1-yl)methyl)aniline, and 66 mg
(0.24 mmol) of 3-(2,5-dichloropyrimidine-4-yl)-6-methyl-1H-indole was used instead
of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 487 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.77 (bs, 1H), 9.47 (s, 1H), 8.47 (m, 3H), 7.50
(s, 1H), 7.39 (s, 1H), 7.28 (s, 1H), 6.93 (d, 1H), 6.64 (s, 1H), 3.39 (s, 2H), 2.94 (m,
1H), 2.77 (m, 2H), 2.42 (s, 3H), 2.00 (m, 5H), 1.04 (m, 4H), 0.92 (m, 2H), 0.62 (m,
2H).

Example 8: 5-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-
2-amine

NTX Cl
M
HN™ N \
NH

30 mg of a target compound was obtained in the yield of 7% in substantially the
same manner as in Process 6) of Example 1, except that 222 mg (0.80 mmol) of
3-(2,5-dichloropyrimidine-4-yl)-6-methyl-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole in Process 6) of Example 1.

MS (ESI+, m/z): 501 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.76 (bs, 1H), 9.45 (s, 1H), 8.47 (m, 3H), 7.46
(s, 1H), 7.39 (s, 1H), 7.27 (s, 1H), 6.96 (d, 1H), 6.63 (s, 1H), 2.69 (m, 2H), 2.60 (m,
2H), 2.42 (s, 3H), 1.84 (m, 1H), 1.45 (t, 2H), 0.91 (m, 8H), 0.62 (m, 2H).

Example 9: 5-chloro-N-(3-cyclopropyl-5-(((3S, SR
)-3-ethyl-5-methylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl- 1 H-indole-3-yl)pyrimid

ine-2-amine
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30 mg of a target compund was obtained in the yield of 29% in substantially the
same manner as in Process 6) of Example 1, except that 55 mg (0.20 mmol) of
3-cyclopropyl-5-(((3S, SR)-3-ethyl-5-methylpiperazine-1-yl)methyl)aniline was used
instead of 3-cyclopropyl-5-(((3R, 55)-3,5-dimethylpiperazine- 1-yl)methyl)aniline, and
61 mg (0.22 mmol) of 3-(2,5-dichloropyrimidine-4-yl)-6-methyl- 1 H-indole was used
instead of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 515 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.77 (bs, 1H), 9.45 (s, 1H), 8.47 (m, 3H), 7.46
(s, 1H), 7.39 (s, 1H), 7.27 (s, 1H), 6.96 (d, 1H), 6.63 (s, 1H), 3.36 (m, 2H), 2.70 (m,
4H), 2.42 (s, 3H), 1.85 (m, 1H), 1.50 (m, 2H), 0.93 (m, 11H), 0.61 (m, 2H).

Example 10: 5-chloro-N -
(3-cyclopropyl-5-((3,5-dimethylpiperazine- 1-yl)methyl)phenyl)-4-(6-methyl-1H-indol
e-3-yl)pyrimidine-2-amine

N7 Cl
P
HN N

= |
HN NH

PN

100 mg of a target compund was obtained in the yield of 52% in substantially the
same manner as in Process 6) of Example 1, except that 100 mg (0.36 mmol) of
3-cyclopropyl-5-((3,5-dimethylpiperazine-1-yl)methyl)aniline was used instead of
3-cyclopropyl-5-(((3R, 55)-3.5-dimethylpiperazine- 1-yl)methyl)aniline, and 150 mg
(0.54 mmol) of 3-(2,5-dichloropyrimidine-4-yl)-6-methyl-1H-indole was used instead
of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 501 [M+H]*

'H-NMR (300 MHz, DMSO-dq): 6 11.77 (s, 1H), 9.46 (s, 1H), 8.45 (m, 3H), 7.43 (d,
2H), 7.30 (s, 1H), 6.75 (d, 1H), 6.64 (s, 1H), 2.82 (m, 2H), 2.72 (d, 2H), 2.42 (s, 3H),
1.83 (m, 1H), 1.47 (t, 1H), 0.88 (s, 8H), 0.64 (m, 2H).

Example 11: N-(3-cyclopropyl-5-(((3R,5S
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-

2-amine
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409 mg of a target compund was obtained in the yield of 31% in substantially the
same manner as in Process 6) of Example 1, except that 700 mg (2.80 mmol) of
3-(2-chloropyrimidine-4-yl)-6-methyl-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 467 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.63 (bs, 1H), 9.20 (s, 1H), 8.44 (d, 1H), 8.28 (d,
1H), 8.19 (m, 1H), 7.51 (s, 1H), 7.44 (s, 1H), 7.22 (m, 2H), 6.96 (d, 1H), 6.59 (s, 1H),
4.20 (m, 1H), 3.15 (s, 3H), 2.71 (m, 2H), 2.65 (m, 3H), 2.40 (s, 3H), 1.85 (m, 1H), 1.48
(m, 2H), 0.93 (m, 2H), 0.90 (m, 6H), 0.62 (m, 2H).

Example 12: N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-5-fluoro-4-(6-methyl-1H-indole-3-yl)py

rimidine-2-amine
N™ ™~ F
P
HN N \

HN NH

101 mg of a target compund was obtained in the yield of 77% in substantially the
same manner as in Process 6) of Example 1, except that 78 mg (0.30 mmol) of
3-(2-chloro-5-fluoropyrimidine-4-yl)-6-methyl-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI*, m/z): 485 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.83 (s, 1H), 9.36 (s, 1H), 8.60 (d, 1H), 8.40 (d,
1H), 8.10 (s, 1H), 7.48 (s, 1H), 7.40 (s, 1H), 7.29 (s, 1H), 7.00 (d, 1H), 6.62 (s, 1H),
3.42 (s, 2H), 2.98 (m, 2H), 2.79 (d, 2H), 2.43 (s, 3H), 1.87 (m, 1H), 1.70 (m, 2H), 1.08
(d, 7H), 0.96 (m, 2H), 0.67 (m, 2H).

Example 13: N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(1 H-indole-3-yl)-5-methylpyrimidine-
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2-amine
N~ ™~
M
= HN N \
: NH

99 mg of a target compund was obtained in the yield of 79% in substantially the
same manner as in Process 6) of Example 1, except that 73 mg (0.30 mmol) of
3-(2-chloro-5-methylpyrimidine-4-yl)-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 467 [M+H]*

'H-NMR (300 MHz, DMSO-dq): 6 11.74 (s, 1H), 9.15 (s, 1H), 8.58 (d, 1H), 8.27 (s,
1H), 8.00 (d, 1H), 7.55 (m, 3H), 7.20 (t, 1H), 7.12 (m, 1H), 6.56 (s, 1H), 3.37 (s, 2H),
2.86 (m, 2H), 2.70 (d, 2H), 2.37 (s, 3H), 1.75 (m, 1H), 1.57 (m, 2H), 0.95 (d, 7H), 0.91
(m, 2H), 0.60 (m, 2H).

Example 14: N-(3-cyclopropyl-5-(((3R, 55
)-3.,5-dimethylpiperazine-1-yl)methyl)phenyl)-5-methyl-4-(6-methyl-1H-indole-3-yl)p

yrimidine-2-amine

NI N
5 HN/I\N/ |

HN/ﬁ NH

135 mg of a target compund was obtained in the yield of 73% in substantially the
same manner as in Process 6) of Example 1, except that 150 mg (0.58 mmol) of
3-(2-chloro-5-methylpyrimidine-4-yl)-6-methyl-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

'H-NMR (300 MHz, DMSO-dq): 6 11.64 (s, 1H), 9.15 (s, 1H), 8.44 (d, 1H), 8.25 (s,
1H), 7.92 (d, 1H), 7.60 (s, 1H), 7.45 (s, 1H), 7.26 (s, 1H), 7.12 (s, 1H), 6.93 (d, 1H),
6.58 (s, 1H), 3.46 (s, 2H), 2.83 (d, 2H), 2.43 (s, 3H), 2.36 (s, 3H), 1.94 (t, 2H), 1.91
(m, 1H), 1.05 (t, 1H), 0.89 (m, 2H), 0.61 (t, 2H).

Example 15: N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)-5-(trifluor
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omethyl)pyrimidine-2-amine

289 mg of a target compund was obtained in the yield of 28% in substantially the
same manner as in Process 6) of Example 1, except that 600 mg (1.92 mmol) of
3-(2-chloro-5-(trifluoromethyl)pyrimidine-4-yl)-6-methyl- 1 H-indole was used instead
of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 535 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.63 (bs, 1H), 9.87 (s, 1H), 8.69 (s, 1H), 8.28
(m, 1H), 7.77 (s, 1H), 7.49 (s, 1H), 7.39 (s, 1H), 7.26 (s, 1H), 6.93 (d, 1H), 6.66 (s,
1H), 4.20 (m, 1H), 3.15 (s, 3H), 2.58 (m, 3H), 2.55 (m, 3H), 2.40 (s, 3H), 1.85 (m,
1H), 1.40 (m, 2H), 0.89 (m, 8H), 0.57 (m, 2H).

Example 16: (3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl1)-1H-indole-6-y1)

methanol

Process 1) Preparation of (3-(5-chloro-2-((3-cyclopropyl-5-(((3R. 58

-3 5-dimethvlpiperazine-1-vDmethvDphenvDamino)pvrimidine-4-vl)-1-tosv-1H-indol

e-6-ylhimethanol

30 mg of a target compund was obtained in the yield of 46% in substantially the
same manner as in Process 6) of Example 1, except that 51 mg (0.11 mmol) of
(3-(2,5-dichloropyrimidine-4-yl)-1-tosyl-1H-indole-6-yl)methanol was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

'H-NMR (300 MHz, DMSO-d¢): 6 9.70 (s, 1H), 8.62 (s, 1H), 8.58 (s, 1H), 8.29-8.03
(m, 2H), 7.53-7.09 (m, 4H), 6.33 (s, 1H), 5.39 (brs, 1H), 4.65 (s, 2H), 2.73 (m, 2H),
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2.61 (d, 2H), 2.33 (s, 3H), 1.80 (m, 1H), 1.49 (t, 1H), 0.88 (m, 10H), 0.55 (m, 2H).

Process 2) Preparation of (3-(5-chloro-2-((3-cyclopropyl-5-(((3R. 58

-3.5-dimethylpiperazine- 1-vDmethyDphenylamino)pvrimidine-4-v1)-1 H-indole-6-vl

methanol

KNy OH

HN™ NH

18 mg (0.03 mmol) of (3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 5§
)-3.,5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl)-1-tosyl-1H-indol
e-6-yl)methanol prepared according to Process 1) of Example 16 was dissolved in a
mixed solvent including methanol and tetrahydrofuran (1 mL, 1:1) and then, the tem-
perature was increased to 60 °C. 18 mg (0.06 mmol) of Cesium carbonate was added
thereto and the resultant mixture was stirred at 60 °C for 2 hours. Once the reaction
was complete, the temperature was decreased to room temperature and an aqueous
solution of ammonium chloride was added thereto. An extraction process was
performed thereon three times using chloroform. The result was dried using anhydrous
sodium sulfate, and then concentrated under reduced pressure. The obtained residue
was purified using medium pressure liquid chromatography (MPLC)
(chloroform:methanol=100:5 (v/v)), and the resulting solution was concentrated under
reduced pressure to thereby obtain 10 mg of a target compound in the yield of 72%.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.90 (s, 1H), 9.49 (s, 1H), 8.51 (m, 3H), 7.48 (s,
1H), 7.46 (s, 1H), 7.39 (s, 1H), 7.07 (d, 1H), 6.65 (s, 1H), 5.19 (m, 1H), 4.62 (s, 2H),
4.14 (m, 1H), 3.46 (s, 2H), 3.16 (m, 2H), 2.83 (d, 2H), 1.945 (m, 4H), 1.11 (d, 2H),
0.93 (m, 4H), 0.64 (m, 2H).

Example 17: 5-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(5-methoxy-6-methyl-1H-indole-3-yl)

pyrimidine-2-amine
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HN .

11 mg of a target compound was obtained in the yield of 13% in substantially the
same manner as in Process 6) of Example 1, except that 50 mg (0.16 mmol) of
3-(2,5-dichloropyrimidine-4-yl)-5-methoxy-6-methyl-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 531 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.64 (s, 1H), 9.45 (s, 1H), 8.41 (s, 1H), 8.27 (s,
1H), 7.85 (s, 1H), 7.38 (m, 2H), 7.22 (s, 1H), 6.61 (s, 1H), 3.50 (s, 3H), 2.72 (m, 2H),
2.65 (m, 2H), 2.27 (m, 4H), 1.65 (m, 1H), 1.59 (m, 2H), 1.21 (m, 2H), 1.07 (m, 6H),
0.82 (m, 2H), 0.51 (m, 2H).

Example 18: 3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl)-6-methyl-1H-in
dole-5-o0l

10 mg of a target compund was obtained in the yield of 15% in substantially the
same manner as in Process 6) of Example 1, except that 39 mg (0.13 mmol) of
3-(2,5-dichloropyrimidine-4-yl)-6-methyl-1H-indole-5-ol was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-dq): 6 11.50 (s, 1H), 9.31 (s, 1H), 8.56 (s, 1H), 8.30 (s,
1H), 8.15 (s, 1H), 7.78 (s, 1H), 7.60 (s, 1H), 7.40 (s, 1H), 7.16 (s, 1H), 6.58 (s, 1H),
3.17 -2.56 (m, 4H), 2.26 (m, 3H), 1.89 (m, 1H), 1.22 (m, 2H), 0.86 (m, 8H), 0.57 (m,
2H).

Example 19: 3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
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)-3.,5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl)-6-methylindolin

e-2-one
N~ Cl
A
HN N

HNT™Y g7 NH

5 mg of a target compund was obtained in the yield of 3% in substantially the same
manner as in Process 6) of Example 1, except that 70 mg (0.24 mmol) of
3-(2,5-dichloropyrimidine-4-yl)-6-methylindole-2-one was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 10.65 (s, 1H), 9.68 (s, 1H), 8.57 (s, 1H), 7.21 (m,
2H), 7.09 (m, 1H), 6.96 (m, 2H), 6.56 (s, 1H), 5.12 (s, 1H), 2.82 (m, 2H), 2.72 (m,
2H), 2.27 (s, 3H), 1.73 (m, 3H), 1.17 (m, 3H), 1.08 (m, 6H), 0.90 (m, 2H), 0.52 (m,
2H).

Example 20: 5-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-methoxy-6-(6-methyl-1H-indole-3-yl)
pyrimidine-2-amine

~0

N\CI

. \
HN NH

17 mg of a target compund was obtained in the yield of 17% in substantially the
same manner as in Process 6) of Example 1, except that 60 mg (0.19 mmol) of
3-(2,5-dichloro-6-methoxypyrimidine-4-yl)-6-methyl-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 531 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.66 (s, 1H), 9.41 (s, 1H), 8.44 (d, 1H), 8.32 (s,
1H), 7.59 (s, 1H), 7.40 (s, 1H), 7.25 (s, 1H), 6.95 (d, 1H), 6.67 (s, 1H), 4.04 (s, 3H),
3.43 (s, 2H), 2.98 (m, 2H), 2.83 (m, 2H), 2.45 (s, 3H), 1.83 (m, 3H), 1.08 (m, 6H), 0.93
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[427]
[428]

[429]

[430]

[431]
[432]

[433]
[434]

[435]

(m, 2H), 0.64 (m, 2H).
Example 21: 5-chloro-2-((3-cyclopropyl-5-(((3R, 55

)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)-6-(6-methyl- 1 H-indole-3-yl)pyri

midine-4-ol

OH

N ™=
A~
HN™ °N

HN"™Y NH

Cl

19 mg (0.04 mmol) of 5-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-methoxy-6-(6-methyl-1H-indole-3-yl)
pyrimidine-2-amine prepared according to Example 20 was dissolved in 1 mL of
ethanol, and then, 0.2 mL of hydrochloric acid was added thereto, followed by stirring
at a temperature of 80 °C for 16 hours. Once the reaction was complete, the mixture
was cooled to room temperature, and then, ethyl acetate and saturated sodium
hydrogen carbonate were added thereto. An organic layer was separated therefrom,
which was then dried using anhydrous sodium sulfate and concentrated under reduced
pressure. The obtained residue was purified using column chromatography
(chloroform:methanol=5:1 (v/v)), and the resulting solution was concentrated under
reduced pressure to thereby obtain 1.4 mg of a target compound in the yield of 7%.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.56 (s, 1H), 8.17 (m, 1H), 8.06 (d, 1H), 7.41 (s,
1H), 7.32 (s, 1H), 7.23 (s, 1H), 6.82 (d, 1H), 6.70 (s, 1H), 2.72 (m, 2H), 2.50 (m, 2H),
2.00 (s, 3H), 1.83 (m, 3H), 1.23 (m, 6H), 0.93 (m, 2H), 0.64 (m, 2H).

Example 22: 3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl)-6-methyl-1H-in
dole-7-ol
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[436]

[437]
[438]

[439]
[440]

[441]

[442]

[443]
[444]

[445]
[446]

25 mg of a target compund was obtained in the yield of 41% in substantially the
same manner as in Process 6) of Example 1, except that 50 mg (0.17 mmol) of
3-(2,5-dichloropyrimidine-4-yl)-6-methyl-1H-indole-7-ol was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.50 (bs, 1H), 9.45 (s, 1H), 8.95 (bs, 1H), 8.41
(s, 1H), 8.35 (s, 1H), 7.99 (d, 1H), 7.46 (s, 1H), 7.39 (s, 1H), 6.85 (d, 1H), 6.62 (s, 1H),
3.34 (s, 2H), 2.73 (m, 2H), 2.63 (m, 2H), 2.28 (s, 3H), 1.83 (m, 1H), 1.44 (t, 2H), 0.92
(m, 9H), 0.61 (m, 2H).

Example 23: 2-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-4-cyclopropyl-6-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenol

HN ~_HO

5 mg of a target compund was obtained in the yield of 5% in substantially the same
manner as in Process 6) of Example 1, except that 56 mg (0.20 mmol) of
2-amino-4-cyclopropyl-6-(((3R, 55)-3,5-dimethylpiperazine-1-yl)methyl)phenol was
used instead of 3-cyclopropyl-5-(((3R, 55)-3,5-dimethylpiperazine- 1-yl)methyl)aniline,
and 85 mg (0.31 mmol) of 3-(2,5-dichloropyrimidine-4-y1)-6-methyl-1H-indole was
used instead of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.72 (s, 1H), 8.38 (m, 2H), 8.15 (d, 1H), 8.08 (s,
1H), 7.55 (s, 1H), 7.22 (s, 1H), 6.82 (d, 1H), 6.50 (s, 1H), 3.60 (s, 2H), 2.70 (d, 4H),
2.46 (s, 3H), 1.74 (m, 1H), 1.63 (t, 2H), 0.84 (d, 6H), 0.79 (m, 2H), 0.50 (m, 2H).

Example 24: 4-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-2-cyclopropyl-6-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenol
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[447]

[448]

[449]
[450]

[451]
[452]

[453]
[454]
[455]

[456]

[457]

[458]
[459]

OH

200 mg of a target compund was obtained in the yield of 53% in substantially the
same manner as in Process 6) of Example 1, except that 200 mg (0.73 mmol) of
4-amino-2-cyclopropyl-6-(((3R, 55)-3,5-dimethylpiperazine-1-yl)methyl)phenol was
used instead of 3-cyclopropyl-5-(((3R, 55)-3,5-dimethylpiperazine- 1-yl)methyl)aniline,
and 303 mg (1.09 mmol) of 3-(2-chloro-5-methylpyrimidine-4-yl)-6-methyl- 1 H-indole
was used instead of 3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.72 (s, 1H), 11.05 (s, 1H), 9.09 (s, 1H),
8.40-8.32 (m, 4H), 7.26 (s, 2H), 6.84 (m, 2H), 3.59 (m, 2H), 2.77 (d, 4H), 2.41 (s, 3H),
2.11 (m, 1H), 1.60 (t, 2H), 0.92 (d, 6H), 0.87 (m, 2H), 0.58 (m, 2H).

Example 25: (R)-5-chloro-N -
(3-cyclopropyl-5-((3,3,5-trimethylpiperazine- 1-yl)methyl)phenyl)-4-(6-methyl-1 H-ind

ole-3-yD)pyrimidine-2-amine

Process 1) (3-amino-5-cvclopropylphenylmethanol

NH;

HO

5.8 g of a target compund was obtained in the yield of 95% in substantially the same
manner as in Process 5) of Example 1, except that 7.2 g (37.27 mmol) of
(3-cyclopropyl-5-nitrophenyl)methanol was used instead of (3R, 55
)-1-(3-cyclopropyl-5-nitrobenzyl)-3,5-dimethylpiperazine.

'H-NMR (300 MHz, DMSO-dy): 6 6.31 (s, 1H), 6.18 (s, 1H), 6.13 (s, 1H), 4.94 (m,
3H), 4.28 (d, 2H), 1.73 (m, 1H), 0.87 (m, 2H), 0.56 (m, 2H).

Process 2) (3-((5-chloro-4-(6-methyl-1H -
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[460]

[461]

[462]

[463]
[464]

[465]

[466]

[467]

indole-3-yD)pyrimidine-2-yl)amino)-5-cyclopropylphenyl)methanol

N
-

HN™ N |
NH

HO

3.5 g of a target compund was obtained in the yield of 49% in substantially the same
manner as in Process 6) of Example 1, except that 2.9 g (17.77 mmol) of
(3-amino-5-cyclopropylphenyl)methanol was used instead of 3-cyclopropyl-5-(((3R, 5
S)-3,5-dimethylpiperazine- 1-yl)methyl)aniline, and 7.4 g (26.65 mmol) of
3-(2,5-dichloropyrimidine-4-yl)-6-methyl-1H-indole was used instead of
3-(2,5-dichloropyrimidine-4-yl)-6-fluoro-1H-indole.

'H-NMR (300 MHz, DMSO-dq): 6 11.78 (s, 1H), 9.48 (s, 1H), 8.50 (m, 3H), 7.53 (s,
1H), 7.38 (s, 1H), 7.28 (s, 1H), 6.96 (d, 1H), 6.67 (s, 1H), 5.10 (t, 1H), 4.42 (d, 1H),
2.43 (s, 3H), 1.84 (m, 1H), 0.93 (m, 2H), 0.65 (m, 2H).

Process 3) 3-((5-chloro-4-(6-methyl-1H -
indole-3-yD)pyrimidine-2-yl)amino)-5-cyclopropylbenzaldehyde

5.67 g (14.00 mmol) of (3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylphenyl)methanol prepared according
to Process 2) of Example 25 was dissolved in 200 mL of methylene chloride, and then,
14.3 g (140.00 mmol) of manganese dioxide was added thereto. The resultant mixture
was stirred at room temperature for 18 hours. When the reaction was completed, the
resultant mixture was filtered through a filter filled with celite and washed with
methylene chloride. The obtained organic layer was concentrated under reduced
pressure. The obtained residue was purified using MPLC (ethyl acetate:hexane=1:4
(v/v)), and the resulting solution was concentrated under reduced pressure to thereby
obtain 2.1 g of a target compound in the yield of 37%.

'H-NMR (300 MHz, DMSO-d;): 6 11.81 (s, 1H), 9.90 (s, 1H), 9.78 (s, 1H), 8.50 (m,
3H), 8.15 (s, 1H), 7.81 (s, 1H), 7.25 (d, 2H), 6.94 (d, 2H), 2.42 (s, 3H), 1.97 (m, 1H),
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1.02 (m, 2H), 0.75 (m, 2H).
[468]
[469] Process 4) Preparation of (R)-5-chloro-N -

3-cyclopropyl-5-((3.3.5-trimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-ind

ole-3-yD)pyrimidine-2-amine

[470] cl

—

I
HN)\N/ \ N/
NH

Tl

[471] 140 mg (0.35 mmol) of 3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzaldehyde prepared according to

N ™~

Process 3) of Example 25 and 140 mg (0.70 mmol) of (R)-2,2,6-trimethylpiperazine
hydrochloride were dissolved in 2 mL of 1,2-dichloroethane, and 200 mg (0.75 mmol)
of sodiumtriacethoxy borohydride and 0.3 mL (1.74 mmol) of diisopropylamine were
added thereto. The mixture was stirred at room temperature for 3 hours. When the
reaction was completed, methylene chloride and a saturated aqueous sodium hydrogen
carbonate solution were added dropwise thereto. An organic layer was extracted
therefrom, and the organic layer was washed with saline water, dried using anhydrous
sodium sulfate, and concentrated under reduced pressure. The obtained residue was
purified using MPLC (methylenechloride:methanol=25:1 (v/v)), and the resulting
solution was concentrated under reduced pressure to thereby obtain 140 mg of a target
compound in the yield of 78%.

[472] MS (ESI+, m/z): 515 [M+H]*

[473] 'H-NMR (300 MHz, DMSO-d;): 6 11.77 (s, 1H), 9.47 (s, 1H), 8.48 (m, 3H), 7.57 (s,
1H), 7.35 (s, 1H), 7.28 (s, 1H), 6.94 (d, 1H), 6.64 (s, 1H), 3.38 (q, 2H), 2.95 (m, 1H),
2.70 (d, 1H), 2.43 (s, 3H), 1.84 (m, 1H), 1.59 (m, 2H), 1.23 (d, 1H), 1.12 (s, 3H), 0.94
(m, 2H), 0.63 (m, 2H).

[474]

[475] Example 26: ((2R, 6R)-4-(3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-6-methylpiperazine-2-yl)me
thanol

[476]



50

WO 2020/022600 PCT/KR2019/001737

[477]

[478]
[479]

[480]
[481]

[482]

[483]

[484]

[485]
[486]

22 mg of a target compound was obtained in the yield of 24% in substantially the
same manner as in Process 4) of Example 25, except that 55 mg (0.27 mmol) of (2R, 6
R)-6-methylpiperazine-2-yl)methanolhydrochloride was used instead of (R
)-2,2,6-trimethylpiperazinehydrochloride.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.80 (s, 1H), 9.49 (s, 1H), 8.48 (m, 3H), 7.50 (s,
1H), 7.40 (s, 1H), 7.33 (s, 1H), 6.95 (d, 1H), 6.65 (s, 1H), 4.99 (m, 1H), 4.10 (m, 1H),
3.42 (s, 2H), 3.16 (d, 2H), 2.97 (m, 2H), 2.80 (m, 2H), 2.43 (s, 3H), 1.85 (m, 3H), 1.23
(m, 2H), 1.04 (d, 3H), 0.94 (m, 2H), 0.65 (m, 2H).

Example 27: (R)-5-chloro-N -
(3-cyclopropyl-5-((5-methyl-4,7-diazaspiro[2.5]octan-7-yl)methyl)phenyl)-4-(6-methy
1-1H-indole-3-yl)pyrimidine-2-amine

Cl

150 mg of a target compund was obtained in the yield of 60% in substantially the
same manner as in Process 4) of Example 25, except that 188 mg (1.49 mmol) of (R
)-5-methyl-4,7-diazaspiro[2.5]octanhydrochloride was used instead of (R
)-2,2,6-trimethylpiperazinehydrochloride.

'H-NMR (300 MHz, DMSO-d;): 6 11.77 (s, 1H), 9.46 (s, 1H), 8.47 (m, 3H), 7.47 (s,
1H), 7.40 (s, 1H), 7.28 (s, 1H), 6.95 (d, 1H), 6.64 (s, 1H), 2.71 (d, 2H), 2.62 (d, 2H),
2.42 (s, 3H), 1.87 (m, 1H), 1.50 (q, 2H), 1.23 (q, 2H), 0.92 (m, 8H), 0.62 (m, 2H).

Example 28: 5-chloro-N-(3-cyclopropyl-5-(((3R, 5SR
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-

2-amine
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[487]

[488]

[489]
[490]

[491]
[492]

[493]

[494]

[495]
[496]

[497]
[498]

il
I
Z
4

17 mg of a target compound was obtained in the yield of 9% in substantially the
same manner as in Process 4) of Example 25, except that 149 mg (0.80 mmol) of (2R,
6R)-2,6-dimethylpiperazine hydrochloride was used instead of (R
)-2,2,6-trimethylpiperazine hydrochloride.

MS (ESI+, m/z): 501 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.80 (s, 1H), 9.15 (s, 1H), 8.46 (m, 3H), 7.66 (s,
1H), 7.35 (s, 1H), 7.28 (s, 1H), 6.95 (d, 1H), 6.63 (s, 1H), 3.51 (d, 2H), 2.43 (s, 3H),
2.25 (m, 2H), 1.85 (m, 1H), 1.23 (s, 2H), 0.91 (m, 4H), 0.62 (m, 2H).

Example 29: 5-chloro-N-(3-cyclopropyl-5-(((3S, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-

2-amine

25 mg of a target compund was obtained in the yield of 15% in substantially the
same manner as in Process 4) of Example 25, except that 75 mg (0.66 mmol) of (25, 65
)-2,6-dimethylpiperazinehydrochloride was used instead of (R
)-2,2,6-trimethylpiperazinehydrochloride.

MS (ESI+, m/z): 501 [M+H]*

'H-NMR (300 MHz, DMSO-dq): 6 11.76 (s, 1H), 9.46 (s, 1H), 8.46 (m, 3H), 7.55 (s,
1H), 7.35 (s, 1H), 7.27 (s, 1H), 6.94 (d, 1H), 6.63 (s, 1H), 3.59 (t, 2H), 3.05 (m, 2H),
2.32 (d, 2H), 1.89 (m, 2H), 1.75 (m, 1H), 1.01 (d, 6H), 0.91 (m, 2H), 0.62 (m, 2H).

Example 30: 5-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.,4,5-trimethylpiperazine- 1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3-yl)pyrimidin

e-2-amine
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[499]

[500]

[501]
[502]

[503]

[504]

[505]

[506]

[507]
[508]

[509]
[510]

N

R

70 mg of a target compund was obtained in the yield of 79% in substantially the

-).....

same manner as in Process 4) of Example 25, except that 168 mg (0.70 mmol) of (2R,
65)-1,2,6-trimethylpiperazinetrifluoroacetate was used instead of (R
)-2,2,6-trimethylpiperazinehydrochloride.

MS (ESI+, m/z): 515 [M+H]*

'H-NMR (300 MHz, DMSO-dq): 6 11.76 (s, 1H), 9.46 (s, 1H), 8.46 (m, 3H), 7.48 (s,
1H), 7.40 (s, 1H), 7.28 (s, 1H), 6.95 (d, 1H), 6.64 (s, 1H), 4.34 (m, 1H), 3.47 (m, 1H),
2.63 (m, 2H), 2.43 (s, 3H), 2.15 (m, 2H), 1.82 (m, 2H), 1.08 (m, 8H), 0.62 (m, 2H).

Example 31: (2R, 65)-4-(3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethylpiperazine-1-ol

N Ol
|

60 mg of a target compund was obtained in the yield of 94% in substantially the
same manner as in Process 4) of Example 25, except that 62 mg (0.37 mmol) of (2R,6S
)-2,6-dimethylpiperazin-1-olhydrochloride was used instead of (R
)-2,2,6-trimethylpiperazinehydrochloride.

MS (ESI+, m/z): 517 [M+H]*

'H-NMR (300 MHz, DMSO-d;): 6 11.77 (s, 1H), 9.48 (s, 1H), 8.47 (m, 3H), 7.67 (s,
1H), 7.47 (s, 1H), 7.41 (s, 1H), 7.28 (s, 1H), 6.95 (d, 1H), 6.63 (s, 1H), 3.31 (s, 2H),
2.69 (d, 2H), 2.43 (s, 3H), 1.81 (m, 3H), 1.05 (t, 2H), 0.95 (m, 8H), 0.62 (m, 2H).

Example 32: (2R, 65)-4-(3-cyclopropyl-5-((4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)benzyl)-2,6-dimethylpiperazine-1-ol
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[511]

[512] 1.5 g of a target compund was obtained in the yield of 51% in substantially the same
manner as in Example 25, except that, in Process 4) of Example 25, 2.5 g (12.16
mmol) (2R, 65)-2,6-dimethylpiperazine-1-olhydrochloride was used instead of (R
)-2,2,6- trimethylpiperazinehydrochloride, and 2.24 g (6.08 mmol) of
3-cyclopropyl-5-((4-(6-methyl-1H-indole-3-yl)pyrimidine-2-yl)amino)benzaldehyde
was used instead of 3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzaldehyde.

[513] MS (ESI+, m/z): 483 [M+H]*

[514] 'H-NMR (300 MHz, DMSO-d;): 6 11.63 (bs, 1H), 9.23 (s, 1H), 8.45 (d, 1H), 8.29
(m, 1H), 8.20 (s, 1H), 7.66 (s, 1H), 7.51 (d, 2H), 7.22 (m, 2H), 6.96 (d, 1H), 6.58 (s,
1H), 2.73 (m, 2H), 2.55 (m, 4H), 1.88 (m, 1H), 1.82 (m, 2H), 0.96 (m, 8H), 0.64 (m,
2H).

[515]

[516] Experimental Examples

[517] The kinase inhibitory activity and cell growth inhibitory activity of the foregoing

compounds prepared in the Examples were evaluated. The results thereof are as

follows.
[518]
[519] Experimental Example 1: Evaluation of kinase inhibitory activity
[520] The inhibitory activity of some of the compounds described above against

FLT3-ITD, FLT3 wild type (WT), VEGFR2 (KDR), and SYK kinase was measured.

[521] The inhibitory activity of the compounds against mutant proteins, such as FLT3 WT
and ITD, was evaluated based on the LanthaScreen technology developed by Thermo
Fisher Scientific Inc. This assay is based on the binding of Alexa Fluor® 647-labeled,
ATP-competitive kinase inhibitor (kinase tracer-236) to kinase, and signals of fluo-
rescence resonance energy transfer (FRET) were measured in the presence of
europium-conjugated antibody. This experiment was carried out on a 384-well plate in
conditions including 50 mM HEPES pH 7.5, 0.01% BR1J-35, 10 mM MgCl,, | mM
EGTA, and 1% DMSO. After measuring the background signal in the absence of
proteins such as FL'T3 or FLT3-ITD and measuring the non-inhibition signal by adding
only the solvent (1% DMSO), an evaluation compound was used at a set concentration
(for example, 50 nM to 0.05 nM, 1:10 dilution) to calculate the kinase inhibitory
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[522]
[523]

[524]

[525]

activity of the evaluation compound as ICs,. The results are shown in Table 2 below.

[Table 2]
Kinase Inhibitory activity of pyrimidine compound on FLT3 ITD and WT

Compound FLT3 ITD (ICsp, nM) FLT3 WT (ICsp, nM)
Example 2 1.5 1.9
Example 3 8.1 -
Example 4 3.6 -
Example 5 7.2 -
Example 6 1.8 -
Example 8 1.8 1.1
Example 10 3.6 -
Example 12 2.5 1.2
Example 13 8.7 -
Example 16 0.5 04
Example 17 >50 9.5
Example 18 13 3.7
Example 19 >50 -
Example 22 2.4 -
Example 23 >50 04
Example 25 20 2.3
Example 26 2.3 1.5
Example 31 6.9 -

As shown in Table 2, the compound of the present disclosure showed excellent
kinase inhibitory activity against FLT3 ITD and WT.

The SYK inhibitory activity of the compounds was evaluated based on z-LYTE
technology developed by Thermo Fisher Scientific Inc. According to this evaluation
method, signals of the fluorescence of FRET-peptides are measured, wherein fluo-
rescence of a FRET-peptide which is phosphorylated by the binding of the compound
to the target and fluorescence of a non-phosphorylated peptide are measured to identify
an activity with respect to kinase. This experiment was carried out on a 384-well plate
in conditions including 50 mM HEPES pH 7.5, 0.01% BRIJ-35, 10 mM MgCl,, 1 mM
EGTA, and 1% DMSO. The background signal was measured in the absence of
proteins; a non-inhibitory signal was measured only when the solvent (1% DMSO) was
added; and an evaluation compound was used at a concentration of 100 nM to calculate
the SYK inhibitory activity of the evaluation compound as a percentage (%). A z-lyte
kinase assays kit (Life Technologies, PV 3190) was used for VEGFR and tests were
performed by Life Technologies Inc. Table 3 shows the inhibitory activity of the
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[529]
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[531]
[532]
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compound against the corresponding kynease as a percentage (%) when the con-

centration of the compound was 100 nM.

[Table 3]
Inhibitory activity (percentage, %) of pyrimidine compound for VEGFR2 and SYK
kinase
Compound VEGFR2 (% inhibition) SYK (% inhibition)
Example 1 95 73
Example 5 71 78
Example 8 100 95

As shown in Table 3, the compounds according to the present disclosure have

excellent VEGFR2 and SYK kinase inhibitory activity.

Experimental Example 2: Evaluation of cell growth inhibitory activity

The human acute myelogenous leukemia (ALL) cell line MOLM-13 (DSMZ no.
ACC 554) was incubated in RPMI1640 medium supplemented with 20% heat-
inactivated FBS at a temperature of 37 °C. The incubated cell line was prepared in an
amount of 2.0x10* cells/100 uL, and then plated on a 96-well plate. The RPMI1640

medium was serially diluted with the test compounds at a concentration in a range of 1

uM to 0.01 nM at a ratio of 1:10. Subsequently, incubation was performed thereon for

three days. For the human acute myelogenous leukemia cell line MV-4-11 cell line
(ATCC® CRL-9591 ™), the cells were incubated at a temperature of 37 © C in IMDM
medium supplemented with 10% FBS. The incubated cell line was prepared in an
amount of 2x10* cells/100 pL, and then plated on a 96-well plate. The IMDM medium

was treated with cascade dilution of three test compounds at a concentration in a range

of 1 uM to 0.01 nM at a rate of 1/10. Subsequently, incubation was performed thereon

for three days. MTS test was performed to measure cell viability, and the growth in-

hibition (Gls,) value of the cell line was calculated using GraphPad Prism software.

The results for each cell line are shown in Table 4 below.

[Table 4]
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[534]

[535]

[536]
[537]
[538]

[539]
[540]

Cell growth inhibitory activity of pyrimidine compound

Compound MOLM-13(Gls, nM) MV-4-11(Glsg, nM)
Example 1 4.0 1.2
Example 2 6.2 3.5
Example 3 04 0.3
Example 4 0.7 1.7
Example 5 0.8 0.5
Example 8 52 1.3
Example 10 5.0 2.8
Example 12 21 11
Example 13 2.6 2.1
Example 25 8.5 9.3
Example 26 6.1 22
Example 28 0.8 <0.01

As shown in Table 4, the compound of the present disclosure was found to have

excellent growth inhibitory activity on an acute myelogenous leukemia (ALL) cell line.

Experimental Example 3: Evaluation of pharmacokinetic profile

After test substances were formulated by using the selected solvents, they were ad-
ministered orally (p.o.) and intravenously (iv) once for each and a certain amount of
blood was taken at a predetermined time, and plasma was isolated from the blood and a
concentration analysis was performed thereon by LC-MS/MS. The AUC (drug con-
centration and an area under the curve) was calculated according to the linear-log
trapezoidal summation formula by using the non-compartment analysis of the
WinNonlin program through the plasma concentration curves over time. The
bioavailability (BA) was calculated by applying the calculated AUC value to the
following formula. BA (%) = (AUC p.o./ AUC i.v.) x (Dose i.v. / Dose p.o.) x 100

[Table 5]
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[541]

[542]
[543]

[544]

[545]
[546]
[547]

Bioavailability and area under curve of pyrimidine compound
Bioavailability of mice | Area under the curve (AUC)

(%) of mice (Unit: ng - hi/mlL)
Example4
S
: H?‘ﬂ‘n"j\ﬁ””"\%_; 7.4 184.5
HO. o 5 s ~pH
AL

Control Compound 1

" 6.6 955
WG, uﬂ:& ;5\15%‘«%&

Control Compound 2

N‘”"Wm ™,
) e Eﬂ&ﬁﬁﬁg 8.7 109.7
$EE M-«NA;S I:;%E’
[Table 6]
Bioavailability and area under curve of pyrimidine compound
Bioavailability of mice Area under the curve (AUC)
(%) of mice (Unit: ng - hi/mL)
Example 25
”w’%i,ﬁl =
B anecE 21.2 21780.9
- P ~§H
SVl
Control Compound 3
%I‘*&:;%;f 27.3 2268
f""';*@\v
R
H
Control Compound 4
- £4 ,
YT 5
Y 27 518.2
o
e
Control Compound 5
Sk
L %\Q 256 1219
\ %MJ: \,
‘\»

As shown in Table 5 and Table 6, the compound according to an embodiment of the
present disclosure showed better absorbability characteristics suitable for oral admin-
istration, such as bioavailability and area under curve, than control compounds having

chemical structures being similar to the compound.

Experimental Example 4: Microsomal Stability Measurement Method

To confirm the reactivity of the test substances with intra-hepatic CYP450 enzymes,
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[548]
[549]
[550]

[551]

[552]

[553]

[554]

5 uM test substances and 1 mg/ml human liver microsomes were incubated for 1 hour
at a temperature of 37 °C in the presence of an NADPH regenerating system. After 1
hour, acetonitrile was added to terminate the reaction, and the supernatant obtained by
centrifugation was analyzed by HPLC. The remaining amount % was calculated using
the following equation using the value of the reacted sample for 1 hour relative to the
value of the O-minute sample as the peak value obtained as an analysis result. (Peak
value of the sample reacted for 1 hour/peak value of the sample at O minutes) X 100 =

residual amount %

[Table 7]
Microsomal stability of pyrimidine compound
Human microsomal stability (%) | Mice microsomal stability (%)
Example 27
NSy ¢ -
H?\/HLN/:J\“H"/\}, .g’)f 72 69
N tenh
b L
Y - W
Control Compound 6
E %‘H i
e g éﬂi}W

49 29

As shown in Table 7, the compound according to an embodiment of the present
disclosure has improved microsomal stability compared to a control compound having
a chemical structure being similar thereto.

Through the example data, it can be seen that the compounds according to an em-
bodiment of the present disclosure were found to have better pharmacokinetic
properties than the control compounds having substituents being similar thereto and
comparable levels of steric hindrance.

The compound according to one aspect of the present disclosure is excellent in FLT3
inhibitory activity and thus is effectively used for the prevention or treatment of cell
proliferative diseases caused by abnormal FLT3 activity such as cancer, for example,
leukemia.

While this disclosure has been particularly shown and described with reference to
example embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended claims. The example em-
bodiments should be considered in descriptive sense only and not for purposes of
limitation. Therefore, the scope of the disclosure is defined not by the detailed de-

scription of the disclosure but by the appended claims, and all differences within the
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scope will be construed as being included in the present disclosure.
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Claims

A compound selected from a compound represented by Formula 1, and
a stereoisomer, tautomer, solvate, or pharmaceutically acceptable salt
thereof.

[Formula 1]

wherein, in Formula 1,

R'is hydrogen, a halogen, a hydroxy group, a C; C,alkoxy group, or -
NR.R,,

wherein R, and R, are each independently hydrogen or a C, C, alkyl
group;

R?is hydrogen, a halogen, a cyano group, a nitro group, an amino
group, a carboxamide group, a formyl group, a halo C, C,alkyl group,
or a C, C, alkyl group;

R3 is hydrogen, a halogen, a hydroxy group, a halo C, C,alkyl group, a
C,C,alkyl group, a C, C,alkenyl group, or a C, C, alkynyl group;
Each R#*is independently hydrogen, a halogen, a hydroxy group, a
cyano group, a nitro group, an amino group, -3(=0)-R., a halo C, C,
alkyl group, a C, C,alkoxy group, a hydroxy C, C,alkyl group, a C; Cy4
alkyl group, a C,.C,alkenyl group, a C, C,alkynyl group, -NRyR., -CO,
R,, or -CO-NR/R.,

wherein R, is a C;.C,alkyl group or -NRyR.,

R, and R, are each independently hydrogen or a C, C, alkyl group,

I is an integer from O to 2, and

k is an integer from O to 4;

R>and R¢ are each independently hydrogen, a halogen, a hydroxy
group, a nitro group, an amino group, a C; C,alkoxy group, or a C, C,
alkyl group;

R’ is a hydroxy C, C,alkyl group, a C, C,alkyl group, a C, C, alkenyl
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group, a C, C, alkynyl group, a C; C;cycloalkyl group, or a C; C, hete-
rocycloalkyl group,

wherein the C; C; cycloalkyl group or the C; C, heterocycloalkyl is un-
substituted or substituted with a halogen, a C, C,alkyl group, or a halo
C,C,alkyl group; and

X is H or OH;

wherein, when X is OH, the compound represented by Formula 1
includes a tautomeric structure represented by Formula 2,

[Formula 2]

\ R = (R*)k

HO R3 O \
R3, R4 and k in Formula 2 are the same as described in connection with
Formula 1;

Y is -(CHa)w-, -(CH2)m-O-(CHy),-, -(CH»),y-CO-(CHy),-, -(CH»),,-NR? -
(CHy),-, or -(CH2)w=SO»-(CHy),-,

wherein R*is hydrogen or a C, C,alkyl group,

m and n are each independently an integer from O to 2; and

Z is represented by Formula 3;

[Formula 3]

wherein, in Formula 3,
@ is a C; Cypcycloalkyl group or a C, C,; heterocycloalkyl group;

(R%)q

R is a halogen, a hydroxy group, a cyano group, a nitro group, an
amino group, a thiol group, a formyl group, a halo C, C, alkyl group, a
C,C,alkoxy group, a linear or branched hydroxy C, C, alkyl group, a
linear or branched C,.C, alkyl group, a C,.C, alkenyl group, a C, C,
alkynyl group, a C; Cy, cycloalkyl group, a C, C, heterocycloalkyl
group, a hydroxy C, C, heterocycloalkyl group, a linear or branched
hydroxy C, C,alkylcarbonyl group, -NR!°R!!, -COR!?, -COOR'?, or -SO
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R,
q is an integer from 0 to 5,
wherein, when @ is piperazine or piperidine, q is not 0, and

wherein two or more R? are connected or fused with @ to form a

7- to 12-membered bicycloalkyl group, heterobicycloalkyl group, spiro-
cycloalkyl group, or spiroheterocycloalkyl group;

R!%and R!!are each independently hydrogen, a hydroxy C, C, alkyl
group, a halo C; C4alkyl group, a C, C,alkyl group, a C, C,alkenyl
group, or a C, C, alkynyl group;

R®2is hydrogen, a hydroxy group, a hydroxy C, C,alkyl group, a halo C
1.Csalkyl group, a C, C4alkyl group, a C, C,alkenyl group, a C, Cy
alkynyl group, a C; Cy, cycloalkyl group, or a C, Cy heterocycloalkyl
group;

R®is hydroxy, a halo C,.C, alkyl group, a C, C,alkyl group, a C,C,
alkenyl group, a C, C,alkynyl group, a C; Cpcycloalkyl group, a C, G,
heterocycloalkyl group, aryl group, or -NR(R,, and

R¢andR, are each independently hydrogen or a C, C, alkyl group.

The compound of claim 1, wherein R*is hydrogen, a hydroxy group, or
a C, C,alkyl group.

The compound of claim 1, wherein R* is hydrogen, a halogen, a
hydroxy group, a cyano group, a nitro group, an amino group, a halo C
1 Csalkyl group, a C-C,alkoxy group, a hydroxy C, C,alkyl group, a C
1 Calkyl group, a C,-C, alkenyl group, or a C,-C, alkynyl group.

The compound of claim 1, wherein R* and R¢ are each independently
hydrogen, a halogen, a hydroxy group, a cyano group, or a C; C,alkyl
group.

The compound of claim 1, wherein R is a C; C; cycloalkyl group.

The compound of claim 5, wherein R’ is cyclopropyl.

The compound of claim 1, wherein Y is -(CH,),,-, wherein m is an
integer selected from 1 and 2.

The compound of claim 1, wherein R'?is hydrogen, a hydroxy C, C,4
alkyl group, a halo C, C, alkyl group, a C, C,alkyl group, a C,C,
alkenyl group, or a C, 4 alkynyl group; and R"3is hydroxy, a halo C, C,
alkyl group, a C, C, alkyl group, a C, C, alkenyl group, or a C, C,
alkynyl group.
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The compound of claim 1, wherein Z is any one selected from Formula
11 to Formula 13:
[Formula 11]

(R'),
XN\

—V w—R'4

N

[Formula 12]

\ (R'9);

\CW—RM

[Formula 13]
(R),

—V/—|_\W—R14

N/

wherein, in Formulae 11 to 13,

V and W are each independently N or CH, provided that each of V and
W is not CH at the same time,

R is hydrogen, a halogen, a linear or branched C, C, alkyl group, a
linear or branched hydroxy C, C, alkyl, a hydroxy group, -NR6R"7, a
linear or branched hydroxy C;-C, alkylcarbonyl group, a C,-C, hetero-
cycloalkyl group, a hydroxy C,-C, heterocycloalkyl group, a linear or
branched halo C, C, alkyl group, or a linear or branched C, C, alkoxy
group,

each R¥ is independently a linear or branched C, C, alkyl group, a
linear or branched hydroxy C, C, alkyl group, or a halogen,

R and R are connected to each other, or R* or R? is fused with the
cyclic compound represented by one of Formulae 11 to 13 to form a 7-
to 12-membered bicycloalkyl group, heterobicycloalkyl group, spirocy-
cloalkyl group, or spiroheterocycloalkyl group,

R0 and R'7 are each independently hydrogen, a linear or branched C, C,

alkyl group, or a linear or branched hydroxy C, C, alkyl group,
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p is an integer from O to 4; and

s and t are each independently an integer from O to 5 when R is
hydrogen, and an integer from O to 4 when R'* is nothydrogen.

A compound selected from a compound represented by Formula 14,
and a stereoisomer, tautomer, solvate, or pharmaceutically acceptable
salt thereof.

[Formula 14]

gd

wherein, in Formula 14,

Exis hydrogen, a hydroxy, or a C, C, alkoxy group;

EPis hydrogen, a halogen, a C, C,alkyl group, or a C; C, fluoroalkyl
group;

Ec and E¢ are each independently hydrogen or a hydroxy group;

X" is hydrogen or a hydroxy group;

k is an integer from O to 4;

each Q is independently hydroxy, a halogen, a C;.C, alkyl group, a
hydroxy C, Csalkyl group, or a C, C, alkoxy group; and

Z' is a monovalent functional group represented by Formula 15;
[Formula 15]

N

Yo

N
[

L

wherein, in Formula 15, n is an integer from 1 to §;
each A is independently a functional group selected from hydroxy, a C,.
C,alkyl group, and a hydroxy C, C,alkyl group, wherein when n is two

or more, two of the two or more A are linked to each other to form an
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alkylene bridge to form Z' that is a 7- to 12-membered bridged hetero-
bicycloalkyl ring, or two A are spiro-connected to form a 7- to
12-membered spiroheterocycloalkyl ring; and

L is hydrogen, a C, C,alkyl, a hydroxy group, or a hydroxyC, C,alkyl
group.

The compound of claim 10, wherein EP is a halogen, n is 2, and A is
methyl.

The compound of claim 10, wherein Z' is 3,5-dimethylpiperazine-1-yl.
The compound of claim 10, wherein EP is chlorine or fluorine.

The compound of claim 1, wherein the compound of Formula 1 is
selected from compounds below:

1) 5-chloro-N-(3-cyclopropyl-5-(((3R, 5§
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-fluoro- 1 H-indole-3-
yl)pyrimidine-2-amine;

2) 5-chloro-4-(6-chloro-1H-indole-3-yl)-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)pyrimidine-2-amine;

3) 2-((2R, 65)-4-(3-((5-chloro-4-(6-fluoro-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethyl
piperazine-1-yl)ethane-1-ol;

4) 2-((2R, 65)-4-(3-((5-chloro-4-(1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethyl
piperazine-1-yl)ethane-1-ol;

5) 2-((2R, 65)-4-(3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethyl
piperazine-1-yl)ethane-1-ol;

6) (R)-5-chloro-N -
(3-cyclopropyl-5-((3-methylpiperazine-1-yl)methyl)phenyl)-4-(1H-ind
ole-3-yl)pyrimidine-2-amine;

7) (R)-5-chloro-N -
(3-cyclopropyl-5-((3-methylpiperazine-1-yl)methyl)phenyl)-4-(6-meth
yl-1H-indole-3-yl)pyrimidine-2-amine;

8) S-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3
-yDpyrimidine-2-amine;

9) 5-chloro-N-(3-cyclopropyl-5-(((3S, SR
)-3-ethyl-5-methylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-ind
ole-3-yl)pyrimidine-2-amine;

10) 5-chloro-N -
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(3-cyclopropyl-5-((3,5-dimethylpiperazine- 1-yl)methyl)phenyl)-4-(6-m
ethyl-1H-indole-3-yl)pyrimidine-2-amine;

11) N-(3-cyclopropyl-5-(((3R,5S
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3
-yDpyrimidine-2-amine;

12) N-(3-cyclopropyl-5-(((3R, 5S
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-5-fluoro-4-(6-methyl-1H
-indole-3-yl)pyrimidine-2-amine;

13) N-(3-cyclopropyl-5-(((3R, 5S
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(1 H-indole-3-yl)-5-me
thylpyrimidine-2-amine;

14) N-(3-cyclopropyl-5-(((3R, 5S
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-5-methyl-4-(6-methyl-1
H-indole-3-yl)pyrimidine-2-amine;

15) N-(3-cyclopropyl-5-(((3R, 5S
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3
-yD)-5-(trifluoromethyl)pyrimidine-2-amine;

16) (3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-yl)-1
H-indole-6-yl)methanol;

17) 5-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(5-methoxy-6-methyl-
1H-indole-3-yl)pyrimidine-2-amine;

18) 3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-y1)-6
-methyl-1H-indole-5-0l;

19) 3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-y1)-6
-methylindoline-2-one;

20) 5-chloro-N-(3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-methoxy-6-(6-methyl-
1H-indole-3-yl)pyrimidine-2-amine;

21) 5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)-6-(6-methyl-1H-1
ndole-3-yl)pyrimidine-4-ol;

22) 3-(5-chloro-2-((3-cyclopropyl-5-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)amino)pyrimidine-4-y1)-6
-methyl-1H-indole-7-ol;
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23) 2-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-4-cyclopropyl-6-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenol;

24) 4-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-2-cyclopropyl-6-(((3R, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenol;

25) (R)-5-chloro-N -

(3-cyclopropyl-5-((3,3,5-trimethylpiperazine- 1-yl)methyl)phenyl)-4-(6-
methyl-1H-indole-3-yl)pyrimidine-2-amine;

26) ((2R, 6R)-4-(3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-6-methylpip
erazine-2-yl)methanol;

27) (R)-5-chloro-N -
(3-cyclopropyl-5-((5-methyl-4,7-diazaspiro[2.5]octan-7-yl)methyl)phe
nyl)-4-(6-methyl-1H-indole-3-yl)pyrimidine-2-amine;

28) 5-chloro-N-(3-cyclopropyl-5-(((3R, SR
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3
-yDpyrimidine-2-amine;

29) 5-chloro-N-(3-cyclopropyl-5-(((3S, 55
)-3.5-dimethylpiperazine-1-yl)methyl)phenyl)-4-(6-methyl-1H-indole-3
-yDpyrimidine-2-amine;

30) 5-chloro-N-(3-cyclopropyl-5-(((3R, 55

)-3.4,5-trimethylpiperazine- 1-yl)methyl)phenyl)-4-(6-methyl-1H-indole
-3-yD)pyrimidine-2-amine;

31) (2R, 65)-4-(3-((5-chloro-4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)-5-cyclopropylbenzyl)-2,6-dimethyl
piperazine-1-ol; and

32) (2R, 65)-4-(3-cyclopropyl-5-((4-(6-methyl-1H -
indole-3-yl)pyrimidine-2-yl)amino)benzyl)-2,6-dimethylpiperazine-1-o
1.

A pharmaceutical composition for the prevention or treatment of
cancer, the composition comprising the compound of any one of claims
1-14 or a pharmaceutically acceptable salt thereof as an active in-
gredient.

The pharmaceutical composition of claim 15, wherein the cancer
comprises leukemia.

The pharmaceutical composition of claim 16, wherein the leukemia

comprises acute myelogenous leukemia, acute lymphocytic leukemia,
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or chronic myelogenous leukemia.

A pharmaceutical composition for inhibiting FLT3 kinase activity, the
pharmaceutical composition comprising: the compound of any one of
claims 1 to 14 or a pharmaceutically acceptable salt thereof; and a phar-

macologically acceptable excipient.
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