I *I Innovation, Sciences et Innovation, Science and CA 2997051 C 2020/03/24

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 997 051
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépot PCT/PCT Filing Date: 2016/08/31 (51) ClLInt./Int.Cl. CO7D 487/04 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/03/09 AG67K 31/519 (2006.01), A61P 35/00 (2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2020/03/24 KAWAI YUICHI JP-
(85) Entrée phase nationale/National Entry: 2018/02/28 IRIE, HIROKI, JP;
(86) N° demande PCT/PCT Application No.: JP 2016/075380 SAGARA, TAKESHI, JP;
MIYADERA, KAZUTAKA, JP
(87) N° publication PCT/PCT Publication No.: 2017/038838 i
o (73) Propriétaire/Owner:
(30) Priorité/Priority: 2015/09/01 (JP2015-172354) TAIHO PHARMACEUTICAL CO., LTD., JP

(74) Agent: SMART & BIGGAR LLP

(54) Titre : NOUVEAU COMPOSE PYRROLOI[3,4-D]PYRIMIDINE OU SEL CORRESPONDANT
(54) Title: NOVEL PYRAZOLOJ[3,4-D]JPYRIMIDINE COMPOUND OR SALT THEREOF

Rs3
O '\
W
Z4
Z3
Zy
Q Zy
R4 NH
()
N7 X
\N

L A~N 0
" NECHz)rX%
Y

(57) Abrégé/Abstract:
To provide a novel compound having a HER2 inhibitory effect and having a cytostatic effect. It is also intended to provide a

medicament useful in the prevention and/or treatment of a disease involving HER2, particularly, cancer, on the basis of the HER2
inhibitory effect.

The present invention provides a compound of formula (I) wherein X, Y, Z,, Z,, Z,, Z,, W, n, R,, R,,and R, have meanings as
defined in the present specification, or a salt thereof.
(see formula )
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Abstract

To provide a novel compound having a HER2 inhibitory
gffect and having a cytostatic effect. It is also
intended to provide a medicament useful in the prevention
and/or treatment of a disease involving HER2,
particularly, cancer, on the basis of the HER2 inhibitory
effect.

The present invention provides a compound of formula
(I) wherein X, Y, 21, Z;, Zi, Z4, W, n, Ri, Rz, and R; have
meanings as defined in the present specification, or a

salt thereof.
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Description

NOVEL PYRAZOLO([3,4-d] PYRIMIDINE COMPOUND OR SALT THEREOF

[Technical Field]
{o001]

The present invention relates to a novel
pyrazolo[3,4-d]lpyrimidine compound or a salt thereof
which has an HER2 inhibitory effect, and a pharmaceutical

composition comprising the same as an active ingredient.

[Background Art]
fo002]

HER2 (also called ErbB2) is a receptor-type tyrosine
kinase belonging to the ErbR family.

HER2 is considered as a gene responsible for cancer
(Non Patent Literature 1)}, and HER2 gene amplification,
mutation, overexpression, and the like have been reported
on various cancers (Non Patent Literature 2). It has
been reported that the survival, growth signals, etc. of
the cancer cells are increased by the activation of the
signal transmission of HER2 and its downstream pathway in
cancer cells having such HER2 gene abnormality or
overexpression (Non Patent Literatures 3 and 4).

Thus, an inhibitor capable of controlling the kinase
activity of HER2 presumably exerts antitumor effect by

inhibiting the signal transduction of HER2 and its
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downstream pathway in cancer cells, and is therefore
considered to be useful as a therapeutic drug for cancer.
[o003]

Lapatinib (Non Patent Literature 5), afatinib (Non
Patent Literature 6), and neratinib (Non Patent
Literature 7) are known as compounds having HER2
inhibitory activity. These three compounds are known to
exhibit high inhibitory activity against EGFR (epidermal
growth factor receptor), in addition to HER2. However,
such compounds might cause adverse effects due to the
inhibition of the signaling pathway of EGFR. For example,
inhibitors targeting EGFR are known to commonly cause
adverse effects such as skin problems and
gastrointestinal tract disturbances, and these adverse
effects seem to be associated with the inhibition of the
wild-type EGFR signaling pathway (Non Patent Literatures
8, 2, and 10).

Therefore, from the viewpoint of reducing adverse
effects, there has been a demand for a highly selective
HER2 inhibitor which has high inhibitory activity against
HER2, but has low inhibitory activity against other

kinases such as EGFR.

[Citation List]

[Patent Literature]

[0004]

[Patent Literature 1] International Publication No. WO

2015/022926
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{(0005]

[Non Patent Literature
(2007)
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(2000)

[Non Patent Literature
(2001)
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(2008)
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(2004)
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803-812 (2006)

[Non Patent Literature
13, p. 729-736 (2013)
[Non Patent Literature

Oncology, 9, p. 98-108

[Summary of Invention]
[Technical Problem]

[0006]

1]

2]

3]

4]

5]

6]

7]

8]

9]

THO104

Oncogene, 26, p. 6469-6487

Cancer Treatment Reviews, 40, p.

Gene & Cancer, 4, p. 187-195

Oncogene, 19, p. 1647-1656

Mol. Cancer Ther., 1, p. 85-94

Oncogene, 27, p. 4702-4711

Cancer Res., 64, p. 3958-3865

Nature Reviews Cancer, 6, p.

Expert Rev. Anticancexr Ther.,

10] Nature Reviews Clinical

(2012)

An object of the present invention is to provide a

novel compound or a salt thereof which selectively and
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strongly inhibits HER2 as compared with EGFR, and a

pharmaceutical composition comprising the same.

[Solution to Problem]
[0007]

The present inventors have conducted diligent
studies to attain the object and consequently completed
the present invention by finding that a compound group of
formula (I) below having pyrazolo[3,4-dlpyrimidine as a
basic structure exhibits excellent inhibitory activity
against HER2 and kinase selectivity for HER2 and is
useful as a medicament for the treatment of cancer.
[co08]

The present invention provides the following [1] to
18] :

[1] A compound of the following formula (I) or a salt
thereof:

{0009]
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foo10]

wherein X represents an optionally substituted 4- to 10-
membered nitrogen-containing saturated heterocyclic
group;

Y represents -C(Rs)=C(Rs) (R¢);

Z1, Z2, Z;, and Z, are the same as or different from each
other and each represent a hydrogen atom, a halogen atom,
a cyano group, a C2-C6 alkenyl group, an optionally
substituted C1-C6 alkoxy group, an optionally substituted
Cl-C6 alkyl group, an optionally substituted amino group,
an optionally substituted C3-C7 cycloalkyl group, a Cé6-
Cl4 aromatic hydrocarbon group, or a 4- to l4-membered
unsaturated heterocyclic group, or Z; and Z,, or Z; and 2Z,
optionally form, together with the respecﬁive carbon
atoms bonded thereto, a benzene ring or a 5- to 7-

membered saturated or unsaturated heterocyclic ring;
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W represents -CH,-, an oxygen atom, or -NH-;

n represents an integer of from 0 to 2;
R; repregents an optionally substituted amino group;
R, and R, are the same as or different from each other
and each represent a hydrogen atom, an optionally
substituted C1-C6 alkoxy group, an optionally substituted
C1-C6 alkyl group, or an optionally substituted C6-Cl4
aromatiq hydrocarbon group, or R, and Ry optionally form,
together with the nitrogen atom bonded thereto, an
optionally substituted 4- to 8-membered nitrogen-
containing saturated heterocyclic group; and
R;, Rs, and Rg¢ are the same as or different from each
other and each represent a hydrogen atom or an optionally
substituted C1-Cé6 alkyl group.
[2] The compound according to [l] or a salt thereof,
wherein

in the formula (I),
X is a 4- to 1l0-membered nitrogen-containing saturated
heterccyclic group optionally having a halogen atom, a
hydroxyl group, a cyano group, a Cl-Cé6 alkyl group, or an
amino group as a substituent;
Zi, 22, Zi, and 2, are the same as or different from each
other and each are a hydrogen atom, a halogen atom, a
cyano group, a C2-Cé alkenyl group, an optionally
substituted C1-C6 alkoxy group, an optionally substituted
C1-C6 alkyl group, an optionally substituted amino group,
an optionally substituted C3-C7 cycloalkyl group, or a 4-

to 14-membered unsaturated heterocyclic group, or Z; and
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22, or Z; and Z, optionally form, together with the

respective carbon atoms bonded thereto, a benzene ring or
a 5- to 7-membered saturated or unsaturated heterocyclic
ring;
n is 0; and
R; is an amino group.
[3] The compound according to [1] or {2] or a salt
thereof, wherein

in the formula (I),
X is a 4- to 8-membered nitrogen-centaining saturated
heterocyclic group optionally having a halogen atom or a
C1-C6 alkyl group as a substituent;
Y is -C(R4)=C(Rs) (R¢) ;
21, 22, 23, and 2, are the same as or different from each
other and each are a hydrogen atom, a halogen atom, a
cyano group, a C2-C6 alkenyl group, an optionally halogen
atom-substituted Cl1-C6 alkoxy group, a C1-Cé6 alkyl group,
an opticnally Cl-Cé alkyl group-substituted amino group,
a C3-C7 cycloalkyl group, or a monocyclic 4- to 6-
membered unsaturated heterocyclic group having one oxygen
atom, or Z; and Z;, or Z; and Z; optionally form, together
with the respective carbon atoms bonded thereto, a
benzene ring or a 5- to 7-membered saturated or
unsaturated heterocyclic ring;
W is -CH,-, an oxygen atom, or -NH-;
n is 0;

R; is an amino group;
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R; and R, are the same as or different from each other
and each are a hydrogen atom, a Cl-C6 alkoxy group, a Cl-
C6 alkyl group, or a C6-Cl4 aromatic hydrocarbon group,
or R, and R; optionally form, together with the nitrogen
atom bonded thereto, an optionally hydroxyl group-
substituted 4- to 8-membered nitrogen-containing
saturated heterocyclic group; and
Ry, Rz, and Rg are the same as orx different from each
other and each are a hydrogen atom or an optionally
di (C1-C6 alkyl)amino group-substituted C1-Cé6 alkyl group.
[4] The compound according to any of [1] to [3] or a
salt thereof, wherein

in the formula (I),
X is a pyrrolidinyl group optionally having a Cl-Cé alkyl
group as a substituent, or a piperidinyl group optionally
having a halogen atom as a substituent;
Y is -C(Rs)=C(Rs) (Rg); and
Rs, Rs, and R¢ are the same as or different from each
other and each are a hydrogen atom or a
dimethylaminomethyl group.
[5] The compound according to any of [1] to [4] or a
salt thereof, wherein

in the formula (I),
X is a pyrrolidinyl group, a methylpyrrolidinyl group, a
piperidinyl group, or a fluoropiperidinyl group;
Y is

[0011)



CA 02997051 2018-02-28

THO104

o l
or \6%?\\//N“‘- and

!

¥ 7

+

foo12]
R, and R; are the same as or different from each other
and each are a hydrogen atom, a methoxy group, a methyl
group, or a phenyl group, or R; and R; optionally form,
together with the nitrogen atom bonded thereto, an
azetidinyl group optionally having a hydroxyl group as a
substituent, a pyrrolidinyl group, or a piperidinyl group.
[6] The compound according to any of [1] to [5] or a
salt thereof, wherein

in the formula (I),
X is a pyrrolidinyl group, a methylpyrrolidinyl group, a
piperidinyl group, or a fluoropiperidinyl group;
Y is
[0013]

\

|

}f;%él or ﬂi;;ﬁ\\//N\\}

[0014]

Zi, 25, Z,, and Z, are the same as or different from each
other and each are a hydrogen atom, a fluorine atom, a
chlorine atom, a bromine atom, a cyano group, a vinyl
group, a methoxy group, a fluoromethoxy group, a
difluoromethoxy group, a methyl group, an ethyl group, a
dimethylamino group, a cyclopropyl group, or a furyl
group, or Z; and Z;, or Z; and Z,; optionally form,

together with the respective carbon atoms bonded thereto,

a benzene ring, a pyridine ring, or a dioxolane ring;
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W is -CH,-, an oxygen atom, oxr -NH-;

n is 0;

R, is an amino group; and

R, and Ry are the same as or different from each other
and each are a methoxy group, a methyl group, or a phenyl
group, or R, and R; optionally form, together with the
nitrogen atom bonded thereto, a hydroxyazetidinyl group,
a pyrrolidinyl group, or a piperidinyl group.

[71 The compound according to any of [1] to [6] or a
salt thereof, wherein the compound is selected from the
group consisting of the following (1) to (20):

(1) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-bromo-
4-(2- (dimethylamino) -2-oxoethyl) -2-methylphenyl) -1H-
pyrazolo[3,4-dlpyrimidine-3-carboxamide,

(2) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(2-chloro-
4~ (2~ (dimethylamino) -2-oxoethyl) -5-methylphenyl) -1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(3) (R)-1-(i-acryloylpiperidin-3-yl)-4-amino-N-(2~chloro-
4-(2- (dimethylamino) -2-oxoethyl) -3 -methylphenyl) ~1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(4) (R)-1-(1l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino) -2-oxoethyl) -2-methylphenyl) -1H-~
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(5) (R)-1-(l-acxryloylpiperidin-3-yl)-4-amino-N- (4-(2-
(dimethylamino) ~2-oxcethyl)naphthalen-1-yl) -1H-

pyrazolo[3,4-d]pyrimidine-3-carboxamide,



CA 02997051 2018-02-28

TH0104
- 11 -
(6) (R)-1-(l-acryloylpiperidin-3-yl}-4-amino-N-(2-chloro-

4-(2- (dimethylamino) -2-oxoethyl)phenyl) -1E-pyrazolo|[3,4-
dlpyrimidine-3-carboxamide,

{(7) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino) -2-oxoethyl) -2-methoxyphenyl) -1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(8) (R)-1-(l-acryloylpiperidin-3-yl)-4-~-amino-N-(3-chloro-
4-(2- (dimethylamino) -2-oxoethyl)phenyl) -1H-pyrazolo[3,4-
d] pyrimidine-3-carboxamide,

(9) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(5-chloro-
4-(2-(dimethylamino) -2-oxoethyl) -2-methoxyphenyl) - 1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(10) (R)-1~(1-acryloylpiperidin-3-yl)-4-amino-N- (4~ (2~
(dimethyiamino)—z—oxoethyl)—5—fluoro—z—methylphenyl)-1H—
pyrazolo[3,4-dlpyrimidine-3-carboxamide,

(11) (R)-1-({l-acryloylpiperidin-3-yl)-4-amino-N-(3-
chloro-4- (2- (dimethylamino) -2-oxocethyl) -2 -methoxyphenyl) -
1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide,

(12) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-{4-(2-
(dimethylamino) -2-oxoethyl) -3-£luoro-2-methylphenyl) -1H~
pyrazolo([3,4-d] pyrimidine-3-carboxanmide,

{13) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino) -2-oxoethyl) -2, 3-dimethylphenyl) -1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(14) (R)—1—(1—a&ryloylpiperidin—3-yl)-4-amino-N-(4-(2-
(dimethylamino) -2-oxocethyl) -3 -fluoro-2-methoxyphenyl) -1H-

pyrazolo[3,4-d] pyrimidine-3-carboxamide,
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{15) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (2~
(difluoromethoxy) -4~ (2- (dimethylamino) -2~
oxoethyl)phenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-
carboxamide,

(16) (R)-1-(l-acryloylpiperidin-3-yl)-4-~amino-N-(4-(2-
(dimethylamino) -2-oxoethyl) -2- (flucromethoxy) phenyl) -1H-
pyrazolo(3,4-d]pyrimidine-3-carboxamide,

(17) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (2-bromo-
4-(2- (dimethylamino) -2-oxcethyl)phenyl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(18) (R)-1-(l-acryloylpiperidin-3-yl}-4-amino-N-(2-
chloro-4-(2- (dimethylamino) -2-oxoethyl) -5-f1luorophenyl) -
1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide,

(19) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(5-
chloro-4- (2- (dimethylamino) -2-oxoethyl) -2 -methylphenyl) -
1lH-pyrazolo[3,4-d]pyrimidine-3-carboxamide, and

{(20) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(2,5-
dichloro-4- (2- (dimethylamino) -2-oxoethyl) phenyl) ~-1H~
pyrazolo(3,4-d] pyrimidine-3-carboxamide.

[8] A HER2 inhibitor comprising a compound according to
any of [1] to [7] or a salt thereof as an active
ingredient.

[9] A pharmaceutical composition comprising a compound
according to any of [1] to [7] or a salt thereof.

[10] An antitumor agent comprising a compound according
to any of [1] to [7) or a salt thereof as an active

ingredient.
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[11]) Use of a compound according to any of [1] to [7] or

a salt thereof for producing a HER2 inhibitor.

[12] Use of a compound according to any of [1] to [7] or
a salt thereof for producing a pharmaceutical composition.
[13] Use of a compound according to any of [1] to [7] or
a salt thereof for producing an antitumor agent.

[14] The compound according to any of [1] to [7] or a
salt thereof for use in the inhibition of HER2.

[15] The compound accoxding to any of [1] to [7] or a
salt thereof for use as a medicament.

[16] The compound according to any of [1] to [7] or a
salt thereof for use as an antitumor agent.

[17] A method for inhibiting HER2, comprising
administering an effective amount of a compound according
to any of [1] to [7] or a salt thereof to a subject in
need thereof.

[18] A method for preventing and/or treating tumor,
comprising administering an effective amount of a
compound according to any of [1] to [7] or a salt thereof
to a subject in need thereof.

[0015]

Lapatinib (Non Patent Literature 5), afatinib (Non
Patent Literature 6}, and neratinib (Non Patent
Literature 7) mentioned above are known as compounds
related to the present invention. These three compounds
have a 4-phenylaminoquinazoline or 4-phenylaminogquinoline
structure and differ largely in that the compounds lack a

pyrazolo[3,4-d]lpyrimidine structure, which is a feature
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of the compound of the present invention. Also, a

feature of the compound of the present invention is that
the compound has high HER2 selectivity.

In contrast, the compound described in Patent
Literature 1 is a pyrazolo[3,4-d]pyrimidine compound
which however has a benzoxazole group oxr an
oxazolopyridine group on the substituent at position 3
thereof and structurally differs largely in that the
compound lacks a 2-(4-aminophenyl)acetamide group, a 4-
aminophenylcarbamate group, or 1l-{4-aminophenyl)urea,
which is a feature of the compound of the present
invention. The compound described in this patent
literature is a compound inhibiting Bruton's tyrosine
kinase (BTK). As mentioned later, the compound described
in this patent literature (Comparative Example compound
1) has a very low cytostatic effect in evaluation using

HER2-overexpressing cell lines.

[Advantageous Effects of Invention]
[0016]

The present invention provides a novel compound of
formula (I) or a salt thereof which is useful as a HER2
inhibitor.

The compound of the present invention or the salt
thereof has been found to have excellent HER2-selective
inhibitory activity and to exhibit a cytostatic effect on
cancer cell lines. Furthermore, the compound of the

present invention or the salt thereof selectively and
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strongly inhibits HER2 as compared with EGFR and can

therefore be expected to be able to alleviate adverse
effecte and to improve safety. The compound of the
present invention or the salt thereof is useful as a

prophylactic and/or therapeutic agent for cancer.

[Description of Embodiments]
[0017]

The compound of formula (I} of the present invention
is a compound having pyrazolo{3,4-d]lpyrimidine as a basic
structure and is a novel compound which has not been
described in any of the literatures in the citation list,
etc.

{0018]

In the present specification, examples of the
"substituent” include a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an alkyl group, a
halogenoalkyl group, a cycloalkyl group, a cycloalkyl-
alkyl group, an aralkyl group, an alkenyl group, an
alkynyl group, an alkoxy group, a halcgenoalkoxy group, a
cycloalkoxy group, & cycloalkyl-alkoxy group, an
aralkyloxy group, an alkylthio group, a cycloalkyl-
alkylthio group, an amino group, a mono- or di-alkylamino
group, a cycloalkyl-alkylamino group, an acyl group, an
acyloxy group, an oxo group, a carboxyl group, an
alkoxycarbonyl group, an aralkyloxycarbonyl group, a
carbamoyl group, a saturated or unsaturated heterocyclic

group, an aromatic hydrocarbon group, and a saturated
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heterocyclyloxy group. When the substituent is present,

the number thereof is typically 1, 2, or 3.
[0019]

In the present specification, examples of the
"halogen atom" include a fluorine atom, a chlorine atom,
a bromine atom, and an iodine atom.

[o020]

In the present specification, the "alkyl group" may
be linear or branched. Examples thereof include Cl-Cé¢
alkyl groups such as a methyl group, an ethyl group, a n-
propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a
n-pentyl group, an isopentyl group, and a hexyl group.
[0021]

In the present specification, the "halogenoalkyl
group" is a linear or branched alkyl group having 1 to 6
carbon atoms and having 1 to 13 halogen atoms (halogeno-
C1-Cé alkyl group). Examples thereof include halogeno-
C1-C6 alkyl groups such as a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, a
trichloromethyl group, a fluoroethyl group, a 1,1,1-
trifluoroethyl group, a monofluoro-n-propyl group, a
perfluoro-n-propyl group, and a perfluoroisopropyl group
and preferably include halogeno-Cl-C4 alkyl groups.
[0022]

In the present specification, specific examples of
the "cycloalkyl group" include C3-C7 cycloalkyl groups

such as a cyclopropyl group, a cyclobutyl group, a
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cyclopentyl group, a cyclohexyl group, and a cyclcheptyl

group.
[0023]

In the present specification, examples of the
"cycloalkyl-alkyl group" include C3-C7 cycloalkyl-
substituted Cl-C4 alkyl groups such as a
cyclopropylmethyl group, a cyclobutylmethyl‘group, a
cyclopentylmethyl group, a cyclohexylmethyl group, and a
¢ycloheptylmethyl group.

{0024]

In the present specification, examples of the
"aralkyl group" include C7-Cl1l3 aralkyl groups such as a
benzyl group, a phenethyl group, a naphthylmethyl group,
and a fluorenylmethyl group.

[0025]

In the present specification, the "alkenyl group*
may be linear, branched, or cyclic and means an
unsaturated hydrocarbon group having at least one double’
bond. Examples thereof include C2-Cé alkenyl groups such
as a vinyl group, an allyl group, a l-propenyl group, a
2-methyl-2-propenyl group, an isopropenyl group, a 1-, 2-,
or 3-butenyl group, a 2-, 3-, or 4-pentenyl group, a 2-
methyl-2-butenyl group, a 3-methyl-2-butenyl group, a 5-
hexenyl group, a l-cyclopentenyl group, a l-cyclohexenyl
group, and a 3-methyl-3-butenyl group.
fo026]

In the present specification, the "alkynyl group"

may be linear, branched, or cyclic and means an
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unsaturated hydrocarbon group having at least one triple
bond. Examples thereof include C2-C6 alkynyl groups such
as an ethynyl group, a 1- or 2-propynyl group, a 1-, 2-,
or 3-butynyl group, and a l-methyl-2-propynyl group.
{0027]

In the present specification, the "alkoxy group" may
be linear or branched. Examples thereof include Cl-C6
alkoxy groups such as a methoxy group, an ethoxy group, a
n-propoxy group, an isopropoxy group, a n-butoxy group,
an isobutoxy group, a sec-butoxy group, a tert-butoxy
group, a pentyloxy group, an isopentyloxy group, and a
hexyloxy group.

[0028]

In the present specification, the "halogenoalkoxy
group” is a linear or branched alkoxy group having 1 to 6
carbon atoms and having 1 to 13 halogen atoms (halogeno-
C1-C6 alkoxy group). Examples thereof include halogeno-
C1-C6 alkoxy groups such as a fluoromethoxy group, a
difluoromethoxy group, a trifluoromethoxy group, a
trichloromethoxy group, a fluoroethoxy group, a 1,1,1-
trifluoroethoxy group, a monofluoro-n-propoxy group, a
perfluoro-n-propoxy group, and a perfluoro-isopropoxy
group and preferably include halogeno-Cl-C4 alkoxy groups.
[0029]

In the present specification, examples of the
"cycloalkoxy group" include C3-C7 cycloalkoxy groups such

as a cyclopropoxy group, a cyclobutoxy group, a
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cyclopentyloxy group, a cyclohexyloxy group, and a

cycloheptyloxy group.
[0030]

In the present specification, examples of the
"cycloalkyl-alkoxy group" include C3-C7 cycloalkyl-
substituted Cl-C4 alkéxy groups such as a
cyclopropylmethoxy group, a cyclobutylmethoxy group, a
cyclopentylmethoxy group, a cyclohexylmethoxy group, and
a cycloheptylmethoxy group.

[0031]

In the present specification, examples of the
"aralkyloxy group" include C7-Cl3 aralkyloxy groups such
as a benzyloxy group, a phenethyloxy group, a
naphthylmethyloxy group, and a fluorenylmethyloxy group.
[0032]

In the present specification, the "alkylthio group?
may be linear or branched. Examples thereof include Cl-
Cé6 alkylthio groups such as a methylthio group, an
ethylthic group, a n-propylthio group, an isopropylthio
group, a n-butylthio group, an isobutylthio group, a
tert-butylthio group, a n-pentylthio group, an
isopentylthio group, and a hexylthio group.

[0033]

In the present specification, examples of the
"cycloalkyl-alkylthio group" include C3-C7 cycloalkyl-
substituted C1-C4 alkylthio groups such as a

cyclopropylmethylthio group, a cyclobutylmethylthio group,
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a cyclopentylmethylthic group, a cyclohexylmethylthio
group, and a cycloheptylmethylthio group.
(0034]

In the present specification, examples of the
"monoalkylamino group" include lineaxr or branched C1-Cé6
alkyl group-monosubstituted amino groups such as a
methylamino group, an ethylamino group, a n-propylamino
group, an isopropylamino group, a n-butylamino group, an
iscbutylamino group, a tert-butylamino group, a n-
pentylamino group, an isgopentylaminoc group, and a
hexylamino group.

[0035]

In the present specification, examples of the
"dialkylamino group" include linear or branched C1-Cé
alkyl group-disubstituted amino groups such as a
dimethylamino group, a diethylaminoc group, a di(n-
propyl)amino group, a diisopropylamino group, a di(n-
butyl)amino group, a diiscbutylamino group, a di{tert-
butyl)amino group, a di{n-pentyl)aminoc group, a
diisopentylamino group, a dihexylamino group, a
methylethylamino group, and a methylisopropylamino group.
[0036]

In the present specification, examples of the
"cycloalkyl-alkylamino group" include C3-C7 cycloalkyl-
substituted Cl-C4 alkylamino groups such as a
cyclopropylmethylamino group, a cyclobutylmethylamino

group, a cyclopentylmethylamino group, a
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cyclohexylmethylamino group, and a cycloheptylmethylamino

group.
{0037]

In the present specification, the "acyl group" means
an alkylcarbonyl group or an arylcarbonyl group.
[0038]

In the present specification, examples of the
"alkylcarbonyl group" include linear or branched (Cl-Cé
alkyl)carbonyl groups such as a methylcarbonyl group, an
ethylcarbonyl group, a n-propylcarbonyl group, an
isopropylcarbonyl group, a n-butylcarbonyl group, an
igsobutylcarbonyl group, a tert-butylcarbonyl group, a n-
pentylcarbonyl group, an isopentylcarbonyl group, and a
hexylcarbonyl group.

[0039]

In the present specification, examples of the
"arylcarbonyl group" include (C6-C13 aryl)carbonyl groups
such as a phenylcarbonyl group, a naphthylcarbonyl group,
a fluorenylcarbonyl group, an anthrylcarbonyl group, a
biphenylylcarbonyl group, a tetrahydronaphthylcarbonyl
group, a chromanylcarbonyl group, a 2,3-dihydro-1,4-
dioxanaphthalenylcarbonyl group, an indanylcarbonyl group,
and a phenanthrylcarbonyl group.

[0040]

In the present specification, the "acyloxy group"
means an alkylcarbonyloxy group or an arylcarbonyloxy
group.

[0041]
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In the present specification, examples of the

"alkylcarbonyloxy group" include linear or branched (Ci1-
C6 alkyl)carbonyloxy groups such as a methylcarbonyloxy
group, an ethylcarbonyloxy group, a n-propylcarbonyloxy
group, an isopropylcarbonyloxy group, a n-
butylcarbonyloxy group, an isobutylcarbonyloxy group, a
tert-butylcarbonquxy group, a n-pentylcarbonyloxy group,
an isopentylcarbonyloxy group, and a hexylcarbonyloxf
group.

[0042]

In the present specification, examples of the
*arylcarbonyloxy group” include (C6-Cl3 aryl)carbonyloxy
groups such as a phenylcarbonyloxy group, a
naphthylcarbonyloxy group, a fluorenylcarbonyloxy group,
an anthrylecarbonyloxy group, a biphenylylcarbonyloxy
group, a tetrahydronaphthylcarbonyloxy group, a
chromanylcarbonyloxy group, a 2,3-dihydxo-1,4-
dioxanaphthalenylcarbonyloxy group, an indanylcarbonyloxy
group, and a phenanthrylcarbonyloxy group.

[0043]

In the present specification, the "alkoxycarbonyl
group" mway be linear or branched. Examples thereof
include (C1-C6 alkoxy)carbonyl groups such as a
methoxycarbonyl group, an ethoxycarbonyl group, a
propoxycarbonyl group, an isopropoxycarbonyl group, a
butoxycarbonyl group, an iscbutoxycarbonyl group, a tert-
butoxycarbonyl group, a pentyloxycarbonyl group, an

isopentyloxycarbonyl group, and a hexyloxycarbonyl group.
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[0044]

In the present specification, examples of the
"aralkyloxycarbonyl group" include (C7-Cl13
aralkyl)oxycarbonyl groups such as a benzyloxycarbonyl
group, a phenethyloxycarbonyl group, a
naphthylmethyloxycarbonyl group, and a
fluorenylmethyloxycarbonyl group.

[0045]

In the present specification, the '"saturated
heterocyclic group" is a saturated heterocyclic group
having a heteroatom selected from the group consisting of
a nitrogen atom, an oxygen atcom, and a sulfur atom.
Specific examples thereof include a morpholino group, a
pyrrolidinyl group, a piperidinyl group, a piperazinyl
group, a 4-methyl-l-piperazinyl group, a
tetrahydrofuranyl group, a tetrahydropyranyl group, a
tetrahydrothiophenyl group, a thiazolidinyl group, and an
oxazolidinyl group.

[00456]

In the present specification, the "unsaturated
heterocyclic group" is a monocyclic or polycyclic fully
unsaturated or partially unsaturated heterocyclic group
having a heterocatom selected from the group consisting of
a nitrogen atom, an oxygen atom, and a sulfur atom.
Specific examples thereof include an imidazolyl group, a
thienyl group, a furyl group, a pyrrolyl group, an
oxazolyl group, an isoxazolyl group, a thiazolyl group,

an isothiazolyl group, a thiadiazolyl group, a pyrazolyl
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group, a triazolyl group, a tetrazolyl group, a pyridyl

group, a pyrazyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group,
an indazolyl group, a triazolopyridyl group, a
benzimidazolyl group, a benzoxazolyl group, a
benzothiazolyl group, a benzothienyl group, a
benzofuranyl group, a purinyl group, a quinolyl group, an
isoquinelyl group, a quinazolinyl group, a quinoxalinyl
group, a methylenedioxyphenyl group, an
ethylenedioxyphenyl group, and a dihydrobenzofuranyl
group.

[0047]

In the present specification, examples of the
"aromatic hydrocarbon group" include C6-Cl4 aromatic
hydrocarbon groups such as a phenyl group, a toluyl group,
a xylyl group, a naphthyl group, an anthracenyl group, a
phenanthryl group, a fluorenyl group, and a
tetrahydronaphthyl group.

[0048]

In the present specification, the "saturated
heterocyclyloxy group" is a saturated heterocyclyloxy
group having a heteroatom selected from the group
consisting of a nitrogen atom, an oxygen atom, and a
sulfur atom. Specific examples thereof include a
morpholinyloxy group, a l-pyrrolidinyloxy group, a
piperidinoxy group, a piperazinyloxy group, a 4-methyl-1-
piperazinyloxy group, a tetrahydrofuranyloxy group, a

tetrahydropyranyloxy group, a tetrahydrothiophenyloxy
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group, a thiazolidinyloxy group, and an oxazolidinyloxy

group.
[Cc049]

The term "CA-CB" in the description of a group in
the present specification refers to a group having A to B
carbon atomg. For example, the "Cl-Cé alkyl group"
refers to an alkyl group having 1 to 6 carbon atoms, and
the "C6-Cl4 arocmatic hydrocarbon oxy group'" refers to an
oxy group bonded to an aromatic hydrocarbon group having
6 to 14 carbon atoms. The term "A- to B-membered" means
that the number of atoms constituting a ring (the number
of ring members) is A to B. For example, the "4- to 10-
membered saturated heterocyclic group" means a saturated
heterocyclic group in which the number of ring members is
4 to 10.

[0050]

In the compound of formula (I) of the present
invention, X represents an optionally substituted 4- to
10-membered nitrogen-containing saturated heterocyclic
group. In this context, the "4- to l0-membered nitrogen-
containing saturated heterocyclic group" is a 4- to 10-
membered saturated heterocyclic group containing at least
one nitrogen atom in the ring and further containing 0 to
2 identical or different heterocatoms selected from the
group consisting of an oxygen atom and a sulfur atom in
the ring. Examples thereof include an azetidinyl group,

a pyrrolidinyl group, a piperidinyl group, a piperazinyl
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group, a morpholinyl group, an cctahydroquinolinylene

group, and an octahydroindolylene group.

The 4- to l0-membered nitrogen-containing saturated
heterocyclic group is preferably a 4- to 8-membered
saturated heteroc¢yclic group containing one nitrogen atom
in the ring, more preferably a pyrrolidinyl group or a
piperidinyl group, even more preferably a 1,3-
pyrrolidinyl group or a 1,3-piperidinyl group, further
preferably a 1,3-piperidinyl group.

Examples of the "substituent" which may be added to
the 4- to l0-membered nitrogen-containing saturated
hetexocyclic group include the substituent as described
above. The substituent is preferably a halogen atom, a
hydroxyl group, a cyano group, a Cl-Cé alkyl group, or an
amino group, more preferably a halogen atom or a Cl1-C6
alkyl group, even more preferably a fluorine atom or a
methyl group, further preferably a fluorine atom.

The optionally halogen atom- or Cl-Cé alkyl group-
substituted 4- to 10-membered nitrogen-containing
saturated heterocyclic group ig preferably an optionally
halogen atom- or Cl-C6 alkyl group-substituted
pyrrolidinyl group, or an optionally halogen atom- or Cl-
C6 alkyl group-substituted piperidinyl group, more
preferably an optionally C1-Cé6 alkyl group-substituted
pyrrolidinyl group, or an optionally fluorine atom-
substituted piperidinyl group, even more preferably a
pyrrolidinyl group, a methylpyrrolidinyl group, a

piperidinyl group, or a fluoropiperidinyl group, further
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preferably a piperidinyl group oxr a fluoropiperidinyl

group.
[0051]

In the compound of formula (I), X is preferably an
optiocnally substituted 4- to 10-membered nitrogen-
containing saturated heterocyclic group, more preferably
a 4- to l0-membered nitrogen-containing saturated
heterocyclic group optionally having a halogen atom, a
hydroxyl group, a cyano group, a Cl-Cé alkyl group, or an
amino group as a substituent, even more preferably a 4-
to 8-membered nitrogen-containing saturated heterocyclic
group optionally having a halogen atom or a Cl1-Cé6 alkyl
group as a substituent, further preferably a pyrrolidinyl
group optionally having a halogen atom or a Cl-Cé6 alkyl
group as a substituent, or a piperidinyl group opticnally
having a halogen atom or a Cl-Cé alkyl group as a
substituent, still further preferably a pyrrolidinyl
group optiocnally having a C1-C6 alkyl group as a
substituent, or a piperidinyl group optionally having a
halogen atom as a substituent, still further preferably a
pyrrolidinyl group optionally having a methyl group as a
substituent, or a piperidinyl group optionally having a
fluorine atom as a substituent, still further preferably
a piperidinyl group optionally having a fluorine atom as
a substituent, still further preferably a piperidinyl
group.

[0052]
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The nitrogen atom in the 4- to 10-membered nitrogen-

containing saturated heterocyclic group represented by X
is preferably bonded to the carbonyl group of -COY in the
formula (I).

[0053]

In the compound of formula (I) of the present
invention, Y represents -C(Ry)=C(Rs) (Rg). Rq, Rs, and Rg
will be mentioned later.

[0054]

In the compound of formula (I) of the present
invention, 2,, Zs, Zi, and Z, are the same as or different
from each other and each represent a hydrogen atom, a
halogen atom, a ¢yano group, a C2-Cé6 alkenyl group, an
optionally substituted C1-C6 alkoxy group, an optionally
substituted C1-C6 alkyl group, an optionally substituted
amino group, an optionally substituted C3-C7 cycloalkyl
group, a C6-Cl4 aromatic hydrocarbon group, or a 4- to
l4-membered unsaturated heterocyclic group, or Z; and 2Zi,
or Z; and Z, optionally form, together with the
respective carbon atoms bonded thereto, a benzene ring or
a 5- to 7-membered saturated or unsaturated heterocyclic
ring.

[0055]

The "C2-Cé6 alkenyl group" represented by Z., Z;, Zi,
or Z, is preferably a vinyl group, a propenyl group, a
butenyl group, a pentenyl group, a hexenyl group, a
cyclopropenyl group, a cyclobutenyl group, a

cyclopentenyl group, or a cyclchexenyl group, more
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preferably a vinyl group, a propenyl group, a butenyl

group, a cyclopropenyl group, or a cyclobutenyl group,
even more preferably a vinyl group, a l-propenyl group, a
2-propenyl group, or an isopropenyl group, further
preferably a vinyl group.

[0056]

The "C1-Cé alkoxy group" in the "optionally
substituted C1-C6 alkoxy group" represented by 2., Z;, Z;,
or Z, is preferably a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, a pentyloxy group, or a
hexyloxy group, more preferably a methoxy group, an
ethoxy group, a propoxy group, Or a butoxy group, even
more preferably a methoxy agroup, an ethoxy group, a n-
propoxy group, an isopropoxy group, a n-butoxy group, a
sec-butoxy group, or a tert-butoxy group, further
preferably a methoxy group.

Examples of the "substituent" for the "optionally
substituted C1-C6 alkoxy group" represented by Zi, 2., Zai,
or Z, include the substituent as described above. The
substituent is preferably a halogen atom, more preferably
a fluorine atom.

The "optionally substituted Cl-C6 alkoxy group"
represented by 2:, 2., 23, or Z; is preferably an
optionally halogen atom-substituted C1-Cé alkoxy group,
more preferably an optionally fluorine atom-substituted
Cl-C6 alkoxy group, even more preferably an optionally
fluorine atom-substituted methoxy group, an optionally

fluorine atom-substituted ethoxy group, an optionally
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fluorine atom-substituted propoxy group, an optionally

fluorine atom-substituted butoxy group, an optionally
fluorine atom-substituted pentyloxy group, or an
optionally fluorine atom-substituted hexyloxy group,
further preferably an opticnally fluorine atom-
substituted methoxy group, an optionally fluorine atom-
substituted ethoxy group, an optionally fluorine atom-
substituted propoxy group, or an optionally fluorine
atom-substituted butoxy group, still further preferably
an optionally fluorine atom-substituted methoxy group, an
optionally fluorine atom-substituted ethoxy group, an
optionally fluorine atom-substituted n-propoxy group, an
optionally fluorine atom-substituted isopropoxy group, an
optionally fluorine atom-substituted n-butoxy group, an
optionally fluorine atom-substituted sec-butoxy group; or
an optionally fluorine atom-substituted tert-butoxy group,
still further preferably a methoxy group optionally
substituted by 1 or 2 fluorine atoms, an ethoxy group
optionally substituted by 1 or 2 fluorine atoms, a n-
propoxy group optionally substituted by 1 or 2 fluorine
atoms, an isopropoxy group optionally substituted by 1 or
2 fluorine atoms, a n-butoxy group optiomally substituted
by 1 or 2 fluorine atoms, a sec-butoxy group optionally
substituted by 1 or 2 fluorine atoms, or a tert-butoxy
group optionally substituted by 1 or 2 fluorine atoms,
particularly preferably a methoxy group, a fluoromethoxy
group, or a difluoromethoxy group.

[0057]
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The "Cl1-C6 alkyl group" in the "optionally

substituted C1-C6 alkyl group" represented by Zi, %2, Zi,
or Z, is preferably a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, or a hexyl
group, more preferably a methyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a sec-butyl group, or a tert-butyl group,
further preferably a methyl group or an ethyl group.

Examples of the "substituent" for the "optionally
substituted C1-C6 alkyl group" represented by Z,, Z, Z,,
or Z4 include the substituent as described above.

The "optionally substituted C1-C6 alkyl group"
represented by Z:, Z;, 23, or Z, is preferably an
unsubstituted C1-Cé6 alkyl group, more preferably a methyl
group, an ethyl group, a propyl group, a butyl group, a
pentyl group, or a hexyl group, further preferably a
methyl group, an ethyl group, a n-propyl group, an
iscpropyl group, a n-butyl group, an isobutyl group, a
sec-butyl group, or a tert-butyl group, particularly
preferably a methyl group or an ethyl group.

[0058]

Examples of the "substituent" for the "optionally
substituted amino group" represented by Zi:, Za, Zi, or 2,
include the substituent as described above. The
substituent is preferably an alkyl group, more preferably
a Cl-Cé alkyl group, even more preferably a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl

group, or a hexyl group, further preferably a methyl
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group, an ethyl group, a n-propyl group, an isopropyl

group, a n-butyl group, an isobutyl group, a sec-butyl
group, or a tert-butyl group, particularly preferably a
methyl group.

The optionally substituted amino group represented
by Zi, 2z, Zi, or Z, is preferably a wmono- or di-
alkylamino group, wmore preferably a mono- ox di(Cl-Ce
alkyl)amino group, even more preferably a di(Cl1l-Cé
alkyl)amino group, further preferably a di(Cl-C4
alkyl)amino group, still further preferably a
dimethylamino group.

{00591

The "C3-C7 cycloalkyl group” in the "optionally
substituted C3-C7 cycloalkyl gfoup" represented by 7, 7.,
Z3, or Z4 is preferably a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclochexyl group, or a
cycloheptyl group, more preferably a cyclcpropyl group, a
cyclobutyl group, a cycleopentyl group, or a cyclohexyl
group, further preferably a cyclopropyl group.

Examples of the "substituent" for the "optionally
substituted C3-C7 c¢ycloalkyl group" represented by Z., Z,,
Zs, or Z, include the substituent as described above.

The "optionally substituted C3-C7 cycloalkyl group”
represented by Zi, 2., Zi, or Z; is preferably an
unsubstituted C3-C7 cycloalkyl group, more preferably a
cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, or a cycloheptyl group,

further preferably a cyclopropyl group, a cyclobutyl
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group, a cyclcpentyl group, or a cyclohexyl group,

particularly preferably a cyclopropyl group.
[0060]

The "C6-Cl4 aromatic hydrocarbon group" represented
by 2:, Z,, 23, or 2, is preferably a phenyl group or a
naphthyl group, more preferably a phenyl group.
[0061])

The "unsaturated heterocyclic group" represented by
Z1, 22, Z3, or Z, is a monocyclic or pelycyclic fully
unsaturated or partially unsaturated heterocyclic group
having a heterocatom selected from the group consisting of
a nitrogen atom, an oxygen atom, and a sulfur atom.
Examples thereof include an imidazolyl group, a thienyl
group, a furyl group, a pyrrolyl group, an oxazolyl group,
an isoxazolyl group, a thiazolyl group, an isothiazolyl
group, a tﬁiadiazolyl group, a pyrazolyl group, a
triazolyl group, a tetrazolyl group, a pyridyl group, a
pyrazyl group, a pyrimidinyl group, a pyridazinyl group,
an indolyl group, an isoindolyl group, an indazolyl group,
a triazolopyridyl group, a benzimidazolyl group, a
benzoxazolyl group, a benzothiazolyl group, a
benzothienyl group, a benzofuranyl group, a purinyl group,
a quinolyl group, an isoquinolyl group, a quinazolinyl
group, a guinoxalinyl group, a methylenedioxyphenyl group,
an ethylenedioxyphenyl group, and a dihydrobenzofuranyl
group. The unsaturated heterocyclic group is preferably
a monocyclic or bicyclic 4- to 1l4-membered unsaturated

heterocyclic group having one heterocatom selected from
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the group consisting of a nitrogen atom, an oxygen atom,
and a sulfur atom, more preferably a monocyclic 4- to 6-
membered fully unsaturated heterocyclic group having one
heterocatom gelected from the group consisting of a
nitrogen atom, an oxygen atom, and a sulfur atom, even
more preferably a monocyclic 4~ to 6-membered fully
unsaturated heterocyclic group having one oxygen atom,
further preferably a furyl group.

[0062]

The "5; to 7-membered saturated or unsaturated
heterocyclic ring" formed by 2Z; and Z;, or Z; and Zg,
together with the carbon atoms bonded thereto, is a 5- to
7-membered saturated, fully unsaturated, or partially
unsaturated heterocyclic ring having a heteroatom
selected from the group consisting of a nitrogen atom, an
oxygen atom, and a sulfur atom.

The number of the heterocatom in the ring is
preferably from 0 to 2, more preferably from 1 or 2. The
heterovatom is preferably a nitrogen atom and/or an oxygen
atom.

The 5- to 7-membered saturated heterocyclic ring or
unsaturated heterocyclic ring is preferably a pyrrole
ring, a pyrazole ring, an imidazole ring, a pyridine ring,
a pyrazine ring, a pyrimidine ring, or a dioxolane ring,
more preferably a pyridine ring or a dioxolane xing.

The ring formed by Z; and Z,, or Z; and Z,, together
with the respective carbon atoms bonded thereto, is also

preferably a benzene ring.
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[0063]

In the compound of formula (I), Z;, 2., 23, and 2,
are preferably the same as or different from each other
and each represent a hydrogen atom, a halogen atom, a
cyano group, a (2-C6 alkenyl group, an optionally
substituted C1-C6 alkoxy group, an optionally substituted
Cl-Ce6 alkyl group, an optionally substituted amino group,
an optionally substituted C3-C7 cycloalkyl group, a Cé-
Cl4 aromatic hydrocarbon group, or a monocyclic or
bicyclic 4- to l4-membered unsaturated heterocyclic group,
or %, and Z, or Z; and Z, optionally form, together with
the respective carbon atoms bonded thereto, a benzene
ring or a 5- to 7-membered saturated or unsaturated
heterocyclic ring, more preferably are the same as or
different from each other and each represent a hydrogen
atom, a halogen atom, a cyano group, a C2-Cé6 alkenyl
group, an optionally substituted Cl-Cé alkoxy group, an
optionally substituted C1-Cé alkyl group, an optionally
substituted amino group, an optionally substituted C3-C7
cycloalkyl group, or a monocyclic or bicyclic 4~ to 14-
membered unsaturated heterocyclic group, or Z; and Z,, or
Z; and Z, optionally form, tocgether with the respective
carbon atoms bonded thereto, a benzene ring or a 5- to 7-
membered saturated or unsaturated heterocyclic ring, even
more preferably are the same as or different from each
other and each represent a hydrogen atom, a halogen atom,
a cyano group, a C2-Cé6 alkenyl group, an optiocnally

substituted C1-C6 alkoxy group, a Cl-Cé alkyl group, an
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optionally substituted aminc group, a C3-C7 cycloalkyl

group, or a monocyclic 4- to 6-membered unsaturated
heterocyclic group having one heteroatom selected from
the group consisting of a nitrogen atom, an oxygen atom,
and a sulfur atom, or Z; and Z;, or Z; and Z, optlonally
form, together with the respective carbon atoms bonded
thereto, a benzene ring or a 5- to 7-membered saturated
or unsaturated heterocyclic ring, further preferably are
the same as or different from each other and each
represent a hydrogen atom, a halogen atom, a cyano group,
a C2-Ceé alkenyl group, an optionally halogen atom-
substituted Cl1-C6 alkoxy group, a Cl-C6 alkyl group, an
optionally Cl-C6 alkyl group-substituted amino group, a
C3-C7 cycloalkyl group, or a mcnocyclic 4- to 6-membered
unsaturated heterocyclic group having one heteroatom
selected from the group consisting of a nitrogen atom, an
oxygen atom, and a sulfur atom, or Z; and Z;, or Z; and 2Z,
optionally form, together with the respective carbon
atoms bonded thereto, a benzene ring or a 5- to 7-
membered saturated or unsaturated heterocyclic ring,
still further preferably are the same as or different
from each other and each represent a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a c¢yano
group, a C2-Cé alkenyl group, an optionally fluorine
atom-substituted Cl-C6 alkoxy group, a Cl-Cé alkyl group,
a mono- or di(Cl-Cé alkyl)amino group, a C3-C7 cycloalkyl
group, or a monocyclic 4- to 6-membered unsaturated

heterocyclic group having one oxygen atom, or Z; and Z,,
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or Z; and %, optionally form, together with the

respective carbon atoms bonded thereto, a benzene ring or
a 5- to 7-membered saturated or unsaturated heterocyclic
ring, still further preferably are the same as or
different from each other and each represent a hydrogen
atom, a fluorine atom, a chlorine atom, a bromine atom, a
cyanoe group, a C2-Cé alkenyl group, a Cl-Cé alkoxy group
optionally substituted by 1 or 2 fluorine atoms, a C1-Cs
alkyl group, a di(Cl-C6 alkyl)amino group, a C3-C7
cycloélkyl group, or a monocyclic 4- to 6-membered
unsaturated hetexocyclic group having one oxygen atom, or
Z, and Z,, or Z; and Z, optionally form, together with the
regpective carbon atoms bonded thereto, a benzene ring or
a 5- to 7-membered saturated or unsaturated heterocyclic
ring, still further preferably are the same as or
different from each other and each represent a hydrogen
atom, a fluorine atom, a chlorine atom, & bromine atom, a
cyano group, a vinyl group, a methoxy group, a
fluoromethoxy group, a difluoromethoxy group, a methyl
group, an ethyl group, a dimethylamino group, a
cyclopropyl group, or a furyl group, or Z; and Z;, Or Z;
and 2, optionally form, together with the respective
carbon atoms bonded thereto, a benzene ring, a pyridine
ring, or a dioxolane ring, still further preferably are
the same as or different from each other and each
represent a hydrogen atom, a fluorine atom, a chlorine
atom, a bromine atom, a methoxy group, a fluoromethoxy

group, a difluoromethoxy group, or a methyl group, or Z;
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and Z;, or Z3 and Z, optionally form, together with the

respective carbon atoms bonded thereto, a benzene ring.
[0064]

In the compound of formula (I) of the present
invention, W represents -CH,-, an oxygen atom, or -NH-.
W is preferably -CH;- or an oxygen atom, more preferably
~-CHz-.

[C065]

In the compound cof formula (I) of the present
in&ention, n represents an integer of from 0 to 2. n is
preferably 0 or 1, more preferably 0.

[o066]

In the compound of formula (I) of the present
invention, R, represents an optionally substituted amino
group. In this context, examples of the "substituent"
which may be added to the amino group include the
substituent as described above.

The optionally substituted amino group represented
by R; is preferably an unsubstituted amino group.

[0067]

In the compound of formula (I)\of the present
invention, ‘R, and R, are the same as or different from
each other and each represent a hydrogen atom, an
optionally substituted Cl-C6 alkoxy group, an optionally
substituted C1-C6 alkyl group, or an optionally
substituted Cé6-C14 aromatic hydrocarbon group, or R; and

R; optionally form, together with the nitrogen atom
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bonded thereto, an optionally substituted 4- to 8-

membered nitrogen-containing saturated heterocyclic group.
[o068]

The "Cl-Cé6 alkoxy group" in the "optionally
substituted C1-C6 alkoxy group” represented by R, or R;
is preferably a methoxy group, an ethoxy group, a n-
Propoxy group, an isopropoxy group, a n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group,
a pentyloxy group, or a hexyloxy group, more preferably a
methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy group, a n-butoxy group, an isobutoxy group, a
sec-butoxy group, or a tert-butoxy group, further
preferably a methoxy group.

Examples of the "substituent" for the optionally
subgtituted Cl1-C6 alkoxy group represented by R; or Ri
include the substituent as described above.

The "optionally substituted C1-C6 alkoxy group"
represented by R, or R; is preferably an unsubstituted
Cl-C6 alkoxy group, more preferably a methoxy group, an
ethoxy group, a n-propoxy group, an isopropoxy Jgroup, a
n-butoxy group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group, a pentyioxy group, or a hexyloxy group,
further preferably a methoxy group, an ethoxy group, a n-
pPropoxy group, an isopropoxy group, a n-butoxy group, an
isobutoxy group, a sec-butoxy group, or a tert-butoxy
group, particularly preferably a methoxy group.

[0069]
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The "Cl-Cé alkyl group" in the "optionally

substituted C1-Cé alkyl group" represented by R, or R; is
preferably a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a pentyl
group, or a hexyl group, more preferably a methyl group,
an ethyl group, a n-propyl group, an isopropyl group, a
n-butyl group, an isobutyl group, a sec-butyl group, or a
tert-butyl group, further preferably a methyl group.

Examples of the "substituent" for the "optionally
substituted C1-C6 alkyl group" represented by R; or R;
include the substituent as described above. The
substituent is preferably a Cl-C& alkoxy group,
preferably a methoxy group, an ethoxy group, a n-propoxy
group, an isopropoxy group, a n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group,
a pentyloxy group, or a hexyloxy group, more preferably a
methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy group, a n-butoxy group, an isobutoxy group, a
sec-butoxy group, or a tert-butoxy group, further
preferably a methoxy group or an ethoxy group.

The "optionally substituted C1-C6 alkyl group"
represented by R, or R; is preferably an unsubstituted
C1-C6 alkyl group or a Cl-Cé alkoxy group-substituted Cl-
C6 alkyl group, more preferably an unsubstituted C1-Cé6
alkyl group, even more preferably a methyl group, an

ethyl group, a n-propyl group, an isopropyl group, a n-
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butyl group, an isobutyl group, a sec-butyl group, a

tert-butyl group, a pentyl group, or a hexyl group.

In the case of having a substituent, the number of
the substituent is not particularly limited. When the
substituent is a Cl1-C6 alkoxy group, the number thereof
is preferably 1.

[0070]

The "C6-C14 aromatic hydrocarbon group" in the
"optionally substituted C6-Cl4 aromatic hydrocarbon
group" represented by R, or R; is preferably a phenyl
group or a naphthyl group, more preferably a phenyl group.

Examples of the "substituent" for the "optionally
substituted C6-Cl4 aromatic hydrocarbon group”
represented by R, or R; include the substituent as
described above. The substituent is preferably a halogen
atom. The optionally halogen atom-substituted C6-Cl4
aromatic hydrocarbon group is-preferably an. optionally
fluorine atom- or chlorine atom-substituted phenyl group,
more preferably a phenyl group, a fluorophenyl group, a
difluorophenyl group, a trifluorophenyl group, a
chlorophenyl group, a dichlorophenyl group, or a
trichlorophenyl group, even more preferably a phenyl
group.

[0071]

The "4- to 8-membered nitrogen-containing saturated
heterocyclic group" in the "optionally substituted 4- to
g-membered nitrogen-containing saturated heterocyclic

group" formed by R; and Rs, together with the nitrogen
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atom bonded thereto, is a 4- to 8-membered saturated
heterocyclic group containing at least one nitrogen atom
in the ring and further containing ¢ to 2 identical or
different heterocatoms selected from the group consisting
of an oxygen atom and a sulfur atom in the ring.

The 4- to B8-membered nitrogen-containing saturated
heterocyclic group is preferably a 4- to 8-membered
saturated heterocyclic group containing one nitrogen atom,
more preferably an azetidinyl group, a pyrrolidinyl group,
or a piperidinyl group.

Examples of the "substituent" for the "optionally
substituted 4- to 8-membered nitrogen-containing
saturated heterocyclic group" include the substituent as
described above. The substituent is preferably a
hydroxyl group.

The optionally substituted 4- to 8-membered
nitrogen-containing saturated heterocyclic group is
preferably an optionally hydroxyl group-substituted 4- to
8 -membered nitrogen-containing saturated heterocyclic
group, more preferably an azetidinyl group, a
pyrrolidinyl group, a piperidinyl group, a
hydroxyazetidinyl group, a hydroxypyrrolidinyl group, or
a hydroxypiperidinyl group, even more preferably a
pyrrolidinyl group, a piperidinyl group, or a
hydroxyazetidinyl group.

[0072]
In the compound of formula (I), R; and R; are

preferably the same as or different from each other and
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each represent a hydrogen atom, an optionally substituted

Cl-Cé6 alkoxy group, an optionally substituted Cl-Cé alkyl
group, or an optionally substituted C6-Cl4 aromatic
hydrocarbon group, or R, and R; optionally form, together
with the nitrogen atom bonded thereto, an optionally
substituted 4- to 8-membered nitrogen-containing
saturated heterocyclic group, more preferably are the
same as or different from each other and each represent a
hydrogen atom, a Cl-Cé alkoxy group, a Cl-Cé6 alkyl group
optionally having a Cl-C6 alkoxy group as a substituent,
or a C6-Cl1l4 aromatic hydrocarbon group optionally having
a halogen atom as a substituent, or R; and R; optionally
form, together with the nitrogen atom bonded thereto, an
optionally substituted 4- to 8-membered nitrogen-
containing saturated heterocyclic group, even more
preferably are the same as or different from each other
and each represent a hydrogen atom, a Cl-C6 alkoxy group,
a Cl-C6 alkyl group, or a C6-Cl4 arocmatic hydrocarbon
group, or R; and R; optionally form, together with the
nitrogen atom bonded thereto, a 4- to 8-membered
nitrogen-containing saturated heterccyclic group
optionally having a hydroxyl group as a substituent,
further preferably are the same as or different from each
other and each represent a Cl-C6 alkoxy group, a Cl-Cé
alkyl group, or a C6-Cl4 aromatic hydrocarbon group, or
R and R; optionally form, together with the nitrogen
atom bonded thereto, a 4- to 8-membered nitrogen-

containing saturated heterocyclic group optionally having
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a hydroxyl grbup as a substituent, still further
preferably are the same as or different from each other
and each represent a methoxy group, a methyl group, or a
phenyl group, or R, and R; optionally form, together with
the nitrogen atom bonded thereto, an azetidinyl group
optionally having a hydroxyl group as a substituent, a
pyrrolidinyl group, or a piperidinyl group, still further
preferably are the same as or different from each other
and each represent a methoxy group, a methyl group, or a
phenyl group, or R; and R; optionally form, together with
the nitrogen atom bonded thereto, a hydroxyazetidinyl
group, a pyrrolidinyl group, or a piperidinyl group,
still further preferably each are a methyl group.

[0073]

In the compound of formula (I) of the present
invention, R4, Rs, and Rg are the same as or different
from each other and each represent a hydrogen atom or an
optionally substituted C1-C6 alkyl group.

The "Cl-C6 alkyl group" in the "optionally
substituted C1-C6é alkyl group" represented by Rs;, Rs, or
Rs is preferably a methyl group, an ethyl group, a n-
propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a
pentyl group, or a hexyl group, more preferably a methyl
group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, an isobutyl group, a sec-butyl

group, or a tert-butyl group, further preferably a methyl
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group, an ethyl group, a n-propyl group, or an isopropyl

group, particularly preferably a methyl group.

Examples of the "substituent" for the "optionally
substituted C1-C6 alkyl group" represented by Ry, Rs, Or
R¢ include the substituent as described above. The
substituent is preferably a dialkylamino group or a
saturated heterocyclic group, more preferably a di(Cl-Ce
alkyl)amino group or a 4- to 8-membered saturated
heterocyclic group having a nitrogen atom, even more
preferably a di(Cl-C4 alkyl)amino group or a 4- to 8-
membered saturated heterocyclic grocup having a nitrogen
atom, further preferably a dimethylamino group, a
methylethylamino group, a diethylamino group, a
methylisopropylamino group, a l-piperidinyl group, or a
l-pyrrolidinyl group, particularly preferably a
dimethylamino group.

The number of the substituent is not particularly
limited and is preferably 1.

The "optionally substituted C1-Cé6 alkyl group”
represented by Ri, Rs, or Rg is preferably a Cl-C6 alkyl
group optionally having, as a substituent, a di(C1-Ce
alkyl)amino group or a 4- to 8-membered saturated
heterocyclic group having a nitrogen atom, more
preferably a C1-C4 alkyl group optionally having, as a
substituent, a di(Cl-C4 alkyl)amino group or a 4- to 8-
membered saturated heterocyclic group having a nitrogen
atom, even more preferably a methyl group, an ethyl group,

a n-propyl group, an isopropyl group, a n-butyl group, an
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isobutyl group, a sec-butyl group, a tert-butyl group, a

dimethylaminomethyl group, a methylethylaminomethyl group,
a diethylaminomethyl group, a methylisopropylaminomethyl
group, a dimethylaminocethyl group, a diethylaminoethyl
group, a l-piperidinylmethyl group, or a 1l-
pyrrolidinylmethyl group, further preferably a methyl
group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, an iscbutyl group, a sec-butyl
group, a tert-butyl group, a dimethylaminomethyl group, a
methylethylaminomethyl group, a diethylaminomethyl group,
a methylisopropylaminomethyl group, a dimethylaminoethyl
group, or a diethylaminoethyl group, still further
preferably a methyl group, a dimethylaminomethyl group, a
methylethylaminomethyl group, a diethylaminomethyl group,
or a methylisopropylaminomethyl group, particularly
preferably a dimethylaminowmethyl group.

[0074]

In the compound cf formula (I), Ry, Rs, and Re are
the same as or different from each other and each are
preferably a hydrogen atom or an optionally substituted
Cl-C6 alkyl group, more preferably a hydrogen atom or a
C1-C6 alkyl group optionally having, as a substituent, a
di (C1-C6 alkyl)amino group or a 4- to 8-membered
saturated heterocyclic group having a nitrogen atom, even
more preferably a hydrogen atom or a Cl-Cé¢ alkyl group
optionally having, as a substituent, a di{Cl-C4
alkyl)amino group or a 4- to 8-membered saturated

heterocyclic group having a nitrogen atom, further
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preferably a hydrcgen atom, a methyl group, an ethyl

group, a n-propyl group, an isopropyl group, a n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a dimethylaminomethyl group, a
methylethylaminomethyl group, a diethylaminomethyl group,
a methylisopropylaminomethyl group, a dimethylaminoethyl
group, a diethylaminoethyl group, a l-piperidinylmethyl
group, or a l-pyrrolidinylmethyl group, still further
preferably a hydrogen atom, a methyl group, an ethyl
group, a n-propyi group, an isopropyl group, a n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a dimethylaminomethyl group, a
methylethylaminomethyl group, a diethylaminomethyl group,
a methylisopropylaminomethyl group, a dimethylaminoethyl
group, or a diethylaminocethyl group, still further
preferably a hydrogen atom, a methyl group, a
dimethylaminomethyl group, a methylethylaminomethyl group,
a diethylaminomethyl group, or a
methylisopropylaminomethyl group, particularly preferably
& hydrogen atom or a dimethylaminomethyl group.
[0075]

In the compound of formula (I), -C(R4)=C(Rs) (Re)
represented by Y is preferably

[0076]
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Ls\\ }H§¢4“\\//L\\J//

$

[0077]
particularly preferably

[0078]

[0079]
[0080]

A compound preferred as the compound of the present
invention of formula (I) is a compound oxr a salt thereof,
wherein
X is an optionally substituted 4- to 10-membered
nitrogen-containing saturated heterocyclic group;

Y is -C(R4)=C(Rs) (Re) ;

Z1, 22, 23, and Z, are the same as or different from each
other and each are a hydrogen atom, a halogen atom, a
cyano group, a €2-C6 alkenyl group, an optionally
substituted Cl-Cé alkoxy group, an optionally substituted
Cl1-Cs alkyl group, an optionally substituted amino group,
an optionally substituted C3-C7 cycloalkyl group, a Cé6-
Cl4 aromatic hydrocarbon group, or a 4- to l4-membered
unsaturated heterocyclic group, or Z; and Z;, or Z; and 2,

optionally form, together with the respective carbon



CA 02997051 2018-02-28

THO0104
_49_
atoms bonded thereto, a benzene ring or a 5- to 7-

membered saturated or unsaturated heterocyclic ring;
W is -CH;-, an oxygen atom, or -NH-;
n is an integer of from 0 to 2;
R: is an optionally substituted amino group;
Rz and R; are the same as or different from each other
and each are a hydrogen atom, an optionally substituted
Cl-C6 alkoxy group, an optionally substituted Cl-Cé alkyl
group, or an optionally substituted C6-Cl4 aromatic
hydrocarbon group, or R, and R; optionally foxrm, together
with the nitrogen atom bonded thereto, a 4- to 8-membered
nitrogen-containing saturated heterocyclic group
optionally having a hydroxyl group as a substituent; and
Ri, Rs, and Rg are the same as or different from each
other and each are a hydrogen atom or an optionally
substituted Ci1-Cé alkyl group.
[0081] |

A compound more preferred as the compound of the
present invention of formula (I) is a compound or a salt
thereof, wherein
X is a 4- to 10-membered nitrogen-containing saturated
heterocyclic group optionally having a halogen atom, a
hydroxyl group, a ¢yano group, a Cl-Cé alkyl group, or an
amino group as a substituent;
Y is -C(R4)=C(Rs) (R¢) ;
Z1, 25, Z3, and Z,; are the same as or different from each
other and each are a hydrogen atom, a halogen atom, a

¢yano group, a C2-Cé alkenyl group, an optionally
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substituted Cl1-Cé alkoxy group, an optionally substituted

C1-C6 alkyl group, an optionally substituted amino group,
an optionally substituted C3-C7 cycloalkyl group, or a 4-
to l4-membered unsaturated heterocyclic group, or Z; and
Z;, Or Zy and Z, optionally form, together with the
respective carbon atoms bonded thereto, a benzene ring or
a 5- to 7-membered saturated oxr unsaturated heterocyclic
ring;
W is -CH,-, an oxygen atom, or -NH-;
n is 0;
R; 1s an amino group;
R, and R; are the same as or different from each other
and each are a hydrogen atom, an optionally substituted
Cl-Cé alkoxy group, an optionally substituted Cl1-Cé alkyl
group, or an optionally substituted C6-C14 aroﬁatic
hydrocarbon group, or R, and R; optiocnally form, together
with the nitrogen atom bonded thereto, a 4- to 8-membered
nitrogen-containing saturated heterccyclic group
optionally having a hydroxyl group as a substituent; and
Ry, Rs, and Rg are the same as or different from each
other and each are a hydrogen atom or an optiocnally
substituted C1-C6 alkyl group.
[0082]

A compound more preferred as the compound of the
present invention of formula (I) is a compound or a salt

thereof, wherein
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X is a 4- to 8-membered nitrogen-containing saturated

heterocyclic group cptionally having a halogen atom or a
Cl-C6 alkyl group as a substituent;

Y is -C(R4)=C(Rs) (Re);

Zi, Z2, Z., and Z, are the same as or different from each
other and each are a hydrogen atom, a halogen atom, a
cyano group, a C2-Cé6 alkenyl group, an optionally halogen
atom-substituted Cl1-Cé alkoxy group, a Cl-Cé6 alkyl group,
an optionally Cl1-Cé alkyl group-substituted amino group,
a C3-C7 cycloalkyl group, or a monocyclic 4- to 6-
membered unsaturated heterocyclic group having one oxygen
atom, or %; and Z,, or Z; and Z,; optionally form, together
with the respective carbon atoms bonded thereto, a
benzene ring oxr a 5- to 7-membered saturated or
unsaturated heterocyclic ring;

W is -CHy~, an oxygen atom, or -NH-;

n is 0;

R; is an amino group;

Rz and R; are the same as or different from each other
and each are a hydrogen atom, a Cl-Cé alkoxy group, a Cl-
C6 alkyl group, or a C6-Cl4 aromatic hydrocarbon group,
or R; and R; optionally form, together with the nitrogen
atom bonded thereto, an optionally hydroxyl group-
substituted 4~ to 8-membered nitrogen-containing
saturated heterocyclic group; and

Ry, Rs, and Rs; are the same as or different from each
other and each are a hydrogen atom or an optionally

di{Cl-C6 alkyl)amino group-substituted C1-Cé6 alkyl group.
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[0083]

A compound more preferred as the compound of the
present invention of formula (I) is a compound or a salt
thereof, wherein
X is a pyrrolidinyl group optionally having a C1-Cé6 alkyl
group as a substituent, or a piperidinyl group optionally
having a halogen atom as a substituent;

Y is ~C(Ry)=C(Rs) (R¢);

Zy, 22, 23, and Z; are the same as or different from each
other and each are a hydrogen atom, a halcgen atom, a
cyano group, a C2-C6 alkenyl group, an optionally halogen
atom-substituted C1-Cé alkoxy group, a C1-Cé6 alkyl group,
an optionally Cl-C6 alkyl group-substituted amino group,
a C3-C7 cycloalkyl group, or a monocyclic 4- to 6-
membered unsaturated heterocyclic group having one oxygen
atom, or Z; and Z,, or Z3; and Z; optiocnally form, together
with the respective carbon atoms bonded thereto, a
benzene ring or a 8- tc 7-membered saturated or
unsaturated heterocyclic ring;

W is -CH,-, an oxygen atom, or -NH-;

n is 0;

R; 1s an amino group;

R, and R; are the same as or different frém each other
and each are a hydrogen atom, a C1-Cé alkoxy group, a Cl-
C6 alkyl group, or a C6-Cl4 aromatic hydrocarbon group,
or R, and R; optionally form, together with the nitrogen

atom bonded thereto, an optionally hydroxyl group-
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substituted 4- to 8-membered nitrogen-containing

saturated heterocyclic group:; and

Rs, Rs, and Rg are the same as or different from each
other and each are a hydrogen atom or a
dimethylaminomethyl group.

[0084]

A compound more preferred as the compound of the
present invention of formula (I) is a compound or a salt
thereof, wherein
X is a pyrrolidinyl group, a methylpyrrolidinyl group, a
piperidinyl group, or a fluoropiperidinyl group;

Y is
[0085]

|

N

Kor, o RN,

[o086]

Z1, 22, 23, and Z, are the same as or different from each
other and each are a hydrogen atom, a fluorine atom, a
chlorine atom, a bromine atom, a cyano group, a vinyl
group, a methoxy group optionally having a fluorine atom
as a substituent, a methyl group, an ethyl group, a
dimethylamino group, a cyclopropyl group, or a furyl
group, or Z; and Z, optionally form, together with the
respective carbon atoms bonded thereto, a benzene ring, a
pyridine ring, or a dioxolane ring;

W is -CH,-, an oxygen atom, or -NH-;

n is 0;

R; is an amino group; and
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R, and R; are the same as or different from each other
and each are a hydrogen atom, a methoxy group, a methyl
group, Or a phenyl group, or R, and R; optiocnally form,
together with the nitrogen atom bonded theretc, an
azetidinyl group optionally having a hydroxyl group as a
substituent, a pyrrolidinyl group, or a piperidinyl group.
[0087] |
A compound more preferred as the compound of the
present invention of formula (I) is a compound or a salt
thereof, wherein
X is a pyrrolidinyl group, a methylpyrrolidinyl group, a
piperidinyl group, or a fluoropiperidinyl group;
Y is

[0088]

[0089]

21, %2, Z3, and Z; are the same as or different from each
other and each are a hydrogen atom, a fluorine atom, a
‘chlorine atom, a bromine atom, a cyano group, a vinyl
group, a methoxy group, a fluoromethoxy group, a
difluoromethoxy group, a methyl group, an ethyl group, a
dimethylamine group, a cyclopropyl group, or a furyl
group, or 2; and Z,, or Z; and Z, optionally form,
together with the respective carbon atoms bonded thereto,
a benzene ring, a pyridine ring, or a dioxolane ring;

W is -CH;-, an oxygen atom, or -NH-;

n is 0;
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R; is an amino group; and

R; and R; are the same as or different from each other
and each are a methoxy group, a methyl group, or a phenyl
group, or R, and R; optionally form, together with the
nitrogen atom bonded thereto, a hydroxyazetidinyl group,
a pyrrolidinyl group, or a piperidinyl group.

[0090]

A compound more preferred as the compound of the
present invention cf formula (I) is a compound or a salt
therecof, wherein
X is a pyrrolidinyl group, a methylpyrrolidinyl group, a
piperidinyl group, or a fluoropiperidinyl group;

Y is

[0091]

[0092]

21, 22, Z3, and Z, are the same as or different from each
other and each are a hydrogen atom, a fluorine atom, a
chlorine atom, a bromine atom, a cyanc group, a vinyl
group, a methoxy group, a fluoromethoxy group, a
difluoromethoxy group, a methyl group, an ethyl group, a
dimethylamino group, a cyclopropyl group, or a furyl
group, or Z; and Z;, or Z; and Z; optionally form,
together with the respective carbon atoms bonded thereto,
a benzene ring, a pyridine ring, or a dioxolane ring;

W is -CH,- or an oxygen atom;
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R; i1s an amino group; and

R, and R; are the same as or different from each other
and each are a methoxy group, a methyl group, or a phenyl
group, or R; and R; optionally form, together with the
nitrogen atom bonded thexreto, a hydroxyazetidinyl group,
a pyrrolidinyl group, or a piperidinyl group.

{0093]

A compound more preferred as the compound of the
present invention of formula (I} is a compound or a salt
thereof, wherein
X is a pyrrolidinyl group, a methylpyrrolidinyl group, a
piperidinyl group, or a fluoropiperidinyl group;

Y is

[0094]

[0095]

21, 22, 23, and Z, are the same as or different from each
other and each are a hydrogen atom, a fluorine atom, a
chlorine atom, a bromine atom, a cyano group, a vinyl
group, a methoxy group, a fluoromethoxy group, a
difiuoromethoxy group, a methyl group, an ethyl group, a
dimethylamino group, a cyclopropyl group, or a furyl
group, or Z; and Z;, or Z; and Z4.optionally form,
together with the respective carbon atoms bonded thereto,
a benzene ring, a pyridine ring, or a dioxolane ring;

W is -CH,- or an oxygen atom;

n is 0;
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R; is an amino group; and
each of R, and R; is a methyl group.
[o096]

A compound more preferred as the compound of the
present invention of formula (I) is a compound or a salt
therecf, wherein
X is a piperidinyl group or a fluoropiperidinyl group;

Y is
[0097]

K7

!

{co098]

Z1, 23, 21, and Z; are the same as or different from each
other and each are a hydrogen atom, a fluorine atom, a
chlorine atem, a bromine atom, a ¢yanc group, a vinyl
group, a methoxy group, a fluoromethoxy group, a
difluoromethoxy group, a methyl group, aniethyl group, a
dimethylamino group, a cyclopropyl group, or a furyl
group, or 32, and Z;, or Z; and Z, optionally form,
together with the respective carbon atoms bonded thereto,
a benzene ring, a pyridine ring, or a dioxolane ring;

W is -CH,- or an oxygen atom;

n is 0;

R; is an amino group; and

each of R; and Ry is a methyl group.

[00929]



CA 02997051 2018-02-28

THO104
- 58 -

A compound more preferred as the compound of the
present invention of formula (I) is a compound or a salt
thexreof, wherein
X is a piperidinyl group;

Y is
[0100]
2,
[0101]

Z1, 23, Z3, and Z; are the same as or different from each
other and each are a hydrogen atom, a fluorine atom, a
c¢hlorine atom, a bromine atom, a methoxy group, a
fluoromethoxy group, a difluoromethoxy group, or a methyl
group, or Z; and Z,, or Z; and Z; optiomally form,
together with the respective carbon atoms bonded thereto,
a benzene ring;

W is -CH;-;

nis 0;

R; is an amino group; and

each of R, and R; is a methyl group.

[0102]

Specific examples of the compound of the present
invention can include, but are not limited to, Example
compounds 1 to 79 produced in Examples mentioned later.

Among them, preferred examples of the compound of

the present invention can include the following:
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(1) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-bromo-

4- (2- (dimethylamino) -2-oxoethyl) -2-methylphenyl) -1H-
pyrazolo[3,4-d]pyrimidine-3-~carboxamide,

(2) {(R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(2-chloro-
4- (2- (dimethylamino) -2-oxoethyl) -5-methylphenyl) -1H-
pyrazolo([3,4-d]pyrimidine-3-carboxamide,

(3) (R)-1-(1l-acryloylpiperidin-3-yl)-4-amino-N-(2-chloro-
4-(2- (dimethylamino) -2-oxoethyl) -3-methylphenyl) -1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

{4) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino) -2-oxoethyl) -2-methylphenyl) -1H-
pyrazolo([3,4-dlpyrimidine~-3-carboxamide,

(5) (R)-1-(1-acryloylpiperidin-3-yl)-4-amino-N- (4-(2-
{dimethylamino) -2~-oxoethyl)naphthalen-1-yl) -1H-
pyrazolo(3,4-d]lpyrimidine-3-carboxamide,

(6) (R)-1-(l-acryloylpiperidin-3-y1l)-4-amino-N-(2-chloro-
4-(2- (dimethylamino) -2-oxoethyl)phenyl) -1H-pyrazolof3,4-
dlpyrimidine-3-carboxamide,

(7} (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
{(dimethylamine) -2-oxoethyl) ~2-methoxyphenyl) ~1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(8) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(3-chloro-
4-(2- (dimethylamino) -2-oxoethyl)phenyl) -1H-pyrazolo[3, 4~
dlpyrimidine-3-carboxamide,

(9) (R)}-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(5-chloro-
4-(2- (dimethylamino) -2-oxoethyl) -2-methoxyphenyl) -1H-

pyrazolo(3,4-dlpyrimidine-3-carboxamide,
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(10) (R)-1-(1-acryloylpiperidin-3-vyl)-4-amino-N- (4-(2-
(dimethylamino) -2-oxoethyl) -5-fluoro-2-methylphenyl) -1H-
pyrazolo(3,4-dlpyrimidine-3-carboxamide,
(11) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(3-
chloro-4-(2- (dimethylamino) -2-oxoethyl) -2-methoxyphenyl) -
1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide,
(12) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-{(4-(2-
(dimethylamino) -2-oxoethyl) -3-fluoro-2-methylphenyl) - 1H-
pyrazolo[3,4-dlpyrimidine-3-carboxamide,
(13) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino) -2-oxoethyl) -2, 3-dimethylphenyl) -1H~
pyrazolo[3,4-d]pyrimidine-3-carboxamide,
(14) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (4-(2-
(dimethylamino) -2-oxoethyl) -3-fluoro-2-methoxyphenyl) -1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide,
(15) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(2-
(difluoromethoxy) -4~ (2- (dimethylamino) -2~
oxoethyl)phenyl) -1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,
(16) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (4-{2-
{@dimethylamino) -2-oxoethyl) -2- (£1luoromethoxy) phenyl) -1H-
pyrazolo[3,4-d] pyrimidine-3-carboxamide,
(17) (R)-l-(l-acryloylpiperidin-3-yl)-4-amino-N- (2-bromo-
4-(2- (dimethylamino) -2-oxoethyl)phenyl) -1H-pyrazole[3,4-
d] pyrimidine-3-carboxamide,
(18) (R)-1-(1-acryloylpiperidin-3-yl)-4-amino-N-(2-
chloro-4-(2- (dimethylamino) -2-oxoethyl) -5-£f1luorophenyl) -

1H-pyrazolo[3,4-d]lpyrimidine-3-carboxamide,
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(19) (R)-1-(1-acryloylpiperidin-3-yl)-4-amino-N- (5~

chloro-4- (2- (dimethylamino) -2-oxcethyl) -2-methylphenyl) -
1H-pyrazolo(3,4-d]pyrimidine-3-carboxamide, and
(20) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(2,5-
dichloro-4- (2- (dimethylamino) -2-oxoethyl) phenyl) -1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide.
[0103]
Next, the method for producing the compound
according to the present invention will be described.
The compound (I) of the present invention can be
produced by, for example, a production method given below
or method shown in Examples. However, the method for
producing the compound (I) of the present invention is
not limited to these reaction examples.
{0104]

(Production method 1)

Re . PrvCHal i cooH
1
("l) N X alcohol  hydrolysis N7
N7 A\ Y y‘ “\ P /N
N N

m N
N 2 \
N H (CHz)n (C\Hz)n
X., X.
(n av P v
Ri coOM Ri  cooH
N7y
deprotection m):dN
— k — = N
3 wHﬂn 4 (g?m o
) i

[0105]
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wherein I, and L, are the same as or different from each

other and each represent a leaving group; P: represents a
protective group for the amino group contained in X; and
X, Y, and n are as defined above.

[0106]

{1st step)

This step is a step of producing a compound of
formula (IV) using compounds of formula (Ii) and the
formula (III).

In the formula (II), the leaving group represented
by 1, is preferably a bromine atom or an iodine atom.
This compound is a commercially available product or can
be produced according to a method known in the art.

In the formula (III), examples of the leaving group
of I, include a chlorine atom, a bromine atom, an iodine
atom, methanesulfonate, and p-toluenesulfonate. This
compound is a commercially available product or can be
produced according to a method known in the art.

The compound of formula (III) can be used at from 1
to 10 mol, preferably from 1 to 5 mol, with respect to 1
mol of‘the compound of formula (II).

When the compound of formula (IITI) is used as an
alkylation reagent, this step can be carried out in the
presence of a base.

' [0107]

Examples of the base include: inorganic bases such

as sodium bicarbonate, sodium carbonate, potassium

carbonate, cesium carbonate, cesium hydroxide, sodium
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hydride, and potassium hydride; and organic amines such

as trimethylamine, triethylamine, tripropylamine,
diisopropylethylamine, N-methylmorpholine, pyridine, 4-
(N,N~dimethylamino)pyridine, lutidine, and collidine.
Potassium carbconate is preferred.

The amount of the base used can be from 1 to 100 mol,
preferably from 2 to 10 wmol, with respect to 1 mol of the
compound of formula (II).

[0108]

Examples of the solvent include: aprotic polar
solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide, dimethyl sulfoxide, and N-
methylpyrrolidin-2-one; ethers such as tetrahydrofuran
and 1,4-dioxane; and nitriles such as acetonitrile.

These solvents can be used alone or as a mixture. N,N-
Dimethylacetamide is preferred.
[0109]

The reaction time is preferably from 0.1 to 100
hours, more preferably from 0.5 to 24 hours. The
reaction temperature is preferably from 0°C to the
boiling temperature of the solvent, more preferably from
0 to 100°C.

Thus-obtained compound of formula (IV) can be
isolated and purified by a separation and purification
approach known in the art mentioned later or can be
subjected to a subsequent step without being isolated and
purified.

[0110]
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(2nd step)

This step is a step of producing a compound of
formula (V) by reacting the compound of formula (IV) with,
for example, a transition metal and, if necessary, a base,
in a solvent which has no side reaction in the presence
of an alcohol in a carbon monoxide atmosphere.

In this step, the pressure of the carbon monoxide is
usually from 1 atm to 10 atm, preferably from 1 atm to 5
atm.

The amount of the alcohol compound used can be from
1 to 10 mol, preferably from 1 to 5 mol, with respect to
1 mol of the compcund of formula (IV). Examples of the
alcohol compound include methanol, ethanol, propanol,
isopropyl alcohol, diethylaminoethanol, isobutanol, 4-(2-
hydroxyethyl)morpholine, 3-morpholinopropanol, and
diethylaminoprcpanol.
[0111]

The transition metal which may be used in this step
is, for example, a palladium catalyst (e.g., palladium
acetate, tris(dibenzylideneacetone)dipalladium,
bis (triphenylphosphine)palladium(II) dichloride, a 1,1'-
bis (diphenylphosphino) ferrocene-palladium(II) dichloride-
dichloromethane complex). If necessary, a ligand (e.g..
triphenylphosphine, xantphos, tri-tert-butylphosphine) is
added.

The amount of the transition metal used differs by
the type of thé catalyst and is usually from 0.0001 tc 1

mol, preferably from 0.001 to 0.5 mol, with respect to 1
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mol of the compound of formula (IV). The amount of the

ligand used is usually from 0.0001 to 4 mol, preferably
from 0.01 to 2 mol, with respect to 1 mol of the compound
of formula (IV).

[0112]

For the reacticn, if necessary, a base can be added.
Examples of the base include: organic bases such as
triethylamine, diisopropylethylamine, pyridine, lutidine,
collidine, 4-dimethylaminopyridine, N-methylmorpholine,
potassium tert-butyrate, sodium tert-butyrate, sodium
methoxide, sodium ethoxide, lithium hexamethyldisilazide,
sodium hexamethyldisilazide, potassium
hexamethyldisilazide, and butyllithium; and inorganic
bases such as sodium bicarbonate, sodium carbonate,
potassium carbonate, cesium carbonate, sodium hydroxide,
and sodium hydride.

The amount of the base used is usually from 0.1 to
50 mol, preferably from 1 to 20 mol, with respect to 1
mol of the compound of formula (IV).

[0113]

The reaction solvent is not particularly limited as
long as thé solvent does not interfere with the reaction.
Examples thereof include hydrocarbons {e.g., benzene,
toluene, xylene), nitriles (e.g., acetonitrile), ethers
(e.g., dimethoxyethane, tetrahydrofuran, 1,4-dioxane),
alcochols (e.g., methanol, ethanol), aprotic polar

solvents {e.g., dimethylformamide, dimethylacetamide, N-
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methylpyrrolidinone, dimethyl sulfoxide,

hexamethylphosphoramide), water, and mixtures thereof.
[0114]

The reaction time is preferably from 0.1 to 100
hours, more preferably from 0.5 to 24 hours.

The reaction temperature is from 0°C to the boiling
temperature of the solvent, preferably from 0 to 150°C.
[0115]

After this reaction, an ester mixture corresponding
to the carboxylic acid compound (V) and the alcohol used
is formed. Therefore, this ester wmixture is converted to
a compound of formula (V) through hydrolysis reaction.

The hydrolysis reaction is carried out using a base.
Examples of the base include: organic bases such as
diethylamine, diisopropylamine, potassium tert-butyrate,
sodium tert-butyrate, sodium methoxide, sodium ethoxide,
lithium hexamethyldisilazide, sodium hexamethyldisilazide,
potassium hexamethyldisilazide, and butyllithium; and
inorganic bases such as sodium bicarbonate, sodium
carbonate, potassium carbonate, cesium carbonate, and
sodium hydroxide.

[011e]

The reaction solvent is not particularly limited as
long as the solvent does not interfere with the
hydrolysis reaction. Examples thereof include
hydrocarbons (e.g., benzene, toluene, xylene), nitriles
(e.g., acetonitrile), ethers (e.g., dimethoxyethane,

tetrahydrofuran, 1,4-dioxane), alcochols (e.g., methanol
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and ethanol), aprotic polar solvents (e.g.,

dimethylformamide, dimethylacetamide, N-
methylpyrrolidincone, dimethyl sulfoxide,
hexamethylphosphoramide), water, and mixtureé thereof.
[0117]

The hydrolysis reaction time is preferably from 0.1
to 100 hours, more preferably from 0.5 to 24 hours.

[0118]

The hydrolysis reaction temperature is from 0°C to
the boiling temperature of the solvent, preferably from 0
to 150°C.

Thus-obtained compound of formula (V) can be
isolated and purified by a separation and purification
approach known in the art wmentioned later or can be
subjected to a subsequent step without being isolated and
purified.

[0119]
{(3rd step)

This step is a step of producing a compound of
formula (V1) by deprotecting the protected amino group in
the compound of formula (V).

The deprotection method can be carried out by an
ordinary method known in the art, for example, a method
described in Protective Groups in Organic Synthesis, T.W.
Greene, John Wiley & Sons, Inc. (1981) or a method
equivalent thereto. Examples of the protective group

include tert-butyloxycarbonyl.
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When a tert-butyloxycarbonyl group is used as the

protective group, the deprotection is preferably
performed under acidic conditions. Examples of the acid
include hydrochloric acid, acetic acid, trifluoroacetic
acid, sulfuric acid, methanesulfonic acid, and tosylic
acid. Alternatively, deprotection using Lewis acid is
also preferred. Examples thereof include trimethylsilyl
iodide and a boron trifluoride-diethyl ether complex.

The amount of the acid used is preferably from 1 to
100 mol, with respect to 1 mol of the compound of formula
(V).
fo120]

The reaction solvent is not particularly limited as
long as the solvent does not interfere with the reaction.
Examples of the solvent used include alcohols {(e.g.,
methanol), hydrocarbons (e.g., benzene, toluene, xylene),
halogenated hydrocarbons (e.g., methylene chloride,
chloroform, 1,2-dichloroethane), nitriles (e.g.,
acetonitrile), ethers (e.g., dimethoxyethane,
tetrahydrofuran), aprotic polar solvents (e.g., N,N-
dimethylformamide, dimethyl sulfoxide,
hexamethylphosphoramide), and mixtures thereof.

[0121]

The reaction time is preferably from 0.1 to 100
hours, more preferably from 0.5 to 24 hours.

The reaction temperature is from 0 to 120°C,

preferably from 0 to 90°C.
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Thus-obtained compound of formula (VI) can be

isolated and purified by a separation and purification
approach known in the art mentioned later or can be
subjected to a subsequent step without being isolated and
purified.

[0122]

{4th step)

This step is a step of producing a compound of
formula (VII) through the coﬁdensing reaction of the
compound of formula (VI) with a carboxylic acid
represented by Y-COOH or an acid halide represented by Y-
C(=0)-L (L represents a chlorine atom or a bromine atom).

When the carboxylic acid represented by Y-COOH is
used as a reagent, the reaction is cairied out using from
0.5 to 10 mol, preferably from 1 to 3 mol, of the
carboxylic acid with respect to 1 mol of the compound of
formula (VI) in the presence of an appropriate condensing
agent.

This carboxylic acid is a commercially available
product or can be produced according to a method known in
the art.

[0123]

The reaction sclvent is not particularly limited as
long as the solvent does not interfere with the reaction.
Preferred examples therecf include: alcohols such as
isopropanol and tert-butyl alcohol; hydrocarbons such as
toluene and benzene; halogenated hydrocarbons such as

methylene chloride and chloroform; ethers such as
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tetrahydrofuran and 1,4-dioxane; aprotic polar solvents
such as dimethylformamide, dimethylacetamide, N-
methylpyrrolidinone, and dimethyl sulfoxide; and mixed
solvents thereof.

[0124]

The reaction temperature is usually from -78 to
200°C, preferably from 0 to 50°C.

The reaction time is usually from 5 minutes to 3
days, preferably from 5 minutes to 10 hours.

[0125]

Examples of the condensing agent include
diphenylphosphoryl azide, N,N'-dicyclohexylcarbodiimide,
benzotriazol;l-yloxy—trisdimethylaminophosphonium salt,
4-(4,6-dimethoxy-1,3,5-triazin-2-yl) -4-methylmorpholinium
chloride, l-ethyl-3-(3-dimethylaminopropyl)carbodiimide,
a combination of l-ethyl-3-(3-
dimethylaminopropyl) carbediimide and 1-
hydroxybenzotriazole, 2-chloro-1,3-dimethylimidazolinium
chloride, and 0O-(7-azabenzotriazol-1-yl)-N,N,N' N'-
tetramethylhexauronium hexafluorophosphate.
fo126]

For the reaction, if necessary, a base can be added.
Examples of the base include: organic bases such as
triethylamine, diisopropylethylamine, pyridine, lutidine,
collidine, 4-dimethylaminopyridine, potassium tert-
butyrate, sodium tert-butyrate, sodium methoxide, sodium
ethoxide, lithium hexamethyldisilazide, sodium

hexamethyldisilazide, potassium hexamethyldisilazide, and
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butyllithium; and inorganic bases such as sodium

bicarbonate, sodium carbonate, potassium carbonate,
cesium carbonate, sodium hydroxide, and sodium hydride.

The amount of the base used is preferably from 1 to
100 mol, more preferably from 1 to 10 mol, with respect
to 1 mol of the compound of formula (VI).

[0127]

When the acid halide represented by Y-C(=0)-I1. {L
represents a chlorine atom or a bromine atom) is used as
a reagent, the reaction is carried out using from 0.5 to
5 mol, preferably from 0.2 to 1.1 mol, of the acid halide
with respect to 1 mol of the compound of formula (VI).

This acid halide is a commercially available product
or can be produced according to a method known in the art.
[0128]

The reaction sblvent is not particularly limited as
long as the solvent does not interfere with the reaction.
Preferred examples thereof include: water; hydrocarbons
such as toluene and benzene; halogenated hydrocarbons
such as methylene chloride and chloroform; ethexrs such as
tetrahydrofuran and 1,4-dioxane; nitriles such as
acetonitrile; aprotic polar solvents such as
dimethylformamide, dimethylacetamide, and N-
methylpyrrolidinone; and mixed solvents thereof.

[0129]

The reaction temperature is usually from -78 to

200°C, preferably from -20 to 50°C.
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The reaction time is usually from 5 minutes to 3
days, preferably from 5 minutes to 10 hours.
[0130]

For the reaction, if necessary, a base can be added.
Examples of the base include: organic bases such as
triethylamine, diisopropylethylamine, pyridine, lutidine,
collidine, 4-dimethylaminopyridine, potassium tert-
butyrate, sodium tert-butyrate, sodium methoxide, sodium
ethoxide, lithium hexamethyldisilazide, sodium
hexamethyldisilazide, potassium hexamethyldisilazide, and
butyllithium; and inorganic bases such as sodium
bicarbonate, sodium carbonate, potassium carbonate,
cesium carbonate, sodium hydroxide, and sodium hydride.

The amount of the base used is preferably from 1 to
100 mol, more preferably from 1 to 10 mol, with respect
to 1 mol of the compound of formula (VI).

Thus-obtained compound of formula (VII) can be
isclated and purified by a separation and purification
approach known in the art mentioned later.

[0131]



CA 02997051 2018-02-28

THO104

- 73 -
(Production method 2)
RS\NfRz
WH o={
W
z, 2,
WH
Z4 Z3
Ri  COOH z, Z; R3‘NJ\L3 2
2 0. Z4 {
N 0
L N N 24 vy R NH R R NH 2
N~ N —_— N
D
(CHz)n 5 1§ N 6 N| “N
\ N/ N k P ,
~° ‘ N
(CHaln {CHan

vy X~° \x~f°
™ o Y
[0132]
wherein L, represents a leaving group; and X, Y, 21, Za,
Z3, Z4, W, n, Ri, Ry, and R; are as defined above.
[0133]
(5th step)

This step is a step of producing a compound of
formula (IX) through the condensing reaction of a
compound of formula (VII) with a compound of formula
(VIII).

The reaction is carried ocut using from 0.5 to 10 mol,
preferably from 1 to 3 mol, of the compound of formula
(VIII) with respect to 1 mol of the compound cf formula
(VITI) in the presence of an appropriate condensing agent
as a reagent. This aniline compound is a commercially
available product or can be produced according to a
method known in the art.

[0134]
The reaction solvent is not particularly limited as

long as the solvent does not interfere with the reaction.
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Preferred examples thereof include isopropanol, tert-
butyl alcohol, toluene, benzene, methylene chloride,
chloroform, tetrahydrofuran, 1,4-dioxane,
‘dimethylformamide, dimethylacetamide, N-
methylpyrrolidinone, dimethyl sulfoxide, and mixed
sclvents thereof.

[0135]

The reaction temperature is usually from -78 to
200°C, preferably from 0 to 50°C.

The reaction time is usually from 5 minutes to 3
days, preferably from 5 minutes to 10 hours.

[0136]

Examples of the condensing agent include
diphenylphosphoryl azide, N,N'-dicyclohexylcarbodiimide,
benzotriazol-1l-yloxy-trisdimethylaminophosphonium salt,
4-(4,6-dimethoxy-1,3,5-triazin-2-yl) -4-methylmorpholinium
chloride, 1l-ethyl-3-(3-dimethylaminopropyl)carbodiimide,
a combination of l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide and 1-
hydroxybenzotriazole, 2-chloro-1,3-dimethylimidazolinium
chloride, and O-(7-azabenzotriazol-1-yl)-N,N,N' N'-
tetramethylhexauronium hexafluorophosphate.

[0137]

For the reaction, if necessary, a base can be added.
Examples of the base include: organic bases such as
triethylamine, diisopropylethylamine, pyridine, lutidine,
collidine, 4-dimethylaminopyridine, potassium tert-

butyrate, sodium tert-butyrate, sodium methoxide, sodium
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ethoxide, lithium hexamethyldisilazide, sodium

hexamethyldisilazide, potassium hexamethyldisilazide, and
butyllithium; and inorganic bases such as sodium
bicarbonate, sodium carbonate, potassium carbonate,
cesium carbonate, sodium hydroxide, and sodium hydride.

The amount of the base used is from 1 to 100 mol,
preferably from 1 to 10 mol, with respect to 1 mol of the
compound of formula (VII).

Thus-obtained compound of formula (IX) can be
isolated and purified by a separation and purification
approach known in the art mentioned later or can be
subjected to a subsequent step without being isolated and
purified.

(0138]
(6th step)

This step is a step of producing the compound of the
present invention of formula (I) from the compound of
formula (IX) and a compound of formula (X). |

In the formula (X), the leaving group represented by
Ly is preferably chlorine, bromine, iodine,
methanesulfonic acid ester, or p-toluenesulfonic acid
ester. The compound of formula (X) is a commercially
available product or can be produced according to a
method known in the art.

The compound of formula (X) can be used at from 1 to
10 mol, preferably from 1 to 5 mol, with respect to 1 mol
of the compound of formula (IX).

[0139]
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For the reaction, if necessary, a base can be added.

Examples of the base include: inorganic bases such as
sodium bicarbonate, sodium carbonate, potassium carbonate,
cesium carbonate, cesium hydroxide, sodium hydride, and
potassium hydride; and organic amines such as
trimethylamine, triethylamine, tripropylamine,
diisopropylethylamine, N-methylmorphcline, pyridine, 4-
(N, N-dimethylamino) pyridine, lutidine, and collidine.

The amount of the base used can be from 1 to 100 mol,
preferably from 2 to 10 mol, with respect to 1 mol of the
compound of formula (IX).

[0140]

Examples of the solvent which can be used include
N,N-dimethylformamide, N,N-dimethylacetamide, dimethyl
sulfoxide, tetrahydrofuran, 1,4-dioxane, N-
methylpyrrolidin-2-one, acetonitrile, and mixed solvents
thereof.

[0141]

The reaction time is preferably from 0.1 to 100
hours, more preferably from 0.5 to 24 hours.

The reaction témperature is from 0°C to the boiling

temperature of the solvent, preferably from 0 to 100°C.

Thus-obtained compound of formula (I) can be
isolated and purified by a separation and purification
approach known in the art mentioned later.

[0142]
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Also, the compound (I) of the present invention can

be produced by, for example, the following production
method:
f0143]

(Production method 3)

OH Rz~ R
o) N-R )
2> R o ox( T2 o,
, Rs Z1 W reductive reaction Zy w
—_— —_—

2 Z3 7 Zy Zs Zy 7
OzN p4 8

4 ON 7, HN 7,
[0144]

wherein 2., Z», Zi, Z4, W, Rz, and R; are as defined above.

[0145]
(7th step)

This step is a step of producing a compound of
formula (XIII) through the condensing reaction of a
compound of formula (XI) with a compound of formula (XII).

The reaction is carried out using from 0.5 to 10 mol,
preferably from 1 to 3 mol, of the compound of formula
(XII) with respect to 1 mol of the compound of formula
(XI) in the presence of an appropriate condensing agent
as a reagent. This amine (XII) is a commercially
avallable product or can be produced according to a
method known in the art.

[0146]

The reaction solvent is not particularly limited as

long as the solvent does not interfere with the reaction.

Preferred examples thereof include isopropanol, tert-
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butyl alcohol, toluene, benzene, methylene chloride,

chlorocform, tetrahydrofuran, 1,4-dioxane,
dimethylformamide, dimethylacetamide, N~
methylpyrrolidinone, dimethyl sulfoxide, and mixed
solvents thereof.

[0147]

The reaction temperature is usually from -78 to
200°C, preferably from 0 to 50°C.

The reaction time is usually from 5 minutes to 3
days, preferably from 5 minutes to 10 hours.

[01458]

Examples of the condensing agent include
diphenylphosphoryl azide, N,N'-dicyclohexylcarkodiimide,
benzotriazol-l-yloxy-trisdimethylaminophosphonium salt,
4-(4,6-dimethoxy-1,3,5-triazin-2~yl) -4-methylmorpholinium
chloride, l-ethyl-3-(3-dimethylaminopropyl)carbodiimide,
a combination of l-ethyl-3-(3-
dimethylaminopropyl) carbodiimide and 1-
hydroxybenzotriazole, 2-chloro-1,3-dimethylimidazolinium
chloride, and 0O-{7-azabenzotriazol-1-yl)}-N,N,N' N'-~
tetramethylhexauronium hexafluorophosphaﬁe.

(0149]

For the reaction, if necessary, a base can be added.
Examples of the base include: organic bases such as
triethylamine, diisopropylethylamine, pyridine, lutidine,
collidine, 4-dimethylaminopyridine, potassium texrt-
butyrate, sodium tert-butyrate, sodium methoxide, sodium

ethoxide, lithium hexamethyldisilazide, sodium
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hexamethyldisilazide, potassium hexamethyldisilazide, and

butyllithium; and inorganic bases such as sodium
bicarbonate, sodium carbonate, pctassium carbonate,
cesium carbonate, sodium hydroxide, and sodium hydride.

The amount of the base used is from 1 to 100 mol,
preferably from 1 to 10 mol, with respect to 1 mol of the
compound of formula (XI).

Thus-obtained compound of formula (XIII) can be
isolated and purified by a separation and purification
appreach known in the art mentioned later or can be
subjected to a subseguent step without being isolated and
purified.

[0150]
(8th step)

This step is a step of producing a compound of
formula (XIV) through the reduction reaction of the
compound of formula (XITITI) using a metal catalyst.

The metal catalyst for use in this step is an iron
reagent, a palladium reagent, a nickel reagent, or the
like. Hydrogen gas, formic acid, or the like can be used
as a reducing agent.

The reaction solvent is not particularly limited as
long as the solvent does not interfere with the reaction.
Examples thereof include alcohols (e.g., methanol,
ethanol), ethers (e.g., tetrahydrofuran, 1,4-dioxane),
aprotic polar solvents (e.g., dimethylformamide,

dimethylacetamide, N-methylpyrrolidinone, dimethyl
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sulfoxide, hexamethylphosphoramide), water, and mixtures

thereof.
[0151]

The reaction time is preferably from 0.1 to 100
hours, more preferably from 0.5 to 24 hours.

The reaction temperature is from 0°C to the boiling
temperature of the solvent, preferably from 0 to 150°é.
Thus-obtained compound of formula (XIV) can be
igolated and purified by a separation and purification
approach known in the art mentioned later.

[0152]

(Production method 4)

o]
RT\NJLL e} R3\N R%N
Zs wWH R, “Re o~ “Rq
ZzQ red uctive reaction Zy W
oN 3, Q Zs
HsN Zs
xv) ey (Xiv)

[0153]

wherein l; represents a leaving group; and Z;, Z;, 23, 24,
W, Rz, and R, are as defined above.

[0154]

(9th step)

This step is a step of producing a compound of
formula (XIII) from a compound of formula (XV) and a
compound of formula (X).

The compound of formula (X) can be used at from 1 to
10 mol, preferably from 1 to 5 mol, with respect to 1 mol

of the compound of formula (XV}.
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[0155]

Examples of the reagent for use in the reaction
include dialkylcarbamoyl chloride, S-methyl
dialkylcarbamoyl ester, and dichloromethylene
dialkyliminium chloride. These reagents are commercially
available products or can be produced according to a
method known in the art.

The reagent can be used atvfrom 1 to 100 mol,
preferably from 2 to 10 mol, with respect to 1 mol of the
compound of formula (XV).

[01556]

For the reaction, if necessary, a base can be added.
Examples of the base include: inorganic bases such as
sodium bicarbonate, sodium carbonate, potassium carbonate,
cesium carbonate, cesium hydroxide, sodium hydride, and
potassium hydride; and organic amines such as
trimethylamine, triethylamine, tripropylamine,
diisopropylethylamine, N-methylmorpholine, pyridine, 4-
(N,N-dimethylamino)pyridine, lutidine, and collidine.

The amount of the base used can be from 1 to 100 mol,
preferably from 2 to 10 mol, with respect to 1 mol of the
compound of formula (XV).

[0157]

Examples of the reaction solvent which can be used
include N,N-dimethylformamide, N,N-dimethylacetamide,
dimethyl sulfoxide, tetrahydrofuran, 1,4-dioxane, N-
methylpyrrolidin-2-one, acetonitrile, and mixed solvents

thereof.
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[0158]

The reaction time is preferably from 0.1 to 100
hours, more preferably from 0.5 to 24 hours.

The reaction temperature is from 0°C to the boiling
temperature of the solvent, preferably from 0 to 100°C.

Thus-obtained compound of formula (XIII) can be
isolated and purified by a separation and purification
approach known in the art mentioned later or can be
subjected to a subsequent step without being isolated and
purified.

[0159]
(Loth step)

This step is a step of producing a compound. of
formula (XIV) through reduction reaction from the
compound of formula (XIII). This compound can be
produced by the same production method as in the 8th step
described above.

[0160]

{Production method 5)

‘Nng
o
R3\N-—-R2 z, w
o=, Zs
Z, Zy
Ri cooH Z 0 7,
N Z; Ry NH
P, L NN {
N7 N 11 N
(GHan NTTN
x\fo (CH)n
0
Y X
Y

(Vi) U)
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[0161]

wherein X, 2i, Z;, 23, 24, W, n, Ri, Ro, and R; are as
defined above.

[0162]

(11th step)

This step is a step of producing the compound of the
present invention of formula (I) through the condensing
reaction of a compound of formula (VII) with a compound
of formula (XIV).

The reaction is carried out using from 0.5 to 10 mol,
preferably from 1 to 3 mol, of the compound of formula
(XIV) with respect to 1 mol of the compound of formula
(VIT) in the presence of an appropriate condensing agent
as a reagent. |
[0163]

The reaction solvent is not particularly limited as
long as the solvent does not interfere with the reaction.
Preferred examples thereof include isopropanol, tert-
butyl alcohol, toluene, benzene, methylene chloride,
chloroform, tetrahydrofuran, 1,4-dioxane,
dimethylformamide, dimethylacetamide, N-
methylpyrrolidinone, dimethyl sulfoxide, and mixed
solvents thereof.

[0164]

The reaction temperature is usually from -78 to
200°C, preferably from 0 tc 50°C.

The reaction time is usually from 5 minutes to 3

days, preferably from 5 minutes to 10 hours.
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[0165]

Examples of the condensing agent include
diphenylphosphoxyl azide, N,N'-dicyclohexylcarbodiimide,
benzotriazol-1—yloxy-trisdimethylaminophosphonium salt,
4-(4,6-dimethoxy-1,3,5-triazin-2-yl) -4-methylmorpholinium
chloride, l-ethyl-3-(3-dimethylaminopropyl)carbodiimide,
a combination of l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide and 1-
hydroxybenzotriazole, 2-chloro-1,3-dimethylimidazolinium
chloride, and 0O-(7-azabenzotriazol-1-yl)-N,N,N' N'-
tetramethylhexauronium hexafluorophosphate.

[0166]

For the reaction, if necessary, a base can be added.
Examples of the base include: organic bases such as
triethylamine, diisopropylethylamine, pyridine, lutidine,
collidine, 4-dimethylaminopyridine, potassium tert-
butyrate, sodium tert-butyrate, sodium methoxide, sodium
ethoxide, lithium hexamethyldisilazide, sodium
hexamethyldisilazide, potassium hexamethyldisilazide, and
butyllithium; and inorganic bases such as sodium
bicarbonate, sodium carbonate, potassium carbonate,
cesium carbonate, sodium hydroxide, and sodium hydride.

The amount of the base used is from 1 to 100 mol,
preferably from 1 to 10 mol, with respect to 1 mol of the
compound of formula (VII).

Thus-obtained compound of the present invention of

formula (I) can be isclated and purified by a separation
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and purification approach known in the art mentioned

later.
[0167]

In Production methods 1 to 5 described above, when
it comes to an amino group, an imino group, a hydroxy
group, a carboxyl group, a carbonyl group and an amide
group, and a functional group having an active proton
such as indole, a reagent protected in an appropriate
step in each production method may be used, or a
protective group thereof may be introduced to the
functional group by a conventional method and then the
protective group may be removed.

The “"protective group for the aminoc group or the
imino group" is not particularly limited as long as the
protective group has the function. Examples thereof
include: aralkyl groups such as a benzyl group, a p-
methoxybenzyl group, a 3,4-dimethoxybenzyl group, a o-
nitrobenzyl group, a p-nitrobenzyl group, a benzhydryl
group, a trityl group, and a cumyl group; lower alkanoyl
groups such as a formyl group, an acetyl group, a
propionyl group, a butyryl group, a pivaloyl group, a
trifluoroacetyl group, and a trichloroacetyl group; a
benzoyl group; arylalkanoyl groups such as a phenylacetyl
group and a phenoxyacetyl group; lower alkoxycarbonyl
groups such as a methoxycarbonyl group, an ethoxycarbonyl
group, a propyloxycarbonyl group, and a tert-
butoxycarbonyl group; aralkyloxycarbonyl groups such as a

p-nitrobenzyloxycarbonyl group and a phenethyloxycarbonyl
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group; lower alkylsilyl groups such as a trimethylsilyl

group and a tert-butyldimethylsilyl group; a
tetrahydropyranyl group; a trimethylsilylethoxymethyl
group; lower alkylsulfonyl groups such as a
methylsulfonyl group, an ethylsulfonyl group, and a tert-
butylsulfonyl group; lower alkylsulfinyl groups such as a
tert-butylsulfinyl group; arylsulfonyl groups such as a
benzenesulfonyl group and a toluenesulfonyl group; and
imide groups such as a phthalimide group. Particularly,
a trifluorocacetyl group, an acetyl group, a tert-
butoxycarbonyl group, a benzyloxycarbonyl group, a
trimethylsilylethoxymethyl group, or a cumyl group is
preferred.

[0168]

The "protective group for the hydroxy group® is not
particularly limited as long as the protective group has
the function. Examples thereof include: lower alkyl
groups such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, and a tert-butyl group; lower
alkylsilyl groupsg such as a trimethylsilyl group and a
tert-butyldimethylsilyl group; lower alkoxymethyl groups
such as a methoxymethyl group and a 2-methoxyethoxymethyl
group; a tetrahydropyranyl group; a
trimethylsilylethoxymethyl group; aralkyl groups such as
a benzyl group, a p-methoxybenzyl group, a 2,3-
dimethoxybenzyl group, a o-nitrobenzyl group, a p-
nitrobenzyl group, and a trityl group; and acyl groups

such as a formyl group, an acetyl group, and a
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trifluoroacetyl group. Particularly, a methyl group, a

methoxymethyl group, a tetrahydropyranyl group, a
trimethylsilylethoxymethyl group, a tert-
butyldimethylsilyl group, or an acetyl group is preferred.
[0169]

The tprotective group for the carboxyl group" is not
particularly limited as long as the protective group has
the function. Examples thereof include: lower alkyl
groups such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, and a tert-butyl group; halo-
lower alkyl groups such as a 2,2,2-trichloroethyl group;
lower alkenyl groups such as an allyl group; a
trimethylsilylethoxymethyl group; and aralkyl groups such
as a benzyl group, a p-methoxybenzyl group, a p-
nitrcbenzyl group, a benzhydryl group, and a trityl group.
Particularly, a methyl group, an ethyl group, a tert- '
butyl group, an allyl group, a benzyl group, a p-
methoxybenzyl group, or a trimethylsilylethoxymethyl
group is preferred.

{0170]

The "protective group for the carbonyl group" is not
particularly limited as long as the protective group has
the function. Examples thereof include ketals and
acetals such as ethylene ketal, trimethylene ketal,
dimethyl ketal, ethylene acetal, trimethylene acetal, and
dimethyl acetal.

[0171]
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The “protective group for the amide group or the
functional group having active proton such as indole" is
not particularly limited as long as the protective group
has the function. Examples thereof include: lower alkyl
groups such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, and a tert-butyl group; lower
alkylsilyl groups such as a trimethylsilyl group and a
tert-butyldimethylsilyl group; lower alkoxymethyl groups
such as a methoxymethyl group and a 2-methoxyethoxymethyl
group; a tetrahydropyranyl group; a
trimethylsilylethoxymethyl group; aralkyl groups such as
a benzyl group, a p-methoxybenzyl group, a 2,3-
dimethoxybenzyl group, a o-nitrobenzyl group, a p-
nitrobenzyl group, and a trityl group; and acyl groups
such as a formyl group, an acetyl group, and a
trifluoroacetyl group. Particularly, a methyl group, a
methoxymethyl group, a tetrahydropyranyl group, a
trimethylsilylethoxymethyl group, a tert-
butyldimethylsilyl group, or an acetyl group is preferred.
[0172]

The method for removing the protective group differs
by the type of the protective group, the stability of the
compound of interest, etc., and is carried out according
to, for example, a method described in the literature
(see Protective Groups in Organic Synthesis, 3rd edition,
T.W. Greene, John Wiley & Sons, Inc., 19%9) or a method
equivalent thereto, for example, solvolysis using an acid

or a base, i.e., a method of allowing, for example, 0.01
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mol to a large excess of an acid, preferably
trifluorcacetic acid, formic acid, or hydrochloric acid,
or an equimolar amount to a large excess of a base,
preferably potassium hydroxide or calcium hydroxide, to
act thereon; chemical reduction using a metal halide
complex or the like; or catalytic reduction using a
palladium-carbon catalyst, a Raney™ nickel catalyst, or
the like.

[0173]

The compound of formula (I) of the present invention
and the intermediates thereof can each be isolated and
purified easily by a separation and purification approach
known in the art. Examples of such an approach can
include concentration, concentration under reduced
pressure, solvent extraction, recrystallization,
reprecipitation, preparative reverse-phase high-
performance liquid chromatography, column chromatography,
and preparative thin-layer chromatography.

[0174]

When the compound of the present invention has
optical isomers, stereoisomers, tautomers, or rotational
isomers, any of these isomers and mixtures thereof are
also included in the compound of the present invention.
A racemate of the compound of the present invention or
optically active forms resolved from the racemate are
also included in the compound of the present invention.
These isomers can each be obtained as a single compound

by a synthesis approach and a separation approach

CA 2997051 2019-08-16
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(concentration, solvent extraction, column chromatography,
recrystallization, etc.) known per se in the art.

The compound of the present invention also includes
tautomers.

[0175]

The compound of the present invention or a salt
thereof may be crystalline. A single crystal form or a
polymorphic mixture is also included in the compound of
the present invention or the salt thereof. The crystals
can be produced by crystallization using a
crystallization method known per se in the art. The
compound of the present invention or the salt thereof may
be a solvate (e.g., a hydrate) or may be a non~-solvate.
Both of them are also included in the compound of the
present invention or the salt thereof. A compound
labeled with an isotope (e.g., °H, **c, *°g, ***I) or the
like is alsc included in the compound of the present
invention or the salt thereof.

[0176]

A prodrug of the compound of the present invention
or the salt thereof is also encompassed by the present
invention. The prodrug refers to a compound which is
converted to the compound of the present invention or the
salt thereof through reaction with an enzyme, gastric
juice, or the like under physiological conditions in vivo,
i.e., a compound which is converted to the compound of
the present invention or the salt thereof through

enzymatic oxidation, reduction, hydrolysis, etc., or a
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compound which is converted to the compound of the

present invention or the salt thereof through hydroclysis,
etc., with gastric juice or the like. Alternatively, the
prodrug of the compound of the present invention or the
salt thereof may be converted to the compound of the
present invention or the salt thereof under physioclogical
conditions as described in Hirckawa-Shoten Ltd. (1990)
"Iyakuhin no Kaihatsu (Development of drugs in English)",
Vol. 7, Molecular Design, p. 163-198.

[0177]

The salt of the compound of the present invention is
not particularly limited as long as the salt is
pharmaceutically acceptable. The salt of the compound of
the present invention means a salt routinely used in the
organic chemical field. Examples thereof can include
salts including: when the compound has a carboxyl group,
a base-addition salt of the c¢arboxyl group; and when the
compound has an amino group or a basic heterocyclic group,
an acid-addition salt of the amino group or the basic
heterocyclic group.

Examples of the base-addition salt include: alkali
metal salts such as sodium salt and potassium salt;
alkaline earth metal salts such as calcium salt and
magnesium salt; ammonium salts; and organic'amine salts
such as trimethylamine salt, triethylamine salt,
dicyclohexylamine salt, ethanolamine salt, diethanolamine
salt, triethanolamine salt, procaine salt, and N,N'-

dibenzylethylenediamine salt.
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Examples of the acid-addition salt include:

inorganic acid salts such as hydrochloride, sulfate,
nitrate, phosphate, and perchlorate; organic acid salts
such as acetate, formate, maleate, fumarate, tartrate,
citrate, ascorbate, and trifluoroacetate; and sulfonates
such as methanesulfonate, isethionate, benzenesulfonate,
and p-toluenesulfonate.

[0178]

The compound of the present invention or the salt
therecf has excellent HER2 inhibitory activity. The
compound of the present invention or the salt thereof
also has excellent selectivity for HER2. Thus, the
compound of the present invention or the salt thexeof is
useful as an antitumor agent and also has the advantage
that there are fewer adverse effects ascribable to the
inhibition of other kinases.

In the present specification, the term "HER2"
includes human or nonhuman mammalian HER2 and is
preferably human HER2. The term "HER2" also includes
isoforms.

[0179]

The compound of the present invention or the salt
thereof is useful as a medicament for the prevention or
treatment of a disease involving HER2, because of its
excellent HER2 inhibitory activity.

Examples of the "disease involving HER2" include
diseases in which the functional deletion, suppression,

and/or inhibition of HER2 leads to reduction in incidence,
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remission of symptoms, alleviation, and/or complete cure.

Examples of such a disease include, but are not limited
to, malignant tumor. The disease is preferably malignant
tumor having HER2 overexpression, HER2 gene amplification,
or HER2 mutation. Examples of the targeted "malignant
tumor" include, but are not particularly limited to, head
and neck cancer, esophageal cancer, stomach cancer, colon
cancer, rectal cancer, liver cancer, gallbladder or bile
duct cancer, billary cancer, pancreatic cancer, lung
cancer, breast cancer, ovary cancer, uterine cervical
cancer, uterine body cancer, kidney cancer, bladder
cancer, prostate cancer, testis tumor, bone or soft
tissue sarcoma, blood cancer, multiple myeloma, skin
cancer, brain tumor, and mesothelioma. The malignant
tumor is preferably breast cancer, stomach cancer,
esophageal cancer, ovary cancer, lung.cancer, esophageal
cancer, gallbladder or bile duct cancer, biliary cancer,
bladder cancer, or cclon cancer, more preferably breast
cancer, stomach cancer, escphageal cancer, biliary cancer,
ovary cancer, lung cancer, or esophageal cancer, even
more preferably breast cancer or stomach cancer.

foiso]

For use of the compound of the present invention or
the salt thereof as a medicament, various dosage forms,
if necessary, containing pharmaceutical carriers can be
adopted according to the prophylactic or therapeutic
purposes. The form may be, for example, any of oral

agents, injections, suppositories, ointments, and patches.
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These dosage forms can each be produced by a routine

formulation method known to those skilled in the art.
(0181]

Various organic or inorganic carrier substances
routinely used as pharmaceutical materials are used as
the pharmaceutical carriers. A solid préparation is
supplemented with an excipient, a binder, a disintegrant,
a lubricant, a coating agent, or the like, and a liquid
preparation is supplemented with a solvent, a solubilizer,
a suspending agent, a tonicity agent, a pH adjuster or a
buffer, a soothing agent, or the like. If necessary,
pharmaceutical additives such as.an antiseptic, an
antioxidant, a colorant, a corrigent, and a stabilizer
can also be used.

[0182]

Examples of the excipient include lactose,
saccharose, D-mannitol, starch, crystalline cellulose,
and calcium silicate.

Examples of the binder include
hydroxypropylcellulose, methylcellulose,
polyvinylpyrrolidone, maltose syrup powder, and
hypromellose.

Examples of the disintegrant include sodium starch
glycolate, carmellose calcium, croscarmellose sodium,
crospovidone, low-substituted hydroxypropylcellulose, and

partially pregelatinized staxrch.
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Examples of the lubricant include talc, magnesium

stearate, sucrose fatty acid ester, stearic acid, ahd
sodium stearyl fumarate.

Examples of the coating agent include ethylcellulose,
aminoalkyl methacrylate copolymer RS, hypromellose, and
saccharose.

Examples of the solvent include water, propylene
glycol, and saline.

Examples of the solubilizer include polyethylene
glycol, ethanol, a-cyclodextrin, macrogol 400, and
polysorbate 80.

Examples of the suspending agent include carrageenan,
crystalline cellulose-carmellose sodium, and
polyoxyethylene hydrogenated castor oil.

Examples of the tonicity agent include sodium
chloride, glycerin, and potassium chloride.

Examples of the pH adjuster or the buffer include
sodium citrate, hydrochloric acid, lactic acid,
phosphoric acid, and sodium dihydrogen phosphate.

Examples of the soothing agent include procaine
- hydrochloride and lidocaine. .

Examples of the antiseptic include ethyl p-
hydroxybenzoate, cresol, and benzalkonium chloride.

Examples of the antioxidant include sodium sulfite,
ascorbic acid, and natural vitamin E.

Examples of the colorant include titanium oxide,

iron sesquioxide, Food Blue No. 1, and copper chlorophyll.
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Examples of the corrigent include aspartame,
saccharin, sucralose, l-menthol, and mint flavor.

Examples of the stabilizer include sodium
pyrosulfite, sodium edetate, erythorbic acid, magnesium
oxide, and dibutylhydroxytoluene.

[0183]

An oral solid preparation can be prepared by adding
an excipient, a binder, a disintegrant, a lubricant, a
colorant, a corrigent, or the like to the compound of the
present invention and then producing tablets, coated
tablets, granules, powders, capsules, or the like by a
routine method.

[0184]

An injection can be prepared by adding a pH adjuster,
a buffer, a stabilizer, a tonicity agent, a local
anesthetic, or the like to the compound of the present
invention and producing subcutaneous, intramuscular, and
intravenous injections by a routine method.
[0185]

The amount of the compound of the present invention
to be contained in each dosage unit form described above
varies by the symptoms of a patient to receive this or by
the dosage form, etc., and is generally desirably from
0.05 to 1000 mg for oral agents, from 0.0l to 500 mg for
injections, or from 1 to 1000 mg for suppositories, per
dosage unit form.

[0186]
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The daily dose of the drug having the dosage form

differs by the symptoms, body weight, age, sex, ete., of
the patient and cannot be generalizgd. The daily dose
can be usually from 0.05 to 5000 mg, preferably from 0.1
to 1000 mg, of the compound of the present invention in
an adult (body weight: 50 kg), and this dose is
preferably administered once a day or in approximately

two or three divided portions per day.

[Examples]
[0187]

Hereinafter, the present invention will be described
further specifically with reference to Examples. However,
the present invention is not intended to be limited to
these Examples by any means.

[0188]

Various types of reagents were used in Examples
which were commercially available unless otherwise
specified. Purif-Pack(R) ST manufactured by Moritex
Corp., KP-8il (R} Silica Prepacked Column manufactured by
Biotage Japan Ltd., or HP-Sil(R) Silica Prepacked Column
manufactured by Biotage Japan Ltd. was used in silica gel
column chromatography.

Purif-Pack (R} NH manufactured by Moritex Corp. or
KP~NH(R) Prepacked Cclumn manufactured by Biotage Japan
Ltd. was used in basic silica gel column chromatography.

Kieselgel (TM) 60F254, Art. 5744 manufactured by

Merck KGaA or NH2 Silica Gel 60F254 Plate manufactured by
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Wako Pure Chemical Industries, Ltd. was used in

preparative thin-layer chromatography.

NMR spectra were measured using AL400 (400 MHz; JEOL
Ltd.), Mercury 400 (400 MHz; Agilent Technologies, Inc.)
spectrometer, or Inocva 400 (400 MHz; Agilent Technologies,
Inc.) spectrometer equipped with OMNMR probe (Protasis
Corp.) and using tetramethylsilane as an internal
standard in the case of containing tetramethylsilane in a
deuterated solvent and a NMR solvent as an internal
standard in other cases. Total d values were indicated

by ppm.

Microwave reaction was carried out using Discover s
class manufactured by CEM Corp.
[0189]

LCMS spectra were measured using ACQUITY SQD
(quadrupole type) manufactured by Waters Corp. under the )
following conditions:

Column: YMC-Triart C18 manufactured by ¥YMC Co., Ltd., 2.0
X 50 mm, 1.9 pm

MS detection: ESI positive

UV detection: 254 and 210 nm

Column flow rate: 0.5 mL/min

Mobile phase: water/acetonitrile (0.1% formic acid)
Injection volume: 1 pL

Gradient (table 1)

Time (min) Water Acetonitrile

0 95 5

0.1 95 5
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2.1 5 95
3.0 STOP
f0190]

Reverse-phase preparative HPLC purification was
carried out using a preparative system manufactured by
Waters Corp. under the following conditions:
Column: YMC-Actus Triart C18 manufactured by YMC Co.,
Ltd., 20 x 50 mm, 5 pum and YMC-Actus Triart C18
manufactured by YMC Co., Ltd., 20 x 10 mm, 5 pm connected
for use
UV detection: 254 nm
MS detection: ESI positive
Column flow rate: 25 mL/min
Mobile phase: water/acetonitrile (0.1% formic acid)
Injection volume: 0.1 to 0.5 mL
[0191]

The meanings of abbreviations are as follows:

s: singlet

d: doublet
t: triplet
g: quartet

dd: double doublet
dt: double triplet
td: triple doublet
tt: triple triplet
ddd: double double doublet
ddt: double double triplet

dtd: double triple doublet
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tdd: triple double doublet

m: multiplet

br: broad

brs: broad singlet

DMSO-dg: deuterated dimethyl sulfoxide
CDCl;3: deuterated chloroform

CD;0D: deuterated methanol

THF: tetrahydrofuran

DMF: N,N-dimethylformamide

DMA: N,N-dimethylacetamide

NMP: l-methyl-2-pyrrolidinone

DME: ethylene glycol dimethyl ether

DMSO: dimethyl sulfoxide

TFA: trifluoroacetic acid

WSC: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride

HATU: (dimethylamino)-N,N-dimethyl (3H-
[1,2,3]triazolo[4,5-b]lpyridin-3-yloxy)methaniminium
hexafluorcophosphate

DIPEA: diisopropylethylamine

Boc: tert-butoxycarbonyl group

dppf: 1,1'-bis(diphenylphosphino)ferrocene
[0192]

Reference Example 1 Synthesis of (R)-tert-butyl 3-(4-

amino-3-iodo-1H-pyrazolo[3,4-dlpyrimidin-1-yl)piperidine-

l-carboxylate

[0193]
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[0194]
(Step 1) Synthesis of (S)-tert-butyl 3-
(methylsulfonyloxy)piperidine-1-carboxylate

{S) -N-Bo¢-3-pilperidinol (20 g) was dissolved in
toluene (100 mL). To the solution, triethylamine (21 mL)
and methanesulfonyl chloride (9.2 mL) were added at 0°C.
The mixture was stirred under ice cooling for 1 hour, and
then, ethyl acetate and water were added thereto to
separate an organic layer. The organic layer was washed
with a saturated aqueocus solution of sodium bicarbonate,
a saturated agueous solution of ammonium chloride, and
water and then dried over anhydrous sodium sulfate, and
the solvent was distilled off under reduced pressure to
obtain 26.8 g of the title compound as a colorless solid.
[0195]
(Step 2) Synthesis of (R)-tert-butyl 3-(4-amino-3-iodo-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1l-carboxylate

3-Todo-1H-pyrazolo[3,4-dlpyrimidin-4-amine (l14.6 q)
synthesized by the method described in the pamphlet of
International Publication No. WO 2007/126841, (8)-tert-
butyl 3-{(methylsulfonyloxy)piperidine-1-carboxylate (25
g) obtained in (Step 1), and potassium carbonate (69 g)

were suspended in DMA (150 mL), and the suspension was
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heated to 100°C and stirred for 10 hours. After the
mixture was cooled to room temperature, water (300 mL)
was added thereto, and the precipitated solid was
collected by filtration, washed with water, and then
dried to obtain 26.9 g of the title compound as a yellow
solid.

Physical property value: m/z [M+H]* 446.2

[0196]

Reference Example 2 Synthesis of (R)-4-amino-1-(1-{tert-

butyloxycarbonyl)piperidin-3-vyl) -1H-pyrazolo[3,4-

dl pyrimidine-3-carboxylic acid

[0197]
.j
N .
0a%s
¥
N
r | N‘N
Na 4
NH, /~~OH
[0198]

(R) -tert-Butyl 3-(4-amino-3-iodo-1H-pyrazolol([3,4-
dlpyrimidin-1-yl)piperidine-l-carboxylate (2 g) obtained
in Reference Example 1, 2-diethylaminoethanol (3 mL), and
PA (PPh;),Cl,; (158 mg) were dissolved in NMP (20 mL).

After purging of the system with carbon monoxide, the
solution was heated to 120°C. The solution was stirred
for 1 hour and then cooled to room temperature. Methanol

{10 mL) was added thereto, then a 5 N aqueous sodium
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hydroxide solution (6 mL) was added thereto, and the
mixture was stirred for 10 minutes. After water was
added, the acqueous layer was washed with ethyl acetate
and adjusted to pH 4 with hydrochloric acid, and the
precipitated solid was collected by filtration, washed
with water, and then dried to cbtain 1.26 g of the title
compound as a pale yellow solid.

Physical property value: m/z[M+H]* 363.1

[0199]

Reference Example 3 Synthesig of (R)-1-(1-

acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-

dlpyrimidine-3-carboxylic acid

[0200]
NHzcJ OH
NN
| N
kN/ N‘
()
0=<‘§
[0201]

To (R)-4-amino-1-{(1-(tert-
butyloxycarbbnyl)piperidin-3-yl)-1H-pyrazolo[3,4—
d]lpyrimidine-3-carboxylic acid (10 g) obtained in
Reference Example 2, 4 N hydrochloric acid/l,4-dioxane
(50 mL) was added, and the mixture was stirred for 1 hour.
Then, the solvent was removed with an evaporator.
Chloroform (140 mL) and triethylamine (25 mL) were added

to the residue, and the mixture was cooled in ice,
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followed by adding acryloyl chloride (2.23 mL). The

mixture was stirred for 1.5 hours, and then, the solvent
was removed with an evaporator. To the residue, formic
acid was added until adjusting to pH 2.0, and the mixture
was stirred for 2 hours. Then, the precipitated solid
was collected by filtration and dried under reduced
pressure to obtain 8.93 g of the title compound as a
white-brown solid.

Physical property value: m/z[M+H]* 317.3

[0202]

Reference Example 4 Synthegis of (R)-4-amino-1-{1-(tert-

butyloxycarbonyl)pyrrolidin-3-vl)-1H-pyrazolo[3, 4-

dlpyrimidine-3-carboxylic acid

[0203]

[0204]
(Step 1) Synthesis of (8)-tert-butyl 3-
(methylsulfonyloxy)pyrrolidine-1-carboxylate

(8) - (-) -N-Boc-3-pyrrolidinol (935 mg) was dissolved
in chloroform (15 wmL). To the solution, triethylamine
(1.04 mL) and methanesulfonyl chloride (467 uL) were

added under ice cooling. The mixture was stirred at room
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temperature for 1.5 hours, and then, ethyl acetate and

water were added thereto to separate an organic layer.
The organic layer was washed with a saturated agueous
solution of sodium bicarbcnate, a saturated agueous
solution of ammonium chloride, and water and then dried
over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure to obtain 1.3 g of
the title compound as a colorless oil.
Physical property value: wm/z[M+H]* 266.1
[0205]
{Step 2) Synthesis of (R)-tert-butyl 3-(4-amino-3-iodo-
1H-pyrazolo[3,4-d]lpyrimidin-1-yl)pyrrolidine-1-
carboxylate

3-Iodo-~1H-pyrazolo[3,4-dlpyrimidin-4-amine (20.0 g)
synthesized by the method described in the pamphlet of
International Publication No. WO 2007/126841, (S)-tert-
butyl 3-(methylsulfonyloxy)pyrrolidine-l-carboxylate (23
g) obtained in (Step 1}, and potassium carbonate (32 g)
were suspended in DMA (200 mL), and the suspension was
heated to 85°C and stirred for 3 hours. After the
mixture was cooled to room temperature, water (400 mL)
wag added thereto, and the precipitated soclid was
collected by filtration, washed with water, and then
dried to obtain 23.5 g of the title compound as a pale
vellow solid.
Physical property value: m/z[M+H]* 431.0

[0205]
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{step 3) Synthesis of (R)-4-amino-1-(1-{tert-
butyloxycarbonyl)pyrrolidin-3-yl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid

(R) -tert-Butyl 3-(4-amino-3-iodo-1H-pyrazolo([3,4-
dlpyrimidin-1-yl)pyrrolidine-1-carboxylate (2.0 g)
obtained in (Step 2), 2-diethylaminoethanol (3.1 mL), and
PA(PPh;3),Cl: (163 mg) were dissolved in NMP (20 mL).
After the system was purged with carbon monoxide, the
solution was heated to 120°C. The solution was stirred
for 1 hour and then cooled to room temperature. Methanol
(10 mL) was added thereto, then a 5 N agueous sodium
hydroxide solution (6 mL) was added thereto, and the
mixture was stirred for 10 minutes. After water was
added, the aqueous layer was washed with chloroform and
adjusted to pH 4 with hydrochloric acid, and the
precipitated solid was collected by filtration, washed
with water, and then dried to obtain 1.35 g of the title
compound as a pale yellow solid.
Physical property value: m/z[M+H]* 349.1
[0207]

Reference Example 5 Synthesis of (R)-1-(1-

acryloylpyrrolidin-3-v1l) -1H-pyrazolo(3, 4-dlpyrimidine-3-

carboxylic acid

[0208]
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NHoN-OH
oA -
[0208]

" To (R)-4-amino-1-(1-{tert-
butyloxycarbonyl)pyrrolidin-3-yl) -1H-pyrazolo(3,4-
dlpyrimidine-3-carboxylic acid (1.0 g) obtained in
Reference Example 4, 4 N hydrochloric acid/1,4-dioxane (5
mL) was added, and the mixture was stirred for 1 hour.
Then, the solvent was removed with an evaporator.
Chloroform (28 mL) and triethylamine (1.5 mL) were added
to the residue, and the mixture was ccoled in ice,
followed by adding acryloyl chlorxide (0.21 mL). The
mixture was stirred for 1.5 hours, and then, the sblvent
was removed with an evaporator. To the residue, formic
acid was added until adjusting to pH 3.0, and the mixture
was stirred for 2 hours. Then, the precipitated solid
was collected by filtration and dried under reduced
pressure to cbtain 0.859 g of the title compound as a
white-brown solid.

Physical property value: m/z[M+H]* 303.3
[0210]

Example 1 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (5-bromo-4- (2- (dimethylamino) -2 -oxoethyl) -2-

methylphenyl) -1H-pyrazolo[3,4-d]l pyrimidine-3-carboxamide
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[0211]

(Step 1) Synthesis of 2-(2-bromo-5-methyl-4-
nitrophenyl)acetic acid

[0212]

According to the method described in the pamphlet of
International Publication No. WO 2012/058134, NMP (10 mL)
was added to diethyl malonate (2.4 g). Then, the
solution was cooled in an ice bath, and sodium hydride
(960 mg) was added thereto. The mixture was stirred at
0°C for 30 minutes, and then, l-bromo-2-fluoro-4-methyl-
5-nitrobenzene (2.34 g) was added thereto. The mixture
was stirred at room temperature for 1 hour, and then,
ethyl acetate and water were added thereto to separate an
organic layer. The organic layer was washed with a
saturated aqueous solution of ammonium chloride and then
dried over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography
(hexane/ethyl acetate) to obtain 3.13 g of a colorless
o0il. Next, methanol (30 mL) and a 5 M aqueous sodium
hydroxide solution (7.5 mL) were added to the obtained
0il, and the mixture was heated to reflux for 5 hours.
After the solution was cooled to room temperature, the
solvent was distilled off under reduced pressure, and a 2
M aqueous hydrochloric acid solution was added to the
residue. The precipitated solid was collected by
filtration and dried to obtain 1.18 g of the title

compound as a yellow solid.
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[0213]

(Step 2) Synthesis of 2-(2-bromo-5-methyl-4-nitrophenyl) -
N,N-dimethylacetamide
[0214]

2-(2-Bromo-5-methyl-4-nitrophenyl)acetic acid (1.15
g) obtained in (Step 1) was dissolved in dichlorcmethane
(20 mL). To the solution, oxalyl chloride (0.426 mL) and
DMF (0.0653 mL) were added under ice cooling, and then,
the mixture was stirred at room temperature for 2 hours.
After concentration of the solution, toluene was added to
the residue, and the mixture was concentrated again. The
obtained light brown o0il was dissolved in chloroform (30
mL). To the solution, a 2.0 M solutiocn of dimethylamine
in THF (10.5 mL) was added, and the mixture was stirred
for 1 hour. The solution was concentrated, and the
residue was dissclved in chloroform and washed with water.
The obtained organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated, and then, the
residue was purified by silica gel chromatography
(eluent: hexane-ethyl acetate) to obtain the title
compound (1.15 g) as a yellow solid.
[0215]
(Step 3) Synthesis of 2-(4-amino-2-bromo-5-methylphenyl) -
N, N-dimethylacetamide
[0216]

To 2-(2-bromo-5-methyl-4-nitrophenyl)-N,N-
dimethylacetamide (300 mg) obtained in (Step 2), ethanol

(3 mL) and water (3 mL) were added, and then, ammonium

CA 2997051 2019-08-16
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chloride (300 mg) and iron powder (300 mg) were added.
The solution was heated to 70°C, stirred for 2 hours,
then cooled to room temperature, and filtered through
celite to remove iron. Ethyl acetate was added to the
filtrate for extraction. The extract was dried over
anhydrous sodium sulfate, and the solvent was distilled
off under reduced pressure. The obtained residue was
purified by silica gel chromatography (hexane/ethyl
acetate) to obtain 200 mg of the title compound as a
yellow solid.

[0217]

(Step 4) Synthesis of Example compound 1

[0218]

(R)-1-{1l-Acryloylpiperidin-3-yl) -4-amino-~1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxylic acid (50 mg)
obtained in Reference Example 3 and 2- (4-amino-2-bromo-5-
methylphenyl) -N,N-dimethylacetamide (€4 mg)} obtained in
(Step 3) wexe dissolved by adding DMF (1 mL) and DIPEA
(0.055 mL). To the solution, HATU (90 mg) was then added.
The mixture was stirred at room temperature for 1 hour,
then purified by reverse-phase preparative HPLC
purification (water/acetonitrile (0.1% formic acid)), and
concentrated, and then, the residue was dissolved in
chloroform, washed with a saturated aqueous solution of
sodium carbonate, dried using anhydrous sodium sulfate,
and concentrated. Then, the obtained residue was

suspended in ethyl acetate-hexane, and the suspension was



CA 02997051 2018-02-28

TH0104
- 111 -
filtered to obtain 58 mg of the title compound as an off-

white solid.
[0219]

Example 2 Synthesis of (R)-1-(i-acryloylpiperidin-3-yl)-

4-amino-N- (2-chloro-4-(2- (dimethylamino) -2-oxoethyl) -5-

methylphenyl) -1H-pyrazolo[3,4-d]lpyrimidine-3-carboxamide

[0220]

(8tep 1) Synthesis of 2-(5-chloro-2-methyl-4-
nitrophenyl)acetic acid

[0221]

According to (Step 1) of Example 1, 952 mg of the
title compound was obtained as a pale yellow solid by
using l1-chloro-5-fluoro-4-methyl-2-nitrobenzene (1.00 g)
instead of l-bromo-2-fluoro-4-methyl-5-nitrobenzene.
[0222]

(Step 2) Synthesis of 2- (5-chloro-2-methyl-4-
nitrophenyl) -N,N-dimethylacetamide
[0223]

According to (Step 2) of Example 1, 1.03 g of the
title compound was obtained as a pale yellow solid by
using 2-(5-chloro-2-methyl-4-nitrophenyl)acetic acid (922
mg) obtained in (Step 1) instead of 2-(2-bromo-5-methyl-
4-nitrophenyl)acetic acid.

[0224]
(Sstep 3) Synthesis of 2-(4-amino-5-chloro-2-
methylphenyl) -N,N-dimethylacetamide

[0225]
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According to (Step 3) of Example 1, 720 mg of the

title compound was obtained as a pale yellow solid by
using 2-(5-chloro-2-methyl-4-nitrophenyl) -N,N-
dimethylacetamide (1.03 g) obtained in (Step 2) instead
0f 2-(2-bromo-5-methyl-4-nitrophenyl) -N,N-
dimethylacetamide.

[0226]

(Step 4) Synthesis of Example compound 2

[0227]

According to (Step 4) of Example 1, (R}-1-(1-
acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (66.5 mg) and 2-(4-amino-
5—chloro-2-methylphenyl)—N,N—dimethylacetamide {95.3 mg)
obtained in (Step 3) were dissolved by adding DMSO (0.665
mL) and DIPEA (73.2 uL). To the solution, HATU (240 mg)
was then added to obtain 56.2 mg of the title compound as
a white solid.

[0228]

Example 3 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-anino-N-(2-chloro-4-~(2- (dimethylamino) -2-oxoethyl) -3 -

methylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide

[0229]
(Sstep 1) Synthesis of 2-(3-chlorc-2-methyl-4-
nitrophenyl)acetic acid
[0230]
According to {Step 1) of Example 1, 1.23 g of the

title compound was cbtained as a pale yellow solid by
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using 2-chloro-4-fluoro-3-methyl-1-nitrobenzene (1.00 g)
instead of 1l-bromo-2-fluoro-4-methyl-5-nitrobenzene.
[0231]

(Step 2) Synthesis of 2-(3-chloro-2-methyl-4-
nitrophenyl) -N,N-dimethylacetamide

[0232]

According to (Step 2) of Example 1, 900 mg of the
title compound was obtained as a pale yellow solid by
using 2-(3-chloro-2-methyl-4-nitrophenyl)acetic acid
(1.23 g) obtained in (Step 1)} instead of 2-(2-bromo-5-
methyl-4-nitrophenyl)acetic acid.

(0233]

(Step 3) Synthesis of 2-(4-amino-3-chloro-2-
methylphenyl) -N,N-dimethylacetamide

[0234]

According to (Step 3) of Example 1, 590 mg of the
title compound was obtained as a white solid by using 2-
(3-chloro-2-methyl-4-nitrophenyl) -N,N-dimethylacetamide
{900 mg) obtained in (Step 2) instead of 2-(2-bromo-5-
methyl-4-nitrophenyl)-N,N-dimethylacetanide.

[0235]
(8tep 4) Synthesis of Example compound 3
[0236]

According to (Step 4) of Example 1, (R)-1-{(1-
acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (66.5 mg) and 2-(4-amino-
3-chloro-2-methylphenyl) ~N, N-dimethylacetamide (95.3 mg)

obtained in (Step 3) were dissolved by adding DMSO (0.665
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mL) and DIPEA (73.2 uL). To the solution, HATU (240 mg)
was then added to obtain 78.2 mg of the title compound as
a white solid.

[0237)

Example 4 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (4~ (2- (dimethylamino) ~-2-oxoethyl) -2~

methylphenyl) -1H-pyrazolo[3,4-d) pyrimidine-3-carboxamide

[0238]v
(step 1) Synthesis of N,N-dimethyl-2-(3-methyl-4-
nitrophenyl)acetamide
[0239]

3-Methyl-4-nitrophenylacetic acid (50 mg) was
dissolved by adding DMF (1.3 wL), DIEPA (0.13 mL), and a
2.0 M solution of dimethylamine in THF (0.38 mL). To the
solution, HATU (145 mg) was then added. The mixture was
stirred at room temperature for 2 hours, and then, ethyl
acetate and water were added thereto to separate an
organic layer. The organic layer was washed with a
saturated aqueous sclution of sodium bicarbonate, a
gaturated agueocus solutioﬁ of ammonium chloride, and
water and then dried over anhydrous sodium sulfate, and
the solvent was distilled off under reduced pressure.
The residue was purified by silica gel chromatography
(hexane/ethyl acetate) to obtain 50 mg of the title
compound as a colorless oil.
[0240]
(Step 2) Synthesis of 2-(4-amino-3-methylphenyl)-N,N-

dimethylacetamide
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[0241]

N,N-Dimethyl-2- (3-methyl-4-nitrophenyl)acetamide (50
mg) obtained in (Step 1) was dissolved in methanol (2.2
mL) . To the solution, 10% PAd on carbon (5 mg) was then
added. The mixture was stirred overnight in a hydrogen
atmosphere and then filtered through celite to remove Pd
on carbon. The solvent was distilled off under reduced
pressure to obtain 40 mg of the title compound as a
colorless oil.

[0242]
(Step 3) Synthesis of Example compound 4
[0243]

(R)-1-(1-Acryloylpiperidin-3-yl)-4-amino-1H-
pyrazolo[3,4-dlpyrimidine-3-carboxylic acid (10 mg)
obtained in Reference Example 3 and 2- (4-amino-3-
methylphenyl) -N,N-dimethylacetamide (9.2 wg) obtained in
(step 2) were dissolved by adding DMF (0.2 mL) and DIPEA
(20 pL). To the solution, HATU (18 mg) was then added.
The mixture was stirred at room temperature for 1 hour.
Then, DMSO (1 mL) was added thereto, and the mixture was
purified by reverse-phase preparative HPLC purification
(water/acetonitrile (0.1% formic acid)) to obtain 3.4 mg
of the title compound as a white solid.

[0244]

Example 5 Synthesis of (R)-1-(l-acryloylpiperidin-3-vyl)-

4-amino-N- (4- (2~ (dimethylamino) -2-oxoethyl)naphthalen-1-

y1l) ~1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide

[0245]
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(Step 1) Synthesis of N,N-dimethyl-2-(4-nitronaphthalen-
1-y1l)acetamide
[0246]

l-Naphthylacetic acid (500 mg) was dissclved in DMF.
To the solution, a 2.0 M solution of diethylamine in THF
(2.7 mL), DIPEA (1.4 mL), and HATU (1.3 g) were then
added. The mixture was stirred at room temperature for 2
hours, and then, ethyl acetate and water were added
thereto to separate an organic layer. The organic layer
was washed with a saturated aqueous solution of sodium
bicarbonate and water and then dried over anhydrous
sodium sulfate, and the solvent was distilled off under
reduced pressure. Sulfuric acid (5 mL) was added to the
obtained residue, and the solution was cooled to 0°C.
Then, fuming nitric acid (1 mlL) was added dropwise
thereto. The mixture was stirred at 0°C for 30 minutes,
and then, the solution was added to an agqueous sodium
bicarbonate solution and neutralized, followed by
extraction with ethyl acetate. The extract was dried
over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The obtained
residue wag purified by silica gel chromatography
(hexane/ethyl acetate) to obtain 310 mg of the title
compound as a yellow solid.
[0247]
(Step 2) Synthesis of 2-(4-aminonaphthalen-1-yl)-N,N-
dimethylacetamide

[02458]
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According to (Step 2) of Example 4, 18 mg of the

title compound was obtained as a colorless oil by using
N,N-dimethyl-2- (4-nitronaphthalen-1-yl)acetamide (20 mg).
[0249]

(Step 3) Synthesis of Example compound 5

[0250]

According to (Step 3) of Example 4, 8.9% mg of the
title compound was obtained as a white solid by using
(R)-1-(l-acryloylpiperidin~3-yl)-4-amino-1H-pyrazolo[3,4-
d)pyrimidine-3-carboxylic acid (10 mg) and 2-{4-
aminonaphthalen-1-y1) -N,N-dimethylacetamide {11 mg)
obtained in (Step 2).

[0251]

Example 6 Synthesis of (R)-1-{l-acryloylpiperidin-3-yl}-

4-amino~N-{2-chloro-4-{2- {dimethylamino) -2-

oxocethyl)phenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamide

[0252]

(Step 1) Synthesis of 2-(3-chloro-4-nitrophenyl)-N,N-
dimethylacetamide

[0253]

According to (Step 1) of Example 4, 890 mg of the
title compound was obtained as a brown oil by using 2-(3-
chloro-4-nitrophenyl)acetic acid (980 mg) instead of 3-
methyl-4-nitrophenylacetic acid.

[0254]
(Step 2) Synthesis of 2-(4-amino-3-chloxophenyl) -N, N-

dimethylacetamide
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[0255]

To 2-{3-chloro-4-nitrophenyl)-N,N-dimethylacetamide
(1.4 g) obtained in (Step 1), ethanol (14 mL) and water
(14 mL) were added, and then, ammonium chloride (1.4 g)
and iron powder (1.4 g) were added. The solution was
heated to 70°C, stirred for 2 hours, then cooled to room
temperature, and filtered through celite to remove iron.
Ethyl acetate was added to the filtrate for extraction.
The extract was dried over anhydrous sodium sulfate, and
the solvent was distilled off under reduced pressure.
The obtained residue was purified by silica gel
chromatography (hexane/ethyl acetate) to obtain 1.1 g of
the title compound as a yellow solid.

[0256]
{(Step 3) Synthesis of Example compound 6
[0257]

According to (Step 3) of Example 4, 6.0 mg of the
title compound was obtained as a white solid by using
(R) -1-{l-acryloylpiperidin-3-vyl)-4-amino~1H-pyrazolo(3,4-
dl pyrimidine-3-carboxylic acid (25 mg) and 2-(4-amino-3-
chlorophenyl) -N,N-dimethylacetamide (25 mg) obtained in
(Step 2).

[0258]

Example 7 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (4- (2- (dimethylamino) -2-oxoethyl) -2-

methoxyphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide

[0259]
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(Step 1) Synthesis of 2-(3-methoxy-4-nitrophenyl)-N,N-

dimethylacetamide
[0260] ‘

According to the synthesis method described in
European Journal of Medicinal Chemistry, 46 (1), 285-296;
2010, 480 mg of the title compound was obtained as a
yellow oil by using 3-methoxy-4-nitrobenzaldehyde (510
mg) instead of 4-nitrcbenzaldehyde.

[0261]

(Step 2) Synthesis of 2-(4-amino-3-methoxyphenyl)-N,N-
dimethylacetamide

[0262]

According to (8tep 2) of Example 6, 450 mg of the
title compound was obtained as a yellow oil by using 2-
(3-methoxy-4-nitrophenyl} -N,N-dimethylacetamide (480 mg)
instead of 2-(3-chloro-4-nitrophenyl) -N, N-
dimethylacetamide.

[0263]
(Step 3) Synthesis of Example compound 7
[0264]) |

According to (Step 3) of Example 4, 18 mg of the
title compound was obtained as a white solid by using
(R) -1-(1-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo([3,4-
dlpyrimidine-3-carboxylic acid (30 mg) and 2- (4-amino-3-
methoxyphenyl) -N,N-dimethylacetamide (29 mg) obtained in
(Step 2).

[0265]
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Example 8 Synthesis of (R)-1-{l-acryloylpiperidin-3-vyl)-

4-amino-N~ (3-chloro-4-{2- (dimethylamino)~-2-

oxoethyl)phenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamide

[0268]

(Step 1) Synthesis of 2-(2-chloro-4-nitrophenyl)-N,N-
dimethylacetamide

[02567]

According to (Step 1) of Example 4, 220 mg of the
title compound was obtained as a yellow solid by using 2-
(2-chloro~4-nitrophenylj)acetic acid (220 mg) instead of
3-methyl-4-nitrophenylacetic acid.

{0268]

(step 2) Synthesis of 2-(4-amino-2-chlorophenyl) -N,N-
dimethylacetamide

[0269]

According to (Step 2) of Example 6, 180 mg of the
title compound was obtained as a yellow oil by using 2-
(2-chloro-4-nitrophenyl) -N,N-dimethylacetamide (220 mg)
instead of 2-(3-chloro-4-nitrophenyl)-~N,N-
dimethylacetamide.

[0270]
(Step 3) Synthesis of Example compound 8
[0271]

According to (Step 3) of Example 4, 13.5 mg of the
title compound was obtained as a white golid by using
(R)-1- (1-acryloylpiperidin-3-yl) -4-amino-1K-pyrazolo[3, 4-

dlpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-2-
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chlorophenyl) -N,N-dimethylacetamide (10 mg) obtained in

(Step 2).
[0272]

Example 9 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl}-

4-amino-N- (5-chloxrc-4-(2- (dimethylamino) -2-oxoethyl) -2-

methoxyphenyl) -1H-pyrazolo[3,4-d] pyrimidine-3-carboxamide

[0273]

{(Step 1) Synthesis of 2-(2-chloro-5-methoxy-4-
nitrophenyl) -N,N-dimethylacetamide

[0274]

According to (Step 1) of Example 4, 388 mg of the
title compound was obtained as a yellow solid by using 2-
(2-chloro-5-methoxy-4-nitrophenyllacetic acid (350 mg)
instead of 3-methyl-4-nitrophenylacetic acid.

[0275]

(Step 2) Synthesis of 2-(4-aminc-2-chloro-5-
methoxyphenyl) ~-N,N-dimethylacetamide

[0276]

According to (Step 2} of Example 6, 340 mg of the
title compound was obtained as a yellow oil by using 2-
(2-chloro-5-methoxy-4-nitrophenyl) -N,N-dimethylacetamide
(388 mg) instead of 2-(3-chloro-4-nitrophenyl)}-N,N-
dimethylacetamide.

[0277]
(Step 3) Synthesis of Example compound 9
[0278]
According to (Step 3) of Example 4, 17.5 mg of the

title compound was obtained as a white solid by using



CA 02997051 2018-02-28

THO104
- 122 -

(R)-1-(l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-2-
chloro-5-methoxyphenyl) -N,N-dimethylacetamide {10 mg)
obtained in (Step 2).

[0279]

Example 10 Synthesis of (R)-1-(l-acrvloylpiperidin-3-vl)-

4-amino-N-(4-(2- (dimethylamino) -2~oxoethyl) -5-£luoro-2-

methylphenyl) -1H-pyrazolo[3,4-dl pyrimidine-3-carkoxamide

[0280]

(Step 1) Synthesis of 2-(2-fluoro-5-methyl-4-
nitrophenyl}acetic acid

{0281]

According to the method described in the pamphlet of
International Publication No. WO 2012/058134, NMP (30 mL)
was added to diethyl malonate (1.0 g). Then, the
solution was cooled in an ice bath, and sodium hydride
(380 mg) was added thereto. The mixture was stirred at
0°C for 30 minutes, and then, 1,2-difluoro-4-methyl-5-
nitrobenzene (590 mg) was added thereto. The mixture was
stirred at room temperature for 1 hour, and then, ethyl
acetate and water were added thereto to separate an
organic layer. The organic layer was washed with a
saturated aqueous solution of ammonium chloride and then
dried over anhydrous socdium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel chromatography (hexane/ethyl
acetate) to obtain 1.20 g of a colorless coil. Next,

methanol (10 mL) and a 5 M aqueous sodium hydroxide
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gsolution (2.5 mL) were added to the obtained oil, and the

mixture was heated to reflux for 5 hours. After the
solution was cooled to room temperature, the solvent was
distillea off under reduced pressure, and a 2 M aqueous
hydrochloric acid solution was added to the residue. The
precipitated solid was collected by filtration and dried
to obtain 610 mg of the title compound as a yellow solid.
[0282]

(Step 2) Synthesis of 2-(2~fluoro-5-methyl-4-
nitrophenyl) -N,N-dimethylacetamide

[0283]

According to (Step 1) of Example 4, 600 mg of the
title compound was obtained as a yellow oil by using 2-
(2-fluoro-5-methyl-4-nitrophenyl)acetic acid (610 mg)
instead of 3-methyl-4-nitrophenylacetic acid.

[0284]

(Step 3) Synthesis of 2-(4-amino-2-fluorc-5-
methylphenyl) -N,N-dimethylacetamide

[0285]

According to {(Step 2) of Example 6, 540 wmg of the
title compound was obtained as a yellow oil by using 2-
(2-fluoro-5-methyl -4-nitrophenyl) -N, N-dimethylacetamide
(600 mg) instead of 2-(3-chloro-4-nitrophenyl)-N,N-
dimethylacetamide.

[0286]
{Step 4) Synthesis of Example compound 10

[0287]
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Accoxding to (Step 3) of Eiample 4, 7.3 mg of the
title compound was obtained as a white solid by using
(R)-1-(l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3, 4~
dlpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-2-
fluoro-5-methylphenyl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 3).
fo288]

Example 11 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (3-chloro-4-(2- (dimethylamino) -2-oxoethyl) -2-

methoxyphenvyl) -1lH-pyrazolo[3,4-d]pyrimidine-3-carboxamide

[0282]

(Step 1) Synthesis of 2-(2-chloro-3-methoxy-4-
nitrophenyl)acetic acid

[0290]

According to (Step 1) of Example 10, 710 mg of the
title compound was cbtained as a yellow solid by using 2-
chloro-1l-fluoro-3-methoxy-4-nitrobenzene (800 mg) instead
of 1,2-difluoro-4-methyl-5-nitrobenzene.

[0291]

(Step 2) Synthesis of 2-(2-chloro-3-methoxy-4-
nitrophenyl) -N,N-dimethylacetamide

[0292]

According to (Step 1) of Example 4, 110 mg of the
title compound was obtained as a yellow oil by using 2-
(2-chloro-3-methoxy-4-nitrophenyl)acetic acid (100 mg)
obtained in (Step 1) instead of 3-methyl-4-
nitrophenylacetic acid.

[0293]
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(Step 3) Synthesis of 2-{4-amino-2-chloro-3-

methoxyphenyl) -N,N-dimethylacetamide
[0294]

According to (Step 2) of Example 6, 95 mg of the
title compound was obtained as a yellow oil by using 2-
(2-chloro-3-methoxy-4-nitrophenyl) -N,N-dimethylacetamide
(110 mg) obtained in (Step 2) instead of 2-(3-chloro-4-
nitrophenyl)-N,N-dimethylacetamide.

[0295]
{(Step 4) Synthesis of Example compound 11
[0296]

According to (Step 3) of Example 4, 6.9 mg of the
title compound was obtalned as a white solid by using
(R)-1-(l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2- (4-amino-2-
chloro-3-methoxyphenyl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 3).

[0297]

Example 12 Synthesis of (R)-1l-(l-acryloylpiperidin-3-vyl)-

4-amino-N-(4-{2- (dimethylamino) -2 -oxcethyl) -3-fluoro-2-

methylphenyl) -1H-pyrazolo[3,4-d] pyrimidine-3-carboxamide

[0298]
(Step 1) Synthesis of 2-(2-fluoro-3-methyl-4-
nitrophenyl)acetic acid
[0299]
According to (Step 1) of Example 10, 800 mg of the

title compound was obtained as a yellow solid by using
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1,2-difluoro-3-methyl-4-nitrobenzene (560 mg) instead of
1,2-difluoro-4-methyl-5-nitrobenzene.

{03001

(Step 2) Synthesis of 2-(2-fluoro-3-methyl-4-
nitrophenyl) -N,N-dimethylacetamide

[0301]

According to (Step 1) of Example 4, 290 mg of the
title compound was obtained as a yellow oil by using 2-
(2-fluoro-3-methyl-4-nitrophenyl)acetic acid (260 mg)
obtained in (Step 1) instead of 3-methyl-4-
nitrophenylacetic acid.

[0302]

(Step 3) Synthesis of 2-(4-amino-2-fluoro-3-
methylphenyl) -N,N-dimethylacetamide

[0303]

According to (Step 2) of Example 6, 230 mg of the
title compound was obtained as a yellow oil by using 2-
(2-fluoro-3-methyl-4-nitrophenyl) -N,N-dimethylacetamide
(290 mg) obtained in (Step 2) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0304]
(Step 4) Synthesis of Example compound 12
[0305]

According to (Step 3) of Example 4, 8.2 mg of the
title compound was obtained as a white solid by using
(R)-1- (1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo([3,4-

dlpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-2-
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fluoro-3-methylphenyl) -N,N-dimethylacetamide (10 mg)

obtained in (Step 3).
[0306]

Example 13 Synthesis of (R)-1-{l-acryloylpiperidin-3-vl)-

4-amino-N- (4~ (2- {dimethylamino) -2-oxoethyl)-2,3-

dimethylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamide

[0307]

(Step 1) Synthesis of 2-(2,3-dimethyl-4-
nitrophenyl)acetic acid

{o308]

According to (Step 1) of Example 10, 1.12 g of the
title compound was obtained as a yellow solid by using 1-
fluoro-2,3-dimethyl-4-nitrobenzene (1.2 g) instead of
1,2-difluoro-4-methyl-5-nitrobenzene.

[0309]

(Step 2) Synthesis of 2-(2,3-dimethyl-4-nitrophenyl)-N,6N-
dimethylacetamide

[0310]

According to (Step 1) of Example 4, 1.30 g of the
title compound was obtained as a yellow oil by using 2-
(2,3-dimethyl~4~nitrophenyl)acetic acid (1.12 g) obtained
in (Step 1) instead of 3-methyl-4-nitrophenylacetic acid.
f0311]}

(Step 3) Synthesis of 2-(4-amino-2,3-dimethylphenyl)-N, N-
dimethylacetamide

[0312]
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According to (Step 2) of Example 6, 1.03 g of the

title compound was obtained as a yellow 0il by using 2-
(2,3-dimethyl-4-nitrophenyl) -N,N-dimethylacetamide (1.26
g) obtained in (Step 2} instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

{0313]

(Step 4) Synthesis of Example compound 13

{0314]

According to (Step 3) of Example 4, 48 mg of the
title compound was obtained as a white solid by using
(R) -1~ (1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
d]pyrimidine—B—carboxylic acid (40 mg) and 2-(2,3-
dimethyl-4-nitrophenyl) -N,N-dimethylacetamide (31 mg)
obtained in (Step 3).

[0315]

Example 14 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (4- (2- (dimethylamino) -2-oxoethyl) -3-fluoro-2-

methoxyphenvl) -1H-pyrazolo[3,4-d] pyrimidine-3-carboxamide

[0316]

(step 1) Synthesis of 2-(2-fluoro-3-methoxy-4-
nitrophenyl)acetic acid

[0317]

According tc (Step 1) of Example 10, 1.10 g of the
title compound was obtained as a yellow solid by using
1,2-difluoro-3-methoxy-4-nitrobenzene (1.0 g) instead of
1,2-difluoro-4-methyl-5-nitrobenzene.

[0318]
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(8tep 2) Synthesis of 2-{2-fluoro-3-methoxy-4-
nitrophenyl) -N,N-dimethylacetamide
[0319]

According to (Step 1) of Example 4, 120 mg of the
title compound was obtained as a yellow oil by using 2-
(2-fluoro-3-methoxy-4-nitrophenyl)acetic acid (100 mg)
obtained in (Step 1) instead of 3-methyl-4-
nitrophenylacetic acid.

{0320]

(Step 3) Synthesis of 2-(4-amino-2-fluoro-3-
methoxyphenyl) -N,N-dimethylacetamide

[0321]

According to (Step 2) of Example 6, 100 mg of the
title compound was obtained as a yellow oil by using 2-
{(2-fluorc-3-methoxy-4-nitrophenyl) -N,N-dimethylacetamide
(120 mg) obtained in (Step 2) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0322]
(Step 4) Synthesis of Example compound 14
[0323]

According to (Step 3) of Example 4, 4.9 mg of the
title compound was obtained as a yellow solid by using
(R)-1-(l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
d]lpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-2-
fluoro-3-methoxyphenyl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 3).

{0324]
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Example 15 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (2- (difluoromethoxy) -4-(2- (dimethylamino) -2-

oxoethyl)phenyl) -1H-pyrazolo([3,4-dl pyrimidine-3-~

carboxamide

[0325]

(Step 1) Synthesis of 2-{3-(difluoromethoxy)-4-
nitrophenyl) -N,N-dimethylacetamide

[0326]

According to (Step 1) of Example 4, 450 mg of 2-(3-
hydroxy-4-nitrophenyl) -N,N-dimethylacetamide was obtained
as a yellow oil by using 2- (3-hydroxy-4-
nitrophenyl)acetic acid (420 mg) instead of 3-methyl-4-
nitrophenylacetic acid. Next, DMF (4.5 wmL) and potassium
carbonate (250 mg) were added to the obtalned 2-(3-
hydroxy-4-nitrophenyl) -N,N-dimethylacetamide (200 mg),
and sodium 2-chloro-2,2-difluocroacetate (270 mg) was
added to the suspension. The mixture was stirred at room
temperature for 1 hour, and then, ethyl acetate and water
were added thereto to separaﬁe an organic layer. The
organic layer was washed with a saturated aqueous
solution of ammonium chloride and then dried cver
anhydrous sodium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by
silica gel chromatography (hexane/ethyl acetate) to
cbtain 155 mg of the title compound as a yellow solid.
[0327]

(Step 2) Synthesis of 2-(4-amino-3-

(difluoromethoxy)phenyl) -N,N-dimethylacetamide
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[0328]

According to (Step 2) of Example 6, 120 mg of the
title compound was obtained as a yellow oil by using 2-
(3- (difluoromethoxy) -4-nitrophenyl) -N,N-dimethylacetamide
{155 mg) obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

{0329]
(Step 3) Synthesis of Example compound 15
[0330]

According to (Step 3) of Example 4, 13.5 mg of the
title compound was obtained as a yellow solid by using
(R)-1-(l-~acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
d] pyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-3-
{(difluoromethoxy)phenyl) -N,N-dimethylacetamide (10 mg)
obtained in (8tep 2).

[0331]

Example 16 Synthesis of (R)-1-(l-acryloylpiperidin-3-vyl)-

4-amino-N- (4-(2- (dimethylamino) -2-oxoethyl) -2~

(£luoromethoxy)phenyl) -1H-pyrazolo[3,4-d] pyrimidine-3-

carboxamide

[0332]
(Step 1) Synthesis of 2-(3-(fluoromethoxy)-4-
nitrophenyl) -N,N-dimethylacetamide
[0333]

Bccording to (Step 1) of Example 4, 450 mg of 2-(3-
hydroxy-4-nitrophenyl) -N,N-dimethylacetamide was obtained
as a yellow oil by using 2-(3-hydroxy-4-

nitrophenyl)acetic acid (420 mg) instead of 3-methyl-4-
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nitrophenylacetic acid. Next, DMF (4.5 mi) and potassium
carbonate (370 mg) were added to the obtained 2-(3-
hydroxy-4-nitrophenyl) -N,N-dimethylacetamide (200 mg),
and bromo-fluoromethane (200 mg) was added to the
suspension. The mixture was stirred at room temperature
for 1 hour, and then, ethyl acetate and water were added
thereto to separate an organic layer. The organic layer
was washed with a saturated aqueous solution of ammonium
chloride and then dried over anhydrous sodium sulfate,
and the solvent was distilled off under reduced pressure.
The residue was purified by silica gel chromatography
{(hexane/ethyl acetate) to obtain 145 mg of the title
compound as a yellow solid.

[0334]

(Step 2) Synthesis of 2-{4-amino-3-
(fluoromethoxy)phenyl)—N,N—dimethylacétamide

[0335]

According to (Step 2) of Example 6, 110 mg of the
title compound was obtained as a yellow oil by using 2-
(3- (fluoromethoxy) -4 ~-nitrophenyl) -N,N-dimethylacetamide
(145 mg) cobtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl)-N,N-dimethylacetamide.

[0336]
{Step 3) Synthesis of Example compound 16
[0337]

According to (Step 3) of Example 4, 14.5 mg of the

title compound was obtained as a yellow solid by using

(R)-1-(l-acryloylpiperidin-3-yl) -~4-amino-1E-pyrazolo[3,4-



CA 02997051 2018-02-28

THO104
- 133 -
dlpyrimidine-3-carboxylic acid (10 mg) and 2-{4-amino-3-

(fluoromethoxy) phenyl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 2).
[0338]

Example 17 Synthesis of (R)-1l-(l-acryloylpiperidin-3-vyl)-

4-amino-N- (2-bromo-4- (2- (dimethylamino) -2-

oxoethyl)phenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamide

[0339]

(Step 1) Synthesis of 2-(3-bromo-4-nitrophenyl) -N,N-
dimethylacetamide

[0340]

According to (Step 1) of Example 4, 440 mg of the
title compound was obtained as a yellow o0il by using 2-
(3-bromo-4-nitrophenyl)acetic acid (430 mg) instead of 3-
methyl-4-nitrophenylacetic acid.

[0341]

(Step 2) Synthesis of 2-(4-amino-3-bromophenyl)-N,N-
dimethylacetamide

[0342]

According to (Step 2) of Example 6, 80 mg of the
title compound was obtained as a yellow oil by using 2-
{3-bromo-4-nitrophenyl) -N,N-dimethylacetamide (100 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0343]
(Step 3) Synthesis of Example compound 17

[0344]
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According to (Step 3) of Example 4, 2.10 mg of the
title compoﬁnd was obtained as a white solid by using
(R)-1-{l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3, 4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-3-
bromophenyl) -N,N-dimethylacetamide (10 mg) obtained in
(step 2).

[0345]

Example 18 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N-(2-chloro-4- {2- (dimethylamino) -2-oxoethyl) -5-

fluorophenyl) - LH-pyrazolo[3,4-d]l pyrimidine-3-carboxamide

[0346]

(Step 1) Synthesis of 2-(5-chloro-2-fluoro-4-
nitrophenyl)acetic acid

[0347]

According to (Step 1) of Example 10, 275 mg of the
title compound was obtained as a yellow solid by using 1-
chloro-4,5-difluoro-2-nitrobenzene (500 mg) instead of
1,2-difluoro-4-methyl-5-nitrobenzene.

[0348]

(Sstep 2) Synthesis of 2-(5-chloro-2-fluoro-4-
nitrophenyl) -N,N-dimethylacetamide

[0349]

According to (Step 1) of Example 4, 205 mg of the
title compound was obtained as a yellow oil by using 2-
(5-chloro-2-fluoro-4-nitrophenyl)acetic acid (234 mg)
obtained in (Step 1) instead of 3-methyl-4-
nitrophenylacetic acid.

[0350]
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(Step 3) Synthesis of 2-(4-~amino-5-chloro-2-

fluorophenyl) -N,N-dimethylacetamide
[0351]

According to (Step 2) of Example 6, 150 mg of the
title compound was obtained as a yellow solid by using 2-
(5-chloro-2-fluoro-4-nitrophenyl) -N,N-dimethylacetamide
(205 mg) obtained in (Step 2) instead of 2-{3-chlcoro-4-
nitrophenyl)-N,N-dimethylacetamide.

[0352]
(Step 4) Synthesis of Example compound 18
[0353]

According to (Step 3) of'Example 4, (R)-1-(1-
acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
d]lpyrimidine-3-carboxylic acid (10 mg) and 2-{4-amino-5-
chloro-2-fluorophenyl) -N,N~-dimethylacetamide (20 mg)
obtained in (Step 3) were dissclved by adding DMSO (0.2
mlL) and DIPEA (20 uL). To the solution, HATU (50 mg) was
then added to cbtain 2.34 mg of the title compound as a
white solid.

(0354]

Example 19 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (5-chloro-4-(2-(dimethylamino) -2-oxoethyl) -2-

methylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide

[0355]
(Step 1) Synthesis of l1-chloro-2-fluoro-4-methyl-5-
nitrobenzene

[0356]
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1-Chloro-2-fluoro-4-methylbenzene (1.00 g) was
disgolved in TFA (10 mL). The solution was cooled to 0°C,
and then, fuming nitric acid (5.0 mL) was added dropwise
thereto. The mixture was stirred at 0°C for 30 minutes,
and then, the solution was added to an aqueous sodium
bicarbonate solution and neutralized, followed by
extraction with chloroform. The extract was dried over
anhydrous sodium sulfate, and the solvent was distilled
off under reduced pressure. The obtained residue was
purified by silica gel chromatography (hexane/ethyl
acetate) to obtain 1.31 g of the title compound as a
white solid.

[0357]

(Step 2) Synthesis of 2-(2-chloro-5-methyl-4-
nitrophenyl)acetic acid

[0358]

Accoxrding tc (Step 1) of Example 1, 440 mg of the
title compound was obtained as a yellow solid by using 1-
chloro-2-fluoro-4-methyl-5-nitrobenzene (500 mg) obtained
in (Step 1) instead of 1-bromo-2-fluoro-4-methyl-5-
nitrobenzene.

[0359]

(step 3) Synthesis of 2-(2-chloro-5-methyl-4-
nitrophenyl) -N,N-dimethylacetamide

[0360]

According to (Step 2) of Example 1, 149 mg of the
title compound was obtained as a pale yellow solid by

using 2- (2-chloro-5-methyl-4-nitrophenyl)acetic acid (230
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mg) obtained in (Step 2) instead of 2-(2-bromo-5-methyl-

4-nitrophenyl)acetic acid.

[0361]

(Step 4) Synthesis of 2-(4-amino-2-chloro-5-
methylphenyl) -N,N-dimethylacetamide

[0362]

According to (Step 3) of Example 1, 170 mg of the
title compound was obtained as a white solid by using 2-
(2-chloro-5-methyl-4-nitrophenyl) -N, N-dimethylacetamide
(149 mg) obtained in (Step 3) instead of 2-(2-bromo-5-
methyl-4-nitrophenyl) -N,N-dimethylacetamide.

[0363]
(Step 5) Synthesis of Example compound 19
[0364]

According to (Step 4) of Example 1, (R)-1-(1-
acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2- (4-amino-2-
chloro~5-methylphenyl) -N,N-dimethylacetamide (20 wg)
obtained in (Step 4) were dissolved by adding DMSO (0.2
mL) and DIPEA (20 uL). To the solution, HATU (50 mg) was
then added to obtain 3.39 mg of the title compound as a
white solid.

[0365]

Example 20 Synthesis of (R)-1-(l-acryloylpiperidin-3-y1)-

4-amino~-N-(2,5-dichloro-4- (2- (dimethylamino) -2-

oxoethyl)phenyl) -1H-pyrazolo[3,4-d]pyrimidine-3-

carboxamide

[0366]
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(Step 1) Synthesis of 1,4-~dichlore-2-fluoro-5-
nitrobenzene
[0367]

According to (Step 1) of Example 19, 1,4-dichloro-2-
fluorobenzene (1.00 g) was dissolved instead of 1l-chloro-
2-fluoro-4-methylbenzene in TFA (10 mL). To the solution,
fuming nitric acid (5.0 mL) was added dropwise. The
mixture was stirred at room temperature for 3 hours, and
then, the solution was added to an agqueocus sodium
bicarbonate solution. The precipitated solid was
collected by filtration and dried to obtain 1.30 g of the
title compound as a white solid.

[0368]

(Step 2) Synthesis of 2-(2,5-dichloro-4-
nitrophenyl)acetic acid

[0369]

According to (Step 1) of Example 1, 423 mg of the
title compound was obtained as a yellow solid by using
1,4-dichloro-2-f£luoro-5-nitrobenzene (500 mg) obtained in
(Step 1) instead of l-bromo-2-fluocro-4-methyl-5-
nitrobenzene.

[0370]

(Step 3) Synthesis of 2-(2,5-dichloro-4-nitrophenyl) -N,N-
dimethylacetamide

[0371]

According to (Step 2) of Example 1, 150 mg of the
title compound was obtained as a pale yellow solid by

using 2-(2,5-dichloro-4-nitrophenyl)acetic acid (250 mg)
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obtained in (Step 2) instead of 2-(2-bromo-5-methyl-4-
nitrophenyl)acetic acid.

[0372]

(Step 4) Synthesis of 2-(4-amino-2,5-dichlorophenyl)-N, N-
dimethylacetamide

[0373] |

According to (Step 3) of Example 1, 160 mg of the
title compound was obtained as a white solid by using 2-
(2,5-dichloro-4-nitrophenyl) -N,N-dimethylacetamide (150
mg) obtained in (Step 3) instead of 2-(2-bromo-5-methyl-
4-nitrophenyl) -N,N-dimethylacetamide.

[0374]
(Step 5) Synthesis of Example compound 20
[0375]

According to (Step 4) of Example 1, (R}-1-(1-
acryloylpiperidin-3-yl) -4-amino~1H-pyrazolo[3,4-
d]lpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-
2,5-dichlorophenyl) -N,N-dimethylacetamide (20 mg)
obtained in (Step 4) were dissolved by adding DMSO (0.2
mL) and DIPEA (20 pL). To the solution, HATU (50 mg) was
then added to obtain 0.89 mg of the title compound as a
white solid.

{0376]

Example 21 Synthesis of (R)-4-(1-(i-acryloylpiperidin-3-

yl)-4-amino-1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamido) phenyldimethyl carbamate

[0377]
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(Step 1) Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-4-
amino-N- (4-hydroxyphenyl} -1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

[0378]

{(R)-1-{1-Acryloylpiperidin-3-yl)-4-amino-1H-
pyrazolo[3,4-dlpyrimidine-3-carboxylic acid (30 mg)
synthesized in Reference Example 3 was dissolved by
adding DMF (4.5 wmL), 4-aminophenol (17 mg), and DIPEA (50
uL). To the solution, HATU (55 mg) was then added. The
mixture was stirred at room temperature for 1 hour, and
then, ethyl acetate and water were added thereto to
separate an organic layer. The organic layer was dried
over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel chromatography
{(chloroform/methanol) to obtain 25 mg of the title
compound as a colorless oil.

{0379]
(Step 2) Synthesis of Example compound 21
[0380]

To (R)-1-{l-acryloylpiperidin-3-yl)-4-amino-N- (4~
. hydroxyphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide
{10 mg) obtained in (Step 1), potassium carbonate (10 mg)
and acetonitrile (250 uL) were added to prepare a
suspengion. Then, N,N-dimethylcarbamoyl chloride (8 mg)
was added thereto. The mixture was stirred at 60°C for 3
hours, and then, chloroform and water were added thereto

to separate an organic layer. The organic layer was
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dried over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by reverse-phase preparative HPLC purification
(water/acetonitrile (0.1% formic acid)) to cobtain 2.62 mg
of the title compound as a white solid.

[0381]

Example 22 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (2-cyclopropyl-4- (2- (dimethylamino) -2-

oxoethyl)phenvl) - 1H-pyrazolo[3,4~-d]pyrimidine-3-

carboxamide
[0382]
(Step 1) Synthesis of 2-c¢yclopropyl-4-fluoro-1-
nitrobenzene
[0383]

2-Bromo-4-fluoro-l-nitrobenzene (1.22 g), potassium
phosphate (4.12 g), and cyclopropylboronic acid were
suspended in toluene (15 ml). To the suspension, watexr
(0.75 mL), palladium acetate (0.062 mg), and
tricyclohexylphosphine (155 mg) were added, and the
mixture was heated to reflux in a nitrogen atmosphere and
stirred for 4 hours. The mixture was allowed to cool,
and then, water was added thereto, followed by extraction
with ethyl acetate. The obtained organic layer was
washed with water and subsequently washed with saturated
saline. The obtained crganic layer was dried using
anhydrous sodium sulfate, filtered, and concentrated, and

then, the residue was purified by silica gel
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chromatography to obtain the title compound (895 mg) as a
light brown oil.

[0384]

(Step 2) Synthesis of 2-(3-cyclopropyl-4-
nitrophenyl)acetic acid

[0385]

The title compound (845 mg) was obtained as a light
orange solid in the same way as in the approach of (Step
1) of Example 10 by using 2-cyclopropyl-4-fluoro-1-
nitrobenzene (895 mg) instead of 1,2-difluoro-4-methyl-5-
nitrobenzene as a starting material.

[0386]

(step 3) Synthesis of 2- (3-cyclopropyl-4-nitrophenyl) -
N,N-dimethylacetamide

{0387]

According to (Step 1) of Example 4, the title
compound (445 mg) was obtained by using 2-(3-cyclopropyl-
4-nitrophenyl)acetic acid (895 ﬁg) instead of 3-methyl-4-
nitrophenylacetic acid;

[0388]

(step 4) Synthesis of 2-(4-amino-3-cyclopropylphenyl) -
N,N-dimethylacetamide

[0389]

According to {(Step 2) of Example 6, the title
compound (225 mg) was obtained as a light brown oil by
using 2- (3-cyclopropyl-4-nitrophenyl) -N,N-
dimethylacetamide (445 wmg) instead of 2-(3-chloro-4-

nitrophenyl) -N,N-dimethylacetamide.
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[{0390]
{Step 5) Synthesis of Example compound 22
[0391]

According to (Step 4) of Example 1, (R)-1-(1-
acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (50 mg) obtained in
Reference Example 3 and 2-(4-amino-3-cyclopropylphenyl) -
N,N-dimethylacetamide (51 mg) obtained in (Step 4) were
dissolved by adding DMF (1 mL} and DIPEA (0.055 mL). To
the solution, HATU (90 mg) was then added to obtain 52 mg
of the title compound as a colorless solid.

[0392]

Example 23 Synthesis of (R)-1-(l-acryloylpiperidin-3-y1)-

4-amino-N- (2-cyano-4- (2- (dimethylamino) -2-

oxoethyl)phenyl) -1H-pyrazolo(3,4-d]pyrimidine-3-

carboxamide

[0393]

(Step 1) Synthesis of 2-{4-amino-3-bromophenyl)-N, N-
dimethylacetamide

[0394]

2- (4-Aminophenyl)acetic acid (1.03 g) was suspended
in THF (40 mL). To the suspension, N-bromosuccinimide
(1.27 g) was then added at room temperature, and then,
the mixture was stirred for 1 hour. The solution was
concentrated. To the residue, a 2.0 M solution of
dimethylamine in THF (17 mL) was added, and subsequently,
HATU (3.892 g) was added at room temperature. The mixture

was stirred at room temperature. Then, the solution was
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concentrated, and the residue was diluted with ethyl
acetate. The ethyl acetate solution was washed with
water, then.washed with a 1 N agueous sodium hydroxide
solution, and subsequently washed with saturated saline.
The obtained organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated, and the
residue was purified by silica gel chromatography
(eluent: hexane-ethyl acetate) to obtain the title
compound (1.07 ¢) as a pale yellow oil.
[0395]
(Step 2) Synthesis of 2-(4-amino-3-cyanophenyl)-N,6 N-
dimethylacetamide
[0396]

2-(4-Amino-3~bromophenyl) -N, N-dimethylacetamide
(1L.07 g) cobtained in (Step 1) was dissolved in DMF (10
mL) . After purging with nitrogen,
tetrakis (triphenylphosphine)palladium (481 mg) and zinc
cyanide (977 mg) were added to the solution, and the
mixture was stirred at 120°C for 16 hours. The mixture
was allowed to cool to room temperature and then diluted
with ethyl acetate. A 28% agqueous ammonium solution was
added thereto, and the mixture was stirred for 10 minutes.
After extraction with ethyl acetate, the extract was
washed with a 28% aqueous ammonium solution again, then
washed with water, and washed with saturated saline. The
cbtained organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated, and the residue was

purified by silica gel chromatography ({(eluent: hexane-
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ethyl acetate) to obtain the title compound (360 mg) as a
pale yellow solid.

[0397]

(Step 3} Synthesis of Example compound 23

[0398]

According to (Step 4) of Example 1, (R)-1-(1-
acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
d]lpyrimidine-3-carboxylic acid (50 mg) obtained in
Reference Example 3 and 2- (4-amino-3-cyanophenyl) -N,N-
dimethylacetamide (48 mg) obtained in (Step 2) were
dissolved by adding DMF (1 mL) and DIPEA (0.055 mL). To
the solution, HATU (90 mg) was then added to cobtain 12 mg
of the title compound as a colorless solid.

[0399]

Example 24 Synthesis of (R)-1-(l-acryloylpiperidin-3-v1)-

4-amino-N- (5-cyano-4- (2- (dimethylamino) -2-oxoethyl) -2-

methylphenyl) ~1H-pyrazolo[3,4-d] pyrimidine-3-carboxamide

[0400]
(Step 1) Symthesis of 2-(2-cyano-5-methyl-4-nitrophenyl) -
N,N-dimethylacetamide
[0401]

2-{2-Bromo-5-methyl-4-nitrophenyl) -N,N-
dimethylacetamide (500 mg) obtained in (Step 2} of
Example 1 was dissolved in DMF (5 mL). After purging
with nitrogen, tetrakis(triphenylphosphine)palladium (191
mg) and zinc cyanide (390 wmg) were added tc the solution,

and the mixture was stirred at 120°C for 16 hours. The

mixture was allowed to cool to room temperature and then
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diluted with ethyl acetate. A 28% agueous ammonium
solution was added thereto, and the mixture was stirred
for 10 minutes. After extraction with ethyl acetate, the
extract was washed with a 28% aqueous ammonium solution
again, then washed with water, and washed with saturated
saline. The obtained organic layer was dried over
anhydrous sodium sulfate, filtered, and concentrated, and
the residue was purified by silica gel chromatography
(eluent: hexane-ethyl acetate) to cobtain the title
compound (209 mg) as a pale yellow solid.

[0402]

(Step 2) Synthesis of 2-(4-amino-2-cyano-5-methylphenyl) -
N,N-dimethylacetamide

[0403]

According to (Step 2) of Example 4, the title
compound {143 mg) was obtained as a colorless solid by
using 2- (2-cyano-5-methyl-4-nitrophenyl) -N,N-
dimethylacetamide (200 mg) instead of N,N-dimethyl-2-(3-
methyl-4-nitrophenyl)acetamide.

[0404]
{(Step 3) Synthesis of Example compound 24
[0405]

According to (Step 4) of Example 1, (R)-1-(1-
acryloylpiperidin-3-yl)-4-aminc-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (50 mg) obtained in
Reference Example 3 and 2- (4-amino-2-cyano-5-
methylphenyl) -N,N-dimethylacetamide (51 mg) obtained in

(Step 2) were dissolved by adding DMF (1 mL) and DIPEA
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{0.055 mL). To the solution, HATU (90 mg) was then added

to obtain 57 mg of the title compound as an cff-white
solid.
[0406]

Example 25 Synthesis of (R)-1-{l-acryloylpiperidin-3-vl)-

4-amino-N- (4- (2- (dimethylamino) -2-oxoethyl) -2-

fluorophenyl) ~1H-pyrazolo[3, 4-d] pyrimidine-3-carboxamide

(0407]

(Step 1) Synthesis of 2-(4-amino-3-fluorophenyl)-N,N-
dimethylacetamide

[0408]

2- (4-Amino-3-fluorophenyl)acetic acid (400 mg) was
suspended in a 2.0 M solution of dimethylamine in THF (7
mL). To the suspension, WSC (0.58 g) was then added at
room temperature, and the mixture was stirred at room
temperature for 1 hour. A 2.0 M solution of
dimethylamine in THF (7 mL) was added thereto,
subsequently HATU (1.16 g) was added thereto, and the
mixture was stirred for 30 minutes. After concentration
of the solution, the residue was purified by silica gel
chromatography (eluent: hexane-ethyl acetate) to obtain
the title compound (300 mg) as a light brown oil.

{0409]
(Step 2) Synthesis of Example compound 25
[0410]

According to (Step 4) of Example 1, (R)-1-(1-

acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo{3,4-

dlpyrimidine-3-carboxylic acid (50 mg) obtained in
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Reference Example 3 and 2- (4-amino-3-fluorophenyl) -N,N-
dimethylacetamide (46 mg) obtained in (Step 1) were
dissolved by adding DMF (1 mL) and DIPEA (0.055 mL). To
the solution, HATU (90 mg) was then added to obtain 8.1
mg of the title compound as a colorless solid.

f0411]

Example 26 Synthesis of (R)-4-(1-(l-acxryloylpiperidin-3-

yl) -4-amino-1H-pyrazolo[3, 4-dl pyrimidine-3-carboxamido) -

3-methylphenyl dimethylcarbkamate

[0412]

(Step 1) Synthesis of (R)-1-{l-acryloylpiperidin-3-yl)-4-
amino-N- (4-hydroxy-2-methylphenyl) - 1H-pyrazolo(3,4-
dlpyrimidine-3-carboxamide

[0413]

(R) -1- (1-Acryloylpiperidin-3-yl) -4-amino-1H-
pyrazolo(3,4-dlpyrimidine-3-carboxylic acid (30 mg)
synthesized in Reference Example 3 was dissolved by
édding DMF (4.5 mL), 4-amino-3-methylphencl (17 mg), and
DIPEA (50 uL). To the solution, HATU (55 mg) was then
added. The mixture was stirred at room temperature for 1
hour, and then, ethyl acetate and water were added
thereto to separate an organic layer. The organic layer
was dried over anhydrous sodium sulfate, and the solvent
was distilled off under reduced pressure. The residue
was purified by silica gel chromatography
(chloroform/methanol) to obtain 25 mg of the title
compound as a colorless oil.

[0414]
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(Step 2) Synthesis of Example compound 26

[0415]

To (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-{4-
hydroxy-2-methylphenyl) -1H-pyrazolo[3,4-d] pyrimidine-3-
carboxamide (10 mg) obtained in (Step 1), potassium
carbonate (10 mg} and acetonitrile (250 pL) were added to
prepare a suspension. Then, N,N-dimethylcarbamoyl
chloride (8 mg) was added thereto. The mixture was
stirred at 60°C for 3 hours, and then, chloroform and
water were added thereto to separate an organic layer.
The organic layer was dried over anhydrous sodium sulfate,
and the solvent was distilled off under reduced pressure.
The residue was purified by reverse-phase preparative
HPLC purification (water/acetonitrile (0.1% formic acid))
to obtain 2.62 mg of the title compound as a white solid.
[0416]

Examplé 27 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

yl) -4-amino-1H-pyrazolo{3,4-dlpyrimidine-3-carboxamido) -

3-chlorophenyl dimethylcarbamate

[0417)
{(Step 1) Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-4-
amino-N- (2-chloro-4-hydroxyphenyl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide
[0418]

According to (Step 1) of Example 26, 41 mg of the
title compound was obtained as a white solid by using

(R) -1-(l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo (3, 4-
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dlpyrimidine-3-carboxylic acid (30 mg) and 4-amino-3-
chlorophenol (25 mg).

[0419] |

(Step 2) Synthesis of Example compound 27

[0420]

According to (Step 2) of Example 26, 8.1 mg of the
title compound was obtained as a white solid by using
(R)-1-(1-acryloylpiperidin-3-yl)-4-amino-N- (2-chloro-4-
hydroxyphenyl) -1H-pyrazolo[3,4-d] pyrimidine-3-carboxamide
(10 mg) obtained in (Step 1) instead of (R)-1-(1-
acryloylpiperidin-3-yl) -4~amino~N- (4-hydroxy-2-
methylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide.
{0421]

Example 28 Synthesis of (R)-1-(l-acryloylpiperidin-3-vyl)-

4-amino-N- (4- (2- (dimethylamino) -2-oxoethyl)phenyl) -1H-

pyrazolo[3,4-dlpyrimidine-3-carboxamide

[0422]

(step 1) Synthesis of N,N-dimethyl-2-(4-
nitrophenyl)acetamide

[0423]

According to (Step 1) of Example 4, 60 mg of the
title compound was obtained as a yellow oil by using 2-
(4-nitrophenyl)acetic acid (50 mg) instead of 3-methyl-4-
nitrophenylacetic acid.

[0424]
(8tep 2) Synthesis of 2-(4-aminocphenyl)-N,N-
dimethylacetamide

[0425]



CA 02997051 2018-02-28

TH0104
- 151 -
According to (Step 2) of Example 6, 50 mg of the

title compound was obtained as a yellow o0il by using N,N-
dimethyl-2- (4-nitrophenyl)acetamide (60 mg) obtained in
(Step 1) instead of 2-(3-chloro-4-nitrophenyl)-N,N-
dimethylacetamide.
[0426]
(Step 3) Synthesis of Example compound 28
[0427]

According to (Step 3) of Example 4, 5.22 mg of the
title compound was obtained as a white solid by using
(R) -1-(1-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
d] pyrimidine-3-carboxylic acid (7.5 mg) and 2- (4~
aminophenyl) -N,N-dimethylacetamide (7.5 mg) obtained in
(Step 2).
[o428]

Example 29 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

yl) -4-amino-1H-pyrazolo[3,4-dlpyrimidine-3-carboxamido) -

2-chlorophenyl dimethylcarbamate

[0429]

(Step 1) Synthesis of 2-chloro-4-nitrophenyl
dimethylcarbamate

[0430]

To 2-chloro-4-nitrophencl (100 mg), potassium
carbonate (160 mg) and acetonitrile (3.0 mL) were added,
and N,N-dimethylcarbamoyl chloride (100 mg) was added to
the suspension. The mixture was stirred at 60°C for 2
hours, and then, ethyl acetate and water were added

thereto to separate an organic layer. The organic layer
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was dried over anhydrous sodium sulfate, and the solvent
was distilled off under reduced pressure. The residue
was purified by silica gel chromatography (hexane/ethyl
acetate) to obtain 120 mg of the title compound as a
colorless oil.

[0431]

(Step 2) Synthesis of 4-amino-2-chlorophenyl
dimethylcarbamate

[0432]

According to (Step 2} of Example 6, 95 mg of the
title compound was obtained as a yellow oil by using 2-
chloro-4-nitrophenyl dimethylcarbamate (120 mg) obtained
in (Step 1) instead of 2-(3-chloro-4-nitrophenyl)-N,N-
dimethylacetamide.

[0433]
(Step 3) Synthesis of Example compound 29
[0434]

According to (Step 3) of Example 4, 4.27 mg of the
title compound was obtained as a white solid by using
(R)-1-(1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo(3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 4-aminoc-2-
chlorophenyl dimethylcarbamate (10 mg) obtained in (Step
2).

[0435]

Example 30 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

yl) -4-amino-1H-pyrazolo[3,4-dlpyrimidine-3-carboxamido) -

2-methylphenyl dimethylcarbamate

[0436]
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(Step 1) Synthesis of Example compound 30
[0437]

(R) -1~ (1-Acryloylpiperidin-3-yl) -4-amino-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxylic acid (10 mg)
synthesized in Reference Example 3 was dissolved by
adding DMF (0.2 mL), 4-amino-2-methylphenol (7 mg), and
DIPEA (20 pL). To the solution, HATU (18 mg) was then
added. The mixture was stirred at room temperature for 1
hour, and then, the solution was purified by silica gel
chromatography (chloroform/methanol) to obtain 10 mg of a
white solid compound. Next, potassium carbonate (10 mg)
and acetonitrile (250 pL) were added to the obtained
compound (10 mg) to prepare a suspension. Then, N,N-
dimethylcarbamoyl chloride (12 mg) was added thereto.

The mixture was stirred at 60°C for 3 hours, and then,
chloroform and water were added thereto to separate an
organic layer. The organic layer was dried over
anhydrous sodium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by
reverse-phase preparative HPLC purification
(water/acetonitrile (0.1% formic acid)) to obtain 3.27 mg
of the title compound as a white solid.

{0438]

Example 31 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

yvl)-4-amino-l1H-pyrazolo[3,4-dlpyrimidine-3-carboxamido) -

3-fluorophenyl dimethylcarbamate

[0439]

(Step 1) Synthesis of Example compound 31
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[0440]

According to Example 30, 2.47 mg of the title
compound was obtained as a white solid by using (R)-1-(1-
acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
d]lpyrimidine-3-carboxylic acid (10 mg) and 4-amino-3-
fluorophenol (7 mg) .

[0441]

Example 32 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

y1l) -4¢-amino-1H-pyrazolo{3,4-d]pyrimidine-3-carboxamido) -

2,3-dimethylphenyl dimethylcarbamate

[0442]
(Step 1) Synthesis of Example compound 32
[0443] |

According to Example 30, 2.67 mg of the title
compound was obtained as a white solid by using (R)-1-(1-
acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo(3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 4-amino-2,3-
dimethylphenol (7 mg).
[0444]

Example 33 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

yl) -4-amino-1H-pyrazolo[3,4-d]l pyrimidine-3-

carboxamido)naphthalen-1-yl dimethylcarbamate

[0445]
{Step 1) Synthesis of Example compound 33
[04456]
According to Example 30, 2.60 mg of the title
compound was obtained as a white solid by using (R)-1-(1-

acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
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dl pyrimidine-3-carboxylic acid (10 mg) and 4-

aminonaphthol (10 wmg)}.
(0447]

Example 34 Synthesis of (R)-4-(1-(1l-acryloylpiperidin-3-

yl) -4-amino-1H-pyrazolo[3,4-d]lpyrimidine-3-carboxamido) -

2-fluorophenyl dimethylcarbamate

[0448]
(Step 1) Synthesis of Example compound 34
[0449]

According to Example 30, 1.92 mg of the title
compound was obtained as a white solid by using (R)-1-(1-
acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 4-amino-2-
fluorophenol (7 mg) .

[0450]

Example 35 Synthesis of (R)-4-{(l-(l-acryloylpiperidin-3-

v1)-4-amino-1H-pyrazolo[3,4~-dlpyrimidine-3-carboxamido) -

2,3-difluorophenyl dimethylcarbamate

[0451]
(Step 1) Synthesis of Example compound 35
[0452]

According to Example 30, 1.10 mg of the title
compound was obtained as a white solid by using (R)-1-(1-
acryloylpiperidin-3-yi) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg} and 4-amino-2,3-
difluorophenol (7 mg).

[0453]
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Example 36 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

vl) -4 -amino-1H-pyrazolo[3,4-dlpyrimidine-3-carboxamido) -

3-methoxyphenyl dimethylcarbamate

[0454]
(Step 1) Synthesis of Example compound 36
[0455]

According to Example 30, 10.8 mg of the title
compound was obtained as a white solid by using (R}-1-(1-
acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-

d] pyrimidine-3-carboxylic acid (25 mg) and 4-amino-3-
methoxyphenol (17 mg).
[0456]

Example 37 Synthesis of (R)-8-(1-(l-acryloylpiperidin-3-

vl)-4-amino-1H-pyrazolo[3,4-d]lpyrimidine-3-

carboxamido) quinolin-5-yl dimethylcarbamate

[0457]

(Step 1) Synthesis of 8-nitroquinolin-5-yl
dimethylcarbamate

[0458]

To 8-nitroquinolin-5-ol (100 mg), potassium
carbonate (220 mg) and acetonitrile (2.6 mL) were added,
and N,N-dimethylcarbamoyl chloride (113 mg) was added to
the suspension. The mixture was stirred at 60°C for 2
hours, and then, ethyl acetate and water were added
thereto to separate an organic layer. The organic layer
was dried over anhydrous sodium sulfate, and the solvent
was distilled off under reduced pressure. The residue

was purified by silica gel chromatography (hexane/ethyl
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acetate) to obtain 110 mg of the title compound as a
yellow solid.

(0459]

(Step 2) Synthesis of 8-aminoquinolin-5-yl
dimethylcarbamate |

[0460]

According to (Step 2) of Example 6, 90 mg of the
title compound was obtained as a yellow oil by using 8-
nitroquinolin-5-yl dimethylcarbamate (110 mg) obtained in
(Step 1) instead of 2-(3-chloro-4-nitrophenyl)-N,N-
dimethylacetamide.
f0461]

(Step 3) Synthesis of Example compound 37
[0462]

According to (Step 3) of Example 4, 5.37 mg of the
title compound was obtained as a white solid by using
(R)-1-(l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
d]lpyrimidine-3-carboxylic acid (10 mg) and 8-
aminoquinolin-5-yl dimethylcarbamate {10 mg) obtained in
(Step 2).

[0463]

Example 38 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

vl)-4-amino-1H-pyrazolo[3,4-d] pyrimidine-3-carboxamido) -

2,5-dimethylphenyl dimethvylcarbamate

[0464]
{Step 1) Synthesis of Example compcund 38

[0465]
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According to Example 30, 8.01 mg of the title
compound was obtained as a white solid by using (R)-1-(1-
acryloylpiperidin-3-yl)-4-amino-1H-pyrazclo[3, 4-
dlpyrimidine-3-carboxylic acid (10 mg) and 4—amiﬁo—2,5—
dimethylphenol (10 mg) .

[0466]

Example 39 Synthesis of (R)-1-{l-acryloylpiperidin-3-yl)-

4-amino-N-{4-(2- {dimethylamino) -2 -oxoethyl) -2, 5~

dimethylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamide

[0467]

(Step 1) Synthesis of 2-(2,5-dimethyl-4-nitrophenyl)-N,N-
dimethylacetamide

[0468]

According to (Step 1) of Example 4, 110 mg of the
title compound was obtained as a yellow oil by usging 2-
(2,5-dimethyl—4-nitro§henyl)acetic acid (100 mg) instead
of 3-methyl-4-nitrophenylacetic acid.

[0469]

(Step 2) Synthesis of 2-(4-amino-2,5-dimethylphenyl) -N, N-
dimethylacetamide

f0470]

According to (Step 2) of Example 6, 90 mg of the
title compound was obtained as a yellow o0il by using 2-
(2,5-dimethyl—4—nitrophenyl)—N,N—dimethylacetamide (110
wmg) obtained in (Step 1) instead of 2-(3-chloro-4-
nitrcphenyl) -N,N-dimethylacetamide.

[0471]
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(Step 3) Synthesis of Example compound 39
[0472]

According to (Step 3) of Example 4, 4.50 mg of the
title compound was obtained as a white solid by using
(R) -1~ (L-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2- (4-amino-
2,5-dimethylphenyl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 2).
{0473]

Example 40 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (4- (2~ (dimethylamino) -2-oxoethyl) -3 -

methoxyphenyl) -1H-pyrazolo{3,4-dlpyrimidine-3-carboxamide

[0474]

(Step 1) Synthesis of 2-(2-methoxy-4-nitrophenyl)-N,N-
dimethylacetamide

[0475]

According to the synthesis method described in
European Journal of Medicinal Chemistry, 46 (1), 285-296;
2010, 250 mg of the title compound was obtained as a
yellow oil by using 2-methoxy-4-nitrobenzaldehyde (300
mg) instead of 4-nitrobenzaldehyde.

[0476]

(Step 2) Synthesis of 2- (4-amino-2-methoxyphenyl)-N,N-
dimethylacetamide

f04777]

According to (Step 2) of Example 6, 185 mg of the
title compound was obtained as a yellow oil by using 2-

(2-methoxy-4-nitrophenyl) -N,N-dimethylacetamide (250 mg)
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obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0478]

(Step 3) Synthesis of Example compound 40
[0479]

According to (Step 3) of Example 4, 8.22 mg of the
title compound was obtained as a white solid by using
(R)-1-(l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2- (4-aminoc-2-
methoxyphenyl) -N,N-dimethylacetamide (10 mg) obtained in
(Step 2).

[0480]

Example 41 Synthesis of (R)-1-(l-acryloylpiperidin-3-vl)-

4-amino-N- (4- (2- (dimethylamino) -2-oxcethyl)quinolin-8-

vl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide

[0481]

(step 1) Synthesis of N,N-dimethyl-2-(8-nitroquinolin-5-
yl)acetamide

[0482]

According to (Step 1) of Example 5, 150 mg of the
title compound was obtained as a yellow solid by using 2-
(quinolin-5-yl)acetic acid (220 mg) instead of 1-
naphthylacetic acid.

[0483]
{Step 2) Synthesis of 2-(8-aminogquinolin-5-yl)~N,N-
dimethylacetamide

[0484]
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According to (Step 2) of Example 6, 110 mg of the
title compound was obtained as a yellow oil by using N,N-
dimethyl-2- (8-nitroquinolin-5-yl)acetamide (150 mg)
obtained in (Step 1) instead of 2-(3-chloxro-4-
nitrophenyl) -N,N-dimethylacetamide.

[048s]
(Step 3) Synthesis of Example compound 41
[0486]

According to (Step 3) of Example 4, 12.8 mg of the
title compound was obtained as a white solid by using
(R) -1~ (l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2-(8-
aminoquinolin-5-yl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 2).

{0487]

Example 42 Synthesis of (R)-1-(l-acryloylpiperidin-3-vyl)-

4-amino-N-{4-(2- (dimethylamino) -2-~oxocethyl) -3-

fluorophenyl) -1H-pyrazolo[3,4-d]lpyrimidine-3-carboxamide

[0488]

(Step 1) Synthesis of 2-(2-fluoro-4-nitrophenyl)-N,N-
dimethylacetamide

[0489]

According to the synthesis method described in
European Journal of Medicinal Chemistry, 46 (1), 285-296;
2010, 420 mg of the title compound was obtained as a
yellow oil by using 2-fluoro-4-nitrobenzaldehyde (550 mg)
instead of 4-nitrobenzaldehyde.

[0450]
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{(Step 2) Synthesis of 2-(4-amino-2-fluorophenyl)-N,N-

dimethylacetamide
[0491]

According to (Step 2) of Example 6, 320 mg of the
title compound was obtained as a yellow oil by using 2-
(2-fluoro-4-nitrophenyl) -N,N-dimethylacetamide (420 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N, N-dimethylacetamide.

[0492]
(Step 3) Synthesis of Example compound 42
[0493]

According to (Step 3) of Example 4, 8.3 mg of the
title compound was obtained as a white solid by using
(R) -1- (1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3, 4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2- (4-amino-2-
fluorophenyl) -N,N-dimethylacetamide (10 mg) obtained in
{Step 2).

[0494]

Example 43 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

yl)-4-amino-1H-pyrazolo[3,4-dlpyrimidine-3-carboxamido) -

2,6-difluorophenvl dimethylcarbamate

(0485]
(Step 1) Synthesis of 2,6-difluoro-4-nitrophenyl
dimethylcarbamate
[04986]
According to (Step 1) of Example 29, 260 mg of the

title compound was cbtained as a yellow ¢il by using 2,6-
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difluoro-4-nitrophencl (200 mg) instead of 2-chloro-4-
nitrophenol.

[0497]

(Step 2) Synthesis of 4-amino-2,6-difluorcphenyl
diﬁethylcarbamate

[0498]

According to (Step 2) of Example 6, 220 mg of the
title compound was obtained as a yellow oil by using 2,6-
difluocro-4-nitreophenyl dimethylcarbamate (260 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0499]
(Step 3) Synthesis of Example compound 43
[0500]

According to (Step 3) of Example 4, 7.47 mg of the
title compound was obtained as a brown solid by using
(R} -1-(1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo(3, 4-
dlpyrimidine-3-carboxylic acid (10 mg) and 4-amino-2,6-
difluorophenyl dimethylcarbamate (10 mg) obtained in
(Step 2).

[0501]

Example 44 Synthesis of (R)-4-(1-(l-acryloylpiperidin-3-

vl) -4-amino-1H-pyrazolo[3,4-dlpyrimidine-3-carboxamido) -

3,5-dimethylphenyl dimethylcarbamate

{Step 1) Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-4-
amino-N- (4-hydroxy-2, 6-dimethylphenyl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide

[0502]
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According to (Step 1) of Example 26, 30 mg of the
title compound was cobtained as a white solid by using
(R) -1-(1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (30 mg) and 4-amino-3,5-
dimethylphenol (25 mg). .
[0503]

(Step 2) Synthesis of Example cowpound 44
[0504]

According to (Step 2) of Example 26, 12 mg of the
title compound was obtained as a white solid by using
(R)-1-(l-acryloylpiperidin-3-yl) -4-amino~N- (4 -hydroxy-
2,6-dimethylphenyl) -1H-pyrazolo[3,4~-d] pyrimidine-3-
carboxamide (10 mg) obtained in (Step 1) instead of (R)-
1-(l-acryloylpiperidin-3-yl) -4-amino-N- (4-hydroxy-2-
methylphenyl) -1H-pyrazolo[3,4-d]lpyrimidine-3-carboxamide.
[0505] |

Example 45 Synthesis of (R)-4-{1-(l-acrvloylpiperidin-3-

yl) -4-amino-1H-pyrazolo[3,4-d]lpyrimidine-3-carboxamido) -

2,6-dichlorophenyl dimethylcarbamate

[0506]
(Step 1) Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-4-
amino-N- (3, 5~dichloro-4-hydroxyphenyl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide
[0507]

According to (Step 1) of Example 26, 20 mg of the
title compound was obtained as a white solid by using

(R) -1-(l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolol[3, 4-
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dlpyrimidine-3-carboxylic acid (30 mg) and 4-amino-2,6-
dichlorophenol (25 mg).
[0508]
(Step 2) Synthesis of Example compound 45
[0509]

According to (Step 2) of Example 26, 7.5 mg of the
title compound was obtained as a white solid by using
(R) -1-(l-acryloylpiperidin-3-yl) -4-amino-N- (3,5-dichloro-
4-hydroxyphenyl)-lH-pyrazolo[3,4—d]pyrimidine-3-
carboxamide (10 mg) obtained in (Step 1) instead of (R)-
1-(l-acryloylpiperidin-3-yl)-4-amino-N- (4-hydroxy-2-
methylphenyl) -1H-pyrazolo[3,4-d] pyrimidine-3-carboxamide.
[0510]

Example 46 Synthesis of (R)-4-{1-(l-acryloylpiperidin-3-

vl)-4-amino-1H-pyrazolo[3,4-dipyrimidine-3-carboxamido) -

2,6-dimethylphenyl dimethylcarbamate

[0511]

(Step 1) Synthesis of 2,6-dimethyl-4-nitrophenyl
dimethylcarbamate

[0512]

According to (Step 1) of Example 29, 260 mg of the
title compound was obtained as a yellow coil by using 2,6-
dimethyl-4-nitrophenol (200 wmg) instead of 2-chloro-4-
nitrophenol.

[0513]
(Step 2) Synthesis of 4-amino-2,6-dimethylphenyl
dimethylcarbamate

[0514]
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According to (Step 2) of Example 6, 210 mg of the

title compound was obtained as a yellow oil by using 2,6-
dimethyl-4-nitrophenyl dimethylcarbamate (260 mg)
obtained in (Step 1) instead of 2~ (3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.
[0515]
(Step 3) Synthesis of Example compound 46
[0516]

According to (Steb 3) of Example 4, 13.2 mg of the
title compound was obtained as a white solid by using
(R) -1~ (1~acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 4-amino-2,6-
dimethylphenyl dimethylcarbamate (10 mg) obtained in
{Step 2).
[0517]

Example 47 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-anino-N- (2- {(dimethylamino) -4- (2~ (dimethylamino) -2-

oxoethyl)phenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamide

[0518]

(Step 1) Synthesis of 2- (3-flucro-4-nitrophenyl)-N,N-
dimethyl-2-acetamide

fo519]

According to the synthesis method described in
European Journal of Medicinal Chemistry, 46 (1), 285-296;
2010, 300 mg of the title compound was obtained as a
yellow oil by using 3-fluoro-4-nitrobenzaldehyde (500 mg)

instead of 4-nitrobenzaldehyde.
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[0520]
(Step 2) Synthesis of 2-(4-amino-3-fluorophenyl)-N,N-
dimethylacetamide
[0521]

According to (Step 2) of Example 6, 240 mg of the
title compound was obtained as a yellow oil by using 2-
(3-fluoro-4-nitrophenyl) -N,N-dimethyl-2-acetamide (300
mg) obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N~dimethylacetamide.

[0522]

(Step 3) Synthesis of Example compound 47
[0523]

According to (Step 3) of Example 4, 10.2 mg of the
title compound was obtained as a white solid by using
(R) -1-(1-acryloylpiperidin-3-vyl) -4-amino-1E-pyrazolo[3,4-
d] pyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-3-

fluorophenyl) -N,N~dimethylacetamide (10 mg) obtained in
(Step 2).

[0524]

Example 48 Synthesis of (R)-1-(l-acryloylpiperidin-3-vy1)-

4-amino-N-(4-(2- (dimethylamino) -2-oxoethyl) -2-

vinylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide
[0525]

(Step 1) Synthesis of N,N-dimethyl-2-(4-nitro-3-
vinylphenyl) acetamide
[0526]

To 2-{3-bromo-4-nitrophenyl) -N,N-dimethylacetamide

(330 mg) obtained in (Step 1) of Example 17, potassium
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vinyltrifluoroborate (330 mg), a Pd-dppf complex (93 mg),
DME (5.7 mL), and a 2 M agueous sodium carbonate soclution
(2.9 mL) were added. The mixture was stirred at 80°C for
12 hours, and then, ethyl acetate and water were added
thereto to separate an organic layer. The organic layer
wag dried over anhydrous sodium sulfate, and the solvent
was distilled off under reduced pressure. The residue
was purified by silica gel chromatography (hexane/ethyl
acetate)} to obtain 270 mg of the title compound as a
vellow solid.

[0527]

{Step 2) Synthesis of 2-(4-amino-3-vinylphenyl) -N,N-
dimethylacetamide

[0528]

According to (Step 2) of Example 6, 80 mg of the
title compound was obtained as a yellow oil by using N,N-
dimethyl-2- (4-nitro-3-vinylphenyl)acetamide {100 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0529]
(Step 3) Synthesis of Example compound 48
f0530]

According to (Step 3) of Example 4, 8.16 mg of the
title compound was obtained as a green solid by using
(R)-1- (1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2~ (4-amino~3-
vinylphenyl) -N,N-dimethylacetamide (10 mg) obtained in

(Step 2).
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[0531] \

Example 49 Synthesis of (R)-1-(l-acryloylpiperidin-3-vy1)-

4-amino-N- (4- (2- (dimethylamino) -2-oxocethyl) -2-

ethylphenyl) -1H-pyrazolo[3,4-dipyrimidine-3-carboxamide

[0532]

(Step 1) Synthesis of 2-(4-amino-3-ethylphenyl) -N,N-
dimethylacetamide

[0533]

Accoxrding to (Step 2) of Example 4, 80 mg of the
title compound was obtained as a yellow oil by using N,N-
dimethyl-2- (4-nitro-3~vinylphenyl)acetamide (100 mg)
obtained in (Step 1) of Example 48 instead of 2-(3-
methyl-4-nitrophenyl) -N,N-dimethylacetamide.

[0534]
(Step 2) Synthesis of Example compound 489
[0535]

According to (Step 3) of Example 4, 11.0 mg of the
title compound was obtained as a yellow sclid by using
(R} -1-(l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2-{(4-amino-3-
ethylphenyl) -N,N-dimethylacetamide (10 mg) obtained in
(Step 1).

[0536]

Example 50 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (2-chlorxo-4- (2- (dimethylamino) -2-oxoethyl) -3-

fluorophenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide

(0537]
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{Step 1) Synthesis of 2-(3-chloro-2-fluocro-4-
nitrophenyl)acetic acid
(05381

To diethyl malonate (621 mg), NMP (5.0 mL), sodium
hydride (248 mg), and 2-chloro-3,4-difluoro-1-
nitrobenzene (500 mg) were added in this ordexr at room
temperature. The solution was heated to 100°C, stirred
for 10 minutes, and then cooled to room temperature, and
ethyl acetate and a saturated agqueous solution cof
ammonium chloride were added thereto to separate an
organic layer. The organic layer was washed with water
and saturated saline and then dried over anhydrous sodium
sulfate, and the solvent was distilled off under reduced
pressure. The residﬁe was purified by silica gel
chromatography (hexane/ethyl acetate) to obtain 1.00 g of
a yellow oil. Next, methanol (5.0 mL) and a 5 M agqueousg
sodium hydroxide solution (2.5 mL) were added to the
obtained ©il, and the mixture was heated to 70°C and
stirred for 1.5 hours. the solution was cooled to room
temperature, the solvent was distilled off under reduced
pressure, and a 5 M agueous hydrochloric acid solution
was added to the residue. The precipitated solid was
collected by filtration and dried to obtain 366 mg of the
title compound as a yellow solid.
[0533]
(Step 2) Synthesis of 2-(3-chloro-2-fluoro-4-
nitrophenyl) -N,N-dimethylacetamide

[0540]
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2-{3-Chloro-2-fluoro-4-nitrophenyl) acetic acid (366

mg) obtained in (Step 1) was dissolved by adding DMF
(7.85 mL), DIPEA {(3.14 mL), and a 2.0 M solution of
dimethylamine in THF (3.14 mL). To the solution, HATU
(895 mg) was then added. The mixture was stirred at room
temperature for 1 hour, and then, ethyl acetate and water
were added thereto to separate an organic layer. The
organic layer was washed with water and saturated saline
and then dried over anhydrous sodium sulfate, and the
solvent waé distilled off under reduced pressure. The
residue was purified by silica gel chromatography
(hexane/ethyl acetate) to obtain 366 mg of the title
compound as a yellow solid.

{o541]

(Step 3) Synthesis of 2-{4-amino-3-chloro-2-
fluorophenyl) -N,N-dimethylacetamide

[0542]

To 2-(3-chloro-2-fluoro-4-nitrophenyl)-N,N-
dimethylacetamide (150 mg) obtained in (Step 2), THF (1.5
mL) and water (1.5 mL) were added, and then, ammonium
chloride (150 mg) and iron powder (150 mg) were added.
The solution was heated to 70°C, stirred for 2 hours,
then cooled to room temperature, and filtered through
celite to remove iron. The solvent in the filtrate was
distilled off under reduced pressure, and the obtaiped
residue was purified by silica gel chromatography (ethyl
acetate/methanol) to obtain 120 mg of the title compound

as a yellow solid.
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[0543]
{(Step 4) Synthesis of Example compound 50
[0544]

(R) -1-(1-Acryloylpiperidin-3-yl) -4 -amino-1H-
pyrazolo[3,4-dlpyrimidine-3-carboxylic acid (10 mg)
obtained in Reference Example 3 and 2-(4-amino-3-chloxo-
2-fluorophenyl) -N,N-dimethylacetamide (30 mg) obtained in
(Step 3) were dissolved by adding DMSO {0.2 wlL) and DIPEA
(10 uL). To the solution, HATU (50 mg) was then added.
The mixture was stirred at room temperature for 1 hour.
Then, DMSO (1 mL) was added theretco, and the mixture was
purified by reverse-phase preparative HPLC purificaticn
(water/acetonitrile (0.1% formic acid)) to obtain 6.7 mg
of the title compound as a white solid.

[0545]

Example 51 Synthesis of (R)-1-(l-acryloylpiperidin-3-y1)-

4-amino-N- (4- (2- (dimethylamino) -2-oxoethyl) -2- (furan-2-

vl)phenyl) -1H-pyrazolo[3,4-d]l pyrimidine-3-carboxamide

[os46]
(Step 1) Synthesis of 2-(3-(furan-2-yl)-4-
nitrophenyl)N,N-dimethyl-acetamide
[0547]

To 2-{3-bromo-4-nitrophenyl)-N,N-dimethylacetamide
(50 mg) obtained in (Step 1) of Example 17, 2-
furylboronic acid (30 mg), a Pd-dppf complex (14 mg), DME
{0.9 mL), and a 2 M agqueous sodium carbonate solution
(0.45 mL) were added. The mixture was stirred at 80°C

for 12 hours, and then, ethyl acetate and water were
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added thereto to separate an organic layer. The organic
layer was drled over anhydrous sodium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel chromatography
(hexane/ethyl acetate) to obtain 45 mg of the title
compound. as a yellow solid.

[0548]

(step 2) Synthesis of 2-(4-amino-3- (furan-2-yl)phenyl) -
N,N-dimethylacetamide

[0549]

According to (Step 2) of Example 6, 30 mg of the
title compound was obtained as a yellow oil by using 2-
(3-(furan-2-yl)-4-nitrophenyl) -N,N-dimethylacetamide (45
mg) obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0550]
(Step 3) Synthesis of Example compound 51
[0551]

According to (Step 3) of Example 4, 8.09 mg of the
title compound was obtained as a brown solid by using
(R) -1-(1-acryloylpiperidin~3-yl)-4-amino-1H-pyrazolo[3, 4~
dlpyrimidine-3-carboxylic acid (10 mg) and 2- (4-amino-3-
(furan-2-yl)phenyl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 2).

[0552]

Example 52 Synthesis of (R)-1-(l-acrylovlpiperidin-3-vyl)-

4~amino-N- (4- (2- (dimethylamino) -2-oxoethyl) -2- (furan-3-

v1l)phenyl)} -1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide
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[0553]

(Step 1) Synthesis of 2-(3-(furan-3-yl)-4-nitrophenyl) -
N,N-dimethylacetamide

[0554]

According to (Step 1) of Example 51, 45 mg of the
title compound was obtained as a yellow oil by using 3-
furylboronic acid (30 mg) . instead of 2-furylboronic acid.
[0555]

{(Step 2) Synthesis of 2-(4-amino-3-(furan-3-yl)phenyl)-
N,N-dimethylacetamide
[0556]

According to (Step 2} of Example 6, 30 mg of the
title compound was obtained as a yellow oil by using 2-
(3- (furan-3-yl) -4-nitrophenyl) -N,N-dimethylacetamide (45
mg) obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N, N-dimethylacetamide.

[0557]
(Step 3) Synthesis of Example compound 52
[0558]

According to (Step 3) of Example 4, 4.23 mg of the
title compound was obtained as a white solid by using
(R)-1-(l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2-(4-amino-3-
(furan-3-yl)phenyl) -N,N-dimethylacetamide (10 mg)
obtained in (Step 2).

[0559]

Example 53 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (7- (2- (dimethylamino) -2~
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oxoethyl)benzo[d] [1,3]dioxol-4-vyl)~1H~-pyrazolo([3,4-

dlpyrimidine-3-carboxamide

[0560]
(step 1) Synthesis of N,N-dimethyl-2-(7-
nitrobenzo[d] [1,3]dioxol-4-yl)acetamide
[0561]

To 7-nitrobenzo[d] [1,3]dioxole-4-carbaldehyde (180
mg), dichloromethane (4.6 mL), carbon tetrabromide (1.06
g), and triphenylphosphine (1.55 g) were added, and the
mixture was stirred at room temperature. Then, the,
solvent was removed with an evaporator. The residue was
purified by silica gel chromatography (hexane/ethyl
acetate) to obtain a yellow oil. Next, a 50% aqueous
dimethylamine solution (5.0 wmL} was added to the obtained
o0il, and the mixture was heated to 50°C and stirred
overnight. After the solution was cooled to room
temperature, ethyl acetate and a saturated aqueous
solution of ammonium chloride wexre added thereto to
separate an organic layexr. The organic layer was washed
with water and saturated saline and then dried over
anhydrous sodium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by
silica gel chromatography (hexane/ethyl acetate) to
obtain 120 mg of the title compound as a yellow oil.
[0562]
(Step 2) Synthesis of 2-(7-aminobenzo[d] [1,3]dioxol-4-
v1l) -N,N-dimethylacetamide

[0563]
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According to (Step 3) of Example 1, 100 mg of the
title compound was obtained as a yellow 0il by using N,N-
dimethyl-2- (7-nitrcbenzo [d] [1,3]dioxol-4-yl)acetamide
{120 mg) obtained in (Step 1) instead of 2-(2-bromo-5-
methyl-4-nitrophenyl) -N,N-dimethylacetamide.

[0564]
(Step 3) Synthesis of Example compound 53
[0565]

According to (Step 4) of Example 1, (R)—l-(i—
acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
d)pyrimidine-3-carboxylic acid (10 mg) and 2-(7-
aminobenzo[d] [1,3]dioxol-4-yl)-N,N-dimethylacetamide (20
mg) obtained in (Step 2) were dissolved by adding DMSO
(0.2 mL) and DIPEA (20 uL). To the solution, HATU (50
mg) was then added to obtain 6.38 mg of the title
compound as a white solid.

[0566]

Example 54 Synthesis of (R)-1-(l-acryloylpyrrolidin-3-

yl) -4-amino-N- (2-chloro-4-(2- (dimethylamino) -2-

oxoethyl)phenvl) -1H-pyrazolo[3,4-d]pyrimidine~3-

carboxamide
[0567]
(S8tep 1) Synthesis of Example compound 54
[0568]

(R)-1- (1-Acryloylpyrrolidin-3-yl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) synthesized in
Reference Example 5 was dissolved by adding 2-(4-amino-3-

chlorophenyl) -N,N-dimethylacetamide (10 mg) obtained in
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(Step 2) of Example 6, DMF (0.2 mL), and DIPEA (20 pL).

To the solution, HATU (18 mg) was then added. The

mixture was stirred at room temperature for 1 hour. Then,
DMSO (1 mL) was added thereto, and the mixture was
purified by reverse-phase preparative HPLC purification
(water/acetonitrile (0.1% formic acid)) to obtain 2.8 wg
of the title compound as a white solid.

[0569]

Example 55 Synthesis of (R)-1-(l-acrvloylpyrrolidin-3-

y1l) ~4-amino-N- (3-chloro-4-(2- (dimethylamino) -2-oxoethyl) -

2-methoxyphenyl) -1H-pyrazclo[3,4-d]lpyrimidine-3-

carboxamide

[0570]

(Step 1) Synthesis of Example compound 55
[0571]

According to (Step 1) of Example 54, 3.33 mg of the
title compound was obtained as a white solid by using
(R) -1-(l-acryloylpyrrolidin-3-yl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (5 mg) and 2-(4-aminoc-2-
chloro-3-methoxyphenyl) -N,N-dimethylacetamide (5 mg)
synthesized in (Step 3} of Example 11.

[0572]

Example 56 Synthesis of (R)-1-(l-acrvloylpyrrolidin-3-

v1l)-4-amino-N- (4~ {2- (dimethylamino) -2-oxoethyl) -3-fluoro-

2-methylphenyl) -1H-pyrazolo[3,4-dl pyrimidine-3-

carboxamide
[0573]

(Step 1) Synthesis of Example compound 56
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[0574]

According to (Step 1) of Example 54, 2.19 mg of the
title compound was obtained as a white solid by using
(R) -1-(l-acryloylpyrrolidin-3-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (5 mg) and 2-(4-amino-2-
fluoro-3-methylphenyl) -N,N-dimethylacetamide (5 mg)
synthesized in (Step 3) of Example 12.

[0575]

Example 57 Synthesis of (R)-1-(l-acrylovlpyrrolidin-3-

yl) -4-amino-N- (4- {2- (dimethylamino) -2-oxoethyl) -3-fluoro-

2-methoxyphenyl) -1H-pyrazolo[3,4-d]lpyrimidine-3-

carboxamide

[0576]

(8tep 1) Synthesis of Example compound 57
[0577]

According to (Step 1) of Example 54, 4.25 mg of the
title compound was obtained as a brown solid by using
(R)-1-(l-acryloylpyrrolidin-3-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (5 mg) and 2-(4-amino-2-
fluoro-3-methoxyphenyl) -N,N-dimethylacetamide {5 mg)
synthesized in (Step 3) of Example 14.

[0578]

Example 58 Synthesis of (R)-4-(l-(l-acryloylpyrrolidin-3-

vl) -4-amino-1lH-pyrazolo[3,4-dlpyrimidine-3-

carboxamido)naphthalen-1-y1l dimethylcarbamate

[0579]
(Step 1) Synthesis of 4-nitronaphthalen-1-yl

dimethylcarbamate
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[o580]

According to (Step 1) of Example 29, the title
compound was obtained as a yellow solid by using 4-
nitronaphthol instead of 2-chloro-4-nitrophenocl.
fos81]

(Step 2) Synthesis of. 4-aminonaphthalen-1-yl
dimethylcarbamate
[0582]

According to (Step 2) of Example 6, the title
compound was obtained as a yellow oil by using 4-
nitronaphthalen-1-yl dimethylcarbamate obtained in (Step
1) instead of 2-(3-chloro-4-nitrophenyl)-N, N-
dimethylacetamide.
fo583]

(Step 3) Synthesis of Example compound 58
[0584]

According to (Step 1) of Example 54, 3.59 mg of the
title compound was obtained as a white solid by using
(R) -1~ (1-acryloylpyrrolidin-3-yl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (7 mg) and 4~
aminonaphthalen-1-yl dimethylcarbamate (7 mg) synthesized
in (Step 2) of Example 58.

[0585]
Example 59 Synthesis of (R)-1-(l-acryloylpyrrolidin-3-

yl) ~4-amino-N-{4~- (2~ (dimethylamino) -2-oxoethyl) -2, 3-

dimethylphenyl) -1H-pyrazole(3,4-dlpyrimidine-3-

carboxamide

[0586]
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(Step 1) Synthesis of Example compound 59
[0s587]

According to (Step 1)} of Example 54, 1.23 mg of the
title compound was obtained as a white solid by using
(R) ~1-(1-acryloylpyrrolidin-3-yl)-1H-pyrazolo[3,4~
d]byrimidine—3—qarboxylic acid (5 mg) and 2-(4-amino-2,3-
dimethylphenyl) -N,N-dimethylacetamide (5 mg) synthesized
in (Step 3) of Example 13.
[0588]

Example 60 Synthesis of (R)-1-(l-acryloylpyrrolidin-3-

vl) -4-amino-N- (4- (2~ (dimethylamino) -2-oxoethyl) -2~

vinylphenyl) ~-1H-pyrazolo[3,4-dlpyrimidine-3-carkoxamide

[0589]
(Step 1) Synthesis of Example compound 60
[0590]

According to (Step 1) of Example 54, 2.82 mg of the
title compound was obtained as a brown solid by using
(R) -1-(l-acryloylpyrrolidin-3-yl) -1H-pyrazolo{3,4-
dlpyrimidine-3-carboxylic acid (5 mg) and 2- (4-amino-3-
vinylphenyl) -N,N-dimethylacetamide (5 mg) synthesized in
(Step 2) of Example 48.

(0591]

Example 61 Synthesis of (R)-1-(l-acryloylpyrrolidin-3-

yl) -4-amino-N-(4- (2~ (dimethylamino) -2-

oxoethyl)naphthalen-1-yl) -1H-pyrazolo[3, 4-d]lpyrimidine-3-

carboxamide
[0592]

(Step 1) Synthesis of Example compound 61
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[0593]

According to (Step 1) of Example 54, 5.3 mg of the
title compound was obtained as a yellow solid by using
(R) -1-(1-acryloylpyrrelidin-3-yl) -1B-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (5 mg) and 2- (4~
aminonaphthalen-1-yl) -N,N-dimethylacetamide (5 mg)
synthesized in (Step 2) of Example 5.

[0594]

Example 62 Synthesis of (R)-1-(l-acryloylpyrrolidin-3-

vl) -4-amino-N- (2-bromo-4- (2- (dimethylamino) ~2-

oxcethyl)phenyl) -1H-pyrazolo[3,4~-dlpyrimidine-3-

carboxamide

[0595]

{(Step 1) Synthesis of Example compound 62
[0596]

According to (Step 1) of Example 54, 0.90 mg of the
title compound was obtained as a brown solid by‘using
(R)-1-(1-acryloylpyrrolidin-3-yl)-1H-pyrazolo[3, 4-

dl pyrimidine-3-carboxylic acid (5 mg) and 2~ (4-amino-3-
bromophenyl) -N, N-dimethylacetamide (5 mg) synthesized in
(step 2) of Example 17.

[0597]

Example 63 Synthesis of (R)-4-(1-(l-acryloylpyrrolidin-3-

v1l) -4-amino-1H-pyrazolo[3,4-d] pyrimidine-3-carboxamido) -

3-methylphenyl dimethylcarbamate

[0598]
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(Step 1) Synthesis of (R)-1-(l-acryloylpyrrolidin-3-yl)-
4-aming-N- (4-hydroxy-2-methylphenyl) ~-1H-pyrazolo[3,4-
dlpyrimidine-3-~carboxamide

[0599]

(R) -1- (1-Acryloylpyrrolidin-3-yl)-4-amino-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxylic acid (10 wg)
synthesized in Reference Example 5 was dissolved by
adding DMF (0.2 mL), 4-amino-3-methylphenol (5.8 mg), and
DIPEA (20 pL). To the solution, HATU (17 wmg) was then
added. The mixture was stirred at room temperature for 1
hour, and then, ethyl acetate and water were added
thereto to separate an organic layer. The organic layer
was dried over anhydrous sodium sulfate, and the solvent
was distilled off.under reduced pressure. The residue
Qas purified by silica gel chromatography
(chloroform/methanol) to obtain 13 mg of the title
compound as a colorless oil.

[0600]
(8tep 2) Synthesis of Example compound 63
[0601]

To (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (4-
hydroxy-2-methylphenyl) -1H-pyrazolo[3,4-d] pyrimidine-3-
carboxamiae (13 mg) obtained in (Step 1), potassium
carbonate (10 mg) and acetonitrile (250 pL) were added to
prepare a suspension. Then, N,N-dimethylcarbamoyl
chloride (8 mg) was added thereto. The mixture was
stirred at 60°C for 3 hours, and then, chloroform and

water were added thereto to separate an organic layer.
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The organic layer was dried over anhydrous sodium sulfate,
and the solvent was distilled off under reduced pressure.
The residue was purified by reverse-phase preparative
HPLC purification (water/acetonitrile (0.1% formic acid))
to obtain 6.10 mg of the title compound as a white solid.
[0602]

Example 64 Synthesis of (R)-4-(1-(l-acryloylpyrrolidin-3-

yl)-4-amino-1H-pyrazolo[3,4-d)lpyrimidine-3-carboxamido) -

2,3-dimethylphenyl dimethylcarbamate

[0603]

(Sstep 1) Synthegis of (R)-1-(l-acryloylpyrrolidin-3-yl)-
4-amino-N- (4-hydroxy-2,3-dimethylphenyl) -1H-pyrazolo([3, 4-
dl pyrimidine-3-carboxamide

[0604]

According to (Step 1) of Example 63, 10 mg of the
title compound was obtained as a white solid by using 4-
amino-2,3-dimethylphencl instead of 4-amino-3-
methylphenol.

[0605]
(Step 2) Synthesis of Example compound 64
[0606]

According to (Step 2) of Example 63, 6.70 mg of the
title compound was obtained as a white solid by using
(R)-1-(1-acryloylpyrrolidin-3-yl) -4-amino-N- (4 -hydroxy-
2,3-dimethylphenyl) -1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (10 mg) obtained in (Step 1) instead of (R)-
1-(l-acryloylpyrrolidin-3-yl) -4-amino-N- (4 -hydroxy-2-

methylphenyl) ~-1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide.
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[0607]

Example 65 Synthesis of (R)-1l-(l-acryloylpyrrolidin-3-

y1l) -4-amino-N-~ (2-chlorc-4- (2- (dimethylamino) -2-oxoethyl) -

3-fluorophenyl) -1H-pyrazolo([3,4-dlpyrimidine-3-

carboxamide

[0608]

(Step 1) Synthesis of Example compound 65
[0609]

(R) -1-(l-Acryloylpyrrolidin-3-yl) -1H-pyrazolo(3,4-
dlpyrimidine-3-carboxylic acid (5.0 mg) obtained in
Reference Example 5 and 2- (4-amino-3-chloro-2-
fluorophenyl) -N,N-dimethylacetamide (10 mg) obtained in
(Step 3) of Example 50 were dissolved by adding DMSO (0.1
mL) and DIPEA (5 pL). To the solution, HATU (25 mg) was
then added. The mixture was stirred at room temperature
for 1 hour. Then, DMSO (1 mlL) was added thereto, and the
mixture was purified by reverse-phase preparative HPLC
purification (watexr/acetonitrile (0.1% formic acid)) to
obtain 3.41 mg of the title compound as a white solid.
[0610]

Example 66 Synthesis of (R,E)-4-({4-amino-1-(1-(4-

dimethylamino)but-2-enoyl)piperidin-3-y1) ~1H-~

pyrazolo[3,4-dlpyrimidine-~3~-carboxamido) naphthalen-1l-yl

dimethylcarbamate

[0611]
(Step 1) Synthesis of (R)-tert-butyl 3- (4-amino-3((4-
{ {(dimethylcarbamoyl) oxy)naphthalen-1-yl) carbamoyl) -1H-

pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-l-carboxylate
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foe12]

(R) -4-Amino-1-(1- (tert-butyloxycarbonyl)piperidin-3-
vl) -1H-pyrazolo[3,4~-d]lpyrimidine-3-carboxylic acid (20
mg) synthesized in Reference Example 2 was dissolved by
adding 4-aminonaphthalene-l-dimethylcarbamate (20 mg)
synthesized in (Step 2) of Example 58, DMF (0.2 mL), and
DIPEA (35 uL). To the solution, HATU (32 mg) was then
added, and the mixture was stirred at room temperature
for 1 hour. Ethyl acetate and water were added thereto
to separate an organic layer. The organic layer was
dried over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel chromatography
{chloroform/methancl) to obtain 20 mg of the title
compound as & colorless oil.
[0613]
(Step 2) Synthesis of Example compound 66
[0614]

To (R)-tert-butyl 3-(4-amino-3((4-
( (dimethylcarbamoyl)oxy)naphthalen-1-yl) carbamoyl) -1H~
pyrazolo[3,4~-d]pyrimidin-1-yl)piperidine-i-carboxylate
(20 mg) obtained in (Step 1), a 4 M solution of
hydrochloric acid in 1,4-dioxane (0.3 mL) was added, and
the mixtufe was stirred at room temperature for 1 hour.
The organic solvent was distilled off under reduced
pressure, and then, the residue was dissolved by adding
trans-4-dimethylaminocrotonic acid (5 mg), DMF (0.2 mL),

and DIPEA (20 puL). To the solution, HATU (15 mg) was
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then added, and the mixture was stirred at room
temperature for 1 hour. DMSO (1.0 mL) was added to the
solution, and the mixture was purified by reverse-phase
preparative HPLC purification (water/acetonitrile (0.1%
formic acid)) to obtain 12.7 mg of the title compound as
a white solid.

[0615]

Example 67 Synthesis of (R)-1-(l-acryloylpyrrolidin-3-

vl) -4 -amino-N- (5-chloro-4-~ (2- (dimethylamino) -2-oxoethyl) -

2-methylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-

carboxamide
[0616]

(R} -1-{(1-Acryloylpyrrolidin-3-yl)-1H~pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (5.0 mg) obtained in
Reference Example 5 and 2- (4-amino-2-chloro-5-
methylphenyl) -N, N-dimethylacetamide (10 mg) obtained in
(Step 4) of Example 19 were dissolved by adding DMSO (0.1
mL) and DIPEA (5 pL). To the solution, HATU (25 mg) was
then added. The mixture was stirred at room temperature
for 1 hour. Then, DMSO {1 mL) was added thereto, and the
mixture was purified by reverse-phase preparative HPLC
purification (water/acetonitrile (0.1% formic acid)) to
obtain 5.08 mg of the title compound as a white solid.
[0617]

Example 68 Synthesis of (R)-4-(1l-(l-acryloylpyrimidin-3-~

yl) -4-amino-1H-pyrazolo[3,4-d] pyrimidine-3-carboxamido) -

3-methylphenyl methyl (phenyl)carbamate

[0618]
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(Step 1) Synthesis of 3-methyl-4-nitrophenyl

methyl (phenyl) carbamate
[0619]

Accorxding to (Step 1) of Example 29, 80 mg of the

title compound was obtained as a yellow solid by using 3-

methyl-4-nitrophenol (50 mg) instead of 2-chloro-4-

nitrophenol and using N-methyl-N-phenylcarbamoyl chloride

instead of N,N-dimethylcarbamoyl chloride.
{0620]

(Step 2) Synthesis of 4-amino-3-methylphenyl
methyl (phenyl) carbamate

[06621]

According to (Step 2) of Example 6, 50 mg of the
title compound was cbtained as a yellow oil by using 3-
methyl-4-nitrophenyl methyl (phenyl)carbamate (80 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0622]
(Step 3) Synthesis of Example compound 68
[0623]
According to (Step 3) of Example 4, 3.58 mg of the

title compound was obtained as a white solid by using

(R) -1-(l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-

d] pyrimidine-3-carboxylic acid (7.5 mg) and 4-amino-3-

methylphenyl methyl (phenyl)carbamate (7.5 mg) obtained in

(Step 2).

[0624]
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Example 69 Synthesis of (R)-4-(1-(l-acryloylpyrimidin-3-

v1l) -4-aminoc-1H-pyrazolo[3,4-d]lpyrimidine-3-carboxamido) ~

3-methylphenyl pyrrolidine-l-carboxylate

[0625]

(step 1) Synthesis of 3-methyl-4-nitrophenyl pyrrolidine-
l-carboxylate

[0626]

According to (Step 1) of Example 29, 80 mg of the
title compound was obtained as a yellow solid by using 3-
methyl-4-nitrophenol (50 mg) instead of 2-chloro-4-
nitrophenol and using l-pyrrolidinecarboxylic acid
chloride instead of N,N-dimethylcarbamoyl chloride.

[0627]

(Step 2) Synthesis of 4-amino-3-methylphenyl pyrrolidine-
l-carboxylate

[0628]

According to (Step 2) of Example 6, 50 mg of the
title compound was cbtained as a yellow oil by using 3-
methyl-4-nitrophenyl pyrrolidine-1l-carboxylate (80 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0629] '
(Step 3) Synthesis of Example compound 69
[0630]

According to (Step 3) of Example 4, 3.66 mg of the
title compound was obtained as a white solid by using
(R)-1-(l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo(3,4-

dlpyrimidine-3-carboxylic acid (7.5 mg) and 4-amino-3-
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methylphenyl pyrrolidine-1l-carboxylate (7.5 mg) obtained
in (sStep 2).
[0631]

Example 70 Synthesig of (R)-4-(1-(l-acryloylpyrimidin-3-

vl)-4-amino-1H-pyrazoleo[3,4-d]l pyrimidine-3-carboxamido) -

3-methylphenyl piperidine-l-carboxylate

fo632]

(Step 1) Synthesis of 3-methyl-4-nitrophenyl piperidine-
l-carboxylate

[0633]

According to (Step 1) of Example 29, 70 mg of the
title compound was obtained as a yellow sclid by using 3-
methyl-4-nitrophenol (50 mg) instead of 2-chlcro-4-
nitrophenol and using l-piperidinecarboxylic acid
chloride instead of N,N-dimethylcarbamoyl chloride.

[0634]

{Step 2) Synthesis of 4-amino-3-methylphenyl pyrrolidine-
l-carboxylate

[0635]

According to (Step 2) of Example 6, 50 mg of the
title compound was obtained as a yellow oil by using 3-
methyl-4-nitrophenyl piperidine-l-carboxylate (70 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0636]
(Step 3) Synthesis of Example compound 70

[0637]
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According to (Step 3) of Example 4, 4.05 mg of the

title compound was obtained as a white solid by using

(R) -1~ (l-acryloylpiperidin-3-vyl)-4-amino-1H-pyrazolo(3,64-
d]pyrimidine-3-carboxylic acid (7.5 mg) and 4-aminoc-3-
methylphenyl pyrrolidine-l-carboxylate (7.5 wmg) obtained
in (Step 2).

(0638]

Example 71 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (2-methyl-4-(2-0x0-2- (pyrrolidin-1-

v1l)ethyl)phenyl) -1H-pyrazolo[3,4-d]pyrimidine-3-

carboxamide

[0639]

(Step 1) Synthesis of 2-(3-methyl-4-nitrophenyl)-1-
(pyrrolidin-1~yl)ethanone

[0640]

According to (Step 1) of Example 4, 55 mg of the
title compound was obtained as a yellow oil by using
pyrrolidine instead of a 2.0 M solution of dimethylamine
in THF.

[0641]

(Step 2) Synthesis of 2-(4-amino-3-methylphenyl)-1-
(pyrrolidin-1-yl)ethanone

[0642]

According to (Step 2) of Example 6, 50 mg of the
title compound was obtained as a yellow oil by using 2-
(3-methyl-4-nitrophenyl) -1- (pyrrolidin-1-yl)ethanone (55
mg) obtained in (Step 1) instead of 2-(3-chloro-4-

nitrophenyl) -N,N-dimethylacetamide.
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[o643]
(Step 3) Synthesis of Example compound 71
[0644]

Accoxding to (Step 3) of Example 4, 3.49 mg of the
title compound was obtained as a white solid by using
(R) -1- (l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2- (4-amino-3-
methylphenyl) ~1- (pyrrolidin-1-yl)ethanone (10 mg)
obtained in {(Step 2).
[0645]

Example 72 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (4 - {2-methoxy (methyl) amino-2-oxcethyl) -2-

methylphenyl) -1H-pyrazolo[3,4-dlpyrimidine-3-carboxamide

[0646]

(Step 1) Synthesis of N-methoxy-N-methyl-2-(3-methyl-4-
nitrophenyl)acetamide

[0647]

According to (Step 1) of Example 4, 55 mg of the
title compound was obtained as a yellow oil by using N-
methoxy-N-methylamine instead of a 2.0 M solution of
dimethylamine in THF.

{0648]

(Step 2) Synthesgis of 2-(4-amino-3-methylphenyl) -N-
methoxy-N-methylacetamide

[0649]

According to (Step 2) of Example &6, 50 mg of the
title compound was cbtained as a yellow oil by using N-

methoxy-N-methyl-2- (3-methyl-4-nitrophenyl)acetamide (55
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mg) obtained in (Step 1) instead of 2-{3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0650]

(8tep 3) Synthesis of Example compound 72

f0651]

Accorxding to (Step 3) of Example 4, 4.43 mg of the
title compound was obtained as a white solid by using
(R)-1-(1l-acryloylpiperidin-3-yl)-4-amino-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid (10 mg) and 2~ (4-amino-3-
methylphenyl) -N-methoxy-N-methylacetamide (10 mg)
obtained in (Step 2).

[0652]

Example 73 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (4- (2- (3-hydroxyazetidin-1-yl) -2-oxoethyl) -2-

methylphenyl) -1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide

[0653]

(8tep 1) Synthesis of 1-(3-hydroxyazetidin-1-yl)-2- (3~
methyl-4-nitrophenyl)ethanone

[0654)]

According to (Step 1) of Example 4, 55 mg of the
title compound was obtained as a yellow oil by using 3-
hydroxyazetidine instead of a 2.0 M solution of
dimethylamine in THF.

[0655]
(Step 2) Synthesis of 2-(4-amino-3-methylphenyl}-1-(3-
hydroxyazetidin-1-yl)ethanone

[0656]
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According to (Step 2) of Example 6, 50 mg of the

title compound was obtained as a yellow oil by using 1-
(3-hydroxyazetidin~1-yl)-2-(3-methyl-4-
nitrophenyl)ethanone (55 mg) cbtained in (Step 1) instead
of 2-(3-chloro-4-nitrophenyl) -N,N-dimethylacetamide.
{0657]

(Step 3) Synthesis of Example compound 73

[0658]

According to (Step 3) of Example 4, 8.14 mg of the
title compound was obtained as a brown solid by using
(R)-1-(l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
d]pyrimidihe—3—carboxylic acid (10 mg) and 2-(4-amino-3-
methylphenyl) -1- (3-hydroxyazetidin-1-yl)ethanone (10 mg)
obtained in (Step 2}.

[0659])

Example 74 Synthesis of (R)-1-(l-acryloylpiperidin-3-vyl)-

4-amino-N-(4-(3,3-dimethylureido) -2-methylphenyl) -1H-

pyrazolo[3,4-d]lpyrimidine-3-~carboxamide

[0660]
(Step 1) Synthesis of 1,1-dimethyl-3- (3-methyl-4-
nitrophenyl)urea
[0661]

3-Methyl-4-nitroaniline (100 mg) was dissolved by
adding DMF (3.3 mL) and DIPEA (170 uL). To the solution,
dichloromethylene methyliminium chloride (125 mg) was
then added. The mixture was stirred at 50°C for 3 hours,
and then, ethyl acetate and water were added thereto to

separate an organic layer. The organic layer was dried
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over anhydrous sodium sulfate, and the solvent was

distilled off under reduced pressure. The residue was
purified by silica gel chromatography
(chloroform/methanol} to obtain 140 mg of the title
compound as a celerless oil.

[0662]

(Step 2) Synthesis of 3-(4-amino-3-methylphenyl)}-1,1~
dimethylurea

[0663]

According to (Step 2) of Example 6, 120 mg of the
title compound was obtained as a yellow oil by using 1,1-
dimethyl-3- (3-methyl-4-nitrophenyl)urea (140 mg) cobtained
in (Step 1) instead of 2-{3-chloro-4-nitrophenyl)-N,N-
dimethylacetamide.

[0664]
(Step 3) Synthesis of Example compound 74
[0665] |

According to (Step 3) of Example 4, 6.50 mg of the
title compound was obtained as a brown solid by using
(R)-1-{l-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolol3,4-
dlpyrimidine-3-carboxylic acid (10 mg} and 3-(4-amino-3-
methylphenyl) -1,1-dimethylurea (10 mg) obtained in (Step
2).

[0665]

Example 75 Synthesis of (R)-1-(l-acryloylpiperidin-3-yl)-

4-amino-N- (2-methyl-4- (pyrrolidine-1-carboxamido)phenyl) -

1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide

[0667]
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(Step 1) Synthesis of N-(3-methyl-4-

nitrophenyl)pyrrolidine-1-carboxamide
[0668]

3-Methyl-4-nitroaniline (30 mg) was dissolved by
adding DMF (2.0 mL) and sodium hydride (60%) (12 mg). To
the solution, l-pyrrolidinecarboxylic acid chloride (25
pL) was then added. The mixture was stirred at room
temperature for 30 minutes, and then, ethyl acetate and
water were added thereto to separate an organic layer.
The organic layer was dried over anhydrous sodium sulfate,
and the solvent was distilled off under reduced pressure.
The residue was purified by silica gel chromatography
(chloroform/methanol) to obtain 30 mg of the title
compound as a colorless oil.

[0669]

(Step 2) Synthesis of N-(4-amino-3-
methylphenyl)pyrrolidine-1-carboxamide
[0&670]

According to (Step 2) of Example 6, 25 mg of the
title compound was obtained as a yellow oil by using N-
{3-methyl-4-nitrophenyl) pyrrolidine-1l-carboxamide (30 mg)
obtained in (Step 1) instead of 2-(3-chloro-4-
nitrophenyl) -N,N-dimethylacetamide.

[0671]
(Step 3) Synthesis of Example compound 75
[0672]
According to (Step 3) of Example 4, 6.53 mg of the

title compound was obtained as a white solid by using
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(R)-1-(1-acryloylpiperidin-3-yl) -4-amino-1H-pyrazolo[3,4-
dipyrimidine-3-carboxylic acid (10 mg) and N- (4-amino-3-
methylphenyl)pyrrolidine-1-carboxamide (10 mg) obtained
in (Step 2).

[0673]

Example 76 Synthesis of 1-((3R)-1l-acryloyl-5-

fluoropiperidin-3-vyl) -4-amino-N- (2-chloro-4- (2~

(dimethylamino) -2-oxoethyl) phenyl) -1H-pyrazolo[3,4-

d] pyrimidine-3-carboxamide

[0674]

(Step 1) Synthesis of (2S,4R)-methyl 1l-benzyl-4-
(benzyloxy)pyrrolidine-2-carboxylate

[0675]

To diethyl ether (400 wkL), (2S,4R)-methyl 4-
{benzyloxy) pyrrolidine-2-carboxylate hydrochloride (4.57
g) was added, and then triethylamine (2.98 g) was added
under ice cooling. The mixture was stirred under ice
cooling for 30 minutes. Then, benzyl bromide (5.04 g)
and triethylamine (2.98 g) were added thereto, and the
mixture was stirred overnight at room temperature. The
obtained suspension was filtered, and then, the filtrate
was washed with water and saturated saline, then dried
over anhydrous sodium sulfate, and filtered. After
concentration, the obtained residue was purified by
silica gel chromatography (hexane/ethyl acetate) to
obtain 4.57 g of the title compound as a colorless oil.

[0676]
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{Step 2) Synthesis of (({25,4R)-methyl 1-benzyl-4-

(benzyloxy)pyrrolidin-2-yl)methanol
[0677]

Lithium aluminum hydride (1.99 g) was suspended in
THF (100 mL). To the suspension, a solution of (2S,4R)-
methyl 1-benzyl-4- (benzyloxy)pyrrolidine-2-carboxylate
(11.4 g) in THF (65 mL) was added under ice cooling. The
mixture was kept been stirred under ice cooling for 1
hour, and then, sodium sulfate decahydrate (20 g) was
added thereto. The mixture was stirred at room
temperature for 3 hours. Then, anhydrous sodium sulfate
decahydrate (20 g) was added thereto, and the mixture was
stirred overnight at room temperature. Anhydrous sodium
sulfate (20 g) was further added thereto, and the mixture
was stirred for 30 minutes, then filtered through celite,
and concentrated to obtain a residue in a yellow oil form.
This residue was purified by silica gel chromatography
(hexane/ethyl acetate)} to obtain 9.16 g of the title
compound as a colorless oil.
[0678]
(Step 3) Synthesis of (3R)-1-benzyl-3-(benzyloxy)-5-
fluoropiperidine
[0673]

To a solution of ((2S,4R) -methyl l-kenzyl-4-
(benzyloxy)pyrrolidin-2-yl)methanol {(9.16 g) in THR,
bis (2-methoxyethyl)aminosulfur trifluoride {6.95 g) was
added under ice cooling, and then, the mixture was kept

been stirred for 1 hour. Then, the mixture was stirred
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at room temperature for 1.5 hours. A saturated aqueous
golution of sodium bicarbonate was added thereto,
followed by extraction with ethyl acetate. Then, the
extract was washed with saturated saline, dried using
anhydrous sodium sulfate, filtered, and concentrated.
The obtained regidue was purified by silica gel
chromatography (hexane/ethyl acetate) to obtain 6.08 g of
the title compound as a colorless oil.
{0680]
(Step 4) Synthesis of (5R)-tert-butyl-3-fluoro-5-
hydroxypiperidine-1-carboxylate
{0681]

(3R)-1-Benzyl—3-(benzyloxy)~5~fluofopiperidine (6.08
g) and di-tert-butyl dicarbonate (4.88 g) were dissolved
in ethanol (120 mL). To the solution, palladium
hydroxide-active carbon (900 mg) was then added, and the
mixture was stirred for 2 days in a hydrogen atmosphere.
The suspension was filtered through celite and then
concentrated, and the residue was suspended and washed
using hexane to obtain 3.98 g of the title compound as a
colorless solid.
[0682]
(step 5) Synthesis of (58)-tert-butyl-3-fluoro-5-((4-
nitrobenzoyl)oxy)piperidine-1l-carboxylate
[0683]

(5R) ~tert-Butyl-3-fluoro-5-hydroxypiperidine-1-
carboxylate (1.0 g), 4-nitrobenzoic acid (1.14 g), and

triphenylphosphine (1.79 g) were dissolved in toluene
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{100 mL). To the solution, bis(2-methoxyethyl)

azodicarboxylate (1.60 g) was then added under ice
cocling. The solution was stirred at room temperature
for 3 days, then washed with a saturated aqueous solution
of sodium bicarbonate and saturated saline, then dried
over anhydrous sodium sulfate, filtered, and then
concentrated. The obtained residue was purified by
silica gel chromatography (hexane/ethyl acetate) to
obtain 1.26 g of the title compound as a colorless solid.
[0684]

(Step 6) Synthesis of (58)-tert-butyl-3-fluoro-5-
hydroxypiperidine-1-carboxylate

[0685]

(58) -tert-Butyl-3-fluoro-5-((4-
nitrobenzoyl)oxy)piperidine-1-carboxylate (1.26 g) was
dissolved in a mixed solution of THF (7 wmL) and methanol
(7 mL). To the solution, a 5 N agqueous sodium hydroxide
soluticn (1.4 mL) was added. The mixture was stirred at
room temperature for 1.5 hours, and then, the organic
solvent was removed under reduced pressure. The residue
was diluted with diethyl ether, then washed with water, a
saturated aqueous solution of sodium bicarbonate, and
saturated saline, dried over anhydrous sodium sulfate,
filtered, and concentrated to obtain the title compound
(0.69 g) as a colorless solid.

[0686]
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(Step 7) Synthesis of (3R)-tert-butyl-3-(4-amino-3-iodo-

1H-pyrazolo[3,4-dlpyrimidin-1-yl) -5-fluorcopiperidine-1-
carboxylate
[0687]

The title compcund (0.33 g) was obtained as a light
brown compound by using (58)-tert-butyl-3-fluoro-5-
hydroxypiperidine-l-carboxylate (0.69 g) instead of (S)-
N-Boc-3-piperidinol in (Step 1) and (Step 2) of Reference
Example 1.

[0688]

{Step 8) Synthesis of 4-amino-1-((3R)-1-(tert-
butoxycarbonyl) -5-fluoropiperidin-3-yl) -1H-pyrazolo (3, 4-
dlpyrimidine-3-carboxylic acid

[0689]

(3R) -tert-Butyl-3-(4-amino-3-icdo-1H-pyrazolo[3,4-
d] pyrimidin-1-yl)-5-fluoropiperidine-l-carboxylate (0.300
g), triethylamine (0.32 g), and a 1,1'-
bis (diphenylphosphino) ferrocene-palladium{(II) dichloride-
dichloromethane complex (0.052 g) were added to methanol
(5 mL), and the mixture was stirred at 100°C for 1 hour
at 4.5 atm in carbon monoxide, and then concentrated.

The obtained residue was purified by silica gel
chromatography (hexane/ethyl acetate). The obtained
solid was dissolved in methanol (5 mL). To the solution,
a 5 N aqueous sodium hydroxide solution (0.64 mL) was
added, and then, the mixture was stirred at room
temperature for 4 hours. Then, a 5 N agueous

hydrochloric acid solution (0.65 mL) was added thereto,
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followed by extraction with chloroform. Then, the

extract was dried over anhydrous sodium sulfate, filtered,
and concenfrated to obtain the title compound (0.21 g) as
a colorless solid.
[0690]
(Step 9) Synthesis of Example compound 76
[0691])

4—Amino~l-((3R);1-(tert—butoxycarbonyl)—S—
fluoropiperidin-3-yl) -1H-pyrazolo([3,4-d]pyrimidine-3-
carboxylic acid (35 mg), 2-(4-amino-3-chlorophenyl)-N,N-
dimethylacetamide (23 mg) obtained in (Step 2) of Example
6, and diisopropylethylamine (23 mg) were dissolved in
DMF (1 mL). To the solution, HATU (52 mg) was added, and
the mixture was stirred for 2 days. After concentration,
the residue was purified by silica gel chromatography and
then purified by reverse-phase preparative HPLC
purification (water/acetonitrile (0.1% formic acid)).
The obtained colorless oil was dissolved in. methanol (2
mL} . To the solution, a sclution of 4 N hydrochloric
acid in dioxane (2 mL) was added, and the mixture was
stirred at room temperature for 2 hours. After
concentration, the obtained yellow solid and
diisopropylethylamine (0.039 g) were dissolved in
chloroform (5 mL). To the solution, a chloroform
solution containing acryloyl chloride (5 mg) was added
under ice cooling, and the mixture was stirred for 10
minutes. The sclution was purified by silica gel

chromatography, concentrated, and then suspended in



CA 02997051 2018-02-28

THO0104
- 202 -

hexane/ethyl acetate, and the suspension was filtered and
dried under reduced pressure to obtain the title compound
(25 mg) as a colorless solid.

[0692]

Example 77 Synthesis of 1-((3R)-l-acryloyl-5-

fluoropiperidin-3-vl) -4-amino-N- (4- (2- (dimethylamino) -2-

oxoethyl) -2, 3-dimethylphenyl) ~1H-pyrazolo[3,64-

d]l pyrimidine-3-carboxamide

(0693]

According to (Step 9) of Example 76, the title
compound (21 mg) was obtained as a colorless solid by
using 2- (4-amino-2,3-dimethylphenyl) -N,N-
dimethylacetamide (22 mg) synthesized in (Step 3) of
Example 13 instead of 2-(4-amino-3-chlorophenyl) -N,N-
dimethylacetamide.

[0694]

Example 78 Synthesis of 1-((3R,58)-1-acryloyl-5-

methylpyrrolidin-3-vl) -4-amino-N- (2-chloro-4- (2-

dimethylamino) -2-oxoethyl ) phenyl) -1H-pyrazolo[3,4-

d]l pyrimidine-3-carboxamide

[0695]
(Step 1) Synthesis of (28,4R)-tert-butyl 4-(3-iocdo-4-
( (triphenylphosphoranylidene)amino) -1H-pyrazolo[3,4-
dlpyrimidin-1-yl)-2-methylpyrrolidine-1-carboxylate
[0696]

tert-Butyl (28S,48)-4-hydroxy-2-methyl-pyrrolidine-1-
carboxylate (0.30 g), triphenylphosphine, and 3-iodo-1H-

pyrazolo[3,4-d]lpyrimidin-4-amine were dissolved in THF (7
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mlL) . To the solution, diisopropyl azodicarboxylate

(0.443 wmL) was added under ice cooling. The solution was
stirred at room temperature for 2 hours, and then, THF
{10 mL) was further added thereto. After overnight
stirring, triphenylphosphine (0.117 g) and diisopropyl
azodicarboxylate (0.089 mL) were further added thereto,
and the mixture was further stirred for 1 hour. After
concentration of the solution, the residue was suspended
in ethyl acetate, and the resulting insoluble matter was
removed. Then, the filtrate was concentrated, and the
residue was purified by silica gel chromatography
(hexane/ethyl acetate) to obtain the title compound
(0.387 g) as a colorless amorphous.
[0697]
(Sstep 2) Synthesis of (28,4R)-tert-butyl 4-(3-iodo-1H-
pyrazolo[3,4-d]pyrimidin~1-yl) -2-methylpyrrolidine~1-
carboxylate
[0598]

(25,4R) ~tert-Butyl 4-(3-iocdo-4-
( (triphenylphosphoranylidene) amino) -1H-pyrazolo (3,4~
dlpyrimidin-1-yl) -2-methylpyrrolidine-1-carboxylate (0.37
g) synthesized in (Step 1) was dissolved in
trifluoroacetic¢ acid (5 mL), and the solution was stirred
overnight. After concentration, chloroform and water
were added to the residue, and then, the mixture was
rendered basic using 5 N sodium hydroxide, followed by
extraction with chloroform/methanocl. The obtained

organic layer was dried over anhydrous sodium sulfate,
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filtered, and concentrated. The obtained colorless solid
was dissolved in chloroform (5 mL). To the solution, di-
tert-butyl dicarbonate (0.126 g) was added, and the
mixture was stirred at room temperature for 2 hours.
After concentration, the residue was purified by silica
gel chromatography (chloroform/methanol) to obtain the
title compound (0.23 g) as a colorless solid.

[0699]

(Step 3) Synthesis of 4-amino-1-((3R,58)-1-(tert-
butoxycarbonyl) -5-methylpyrrolidin-3-yl) -1H-pyrazolo[3,4-
dlpyrimidine-3-carboxylic acid

(0700]

According to (Step 8) of Example 76, the title
compound (0.138 g) was obtained as a brown solid by using
(28,4R) -tert-butyl 4- (3-iodo-1H-pyrazolol[3,4-d]pyrimidin-
1-yl) ~2-methylpyrrolidine-1l-carboxylate (0.23 g) obtained
in (Step 2) instead of (3R)-tert-butyl-3-(4-amino-3-icdo-
1H-pyrazolo[3,4-dlpyrimidin-1-yl) -5-fluoropiperidine-1-
carboxylate.

(0701]
(Step 4) Synthegis of Example compound 78
[0702]

According to (Step 9) of Example 76, the title
compound (23 mg) was obtained as a colorless solid by
using 4-amino-1-((3R,5S)-1-(tert-butoxycarbonyl)-5-
methylpyrrolidin-3-yl) -1H-pyrazolo[3,4-dlpyrimidine-3-
carboxylic acid (35 mg) and 2-{4-amino-3-chlorophenyl) -

N,N-dimethylacetamide (24 mg) obtained in (Step 2) of
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Example 6 instead of 4-amino-1-((3R)-1-(tert-

butoxycarbonyl) -5-fluoropiperidin-3-yl} -1H-pyrazolo([3,4-
dlpyrimidine-~3-carboxylic acid.
[0703]

Example 79 Synthesis of 1-((3R,58)-1-acryloyl-5-

methylpyrrolidin-3-vyl) -4~amino-N- {4~ (2-dimethylamino)-2-

oxoethyl) -2,3-dimethylphenyl) -1H-pyrazolo[3, 4-

dlpyrimidine-3-carboxamide

[0704]

According to (Step 9) of Example 76, the title
compound (36 mg) was obtained as a colorless solid by
using 4-amino-1-{(3R,58)-1-(tert-butoxycarbonyl) -5-
methylpyrrolidin-3-yl) -1H-pyrazolo[3,4-d] pyrimidine-3-
carboxylic acid (35 mg) and 2-(4-amino-2,3-
dimethylphenyl) -N,N-dimethylacetamide (24 mg) synthesized
in (Step 3) of Example 13 instead of 4-amino-1-((3R)-1-
(tert-butoxycarbonyl) -5-fluoropiperidin-3-yl) -1H-
pyrazolo[3,4-d]pyrimidine-3-carboxylic acid.

[0705]

Comparative Example compound 1 Synthesis of (R)-1-(1-

acryloylpiperidin-3-yl) -4-amino-N- (5-

fluorocbenzo [d] oxazol-2-yl) -1H-pyrazolo[3,4-dlpyrimidine-

3-carboxamide

[0706]

The title compound was obtained as a white solid by
synthesis according to the method of the pamphlet of
International Publication No. WO 2015/022926.

[0707]
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Hereinafter, a list of Example compounds 1 to 79 and

Comparative Example compound 1 is shown below.

[0708)
Ron R,
o
W
Z
Z3
Z;
0 Zy
R NH 0

N o\

[0709]
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THO0104

Ry
\N/Rz

oA

NMR

mass

HaC
**\\—CHs

B

THNMR (DMSO-DB) b: 1.53-1.67 (m, 1.0H), 1.93-2.03 (m,
1.0H), 2.15-2.52 {m, 5.0H), 2.85 (s, 3.0H), 3.03 (s, 3.0H),
3,14-3.88 (m, 2.0H), 3.78 {s, 2.0H}, 4.00-4.87 (m, 3.0H),
5.58-5.71 {m, 1.0H), 6.00-8.47 {m, 1.0H), 6.68-8.92 (m,
1.0H), 7.20 (s, 1.0H), 7.68-7.76 {m, 1.0H), 8.15 (s, 1.0H),
8.27 (s, 1.0H), 8.48 (s, 1.0H), 10.02-10.22 (m, 1.0H).

568.2

HaC
T \y—CHs
/

2

1H NVR (400 M-z, CDCI3) Shit 1.63-1.85 {m, 1H), 1.95-
2.10 {m, 1H}), 2.16-2.41 (m, 5H), 3.01 (s, 3H), 3.05 (s, 3H),
3.18-3.78 (m, 3H), 3.85-4.30 (m, 1H), 4.41-5.02 (m, 2H),
5.61-5.78 {m, 1H), 6,20 (dd, J=15.85, 7.07 Hz, 1H), 8.40-
8.72 {m, 2H), 7.23 (s, 1H), 8.21-8.43 (m, 2H), 8.80 (br. d,
J=8.00 Hz, 1H), 8.43 (s, 1H)

526.3

HaC
*\y—CHs

N

THNMR (400 Mz, CDCI3) Shift 1.95-1.48 {m, 1H), 1.64-
1.87 (m, 1H), 1.98-2.18 (m, 1H), 2.26-2.34 {m, 2H), 2.37 (s,
3H), 3.02 (s, 3H), 3.08 (s, 3H), 3.22-3.56 (m, 1H), 3.73 (s,
2H), 3.96-4.63 (m, 1H), 4.78-5.04 (m, 1H), 5.60-5.84 (m,
1H), 623-6.73 (m, 3H), 7.00-7.18 (m. 1H). 8,10-8.44 (m,
2H), 8.82 (br. d, J=11.00 Hz, 1H), 9.63 (s, 1H)

5253

HC

Yo

CH2

1H NMR (400 MHz, DMSO) Shift 1.58 (br. s., 1H), 1.85 (br.
s., 1H), 2.12-2.25 (m, 4H), 2,29 (br. 8., 1H), 2.81 (d, J=3.42
Hz, 3H), 2.99 (d, J=4.10 Hz, 3H), 3.63 (br. 5., 2H), 4.00 {br.
s., 1H), 4.50 (br. s., t1H), 4.70 (br. 5., 1H}, 5.68 (br. 3., 1H),
6.00-6.12 (m, 1H), 6.82 (br. 5., 1H}, 7.03-7.14 (m, 2H), 7.37
(br. s., 1H), 8.06 (br. s., 1H), 8.24 (br. 8., 1H), 8.53 (br. 5.,
1H), 10.01 (br. s., 1H)

481.3

HaC.
s | o N\—CHs

CH2

1H NMR (400 MHz, DMSO-d6) Shifi 1.59 (br. s,, 1H), 1.96
(br. s., 1H), 2.21 (br. 5., 1H), 2.38 {(br. 5., 1H), 2.50 (s, 1H),
2.85 (s, 3H), 3.02 (s., 3H), 3.83{br. 3., 1H), 4.06 (br. 5.,
2H), 4.15 (s, 3H), 4.26 (br. ., 1H), 4.77 (br. 5., 1H), 5.58-
6,70 {(m, 1H), 6.08 (d, J=16.40 Hz, 1H), 6.61-6.94 (m, 1H),
7.35 (d, J=7.52 Hz, 1H), 7.54 (d, J=8.88 Hz, 3H), 7.83-7.08
(m, 2H), 8.04 (br. s., 1H), B.25 (s, 1H), 8.50 (br. s., TH),
10.42-10.80 (m, 1H)

5273

HaC
\’N/CHg

i,

CH2

1H NMR (400 Mrz, DMSO-d6) Shift 1.53-1.70 (m, 1H),
1.92-2.03 (m, 1H), 2.14-2.37 (m, 2H), 2.84 (s, 3H), 3.03 (s,
3H), 3.18-3.40 (m, H), 3.68-3.80 (m, 1H), 3.74 (s, 2H),
4,02-4.57 (m, 2H), 4.69-4.81 (m, 1H), 5.56-5.71 (m, 1H),
6.03-6.14 {m, 1H), 6.66-6.93 (m, TH), 7.22-7.27 (m, 1H),
7.38-7.46 (m, 1H), 7.74-7.82 (m, 1H), 8.19 (br s, 1H), 8.28
(s, 1H), 8.42 {br s, 1H), 10.13 (br s, 1H)

511.2

HoC.
2 | N\—CHs

CH2

TH NNR (400 M-z, DMSO) Shift 1.60 (br. s., 1H), 1.95 (br.
s., 1H), 2.18 (br. 5., 1H), 2.27 (d, J=14.35 Mz, 1H), 2.81 (s,
3H), 2.9 {s, 3H), 3.66 (s, 2H), 3.79 (br. 5., TH), 3.87 (5,
3H), 3.99 (d, J=7.52 Hz, 1H), 4.13-4,48 (m, 1H), 4.73 (br.
5., 1H). 5.48-5.69 (m, 1H), 5.98-6.10 (m, 1H), 6.57-6.67 (m,
2H), 8.97 (s, 1H), 8.01 (d, 4=8.20 Hz, 1H), 8.15 (br. 5., 1H),
B.26 (s, 1H), 8.48 (br. 5., 1H), 9.61 (br. 5., 1H)

507.3

HaC.
s | o \y—CHs
g

CH2

TH NMR (400 MHz, DMSO-iB) Shift 2.15 (br. 5., 1H), 2.37-
2.55 (m, 1H), 2.73 (br. 5., 1H), 3.40 (s, 3H), 3.62 (s, 3H),
432 (s, 3H), 4.64 (br. 5., 2H), 4.70-5.16 (m, 2H), 5.18-5.44
(m, 1H), 6.27 (br. 8., 1H), 6.66 (br. 5., 1H), 7.41 (br. 5., 1H),
7.84 (d, J=8.20 Hz, 1H), 8.29 (d, J=8.88 Hz, 1H), 8.53 (br.
8., 1H), 8.67-8.77 (m, 2H), 8,83 (s, 1M), 8.97 (br. 5., 1H),
10.79-11.13 (m, 1H)

§10.3

[0710]




[Table 2]

CA 02997051 2018-02-28

~ 208 -

THO104

HaC,
0 \y—CHa

/

CH2

1H NMR (400 Mz, DMSO-06) Sift 1.5 (d, J=6.15 Iz,
1H), 1.55-1.74 (m, TH), 1.99 (5, 1H), 222 (m, 1H), 2.28 (br.
5., 1H), 2.83-2.90 (m, 3H), 3.09 (s, 3H), 3.38-3.59 (m, 1H),
3.79(s, 2H), 3.92 (s, 3H), 3.96-4.10 {m, 1H), 4.15-4.53 (m,
1H), 4.71-4.89 {m, 1H), 5.51-5.76 (m, 1H), 6.08 (br. 5., 1H),
6.50-6.99 (m, 1H), 7.10 (s, 1H), 8.20 (s, 2H), 8.30 (s, 1H),
8.40 (br. 5., 1H), 8,87 (br. 5., 1H)

5413

HsC
*\\—CHs

e

10

CH2

THNMR (400 Mriz, DMSO-d8) Shift: 1.54-1.89 (m, 1H),
1.91-2.05 (m, 1H), 2.13-2.42 (m, 2H), 2.22 (5. 3H), 2.85 (s,
3H), 3.00-3.27 (m, 2H), 3.06 (s, 3H), 3.20-3.82 (m, 2H),
3.69 {s, 2H), 4.00-4.61 (m, 2H), 4.67-4.85 (m, 1H), 5.54-
5.73 (m, 1H), 6.03-6.16 {m, 1H), 6.66-6.91 {m, 1Hj, 7.14 (d,
= 8.0 Hz, M), 7.34-7.41 (m, 1H), 8.16 (br s, 1H), 8.27 (s,
1H), 8.49 (br s, 1H), 10.00-10.10 (m, 1H)

§09.3

HsC
1| N\ —CHa
/

CH2

1H NMR (400 MHz, DMSO-d6) Shift1.62 (5. 5., 1H), 2.02
(br. 8., TH), 2.21 (br. 5., 1H), 2.20 (m, 1H), 2.84 (s, 3H),
3.06 (s, 3H), 3.79 (s, 2H), 3.86 (s, 3H), 4.03 (br. 5., 1H),
4.19 (br. 5., 1H), 4.49 (d, $=11.62 Hz, 1H), 4.76 (br. 5., 1H),
5.45-5.72 (m, 1H), 5.97-6.12 {m, 1H), 8.54-6.88 (m, 1H),
7.11 (d, J=8.20 Hz, 1H), 7.97 (d, J=8.20 Hz, 1H), 8,20 (br.
5., 1H), 8.28 (s, 1H), 8.37 (br. 5., 1H), .81 {br. 5., 1H)

541.3

HaC.

12 \N/CHa

CH2

1H NMR (400 MHz, DMSO-6) Shift 1.58 (br. s., 11), 1.94
(br. 5., 1H), 2.12 (s, 3H), 2.18 (br. 5., 1H), 2.30 (br. &., 1H),
2.83 (s, 3H), 3.05 (s, 3H), 3.10-3.25 (m, 1H), 3.70 (s, 2H),
4.05 (d, J=15.03 Hz, 1H), 3.78 (br. 5., 1M}, 4.13-4.30 (m,
1H), 4.55 (d, J=11.62 Hz, 1H), 4.74 (6r. 5., 1H), 5.54-5.72
{m, 1H), 6.02-6.14 (m, 1H), 6.84 (br. 5., 1H), 7.05-7.12 (m,
THJ, 7.20 (br. 5., 1H), B.08 (br. 5., 1H), 8.25 (s, 1H), 8.48
{br. s., 1H), 10.12-10.28 (m. 1H)

609.3

HsC.
13 \N/CH:g

4

CH2

|THNMR (400 MHz, DMSO-06) Shift 1.52-1.69 (m, 1H),

1.92-2.03 (m, 1H), 2.06-2.41 (m, 2H), 2.10 (s, 3H}, 2.13 (s,
3H), 2.85 (s, 3H), 2.99-3.24 (m, 1H), 3.05 (s, 3H), 3.29-3.85
(m, 1H), 3.33 (s, 2H), 3.99-4.58 (m, 2H), 4.67-4.81 (m, TH),
5.58-5.73 (m, 1H), 6.05-8,15 (m, 1H), 6.71-6.96 (m, 1H),
6.95 (d, J = 8.0 Hz, 1H), 7.10-7.15 (m, 1H), 8.08 (br &, 1H),
8.26 (s, 1H), 8.0 (br s, 1H), 10.11-10.24 (m, 1H).

505.3

HaC.

14 \N/CH;,,

/

CH2

TH NMR (400 Mz, DMSO-d6) Shift 1.62 (br. s., 1H), 2.02
(br. 5., 1H), 2.21 (br. 5., 1H), 2.27 {br. 5., 1H), 2.83 (s, 3H),
3.05(s, 3H), 3.71 (s, 2H), 3.78 (m., 1H), 3.94 (s., 3H), 4.04
(d, J=19,82 Hz, 2H), 4.17 {br. 5., 1H), 4.45 (br. 5., 1H),
4,52-4.56 (m, 1H), 4.52-4.57 (m, 1H), 4.71-4.87 (m, 1H),
5.38-5.77 {m, 1H}), 5.98-6,11 (m, 1H), 6.51-6.90 (m, 1H),
6.9 {, [=7.85 Hz, 1H), 7.77 (d, J=8.20 Hz, 1H), 8.18 (ur.
5., 1H), 8.27 (5. TH), 8.40 (br. 5., TH), 9.80 (br. 5., 1H)

626.3

HaC

/

CH2

1H NWVR (400 MHz, DMSO) Shift 1.60 (br. s., TH), 1.96 (br.
s, 1H), 219 (br. s., 1H), 2.28 (br. 5., 1H), 2.82 (s, 3H), 3.01
(s, 3H), 3.72 (s, 2H), 3.95-4.18 (m, 1H), 4.19-4.54 (m, 1H),
4.77 {br. s,, 1H), 5.52-5.70 {m, 1H), 6.01-6.12 (m, 1H}, 6.81
(d, J=10.25 Hz, 1H), 7.12-7.21 (m, 3H), 7.87 (d, J=8.20 Hz,
1H), 8.18 (br. 5., 1H), 8.27 (s, 1H), 8.39 (br. 5., 1H), 9.87
(br.s., 1H)

5433

H3C.
N
16 N—CHa

CHz

1H NMR (400 MHz, DMSQ) Shift 1.60 (br. 5., TH), 1.6 (s,
1H), 219 (br. s., 2H), 2.82 (s, 3H), 2.88-3.03 {m, 3H), 3.83-
3.75 (m, 2H), 3.80 (br. 5., 1H), 4.00 (d, J=7.52 Hz, 1H),
4.12-4.52 (m, TH), 4.70-4,88 (m, 1H), 5.40-5.73 (m, 1H),
5.83 (br. s., 1H), 5.94-6.12 (m, 2H), 6.59-6.91 {m, 1H), 7.01
{d, J=8.20 Hz, 1H), 7.16 (s, 1H), 7.97 (br. 5., 1H), 8.17 (br,
5., H), 8.27 (s, 1H), 8.44 (br. 5., 1H), 9.73 (d, J=15.72 Hz,

1H)

525.3

[0711]
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[Table 3]
TH NMR (400 MHz, DMSO~d6) Shift 1.58 (br. 5., 1H), 1.96
NHz | (br. 5., 1H), 2.18 (br. 5., 1H), 2.29 (br. 5., TH), 2.81 (s, 3H),
HaC 3.01 (s, 4H), 3.13 {d, J=5.47 Mz, TH), 3.70 (s. 3H), 4.02 (br.
. ¥\ —CHs 2 'd\ 5., 1H), 415 (br. 5., 1H), 4.50 (d, J=12.88 Hz, 1H), 474 br.|
1 _‘E B N, 5., 1H), 5.51-6.60 (m, 1H), 6.08 (d, J=15.72 Hz, 1H), 6.83 -
7 NH \_7—\/ {br. 5., 1H), 7.25 (d, J=8.20 Hz, 1H}, 7.56 (s, 1H), 7.79 {br.
s ‘Q s.. 1H), 8.09-8.19 (m, 1H), B.26 (s, 1H), 8.38 (br. 5., 1H),
10.05(s, 1H)
I NHa TH NMR (400 MHz, DMSO-d6) Shift 1.51-1.74 {m, 1H),
HaCy F 4.98 (d, J=12.10 Hz, 1H), 2.12:2.38 (m, 2H), 2.78-2.92 (m,
n—CHs N ’ 3H), 3.03 (s, 3H), 3.74 (s, 3H), 3.88-4.58 (m, 2H), 4.75 (br.
18 “o, cHz2| ol 'y NG 5., 1H), 5.52:6.73 {m, 1H), 5.97-8.24 (m, 1H), 8.62-8.99 {m,} 5203
7 NH N 1H), 7.48 (d, J=7.33 Hz, 1H), 7.80 (d, J=10.63 Hz, 1H),
1 N_{_ 8.17-8.39 (m, 3H), 10.11 (s, 1H)
N NHy 1H NVR (400 MHz, DMSD-d6) Shift 1.07-1.37 (m, TH),
1.47-1,69 (m, 1H), 1.88-2.03 (m, 1H), 2.41-2.30 (m, 5H),
HaC, t1 A\ 2.83 (s, 3H), 3.05 (s, 3H), 3.74 (s, 3H), 3.94-4.58 (m, 3H),
19 N’CH'-‘ CH2 L N 4.64-4.86 (m, 1H), 5.50-5.74 (m, 1H), 5.89-6.21 (m, 1H), | 5253
. Hy N o 6.57-6.90 {m, 1H), 7.18 (s, 1H), 7.56 (d, J=10.83 Hz, 1H),
NH M 8.12 (s, 1H), 8.25 (s, 1H), 8.45 (br. s., TH), 10.05 (d,
—  |J=38.30 Hz, 1H)
o N,
HsC. ’
3 \N,CHa ﬁ/xﬁ
20| of cHe o | L, No data 545.2
il O
e NHp
HsC.
T\y—CHa {
21 wf, o o No data 478.3
| - O~
Ny TH-NVR (DMSO-DB) 0 0.56-0.71 (m, 2,0H), 0.91-1,05 (m,
4 2.0H), 1.54-1.71 {m, 1.0H), 1.90-2.06 (m, 2.0H), 2.16-2.34
RaC N (m, 2.0H), 2.82 (s, 3.0H), 3.00 (5, 3.0H), 3.14-3.84 (m,’
22 \N/CH3 CH2 '\m N 2.0H), 3.65 (s, 2.0H), 4.00-4.91 (m, 3.0H), 5.56-5.71 {m, §17.3
i 1.0H), 5.96-6.18 {m, 1.0H), 6.62-6.91 {m, 1.0H), 7.00 (s,
/ H _<_ 1.0H), 7.06-7.12 {m, 1.0H), 7.74-7.81 (m, 1.0H), 8.21 (s,
1.0H), 8.28 (s, 1.0M), 8.57 (s, 1.0H), 8.98-10.11 {m, 1.0H).
I NHy THNMR (DMSO-DB) o: 1.49-1,69 {m, 1.0H), 1.86-2.03 (m,
HaC 1.0H), 2.16-2.53 (m, 2.0H), 2.84-3.85 (m, 2.0H), 2.84 (s,
#\\—CHs r1 N 3.0H), 3.04 (s, 3.0H), 3.80 (s, 2.0H), 4.04-4.87 (m, 3.0H),
23 M’j CH2 N § N4 5.80-5,78 (m, 1.0H), 6.01-6.20 (m, 1.0H), 6.73-6.92 (m, 502.3
7 NH N 1.0H), 7.54-7.64 (m, 2.0H), 7.72 (s, 1.0H), 8.18 (s, 1.0H),
% O{— 3.29 (s, 1.0H), 8.37 (s, 1.0H), 10.78 (s, 1.0H).
NH, TH-NVR (DMSO-D6) &: 1.58-1.67 (m, 1.0H), 1.93-2.04 (m,
1.0H), 2.12-2.46 {m, 5.0H), 2.85 (5, 3.0H), 2.96-3.81 (m,
HiC. CH ﬂ N 2.0M), 3.09 (s, 3.0M), 3.89 {5, 2.0H), 4.06-4.80 (m, 3.0H),
24 N—"~"3 { cH2 chy | L N4 5.56-5.74 (m, 1.0H), 6.04-6.18 (m, 1.0H), 6.67-6.94 (m, 5163
U, NH N 1.0H), 7.36 (s, 1.0H), 7.85-7.91 (M, 1.0H), 8.16 (s, 1.0H),
ke O_{; 8.27 (5. 1.0H), 8.46 (s, 1.0H}, 10.16-10.38 (m, 1.0H).
i N TH-NNR (DMSO0-D6) 5. 1.56-1.63 (m, 1.0H), 1.92-1.96 (m,
1.0H), 2.14-2.36 {m, 2.0H), 2.82 (s, 3.0H), 2.88-3.75 (m,
HaC. ﬂ)j:(; 2.0H), 3.02(s, 3.0H), 3.72 (5, 2.0H), 4.00-4.80 {m, 3.0H),
25 \y—CHs |cH2 k N 5.54-5.74 (m, 1.0H), 6.01-6.14 (M, 1.0H), 6.70-6.88 (m, 4953
N F N 1.0H), 7.07 (84, J = 8.2, 1.3 Hz, 1.0H), 7.16 (dd, J = 1.7,
T yNH N{ 1.3 Hz, 1.0H), 7.53-7.60 {m, 1.0H), 8.12 (s, 1.0H}, 826 (s,
= [1.0H), 8.43 (5, 1.0H), 10.20-10.15 (m, 1.0H).

{o712]




[Table 4]

CA 02997051 2018-02-28

- 210 -

THO0104

HaC.
26 “N—CHa

Yo

1H NMR (400 MHz. DMSC-d6) Shift 0.03 (br. s., 1H), 1.57
(br. 5., 1H), 1.96 (br. 5., 1H), 2,22 (br. 5., 3H), 2.26-2.29 (m,
1H), 2.88 (br. 5., 3H), 3.01 (br. 5., 3K), 3.78 (br. 5., TH),
4,03 {br. 5., 1H), 4.14 (br. 5., 1H), 4.21 (br. 5., 1H), 4.50 (br,
5., 1H), 4.73 (br. 5., 1H), 5.52-5.73 (m, 1H), 5.58 {br. 5.,
4H), 5.88 (br. 5., 1H), 5.97-6.15 {m, 1H), 6.06 (s, 1H}, 6.10
(s, 1H), 6,64-6.88 (m, 1H), 6.69 (br. 5., 1H), 6.83 (br. 5.,
1H), 6.86 (br. 5., 1H), 7.03 (br. 5., 1H), 740 (br. 5., 1H),
8.06 (br. s., 1H), 8.24 (br. 5., 1H), 8.51 (br. 5., TH), 9.96-
10.14 {m, 1H). 10,01 (br. s.. 1H), 1008 (br. 5., 1H}

4933

HaC.
27 | Ny—CHs
{

Cl
~_.<NH

AH NMR (400 MHz, DMSO-d6) Shift 1.5 (br. 5., 1H). 1.94
(br. 8., TH), 218 {br. ., 1H), 2.28 (br. 5., 1H), 2.89 (s, 3H),
3.02 (s, 3H), 3.74 (br. ., TH), 4.04 (br. 5., 1H), 4.54 (br. 5.,
1H), 4.74 {or. 5., 1H), 5.53-6.70 (m, 1H), 6.08 (d, J=14.35
Hz, 1H), 6.62-6.88 (m, 1H), 7.17 (dd, J=8.54, 2.39 Hz, 1H),
7.42 (d, J=2.73 Hz, 1H), 7.79 (d, J=8.88 Hz, 1H), 8.13 (br.
5., 1H), 8.26 (s, 1H), 8.38 (br, 5., 1H), 10.16 (br. 5., 1H)

513.2

H;,C\

2; %ﬁfCHs
14

CH2

:"{NH

TNV (400 Mrz, DMSO-d6) Shift 1.58 (br. s., 1H), 1.80
(br. s., 1H), 215 (br. 5., 1H), 2.28 (br. 5., 1H), 2.81 (d,
J=4,10 Hz, 3H), 2.08 (d, J=4.10 Hz, 4H), 3.64 (br. 5., 2H),
3.82 (br. 5., 1H), 3.96-4.14 (m, 1H), 4.14-4.59 {m, 1H),
4.83-4.86 (m, 1H), 5.53-5.78 (m, 1H), 8.08 (br. 5., 1H),
6.55-6.92 (m, 1H), 7.21 {br. ., 2H), 7.71 {br. 5., 2H), 8,10
{br. s., 1H), 8.22 {d, J=15.03 Hz, 1H), 8.49 (br. 5., 1H),
10.09-10.38 (m, 1H)

4773

HsC.
29 \IN/CHa

RS

Ci

1H NMIR (400 Mrz, DMSO-d6) Shift 1.57 (br. s., 1H), 1.90
(br. 5., 1H), 2.15 (br. 5., 1H), 2.29 (br. 5., 1H), 2.90 (br. 5.,
3H), 3.05 (br. s., 4H), 3.78 (br. 5., 1H}, 4.06 (br. 5., 1H),
4.22 (br. 5., 1H), 4.53 (br. s., 1H), 4.70 (br. 5., 1H), 5.55-
5.71 (m, 1H), 6.09 (br. 5., 1H), 6.85 (br. 5., 1H), 7.31 (br. 5.,
1H), 7.78 (d, J=6.83 Hz, TH), 8.04 (br: 5., TH), 8.14 (br. 5.,
1H}, 8.26 (br. 8., 1H), 8.37 (br. 5., 1H), 8.43 (br. 5., TH),
10.32-10.67 {m, 1H)}

§13.2

HaC
30 | \y—CHs

Vo

THNMR (400 Mz, DMSO-d6) Shift 1.68 (br. s., 1H), 1.80
(br. 5., 1H), 2.42 (br. 5., 4H), 2.28 (br. ., TH), 2.89 (br. 5.,
3H), 3.05 (br. 5., 3H), 3.75-3.91 (m, 1H), 3.97-4.26 (m, 2H),
4,42.4.58 (m, 1H), 4,63-4.85 (m, TH), 551-5.78 (m, 1H),
5.09 (br. 5., 1H). 6.63-6.93 (m, 1H), 7.05 (br. 5., 1H), 7.61
{br. 5., 1H), 7.9 (br. 5., 1H), 8.11 (br. 5., 1H), 8.24 (br. 5.,
1H), 8.36 (br. 5., 1H), 8.47 (br. 5., TH), 10.03-10.46 (m, 1H)

493.3

HaC.
° \N,CHS

Yo

H

TH NMR (400 MHz, DMS0-d6) Shift 1.58 (br. s., 1H), 1.91
(br. 5., 1H), 2.16 (br. 5., 1H), 2.30 {br. 5., 1H), 2.88 (br. 5.,
4H), 3.02 (br. 5., 3H). 3.72 (br. 5., 1H), 4.07 (br. 5., 1H),
4.25 (br. 8., 1H), 4.55 (br. 8., 1H), 4.73 (br, 8., 1H), §.56-
5.71 (m, 1H}, 6.11 (br. 8., 1H), 6.66-6.88 (m, 1H), 7.01 (d,
J=8.15 Hz, 1H), 7.20 (d, J=8.88 Hz, 1H), 7.60 (br. ., 1H),
8.10 (br. 5., TH), 8.25 (br. 5., 1H), 843 {br. 5., 1H), 10.26
(br. 5., 1H)

4973

HaC
a2 | ? SNy—CHa
4

e

1M NMR (400 MHz, DMSO-d6) Shift 1.57 (br. 5., 1H), 1.94
(br. 5., 1H), 2.05 (br. 5., 3H), 2,12 (br. 5., 4H), 2.30 (br. 5.,
M), 2.89 (br. 5., 3H), 3.06 (br. 5., 3H), 3.76 (br. 5., 1H),
4.02 (br. s., 1), 4.18 (br. 5., 1H), 4.53 (br. 5., 1H), 4.74 (br.
5., 1H), 5.54-5.70 (m, 1HY, 8.07 (br. 5., 1H), 6.63-6.86 (M,
1H), 6.91 (8, J=7.52 Hz, 1H), 7.18 {br. 5., 1H), 8,05 (br. 5.,
1H), 8.24 (or. 5., H), 8.54 (br. 5., 1H), 10.08-10,26 (m, 1H)

507.3

HaC
a0 \N/CH;,
r

T

7H NMR (400 Mz, DMSO-dB) Sift 1.0 (br. s., 1H), 1.96
(or. 5., TH), 2.21 (br. 5., 1H), 2.96 (br. 5., 3H), 3.14 (s, 3H),
3.76-3.91 (m, 1H), 3.97-4.39 (m, 2H), 4.49-4.64 (m, 1H},
475 (br. 5., 1H), 5.50-5.80 {m, 1H), 6.10 (g, J=16.40 Hz,
1H), 6.60-6.95 (m, 1H), 7.32 (d, J=7.52 Hz, 1H), 7.60 (br.
5., 4H), 7.93 {br, 5., 3H), B.05 (br. 5., 1H), 8.26 (br. 5., 1H),

8.36 (br. 5., 1H), 8.47 (8. 5., 1H), 10.57-10.83 (m. 1H)

$29.3

f0713]
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THC104

HaC.
34 | \y—CHs

Yo

TH NV (400 Miz, DMSO-d6) Shift 1.57 (br. s., 1H), 1.90
(br. ., 1H}, 2.45 (br. 5., 1H), 2.20 (br. 5., 1H), 2.89 (s, 3H),
3.03 s, 4H), 3.8 (br. 5., 1H), 4.05 (d, J=12.98 Hz, 1H),
4.12-4.27 (m, 1H), 4.54 (d, J=10.83 Hz, 1H), 4.70 (br. 5.,
1H), 6.55-6.71 (m, 1H), 8.10 (d, J=14.35 Hz, 1H), 6.64-6.88
(m, 1K), 7.27 (t, J=8.54 iz, 1H), 7.62 (d, J=8.88 Hz, 1H),
7.85 (d, J=12.30 Hz, 1H), 8.14 (br. 5., 1H), 8.25 (s, 1H),
8.40 (d. J=18.40 Hz, 1H), 10.35-10.58 (m, 1H)

497.3

HaC
AN
35 ,N/CH3

T

iy
2
I

11
Vi
l;)i;

1H NMR (400 Mz, DMSO-d6) Shift 1.58 {br. s., 1H), 1.92
br. 5., 1H}, 247 {br. 5., 1H), 2.30 (br. 5., 1H), 2.50 {3, 2H),
2.91 (5, 4H), 3.05 (s, 4H), 3.71 (br. 5., 1H), 405 {br. 5., 1H),
4.22-4.64 (m, 2H), 4.71 (br. 5., 1H), 5.64 (d, J=17.77 Hz,
1H), 6.06 {d, J=17.77 Hz, 1H), 6.64-6.91 (m, 1H), 7.14-7.21
(m. 1H), 7.40 (br. 5., 1H), 8,11 (br. 5., 1H), 8.25 (s, 1H),
8.41 (s, 1H), 10.33-10.67 (m, 1H)

5163

HaC
FN\y—CHs

o

36

THNMR (400 Miz, DMSO) ShiRt 1.21 (br. S., 1H), 1.58 (m,
1H), 1.96 (br. 5., 1H), 2.12-2.35 (m, 2H), 2.89 s, 3H), 3.02
(5, 3H), 3.79 (br. 5., TH), 3.84-3.90 {m, 3r), 3.89(d,
1=11.62 Hz, 1H), 4.45 (d, J=12.30 Hz, 0.5H), 4.19 {4,
J=12.88 Hz, 0.5H), 4.76 (br. 5., 1H), 5.65 (d, J=10.25 Hz,
1H), 5.99-6.10 {m, 1H}, 6.58-6.88 (m, 2H), 6.92 (d, J=2.73
Hz, 1H), B.01 (d, J=8.88 Hz, 1H), 8.15 (br. 5., 1H), 8.22-

leas {mn, 1H), 8.46 {br. 5., 1H), 8.62 (br. 5., 1H)

509.3

HsC
AN
37 ’N —~C H3

P

ey
z
T

1H NIR (400 MHz, DMS0-d6) Shift 1.66 (br. 5., 1H), 1.87-
217 (m, 1H), 2.25 (br. 5., 1H), 2.28-2.38 (m, 1H), 2.94 (s,
3H), 3.12-3.22 (m, 5H), 3.76-4.17 (m, 2H), 4.20-4.51 (m,
1), 4.80 (br. s., 1H), 5.51-5.61 (m, 1H), 6.04 {d, J=15.03
Hz, 1H), 8.61-6.88 (m, 1H), 7.44 (d, J=8.88 Hz, 1H), 7.72
(dd, J=8.54, 4.44 Hz, 1H), 8.24 (s, 1H), 8.29 (s, 1H), 8.37
(d, J=6.20 Hz, 1H), 8.50 (br. 5., 1H), 8.72 (d, J=8.88 Hz,
1H), 9.05 (d, J=3.42 Hz, 1H), 11.34 (br. 5., 1H)

530.3

HsC

T

1H NMR (400 MHz, DMSO-d6) Shift 1.57 (br. 5., 1H), 1.94
(br. 5., 1H), 2.08 (s, 3H), 2.18 (s, 4H), 2.29 (br. 5., 1H), 2.89
(s, 3H), 3.08 (s, 3H), 3.77 {br. 5., 1H), 3.97-4.35 (m, 2H),
4.62 (d, J=10.93 Hz, 1H), 4.71 (br. 5., 1H), 5.52-5.70 (m,
1H), 6.00-6.12 (m, 1H), 6.60-6.88 (m, 1H), .96 (s, 1H),
7.30 (br. 5., 1H), 8.06 (br. 5., 1H), 8.24 (s, 1H), 852 (br. 5.,
1H), 9.91-10,08 (m, tH)

507.3

H3C\

38 mﬁ’CH“
/

CH2

TH NMR (400 MHz, DMSO-6) Shift 1.58 (br. 5., 1), 1.96
{or. 8., 1H), 2,13 (s, 3H), 2.16 (s, 2H), 2.23 (5, 1H), 2.28 (br.
s., 1H), 2.83 (s, 3H), 3.0 (s, 3H), 3.61 (s, 2H), 3.77 (br. 8.,
1H), 3.97-4.36 (m, 2H), 4.49 (br. 5., TH), 4.77 (br. 5., 1H),
5.60-5.70 {m, 1H), 5.99-8.12 {ra, 1H), 6.83 (s, 1H), 6.94 (s,
1H), 7.23 (br. 5., 1H), 8.10 (br. 5., 1H), 8.24 (s, 1H), 8.57
(. 5., 1H), 8.83-10.02 (M, 1H)

§058.3

HaC,
*\N—CHs

A

40

CHz

TH NMR (400 MHz, DMSO-d8) Shift 1.57 (br. s., 1H), 1.87
(@, J=18.13 Hz, 1H), 2.15 (br. 5., TH), 2.29 (br. 5., 1H), 2.60
{5, 3H), 2.98 (s, 3H), 3.78 (s, 3H), 3.84 {br. 5., 1H), 3.99-
430 (m, 3H), 4.51 {br. 5., 1H), 4.70 (br. 5., TH), 5.56-5.71
{m, 1H), 6.10 {d, J=13.67 Hz, 1H), 6.82 (d, J=8.88 Hz, 1H),
7.02-7.07 {m, J=8.20 Hz, 1H), 7.36-7.42 (m, J=8.20 Hz,
4H}, 747 (br. ., 1H), 8.08-8.18 (m, 2H), .25 (s, 1H), 8.49
{br. 5., 1H), 10.06-10.30 {m, 1H)

507.3

H,C
41 \N’CH3
'

i

CH2

TH NMR {400 MHz, DMSO-d6) Shift 1.66 (br. 5., 1H), 2.00-
2.17 (m, 1H), 2.25 {br. 5., TH), 2.20-2.44 {m, 1H), 2.83 (s,
3H), 3.09-3.17 (m, 3H), 3.33-3.55 (m, 2H), 4.14 (s, 3H),
4.21-4.51 (m, 1H), 4.81 (br. 5., TH), 5.51-5.62 (m. 1H), 6.04
(d, J=16,40 Hz, 1H), 8.82 (d, J=10.83 Hz, 1H), 7.45 (<,
J=8.20 Hz, 1H), 7.66 (dd, J=8.88, 4.10 Hz, 1H), 8.24 (s,
1H), 8.29 (s, 1H), 8.43 (d, J=8.88 Hz, 1H), 8.54 (br. 5., 1H),
8.66 (d, J=8.20 Hz, 1H), 8.99 (d, J=4.10 Hz, 1H), 11.46 (b

s, 1H}

528.3

[0714]
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THO0104

HsC.
T \—CHs

/

42

CH2

1H NMR (400 MHz, DMSO-d6) Shift 1.56 (br. s., 1H), 1.84
(br. s., 1H), 2.14 (br. s., 1H), 2.29 (br. 5., 1H), 2.81 {s, 3H),
3.02 (s, 3H), 3.66 (s, 2H), 3.82 (br. s., 1H), 4.0 (br. 5., 2H),
4.44-4.56 (m, 1H), 4.60-4.85 (m, 1H), 5.48-5.75 (m, 1H),
6.10 (d, J=13.67 Hz, 1H), 6.60-6.95 (m, 1H), 7.22 (t, J=8.20
Rz, 1H), 7.55 (d, J=8.20 Hz, 1H), 7.68(d, J=11.82 Hz, 1H),
8.11 (s, 1H), 8.25 (s, 1H}, 8.40 (br. ., 1H), 10.26-10.57 (m,
1H)

485.3

HsC.
\/N/CH;,

43
Vi,

1H NMR (400 MHz, DMSC-d6) Shift 1,58 (br. s., 1H), 1.81
(br. 5., 1H), .16 (br. 5., 1H), 2.21-2.44 (m, 1H), 2.92(s,
3H), 3.06 (s, 3H), 3.79 (br. 5., 1H), 4.07 (d, J=13.67 Hz,
1H), 4.24 (br. 5., 1H), 4.57 (0, J=12.88 Hz, 1H), 4.71 (br. 5.,
1H), 5.58-5.71 (m, 1H), 6.10 (d, J=15.03 Hz, 1H), 6.78-6.89
(m, 1H), 7.75 (d, J=8.57 Hz, 2H), 8.18 (b, 5., 1H), 8.28 (br.
8., 2H), 10.53-10.72 (m, 1H)

6163

H3C.,
44 %

“n—CHs.

TH NMR (400 Mz, DMS0-d6) Shift 157 (br. 5., 1H), 1.85
(br. 5., 1H), 2.15 {s, 7H), 2.30 (br. 5., 1H), 2.88 (5, 3H), 3.01
(8, 3H), 3.78 (m., 2H), 4.04 m., 2H), 447 (m., 2H), 451 (m,
1H), 4.71 (br. 5., 1H), 566 (br. 5., 1H), 6.08 (d, J=15.72 Hz,
1H), 6.64-6.85 (m, 1H), 8.87 (s, 2H), 8.02 (br. 5., 1H), 8.21
(6, J=17.08 Hz, 2H), 8.55 (br. 5., 1H), 8.94-10.15 (m, 1H)

507.3

H3C
N\,
N —~CHa

45 wl
4

T NMR (400 MHz, DMS0-08) Shift 1.58 (br. 5., 1H), 1.89
{d, J=10.93 Hz, 1H), 2.16 (br. 5., 1H), 2.:22-2.43 {m, 1H),
2.92 (s, 3H), 3.08 (s, 3H), 3.7 (br. 5., 1H), 4.08 (br. ., 1H),
4,24 (br. 8., 1H), 4.54 (br. s., 1H), 470 (br. 5., 1H), 5.54-
5.71 (m, 1H), 6.04-6.14 (m, 1H), 6.59-6.96 (m, 1H), 8.05 (s,
2H), 8,16 (br. 5., 1H), 8.26 (br, 5., 2H), 10.64 (br. 5., 1)

547.2

HaC
\ et
46 N—CHa

HaC CHy

ey
S

THNVR (400 Mrz, DMSO-d6) SHit 1.57 (br. 5., 1H), 1.87
(d, J=18.45 Hz, 1H), 2.09 (s, 7H}, 2.19-2.41 {m, 1H), 2.90
(s, 3H), 3.08 (s, 3H), 3.76-3.69 (m, 1H), 4.08 (d, J=4.78 Hz,
3H), 417 (br. 5., 1H), 4.43-4.61 {m, 1H), 4.64-4.87 (m, 1H),
5.68 (d, J=10.25 Hz, 1H), 6.11 (d, J=15.03 Hz, 1H), 6.63-
6.95 (m, 1H), 7.52 (s, 2H), 8.12 (br. 5., 1H), 8.25 (s, 1H),
8.48 (br. 5., 1H), 10.04-10.27 {m, 1H)

507.3

HaC.
*"\y—CHs

T

47

CH2

T
o

o
=
x
[+
o

THNMR (400 Miiz, DMSO-6) Shift 1.56-1.81 (m, 1H),
2,08 (br. 5., TH), 2.24 (d, J=4.78 Hz, 2H), 2.60 (s, 6H), 2.84
{5, 3H), 3.02 (s, 3H), 3.67 (s, 2H), 3.95 (br. 5., 2H), 4.08 (br.
8., 2H), 4.31-4.50 (m, 1H), 4.71-4.98 (m, 1H), 5.40-5.75 {m,
1H), 5.89-6.15 (m, 1H), 6.47-6.93 {m, 1H), 7.00 (d, J=8.20
Mz, 1H), 7.17 {s, 1H). 8.12-8.24 {m, 3H), 8.30 (s, 1H), 8.52
{br. 5., TH), 10.08 (br. 5., 1H)

520.3

\’N/CH;;

o

CHz

Y

1H NMR (400 MHz, DMS0O-d6) Shift 1.58 (tr. 5., 1H), 1.93
(br. 5., 1H), 2.17 (br. 5., 1H), 2.29 (br. 5., 2H), 2,50 (5, 1H),
2.82 (s, 3H), 3.02 (s, 4H), 3.70 (s, 4H), 4.07 (q, J=5.01 Hz,
2H), 4.12-4.31 (m, 1H), 4.46-4.81 (m, 2ZH), 5,31 (d, J=11.62
Hz, 1H), 5.53-5.67 {(m, 1H), 5.75 (d, J=17.08 Hz, 1H}, 6.07
(br. 5., 1H), 8.80 (dd, J=17.43, 11.28 Hz, 2H), 7.16 (d,
426,15 Hz, 1H), 7.33 (d, 4=8.20 Hz, 1H), 7.50 (s, 1H), 8.04

503.3

HaC.
\N’CH3

Yo

48

CH2

o

E

THNMR {400 MHz, DMSO-06) ShiR 1.11 (t, J=7.52 Hz,
3H), 1.58 (br. 5., 1H), 1.84 (br. 5., 1H}, 2.17 (br. 5., TH),
2.29 (br. ., 1H), 2.59 (q, J=7.52 Hz, 2H), 2.81 (s, 3H), 2.9
(s, 3H), 3.66 (s, 2H), 3.74-4.11 (m, TH), 4.14-4.57 {m, 1R),
4,72 (or, 5., 1H), 5.50-5.75 (m, 1H), 5.98-6.12 (m, 1H), 6.84
(br. 5., 1H), 7.06 (d, J=8.20 Hz, 1H), 7.13 (s, 1H), 7.35 {br.
5., 1H), 7.98-8.12 (m, 1H), 8.24 (s, 1H), 8.52 (br. ., H),
9.86-10.07 (m, 1H)

505.3

[0715]




[Table 7]

CA 02997051 2018-02-28

- 213 -

TH0104

HiC

5 m,gg’”’s

CH2

1H NMR (400 MHz, DMS0=6) Shift 1.15-1.36 (m, 1H),
1.45-1.69 (m, 1H), 1.88-2.04 (m, 1H), 2.15-2.37 (m, 2H),
2,81 (s, 3H), 3.05 (s, 3H), 3.78 (s, 2H), 3.94-4.61 (m, 3H),
4.84-4,88 (m, 1H), 5.54-5.75 (m, 1H), 5.97-8.17 (m, 1H),
6.60-6.93 {m, 1H), 7.26 (1, J=7.93 Hz, 1H), 7.60 (d, J=8.25
Hz, 1H), 8.07-8.46 (m, 3H), 10.24 (s, 1H)

5203

HaC

/

CH2

TH VR (400 Mrz, DMSO-dB) Shift 1.60 (br. s., 1H), 1.96
(br. 5., TH), 2.15-2.32 (m, 2H), 2.82 (s, 3H), 3.02 (s, 3H).
3,73 (s, 3H), 4.07 (br. 5., 2H), 4.17 (br. 5., 1H), 4.23-4.62
(1, 1H), 4.74 (br, 5., 1H), 5.48-5.70 (m, 1H), 5.99-6.12 (m,
1K), 6.64 (br. 8., 1H), 6.65-6.83 {m, 1H), 6.38 (d, J=2.73
Hz, 1H), 7.22 (d, J=8.20 Hz, 1H), 7.60 (s, 1H), 7.84 (s, 1H),
7.89 (br. 5., 1H), 8.08-8.17 {m, 2H), 8.26 (s, 1H), 8.42 (br.
s.. TH), 10.32 (d, J=12.98 Hz, 1H)

543.3

HsC\

§2 V‘z:f/CHs
7

CHz

THNMR (400 MHz, DMSO-dB) Shift 1.57 (br. s., 1H), 1.94
{d, J=14.35 Hz, 1H), 2.08-2.28 (m, 2H), 2.82 (s, 3H}, 3.02
{5, 3H), 3.71 (s, 2H), 4.05 (br. 5., TH), 4.50 (d, J=11.62 Hz,
1H), 4.71 (br. 5., 1H), 5.51-5.69 (m, 1H), 6.08 (d, J=17.08
Hz, 1H), 6.82 (s, 2H}, 7.20 {d, J=8.20 Hz, 1H}, 7.36 (s, 1H),
7.80 (br. 5., 2H), 8.00 (s, 1H), 8.11 (br. 5., 1H), 8.25 (s, 1H),
8.40 (br. 5., 1H), 9.92 (br. s., 1H)

5433

HaC.
53 \N/CH;,

CHz

THNMR (400 Mtkz, DMSO-d6) Shift 1.08-1.35 (m, 1H),
1.49-1.71 (m, 1H), 1.86-2.02 (m, 1H), 2.08-2.38 (m, 2H),
2.81 (s, 3H), 3.01 (s, 3H), 3.60 (s, 2H), 3.68-4.61 (m, 3H),
4.84-4,90 {m, 1H), 5.58-5.81 (m, 1H), 6.01 (s, 2H), 6.09 {s,
1H), 6.68 (d. J=8,20 Hz, 1H), 6.71-6.89 (m, 1H), 6.97 (d,
J=7.52 He, 1H), 8.02-8.15 {m, 1H), 8.24 (s, 1H), 8,46 (br.
s., 1H), 10.10 (br. 5., 1H})

521.3

54 “N—CHs

CHz

THNMR (400 Mz, DMSO-06) Shift 2.37-2.43 (m, 1H),
2.81 (s, 3H), 2.09 (s, 3H), 3.56-3.65 (m, 1H}, 369 (s, 2H),
3,73-2.85 (m, 1H), 3.86-4.01 (m, 2H), 4.02-4.16 (m, 1H),
5.44-5.59 (m, 1H), 5.60-5.72 (m, 1H), 6.07-6.18 (m, 1H),
6.50-6.70 (m. 1H), 7.16-7.26 (m, 1H), 7.36-7.44 (m, 1H),
7.82-7.95 {m, 1H), 8.09-8,20 (m, 1H), 8.23-8.28 (m, 1H),
8.30-8.43 (m, 1H), 9.88-10.10 {m, 1H)

497.3

55 W/gj/C”s

CHz

1H NMR (400 MHz, DMSO-d6) Shift 2.83 (s, 3H), 3.05 (s,
3H), 3.50-3.81 (m, TH), 3.81-3.99 (m, 3H), 4.00-4.18 (m,
1H), 5.48-5.76 (m, 2H), 6.00-6.24 (m, 1H}, 6.48-6.74 (m,
1H), 7.05-7.12 (m, 1H), 7.95-8.07 (m, 1H), 8.15-8.26 (m,
1H), 8.25-8.33 (m, 1H), 8.33-8,44 (m, 1H), 9.70-8.78 (m,
1H)

527.3

56 “n—CHs

CHz

TH NMR (400 Mz, DMSO-d6) Shift 2.09 (s, 3H), 2.41 (br.
5., 1H), 2.83 (s, 3H), 3.04 (s, 3H), 3.69 (br. ., 1H), 3.69 (s,
2H), 3.74-3.87 (m, 1H), 3.91 (br. 5., 1H), 3.98-4.17 (m, 2H),
5.42-5.59 (m, 1H), 5.66 (dd, J=17.08, 10.25 Hz, 1H), 614
(d, J=16.40 Hz, 1H), 6.52-6.68 (m, 1H), 7.05-7.12 (m, 1H),
7.23 (1, J=7.86 Hz, 1H), 8.14 (br. 5., 1H), 8.27 (5, 1H), 8.53
(br. 5., 1H), 10.18 {d, J=15.72 Hz, 1H)

4853

57 “al
7

CH2

7H NMR (40D MHz, DMSO-d6) Shift 2.38 {br. 5., 1H), 2.82
(s, 3H), 3.04 (s, 3H), 3.70 (s, 2H), 3.75-3.96 (m, 6H), 4.02-
4.14 (m, TH), 5.45-5.73 (m. 2H), 6.16 (dd, J=17.08, 8.20
Hz, 1H), 6.53-6.71 (m, 1H), 6.97 (¢, J=8.20 Hz, 1H), 7.82 (d,
J=4.78 Hz, 1H), B.21 {or. 5., 1H), B.29 (s, 1H), 8.42 (br. 5.,
1H), 9.74 (br. 5., 1H)

§11.2

58 \N/CHa

-~
b
I

TH NVR (400 Mz, DMGSO-6) Snift 2,50-2.67 (m, 2H),
2.96 [, 3H), 3.14 (s, 3H), 3,63 [br. 5., 1H), 280 (d, J=5.47
Hz, 1H), 3.86-4.04 (m, 2H), 4.04-4.20 (m, 2H), 5.51-5.71
{m, 2H), 6.11-6.18 (m, 1H), 8.56-8.70 (m, 1H), 7.33 (d,
J=8.20 Hz, 1H), 7.57-7.66 (m, 3H), 7.91 (dd, J=6.15, 2.73
Hz, 2H), 8.07 (br. 5., 1H), 8.24-8.31 {m, 1H), 8.48 (br. 5.,

1H). 10.68 (d, J=6.83 Hz, 1H)

5153
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TH0104

HaC
¥ \y—CHa
7

59
e,

CHz

%.

CHs

Hy

-
=
x

THNMR (400 MHz, DMS0-d6) Shit 2.11 (5, 3H), 212 (s,
3H), 2.35-2.70 (m, 2H), 2.86 (s, 3H), 3.05 (s, 3H), 3.47-4.25
{m, 4H), 3.71 {5, 2H), 5.48-5.61 (m, 1H), 5.62-5.75 (m, 1H),
6.11-6.19 (m, 1H), 6.52-6.72 (m, 1H), 6.96 (d, J=8.2 Hz,
AH), 7.12-7.22 (m, 1K), BB (br. 5., 1H), 827 (5., 1H), 8.59
(br. 5., 1H), 10.10-10,30 (m, 1H}

4981.5

HaC
N\
,N/CHS

Y

60

CH2

#
=
X

TH NWIR (400 MHz, DMSO-d6) Shit 2.81 (s, 3H), 3.07 (s,
3H), 3.61 (br. ., 2H), 3.70 (5, 2H), 3.75-3.96 (m, 2H), 4.00-
4,24 (m, 2H), 5.24-5.80 (m, 3H), 6.13 (d, J=15.03 Hz, 1H),
6.50-6.67 (m, 1H), 6.78 (dd, J=17,77, 10.93 Hz, 1H), 7.16
(4, J=8.20 Mz, 1H), 7.7 (d, J=8.20 Hz, 1H), 7.48 (s, 1H),
8,08 (br. 5., 1H), 8.25 (s, 1H), 8.50 (br. 5., TH), 10.20 {d,
J=11.62 Hz, 1H)

4893

H3C
T\—CHa

Y

61

CH2

y
Z
T

THNVR (400 MHz, DMSO-d6) Shit 2.49-2.64 (m, 2H),
2.85 (s, 3H), 3.07 (s, 3H), 3.61 {br. ., 1H), 3.79 (m, 1H),
2.85-4.02 (m, ZH), 4.03-4.11 {m, 2H), 4.15 (s, 2H), 5.49-
5.60 {m, 2H), 6.14 (dd, J=16.74, 2.38 Rz, 1H), 6.55-6.69
(m, 1H), 7.35 (d, J=7.52 Hz, 1H), 7.48-7.64 (m, 3H), 7.87-
7.99 (mn, 2H), 8.01-8.15 {m, 1H), 8.26 (s, 1H), 8.50 (br. 5.,
1H), 10.62 (d, J=6.83 Hz, 1H)

513.3

62

CH2

F

1H NMR (400 MHz, DMSO-d6) Shift 2.81 (s, 3K}, 3.00(s,
3H), 3.61 (br. 5., 1H), 3.69 (s, 2H), 3.81 (d, J=8.88 Hz, 1H),
3.80 (br. 5., 1H), 3.97 (d, J=8.20 Hz, 1H), 4.03-4.17 (m,
2H), 5.56-5.70 {m, 2H), 6.06-6.22 (m, 1H), 6.53-6.68 (m,
1H), 7.25 (d, J=8.20 Hz, 1H), 7.50-7.58 (m, 1H), 7.93 (dd,
J=8.20, 4.10 Hz, 1H), 8,17 (br, 5., 1H), 8.27 (s, 1H), 8.34
(br. s., 1H), 9.87-10.05 (m, 1H}

5412

63

THNMR (400 MHz, DMSO-d6) Shift 2.16-2.23 (m, 3H),
2.31-2.42 (m, 1H), 2.88 (s, 3H), 3.01 (s, 3H), 3.58 (br. 5.,
1H), 3.68-3.94 (m, 2H), 3.99-4.15 (m, 2H), 5.41-5.68 (m,
2H), 8.09-6.16 {m, 1H), 6.52-6.67 (m, 1H), 6.96 (dd,

=8.54, 2.30 Hz, 1H), 7.03 (br. s, 1H), 7.44 (dd, J=8.88,
547 Hz, 1H), 8.08 (br. s., 1H), 8.25 (s, 1H), 8.61 (br. 8.,
1H), 10.01 {d, 4=12.98 Hz, 1H)

478.3

64

<
=
=<

1H NMR (400 MHz, DMS0-d6) Shift 2.05 (s, 3H), 2.10 (s,
3H), 2.52 {dd, J=13.87, 6.15 Hz, 1H), 2.85-2.95 (m, 3H),
2.06 (s, 3H), 3.49-3.63 {m, 1H), 3.70-3.95 (m, 2H), 3.89-
4.16 (m, 2H), 5.45-5.69 (m, 2H), 6.08-6.16 (m, 1H), 6.52-
6,67 (m. 1H), 6.91 (d, J=8.88 Hz, 1H), 7.21 (dd, J=6.54,
4.44 Hz, 1H), 8.06 (br. 5., 1H), 8.24 (5, 1H), 8.53 (br. 5.,
1H), 10.15 (d, J=13.67 Hz, 1H)

493.3

HsC.
¥\—CHa

/

65

CHz2

;._

ey
z
T

1H NMR (400 Nz, DMSO-d6) Shit 1.10-1.29 (m, 1H),
2,82 (s, 3H), 2.02 (s, 3H), 3.73-3.88 (m, 3H), 3.88-4.24 (m,
3H), 5.43-5.76 (m, 2H), 6.14 (dd, J=16.50, 8.35 Hz, 1H),
6.47-6.72 (m, 1H), 7.26 (t, J=7.93 Hz, 1H), 7.70 (t, J=9.20
Hz, 1Hj, 8.09-8.37 (m, 3H), 8.46 (s, 1H), 10.02-10.31 (m,
1H)

5153

HaC
\N —CH3

e

66

THNMR {400 Mz, DMSO-d6) Shift 1.56-1.72 (m, 1H),
1.94-2.08 (m, 1H), 2,26 {br. 5., 1H), 2.63-2.62 {m, 8H), 2.99
(5, 3H), 3.24 (5., 3), 3.80-3.87 (m, 1H), 3.07-4.12 (m, 1H),
4.47-4.89 (m, 1H), 4.71-4.94 (m, 1H), 651-6.69 (m, 1H),
6.71-6.99 {m, 1H), 7.31-7.43 (m, 1H), 7.65 (br. 5., 4H),
7.62-8.0% {m, 2H), 8.04-8.17 (m, 1H), 8.25-8.38 (m, 1H),
8,44-8.58 (m, 1H), 10.65-10.79 (m, 1H)

586.4

HaC.
\IN/CH3

67
i,

CH2

TH NVR (400 Mz, DMSOd6) Shit 1.16-1.27 (m, TH),
218 (5. 3H), 2.82 (s, 3H), 3.04 (5. 3H), 3.40-3.65 {m, 4H),
2.68-3.96 (m, 4H), 4.00-4.36 {m, 2H), 5.46-5.74 (m, 2H),
6,13 (dd, J=16.40, 6,47 Hz, 1H), 6.49-6.82 (m, 1H), 7.17 (s,
1H), 7.61 (d, J=6.15 Hz, 1H), 8,11 (br. 5., TH), 8.28 (5. 1H),
8.4 (br. 5., 1H), 9.99 (d, J=12.30 Hz, 1H)

511.2

[0717]
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[Table 9]

68
Yo

N—CHs

THN MR( 400M Hz,D MSO-dB)S hift! .57 (br. 5., 1H), 1.93
(br. s., 1H), 2.12-2.26( m, 4H), 2.29 {brs ., 1H), 3.77(br. 5.,
1H), 3.95-4.18( m, 1H), 4.18-4.57( m, 1H), 4.71( brs ., 1H),
5.52-5.70 (m, 1H), 6.01-6.12 (m, 1H), 6.62-6.88 (m, 1H),
7.00(br. 5.,1 H),7 .08 (or. 5., 1H), 7.25( br.s ., 1H), 7.37-
7.50( m, 5H), 8.07( br.s ., 1H), 8.24( br. 5.1 H),8 50 (br. 5.,
1H), 9.97-10.14 (m, 1H)

555.3

o | (]

i
: CH,

THN MIR( 400M Hz,D MSO-dB)S hift1 58 (br. 5., 1H), 1.86
(br. ., 6H), 2.12-2.26( m, 4H), 2.30 (brs ., 1H), 3.77( br. 5.,
1H), 3.97-4.17(m, 1H), 4.20-4.57( m, 1H), 4.71(brss ., 1H),
5.53-5.70 (m, 1H), 6.00-6.13 (m, 1H), 6.62-6.90 (m, 1H),
6.98(br. 5.1 H),7 .05 (br.s., 1H), 7.41( brs ., 1H), B.0B( br.
<. 1H),8.24 (brs ., 1H), 8.52( br.s.1 H)9 96-10.19( m,
1H)

518.3

70 —%—N

CH;

THN MR( 400M Hz,D MSO-d6)S hift1 .54 (d,J =12.30H z,
8H), 1.95( br. 5.1 H),2 .17 (br. 5., 1H), 2.22( br.s ., 3H),
2.30( br. 5.,1 H),3 .52 (br. s., 4H), 3.77( br.s ., 1H), 3.97-
4.17 (m, 1H), 4.19-4.56 (m, 1H), 4.73 (br. 5., 1H), 5.52-5.70
(m, 1H), 6.01-6.12 (m, 1H), 6.59-5.89 (m, 1H), 6.97 (br. s.,
1H), 7.04{ br. s.,1 H),7 .40 (br. s., 1H), 8.07( br.s ., 1H),
8.24 (br. ., 1H), 8.52 (br. s., 1H), 9.95-10.13 (m, 1H)

533.3

n | ]

CH2

THN MR{ 400M Hz,D MSO0-d6)S hift1 .20 (br. 5., 1H), 1.58
(br. ., 1H), 1.74 (d, J=5.47 Hz, 2H), 1.80-1.90 (m, 2H),
1.95(br. 5.,1 K).2 .21 (br. ., 5H), 2.30( br.s ., 1H), 3.57 (br.
s., 3H), 3.79 (br.s ., 1H), 3.97-4.14( m, 2H), 4.154.57(m,
1H),4.70 (br. 5., 1H), 5.51-5.70 (m,1H ,6.00 -6.12 (m,1H),
6.60-6.92( m, 1H), 7.07( br. s., 1H), 7.13( br. 5.,1 H),7 .36
(br.s., 1H), 8.07( br.s ., 1H), 8.24(br.s .1 H),8 .53 (br. 5.,
1H), 9.86-10.06 (m, 1H)

517.3

72 \N/CH3

CH2

THNMR( 400M Hz,D MSO-d6)S hift1 .58 (or. 5., 1H), 1.95
(br. s., 1H), 2.13-2.26( m, 4H), 2.29 (br:s ., 1H), 3.09( s,
3H), 3.61-3.73(m, 6H), 3.79( br. 5., 1H), 3.96-4.28 (m, 2H),
453 (br. 5., 1H), 4.70 (br. s., 1H), 5.50-5.70 (m, 1H), 6.00-
6.12 (m, 1H), 6.61-6.89 (m, 1H), 7.05-7.16 (m, 2H), 7.38
(br. 5., 1H), 8.06( br.s ., 1H), 8.24( s, 1H), 8.53( br. 5., 1H),
9.88-10.06 (m, 1H)

507.3

73 %"‘(}OH

CH2

THN MR{ 400M Hz,D MSO-d6)S hift1 .53-1.68( m,1 H),
1.82-2.02( m, 1H), 2.22( s, 6H), 3.52-3.60( m,2 H), 3.66-
4.27(m, 7H), 4.34( 5,3 H),4 65-4.82(m,1 H),5 .68 (br. 5.,
2H), 5.97-6.14( m, 1H), 6.57-6.90( m, 1H), 6.98-7.17( m,
2H), 7.30-7.44( m, 1H), 8.10( s, 1H), 8.24( 5,1 H),8 .40-8.62
(m.1H),9.88 -10.10 (m, 1H)

5193

74 IN/CH3

NH

CH,
B;NH

THN MR( 400M Hz,D MSO-dB)S hiftd 58 (br. s., 1H), 1.95
{br.s., 1H), 2.17( br.s ., 4H), 2.29( br. s.,1 H).2 .90 (d,
J=4.10H z, 6H), 3.07( br. 5.,1 H),3 .78 (br. 5., 1H), 3.97-
4.15 (m, 1H), 4.164.56 (m, 1H), 4.75 (br. 5., 1H), 5.50-5.73
(m, 1H), 6.01-6.12 (m, 1H), 6.84 (br. 5., 1H), 7.21-7.40 (m,
3H), 8.05 (br. 5., 1H), 8.21-8.30 (m, 3H), 8.57 (br. 5., 1H),
9.81-9.98 (m, 1H)

492.3

7 —§-N<j

NH

Hs
3

1HN MR{ 400M Hz,D MSO) Shift1 .56 (br. s., 1H), 1.82( br.
s., 4H), 1.93 (br.s ., 1H), 2.17( br. 5.4 H),2 .29( br. 5., 1H),
3.78( br. 5.,1 H),3 .92-4.14 (m, 1H), 449( br.s .,1 H),4 .72
(br.s., 1H), 5.51-6.70 {m, 1H), 6.00-6.12 (m, 1H), 6.60-6.88
(m, 1H), 7.25( br. s.,1 H),7 .34 (br. s., 1H), 7.40( br.5 ., 1H),
8.00-8.12 (m, 2K}, 8.21-8.32 (m, 1H), 8.57 (br. s., 1H),
9.82-9.98 (m, 1H)

5183

HaC

76 i,

\N/CH3

CH2

TH-NWR( DMSO-DB)5 1 0.24( s, 1H), 8.43( brs , 1), 8.31
(s, 1H), 8.21( brs , 1H), 7.74( d, J =8 .OH z, 1H), 7.43( d,J
= 2.0 Hz, 1H), 7.24 (dd, J = 8.3, 2.0 Hz, 1H), 6.85-6.72 (m,
1H), 6.19-6.07( m, 1H), 5.75-5.63( m, 1H), 5.27-4.97( m,
2H), 4.66-4.30( m, 2H), 3.79-3.25( m, 3H), 3.73( s, 2H),
3.03(s, 3H), 2.84( s, 3H), 2.72-2.54( m,1 H).

529.4

[0718]
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H3C.

77 %

CH2

1H-NMR (DMS0-D6) 5: 10.33-10.21 {m, 1H), 8.62 (br s,
1H), 8.27 (s, H), 8.16 (br s, 1H), 7.10 (d, J = 8.0 Hz, TH),
6.95 (d, J = 8.0 Hz, 1H), 6.88-6.70 (m, 1H), 6.20-6.06 (m,
1H), 5.75-6.62 (m, 1H), 5.36-5.17 (m, 1H), 5.10-4.92 (m,
1H), 4.85-4.25 (m, 2H), 3.84-3.24 (m, 3H), 3.71 (s, 2H),
3.04 (s, 3H), 2.85 (s, 3H), 2.77-2.58 (m, TH), 2.13 (s, 3H),
2.10 (s, 3H).

523.6

HiC.
3 \N/CH3

78

CH2

THNMR (DMSO-D6) &: 10.16-10.16 {m, 1H), 8.41 (s, TH),
8.20 (s, 1H), 8.20 (s, 1H), 7.85-7.78 (m, 1H), 7.45-7.42 (m,
1H), 7.27-7.22 (m, 1H), 6.73-6.56 (m, 1H), 6.23-6.11 (m,
1H), 5.76-5.64 (m, 1H}, 5.47-5.36 (m, 1H), 4.42-3.93 (m,
3H), 3.73 s, 2H), 3.03 {8, 3H), 2.84 (s, 3H), 2.872.67 (m,
1H), 2.32-2.24 (m, 1H), 1.30 (d, J = 6.1 Hz, 3H).

511.5

HaC
" \—CHs

CH2

TFENMR (DMS0-D6) b: 1.30-1.36 (m, 3H), 2.10 (s, 3H),
213 (s, 3H), 2.30-2.39 (m, 1H), 2.61-2.89 (m, 1H), 2.80 (s,
3H), 3.04 (s, 3H), 3.71 (s, 2H), 3.94-4.41 (m, 3H), 5.30-5.45
(m, 1H), 5.63-5.74 (m, 1H), 6.12-6.24 (m, 1H), 657-6.71
(m, 1H), 5.84-6.99 {m, 1H), 7.11-7.16 (m, TH), 8.11 (br s,
1H), 8.27 (s, TH), 8.60 (br s, 1H), 10.25-10.28 {m, TH).

505.2

Comparative Example
compound 1

THNMR (OMSO-D6) &: 1.50 - .69 {m, 1 H) 1.86 - 1.89 {m,
1H)2.08 - 2.26 (m, 1 H) 2.27 - 2.42 (m, 1 H) 2.84-2.97
{m, 0.5 H) 3.18 {t, J=12.20 Hz, 0.5 H) 3.69- 3.62 (m, 0.5H)
441 (d, J=13.17 Hz, 05 H) 4.22 - .39 (m, 1 H) 453 - 4.68
(m, 1 H) 4.72 - 4,76 (m, 0.5 H) 561 - 5.75 (m, 1 H) 6.07 -
5,49 (m, 1 H) 8.72 - 6.92 (m, 1 H) 7.20 {td, J=0.39, 2.68 Hz,
1 H) 7.54 (d, J=7.80 Hz, 1 H) 7.73 (dd, J=8.78, 4.30 Hz, 1
1) 8.03 - 8,37 (m, 3 H) 12.29 (br. 5., 1 H)

451.2

[0719]

Test Example 1 Measurement of inhibitory effect on HER2-

phosphorylating activity (in vi tro)

For setting the conditions for the method for

measuring the in vitro inhibitory activity of a compound

against HER2-phosphorylating activity, ProfilerPro

Peptide 22 from PexrkinElmer Inc. was used as a substrate

on the basis of the report (PLoS One, 6 (7), e21487,

2011) on HER2 kinase reaction using, as a substrate, a

peptide having the same sequence (s5-FAM-EEPLYWSFPAKKK-

CONH2) as that of ProfilerPro Peptide 22.

The purified

recouwbinant human HER2 protein used in the test was

purchased from Carna Biosciences, Inc.

Also,
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staurosporine (Eur. J. Biochem., 234, p. 317-322, 1995;

and Nat. Biotechnol., 26 (1), p. 127-132, 2008), which is
a multikinase inhibitor having Her2 inhibitory activity,
was purchased from Enzo Life Sciences, Inc. {(item No.:
ALX-380-014) and used as a positive control in this test.

For the inhibitory activity measurement of each
compound, the compound of the present invention or
staurosporine was first serially diluted with dimethyl
sulfoxide (DMSO). Next, the HER2 protein, the substrate
peptide (final concentration: 0.5 uM), manganese chloride
(final concentration: 10 mM), ATP (final concentration: 6
uM), and the solution of the compound of the present
invention in DMSO (final concentration of DMSO: 5%) were
added into a buffer solution for kinase reaction (15 mM
Tris (pH 7.5), 2 mM dithiothreitol, and 0.01% Tween 20),
and the mixture was incubated at 25°C for 40 minutes for
kinase reaction. The reaction was terminated by adding
EDTA (final concentration: 30 mM) thereto. Finally, the
unphosphorylated substrate peptide (8) and the
phosphorylated peptide (P) were separated and detected by
microcapillary electrophoresis using LabChip(R) EZ Reader
IT (PerkinElmer Inc.). The amount of phosphorylation
reaction was determined from the respective peak heights
of S and P. The compound concentration which can
suppress the phosphorylation reaction by 50% was defined
as an IC50 value (nM).

The results are shown in the table below.

[0720]
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[Table 11]
Bxample ”Eif‘t;(‘.‘é;‘dé)o” amle o | S ey | 2ol oo
: ‘ (nM) . value (M) ' value (M)
1 10 24 38 47 52 70 10
2 83 25 21 48 85 71 11
3 74 26 7.0 49 20 72 1
4 12 27 39 50 29 73 74
5 1" 28 46 51 17 74 17
8 40 29 6.5 52 13 75. 16
7 74 30 8.7 53 14 76 50
8 82 31 13 54 3 77 13
8 10 32 93 55 49 78 14
10 13 33 6.0 56 22 70 17
1 75 34 11 57 31 Staurospor[ne 83
12 75 a5 16 58 3]
13 13 36 5.4 59 a5
4 48 a7 i 60 20
15 86 38 10 61 13
16 10 39 22 62 59
17 59 40 23 63 a8
18 44 41 18 64 49
19 10 42 18 85 20
20 13 43 14 66 18
21 26 a4 45 87 72
22 48 45 28 68 77
23 20 46 44 89 82
[0721]

The results of this test demonstrated that the

compound of the present invention has HER2 inhibitory

activity in vitro.

[0722]
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Test Example 2 Measurement test (in vitro) of cytostatic
activity against HER2-expressing cell line (NCI-NB87) and
EGFR-expressing cell line (A431) and comparison of
selectivity thereof

HER2-overexpressing human stomach cancer cell line
NCI-N87 cells were suspended in RPMI1640 medium
(manufactured by Life Technologies Corp.) containing 10%
fetal bovine serum. Meanwhile, EGFR-overexpressing
highly activated human epithelioid cancer cell line A431
cells were suspended in DMEM, high glucose medium
(manufactured by Life Technologies Corp.) containing 10%
fetal bovine serum. Subsequently, each cell suspension
was inoculated to each well of a 384-well flat-bottom
microplate and cultured at 37°C for 1 day in an incubator
containing 5% carbon dioxide. The compound of the
present invention or Comparative Example compound 1 was
dissolved in DMSO, and the test compound was diluted into
a concentration of 500 times the final concentration
using DMSO. The scolution of the test compound in DMSO
was diluted with the medium used in the suspension of
each cell line, and this solution was added at a final
concentration of DMSO of 0.2% to each well of the cell
culture plate, followed by further culture at 37°C for 2
days in an incubator containing 5% carbon dioxide. The
number of cells after the 3-day culture in the presence
of the compound was counted using CellTiter-Glo
(manufactured by Promega Corp.) on the basis of the

protocol recommended by Promega Corp. The rate of
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inhibition of growth was calculated according to the
expression given below to determine the concentration at
which the test compound inhibited the cell growth by 50%
(IC50 (nM)}).

The results are shown in the table below.

Rate of growth inhibition (%) = (C - T) / (C) x 100

T: Luminescence intensity of a well supplemented with the

test compound
C: Luminescence intensity of a well not supplemented with
the test compound

[0723]
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[Table 12]
Example NCI-N87 cell growth | Ad31 cell growth Example N‘CI-‘NB7 cell growth A4§1. cell growth
No. inhibitory activity Inhibitory activity No. inhibitory activity inhibitory activity
IC50 value {nM) IC50 value (nM) IC50 value (M) 1C50 value (nM)
1 18 2319 32 7 1921
2 45 2666 a3 3 283
3 27 aars 34 a2 2208
4 12 2607 38 8 2607
§ [} 1233 38 8 1040
] 7 1280 39 12 1788
7 12 2805 48 4 314
8 8 956 50 4 277
g 13 2445 83 " 1668
10 ] 1414 56 31 2513
1 4 861 57 44 3389
12 3 340 58 8 681
13 5 1211 60 50 5265
14 4 486 61 10 1089
16 20 2270 86 50 €040
18 27 3458 1 26 2115
17 5 910 T2 5 1172
18 12 1058 74 18 8075
19 12 1261 76 8 2074
26 5 984 7 18 2455
27 5 1508 78 41 5450
28 46 2223 78 21 6942
30 23 2348 Comparative 2380
Example
compound 1
[0724]

The test results demonstrated that as for the rate

of in vitro inhibition of cell growth, the cytostatic

activity of the compound of the present invention against

the HER2-overexpressing cell line NCI-N87 was 47 or more

times that of Comparative Example compound 1; thus the

compound of the present invention not only inhibits HER2
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kinase but has excellent cytostatic activity against the
cells.

In addition, the results also demonstrated that the
compound of the present invention also has excellent HER2
kinase inhibition selectivity over EGFR kinase.

[0725]

Test Example 3 Measurement test (in vitro) of cytostatic

activity against HER2-expressing cell line (SK-BR-3)

HER2-overexpressing human breast cancer cell line
SK-BR-3 cells were suspended in McCoy's 5a medium
(manufactured by Life Technologies Corp.) containing 10%
fetal bovine serum. The cell suspension was inoculated
to each well of a 384-well flat-bottom microplate and
cultured at 37°C for 1 day in an incubator containing 5%
carbon dioxide. The compound of the present invention
was dissolved in DMSO, and the test compound was diluted
into 500 times as high concentration as the final
concentration using DMSO. The solution of the test
compound in DMSO was diluted with the medium used in the
suspension of each cell line, and this solution was added
at a final concentration of DMSO of 0.2% to each well of
the cell cﬁlture plate, followed by further culture at
37°C for 3 days in an incubator containing 5% carbon
dioxide. The number of cells after the 3-day culture in
the presence of the compound was counted using CellTiter-
Glo (manufactured by Promega Corp.) on the basis of the
protocol recommended by Promega Corp. The rate of

inhibkition of growth was calculated according to the



expression given below to determine the concentration at

which the test compound inhibited the c¢ell growth by 50%
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(ICS0 {(nM)) .

[0726]

[Table 13]

R e e e

1 20 30 a9
2 30 32 14
3 9 33 9
4 16 36 12
5 " 38 12
6 14 30 24
7 3 53 18
10 21 58 11
11 i2 60 a9
13 9 61 15
14 10 66 28
15 30 71 19
16 40 72 16
7 13 76 8
19 24 77 12
26 8 78 38
27 9 79 13
29 44 Comggﬁﬁggﬁf?mpw 1133

[0727]

The results of this test demonstrated that the

compound of the present invention alsc has excellent
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cytostatic activity against the HER2-overexpressing human

breast cancer cell line.
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CLAIMS:
[Claim 1]
A compound of the following formula (I) or a pharmaceutically

acceptable salt thereof:

Rs3

wherein X represents an optionally substituted 4- to
10-membered nitrogen-containing saturated heterocyclic group;

Y represents ~C{(Ry)=C(Rs) (R¢);

41, 42, Z3, and Z4 are the same as or different from each other
and each represent a hydrogen atom, a halogen atom, a cyano
group, a C2-Cé alkenyl group, an optionally substituted C1-C6
alkoxy group, an optionally substituted Cl-Cé alkyl group, an
optionally substituted amino group, an optionally substituted
C3-C7 cycloalkyl group, a C6-Cl4 aromatic hydrocarben group, or
a 4- to ld4-membered unsaturated heterocyclic group, or %, and

Zz, or Zs and Zg optionally form, together with the respective

CA 2997051 2019-08-16
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carbon atoms bonded thereto, a benzene ring or a 5- to
7-membered saturated or unsaturated heterocyclic ring;
W represents -CH,-, an oxygen atom, or -NH-;
n represents an integer of from 0 to 2;
R, represents an optionally substituted amino group;
R, and R; are the same as or different from each other and each
represent a hydrogen atom, an optionally substituted C1-C6
alkoxy group, an optionally substituted C1-C6 alkyl group, or
an optionally substituted C6-C14 aromatic hydrocarbon group, or
R, and R; optionally form, together with the nitrogen atom
bonded thereto, an optionally substituted 4- to 8-membered
nitrogen-containing saturated heterocyclic group; and
Ris, Rs, and Rg are the same as or different from each other and
each represent a hydrogen atom or an optionally substituted
Cl-Ce6 alkyl group.
[Claim 2]

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

in the formula (I),
X is a 4- to 1l0-membered nitrogen-containing saturated
heterocyclic group optionally having a halogen atom, a hydroxyl
group, a cyano group, a Cl-Cé alkyl group, or an amino group as
a substituent;
21, 27, Z3, and Z4 are the same as or different from each other
and each are a hydrogen atom, a halogen atom, a cyano group, a
C2-C6 alkenyl group, an optionally substituted Cl1-C6 alkoxy
group, an optionally substituted C1-C6 alkyl group, an
cptionally substituted amino group, an opticnally substituted
C3-C7 cycloalkyl group, or a 4- to ld-membered unsaturated
heterocyclic group, or Z; and Z;, or Zs and Z, optionally form,

together with the respective carbon atoms bonded thereto, a

CA 2997051 2019-08-16
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benzene ring or a 5- to 7-membered saturated or unsaturated
heterocyclic ring;
n is 0; and
R; is an amino group.
[Claim 3]

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

in the formula (I),
X is a 4- to 8-membered nitrogen-containing saturated
heterocyclic group optionally having a halogen atom or a Cl-C6
alkyl group as a substituent;
Y 1is -C(R4)=C(Rs) (Re);
Z1, Z», Z3, and Z, are the same as or different from each other
and each are a hydrocgen atom, a halogen atom, a cyano group, a
C2-Ceé alkenyl group, an optionally halogen atom-substituted
Cl-Cé6 alkoxy group, a Cl-Cé6 alkyl group, an optionally Cl-Cg¢
alkyl group-substituted amino group, a C3-C7 cycloalkyl group,
or a monocyclic 4- to 6-membered unsaturated heterocyclic group
having one oxygen atom, or Z; and Z,, or Zz and Z, optiocnally
form, together with the respective carbon atoms bonded thereto,
a benzene ring or a 5~ to 7-membered saturated or unsaturated
heterocyclic ring;
W is -CH,-, an oxygen atom, or -NH-;
n is 0;
Ry is an amino group:
R; and Rs; are the same as or different from each other and each
are a hydrogen atom, a Cl-Cé alkoxy group, a Cl1-C6 alkyl group,
or a Co-Cl4 aromatic hydrocarbon group, or R, and R; optionally
form, together with the nitrogen atom bonded thereto, an
optionally hydroxyl group-substituted 4- to 8-membered

nitrogen-containing saturated heterocyclic group; and
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Rs, Rs, and Re¢ are the same as or different from each other and
each are a hydrogen atom or an optionally di(Cl-Cé6 alkyl)amino
group-substituted C1-C6 alkyl group.
[Claim 4]

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

in the formula (I),
X 1s a pyrrolidinyl group optiocnally having a C1-C6 alkyl group
as a substituent, or a piperidinyl group optionally having a
halogen atom as a substituent;
Y is -C(R4)=C(Rs) (Rg); and
R4, Rs, and Re¢ are the same as or different from each other and
each are a hydrogen atom or a dimethylaminomethyl group.
[Claim 5]

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

in the formula (I),
X 1s a pyrrolidinyl group, a methylpyrrolidinyl group, a

piperidinyl group, or a fluoropiperidinyl group:;

\ &
JJJ\J/, oY \/\/N\' and

4

Y is

Ry and Rz are the same as or different from each other and each
are a hydrogen atom, a methoxy group, a methyl group, or a
phenyl group, or R; and R; optionally form, together with the
nitrogen atom bonded thereto, an azetidinyl group optionally
having a hydroxyl group as a substituent, a pyrrolidinyl group,
or a piperidinyl group.
[Claim 6]

The compound according to claim 1 or a pharmaceutically

acceptable salt thereof, wherein
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in the formula (I),
X is a pyrrolidinyl group, a methylpyrrolidinyl group, a
piperidinyl group, or a fluoropiperidinyl group;

Y is

’ 7

Zv, 2, Z3, and Z, are the same as or different from each other
and each are a hydrogen atom, a fluorine atom, a chlorine atom,
a bromine atom, a cyano group, a vinyl group, a methoxy group,
a fluoromethoxy group, a difluoromethoxy group, a methyl group,
an ethyl group, a dimethylamino group, a cyclopropyl group, or
a furyl group, Z:; and Z; or Z; and Z4 optionally form, together
with the respective carbon atoms bonded thereto, a benzene ring,
a pyridine ring, or a dioxolane ring;
W is =-CH,-, an oxygen atom, or -NH-;
n is 0;
R; is an amino group; and
R, and R; are the same as or different from each other and each
are a methoxy group, a methyl group, or a phenyl group, or R,
and Rz opticnally form, together with the nitrogen atom bonded
thereto, a hydroxyazetidinyl group, a pyrrolidinyl group, or a
piperidinyl group.
[Claim 7]

A compound selected from the group consisting of the
following (1) to (20):
(1) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-bromo-4-(2-
(dimethylamino)-2-oxoethyl)-2-methylphenyl)-1H-pyrazolo[3, 4-
dlpyrimidine~-3-carboxamide,
(2) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(2-chloro-4-(2-
(dimethylamino)-2-oxoethyl)-5-methylphenyl)-1H-pyrazolo[3, 4-

dlpyrimidine-3-carboxamide,
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{3) (R)-1-(l-acryloylpiperidin-3-yl)-4-aminc-N-(2~-chloro-4-(2-
(dimethylamino) -2-oxoethyl)-3-methylphenyl)-1H-pyrazolo[3, 4-
d]lpyrimidine-3-carboxamide,

(4) (R)=-1-(l-acryloylpiperidin-3-~yl)-4-amino-N-(4- (2~
(dimethylamino)-2-oxoethyl)-2-methylphenyl) -1H~pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(5) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (4-(2-
(dimethylaminc)-2-oxoethyl)naphthalen-1-yl)-1H-pyrazoclo[3,4-
dlpyrimidine-3-carboxamide,

(6) (R)-1-(l=-acryloylpiperidin-3-yl)-4-amino-N-(2-chloro=-4- (2~
(dimethylaminc) -2-oxoethyl)phenyl)-1H-pyrazolol[3,4-
d}pyrimidine-3-carboxamide,

(7) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (4~ (2-
(dimethylaminec) -2-oxoethyl) ~2-methoxyphenyl)-1lH-pyrazolo[3, 4~
dlpyrimidine-3-carboxamide,

(8) (R)y-1-(l-acryloylpiperidin-3-yl}-4-amino-N-(3-chloro-4-(2-
{dimethylaminc)-2-oxoethyl)phenyl)-1H-pyrazolo[3, 4-
dlpyrimidine-3-carboxamide,

(9) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(5-chloro-4-(2-
(dimethylamino) -2-oxcethyl) -2-methoxyphenyl) -1H-pyrazolo[3, 4-
dlpyrimidine~-3-carboxamide,

(10) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (4- (2~
(dimethylamino)-2-oxoethyl)~5-fluoro-2-methylphenyl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide,

(11) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(3-chloro-4-(2-
(dimethylamino) -2-oxocethyl)-2-methoxyphenyl)-1H-pyrazolo[3, 4~
dlpyrimidine-3-carboxamide,

(12) (R)~-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino)-2-oxoethyl)-3-fluoro-2-methylphenyl)-1H-

pyrazolo[3,4-d]lpyrimidine-3~carboxamide,
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(13) (R)-1l-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino)-2-oxoethyl) -2, 3-dimethylphenyl) -1H-
pyrazolo[3,4-dlpyrimidine-3-carboxamide,
(14) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(4-(2-
(dimethylamino)-2-oxoethyl)-3-fluoro-2-methoxyphenyl)-1H-
pyrazolo[3,4-dipyrimidine-3-carboxamide,
(15) (R)-1-(l-aczryloylpiperidin-3-yl)-4-amino-N-(2-
(difluoromethoxy)-4-(2-(dimethylamino)~2~oxocethyl)phenyl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,
(16) (R)-1-(l-acryloylpiperidin-3-yl)=-4-amino-N-(4-(2-
(dimethylamino)-2-oxoethyl) ~2-(fluoromethoxy)phenyl) -1H~
pyrazclo[3,4-d]pyrimidine-3-carboxamide,
(17) (R)-1l-(l-acryloylpiperidin-3-yl)-4-amino-N-(2-bromo-4- (2~
(dimethylamino)-2-oxoethyl)phenyl)-1H-pyrazolo[3, 4-
d]lpyrimidine-3-carboxamide,
(18) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-{(2-chloro-4-(2-
(dimethylamino)-2-oxoethyl)-5-fluorophenyl)-1H-pyrazolo[3, 4-
d]pyrimidine-3-carboxamide,
(19) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(5-chloro-4-(2-
(dimethylamino)-2-oxoethyl)-2-methylphenyl)-1H-pyrazolo[3, 4-
dlpyrimidine-3-carboxamide, and
(20) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-(2,5-dichloro-
4-(2-(dimethylamino)-2-oxcethyl)phenyl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide, or
a pharmaceutically acceptable salt thereof.
[Claim 8]

A HERZ2 inhibitor comprising a compound according to any
one of claims 1 toc 7 or a pharmaceutically acceptable salt

thereof.
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[Claim 9]

A pharmaceutical composition comprising a compound
according to any one of claims 1 to 7 or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable
carrier.

[Claim 10]

An antitumor agent comprising a compound according to any
one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof.

[Claim 11]

Use of a compound according to any one of claims 1 to 7 or
a pharmaceutically acceptable salt thereof as a HER2 inhibitor.
[Claim 12]

Use of a compound according to any one of claims 1 to 7 or
a pharmaceutically acceptable salt thereof as an antitumor
agent.

[Claim 13}

Use of the compound according to any one of claims 1 to 7

or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament.
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