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ABSTRACT ‘

The present disclosure relates to a novel heterocyclic amine derivative
represented by the following Chemical Formula 1 and a pharmaceutical
composition comprising the same, and the compound according to the
present disclosure can be usefully used for the prevention or treatment of
autoimmune diseases or cancers.

[Chemical Formula 1]

o)

|
HN N Y
[ A
X; 2 X,

r

L
Ry”
wherein, in Chemical Formula 1, R1, Rz, X1, X, L, Y, A and B are the

same as defined in the specification.
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[DESCRIPTION]

TITLE OF INVENTION
NOVEL HETEROCYCLIC AMINE DERIVATIVE AND
PHARMACEUTICAL COMPOSITION COMPRISING SAME

TECHNICAL FIELD
The present disclosure relates to a novel heterocyclic amine useful as

BTK (Bruton's Tyrosine Kinase) inhibitor and a pharmaceutical composition

comprising the same.

BACKGROUND OF ART
ITK(Interleukin-2 Tyrosine Kinase) and BTK(Bruton's Tyrosine Kinase)

are a type of tyrosine kinase, together with Tec (tyrosine kinase expressed in
hepatocellular carcinoma), RLK(Resting Lymphocyte Kinase) and BMX(Bone-
Marrow tyrosine kinase gene on chromosome X), which that does not have a
TEC family receptor and acts on various immune responses.

ITK is expressed not only in T cells but also in NK cells and mast cells,
and plays an important role in T-cell proliferation and production of important
cytokines such as IL-2, IL-4, IL-5, IL-10, IL-13 and IL-17 (Schaeffer et al. Nat.
Immune 2001,2, 1183; Fowell et al. Immunity, 1999, 11, 399). T cells are
activated by TCR signaling, and the activated T cells produce inflammatory
cytokine and activate B cells and macrophages, causing autoimmune
diseases such as RA (Sahu N. et al. Curr Top Med Chem. 2009, 9, 690).
Previously, it was known that T cells are activated into

CA 3108856 2022-07-22
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Th1 cells to induce RA diseases, but recently, it has been reported that not only
Th17/Treg but also Th1 cells act as a pathogenesis of RA (J Leipe J. et al. Arthritis
Rheum. 2010, 62, 2876). In addition, the ITK has been previously developed as an
immunotherapeutic drug target such as asthma, but no ITK has been developed as a
therapeutic for RA (Lo H. Y Expert Opin Ther Pat. 2010, 20, 459). Recently,
however, it has been reported to regulate the development of Th17 and Treg cells via
ITK-/-mice, and it has ample potential as a therapeutic target for RA (Gomez-
Rodriguez J. et al. J. Exp. Med. 2014, 211, 529).

In a study using the ITK inhibitor PRN694, a study on the reduction of TNF-qa,
which is a representative inflammatory cytokine of RA diseases, have been reported,
confirming the possibility of development as a therapeutic agent by regulating Th17
expression via ITK inhibition (Zhong Y. et al. THE JOURNAL OF BIOLOGICAL

CHEMISTRY 2015, 290, 5960).

BTK acts as a regulator of early B-cell development as well as of mature B-
cell activation, signaling and survival. The B-cell is signaled by a B cell receptor
(BCR) that recognizes an antigen attached to the surface of an antigen-presenting
cell and is activated into a mature antibody-producing cell. However, aberrant
signaling via BCR leads to abnormal B-cell proliferation and the formation of
pathologic autoantibodies, and thereby can induce cancer, autoimmune and/or
inflammatory diseases. Thus, in the abnormal B-cell proliferation, signaling via
BCR may be blocked when BTK is deficient. Thus, inhibition of BTK can block B-
cell mediated disease processes, and the use of BTK inhibitors may be a useful

approach for the treatment of B-cell mediated diseases.

Furthermore, BTK can be expressed by other cells that may be associated
with disease besides B-cells. For example, BTK is important components for Fc-
gamma signaling in bone marrow cells, and is expressed by mast cells. Specifically,

BTK-deficient bone marrow-induced mast cells exhibit impaired antigen-induced
2
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degranulation, and inhibition of BTK activity is known to be useful for treating
pathological mast cell responses such as allergy and asthma (lwaki et al. J. Biol
Chem. 2005 280: 40261). In addition, it is known that monocytes from XLA patients,
in which BTK activity is absent, decreases in TNF alpha production following
stimulation and thus TNF alpha-mediated inflammation could be inhibited by BTF
inhibitors (see, Horwood et al., J. Exp. Med. 187: 1603, 2003).

At present, there has been no case where it has been developed as a
substance that dually inhibits BTK and ITK. However, as the BTK inhibitor, WO
2008/039218 discloses 4-aminopyrazolo[3,4-d]pyrimidinylpiperidine derivatives, and
WO02015/061247 discloses hetero compounds such as pyridine, pyrimidine, pyrazine
and pyridazine, and WO02014/055934 discloses pyrimidinyl phenyl acrylamide
derivatives. As the ITK inhibitor, WO2005/066335 discloses aminobenzimidazoles,
WO02005/056785 discloses pyridones, W02002/050071 discloses aminothiazole
derivatives, and recently, WO2014/036016 discloses benzimidazole derivatives.

In view of the above, as a result of studying novel compounds, the present
inventors has found that a compound having a chemical structure different from BTK,
ITK inhibitors reported so far has excellent BTK and ITK dual-activity inhibitory effect,
thereby completing the present disclosure. The compounds belonging to the
present disclosure mainly have BTK and ITK inhibitory activity on their own, but do
not exclude a possibility of exhibiting a pharmacological action as an efficacious
agent by a special body environment or by products of metabolic process, after

absorption into the body.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL PROBLEM
It is one object of the present disclosure to provide a novel heterocyclic

amine derivative useful as a BTK inhibitor, and a pharmaceutical composition

comprising the same.
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TECHNICAL SOLUTION
In order to achieve the above objects, there is provided a compound

represented by the following Chemical Formula 1, or a pharmaceutically acceptable

5 salt thereof:
[Chemical Formula 1]

HN \“,N YY\A

~
Xy 2 Xz
r

Ry

Ry”
wherein, in Chemical Formula 1,
B is a 5-membered or 6-membered heterocycle containing 1 to 3 heteroatoms
10 each independently selected from the group consisting of N, O and S, provided that
the 5-membered or 6-membered heterocycle includes at least one N,
R1 is hydrogen, halogen, Ci-4 alkyl, or C1.4 haloalkyl,
X1 and Xz are each independently N, or CR',
wherein R' is hydrogen or halogen,
15 L is a bond, C1.4 alkylene, or -O-,
Rz is cyano; Cis alkyl; Ce-10 aryl, pyridinyl; morpholino; piperazinyl; or
piperidinyl,
wherein, the piperazinyl and the piperidinyl are each independently,
unsubstituted, or substituted with C1.4 alkyl, C1.4 alkyl substituted with cyano, Ci.4
20  alkyl substituted with amino, C1.4 alkyl substituted with C1.4 alkoxy, or -CO-(C14 alkyl),
Y is a bond, -O-, -NH-, or -N(C1-4 alkyl)-,

L, QO
kX N __123 'ss~(.\)NJJ\R:s N?o
A is Cia alkyl, Rs | , Rs ,
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"SSN
b
: Y oy
’\O\NiR Ra*«N N\?O
H 3, (o] , or R; ,

wherein R3 is Ci1-4 alkyl, C1.4 haloalkyl, C2-4 alkenyl, C2.4 haloalkenyl, Cz2-4

alkynyl, or C2.4 haloalkynyl.

Preferably, B is thiazole, pyrazole, pyridine, or pyrimidine ring, and
R1 is hydrogen, chioro, methyl, or trifluoromethyl.

Preferably,

both X1 and Xz are CH;

one of X1 and X2 is CF and the other is CH; or
one of X1 and X2 is N and the other is CH.
More preferably,

both X1 and X2z are CH, or

X1 is CH and Xz is CF; or

Xiis CHand X2is N; or

X1is N and Xz is CH.

Preferably, L is a bond, methylene, or -O-.

Preferably, Rz is cyano; methyl; phenyl; pyridinyl;, morpholino; piperazinyl
substituted with methyl; piperazinyl substituted with ethyl; piperazinyl substituted with
2-cyanoethyl; piperazinyl substituted with 3-aminopropyl; piperazinyl substituted with
2-methoxyethyl; piperazinyl substituted with -CO-(methyl); unsubstituted piperidinyl;
or piperidinyl substituted with methyl.

Preferably, Y is a bond, -O-, -NH-, or -N(methyl!)-.
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Preferably, Rs is -CH2CH2Cl, -CH=CHz, -CH=CHCH3s, -CH=CHCI, -C=CH, or -
C=CCHs.

5 Preferably, the compound represented by Chemical Formula 1 is represented
by the following Chemical Formula 1-1:

[Chemical Formula 1-1]

Ry
HN\leN \\X(Y\ A
119 2
Ry”
wherein, in Chemical Formula 1-1,
10 R1 is hydrogen, C1.4 alkyl, or C14 haloalkyl,
X1 and Xz are each independently N, or CR',
wherein R' is hydrogen or halogen,
L is a bond, C1.4 alkylene, or -O-,
Rz is cyano; Ci4 alkyl, Ce-10 aryl, pyridinyl; morpholino; piperazinyl; or
15  piperidinyl,
wherein the piperazinyl and the piperidinyl are each independently,
unsubstituted, or substituted with C1.4 alkyl, C1.4 alkyl substituted with cyano, C1.4
alkyl substituted with amino, C1-4 alkyl substituted with C1.4 alkoxy, or -CO-(C1.4 alkyl),
Y is a bond, -O-, -NH-, or -N(C1-4 alkyl)-,
o e
s N __Qo s O’U\Ra O"\?O
Ry | , Rs

20 A is Cia alkyl,
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Sy
¢
?"Q o N% BC\N

o
N Rs ¥
(S 5‘53 , or Rs |
wherein, Rz is C14 haloalkyl, C24 alkenyl, C2.4 haloalkenyl, or Cz.4
alkyny!.
5 Preferably, in Chemical Formula 1-1,
R1is C1-4 alkyl,

X1 and Xz are each independently N or CH,

L. is a bond, C1-s alkylene, or -O-,

Rz is cyano; Cia alkyl; Cs-10 aryl; pyridinyl; morpholino; piperazinyl; or

10  piperidinyl,
wherein, the piperazinyl and the piperidinyl are each independently,

unsubstituted, or substituted with C1.4 alkyl, C1.4 alkyl substituted with cyano, Ci.4
alkyl substituted with C1.4 alkoxy, or -CO-(C1-4 alkyl),

Y is a bond, -O-, -NH-, or -N(C1.4 alkyl)-,

0 . .
. A . ‘f‘@’mﬂs, O‘?" EONiRa

H
o o

o
R3~‘( \f
o or Rs |

wherein, Rs is C2-4 alkenyl, or C2-4 alkynyl.

15

Also preferably, the compound represented by Chemical Formula 1 is
20 represented by the following Chemical Formula 1-2:

[Chemical Formula 1-2]
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Ry
NH
! N
HN N Y
I
1.2 X2
r
Ry~

wherein, in Chemical Formula 1-2,
R1 is hydrogen, or halogen,
X1 and X2 are each independently N, or CH,
L is C14alkylene,
Rz is morpholino,
Y is -NH-,
o)

X J ;
Ais O )

wherein, Rs is C2-4 alkenyl.

Further, preferably, the compound represented by Chemical Formula 1 is
represented by the following Chemical Formula 1-3:
[Chemical Formula 1-3]
a
N =
HN IN Y

X1.2 X2

N
r
R,
wherein, in Chemical Formula 1-3,

X1 and Xz are each independently N or CH,
L is C1.4 alkylene,

Rz is morpholino,

Y is -NH-,
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o]

S P .
Ais O )

wherein, R3 is Cz-4 alkenyl.

Further, preferably, the compound represented by Chemical Formula 1 is
5 represented by the following Chemical Formula 1-4:

[Chemical Formula 1-4]
H\Nr N.__Y
YO A
X1 -, XZ

T

Ry” -

wherein, in Chemical Formula 1-4,
X1 and Xz are each independently N or CH,
10 L is C14 alkylene,
Rz is morpholino,
Y is -NH-,
o

X ,lL3
Ais O )

wherein, Rz is C24 alkenyl.

15
In addition, the compounds of the present disclosure may exist in the form of

salts, especially pharmaceutically acceptable salts. As salts, salts commonly used
in the art, such as acid addition salts formed by pharmaceutically acceptable free
acids can be used without limitation. The term “pharmaceutically acceptable salt”
20 as used herein refers to any organic or inorganic addition sait of the compound
represented by Chemical Formula 1, whose concentration is relatively non-toxic and

harmless to a patient and activates effectively and whose side effects do not
9
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degrade the beneficial efficacy of the above compound.

As the free acid, an organic acid and an inorganic acid can be used.
Examples of the inorganic acids include hydrochloric acid, phosphoric acid, sulfuric
acid, nitric acid, tartaric acid and the like. Examples of the organic acids include
methanesulfonic acid, p-toluenesulfonic acid, acetic acid, trifluoroacetic acid, maleic
acid, succinic acid, oxalic acid, benzoic acid, tartaric acid, fumaric acid, mandelic
acid, propionic acid, citric acid, lactic acid, glycollic acid, gluconic acid, galacturonic
acid, glutamic acid, glutaric acid, glucuronic acid, aspartic acid, ascorbic acid,

carbonic acid, vanillic acid, hydroiodic acid and the like, but are not limited thereto.

Preferably, the salt may be a hydrochloride salt.

Further, a pharmaceutically acceptable metal salt can be obtained by a
conventional method using a base. For example, the compound represented by
Chemical Formula 1 is dissolved in an excessive amount of an alkali metal hydroxide
or an alkaline earth metal hydroxide solution, the non-soluble salt is filtered, and then
the filtrate is evaporated and dried to obtain a pharmaceutically acceptable metal salt.
At this time, it is particularly preferable to prepare a sodium salt, a potassium salt or

a calcium salt as the metal salt.

In addition, a pharmaceutically unacceptable salt or solvate of the compound
of Chemical Formula 1 may be used as an intermediate when preparing the
compound of Chemical Formula 1, or the pharmaceutically acceptable salt or the

solvate thereof.

Furthert, the compound represented by Chemical Formula 1 according to the
present disclosure includes not only pharmaceutically acceptable salts thereof, but
also solvates such as hydrates that can be prepared therefrom, and includes all
possible stereoisomers, without being limited thereto. The solvate and the

stereoisomer of the compound represented by Chemical Formula 1 may be prepared
10
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from the compound of Chemical Formula 1 using common methods known in the art.

Further, the compound represented by Chemical Formula 1 according to the
present disclosure may be prepared either in a crystalline form or in a non-crystalline
form, and when the compound of Chemical Formula 1 is prepared in a crystalline
form, it may be optionally hydrated or solvated. In the present disclosure, the
compound represented by Chemical Formula 1 may not only include a stoichiometric
hydrate, but also include a compound containing various amounts of water. The
solvate of the compound represented by Chemical Formula 1 according to the

present disclosure includes both stoichiometric solvates and non-stoichiometric

solvates.

Representative examples of the compound represented by Chemical Formula
1 or a pharmaceutically acceptable salt thereof are as follows:

1) 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl) pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

2) 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

3) 1-(4-((6-((5-methylithiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

4) (R)-1-(3-((6-((5-methylthiazol-2-ylyamino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

5) (8)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-

(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

6) (R)-1-(3-((6-((5-methyithiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

7) (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyi)pyridin-2-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

8) 1-(3-((2-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl)pyrimidin-

4-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,
11
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9) (E)-1-(3-((2-((5-methylthiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-4-yl)amino)pyrrolidin-1-yl)but-2-en-1-one,

10) 1-(3-((6-((5-methylthiazol-2-ylyamino)-4-(morpholinomethyl)pyridin-2-
yl)oxy)pyrrolidin-1-yl)prop-2-en-1-one,

11) 1-(4-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yhoxy)piperidin-1-yl)prop-2-en-1-one,

12) 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl) pyridin-2-
yl)oxy)piperidin-1-yl)prop-2-en-1-one,

13) (R)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one,

14) 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl) pyridin-2-
yl)amino)pyrrolidin-1-yl)but-2-yn-1-one,

15) (8)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
{(morpholinomethyl)pyridin-2-yl)oxy)piperidin-1-yl)prop-2-en-1-one,

16) (R)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)oxy)piperidin-1-yl)prop-2-en-1-one,

17) 1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl) pyrimidin-
2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

18) (8)-1-(3-((6-((5-methyithiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one,

19) 1-(4-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)piperidin-1-yl)but-2-yn-1-one,

20) (S)-1-(3-((4-((4-acetylpiperazin-1-yl)methyl)-6-(5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

21) (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

22) (8)-1-(3-((4-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-6-(5-
methyithiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

23) (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-

(morpholinomethyl)pyrimidin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one,
12
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24) (8)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-2-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

25) (R)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

26) (8)-1-(3-(methyl(6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

27) N-(1-(6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)piperidin-4-yl)acrylamide,

28) 1-(6-(6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)octahydro-1H-pyrrolo[2,3-c]pyridin-1-yl)prop-2-en-1-one,

29) 1-(6-(6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)octahydro-1H-pyrrolo[2,3-c]pyridin-1-yl)but-2-yn-1-one,

30) 1-(6-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)-2-azaspiro[3.3]heptan-2-yl)prop-2-en-1-one,

31) (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(piperidin-1-
yimethyl)pyrimidin-2-yl)amino)piperidin-1-y()prop-2-en-1-one,

32) (S)-1-(3-((4-((4-ethylpiperazin-1-yl)methyl)-6-(5-methylthiazol-2-
ylyamino)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

33) (S)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-methylthiazol-2-
ylyamino)pyridin-2-y)amino)piperidin- 1-yl)prop-2-en-1-one,

34) (8)-3-(4-((2-((1-acryloylpiperidin-3-yl)amino)-6-((5-methylthiazol-2-
yl)amino)pyridin-4-yl)methyl)piperazin-1-yl)propanenitrile,

35) (S)-1-(3-((4-methyl-6-((5-methylthiazol-2-yl)amino)pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

36) (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(pyridin-3-
yimethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

37) (5)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(pyridin-2-
yimethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

38) (8)-2-((1-acryloylpiperidin-3-yl)amino)-6-(5-methylthiazol-2-

yl)amino)isonicotinonitrile,
13
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39) (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-phenylpyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

40) (8)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-methyithiazol-2-
yh)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-yn-1-one,

41) (S)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one,

42) (S)-1-(3-((4-((4-ethylpiperazin-1-yl)methyl)-6-((5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

43) (S)-1-(3-((4-((4-methylpiperazin-1-yl)methyl)-6-(5-methylthiazol-2-
ylyamino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

44) 5-methyl-N-(6-methyl-4-(morpholinomethyl)pyridin-2-yl)thiazol-2-
amine,

45) (8S)-3-chloro-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)propan-1-one,

46) (S,E)-3-chloro-1-(3-(6-(5-methylthiazol-2-ylamino)-4-
(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

47) (8)-1-(3-(4-((4-(3-aminopropyl)piperazin-1-yl)methyl)-6-(5-
methylthiazol-2-ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

48) (8)-1-(3-(6-(1H-pyrazol-3-ylamino)-4-(morpholinomethyl)pyridin-2-
ylamino)piperidin-1-yl)prop-2-en-1-one,

49) (8)-1-(3-(4-(morpholinomethyl)-6-(5-(trifluoromethyl)thiazol-2-
ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

50) (8)-1-(3-(6-(5-chloro-1H-pyrazol-3-ylamino)-4-
(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

51) (S)-1-(3-(4-(morpholinomethyl)-6-(thiazol-2-ylamino)pyridin-2-
ylamino)piperidin-1-yl)prop-2-en-1-one,

52) (S)-1-(3-(3-fluoro-6-(5-methylthiazol-2-ylamino)-4-
(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

53) (S)-1-(3-(4-(morpholinomethyl)-6-(pyridin-2-ylamino)pyridin-2-

ylamino)piperidin-1-yl)prop-2-en-1-one, and
14
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54) (S)-1-(3-(4-(morpholinomethyl)-6-(pyrimidin-2-ylamino)pyridin-2-

ylamino)piperidin-1-yl)prop-2-en-1-one.

In addition, according to the present disclosure, when A is not C14 alkyl, the
5 compound represented by Chemical Formula 1 may be prepared, for example,
through Reaction Formula 1 below.

[Reaction Scheme 1]

Ry
g
Y .
cl _N.__Ci O Y Nz '
Cl N Y~ . HN. N Y,
15 N2 1,0 N2 X1.2 Xo
Y (step 1-1) Y (step 1-2) ¥
L L
R2/ Rzl RZ’L
11 1-3 1-§
R1 C R1
»Rs
o]
17
—_— HN.__N._.Y. > HN _N___Y
(step 1-3) YOS A (step 1-4) B
X4 fxz X4 fxz
RZIL Rz’L

1.6

1
e T T
N-BOC N

In Reaction Scheme 1, A' is , , “BOC |

OIS
N NH
NH 2 N T’UC\N, }iCNH K‘\O
. BOC A" is , ,

10 BOC BOC | or

O ", o5
=N N
NH NHz H  or NH and the rest are as defined

above.

Step 1-1 is a step of reacting the compound represented by Chemical
15
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Formula 1-1 and the compound represented by Chemical Formula 1-2 to prepare the
compound represented by Chemical Formula 1-3. When the reaction is an amine
substitution reaction, the reaction is preferably carried out in the presence of a
palladium catalyst and a base, and when the reaction is a solvolysis reaction of an

alkyl chloride due to a secondary alcohol, the reaction is preferably carried out in the

presence of a base.

Step 1-2 is a step of reacting the compound represented by Chemical
Formula 1-3 and the compound represented by Chemical Formula 1-4 to prepare the
compound represented by Chemical Formula 1-56. The reaction is an amine
substitution reaction, which is preferably carried out in the presence of a palladium

catalyst and a base.

Step 1-3 is a step of removing a protecting group (BOC; tert-butyloxycarbonyl
protecting group) from the compound represented by Chemical Formula 1-5 to
prepare the compound represented by Chemical Formula 1-6. The reaction is

preferably carried out under acidic conditions capable of removing the protecting

group.

Step 1-4 is a step of reacting the compound represented by Chemical
Formula 1-6 with the compound represented by Chemical Formula 1-7 to prepare
the compound represented by Chemical Formula 1. The reaction is an amidation

reaction, which is preferably carried out in the presence of a base.

Further, in Reaction Scheme 1, a reaction for protecting with a protecting
group and a reaction for removing the protecting group may be added depending on

each substituent.

According to another embodiment of the present disclosure, in the compound

represented by Chemical Formula 1, when L is methylene and A is not C1.4 alkyl, the
16
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compound represented by Chemical Formula 1 may be prepared, for example,

through Reaction Scheme 2 below.

[Reaction Scheme 2]
o N Cl H’Y\A,
i T
(step 2-1)

~o o

21

R

m

NH,
» HN IN\ Yeq
X4~

{step 2-3)

J

R2

Cl UN__Y, Re~h Gl _N.__Y
YA 23 N R

X1.2%2 Xy 2 Xy
/]; (step 2-2) /L

o,

(e M o] Ry [

2

2. 2-4

Ry

O

cl
HN\WN »},/Y”w 1.7 HNm,N YY\A

X1 /Xz

"j Xz (step 2-5) j
Ry

w———————

10

15

20

17X (step 2.4)
5

Ry
2- 2.6 1 (L=CHy)

In Reaction Scheme 2, the definition of each substituent is the same as

defined above.

Step 2-1 is a step of reacting the compound represented by Chemical
Formuia 2-1 and the compound represented by Chemical Formula 1-2 to prepare the
compound represented by Chemical Formula 2-2. When the reaction is an amine
substitution reaction, the reaction is preferably carried out in the presence of a
palladium catalyst and a base, and when the reaction is a solvolysis reaction of an
alkyl chloride due to a secondary alcohol, the reaction is preferably carried out in the

presence of a base.

Step 2-2 is a step of reacting the compound represented by Chemical
Formula 2-2 and the compound represented by Chemical Formula 2-3 to prepare the
compound represented by Chemical Formula 2-4. The reaction is an amidation

reaction, which is preferably carried out in the presence of an amidating reagent.

Step 2-3 is a step of reacting the compound represented by Chemical
17
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Formula 2-4 and the compound represented by Chemical Formula 1-4 to prepare the
compound represented by Chemical Formula 2-5. The reaction is an amine

substitution reaction, which is preferably carried out in the presence of a palladium

catalyst and a base.

Step 2-4 is a step of removing the protecting group (BOC) from the compound
represented by Chemical Formula 2-5 and reducing ketone to prepare the compound

represented by Chemical Formula 2-6. The reaction is preferably carried out under

acidic conditions.

Step 2-5 is a step of reacting the compound represented by Chemical
Formula 2-6 with the compound represented by Chemical Formula 1-7 to prepare
the compound represented by Chemical Formula 1. The reaction is an amidation

reaction, which is preferably carried out in the presence of a base.

Further, in Reaction Scheme 2, a reaction for protecting with a protecting
group and a reaction for removing the protecting group may be added depending on

each substituent.

In addition, according to the present disclosure, in the compound represented
by Chemical Formula 1, the compound in which A is C14 alkyl can be prepared using

the same method as in step 1-1 and step 1-2 of Reaction Scheme 1, except that in

step 1-1 of Reaction Scheme 1, the compound represented by H ™A is used
instead of the compound represented by Chemical Formula 1-2.

The production method of each step described above can be more embodied

in Examples described hereinafter.

According to a further embodiment of the present disclosure, there is provided

a pharmaceutical composition for preventing or treating autoimmune diseases or
18
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cancer diseases, which is effective for ITK and BTK inhibitory actions, comprising the
compound represented by Chemical Formula 1, or a pharmaceutically acceptable

salt, hydrate, solvate or isomer thereof as an active ingredient.

In this case, the autoimmune diseases include rheumatoid arthritis, systemic
lupus erythematosus, childhood diabetes, psoriasis, aphthous stomatitis, chronic
thyroiditis, acquired aplastic anemia, primary cirrhosis, ulcerative colitis, Behcet's
disease, Crohn’s disease, Silicosis, asbestosis, Sjogren's syndrome, Guillain-Barre
syndrome, dermatomyositis, polymyositis, multiple sclerosis, autoimmune hemolytic
anemia, autoimmune encephalomyelitis, myasthenia gravis, Graves thyroid
hyperplasia, nodular polyarteritis, ankylosing spondylitis, fibrositis, temporal arteritis,
Wilson's disease, or Fanconi syndrome, and

the cancer may be blood cancer, extranodal marginal zone B-cell lymphoma,
glioblastoma, lymphoplasmacytic Ilymphoma, acute myelogenous leukemia,
macroglobulinemia, B cell lymphoma, chronic lymphocytic leukemia, follicular
lymphoma, non-hodgkin lymphoma, diffuse large B cell lymphoma, hairy cell
leukemia, mantle cell lymphoma, glioblastoma, bladder cancer, pancreatic cancer,
ovarian cancer, colorectal cancer, renal cancer, gastric cancer, transitional cell

carcinoma, carcinoid tumor, breast cancer, non-small cell lung cancer, or multiple

myeloma.

As used herein, the term “prevention” refers to any act to delay or inhibit
occurrence, spread or recurrence of the above-mentioned diseases by
administration of the composition of the present disclosure, and “treatment” refers to
any act to improve or change the symptoms of the above diseases for the better by

administration of the composition of the present disclosure.

The pharmaceutical composition according to the present disclosure can be
formulated in types for oral or parenteral administrations according to a standard

pharmaceutical practice. These formulations may contain additives such as
19
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pharmaceutically acceptable carrier, adjuvant or diluent in addition to the active

ingredient.

Suitable carriers include, for example, physiological saline, polyethylene
glycol, ethanol, vegetable oil, and isopropyl myristate and the like. Diluents include,
for example, lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine
and the like. but are not limited thereto. Further, the compounds of the present
disclosure can be dissolved in oils, propylene glycol or other solvents commonly
used in the preparation of injection solutions. Furthermore, the compounds of the

present disclosure can be formulated in ointments or creams for topical application.

A preferred dose of the compound of the present disclosure may be varied
according to the condition and weight of a patient, the severity of a disease, the type
of a drug, and the route and duration of administration, but it may be suitably
selected by those skilled in the art. In order to achieve the desirable effects,
however, the compound of the present disclosure may be administrated daily at a
dose of 0.0001 to 100 mg/kg (body weight), and preferably 0.001 to 100 mg/kg (body
weight). The administration may be performed once a day or in divided doses each

day through an oral or parenteral route.

Depending on the method of administration, the pharmaceutical composition
may contain the compound of the present disclosure in an amount of 0.001 to 99%

by weight, preferably 0.01 to 60% by weight.

The pharmaceutical composition according to the present disclosure may be
administered to mammals such as a rat, a mouse, a domestic animal, a human,
through various routes. The administration may be carried out through all possible
methods, for example, oral, rectal, intravenous, intramuscular, subcutaneous, intra-

endometrial, intracerebroventricular injection.

20
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ADVANTAGEOUS EFFECTS
The compound represented by Chemical Formula 1 according to the present

disclosure or a pharmaceutically acceptable salt, hydrate, solvate or isomer thereof

can be usefully used for the prevention or treatment of autoimmune diseases or

cancers.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Below, the present disclosure will be described in more detail by way of
examples. However, these examples are provided for illustrative purposes only, and
should not be construed as limiting the scope of the present disclosure to these

examples.

Example 1: Preparation of 1-(3-{(6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

Step 1-1: Preparation of (2,6-dichloropyridin-4-
yl){morpholino)methanone

Ci N Cl

=

2,6-Dichloroisonicotinic acid (10.0 g, 1.0 eq) was dissolved in
dimethylformamide (100.0 mL), and then 1,1-carbonyldiimidazole (1.0 g, 1.2 eq) was
added thereto. The mixture was stirred at room temperature (25 ~ 30°C) for 1 hour
under nitrogen gas, and then morpholine (5.4 mL, 1.2 eq) was added and stirred at
the same temperature for 2 hours to complete the reaction. Ethy! acetate (200.0
mL) and water (200.0 mL) were added thereto, followed by extraction, and the
aqueous layer was re-extracted three times using ethyl acetate (200.0 mL). The
ethyl acetate layer was dried over anhydrous sodium sulifate and then concentrated
under reduced pressure. The resulting residue was purified by column

chromatography (ethyl acetate: hexane = 1:5) to give the tite compound (13.0 g,
21
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yield: 93.0%).

Step 1-2: Preparation of 4-((2,6-dichloropyridin-4-yl)methyl)morpholine

N

o]

The intermediate (10.0 g, 1.0 eq) obtained in step 1-1 was dissolved in
dichloromethane (100.0 mL), and then cooled to 0 to 10°C under nitrogen gas. 1M
borane-tetrahydrofuran (115.0 mL, 3.0 eq) was slowly added dropwise. The mixture
was stirred at room temperature for 12 hours to complete the reaction. The reaction
solution was cooled to 0 to 10°C, and then 6N-hydrochloric acid aqueous solution
(256.0 mL, 20.0 eq) was slowly added dropwise, and then stirred at the same
temperature for 1 hour. After adjusting the pH to 9~12 using 10N-sodium hydroxide
aqueous solution, extraction was performed twice with dichloromethane. The
dichloromethane layer was separated, dried over anhydrous sodium sulfate, and
then concentrated under reduced pressure. The resulting residue was purified by
column chromatography (ethyl acetate: hexane = 1:1) to give the title compound (8.1
g, vield: 90.0%).

Step 1-3: Preparation of tert-butyl 3-((6-chloro-4-

(morpholinomethyl)pyridin-2-yl)Jamino)piperidine-1-carboxylate

O
m\%‘;/H\OJ\Ok
N

oS

After 1,4-dioxane (10.0 mL) was added to the intermediate (1.0 g, 1.0 eq)

obtained in step 1-2 and dissolved, tris(dibenzylideneacetone)dipalladium(0) (465.8
22
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mg, 0.2 eq) and Xantphos (1.5 g, 0.4 eq) were added thereto. Tert-butyl 3-
aminopiperidine-1-carboxylate (780.0 pué, 1.0 eq) was added, and then sodium
carbonate (1.3 g, 3.0 eq) was added, and the mixture was refluxed for 12 hours to
complete the reaction. After cooling to 30°C or less, water (20.0 mL) and ethyl
acetate (20.0 mL) were added, and then the layers were separated. The ethyl
acetate layer was dried over anhydrous sodium sulfate and then concentrated under
reduced pressure. The resulting residue was purified by column chromatography

(ethyl acetate : hexane = 1:1) to give the title compound (800.0 mg, yield: 54.1%).

Step 1-4: Preparation of tert-butyl 3-((6-((5-methylthiazol-2-yl)amino)-4-

(morpholinomethyl)pyridin-2-yl)Jamino)piperidine-1-carboxylate

Nl;g H 9
M Ng N\OJLO/k
Z
N

o/

The intermediate (730.0 mg, 1.0 eq) obtained in step 1-3 was dissolved in
1,4-dioxane (14.0 mL). Palladium acetate (40.0 mg, 0.1 eq), Xantphos (204.7 mg,
0.2 eq), 5-methylthio-2-amine (203.6 mg, 1.0 eq), and cesium carbonate (1.7 g, 3.0
eq) were sequentially added. The mixture was reacted in a microwave reactor at
150°C for 30 minutes. Ethyl acetate (10.0 mL) and water (10.0 mL) were added,
and the resulting solid was filtered to give the title compound (424.9 mg, yield 65.4%).
After cooling to 30°C or less, water (15.0 mL) and ethyl acetate (15.0 mL) were
added thereto, followed by layer separation. The ethyl acetate layer was dried over
anhydrous sodium sulfate and then concentrated under reduced pressure. The
resulting residue was purified by column chromatography (EA 100%) to give the title

compound (564.0 mg, yield: 65.0%).

Step 1-5: Preparation of Nz-(5-methylthiazol-2-yl)-4-(morpholinomethyl)—
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Né-(piperidin-3-yl)pyridin-2,6-diamine
N S
Y

HN, _N H
| = NH
Z

Q

The intermediate (500.0 mg, 1.0 eq) obtained in step 1-4 was dissolved in
dichloromethane (10.0 mL), and then cooled to 0 to 10°C. Trifluoroacetic acid (1.6
mL, 20.0 eq) was slowly added dropwise, and then stirred for 1 hour. After adjusting
the pH to 9-12 using 12N-sodium hydroxide aqueous solution, the separated
dichloromethane layer was dried over anhydrous sodium sulfate and then
concentrated under reduced pressure. Ethyl acetate (10.0 mL) was added to the
resulting residue to form crystals for 30 minutes. The crystals were filtered and

dried to give the title compound (357.5 mg, yield: 90.0%).

Step 1-6: Preparation of 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

~
Y .

O

(\

After the intermediate (350.0 mg, 1.0 eq) obtained in step 1-5 was dissolved
in tetrahydrofuran (7.0 mL), water (7.0 mL) was added and sodium bicarbonate
(226.8 mg, 3.0 eq) was added, and then cooled to 0 to 10°C. Acryloyl chloride
(73.1 W€, 1.0 eq) was slowly added dropwise, and then stirred for 30 minutes to
complete the reaction. The layers were separated with dichloromethane, dried over

anhydrous sodium sulfate and concentrated under reduced pressure. The resulting
24
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residue was purified by column chromatography (dichloromethane: methanol = 15:1)
to give the title compound (318.0 mg, yield: 80.0%).

1H NMR(500 MHz, DMSO): 10.5(s, 1H), 6.94(s, 1H), 6.86-6.80(q, 1H), 6.50-
6.49(d, 1H), 6.10-6.07(d, 1H), 6.04(s, 1H), 5.94(s, 1H), 5.66-5.64(d, 1H), 4.38-
4.36(m, 1H), 4.18-4.16(m, 1H), 4.08-4.06(m, 1H), 3.55(m, 4H), 3.21(s, 3H), 2.88-
2.83(m, 2H), 2.32(m, 4H), 2.28(s, 3H), 2.03(m, 2H), 1.30(m, 2H)

Example 2: Preparation of 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one

~(

N S

HTQ( N H o
¥
S

The title compound (15.0 mg, yield: 23.0%) was obtained in the same
manner as in Example 1, except that in steps 1-3 of Example 1, tert-butyl 3-
aminopyrrolidine-1-carboxylate was used instead of tert-butyl 3-aminopiperidine-1-

carboxylate.
1H NMR(500 MHz, DMSO): 10.58-10.57(m, 1H), 6.94(s, 1H), 6.83-6.75(m,

1H), 6.63-6.48(m, 1H), 6.14-6.10(m, 1H), 6.08(s, 1H), 5.99-5.98(m, 1H), 5.67-5.59(m,
1H), 4.65-4.50(m, 1H), 3.99-3.97(m, 0.5H), 3.70-3.66(m, 1.5H), 3.55(m, 4H), 3.48(m,
1H), 3.35(m, 1H), 3.22(s, 2H), 2.34-2.32(m, 4H), 2.26-2.24(d, 3H), 2.25(m, 1H), 1.95-
1.85(m, 1H)

Example 3: Preparation of 1-(4-((6-((5-methyithiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
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.D/I " N\GYH
oy ] °
5

The title compound (8.0 mg, yield: 53.0%) was obtained in the same manner
as in Example 1, except that in step 1-3 of Example 1, tert-butyl 4-aminopiperidine-1-
carboxylate was used instead of tert-butyl 3-aminopiperidine-1-carboxylate.

1H NMR(500 MHz, DMSO): 10.54(s, 1H), 6.94(s, 1H), 6.93-6.83(m, 1H),
6.51-6.49(d, 1H), 6.10(d, 1H), 6.07(s, 1H), 5.94(s, 1H), 5.66-5.64(d, 1H), 4.38-
4.36(m, 1H), 4.16(m, 1H), 4.08-4.02(m, 1H), 3.56(m, 4H), 3.21(s, 2H), 2.85(m, 1H),
2.61(m, 1H), 2.34-2.33(m, 4H), 2.28(s, 3H), 2.0(m, 2H), 1.30-1.21(m, 2H)

Example 4: Preparation of (R)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

~(

N, .5
0
i =~
Q)
o

The title compound (10.0 mg, vield: 53.0%) was obtained in the same
manner as in Example 1, except that in steps 1-3 of Example 1, tert-butyl (R)-3-
aminopiperidine-1-carboxylate was used instead of tert-butyl 3-aminopiperidine-1-

carboxylate.
1H NMR(500 MHz, DMSO): 10.55-10.50(m, 1H), 6.91-6.90(m, 1H), 6.90-

6.78(m, 0.5H), 6.47-6.56(m, 1.5H), 6.06-5.96(m, 3H), 5.65-5.67(m, 0.5H), 5.42-
5.40(m, 0.5H), 4.42-4.40(m, 0.5H), 4.10-4.0(m, 1H), 3.90-3.87(m, 1.5H), 3.56(m, 4H),

3.20(s, 2H), 3.14-3.10(m, 1H), 2.68-2.63(m, 0.5H), 2.32(m, 4H), 2.19(s, 3H), 1.90-
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2.0(m, 1H), 1.80(m, 1H), 1.50-1.40(m, 2.5H)

Example 5: Preparation of (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

N, _ S
O
A NS
JC
N

&
The title compound (13.0 mg, vield: 63.0%) was obtained in the same

manner as in Example 1, except that in steps 1-3 of Example 1, tert-butyl (S)-3-

aminopiperidine-1-carboxylate was used instead of tert-butyl 3-aminopiperidine-1-

carboxylate.

10 1H NMR(500 MHz, DMSO): 10.57(m, 1H), 6.91-6.90(m, 1H), 6.80-6.85(m,
0.5H), 6.70-6.40(m, 1.5H), 6.10-5.96(m, 3H), 5.65-5.63(d, 0.5H), 5.42-5.40(d, 0.5H),
4.42-4.40(m, 0.5H), 4.10-4.0(m, 1H), 3.90-3.87(m, 1.5H), 3.56(m, 4H), 3.20(s, 2H),
3.14-3.10(m, 1H), 2.68-2.63(m, 0.5H), 2.32(m, 4H), 2.19(s, 3H), 1.90-2.0(m, 1H),
1.80(m, 1H), 1.50-1.40(m, 2.5H)

15

Example 6: Preparation of (R)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-

(morpholinomethyl)pyridin-2-yf)amino)pyrrolidin-1-yl)prop-2-en-1-one

NHZ(S N__N O
e
&

The title compound (10.0 mg, yield: 58.0%) was obtained in the same

20 manner as in Example 1, except that in step 1-3 of Example 1, tert-butyl (R) 3-
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aminopyrrolidine-1-carboxylate was used instead of tert-butyl 3-aminopiperidine-1-

carboxylate.

1H NMR(500 MHz, DMSO): 10.7(m, 1H), 6.94(s, 1H), 6.83-6.75(m, 1H),
6.63-6.47(m, 1H), 6.14-6.10(m, 2H), 6.09-3.08(m, 1H), 5.67-5.59(m, 1H), 4.67-
4.50(1H), 3.97-3.96(m, 0.5H), 3.70(m, 1.5H), 3.55-3.54(m, 4H), 3.40(m, 1H),
3.38(m ,1H), 3.22(s, 2H), 2.32(m, 4H), 2.26-2.24(d, 3H), 2.20(m, 1H), 1.95-1.80(m,

1H)

Example 7: Preparation of (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one

=

S

NHI N H,_ o
® C~—§

(\N

o

The title compound (15.0 mg, vield: 63.0%) was obtained in the same
manner as in Example 1, except that in step 1-3 of Example 1, tert-butyl (S) 3-
aminopyrrolidine-1-carboxylate was used instead of tert-butyl 3-aminopiperidine-1-
carboxylate.

1H NMR(500 MHz, DMSO): 10.7(m, 1H), 6.94(s, 1H), 6.83-6.75(m, 1H),
6.63-6.47(m, 1H), 6.14-6.10(m, 2H), 6.09-3.08(m, 1H), 5.67-5.59(m, 1H), 4.67-
4.50(1H), 3.97-3.96(m, 0.5H), 3.70(m, 1.5H), 3.55-3.54(m, 4H), 3.40(m, 1H),
3.38(m ,1H), 3.22(s, 2H), 2.32(m, 4H), 2.26-2.24(d, 3H), 2.20(m, 1H), 1.95-1.80(m,
1H)

Example 8: Preparation of 1-(3-((2-((5-methyithiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-4-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one
Step 8-1: Preparation of methyl 6-((1-(tert-butoxycarbonyl)pyrrolidin-3-

yl)amino)-2-chloropyrimidine-4-carboxylate
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S

H
Cl N N
Y = \CN——Boc
N. =
0

0

After methyl 2,4-dichloropyrimidine-6-carboxylate (500 mg, 1.0 eq) was
dissolved in tetrahydrofuran (10.0 mL), diisopropylethylamine (1.5 eq) and tert-butyl
3-aminopyrrolidine-1-carboxylate (1.5 eq) were added thereto and then stirred at
80°C for 1 hour. Upon completion of the reaction, the mixture was cooled to 30°C
or less, water (100.0 mL) and dichloromethane (100.0 mL) were added thereto,
followed by extraction. The separated organic layer was dried over anhydrous
sodium sulfate and then concentrated under reduced pressure. The resulting
residue was purified by column chromatography (ethyl acetate: hexane = 1:1) to

give the title compound (640.0 mg, yield: 74.0%).

Step 8-2: Preparation of tert-butyl 3-((2-chloro-6-(morpholin-4-

carbonyl)pyrimidin-4-yl)amino)pyrrolidine-1-carboxylate

H
Ci._N_._N
\n/ f CN-BOC
N~
l/\N o

o/

After methyl 6-((1-tert-butoxycarbonyl)pyrrolidin-3-yl)amino)-2-
chloropyrimidine-4-carboxylate (640.0 mg, 1.0 eq) obtained in step 8-1 was
dissolved in tetrahydrofuran (10.0 mL), 1,5,7-triazabicyclo[4,4,0]dec-5-ene (0.3 eq)
and morpholine (1.2 eq) were added thereto, and stirred at 60°C for 3 hours. Upon
completion of the reaction, water (200.0 mL) and dichloromethane (200.0 mL) were
added thereto, followed by extraction. The separated organic layer was dried over
sodium hydroxide and then concentrated under reduced pressure. The resulting

residue was purified by column chromatography (ethyl acetate: methanol = 9:1) to

give the title compound (470.0 mg, yield: 63.7%).
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Step 8-3: Preparation of tert-butyl 3-((2-((5-methylithiazol-2-yl)amino)-6-
(morpholine-4-carbonyl)pyrimidin-4-yl)amino)pyrrolidine-1- carboxylate

lig!
Y

HN

H
N _N
Tf' \CN"BOC
N

o

After tert-butyl 3-((2-chloro-6-(morpholin-4-carbonyl) pyrimidin-4-
yl)amino)pyrrolidine-1-carboxylate (450.0 mg, 1.0 eq) obtained in step 8-2 was
dissolved in 14-dioxane (10.0 mlL), palladium acetate (0.1 eq), 4,5-
bis(diphenylphosphino)-9,9-dimethyixanthene (0.2 eq), cesium carbonate (3.0 eq), 2-
amino-5-methylthiazole (1.2 eq) were added thereto, and reacted in a microwave
reactor (160°C, 30 min). Upon completion of the reaction, water (200.0 mL) and
ethyl acetate (200.0 mL) were added thereto, followed by extraction. The separated
organic layer was dried over anhydrous sodium sulfate and then concentrated under
reduced pressure. The resulting residue was purified by column chromatography
(ethyl acetate: methanol = 9:1) to give the title compound (410.0 mg, yield: 76.6%).

Step 8-4: Preparation of N2-(5-methylithiazol-2-yl)-6-(morpholinomethyl)-
N4-(pyrrolidin-3-yl)pyrimidine-2,4-diamine

~(

N
N'j;f O

&

After tert-butyl 3-((2-((5-methylthiazol-2-yl)amino)-6-(morpholin-4-

carbonyl)pyrimidin-4-yl)amino)pyrrolidine-1-carboxylate (250.0 mg, 1.0 eq) obtained
30
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in step 8-3 was dissolved in tetrahydrofuran (10.0 mL), 0.9M borane-tetrahydrofuran
solution (5.0 eq) was added thereto, and stirred at 50°C for 5 hours. The reaction
solution was cooled to 0°C, and then 6N aqueous hydrochloric acid solution (5.0 eq)
was added and then stirred at 50°C for 12 hours. The reaction solution was again
cooled to 0°C, and then the pH was adjusted to 12 using 12N sodium hydroxide
aqueous solution, and then extracted with dichloromethane (200.0 mL) and water
(200.0 mL). The separated organic layer was dried over anhydrous sodium sulfate

and then concentrated under reduced pressure to give the title compound (40.0 mg,

yield: 20.9%).

Step 8-5: Preparation of 1-(3-((2-((5-methylthiazol-2-yl)amino)-6-

{(morpholinomethyl)pyrimidin-4-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one

After N2-(5-methylthiazol-2-yl)-6-(morpholinomethyl)-N4-(pyrrolidin-3-
yhpyrimidine-2,4-diamine (50.0 mg, 1.0 eq) obtained in step 8-4 was dissolved in
tetrahydrofuran (1.6 mL) and water (0.4 mL), sodium bicarbonate (3.0 eq) and
acryloy! chloride (1.1 eq) were added thereto, and stirred at 0°C for 30 minutes.
Upon completion of the reaction, water (50.0 mL) and ethyl acetate (50.0 mL) were
added thereto, followed by extraction. The separated organic layer was dried over
anhydrous sodium sulfate and then concentrated under reduced pressure. The
resulting residue was purified by column chromatography (ethyl acetate: methanol =
3:1) to give the title compound (7.0 mg, yield: 12.2%).

'H NMR(500 MHz, CDCls): 6.95(s, 1H), 6.40-6.46(m, 3H), 6.18(s, 1H), 5.69-
5.74(m, 1H), 3.91-4.10(m, 1H), 3.76(s, 2H), 3.50-3.75(m, 8H), 2.46-2.56(m, 6H),

2.36(s, 3H)
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Example 9: Preparation of (E)-1-(3-((2-((5-methyithiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-4-yl)amino)pyrrolidin-1-yl)but-2-en-1-one

N:I!I/SN ﬂ O
I.f]j C“‘z,

(\N

o

The title compound (5.0 mg, yield: 8.5%) was obtained in the same manner
as in Example 8, except that in step 8-5 of Example 8, crotonyl chloride was used

instead of acryloyl chloride.
1H NMR(500 MHz, CDCl3): 6.94-7.00(m, 3H), 6.18(s, 1H), 6.13-6.16(m, 2H),
4.3(s, 1H), 3.75(s, 2H), 3.61-3.73(m, 8H), 2.56(s, 4H), 2.29-2.36(m, 5H), 1.86-1.91(m,

3H)

Example 10: Preparation of 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)oxy)pyrrolidin-1-yl)prop-2-en-1-one

Step 10-1: Preparation of tert-butyl 3-((6-chloro-4-
(morpholinomethyl)pyridin-2-yl)oxy)pyrrolidine-1-carboxylate

Cl _N_O o
R
> o
N

o/

After tert-butyl 3-hydroxypyrrolidine-1-carboxylate (2.0 g. 1.0 eq) was
dissolved in dimethylformamide (10.0 ml), potassium t-butoxide (1.4 g. 1.5 eq) was
added thereto and stirred for 30 minutes. The intermediate (2.0 g, 1.0 eq) obtained
in step 1-2 of Example 1 was added, and then the mixture was stirred at 60 to 80°C

for 4 hours. After cooling to 30°C or less, water (40.0 mL) and ethyl acetate (40.0

mL) were added, and then the layers were separated. The ethyl acetate layer was
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dried over anhydrous sodium sulfate and then concentrated under reduced pressure.
The resulting residue was purified by column chromatography (ethyl acetate: hexane

= 1:5) to give the title compound (1.8 g, yield: 55.3%).

5 Step 10-2: Preparation of (1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)oxy)pyrrolidin-1-yl)prop-2-en-1-one

The title compound (13.2 mg, yield 65.5%) was obtained in the same manner
as in Example 1, except that the intermediate obtained in step 10-1 was used

10 instead of the intermediate obtained in step 1-3 of Example 1.
1H NMR(500 MHz, DMSO): 10.18(s, 1H), 6.62(m, 1H), 6.53(s, 1H), 6.04(m,
1H), 5.65(s, 1H), 5.58(m, 1H), 5.20(s, 1H), 4.44(s, 2H), 3.99(m, 1H), 3.71(m, 2H),
3.57(m, 4H), 3.50-3.49(m, 2H), 2.42(m, 4H), 2.04(m, 2H)

15 Example 11: Preparation of 1-(4-((6-((5-methyithiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)oxy)piperidin-1-yl)prop-2-en-1-one

~(

NHTS N O\O

| Lo
It
o

The title compound (8.5 mg, yield: 65.0%) was obtained in the same manner
as in Example 10, except that in step 10-1 of Example 10, tert-butyl 4-

20  hydroxypiperidine-1-carboxylate was used instead of tert-butyl 3-hydroxypyrrolidine-
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1-carboxylate.
1H NMR(500 MHz, DMSO): 10.9(s, 1H), 7.00(s, 1H), 6.86-6.80(m, 1H),

6.53(s, 1H), 6.20(s, 1H), 6.11-6.08(d, 1H), 5.68-5.85(d, 1H), 5.36-5.32(m, 1H),
4.03(m, 1.5H), 3.90(m, 1.5H), 3.50(m, 4H), 3.45(m, 2H), 3.40(s, 2H), 2.34(m, 4H),
2.31(s, 3H), 2.08-2.06(m, 2H), 1.61-1.59(m, 2H)

Example 12: Preparation of 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)oxy)piperidin-1-yl)prop-2-en-1-one

e
HIBJ
The title compound (9.5 mg, yield: 63.0%) was obtained in the same manner
as in Example 10, except that in step 10-1 of Example 10, tert-butyl 3-
hydroxypiperidine-1-carboxylate was used instead of tert-butyl 3-hydroxypyrrolidine-
1-carboxylate.
1H NMR(500 MHz, DMSO): 10.994-10.92(m, 1H), 7.00-6.99(m, 1H), 6.95-
6.85(m, 0.5H), 6.53(s, 1H), 6.60-6.5(m, 0.5H), 6.15-6.13(m, 1H), 6.10-5.96(m, 1H),
5.74(d, 0.5H), 5.43-5.45(d, 0.5H), 5.25-5.15(m, 1H), 4.01-3.95(m, 0.5H), 3.90-3.75(m,

2H), 3.70(m, 0.5H), 3.55(m, 4H), 3.40(s, 2H), 2.34(m, 4H), 2.37-2.20(s, 3H), 2.09-
2.04(m, 1.5H), 1.97-1.78(m, 2.5H), 1.50(m, 1H)

Example 13: Preparation of (R)-1-(3-((6-((5-methyithiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one

Step 13-1: Preparation of (R)-N2-(5-methyithiazol-2-yl)-4-
(morpholinomethyl)-Né-(piperidin-3-yl)pyridine-2,6-diamine
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N S

N
s NH
-

N

(o]

——

The title compound (150.0 mg, yield: 75.0%) was obtained in the same
manner as in steps 1-3, 1-4, and 1-5 of Example 1, except that in steps 1-3 of
Example 1, tert-butyl (R)-3-aminopiperidine-1-carboxylate was used instead of tert-

butyl 3-aminopiperidine-1-carboxylate.

Step 13-2: Preparation of (R)-1-(3-((6-({(5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one

p—g

N S
v R
[SacA

N

o

After 2-butynoic acid (21.6 mg. 1.0 eq) was dissolved in dimethylamide (1.0
mL.), 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-
oxidehexafluorophosphate (97.3 mg. 1.0 eq) was added thereto, and then stirred for
30 minutes. The intermediate (100.0 mg. 1.0 eq) obtained in step 13-1 was added
and triethylamine (53.5 yl. 1.5 eq) was added, and then stirred for 1 hour. Water
(1.0 mL) and ethyl acetate (1.0 mL) were added, and then the layers were separated.
The ethyl acetate layer was dried over anhydrous sodium sulfate and then
concentrated under reduced pressure. The resulting residue was purified by
column chromatography (dichloromethane: methanol = 10:1) to give the title

compound (64.0 mg, yield: 55.0%).

1H NMR(500 MHz, DMSO): 10.59-10.58(d, 1H), 6.95-6.94(m, 1H), 6.84-
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6.79(m, 1H), 6.10(m, 1H), 5.99-5.97(m, 1H), 4.57-4.56(m, 1H), 3.85-3.65(m, 2H),
3.55(m, 4H), 3.45-3.35(m, 4H), 3.20(s, 2H), 3.30(m, 4H), 2.26(s, 3H), 2.25-2.15(m,
2H), 2.0(d, 3H)

5 Example 14: Preparation of 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yljamino)pyrrolidin-1-yl)but-2-yn-1-one

~(

N..S
HN Nﬂ o
B N
ol
(\N
o

The title compound (68.6 mg, vield: 50.0%) was obtained in the same
manner as in Example 13, except that in step 13-1 of Example 13, tert-butyl 3-
10  aminopyrrolidine-1-carboxylate was used instead of tert-butyl (R)-3-aminopiperidine-
1-carboxylate.
1H NMR(500 MHz, CDCI3): 7.03(s, 1H), 6.11(s, 1H), 5.96(s, 1H), 4.56-4.54(d,
1H), 4.42-4.40(d, 1H), 3.73-3.71(m, 4H), 3.33(s, 2H), 3.30(m, 1H), 2.93(m, 1H),
2.45(m, 4H), 2.38(s, 3H), 1.47-1.40(m, 1H)
15
Example 15: Preparation of (8)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)oxy)piperidin-1-yl)prop-2-en-1-one

=

Ny S
HIEJN;FO.,, O J?\“
'$)

The title compound (496.0 mg, yield: 50.0%) was obtained in the same

20  manner as in Example 10, except that in step 10-1 of Example 10, tert-butyl (S) 3-
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hydroxypiperidine-1-carboxylate was used instead of tert-butyl 3-hydroxypyrrolidine-

1-carboxylate.
1H NMR(500 MHz, DMSO): 10.95(m, 1H), 6.99-6.98(m, 1H), 6.75-6.85(m,

0.5H), 6.50(s, 1H), 6.4-6.5(m, 0.5H), 5.74-5.65(d, 1H), 6.45-6.43(d, 1H), 5.24-5.15(m,
1H), 4.02-4.00(m, 0.5H), 3.82-3.81(m, 2H), 3.78(m, 0.5H), 3.55(m, 4H), 3.50(m,
0.5H), 3.15-3.14(d, 2H), 2.32(m, 4H), 2.27-2.24(d, 3H), 2.06-1.96(m, 1.5H), 1.78-
1.72(m, 2.5H), 1.51(m, 1H)

Example 16: Preparation of (R)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)oxy)piperidin-1-yl)prop-2-en-1-one

N,—(
Y

N
0

The title compound (15.0 mg, vield: 55.0%) was obtained in the same
manner as in Example 10, except that in step 10-1 of Example 10, tert-butyl (R) 3-
hydroxypiperidine-1-carboxylate was used instead of tert-butyl 3-hydroxypyrrolidine-

1-carboxylate.

1H NMR(500 MHz, DMSO): 10.95(m, 1H), 6.99-6.98(m, 1H), 6.75-6.85(m,
0.5H), 6.50(s, 1H), 6.4-6.5(m, 0.5H), 5.74-5.65(d, 1H), 6.45-6.43(d, 1H), 5.24-5.15(m,
1H), 4.09-4.00(m, 0.5H), 3.82-3.81(m, 2H), 3.78(m, 0.5H), 3.56(m, 4H), 3.50(m,
0.5H), 3.15-3.14(d, 2H), 2.32(m, 4H), 2.27-2.25(d, 3H), 2.04(m, 1.5H), 1.87-1.72(m,
2.5H), 1.51(m, 1H)

Example 17: Preparation of 1-(3-((4-((5-methylthiazol-2-yl)amino)-6-

(morpholinomethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
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The title compound (10.0 mg, yield: 17.5%) was obtained in the same
manner as in Example 8, except that in step 8-1 of Example 8, 3-amino-1-tert-
butoxy-carbonylpiperidine was used instead of tert-butyl 3-aminopyrrolidine-1-
carboxylate.

1H NMR(500 MHz, CDCl3): 7.25(s, 1H), 6.56-6.65(m, 1H), 6.25-6.39(m, 2H),
5.53(s, 0.5H), 5.22(s, 0.5H), 4.26(s, 1H), 4.09(s, 1H), 3.77(s, 4H), 3.72(s, 0.5H),
3.27-3.37(m, 4.5H), 2.54(s, 4H), 2.40(s, 3H), 2.14(s, 1H), 1.85(s, 1H), 1.66-1.67(m,
2H)

Example 18: Preparation of (S)-1-(3-((6-{(5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one

—
Y H
NTjJ,

The title compound (12.1 mg, yield: 68.0%) was obtained in the same

manner as in Example 13, except that in step 13-1 of Example 13, tert-butyl (S)-3-

aminopiperidine-1-carboxylate was used instead of tert-butyl (R)-3-aminopiperidine-
1-carboxylate.

1H NMR(500 MHz, DMSO): 10.18(s, 1H), 6.53(s, 1H), 5.87(s, 1H), 5.85(s,

1H), 4.44(s, 2H), 3.71-3.47(m, 8H), 2.78(m, 1H), 2.42(m, 4H), 2.30(s, 3H), 1.87-

1.58(m, 4H), 1.80(s, 3H)
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Example 19: Preparation of 1-(4-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one

%

Ny

Y H
HN. __N__N

] s
= N_O
(N Il
o
5 The title compound (8.5 mg. yield: 563.0%) was obtained in the same manner

as in Example 13, except that in step 13-1 of Example 13, tert-butyl 4-
aminopiperidine-1-carboxylate was used instead of tert-butyl (R)-3-aminopiperidine-
1-carboxylate.
1H NMR(500 MHz, DMSO): 10.18(s, 1H), 6.53(s, 1H), 5.87(s, 1H), 5.80(s,
10  1H), 4.44(s, 2H), 3.59-3.49(m, 8H), 2.68(m, 1H), 2.42(m, 4H), 2.30(s, 3H), 1.97-
1.72(m, 4H), 1.80(s, 3H)

Example 20: Preparation of (S)-1-(3-((4-((4-acetylpiperazin-1-yl)methyl)-6-
(5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
15 Step 20-1: Preparation of 1-((2,6-dichloropyridin-4-yl)methyl)piperazine

Ci N»~~ Cl
Wl’j;(
Y

HN

The title compound (11.0 mg, yield: 86.0%) was obtained in the same
manner as in steps 1-1 and 1-2 of Example 1, except that in step 1-1 of Example 1,
tert-butyl piperazine-1-carboxylate was used instead of morpholine.
20
Step 20-2: Preparation of 1-(4-((2,6-dichloropyridin-4-

yl)methyl)piperazin-1-yl)ethan-1-one
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The intermediate (1.0 g. 1.0 eq) obtained in step 20-1 was dissolved in
tetrahydrofuran (10.0 mL), and then triethylamine (1.1 mL, 2.0 eq) was added thereto.
Acetyl chloride (434.6 p£, 1.5 eq) was added thereto and stirred for 6 hours. After
concentration, ethyl acetate (10.0 mL) and water (10.0 mL) were added, and then
the layers were separated. The ethyl acetate layer was dried over anhydrous
sodium sulfate and then concentrated under reduced pressure. The resulting
residue was purified by column chromatography (dichloromethane: methanol = 10:1)

to give the title compound (1.0 g, yield: 85.5%).

Step 20-3: Preparation of (8)-1-(3-((4-((4-acetylpiperazin-1-yl)methyl)-6-(5-
methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

NS Y o
HN Iri: NO/“\"
o

The title compound (50.0 mg, yield: 45.0%) was obtained in the same
manner as in Example 1, except that the intermediate obtained in step 20-2 of
Example 20 was used instead of the intermediate obtained in step 1-2 of Example 1,
and tert-butyl (S)-3-aminopiperidine-1-carboxylate was used instead of tert-butyl 3-
aminopiperidine-1-carboxylate in steps 1-3.

1H NMR(500 MHz, DMSO): 10.65(m, 1H), 6.91-6.90(m, 1H), 6.85-6.75(m,

0.5H), 6.57-6.48(m, 1.5H), 6.06-6.04(m, 1.5H), 5.99-5.96(m, 1.5H), 5.65-5.63(m,
40
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0.5H), 5.43-5.41(m, 0.5H), 4.43-4.40(m, 0.5H), 4.14-4.10(m, 1H), 3.98-3.88(1.5H),
3.40(m, 4H), 3.24(s, 2H), 3.15-3.11(m, 2H), 2.67(m, 0.5H), 2.33-2.27(m, 4H), 2.19(s,
3H), 1.96(d, 3H), 1.79(m, 1H), 1.54-1.44(m, 2.5H)

Example 21: Preparation of (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

Step 21-1: Preparation of methyl (S)-6-((1-(tert-
butoxycarbonyl)piperidin-3-yl)amino)-2-chloropyrimidine-4-carboxylate

H
Cl N, N, .Boc
=N

~o Yo

After methyl 2,4-dichloropyrimidine-6-carboxylate (5.0 g, 1.0 eq) was
dissolved in tetrahydrofuran (100.0 mL), diisopropylethylamine (1.2 eq) and tert-butyl
(S)-3-aminopiperidine-1-carboxylate (1.2 eq) were added thereto, and stirred at 80°C
for 1 hour. Upon completion of the reaction, the mixture was cooled to 30°C or less,
water (500.0 mL) and dichloromethane (500.0 mL) were added thereto, followed by
extraction. The separated organic layer was dried over anhydrous sodium sulfate
and then concentrated under reduced pressure. The resulting residue was purified
by column chromatography (ethyl acetate: hexane = 1:3) to give the title compound

(1.7 g, yield: 19.3%).

Step 21-2: Preparation of tert-butyl (S)-3-((2-chloro-6-(morpholine-4-

carbonyl)pyrimidin-4-yl)amino)piperidine-1-carboxylate

H
Cl N. N, .Boc
ON@
=N
(N"o
(o]
After methyl (8)-6-((1-(tert-butoxycarbonyl)piperidin-3-yl)amino)-2-

chloropyrimidine-4-carboxylate (1.7 g, 1.0 eq) obtained in step 21-1 was dissolved in
41
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tetrahydrofuran (20.0 mL), 1,5,7-triazabicyclo[4,4,0]dec-5-ene (0.3 eq) and
morpholine (1.2 eq) were added thereto and stirred at room temperature for 3 hours.
Upon completion of the reaction, water (200.0 mL) and dichloromethane (200.0 mL)
were added thereto, followed by extraction. The separated organic layer was dried
over anhydrous sodium sulfate and then concentrated under reduced pressure.
The resulting residue was purified by column chromatography (ethyl acetate:
methanol = 19:1) to give the title compound (970.0 mg, yield: §5.7%).

Step 21-3: Preparation of tert-butyl 3-((2-((5-methylthiazol-2-yl)amino)-6-
(morpholine-4-carbonyl)pyrimidin-4-yl)amino)piperidine-1-carboxylate

iy
¥

H
MN. N, _N,. .Boc
o
=N

After tert-butyl (8)-3-((2-chloro-6-(morpholin-4-carbonyl)pyrimidin-4-
yl)amino)piperidine-1-carboxylate (950.0 mg, 1.0 eq) obtained in step 21-2 was
dissolved in 1,4-dioxane (10.0 mL), palladium acetate (0.1 eq), 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene (0.2 eq), cesium carbonate (3.0 eq)
and 2-amino-5-methylthiazole (1.2 eq) were added thereto and reacted in a
microwave reactor (160°C, 30 min). Upon completion of the reaction, water (100.0
mL) and ethyl acetate (100.0 mL) were added thereto, followed by extraction. The
separated organic layer was dried over anhydrous sodium sulfate and then
concentrated under reduced pressure. The resulting residue was purified by
column chromatography (ethyl acetate: methanol = 19:1) to give the title compound

(900.0 mg, yield: 80.0%).

Step 21-4: Preparation of (S)-N2-(5-methylthiazol-2-yl)-6-

(morpholinomethyl)-N*-(piperidin-3-yl)pyrimidine-2,4-diamine
42



CA 03108856 2021-02-05

ahn K
Y 'O”

N

o/

After tert-butyl 3-((2-((5-methyithiazol-2-yl)amino)-6-(morpholine-4-
carbonyl)pyrimidin-4-yl)amino)piperidine-1-carboxylate (5600.0 mg, 1.0 eq) obtained
in step 21-3 was dissolved in tetrahydrofuran (10.0 mL), 0.9M borane-

5 tetrahydrofuran solution (3.0 eq) was added thereto and stirred at 50°C for 5 hours.
The reaction solution was cooled to 0°C, and then 6N aqueous hydrochloric acid
solution (5.0 eq) was added and then stirred at 50°C for 12 hours. The reaction
solution was again cooled to 0°C, and then the pH was adjusted to 12 using 12N
aqueous sodium hydroxide solution, and extracted with dichloromethane (200.0 mL)

10 and water (200.0 mL). The separated organic layer was dried over anhydrous
sodium sulfate and then concentrated under reduced pressure to give the title

compound (270.0 mg, yield: 69.8%).

Step 21-5: Preparation of (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
15  (morpholinomethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

Ny S
e H 2
HN._N_N.. N~
wle
ZN
@
o
After (8)-N2-(5-methyithiazol-2-yl)-6-(morpholinomethyl)-N4-(piperidin-3-
yl)pyrimidine-2,4-diamine (270.0 mg , 1.0 eq) obtained in steps 21-4 was dissolved in
tetrahydrofuran (4.0 mL) and water (1.0 mL), sodium bicarbonate (3.0 eq) and

20  acryloyl chloride (1.2 eq) were added thereto and stirred at 0°C for 30 minutes. Upon
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completion of the reaction, water (100.0 mL) and dichloromethane (100.0 mL) were
added thereto, followed by extraction. The separated organic layer was dried over
anhydrous sodium sulfate and then concentrated under reduced pressure. The
resulting residue was purified by column chromatography (ethyl acetate: methanol =
5:1) to give the title compound (45.0 mg, yield: 14.6%).

1H NMR(500 MHz, CDCls): 7.17(s, 1H), 6.57-6.61(m, 1H), 6.25-6.42(m, 2H),
5.53(s, 1H), 4.25(s, 1H), 4.10(s, 1H), 3.77(s, 4H), 3.72(s, 0.5H), 3.30-3.37(m, 4.5H),
2.54(s, 4H), 2.40(s, 3H), 2.15(s, 1H), 1.85(s, 1H), 1.66-1.67(m, 2H)

Example 22: Preparation of (S)-1-(3-((4-((4-(2-methoxyethyl)piperazin-1-
yl)methyl)-6-(5-methyithiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-
2-en-1-one

Step 22-1: Preparation of 1-((2,6-dichloropyridin-4-yl)methyl)-4-(2-

methoxyethyl)piperazine

Cl N_ _.Cl

After the intermediate (1.0 g, 1.0 eq) obtained in step 20-1 of Example 20
was dissolved in tetrahydrofuran (10.0 mL), triethylamine (1.1 mL, 2.0 eq) was added
thereto. 1-Bromo-2-methoxyethane (572.0 ul, 1.5 eq) was added and stirred for 6
hours. After concentration, ethyl acetate (10.0 mL) and water (10.0 mL.) were added,
and then the layers were separated. The ethyl acetate layer was dried over
anhydrous sodium suifate and then concentrated under reduced pressure. The
resulting residue was purified by column chromatography (dichloromethane:

methanol = 10:1) to give the title compound (711.1 mg, yield: 60.0%).

Step 22-2: Preparation of (S)-1-(3-((4-((4-(2-methoxyethyl)piperazin-1-
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yl)methyl)-6-(5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-

2-en-1-one

—(

NS

Y H o

HN__N__N.. N)H
I I
T
N

S

J

The title compound (15.0 mg, yield: 68.0%) was obtained in the same

0
|

5 manner as in Example 1, except that the intermediate obtained in step 22-1 of

Example 22 was used instead of the intermediate obtained in step 1-2 of Example 1,

and tert-butyl (S)-3-aminopiperidine-1-carboxylate was used instead of tert-butyl 3-
aminopiperidine-1-carboxylate in step 1-3.

1H NMR(500 MHz, CDCI3): 10.50(m, 1H), 7.04-7.02(m, 1.5H), 6.60(m, 0.5H),

10 6.44-6.49(m, 1H), 6.33-3.18(m, 3H), 5.50-5.48(m, 0.5H), 5.80(m, 0.5H), 4.52-4.05(m,

2H), 4.0-3.70(m, 2H), 3.47(s, 2H), 3.36(s, 3H), 2.74-2.52(m, 13H), 2.35(s, 3H), 2.12-

2.01(m, 1H), 1.83(m, 1H), 1.67(m, 2H)

Example 23: Preparation of (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
15 (morpholinomethyl)pyrimidin-2-yl)Jamino)piperidin-1-yl)but-2-yn-1-one

~(

NHIS N ﬂ i
I Y ¢, N)‘\
_N
N
o

The title compound (25.0 mg, yield 10.7%) was obtained in the same manner

as in Example 21, except that in steps 21-5 of Example 21, but-2-ynoyl chloride was
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used instead of acryloyl chloride.
1H NMR(500 MHz, CDCIs): 7.17(d, 1H), 6.34(d, 1H), 5.30(s, 1H), 4.32-

4.36(m, 1H), 4.22(s, 1H), 4.01(s, 1H), 3.78(s, 4H), 3.41-3.45(m, 1H), 3.39(d, 2H),
3.36(s, 1H), 2.54(s, 4H), 2.45(s, 3H), 2.17(s, 1H), 2.04(s, 3H), 1.62-1.72(m, 3H)

Example 24: Preparation of (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
{morpholinomethyl)pyrimidin-2-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one

~
Y .

HN
%

The title compound (15.0 mg, yield: 10.1%) was obtained in the same
manner as in Example 21, except that in step 21-1 of Example 21, tert-butyl (S)-3-
aminopyrrolidine-1-carboxylate was used instead of tert-butyl (S)-3-aminopiperidine-
1-carboxylate.

H NMR(500 MHz, CDCls): 11.4(s, 1H), 7.21(s, 1H), 6.38-6.47(m, 2H), 5.66-
5.72(m, 1H), 5.34(s, 1H), 4.75-4.80(m, 1H), 3.91(d, 0.5H), 3.68-3.77(m, 8H), 3.51(d,
0.5H), 3.38(d, 2H), 2.54(s, 4H), 2.43(d, 3H), 2.17-2.26(m, 1H), 1.96-2.03(m, 1H).

Example 25: Preparation of (R)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
(morpholinomethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

~(
.

HN
‘%

The title compound (7.0 mg, yield: 6.2%) was obtained in the same manner
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as in Example 21, except that in step 21-1 of Example 21, tert-butyl (R)-3-
aminopiperidine-1-carboxylate was used instead of tert-butyl (S)-3-aminopiperidine-
1-carboxylate.

1H NMR(500 MHz, CDClz): 7.10(s, 1H), 6.50-6.61(m, 2H), 6.28-6.31(m, 3H),
4.40(s, 1H), 4.20(s, 1H), 4.01(s, 1H), 3.77(s, 4H), 3.30-3.36(m, 4H), 2.53(s, 2H),
2.37(s, 3H), 1.84(s, 2H), 1.70(m, 4H)

Example 26: Preparation of (S)-1-(3-(methyl(6-((5-methyithiazol-2-
yl)amino)-4-(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-

one

5§

The title compound (145.0 mg, yield: 60.0%) was obtained in the same
manner as in Example 1, except that in steps 1-3 of Example 1, tert-butyl (S)-3-
(methylamino)piperidine-1-carboxylate was used instead of tert-butyl 3-
aminopiperidine-1-carboxylate.

1H NMR(500 MHz, DMSO): 10.62-10.60(m, 1H), 6.92(s, 1H), 6.91-6.81(m,
0.5H), 6.66(m, 0.5H), 6.22(s, 1H), 6.09-5.99(m, 2H), 5.66-5.64(m, 0.5H), 5.50-
5.48(m 0.5H), 4.9(m, 0.5H), 4.8(m, 0.5H), 4.49-4.40(m, 1H), 4.08-3.92(m, 1H),
3.56(m, 4H), 3.30(s, 2H), 3.25-3.22(m, 0.5H), 2.86(s, 3H), 2.99-2.96(m, 0.5H), 2.80-
2.77(m, 0.5H), 2.59-2.54(m, 0.5H), 2.34(m, 4H), 2.18(s, 3H), 1.83-1.77(m, 3H),
1.50(m, 1H)

Example 27: Preparation of N-(1-(6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)piperidin-4-yl)acrylamide

Step 27-1: Preparation of tert-butyl (1-(6-chloro-4-
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(morpholinomethyl)pyridin-2-yl)piperidin-4-yl)carbamate

NHBoc
Ci.__N O

Y
N

N

After 4-((2,6-dichloropyridin-4-yl)methyl)morpholine (1.0 g, 3.8 mmol)
was dissolved in N,N-dimethylformamide (8 mL), tert-butyl piperidin-4-
ylcarbamate (0.9 g, 3.8 mmol) and cesium carbonate (1.3 g, 3.8 mmol) were
added thereto, and then the mixture was stirred at refiux at 80°C for 12 hours.
Upon completion of the reaction, the reaction mixture was diluted with ethyi
acetate and washed with brine. The organic layer was collected, dried over
anhydrous sodium sulfate, filtered, concentrated under reduced pressure, and
purified by column chromatography (hexane/ethyl acetate = 1/1) to give the
titte compound (580 mg, yield: 35%).

Step 27-2: Preparation of tert-butyl (1-(6-((5-methylthiazol-2-
yl)amino)-4-(morpholinomethyl)pyridin-2-yl)piperidin-4-yl)carbamate

N_S NHBoc
Y
HN._N_N

S

N

o)

After tert-butyl (1-(6-chloro-4-(morpholinomethyi)pyridin-2-yi)piperidin-
4-yl)carbamate (0.5 g, 1.3 mmol) obtained in step 27-1 was dissolved in 1,4-
dioxane (8 mL), 5-methylthiazol-2-amine (0.2 g, 1.4 mmol), palladium acetate
(0.06 g, 0.3 mmol), Xantphos (0.3 g, 0.5 mmol) and cesium carbonate (1.2 g,
3.8 mmol) were sequentially added thereto and then reacted in a microwave
reactor at 150°C for 1 hour. Upon completion of the reaction, the reaction
mixture was filtered through celite™, concentrated under reduced pressure,
and then purified by column
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chromatography (dichloromethane/methanol = 9/1) to give the title compound (106

mg, yield: 17%).

Step 27-3: Preparation of N-(6-(4-aminopepyridin-1-yl)-4-
(morpholinomethyl)pyridin-2-yi)-5-methyithiazol-2-amine

~(

N S NH,
&)
hd

N

o

After tert-butyl (1-(6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)piperidin-4-yl)carbamate (0.1 g, 0.2 mmol) obtained in
step 27-2 was dissolved in dichloromethane (11 mL), trifluoroacetic acid (229 mg,
3.0 mmol) was added thereto, and then stirred at 20°C for 2 hours. Upon
completion of the reaction, 1N sodium hydroxide solution was added to adjust the pH
to 7, diluted with ethyl acetate, and washed with brine. The organic layers were
collected, dried over anhydrous sodium sulfate, filtered, and concentrated under

reduced pressure to give the title compound (195 mg, yield: 100%).

Step 27-4: Preparation of N-(1-(6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)piperidin-4-yl)acrylamide
NS H\H
i AT
HN_N__N 0
|

>

N

o
N-(6-(4-aminopepyridin-1-yl)-4-(morpholinomethyl)pyridin-2-yl)-5-

methylthiazol-2-amine (0.1 g, 0.2 mmol) obtained in step 27-3 was dissolved in
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tetrahydrofuran (6 mL) and water (2 mL), and then cooled to 0°C, and sodium
bicarbonate (0.08 g, 1.0 mmol) was added thereto. Acryloyl chloride (0.02 mL, 0.3
mmol) was slowly added to the reaction solution, and then stirred at 0°C for 10
minutes. Upon completion of the reaction, the reaction mixture was diluted with
ethyl acetate, washed with brine, concentrated under reduced pressure, and purified
by column chromatography (dichloromethane/methanol=9/1) to give the title
compound (33 mg, yield: 37%).

'H NMR(500 MHz, CDCl3): 7.02(s, 1H), 6.30-6.32(m, 1H), 6.15-6.20(m, 1H),
6.01-6.10(m, 1H), 5.60-5.62(m, 1H), 5.41-5.45(m, 1H),4.35-4.38(m, 2H), 4.15-4.20(m,
1H),3.78(s, 4H), 3.38(s, 2H), 3.07-3.12(m, 2H), 2.45(s, 4H), 2.37(s, 3H), 2.10-2.12(m,
2H), 1.50-1.60(m, 2H).

Example 28: Preparation of 1-(6-(6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)octahydro-1H-pyrrolo[2,3-c]pyridin-1-yl)prop-2-

en-1-one
N S
Y
HN N\ N N

J T
N
L_oO
The title compound (7 mg, yield 19%) was obtained in the same manner as in
Example 27, except that in step 27-1 of Example 27, tert-butyl octahydro-1H-
pyrrolo[2,3-c]pyridin-1-carboxylate was used instead of tert-butyl piperidin-4-
ylcarbamate.
1H NMR(500 MHz, CDCls): 6.97(s, 1H), 6.40-6.47(m, 2H), 6.07-6.20(m, 2H),
5.67-5.71(m, 1H), 4.32-4.42(m, 2H), 4.05-4.15(m, 2H), 3.70(s, 4H), 3.58-3.62(m, 2H),
3.50(s, 2H), 3.32(s, 2H), 2.95-3.05(m, 2H), 2.50-2.52(m, 1H), 2.47(s, 4H),2.37(s, 3H),
1.85-1.90(m, 1H).
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Example 29: Preparation of 1-(6-(6-((5-methylthiazol-2-yl)amino)-4-
{(morpholinomethyl)pyridin-2-yl)octahydro-1H-pyrrolo[2,3-c]pyridin-1-yl)but-2-

yn-1-one
N $
N LY
HN__N_N N
I Z O)ﬁ‘
N
5 .0

The title compound (12 mg, vield: 15%) was obtained in the same manner as
in Example 27, except that in step 27-1 of Example 27, tert-butyl octahydroxy-1H-
pyrrolo[2,3-c]pyridin-1-carboxylate was used instead of tert-butyl piperidin-4-
ylcarbamate, and in step 27-4, but-2-ynoyl chloride was used instead of acryloyl

10  chloride.
1H NMR(500 MHz, CDCls): 6.98(s, 1H), 6.06-6.10(m, 2H), 4.20-4.25(m, 2H),
3.67(s, 3H), 3.60-3.65(m, 2H), 3.41-3.50(m, 2H), 3.31-3.37(m, 2H), 2.95-3.05(m, 2H),
2.39-2.50(m, 4H), 2.38(s, 3H), 2.27-2.35(m, 2H), 1.87-1.95(m, 4H), 1.75-1.87(m, 2H).

15 Example 30: Preparation of 1-(6-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)-2-azaspiro[3.3]heptan-2-yl)prop-2-en-1-

one

~

N S
Y H
HN__N__N
[ ‘BC\N\"/\\
N o)
o

The title compound (5 mg, yield 11%) was obtained in the same manner as in

20 Example 1, except that in step 1-3 of Example 1, tert-butyl 6-amino-2-
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azaspiro[3.3]heptane-2-carboxylate was used instead of tert-butyl 3-aminopiperidine-

1-carboxylate.

'H NMR(500 MHz, CDCls): 6.95(s, 1H), 6.40-6.46(m, 2H), 6.25-6.30(m, 1H),
6.18(m, 1H), 5.69-5.74(m, 1H), 3.82(s, 2H), 3.72-3.77(m, 2H), 3.65-3.70(m, 2H),
3.10-3.12(m, 1H), 2.39-2.50(m, 4H), 2.36(s, 3H), 1.87-1.95(m, 4H), 1.85-1.87(m, 2H),

1.60-1.62(m, 2H).

Example 31: Preparation of (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-
(piperidin-1-ylmethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

YN

H o
HN I /TN“OH
@

The title compound (1.0 mg, yield: 1.5%) was obtained in the same manner

as in Example 21, except that in step 21-2 of Example 21, piperidine was used

instead of morpholine.

1H NMR(500 MHz, CDCls): 7.05(s, 1H), 6.50-6.63(m, 2H), 6.21-6.28(m, 2H),
5.70(s, 0.5H), 5.54(s, 0.5H), 4.50-4.70(m, 1H), 4.20-4.40(m, 4H), 3.31(s, 2H), 3.20-
3.30(m, 4H), 2.36(s, 3H), 1.33-1.72(m, 10H)

Example 32: Preparation of (S)-1-(3-((4-((4-ethylpiperazin-1-yl)methyl)-6-

(5-methylthiazol-2-yl)amino)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-

one
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H N H
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N

The title compound (0.5 mg, yield: 1.1%) was obtained in the same manner
as in Example 21, except that in step 21-2 of Example 21, 1-ethylpiperazine was
used instead of morpholine.

1H NMR(500 MHz, CDCl3): 7.06(s, 1H), 6.50-6.63(m, 1H), 6.19-6.28(m, 2H),
5.71(s, 0.5H), 5.54(s, 0.5H), 4.20-4.44(m, 1H), 3.51-3.60(m, 1H), 3.37(s, 2H), 3.27-
3.32(m, 1H), 2.52-2.57(m, 4H), 2.41-2.46(m, 4H), 2.36(s, 3H), 1.66-1.84(m, 8H),
1.08(t, 3H)

Example 33: Preparation of (S)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-
((5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
Step 33-1: Preparation of tert-butyl 4-((2,6-dichloropyridin-4-

yl)oxy)piperidine-1-carboxylate

Cl N Ci
I -
W;J
O
N. Boc

After 1-(tert-butoxycarbonyl)-4-hydroxypiperidine (5.5 g, 1.0 eq) was
dissolved in dimethylformamide (50.0 mL), 60% sodium hydride (3.0 eq) was added
and reacted at 0°C for 10 minutes, then 2,4,6-trichloropyridine (1.0 eq) was added
and reacted for 30 minutes. Upon completion of the reaction, water (500.0 mL) and
ethyl acetate (500.0 mL) were added thereto, followed by extraction. The separated
organic layer was dried over anhydrous sodium sulfate and then concentrated under
reduced pressure. The resulting residue was purified by column chromatography

(ethyl acetate: hexane = 1:5) to give the title compound (5.1 g, yield: 53.7%).
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Step 33-2: Preparation of 2,6-dichloro-4-(piperidin-4-yloxy)pyridine

N._.Ci

Ci
l -
o
o
T

To tert-butyl 4-((2,6-dichloropyridin-4-yl)oxy)piperidine-1-carboxylate (5.0 g,
1.0 eq) obtained in step 33-1, 4M hydrochloric acid-dioxane solution (50.0 mL) was
added and reacted at room temperature for 30 minutes. Upon completion of the
reaction, the reaction solution was cooled at 0°C, and then the pH was adjusted to
12 using 12N sodium hydroxide aqueous solution, and water (250 mL) and ethyl
acetate (500.0 mL) were added thereto, followed by extraction. The separated
organic layer was dried over anhydrous sodium sulfate and then concentrated under

reduced pressure to give the title compound (2.4 g, yield: 68.2%).

Step 33-3: Preparation of 2,6-dichloro-4-((1-methylpiperidin-4-
yl)oxy)pyridine

(o] N, -Cl
e
o]
T

After 2,6-dichloro-4-(piperidin-4-yloxy)pyridine (2.4 g, 1.0 eq) obtained in step
33-2 was dissolved in methanol (50.0 mL) and dichloromethane (50.0 mL),
formaldehyde solution (1.0 eq), acetic acid (0.1 eq), and sodium
triacetoxyborohydride (2.0 eq) were added thereto and reacted at room temperature
for 30 minutes. Upon completion of the reaction, water (500.0 mL) and
dichloromethane (500.0 mL) were added thereto, followed by extraction. The
separated organic layer was dried over anhydrous sodium sulfate and then

concentrated under reduced pressure to give the title compound (5.1 g, yield: 89.8%).
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Step 33-4: Preparation of tert-butyl (S)-3-((6-chloro-4-((1-
methylpiperidin-4-yl)oxy)pyridin-2-yl)amino)piperidine-1-carboxylate
N

H
C|I'/j/N" O,Boc
o
T

5 After 2,6-dichloro-4-((1-methylpiperidin-4-yl)oxy)pyridine (2.0 g, 1.0 eq)
obtained in step 33-3 was dissolved in 1,4-dioxane (20.0 mL), palladium acetate (0.1
eq), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (0.2 eq), cesium carbonate
(3.0 eq), and 2-amino-5-methylthiazole (1.2 eq) were added thereto and reacted in a
microwave reactor (150°C, 30 min). Upon completion of the reaction, water (250.0

10 mL) and dichloromethane (250.0 mL) were added thereto, followed by extraction.
The separated organic layer was dried over anhydrous sodium sulfate and then
concentrated under reduced pressure. The resulting residue was purified by
column chromatography (ethyl acetate: methanol = 1:1) to give the title compound
(900.0 mg, yield: 27.7%).

15

Step 33-5: Preparation of tert-butyl (S)-3-((4-((1-methylpiperidin-4-

yl)oxy)-6-((5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidine-1-

carboxylate

g

H
HN Il\lm N, N,Boc
Q
o]
T

20 After  tert-butyl (8)-3-~((6-chloro-4-((1-methylpiperidin-4-yl)oxy)pyridin-2-
yl)amino)piperidine-1-carboxylate (900.0 mg, 1.0 eq) obtained in step 33-4 was

dissolved in 1,4-dioxane (20.0 ml), palladium acetate (0.1 eq), 4,5-
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bis(diphenylphosphino)-9,9-dimethylxanthene (0.2 eq), cesium carbonate (3.0 eq),
and 2-amino-5-methylthiazole (1.1 eq) were added thereto, and reacted in a
microwave reactor (160°C, 2hr). Upon completion of the reaction, water (250.0 mL)
and ethyl acetate (250.0 mL) were added thereto, followed by extraction. The
separated organic layer was dried over anhydrous sodium sulfate and then
concentrated under reduced pressure. The resulting residue was purified by

column chromatography (ethyl acetate: methanol = 1:1) to give the title compound

(300.0 mg, yield: 28.3%).

Step 33-6: Preparation of (S)-4-((1-methylpiperidin-4-yl)oxy)-N2-(5-
methylthiazoi-2-yl)-Né-(piperidin-3-yl)pyridin-2,6-diamine

N .S
N
I N ‘- NH
P
&)
.

To tert-butyl (S)-3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidine-1-carboxylate (300.0 mg, 1.0 eq) obtained in
steps 33-5, 1.25M hydrochloric acid-methanol solution (5.0 mL) was added and
reacted at 50°C for 12 hours. Upon completion of the reaction, the reaction solution
was cooled at 0°C, and then the pH was adjusted to 8~9 using saturated sodium
bicarbonate aqueous solution, and water (100.0 mL) and ethyl acetate (100.0 mL)
were added thereto, followed by extraction. The separated organic layer was dried

over anhydrous sodium sulfate and then concentrated under reduced pressure to

give the title compound (150.0 mg, yield: 62.5%).

Step 33-7: Preparation of (S)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-
methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
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N._ S
H

After (S)-4-((1-methylpiperidin-4-yl)oxy)-N2-(5-methylthiazol-2-yl)-N°&-
(piperidin-3-yl)pyridin-2,6-diamine (130.0 mg, 1.0 eq) obtained in steps 33-6 was
dissolved in tetrahydrofuran (2.4 mL) and water (0.6 mL), sodium bicarbonate (3.0
eq) and acryloyl chloride (1.2 eq) were added and reacted at room temperature for 1
hour. Upon completion of the reaction, water (100.0 mL) and dichloromethane
(100.0 mL) were added thereto, followed by extraction. The separated organic
layer was dried over anhydrous sodium sulfate and then concentrated under reduced
pressure. The resulting residue was purified by column chromatography (ethyl
acetate: methanol = 1:1) to give the title compound (1.0 mg, yield: 0.7%).

1H NMR(500 MHz, CDCls): 6.99(s, 1H), 6.60-6.65(m, 0.5H), 6.46-6.51(m,
0.5H), 6.32(d, 0.5H), 6.24(d, 0.5H), 5.71(s, 1H), 5.53-5.59(m, 1H), 5.40(d, 2H),
4.46(s, 0.5H), 4.31(s, 2H), 4.29(s, 0.5H), 3.93(d, 1H), 3.86(s, 0.5H), 3.71(s, 0.5H),
3.48(s, 1H), 3.37-3.39(m, 1H), 2.69(s, 2H), 2.34(s, 3H), 2.30(s, 5H), 2.11(s, 1H),
2.00(s, 2H), 1.81(s, 3H), 1.65(s, 2H)

Example 34: Preparation of (S)-3-(4-((2-((1-acryloylpiperidin-3-yl)amino)-
6-((5-methyithiazol-2-yl)amino)pyridin-4-yl)methyl)piperazin-1-yl)propanenitrile

Step 34-1: Preparation of 3-(4-((2,6-dichloropyridin-4-
yi)methyl)piperazin-1-yl)propanenitrile
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N

N

l

N
The title compound (7.1 g, yield: 57.2%) was obtained in the same manner

as in steps 1-1 and 1-2 of Example 1, except that in step 1-1 of Example 1, 3-

(piperazin-1-yl)propanenitrile was used instead of morpholine.

Step 34-2: Preparation of t-butyl (S)-3-((4-((4-(2-cyanoethyl)piperazin-1-
yl)methyl)-6-((5-methyithiazol-2-yl)amino)pyridin-2-yl)amino)piperidine-1-

~(

carboxylate

NQN]/S " j)L
HN. N N-. (o)
WTYT O X
/f@‘

NZ

The title compound (400 mg, yield: 76.0%) was obtained in the same manner
as in steps 1-3 and 1-4 of Example 1, except that the intermediate obtained in step
34-1 was used instead of the intermediate obtained in step 1-3 of Example 1, and t-
butyl (S)-3-aminopiperidine-1-carboxylate was used instead of t-butyl 3-

aminopiperidine-1-carboxylate.

Step 34-3: Preparation of (S)-3-(4-((2-((5-methylthiazol-2-yl)amino)-6-
(piperidin-3-ylamino)pyridin-4-yl)methyl)piperazine-1-yl)propanenitrile
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After tert-butyl (S)-3-((4-((4-(2-cyanoethyl)piperazin-1-yl)methyl)-6-((5-
methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidine-1-carboxylate (100.0 mg, 1.0
eq) obtained in step 34-2 was dissolved in dichloromethane (10.0 mL), trifluoroacetic
acid (141.5 L, 10.0 eq) was added thereto at room temperature, and the reactant
was allowed to react at room temperature for 2 hours. The reaction mixture was
neutralized with 2.0M aqueous sodium hydroxide solution and then extracted with
dichloromethane. The separated organic layer was dried over anhydrous sodium
sulfate and then concentrated under reduced pressure. The resulting residue was
purified by column chromatography to give 65.0 mg (yield: 77.6%) of the title

compound as a brown solid.

Step 34-4: Preparation of (S)-3-(4-((2-((1-acryloylipiperidin-3-yl)Jamino)-6-
((5-methylthiazol-2-yl)amino)pyridin-4-yl)methyl)piperazin-1-yl)propanenitrile

—(

N .S
H O
HN I N\ N" N/u\/
P
N

l/\

J,N
NC
After (S)-3-(4-((2-((5-methylthiazol-2-yl)amino)-6-(piperidin-3-ylamino)pyridin-
4-yl)methyl)piperazine-1-yl)propanenitrile (65.0 mg, 1.0 eq) obtained in step 34-3

was dissolved in tetrahydrofuran (5.0 mL) and water (1.0 mL), sodium hydrogen
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carbonate (24.8 mg, 2.0 eq) was added at room temperature, and reacted for 30
minutes. Acryloyl chloride (24.0 pL, 2.0 eq) was added to the mixture at room
temperature. The reactant was allowed to react at room temperature for 10 minutes,
then methanol was added, and water and ethyl acetate were added thereto, followed
by extraction. The separated organic layer was dried over anhydrous sodium
sulfate and then concentrated under reduced pressure. The resulting residue was
purified by column chromatography to give 25.0 mg (yield: 34.1%) of the title
compound as a brown solid.

1H NMR(500 MHz, MeOD): 6.89(d, 1H), 6.84-6.79(m, 1H), 6.55-6.50(m, 1H),
6.20-6.03(m, 2H), 5.47(d, 1H), 4.61(d, 1H), 4.38-4.30(m, 1H), 4.29-4.18(m, 1H),
4.08-3.97 (m, 2H), 3.34 (s, 3H), 2.83 (t, 1H), 2.61-4.24 (m, 14H), 2.19-2.11(m, 1H),
1.97-1.88(m, 1H), 1.71-1.55(m, 1H).

Example 35: Preparation of (S)-1-(3-((4-methyl-6-((5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

N S
e H o
HN.__N__N.,
SACR
2

The title compound (15 mg, yield: 21%) was obtained in the same manner as
in Example 1, except that in steps 1-3 of Example 1, 2,6-dichloro-4-methylpyridine
was used instead of 4-((2,6-dichloropyridin-4-yl)methyl)morpholine.

1H NMR(500 MHz, CDCl3): 6.94-6.98(m, 1H), 6.45-6.50(m, 1H), 6.20-6.25(m,
1H), 5.97-6.00(m, 1H), 5.75-5.85(m, 1H), 5.47-5.51(m, 1H), 4.22-4.40(m, 2H), 3.78-
3.96(m, 2H), 3.70-3.72(m, 1H), 3.27-3.40(m, 2H), 2.36(s, 3H), 2.21(s, 3H), 1.85-
1.90(m, 1H), 1.75-1.80(m, 1H).

Example 36: Preparation of (S)-1-(3-((6~((5-methylthiazol-2-yl)amino)-4-

(pyridin-3-ylmethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
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Step 36-1: Preparation of 2,6-dichloro-4-(pyridin-3-yimethyl)pyridine
Cl N Cl
|

/

l -
N?

After (2,6-dichloropyridin-4-yl)boronic acid (0.5 g, 2.6 mmol) was dissolved in
1,4-dioxane (13 mL) and water (1.6 mL), 3-(bromomethyl)pyridine hydrogen bromide
(0.7 g, 1.6 mmol), potassium carbonate (1.8 g, 13.0 mmol), [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (0.1 g, 0.2 mmol) were
sequentially added thereto, and then the mixture was stirred at reflux at 110°C for 2
hours. Upon completion of the reaction, the reaction mixture was concentrated
under reduced pressure and purified by column chromatography (hexane/ethyl

acetate = 1/1) to give the title compound (420 mg, yield: 67%).

Step 36-2: Preparation of tert-butyl (S)-3-((6-chloro-4-(pyridin-3-
ylmethyl)pyridin-2-yl)amino)piperidine-1-carboxylate

N B
Cl IN\ 0 oc
Z

=R
L .

N

After 2,6-dichloro-4-(pyridin-3-ylmethyl)pyridine (1.7 g, 7.1 mmol) obtained in
step 36-1 was dissolved in 1,4-dioxane (24 mL), tert-butyl (S)-3-aminopiperidine-1-
carboxylate (1.6 g, 7.8 mmol), palladium acetate (0.2 g, 0.7 mmol), Xantphos (0.8 g,
1.4 mmol) and sodium carbonate (2.3 g, 21.3 mmol) were sequentially added thereto,
and then stirred at reflux at 100°C for 12 hours. Upon completion of the reaction,
the reaction mixture was filtered through celite, concentrated under reduced
pressure, and purified by column chromatography (ethyl acetate 100%) to give the

title compound (280 mg, yield: 15%).
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Step 36-3: Preparation of tert-butyl 3-((6-((5-methylthiazol-2-yl)amino)-4-
(pyridin-3-yimethyl)pyridin-2-yl)Jamino)piperidine-1-carboxylate

N\ S
Y H
HN__N_ NU.Boc
' y
R
IN,
5 After tert-butyl (8)-3-((6-chloro-4-(pyridin-3-ylmethyl)pyridin-2-

yl)amino)piperidine-1-carboxylate (0.4 g, 2.3 mmol) obtained in step 36-2 was
dissolved in 1,4-dioxane (6 mL), 5-methylthiazol-2-amine (0.1 g, 2.6 mmol),
palladium acetate (0.02 g, 0.2 mmol), Xantphos (0.1 g, 0.5 mmol) and cesium
carbonate (0.9 g, 7.0 mmol) were sequentially added thereto and reacted in a
10 microwave reactor at 150°C for 1 hour. Upon completion of the reaction, the
reaction mixture was filtered through celite, concentrated under reduced pressure,
and purified by column chromatography (dichloromethane/methanol = 9/1) to give

the title compound (360 mg, yield: 84%).

15 Step 36-4: Preparation of N2-(5-methylthiazol-2-yl)-N8-(piperidin-3-yl)-4-
(pyridin-3-ylmethyl)pyridin-2,6-diamine

—

N. S
Y H
HN INN NOIH
=
Y
IN,
After tert-buty! 3-((6-((5-methylthiazol-2-yl)amino)-4-(pyridin-3-

ylimethyl)pyridin-2-yl)amino)piperidine-1-carboxylate (0.2 g, 0.3 mmol) obtained in

20 step 36-3 was dissolved in dichloromethane (2 mL), trifluoroacetic acid (0.5 mL, 6.6
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mmol) was added thereto, and then stirred at 20°C for 2 hours. Upon completion of
the reaction, 1N sodium hydroxide solution was added to adjust the pH to 7, diluted
with ethyl acetate, and washed with brine. The organic layer was collected, dried

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to

give the title compound (180 mg, yield: 100%).

Step 36-5: Preparation of (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(pyridin-3-ylmethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

—~(

NS

0
H
HINNN NNz
T
=
P
N

N2-(5-methylthiazol-2-yl)-NS-(piperidin-3-yl)-4-(pyridin-3-ylmethyl)pyridin-2,6-
diamine (0.2 g, 0.4 mmol) obtained in step 36-4 was dissolved in tetrahydrofuran (6
mL) and water (2 mL), and then cooled to 0°C, and sodium bicarbonate (0.1 g, 1.1
mmol) was added thereto. Acryloyl chioride (0.05 mL, 0.6 mmol) was slowly added
to the reaction solution, and then stirred at 0°C for 10 minutes. Upon completion of
the reaction, the reaction mixture was diluted with ethyl acetate, washed with brine,
concentrated under reduced pressure, and purified by column chromatography
(dichloromethane/methanol = 9/1) to give the title compound (19 mg, yield: 25%).

'H NMR(500 MHz, CDCls): 8.49(m, 2H), 7.45-7.48(m, 1H), 7.20-7.25(m, 1H),
6.78(s, 1H), 6.40-6.59(m, 1H), 6.18-6.30(m, 1H), 5.50-5.85(m, 3H), 4.34-4.48(m, 1H),
4.15-4.30(m, 2H), 4.85-4.89(m, 1H), 3.83(s 2H), 3.31-3.70(m, 3H), 2.32(s, 3H), 2.10-
2.15(m, 1H), 1.80-1.85(m, 1H).

Example 37: Preparation of (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(pyridin-2-ylmethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
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H o)
HN__N NOJ\”

The title compound (11 mg, yield: 22%) was obtained in the same manner as
in Example 36, except that in step 36-1 of Example 36, 2-(bromomethyl)pyridine
hydrogen bromide was used instead of 3-(bromomethyl)pyridine hydrogen bromide.

'H NMR(500 MHz, CDCls): 8.55(m, 1H), 7.59-7.61(m, 1H), 7.27-7.35(m, 2H),
6.90-6.95(s, 1H), 6.45-6.55(m, 1H), 6.20-6.25(m, 1H), 6.95-6.00(m, 1H), 5.85-5.90(m,
1H), 5.42-5.48(m, 1H), 4.18-4.30(m, 2H), 3.92(s, 2H), 3.85-3.90(m, 1H), 3.35-3.40(m,
2H), 2.37(s, 3H), 2.01-2.10(m, 1H), 1.85-1.90(m, 1H).

Example 38: Preparation of (S)-2-((1-acryloylpiperidin-3-yl)amino)-6-(5-

methylthiazol-2-yl)amino)isonicotinonitrile

~
Y H
oo

The title compound (11 mg, yield: 22%) was obtained in the same manner as
in Example 1, except that in step 1-3 of Example 1, 2,6-dichloroisonicotinonitrile was
used instead of 4-((2,6-dichloropyridin-4-ylymethylymorpholine.

'"H NMR(500 MHz, CDCls): 6.95-7.02(m, 1H), 6.20-6.45(m, 3H), 5.50-5.75(m,

1H), 4.95-5.05(m, 1H), 4.17-4.28(m, 1H), 3.80-4.10(m, 1H), 3.50-3.78(m, 3H), 2.37(s,
3H), 2.10-2.15(m, 1H), 1.80-1.87(m, 1H).

Example 39: Preparation of (8)-1-(3-((6-({5-methylthiazol-2-yl)amino)-4-

phenylpyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one
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The title compound (10 mg, yield: 22%) was obtained in the same manner as
in Example 1, except that in step 1-3 of Example 1, 2,6-dichloro-4-phenylpyridine
was used instead of 4-((2,6-dichloropyridin-4-yl)methyl)morpholine.

'H NMR(500 MHz, CDCIs): 7.52-7.60(m, 2H), 7.35-7.50(m, 3H), 6.95-
7.02(s,1H), 6.42-6.50(m, 1H), 6.17-6.37(m, 3H), 5.42-5.50(m, 1H), 4.42-4.50(m, 1H),
4.28-4.33(m, 1H), 3.89-3.95(m, 1H), 3.33-3.50(m, 2H), 2.30(s, 3H), 2.05-2.15(m,
2H),1.81-1.90(m, 2H).

Example 40: Preparation of (S)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-
((5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-yn-1-one

N S
Y H Q
HN__N_N.. NJ'\
et
P
o
|G

The title compound (10.0 mg, yield: 8.9%) was obtained in the same manner
as in Example 33, except that in step 33-7 of Example 33, propioloyl chloride was
used instead of acryloyl chloride.

1H NMR(500 MHz, CDCls): 7.40(s, 1H), 6.97(s, 1H), 5.74(d, 1H), 5.55(d,
1H), 4.31-4.40(m, 2H), 4.16-4.21(m, 1H), 4.24(d, 1H), 3.82-3.87(m, 1H), 2.67(s, 2H),
2.35(t, 3H), 2.30(s, 6H), 1.94-1.99(m, 3H), 1.83-1.89(m, 4H), 1.65-1.74(m, 3H)

Example 41: Preparation of (S)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-
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((5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one

—~

O\

The title compound (40.0 mg, yield: 34.4%) was obtained in the same
manner as in Example 33, except that in step 33-7 of Example 33, but-2-ynoyl
chloride was used instead of acryloyl chloride.

H NMR(500 MHz, CDCls): 10.4(s, 1H), 6.99(s, 1H), 5.73(s, 0.5H), 5.71(s,
0.5H), 5.55(d, 0.5H), 5.53(d, 0.5H), 4.35-4.49(m, 1H), 4.28-4.29(m, 1H), 4.24(d, 1H),
3.82-3.86(m, 1H), 3.33-3.47(m, 2H), 2.70(s, 2H), 2.38(d, 3H), 2.30(s, 3H), 2.21-
2.26(m, 3H), 2.09-2.13(m, 1H), 2.00(s, 2H), 1.80-1.83(m, 2H), 1.78(s, 3H), 1.61-
1.67(m, 2H)

Example 42: Preparation of (S)-1-(3-((4-((4-ethylpiperazin-1-yl)methyl)-6-
((5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

~(
Y .

HN\S/\r

~N \)

The title compound (50.0 mg, yield: 25.0%) was obtained in the same
manner as in Example 22, except that in step 22-1 of Example 22, iodoethane was
used instead of 1-bromo-2-methoxyethane.

1H NMR(500 MHz, MeOH): 6.89-6.88(m, 1H), 6.85-6.45(m, 1H), 6.20-6.02(m,

3H), 5.80(m, 0.5H), 5.45(m, 0.5H), 4.60(m, 0.5H), 4.4-4.2(m, 1H), 4.15-4.00(1.5H),

3.40(s, 2H), 2.82-2.80(m, 2H), 2.50(m, 7H), 2.40(m, 2H), 2.27(s, 3H), 2.20-2.10(m,
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1H), 1.92-1.80(m, 1H), 1.66-1.59(m, 3H), 1.10-1.07(t, 3H)

Example 43: Preparation of (S)-1-(3-((4-((4-methylpiperazin-1-yl)methyl)-

6-(5-methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one

—(

N, S
o

2
N

N

The title compound (61.0 mg, vield: 21.0%) was obtained in the same
manner as in Example 22, except that in step 22-1 of Example 22, iodomethane was
used instead of 1-bromo-2-methoxyethane.

1H NMR(500 MHz, DMSO): 10.563-10.49(m, 1H), 6.91(m, 1H), 6.80-6.70(m,
0.5H), 6.54-6.46(m, 1.5H), 6.07-5.95(m, 3H), 5.65-5.63(m, 0.5H), 5.42-5.40(m, 0.5H),
4.40-4.50(m, 0.5H), 4.20-4.00(m, 1H), 3.90-3.87(m, 1.5H), 3.26(s, 2H), 3.12-3.08(m,
1H), 2.66-2.61(m, 0.5H), 2.41-2.31(m, 4H), 2.19(s, 3H), 2.13(s, 3H), 2.06-1.97(m,
3H), 1.81(m, 1.5H) 1.81(m, 1H), 1.54-1.44(m, 2H)

Example 44: Preparation of 5-methyl-N-(6-methyl-4-
(morpholinomethyl)pyridin-2-yl)thiazol-2-amine

Step 44-1: Preparation of 4-((2-chloro-6-methylpyridin-4-
yl)methyl)morpholine

N

o]

The title compound (112.0 mg, yield: 46%) was obtained in the same manner
as in step 1-1, except that in step 1-1 of Example 1, 2-chloro-6-methylisonicotinic

acid was used instead of 2,6-dichloroisonicotinic acid.
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Step 44-2: Preparation of 5-methyl-N-(6-methyl-4-

(morpholinomethyl)pyridin-2-yl)thiazol-2-amine

N_S
Y
H N

-

P2
N
(o}
5 The title compound (55.0 mg, yield: 54%) was obtained in the same manner
as in Step 1-2 of Example 1 by using the intermediate obtained in step 44-1.
1H NMR(500 MHz, CDCl3): 7.10(s, 1H), 6.72(s, 1H), 6.67(s, 1H), 3.74-3.73(m,
4H), 3.43(s, 2H), 2.51(s, 3H), 2.46(m, 4H), 2.41(s, 3H)

10 Example 45: Preparation of (S)-3-chloro-1-(3-((6-({5-methylthiazol-2-

yl)amino)-4-(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)propan-1-one

Step 45-1: Preparation of (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-

one-hydrochloride

—~(

N.._S
o)
H\r Ny N, A
Ef‘f C
N
15 0() 2HCI
10.0 g of (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-

(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one as the material
of Example 5 was dissolved in 200.0 ml of ethyl acetate, 3 equivalents of 1N-
hydrochloric acid dissolved in ethyl acetate was added thereto. The mixture was

20 stirred at room temperature for 1 hour, filtered, and then dried under reduced
68



10

15

20

CA 03108856 2021-02-05

pressure for 12 hours at room temperature to give (S)-1-(3-((6-((5-methyithiazol-2-
yl)amino)-4-(morpholinomethyl)pyridin-2-yl)amino)piperidine-1-yl)prop-2-en-1-
one-hydrochloride (11.6 g. yield: 85%).

Step 45-2: Preparation of (8)-3-chloro-1-(3-((6-((5-methylthiazol-2-
yl)amino)-4-(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)propan-1-one

O

The material obtained in step 45-1 was stored at -20°C for 7 months. The
material produced during the storage process was separated by column using a
mixed solvent of methylene chloride and methanol in a ratio of 15:1 to give the title
compound (30.0 mg, yield: 5%).

1H NMR(500 MHz, CDCls): 7.03-7.0(d, 1H), 6.17-6.12(d, 1H), 5.98(s, 1H),
4.38-4.30(m, 1H), 4.20-4.11(m, 2H), 3.88-3.86(m, 1H), 3.75-3.70(m, 4H), 3.68-
3.56(m, 1H), 3.43-3.39(m, 1H), 3.34(s, 2H), 2.91-2.80(m, 1H), 2.80-2.71(m, 1H),
2.62-2.45(m, 1H), 2.37(m, 4H), 2.12(s, 3H), 2.12-2.11(m, 1H), 2.10-2.12(m, 1H),
1.90-1.80(m, 2H)

Example 46: Preparation of (S,E)-3-chloro-1-(3-(6-(5-methyithiazol-2-
ylamino)-4-(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one

Ne S
L on b~ J
e

S

69



10

15

20

CA 03108856 2021-02-05

The material obtained in step 45-1 was stored at -20°C for 7 months. The
material produced during the storage process was separated by column using a
mixed solvent of methylene chloride and methanol in a ratio of 15:1 to give the title
compound (3.0 mg, yield: 0.5%).

1H NMR(500 MHz, CDCl3z): 6.99(s, 1H), 6.70-6.60(m, 1H), 6.4-6.2(m, 2H),
5.8-5.5(m, 1H), 3.9-3.8(m, 2H), 3.8-3.7(m, 4H), 3.6-3.7(m, 1H), 3.49(s, 2H), 3.39-
3.41(m, 2H), 2.52(m, 4H), 2.33(s, 3H), 1.85-1.82(m, 2H), 1.68-1.60(m, 2H)

Example 47: Preparation of (S)-1-(3-(4-((4-(3-aminopropyl)piperazin-1-
yl)methyl)-6-(5-methylthiazol-2-ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-

en-1-one
N. S
. (g Q
K/ N _~NH;
After (S)-3-(4-((2-((1-acryloylpiperidin-3-yl)amino)-6-((5-methylthiazol-2-

yl)amino)pyridin-4-yl)methyl)piperazin-1-yl)propanenitrile (35.0 mg, 1.0 eq) as the
material of Example 34 was dissolved in methanol (5.0 mL), 10% palladium/carbon
was added thereto at room temperature, and reacted for 5 minutes. Then, the
reaction mixture was filtered with methanol using celite. The separated solution
was concentrated under reduced pressure and purified by column chromatography
to obtain the title compound (4.0 mg, yield: 12.1%) as a brown solid.

1H NMR(500 MHz, MeOD). 6.57(s, 1H), 6.53-6.50(m, 1.5H), 6.08-5.98(m,
2.5H), 5.67-5.61(m, 0.5H), 5.42-5.38(m, 0.5H), 4.48-4.29(m, 0.5H), 4.20-4.06(m, 1H),
3.98-3.90(m, 1.5H), 3.29(s, 2H), 3.17-3.11(m, 1H), 2.65-2.62(m, 2.5H), 2.40-2.36(m,
6H), 2.23(s, 3H), 2.06-1.99(m, 3H), 1.80-1.79(m, 2.5H), 1,77(m, 2H) 1.54-1.40(m,

2H)
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Example 48: Preparation of (S)-1-(3-(6-(1H-pyrazol-3-ylamino)-4-
(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one
Step 48-1: Preparation of tert-butyl (S)-3-((6-((1H-pyrazol-3-yl)amino)-4-

(morpholinomethyl)pyridin-2-yl)amino)piperidine-1-carboxylate

NH
Q
7
H 1 L
HN lN\ N, _~n"“0
o
N

&

After (S)-tert-butyl 3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-carboxylate (41.0 mg, 1.0 eq) was
dissolved in 1,4-dioxane (2.0 mL), tris(dibenzylideneacetone)dipalladium(0) (9.2 mg,
0.1 eq) and (+)-2,2-bis(diphenylphosphino)-1,1'-binaphthalene (12.5 mg, 0.2 eq)
were added thereto. 1H-pyrazol-3-amine (8.3 mg, 1.0 eq) was added and then
cesium carbonate (97.7 mg, 3.0 eq) was sequentially added. The mixture was
reacted in a microwave reactor at 130°C for 30 minutes. After cooling to 30°C or
less, water (10.0 mL) and ethyl acetate (10.0 mL) were added, and then the layers
were separated. The ethyl acetate layer was dried over anhydrous sodium sulfate
and then concentrated under reduced pressure.  The resulting residue was purified
by column chromatography (ethyl acetate: hexane = 1:1) to give the title compound

(50.2 mg, yield: 99.8%).

Step 48-2: Preparation of (S)-4-(morpholinomethyl)-N2-(piperidin-3-yl)-
Né¢-(1H-pyrazol-3-yl)pyridin-2,6-diamine
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After the intermediate (50.0 mg, 1.0 eq) obtained in step 48-1 was dissolved
in ethyl acetate (10.0 mL), 6N-hydrochloric acid aqueous solution (0.4 mL, 20.0 eq)
was slowly added dropwise, and then stirred for 2 hours. After adjusting the pH to
9~12 using 12N-sodium hydroxide aqgueous solution, the separated dichloromethane
layer was dried over anhydrous sodium sulfate and then concentrated under reduced
pressure. The resulting residue was purified by column chromatography
(dichloromethane: methanol = 10:1) to give the title compound (34.2 mg, yield:
87.9%).

Step 48-3: Preparation of (S)-1-(3-(6-(1H-pyrazol-3-ylamino)-4-
(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one
NH
/N
2 o]
H
N

HN._N__N,, N,U\,/
J O
(N

(o]

After the intermediate (20.0 mg, 1.0 eq) obtained in step 48-2 was dissolved
in tetrahydrofuran (2.0 mL), water (1.0 mL) was added and sodium bicarbonate (14.1
mg, 3.0 eq) was added, and then cooled to 0 to 10°C. Acryloyl chloride (5.6 12, 1.0
eq) was slowly added dropwise, and then stirred for 30 minutes to complete the

reaction. The layers were separated with dichloromethane, and then dried over
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anhydrous sodium sulfate and concentrated under reduced pressure. The resuiting
residue was purified by column chromatography (dichloromethane: methanol = 15:1)
to give the title compound (5.7 mg, yield: 15.4%).

1H NMR(500 MHz, MeOD): 7.76 (d, 1H), 6.54(d, 1H), 6.17-6.13(m, 1H),
6.06(s, 2H), 6.02-5.92(m, 1H), 5.50-5.25(m, 1H), 3.83-3.74(m, 4H), 3.64(s, 2H),
2.65-2.27(m, 4H), 2.12-2.07(m, 1H), 1.73(m, 1H), 1.65-1.48(m, 2H), 1.43-1.20(m,
5H)

Example 49: Preparation of (8)-1-(3-(4-(morpholinomethyl)-6-(5-
(trifluoromethyli)thiazol-2-ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-
one

Step 49-1: Preparation of tert-butyl (S)-3-((4-(morpholinomethyl)-6-({5-
(trifluoromethyl)thiazol-2-yl)amino)pyridin-2-yl)amino)piperidine-1-carboxylate

F F

H IN& N,,,OJLOK

=

N

~

o

After (S)-tert-butyl 3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-carboxylate (200.0 mg, 1.0 eq) was
dissolved in 1,4-dioxane (2.0 mL), palladium acetate (11.9 mg, 0.1 eq) and Xantphos
(56.7 mg, 0.2 eq) were added thereto. 5-(Trifluoromethyl)thiazol-2-amine (81.8 mg,
1.0 eq) and cesium carbonate (476.0 mg, 3.0 eq) was sequentially added. The
reactant was allowed to react in a microwave reactor at 150°C for 1 hour. After
cooling to 30°C or less, water (10.0 mL) and ethyl acetate (10.0 mL) were added,
and then the layers were separated. The ethyl acetate layer was dried over

anhydrous sodium sulfate and then concentrated under reduced pressure. The
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resulting residue was purified by column chromatography (ethyl acetate: hexane =

1:1) to give the title compound (68.2 mg, vield: 25.8%).

Step 49-2: Preparation of (S)-4-(morpholinomethyl)-N?-(piperidin-3-yl)-
N&-(5-(trifluoromethyl)thiazol-2-yl)pyridin-2,6-diamine
F F

e
N.. S
N K
, A e NH
=
N
o
After the intermediate (50.0 mg, 1.0 eq) obtained in step 48-1 was dissolved
in acetate (10.0 mL), 6N-hydrochloric acid aqueous solution (0.4 mL, 20.0 eq) was
slowly added dropwise, and then stirred for 2 hours. After adjusting the pH to 9~12
using 12N-sodium hydroxide aqueous solution, the separated dichloromethane layer
was dried over anhydrous sodium sulfate and then concentrated under reduced
pressure. The resulting residue was purified by column chromatography
(dichloromethane: methanol = 10:1) to give the title compound (27.0 mg, yield:

44.3%).
Step 49-3: Preparation of (S)-1-(3-(4-(morpholinomethyl)-6-(5-

(trifluoromethyl)thiazol-2-ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-

one
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After the intermediate (20.0 mg, 1.0 eq) obtained in step 49-2 was dissolved
in tetrahydrofuran (2.0 mL), water (1.0 mL) was added and sodium bicarbonate (17.2
mg, 3.0 eq) was added, and then cooled to 0 to 10°C. Acryloyl chloride (4.8 2, 1.0
eq) was slowly added dropwise, and then stirred for 30 minutes to complete the
reaction. The layers were separated, then dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The resulting residue was purified by
column chromatography (dichloromethane: methanol = 15:1) to give the title
compound (3.6 mg, yield: 16.0%).

1H NMR(500 MHz, MeOD): 7.66(d, 1H), 6.83-6.72(m, 0.5H), 6.55-6.44(m,
0.5H), 6.23(d, 1H), 6.16(d, 1H), 6.05(d, 0.5H), 5.73(d, 0.5H), 5.48(d, 0.5H), 4.54(d,
0.5H), 4.43-4.14(m, 1H), 4.03-3.93(m, 1.5H), 3.75-3.62(m, 4H), 3.38(s, 2H), 3.27-
3.18(m, 1H), 2.86(t, 0.5H), 2.53-2.38(m, 4H), 2.28-2.12(m, 1H), 1.96-1.83(m, 1H),
1.72-1.49(m, 2.5H), 1.38-1.23(m, 1.5H)

Example 50: Preparation of (S)-1-(3-(6-(5-chloro-1H-pyrazol-3-ylamino)-
4-(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one
Cl

/,N

HN. N HOJ\/
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The title compound (14.0 mg, yield: 7.7%) was obtained in the same manner
as in Example 48, except that in step 48-1, 5-chloro-1H-pyrazol-3-amine was used
instead of 1H-pyrazol-3-amine.

1H NMR(500 MHz, MeOD): 6.16-6.14(m, 1H), 6.13-6.11(m, 1H), 6.06(s, 2H),
6.03-6.02(m, 1H), 5.52-5.50(m, 1H), 3.73-3.70(m, 4H), 3.62 (s, 2H), 2.60-2.15(m,
4H), 2.32-2.06(m, 1H), 1.72-1.65(m, 1H), 1.65-1.50(m, 2H), 1.44-1.25(m, 5H)

Example 51: Preparation of (S)-1-(3-(4-(morpholinomethyl)-6-(thiazol-2-

ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one

)

v, o
HNIN\ N~z
\%j

N

S

The title compound (3.2 mg, yield: 21.1%) was obtained in the same manner

N

as in Example 49, except that in step 49-1, thiazol-2-amine was used instead of 5-

(trifluoromethyl) thiazol-2-amine.
1H NMR(500 MHz, MeOD): 6.68-6.53(d, 1H), 6.38-6.30(d, 2H), 6.17-6.05(m,

2H), 5,89-5.83(d, 1H), 5.47-5.43(m, 0.5H), 5.37-6.32(m, 0.5H), 3.94-3.87(m, 1H),
3.80-3.66(m, 2H), 3.63-3.48(m, 2H), 2.58-2.16(m, 4H), 2.08-1.73(m, 4H), 1.65-
1.55(m, 2H), 1.41-1.33(m, 4H)

Example 52: Preparation of (S)-1-(3-(3-fluoro-6-(5-methylthiazol-2-
ylamino)-4-(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one
Step 52-1: Preparation of (2,6-dichloro-3-fluoropyridin-4-

yl)(morpholino)methanone
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After 2,6-dichloro-3-fluoronicotinic acid (5600.0 mg, 1.0 eq) was dissolved in
tetrahydrofuran (15.0 mL), 1,1-carbonyldiimidazole (463.3 mg, 1.2 eq) was added
thereto. The mixture was stirred at room temperature (25 ~ 30°C) for 1 hour under
nitrogen gas, and then morpholine (0.2 mL, 1.2 eq) was added and stirred at the
same temperature for 2 hours to complete the reaction. Ethyl acetate (50.0 mL)
and water (50.0 mL) were added thereto, followed by extraction, and the aqueous
layer was re-extracted three times using ethyl acetate (50.0 mL). The ethyl acetate
layer was dried over anhydrous sodium sulfate and then concentrated under reduced
pressure. The resulting residue was purified by column chromatography (ethyl

acetate: hexane = 1:5) to give the title compound (581.0 mg, 87.5%).

Step 52-2. Preparation of 4-((2,6-dichloro-3-fluoropyridin-4-
yl)methyl)morpholine

Ci N, _CI
I ~N

N

o

F

The intermediate (500.0 mg, 1.0 eq) obtained in step 52-1 was dissolved in
dichloromethane (20.0 mL), and then stirred at room temperature (25 to 30°C).
0.9M borane-tetrahydrofuran (6.0 mL, 3.0 eq) was slowly added dropwise. The
mixture was stirred at room temperature for 12 hours to complete the reaction. The
reaction solution was cooled to 0 to 10°C, and then 6N-hydrochloric acid aqueous
solution (39.0 mL, 20.0 eq) was slowly added dropwise and then stirred at the same

temperature for 1 hour. After adjusting the pH to 9 to 12 using 6N-sodium
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hydroxide aqueous solution, the mixture was extracted twice with dichloromethane.
The dichloromethane layer was separated, dried over anhydrous sodium sulfate, and
then concentrated under reduced pressure. The resulting residue was purified by
column chromatography (ethyl acetate: hexane = 1:1) to give the title compound

(430.2 mg, yield: 85.9%).

Step 52-3: Preparation of tert-butyl (S)-3-((6-chloro-3-fluoro-4-

(morpholinomethyl)pyridin-2-yl)amino)pi peridine-1-carboxylate

Cl__N /U\ /,<
Gro

(o)

To the intermediate (100.0 mg, 1.0 eq) obtained in step 52-2, 1,4-dioxane
(2.0 mL) was added and dissolved, and then palladium acetate (9.3 mg, 0.1 eq) and
Xantphos (43.4 mg, 0.2 eq) were added thereto. Tert-butyl (S)-3-aminopiperidine-
1-carboxylate (75.5 mg, 1.0 eq) was added, and then cesium carbonate (325.8 mg,
3.0 eq) was sequentially added. The mixture was reacted in a microwave reactor at
140°C for 30 minutes. After cooling to 30°C or less, water (10.0 mL) and ethyl
acetate (10.0 mL) were added, and then the layers were separated. The ethyl
acetate layer was dried over anhydrous sodium sulfate and then concentrated under

reduced pressure. The resulting residue was purified by column chromatography

(ethy! acetate: hexane = 1:1) to give the title compound (144.0 mg, yield: 89.4%).

Step 52-4: Preparation of tert-butyl (S)-3-((3-fluoro-6-((5-methylthiazol-2-
yl)Jamino)-4-(morpholinomethyl)pyridin-2-yl)amino)piperidine-1-carboxylate
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The intermediate (100.0 mg, 1.0 eq) obtained in step 52-3 was dissolved in
1,4-dioxane (2.0 mL). Palladium acetate (5.1 mg, 0.1 eq), Xantphos (24.3 mg, 0.2
eq), 5-methylthiano-2-amine (24.0 mg, 1.0 eq), and cesium carbonate (205.8 g, 3.0

5 eq) were sequentially added thereto. The mixture was reacted in a microwave
reactor at 150°C for 30 minutes. After cooling to 30°C or less, water (10.0 mL) and
ethyl acetate (10.0 mL) were added, and then the layers were separated. The ethyl
acetate layer was dried over anhydrous sodium sulfate and then concentrated under
reduced pressure. The resulting residue was purified by column chromatography

10  (ethyl acetate: hexane = 1:1) to give the title compound (86.2 mg, yield: 81.8%).

Step 52-5: Preparation of (S)-3-fluoro-N¢-(5-methylithiazol-2-yl)-4-
(morpholinomethyl)-N2-(piperidin-3-y!)pyridin-2,6-diamine

A

HN N n
l I I"C‘NH
ZF
N

(0

)

15 After the intermediate (80.0 mg, 1.0 eq) obtained in step 52-4 was dissolved
in ethyl acetate (10.0 mL), 6N-hydrochloric acid agueous solution (0.6 mL, 20.0 eq)
was slowly added dropwise thereto, and then stirred for 2 hours.  After adjusting the

pH to 9~12 using 12N-sodium hydroxide aqueous solution, the separated
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dichloromethane layer was dried over anhydrous sodium sulfate and then
concentrated under reduced pressure. Ethyl acetate (10.0 mL) was added to the
resulting residue and crystals were produced for 30 minutes. The crystals were

filtered and then dried to give the title compound (60.5 mg, yield: 99.9%).

Step 52-6: Preparation of (S)-1-(3-(3-fluoro-6-(5-methylthiazol-2-
ylamino)-4-(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one

~(
N._S
K

» Q‘)‘Wl

he

N

o/

After the intermediate (50.0 mg, 1.0 eq) obtained in step 52-5 was dissolved
in tetrahydrofuran (4.0 mL), water (1.0 mL) was added and sodium bicarbonate (31.0
mg, 3.0 eq) was added, and then cooled to 0 to10°C. Acryloyl chloride (9.9 p¢, 1.0
eq) was slowly added dropwise, and then stirred for 30 minutes to complete the
reaction. The layers were separated with dichloromethane, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. The resulting residue

was purified by column chromatography (dichloromethane: methanol = 15:1) to give
the title compound (26.5 mg, yield: 46.8%).

1H NMR(500 MHz, MeOD): 6.88-6.80(m, 1H), 6.65(m, 1H), 6.21-6.15(m, 1
H), 5.68(d, 1H), 5.37-5.28(m, 1H), 3.72-3.65(m, 4H), 3.563-3.48(s, 3H), 2.76-2.69(m,
2H), 2.52-2.42(m, 4H), 2.28-2.14 (m, 3H), 2.12-1.98(m, 2H), 1.66-1.53(m, 4H)

Example 53: Preparation of (S)-1-(3-(4-(morpholinomethyl)-6-(pyridin-2-
ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one
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The title compound (11.0 mg, vield: 31.0%) was obtained in the same manner
as in Example 48, except that in step 48-1, pyridin-2-amine was used instead of 1H-
pyrazol-3-amine.

5 1H NMR(500 MHz, MeOD): 8.50-8.45(t, 2H), 7.51(d, 1H), 6.80-6.75(m, 1H),
6.70-6.62(m, 0.5H), 6.24-6.16(m, 1.5H), 6.14-6.08(d, 0.5H), 5.77-5.51(m, 0.5H),
4.03-3.92 (m, 1H), 3.91-3.77(m, 2H), 3.74-3.65(m, 4H), 3.42-3.37(m, 3H), 3.26-
3.18(m, 0.5H), 2.81-2.74(m, 0.5H), 2.54-2.40(m, 4H), 2.12-1.98(m, 1H), 1.89-1.81(m,
1H)

10

Example 54: Preparation of (S)-1-(3-(4-(morpholinomethyl)-6-(pyrimidin-

2-ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one

Y

N
Y H O
HN_ _N_ _N,,

S : N/u\'
e
N

o/

The title compound (24.2mg, 24.3%) was obtained in the same manner as in

15 Example 1, except that in step 48-1, pyrimidine-2-amine was used instead of 1H-
pyrazol-3-amine.

1H NMR(500 MHz, MeOD): 8.15-8.10(m, 1H), 7.80(d, 1H), 7.62-7.56(m, 1H),

6.86-6.80 (m, 1H), 6.58-6.45(m, 1.5H), 6.24-6.19(m, 0.5H), 6.09(m, 1H), 6.06-6.00(m,
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0.5H), 5.79-5.73(m, 0.5H), 4.01-3.80 (m. 4H) 3.73-3.65(m, 4H), 3.36(s, 2H), 2.52-
2.41(m, 4H), 2.14-2.304(m, 1H), 1.94-1.86 (m, 2H), 1.73-1.56(m, 2H)

Experimental Example: Inhibitory activity against BTK and ITK
Inhibitory activities against BTK and ITK were measured for the compounds

prepared in the above Examples as follows.

The inhibitory activities against BTK were evaluated using 'ADP-Glo™ + BTK
Kinase enzyme system' kit (Promega Corporation). In a white 96-well plate, 10 @ of
BTK enzyme prepared so as to have a final concentration of 1 ng/u@ was mixed with
5 ¢ of compounds having a final concentration of 1 uM in the case of evaluating a
single concentration of compound and a concentration of 1000, 300, 100, 30, 10, 3,
1, 0.3, 0.1 and 0.03 nM in the case of ICso evaluation, and then reacted at room
temperature for 15 minutes. 5 p¢ of substrate and 5 p€ of ATP prepared so as to
have a final concentration of 10 uM were added to the plate on which reactions were
completed, and then allowed to react at 30°C for 1 hour. All wells of the plate were
treated with 25 p2 of ADP-Glo™ reagent and allowed to react at 30°C for 40
minutes. After that, all wells were treated with 50 pg of kinase detection buffer, and
then reacted at 30°C for 30 minutes under light shielding conditions. For the plate on
which all reactions were completed, luminescence was measured and the results
were calculated. Evaluation was carried out in duplicate, and negative control and
positive control were calculated depending on whether or not the enzyme was added
without treatment of the compound. The [Cso was calculated based on the

calculated values.

The inhibitory activity against ITK was evaluated using 'ADP-Glo™ + ITK
Kinase enzyme system’' kit (Promega Corporation). In a white 96-well plate, 10 p2 of
ITK enzyme prepared so as to have a final concentration of 0.4 ng/u¢ was mixed
with 5 p? of compounds having a final concentration of 1 uM in the case of

evaluating a single concentration of compound and a concentration of 1000, 300,
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100, 30, 10, 3, 1, 0.3, 0.1 and 0.03 nM in the case of ICso evaluation, and then
reacted at room temperature for 15 minutes. To the plate on which reactions were
completed, 5 @ of substrate and 5 pl of ATP prepared so as to have a final
concentration of 25 ¢ were added and then allowed to react at 30°C for 1 hour.
All wells of the plate were treated with 25 pu¢ of ADP-Glo™ reagent and then
allowed to react at 30°C for 40 minutes. After that, all wells were treated with 50 @
of kinase detection buffer, and then allowed to react at 30°C for 30 minutes under
light shielding conditions. For the plate on which all reactions were completed,
luminescence was measured and the results were calculated. Evaluation was carried
out in duplicate, and negative control and positive control were calculated depending
on whether or not the enzyme was added without treatment of the compound. The

ICso was calculated based on the calculated values. The results are shown in Table 1

below.
[Table 1]
Inhibitory activity Inhibitory activity
Example No. ITK ICs0 BTK ICso Example No. ITK ICso BTK ICso0
(nM) (nM) (nM) (nM)

1 4.1 4.7 28 31.7 8.8
2 26 3.1 29 50.4 18.5
3 9.1 10.3 30 47.0 67.1
4 1.6 0.4 31 15.6 8.8
5 >200 151.6 32 5.6 3
6 36.0 27.7 33 3.9 1.8
7 3.5 3.6 34 1.7 11
8 7.7 72.5 35 13.4 2.1
9 >1000 >1000 36 1.8 39
10 >40 24 37 1.9 3.2
11 7.8 85 38 26 1.6
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12 2 2 39 4.8 7.5
13 >200 >200 40 10.8 10.3
14 49.1 3.3 41 128.0 9.5
15 47.3 2.3 42 2.2 25
16 >1000 1.1 43 21 1.6
17 1.9 1.5 44 ~1000 >1000
18 50.5 5.2 45 1.6 30.8
19 200.0 875.3 46 31.8 5.2
20 11 11 47 9.0 6.1
21 1.9 1.3 48 ~1000 ~1000
22 1.0 1.2 49 3.0 2.0
23 200.0 36.6 50 ~1000 ~1000
24 2.3 22 51 ~1000 ~1000
25 ~1000 ~1000 52 ~ 1000 ~ 1000
286 17.7 2.2 53 42.8 7.7
27 43.8 85.2 54 ~ 1000 ~1000
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We claim:

1. A compound represented by the following Chemical Formula 1, or a
pharmaceutically acceptable salt thereof:
[Chemical Formula 1]

wherein, in Chemical Formula 1,
B is a 5-membered or 6-membered heterocycle containing 1 to 3 heteroatoms

each independently selected from the group consisting of N, O and S, provided that
the 5-membered or 6-membered heterocycie includes at least one N,

R1 is hydrogen, halogen, C1.4 alkyl, or C1-4 haloalkyl,

X1 and Xz are each independently N, or CR’,

wherein R' is hydrogen or halogen,

L is C14 alkylene or -O-,

Rz is cyano; Ce-10 aryl; pyridinyl; morpholino; piperazinyl; or piperidinyl,

wherein, the piperazinyl and the piperidinyl are each independently,
unsubstituted, or substituted with C1.4 alkyl, C14 alkyl substituted with cyano, C1.4
alkyl substituted with amino, C14 alkyl substituted with C1.4 alkoxy, or -CO-(C14
alkyl),

Y is a bond, -O-, -NH-, or -N(C1.4 alkyl)-,

o >
SSC Jf SSC O O\ui%
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ﬁ% 0
i3
N N \‘:Co

R3\\<
O , or ,

wherein Rs is Ci4 alkyl, C14 haloalkyl, C2-4+ alkenyl, Cz4 haloalkenyl, C2-4
alkynyl, or C2-4 haloalkynyl.

2. The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein

B is thiazole, pyrazole, pyridine, or pyrimidine ring, and

R1 is hydrogen, chloro, methyl, or trifluoromethyl.

3. The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein

both X1 and Xz are CH; or

one of X1 and Xz is CF and the other is CH; or

one of X1 and Xz is N and the other is CH.

4. The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein
L is methylene or -O-.

5. The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein

Rz is cyano; phenyl;, pyridinyl, morpholino; piperazinyl substituted with
methyl; piperazinyl substituted with ethyl; piperazinyl substituted with 2-cyanoethyl;
piperazinyl substituted with 3-aminopropyl; piperazinyl substituted with 2-
methoxyethyl; piperazinyl substituted with -CO-(methyl); unsubstituted piperidinyl; or
piperidiny! substituted with methyl.

6. The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein
Y is a bond, -O-, -NH-, or -N(methyl)-.
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7. The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein
R3 is -CH2CH2Cl, -CH=CHz, -CH=CHCHj3, -CH=CHCIl, -C=CH, or -C=CCHs.

8. The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein

the compound represented by Chemical Formula 1 is represented by the
following Chemical Formula 1-1:

[Chemical Formula 1-1]

wherein, in Chemical Formula 1-1,

R1 is hydrogen, C1.4 alkyl, or C1.4 haloalkyl,

X1 and Xz are each independently N, or CR',

wherein R'is hydrogen or halogen,

L is C14 alkylene or -O-,

Rz is cyano; Ce-10 aryl; pyridinyl; morpholino; piperaziny!; or piperidinyl,

wherein the piperazinyl and piperidinyl are each independently, unsubstituted,
or substituted with C1-4 alkyl, C1-4 alkyl substituted with cyano, C14 alkyl substituted
with amino, C1.4 alkyl substituted with C14 alkoxy, or -CO-(C1-4 alkyl),

Y is a bond, -O-, -NH-, or -N(C1- alkyl)-,

0 Ky
. . J Y o
5 N"QO Sy Rs UEO QNJLRg

A is Rs, , , H ,
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wherein, R3 is C1-4 haloalkyl, C2.4 alkenyl, C2.4 haloalkenyl, or C2-4 alkynyl.

9. The compound or a pharmaceutically acceptable salt thereof according to

claim 8, wherein
R1 is C1-4 alkyl,
X1 and X2 are each independently N or CH,
L is C14 alkylene or -O-,
Rz is cyano; Ce-10 aryl; pyridinyl; morpholino; piperazinyl; or piperidinyl,
wherein, the piperazinyl and piperidinyl are each independently, unsubstituted,
or substituted with C1-4 alkyl, C1-4 alkyl substituted with cyano, Ci-4 alkyl substituted

with C1.4 alkoxy, or -CO-(C14 alkyl),
Y is a bond, -O-, -NH-, or -N(C1.4 alkyl)-,
i
. o] .
iy N4 SN R,
Rs

A s

N— %N 0

Ra~( ¥
o or Rs |

wherein, R3 is C2-4 alkenyl, or C2.4 alkynyl.

10. The compound or a pharmaceutically acceptable salt thereof according to

claim 1, wherein
the compound represented by Chemical Formula 1 is represented by the
following Chemical Formula 1-2:
[Chemical Formula 1-2]
Ry

NH
/A

- N

HN\'TN \\rY\A
Xy o2 Xo

1/

L
R,”

wherein, in Chemical Formula 1-2,
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R1 is hydrogen, or halogen,
X1 and Xz are each independently N, or CH,
L is C14 alkylene,
Rz is morpholino,
Y is -NH-,
0

' ,lL3
Ais O )

wherein, Rs is C24 alkenyl.

11.  The compound or a pharmaceutically acceptable salt thereof according to
claim 1, wherein
the compound represented by Chemical Formula 1 is represented by the
following Chemical Formula 1-3:
[Chemical Formula 1-3]
X
N2
HN._ N -
T A
1

X fxz
R,

wherein, in Chemical Formula 1-3,
X1 and X2 are each independently N or CH,
L is Ci4 alkylene,
Rz is morpholing,
Y is -NH-,
0

S )LB
Ais O R,

wherein, R3 is C2-4 alkenyl.

12. The compound or a pharmaceutically acceptable salt thereof according to

claim 1, wherein
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the compound represented by Chemical Formula 1 is represented by the
following Chemical Formula 1-4:
[Chemical Formula 1-4]

Y ™A
Xy 2 Xy

7

L
R,”

wherein, in Chemical Formula 1-4,
X1 and Xz are each independently N or CH,
L is C14 alkylene,
Rz is morpholino,
Y is -NH-,
0

s~y
Ai‘.s‘O\J ’

wherein, Rs is Cz-4 alkenyl.

13.  Acompound or a pharmaceutically acceptable salt thereof,

wherein the compound is any one selected from the group consisting of the
following:

1) 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

2) 1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl) pyridin-2-
yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

3) 1-(4-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

4) (R)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

5) (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
90
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ylyamino)piperidin-1-yl)prop-2-en-1-one,

6) (R)-1 (3-((6-((5—methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-Z—

~

yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

7) (8)-1-(3-({6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

8) 1-(3-((2-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl) pyrimidin-4-
yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

9) (E)-1-(3-((2-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl)pyrimidin-
4-yl)amino)pyrrolidin-1-yl)but-2-en-1-one,

10)  1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yhoxy)pyrrolidin-1-yl)prop-2-en-1-one,

11)  1-(4-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)oxy)piperidin-1-yl)prop-2-en-1-one,

12)  1-(3-((6-((6-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)oxy)piperidin-1-yl)prop-2-en-1-one,

13)  (R)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyi)pyridin-2-
ylyamino)piperidin-1-yl)but-2-yn-1-one,

14)  1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)pyrrolidin-1-yl)but-2-yn-1-one,

15)  (8)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)oxy)piperidin-1-yl)prop-2-en-1-one,

16)  (R)-1-(3-((6-((5-methylthiazol-2-ylyamino)-4-(morpholinomethyl)pyridin-2-
yl)oxy)piperidin-1-yl)prop-2-en-1-one,

17)  1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl) pyrimidin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,
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18)  (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)amino)piperidin-1-yl)but-2-yn-1-one,

19)  1-(4-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
ylyamino)piperidin-1-yl)but-2-yn-1-one,

20)  (S)-1-(3-((4-((4-acetylpiperazin-1-yl)methyl)-6-(5-methylthiazol-2-
yhamino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

21)  (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl)pyrimidin-
2-yl)amino)piperidin-1-yl)prop-2-en-1-one, '

22)  (S)-1-(3-((4-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-6-(5-
methylthiazol-2-yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

23)  (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl)pyrimidin-
2-yl)amino)piperidin-1-yl)but-2-yn-1-one,

24)  (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl)pyrimidin-
2-yl)amino)pyrrolidin-1-yl)prop-2-en-1-one,

25)  (R)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(morpholinomethyl)pyrimidin-
2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

26)  (S)-1-(3-(methyl(6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-ylyamino)piperidin-1-yl)prop-2-en-1-one,

27)  N-(1-(6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)piperidin-4-yl)acrylamide,

28)  1-(6-(6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)octahydro-1H-pyrrolo[2,3-c]pyridin-1-yl)prop-2-en-1-one,

29)  1-(6-(6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
yl)octahydro-1H-pyrrolo[2,3-c]pyridin-1-yl)but-2-yn-1-one,

30)  1-(6-((6-((5-methylthiazol-2-yl)amino)-4-(morpholinomethyl)pyridin-2-
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yl)amino)-2-azaspiro[3.3}heptan-2-yl)prop-2-en-1-one,

31)  (S)-1-(3-((4-((5-methylthiazol-2-yl)amino)-6-(piperidin-1-
ylmethyl)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

32)  (S)-1-(3-((4-((4-ethylpiperazin-1-yl)methyl)-6-(5-methyithiazol-2-
yl)amino)pyrimidin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

33)  (8)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

34)  (8)-3-(4-((2-((1-acryloylpiperidin-3-yl)amino)-6-((5-methylthiazol-2-
yh)amino)pyridin-4-yl)methy!)piperazin-1-yl)propanenitrile,

35)  (S)-1-(3-((4-methyl-6-((5-methylthiazol-2-yl)amino)pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

36)  (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(pyridin-3-yimethyl) pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

37)  (S)-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-(pyridin-2-ylmethyl)pyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

38)  (S)-2-((1-acryloylpiperidin-3-yl)amino)-6-(5-methylthiazol-2-

yl)amino)isonicotinonitrile,

39)  (S)-1-(3~((6-((5-methylthiazol-2-yl)amino)-4-phenyipyridin-2-
yl)amino)piperidin-1-yl)prop-2-en-1-one,

40)  (5)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-yn-1-one,

41)  (S)-1-(3-((4-((1-methylpiperidin-4-yl)oxy)-6-((5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)but-2-yn-1-one,

42)  (S)-1-(3-((4-((4-ethylpiperazin-1-yl)methyl)-6-((5-methylthiazoi-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,
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43)  (S)-1-(3-((4-((4-methylpiperazin-1-yl)methyl)-6-(5-methylthiazol-2-
yl)amino)pyridin-2-yl)amino)piperidin-1-yl)prop-2-en-1-one,

44)  5-methyl-N-(6-methyl-4-(morpholinomethyl)pyridin-2-yl)thiazol-2-amine,

45)  (8)-3-chloro-1-(3-((6-((5-methylthiazol-2-yl)amino)-4-
(morpholinomethyl)pyridin-2-yl)amino)piperidin-1-yl)propan-1-one,

46)  (S,E)-3-chloro-1-(3-(6-(5-methylthiazol-2-ylamino)-4-
(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

47)  (S)-1-(3-(4-((4-(3-aminopropyl)piperazin-1-yl)methyl)-6-(5-methylthiazol-
2-ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

48)  (8)-1-(3-(6-(1H-pyrazol-3-ylamino)-4-(morpholinomethyl)pyridin-2-
ylamino)piperidin-1-yl)prop-2-en-1-one,

49)  (S)-1-(3-(4-(morpholinomethyl)-6-(5-(trifluoromethyi)thiazol-2-
ylamino)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

50) (S)-1-(3-(6-(5-chloro-1H-pyrazol-3-ylamino)-4-(morpholinomethyl)pyridin-
2-ylamino)piperidin-1-yl)prop-2-en-1-one,

51)  (8)-1-(3-(4-(morpholinomethyl)-6-(thiazol-2-ylamino)pyridin-2-
ylamino)piperidin-1-yl)prop-2-en-1-one,

52)  (S)-1-(3-(3-fluoro-6-(5-methyithiazol-2-ylamino)-4-
(morpholinomethyl)pyridin-2-ylamino)piperidin-1-yl)prop-2-en-1-one,

53)  (S)-1-(3-(4-(morpholinomethyl)-6-(pyridin-2-ylamino)pyridin-2-
ylamino)piperidin-1-yl)prop-2-en-1-one, and

54)  (S)-1-(3-(4-(morpholinomethyl)-6-(pyrimidin-2-ylamino)pyridin-2-
ylamino)piperidin-1-yl)prop-2-en-1-one.
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14. A pharmaceutical composition for preventing or treating autoimmune
diseases or cancers, comprising the compound as defined in any one of claims 1 to
13 or a pharmaceutically acceptable salt thereof and a pharmaceutical acceptable

carrier, adjuvant or diluent.
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[Chemical Formula 1]
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