(12) STANDARD PATENT

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
Novel fused pyrimidine compound or salt thereof

International Patent Classification(s)

CO07D 519/00 (2006.01) A61P 43/00 (2006.01)
A61K 31/519 (2006.01) CO07D 487/04 (2006.01)
A61P 35/00 (2006.01) CO7F 5/02 (2006.01)
Application No: 2014307437 (22) Date of Filing:  2014.08.11

WIPO No: WO15/022926

Priority Data

Number (32) Date (33) Country
2013-167600 2013.08.12 JP
Publication Date: 2015.02.19

Accepted Journal Date: 2016.12.15

Applicant(s)
Taiho Pharmaceutical Co., Ltd.

Inventor(s)
Iguchi, Satoru;Hosoi, Fumihito;Sagara, Takeshi

Agent / Attorney
Phillips Ormonde Fitzpatrick, PO Box 323, Collins Street West, VIC, 8007

Related Art
WO02013/108809

(11) Application No. AU 2014307437 B2




wo 2015/022926 A1 || IO OO0 OO RO

12) FEFBAENICE DV T AR S -ERERE

(19) tH FANEIFT A HEHLES >
ERESR g
=

, 10) B HES
() A = WO 2015/022926 A1
2015 % 2 A 19 H(19.02.2015) WIPO | PCT
(51) EREESE Takeshi); T3002611 ZHER D EHAARS K
CO7D 519/00 (2006.01)  AG61P 43/00 (2006.01) FEEMRIEH|RARHLA Dbaraki (JP).
AGIK 31/519 (2006.01)  CO7D 487/04 (2006.01) . s . cirs _
A6IP 35/00 (2006.01)  CO7F 5/02 (2006.01) (4) LB A AFEFRBGR AT ) 7745 7% 5 55 B (THE
PATENT CORPORATE BODY ARUGA PATENT
Q1) EREREES: PCT/IP2014/071158 OFFICE); T 1030013 RRAH RK B A48 A2 ET
22) EEHER: 2014 %8 B 11 H(11.08.2014) 1TE3%FS8S ROBAFEIEIL Tokyo (JP).
- =z 8) EEE (RTOLWVWEY., £2TOEHEOEAR
@5) EfRHEROEEE AR EA T HE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
(26) EFABEDEEE: HA:E BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
30) BRIET—5 CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
: FL GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
+¥HE 2013-167600 2013 £ 8 A 12 H(12.08.2013)  JP IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR,
(71) HREEAN: KEEE S T £#H A =2 (TAIHO PHARMA- LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
CEUTICAL CO., LTD.) [JP/JP]; T 1018444 B R EF MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
KERMEAEET 1 — 2 7 Tokyo (P). PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
- ) SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
(72) ¥BAE: #0O BLAGUCHL Satoru); T 3002611 ZRIK UG, US, UZ, VC, VN, ZA, ZM, ZW.

BOCIEHAARS ABERERIEHKASHRN
Tbaraki (JP). #l 3 X {Z (HOSOL Fumihito); T
3002611 KB DS ETARARI KBEERKT

¥ KXLHRN Dbaaki JP). B (SAGARA,

(84)

HEE (ETOBEWVRY ., ETOEBRRDLERF
FE AV AE[AE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, RW, SD, SL, SZ, TZ, UG, ZM, ZW), 1—5 &

[(fEH]

(54) Title: NOVEL FUSED PYRIMIDINE COMPOUND OR SALT THEREOF

54 ZBBEDOLT  FREHEEEY =

~

DUEEMRIETDIE

R, © NH

NN
L

N~ N O

-

Y

(1)

(57) Abstract: The objective of the present invention is to provide a novel compound which has a BTK inhibitory action and a cyto -
static effect. Additionally, the objective of the present invention is also to provide a medicine useful for prevention and/or treatment
of diseases in which BTK is involved, in particular cancer, on the basis of the BTK inhibitory action. The present invention provides
a compound represented by formula (I) [In the formula, R, to Rs, W, A, Y and Z have the same meanings as defined in the specifica-
tion.] or a salt thereof.
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DESCRIPTION

NOVEL FUSED PYRIMIDINE COMPOUND OR SALT THEREOF

Technical Field
[0001]

The present invention relates to a novel fused
pyrimidine compound or a salt thereof, which has Bruton's
tyrosine kinase (BTK) inhibitory action, and a

pharmaceutical composition containing the same.

Background Art
[0002]

It is disclosed that various protein kinases exist in
in vivo and are involved in the regulation of a variety of
functions. Bruton's tyrosine kinase (BTK) is a protein
kinase that belongs to the Tec family kinases, and is a
non-receptor tyrosine kinase that plays an important role
related to the control of, for example, proliferation,
survival, differentiation and activation of B-cells in the
downstream of the B cell receptor (BCR) signal (Non-Patent
Document 1). An inhibitor capable of controlling the
activity of BTK is considered to be useful as a therapeutic
agent for diseases associated with abnormal hyperactivity
of BTK signaling pathway (for example, cancer).

[0003]
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Regarding a compound having BTK inhibitory activity,
PCI-32765 (Non-Patent Document 2) and the compounds
described in Patent Documents 1 and 2 are disclosed.

The compounds disclosed in Patent Documents 1 and 2
are also disclosed to exhibit high inhibitory activity for
EGFR (Epidermal Growth Factor Receptor) and JAK3 (Janus
kinase 3) for example, in addition to BTK. However, since
such a multikinase inhibitor suppresses, for example, cell
proliferation by inhibiting various signaling pathways,
there i1s a concern about a variety of side effects. For
example, it is disclosed that EGFR binds to its ligand, for
example, the epidermal growth factor (EGF), and
participates in the proliferation and survival (for example,
inhibition of apoptosis) of various cells (Non-Patent
Document 3). However, it is disclosed that inhibitors
targeting EGFR cause side effects such as skin disorders
and gastrointestinal dysfunction in common, and it is
widely supposed that these side effects may be related to
the inhibition of the wild type EGFR signaling pathway
(Non-Patent Document 4).

Thus, PCI-45292 is disclosed as a compound, which has
an inhibitory activity against BTK with a weak inhibitory
activity against EGFR (Non-Patent Document 5).

As described above, from the viewpoint of reducing

side effects, a highly selective BTK inhibitor, that has a
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high inhibitory activity against BTK with low inhibitory

activities against other kinases such as EGFR, is desired.

Citation List

Patent Document

[0004]

Patent Document 1: WO 2011/090760
Patent Document 2: WO 2009/158571
Non-Patent Document

[0005]

Non-Patent Document 1: Schaeffer and Schwartzberg, Curr. Op.
Imm., 2000, 282-288

Non-Patent Document 2: Proc. Natl. Acad. Sci. USA., 2010
Jul 20; 107(29):13075-80

Non-Patent Document 3: Nature Rev. Cancer, Vol. 6, pp. 803-
811 (2006)

Non-Patent Document 4: Nature Rev. Clin. Oncol., Vol. 6, pp.
98-109 (2012)

Non-Patent Document 5: American College of Rheumatology
Annual Meeting, Atlanta, GA, ©6-11 November, 2010)
[000b5a]

The discussion of documents, acts, materials, devices,
articles and the like is included in this specification
solely for the purpose of providing a context for the

present invention. It is not suggested or represented that
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any or all of these matters formed part of the prior art
base or were common general knowledge in the field relevant
to the present invention as it existed before the priority
date of each claim of this application.

[0005b]

Where the terms "comprise"™, "comprises", "comprised" or
"comprising" are used in this specification (including the
claims) they are to be interpreted as specifying the
presence of the stated features, integers, steps or
components, but not precluding the presence of one or more
other features, integers, steps or components, or group
thereof.

Summary of Invention

[0006]

An aspect of the present invention is to provide a

3a
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novel compound that strongly inhibits BTK selectively over
EGFR, or a salt thereof, and a pharmaceutical composition

including this compound.

[0007]

The inventors of the present invention conducted
extensive investigations in order to achieve the issues
described above, and as a result, the inventors found that
a group of compounds represented by the following formula
(I) exhibit an excellent inhibitory activity against BTK
and excellent kinase selectivity, and are useful as
medicines for treating diseases involving BTK, such as
cancer. Thus, the inventors completed the present
invention.

[0008]

That is, the present invention is to provide a
compound represented by the following general formula (I),
or a salt thereof:

[0009]
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X represents a nitrogen-ceontalning C3-C10

heterocycloalkyliene which may have one or more

e . i N N R .
Y represents ~C{R4)=C{Rs) (Rg) or —-C=C-Ry;

J

7 and

. each independent

Ry represents an amino group which may have one or
more substituents;

R, and Ra, or each
represent a hydrogen atom, a halogen atom, a Cl-C6 alkyl

group which may have one or more substituents, a Cl1-C6
aikoxy group which may have ons

C7 cycloalkyl group which may have one or more substituent
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anti-tumor agent containing a compound represented by the
above general formula (I) or a salt thereof as an active
ingredient.

Furthermore, the present invention is to provide a
compound represented by the above general formula (I) or a
salt thereof, intended for tumor therapy.

Also, the present invention is to provide use of a
compound represented by the above formula (I) or a salt
thereof, for the production of an anti-tumor agent.

Furthermore, the present invention is to provide a
method for treating a tumor, the method including
administering a compound represented by the above general
formula (I) or a salt thereof.

[0012]

As a compound related to the present invention, PCI-
32765 that is in a clinical stage is disclosed as a BTK
inhibitor. PCI-32765 has a phenoxyphenyl group; however,
this compound is significantly different from the compound
of the present invention in view of not having a
benzoxazole group or an oxazolopyridine group, which
represents a feature of the compound of the present
invention. Furthermore, the compound of the present
invention is characterized by having higher BTK selectivity
compared to PCI-32765 (reference compound 1), as described

later.
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Furthermore, the compounds described in Patent
Documents 1 and 2 also do not have a benzoxazole group or an
oxazolopyridine group, which is a feature of the compound of
the present invention, and their structures are significantly
different.

Furthermore, the compound disclosed in WO 2007/067781
is disclosed as a compound having the structure related to
the compound of the present invention. However, the compound
disclosed therein is a compound which inhibits aurora kinases,
and there is no description on the presence or absence of the
BTK inhibitory activity. Also, there is no disclosure on
specific compounds having a benzoxazole group or an
oxazolopyridine group.

In another aspect, the present invention provides a
compound represented by the following general formula (I), or

a salt thereof:

0

wherein A represents - (CH;),-X-, - (CHz),~NH-, or -(C3-C7

cycloalkylene) -NH-;
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n represents an integer from 0 to 2;

m represents an integer from 1 to 4;

X represents a nitrogen-containing C3-C10
heterocycloalkylene which may have one or more substituents
selected from the group consisting of 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 halogenocalkoxy group, a cycloalkoxy group,
a cycloalkyl-alkoxy group, an aralkyloxy group, an alkylthio
group, a cycloalkyl-alkylthio group, an amino group, a mono-
or dialkylamio group, a cycloalkyl-alkylamino group, an acyl
group, an acyloxy group, an oxo dgroup, 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
heterocyclic oxy group;

Y represents -C(R4)=C(Rs) (Rg) or -C=C-Ry;

W and Z each independently represent N or CH;

R; represents an amino group which may have one or more
substituents which are defined as above for X;

R; and R;3, which may be identical or different, each
represent a hydrogen atom, a halogen atom, a Cl1-C6 alkyl
group which may have one or more substituents, a Cl1-C6 alkoxy

group which may have one or more substituents, a C3-C7

8a
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cycloalkyl group which may have one or more substituents, a
C6-Cl4 aromatic hydrocarbon group which may have one or more
substituents, a 4-membered to 10-membered monocyclic or
polycyclic unsaturated heterocyclic group containing 1 to 3
heteroatoms of the same kind or different kinds selected from
a nitrogen atom, an oxygen atom and a sulfur atom, which may
have one or more substituents, or a cyano group, wherein the
one or more substituents are as defined above for ¥X; and

Ry, Rs, Rg and Ry, which may be identical or different,
each represent a hydrogen atom, or a Cl-C6 alkyl group which
may have one or more substituents which are as defined above

for X.

Advantageous Effects of Invention
[0013]

According to the present invention, there is provided a
novel compound represented by the above formula (I) or a salt
thereof, which is useful as a BTK inhibitor.

It has been made clear that the compound of the present
invention or a salt thereof has excellent selective BTK
inhibitory activity and exhibits a proliferation suppressing
effect on cancer cell lines. Furthermore, since the compound
of the present invention or a salt thereof strongly inhibits

BTK selectively over EGFR,

8b



adverse side effects can be reduced, and enhancement of

reof has an advantage thalt the compound cor salt not onl

The compound of the present inventio
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1 or a salt
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exhibits excellent metabolic stability compared with
Y 38
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Q0

N

Hipyrimidine skeleton, which i1s substituted with &

conventional BTK inhibitors, but good exposure To plasma
can be expected, and in addition Cyp inhibitory risk can be

ed.

The compound of the present inventicn or a salt

of is useful as a prophylactic and/or therapeutic

for cancer.

The compound of the present invention or a salt

i can suppress bone metastasis of cancer or Lumors.

Description of Drawing

Fig. 1 shows the results of detection by BTK labeling

iption of Embodiment

The compound represented of the above-described
) of the present invention is a compound having a

3,4~-dipyrimidine skeleton or a 7H-pyrro
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such as phenvylcarbonyl, naphthylcarbonyl, flucrenylicarbonyi

B B
N

tetrahydronaphthyicarbonyl, chromanylcarbonyl, 2,3-dihydro-

1,4-dioxanaphthalenylcarbonyl, indanylcarbonylil, and

—
[€V]
s
a

Examples cof the "alkylcarbonyloxy group"” according to

the present specification incliude linear or branched (C1-C6

)
197

alkyljcarbonyioxy groups such as methvlcarbonyloxy,
ethylcarbonyloxy, n-propyvlcarbonvloxy, iscpropylcarbonyloxy
n-butylcarbonyloxy, iscbutylcarbonyioxy, tert-
butvylcarbonvloxy, n-pentylcarbonyloxy, iscopentylcarbonyloxy,
and hexylcarbonyloxy.
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the present specificatlion 1nclude (C6-C14 arvl)carbonvloxy
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groups such as phenvlcarbonyloxy, naphthylcarbonyloxy,
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nthrylcarbonvloxy,

biphenvlcarbonyloxy, tetrahydronaphthylcarbonyloxy,

dioxanaphthalenvlcarbonvloxy, indanvlcarbonyloxy, and



The "alkoxycarbonyl group" according to the present

specification ma:s
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linear group or a branched
group, and examples Thereof include (C1-C6 alkoxy)carbonyl

groups such as a methoxycarbonyl group, an e

group, a propoxycarbonyl group, an lsopropoxycarbonyl group,
a butoxycarbonyl group, an isobutoxycarbonyl group, a tert-

butoxycarbonyl group, a pentylc

5
1
1.

iscpentyloxycarbonyl group, and a hexyloxycarbonyl group.

Examples of the "aralkyloxycarbonyl group”™ according

—

[

-

group, a phenethyloxycarbonvl group, a

naphthyimethyloxycarbonyl group, and a
fluorenylmethyloxyvecarbonyl group.
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itrogen atom, an oxygen

atom and a sulfur atom, and specific examples tThereof
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holino group, vyl group, a

piperidino group, a piperazinyl group, a 4-methyl-1-

piperazinyl group, a tetrahydrofuranyl group, a
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a thiazolidinyl group, and an oxazolidinyl group.
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The "unsaturated heterocyclic group® according to the

unsaturated or partially unsaturated heterocyclic group

having hetercatoms selected from a nitrogen atom, an oxygen

a pyrrolyl group, an oxazolyl group, an isoxazoly

group, a pyrazolyl group, a triazolvl group, a tetrazolyl

group, a pyridyl group, a pyrazyl group, a pyrimidinyl
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group, an indazolyl group, a

£

opyridyl group, a
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benzimidazclyl group, a benzoxazolyl group,
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et
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benzeothiazolyl group, a benzothienyl group, a benzofuran

1y

group, a purinyl group, a guinolyl group, an isoguinolyl

'».._

methylenedioxyphenyl group, an ethylenedioxyphenyl group,

™
H

Examples of the "aromatic hydrocarbon group”

according to the present specification include C6-C14

[

aromatic hydrocarbon groups such as a phenyl group, a
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For example, "4-membered to l0-membered saturated
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—i-
~

\
"\|

heterocyciic group"” means a ated heterocyclic group

[
<

whose number of ring members 1is 4 to
In general formu

(CHz} y~NH~-, cr -{C3-C7 cycloalkylene)-NH-.

preferakbly 0. Furthermore, m represents an integer from 1
to 4, but m is more preferably 2 or 3, and even more
cyclopropylene, cyclobutylene, cyclopentylene, and

cycliohexylene, while cyclohexylene is more preferred.

¥ represents a nitrogen-containing C3-C10
heterocycicalkylene which may have one or more
substituents; however, more specifically, X represents a
divalent heterocycloalkyl having 3 to 10 carbon atoms,

which may have one or more substituents, contains at least

atom in the ring, and

Q.

kinds selected
from an oxygen atom and a sulfur atom {nitrogen-contalining
C3~-C10 heterocycloalkylene). More specific examples

thereof include azetidinyviene, pyrrolidinylene,

’G
»—n
U
®
\—‘
Q

idinylene, piperazinylene, morpholinylene,

N
Y



cctahydroquinolinylene, and octahvdroindolylene.,
Preferably, X represents a heterocycloalkylene having

2 to 5 carbon atoms, which may have
substituents and contalins one nitrod

tro

e
(it

\
O
N

en—containing C3-C5 heterocycloalkylene), and X is
more preferably azetidinylene
piperidinyvlene, and even more preferablsy
1,3-pyrroiidinyliene, or 1,3-piperidinylene.
egarding the substituents on the
es, examples include substituents such a
wwever, 1t 1s preferable that the

heterocyclcoalkylenes are unsubstituted.
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rgen—containing C3-Ch

heterocyclocalkylene group represented by X 1s bonded to the
carbonyl group of -COY in general formula ({(I).
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In general formula (I}, W and Z

represent N or CH. Preferably, when 7 is N, W is N, or

,__1
-
o
i
fI=N

[

-
T
A

Iin general formula (1), regarding the

"substituent(s)” for the "aminc group which may have one or

more substituents™ represented by R., examples inciud

"D

substituents such as those described above; however, it is

14

preferable that the amino group is unsubstituted

«

[0055]

In general formula (I}, the "halogen atom”
represented by R, or Ry is preferably a fluorine atom, a
chlorine atom, or a bromine atcm

in general formula (I}, the "Cl-Co¢ alkvl group™ for

substituents” represented by R; or R; is preferably a C1-C4
alkyl group, and the Cl1-C6 alkyl group is more preferably a
methyl group, an ethyl group, an n-propyl grou an

iscpropyl group, an n-butyl group, an isobut

tert-butvl group, and even more preferably a methyl group
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group which may have one or more substituents” represented
by R, or Rz, it is preferable that the Cl-C6 alkyl group is

unsubstituted, or has oneor more substituents such as a halogen

=
Qu\
5
s
‘}...J
o
L
i
o
b
o R
I
(

atom or a C1-C4 ailkoxy group. It is more prefer

substituents such as a flucrine atom or a methoxy group. In a
case in which the alkyl group has oneor more substituents the

H
L

|..x -

number of substituents is not pa

H

when the substituent 1s a halogen atom,

-
1
A

substituents is preferably to 3, while when the oneormore

substituents is a Cl1-C4 alkoxy group, the number of

The "C1-C6 alkvl group which may have one or more

N

substituents”™ represented by R, or Ry 1s preferably a C1-C

alkyl group, a halogenc-Cl-C¢ alkyl group, or a Cl-C4

2 )

alkoxy-substituted C1-C6 alkyl group; more preferably a Cl-

o~

C4 alkyl group, a halogeno-Cl-C4 alkyl group, or a Cl-C4

et

lsopropyl group, an n-butvl group, an lscbhutyl group, a
Y ; -t N ) 7

tert-butyl group, a

a methyl group,

a triflucromethyl group, or a methoxyethyl group.

cularly limited; however,



In general formula (I}, the "Cl-Co alkoxy group” for

the "Cl-C6 alkoxy group which may have one or more

£ - T o4 e 13 S + 1 [ N al- - e m 1 s T S e Wy o P
C4 alkoxy group', and the "Cl-C6 alkoxy group”™ is more

group, or an n-butoxy group, and even more pre

Regarding the "substituent{s)" for the "Cl-C6 alkoxy

up which may have one or more substituents”™ represented

(®]
H
O
&

by Ry or Rs, examples include substituents such as those

-C6 alkoxy group which may have one or more

™

substituents”™ represented by R, or R; i1s preferably a C1-C6

-t

ferabl

L‘
_—
)
“+a

ore vy a Cl to C4 alkoxy group; even

alkoxy group: more

N
5
!

more preferably a methoxy group, an ethoxy gro

up, an

!

isopropoxy group, or an n-butoxy group:; and still more
preferably a methoxy group.
[0057]

Iy, The "C3-C7 cycloalkyl group®

%__4
i

In general formu
for the "C3-C7 cycloalkyvl group which may have one or more

substituents” represented by R; or R; is preferably a C3-C6

cycioalkyl group, and more preferably a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group, or a cyclohexyl

25
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more preferably a 4-membered tTo &-membered nmonocyclic

{
}_.J

unsaturated hetero ic group containing one sulfur atom;

- - () - = -0

prefe ly a Z2-thienyl group.
Ay 3 L1 S e de . {eny ¥ ey o U A . N i-
Regarding the "substituent{s)" for the "4d-membered to

10-membered monocyclic or polycyelic unsaturated
heterocyciic group containing 1 to 3 hetercatoms of the
kind or different kinds selected from a nitrogen atom,
an oxygen atom and a sulfur atom, which may have cone or
more substituents”™ represented by R, or Rz, examples
inciude substituents such as those described above; however,

it is preferable that the unsaturated heterocyclic group is

The "d-membered to 10-membered monocyclic or
polveyclic unsaturated heterocyclic group containing 1 to 3

heteroatoms of the same kind or different kinds selected

from a nitrogen atom, an oxygen atom and a sulfur atom,
which may have one or more substituents”™ represented by Ry

Z

3 1s preferably a 4-membered to 6-membered meonocyclic

of a nitrogen
atom, an oxygen atom or a sulfur atom; more preferably a 4-

membered Lo 6-membered monccyclic unsaturated heterocvclic
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The "C1-C6 alkyl group which may have one or more
substituents” represented by Ry is preferably a Cl-C4 alkyl

group; more preferably a methyl group, an ethyl group, an

n-propyl group, an 1lsopropyl group, or an n-butvl group;

and even more preferably a methvl grougp.
n general formula (I}, —~C{R4)=C(R;} (Rg) or —-C=C-Ry

represented by Y is particularly preferably any one

elected from:
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In regard to the compound of the present in

TN e - LY =N -
& represents -~ (CHy) ~X~;

3
i‘\

represents 0;

X represents a nitrogen-contalining C3-C10
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W and 72 each independently represent N or CH:
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group;

and Ry, which may be identical or different, each

group which may have one or more substituents, a C1-C6

alkoxy group which may have one or nore substituents, a C3

C7 cycloalkyl group which may have one or more substituents
a C6~Cl4d aromatic hydrocarbon group which may have one or
more substituents, a 4-membered to 10-membered, monocvclic
or polycyclic unsaturated heterocyclic group containing 1

different kinds
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selected from a nitrogen atom, an oxygen atom and a sulfur
atom, which may have one or more substituenits, or a cvyano

group; and

Ry, Rs, Rg and R-, which may be identical cor different

each represent a hydrogen atom, or a Cl-Ce alkyl group

more substituents.
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heterocyclicalkylene (here, the nitrogen atom is bonded fto
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group of ~-COY in the general formula

o
-4

—

Ny
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Y represents -C{Ry)=C(Rs) (Rg} or -C=C-Ry;
W and Z each independently represent N cor CH;

Ry repre

n

ents an amino group:
R, and Rj, which may be identical or different, each

. e~ ~ L4 - 3 N P SN - Uy oy 1 N P SN . el s . Trv 7
represenl a hvdrogen atom, a halogen atom, a Cl-Co alkyl

a C6~Cl4 aromatic hydrocarbon group which may have one or

more substituents, a 4d-membered Lo 10-membered, monocyclic

. . T x . R S S
or polycyclic unsatur
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containing 1

selected from a niltrogen atom, an oxygen atom and a sulfur

may have one or more substituents.
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In regard to the compound of the present lnventlion
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represents 0;
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¥ represents azetidinylene, pyrrolidinylene, ¢
piperidinylene;

Y represents -C{

W and 7 each independent
Rq represents an amino group;
Rz and Rs, which may be identical or different, each

represent a hydrogen atom, a halcg

C7 cycloalkyl group which may have cone or more substituents
a C6~Cl4d aromatic hvdrocarbon group which may have one or

more substituents, a 4-membered to 10-membered, monocvclic

or polycyclic unsaturated heterocyclic group containing 1

B

sulfur

Y

selected from a nitrogen atom, an oxygen atom and
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atom, which may have one or more substituents, or a
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Rs, Rs, Rgs and Ry, which may be identical cor different,
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each represent a hydrogen atom or a Cl-C6 alkyl group which
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In this case, in regard to the compound o he
present invention represented by general formula (I}, more

preferred is a compound
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represented by general formula (1), more pref

compound, or a salt thereof, in which:

¥ represents azetidinvlene, pyrrolidinylene, or

piperdinylene;
i N X

7 o~ - ~ - e~ VTS N ) 3\ o~ N
Y represents ~C{R4;)=C{Rs) (Rg) or —-C=C-Ry;

W and Z sach independently represent N or CH;

™

Ry represents an amnino group;

1-C6
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atom, a halogen atom, a Ci-Co¢ alkyl group, a halogeno-Cl-C6

alkyl group, a Cl-C4 alkoxy-substituted Ci-C6 zlkyl group,
a C1-C6 alkoxy group, a phenyl group which may have one or
more substituents with a halogen atom, a 4d-membered to 6-

membered mconocyclic unsaturated heterccyclic group
containing a sulfur atom, or a cyano group:; and
when Y represents ~C{Ry)=C(Rs} (Rg),

Ry, Rs and Rg, which may be identical or different,

membered to 8-membered ring, together with the nitrogen

atom To which these alkvl groups are bonded):
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membered monccyclic

containing a sulfur atom, ©r a Cyano group; andc

when Y represents -~C(Rq)=C(Rs) (Re),

and Reg, which may be identical or different,

Ci~-C6 alkyl group that is subs uted with an aminc group
substituted with two Cl-Co6 alkyl groups {(the Cl1-Co6 alkyl

QO
R
s
mn
=
o
.
0O

y form a heterocyc

membered tce 8-membered ring, o

R, represents a hydrogen ator vl group.
(00751
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n thi

b~
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case, 1in regard to the cor

present invention represented

preferred is a compound, or a salit the

A represents - (CHz) X~

i

-3
-

represents 0;

Iy

epresents 1, 3-azetidinylene, 1,3-pyrrolidinylene,

1, 3-piperdinylene

4
e

7 . N . - ~ /T o~ D I N y
Y represents -C{Rs)=C(Rs) (Rg) or -C=C-Ry;



any one of R

A8

Ci-C4 alkyl group,

atom, a halogen atom,

alkyl group, a CL-C

more substituents wi

membered monocyclic

1-C4 alkoxy group,

hydrogen atom or a

- I~ 1
up, a haiogeno-Cl-C
3 o~ A I T -

d Cil-C4 alkyl group

saturated heterocyclic group

containing a sulfur atom, ©r a cyano group; and

when Y repres

groups may form a heterocycloalkyl

when Y represent

ey}

7 represents

~
I
SR

gl
o

[

i
-
t
=
@

X!
W
=
e}
.
i
)

represented by general

3
]
(‘?‘
T
e
0]
93}
]
-
ot
u

X represents

)

aikyl groups are

e TS
=0 i'<\//
arcgen atom

zetidinyle

Wit an amine Jgroup

“ical or different,

6 aikyl group, or a

tthe Cl1-Cb alkyl

group having a 4-

with the nitrogen

1,3-pyrrolidinylene,
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n represents 0;

¥ represents 1,3-azetidinylene, 1,3-pyrrolidinylene,
or 1,3-piperdinylene (here;, the nitrogen atom is bonded to
the carbonyl group of -COY in the general formula (I)):

Y represents ~C{Ry)=C{Rg) (Rg}] or —C=C-RKy;

when Z represents N, W represents N, while when Z

any one of R, and R; represents a hydrogen atom or a

(—v—
o)
J

up, while the other represents a hydrogen atom, a

‘
foat

methyl gr
halogen atom, a methyl group, a triflucromethyl group, a

methoxyethyl group, a methoxy group, a phenvl group, a 4-

chlorophenyl group, a Z-thienvl group, or a cvano group;

and

when Y represents —-C{RE;)=C(Rs} (Rg),

R4, Rs and Rg, which may be identical or different,
each represent a hydrogen atom, a methyl group, a
dimethylamincmethyl group, a methylethylaminomethyl group,
a diethylaminomethyl group, a methyvliscpropylaminomethyl
group, a l-plperidinyimethyl group, or a 1-
pyrrolidinyimethyl group;

when Y represents ~(C=C~Ry,

Ry represents a methyvl group
[0078]

In regard to the compound of The present invention
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(3) when 7 represents CH, and W represents CH,

X represents 1,3-azetidinvyliene or 1,3-pyrrolidinylene

Y represents ~C{Rs;)=C{Ry) (Rg}, and

B

a methylethylaminomethyl group, a diethylamincmethyl group;

a methylisopropylaminomethy

.

group, a l-piperidinylmethyl

group, or a l-pyrrolidinylimethyl group.

preferred is a compound, or a salt thereof, in whi

n represents 0;
1 represents an amino group;

any one of Ry, and R; represents a hydrogen atom or a

(
3
ot

methyl group, whlle the other represent

¢ g a hydrogen atom, a
halogen atom, a trifluoromethyl group, a methoxyethyl group,

a phenvl group, a 2-thienyl grcup, or a cyano g

>
-
3
('l/
J
=
]
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T
—
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jurt
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i
”3
T
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=
=
o
b
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]
=
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~
]
N

h
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O
)
—
=
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Y represents a vinyl group:
(2} when Z represents CH, and W represents N,



X represents 1,3-pyrrelidinylene or 1,3~
piperidinylene (here, the nitrogen atom i1s bonded to the
carbonyl group of ~COY in the general formula {(I}),

Y represents ~C{R4)=C{Rs) (Rg} or -C=C~{R+), and

when Y represents ~C{Ry)=C(Rs} (Rg),

Ry, Rs and Rg, which may be identical or different,
each represent a hydrogen atom, a methyl oup, a
dimethylamincmethyl group, a methylethylamil thyl groug,

group, a piperidinyimethyl group, or a 1-
pyrroiidinylimethyl group, e

when Y represents ~C=C~{R4),

Ry represents a methyl group; and

(3) when 7 represents CH, and W represents CH,

X represents 1, 3-azetidinylene or 1,3-pyrrolidinylene
{here, the nitrogen at is bonded to the carbonyl group of

-COY in the general formula (1))

m

7
~ ™o = ™ o\ o
Y represents ~C{Rs)=C{Rs) (Rg}, and
R4, Rs and Reg, which may
each represent a hydrogen atom

methylethylaminometh

45h

invent

ion



represented by

(L)

4

compound, or a salt Thereof, in which:
7 - < - I fATT N =, .
v represenits - (CHy) =X
n represents 0

¥ represents 1, 3-piperidinylene;
Y represents a vinyl group;

Z represents CH;

W represents N;

Ry represents an amino group; and
any one of R; and R; represents a

—+
w
o

a Ccyano qgroup.

Iin this case, in

present

preferred is a compound
A represents - (CH

-3
-

invention represented

more

6]

a

[

o

S

hydrogen atom,

eants a hydrogen atom, a2 halogen atom,
regard to the compound o the

by general fo la (I}, more
, Or a salt therecf, in which:
”) n—A=;

X represents 1, 3-plperidinylene |
atom 1s bonded to the carbonyl group of
FgN 1 [Ty Y
rormuia (i) )7

Y represents a vinyl group;

7 represents CH;

W represents N;

Ry represents an amino group:; and



any one of R; and Rj; represents a hydrogen atom,

while the other represents a hydrogen atom,

3y

B
e

halogen atom,

oY a Cyano groug.

P
)
o0
N

n regard to the compound of the present invention

represented by general formula (I}

X represents 1,3-piperidinylene;

Y represents a vinyl group

=
[
[
[@]
=
T
n
@
i
ot
(_,’\
=
e

any one of R, and Ry represents a hydrogen atom,

)
}_.l
|_._
(T‘
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oy
(T‘
(@)
ot
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e
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w
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3
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w
3
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hyvdrogen atom or a2 halogen

In this case, 1n regard To the compcound of the

present invention represented by general formula (I}, more
preferred is a compound, or a salt thereof, in which:

A represents -~ (CHy) ~X~;

n represents 0;

X represents 1,3-piperidinylene {(here, the nitrcgen

atom is bonded to the carbonyl group of -COY in the general
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carboxamide (Example Compound 12)

(13) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 13)

(14) (R,E)-4-amino-N- (benzo[d]oxazol-2-y1l)-1-(1-(but-2-
enoyl)piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 14)

(15) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-

(1-(4- (dimethylamino)but-2-enoyl)piperidin-3-yl)-1H-

pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
15)
[0085]

(16) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-

(1-(4-(ethyl (methyl)amino)but-2-enoyl)piperidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
16)

(17) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(diethylamino)but-2-enoyl)piperidin-3-y1l)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
17)

(18) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(isopropyl (methyl)amino)but-2-enoyl)piperidin-3-yl1) -
1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example
Compound 18)

(19) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-

50
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(1-(4- (pyrrolidin-1-yl)but-2-enoyl)piperidin-3-y1l)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
19)

(20) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4- (piperidin-1-yl)but-2-enoyl)piperidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
20)

(21) (R,E)-4-amino-N- (5- (thiophen-2-yl)benzo[d]oxazol-
2-y1)=-1-(1-(4- (dimethylamino)but-2-enoyl)piperidin-3-y1)-
1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example
Compound 21)

(22) (R) —4-amino-N- (benzo[d]oxazol-2-y1)-1-(1- (but-2-
ynoyl)piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 22)

(23) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5, 6-
dimethylbenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-
3-carboxamide (Example Compound 23)

(24) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 24)

(25) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1- (but-2-enoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide (Example Compound 25)

(26) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-

(1- (3-methylbut-2-enoyl)pyrrolidin-3-yl)-1H-pyrazolo[3, 4-

51
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dlpyrimidine-3-carboxamide (Example Compound 26)

(27) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 27)

(28) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
(thiophen-2-yl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide (Example Compound 28)

(29) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
methylbenzo[d]oxazol-2-yl)-1H-pyrazolo[3, 4-d]lpyrimidine-3-
carboxamide (Example Compound 29)

(30) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 30)

[0086]

(31) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-(4-
chlorophenyl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide (Example Compound 31)

(32) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4- (dimethylamino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
32)

(33) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(ethyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound

33)
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(34) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(diethylamino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
34)

(35) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl1)-
1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example
Compound 35)

(36) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(pyrrolidin-1-yl)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
36)

(37) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4- (piperidin-1-yl)but-2-enoyl)pyrrolidin-3-y1l)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide (Example Compound
37)

(38) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
methoxybenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 38)

(39) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
cyanobenzo|[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 39)

(40) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-(2-
methoxyethyl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-

dlpyrimidine-3-carboxamide (Example Compound 40)

53
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47)
(48) (R)-7-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-7H-pyrrolo[2,3-d]pyrimidine-5-

carboxamide (Example Compound 48)

(49) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl) -7~
(1-(4- (dimethylamino)but-2-enoyl)pyrrolidin-3-yl) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
49)

(50) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl) -7~

(1-(4-(ethyl (methyl)amino)but-2-enoyl)pyrrolidin-3-vyl) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
50)

(51) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl) -7~
(1-(4-(diethylamino)but-2-enoyl)pyrrolidin-3-vyl) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
51)

(52) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl) -7~
(1-(4-(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl)

TH-pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example Compound

52)

(53) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl) -7~
(1-(4- (pyrrolidin-1-yl)but-2-enoyl)pyrrolidin-3-yl) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
53)

(54) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-7-

55
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(1-(4- (piperidin-1-yl)but-2-enoyl)pyrrolidin-3-y1) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
54)

(55) (R)-7-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-

phenylbenzo[d]oxazol-2-yl)-7H-pyrrolo[2,3-d]pyrimidine-5-

carboxamide (Example Compound 55)

(56) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-yl) -7~
(1-(4- (dimethylamino)but-2-enoyl)pyrrolidin-3-yl) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
56)

(57) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-yl) -7~

(1-(4-(ethyl (methyl)amino)but-2-enoyl)pyrrolidin-3-vyl) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
57)

(58) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-yl) -7~
(1-(4-(diethylamino)but-2-enoyl)pyrrolidin-3-vyl) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
58)

(59) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-yl) -7~
(1-(4-(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl)
TH-pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example Compound
59)

(60) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1l)-7-
(1-(4-(pyrrolidin-1-yl)but-2-enoyl)pyrrolidin-3-yl) 7H-

pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example Compound

56
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60)
[0088]

(61) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-yl) -7~
(1-(4- (piperidin-1-yl)but-2-enoyl)pyrrolidin-3-y1) TH-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example  Compound
61)

(64) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (7~
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 64)

(65) (S)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 65)

(66) 1-((1-Acryloylpyrrolidin-3-yl)methyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 66)

(67) 1-((1-Acryloylpiperidin-3-yl)methyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 67)

(68) 1-((1-Acryloylpiperidin-4-yl)methyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 68)

(69) 1-(1-Acryloylpiperidin-4-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide (Example Compound 69)

(70) 1-((l-Acryloylazetidin-3-yl)methyl)-4-amino-N-

57
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carboxamide {(Example Compound
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carboxamide (Example Compound
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invention and BTK can be detected cr
analyzed by co-treating the probe according to the present
invention with, for example, a specimen in the blood or in
the spleen, or by co-fLreating the probe with a cell extract
derived from, for example, the blood or the spleen. For

the detection or guantitative analysis, for example

Next, a method for producing the compound related to

Cempound (I} of the present invention can be produced

by, for example, the production method described below or

for producing compound (I} of the present invention is not

°

intended to be limited to these reaction examples
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(Stern 1Y The ragaent ate is a process for
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synthesizing a benzoxazole conpound represented by genera

formula (II1II) from an amincphenol represented by gener

Examples of the reagent used include cyano compounds

such as bromocyan, chlcrocvan, iodccyan, and 1,1-

carbonimidoylbis-1H-imidazole. The reaction is carried out

using 0.5 to b meles, and preferably 0.9 to 1.5 moles, of

the cyano compound with respect to 1 mele of the compound

formula (I1). Meanwhile, regarding
the relevant cyano compound, a commercially availlable

product can be used, or the cyano compound can be produced
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{(for example, methancl and eth:

example, benzene, tolu

1))

iene, and xylene}, halogenated
ir: rbons (for examplie, methylene chloride, chloroform,
and 1,2-dichloroethane)

o)

e, N,N-

de, dimethyl sulfoxide,

water, or mixtures thereof are
used. The

is

ral formula (III1)

o TN - PR ~ Ny e ~
13 obtainable as such

TNOWn separation

means, I[or example
concentration, concentration under reduced pressure,
rystallization, sclvent extraction, reprecipitation, and

chromatography, or can be subje

Jected

lated and purified.
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:i" Ly or La
N R, PRAOH (VD N “"““‘*{\ gleohol Hydrolysis
T W - 0 | W - -
fNE N {(Step 2) NN (Step 3)

wherein L and Ly each represent a leaving group; P
represents a protective group of the amino group coentained

in A; and W, A, Y, Z, Ri, Rz and Rs; regspectively have the

same meanings as defined above.

(Step 2) The present step is a process for producing
a compound represented by general formula (VII} using a

compound represented by general formula (IV) and a compound



represented by

When

the
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cn reagent,

.j‘:/
by general formula (VII} can be produced in the pres
a base. In general formula (V), 1, represents a leavi
group, for example, a chlorine atom, a bromine atom, 4
lodine atom, a methanesulfonic acid ester, or a p-
toluenesuifonic acid ester, and a

product may be used,

general formu

moles,

carbo

Var

hs ide, and
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Lrimethyvlamine,

Vv
d

N
\

pyridine, iutidine,
Regarding the amcunt of use of the base,
used in an amount cf 1 to 100 moles, and
moles, with respect to 1 mole of the
by general formula (IV).

For the solvent, for example,

1la

N, N-dimethylamino)

amine,

-

sodium

-

CO

duced
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I T
(IV) .
P A ]
Ses sSucih as
such as

N, N-dimethylfor

e can be
ably 2 to
epresented
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N,N-dimethvylacetamide, dimethvl sulfoxide, tetrahydrofur
1,4-dioxane, N-methylpyrrolidin-2-one, and acetonit
be used singly or as mixtures. The reaction time is 0.1 to

100 hours, and preferably 0.5 to 24 hours. The reaction

temperature is 0°C to a temperature at which the solvent

When the compound of general formula (VI) is
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an alkylation reagent, the compound represented by general

formula (VII) can be produced using the Mitsunobu reaction.
Usually, the present process can be carried out according
Lo a known method (for example, Chemical Reviews, Vol. 109,

cut 1n the presence of a Mitsunobu reagent and a phosphin

reagent, in a solvent which does not adversely affect the
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by general formula (VI) in an

moles, and preferably 1 to 5 moles, with

Examples of the Mitsunobu reagent include diethyl
azcodicarboxvlate and diisopropyl azodicarboxylatse

Regarding the amount of use of the Mitsunobu reagent, the



l...(
—

mole of the compound represented by general formu

Examples of the phosphine reagent include
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5 moles, with respect to 1 mole of the compound represente
by general formula (IV).

The reaction solvent 1s not particularly limited as

reaction; however, for example, toluene, benzene
tetrahydrofuran, 1,4-dioxane, dimethylformamide,
dimethyiacetamide, N-methylpyrrolidinone, dimethyl

sulfoxide, or mixed solvents therecof are suitable.

The reaction temperature i1s usually -78°C to 2006°C,
and preferably 0°C to 50°C. The reaction time is usually 5
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known separaticn and purification means, for example,

concentration under reduced pressure,
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(Step 3) The present step 1s a process for producing
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allowing the compound represented by general formula (VII)

react with, for example, a transition metal and
4 > i

pticnally a base, in a carbon nmonoxide atmosphere in the

yresence of an alcohoel, in a solvent which does not

e

In general formula (VII}, the leaving group

[

represented by L; is a bromine atom or an icdine atom, and

regarding the relevant compound, a commercially available

proeduct may be used, or the compound can be produce

according to a known method.

n the present process, the pressure of carbon
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Furthermore, a base can be added to the reaction, as
necessary. Examples of the base include organic bases such

as triethylamine, diisopropylethyiamine, pyridine, lutidine,
coliidine, 4-dimethyvlaminopyridine, N-methyimorpholine,

potassium tert-butyrate, sodium tert-butyrate, sodium

n
C)
gj
=
=
=
]
DY
ju)]
_§
®
ot
oy
W
o
(ZL
u“
-
\\
-
(o
]
~

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

hydrogen carbonate, sodium carbonate, potassium carbonate,
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example, benzene, toluene, and xylene), nitriles (for

example, acetonitrile), ethers (for example,

methanol and ethancl), aprotic pola

solvents (for example, dimethylformamide, dimethylacetamide,

N-methylpyrrolidinone, dimethyl sulfoxide, and

—
s
o

hexamethylphosphoramide), water, or mixtures thereof.

N

reaction tfime 1is 0.1 tco 100 hours, and preferably 0.5 to

hours. The reaction temperature is 0°C to a tenperature at
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the compound represented by general formula

using a base, and examples
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thereof include organic bases such as diethylamine,
diisopropylamine, potassium tert-butyrate, sodium tert-

butyrate, sodium methoxide, sodium ethoxide, lithium
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hexamethyldisilazide, sodium hexamethyldisilazi
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inorganic bases such as sodium hydrogen carbonate, sodium

carbonate, potassium carbonate, cesium carbonate, and
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My o PRI SR T Yo ey P -7 = N .
The reaction solvent 1s not particularly limited as

long as the reaction solvent does nolt interrupt the
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reaction, and examples therec hydrocarbons (fox

gexample, benzene, toluene, and xylene}, nitriles (for
example, acetonitrile), ethers (for example,
dimethoxyethane, tetrahydrofuran, and 1,4-dicxane),

alcohols (for exanmple, methancol and ethanol), aprotic polar
solvents (for example, dimethylformamide, dimethylacetamide,

N-methylpyrrolidinone, dimethyl sulfoxide, and

hexamethylphosphoramide), water, or mixtures thereof. The
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which the solvent boils, and preferably

as such is l1lsclated and purified by

for example,

crystallization, sclvent extraction, reprecipitation, and
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wilthoul belng lsolated and purified.



(Step 4) The preseni step is a process for producing
a compound represented by general formula (I¥) by
performing an amidation reaction using compounds
represented by general formula (VIII) and general formula
(111 .

The process 1s carried out using the compound of
general formulia {III) in an amount of 0.% fto 10 moles, and
preferakly 1 tc 3 moles, with respect to 1 mole of the
compound represented by general formula {VIII), in the
presence of an appropriate condensing agent or an
activating agent as an amidation reagent

The reaction solvent is not particularliy limited as
long as the reaction solvent does not interrupt the
reaction, and for example, isopropancl, tert-butyl alcohol,
toluen benzene, methyliene chloride, chloroform,
Cetrahydrofuran, 1,4-dioxane, dimethyiformamide,
dimethylacetamide, N-methylpyrrolidinone, dimethyl
sulfoxide, or mixed solvents thereof are suitable. The
reaction temperature is usually -78°C to 200°C, and

preferably 0°C to 50°C. The reaction time is usually 5
minutes to 3 days, and preferably 5 minutes tTo 10 hours.

Examples of the condensing agent and activating agent
inciude diphenylphosphoric acid azide, N,N'-

dicyclohexyicarbodiimide, benzotriazo
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trisdimethylamincphosphonium salt, 4-(4, 6-dimethoxy-1, 3, 5~

triazin-2-yl)~-4d-methylmorpholinium chi
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dimethylaminopropyl) carbodiimide, a combination of l-ethyl-

3-{3-dimethylaminopropyl)carbodiimide and 1-
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hydroxybenzotriazole, 2-chloro- ~dimethylimidazolinium

~azabenzotriazo~1-y1)-N,N,N",N'-
Cetramethylhexauronium hexafluorophosphate, 1,1-

carbonyidiimidazole, and N-hydroxysuccinic acid imide.

a base may be added thereto, if necessary. Examples of the

base include organic bases such as triethylamine,
diiscpropyvlethylamine, pyvridine, lutidine, collidine, 4-

dimethylamincpyridine, potassium tert-butyrate, sodium

potassium hexamethyldisilazide, diazabicycloundecene,
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diazabicyclononene, and butyliithium; and incrganic

carbonate,
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the compound represented by general formula {(VII}) To react

, Tor example, a transition metal and cpticnally a base,
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represented by L; is a bromine atom or an lodine atom, and
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In the present process, the pressure of carbon
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nmonoxide 1s 1 atmosphere to 10 atmospheres, and prefervably
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The transition metal catalyst that can be used in the

present process 1s, for example, a palladium catalyst (for

example, palladium acetate,

bis (tripvhenvlphosphine)palladium({IIl}) dichleoride, and 1,1'-
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same meanings as defined above

g ~ 2k - - - - .. - o 4] -
(Step ©) The present step 1s a process for producing

rroup protection of the compoun
represented by general formula (I¥X). The method for
deprotection can be carried out usually by a known method,

for example, tThe method described in Protective Groups in

protective group 1s tert-butyloxycarbonyvl. In a case in

acid, acetic acid, trifiuocorocacetic acid, sulfuric acid,

methanesulfonic acid, and tosylic acid. Alternatively,
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trifluoride~diethyl ether complex. The amount of use of

to 100 moles with respect to 1
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the acid is preferably

The solvent used 1n the reaction mayv be any solvent
as iong as it does not adversely affect the reaction, and

for example, alcohols (for example, methancl), hydrocarbons
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{for example, benzene, tcoluene, and xylene), halogenated

hydrocarbons (for example, methyvlene chloride, chiloroform,

dimethyiformamide, dimethyl sulfoxide, and
hexamethyliphosphoramide), or mixtures thereof are used.
The reaction time is 0.1 to 100 hours, and preferably 0.5

to 24 hours. The reaction temperature i1s 0°C to 120°C, and
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is obtainable as such 1s isolated and purified by known

crystalllization, solvent extractlon, reprecipitation, and

iected to
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chromatography, or may be sub

the subseqgquent

process without bein lated and purified.
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1e compound of the present invention represented by

represented by Y-C(=0)-L (wherein L represents a chlorine

atom or a bromine atom).
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ethyl-3~(3~dimethylamninopropyl)carbodiimide and 1~
hydroxybenzotriazole, 2-chloro-1i,3-dimethylimidazolinium
chloride, and O-{7-azabenzctriazo-1-yi)-N,N,N', N~

Cetramethylhexauronium hexafluorophosphate

added thereto, if necessary. Lxamples of the base inciude
organic bases such as triethylamine, diisopropylethylamine,

pyridine, lutidine, collidine, 4-dimethylaminopyridine,
potassium tert-butyrate, sodium tert-butyrate, sodium
ldisilazide,
gsodium hexamethyldisilazide, potassium hexamethyldisilazide,
and butyvlliithium; and inorganic bases such as sodium
vdrogen carbonate, sodium carbonate, potassium carbonate,
cesium carbonate, sodium hydroxide, and sodium hydride.

The amcunt of addition therecof is 1 to

preferably 1 o 10 moles, with respect to 1 mole of the

compound represented by general formula (X).

When an acid halide represented by Y-C{=0)-L (wherein

om or a bromine atom; 1s used as

acid halide with respect to 1 mole of the compound

represented by general formula (X). Meanwhile, regarding
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The present steps are processes for producing &

compound represented by general formula (XII) by subjecting

<

the compound represented by general formula (VIII) to

procedures similar to Production Method 4, Steps 6 and 7.
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subijecting the compound represented by general formula
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iz obtainable as such can be isolated

separation and purification means, for example,
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concentration, concentration under reduced pressure,
crystallization, scilvent extraction, reprecipitation, and
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referring to Production Method 4, Step

It is desirable that the linker unit contains, at the

&%)

part for connecting the Reporiter unit and the compound,

functional group which has an appropriate length and
-~ NLES S 3 - N o o e . v £ T A
properties that do not affect the profiles of

(
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-
_
3
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Izr}‘rr
gx
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(Step 12) The present step is a reaction for

et

\\

synthesizing a probe compound represented by general
formulia {XIV) by extending a Reporter unit to the compound
represented by general formula (XIIT). This reaction can

be carried out by selecting, for example, a

to Production Method 2, Step 2 and Production Method 4,

-

The Repcrter unit is a site intended to facilitate

n

detection of the binding state with BTK using biochemical

techniques (for example, luminescence and fluorescence), by

g7



co~-treating a proke compound containing the Reporter unit
with, for exanmple, a specimen in the blood or in the spleen

or by co-treating the probe compound with z cell extract
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example, the blood or the spleen It is

3 T s T o o e b - L e S +- 4 N T e -1
desirable that the Reporter unit contains a functional

group that can be connected to the Linker unit, for example,

alkylation or amidation as described above. Regarding the

Reporter unit, for example, BCDIPY (registered trademark)

’

FL, BODIPY (registered trademark) ReG, BODIPY (registered

trademark) TMR, BODIFY (registered trademark) 581/591, and

luminophores, and for example, blotin 1s employed as =z
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compound of gener formula (I) by subjecting a compound

-~ 3 WNtr RGN a “NTmiil oo { N 4 ] =] s 1T
represented by general formula (¥VI) to procedures simlilar
to Production Method 3, 3tep b.

The compound represented by general formula (I) that
is obtainable as such can be isolated and purified by know
eparation and purification means, for example,

concentration, ccncentration under reduced pressure,

crystallization, solvent extraction, reprecipitation, and
chromatography.
[0130]

In regard to the Production Methods 1 to 7, for an
amine group, an imino group, a hvdroxyvl group, a carboxyl

group, a carbonyl group, an amide group, and a functional
group having an active proton, such as indole, a protected
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used
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reagent may
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appropriate steps in the wvarious

producticon methods,
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to the relevant functi
conventional method, and then the proftective group may be

removed.

group for an amino group or an imino

b}

group” is not particularly limited as long as the group has
its functicn, and examples Therecf include, for example

aralkyl groups such as a benzyl group, a p-methoxybenzyl



group, a 3,4-dimethoxybenzyl group, an o-nitrobenzyl
a p-nitrobenzyl group, a benzhydryl group, a trityl group,
and a coumyl group; for example, lower alkanoyl groups such
as a formyl group, an acetyl group, a proplionyl group, a
butyryl group, a pivaloyl group, a trifulorocacetvyl group,
and a trichlorcacetyl group: for example, a benzoyl group;
for ewxanple, arylalkanoyl groups such as a phenvylacetyvl
group and a phencxyacetyl group; Ifor example, lower

alkoxycarbonyl groups such as a methoxycarbonyl group, an

tert-butoxy
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groups such as a p-nitrobenzyloxycarbonyl group and a

butvldimethyvlsilyl group: for exanple, a tetrahvydropyranyl

group; for example, a trimethylsilvlethoxymethvl group; for

exanple, lower alkylsulfonyl groups such as a

butvlsulfonyl group:; for example, lower alkylsulfinyl

groups such as a tert-butvlsulfinvl group; for example,

toluensulfonyl group:; and for example, imide groups such as

a phthalimide group. Particularly, a trifluorcacetyl group,
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tert—-butoxycarbonyl group, a

benzyliloxycarbonyl group, a trimethylsilylethoxymethyl group,
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The "protective group for a hydroxyl group” is not

particular

F_A
=

limited as long as the protective group has
its function, and examples therecf include
groups such as a methyl group, an ethyl group, a propyl

group, an isopropvl group, and a tert-butvl group; for

group and a tert-butyldimethylsilyl group; for examnple,

a7 IR ~ R P R | g . .
2,3-dimethoxybenzyl group, an o-nitrobenzyl group, a p-
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groups such as a formyl group, an acetbyl group, and a

trifluocrcacetyl group. Particularly, for example, a methy

group, a methoxyvmethyl group, a tetrahydropyranyl group,

trimethylsilyiethoxymethyl group, a tert-butyidimethyisil
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its function, and exanples therecof include lower alkyl
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wd for example, acyl



groups such as a methyl group, an ethyl group, a propvil
group, an isopropyl group, and a tert-butyl group; for
examplie, halio-lower alkyl groups such as a 2,2,2-
trichlorcethyvl group; for example, lower alkenyl groups
such as an allyl group; for example, a
trimethylsilylethoxymethyl group; and for example, aralky
groups such as a benzvl group, a p-methoxvbenzyl group, a

an

N

Yoy o

a tert-butyl group, an allyl group, a benzyl group, a
methoxybenzyl group, and a fTrimethylsilylethox

are pref

[0134
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The "protective group for a carbonyl group” is
particularly limited as long as The protective group
its functicn, and examples thereof include ketals an
acetals such as ethylene ketal, trimethylene ketal,
dimethyli ketal, ethylene acetal, trimethylene acetal,
dimethyl accetal.

[0135]

The method for removing a protecti group may

depending on the kind of the relevant protective grou

p-

vary
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H
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ethyl group

L
and

stability of the target compound. However, for example,
the removal ¢of a protective group is carried out according
to methods described in the Document (see Protective

Groups



in Crganic Synthesis, 3™ Ed., written by T.W. Greene, John
Wiley & Sons, 1989) or methods equivalent thereto, for
example, by a methcd of performing solvolysis using an aci

or a base, that is, for ewxample, bringing 0.01 mol to a
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rge excess of an acid, preferably triflucrcacetic acid,
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large excess of a base, preferably potassium hydroxide or
calcium hydroxide, into effect; cor by chemical reduction

The compound of the present inventicon can be easily
isolated and purified by conventional separation means.
Examples of such means include solvent extraction,
recrystallization, reverse phase high performance ligquid

chromatography for fractionation, column chromatography,

and thin laver chromatography for fracticnation.
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invention. For example, when ¢
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compound of the present

invention has \Kh cal 1somers, optlical isomers resolved
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the living body under physiological conditions, that
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compound which enzymatically causes, for example, oxidation
L D, 1n s U B, B FERT —~ . ] FERT
reduction or hydro and converts to the compound of the

present invention or a sait thereof, or a compound which
ns of gastric acld

and converts to the compound of the present invention or a

compound which converts to the compound of the present
invention or a sait thereof under the physioclogical
conditions described in Hirokawa Shoten Annual of 1990
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ITyvakuhin no Kaihatsu (Development of Pharmaceutics
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A salt of the compound of the present invention means

a salt that is conventionally used in the field of organic

chemistry, and examples thereof include salts such as a
~ - ~ P, - A - P “ N -
base addition salt assoclated with a carboxyl group 1n a

relevant carboxyl group; and an acid addition salt
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d with an amino group or a b

group 1n a case 1n which the compound of the present
invention has the relevant amino group or basic
heterocyciic group.
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Examples of the base addition salt include, for
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example, alkali metal salts such as sodium salt and

potassium salt; for example, alkaline earth metal salts

e

such as calcium salt and magnesium salt; for example,
ammonium salt; and for example, organic amine salts such as
trimethylamine salt, triethylamine salt, dicyclohexylamine
salt, ethanolamine salt, diethanclamine salt,

triethanclamine salt, procaine
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dibenzyiethylenediamine salfi,
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sulfate, nitrate, phosphate, and perchlorate; for example,
organic acid salts such as acetate, formate, malealte,

tartrate, citrate, ascorbate, and triflucrocacetate; and for

anple, sulfonic acid salts such as methanesulfonate,
isetionate, benzenesulfonate, and p-toluenesulfonate.
(01417

The compound of the present invention or a salt
thereof has excellent BTK inhibitory activity, and is
useful as an antitumor agent. Furthermore, the compound or

a salt therecf has excellent sel

The compound of the present invention or a salt

thereof has excellent BTK inhibitory activity. "RBTK"



according to the present specification includes human or
non-human mammallan BTK's, and the BTK is preferably human

BTK. Alsc, ftThe ferm "BTK" includes isoforms.

activity, the compound of the present invention or a salt
thereof is useful as a medicine for the prevention or
treatment of diseases associated with BTK. The "diseases

associated with BTK" include diseases that undergo a

®

decrease in the incidence rate and remission, alleviation
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and/cr complete recovery of symptoms 2L resud
4 = 7

Ut
Q
e

deletion, suppression and/or inhibition of the functions of

BTK. Examples of such diseases include cancers and tumors,

o
o
'm
+
=3
]
O
-
n
]
[§)]
wn
]
n
o3}
[
]
-3
3
o]
ot
-
—
o]
ot
0]
-3
3
Q
@
O
ms
@]
_
S
[
i
&
-
I
[
Q.
I
9]
ﬁ.

Lhese.
There are no particular limitaticns on the object cancers
and tumors, and examples thereof include epithelial cancers

{(for example, respiratcory system cancers, gastrointestinal

system cancers, repfodu tive systemn cancers, and secretion
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system cancers), sarcomas, hematopolietic system tumors,
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tunors, and peripheral nerve tumors.
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Preferred examples are hematopoletic system tumors (f

example, leukemia, multiple myeloma, and malignant

lymphoma) . Furthermore, there are no particular
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limitations on the kind of the organs of tumor development,
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cancer, liver cancer, gall bladder/bile duct cancer,
biliary tract cancer, pancreatilc cancer, lung cancer,
breast cancer, ovarian cancer, cervical cancer, uterine
cancer, kidney cancer, urinary bladder cancer, prostalte
cancer, testicular tumor, bone/scft tissue sarcoma,
hematologic tumor, multiple myeloma, skin cancer, krain
tumor, and mesothelial cancer. Preferred examples of the

hematopoietic system tumcrs inciude acute leukemia, acute

[

promyelocytic leukemia, acute lymphoblastic leukemia,

myelcoproliferative neoplasms, chronic lymphocyitic leukemia,

small lymphocytic lymphoma, myelodysplastic syndromes,

follicular lymphoma, MALT lymphoma, marginal zone lymphoma,

yophoplasmacytic lymphoma, Waldenstroem macroglchulinemia,

mantle cell lymphoma, diffuse large B-cell iymphoma,
RBurkitt's lymphoma, extrancdal NK/T-cell lymphoma,
Hodgkin's lymphoma, and multiple myeloma. Particularly

<

preferred exanmples include hematologic tumors such as B-

lymphoblastic leukemia/lymphoma, follicular lymphoma,

mantle cell lyvmphoma, nodal follicular marginal zone

lymphoma, diffuse large B-cell lvmphoma, Burkitt's lymphoma,

chronic lymphocyvtic leukemia, small lymphocytic lymphoma,

Waldenstroem macroglobulinemia, extrancdal NK/T-cell

lymphoma, Hodgkin's lymphoma, myelodysplastic syndromes,

acute myelogenous leukemia, and acute lymphocytic leukemia.

29
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On the occasion of using the compound of the present

invention ¢r a salt thereof as a medicine, various dosage
forms can be employed according to the purpose of

preventicon or treatment by incorporating pharmaceutical

carriers as necessary. The dosage form may be, for example,
any of an oral preparation, an injectable preparation, a
R4 Iy R L4 | £

suppcsitory preparation, an c¢intment, and a patch. These

methods that are conventionally used and known to those

Regarding the pharmaceutical carriers, various

organic or inorganic carrier materials that are

conventionally used as formulation materials are used, and

the pharmaceutical carriers are incorporated as, for

example, an excipient, a binder, a disintegrant, a

lubricant, and a coating agent in solid preparations; and
7 =

isotonlc agent, a pH adiusting agent, a buffering agent,
- - - F N [ U B, . oy o b N N - - - R T
and an analgesic agent in liguid preparations. Furthermore,

if necessary, formulation additives such as an antiseptic,

rant, a flavoring/savoring agent, and

o
3
&8}
]
s
-
@]
N
-
Q
&8}
]
s
-
o
Q
@]
o
S

a stabilizer can alsc be used.
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tarch, crystalline cellulose, and ca

Fxamples of the binder inciude hydroxypropyvl

celiulose, methyl cellulose, polyvinylpyrrolidone, sugar
powder, and hypromellose.
Fxamples of the disintegrant include sodium starch
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partially gelatinized starch.

Examples of the coating agent include ethyl cellulose,
aminoalkyl methacrylate copolymer R3, hypromellose, and

Fxamples of the solvent include water, propylene

o 1 - 1 7] ] - PR B - N A YO -
givyvcel, ethanol, a-cyclodextrin, Macrogel 400, and

Examples of the suspending agent include carrageenan,

Examples of the isotonic agent include sodium

101



agent include sodium citrate, hydrochlioric acid, lactic

acld, phosphoric acid, and sodium dihvdrogen phosphate.
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Fxamples of the antiseptic agent include ethyl para-

oxybenzoate, cresol, and benzalkcnium chloride.

Examples of the antioxidant include sodium sulfite,

Examples ¢f the colorant include titanium oxide, 1ron

sesquioxide, Edible Blue No. 1, and copper chlorophyll.

Examples of the flavoring/savoring agent i

aspartame, saccharin, sucralose, l-menthol, and mint flavor.
Examples of the stabiliz include sodium pyrosulfite,

sodium edetate, erythorbic acid, magnesium oxide, and

In the case of preparing an oral solid preparation,

an exclplent, opti

disintegrant, a lubricant, a colcrant, and a
flavoring/savoring agent are added to the compound of the
present invention, and then for example, a tableit, a coated

tablet, a g:

H

anuliar preparaticn, a powder preparation, and a

capsule preparation can be produced by conventional methods.
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pPH adiusting agent, a buffering agent, a stabilizer, an
isctonic agent, and a local anesthetic are added to the
compound of the present invention, and a subcutanecus,

intramuscular, and intravenous inj
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The amounts of the compound ¢f the present invention
to ke 1ncorporated into the various unit dosage forms may

form:; however, it 1s generally desirable to adjust the
amount to 0.05 to 1000 mg in an oral preparation, to 0.01

ot
O
[@a}

G0 mg in an injectable preparation, and to 1 to 1000 myg

in a suppository preparation, per unit dosage form.
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Furthermore, the amount of administration per day

3
;1

medicament having the dosage form described above may
vary with for example, tThe symptoms, body weight, age and
gender of tThe patient, and cannot be determined

of administration

.05 to 5000 mg, and

. -l 3517t N ey - SN D+ SR
once a d.dy, Or I1n divided portionsg in aboul 2 to 3 times.
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Examples
Hereinafter, ithe present invention will be described
more specifically by way of Examples, but the present

invention is not intended to be limited to these

Regarding the various reagents used in the Examples,
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available products were used. For silica gel column

chromatography, a PURIF-PACK (registered trademark) SI
manufactured by Schott Moritex Corp., a KP-31il1 {(registered

AR, or a HP-Sil (registered trademark) Silica Prepacked

Column manufactured by Bilotage AB was used. For basic

column chromatography, a PURIF-PACK

p--2

silica ge
trademark) NH manufactured by Moritex Corp., or a KP-NH
{registered trademark) Prepacked Column manufactured by

Bictage AB was used., For thin layer chromatography for

[ESELGEL TM6CEF254, Art. 5744 manufachturec

Technologies, Inc.) Lype spectrometer, or an INOVA400 (400
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manufactured

below.
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Coilunmn: A YMC-

P!
4

Co., Lt 20x50 mm, 5

TRIART C18 manufactu

used.

UV detection: 254
MS detection: ESI

Column flow
Mobile phas
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hexa
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ddt: Double double triplet

dtd: Double triple doublet

brs: Broad singlet
CDhI: Carbonyldiimidazole
DMSO-dg: Deuterated dimethyl sulfoxide

CDhCls: Deuterated chloroform

[

CDiCD: Deuterated methano

NPT T ORT d L W B NN e i
DMF: N,N-dimethylformamide

DMA: N,N-dimethvylacetamide
NMP: 1-Methyl-2-pyrrolidinone
DMSO: Dimethyl sulfoxide

TFA: Triflucrcacetic acid

WSC: 1-{3-Dimethylaminopropyl) -3-ethyvlcarbodiimid
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DIPEA: Diisopropylethylamine
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Boc,0: Di-tert-buty

DMAF: Dimethylaminopyri

Synthetic Example 1 Synthesis of (R)-Tert-butyl
{d-amino-3-icdo-1H-pyrazolo{3,4-dlpyrimidin-1-
yllpiperidine~l-carboxylate
[0155]

O
N
VAN
an

N
Na 4

!

NH,
[0156]
(Step 1) Synthesis of (S)-tert-butyl 3-

acetate and water
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Ry-~tert-butyl 3-{4-amino-3-iodo-1H-
pyrazolol3,4d-dlpyrimidin~-i~ylipiperidine~l-carboxylate

obtained in Synthetic

diethvlaminoethanol, and 158 mg of PJd(PPhs).Cl, were
dissclved in 20 mi of NMP., After the system was purged
carbon monoxide, and then the solution was heated to

120°C. After the solution was stirred for 1 hour, the

solution was cooled to rcom temperature 10 ml of methanocl

r

was added thereto, and tThen ¢ ml of a 5 N aqueous solution
of sodium hydroxide was added thereto

stirred for
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room temperature, and 10 ml of methanol was added ther
Subseguently, ¢ ml of a 5 N agueous solution of sodium

hy

Q.

roxide was added thereftc, and the mixture was stirred

for 10 nminutes. Water was added thereto, subsequently the
— - ; im e Yy e b - T e £~ o vy e Ay 17
aguecus layer was washed with chloroform, and the agquecus
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[0166]
Synthetlc Example 4 Synthesis of 5-
cvanobenzol[d]oxazol-2-amine
Sty
15.1 g of 3-amino-4-hydroxybenzonitrile was dissolved

in 75 mi of ethanol and 75 ml of water, and 14.7 g of

bromocyan was added in

i

ice cooling. The mixture was stirred for 2 hours at room
Temperature, and was ice-cooled again. 112 ml of a 2 N
mixture was stirred for another 30 minutes. Most of

ethanol was roughly removed using an evaporator, and the
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value: m/z [M+H]" 513.2
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(Step 2) Synthesis of Example Compound 1

T “ A
1
L

1 ml of 4 N hydrochloric acid/l,4-dloxane was added

1), the mixfture was stirred for 1 hour, and then the
solvent was removed using an evaporator. 2 ml of

chloroform and 7.6 ul of triethylamine were added tc the

residue, the mixture was ice-cooled, and then 0.9 ul of
acryvlovl chloride was added thereto. After the mixture was

stirred for 1.5 hours, the reaction was terminated with a

ot

N

saturated agueous solution sodium bicarbonate, and

O
O
I
7]

]

extracted with chilcoroform. The organic laver was dried
over scdium sulfate, and then a residue obtained after the
removal of the solvent was purified using silica gel column

{eluant: ethyl acetate:methancl). Thus, 2.6 mg of the

tTitle compcund was obtained as a white solid.

) S S ~ - y 1 ~ vy 7 e A -2
Example 2 Synthesis of (R)-1-(l-acryloylplperidin-3-

vi)—4d-aminc-N- (b-bromobenzo{d]exazol-2-vl)~-1H-pyrazolo[3, 4~

dipyrimidine-3-carboxamide (Exanple Compound 2)

The title compound was obtained as a white solid from

(R)y—4d~amino-1-{i-(tert-butyloxycarbonyl)piperidin-3-vyil)-1H-



pyrazolo[3,d-d]lpyrimidine~3~-carboxylic acid ¢of Synthetic
Example 2 and S-bromobenzol[dloxazol-Z2-amine according to
the procedure described in Example 1.
[0172]

Example 3 Synthesis of (R)-1-(l-acrvlovylpiperidin-:

yv1)~4-amino-N~{b~ (thiophen-2~vllbenzo{dloxazrol-2~yl})~1H~

pyrazolo[3,4-dlpyrimidine-3~-carboxamide {(Example Compound

3)

[ IR RN A, - I T o)
(Step 1) Synthesis of b~ {thiophen-2-

100 mg of S-bromobenzoid]oxazol-2-amine, 249 mg of
potassium phosphate, and 90 mg of thiophen-Z2-vlboronic aci
were suspended in 2.5 ml of DME and 0.5 ml of

cf 1,1"-bis(diphenylphosphing) ferrocene-palladium(IT)

dichloride-dichloromethane was added theret

o, and the

pol L

mixture was irradiated at 140°C for 20 minutes using =z

[
=
[
0

rrowave reacltion apparatus. The solvent was removed fror

the reaction solution, and the residue was purified

~
L2
4
S

e

amine gel chromatography (eluent: chloroform/methanol), an

und was obt:

L_

brown solid. Physical property value: m/z [M+H] ™ 216.8

{ (5-thiophen-Z-yl}benzo{d]oxazol-Z-yl)carbamoyl)~1H~-

ENVAS

pyrazolol[3,4-dlpyrimidin-i-vl}piperidine~i-carboxylate
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saturated agueous solution of sodium bicarbonate, anc
e e oy A 3 LN SN IS T R SN 7] Ut Jgm NS
extracted with chiloroform. The corganic layer was dried

over scdium sulfate, and then the residue cbhtained after
solvent removal was purified by reverse phase preparative

HPLC purification {(water/acetonitrile (0.1% formic acid)).

t btained az a white
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dioxazoli-2-ylj~-1-{l-methacryloylipiperidin-3-
vi)~1H-pyrazclio{3,4~-dlpyrimidine-3~carboxamide {(Example
The title compound was cbtained as a white solid

according to the procedure described in Example 1, using
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The title compound was obtalned as a white solid

according to the procedure described in Example 1, using
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Example Conpound

The title compound was obtained as a white solid

according to the procedure described in Example 6, from
(R} ~4-amino~-1-{1i~ ({tert-butyloxycarbonvyl)piperidin-3-yi)-1H-
pyrazolo[3,4~-d]eyrimidine~3~carboxyiic acid of 3Synthetic
Example 2 and S-{2-methoxvethvl)benzo{d]oxazol-2-amine.
[0181]

Example 2 Synthesis of (R)-1-(l-acrvylovylpiperidin-3-

2-yly~1H-pyrazolol[3, 4-
dipyrimidine-3-carboxamide (Exanple Compound 9)

The title compound was obtalned as a white solid
according to the procedure described in Example 6, from

R
{
y

.

) —d-amino-1-{i- (tert~-butyloxycarbonvyl)piperidin-3~-yl)-1H~
pyrazolo[3,4-dlpyrimidine-3-carboxylic acid of Synthetic

4,5-bipyridin-2-amine.
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Example 10 Svynthesis of (R)-1-{l-acrvlovipiperidin-
i Y YLiUyapat

3-yl)~d-amino~-N~- {(d-methylbenzo[d]oxazol-2-y1)~1H~

pyvrazolo[3,4-d]lpyrimidine-3-carboxamide (Example Compound

10

The title compound was obtalned as a white ¢
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solution of sodium bicarbonate was added thereto, an
thereby a solid was precipiltated. After the system was
stirred for 10 minutes, the solid was collected

filtration and dried, and thus 2.07 g of the title compound

was obtained as a light brown solid. Physical property

(Step 3) Synthesis of Example Compound 12

A -
£ or

R)~4d-amino-N- (b-flucorcbhenzo[dloxazol-2-vii-1~

(O

»..)

(piperidin-3-vy1l)-

1H-pyrazolo[3,4-d]lpyvrimidine-3-carboxamnide

solution was stirred under ice cooling. 0.4 ml of acryloyi

thereto, and the mixture was stirred for
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1 hour. Water was added thereto, and Tthe pH was adjusted

with hydrochloric acid. A solid precipitated therefrom was

,___.

D
,.i
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o3
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collected by filtration. The solid thus col.

filtration was purified by silica gel chromatography

fxample 13 Synthesis of (R)-1-{l-acryloylpiperidin-

dipyrimidine-3-carboxamide (Example Compcund 13)
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{ (benzo{dioxazol-2~yl)carbamovl} ~-1H~pyrazolo[3, 4~
dipvrimidin-l-vyl)piperidine-l-carboxylate

300 mg of (R)-tert-kbutyl 3-(4-amino-3-iodo-1H-

pyrazolo[3,4-dlpyrinidin-i-ylipiperidine-1l-carboxvylate

and 0.15 ml of N-methvlmorpholine were added thereto, and a

o
0]
o]
o)
€)]
mn
FJ
3
@)

ocperation was carried cut. Thereafter, 7.6 mg of
palladium acetate was added theretc, and in a carbon
monoxide atmosphere, the mixture was heated to 110°C and

stirred for 2 hours. After the mixture was cooled, 4.5 ml

of methanol and 0.45 ml of a 5 N agqueous scolution of sodium

hydroxide wers
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mixture was stirred

for 30 minutes at rocm Lemperature. Thereafter, the pH was

5 > & Wl o

~
i

adjusted to 5.3 with 2 N HCL, and a solid thus obtalined was

-
S

collected by filtration. The crude product was purified

et

COd

using a silica ge:

unn {eluent:chloroform-methanol), and

thus 257 mg of the title compound was obtained as a white

<

solid. Physical property value: m/z [M+H] 479.3

I Example Compound 13

yi-3={4-amino-3- ({benzo{djoxazol-
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to 5 mg of (R)-tert-butyl-3-(4-amino-3-((5-
chlorobenzo[d]oxazol-2-yl)carbamoyl)-1H-pyrazolo[3,4-
dlpyrimidin-1-yl)piperidine-1-carboxylate obtained in Step
1 of Example 1, and the mixture was stirred for 10 minutes.
Thereafter, the solvent was removed using an evaporator,
and the system was azeotropically distilled with toluene.
The residue was dissolved in 1 ml of DMF, and 8.5 pl of
diisopropylethylamine, 2.4 mg of (E)-4-(dimethylamino)but-
2-enoic acid hydrochloride, and 5.5 mg of HATU were added
thereto. The mixture was stirred for 1 hour at room
temperature, and then the solution was concentrated under
reduced pressure. The residue was purified by reverse
phase preparative HPLC purification (water/acetonitrile
(0.1% formic acid)), and thus 3.96 mg of the title compound
was obtained as a white solid.

[0191]

Example 16 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1)-1-(1-(4-(ethyl (methyl)amino)but-
2-enoyl)piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 16)

The title compound was obtained as a white solid
according to the procedure described in Example 15, using
(E) -4-(ethyl (methyl)amino)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid

hydrochloride.
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[0192]

Example 17 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl1)-1-(1-(4-(diethylamino)but-2-
enoyl)piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 17)

The title compound was obtained as a white solid
according to the procedure described in Example 15, using
(E)-4-(diethylamino)but-2-enoic acid hydrochloride instead
of (E)-4-(dimethylamino)but-2-encic acid hydrochloride.
[0193]

Example 18 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1-(1-(4-

(isopropyl (methyl)amino)but-2-enoyl)piperidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide (Example Compound
18)

The title compound was obtained as a white solid
according to the procedure described in Example 15, using
(E)-4-(isopropyl (methyl)amino)but-2-enoic acid
hydrochloride instead of (E)-4-(dimethylamino)but-2-enoic
acid hydrochloride.

[0194]

Example 19 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1)-1-(1-(4- (pyrrolidin-1-yl)but-2-
enoyl)piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-

carboxamide (Example Compound 19)
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Example 3 (Step 2).
[0197]

Example 22 Synthesis of (R)-4-amino-N-
(benzo[d]oxazol-2-yl1)-1-(1-(but-2-ynoyl)piperidin-3-y1l)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide (Example Compound
22)

The title compound was obtained as a pale yellow
solid according to the procedure described in Example 15,
using (R)-tert-butyl-3-(4-amino-3-((benzol[d]oxazol-2-
v1l)carbamoyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-
l-carboxylate obtained in Example 13 (Step 1), and but-2-
ynoic acid instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0198]

Example 23 Synthesis of (R)-1-(l-acryloylpiperidin-
3-yl)-4-amino-N- (5, 6-dimethylbenzo[d]oxazol-2-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide (Example Compound
23)

(Step 1) Synthesis of (R)-1-(l-acyloxypiperidin-3-
yl)-4-amino-1H-pyrazolo[3,4-d]pyrimidine-3-carboxylic acid

To 1 g of (R)-4-amino-1-(1-(tert-
butyloxycarbonyl)piperidin-3-yl)-1H-pyrazolo[3, 4-
dlpyrimidine-3-carboxylic acid of Synthetic Example 3, 15
ml of 4 N hydrochloric acid/1l, 4-dioxane was added, and the

mixture was stirred for 1 hour at room temperature.
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Thereafter, the solvent was removed, and the system was

et

azeotropically distilled by adding toluene thereto. 50 m]

of chicroform and 3.8 ml of triethylamine were added to tThe

reaction was confirmed, the reaction was Lerminated by
adding Z-propanol. The solvent was removed, and an agueous

solution of formic acid was added to the residue. When the
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vellow solid. Physical property value: m/z [M+H]™ 318.1
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(Step 2) Synthesis of Example Compound 23

5 mg of (R}-i-(l-acvlioxypiperidin-3-vyl)-4-amino-1H~
pyrazcolo|[3,4~dlpyrimidine-3~-carboxylic acid obtained in the
was dissolved in 150 wl of DMF, To that

soluticon, 8.26 ul of diiscpropylethylamine, 3,85

Ut
E:)i
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O
Pt
Ut
~
()

,\..‘

dioxazol=-2-amine, and ¢ mg of HATU were added.
After the mixture was stirred overnight, 850 pl of DM3O was

added thereto, and the mixture was purified by reverse
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Example 24 Synthesis of (R
3-yl)~—4d-anino~-N-{5-chlcrobenzo[d]

pyrazcolo[3,4~-dlpyrimidine-3-

-Ca

24)

{Step 1) Synthesis of (R)-tert-butyl-3-(4-
{(5~chlorobenzc[dleoxazel~2~vl}carbamoyl) ~1H-pyrazolo
dipyrimidin-l-yl)pyridine-l-carboxylate

boxamide (E
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Rl Y 9]
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xample Compound

Tc a soluticon of 100 mg of (R)-4-amino—-1-{1i-{ter
butvloxycarbonyl)pyrrolidin-3-yi) ~1H-pyrazclo{3,4-
dipyrimidine-3-carboxylic acid obtained in Synthetic
Example 3 in 5 ml of DMF, 56 mg of CDI was added, and
mixture was stirred for 1 hour at room temperature. 73
of S5-chlorcbenzol[dloxazol-Z-amine was added thereto under

ice cooling, and 17 mg of 60% sodium hydride
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dlpyrimidin~l-yl)pyrrolidine-l~carboxylate obtained in Step
1 was mixed with 1.5 ml of 4 N hydrochloric acid/1, 4-
dioxane, the mixture was stirred for 1 hour, and then the
solvent was removed using an evaporator. 2 ml of
chloroform and 21 ul of triethylamine were added to the
residue, the mixture was ice-cooled, and then 2.4 ul of

acryloyl chloride was added thereto. After the mixture was

-

stirred for 3 hours, the reaction was terminated with a
saturated agquecus solution of sodium bicarionate, and
extracted with chloroform. The organic layer was dried

column (eluant: ethyl acetate:methanol). Thus, ¢.8 mg of

Example 25 Synthesis of (R,E)-4-amino-N-(5-

-enoyl)pyrrolidin~-3-

v1)-1H-pyrazoic {3, 4-d]lpyrimidine-3-carboxamide {(Exanmple

e compound was obtained as a white solid

according to the procedure described
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'razolo[3,4~-dlpyrimidine-3~

L1

carboxamide {Example Compound 260)
The title compound was cbtained as a white solid
according to the procedure described in Example 24, using

3-methylbut-Z-encyl chloride instead of acryloyl chioride,
[0204]

Fxample 27 Synthesis of (R)-1-{l-acrvlovipyrrolidin-
3-yl)~d-aminc-N-{benzo[d]oxazol-2~-yl)~1H~pyrazclo (3, 4~
dipyrimidine-3-carboxamide (Example Compound 27)

The title compound was cbtained as a white solid
according to the procedure described in Example 24, from
(R)y—4d~amino-1-{i-(tert-butyloxycarbonyl)pyrrolidin-2-vyl)-
lH-pyrazolo[3,4~dipyrimidine-3~carboxylic acld of Synthetic

o e
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Example 3 and
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Synthesi {(RY-1-{l-acryloylpyrrolidin-
=-N-{b~(thiophen-2-yl}benzo{dioxazol-2-yl}-1H~-
dlpyrimidine-3-carboxamide {(Example Compound

le compound was

the procedure d

- {1~ (tert-butyl

s4-dipyrimidine-3-carboxvlic acid of Synthetic
5-{thicphen-2~yl)benzo[d]loxazol-2~amine.
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Example 29 Synthesis of (R)-1-{l-acrvylovipyrrolidin-

3-yl)~4d-anino-N-{S-methvlbenzo[d]loxazol-2-y1)-1H~-

(L

pyrazolo[3,4-d]lpyrimidine-3-carboxamide {(Example Compound

29)

-3

he title compound was obtained as a pale yell

)

according to the procedure described in Example 24, from

(R)—d-amino-1-{i-({tert-butyloxycarbonvl)pvrrolidin-3-v1l}-

Example 3 and S-methylbenzc[dloxazcocl-Z-amine.

[0207]

3-yl)~4d-anino-N-{5-flucrobenzo[d]oxazol-2-y1)-1H~-
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with toluene. The residue was dissolved in 1 ml of DMF,
and 13 ul of diisopropylethylamine, 3.7 mg of (E)-4-
(dimethylamino)but-2-encic acid hydrochloride, and 8.4 mg
of HATU were added thereto. After the mixture was stirred
for 1 hour at room temperature, the solution was
concentrated under reduced pressure. The residue was
purified by reverse phase preparative HPLC purification
(water/acetonitrile (0.1% formic acid)), and thus 4.2 mg of
the title compound was obtained as a white solid.

[0211]

Example 33 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1)-1-(1-(4-(ethyl (methyl)amino)but-
2-enoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 33)

The title compound was obtained as a white solid
according to the procedure described in Example 32, using
(E) -4-(ethyl (methyl)amino)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0212]

Example 34 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl1)-1-(1-(4-(diethylamino)but-2-
enoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 34)

The title compound was obtained as a white solid

137
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according to the procedure described in Example 32, using
(E)-4-(diethylamino)but-2-enoic acid hydrochloride instead
of (E)-4-(dimethylamino)but-2-encic acid hydrochloride.
[0213]

Example 35 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1-(1-(4-

(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide (Example Compound
35)

The title compound was obtained as a white solid
according to the procedure described in Example 32, using
(E)-4-(isopropyl (methyl)amino)but-2-enoic acid
hydrochloride instead of (E)-4-(dimethylamino)but-2-enoic
acid hydrochloride.

[0214]

Example 36 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1)-1-(1-(4- (pyrrolidin-1-yl)but-2-
enoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide (Example Compound 36)

The title compound was obtained as a white solid
according to the procedure described in Example 32, using
(E)-4-(pyrrolidin-1-yl)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0215]
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“hereto at room Temperature with stirring. The mixture wa
stirred overnight at rcom temperature, 24 mg of b-
—amine was added thereto, and then

the mixture was ice-coclied. 172 yl of a 1.0 M THF sclution

of lithium hexamethvldisilazane was added dropwise thereto.

After the mixture wasg stirred for 1 hour, the reaction was
terminated by adding 30 pl of acetic acid thereto. After

reverse phase preparative HPLC purification

{water/acetonitril
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of the title compound was obtalned as a white solid.

(@]
N
N

(Step 2) Synthesis of Example Compound 41
To 12.8 mg of (R)-tert-butyl-3- (4-amino-3~{ (5~

phenvibenzo{dioxazol-2~vyl)carbamoyl) -1H-pyrazolo[3, 4-

ipyrimidin-1-yi

Thereafter, The solvent was removed, and the system as

azeotropically distillied with 1 mi of toluene. 1 ml of

(o)

chloroform and 16 gl of triethylamine were added to the
residue, and the mixture was stirred under ice cooling

of acrvloyl chloride was added to the solution
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L UG Tt A J DA 3 2o
(Step 1) Synthesis of tert-butyl 3~ {(4-amino~-3-iocdo-~-

lH-pyrazolce (3, 4-dipyvrimidin-1l-yil)piperidine-l~-carboxylate
240 ng of tert-butyl 3-hydroxvazetidine-li-carboxylate

triethylamine and 130 ul of methanesulfonyl chlioride were
added theretc at 0°C. After the mixture was stirred for 1
hour under ice cooling, chloroform and water were added

thereto, and an crganic layer was separated. The organic

laver was washed with a saturated solution of sodium

vdrogen carbonate and water and then dried over anhydrous

reduced pressure. 300 mg of 3-iodo-iH-pyrazolo[3,4-
dipyrimidin-4-amine synthesized by the method described in

WO 2007/126841, 570 mg of potassium carbonate, and 3 ml of

DMA were added to the residue, and the mixture was heated
I a e T S, B ) P, < 1T TNo~ta . Tl e . U B, |
to 100°C and stirred for 11 hours. The mixture was cooled

to rcoom temperature, and was extracted with ethyl acetate
The organic layer was washed with water and dried over
anhvdrous magnesium sulfate. The residue was purified by
amine gel chromatography (hexane/ethyl acetate = 1:1 —

le compound was obtained as

a pale vellow solid. Physical property value: m/z [M+H]"

(Step 2) Synthesis of 4-amino-1i-{l1-(tert-
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mixture was stirred under ilce cooling. 1.7 ul of acrvioyl
chloride was added to the solution, and the mixture was

terminated with a saturated aqueocus solutlion of sodium

cbtained after removal of the solvent was purified by
reverse phase preparative HPLC purification
(water/acetonitrile (0.1% formic acid)). Thus, $.69 mg of

Example 46 Synthesis of 7-{l-acrylovylazetidin-3-yl)-

. ,./_<\._. SEA S

d—amino-N- {5-chlorcobenzo[d]oxazol-2-y1)-7H-pyrrolol2, 3~
dipyrimidine-b~carboxamide (Example Compound 46)

(Step 1) Synthesis of tert-butyl 3-(4-chloro-5-iodo-

“

TH-pyrrolol2,3~d]lpyrimidin~-7-yl}azetidine~1l-carboxylate

Ky%\_f<:ﬁ%a
c--\/‘ \gw

[0231]

H
H
i

4

.3 ml of DEAD was added to 80 ml of &

hyddroxyvazetidine and 3.75 ¢ of triphenvlphosphine, and the
Y Y (
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chlorobenzo[dloxazol~2~yl)carbamoyl) ~-7H~pyrrcic {2, 3~
dipvrimidin-T7-vyl)azetidine-i-carboxvylate

32 mg of tert-butyl 3-{4-amino-5-icdo-7H-pyrroclo{2, 3~
dipyrimidin-7-yl)azetidine-i-carboxylate obtained in the

above Step 2, 20 mg of b-chlorobenzoldloxazol-2-amine, and
28 ul of diazabicycloundecene were dissolved in 1 ml of DMF,
and 2 mg of 1,17-bis{diphenylphosphino) ferrocene-

palladium(II) dichloride~dichloromethane was further added
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with chlcoreoform and water, and the organic layer was dried

a residue obtained
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Y
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-y n = k] = oy - o 4
over scodium sulfate. Subseguent

-

after removal of the solvent was purified by silica gel

chromatography (eluent:hexane/ethyl acetate = 1/1 -3 ethyl

acetate/methancl = 10/1), and thus 20 mg of the title
compound was obtained as a pale brown solid. Physical

1

property value: m/z [M+H] 484.2

(Step 4) Synthesis of Example Compound 46

To 5 mg of tert-butyl 32-{4-aminoc-5-{{5~-
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added, and the mixture was stirred for 1 hour.

The solvent was removed, and the residue was azeotropically



distilled with 1 ml cf ftcluene. 1 ml of chlorcform and
1wl of triethylamine were added to the residue, and the
mixture was stirred under ice cocling. 1.7 ul of acryil
chloride was added to the solution, and the mixture was

for 1 hour. Subsequently,

terminated with a saturated ague

and extracted with chloroform. The

layer was dried over sodium sulfate, and then a res
obtained after removal of the solvent was purified
reverse phase preparative HPLC purification
(water/acetonitrile (0.1% formic acid)). Thus, 2.2
"he title compound was obtained as a white solid.
[0237]
ample 47 Synthesis of (E)-4-amino-N- {5~

chlorobenzoldloxazol-2-v1}-7-(1- {4~ (dimethylamnino} b

encyljazetidin-3-yl) 7H-pyrrolc(2,3-dipyrimidine-b-
carboxamide (Example Compound 47)

Te 5 mg of t
chlorobenzoi{dloxaz

dipyrimidin-7-yl)az
of Example 4¢, 1 ml

the was stirred

mixture

and

Thereafter, the solvent was removed, and the resic
azeotropically distilled with 1 ml of toluene. The

-
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diiscpropylethylamine, 4.1 mg of (E}-4~(dimethylaminc)but-

~enoic acid hydrochloride and 9.4 mg of HATU were added

theretc. vfrer the mixture was stirred for

temperature, the sol

}..A
)
O
o
=
63}
T
e}
O
O
=

ution was concentrated under reduced

formic acid)), and thus 4.¢7 mg of the title compound was

Example 48 yrnthesis of {(R)-7-{l-acrvloylpyrrolidin-

3-yl)~d-aminc-N-{b5~-chlorcbenzo|[d]oxazol-2~-y1)~

pyrroiol?2, 3-dipvrimidine-5b-carboxamide (Example Compound
48)
(Step 1) Synthesis of (R)-tert-butyl 3-{(4-chloro-5-

5.00 g of 4-chioro-5-iodo-7H~-pyrroiol2,3-d

et

e
«

<
~
]
]
=]

.
I}
.
i~
—
O

s
8]

synthesized by the method described in WO 2005/042506, 19.1
g cof (8)~-tert-butyl 3-{methylsulfonvloxy)pyrrclidine-1-

a R - -~ L I = . = - ~ 7 v P e P = VT s ~ )
carboxylate, and 23.5 g of cesium carbonate were suspended

e o B00 -1 e s - gt ey = 3
hours at 60°C., After the suspension was cooled, water and

methanol were added thereto, and a solid thus obtained was

Litle compound was obtained as a pale brown solid.
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~carboxylate

obtained in the above Step 1, 40 ml of 28% agueous ammonia
was added, and the reaction ligulid was stirred for 1.5

hours at 100°C in a microwave reaction apparatus. The

mixture was stirred for 1 hour under ice cooling, and a

and washed with cold methanol. Thus, 3.91 g of the title

compound was obtained as a white solid.

(Step 3) Synthesis of (R)-tert-butyl 3-{(4-amino-

{(5~chlorcbenze{dloxazol-2-vl)carbamoyl) ~7TH-pyrrolo {2, 3~

dipyrimidin~T7-yl)pyrrolidine~1-carboxylate
93 mg of tert-butyl 3-{4d-amino-5-iodo-7H-pyrrolicl2, 3-
dipyrimidin-7-yl)pyrrolidine~1l-carboxylate obtained in the

above Step 2, 110 mg of 5-chlorobenzo{dioxazol-2-amine, and
100 pl of diazabilcycloundecene were dissolved in 2 ml of

DMF, and 35 mg of 1,1'-bis{diphenvylphosphino) ferrocene-
- L l iy

palladium(II) dichloride~dichloromethane was added thereto.

monoxide atmosphere. The mixture was partitioned

Lo

‘\)_
5
FJ
.
=y

chloroform and water, and the organic layer was dried over
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[
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Subs

sodi s >, sequently, a residue obtalined after
removal of the solvent was purified by silica gel
chromatography (eluent:hexane/ethyl acetate = 1/1 - ethyl

acetate/methanol = 10/1), and thus 106 mg of the title
compound was obtained as a pale brown solid. Physical

property value: m/z [M+H]™
[0241]
(Step 4) Synthesis

of

To 20 mg of (R} -tert-butyl 3-(4d-amino {{5~-
chlorobenze{dicoxazeli~-2-vl)carbamoyvl) ~7TH-pyrrolol2, 3~
dipyrimidin-7-yl)pyrrolidine~l~carboxylate obtained in the
above Step 3, 1 ml of 4 N hydrochleoric acid/1,4-dioxane was
added, and the mixture was stirred for 1 hour. Thereafter,

Hved,

and

the residue was azecotropice

distilled with 1 ml of toluene. 2 ml of c¢hloroform and 28
ul of triethylamine were added to the residue, and the
was stirred under ice cocling. 3.2 il of acryioyl
chloride was added to the solution, and the mixture was
stirred for 1 hour Subsequently, the reactlon was
terminated with a saturated aquecus solution of sodium
bicarbonate, and extracted with chloroform. The organic

ayer was dried over sodiu
obtained after removal of

reverse phase preparative

/

fod

oo

o
<o

cetonitr

sulfate, and then a residue
the solvent was purified by
HPLC purification
formic acid)). Thus, 3.52 mg of

-
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the title compound was obtained as a white solid.
[0242]

Example 49 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1)-7-(1-(4- (dimethylamino)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 49)

To 13 mg of (R)-tert-butyl 3-(4-amino-5-((5-
chlorobenzo[d]oxazol-2-yl)carbamoyl)-7H-pyrrolo[2, 3-
dlpyrimidin-7-yl)pyrrolidine-l-carboxylate obtained in Step
3 of Example 48, 1 ml of 4 N hydrochloric acid/1,4-dioxane
was added, and the mixture was stirred for 1 hour.
Thereafter, the solvent was removed, and the residue was
azeotropically distilled with 1 ml of toluene. The residue
was dissolved in 1 ml of DMF, and 14.4 pl of
diisopropylethylamine, 4.1 mg of (E)-4-(dimethylamino)but-
2-enoic acid hydrochloride and 9.6 mg of HATU were added
thereto. The mixture was stirred for 1 hour at room
temperature, and then the solution was concentrated under
reduced pressure. The residue was purified by reverse
phase preparative HPLC purification (water/acetonitrile
(0.1% formic acid)), and thus 6.66 mg of the title compound
was obtained.

[0243]
Example 50 Synthesis of (R,E)-4-amino-N- (5-

chlorobenzo[d]oxazol-2-y1)-7-(1-(4-(ethyl (methyl)amino)but-
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2-enoyl)pyrrolidin-3-yl) 7H-pyrrolol[2,3-d]pyrimidine-5-
carboxamide (Example Compound 50)

The title compound was obtained as a white solid
according to the procedure described in Example 49, using
(E) -4-(ethyl (methyl)amino)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0244]

Example 51 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1l)-7-(1-(4- (diethylamino)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 51)

The title compound was obtained as a white solid
according to the procedure described in Example 49, using
(E)-4-(diethylamino)but-2-enoic acid hydrochloride instead
of (E)-4-(dimethylamino)but-2-encic acid hydrochloride.
[0245]

Example 52 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-7-(1-(4-

(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example Compound
52)

The title compound was obtained as a white solid

according to the procedure described in Example 49, using

(E)-4-(isopropyl (methyl)amino)but-2-enoic acid
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hydrochloride instead of (E)-4-(dimethylamino)but-2-enoic
acid hydrochloride.
[0246]

Example 53 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1)-7-(1-(4- (pyrrolidin-1-yl)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 53)

The title compound was obtained as a white solid
according to the procedure described in Example 49, using
(E)-4-(pyrrolidin-1-yl)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0247]

Example 54 Synthesis of (R,E)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-y1)-7-(1-(4- (piperidin-1-yl)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 54)

The title compound was obtained as a white solid
according to the procedure described in Example 49, using
(E)-4-(piperidin-1-yl)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0248]
Example 55 Synthesis of (R)-7-(l-acryloylpyrrolidin-

3-yl)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1)-7H-
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pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example Compound
55)

(Step 1) Synthesis of (R)-tert-butyl 3-(4-amino-5-
((5-phenylbenzo[d]oxazol-2-yl)carbamoyl)-7H-pyrrolol[2, 3-
dlpyrimidin-7-yl)pyrrolidine-1l-carboxylate

The title compound was obtained as a brown solid
according to the procedure described in Step 3 of Example
48, using 5-phenylbenzo[d]oxazol-2-amine instead of 5-
chlorobenzo[d]oxazol-2-amine. Physical property value: m/z
[M+H]" 540.3
[0249]

(Step 2) Synthesis of Example Compound 55

The title compound was obtained as a white solid
according to the procedure described in Step 4 of Example
48, using (R)-tert-butyl 3-(4-amino-5-((5-
phenylbenzo[d]oxazol-2-yl)carbamoyl)-7H-pyrrolo[2, 3-
dlpyrimidin-7-yl)pyrrolidine-l-carboxylate obtained in the
above Step 1.

[0250]

Example 56 Synthesis of (R,E)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-yl)-7-(1-(4- (dimethylamino)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 56)

To 13 mg of (R)-tert-butyl 3-(4-amino-5-((5-

phenylbenzo[d]oxazol-2-yl)carbamoyl)-7H-pyrrolo[2, 3-
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dlpyrimidin-7-yl)pyrrolidine-l-carboxylate obtained in Step
1 of Example 55, 1 ml of 4 N hydrochloric acid/1,4-dioxane
was added, and the mixture was stirred for 1 hour.
Thereafter, the solvent was removed, and the residue was
azeotropically distilled with 1 ml of toluene. The residue
was dissolved in 1 ml of DMF, and 14.4 pl of
diisopropylethylamine, 4.1 mg of (E)-4-(dimethylamino)but-
2-enoic acid hydrochloride, and 9.6 mg of HATU were added
thereto. After the mixture was stirred for 1 hour at room
temperature, the solution was concentrated under reduced
pressure. The residue was purified by reverse phase
preparative HPLC purification (water/acetonitrile (0.1%
formic acid)), and thus 6.66 mg of the title compound was
obtained.

[0251]

Example 57 Synthesis of (R,E)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-yl1)-7-(1-(4- (ethyl (methyl)amino)but-
2-enoyl)pyrrolidin-3-yl) 7H-pyrrolol[2,3-d]pyrimidine-5-
carboxamide (Example Compound 57)

The title compound was obtained as a white solid
according to the procedure described in Example 56, using
(E)-4-(ethyl (methyl)amino)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0252]
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Example 58 Synthesis of (R,E)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-yl)-7-(1-(4- (diethylamino)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 58)

The title compound was obtained as a white solid
according to the procedure described in Example 56, using
(E)-4-(diethylamino)but-2-enoic acid hydrochloride instead
of (E)-4-(dimethylamino)but-2-encic acid hydrochloride.
[0253]

Example 59 Synthesis of (R,E)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-y1)-7-(1-(4-

(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide (Example Compound
59)

The title compound was obtained as a white solid
according to the procedure described in Example 56, using
(E)-4-(isopropyl (methyl)amino)but-2-enoic acid
hydrochloride instead of (E)-4-(dimethylamino)but-2-enoic
acid hydrochloride.

[0254]

Example 60 Synthesis of (R,E)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-yl)-7-(1-(4- (pyrrolidin-1-yl)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 60)

The title compound was obtained as a white solid

lel
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according to the procedure described in Example 56, using
(E)-4-(pyrrolidin-1-yl)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0255]

Example 61 Synthesis of (R,E)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-y1)-7-(1-(4- (piperidin-1-yl)but-2-
enoyl)pyrrolidin-3-yl) 7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide (Example Compound 61)

The title compound was obtained as a white solid
according to the procedure described in Example 56, using
(E)-4-(piperidin-1-yl)but-2-enoic acid hydrochloride
instead of (E)-4-(dimethylamino)but-2-enoic acid
hydrochloride.

[0256]

Example 62 Synthesis of (R, E)-7-(3-((2-(4-(4-(3-(4-
amino-3- (benzo[d]oxazol-2-ylcarbamoyl)-1H-pyrazolo[3,4-
dlpyrimidin-1-vyl)piperidin-1-yl)-4-oxobut-2-en-1-
vl)piperazin-1-yl)ethyl)amino)-3-oxopropyl) 5,5-difluoro-
1,3-dimethyl-5H-dipyrrolo[l,2-c:2",1"-
fl1[1,3,2]diazaborinin-4-ium-5-uide (Example Compound P-1)

(Step 1) Synthesis of (E)-4-(4-(2((tert-
butoxycarbonyl)amino)ethyl)piperazin-1-yl)but-2-enoic acid

2 g of tert-butyl-(2-(piperazin)-1-yl)ethyl)carbamate

was dissolved in 20 ml of DMSO, and 1.35 ml of

le62
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residue was dissclved in acetonitrile, and triethylamine
was added thereto. Thereafter, the solvent was removed,
the residue was disgsolved again in chlorcform/methancl, and

the solvent was removed. The residue was dissolved in 2 mil

butoxycarbonyl)amino)ethyl)piperazin-1-ylibut-2-encic acid

obtained in the above Step 1 was added thereto. 104 mg

.
+
1

2 hours, ethyl acetate was added thereto, and an crganic
layer was washed with a saturated agueocus solution of

laver was dried over sodium

!,__.l
e)
ks
i_l
Q.
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ammonium ch
sulfate, subsequently the solvent was removed, and the
residue was purified by silica gel chromatography {(eluant:

Thus, 128.4 m
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was obtalned.

[0258]

(Step 3) Svynthesis of (R,E)-4d4-amino-1-(1-(4-{4-(2-
i A 7 \ \ \
amincethyl)piperazin-l-vl)but-2-encyl)piperidin-3-y1)~-N-

(benzo[d]oxazol-2~-ylicarbamncyl)-1H-pyrazolo[3,4~-d]lpyrimidin-

l-vijpiperidin-i-yl}-4d-oxobut-2-en-1-yl)piperazin-1-

ot

yvijethyl)carbamate obtained in The above Step 2 was
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added. Affter the mixture was stirred for
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solvent was removed using an evaporator. 140 mlL of

N

chloroform and 25 m

-

of triethylamine were added to

f

ot
.
s
o)

i

=
)
£
r
e

residue, and after the nixture was ice-ccoled, 2.23

acryloyl chloride was added thereto. The mixture was

53}

stirred for 1.5 hours, and then the solvent was removed

using an evaporator. An agueous solution of formic acid at

pH 3.0 was added to the residue, and the mixture was

]

irred for 2 hours

o 4 v T e - - o < - 4 o =
ST S Subseguently, a precipitate was

pressure. Thus, 8.93 g of the title compound was obtained
as a whitish brown solid.
[0262]

(Step 2Z) Synthesis of (R)-1-{l-acryloylpiperidin-3-
yl)-d-amino-N-{/-chlorobenzoldloxazol-2-yl) ~1H-

5 mg of (R)y-1-({l-acrvloylpiperidin-3-y1}-4-anino-1H-

pyrazolol[3,4-dlpyrimidine-3-carboxylic acid obtained in

i
e

fep 1 was dissolved in 150 ul, Of DMF, and then €.2 ul of

i

4.0 mg of 7-chlorcbenzo[d]oxazol-2~
amine and 2.0 mg of HATIU were added. The mixture was

stirred for 1 hour. 850 ubL of DMSO was added to the

]

tion, and the mixture was purified by reverse

=
[
Q
@)
-+
[
[®]
]
63}
[®]
e
ot

phase preparative HPLC purification (water/acetonitril

[y o S N ety | JRRPERE Ty e O NG S P " J
(0.1% formic acid)). Thus, 0.36 mg of the tTitle compound
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obtained in Step 2, 5 mL of chloroform and 1.7 ml of
trifluoroacetic acid were added. After the mixture was
stirred for 1 hour, the solvent was removed using an
evaporator. 12 mL of chloroform and 810 puL of
triethylamine were added to the residue, and after the
mixture was ice-cooled, 89 uL of acryloyl chloride was
added thereto. After the mixture was stirred for 30
minutes, the reaction was terminated with a saturated
aqueous solution of sodium bicarbonate, and extracted with
chloroform. The organic layer was dried over sodium
sulfate, and then a residue obtained after removal of the
solvent was purified using silica gel column (eluant: ethyl
acetate:methanol). Thus, 350 mg of the title compound was
obtained as a white solid.

[0266]

(Step 4) Synthesis of (S)-1-(l-acryloylpyrrolidin-3-
yv1l)-4-amino-N- (benzo[d]oxazol-2-yl)-1H-pyrazolo[3, 4-
dlpyrimidine-3-carboxamide

20 mg of (S)-1-(3-(4-amino-3-iodo-1H-pyrazolo[3,4-
dlpyrimidin-1-yl)pyrrolidin-1-yl)prop-2-en-1-one obtained
in Step 3 was dissolved in 520 mL of DMF, and 13 mg of
benzo[d]oxazol-2-amine, 3.65 mg of PdCl,(PPh3), and 23 uL
of DBU were added thereto. The mixture was stirred for 2
hours at 120 degrees in a carbon monoxide atmosphere, and

then the solvent was removed using an evaporator. DMSO

169



N
1

was added to the residue, and th

-~

mixture was purified by

reverse phase preparative HPLC purification

(water/acetonitrile (0.1% formic acid)), and thus 1.9 mg of

the title compound was obtained as a white solid.

[0267]
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Example 66 Synthesis of 1-{(({l-acryvioylpyrrolidin-3-

viimethyl)-4d-amino-N-{(benzo{d]loxazol-
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s of tert-butvl 3-({4d-amino-3-iodo-

lH-pyrazolo (3, 4-dlpyrimidin-1l-yvi)methyvl)pyrrolidine-1-

464 mg of the title compound was obtained as a pale

yellow solid from 300 mg of 3-iodo-iH-pyrazolo[3,4-

(Step 2) Synthesis of 1-{3-({4-amino-3-iodo-1H-

pyrazolo[3,4~dlpyrimidin-i-ylimethyl)pyrrolidin~-1-yv1l)prop-
2—en-1l-one

iodo~iH-pyrazolo[3,4~dlpyrimidin-i~-ylimethyl)pyrrolidine~1-



(Step 3) Synthesis of 1-{((l-acryioylpyrrolidin-3-

~yl)~1H~pyrazolo[3, 4~

2.2 mg of the title compound was obtained as a whit
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-
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according to the procedure described

et
-
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Example 65, from 10 mg of 1-{Z-({4-amino-3-iodo-1H-
pyrazolo[3,4-dlpyrimidin~i~-yl)methyl)pyrrolidin-1-yl)prop-

2-en~1-one obtained in Step 2.

Example 67 Synthesis of 1-{{il-acrylovlpiperidin
viimethyl) —4-amino-N- (benzo{d]oxazol-2-v1)-1H-pyrazolo[3,4-

dipyrimidine-3-carboxamide (Example Compound ¢7)

(Step 1) Synthesis of tert-butyl 3-({4-amino-3-icdo-
lH-pyrazolce (3, 4-dipyrimidin-1l-yil)methyl)piperidine-1-

carboxylate

b mg of the title compound was obtalned as a pale

veliow sclid from 300 mg of 3-iodo-1H-pyrazolol[3,4-
dipyrimidin-4-amine and 416 mg of tert-butyi 3-

{(bromomethyl)pyrrolidine-i-carboxylate according to I
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title 1ed

The compound was obtained as a pale yellow
solid from 3-icdo-lH-pyrazolol3,4-dipyrimidin-4-amine and
tert-butyl 4-bromopiperidine-i-carboxylate according tc the
procedure described in Synthetic Example 3 (Step 2.

[0277]

(Step 2) Synthesis of 1-{4-{4-amino-3-iodo-1H~-
pyrazolo[3,4-dlpyrimidin-i-ylipiperidin~-l-yl)prop-2-en-1-
one

The title compound was cbhtained as a pale vellow
solid according to the procedure described in Step 3 of
Example €5, from tert-butyl 4-{4-amino-3-icdo-1H-
pyrazolol[3,4-dlpyrimidin-i-vl}piperidine~i-carboxylate
obtained in Step 1.

[0278]

{(Step 3) Synthes of I-{l-acrvlovyiplperidin-4-vyi)-4-
amino-N- (benzol[d]oxazol-2~yl)~1H-pyrazclo {3, 4~dipyrimidine~
3-carboxamide

2.4 mg of the title compound was cbtained as a white
s0lid according to the procedure described in Step 4 of

£h, from 10 mg of 1-{4-(4-amino-3-1lodo-1H~-
pyrazolol[3,4-dlpyrimidin-i-ylipiperidin-1l-yi)prop-2-en-1-
one obtained in Step 3.
[02792]

Example 70 Synthesis of I-{({l-acryloylazetidin-3-
viimethyl) —4-amino-N- (benzo{d]oxazol-2-v1)-1H-pyrazolo[3,4-



lpyrimidine-3~carboxamide (Example Compound 70)

(Step 1) Synthesis of tert-butyl 3-
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The title compound was obtalned as an olly compound

from tert-butyl 3-{hydroxymethyli)azetidine-l-carboxylate

according to the procedure described in Synthetic Example 3.

(Step 2) Synthesis of tert-butyl 3-({4-amino-3-iodo-

\ '

pyrimidin-Il-vyvijmethyl)azetidine-1~

The title compound was cobtained as a pale vellow

so0lid according to the procedure described in Synthetic

Example 3 {(Step 2) from 200 mg of 3-iodo-1lH-pyrazolo[3,4-

A

dipyrimidin~4-amine and fert-butyl 3-
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{ (methylsulfonvioxylmethyl)azetidine~l-carboxylate obtai

{Step 3) Synthesis of 1-(3-({4-amino-3-iodo-1H~
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title compound was obtained as a pale yvellow
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Example 65, from tert-butvl 3-{(4-aminco-3-iodo-1H-
pyrazolol[3,4d-dlpyrimidin~i~yl)imethyl)azetidine~-1-

obtained in Step 2.
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(Step 4) Synthesis of 1-{(l-acryloylazetidin-3-

viimethyl)-4-amino-N- (benzo ~ylj-~iH-pyrazolo[3, 4~
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2.44 mg of the title compound was obhtained as a white
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according to the procedure described in Step 4 of

Example €5, from 10 mg of 1-{3-({(4d-amino-3-icdo-1H~-

2-en~1-one obtained in Step 3.

acrylamidocyclohexyl) —d-amino-N-{benzo[d]oxazol-2-y1)~-1H-

pyrazolo[3,4-d]lpyrimidine-3~-carboxamide (Example Compou
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780 mg of the title compound was obtained as an oily

compound from 500 mg of tert-butyl (1R,4R) -4~

arbamate according to the procedure described in
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pyrazolo[3,d~d]lpyrimidine~-3~-carboxamnide {(Example Compound
72

(Step 1) Synthesis of {135,48)-4-{{tert-
butoxycarbonyl)amino) cyclohexylimethanesulfonate

cyclohexylcarbamate according to the procedure described 1

Synthetic Example 3.

[p]
(it
[
73
N

Synthesis of tert-butvl {1R, 4R) -4~ {(4d-aminoc
3-iodo~-1H-pyrazolo[3,4-d]pyrimidin-1-
viycycelohexvlcarbammate

375 mg of the title compound was obtalned as a pale
veliow sclid according to the procedure described in

of 3-iodo-1H-

n
-~
O
=3
Q

Synthetic Example 3 (Step 2) from

pyrazolo[3,4-d]pyrimidin-4-amine and 704 mg of (1S,4S)-4-

{ (tert-butoxycarbonyl)amino}cyclicohexyimethanesulfonate
cbtained in Step 1.
[0289]

(Step 3) Synthesis of N-{ (1R, 4R} -4~ (d-amino-3-iodo-

[

hexyljacrylamide

90 mg of the title compound was obftained as a pale

amino-3-iodo~-1H-pyrazolo[3,4-d]poyrimidin-1-

n

3



acrylamidocyciohexyl)—-4-amine-N- (benzo[d]oxazol~-2-y1l)-1H-
pyrazolol[3,4-dlpyrimidine-3-carboxamide

3.43 mg of the title compound was cbtained as a white
solid according to the procedure described in Step 4 of

mg of N-{(15,43)~4~(4~amino~-3~iodo~1H~

enoyl)pyrrolidin-3-yl})~iH-pyrazolo[3,4~-d]eyrimidine-3~

L1

carboxamide (Example Compound 73)

(Step 1) (S)-tert-butyl 3-{4-aminc-3-(benzol[d]oxazol-

N
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=
&)
P
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O
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L
k-

1H-pyrazolo[3,4-d]pyrimidin-1-
~carboxylate
The title compound was cbtalned according te the

procedure described in Step 4 of Example 65, from (S)-tert-

butvl 3-{4-amino-3-icdo-1H-pyrazcolo{3,4-dlpyrimidin-1-

vilpyrrolidine-l-carboxylate obtained in Step 2 o

f Example

(Step 2) Synthesis of (5,E)-amino-N-{benzol{dloxaz
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Example 76 Synthesis of 1-{((l-acrylovlazetidin-3-

viimethyl)-4-amino-N- (5-chlorobenzo{dioxazol-2-yv1}-1H~-

pyrazolol3,4d-dlpyrimidine-3~carboxamide {(Example Compound

(Step 1) 3.76 mg of the title compound was obtained

as a white sclid according tc the procedure described in

5.2 mg of S-chlorobenzoldloxazol-Z-amine.
[0299]

Synthesis of

as a white solid according to the procedure described in

lH-pyrazcolo (3, 4-dipyrimidin-l-yl)methyl)piperidin-1-

vilprop-2-en—-i-one obtained in Step 2 of Example 68 and 4.8
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pyrimidin-i-vyl)propyl)acrylamide obtained

Example 86 3ynthesis of 1-{2-acrvlamidoethyl)-4-

aminoe-N-{benzol[d]ozazol-2-vy1)-1H-pyrazoloi3,4-dlpyrimidine-
3-carboxamide {(Example Compound 86)
(Step 1) Synthesis of tert-butvl (Z-{4-amino-3-iodo-
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rboxylate
239 mg of the title compound was obtained as a pale

yeliow solid from 200 mg of 3-iodo-1H-pyrazolol[3, 4-

o8

L
i
o
=
O
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!
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N NS I T ~ 34, . ey NS .
hyl)carboxylate according to the procedure described

in Synthetic Example 3 (Step 2).
[0314]

(Step 2) N-{2~-(4-amino-3-iodo-1H-pyrazolo[3, 4~
dipyrimidin-l-vyl)ethyl)acrylamide

140 mg of the tTitle compound was obtained as a pale
veliow sclid according to the procedure described in Step
of Example 65, from 239 mg of tert-putyl (2-{4d-amino-3-

ilodo-1H-pyvrazolo[3,4-d]lpyrimidin-i-yl)ethyvl)carboxylate

i

Synthesis of 1-{2-acryvlamidoethyl)-4-amino-

i3,4-dlpyrimidine~-3-

carboxamide



title compound was

[

edure described

Example ©b, frcm 10 mg of d—-aminc—3
i

pyrazolo[3,4-dlpyrimidin-i-yljethyljacrylamide obtained in
Step 2.
[0316]

Reference Example 1 Synthesis of (R)-1-(3-{4-amnino-
3= {4d-phenoxyphenyl)~1H-pyrazcic {3, 4~djpyrimidin-1-
yvillpiperidin-i-vyl)prop-2~en-1l-ocne {(Reference compound 1)

le compound was obtained

synthesizing the compound according to the

described in method of WO 2008/

[0317
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ter, the structural

Hereinafter,
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From these test results, it was found that the
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inhibitory

Test Example 2 BTK inhibition selectivity compared

2y Measurement of EGFR inhibitory activity

With regard to the setting of the conditions for a
method for measuring the inhibitory activity of a compound
against EGFR kinase activity in vitro, it 1s described in
the consumable reagent supplies price list for LabChip
{registered trademark) series of PerkinBlmer, Inc. that FlL-
PEPTIDE 22 corresponds Lo a substrate peptide for the

-1 o~ 7T

measuremnent of EGFR kinase activity. Therefore, a

referring to the amino acid sequence o

recombinant

was purchased from Carna Bilosciences, Inc.

sulfoxide {(DMS0). Subseguently, EGFR protein, a substrate

247



58}

=

-~

mand

L4

3
/

M

it

10

ilon was

ntrat

.y

concentr

O

thi

di

mM

2

el
ay
LD

EPE

H

\/I

™
}
-"

I

o

iled

e
Ao

at

=
o

was

lon

eact

i~
Ao

ase

nacs

11

a

25°C,

.
¥
[

there

EDTA

tion

1

detec

inc.)

=
Q

tvrosine

nElmer,

erki

)
iy

(

S—SA

werature.,

te

ght

l B

ion

at

4+

=y donh

W

nra

3

o~
N

(BM

e
W

1

HERAstar

D

1

=

sing

[P

G

N/

atio

oy
S

the

om

fr

nined

_exry

4
i

de

O

was

oI

tion react

At

e

Y]

o

248

-



@
1)

-
-

O

ified.

.

iden

Va S

[~

=¥

L
r-d
]

[S—



¢l

e

1At

A
:

fE<]

541

Ty

N R R AR

sy iegt

et e 4%

B

RN

o R

S

50

2



o
by
£
5:}

$ inhibitory acthetty 1050 valus

) ﬂ?\s% §

Exanwie Na.

| €5

[N

%

o o el | el | e [ | o | e [ ek

| B | R | ed | S | S

o

.3
[0369]
From these test results, 1t was made clear that the

}_J
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selectivity of the compound of the present invent
inhibition over EGFR kinase in vitro was about 7. Times

more compared with that of the Reference compound 1, and

ul

the compounds of the present invention have an excellent

BTK inhibi it was

have reduced side effects compared with existing BTK

i

Test Example 3 Test for measuring proliferation



inhibitory activity against cell lines expressing BTK and
EGFR {in vitro}, and comparison of its selectivity
T™™D8 cells, which are of a diffuse large B-cell

lymphoma cell line expressing BTK, were suspended in
RPMI1640 medl {manufactured by Life Technologies Corp.)

1Taining 10% fetal bovine serum. A431 cells, which are
of an EGFR-overexpressing, highly activated human
epidermoid carcinoma celil line, were suspended in DMEM,
high glucose medium {(manufactured by Life Technologies
Corp.) containing 10% fetal bovine serum. The cell
suspensicns were inoculated into each well of 384-well
flat~bottomed microplates, and the cells were cultured for
1 day at 37°C in an incubator containing 5% carbon dioxide

gas. The compounds of the present invention and Reference
compound 1 were respectively dissolved in DMSO, and tThe
soluticons were diluted to a concentration of 500 times the
final concentration of the test compound using DMSO. A
DM solutlion of the test compounds was diluted with the

medium used in the suspension of the each cells, and this
was added to each of ofil plates
such that the concentration of IMSO would be 0.2%.
The cells at 37°C in an
incubator . Counting of
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aflter the
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compounds
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From these tTest results, 1t was made clear that the

BTK inhibition selectivity of the compounds of the present

inhibition ratio (in vitro) is about 8.5 times or more
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of the present inventicon also have an excellent BTK

inhi ion selectivity not only in kinase levels but alsco

the compounds of the present invention can have reduced

side effects compared with existing BTK inhibitor

[
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Test Example 4 Antitumor effect and evaluation of

Human B c¢ell lymphoma-derived cell line TMDB was
ubcutaneously Transplanted into SCID mice. At the time

point when the volume of engrafted tumors reached 100 to

et
0]

200 mm”, the mice were divided into groups, wilith 5 anima
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uniform, and oral

5 [ R A N4 . — 5 R N O 3 RS I
nistration was initiated. Group 1:

[

Reference compound (100 mg/kg) was orally administered

)
N/

P

wce a day, Group 2: a compound of the present invention

(Example compound 13) (50 mg/kg) was orally administered
cnce a day, Group 3: a compound of the present invention

0 mg/kg) was orally administered

bl
T

(Example Compound 1
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invention {(Example Compound &} (50 mg/kg) was ora.
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administered once a day. In crder to compare the antitumor
effect caused by the drug administration, the relative
tumor volume (RTV), which was the proliferation ratic of

tumor when the tumcr velume at the Time of grouping was set

i

as one, was detern

ined by the following formula.
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The body weight change (BWC) was used as an index
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indicating the systemic toxicity caused by drug

-
m
ot
®
o)
o3
o

administration. The BWC was calcul

formulia, and the average BWC values are indicated in

measurement) - (mice body welght at the time of
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invention have an excellent effect that the level of side
effects is low despite that the amount of exposure is far
larger than that of the Reference compound 1.

[0386]

As described above, it was made clear that the
compounds of the present invention are compounds having
superior profiles with reduced toxicity compared with the
Reference compound 1.

[0387]

Test Example 6 Detection by BTK labeling using
fluorescent labeling compound (in vitro)

The human B-cell lymphoma-derived cell line, Ramos
cells were suspended in RPMI1640 medium containing 10%
bovine serum, and then the cells were inoculated in a
culture plate at a concentration of 2.0x10° (cells/well).
The cells were cultured in a CO; incubator (Sanyo Electric
Biomedical Co., Ltd.) at 37°C for 24 hours. Example
Compound P-1 and fluorescent labeled compounds which is a
derivative of Reference compound 1 (PCI-33380, Non-Patent
Document 2) (10 mM stock) were respectively diluted with
DMSO. FEach of the dilutions was added to the plate
inoculated cells, and the cells were cultured in a CO,
incubator for 1 hour. Thereafter, the cells were harvested,
and 50 ul of (a cell extract (NP-40; Invitrogen, Inc.)

containing 1x protease inhibitor (Hoffmann-La Roche AG) and
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1x phosphatase cocktail (Sigma-Aldrich Co.)) was added to

the cell pellets. The cell pellets were left to stand for
10 minutes on ice. The amount of protein in the collected
cell extract was quantitatively analyzed by a DC protein
assay (Bio-Rad Laboratories, Inc.), and 20 ug of proteins
per lane was applied to a SDS-concentration gradient gel
(4% to 20%) (Wako Pure Chemical Industries, Ltd.). After
electrophoresis was performed, images of electrophoretic
gels were taken using a Molecular Dynamics Typhoon Scanner
(GE Healthcare, Inc.). Thereafter, Western blotting was
performed using an i-Rlot (Invitrogen, Inc.), and BTK
protein was detected with a LAS4000 (GE Healthcare, Inc.)
using a BTK antibody (Abcam) (Fig. 1).
[0388]

As shown in Fig. 1, it was made clear that the probe
according to the present invention is a useful tool for

detecting BTK in an in vitro test.
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The claims defining the invention are as follows:

1. A compound represented by the following general formula

(I), or a salt thereof:

0

wherein A represents - (CH,),~X-, - (CH;),~NH-, or - (C3-C7
cycloalkylene)-NH-;

n represents an integer from 0 to 2;

m represents an integer from 1 to 4;

X represents a nitrogen-containing C3-C10
heterocycloalkylene which may have one or more substituents
selected from the group consisting of 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 halogenoalkoxy group,
a cycloalkoxy group, a cycloalkyl-alkoxy group, an
aralkyloxy group, an alkylthio group, a cycloalkyl-

alkylthio group, an amino group, a mono- or dialkylamio

264



18 Nov 2016

2014307437

group, a cycloalkyl-alkylamino group, an acyl group, an
acyloxy group, an oOxXO 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
heterocyclic oxy group;

Y represents -C(R4)=C(Rs) (Rg) or —-C=C-Ry;

W and Z each independently represent N or CH;

R; represents an amino group which may have one or more
substituents which are defined as above for X;

R, and Rs, which may be identical or different, each
represent a hydrogen atom, a halogen atom, a Cl1-C6 alkyl
group which may have one or more substituents, a Cl1-C6
alkoxy group which may have one or more substituents, a C3-
C7 cycloalkyl group which may have one or more substituents,
a C6-Cl4 aromatic hydrocarbon group which may have one or
more substituents, a 4-membered to 10-membered monocyclic
or polycyclic unsaturated heterocyclic group containing 1
to 3 heterocatoms of the same kind or different kinds
selected from a nitrogen atom, an oxygen atom and a sulfur
atom, which may have one or more substituents, or a cyano
group, wherein the one or more substituents are as defined
above for X; and

R4, Rs, R¢ and R7, which may be identical or different,

each represent a hydrogen atom, or a Cl-C6 alkyl group
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which may have one or more substituents which are as

defined above for X.

2. The compound according to claim 1, or a salt thereof,
wherein in general formula (I),

A represents - (CHz),—X-;

n represents 0;

X represents a nitrogen-containing C3-C10
heterocycloalkylene; and

R; represents an amino group.

3. The compound according to claim 1 or claim 2, or a
salt thereof, wherein in general formula (I),

A represents - (CHp),—X-;

n represents 0;

X represents azetidinylene, pyrrolidinylene, or
piperidinylene; and

R; represents an amino group.

4. The compound according to any one of claims 1 to 3,
or a salt thereof, wherein in general formula (I),

A represents - (CHp),—X-;

n represents 0;

X represents azetidinylene, pyrrolidinylene, or

piperidinylene;

266



18 Nov 2016

2014307437

Y represents -C(Rs)=C(Rs) (Rg) or —-C=C-Ry;

R, represents an amino group;

any one of Ry, and Rs represents a hydrogen atom or a
Cl-C6 alkyl group, while the other represents a hydrogen
atom, a halogen atom, a Cl-Cé6 alkyl group, a halogeno-Cl-Cé6
alkyl group, a Cl-C4 alkoxy-substituted C1-C6 alkyl group,
a Cl-C6 alkoxy group, a phenyl group which may have one or
more substituents with a halogen atom, a 4-membered to 6-
membered monocyclic unsaturated heterocyclic group
containing one sulfur atom, or a cyano group;

when Y represents -C(Rs)=C(Rs) (Rg),

R4, Rs and Rg, which may be identical or different,
each represent a hydrogen atom, a Cl1-C6 alkyl group, a Cl-
C6 alkyl group that is substituted with an amino group
substituted with two C1-C6 alkyl groups (the Cl1-C6 alkyl
groups may form a 4-membered to 8-membered heterocycloalkyl
group together with the nitrogen atom to which these alkyl
groups are bonded); and

when Y represents -C=C-Ry,

R;7 represents a hydrogen atom or a Cl-C6 alkyl group.

5. The compound according to any one of claims 1 to 4,
or a salt thereof, wherein in general formula (I),
A represents - (CHp),—X-;

n represents 0;
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X represents 1,3-azetidinylene, 1,3-pyrrolidinylene,
or 1,3-piperidinylene;

Y represents -C(Rs)=C(Rs) (Rg) or —-C=C-Ry;

when Z represents N, W represents N, while when Z
represents CH, W represents N or CH;

Ri represents an amino group;

any one of R, and Rj3 represents a hydrogen atom or a
Cl-C4 alkyl group, while the other represents a hydrogen
atom, a halogen atom, a Cl1-C4 alkyl group, a halogeno-Cl-C4
alkyl group, a Cl-C4 alkoxy-substituted C1-C4 alkyl group,
a Cl-C4 alkoxy group, a phenyl group which may have one or
more substituents with a halogen atom, a 4-membered to 6-
membered monocyclic unsaturated heterocyclic group
containing one sulfur atom, or a cyano group;

when Y represents -C(Rs)=C(Rs) (Rg),

R4, Rs and Rg, which may be identical or different,
each represent a hydrogen atom, a Cl1-C6 alkyl group, a Cl-
C6 alkyl group that is substituted with an amino group
substituted with two C1-C6 alkyl groups (the Cl1-C6 alkyl
groups may form a 4-membered to 8-membered heterocycloalkyl
group together with the nitrogen atom to which these alkyl
groups are bonded); and

when Y represents -C=C-Ry,

R; represents a hydrogen atom or a Cl-C4 alkyl group.
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6. The compound according to any one of claims 1 to 5,
or a salt thereof, wherein in general formula (I),

A represents - (CHz),—X-;

n represents 0;

X represents 1,3-azetidinylene, 1,3-pyrrolidinylene,
or 1,3-piperidinylene;

Y represents -C(R,;)=C(Rs) (Rg) or —-C=C-Ry;

when 7Z represents N, W represents N, while when Z
represents CH, W represents N or CH;

R, represents an amino group;

any one of Ry, and Rs represents a hydrogen atom or a
methyl group, while the other represents a hydrogen atom, a
halogen atom, a methyl group, a trifluoromethyl group, a
methoxyethyl group, a methoxy group, a phenyl group, a 4-
chlorophenyl group, a 2-thienyl group, or a cyano group;

when Y represents -C(Rs)=C(Rs) (Rg),

R4, Rs and Rg, which may be identical or different,
each represent a hydrogen atom, a methyl group, a
dimethylaminomethyl group, a methylethylaminomethyl group,
a diethylaminomethyl group, a methylisopropylaminomethyl
group, a l-piperidinylmethyl group, or a 1-
pyrrolidinylmethyl group; and

when Y represents -C=C-Ry,

R, represents a methyl group.
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7. The compound according to any one of claims 1 to 6,
or a salt thereof, wherein in general formula (I),

A represents - (CHz),—X-;

n represents 0;

R, represents an amino group;

any one of Ry, and Rs represents a hydrogen atom or a
methyl group, while the other represents a hydrogen atom, a
halogen atom, a trifluoromethyl group, a methoxyethyl group,
a phenyl group, a 2-thienyl group, or a cyano dJgroup;

(1) when Z represents N, and W represents N,

X represents 1,3-piperidinylene,

and Y represents a vinyl group;

(2) when Z represents CH, and W represents N,

X represents 1,3-pyrrolidinylene or 1,3-
piperidinylene,

and Y represents -C(Rq)=C(Rs5) (R¢) or -C=C-(Ry), and

when Y represents -C(R;)=C(Rs) (Rg),

R4, Rs and Rg, which may be identical or different,
each represent a hydrogen atom, a methyl group, a
dimethylaminomethyl group, a methylethylaminomethyl group,
a diethylaminomethyl group, a methylisopropylaminomethyl
group, a l-piperidinylmethyl group, or a 1-
pyrrolidinylmethyl group;

when Y represents -C=C-(Ry),

R, represents a methyl group; and
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(3) when Z represents CH, and W represents CH,
X represents 1,3-azetidinylene or 1,3-pyrrolidinylene,
and Y represents -C(R4)=C(Rs) (R¢), and
R4, Rs and Rg, which may be identical or different,
each represent a hydrogen atom, a dimethylaminomethyl group,
a methylethylaminomethyl group, a diethylaminomethyl group,
a methylisopropylaminomethyl group, a l-piperidinylmethyl

group, or a l-pyrrolidinylmethyl group.

8. The compound according to any one of claims 1 to 7,
or a salt thereof, wherein in general formula (I),

A represents - (CHp),—X-;

n represents 0;

X represents 1,3-piperidinylene;

Y represents a vinyl group;

Z represents CH;

W represents N;

R1 represents an amino group; and

any one of R, and Rz represents a hydrogen atom,
while the other represents a hydrogen atom, a halogen atom,

Or a cyano group.

9. A compound described in any one of the following (1)
to (86), or a salt thereof:

(1) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-
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chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,

(2) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-
bromobenzo|[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(3) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-
(thiophen-2-yl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(4) (R)—-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1)-1-(1-
methacryloylpiperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(5) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-1-(1-
(but-2-enoyl)piperidin-3-yl)-1H-pyrazolo[3, 4-d]lpyrimidine-
3-carboxamide,

(6) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-
cyanobenzo|[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(7) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-
methoxybenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(8) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-(2-
methoxyethyl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(9) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-

(oxazolo[4,5-blpyridin-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-
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3-carboxamide,

(10) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (4-
methylbenzo[d]oxazol-2-yl)-1H-pyrazolo[3, 4-d]lpyrimidine-3-
carboxamide,

(11) (R)-4-amino-N- (5-fluorobenzo[d]oxazol-2-yl)-1-(1-
methacryloylpiperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(12) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,

(13) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,

(14) (R,E)-4-amino-N- (benzo[d]oxazol-2-yl1)-1-(1- (but-2-
enoyl)piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(15) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-1-
(1-(4- (dimethylamino)but-2-enoyl)piperidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(16) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(ethyl (methyl)amino)but-2-enoyl)piperidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(17) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(diethylamino)but-2-enoyl)piperidin-3-y1l)-1H-

pyrazolo[3,4-d]lpyrimidine-3-carboxamide,
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(18) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(isopropyl (methyl)amino)but-2-enoyl)piperidin-3-yl1) -
1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide,

(19) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4- (pyrrolidin-1-yl)but-2-enoyl)piperidin-3-y1l)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(20) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-1-
(1-(4- (piperidin-1-yl)but-2-enoyl)piperidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(21) (R,E)-4-amino-N- (5- (thiophen-2-yl)benzo[d]oxazol-
2-y1)=-1-(1-(4- (dimethylamino)but-2-enoyl)piperidin-3-y1)-
1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide,

(22) (R)-4-amino-N- (benzo[d]oxazol-2-y1l)-1-(1-(but-2-
ynoyl)piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(23) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (5, 6-
dimethylbenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-
3-carboxamide,

(24) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,

(25) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-1-
(1- (but-2-enoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(26) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
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(1-(3-methylbut-2-enoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(27) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,

(28) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
(thiophen-2-yl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(29) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
methylbenzo[d]oxazol-2-yl)-1H-pyrazolo[3, 4-d]lpyrimidine-3-
carboxamide,

(30) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,

(31) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-(4-
chlorophenyl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(32) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-1-
(1-(4- (dimethylamino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(33) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(ethyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(34) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-1-

(1-(4-(diethylamino)but-2-enoyl)pyrrolidin-3-yl)-1H-
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pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(35) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl1)-
1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide,

(36) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4-(pyrrolidin-1-yl)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(37) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-1-
(1-(4- (piperidin-1-yl)but-2-enoyl)pyrrolidin-3-y1l)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(38) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
methoxybenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(39) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
cyanobenzo|[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(40) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-(2-
methoxyethyl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-
dlpyrimidine-3-carboxamide,

(41) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-
carboxamide,

(42) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1l)-1-
(1-(4- (dimethylamino)but-2-enoyl)pyrrolidin-3-yl)-1H-

pyrazolo[3,4-d]lpyrimidine-3-carboxamide,
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(43) (R)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
(trifluoromethyl)benzo[d]oxazol-2-yl)-1H-pyrazolo[3, 4-
dlpyrimidine-3-carboxamide,

(44) (R,E)-4-amino-N-(5-
(trifluoromethyl)benzo[d]oxazol-2-y1)-1-(1-(4-
(dimethylamino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]lpyrimidine-3-carboxamide,

(45) 1-(l-acryloylazetidin-3-yl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide,

(46) 7-(l-acryloylazetidin-3-yl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide,

(47) (E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-7-(1-
(4- (dimethylamino)but-2-enoyl)azetidin-3-y1) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(48) (R)-7-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide,

(49) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-7-
(1-(4- (dimethylamino)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(50) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-yl)-7-
(1-(4-(ethyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl) 7H-

pyrrolo[2,3-d]pyrimidine-5-carboxamide,
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(51) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-7-
(1-(4-(diethylamino)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(52) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-7-
(1-(4-(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl)
TH-pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(53) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-7-
(1-(4-(pyrrolidin-1-yl)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(54) (R,E)-4-amino-N- (5-chlorobenzo[d]oxazol-2-y1l)-7-
(1-(4- (piperidin-1-yl)but-2-enoyl)pyrrolidin-3-y1l) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(55) (R)-7-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
phenylbenzo[d]oxazol-2-yl)-7H-pyrrolo[2,3-d]pyrimidine-5-
carboxamide,

(56) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1l)-7-
(1-(4- (dimethylamino)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(57) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1)-7-
(1-(4-(ethyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(58) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1l)-7-
(1-(4-(diethylamino)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(59) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1l)-7-
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(1-(4-(isopropyl (methyl)amino)but-2-enoyl)pyrrolidin-3-yl)
TH-pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(60) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1l)-7-
(1-(4-(pyrrolidin-1-yl)but-2-enoyl)pyrrolidin-3-yl) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide,

(61) (R,E)-4-amino-N- (5-phenylbenzo[d]oxazol-2-y1l)-7-
(1-(4- (piperidin-1-yl)but-2-enoyl)pyrrolidin-3-y1l) 7H-
pyrrolo[2,3-d]pyrimidine-5-carboxamide

(64) (R)-1-(l-acryloylpiperidin-3-yl)-4-amino-N- (7-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(65) (S)-1-(l-acryloylpyrrolidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(66) 1-((l-acryloylpyrrolidin-3-yl)methyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(67) 1-((l-acryloylpiperidin-3-yl)methyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(68) 1-((l-acryloylpiperidin-4-yl)methyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(69) 1-(l-acryloylpiperidin-4-yl)-4-amino-N-

(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
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carboxamide

(70) 1-((l-acryloylazetidin-3-yl)methyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(71) 1-((1S,4S)-4-acrylamidocyclohexyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(72) 1-((1R,4R)-4-acrylamidocyclohexyl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(73) (5,E)-4-amino-N- (benzo[d]oxazol-2-y1)-1-(1-(4-
(dimethylamino)but-2-enoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine-3-carboxamide

(74) 1-(l-acryloylazetidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(75) 1-((l-acryloylazetidin-3-yl)methyl)-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(76) 1-((l-acryloylazetidin-3-yl)methyl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(77) 1-((l-acryloylpiperidin-4-yl)methyl)-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-

carboxamide
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(78) 1-((1S,4S)-4-acrylamidocyclohexyl)—-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(79) 1-(l-acryloylazetidin-3-yl)-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(80) 1-((l-acryloylpiperidin-4-yl)methyl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(81) 1-((1S,4S)-4-acrylamidocyclohexyl)—-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(82) 1-(l-acryloylpyrrolidin-3-yl)-4-amino-N-
(benzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(83) 1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
fluorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(84) 1-(l-acryloylpyrrolidin-3-yl)-4-amino-N- (5-
chlorobenzo[d]oxazol-2-yl)-1H-pyrazolo[3,4-d]lpyrimidine-3-
carboxamide

(85) 1-(3-acrylamidopropyl)-4-amino-N- (benzo[d]oxazol-
2-yl)-1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide

(86) 1-(2-acrylamidoethyl)-4-amino-N- (benzo[d]oxazol-2-

yl)-1H-pyrazolo[3,4-d]pyrimidine-3-carboxamide.
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10. A probe comprising the compound according to any one of
claims 1 to 9 or a salt thereof, a detectable label or
affinity tag, and a linker, wherein the linker links the

compound with the label or the affinity tag.

11. A BTK inhibitor comprising the compound according to

any one of claims 1 to 9 or a salt thereof as an active

ingredient.

12. A pharmaceutical composition comprising the compound

according to any one of claims 1 to 9 or a salt thereof.

13. An antitumor agent comprising the BTK inhibitor

according to claim 11.

14. The BTK inhibitor according to claim 11, when used for

the treatment of a tumor.

15. The BTK inhibitor according to claim 11, when used for

the production of an antitumor agent.

16. A method for treating a tumor, the method comprising

administering the BTK inhibitor according to claim 11.
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17. An anti-hematopoietic system tumor agent comprising the
compound according to any one of claims 1 to 9 or a salt

thereof as an active ingredient.

18. The compound according to any one of claims 1 to 9 or a
salt thereof, when used for the treatment of a

hematopoietic system tumor.

19. The compound according to any one of claims 1 to 9 or a
salt thereof, when used for the production of an anti-

hematopoietic system tumor agent.

20. A method for treating a hematopoietic system tumor, the

method comprising administering the compound according to

any one of claims 1 to 9 or a salt thereof.

283



FLUORESCENT PROBE
CONCENTRATION (uM)

probe

Total BTR

11

il
o

ot
A
< S
- (2
= Z
Ll
g o
EXAMPLE L %
COMPOUND 53
Bd §

0124102

REFERENCE
EXAMPLE COMPOUND 1




	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

