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PYRAZOLOTHIAZOLE COMPOUND AND MEDICINE COMPRISING SAME

Field of the Invention

[0001]

The present invention relates to a pharmaceutical
composition comprising a novel pyrazolothiazole compound,
or a pharmaceutically acceptable salt thereof, or a solvate
therecf as an active ingredient.

Background Art
{0002}

Tyrosine kinases are a group of enzymes that
specifically phosphorylate a tyrosine residue in proteins.
The enzymes have a significant role in the intracellular
signal transduction pathways and relate to a wide variety
of biological functions including cell survival,
differentiation, proliferation, and secretion. Janus
Kinase (also referred to as JAK) family is known as that of
intracellular tyrosine kinases involving a cytokine
signaling. JAK family includes the four types of enzymes:
JRK1, JAKZ2, JAK3 and Tyrosine Kinase 2 (also referred to as
TykZ2). Once a cytokine associates with its respective
cytokine receptor, JAK i1s phosphorylated, and a tyrosine
residue of the receptor is then phosphorylated. Then,
signal transducer and activator of transcription (also

referred to as "STAT"), which exists in cells, will becocme
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associated with the phosphorylated tyrosine residue of the

receptor, and & tyrosine residue of STAT is phosphorylated
by JAK. The phosphorylated STATs form a dimer, and the
dimer translocates into the nucleus and activates
transcription of target gene, which leads to activation of
the cells. JAK/STAT pathways are the key intracellular
signal transduction pathways of cytokines in
immunocompetent cells (Non-Patent Literature 1). About 40
types of cytokine signal transductions are mediated by a
combination of the four JAKs and seven STATs, and
abnormalities of a cytokine production and a cytokine
signaling are believed to have an intimate involvement in
not only various immune and inflammatory diseases, such as
autolmmune diseases and allergic diseases, but also
diseases having diverse pathologies such as cancers.
Compounds suppressing the activation of these JAK/STAT
pathways draw attention as new therapeutics for these
diseases, and, in fact, JAK inhibitors have already been
approved in United States and Japan as a therapeutic for
myelofibrosis, polycythemia vera and rheumatoid arthritis.
Further, effects of such compounds are expected in the
treatment of other autoimmune diseases (such as psoriatic
arthritis, juvenile arthritis, Castleman's disease,
systemic lupus erythematosus, Sjdgren’s syndrome, multiple

sclerosls, inflammatory bowel disease, Behcet’s disease,
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myasthenia gravis, type 1 diabetes mellitus, immunoglobulin
nephrépathy, autoimmune thyroid diseases, psoriasis,
scleroderma, lupus nephritis, dry eye, vasculitis (such as
Takayasu's arteritis, giant cell arteritis, microscopic
polyangiitis, granulomatosis with polyangiitis and
eosinophilic granulomatcsis with polyangiitis),
dermatomyositis, polymyositis and neuromyelitis optica),
inflammatory diseases (such as atopic dermatitis, contact
dermatitis, eczema, pruritus, food allergies, bronchial
asthma, eosinophilic pneumonia, chronic obstructive
pulmonary disease, allergic rhinitis, chronic sinusitis,
eosincophilic sinusitis, nasal polyp, allergic
conjunctivitis, ostecarthritis, ankylosing spondylitis,
Kawasaki disease, Buerger's disease, polyarteritis nodosa
and IgA vasculitis), proliferative diseases (such as solid
cancers, blood cancers, lymph malignant tumor,
myeloproliferative diseases, multiple myeloma, pulmonary
fibrosis and eosinophilia), sudden hearing loss, diabetic
nephropathy, alopecia areata, bone marrow transplant
rejection or organ transplant rejection. Currently, the
clinical trials are in progress for some diseases as listed
above in Japan, United States and Europe.
r0003)

Specifically, various biological studies have

demonstrated an important role of JAKl in the signal
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transductions of many cytokines (See Non-Patent Literatures
2, 3 and 4), indicating that JAKl inhibitors are useful in
the treatment of the diseases, such as autoimmune diseases:
psoriatic arthritis (See Non-Patent Literature 5), juvenile
arthritis (See Non-Patent Literature 6), Castleman's
disease (See Non-Patent Literature 6), systemic lupus
erythematosus (Sée Non-Patent Literature 7), Sjdgren’s
syndrome (See Non-Patent Literature 8), multiple sclerosis
(See Non-Patent Literature 9}, inflammatory bowel disease
(See Non-Paten]t Literature 10), Behcet’s disease (See Non-
Patent Literature 11), myasthenia gravis (See Non-Patent
Literature 12), type 1 diabetes mellitus (See Non-Patent
Literature 9), immunoglobulin nephropathy (See Non-Patent
Literature 13), autoimmune thyroid diseases {(See Non-Patent
Literature 14), psoriasis (See Non-Patent Literature 15),
scleroderma (See Non-Patent Literature 16), lupus nephritis
(See Non-Patent Literature 17), dry eye (See Non-Patent
Literature 18), vasculitis (See Non-Patent Literatures 19,
20, 21, 22 and 23), dermatomyositis (See Non-Patent
Literature 24), polymyositis (See Non-Patent Literature 24),
neuromyelitis optica (See Non-Patent Literature 25},
inflammatory diseases: atopic dermatitis (See Non-Patent
Literature 26), contact dermatitis (See Non-Patent
Literature 27), eczema (See Non-Patent Literature 28),

pruritus (See Non-Patent Literature 29), food allergiles
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(See Non-Patent Literature 30), bronchial asthma (See Non-
Patent Literature 31), eosinophilic pneumonia (See Non-
Patent Literature 32), chronic obstructive pulmonary
disease {See Non-Patent Literature 33), allergic rhinitis
(See Non-Patent Literature 31), chronic sinusitis (See Non-
Patent Literature 34), eosinophilic sinusitis, nasal polyp
(See Non-Patent Literature 35), allergic conjunctivitis
(See Non-Patent Literature 36), osteocarthritis (See Non-
Patent Literature 37), ankylosing spondylitis (See Non-
Patent Literature 6), Kawasaki disease (See Non-Patent
Literature 38), Buerger's disease (See Non-Patent
Literature 39), polyarteritis nodosa (See Non-Patent
Literature 40), IgA vasculitis (See Non-Patent Literature
41), proliferative diseases: solid cancers, blood cancers,
lymph malignant tumor, myeloproliferative diseases,
multiple myeloma (See Non-Patent Literatures 42, 43 and 44),
sudden hearing loss (See Non-Patent Literature 45),
diabetic nephropathy (See Non-Patent Literature 46),
alopecia areata (See Non-Patent Literature 47), bone marrow
transplant rejection or organ transplant rejection, etc.
For example, the following clinical trials are in progress.
Rheumatoid arthritis (https://clinicaltrials.gov/
NCT(01888874 and NCT02049138), Crohn's disease
(https://clinicaltrials.gov/ NCT02365649), non small cell

lung cancer {(htips://clinicaltrials.gov/ NCT02257619),
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pancreatic cancer (https://clinicaltrials.gov/ NCT01858883),
myelofibrosis (https://clinicaltrials.gov/ NCT01633372) and
psoriasis (https://clinicaltrials.gov/ NCT02201524).

[0004]

Further, among the cytokine signalings associated with
JAK1l, the inhibitors for the following cytokines have
already been launched.

(1) IL-6 (also referred to as interleukin-6): therapeutic
agents for rheumatoid arthritis, juvenile arthritis and
Castleman's disease (See Non-Patent Literatures 48, 49 and
50) .

(2) IL-2: therapeutic agent for acute rejection following
renal transplantation (See Non-Patent Literature 51).
[0005]

In addition, the clinical trials on the following cytokine
inhibitors are in progress.

(3) IL-4 and IL-13: therapeutic agent for bronchial asthma,
atopic dermatitis, eosinophilic sinusitis, nasal polyp and
eosinophilic esophagitis (See Non-Patent Literature 31).
{(4) IL-13: therapeutic agent for pulmonary fibrosis (See
https://clinicaltrials.gov/ NCT02036580) .

(5) IL-5: therapeutic agent for bronchial asthma, chronic
obstructive pulmonary disease, eosinophilia, eosinophilic
granulomatosis with polyangiitis, eosinophilic esophagitis,

eosinophilic sinusitis/nasal polyp and atopic dermatitis
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(See Non-Patent Literature 31 and Non-Patent Literature 52).
(6) IFNo (also referred to as interferon-o): therapeutic
agent for systemic lupus erythematosus (See Non-Patent
Literature 7).

(7) IL-31: therapeutic agent for atopic dermatitis
(https://clinicaltrials.gov/ NCT01986933).

(8) TSLP (also referred to as thymic stromal
lymphopoietin): therapeutic agents for bronchial asthma
(https://clinicaltrials.gov/ NCT02054130) and atopic
dermatitis (https://clinicaltrials.gov/ NCT00757042).
[0006]

Thus, the inhibition of JAKl signal is a preferred
means for the prevention or treatment of the diseases
caused by an abnormality of JAKl, such as autoimmune
diseases, inflammatory diseases and proliferative diseases.
[0007]

As a JAKl inhibitor, [1,2,4]triazolo[l,5-alpyridines
(See Patent Literatures 1 and 2), tricyclic pyrazinones
(See Patent Literature 3), pyrrolopyrimidines (See Patent
Literatures 4 to 7), phthalazines (See Patent Literature 8),
imidazopyrrolopyridines {(See Patent Literature 9 and Non-
Patent Literature 53), diamino-1,2,4-triazoles (See Non-
Patent Literature 54), pyrazclol[l,5-alpyridines {(See Patent
Literature 10), imidazoll,2-alpyridines (See Patent

Literatures 11 and 12), benzimidazocles (See Patent



10

15

20

[N

U

Literature 13), 7-azaindoles (See Patent Literature 14) are

reported. However, none of the documents as mentioned

disclose pyrazolol5,1-bij[l,3]thiazole compounds.
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of the Invention

to be solved by the invention

object of the present invention is to provide a

compound with an excellent JAK1 inhibitory activity.

Means for solving the problem

[0011]

The present invention is based on the inventor's

discovery that a compound represented by the following

general

thereof,

formula [I] or a pharmaceutically acceptable salt

or a solvate thereof (herein after referred to as

"the compound of the invention") has an excellent JAKI

inhibitory activity.

[0012]

Thus, the present inventions as in the following (I)

to (XVII} are disclosed.
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(I) A pyrazolothiazole compound represented by the formula

[I]:

[Formula 1]

N N__Z
l\
N A\ pi
Q)
RZ
[
5 wherein,

R* is hydrogen, alkyl or alkoxy;
Z is -OR® or -NR'R%;
in which
R® is alkyl, alkyl substituted with cycloalkyl, cycloalkyl,
10 aryl or heterocaryl,
R* is hydrogen or alkyl;
R® is alkyl, cycloalkyl or saturated heterocyclic group,
said alkyl and cycloalkyl in R’ is optionally substituted
with one or two groups selected from the group consisting
15 of the following (1) to (6):
(1) hydroxy,
(2) alkoxy, and difluoroalkoxy,
(3) cycloalkyl, cycloalkyl substituted with
{difluorocalkoxy)alkyl, and cycloalkyl substituted with

20 alkoxyalkyl,
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(4) saturated heterocyclic group optionally substituted
with (difluorocalkoxy)alkyl,

(5) aryl, aryl substituted with halogen, and aryl
substituted with alkoxy, and

(6) nitrile, and
said saturated heterocyclic group in R’ is optionally
substituted with one or two groups selected from the
following (1) to (3):

(1) alkyl,

(2) alkylcarbonyl, and

(3) alkoxycarbonyl;
R° is hydroxy or -NHR?,
in which
R® is heterocaryl, heterocaryl substituted with halogen,
heteroaryl substituted with alkyl, -COL}, -COOL? or -SO0,L°,
said L' is a group selected from the group consisting of
the following (1) to (5):

(1) alkyl, monohalocalkyl, dihaloalkyl, trihaloalkyl, and
alkyl substituted with alkoxy

(2) cycloalkyl,

(4) heterocaryl, and
{5) dialkylamino, and cycloalkylamino,
said L? is a group selected from the group consisting of

the following (1) to (3):
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(1) alkyl, monohalocalkyl, dihaloalkyl, trihaloalkyl, and
alkyl substituted with alkoxy,

(2) cycloalkyl, and

(3) dialkylaminoalkyl, and
said L° is alkyl or cycloalkyl,
or a pharmaceutically acceptable salt thereof, or a solvate

thereof.

[0013]

(II) The pyrazolothiazole compound as described in (I) or a
pharmaceutically acceptable salt thereof, or a solvate

thereof, wherein R' is hydrogen.

[0014]

(IIT1) The pyrazolothiazole compound as described in
{II) or a pharmaceutically acceptable salt thereof, or a
solvate thereof, wherein

Z is -NR'R%;

in which

R* is hydrogen,

R® is alkyl or cycloalkyl,

said alkyl and cycloalkyl in R®> are optionally substituted
with a group selected from the group consisting of the
following (1) to (3):

{1) hydroxy,
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{2y alkoxy, and

(3) cycloalkyl,
R® is hydroxy or -NHRS,
R® is heteroaryl, hetercaryl substituted with halogen,
heteroaryl substituted with alkyl, -COL' or -COOLZ,
said L' is a group selected from the group consisting of
the following (1) to (4):

(1) alkyl, monohalcalkyl, dihaloalkyl, trihaloalkyl, and
alkyl substituted with alkoxy,

(2) cycloalkyl,

(3) aryl, and

{4) heteroaryl, and
said L? is alkyl, monohaloalkyl, dihaloalkyl, trihaloalkyl,

alkyl substituted with alkcxy or cycloalkyl.

[0015]

{IV) The pyrazolothiazole compound as described in (III) or

a pharmaceutically acceptable salt thereof, or a solvate
thereof, wherein

R®> is alkyl, alkyl substituted with hydroxy, alkyl
substituted with cyclopropyl or alkyl substituted with
alkoxy, and

R? is -NHRS.

[0016]
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(V) The pyrazolothiazole compound as described in (III) or
a pharmaceutically acceptable salt thereof, or a solvate
thereof, wherein
R®> is alkyl having 2 to 6 carbon atoms or alkyl substituted
with cyclopropyl,
R® is -NHR®,
R® is -COL' or -COOL?,

said L' is alkyl having 2 to 6 carbon atoms or cyclopropyl,
and

said L? is alkyl or cyclopropyl.

[0017]

(VI) The pyrazolothiazole compound as described in (I)
which is any cone of the following (1) to (135):

(1) N=-(i-{[6-{[(1S)-1~cyclopropylethyl]lamino}-2~
(pyrazolo[5,1-bl[1,31thiazol~-7~yl)pyrimidin~4-
yllcarbonyl}piperidin-4-yl)cyclopropanecarboxamide,
(2) N-(1-{[6-{[(1lS)~-1-cyclopropylethyl]amino}-2~-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonyllpiperidin-4-yl)acetamide,

(3) N=(1-{[6-{[(28)~-3,3-dimethylbutan-2-yllamino}-2-
(pyrazole(5,1-bi(1,3]thiazol-T-ylipyrimidin-4-
yl]carbonyl}piperidin-4-yl)cyclopropanecarboxamide,
(4) N-(1-{[6-{[(2S8)-3,3-dimethylbutan-2-yl]lamino}-2-

(pyrazole[5,1-b][1,3]thiazol-7-yi)pyrimidin-4-
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yllcarbonyl}piperidin-4-yl)acetamide,

(5) N-(1-{[6-{[(1S,28)~-2~

(difluoromethoxy)cyclopentyl] (methyl)amino}-2-
(pyrazolo[5,1-b]}[1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyljpiperidin-4-yl)cyclopropanecarboxamide,

(6) N-(1-{[6-{[(25)-3,3-dimethylbutan-2-yljamino}-5-methyl-
2-(pyrazolo([5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vllicarbonyll)piperidin-4-yl)acetamide,

(7) N=-(1-{[6-{[(28)-3,3-dimethylbutan-2-yl]lamino}-5-methyl-
2-({pyrazolo{5,1-bl[1,3lthiazol-7-yl)pyrimidin-4-
vl]carbonyllpiperidin-4-yl)cyclopropanecarboxamide,

(8) N-[l-({e-[({1-

[ (difluoromethoxy)methyl]lcyclopropylimethyl)amino]-2-
(pyrazolo([5,1-bl[1,3]thiazol-7-yl)pyrimidin-4-
yl}carbonyl)piperidin-4~yllcyclopropanecarboxamide,

(9) N-[1-({e-[({1-

[ (difluoromethoxy)methyllcyclobutyl}lmethyl)amino] -2~
(pyrazolo[5,1-b] [1,3]thiazol~-7-yl)pyrimidin—-4-
yl}carbonyl)piperidin-4~-yllcyclopropanecarboxamide,

(10) N-[1-({fe-[({1-

[(difluoromethoxy)methyl]cyclopentyl jmethyl)amino]-2-
{(pyrazolo[5,1-b][1,3]1thiazol-7-yl)pyrimidin-4-
yl}carbonyl)piperidin—4—yl]cyclopropanecarboxamide,

(11) N-{1-({6~[({4-[(difluoromethoxy)methyl]ltetrahydro-2H-

pyran-4-ylimethyl)amino]-2-(pyrazolo[5,1-b][1,3]thiazol-7-



.10

15

20

20

vl)pyrimidin-4-yl}carbonyl)piperidin-4-

yvllcyclopropanecarboxamide,

(12) N-(1-{[6-{[(1S)-1-cyclopropylethyl]amino}-5-methyl-2-

(pyrazolo(5,1-b][1,3]thiazol-7-yl)pyrimidin~4-~

yl]lcarbonyl}piperidin-4-yl)cyclopropanecarboxamide,

(13)

N-(1-{[6-{[(1S)~-1-cyclopropylethyl]lamino}-5-methyl-2-

(pyrazolo[5,1-b]{1,3]thiazol~-7~yl)pyrimidin-4-

yl]lcarbonyl}piperidin—-4-yl)acetamide,

(14)

N-(1-{[e-{[(lS,28)~2~

(difluoromethoxy)cyclopentyllamino}~2-(pyrazolo[5,1-

b][1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-

yvl)cyclopropanecarboxamide,

(15)

N-[1-({6-][(2,2~dimethylpropyl)amino] -2~ (pyrazolo[5, 1~

bl[1,3]thiazol-7-yl)pyrimidin-4~yllcarbonyl)piperidin-4-

yl]cyclopropanecarboxamide,

(16)

N-(1-{[6-{[(2R) -3, 3-dimethylbutan-2-yl]amino}-2~

(pyrazolo[5,1~-b][1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonyl}piperidin-4-yl)cycloprcpanecarboxamide,

(17)

N-(1-{[6-{[(25)-1-(difluoromethoxy)propan—~2~-yl]lamino}-

2-(pyrazolo{5,1-b]{1l,3]thiazol-7T-yl)pyrimidin~-4~

yllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,

N-(1-{[6-{[(1S)~-1~cyclopropylethyl]amino}-5-methyl-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonyll}piperidin-4-yl)~2,2-difluoroacetamide,

(19)

N-{(1-{[6-{[(18,23)-Z-methoxycyclopentyljamino}-2-
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(pyrazolo[5,1-b]J[1,3]thiazol-7-yl)pyrimidin-4~
yllcarbenyllpiperidin-4-yl)cyclopropanecarboxamide,

(20) [e-{[(1lS)~-1l-cyclopropylethyl]jamino}-2-(pyrazolo[5,1-
bl[1l,3]thiazol-7-yl)pyrimidin-4-yl} (4-hydroxypiperidin-1-
yl)methanone,

(21) 1-fluoro-Z-methylpropan-2-yl (1-{[6-{[(18)-1~-
cyclopropylethyl]amino}-2- (pyrazolo[5,1-b][1,3]thiazol-7-
y1l)pyrimidin-4-yl]lcarbonyl}piperidin-4-yl)carbamate,

(22) methyl (1-{[6-{[(28)-3,3~dimethylbutan-2~yl]jamino}-2-
(pyrazolo[5,1-b])[1,31thiazol~7-yl)pyrimidin-4-
yvl]carbonyllpiperidin-4-yl)carbamate,

(23) [6-{[(25)~3,3-dimethylbutan-2-yllamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7~yl)pyrimidin-4-yl] (4-
hydroxypiperidin-l1-yl)methanone,

(24) methyl (1-{[6-{[(2R)-3-methylbutan-2-yllamino}-2-
(pyrazolo([5,1-b][1,31thiazol-7~yl)pyrimidin-4-
yllcarbonyllpiperidin-4-yl)carbamate,

(25) methyl (1-{[6-{[(28)~-3-methylbutan-2-yllamino}-2-
(pyrazolo[5,1-b][1,3]thiazol~7~yl)pyrimidin-4-
vllcarbonylipiperidin-4-yl)carbamate,

(26) methyl (1-{[6-{[(18)-1-cyclopropylethyllamino}-2-
(pyrazolol[5,1-b][1,3]thiazol-7~-yl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)carbamate,

(27) ethyl (1-{[6-{[(1S)~1l~-cyclopropylethyl]jamino}-2-

(pyrazelo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
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yvllcarbonyllpiperidin-4~yl)carbamate,

(28) propan-2-yl1 (1-{[6-{[(2R)~3,3-dimethylbutan-2-
yllamino}-2-(pyrazeclo{5,1~-b][1,3]thiazol~-7-yl)pyrimidin-4-
yvl]lcarbonyl}piperidin—-4-yl)carbamate,

(29) N-(1-{[6-{[(1S)~1~-cyclopropylethyllamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]lcarbonyl}piperidin-4-yl)benzamide,

{30) N-(1-{[6-{[(1S)-1-cyclopropylethyllamino}-2-
(pyrazolo[5,1-b] [1,3]thiazol~-7-yl)pyrimidin-4~
yvllcarbonyl}piperidin-4-yl)pyridine-3-carboxamide,

{31) N=(1-{[6~{[(1S)~-1l~cyclopropylethyl]amino}-2~
(pyrazolol[5,1-b]{1,3]thiazol~-7~yl)pyrimidin-4-
yllcarbonyl)piperidin-4-yl)thiophene~-2-carboxamide,

(32) N-(1-{[é~{[(1S)~1-cyclopropylethyl] (methyl)amino}-2-
(pyrazolo([5,1-b] [1,3]thiazol~7~yl)pyrimidin-4-
yvl]carbonyl}piperidin-4-yl)cyclopropanecarboxamide,

(33) l-cyclopropyl-3-(1-{[6-{[(1S)-1-
cyclopropylethyllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-
v1)pyrimidin~4-yl]carbonyl}piperidin-4-yl)urea,

(34) [6-{[(18)-1l-cyclopropylethyl] (methyl)amino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-y1l][4~
(pyrimidin-Z2-ylamino)piperidin-1l-ylimethanone,

(35) N-{l-{[6-{tert-butylamino)-2-(pyrazolo[5,1~-
bl[1,3)thiazol~7-yl)pyrimidin-4~-yl}lcarbonyl}piperidin-4-

l)cyclopropanecarboxamide,
Yy Y f
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(36) N-[1-({6-[(l-methylcyclopropyl)amino]-2-(pyrazolo[5,1-
bl[1,3]thiazol~7-yl)pyrimidin-4-yl}lcarbonyl)piperidin~-4-
vlicyclopropanecarboxamide,

{37) N=[1-({6-[(1l-methoxy-2-methylpropan-2-yl)amino]-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin~4-
yvl}lcarbonyl)piperidin-4-yl]lcyclopropanecarboxamide,

(38) methyl (1-{[6~{[(2R)~-3,3~-dimethylbutan-2~yllamino}-2-
(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-
yllcarbonyl)piperidin-4-yl)carbamate,

(39) ethyl (1-{[6-{[(2R)-3,3~dimethylbutan-2-yl]lamino}-2-
(pyrazolo[5,1-b][1,3lthiazol-7-yl)pyrimidin-4-
yljcarbonyl}piperidin-4-yl)carbamate,

(40) propan-2-yl (1-{[6-{[(1S)-1-cyclopropylethyllamino}-2-
(pyrazolo[5,1~-b][1,3]thiazel-7-yl)pyrimidin-4-~
yllcarbonyl}piperidin-4-yl)carbamate,

(41) N-(1-{[6-{[(1S)=-1-cyclopropylethyl] (methyl)amino}-2-
(pyrazolo([5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]lcarbonyl}lpiperidin-4-yl)benzamide,

(42) N-(1-{[6-(cyclopropylmethoxy)~2-(pyrazolo[5,1~-
bl[1,3]1thiazol~-7-yl)pyrimidin-4~yl]lcarbonyllpiperidin-4-
vl)cyclopropanecarboxamide,

(43y N-[{1-({6-[(3,3-dimethylbutan-2-yl)oxyl-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl}carbonyl)piperidin-4~yl]cyclopropanecarboxamide,

(44) N-{(1-{[6-{cyclobutyloxy)-2-(pyrazolol[5, 1-

——
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bl][1l,3lthiazcl-7-yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-
yl)cyclopropanecarboxamide,

(45) N-(1-{[6-(cyclopentyloxy)-2-(pyrazolo[5,1-
b][1,3]thiazol-7-yl)pyrimidin-4-yljcarbonyl}piperidin-4-
yvl)cyclopropanecarboxamide,

(46) N-(1-{[6-{[(1R)-1-cyclopropylethyl]amino}-2~-
(pyrazolo[5,1-b][1,3]thiazol~-7~yl)pyrimidin-4-
yvl]carbonyl}piperidin-4-yl)cyclopropanecarboxamide,

(47) N-[1-({6é-[(l-hydroxy-2-methylpropan-2-yl)amino]-2-
(pyrazolo(5,1~b]{1,31thiazol-7-yl)pyrimidin-4~
yl}lcarbonyl)piperidin~-4-yljcyclopropanecarboxamide,

(48) [6-{[(1l8)-1-cyclopropylethyl]amino}-2~(pyrazolo[5,1-
b1[1,3)thiazol-7-yl)pyrimidin-4-yl][4~(1,2-0oxazol-3-
ylamino)piperidin-1-yl]methanone,

(49) [6-{[(18)~1l-cyclopropylethyl]amino}-2~(pyrazolo[5,1-
b][1l,3]thiazol-7~yl)pyrimidin~4-yl][4-(1,3-thiazol-2~
ylamino)piperidin-l-yl]lmethanone,

(50) [6-{[(1lS)~1l-cyclopropylethyl]lamino}-2-(pyrazolol[5,1-
b][1,3]thiazol~7-yl)pyrimidin-4-yl1]{4-[(3-methyl-1,2-
oxazol-5~yljamino]lpiperidin-1~ylimethanone,

(51) N=(1-{[6-{[(28)-1-hydroxy~-3,3-dimethylbutan-2-
yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-
yvljcarbonyl}piperidin-4-yl)cyclopropanecarboxamide,

(52) [6-(tert-butylamino)-2-(pyrazolo[5,1-b][1,3]1thiazol-7-

yv1l)pyrimidin-4-yl] (4-hydroxypiperidin-1-yl)methanone,
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(53) methyl (1-{[6-(tert-butylamino)-2-(pyrazolo[5,1-

bl {1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-
vl) carbamate,

(54) propan-2-yl (1-{[6-(tert-butylamino)-2- (pyrazolo[5,1-
bl{1,3]thiazol-7-yl)pyrimidin-4-yllcarbonyl}piperidin-4-
yl)carbamate,

{55) methyl [1-({6-[(l-hydroxy-2-methylpropan-2-yl)amino]-
2-(pyrazolo[5,1~-b] (1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl)piperidin-4-yl]carbamate,

(56) [6-{[(2R)-3,3-dimethylbutan-2-yljamino}-2-
{(pyrazoelo[5,1-bl[1,3]thiazol-7-yl)pyrimidin-4-yl] (4-
hydroxypiperidin-1l1-yl)methanone,

(57) methyl (1-{[6-{[(28)-1-hydroxy-3,3-dimethylbutan-2-
yllamino}-2-(pyrazolo[5,1-b]{1l,3]thiazol-7-yl)pyrimidin-4-
yljcarbonyl}piperidin—4—yl)carbamate,

(58) methyl [1-({6-[(3,3-dimethylbutan-2-yl)oxy]-2-
(pyrazolo[5,1-b]l{1,3]thiazol~7-yl)pyrimidin-4-
vllcarbonyl)piperidin-4-yl]carbamate,

(59) methyl (1-{[6-(cyclobutyloxy)-2-(pyrazolo[5,1-

b} [1,3]thiazol-T-yl)pyrimidin-4-yljcarbonyl}piperidin-4-
yl)carbamate,

(60) N=(1-{[6~{[(18)~-1-cyclopropylethyl]lamino}~-2~
{(pyrazolo{5,1-b][1,3]thiazol-7-yl)pyrimidin~4-
yl]jcarbonyllpiperidin-4-yl)methanesulfonamide,

(61) N—(1-{[6-{[(1S)-1-cyclopropylethyl]lamino}-2-
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(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl}piperidin-4-yl)cyclopropanesulfonamide,

(62) N=(1-{[6-{[(1S)~-1-cyclopropylethyllamino}-2-
(pyrazolo([5,1-b][1,31thiazol~-7-yl)pyrimidin-4-~
vllcarbonylipiperidin-4-yl)ethanesulfonamide,

(63) N-(1-{[6-(tert-butylamino)-2-{(pyrazolo[5,1-
b)[1,3]thiazol~7-yl)pyrimidin-4-yllcarbonyl}piperidin-4-
yl)-2-methylpropanamide,

(64) N-(1-{[6-(tert-butylamino)-2-(pyrazolo[5,1-
b][1,3]lthiazol-7-yl)pyrimidin-4~yllcarbonyl}piperidin-4~
yl)=2,2-difluorocacetamide,

(65) ethyl (1-{[6-(tert-butylamino)-2-(pyrazolol[5,1-
bl{1,3]thiazol-7-yl)pyrimidin-4~yl]carbonyllpiperidin-4-
yvl)carbamate,

(66) [6-(tert-butylamino)-2-(pyrazolo[5,1-b]{1,3]thiazol-7~
vyl)pyrimidin-4-yl1] [4~({pyridin-2-ylamino)piperidin-1~
yl]lmethanone,

(67) ethyl (1-{{6-{[(1R)-1~cyclopropylethyllamino}-2~-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]éarbonyl}piperidin—4—yl)carbamate,

(68) [6-(tert-butylamino)-2-{(pyrazolo{5,1-b][1,3lthiazol-7-
yv1l)pyrimidin-4-yl1][4-(1,3-thiazol-2~-ylamino)piperidin-1-
yllmethanone,

(69) [6-(tert-butylamino)-2-(pyrazolol[5,1~-bl[1,3]thiazol~7-

5

yl)pyrimidin-4-v1}[4-(pyrimidin-2~-ylamino)piperidin-1~
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yllmethanone,

(70) methyl [1-({6-[(2-methylbutan-2-yl)amino]-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl}lcarbonyl)piperidin-4~yl]carbamate,

(71) (4-hydroxypiperidin-1-yl) [6-(pentan~-3-ylamino)-2-
(pyrazolo([5,1-b][1,3]thiazol-7-yl)pyrimidin-4-yl]lmethanone,
(72) propyl (1-{[6-(tert-butylamino)-2-(pyrazolo[5,1~
b][1,3]thiazecl~7-yl)pyrimidin-4-yllcarbonyl}piperidin-4-
yl)carbamate,

(73) propyl (1-{[6~{[(1R)-1-cyclopropylethyllamino}-2-
(pyrazolo[5,1-b][1,3}thiazol~-7-yl)pyrimidin-4-
yllcarbonyll)piperidin-4-yl)carbamate,

(74) propyl (1-{[6-{[(18)-1-cyclopropylethyl]lamino}-2~
(pyrazolo[b5,1-b} [1,3]thizzol~-7~yl)pyrimidin-4-
yllcarbonyl}piperidin-4-yl)carbamate,

(75) propyl (i-{[{6-{[(2R)-3,3-dimethylbutan-2-yllamino}-2-
(pyrazolo[5,1-b][1,31thiazel-7-yl)pyrimidin-4-
yl]carbonyl})piperidin-4-yl)carbamate,

(76) propyl (1-{[6-{[(2S)-3,3-dimethylbutan-2-yl]amino}-2-
(pyrazolo[5,1-pb][1,3]1thiazol~7~-yl)pyrimidin-4-
yljcarbonyl}piperidin-4-yl)carbamate,

(77) methyl [1-({6~[(2,2-dimethylpropyl)aminoc]-2-
(pyrazolo[5,1-bl1[1,3]thiazol~7-yl)pyrimidin-4-
ylicarbonyl)piperidin-4-yljcarbamate,

(78) 2-methoxyethyl (1-{[6-{[(1R}-1-
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cyclopropylethyllamino)}-2-(pyrazolo([5,1-bl[1,3]thiazol-7-

yl)pyrimidin-4-yllcarbonyllipiperidin-4-yl)carbamate,

(79)

2-methoxyethyl (1-{[6-{[(1S)-1~-

cyclopropylethyl]amino}-2- (pyrazolo(5,1-b] (1, 3]thiazol-7~-

vl)pyrimidin-4-yl]lcarbonyl}piperidin~4-yl)carbamate,

(80)

2-methoxyethyl (1-{[6-{[(2R)~3,3~-dimethylbutan-2-

yvllamino}-2~(pyrazolo[5,1-b]}[1,3]thiazeol-7-yl)pyrimidin-4-

vllcarbonylipiperidin-4-yl)carbamate,

(81)

2-methoxyethyl (1-{[6-{[(25)-3,3-dimethylbutan-2-

vllaminoc}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yljcarbonyl}piperidin~4-yl)carbamate,

(82)

N-(1-{{6~-{[(1R)-1~-cyclopropylethyllamino}-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvljcarbonyl}piperidin-4-yl)-2-methoxyacetamide,

(83)

N-(1-{{6-{[(2R) -3, 3~dimethylbutan-2-yljamino}-2-

(pyrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-4-

yvllcarbonyl}piperidin~4-yl)-2-methoxyacetamide,

(84)

methyl [1-({6-[{[1l-

(methoxymethyl)cyclopropyl]lmethyl} (methyl)amino] -2~

(pyrazoloid,1-b}{1,3lthiazol-7T-yl)pyrimidin-4-

yl}carbonyl)pilperidin~4~yl]carbamate,

(85)

2,2~difluoroethyl

(1-{[e~{[(1IR)-1~-

cyclopropylethyllamino}-2-(pyrazolo{5,1-bl{1,3]thiazol-7-

v1l)pyrimidin-4-yl]lcarbonyl}lpiperidin~4-yl)carbamate,

(86)

2,2~difluoroethyl

(1-

{

L

[6-{[(2R) -3, 3-dimethylbutan-2-
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yllamino}-2-(pyrazole([5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl}piperidin-4-yl)carbamate,

(87) 2,2-difluorcethyl (1-{[6-{[(18)-1-
cyclopropylethyl]amino}-2- (pyrazolo[5,1-b}[1,3]thiazol-7~
yvl)pyrimidin-4-yl]carbonyl}piperidin-4-yl)carbamate,

(88) 2,2-difluoroethyl (1-{[6-{[(28)~3,3-dimethylbutan-2-
yllamino}-2-(pyrazolo[5,1-b][1,3]thiazeol-7-yl)pyrimidin~-4-
yl]carbonyllpiperidin-4-yl)carbamate,

(89) tert-butyl (1-{[6-{[(2R)~3,3-dimethylbutan-2-
yllamino}-2-(pyrazolo[5,1-b}[1,3]thiazol~-7-yl)pyrimidin-4-
yvl]lcarbonyl}piperidin-4-yl)carbamate,

(90) 2-methoxyethyl (1-{[6-(tert-butylamino)-2-
{(pyrazoloib,1-b}[1,3]thiazol-7-yl)pyrimidin-4-
yl]carbonyllpiperidin—-4-yl)carbamate,

(91) 2-(dimethylamino)ethyl (1-{[6-{[(2R)=-3, 3~
dimethylbutan-2-yllamino}-2-(pyrazolol[5,1-b]l[1,3]thiazcl-7-
yvl)pyrimidin-4-yl]carbonylipiperidin-4-yl)carbamate,

(92) 2,2,2~-trifluorcethyl (1-{[{6-{[(1R)-1-
cyclopropylethyl]amino}-2-(pyrazolo[5,1-b}[1,3]thiazol-7~
v1l)pyrimidin-4-yl]carbonyllpiperidin-4-yl)carbamate,

(93) 2,2,2-trifluoroethyl (1-{[6-{[(2R)~3,3~-dimethylbutan-
2-yl]lamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin=-
4~yllcarbonylipiperidin-4-vyl)carbamate,

(94) 2-methoxy-N-(1-{[6~-(pentan-3~-ylamino)-2~(pyrazolo[5,1-

bl{1,3]thiazol-7-yl)pyrimidin-4-yl]carbonyllpiperidin-4-
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yl)acetamide,

(95) N-(1-{[6~-(2-ethylbutoxy)-2-(pyrazolo[5, 1-

b} {1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyllpiperidin-4-
vl)cyclopropanecarboxamide,

(96) methyl (1-{[6-(pentan-3-yloxy)-2-(pyrazolo[5,1-
bil1,31thiazol-7-yl)pyrimidin-4-yllcarbonyllpiperidin-4-
yl)carbamate,

{97) methyl (l1-{[6-(pentan-3-ylamino)-2- (pyrazolo[5,1-
bl[1,3]thiazol~-7~yl)pyrimidin-4-yl]carbonyl}piperidin-4-
yl)carbamate,

{98) N-[1~({6~-]{2-ethylbutyl)amino]~2- (pyrazolo[5,1-
b][1,3]thiazol-7-yl)pyrimidin-4-yl)carbonyl)piperidin-4-
yvllcyclopropanecarboxamide,

{(99) N~ {(1-{[6-(pentan~-3-yloxy)-2-(pyrazolo[5, 1~
bl[1,3]thiazol~7-yl)pyrimidin-4~yl]lcarbonyl}lpiperidin-4-
yl)cyclopropanecarboxamide,

(100) methyl [l1~({6~[methyl (pentan-3-yl)amino]l-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl)piperidin-4-yl]lcarbamate,

(101) methyl (1-{[6-{[{2R)-3,3-dimethylbutan-2-

yl] (methyl)amino}-2~(pyrazolic[5,1-b]}[1,3]thiazol~7~
yv1)pyrimidin-4-yl]lcarbonyl}piperidin-4-yl)carbamate,
(102) N-(1-{[6~(2~ethylbutoxy)-2-(pyrazolo[5,1-
bl1{1,31thiazol-7-yl)pyrimidin-4-yl)carbonyl}piperidin-4-

yl)propananmide,
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N-(1-{[6-{[(2R)-3,3~dimethylbutan-2-

y1l]l (methyl)amino}-2-(pyrazolo(5,1-b][1,3]1thiazol-7-

vl)pyrimidin-4-yl]lcarbonyl}piperidin-4-yl)propanamide,

(104)

N-[1-({6-[methyl(pentan-3-yl)aminc]-2- (pyrazolo[5, 1~

b][1,3]thiazol-7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-

yvl]lpropanamide,

(105)

[6={[ (2R)-3,3-dimethylbutan-2~yllamino}-2-

{(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-y1]{4-{(3-

fluoropyridin-2-yl)amino]lpiperidin-l-yl}methanone,

(106)

N-[1l-({6-[ (2-methoxy-2-methylpropyl)amino]-2-

(pyrazolol[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vl}carbonyl)piperidin-4-yl]lpropanamide,

(10

-
/

)

(4-hydroxypiperidin-1-yl) {6~ [methyl (pentan-3-

yl)aminol-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvl}methanone,

(108)

N-(1-{[6-{[(2R)-3-methylbutan-2~-yllamino}-2-

(pyrazolo[5,1-b] [1,3]thiazol~7-yl)pyrimidin~4-

vllcarbonylipiperidin-4-yl)propanamide,

(109) N-(1-{[6-{[(2R)=-3-methylbutan-2-yl]jamino}-2~

(pyrazclo{5,1-b}[1,3]thiazol~-7-yl)pyrimidin-4-

vl]carbonyl}piperidin-4-yl)cyclopropanecarboxamide,

(110)

N-(1-{[6-{[(25)-3-methylbutan-2-yl]lamino}-2~

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4~

vl]carbonyllpiperidin-4-yl)cyclopropanecarboxamide,

(11

9
-

)

N-(1-{[6~(pentan-3~ylamino}-2- (pyrazolo[5,1-
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b][1,3]thiazol-7-yl)pyrimidin~-4-yljcarbonyl}piperidin-4-
yl)cyclopropanecarboxamide,

{112) methyl [1-({6-[(2%)-butan-2-ylamino]-2-{(pyrazolo[5,1-
b][1,3]thiazol-7~yl)pyrimidin-4-yljcarbonyl)piperidin-4-
yvl]carbamate,

(113) methyl [1-({6-[(2R)-butan-2-ylamino]l-2-(pyrazolo[5,1-
b][1,3]thiazolf7—yl)pyrimidin—4—yl}carbonyl)piperidin—4—
vl]lcarbamate,

(114) N-[1-({6-[(l-methylcyclopropyl)amino]-2-
(pyrazolol5,1-p][1,3]thiazol-7-yl)pyrimidin-4~
yl}carbonyl)piperidin-4-yl]propanamide,

(115) [6-{[(2R)=-3,3~-dimethylbutan-2-yl]amino}-2-
(pyrazolo[5,1-b]l[1,3]thiazecl-7-yl)pyrimidin-4-y1]{4-] (5~
fluoropyridin-2-yl)amino]piperidin-1-ylimethanone,

(116) 2-methyl-N-[1-({6~-[(Z2-methylbutan~-2-yl)amino]-2-
(pyrazolo([5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yvl}lcarbonyl)piperidin-4-yl]propanamide,

(117) N-[1-({6~-[(2S)-butan-2-ylamino]}-2-(pyrazolo[5,1-
bjl[1l,3]thiazol~7~yl)pyrimidin-4~-yl}carbonyl)piperidin-4-
yllpropanamide,

{118) methyl [1-({6-[tert-butyl (methyl)amino]-2-
(pyrazolo([5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-
yl)carbonyl)piperidin-4-yljcarbamate,

(119) cyclopropyl (1-{[6-{[(18)-1-cyclopropylethyl]lamino}-

2-(pyrazeclo5,1-bi[1,3]thiazol-7-yl)pyrimidin-4-
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yllcarbonyl}piperidin-4-yl)carbamate,

(120) cyclopropyl (1-{[6-(tert-butylamino)-2~(pyrazolo[5,1-
bl [1,3]thiazel~7~yl)pyrimidin~4-yl]carbonyl}piperidin-4-
yl)carbamate,

(121) 2,2-difluoro-N-(1-{[6~{[(2R)-3-methylbutan-2-
yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]carbonyl}piperidin-4-yl)acetamide,

(122) 3-[1-({6~-[(2,2-dimethylpropyl)amino]-2~ (pyrazolo[5,1-
bl [1,3]thiazol~-7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-
yl]-1,1-dimethylurea,

(123) 3-(1-{[6~{[(1R)-1~cyclopropylethyl]lamino}-2-
(pyrazole[5,1-b][1,3]thiazol-7-yl)pyrimidin-4~-
vl]carbonyl}piperidin-4~-yl)~1,1l1-dimethylures,

(124) propan-2-yl [1-({6-[(3-methyloxetan-3-yl)amino]-2-
(pyrazolo[5,1-b][1,3]1thiazel-7-yl)pyrimidin~4~
yl}carbonyl)piperidin-4-yl]carbamate,

(125) methyl [1-({6-[(dicyclopropylmethyl)amino]-2-
(pyrazole[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vlycarbonyl)piperidin-4~yl]carbamate,

(126) methyl (1-{[6-phenoxy-2-(pyrazolo[5,1-b][1,3]thiazol-
7-yl)pyrimidin-4-yllcarbonyl}piperidin-4-yl)carbamate,

(127) tert-butyl 4-{[6~-({4~

[ (methoxycarbonyl)amino]piperidin-1l-ylicarbonyl)-2-
(pyrazolio[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvllaminol}piperidine~l-carboxylate,
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(128) methyl (1-{[6-(piperidin-4-ylamino)-2~(pyrazolol[5, 1-

b][1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyllpiperidin-4-

yl)carbamate,

{128) methyl [1-({6-[(l-cyvanocyclopropyl)amino]-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yl}carbonyl)piperidin-4-yl]carbamate,

(130) methyl (1-{[6-{[(1S)-1l-cyclopropylethyl]laminoc}~5-

methoxy-2~ (pyrazolo[5,1-b] [1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonyllpiperidin-4-yl)carbamate,

(131) methyl (1-{[6-{[(2R)-3,3-dimethylbutan-2-

yl]amino}-5-

methoxy-2- (pyrazolo(5,1-b]l[1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonylipiperidin-4-yl)carbamate,

(132) methyl [1-({6-[(25)-butan-2-ylamino]-5-methoxy-2-

(pyrazolo[5,1-b}[1l,3]thiazol-7-yl)pyrimidin-4-

yljcarbonyl)piperidin-4-yl}carbamate,

(133) methyl (1-{[6-{[(1S)-1-cyclopropylethyl]jamino}-5~-

ethoxy-2-{pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonyl}piperidin-4-yl)carbamate,

(134) methyl (1-{[6-{[(2R)~-3,3-dimethylbutan-2-

ylilamino}-5-

ethoxry-2-(pyrazolo{5,1-bi{1,3ithiazol~-7~-yl)pyrimidin—-4-

vllcarbonyl}piperidin-4~yl)carbamate,

(135) methyl (1-{{2-(pyrazolo{5,1-b]{l,3]thiazol~-T7-yl)~-6-

(pyridin-3-yloxy)pyrimidin-4-yllcarbonyl}piperidin-4-

yl)carbamate,

or a pharmaceutically acceptable salt thereof,

or a solvate
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thereof.

[0018]

(VII) The pyrazolothiazole compound described in

which is any one of the following (1) to (58):

(1) N-(1-{[6-{[(1S)-1l-cyclopropylethyl]amino}-2~

(pyrazolo(5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl}lpiperidin-4-yl)cyclopropanecarboxamide,
(2) N=(1-{[6-{[(2S)-3,3-dimethylbutan-2-yllamino}-2-
{(pyrazolo{5,1-b][1,3}thiazol~7-yl)pyrimidin-4-
yllcarbonyl}piperidin-4-yl)cyclopropanecarboxamide,
(3) N=(1-{[6-{[(15,28)-2-
{(difluoromethoxy)cyclopentyl] (methyl)amino}~2-
(pyrazolo[5,1-b][1,31thiazol-7-yl)pyrimidin-4-
yllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,
(4) N-(1-{[e-{[(28)-3,3-dimethylbutan-2-yllamino}-5-methyl-
2-(pyrazolo[5,1-b] [1,3]thiazol~-7-yl)pyrimidin-4-
vl]carbonyl}lpiperidin-4-yl)cyclopropanecarboxamide,

(5) N=[1-({6-[({1-

[ (difluoromethoxy)methyljcyclopropylimethyl)aminol-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonyl)piperidin-4~yljcyclopropanecarboxamide,

(6) N-[1-({6-[({1-

[ (difluocromethoxy)methyl]cyclobutylimethyl)amino]-2-

(pyrazoleo[5,1-b]{1,3]thiazol-7-yl)pyrimidin-4-
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yl}carbonyl)piperidin-4-yl]cyclopropanecarboxamide,

(7) N-[1-({6-[({1-

[ (difluoromethoxy)methyl]cyclopentylimethyl)amino]-2-
(pyrazolco[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4~
vl}carbonyl)piperidin-4-yl]lcyclopropanecarboxamide,

(8) N-[1-({6~-[({4-[(difluoromethoxy)methyl]tetrahydro-2H-
pyran~4-ylimethyl)amino] -2~ (pyrazolo([5,1-b][1,3]thiazol-7-
yl)pyrimidin-4~yl}carbonyl)piperidin-4-
yvllcyclopropanecarboxamide,

(8) N-(1-{[6-{[(1lS)-1-cyclopropylethyllamino}-5-methyl-2-
(pyrazolo[5,1-b][1,3lthiazol~7-yl)pyrimidin-4-
yl]lcarbonylipiperidin-4-yl)cyclopropanecarboxamide,

(10) N-(1-{[6-{[(1S,25)-2~
(difluoromethoxy)cyclopentyllamino}-2-(pyrazolo[5, 1~
bl1(1,3)thiazol~7~-yl)pyrimidin-4-yljcarbonyl}ipiperidin-4-
vl)cyclopropanecarboxamide,

(11) N-[1-({6-[(2,2-dimethylpropyl)amino]-2-(pyrazolo[5, 1~
b][1,3]thiazol~7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-
yllcyclopropanecarboxamide,

(12) N=(1-{[6~{[(2R)-3,3-dimethylbutan-2-yllamino}-2-
(pyrazolol[5,1-b]{1,3]thiazol-7-yl)pyrimidin-4-
yvl]carbonyl}piperidin-4-yl)cyclopropanecarboxamide,

(13) N-(1-{[6-{[(28)-1-(difluoromethoxy)propan~2-yljamino}-
2-(pyrazoloi{5,1-b]}[1,31thiazol-T7T-y1)pyrimidin-4-

yllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,
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(14)

methyl (1-{[6-{[(1S)-1-cyclopropylethyl]lamino}-2-

(pyrazolo[5,1-bj[1,3)thiazol~7-yl)pyrimidin-4-

yllcarbonyl}piperidin-4-yl)carbamate,

(15)

ethyl (1-{[6-{[(1S)-1-cyclopropylethyl]lamino}-2—-

(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-

yl]lcarbonyllpiperidin-4-yl)carbamate,

(16)

N~-(1-{[6~{](18)~-1-cyclopropylethyl]lamino}-2~

(pyrazolo{b5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yl]lcarbonyl}piperidin-4-yl)benzamide,

(17)

N-(1-{[6-{[(13)~1-cyclopropylethyl] (methyl)amino}-2-

(pyrazole[5,1-bl[1,3]thiazol-7-yl)pyrimidin-4-

yvllcarbonyl}piperidin-4-yl)cyclopropanecarboxamide,

(18)

propan-2-yl (1-{[6~-{[(18)-1~cyclopropylethyllamino}-2-

(pyrazolo[5,1-b][1,31thiazol-7~yl)pyrimidin-4-

yl]lcarbonyl}piperidin-4-yl)carbamate,

(19)

N-(1-{[6~-(cyclopropylmethoxy)-2- (pyrazolo[5, 1~

b][1,3]thiazol-7-yl)pyrimidin-4-yl]carbonyl}piperidin-4-

yvl)cyclopropanecarboxamide,

(20) N-[1-({6-[(3,3-dimethylbutan~-2-yl)oxyl-2-

(pyrazolo[5,1-b][1,3]thiazol-T7-yl)pyrimidin-4-

yllcarbonyl)piperidin-4-yl]cyclopropanecarboxamide,

(21)

N-(1l-{[6-(cyclobutyloxy)-2~(pyrazolo[5, 1~

bl1[1,3]thiazol-7-yl)pyrimidin-4-yl}carbonylipiperidin-4-

yl)cyclopropanecarboxamide,

-{{6-[(l-hydroxy-Z-methylpropan-2-yl)amino]-2-



10

15

20

25

38

(pyrazolo[5,1-b][1,3]thiazol~-7~yl)pyrimidin-4-

yl}carbonyl)piperidin-4-yl]cyclopropanecarboxamide,

(23) [6-{[(1S8S)~1-cyclopropylethyl]amino}-2-(pyrazolo[5,1-

bl[1,3]thiazol-7-yl)pyrimidin-4-yl][4-(1,3-thiazol-2~-
lamino)pliperidin-l-ylimethanone,

(24) N-(1~-{[6-{[(25)-1~hydroxy~3,3-dimethylbutan-2-

yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,

(25) methyl (1-{[6-{tert-butylamino)-2-(pyrazolol[5, 1~

p1[1,3lthiazol-7-yl)pyrimidin-4-yl]carbonyl}ipiperidin-4-
yl)carbamate,

(26) propan-2-yl (l-{[6-(tert~butylamino)~-2-(pyrazolo[5,1-

b][1,3]thiazol—7—yl)pyrimidin—4-yl}carbonyl}piperidin—4—

yl)carbamate,

(27) methyl [1-({é-[(l-hydroxy-2-methylpropan-2-yl)amino]-

2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vljcarbonyl)piperidin-4-yllcarbamate,

(28) [6~{[(2R)~-3,3-dimethylbutan-2-yljamino}-2-
(pyrazolo[5,1-b] [1,3]thiazol-7-yl)pyrimidin~4-y1l] (4-

hydroxypiperidin~1l-yl)methanone,

(29) methyl (1-{[6-{[(2S)~-1-hydroxy=-3,3~-dimethylbutan-2-

vllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vljcarbonyl}piperidin-4-yl)carbamate,

(30} methyl [1-({6~-[(3,3-dimethylbutan-2-yl)oxy]-2-

(pyrazolo[5,1-b} [1,3]thiazol~-7-yl)pyrimidin-4-~
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yllcarbonyl)piperidin-4-yl]carbamate,

{31) methyl (1-{[6-(cyclobutyloxy)-2-(pyrazolo[5,1-
b][1,3lthiazol-7-yl)pyrimidin-4-yljcarbonyl}piperidin-4-
v1l)carbamate,

(32) N=-({1-{[6-{[(18)-1-cyclopropylethyl]lamino}-2~
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl}piperidin-4-yl)cyclopropanesulfonamide,

{33) N=(1-{[6={[(1S)~1-cyclopropylethyllamino}-2-
(pyrazolo[5,1-b]{1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)ethanesulfonamide,

(34) ethyl (1-{[é-{tert-butylamino)-2-(pyrazolo[5, 1~
p}{1,31thiazol-7-yl)pyrimidin-4-ylicarbonylipiperidin-4-
v1l}carbamate,

(35) [6-(tert-butylamino)-2-(pyrazolo[5,1-bl1[1,3)thiazocl~-T7~
yv1)pyrimidin~4-y1l] [4- (pyridin-2-ylamino)piperidin-1-
yl]lmethanone,

(36) propyl (l-{[6-(tert-butylamino)-2-(pyrazolo(5, 1~
p}{1,31thiazol-7T-yl)pyrimidin-4~yl)carbonyllpiperidin-4~
yl)carbamate,

(37) N-(1=-{[6-{[{2R)-3,3-dimethylbutan-2-yllamino}-2-
(pyrazolo[5,1~-b] [1,3]thiazol~7-yl)pyrimidin-4-
yl]carbonylipiperidin-4-yl)-2-methoxyacetamide,

(38) 2,2-diflucroethyl (1-{[6-{[(1S)~-1~-
cyclopropylethyl]lamino}-2-(pyrazolol[5,1-b][1,3]thiazol-7~

vil)pyrimidin-4-yl]carbonyljpiperidin-4-yl)carbamate,
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(39) 2,2-difluorocethyl (1-{[6~{[(2S)-3,3-dimethylbutan-2~
yllamino}-2- (pyrazclo[5,1-b][1,3]thiazol-7~-yl)pyrimidin~4-
yllcarbonyllpiperidin-4-yl)carbamate,
(40) tert-butyl (1-{[6-{[(2R)-3,3~-dimethylbutan-2-

5 yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]jcarbonyl}piperidin~4-yl)carbamate,
(41) Z2-methoxyethyl (1-{[6-(tert~butylamino)-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]carbonyl}piperidin-4-yl)carbamate,

10 (42) 2-(dimethylamino)ethyl (1-{[6-{[(2R)-3,3-
dimethylbutan-2-yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-
yl)pyrimidin-4~yl]carbonylipiperidin-4-vyl)carbamate,

(43) 2,2,2-triflucroethyl (1-{[6-{[(1R)-1~-
cyclopropylethyl]lamino}-2-(pyrazolo[5,1-b][1,3]thiazol~-7~

15 vl)pyrimidin~4-yl]carbonyl}piperidin-4-yl)carbamate,

(44) 2,2,2-triflucrocethyl (1-{[6-{[(2R)-3,3-dimethylbutan-
2-yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-
4-ylicarbonyl}piperidin-4-yl)carbamate,

(45) methyl (1-{[6-(pentan-3-yloxy)-2-(pyrazolo[5,1~

20 b][1,3]thiazol-7-yl)pyrimidin-4-yl]jcarbonyllpiperidin-4-
yl)carbamate,

(46) N-[1-({6-[(2-ethylbutyl)amino]~-2-(pyrazolo[5,1-
b][1,3]thiazol-7-yl)pyrimidin~4~yl}carbonyl)piperidin~4-
vllcyclopropanecarboxamide,

25 (47) N-(1-{[6-(pentan-3-yloxy)-2-(pyrazclo[5,1-
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bi[1l,3]lthiazol~-7-yl)pyrimidin-4~yl]carbonyl}lpiperidin-4-
vl)cyclopropanecarboxamide,

(48) methyl [1-({6-][(2S5)-butan-2-ylamino]-2-(pyrazolo[5,1-
bl[1,3]lthiazol-7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-
yllcarbamate,

(49) methyl [i-({6-[(2R)-butan-2-ylamino]-2~-(pyrazolol[5,1-
bl1{1,3]thiazol-7~-yl)pyrimidin~4-yl}carbonyl)piperidin-4-
yl}carbamate,

{50) N-[1-({6-[(l-methylcyclopropyl)amino]-2-(pyrazolo[5,1~
b1[1,3]thiazol-7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-
yl]lpropanamide,

{51) methyl [1-({6-[tert-butyl (methyl)amino]-2-
{pyrazolo[5,1-b][1,3lthiazol-7-yl)pyrimidin-4-
yl}carbonyl)piperidin-4-yl]lcarbamate,

(52) cyclopropyl (1-{[6-(tert-butylamino)-2-(pyrazolo[5,1-
b][1,3]thiazol-7-yl)pyrimidin-4~yljcarbonylipiperidin-4-
yl)carbamate,

{53) propan-2-yl [1-({6-[(3-methyloxetan-3-yl)amino]-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl)piperidin-4-yl]lcarbamate,

(54) methyl [l1-({6-[(l~-cyanocyclopropyl)amino]-2~
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl}lcarbonyl)piperidin-4-yl]jcarbamate,

(55} methyl [1-({6-[(28)~-butan~-2~-ylamino]l-5-methoxy-2-

{(pyrazolo[5,1-b}[1,3]thiazol-7-yl)pyrimidin-4-
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vl}carbonyl)piperidin-4-yljcarbamate,

(56) methyl (1-{[6-{[(1S)-1-cyclopropylethyl]amino}-5-
ethoxy-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]lcarbonyl}piperidin-4-vyl)carbamate,

{57) methyl (1-{[6-{[(2R)-3,3-dimethylbutan-2-yl]lamino}-5-
ethoxy-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyllpiperidin-4-yl)carbamate, and

(58) methyl (1-{[2-(pyrazolo[5,1-b][1l,3]thiazol~-7-yl)-6-
(pyridin-3-yloxy)pyrimidin-4~yl]carbonyl}piperidin-4-

yl) carbamate,

or a pharmaceutically acceptable salt thereof, or a solvate

thereof.

[0019]

(VIII) The pyrazolothiazole compound described in (I)
which is any one of the following (1) to (8):

(1) N-(i1-{[6~{[(1S)~1~cyclopropylethyl]amino}-2-
(pyrazolo[5,1~b][1,3]thiazol~-7-yl)pyrimidin-4-
yl]lcarbonyl}lpiperidin-4-vyl)cyclopropanecarboxamide,

(2) N-(1-{[6-{[(2R)~-3,3-dimethylbutan-2-yljamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]lcarbonyl}piperidin-4-yl)cyclopreopanecarboxamide,

(3) methyl (1-{[6-{[(1S)~-1l-cyclopropylethyllamino}-2~
{(pyrazolo[5,1-b] [1,3]thiazol~-7T-yl)pyrimidin~-4-

vllcarbonyl}piperidin-4~yl)carbamate,
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(4) ethyl

(1-{[6-{[(1S)-1~-cyclopropylethyllamino}-2~

(pyrazolo[5,1-b][1,3]thiazocl-7-yl)pyrimidin-4-

yllcarbonyl}piperidin-4-yl)carbamate,

(5) N-(1-{[6-{[{1S)~-1-cyclopropylethyl] (methyl)amino}~2-

(pyrazolo[5,1-b]{1,3]thiazol-7-yl)pyrimidin~4-

yllcarbonylipiperidin-4-yl)cyclopropanecarboxamide,

(6) propan-2-yl (1-{[6-{[{18)-1-cyclopropylethyl]lamino}-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonyllpiperidin~4~yl)carbamate,

(7) methyl

[I-({6~[(28)-butan-2~ylamino]-2-(pyrazolo[5, 1-

bll1,3]thiazol-7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-

yl]carbamate, and

(8) methyl

[1-

({6~[(2R)-butan-2-ylamino]-2-(pyrazolo[5, 1-

bl[1,3]thiazel-7-yl)pyrimidin-4~yl}icarbonyl)piperidin-4-

yl]carbamate,

or a pharmaceutically acceptable salt thereof, or a solvate

thereof.

[0020]

(IX) A pharmaceutical composition ceomprising the

pyrazolothiazole compound or a pharmaceutically acceptable

salt thereof or a soclvate thereof according to any one of

(I) to

(VIII)

as an active ingredient.
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{(X) A JAK1l inhibitor comprising the pyrazolothiazole
compound or a pharmaceutically acceptable salt thereof or a
solvate thereof according to any one of (I) to (VIII) as an

active ingredient.

[0022]

(XI) A therapeutic agent for an inflammatory disease
comprising the pyrazolothiazole compound or a
pharmaceutically acceptable salt thereof or a solvate
thereof according to any one of (I) to (VIII) as an active

ingredient.

[0023]
(XII)

The therapeutic agent according to (XI) wherein the
inflammatory disease 1s atopic dermatitis, eczema,
bronchial asthma, eosinophilic pneumonia, chronic
obstructive pulmonary disease, allergic rhinitis,
eosinophilic sinusitis, nasal polyp, ankylosing spondylitis

or eosinophilic esophagitis.

[0024]
(XIII)
A therapeutic agent for an autolmmune disease

comprising the pyrazolothiazole compound or a
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pharmaceutically acceptable salt thereof or a solvate
thereof according to any one of (I) to (VIII) as an active

ingredient.

[0025]

(XIV) The therapeutic agent according to (XIII) wherein
the autoimmune disease i1s rheumatoid arthritis, psoriatic
arthritis, juvenile arthritis, Castleman's disease,

systemic lupus erythematosus, Sjogren’s syndrome,
inflammatory bowel disease, psoriasis, scleroderma, dry eye,
Takayasu's arteritis, giant cell arteritis, microscopic
polyangiitis, granulomatosis with polyangiitis,

eosinophilic granulomatosis with polyangiitis or

neuromyelitis optica.

[002¢6]

(XV) A therapeutic agent for a proliferative disease
comprising the pyrazoclothiazole compound or &
pharmaceutically acceptable salt thereof or a sclvate
thereof according to any one of (I) to (VIII) as an active

ingredient.

[0027]
(XVI) The therapeutic agent according to (XV) wherein

the prcliferative disease is solid cancers, blood cancers,
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lymph malignant tumor, myeloproliferative diseases,

multiple myeloma, pulmonary fibrosis or eosinophilia.

[0028]

(XVII) A therapeutic agent for diabetic nephropathy,
alopecia areata, bone marrow transplant rejection or organ
transplant rejection comprising the pyrazolothiazole
compound or a pharmaceutically acceptable salt thereof or a
solvate thereof according to any one of (I) to (VIII) as an

active ingredient.

[0029]

The terms as used herein are defined below.

The term "halogen"” includes fluorine, chlorine,
bromine or icdine atom. Specially, fluorine atom is

preferrable.

[0030]

The term "alkyl" includes, for example, an alkyl of
straight or branched chain having 1 to 10 carbon atoms,
preferably 1 to B carbon atoms, more preferably 1 to 6
carbon atoms. Specifically, the term may include, for
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, sec-pentyl, l-ethylpropyl,

1,2-dimethylpropyl, tert-pentyl, Z-methylbutyl, isopentyl,
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neopentyl, n-hexyl, sec-hexyl, l-ethylbutyl, isochexyl,
neohexyl, 1,1-dimethylbutyl, thexyl, 2-ethylbutyl, 1,2,2-
trimethylpropyl, 2,2-dimethylbutyl, heptyl, ischeptyl,

octyl and isooctyl.

[0031]

Examples of the alkyl molety in
"(difluorcalkoxy)alkyl"”, "alkoxyalkyl", "dialkylamino",
"dialkylaminocalkyl"™, "alkylcarbonyl", "monohalocalkyl",
"dihaloalkyl", "trihaloalkyl"™ may include the same as

described above for "alkyl".

[0032]

The term "monohaloalkyl" refers to a group wherein an

"alkyl" as defined above is substituted with a "halogen" as

defined above. Specifically, the term may include, for
example, monofluoromethyl, monochloromethyl and

monoflucrocethyl.

[0033]

The term "dihaloalkyl" refers to a group wherein an "alky
as defined above is substituted with two "halogens" as
defined above. Specifically, the term may include, for
example, diflucromethyl, difluorcethyl and 1,2-

difluoropropyl.
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[0034]

The term "trihaloalkyl" refers to a group wherein an
"alkyl" as defined above is substituted with three
"halogens" as defined above. Specifically, the term may
include, for example, trifluoromethyl, trichloromethyl and

trifluorcethyl.

[0035]

The term "alkoxy" may include, for example, a straight or
branched chain alkoxy having 1 to 8 carbon atoms,

preferably 1 to 6 carbon atoms. Specifically, the term may
include methoxy, ethoxy, n-propoxy, isopropcxy, n-butoxy,
isobutoxy, sec-butoxy, tert-butoxy, n-pentyloxy, n-hexyloxy,

n-heptyloxy and n-octyloxy.

[0036]
Examples of the alkoxy moiety in
"(difluorocalkoxy)alkyl"”, "alkoxyalkyl" may include the same

as those described above for the "alkoxy".

[0037]
The term "cycloalkyl" may include, for example, mono-
to tri-cyclic saturated hydrocarbon group having 3 to 10

carbon atoms. Monocyclic cycloalkyl having 3 to 6 carbon
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atoms is preferrable. Specifically, the term may include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexvl,
cycloheptyl, bicyclo[2.1.0]pentyl, bicycle[2.2.1]lheptyl,
and bicyclo[2.2.2]octyl.

For the "cycloalkyl" represented by LI, monocyclic
cycloalkyl having 3 to 6 carbon atoms is preferred, and
cyclopropyl is more preferrable.

For the "cycloalkyl" moiety in "cycloalkylamino",

cyclopropyl is preferrable.

[0038]

The term "aryl" refers to, for example, a mono- to tri-
cyclic aromatic hydrocarbon group having 6 tec 14 carbon
atoms. Specifically, the term may include phenyl, 1-
naphthyl, Z2-naphthyl, l-anthryl, 2-anthryl, S-anthryl, 1-
phenanthryl, 2-phenanthryl, 3-phenanthryl, 4-phenanthryl

and 10-phenanthryl. Especially, phenyl is preferrable.

[0039]

The term "hetercaryl" may include, for example, a 5- to 10-
membered mono- to bi-cyclic aromatic heterocyclic group
having 1 to 4 heteroatoms selected from the group
consisting of nitrogen atom, sulfur atom and oxygen atom
within the ring. Specifically, the term may include furyl

(e.g., 2-furyl and 3-furyl), thienyl (e.g., 2-thienyl and
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3-thienyl), pyrrolyl (e.g., 2-pyrrolyl and 3-pyrrolyl),
imidazolyl (e.g., 2-imidazolyl and 4~imidazolyl), pyrazolyl
(e.g., 3-pyrazolyl and 4-pyrazolyl), triazolyl (e.g.,
1,2,4-triazol~-3-y1l, 1,2,4-triazol-5~-yl and 1,2,3-triazol-4-
yl), tetrazolyl (e.g., b5-tetrazolyl), oxazolyl (e.g., 2-
oxazolyl, 4-oxazolyl and 5-oxazolyl), isoxazolyl (e.g., 3-
isoxazolyl and 4-isoxazolyl and 5-isoxazolyl), oxadiazelyl
(e.g., 1,3,4-oxadiazol-2-y1l), thiazolyl (e.g., 2-thiazolyl,
4-thiazolyl and 5-thiazolyl), thiadiazolyl, isothiazolyl
(e.g., 3-isothiazolyl, 4-isothiazolyl and 5-isothiazolyl),
pyridyl (e.g., 2-pyridyl, 3-pyridyl and 4-pyridyl),
pyridazinyl (e.g., 3-pyridazinyl and 4-pyridazinyl),
pyrimidinyl (e.g., Z2-pyrimidinyl, 4-pyrimidinyl and 5-
pyrimidinyl), pyrazinyl (e.g., 2-pyrazinyl), benzimidazolyl
(e.g., 2-benzimidazolyl, 4~-benzimidazolyl, 5-benzimidazolyl,
6-benzimidazolyl and 7-benzimidazolyl), indazolyl (e.g., 3-
indazolyl, 4-indazolyl, 5-indazolyl, 6-indazolyl and 7-
indazolyl) and isogquinolyl (e.g., l-isoquinolyl, 3-
isoguinolyl, 4-isogquinolyl, 5-isoguinolyl, 6-isoguinolyl,
7-isoguinolyl and 8-isogquinolyl). Preferably, the
hetercaryl may be furyl (e.g., 2-furyl and 3-furyl),
imidazolyl (e.g., 2-imidazolyl and 4-imidazolyl), thiazolyl
(e.g., 2-thiazolyl, 4-thiazolyl and 5-thiazolyl), pyridyl
(e.g., 2-pyridyl, 3-pyridyl and 4-pyridyl), pyridazinyl

(e.g., 3-pyridazinyl and 4-pyridazinyl), pyrimidinyl (e.g.,
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pyrazinyl (e.g., Z2-pyrazinyl).

For the "hetercaryl" represented by R°, 3-pyridyl is
preferrable.

For the "heterocaryl" represented by R, isoxazolyl
(e.g., 3-isoxazolyl, 4-isoxazolyl and 5-isoxazolyl),
thiazolyl (e.g., 2Z-thiazolyl, 4-thiazolyl and 5-thiazolyl),
pyrimidinyl (e.g., 2-pyrimidinyl, 4-pyrimidinyl, 5-
pyrimidinyl and 6é-pyrimidinyl) and pyridyl (2-pyridyl, 3-
pyridyl and 4-pyridyl) are preferrable, and 3-isoxazolyl,
5-isoxazolyl, 2-thiazolyl, 2-pyrimidinyl and 2-pyridyl are
more preferrable.

For the "heteroaryl" represented by L%, thienyl (e.qg.,
2-thienyl and 3-thienyl) and pyridyl (e.g., 2-pyridyl, 3-

pyridyl and 4-pyridyl) are more preferrable.

[0040]

The term "saturated heterocyclic group" may include, for
example, a 3- to 8-membered saturated heterocyclic group
having 1 to 3 heteroatoms selected from consisting of
nitrogen atom, sulfur atom and oxygen atom within the ring.
Specifically, oxetanyl (e.g., Z-oxetanvyl and 3-oxetanyl),
azetidinyl (e.g., 2-azetidinyl and 3-azetidinyl),
tetrahydropyranyl (e.g., 2-tetrahydropyranyl, 3-

tetrahydropyranyl and 4-tetrahydropyranyl), pyrrolidinyl



10

15

20

25

52

(e.g., l-pyrrolidinyl, 2-pyrrolidinyl and 3-pyrrolidinyl),
piperidinyl (e.g., Z2-piperidinyl, 3-piperidinyl and 4-
piperidinyl), piperazinyl (e.g., 2-piperazinyl and 3-
piperazinyl), morpholinyl (e.g., 2-morpholinyl and 3-
morpholinyl), thiomorpholinyl (e.g., 2-thiomorpholinyl and
3-thiomorpholinyl) or tetrahydrofuryl (2-tetrahydrofuryl
and 3-tetrahydrofuryl). More preferably, the term may
include piperidinyl (e.g., 2-piperidinyl, 3-piperidinyl and
4-piperidinyl), tetrahydrofuryl (2-tetrahydrofuryl and 3-
tetrahydrofuryl) and tetrahydropyranyl (2-tetrahydropyranyl
and 3-tetrahydropyranyl, 4-tetrahydropyranyl).

For the "saturated heterocyclic group" represented by
R®, 3-pyrrolidinyl, 4-piperidinyl, 3-oxetanyl is

preferrable.

Mode for Carrying Out the Invention
[0041)

The compound of the invention can be produced
according to, for example, the following procedures and
examples as described below, or methods known in the art,
using a compound or an intermediate, which is available or
can be prepared easily. In the case where a starting
material has a functional group that may affect the
reaction in the process for the production of the compound

of the invention, the starting material shold be protected
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with an appropriate protective group according to a known
method in advance. The protective group can be removed by

a known method after the reaction.

[0042]
Scheme 1

[Formula 2]



54

HNOR”k

j\ NC
N-Amination agent 2 j\
N™'S HaN-p

\=/ Step 1 \_/_:/S Step 2

[ )J\CN

O o ’
N— R21O OR [ >J\rN OH
i 1
ENQ\WNHZ R' O 7

Step 3 S NH Step 4 O~ "OH
6 8
>JY"‘ * o G Q\r” ‘
Halogenation Esterification E 10
R?2-OH Step 6
(o) ORZZ O OR22
Step 5

9 11

HN 13 N=
NQ\FN Z
E N z R? Es B
_— N o
Step 7 R Step 8 R

O” N
O~ OH
RZ

12 [1]
wherein, Z, R' and R® are as defined above. R'™ is alkyl,

R?! is hydrogen or alkyl, R*® is alkyl and X is a leaving

group such as halogen.

[0043]
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Step 1

The step is an N-amination of the compound 1 (which
can be synthesized by using a me£hod as described in, for
example, Heterocycles, 2008, 75, 2005-2012.) by using an N-

amination agent 2 to give an N-aminothiazolium salt 3.

[0044]
The N~aminationAagenf to be used depends on the
solvent employed in the reaction, and examples include but

not limited to O-(mesitylenesulfonyl)hydroxyamine.

[0045)
The N-amination agent may be used in an amount of 1 to

5 mole equivalent of the compound 1.

[0046]

The solvent to be used in the reaction is not limited
unless it is not participated in the reaction, and the
examples may include, for example, ethers such as
tetrahydrofuran (hereinafter referred to as "THF"), diethyl
ether, 1,4-dioxane and dimethoxyethane (hereinafter
referred to as "DME"), nitriles such as acetonitrile and
propionitrile, ketones such as acetone, hydrocarbons such
as benzene and toluene, halogenated hydrocarbons such as

chloroform, dichloromethane and 1,2-dichloroethane or mixed
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solvents thereof.

[0047]

The reaction temperature may be -78 °C to 100 °C,

preferably -78 °C to 50 °C.

[0048]

The reaction time may depend on the reaction

temperature, and typically, 10 minutes to 24 hours.

[0048]

Step 2

The step is the reaction of the N-aminothiazolium salt
3 with the orthoester compound 4 in an appropriate solvent

to obtain the compound 5.

[0050]

The solvent to be used in the reaction is not limited
unless it is not participated in the reaction, and examples
of the solvent may include, ethers such as THF, diethyl
ether, 1,4-dioxane and DME, nitriles such as acetonitrile
and propionitrile, ketones such as acetone, hydrocarbons
such as benzene and toluene, halcgenated hydrocarbons such
as chloroform, dichloromethane and 1,2-dichlorocethane or

mixed solvents thereof. Alternatively, the orthoester
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compound 4 by itself may be used as the solvent in the

reaction.

[0051]
The reaction temperature may be 0 °C to 200 °C,

preferably 0 °C to 150 °C.

(00521

The reaction time may depend on the reaction

temperature, and typically, 10 minutes to 24 hours.

[0053]

It is preferred that the orthoester compound 4 may be
used in an amount of 1 to 50 mole equivalent of the N-

aminothiazolium salt 3.

[0054]

Step 3

The step is the conversion of the nitrile to an
amidine, which may be conducted according to the procedure
as described in, for example, Slee et al., J. Med. Chemn.
2008, 51, 1719-1729. That 1is, the compound 5 is stirred in
the presence of a base such as an alkali metal alkoxide in
an appropriate solvent tc obtain the imidate, and the

obtained imidate is reacted with ammonia or an ammonium
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salt to give the amidine compound 6.
[0055]

Examples of the base used in the reaction may include
alkoxides such as sodium methoxide and sodium ethoxide.
[0056]

It is preferred that the alkoxide may be used in an
amount of 1 to 5 mole equivalent of the compound 5.

[0057]

The solvent to be used in the reaction is not limited
unless it 1s not participated in the reaction, and,
typically, an alcohol such as methanol and ethanol may be
used.

[0058]

In the preparation of the imidate, the reaction

temperature may be O °C to 150 °C, preferably 0 °C to 100 °C.

[0059]

In the preparation of the imidate, the reaction time
may depend on the reaction temperature, and typically, 30
minutes to 24 hours.

[0060]

In the preparation of the amidine compound 6, examples
of the ammonium salt used in the reaction may include
ammonium chloride and ammonium acetate.

[00¢61]

The ammonium salt or ammonia may be used in an amount
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of 1 to 10 mole equivalent of the imidate.
[0062]

The solvent to be used in the reaction is not limited
unless it is not participated in the reaction, and,
typically, an alcohol such as methanol and ethanol may be
used.

[0063]

The reaction temperature may be -78 °C to 150 °C,
preferably 0 °C to 150 °C.
[0064]

The reaction time may depend on the reaction
temperature, and typically, 30 minutes to 24 hours.
[0065]

The ammonium salt may be added directly to the
reaction mixture wherein the imidate has been prepared.
[0066]

Step 4

The step is the reaction of the amidine compound 6
with an oxaloacetic acid compound 7 or a salt thereof in
the presence of a base such as potassium hydroxide in an
appropriate sclvent to obtain the pyrimidine compound 8.
The step may be conducted according to the procedure as
described in, for example, WO 2009/138712.

[0067]

Examples of the base used in the reaction may include
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inorganic bases such as sodium hydroxide, potassium
hydroxide, lithium hydroxide, sodium hydrogen carbonate,
sodium carbonate, potassium carbonate and cesium carbonate
and alkoxides such as sodium methoxide, sodium ethoxide and
potassium tert-butoxide.

[0068]

The base may be used in an amount of 1 to 50 mole
equivalent of the amidine compound 6.

[0069]

The solvent to be used in the reaction is not limited
unless it 1is not participated in the reaction, and examples
may include, for example, ethers such as THF, 1,4-dioxane
and DME, alcohols such as methanol and ethanol, ketones
such as acetone, water or mixed solvents thereof.

[0070]

In this reaction, the reaction temperature may be 0 °C
to 200 °C, preferably 0 °C to 150 °C.
[0071]

In this reaction, the reaction time may depend on the
reaction temperature, and typically, 30 minutes to 24 hours.
[0072]

Step 5

The step is the process to obtain the compound 9 by

halogenation of the pyrimidine compound & in the presence

of a halcgenating agent in an appropriate solvent at 0 °C
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to 180 °C, followed by esterification of the obtained acid
halide.
[0073]

In the halogenation reaction, examples of the
halogenating agent may include phosphorus oxychloride,
phosphorous oxybromide and phosphorus pentachloride. These
halogenating agents may be used alone or in combination
thereof in the reaction.

[0074]

In the halogenation reaction, a base is optionally
used. Examples of the base used may include diethylaniline,
pyridine, 2,6~-lutidine, N,N-diisopropylethylamine
(hereinafter referred to as "DIPEA") and triethylamine
(hereinafter referred to as "TEA").

[0075]

The halogenating agent and the base may be used in an
amount of 1 to 100 mole equivalent of the pyrimidine
compound 8.

[0076]

The sclvent to be used in the reaction is not limited
unless it is not participated in the reaction, and examples
may include, ethers such as THF, diethyl ether, 1,4-dioxane
and DME, amides such as N,N-dimethylformamide (hereinafter
referred to as "DMF"), N,N-dimethylacetamide, N-

methylpyrrolidone (hereinafter referred to as "NMP"),
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nitriles such as acetonitrile and propionitrile, ketones
such as acetone, hydrocarbons such as benzene and toluene,
halogenated hydrocarbons such as chloroform,
dichloromethane and 1,2-dichloroethane, sulfoxides such as
dimethyl sulfoxide (hereinafter referred to as "DMSO") or
mixed solvents thereof.

[06077]

The reaction temperature may be 0 °C to 200 °C,
preferably 0 °C to 150 °C.
[0078]

The reaction time may depend on the reaction
temperature, and typically, 10 minutes to 48 hours.
[0079]

The esterification reaction may be conducted according
to a common method. Examples of the alcohol (R**-0H) used
in the reaction may include methanol and ethanol.

[0080)

In the esterification reaction, a base is optionally
used. Examples of the base used may include organic bases
such as diethylaniline, pyridine, 2,6~lutidine, DIPEA and
TEA and inorganic bases such as sodium hydrogen carbonate.
[0081]

The alcohol and the base may be used in an amount of 1
to 100 mole equivalent of the acid halide.

[0082]
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In the esterification reaction, the solvent to be used
in the reaction is not limited unless it is not
participated in the reaction, and examples include ethers
such as THF, diethyl ether, 1,4-dioxane and DME, amides

5 such as DMF and N,N-dimethylacetamide, nitriles such as
acetonitrile and propionitrile, ketones such as acetone,
hydrocarbons such as benzene and toluene, halogenated
hydrocarbons such as chloroform, dichloromethane and 1,2-
dichloroethane, sulfoxides such as DMSO or mixed solvents

10 thereof. Also, the alcohol to be reacted may be used as
the solvent.
[0083]

The reaction temperature may be -78 °C to 200 °C,

preferably 0 °C to 50 °C.
15 [0084]
The reaction time may depend on the reaction

temperature, and typically, 10 minutes to 48 hours.

[0085]
20 Step ©
The step is the reaction of the compound 9 with the
compound 10 (alcoholic compound R°OH or amine compound
NHRR’) in an appropriate solvent to obtain the compound 11.
[0086)

25 In the reaction, the compound 10 may be used in an
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amount of 1 to 10 mole equivalent of the compound 9.
[0087]

The reaction may be conducted in the presence of an
acid or a base, as necessary. Examples of the acid used
may include, inorganic acids such as hydrochloric acid and
sulfuric acid. Examples of the base used may include
organic bases such as TEA, DIPEA, N,N-dimethylaniline,
pyridine, DMAP and 1,8-diazabicyclo[5.4.0]-7-undecen,
inorganic bases such as sodium hydroxide, potassium
hydroxide, lithium hydroxide, sodium hydrogen carbonate,
sodium carbonate, potassium carbonate and cesium carbonate,
alkoxides such as sodium methoxide, sodium ethoxide and
potassium tert-butoxide, and alkali metal hydrides such as
sodium hydride and potassium hydride.

[0088]

The solvent to be used in the reaction is not limited
unless it is not participated in the reaction, and examples
include ethers such as THF, diethyl ether, 1,4-dioxane and
DME, nitriles such as acetonitrile and propionitrile,
ketones such as acetone, halogenated hydrocarbons such as
chloroform, dichloromethane and 1,2-dichloroethane,
hydrocarbons such as toluene, benzene and cyclohexane,
alcohols such as methanol, ethanol, isopropylalcohol and
butanol, amides such as DMF, N,N-dimethylacetamide, and NMP,

sulfoxides such as DMSO or mixed solvents therecf.
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[0089]

In this reaction, the reaction temperature may be 0 °C
to 200 °C, preferably 0 °C to 150 °C. If necessary, the
reaction may be conducted by using microwave or in the
closed condition.

[0090]

The reaction time may depend on the type of starting
materials and the base and the reaction temperature, and
typically, 30 minutes to 48 hours.

[0081]

Step 7

The step is hydrolysis reaction of the ester compound
11 in the presence of an appropriate acid or base in an
appropriate solvent to obtain the carboxylic acid 12.

[0092]

In the reaction, examples of the acid used may include
inorganic acids such as hydrochloric acid and sulfuric acid
and organic acids such as trifluorocacetic acid (hereinafter
referred to as "TFA"), methanesulfonic acid and
toluenesulfonic acid. Examples of the base may include
inorganic bases such as sodium hydroxide, potassium
hydroxide and lithium hydroxide.

[0093]
In the reaction, the acid or base may be used in an

amount of 1 to 10 mole eguivalent of the ester compound 11.
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[0094]

The solvent to be used in the reaction is not limited
unless it is not participated in the reaction, and examples
include water, alcohols such as methanol, ethanol and
isopropanol, ethers such as THF, diethyl ether, 1,4-dioxane
and DME, nitriles such as acetonitrile and propionitrile,
ketones such as acetone or mixed solvents thereof.

[0095]

In this reaction, the reaction temperature may be -78
°C to 200 °C, preferably 0 °C to 100 °C.
[0096]

The reaction time may depend on the reaction
temperature, and typically, 30 minutes to 48 hours.
[0097]

Step 8

The step i1s the condensation reaction of the
carboxylic acid 12 and the compound 13 in an appropriate
solvent to obtain compound [I]. The compound [I] can be
prepared by reacting the carboxylic acid 12 or its reactive
derivative with the compound 13.

[0098]

Examples of the reactive derivatives of the carboxylic
acid 12 may include, those commonly used in the amide
condensation formation reaction such as acid halides (e.g.,

acid chloride and acid bromide), mixed anhydrides,
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imidazolides and reactive amides.
[0099]

When using the carboxylic acid 12, a condensing agent
such as 1,1'-carbonyldiimidazole, l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (hereinafter referred to
as "WSCD (Water Soluble Carboediimide)"), N,N'-
dicyclohexylcarbodiimide (hereinafter referred to as‘"DCC"),
O-{(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexaflucrophosphate (hereinafter referred to as "HATU"), O-
(benzotriazol-1-yl}-N,N,N',N'~-tetramethyluronium
hexafluorophosphate (hereinafter referred to as "HBTU"),
diethyl cyanophosphonate, diphenylphosphoryl azide, 2-
chloro-l-methylpyridinium iodide, 1H-benzotriazol-1-
yloxytripyrrelizinophosphonium hexafluorophosphate or
benzotriazol-l-yloxytris{dimethylamino)phosphonium
hexafluorophosphate) can be used.

[0100]
In the reaction, the condensing agent may be used in

an amount of 1 to 3 mole equivalent of the carboxylic acid

12.

[0101]

The reaction may be conducted in the presence of a
base, as necessary. Examples of the base used may include,
for example, organic bases such as TEA, DIPEA, N,N-

dimethylaniline, pyridine, DMAP and 1,8-
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diazabicyclo[5.4.0]-7-undecene.
[0102]

An additive such as l-hydroxybenzotriazole
(hereinafter referred to as "HOBt") and N-
hydroxysuccinimide can be added to the reaction.

[0103]

The solvent to be used in the reaction is not limited
unless it is not participated in the reaction, and examples
include ethers such as THF, diethyl ether, 1,4-dioxane and
DME, amides such as DMF and N,N-dimethylacetamide, nitriles
such as acetonitrile and propionitrile, ketones such as
acetone, hydrocarbons such as benzene and toluene,
halogenated hydrocarbons such as chloroform and
dichloromethane or mixed sclvents thereof.

[0104]

The reaction temperature may be =78 °C to 200 °C,
preferably -20 °C to 50 °C.
[0105]

The reaction time may depend on the type of starting
materials and condensing agents and the reaction
temperature, and typically, 10 minutes to 24 hours.

[0106]

The compound [I] also may be prepared according to the

following Scheme 2.

[0107]
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wherein, Z, R' and R® are as defined above. X is halogen.

[0108]
Step 9

The step i1s halogenation reaction of the hydroxide
moiety of the compound 8 with a halogenating agent, such as
phosphorus oxychloride in an appropriate solvent, tc obtain
the acid halide 14. The step may be conducted as described
in Step 5
[0109]

Step 10

The step 1s a reaction of the acid halide 14 with the

o

amine compound 13 in an appropriate solvent to obtain the
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amide compound 15.
[0110]

In the reaction, the compound 13 may be used in an
amount of 1 to 3 mole equivalent of the compound 14.

[0111]

The reaction may be conducted in the presence of a
base, as necessary. Examples of the base used may include
the organic bases such as TEA, DIPEA, N,N-dimethylaniline,
pyridine, DMAP and 1,8-diazabicyclo[5.4.0]~7-undecene and
inorganic bases such as sodium hydrogen carbonate, sodium
carbonate, potassium carbonate and cesium carbonate.

[0112]

The solvent to be used in the reaction is not limited
unless it is not participated in the reaction, and examples
include ethers such as THF, diethyl ether, 1,4-dioxane and
DME, nitriles such as acetonitrile and propionitrile,
ketones such as acetone, halogenated hydrocarbons such as
chloroform, dichloromethane and 1,2-dichloroethane,
hydrocarbons such as toluene, benzene and cyclohexane,
amides such as DMF and N,N-dimethylacetamide, sulfoxides
such as DMSO or mixed solvents thereof.

[0113]
. In this reaction, the reaction temperature may be =50
°C to 100 °C, preferably 0 °C to 50 °C.

[0114]
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The reaction time may depend on the type of starting
materials and bases and the reaction temperature, and
typically, 5 minutes to 48 hours.

[0115]
Step 11

The step is a reaction of the compound 15 with the
compound 10 (an alcohol compound R’OH or an amine compound
R‘R°NH) in an appropriate solvent to obtain the compound
[I]. The step may be conducted as described in the above
Step 6.

[011l6].

The pyrazolothiazole compound of the invention can be
used as a medicine as it is, and also may be modified and
used in a form of a pharmaceutically acceptable salt, a
solvate or a solvate of salt by using a well-known method.
Examples of the pharmaceutically acceptable salt may
include, for example, & salt with a mineral acid such as
hydrochlorate, hydrobromate, sulfate and phosphate, and a
salt with an organic salt such as acetate, citrate,
tartarate, maleate, succinate, fumarate, p-toluenesulfonate,
benzenesulfonate and methanesulfonate.

[0117]

The solvate includes a solvate with an organic solvent

and a hydrate. Examples of the pharmaceutically acceptable

solvate may include, for example, alcoholate (e.qg.,



10

15

20

25

72

ethanolate) and hydrate. The hydrate may include for
example, monohydrate and dihydrate. The solvate is formed
by coordination with any type and number of solvents. The
pharmaceutically acceptable salt may form a solvate.

[0118]

For example, a hydrochloride salt of the compound can
be obtained by dissolving the pyrazolothiazole compound of
the invention in a solution of hydrogen chloride in alcochol,
a solution of hydrogen chloride in ethyl acetate, a
solution of hydrogen chloride in 1,4-dioxane or a solution

of hydrogen chloride in diethyl ether.

Some of the compounds of the present invention may
have an asymmetric carbon, and the respective stereo
isomers and mixtures thereof are all included in the
present invention. The sterec isomers can be prepared, for
example, by means of optical resolution from the racemate
thereof according to a known method using an optically
active acid (e.g., tartaric acid, dibenzoyltartaric acid,
mandelic acid and 10-camphor sulfonic acid, etc.), or by
using an optically active compound prepared in advance as a
starting material. In addition, the stereo isomers may be
prepared by optical resolution using a chiral cclumn or by

asymmetric synthesis. Also, some of the compounds of the

present invention may form tertmers, and the respective
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tautomers and mixtures thereof are also included in the
invention.
[0120]

The compound o¢f the invention has JAKl inhibitory
activity as shown in the following test examples. Further,
the compound of the invention also has anti-inflammatory,
immunosuppressive and anti-proliferative effects etc.,
based on their JAK]l inhibitory activity.

[0121]

Accordingly, the compound of the invention can be used
as a preventive or therapeutic agent, for example, for the
diseases associated with JAKl and also the diseases for
which the effect of the compound i1s expected in view of its
anti-inflammatory, immunosuppressive and anti-proliferative
effects etc.

Examples of specific diseases for which the compound
of the invention can be applied include autoimmune disease
(e.g., rheumatoid arthritis, psoriatic arthritis, juvenile
arthritis, Castleman's disease, systemic lupus
erythematosus, S$jogren’s syndrome, multiple sclerosis,
inflammatory bowel disease, Behcet’s disease, myasthenia
gravis, type 1 diabetes mellitus, immunoglobulin
nephropathy, autoimmune thyroilid diseases, pscriasis,
scleroderma, lupus nephritis, dry eye, vasculitis (e.g.,

Takavasu's arteritis, giant cell arteritis, microscopic
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polyangiitis, granulomatosis with polyangiitis and
eosinophilic granulomatosis with polyangiitis),
dermatomyositis and polymyositis and neuromyelitis optica),
inflammatory diseases (e.g., atopic dermatitis, contact
dermatitis, eczema, pruritus, food allergies, bronchial
asthma, eosinophilic pneumonia, chronic obstructive
pulmonary disease, allergic rhinitis, chronic sinusitis,
eosinophilic sinusitis, nasal polyp, allergic
conjunctivitis, ostecarthritis, ankylosing spondylitis,
Kawasaki disease, Buerger's disease, polyarteritis nodosa
and IgA vasculitis), proliferative diseases (e.g., solid
cancers, blood cancers, lymph malignant tumor,
myeloprcliferative diseases, multiple myeloma, pulmonary
fibrosis and eosinophilia), sudden hearing loss, diabetic
nephropathy, alopecia areata, bone marrow transplant
rejection or organ transplant rejection.
[0122]

The compound of the invention may be administered as a
medicament to mammals, including human, as it is or as a

pharmaceutical composition containing the same in an amount

o\
)

of, for example, 0.001 to 99.5 %, preferably 0.1 % to
90 %, in combination with one or more pharmaceutically

acceptable nontoxic and inactive carrier(s).

(01231
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The carrier may be one or more selected from solid,
semi~solid, or liguid diluents, fillers, and cther
auxiliaries for pharmaceutical formulation is used. The
pharmaceutical composition according to the invention may
be administered in a unit dosage form. The pharmaceutical
composition may be administered by interstitial, oral,
intravenous, topical (e.g., transdermal, instillatiocn,
intraperitoneal or intrathoracic administration) or
transrectal administration. The compcsition should be
administered in a dosage form suitable for these
administration methods.

[0124]

The dose of the compound should be adjusted taking
into account the conditions of the patient, such as age,
body weight, and the disease to be treated and the stage of
the disease, the‘route of administration, and the compound
to be administered, the type of salt in case where the
compound 1is & salt, etc.. . In the case of oral
administraticn to an adult, a typical daily dose of the
compound of the invention c¢r its pharmaceutically
acceptable salt may be 0.01 mg to 5 g, and preferably 1 mg
to 500 mg. In some cases, a lower dose may be sufficient,
or conversely, or a higher dose may be required. In
general, the dose is given once a day or several times per

day as divided portions, or in the case of intravenous
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administration, the medicine can be a bolus injection or
continuously administered within 24 hours.
[0225]

One or more of hydrogen, carbon and/or other atoms in

)

the compound of the invention can be replaced with the
respective 1sotope of hydrogen, carbon and/or other atoms.

Examples of such isotopes include those of hydrogen, carbon,

nitrogen, cxygen, phosphorus, sulfur, fluorine, iodine and

3

: Z 5 1 1
chlorine, such as °H, °H, ¢, *c, *c, ¥n, 1'8o,

386

Bg, ¥p, 1237 and %c1. A compound substituted with such
isotope may be useful as a medicament, and all of such

radiolabeled forms of the compound are inclued in the

invention.

Examples
[0126]

The invention is described in more detail with
reference to the following Examples, Test Examples and
Formulation Examples, which are not intended to limit the

scope of the present invention.

[6127]
The abbreviations used in the Examples are as follows.
DMF: dimethylformamide

DMSO: dimethyl sulfoxide
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DIPEA: N,N-diisopropylethylamine

TEA: triethylamine

THF: tetrahydrofuran

TFA: trifluorocacetic acid

NMP: N-methylpyrrolidone

HATU: O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

CDCls3: deuterochloroform

DMSO-dé: hexadeuteroddimethyl sulfoxide

MS: mass spectrometry

LCMS: high-pressure liquid chromatograph mass spectrometry
ESI: electron spray ionization

M: melar concentration

[0128]

MS was determined by using LCMS. ESI method was used
as the ionization method. The measurements of the mass
spectrometry are shouwn as m/z.

The measurement condition for LCMS is as follows.
Analyzer: ACQUITY UPLC MS/PDA system (Waters)

Mass spectrometer: Waters 3100 MS detector
Photodiode array detector: ACQUITY PDA detector (UV
Detection wavelength: 210 to 400nm)

Column: Acqguity BEH Cis, 1.7um, 2.1 x 50mm

Flow rate: 0.5mL/min
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Column temperature: 40 °C

Sclvent;

Scolution A: 0.1 % formic acid/H,0 (v/v; the same
hereinafter)

Solution B: 0.1 % formic acid/acetonitrile

[0129]

The microwave experiment was done using Biotage
Initiator 60™, which is able to achive a temperature from
40 to 250 °C and a pressure up to 20 bar. As used herein,
the specific optical rotation ({alp) means a specific
optical rotation measured by a polarimeter, such as HORIBA

high-speed automatic polarimeter SEPA-500.

[0130]

Reference Example 1: Pyrazolo[5,1-b][1,3]thiazole~7~

carbonitrile

[Step 1] Preparation of Z-(thiazol-2-yl)acetonitrile

To a solution of tert-butyl cyancacetate (28 g) in DMF
(100 mL) was added 60 % sodium hydride (7.9 g) in portions
under ice cooling, and the resulting mixture was stirred
for 10 min. To the mixture was added 2-bromothiazole (25g),
and the mixture was stirred at room temperature for 15 min,
then at 120 °C for 2 h. To the reaction mixture was added

1 M aqueous solution of hydrochloric acid, and the aqueous
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layer was extracted with ethyl acetate. The organic layer
was washed with water, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was washed with hexane, the resulting
solid was suspencded in toluene (200 mL), to the suspension
was added para-toluenesulfonic acid monohydrate (2.0g), and
the mixture was stirred at 105 °C for 2 h. The reaction
solution was diluted with ethyl acetate, and the liguid
separation was carried by an addition of saturated agueous
scdium bicarbonate solution. The agueous layer was further
extracted with ethyl acetate and the combined organic layer
was dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give
the title compound (7.0 g).

MS (m/z): 125 [M+H]™

[0131]
[Step 2] Preparation of pyrazolo([5,1-b]{l,3lthiazole~-7-
carbonitrile

To a solution cof 2-(thiazol-2-yl)acetonitrile obtained
in Step 1 (5 g} in dichloromethane (50 ml) was added a
solution of O-(mesitylsulfonyl)hydroxyamine (which can be
prepared according to the method described in, for example,

Organic Process Research & Development, 2009, 13, 263-267.)
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in dichloromethane (20 mlL) under ice cooling, and the
mixture was stirred at room temperature for 2 h. Under ice
cooling, to the reaction mixture was added diethyl ether,
and the precipitated solid was collected on a filter. The
resulting solid was suspended in triethyl orthoformate (35
mL), and the mixture was stirred at 120 °C for 1 h. The
reaction solution was concentrated under reduced pressure,
and the resulting residue was purified by silica gel column
chromatography to give the title compound (2.5 g).

MS (m/z): 150 [M+H]~

[0132]

Reference Example 2: 6-Hydroxy-2-(pyrazolo[5, 1~

b][1l,3]thiazol~-T7-yl)pyrimidine-4-carboxylic acid

To a solution of pyrazolol5,1-b][1l,3]thiazole-7-
carbonitrile obtained in Reference Example 1 (6 g) in
methanol (150 mL) was added a solution of 28 % sodium
methoxide in methanol (24.6 mL), and the mixture was
stirred at room temperature for 3 h. Then, ammonium
chloride (12.9 g) was added thereto, and the mixture was
stirred at 90 °C for 1 h. The reaction solution was
concentrated under reduced pressure, to the resulting
residue was added a solution of sodium diethyl oxzlacetate

(33.8g) in 5 M agueous sodium hydroxide solution {200 mL),

and the mixture was stirred at 100 °C overnight. To the
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reaction mixture was added conc. hydrochloric acid to make
the solution acidic, and the precipitated solid was
collected on a filter. The resulting solid was dissolved
in 5 M aqgueous potassium hydroxide solution, and was washed
with chloroform. To the aqueous layer was added conc.
hydrochloric acid to make the solution acidic, the
precipitated solid was collected on a filter, and dried to
obtain the title compound (10 g).

MS (m/z): 263 [M+H]”

[0133]

Reference Example 3: Methyl 6-chloro-2-(pyrazolo[5,1-

b][1,3]thiazol-7-yl)pyrimidin-4-carboxylate

6-Hydroxy-2- (pyrazolo[5,1-b][1,3]thiazol~7-
vl)pyrimidine~4-carboxylic acid obtained in Reference
Example 2 (l.4g) was suspended in phosphorus oxychloride
(20 mL), to the suspension was added diethylaniline (1.6qg),
and the mixture was stirred at 130 °C for 2 h. The
reaction solution was concentrated under reduced pressure,
to the reaction mixture was added methanol (100 mlL) under
ice cooling, and the resulting mixture was stirred at 10
min. The reaction solution was diluted with chloroform,
separated by adding water, and the aqueous layer was

further extracted with chloroform. The combined organic

layer was dried over anhydrous magnesium sulfate, and
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concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give
the title compound (910 mg).

MS (m/z): 297 [M+H]®

5
[0134]
Reference Example 4: 6-Hydroxy-5-methyl-2-(pyrazolo[5,1-
bl[1,3]thiazol-7-yl)pyrimidine-4-carboxylic acid
To a solution of pyrazolo[5,1-b]J[1l,3]lthiazole-7-

10 carpbonitrile obtained in Reference Example 1 (300 mg) in
methanol (6 mlL) was added a solution of 28 % sodium
methoxide in methanol (0.41 mL), and the mixture was
stirred at room temperature for 1 h. Then, ammonium
chloride (215 mg) was added thereto, and the mixture was

15 stirred at 70 °C for 2 h. The reaction sclution was
concentrated under reduced pressure, the resulting residue
was dissclved in 5 M aqueous sodium hydroxide solution (1.2
mL) and water (7 mL), methyloxalacetic acid diethyl ester
(611 mg) was added to the solution, and the mixture was

20 stirred at 90 °C for 45 min. To the reaction mixture was

added conc. hydrochloric acid to make the solution acidic,
the precipitated solid was collected on a filter, and dried
Lo obtain the title compound {166 mg).

MS (m/z): 277 [M+H]”

25
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[0135]

Reference Example 5: Methyl 6-chloro-5-methyl-2-

(pyrazolo[5,1-bl{l,3]thiazol-7-yl)pyrimidin-4-carboxylate

Analogous to the method in Reference Example 3, the
title compound was synthesized by using 6-hydroxy-5-methyl-
2-(pyrazoclo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-carboxylic
acid obtained in Reference Example 4 in place of 6-hydroxy-
2-(pyrazolo[5,1-b][1,3]thiazol~7~yl)pyrimidine~4-carboxylic
acid.

MS (m/z): 311 [M+H]"

[0136]

Reference Example 6: (25)-1-(Difluoromethoxy)propan-2-amine

hydrochloride

[Step 1] Preparation of benzyl N-{(25)-1-
(difluoromethoxy)propan—-2-yllcarbamate

Under argon atmosphere, to a solution of benzyl [(1S)-
1-(hydroxymethyl)ethyl]lcarbamate (2g) in acetonitrile (40
mL) were added 2,2-difluoro-2-(fluorosulfonyl)acetic acid
(2.6g) and copper iodide (364 mg), and the mixture was
stirred at 50 °C for 1 h 30 min. The reaction solution was
diiuted with ethyl acetate, separated by adding saturated
agqueous sodium bicarbonate solution, and the agueous laver
was further extracted with ethyl acetate. The combined

organic layer was dried over anhydrous magnesium sulfate,
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and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography to
give the title compound (1.3 g).

'H-NMR (CDCls) &: 1.23 (3H, d), 3.75-3.90 (2H, m), 4.00 (1H,
bs), 4.82 (1H, bs), 5.11 (2H, s), ©6.22 (1H, t), 7.30-7.40

(SH, m)

[0137]
[Step 2] Preparation of (235)-1-(difluoromethoxy)propan-2-
amine hydrochloride

To a solution of benzyl N-[(28)-1-
(difluoromethoxy)propan-2-yl]carbamate obtained in Step 1
(1.3 g) in ethanol (40 mL) was added 20 % palladium
hydroxide (on activated carbon, 300 mg), and the medium
pressure catalytic reduction was conducted. The reaction
mixture was filtered to remove the palladium, then 4 M
hydrogen chloride-ethyl acetate solution (2 mlL) was added
to the mother liquid, and the solvent was concentrated
under reduced pressure to give the title compound (668 mg).
'H-NMR (DMSO-d6) &: 1.19 (3H, d), 3.40-3.50 (1H, m), 3.86

(1H, dd), 3.97 (1H, dd), 6.77 (1lH, t), 8.06 (3H, bs)

[0138]

Reference Example 7: (18,28)-2-

(Difluoromethoxy)cyclopentanamine hydrochloride
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[Step 1] Preparation of benzyl N-[(1S,2S5)-2-
hydroxycyclopentyl]lcarbamate

To a solution of (1S,28)-Z-benzyloxycyclopentanamine
(5.0 g) in ethanol (40 mlL) was added 20 % palladium
hydroxide (on activated carbon, 1.0 g), and the medium
pressure catalytic reduction was conducted. Palladium was
filtered off, and the solvent was concentrated under
reduced pressure. To the resulting residue were added
water (100 mL) and sodium carbonate (7.0 g), then benzyl
chloroformate (6.7 g) was added thereto under ice cooling,
and the mixture was stirred at room temperature overnight.
The reaction mixture was extracted with chloroform, and the
organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give the title compound (5.9 g).

MS (m/z): 236 [M+H]~

[0139]
[Step 2] Preparation of benzyl N-[(1S,23)-2~
(difluoromethoxy)cyclopentyl]carbamate

Analogous to the method in Reference Example 6 Step 1,
the title compound was synthesized by using benzyl N-
[(15,25)-2-hydroxycyclopentyl]carbamate obtained in Step 1

in place of benzyl [(1S)-1-(hydroxymethyl)ethyl]carbamate.
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'Yy-NMR (CDC1l3) &: 1.40-1.50 (1H, m), 1.62-1.88 (3H, m),
1.91-2.05 (1H, m), 2.10-2.25 (1H, m), 3.95-4.00 (1H, m),
4.40 (1H, bs), 4.72 (1H, bs), 5.10 (2H, d&d), 6.33 (1H, t),

7.30-7.41 (5H, m)

[0140]
[Step 3] Preparation of (15,2S8)-2-
(difluoromethoxy)cyclopentanamine hydrochloride

Analogous to the method in Reference Example 6 Step 2,
the title compound was synthesized by using benzyl N-
[(1S5,28)-2~(difluoromethoxy)cyclopentyl]carbamate obtained
in Step 2 in place of benzyl N-[(2S)-1~-
(difluoromethoxy)propan-Z~ylljcarbamate.
'"H-NMR (DMSO-dé) &: 1.50-1.78 (4H, m), 2.01-2.10 (2H, m),

3.48 (1H, bs), 4.55 (1H, bs), 6.78 (1H, t), 8.28 (3H, bs)

[0141]

Reference Example 8: {1-

[ (Difluoromethoxy)methyllcyclopropylmethanamine

To a solution of [1-{(aminomethyl)cyclopropyl]lmethanol
(720 mg) in dichloromethane (15 mL) was added DIPEA (2.5
mL), then benzyl chloroformate (1.46 g) was added thereto
under ice cooling, and the mixture was stirred at room
temperature overnight. The reaction solution was

concentrated under reduced pressure, and the resulting
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residue was purified by silica gel column chromatography to
give an oil (348 mg). To a solution of this oil (348 mg)
in acetonitrile (10 mlL) were added 2,2-difluoro-2-
(fluorosulfonyl)acetic acid (395 mg) and copper iodide (56
mg), and the mixture was stirred at 50 °C for 1 h. The
reaction solution was separated by adding saturated agueous
sodium bicarbonate solution, and the agqueous layer was
further extracted with ethyl acetate. The combined organic
layer was washed with saturated brine, dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give an oil (129 mg). To a solution of
the 0il (129 mg) in methanol (8.0 mL) was added 20 %
palladium hydroxide (on activated carbon, 43 mg), and the
medium pressure catalytic reduction was conducted. The
reaction solution was filtered to remove the palladium, and
the mother liquid was concentrated under reduced pressure
to give the title compound (68 mg).

*H-NMR (CDCli:) &: 0.51-0.52 (4H, m), 2.69 (2H, s), 3.79 (2H,

s), 6.25 (1H, t)

[0142]

Reference Example 9: {1-

[(Difluoromethoxyv)methyl]cyclobutyl}lmethanamine

Analogous to the method in Reference Example 8, the
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title compound was synthesized by using [1-

(aminomethyl)cyclobutyl]methanol (which is prepared

according to the method described in, for example, Journal

of Medicinal Chemistry, 1972, 15, 1003-1006) in place of

[1-(aminomethyl) cyclopropyl]lmethanol.

'H-NMR (CDCls) &: 1.78-1.91 (6H, m), 2.78 (2H, s), 3.86 (2H,

s), 6.23 (1H, t)

[0143]

Reference Example 10: {1-

[ (Difluoromethoxy)methyl]cyclopentyljmethanamine

Analogous to the method in Reference Example 8, the

title compound was synthesized by using [1-

(aminomethyl)cyclopentyl]methanol (which is prepared

according to the method described in, for example, Journal

of Medicinal Chemistry, 1972, 15, 1003-1006) in place of

[1-({aminomethyl)cyclopropyl]lmethanol.
"H-NMR (CDCl;) &: 1.42-1.46 (4H, m), 1.58-1.64

2.69 (2H, s), 3.72 (2H, s), 6.24 (1H, t)

[0144]

Reference Example 11: [4-

[(Difluoromethoxy)methyl]tetrahydro-2H-pyran-4-

yl}methanamine

To a solution of ethyl 4-{[(tert-

(4H, m),



10

15

20

25

89

butoxycarbonyl)amino]lmethyl}tetrahydro~-2H-pyran—-4-
carboxylate (1.3 g) in dichloromethane (10 mlL) was added
TFA (5.0 mL), and the mixture was stirred at room
temperature for 4 h. The reaction solution was
concentrated under reduced pressure, to a solution of the
resulting residue in dichloromethane (10 mL) was added
DIPEA (3.1 mlL), then benzyl chloroformate (1.1 g) was added
thereto under ice cooling, and the mixture was stirred at
room temperature overnight. The reaction solution was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography to
give an oil (1.4 g). To a solution of the oil (1.3 g) in
ethanol (20 mL) was added sodium borohydride (382 mg) under
ice cooling, and the mixture was stirred at room
temperature for 2.5 days. Then, sodium borohydride (382
mg) was added thereto, the mixture was stirred at room
temperature for 4 h, then at 50 °C for 3 h, and further at
room temperature overniéht. To the reaction solution was
added water under ice water cooling, and the solution was .
extracted with ethyl acetate. The organic layef was washed
with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography to give an oil (484 mg). To a solution of

the o0il (484 mg) in acetonitrile (10 mlL) were added 2,2-
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difluoro-2-(fluorosulfonyl)acetic acid {463 mg) and copper
iodide (66 mg), and the mixture was stirred at 50 °C for 1
h. To the reaction solution was added saturated agueous
sodium bicarbonate solution, and the mixture was extracted
with ethyl acetate. The organic layer was washed with
saturated brine, dried over anhydrous magnesium sulfate,
and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography to
give an oil (209 mg). To a solution of the oil (200 mg) in
methanol (8.0 mL) was added 20 % palladium hydroxide (on
activated carbon, 80 mg), and the medium pressure catalytic-
reduction was conducted. The reaction mixture was filtered
to remove the palladium, and the mother liquid was
concentrated under reduced pressure to give the title
compound ({108 mg).

'H-NMR (CDCl;) &: 1.50-1.53 (4H, m), 2.76 (2H, s), 3.64-

3.71 (4H, m), 3.84 (ZH, s), 6.24 (1H, t)

{0145]

Reference Example 12: (2R)-N,3,3-Trimethylbutan-2-amine

hydrochloride

To a solution of (ZR)-3,3~-dimethylbutan-2-amine (5.0
g) in dichloromethane (100ml) was added TEA (15ml), benzyl
chloroformate (9.3 g} was added dropwise thereto under ice

cooling, and the mixture was stirred overnight. The
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reaction mixture was diluted with chloroform, the solution
was separated by adding saturated agueous sodium
bicarbonate sclution, the aqueous layer was further
extracted with chloroform, and the combined organic laver
was washed with saturated aqueous sodium bicarbonate
solution, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give
the crude product (4.0 g). To a solution of the obtained
crude product (4.0 g) in DMF (15ml) was added iodomethane
(4.8 g), and 60 % sodium hydride (748 mg) was added thereto
under ice cooling. After the mixture was stirred at room
temperature for 1 h, ice water was added thereto and the
reaction solution was extracted with ethyl acetate. The
organic layer was washed with saturated agueous sodium
bicarbonate solution, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography to give the crude product (4.2 g). To a
solution of the obtained crude product (4.2 g) in ethanol
(20 mL) was added 20 % palladium hydroxide {on activated
carbon, 1.0 g), and the medium pressure catalytic reduction
was conducted. The reaction mixture was filtered to remove
the palladium, 2 M hydrogen chloride~ethanol solution

{9.0ml) was added to the mother liguid, and the solvent was
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concentrated under the reduced pressure to give the title
compound (2.0 g).

MS (m/z): 116 [M-C1l]°

[0146]

Reference Example 13: 1-[1-(Methoxymethyl)cyclopropyl]-N-

methylmethanamine hydrochloride

[Step 1] Preparation of benzyl {[1-
(hydroxymethyl)cyclopropyllmethyljcarbamate

To a solution of [1-(aminomethyl)cyclopropyllmethanol
(1.5 g) {(which was prepared analogous to the method
described in, for example, Journal of Medicinal Chemistry,
1972, 15, 1003-1006) in dichloromethane (30 mL) was added
DIPEA (3.7 g), benzyl chlorcformate (3.5 g) was added
thereto under ice cooling, and the mixture was stirred at
room temperature overnight. The reaction solutiocn was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography to
give the title compound (3.0 g).
‘H-NMR (CDCls) &: 0.46 (4H, s), 2.78 (1H, t), 3.20 (2H, d),

3.40 (2H, d), 5.12 (2H, s), 5.23 (1H, s), 7.35-7.37 (5H, m)

(01473
[Step 2] Preparation of benzyl {[1-

(methoxymethyl)cyclopropylimethylimethylcarbamate
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To a solution of benzyl {[1-
(hydroxymethyl)cyclopropyllmethyl}carbamate obtained in
Step 1 (350 mg) in DMF (3.0 mlL) were added iodomethane (1.0
g) and silver oxide (1.7 g), and the mixture was stirred at
room temperature overnight. Under ice cooling, to the
reaction mixture was added saturated agueous agueous
ammonium chloride, and the mixture was extracted with
diethyl ether. The organic layer was dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give the title compound (189 mg).

'"H-NMR (CDCly) &: 0.46-0.60 (4H, m), 2.99 (3H, s), 3.15-

3.36 (7H, m), 5.13 (2H, s), 7.28-7.39 (5H, m)

[0148]
[Step 3] Preparation of 1-[l-{methoxymethyl)cyclopropyl]-N-
methylmethanamine hydrochloride

To a solution cf benzyl {[1-
(methoxymethyl)cyclepropylimethylimethylcarbamate obtained
in Step 2 (165 mg) in ethanol (6.0 ml) was added palladium
hydroxide (on activated carbon, 80 mg), and the medium
pressure catalytic reduction was conducted. The reaction
mixture was filtered to remove the palladium, 2 M hydrogen
chloride-ethanol solution (27 ul) was added to the mother

ligquid, and the sclvent was concentrated under reduced
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'H-NMR (DMSO-d6) &: 0.53 (2H, t), 0.66 (2H, t), 2.51 (3H,

s), 2.88 (2H, s), 3.26 (3H, s), 3.27 (2H, s), 8.52 (2H, br)

Reference Example 14: Methyl (l-{[6-chloro~-Z-(pyrazolo[5,1-

bl[1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl}lpiperidin-4-

yv]l)carbamate

[Step 1] Preparation of methyl piperidin-4-ylcarbamate

To a solution of l-benzylpiperidin-4-amine (5.0 g) in
dichloromethane (100 mL) was added TEA (9.2 mlL) methyl
chloroformate (2.6 g) was added dropwise thereto under ice
cooling, and the mixture was stirred for 1 h. The reaction
solution was diluted with chloroform, separated by adding
water, and the aqueous layer was further extracted with
chloroform. The combined organic layer was dried over
anhydrous magnesium sulfate, and then, concentrated under
reduced pressure to give an oil (3.4 g). To a solution of
the resulting an oil (3.4 g) in ethanol (50 mlL) was added
20 % palladium hydroxide (on activated carbon, 1 g), and
the medium pressure catalytic reduction was conducted. The
reaction mixture was filtered to remove the palladium, and
the mother liguilid was concentrated under reduced pressure
to give the title compound (1.9 g).

MS (m/z): 159 [M+H]"
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[0150]
[Step 2] Preparation of methyl (1-{{6-chloro-2-
(pyrazole[5,1-b]l{1,3]thiazol~-7-yl)pyrimidin-4-
yl]carbonyllpiperidin-4-yl)carbamate

6-Hydroxy-2- (pyrazolo[5,1-b]l[1,3]1thiazol-7~
vl)pyrimidine-4-carboxylic acid obtained in Reference
Example 2 (700 mg) was suspended in phosphorus oxychloride
(5.0 mL), diethylaniline (0.4 g) was added to the
suspension, and the mixture was stirred at 110 °C for 2 h.
The reaction solution was concentrated under reduced
pressure, and it is dissolved in dichloromethane (40 mL)
under ice cooling. To the resulting solution were added
DIPEA (2.3 ml) and methyl piperidin-4-ylcarbamate obtained
in Step 1 (443 mg), and the mixture was stirred at room
temperature for 30 min. The reaction solution was diluted
with chloroform, separated by adding saturated agueous
sodium bicarbonate solution, and the agqueous layer was
further extracted with chloroform. The combined organic
layer was dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give
the title compound (570 mg).

MS (m/z): 421, 423 [M+H]”



10

15

20

96

[6151]

Reference Example 15: N-(1-{[6-Chloro-2-(pyrazclo[5,1-

b][l,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonylipiperidin-4-

vl)cyclopropanecarboxamide

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using N-(piperidin-4-
vl)cyclopropanecarboxamide (which was prepared analogous to
the method described in, for example, Journal of Medicinal
Chemistry, 2010, 53, 6386-6397) in place of methyl
piperidin-4-ylcarbamate.

MS (m/z): 431, 433 [M+H]"

[0152]

Reference Example 16: N-(1-{[€é-Chlorc-2-(pyrazolo[5,1-

p][1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonylipiperidin-4-

yl)~-Z2-methylpropanamide

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using 2-methyl-N-(4-
piperidyl)propanamide (which was prepared analogous to the
method described in, for example, Bioorganic & Medicinal
Chemistry Letters, 2012, 22, 3157-316Z2) in place of methyl
piperidin~4-ylcarbamate.

MS (m/z): 433, 435 [M+H]"

[0153]
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Reference Example 17: tert-Butyl (l-{[6-chloro-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vl]carbonyl}piperidin-4-vyl)carbamate

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using tert-butyl N-
{4d-piperidyl)carbamate in place of methyl piperidin-4-
ylcarbamate.

MS (m/z): 463, 465 [M+H]"

[0154]

Reference Example 18: [6-Chloro-2-(pyrazolol[5,1-

bl[1,3]thiazol-7-yvl)pyrimidin-4-yl] [4-(pyridin-2-

yvlamino)piperidin-1l-yl]methanone

Under argon atmosphere, to a solution of 1-
benzylpiperidin-4-amine (980 mg) and 2-fluoropyridine (500
mg) in THF (3.0 mL} was added 1 M lithium
bis(trimethylsilyl)amide (THF solution, 10.3 mL) at -78 °C.
The mixture was stirred at room temperature for lh, then at
70 °C overnight. The reaction mixture was diluted with
chloroform, separated by adding saturated agueous sodium
bicarbonate solution, and the aqueous layer was further
extracted with chloroform. The combined organic layer was
dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The resulting residue was purified

by silica gel column chromatography to give an oil (155 mg).
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To a solution of the resulting oil (150 mg) in ethanol (10
mL) were added 20 % palladium hydroxide (on activated
carbon, 50 mg) and TFA (1 drop), and the medium pressure
catalytic reduction was conducted at 40 °C. The reaction
mixture was filtered to remove the palladium, and the
mother liguid was concentrated under reduced pressure to
give a solid (110 mg). ¢6&-Hydroxy-2-(pyrazolo[b,1-
bl[1,3]thiazol-7-yl)pvrimidine~-4-carboxylic acid obtained
in Reference Example 2 (150 mg) was suspended in phosphorus
oxychloride (1.1 mL), diethylaniline (85 mg) was added to
the suspension, and the mixture was stirred at 110 °C for 2
h. The reaction solution was concentrated under reduced
pressure, and the resulting residue was dissolved in
dichloromethane (10 ml) under ice cooling, DIPEA (0.5 mL)
and the above solid (101 mg) were added to the sclution,
and the mixture was stirred at room temperature for 30 min.
The reaction solution was diluted with chloroform,
separated by adding saturated aqueous sodium bicarbonate
solution, and the agueocus layer was further extracted with
chloroform. The combined organic layers were dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give the title compound (36 mg).

MS (m/z): 400, 402 [M+H]"
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[0155]

Reference Example 19: [6-Chloro-2-(pyrazolo[5,1-

bl[1,3]thiazol-7-yl)pyrimidin-4-v1][4~-(1,3-thiazol-2~

viamino)piperidin-1-vlimethanone

Under argon atmosphere, to a solution of tert-butyl N-
thiazol-2-ylcarbamate (1.9 g) and tert-butyl 4-
hydroxypiperidine-l-carboxylate (1.8 g) in THF (20 mL) was
added diethyl azodicarboxylate (2.2 M toluene solution, 5.1
mlL) under ice coocling, and the mixture was stirred at room
temperature for 16 h. The solvent was distilled off, and
the resulting residue was purified by silica gel column
chromatography to give a solid 1 (2.2 g). To a solution of
the obtained solid 1 (2.2 g) in dichloromethane (5 mL) was
added TFA (5 mlL), and the mixture was stirred at room
temperature for 1 h 30 min. The reaction solution was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography to
give a solid 2 (7%6 mg). ©6-Hydroxy-2-(pyrazoclc[5,1~-
b][1,3]thiazol-7-yl)pyrimidine-4-carboxylic acid obtained
in Reference Example 2 (100 mg) was suspended in phosphorus
oxychloride (1.1 mL), diethylaniline (57 mg) was added to
the suspensicn, and the mixture was stirred at 110 °C for 2
h. The reaction solution was concentrated under reduced
pressure, the concentrate was dissolved in dichloromethane

(10 mL) under ice cooling, DIPEA (0.33 mL) and the solid 2
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(136 mg) were added to the solution, and the mixture was
stirred at room temperature for 30 min. The reaction
solution was diluted with chloroform, separated by adding
saturated aqueous sodium bicarbonate solution, and the
aqueous layer was further extracted with chloroform. The
combined organic layers were dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography to give the title compound (70 mg).

MS (m/z): 446, 448 [M+H]™

[0156]

Reference Example 20: [6-Chloro-2-(pyrazoclo[5,1-

plll,3)thiazol-7~yl)pyrimidin-4-vyl] [4-(pyrimidin-2-

ylamino)piperidin-l-yl]lmethanone

To a solution of tert-butyl 4-(pyrimidin-Z-
ylamino)piperidine~l-carboxyiate (251 mg) in
dichloromethane (3.0 mL) was added TFA (1.0 mlL), and the
mixture was stirred at room temperature for 30 min. The
solvent was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography to give a solid (248 mg). 6-Hydroxy-2-
(pyrazclo[5,1-b] [1,3]thiazol-7~-yl)pyrimidine-4-carboxylic
acid obtained in Reference Example 2 (100 mg) was suspended

in phosphorus oxychloride (1.1 mL), diethylaniline (57 mg)
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was added to the suspension, and the mixture was stirred at
110 °C for 1 h. The reaction solution was concentrated
under reduced pressure, the resulting residue was dissolved
in dichloromethane (10 mL) under ice cooling, DIPEA (0.33
mL) and the solid (134 mg) were added to the solution and
the mixture was stirred at room temperature for 30 min.

The reaction solution was diluted with chloroform,
separated by adding saturated aqueous sodium bicarbonate
water, and the aquecus layer was further extracted with
chloroform. The combined organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give the title compound (104 nmg).

MS (m/z): 441, 443 [M+H]”

[0157]

Reference Example 21: Cyclopropyl (1-{[6-chloro-2-

(pyrazolo[5,1-b]}[1,3)thiazol-7-yl)pyrimidin-4-

yl]carbonyllpiperidin-4-yl)carbamate

[Step 1] Preparation of benzyl 4-
(¢cyclopropanecarbonylamino)piperidine~l~carboxylate

To a solution of l-benzyloxycarbonylpiperidin-4-
carboxylic acid (400 mg) in toluene (3 mlL) were added TEA
(0.85 mL) and diphenylphosphoryl azide (627 mg), and the

mixture was stirred at 90 °C for 3h. Then, cyclopropanol
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(132 mg) (which was prepared analogous to the method
described in, for example, US2012/0010183) was added
thereto, and the mixture was stirred at 80 °C overnight.
The reaction mixture was diluted with ethyl acetate,
separated by adding saturated aqueous sodium bicarbonate
water, and the agqueous laver was further extracted with
ethyl acetate. The combined organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel

column chromatography to give the title compound (190 mg).

MS (m/z): 319 [M+H]T

[0158]

[Step 2] Preparation of cyclopropyl piperidin-4-ylcarbamate
To a sclution cof benzyl 4-

(cyclopropanecarbonylamino)piperidine~l~carboxylate

obtained in Step 1 (190 mg) in ethanol (10 mlL) was added

20 % palladium hydroxide (on activated carbon, 50 mg), and

the medium pressure catalytic reduction was conducted. The

reaction solution was filtered to remove the palladium, and

the mother liquid was concentrated under reduced pressure

to give the title compound (110 mg).

MS (m/z): 185 [M+H]"

[0159]
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[Step 3] Preparation of cyclopropyl (l1-{[6-chloro-2-
(pyrazolol[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl]carbonyl}piperidin-4-yl)carbamate

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using cyclopropyl
piperidin-4-ylcarbamate obtained in Reference Example 21
Step 2 in place of methyl piperidin-4-ylcarbamate.

MS (m/z): 447, 449 [M+H]?

[0160]

Reference Example 22: Propan—-2-yl (1-{[6-chloro-2-

(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4~

vl]lcarbonylipiperidin-4-vl)carbamate

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using propan-2-yl
piperidin-4-ylcarbamate (which was prepared analogous to
the method described in, for example, US 5082847) in place
of methyl piperidin-4-ylcarbamate.

MS (m/z): 449, 451 [M¥H]"

[0161]

Reference Example 23: Propyl (l1-{[6-chloro-Z2-{pyrazolo[5,1~

b]{1,3]thiazol-7-yl)ipyrimidin-4-ylljcarbonylipiperidin-4-

yvl)carbamate

Analogous to the method in Reference Example 14 Step 2,
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the title compound was synthesized by using propyl
piperidin~-4-ylcarbamate (which was prepared analogous to
the method described in, for example, US 5082847) in place
of methyl piperidin-4-ylcarbamate.

MS (m/z): 449, 451 [M+H]"

[0162]

Reference Example 24: Z2-Methoxvyethyl (l1-{[6-chloro-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yvl)pyrimidin-4-

vljcarbonylipiperidin-4-yl)carbamate

[Step 1] Preparation of 2-methoxyethyl piperidin-4-
ylcarbamate

To & solution of l1-benzvyloxycarbonylpiperidin-4-
carboxylic acid (300 mg) in tocluene (Z mlL) were added TEA
{556 ul), diphenylphosphoryl azide (320 ulL) and 2-
methoxyethanol (2 ml), and the mixture was stirred at 100
°C for 4 h. The reaction solution was concentrated under
reduced pressure, and the resulting residue was purified by
silica gel column chromatography to give an oil (189 mg).
To a solution of the resulting oil (189 mg) in methanol (10
mL) was added 5 % palladium (on activated carbon, 30 mg),
and the medium pressure catalytic reduction was conducted.
The reaction solution was filtered to remove the palladium,
and the mother liquid was concentrated under reduced

pressure to give the title compound (111 mg).
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'H-NMR (CDCls) &: 1.32-1.37 (2H, m), 1.94-1.97 (2E, m),
2.60-2.74 (2H, t), 3.08 (2H, d), 3.40 (3H, s), 3.57-3.59

(3H, m), 4.20-4.22 (2H, m), 4.75-4.77 (1H, m)

[0163]
[Step 2] Preparation of 2-methoxyethyl (1-{[é-chloro-2-
(pyrazolo{5,1-bj[1,31thiazol~7-yl)pyrimidin-4-

yllcarbonyl}lpiperidin-4-yl)carbamate

Analogous to the method in Reference Example 14 Step 2,

the title compound was synthesized by using 2-methoxyethyl
piperidin-4-ylcarbamate obtained in Step 1 in place of
methyl piperidin-4-ylcarbamate.

MS (m/z): 465, 467 [M+H]”

[0164]

Reference Example 25: 2,2-Diflucroethyl (1-{[6-chloro-2-

(pyrazolo[5,1-b]{1,3]thiazol-7-yl)pyrimidin-4-

vl]carbonyl}piperidin-4-vyl)carbamate

[Step 1] Preparation of 2,2-diflucroethyl piperidin-4-
ylcarbamate
To a solution of 2,2~difluorocethanol (100 mg) in

dichloromethane (1.0 ml) were added TEA (255 ul) and

triphosgene (145 mg) under ice cooling. After the mixture

was stirred for 30 min, 4-amino-l-benzylpiperidine (497 ulL)

was added thereto and the mixture was further stirred for
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3C min. To the reaction solution was added saturated
aqueous sodium bicarbonate solution, and the solution was
extracted with ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by
silica gel column chromatography to give an oil (185 mg).
To a solution of the resulting oil (185 mg) in methanol (10
mlL) was added 5 % palladium (con activated carbon, 30 mg),
and the medium pressure catalytic reduction was conducted.
The reaction solution was filtered to remove the palladium,
and the mother liguid was concentrated under reduced
pressure to give the title compound (123 mg).

"H-NMR (CDCl;) &: 1.25-1.34 (2H, m), 1.94-1.97 (2H, m),
2.60-2.71 (2H, m), 3.04-3.08 (2H, m), 3.55-3.68 (1H, m),

4.20-4.35 (2H, m), 4.77 (1H, br), 5.78-6.08 (1H, m)

[0165]
[Step 2] Preparation of 2,2-difluoroethyl (l1-{[6-chloro-2-
(pyrazolo[5,1-b}[1,3]thiazol~-7-yl)pyrimidin-4-
vli]lcarbonylipiperidin-4-yl)carbamate

Analogous tco the method in Reference Example 14 Step 2,
the title compound was svnthesized by using 2,2-
difluorcethyl piperidin-4-ylcarbamate obtained in Step 1 in
place of methyl piperidin-4-ylcarbamate.

MS (m/z): 471, 473 [M+H]"
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Reference Example 26: 2,2,2-Trifluorocethyl (1l-{[6-chlcocro-2-

(pyrazolo[b5,1-b][1,3]thiazol~7-yl)pyrimidin-4-

vllcarbonyl)piperidin-4-vl)carbamate

Analogous to the method in Reference Example 25, the
title compound was synthesized by using 2,2,2-
trifluoroethanol in place of 2,2-difluorocethanol.

MS (m/z): 489, 491 [M+H]"

[0167]

Reference Example 27: N-(1l-{[6-Chloro-2-(pyrazolol(5,1-

bl[1,3]thiazol-7-yl)pyrimidin-4-yl]jcarbonyl}ipiperidin-4-

vl)-2-methoxyacetamide

[Step 1] Preparation of Z-methoxy-N-(4-piperidyl)acetamide

To a solution of l-benzylpiperidin-4-amine (10 g) and
TEA (15.9 mL) in dichloromethane (200 mL) was added
methoxyacetyl chloride (6.3 g) dropwise under ice cooling,
and the mixture was stirred for 3h. To the reaction
solution was added saturated agqueous sodium bicarbonate
solution, and the solution was extracted with ethyl acetate.
The combined organic layer was dried over anhydrous sodium
sulfate, and concentrated under reduced pressure to give an
oil. A solution of the resulting oil was purified by

silica gel column chromatography to give an oil (13.8 g).
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To a solution ¢f the resulting oil in ethancl (100 mL) was
added 20 % palladium hydroxide (on activated carbon, 1.0 qg),
and the medium pressure catalytic reduction was conducted.
The reaction mixture was filtered to remove the palladium,
and the mother liquid was concentrated under reduced
pressure to give the title compound (8.0 g).

MS (m/z): 173 [M+H]"

[0168]
[Step 2] Preparation of N-(1-{[6-chloro-2-{pyrazolo[5,1-
bl[1,3lthiazol-7-yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-
yl)-2-methoxyacetamide

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using 2-methoxy-N- (4-
piperidyl)acetamide obtained in Step 1 in place of methyl
piperidin~4~-ylcarbamate.

MS (m/z): 435, 437 [M+H]™

[01€9]

Reference Example 28: N-{(1-{[6-Chloro-2-{pyrazolo[5,1-

b][1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-

yl)y-2,2-difluorcacetamide

[Step 1] Preparation of 2,2-difluoro—N-(4-
piperidyl)acetamide

To a solution of difluorocacetic acid (2.3 g) in
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dichlcoromethane (100 mL) was added DMF (0.1 mlL), oxalyl
chloride (2.6 g) was added dropwise thereto under ice
cooling, and the mixture was stirred for 1lh. Then, 1-
benzylpiperidin-4-amine (3.0 g) was added thereto, TEA (6.1
g) was added dropwise to the mixture under ice cooling, and
the mixture was stirred at room temperature for 1 h. To
the reaction solution was added saturated agueous sodium
bicarbonate solution, and the solution was extracted with
ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give an oil (500 mg). To a solution of
the resulting oil in ethanol (5.0 mlL) was added 20 %
palladium hydroxide (on activated carbon, 300 mg), and the
medium pressure catalytic reduction was conducted. The
reaction mixture was filtered to remove the palladium, and
the mother liquid was concentrated under reduced pressure
to give the title compound (200 mg).

MS (m/z): 179 [M+KH]"

[0170]

[Step 2] Preparation of N-(1-{[6-chloro-2-(pyrazolo[5,1-
bl[1,3]thiazol-7-yl)pyrimidin-4~-yl]lcarbonyllpiperidin-4-
yly-2,2-difluorcacetamide

Analogous to the method in Reference Example 14 Step 2,
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the title compound was synthesized by using 2,2-difluoro—N-
(4~piperidyl)acetamide obtained in Step 1 in place of
methyl piperidin-4-ylcarbamate.

'H-NMR (CDCls) &: 1.55-1.65 (4H, m), 2.04-2.15 (2H, m),
3.03-3.06 (1H, m), 3.28-3.30 (1H, m), 4.72-4.75 (1lH, m)
5.91 (1H, t), 6.22-6.24 (1H, m) 7.09 {(1H, d), 7.30 (1H, s),

7.90 (1H, d), 8.50 (1H, s)

[0171]

Reference Example 29: [6-chloro-2-(pvrazolo[5,1-

bl[l,3]thiazol-7-yl)pyrimidin-4-yl] (4-hydroxypiperidin-1-

vl )methanone

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using piperidin-4-ol
in place of methyl piperidin-4-ylcarbamate.

MS (m/z): 364, 366 [M+H]~

[0172]

Reference Example 30: (4-{[tert-Butyl

(dimethyl)silylloxy)piperidin-1-yl) [6~chloro=-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-ylimethanone

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using 4-{[tert-
butyl (dimethyl)silyl]oxyipiperidine (which was prepared

analogous to the method described in, for example, WO
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2004/006926) in place of methyl piperidin-4-ylcarbamate.
"H-NMR (CDCls;) &: 0.07 (6H, d), 0.91 (94, s), 1.56-1.75 (2H,
m), 1.785-1.81 (2H, m), 3.40-3.50 (1H, m) 3.63-3.92 (3H, m),
4.02-4.11 (1H, m) 7.07 (1H, d), 7.26 (1lH, s), 7.88 (1lH, d),

8.51 (1H, s)

[(0173]

Reference Example 31: N-(1-{[6-Chloro-2-(pyrazolo[5,1-

blll,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl})piperidin-4-

vl)propanamide

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using N- (4~
piperidyl)propanamide (which was prepared analogous to the
method described in, for example, Bicorganic & Medicinal
Chemistry Letters, 2003, 13, 2303-2306) in place of methyl
piperidin-4-ylcarbamate.

MS (m/z): 419, 421 [M+H]"

[0174]

Reference Example 32: [6-Chloro-2-(pyrazolo[S,1-

b][l,3]thiazol-7-yl)pyrimidin-4-y1]{4-[(3-fluorcpyridin-2-

yl)aminolpiperidin~l~yllmethanone

[Step 1] Preparation of N-(l-benzylpiperidin-4-yl)-3-
fluoropyridin-2~amine

To & solution of l-benzylpiperidin-4-amine (100 mg) in
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DMSO (2.0 mlL) were added 2,3-difluoropyridine (25 ul) and
DIPEA (95 ul), and the mixture was stirred by using a
microwave reactor at 130 °C for 2 h. The reaction solution
was diluted with ethyl acetate, separated by adding water,
and the agueous layer was further extracted with ethyl
acetate. The combined organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give the title compound (74 mg).

MS (m/z): 286 [M+H]"

[0175]
[Step 2] Preparation of 3-fluoro-N-(piperidin-4-yl)pyridin-
Z-amine

To a solution of N-(l-benzylpiperidin-4-yl)-3-
fluoropyridin-2-amine obtained in Step 1 (270 mg) in
ethanol (15 ml) were added 20 % palladium hydroxide (on
activated carbon, 300 mg) and a catalytic amount of TFA,
and the medium pressure catalytic reduction was conducted.
The reaction solution was filtered to remove the palladium,
and the mother liquid was concentrated under reduced
pressure to give the title compound (770 mg).

MS (m/z): 196 [M+H]T

10176]
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[Step 3] Preparation of [6-chloro-2-(pyrazolo(5,1-
bl{1,3]thiazol~7~-yl)pyrimidin-4~yl]{4-[(3-fluoropyridin-2-
yl)aminolpiperidin-1~-yl}methanone

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using 3-fluoro-N-
(piperidin-4-yl)pyridin-2-amine obtained in Step 2 in place
of methyl piperidin-4-ylcarbamate.

MS (m/z): 458, 460 [M+H]®

[0177]

Reference Example 33: 3-(1-{[6-Chloro-2-{(pyrazolo[5,1~-

b)J[1,3]thiazol-7~-yl)pyrimidin-4-vyl]carbonylipiperidin-4-

yl)-1,1-dimethylurea

[Step 1] Preparation of 3-(l-benzylpiperidin-4-yl)-1,1-
dimethylurea

To a solution of l-benzylpiperidin-4-amine (2.0 g) in
dichloromethane (50 mlL) was added TEA (4.4 mlL), then, under

ice cooling, N,N-dimethylcarbamoyl chloride (1.2 mL) was

Slowly added dropwise thereto, and the mixture was stirred

at room temperature overnight. To the reaction mixture was
added water, and the solution was extracted with chloroform.
The organic layer was dried over anhydrous magnesium
sulfate, and then, and concentrated under reduced pressure
to give the title coﬁpound (2.7 g).

'H-NMR (CDCls) &: 1.43 (2H, q), 1.94 (2H, d), 2.13 (2H, t),
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2.80 (ZH, djy, 2.88 (6eH, s), 3.50 (2H, s), 3.67 (1H, m),
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[0178]

[Step 2] Preparation of 1,1l-dimethyl-3-piperidin-4-ylurea
Analogous to the method in Reference Example 21 Step 2,

the title compound was synthesized by using 3-(1-

benzylpiperidin-4-yl)-1, l1-dimethylurea obtained in Step 1

in place of benzyl 4-(cyclopropanecarbonylamine)piperidine-

l-carboxylate.

MS (m/z): 172 [M+H]™

[0179]
[Step 3] Preparation of 3-(1-{[6-chlcro-2-(pyrazclo[5,1-
b]{1,3]thiazol-7-yl)pyrimidin-4-yllcarbonylipiperidin-4-
yl)-1,1-dimetnylurea

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using 1,l-dimethyl-3-
piperidin-4-ylurea obtained in Step 2 in place of methyl

piperidin-4-ylcarbamate.

MS (m/z): 434, 436 [M+H]®

10180]

-

Reference Example 34: [6-Chloro-2-(pyrazolo[5,1~

b][1l,3]thiazol-7-vl)pyrimidin-4-yl1]{4-[(5-fluoropyridin-2-
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vl)amino]piperidin~l-yl}methanone

[Step 1] Preparation of N~ {(l-benzylpiperidin-4-yl)-5-
fluoropyridin-Z-amine

Analogous to the method in Reference Example 32 Step 1,
the title compound was synthesized by using 2,5~
difluoropyridine in place of 2,3-difluoropyridine.

MS (m/z): 286 [M+H]"

[0181]
[Step 2] Preparation of 5~fluoro-N- (piperidin-4-yl)pyridin-
2-amine

Analogous to the method in Reference Example 32 Step 2,
the title compound was synthesized by using N-(1-
benzylpiperidin-4-yl)-5-fluoropyridin-2-amine obtained in
Step 1 in place of N-{(l-benzylpiperidin-4-yl)-3-
fluoropyridin-2-amine.
‘H-NMR (CDCls) &: 1.75 (2H, d), 2.24 (2H, d), 2.99 (2H, t),
3.40 (2H, d), 3.97 (1H, s), 4.28 (2H, d), 6.36 (1H, d),

7.19 (1H, t), 7.93 (1H, d)

[0182]

[Step 3] Preparation of [é-chloro-2-(pyrazolo{5,1-
b]{1l,3]thiazol~7-yl)pyrimidin-4-y1]{4-[(5-fluoropyridin-2-
yljaminc]lpiperidin-1-yl}methanone

Analogous to the method in Reference Example 14 Step 2,
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the title compound was synthesized by using 5-fluoro-~N-
(piperidin-4-yl)pyridin-Z-amine obtained in Step 2 in place
of methyl piperidin-4-ylcarbamate.

MS (m/z): 458, 460 [M+H]"

[0183]

Reference Example 35: Methyl (l1-{[6-chloro-5-methoxy-2-

(pyrazolo[5,1-b][1,3)thiazol-7-v]l)pyrimidin-4-~

yl]jcarbonyvllpiperidin-4-vl)carbamate

[Step 1] Preparation cf ethyl 6-hydroxy-5-methoxy-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-carboxylate
To a solution of methoxyacetic acid (1.0 g) and

diethyl oxalate (1.24 g) in THF (10 ml) were added 60 %
sodium hydride (372 mg) and ethanol (1 drop), and the
mixture was stirred &t room temperature for 6 h. The
reaction solution was concentrated under reduced pressure
to give solid. On the one hand, to a solution of
pyrazolo[5,1-b][1,3]thiazole~7~-carbonitrile obtained in
Reference Example 1 (10 g) in methanol (300 mlL) was added a
solution of 28 % sodium methoxide in methanol (41 mL), and
the mixture was stirred at room temperature for 1 h. Then,
ammonium chleoride (21.5 g) was added thereto, and the
mixture was stirred at 80 °C for 2 h. The reaction
solution was concentrated under reduced pressure, the

resulting residue was dissolved in ethanol (5 mi), and the
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solution of the above solid in ethanol (5 mlL) and sodium
ethoxide (576 mg) were added to the sclution, and the
mixture was stirred at 80 °C overnight. To the reaction
mixture was added a small amount of acetic acid, the
mixture was concentrated under reduced pressure, the
resulting residue was diluted with ethyl acetate, and the
liquid was separated by an addition of saturated agueous
sodium bicarbonate solution. The agueous layer was further
extracted with ethyl acetate, and the combined organic
layer was dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give
the title compound (119 mg).

MS (m/z): 321 [M+H]

[0184]
[Step 2] Preparation of 6-hydroxy-b-methoxy-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-carboxylic
acid

To a solution of ethyl 6~hydroxy-b-methoxy-2-
(pyrazolo[5,1-b][1,3]thiazol-7~-yl)pyrimidine-4-carboxylate
obtained in Step 1 (115 mg) in THF (2 nl) and water (1 mL)
was added lithium hydroxide monchydrate (60 mg), and the
mixture was stirred at 60 °C for 6 h. To the reaction

mixture was added 1 M agueous solution of hydrochloric acid
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Lo neutralize the mixture, which was concentrated under
reduced pressure, the resulting residue was washed with
water, collected on a filter, and heat-dried under reduced
pressure to give the title compound (73 mg).

MS (m/z): 293 [M+H]~

[{0185]
[Step 3] Preparation of methyl (l-{[6-chloro-5-methoxy-2-
(pyrazolo{5,1-b][1,3]thiazol~7-yl)pyrimidin-4-
yl]lcarbonyl}lpiperidin-4-yl)carbamate

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using é-hydroxy-5-
methoxy—Z—(pyrazolo[S,l—b][1,3]thiazol*7—yl)pyrimidine—4~
carboxylic acid obtained in Step 2 in place of 6-hydroxy-2-
(pyrazolol[5,1-b] [1,3]thiazol-7-yl)pyrimidine-4-carboxylic
acid.

MS (m/z): 451, 453 [M+H]"

[0186]

Reference Example 36: Methyl (1-{[6-chloro-5-ethoxy-2~

(pyrazolo[5,1-b]{1,3]thiazol-T~-yl)pyrimidin-4-

yl]carbonvyljpiperidin~4~yl)carbamate

[Step 1] Preparation of 6-hydroxy-5-ethoxy-2-(pyrazolo[5,1-
bj[1,3)thiazol-7-yl)pyrimidine-4-carboxylic acid

To a solution of Z-ethoxyethyl acetate (1 g) in THF
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{10 mL) were added diethyl oxalate (1.1 g) and 60 % sodium
hydride (333 mg) followed by an additicn of a catalytic
amount of ethanol, and the mixture was stirred at room
temperature overnight. The reaction mixture was
concentrated under reduced pressure, and the resulting
residue was suspended in sodium hydroxide (762 mg) and
water (10 mL).

To a solution of pyrazelo[5,1-b}[1,3]thiazole~7-
carbonitrile obtained in Reference Example 1 (406 mg) in
methanol (10 mL) was added a solution of 28 % sodium
methoxide in methanol (1.7 mlL), and the mixture was stirred
at room temperature for 1 h. Then, ammonium chloride (873
mg} was added thereto, and the mixture was stirred at 80 °C
for 2 h. The reaction mixture was concentrated under
reduced pressure, to the resulting residue was added the
above suspension, and the mixture was stirred at 100 °C for
10 h. To the reaction mixture was added conc. hydrochloric
acid to make the solution acidic, the precipitated solid
was collected on a filter, and dried to obtain the title
compound (217 mg).

MS (m/z): 307 [M+H]

[0187]
[Step 2] Preparation of methyl (1-{[6-chloro-5-ethoxy-2-

(pyrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-4-
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yilcarbonylipiperidin-4-yl)carbamate

Analogous to the method in Reference Example 14 Step 2,
the title compound was synthesized by using 6-hydroxy-585-
ethoxy-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-
carboxylic acid cobtained in Step 1 in place of 6-hydroxy-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine~-4-carboxylic
acid

MS (m/z): 465, 467 [M+H]®

[0188]

Reference Example 37: 6-{[(2S)-1~(Difluoromethoxy)propan-2-

yl]Jamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carboxylic acid

[Step 1].Preparation of methyl e~-{[(25)-1~
(difluoromethoxy)propan-2-yliaminc}-2-(pyrazolol[5,1-
bl[l,3]thiazol~7-yl)pyrimidine-4-carboxylate

To & solution of methyl 6~-chloro-Z-(pyrazoclol[5,1-
b][1,3]thiazol~7-yl)pyrimidine-4-carboxylate cbtained in
Reference Example 3 (30 mg} in DMF (0.5 mlL) was added (28)-
1-(diflucromethoxy)propan-2-amine hydrochloride obtained in
Reference Example © (21 mg) and DIPEA {0.1 mL), and the
mixture was stirred at 100 °C for 3 h. The reacticn
mixture was purified by silica gel column chromatography to
give the title compound (22 mg).

MS (m/z): 384 [M+H]"
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[0188]
[Step 2] Preparation of 6-{[(23)-1-(difluocromethoxy)propan-
2-yllamino}-2-(pyrazolo[5,1-b][1,3]thiazcl-7-yl)pyrimidine-
4-carboxylic acid

To a solution of methyl 6-{[(28)-1~-
(diflucromethoxy)propan-2-yljamino}-2-(pyrazolo(5,1-
bj[1,3]thiazol-7-yl)pyrimidin-4-carboxylate obta;ned in
Step 1 (15 mg) in THF (3 mlL) and water (1 mlL) was added
lithium hydroxide monochydrate (5 mg), and the mixture was
stirred at 50 °C for 2 h.. To the reaction mixture was
added 1 M aqueous solution of hydrochloric acid to make the
solution acidic, the aqueous layer was extracted with a
mixed solvent of chloroform and methanol, the organic layer
was dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure to give the title
compound (17 mg) .

MS (m/z): 370 [M+H]"?

[0190]

Reference Example 38: 6-{[(l5)~1-Cyclopropylethyl]lamino}-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-carboxylic

acid

[Step 1] Preparation of methyl 6-{{(1S)-1-

cyclopropylethyljamino}~2~ (pyrazolce[5,1~b]}[1,3]%thiazol-7~
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vl)pyrimidine-4-carboxylate

To a scolution of methyl 6é-chloro-Z-(pyrazolo[5,1-
bl][1,3]thiazol-7-yl)pyrimidine-4-carboxylate obtained in
Reference Example 3 (50 mg) in DMF (2 mL) were added DIPEA
{88 pL) and (1S)-l-cyclopropylethanamine (16 mg), and the
mixture was stirred at 80 °C for 3 h. The reaction mixture
was purified by silica gel column chromatégraphy to give
the title compound (40 mg).

MS (m/z): 344 [M+H]~

[0191]
[Step 2] Preparation of ©6-{[(1lS)-1-cyclopropylethyljamino}-
Z-(pyrazolo[5,1-b][1,3])thiazol-7-yl)pyrimidine~4~carboxylic
acid

To a solution of methyl 6-{[(18)~-1~-
cyclopropylethyl]amino}-2-(pyrazolo[5,1-b][1,3]thiazol-7~
yl)pyrimidine-4-carboxylate obtained in Step 1 (40 mg) in
THF (8 mL) and water (3 mlL) was added lithium hydroxide
monohydrate (10 mg), and the mixture was stirred at room
temperature for 1 h. To the reaction mixture was added 1 M
agueous solution of hydrochloric acid to make the solution
acidic, THF was distilled off under reduced pressure, and
the aqueous layer was extracted with chlorofcorm. The
organic layer was dried over anhydrous sodium sulfate, and

concentrated under reduced pressure tc give the title
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compound (36 mg) .

MS (m/z): 330 [M+H]T

(0192]

Reference Example 39: 6-{[(lR)-1-Cyclopropylethyllamino}-2-

(pyrazolo[5,1-b][1,3]thiazol~7~-yl)pyrimidine-4-carboxylic

Analogous to the method in Reference Example 38 Steps
1 and 2, the title compound was synthesized by using (1R)-
l-cyclopropylethanamine in place of (18)-1-
cyclopropylethanamine.

MS (m/z): 330 [M+H]~

[0193]

Reference Example 40: 6-{[(25)-3,3~Dimethylbutan-2-

vljamino}-2-{(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carboxylic acid

Analcgous to the method in Reference Example 38 Steps
1 and 2, the title compound was synthesized by using (28)-
3,3-dimethylbutan-2-amine in place of (18)-1-
cyclopropylethanamine.

MS (m/z): 346 [M+H]"

[0194)]

Reference Example 41: 6-{[(2R)-3,3-Dimethylbutan-2-
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vllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carboxylic acid

Analogous to the method in Reference Example 38 Steps
1 and 2, the title compcund was synthesized by using (2R)-
3,3~dimethylbutan-2~amine in place of (18)-1-
cyclopropylethanamine.

MS (m/z): 346 [M+H]™

[0195]

Reference Example 42: 6-{[(1S,28)-2-

{(difluoromethoxy)cyclopentyllamino}-2~(pyrazolo[5, 1~

b}j[l,2]thiazol-7-yl)pyrimidine~4-carboxylic acid

Analogous to the method in Reference Example 38 Steps
1 and 2, the title compound was synthesized by using

(18,2S8)~-2~(difluoromethoxy)cyclopentanamine hydrochloride

)]

{

obtained in Reference Example 7 in place of (1S8)-1-
cyclopropylethanamine.

MS (m/z): 396 [M+H]?

[019¢6]

Reference Example 43: Methyl 6-{[(18)~-1~-

cyclopropylethyl] (methyl)amino}-2-(pyrazolo[5,1-

bl[1l,3]thiazol-7-vl)pyrimidine-4-carboxylate

To a solution of methyl 6-{[(1S)-1~

cyclopropylethyl]amino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-
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yl)pyrimidine-4~carboxylate obtained in Reference Example
38 Step 1 (820 mg) in DMF (8.0 ml) was added 60 % sodium
hydride (115 mg) at room temperature, and the mixture was
stirred for 3 min. Then, iodomethane (1.4 g) was added
thereto and the mixture was stirred for 5 min. Further, an
additional 60 % sodium hydride (11 mg) was added thereto
and the mixture was stirred for 5 min. The reaction
solution was diluted with chloroform, separated by adding
water, the agueous layer was further extracted with
chloroform, and the combined organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel

column chromatography to give the title compound (665 mg).

MS (m/z): 358 [M+H]”

[0197]

Reference Example 44: 6-{[(1R)-1-(4~-

methoxyphenyl)ethyl]amino}~-2-(pyrazolo[5,1-b][1l,3}thiazol~

7-yl)pyrimidine-4-carboxylic acid

Rnalogous to the method in Reference Example 38 Steps
1 and 2, the title compound was synthesized by using (1R)-
1-(4-methoxyphenyl)ethanamine in place of (1S8)-1~
cyclopropylethanamine.

MS (m/z): 396 [M+H]~
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[0198]

Reference Example 45: 6~{[(15,25)-2-

(Difluoromethecxy)cyclopentyl] (methyl)amino}-2-

(pyrazolo[5,1-b][1,3]thiazol~-7~yl)pyrimidine-4~carboxylic

acid

[Step 1] Preparation of methyl 6-{[(1S,2S8)-2~
(difluoromethoxy)cyclopentyl] (methyl)amino}-2-
(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidine-4-carboxylate
To a solution of benzyl [(13,235)-2~-
(difluoromethoxy)cyclopentyl]carbamate obtained in
Reference Example 7 Step 2 (710 mg) in DMF (5 mL) was added
60 % sodium hydride (149 mg) in portions at room
temperature, and the resulting mixture was stirred at 10
min. Then, iodomethane (530 mg) was added thereto, and the
mixture was stirred for 2 h. The reaction mixture was
diluted with ethyl acetate, separated by adding water, and
the aquecus layer was further extracted with ethyl acetate.
The combined organic layer was dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give an oil (338 mg). To a solution of
the resulting oil (300 mg) in ethanol (6 mlL) was added 20 %
palladium hydroxide {on activated carbon, 100 mg), and the
medium pressure catalytic reduction was conducted. To the

mixture was added 4 M hydrogen chloride-ethyl acetate, the
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mother liguid was concentrated under reduced pressure to
give a solid (271 mg). To a solution of the obtained solid
(75 mg) and methyl 6-chloro-Z-(pyrazolo[5,1-b][1,3]thiazol-
7-yl)pyrimidine-4~-carboxylate obtained in Reference Example
3 (100 mg) in DMF (2 mL) was added DIPEA (0.18 mlL), and the
mixture was stirred at 100 °C for 3 h. The reaction
mixture was purified by silica gel column chromatography to
give the title compound (102 mg).

MS (m/z): 424 [M+H]"

[0199]
[Step 2] Preparation of 6-{[({1S,25)-2-
{(difluoromethoxy)cyclopentyl] (methyl)amino}-2-
(pyrazolol5,1-b]l[1,3]thiazol~-7-yl)pyrimidine~4~carboxylic
acid

Analogous to the method in Reference Example 38 Step 2,
the title compound was synthesized by using methyl 6-
{[(18,28)-2~-(difluoromethoxy)cyclopentyl] (methyl)amino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-carboxylate
obtained in Step 1 in place of methyl 6-{[(1S)-1-
cyclopropylethyl]lamino}~2-(pyrazolo[5,1-b][1,3)thiazol~7-
yl)pyrimidine-4-carboxylate.

MS (m/z): 410 [M+H]"
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[0200]

Reference Example 46: 6-{[(15,28)-2~

methoxycyclopentyllamino}~2-(pvrazolol[5,1-b][1,3]thiazol-7-

vl)pyrimidine-4-carboxylic acid

[Step 1] Preparation of methyl 6-{[(1S,2S)-2~
methoxycyclopentyllamino}-2- (pyrazolo[5,1-b]{1,3]thiazol-7-
vl)pyrimidine-4-carboxylate

To a solution of tert-butyl N-[(1S,28)-2-
hydroxycyclopentyl]carbamate (4.0 g) in DMF (20 mlL) was
added 60 % sodium hydride (870 mg) in portions under ice
cooling, and the mixture was stirred at room temperature
for 10 min. Then, iocdomethane (3.1 g) was added thereto
under ice cooling, and the mixture was stirred at room
temperature. The reaction mixture was diluted with ethyl
acetate, separated by adding water, and the aguecus layer
was further extracted with ethyl acetate. The combined
organic layer was washed with saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give a solid 1 (2.3 g). To a
solution of the obtained solid 1 in dichloromethane (10 mL)
was added 4 M hydrogen chloride-ethyl acetate solution (5.3
ml), and the mixture was stirred at room temperature for 4
h. The solvent was concentrated under reduced pressure to

give a solid 2 (1.5 g). To a solution of the obtained
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solid 2 (93 mg) and methyl 6-chioro-2-{pyrazolo[5,1-
b]{1,3]thiazol-7~yl)pyrimidine-4-carboxylate cbtained in
Reference Example 3 (150 mg; in DMF (2.0 mlL) was added
DIPEA (0.26 mlL), and the mixture was stirred at 100 °C for
3 h. The reaction mixture was purified by silica gel
column chromatography to give the title compound (112 mg).

MS (m/z): 374 [M+H]®

[0201]
[Step 2] Preparation of 6-{[(15,28)-2-
methoxycyclopentyl]amino}-2- (pyrazelo(5,1-b] (1,3]thiazol-7-

v1l)pyrimidine-4-carboxylic acid

Analogous to the method in Reference Example 38 Step 2,

the title compound was synthesized by using methyl 6-

[N

{[(1S,28)-2-methoxycyclopentyl]amino}-2-(pyrazoclo[5,1-

bl1[1,3]thiazol-7-yl)pyrimidine-4-carboxylate obtained in
Step 1 in place of methyl 6-{[(13)-1-
cyclopropylethyllamino}-2- (pyrazolo[5,1-b][1,3]thiazol-7~

yl)pyrimidine~4-carboxylate.

MS (m/z): 360 [M+H]T

[0202]

Reference Example 47: 6-{[(25})-3,3-Dimethvlbutan-2-

yllamino}-5-methyl-2-(pyrazolo[5,1-b][1,3]thiazol-7-

v1l)pyrimidine-4-carboxylic acid
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[Step 1] Preparation of methyl 6-{[(2S)-3,3-dimethylbutan-
2-yllamino}-5-methyl~-Z-(pyrazolo[5,1-b][1,3]thiazol~-"7-
v1l)pyrimidine-4~carboxylate

Tc & solution of methyl 6-chloro-5-methyl-2-
(pyrazolo(5,1-b][1,3]thiazol-7-yl)pyrimidin-4-carboxylate
obtained in Reference Example 5 (50 mg) in NMP (1 mlL) were
added (28)-3,3-dimethylbutan-2-amine (33 mg) and DIPEA (56
pL), and the mixture was stirred at 110 °C for 2 h 30 min.
The mixture was diluted with ethyl acetate, separated by
adding saturated agueous sodium bicarbonate solution, the
agueous layer was further extracted with ethyl acetate, and
the combined organic layer was dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give the title compound (39 mg).

MS (m/z): 374 [M+H]®

[0203]
[Step 2] Preparation of 6-{[(2S8)-3,3-dimethylbutan-2-
vllamino}-5-methyl-2-{(pyrazolo[5,1-b]l[{1,3]thiazol-7~
vl)pyrimidine-4-carboxylic acid

To a solution of methyl 6~{[(25)-3,3-dimethylbutan-2-
yllamino}-5-methyi-2-{pyrazclo[5,1-b]l[1,3]thiazol-7-
yl)pyrimidine-4-carboxylate obtained in Step 1 (35 mg) in

THE (5.0 mL) and water (2.0 mL) was added lithium hydroxide
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monohydrate (12 mg), and the mixture was stirred at 50 °C
for 1 h. To the reaction mixture was added 1 M aqgueous
solution of hydrochloric acid to make the solution acidic,
the agueous layer was extracted with a mixed solvent of
chloroform and methanol. The organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure to give the title compound (35 mg).

MS (m/z): 360 [M+H]'

[0204]

Reference Example 48: 6-{[(1S)-1-Cyclopropylethyllamino}-5-

methyl-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carboxylic acid

Analogous to the method in Reference Example 47 Steps
1 and 2, the title compound was synthesized by using (18)-
l-cyclopropylethanamine in place of (2S)-3,3-dimethylbutan-
Z2-amine.

MS (m/z): 344 [M+H]"

[0205]

Reference Example 49: 6~-[(2,2-Dimethylpropyl)amino]-2-

(pyrazolo[5,1-b][1,3]thiazol-7-vl)pyrimidine-4-carboxylic

acid
Analogous to the method in Reference Example 38 Steps

1 and 2, the title compound was synthesized by using 2,2-
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dimethylpropan-l-amine in place of (135)-1-
cyclopropylethanamine.

MS (m/z): 332 [M+H]

[0206]

Reference Example 50: l-cyclopropyl-3-piperidin-4-ylurea

hydrochloride

To a solution of cyclopropanecarboxylic acid (300 mg)
in toluene (3 mlL) were added TEA (0.5 mL) and
diphenylphosphoryl azide (1.1 g), and the mixture was
stirred at 80 °C for 3 h. Then, tert-butyl 4-
aminopiperidine-l~carboxylate (600 mg) was added thereto at
room temperature, and the mixture was stirred for 1 h. The
reaction solution was concentrated under reduced pressure,
and the resulting residue was purified by silica gel column
chromatography to give a solid (234 mg). To a solution of
the obtained solid (230 mg) in dichloromethane (5 mlL) was
added 4 M hydrogen chloride-ethyl acetate solution (0.6 mL),
and the mixture was stirred at room temperature overnight.
The reaction solution was concentrated under reduced
pressure To give the title compound (200 mg).

MS (m/z): 184 [M-C1l]"

[0207]

Reference Example 51: 1-Fluoro-2-methylpropan-2-yl
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piperidin-4-ylcarbamate

To a solution of l-benzylpiperidin-4-amine (4.0 g) and
I-{[(1~-fluoro~Z-methylpropan-2-yljoxy]carbonyl}-3-methyl-
lH-imidazole~-3-ium iodide (7.6 g) (which was prepared
analogous to the method described in, for example,
Bioorganic Medicinal Chemistry, 2011, 19, 1580-1593) in
acetonitrile (20 ml) was added TEA (5.% mL), and the
mixture was stirred at room temperature for 1 h. To the

reaction mixture was added water, and the sclution was

1]

extracted with chloroform. The organic layer was dried
over anhydrous magnesium sulfate, concentrated under

reduced pressure, and the resulting residue was purified by
silica gel column chromatography to give a solid (2.0 gj.

To a solution of the obtained solid (2.0 g) in ethanol (20
mL) was added 20 % palladium hydroxide (on activated carbon,
1.0 g), and the medium pressure catalytic reduction was
conducted. The reaction solution was filtered to remove
the palladium, the mother liguid was concentrated under
reduced pressure, and the resulting residue was washed with

ethyl acetate to give the tile compound (306 mg).

MS (m/z): 219 [M+H]~

(0208]

Reference Example 52: 2-(Dimethylamino)ethyl piperidin-4-

ylcarbamate
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Analogous to the method in Reference Example 25 Step 1,
the title compound was synthesized by using 2-
dimethylaminoethanol in place of 2,2-difluorocethanol.
"H-NMR (CDCl3) &: 1.21-1.35 (2H, m), 1.90-2.00 (2H, m),
2.28 (6H, s), 2.51-2.59 (2H, m), 2.62-2.70 {(ZH, m), 3.00-
3.10 (2H, mj, 3.52-3.64 (1H, m), 4.14 (2H, t), 4.74 (1H,

br)

[0209]

Example 1: N~ (1-{[6~{[(1S)~1-Cyclopropylethyl]jamino}-2-

(pyrazolo{5,1-b][1,3]thiazel-7-yl)pyrimidin-4-

vljcarbonyl}piperidin-4-yl)cyclopropanecarboxamide

hydrochloride

[Step 1] Preparation of N-(1-{[e6e-{[(15)-1-
cyclopropylethyllamino} -2~ {pyrazolo[5,1-b][1,3]thiazcl-7-
vl)pyrimidin-4-yllcarbonylipiperidin-4-
yl)cyclopropanecarboxamide

To a solution of 6~{[(1lS)~1-cyclopropylethyl]amino}-2-
(pyrazolo[5,1-b][1,3lthiazol-7-yl)pyrimidine-4-carboxylic
acid obtained in Reference Example 38 (15 mg) in DMF (1.0
ml) were added N-(piperidin-4-yl)cyclopropanecarboxamide
(11 mg), DIPEA (24 upL) and HATU (26 mg), and the mixture
was stirred at room temperature for 1 h. The reaction
mixture was purified by silica gel column chromatography to

give the title compound (9 mg).
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MS (m/z): 480 [M+H)F

[0210]
[Step 2] Preparation of N-(1-{[6-{[(18)~-1-
cyclopropylethyllamino}-2- (pyrazolo[5,1-b][1,3]thiazol-7-
yl)pyrimidin~4-yllcarbonyllpiperidin-4-
yl)cyclopropanecarboxamide hydrochloride

To a solution of N-{(1-{[e6-{[(18)~1~
cyclopropylethyllamino}-2-(pyrazolo[5,1-b][1,3]thiazol~-7-
viipyrimidin~4-yl]carbonyl}piperidin-4-
vl)cyclopropanecarboxamide obtained in Step 1 (540 mg) in
dichloromethane was added 4 M hydrogen chloride-ethyl
acetate solution (0.5 mL). The reaction solution was
concentrated under reduced pressure to give the title
compound (580 mg) .

MS (m/z): 480 [M-C1l]°

o3
i

Specific rotation[a]"=-45.2°(c=1.00, DMSO)

[0211]

Example 2: N-(1-{[6-{[{1l8)~1-Cyclopropylethyllamino}-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vllcarbonyl}piperidin-4~yl)acetamide

Analogous to the method in Example 1 Step 1, the title
compound was synthesized by using N-(4-piperidyl)acetamide

in place of N-(piperidin-4-yl)cyclopropanecarboxamide.
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MS (m/z): 454 [M+H]™

[0212]

Example 3: N-({1~-{[6-{[(25)~-3,3~Dimethylbutan-2-yllamino}~-2-~

(pyrazolo{5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yl]carbonyl}ipiperidin~-4-vyl)cyclopropanecarboxamide

To a solution of 6-{[(2S8)-3,3~-dimethylbutan-2-
yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4~
carboxylic acid obtained in Reference Example 40 (15 mg) in
DMF (1.0 mL) were added N;(piperidin—4—
vl)cyclopropanecarboxamide (11 mg), DIPEA (22 uyl) and HATU .
(25 mg), and the mixture was stirred at room temperature
for 1 n. The reaction mixture was purified by silica gel
column chromatography to give the title compound (7 mg).

MS (m/z): 496 [M+H]"

Example 4: N-(1-{[6-{][(28)-3,3-Dimethylbutan-2-yljamino}-2-

{(pyrazole([5,1-b][1l,3]thiazol~7-yl)pyrimidin-4-

vl]lcarbonyl)piperidin-4-vyl)acetamide

Analogous to the method in Example 3, the title
compound was synthesized by using N-(4-piperidyl)acetamide
in place of N-(piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 470 [M+H]"
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[0214]

Example 5: N-(1-{[6-{[(1S,25)-2~

(Difluoromethoxy)cyclopentyl] (methyl)amino}-2-

(pyrazolo[5,1-b]l[1,3]thiazol-T7-yl)pyrimidin-4-

vllcarbonyl}piperidin-4-yl)cyclopropanecarboxamide

To a solution of 6-{[(1S,25)~2~-
(difluoromethoxy)cyclopentyl] (methyl)amino}-2~
(pyrazolo[5,1-b][1,3]thiazol-7~yl)pyrimidine-4-carboxylic
acid obtained in Reference Example 45 (15 mg) in DMF (1.0
mlL) was added N- (pilperidin-4-yljcyclopropanecarboxamide
(9.0 mg), DIPEA (19 pL) and HATU (21 mg), and.the mixture
was stirred at room temperature for 3 h. The reaction
mixture was purified by silica gel column chromatography to
give the title compound (16 mg).

MS (m/z): 560 [M+H]"

[0215]

Example 6: N-(1-{[6-{[(25)~-3,3~-Dimethylbutan-2-yl]lamino}-5-

methyl-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonyllpiperidin-4-yl)acetamide

To a solution of 6-{[(ZS8)-3,3-dimethylbutan-2-
vljamino}-5-methyl-2-(pyrazclo[5,1-pb][1,31thiazol~7-
yl)pyrimidine~4-carboxylic acid obtained in Reference
Example 47 (15 mg) and N=-{4-piperidyl)acetamide (9.0 mg) in

DMF (1.0 ml) was added DIPEA (14 pL) ana HATU (24 mg), and
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the mixture was stirred at room temperature for 1 h 30 min.
The reaction mixture was purified by silica gel column
chromatography tc give the title compound (15 mg).

MS (m/z): 484 [M+H]"

[021¢)

Example 7: N-(1-{[6-{[(25)-3,3-Dimethylbutan-2-vljamino}-5-

methyl-2-(pyrazolo[5,1~b][1,3]thiazol-7~yl)pyrimidin-4-

yvl]carbonyllpiperidin-4-yljcyclopropanecarboxamide

Analogous to the method in Example 6, the title
compound was synthesized by using N-(piperidin-4-
yl)cyclopropanecarboxamide in place of N-(4-
piperidyl)acetamide.

MS (m/z): 510 [M+H]"

[0217]

Example 8: N-[1-({6~[ ({1~

[ (Difluoromethoxy)methyl]cyclopropyllmethyl)amino]-2-

(pyrazolo[5,1-bj[1,3]1thiazol~-7-yv]l)pyrimidin-4-

vllcarbonyl)piperidin-4~-yllcyclopropanecarboxamide

To a solution of methyl 6-chloro-2-(pyrazolo[5,1-
bl{1,3]thiazol~-7-yl)pyrimidine-4-carboxylate obtained in
Reference Example 3 (200 mg) in DMF (1.5 mL) were added {1-
[ (difluoromethoxy)methyl]cyclopropylimethanamine obtained

in Reference Example 8 (113 mg) and DIPEA (236 ul), and the
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mixture was stirred at 80 °C for 1 h 30 min. To the
reaction sclution was added water, the solution was
extracted with ethyl acetate, and the organic layer was
washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography to give a solid 1 (233 mg). To a solution
of the obtained solid 1 (210 mg) in THF (4.0 mlL) and water
(1.0 mL) was added lithium hydroxide monohydrate (32 mg),
and the mixture was stirred at 40 °C for 20 min. The
reaction solution was neutralized with 1 M agueous solution
of hydrochloric acid, and concentrated under reduced
pressure to give a solid 2 (246 mg). To a solution of the
obtained solid 2 (40 mg) in DMF (0.5 mlL) were added N-
(piperidin-4-yl)cyclopropanecarboxamide {26 mg), DIPEA (35
pl) and HATU (58 mg), and the mixture was stirred at room
temperature overnight. To the reaction solutiocn was added
water, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by
silica gel column chromatography to give the title compound
(25 mg) .

MS (m/z): 546 [M+H]"Y
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[0218]

Example 9: N~-[1-({6-[ ({1~

[(Difluoromethoxy)methyl]cyclobutyl}methyl)amino]-2-

(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-

yl}lcarbonyl)piperidin-4-vl]jcyclopropanecarboxamide

Analogous to the method in Example 8, the title

compound was synthesized by using {1-

[ (difluoromethoxy)methyllcyclobutylimethanamine obtained in

Reference Example 9 in place of {1-
[ (difluorcmethoxy)methyl]cyclopropylimethanamine.

MS (m/z): 560 [M+E]"

[0219]

Example 10: N-[1-({6-[({1-

[ (Difluoromethoxy)methyl]cyclopentyl jmethyl)aminc]-2-

(pvrazolo[5,1-b][1,3]thiazol-7-vl)pyrimidin-4-

vl}carbonyl)piperidin-4-yl]cyclopropanecarboxamide

Analogous to the method in Example 8, the title

compound was synthesized by using {1-
[(difluoromethoxy)methyl]lcyclopentylimethanamine obtained
in Reference Example 10 in place of {1-
[(difluoromethoxy)methylicyclopropyl imethanamine.

MS (m/z): 574 [M+H]®

[6220]
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Example 11: N-[i-({{6-[{{4~

[{Diflucromethoxy)methyl]tetrahydro-2H-pyran—-4-

vlimethyl)amino]-2-(pyrazolo([5,1-b][1l,3]thiazol-7~-

vi)pyrimidin-4-vljcarbonyl)piperidin-4-

vl]cyclopropanecarboxamide

Analogous to the method in Example 8, the title
compound was synthesized by using {4-

[ (difluoromethoxy)methyl])tetrahydro-2H-pyran-4-

yl}imethanamine obtained in Reference Example 11 in place of

{1-[(difluoromethoxy)methyl}cyclopropyl}methanamine.

MS (m/z): 590 [M+H]”

[0221)

Example 12: N-{(l1~{[6~{[(18)-1-Cyclopropylethyl]jamino}-5-

methyl-2-(pyrazolo[5,1-b][1,3]thiazol-7-vl)pyrimidin-4-

vljcarbonyl}lpiperidin-4-yl)cyclopropanecarboxamide

To a solution of 6-{[(1iS)-1l-cyclopropylethyljamino}-5-

methyl-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-
carboxylic acid obtained in Reference Example 48 (20 mg)
DMF (1 mL) were added N-(piperidin-4-

yl)cyclopropanecarboxamide (15 mg), DIPEA (20 uL} and HATU
(33 mg), and the mixture was stirred at room temperature
for 1 h. The reaction mixture was purified by silica gel
column chromatography to give the title compound (21 mg).

MS (m/z): 494 [M+H]?
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Example 13: N-(1-{[6-{[{1S)-1-Cyclopropylethyllamino}-5-

methvl-2-(pvrazolo[5,1-b][1l,3]thiazol-7-v])pyrimidin-4-

vllcarbonylipiperidin-4-yl)acetamide

Analogous to the method in Example 12, the title
compound was synthesized by using N-(4-piperidyl)acetamide
in place of N-(piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 468 [M+H]"

[0223]

Example 14: N-(1-{[6-{[(1S5,28)-2~-

(Difluoromethoxy)cyclopentyllamino}-2-(pyrazolc[5,1-

b][1l,3]thiazol-7-yl)pyrimidin-4-yliljcarbonylipiperidin-4-

vl)cycloprepanecarboxamide

To a sclution of 6-{[(15,25)-2-
(diflucoromethoxy)cyclopentyl]amino}-2- (pyrazclol[5,1-
b][1,3]thiazol-7-yl)pyrimidine-4-carboxylic acid obtained
in Reference Example 42 (20 mg) in DMF (1 mlL) were added N-
(piperidin-4-yl)cyclopropanecarboxamide (13 mg), DIPEA (26
pL) and HATU (29 mg), and the mixture was stirred at room
temperature for 1 h. The reaction mixture was purified by
silica gel column chromatography to give the title compound
(7 mg).

MS (m/z): 546 [M+H]™
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[0224]

Example 15: N-[1-({6-[(2,2-Dimethylpropyl)amino]-2-

(pyrazolo{5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vl}carbonyl)piperidin-4-yllcyclopropanecarboxamide

To a solution of methyl 6-chloro-2-(pyrazolo[5,1-
b} [1,3]thiazol~-7-yl)pyrimidine~4~carboxylate obtained in
Reference Example 3 (30 mg) in DMF (0.1 mL) were added 2,2-
dimethylpropan-l-amine (9.0 mg) and DIPEA (50 ul), and the
mixture was stirred at 100 °C for 3 h. The reacticn
solution was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography to give a solid 1 (28 mg). Toc a solution of
the obtained solid 1 (28 mg) in dioxane (5.0 ml) and water
(1.0 mL} was added lithium hydroxide monchydrate {7 mg),
and the mixture was stirred at 50 °C for 1 h. The mixture
was neutralized with 2 M hydrochloric acid agqueous solution,
and the reaction solution was concentrated under reduced
pressure to give a solid 2. To a solution of the obtained
solid 2 in DMF (1.5 mlL) were added N-(piperidin-4-
vl)cyclopropanecarboxamide, DIPEA (0.2 ml) and HATU (62 mg),
and the mixture was stirred at room temperature for 3 h.
The reaction mixture was concentrated under reduced
pressure, and the resulting residue was purified by silica

gel column chromatography to give the title compound (27
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MS (m/z): 482 [M+H]?

[0225]

Example 16: N-(1-{[6-{[(2R)-3,3-Dimethylbutan-2-yl]lamino}-

2-(pyrazolo[5,1-b][1,3]thiazcl-7-yl)pyrimidin=-4~

vl]carbonylilpiperidin-4-yl)cyclopropanecarboxamide

Under argen atmosphere, N-(l1-{{[6-chloro-2-
(pyrazolo[5,1-b) [1l,3]thiazol~-7~-yl)pyrimidin~4-
yllcarbonyljpiperidin-4-yl)cyclopropanecarboxamide obtained
in Reference Example 15 (550 mg) in tert-butancl (20 mL)
was added TEA (534 ul) and (2R)~-3,3-dimethylbutan-2-amine
(258 mg), and the mixture was stirred at 90 °C overnight.
The reaction mixture was concentrated under reduced
pressure, and the resulting residue was purified by silica
gel cclumn chromatography to give the title compound (570
mg) .

MS (m/z): 496 [M+H]®

Specific rotation[a]p°=+14.0°(c=1.00,DMSO)

[0226]

Example 17: N-({1-{[6-{[(23)-1~-(Diflucromethoxy)propan-2-

vllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vllcarbonyllpiperidin-4-vyl)cyclopropanecarboxamide

To a solution of e-{[(28)-1-(diflucromethoxy)propan-2-
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vllamino}-2Z-{pyrazolo{5,1-b}[1,3]thiazol-7-yl)pyrimidine-4-
carboxyiic acid obtained in Reference Example 37 (20 mg) in
DMF (0.5 mL) were added N- (piperidin-4-
vl)cyclopropanecarboxamide (11 mg), DIPEA (10 uL) and HATU
{40 mg), and the mixture was stirred at room temperature
for 3 h. The reaction mixture was concentrated under
reduced pressure, and the resulting residue was purified by
silica gel column chromatography to give the title compound
(13 mg).

MS (m/z): 520 [M+H]"

Analogous tc the method in Example 12, the title
compound was synthesized by using 2,2-difluocro—N- (4-
piperidyl)acetamide obtained in Example 28 Step 1 in place
of N-(piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 504 [M+H]®

[0228]

Example 19: N-(1~-{[6-{[(1S,2S)~2-Methoxycyclopentyl]amino}-

2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vllcarbonyllpiperidin-4-yl)cyclcpropanecarboxamide
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To a solution of 6-{[(1S,28)~2~
methoxycyclopentyllamino} -2~ {pyrazolo[5,1-b] [1,3]thiazol-7-
vl)pyrimidine-4~-carboxylic acid obtained in Reference
Example 46 (20 mg) in DMF (1 ml) were added N-(piperidin-4-
vl)cyclopropanecarboxamide (14 mg), DIPEA (29 ulL) and HATU
(32 mg), and the mixture was stirred at room temperature
for 30 min. The reaction mixture was purified by silica
gel column chromatography to give the title compound (13
mg) .

MS (m/z): 510 [M+H]~

[0229])

Example 20: [6-{[(1S)-1-Cyclopropylethyllamino}-2-

(pyrazolo[5,1-b][1,3]thiazol-T-yl)pyrimidin-4-y1l] (4~

hydroxypiperidin-l-yl)methanone hydrochloride

To a solution of 6-{[(1S)-1-cyclopropylethyllamino}-2-
(pyrazolo{5,1-bj[1,31thiazol-7~yl)pyrimidine-4~carboxylic
acid obtained in Reference Example 38 (420 mg) in DMF (5
mL) were added piperidin-4-ol (194 mg), DIPEA (662 ulL) and
HATU (727 mg), and the mixture was stirred at room
temperature for 1 h. The reaction mixture was puriZied by
silica gel column chromatography to give a solid (530 mg).
To a solution of the obtained solid in ethyl acetate was
added 4 M hydrogen chloride-ethyl acetate solution (0.6 mL).

The reaction solution was cocncentrated under reduced
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pressure to give the title compound (560 mg).

MS (m/z): 413 [M-Cl1]"7

Elemental analysis value (for Ci;gHu4N¢O;$-HC1 + 0.3 H,O + 0.2
CH3CO.C3Hs)

Calculated value (%) C: 52.93, H: 5.81, N: 17.81

Found value (%) C: 52.68, H: 5.78, N: 17.78

[0230]

Example 21: 1-Fluoro-2-methylpropan-2-yl (1-{[6-{[(1S)-1-

cyclopropylethyljamino}-2-(pyrazolo[5,1-b][1,3]thiazocl-7-

vl)pyrimidin-4~-ylicarbonyl}piperidin-4-yl)carbamate

hydrochloride

Analogous to the method in Example 20, the title
compound was synthesized by using l1-fluoro-2-methylpropan-
2-yl piperidin-4-ylcarbamate obtained in Reference Example

51 in place of piperidin-4-ol.

MS (m/z): 530 [M-Cl]~

[0231]

Example 22: Methyl (1-{[6~-{[(28)-3,3~-dimethylbutan-2-

yvl]amino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vl]carbonyl)piperidin-4-yl)carbamate

Analogous to the method in Example 3, the title
compound was synthesized by using Reference Example 14

obtained in Step 1 methyl piperidin-4-ylcarbamate in place
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MS (m/z): 486 [M+H]”

[0232]

Example 23: [6-{[(28)-3,3~-Dimethylbutan-2-yl]lamino}-2-

(pyrazolo[5,1-b][1,3)thiazcl~-7-yl)pyrimidin-4-y1l] (4~

hydroxypiperidin~l-yl)methanone

Analogous to the method in Example 3, the title
compound was synthesized by using piperidin-4-o0l in place
of N-{(piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 429 [M+H]®

Example 24: Methyl (l-{le-{[(ZR)-3-methylbutan-Z-yljamino}-

2-{pvrazolo[5,1-b][1,3]thiazol-7-vl)pyrimidin-4-

yl]carbonyl}piperidin-4-vyl)carbamate hydrochloride

[Step 1] Prepearation of methyl (1-{[é6-{[(2R)-3-methylbutan-
2-yllamino}-2-(pyrazolo{5,1-b][1,3]thiazol-7-yl)pyrimidin-
4-yl]carbonyl}piperidin-4-yl)carbamate

Under argon atmosphere, to a solution of methyl (1-
{[6—chloro—2—(pyfazolo[5,l—b][1,3]thiazol—7—yl)pyrimidin-4—
yvl]carbonyllpiperidin-4-yljcarbamate obtained in Reference
Example 14 (20 mg) in DMF (1 mlL) was added DIPEA (16 ul),
{2R) ~3-methylbutan-2-amine (6 mg), and the mixture was

stirred at 100 °C for 3 h 30 min. The reaction solution
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was diluted with ethyl acetate, separated by adding
saturated aqueous sodium kicarbonate solution, and the
aqueous layer was further extracted with ethyl acetate.

The combined organic layer was washed with saturated
agueous sodium bicarbonate solution, dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give the title compound (19 mg).

MS (m/z): 472 [M+H]™

[Step 2] Preparation of methyl (I-{[6~{[(2R)~3-methylbutan-
2-yl]aminc}-2-(pyrazolo[5,1-b] [1,3lthiazol~-7-yl)pyrimidin-
4-yljcarbonyllpiperidin-4~yl)carbamate hydrochloride

To a solution of methyl (1-{[6~{[(2R)-3-methylbutan-2-
yllamino}-2-(pyrazolo[5,1-b] [1,3lthiazol-7-yl)pyrimidin-4-
vllcarbonyl}piperidin-4-yl)carbamate obtained in Step 1 (56
mg) in ethyl acetate was added 4 M hydrogen chloride-ethyl
acetate solution (0.1 mL). The reaction solution was
concentrated under reduced pressure, and the resulting
residue was washed with diethyl ether to give the title
compound (50 mg) .
MS (m/z): 472 [M-Cl]”
Elemental analysis value (for C,yHzoN703S+*HC1 + 1.0 H0)
Calculated value (%) C: 50.23, H: €.13, N: 18.64

Found wvalue (%) C: 50.47, H: ¢6.08, N: 18.52
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[0234]

Example 25: Methyl (1-{[6={][(23)-3-methylbutan-2-yljamino}-

2-{pyrazolo[5,1-b][1,3]thiazcl-T-yl)pyrimidin-4-

yvl]jcarbonyl}piperidin-4-yl)carbamate hydrochloride

Analogous tc the method in Example 24 Steps 1 and 2,
the title compound was synthesized by using (235)-3-
methylbutan-Z-amine in place of (2R)-3-methylbutan-2-amine.
MS (m/z): 472 [M-C1]"
Elemental analysis value (for C,2HzgN-035-HC1 + H:0)
Calculated value (%) C: 50.23, H: 6.13, N: 18.64

Found value (%) C: 50.50, H: 6.10, N: 18.27

Example 26: Methyl (I-{[6-{[({1S)-1-cyclopropylethyl]amino}-

Z-(pyrazolo[5,1-b][1,3lthiazol~-7-yl)pyrimidin-4-

yljcarbonylipiperidin-4-yl)carbamate

Analogcous to the method in Example 24 Step 1, the
title compound was synthesized by using (1S)-1-
cyclopropylethanamine in place of (2R)-3-methylbutan-2-
amine.

MS (m/z): 470 [M+H]’

Specific rotation[aly =-53.0°(c=1.00,DMSO)
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Example 27: Methyl (1-{[6-{[(1S)-1-cyclopropylethyl]lamino}-

Z2-(pyrazolo[5,1-bl1]1l,3]lthiazol-7-y]l)pyrimidin-4-

yl]lcarbonyl}piperidin~-4~-vl)carbamate hydrochloride

To a solution of methyl (1-{[6~{[(18)-1-
cyclopropylethyllamino}~-2-(pyrazolo[5,1-bl[1,3]thiazol-7~
vl)pyrimidin-4-yl]jcarbonylipiperidin-4-vyl)carbamate
obtained in Example 26 (2.26 g) in ethyl acetate (100 mlL)
was added 4 M hydrogen chloride-ethyl acetate solution (2.4
mL). The reaction solution was concentrated under reduced
pressure to give the title compound (2.35 g).

MS (m/z): 470 [M-C1]®
Elemental analysis value (for C::HzsN-03;S*HC1 + H.0)

Calculated value (%) C: 50.42, H: 5.77, N: 18.71

e}

Found value (%) C: 50.53, H: 5.66, N: 18.97

«

[0236]

Example 28: Ethyl (1-{[6-{[(18)-1l-cyclopropylethyl]amino}-

2-(pyrazole[5,1-b][1,3]thiazol-7-yl)pyrimidin-4~

yllcarbonvyl}piperidin-4-yl)carbamate

Analogous to the method in Example 1 Step 1, the title
compound was synthesized by using ethyl piperidin-4-
ylcarbamate (which was prepared analogous t©o the method
described in, for example, US 1980/4$18073) in place of N-

(piperidin~4-yl)cyclopropanecarboxamide.
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MS (m/z): 484 [M+H]'

Specific rotation|als =-44.2°(c=1.00,DMSO)
[0237]
Example 29: Propan-Z-yl (I1-{[6-{[{2R)-3,3-dimethylbutan-2-

vl]Jamino}-2-(pyrazolo[5,1-b][1,3]lthiazol-7-yl)pyrimidin-4-
py y

vl]Jcarbonyljpiperidin-4-yl)carbamate

To a solution of propan-2-yl {(1-{[6-chloro-2-
(pyrazolo[5,1-b]{1l,3]thiazol~-7-yl)pyrimidin-4-
vllcarbonyl}lpiperidin-4-yl)carbamate obtained in Reference
Example 22 (200 mg) in DMF (3 ml) were added DIPEA (0.3 mL)
and (2R)-3,3-dimethylbutan-Z-amine (90 mg), and the mixture
was stirred at 120 °C for 4 h in a sealed tube. The
reaction soluticn was diluted with ethyl acetate, separated
by using saturated aqueous sodium bicarbonate solution, and
the aqueous layer was further extracted with ethyl acetate.
The combined organic layer was washed with saturated
aqueous sodium bicarbonate solution, dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give the title compound (160 mg).

MS (m/z): 514 [M+H]”

[0238]
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Example 30: N-(1-{[6-{[(1S)~-1-Cyclopropylethyl]lamino}-2-

(pyrazolo[5,1-bl[1,3lthiazol~7~yl)pyrimidin-4-

yllcarbonyl}piperidin-4-yl)benzamide

[Step 1] Preparation of tert-butyl (1-{[6-{[(1S)-1-
cyclopropylethyllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-
yv1l)pyrimidin-4-yllcarbonyllpiperidin-4-yl)carbamate

Analogous to the method in Example 1 Step 1, the title
compound was synthesized by using tert-butyl N- (4-
piperidyl)carbamate in place of N-(piperidin-4-
yvl)cyclopropanecarboxamide.

MS (m/z): 512 [M+H]T

[Step 2] Preparation of (4-aminopiperidin-l-y1)[6-{[(1S)-1-
cyclopropylethyljamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-
vl)pyrimidin-4-yl]methanone

To a solution of tert-butyl (1-{[6-{[(18)-1-
cyclopropylethyllamino}-2~-(pyrazolc[5,1-bj[1,3]thiazol-7-
vl)pyrimidin-4-yl]carbonyl})piperidin~-4-yl)carbamate
obtained in Step 1 (75 mg) in dichloromethane (2 mL) was
added TFA (0.5 mL), and the mixture was stirred at room
temperature for 1 h. The reaction mixture was purified by
silica gel column chromatography to give the title compound
(65 mg) .

MS (m/z): 412 [M+H]T
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[Step 3] Preparation of N- (lI-{{6-{[(1S)~1~-
cycloprepylethyljamino} -2~ {pyrazolo{5,1-b]j[1,3]thiazol-7-
ylypyrimidin-4-yllcarbonyl jpiperidin-4-yl)benzamide

To a soluticn of {(4-aminopiperidin-l-yl)[6~-{[(18)-1~-
cyclopropylethyllamino}-2- (pyrazolo[5,1-b][1,3]thiazol-"7-
ylypyrimidin-4-yl]methanone obtained in Step 2 (20 mg) in
dichlecromethane (1 mlL) was added DIPEA (25 pul), benzoyl
chloride (10 mg), and the mixture was stirred at room
temperature for 30 min. The reaction mixture was purified
by silica gel column chromatography to give the title
compound (18 mg) .

MS (m/z): 516 [M+H]T

Example 31: N-(I-{[6-{[(1S8)-1-Cyclopropylethyl]lamino}-2-

(pyrazolo[b,1-bj[1,3]thiazol-7-yvl)pyrimidin-4-

vlilcarbonyl})piperidin—-4-yl)pyridine-~3-carboxamide

Analogous to the method in Example 30 Step 3, the
title compound was synthesized by using pyridine-3-carbonyl
chloride hydrochloride in place of benzoyl chloride.

MS (m/z): 517 [M+H]®

[0240]

Example 32: N-(1-{[6~-{[(15)-1-Cyclopropylethyllamino}-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-




vl]carbonylipiperidin-4-yl)thiophene-2-carboxamide

Analogous to the method in Example 30 Step 3, the
title compound was synthesized by using thiophene-Z2-
cerbonyl chloride in place of benzoyl chloride.

MS (m/z): 522 [M+H]'

[0241]

Example 33: N-(1-{[6-{[(1S)-1-

Cyclopropylethyl] (methyl)amino}=2-(pyrazclo[5,1-

b][l,3]thiazol-7-yl)pyrimidin-4~-yl]carbonyllpiperidin-4-

vl)cyclopropanecarboxamide hydrochloride

[Step 1] Preparation of N-(1-{[6-{[(1S)-1~-
cyclopropylethyl] {(methyl)amino}~-2-(pyrazolo[5,1-
pl[1,3]thiazol-T-yl)pyrimidin~-4~-yl]lcarbonyl}piperidin-4-
vl)cyclopropanecarboxamide

To a sclution of methyl 6-{[(1S)~1~
cyclopropylethyl] (methyl)amino}-2~(pyrazolo[5,1-
pl[l,3)thiazol-7-yl)pyrimidine-4-carboxylate obtained in
Reference Example 43 (25 mg) in THF (3 mlL) and water (1 mL)
was added lithium hydroxide monohydrate {9 mg), and the
mixture was stirred at room temperature for 30 min. The
reaction solution was concentrated under reduced pressure,
and to a solution of the obtained solid in DMF (2 mL) were
added N- (piperidin-4-yl)cyclopropanecarboxamide (18 mgj,

DIPEA (74 uL) and HATU (40 mg), and the mixture was stirred
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at room temperature for 1 h. The reaction soclution was
diluted with chlorcform, separated by adding water, and the
aqueous layer was further extracted with chloroform. The
organic layer was dried over anhydrous magnesium sulfate,
and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography to
give the title compound (30 mg).

MS (m/z): 494 [M+H]"

[Step 2] Preparation of N~(1-{[6-{[(1S)~-1-
cyclopropylethyl)] (methyl)amino}~-2~(pyrazolo[5,1-
b][1,3]thiazol-7-yl)pyrimidin-4-yllcarbonyllpiperidin-4-
vl)cyclopropanecarboxamide hydrochloride

Analogous to the method in Example 27 , the title
compound was synthesized by using N-(1-{[6-{[(18)-1-
cyclopropylethyl] (methyvl)amino}-2-(pyrazolo[5,1-
bj[1,3]thiazol-T7-yl)pyrimidin-4-yljcarbonylipiperidin-4-
vl)cyclopropanecarboxamide obtained in Step 1.
MS (m/z): 494 [M-Cl)”

Specific rotation{a]p°=-35.7°(c=0.42,DMSO)

[0242]

Example 34: 1-Cyclopropyl-3-(l-{[6-{[{(13)-1-

N
!

cyclopropylethyl]lamino}-2-({pyrazolo[5,1~-bi[1,3]thiazol~-7~

yi)pyrimidin-4~-yllcarbeonvlpiperidin-4~vyl)urea
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Analogous to the method in Example 1 Step 1, the title
compound was synthesized by using l-cyclopropyl-3-
piperidin-4-ylurea hydrochloride obtained in Reference
Example 50 in place of N-(piperidin-4-
yl)cyclopropanecarboxamide.

MS (m/z): 495 [M+H]"

[0243]

Example 35: [6-{[(1S)-1-Cyclopropylethyl] (methyl)amino}-2-~

(pyrazolo[5,1-b)}[1,31thiazol-7-yl)pyrimidin-4-y1][4-

(pyrimidin-2-ylamino)piperidin-1-ylimethanone

To a solution of methyl 6-{[(1S)-1~
cyclopropylethyl] (methyl)amino}~2~(pyrazolo[5,1-
bl[1l,3]thiazol~7~-vl)pyrimidine-4-carboxylate obtained in
Reference Example 43 (665 mg) in THFE (10 mlL) and water (5
mL) was added lithium hydroxide monohydrate (234 mg), and
the mixture was stirred at room temperature for 30 min.
The reaction sclution was concentrated under reduced
pressure, to the resulting residue 1 M agueocus solution of
hydrochloric acid to make the solution acidic, and the
aqgueous layer was extracted with a mixed solvent of
chloroform and methanol. The organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure to give a solid (600 mg). To a solution of the

obtained solid (15 mg) in DMF (1 mL) were added N-{4-
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piperidyl)pyrimidin-Z-amine (which was prepared analogous
tc the method described in, for example, WO 2005/105779)
(12 mg), DIPEA (15 ul), HATU (25 mg), and the mixture was
stirred at room temperature for 1 h 30 min. The reaction
mixture was purified by silica gel column chromatography to
give the title compound (14 mg).

MS (m/z): 504 [M+H]"

[0244]

Example 36: N-{Il-{[6-(tert-Butylamino)-2-(pyrazolol[5, 1-

bl[1,3)]thiazol-T7-yvl)pyrimidin-4-yljcarbonyl}piperidin-4-

vl)cyclopropanecarboxamide

[Step 1] Preparation of methyl 6-{tert-butylamino)-2-
{pyrazolo[5,1-b][1,3]thiazol-7~-yl)pyrimidine-4~carboxylate
Tco a solution of methyl €-chloro-2-(pyrazolo[5,1-

bl[1,3lthiazol-7-yl)pyrimidine-4-carboxylate obtained in
Reference Example 3 (30 mg) in DMEF (0.5 ml) were added
DIPEA (50 ulL) and tert-butylamine (7 mg), and the mixture
was stirred at 100 °C for 3 h. The reaction solution was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography to
give the title compound (15 mg).

MS (m/z): 332 [M+H]”

[Step 2] Preparation of N-{l-{[6-(tert-butylamino)-2-



o
o

(pyrazolo([b5,1-b]}[1,3]thiazol-T7~yl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)cyclopropanecarboxamide

To a solution of methyl €-{tert-butylamino)-2-
(pyrazolo[5,1-b] [1,3]thiazol~-7-yl)pyrimidine-4-carboxylate
obtained in Step 1 (15 mg) in THF (5 mlL) and water (1 mlL)
was added lithium hydroxide monohydrate (6 mg), and the
mixture was stirred at 40 °C for 1 h. The mixture was
neutralized with 2 M hydrochloric acid agueous solution,
and the reaction solution was concentrated under reduced
pressure to give a solid. To a solution of the obtained
solid in DMF (0.5 mL) were added N-({piperidin-4-
yil)cyclopropanecarboxamide (11 mg), DIPEA (16 plL) and HATU
(26 mg), and the mixture was stirred at room temperature
for 3 h. The reaction mixture was concentrated under
reduced pressure, and the resulting residue was purified by
silica gel column chromatography to give the title compound
(8 mg) .

MS (m/z): 468 [M+H]"

[0245]

Example 37: N-[1-({6-[{1-Methylcyclopropyl)amino]~-2-

(pyrazolo[5,1-b][1,3]thiazol=-7-yl)pyrimidin-4-

yllcarbonyl)piperidin-4-vl]jcyclopropanecarboxamide

Analogous to the method in Example 36 Steps 1 and 2,

the title compound was synthesized by using 1-
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methylcyclopropanamine hydrochloride in place of tert-
butylamine.

MS (m/z): 466 [M+H]"

[0246]

Example 38: N-[1-{{6-[(l1~Methoxy-Z2~-methylpropan—-2-

vl)aminol-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yl}carbonyl)piperidin-4-vi]jcyclopropanecarboxamide

Analogous to the method in Example 36 Steps 1 and 2,
the title compound was synthesized by using l-methoxy-2-
methylpropan-2-amine hydrochloride (which was. prepared
analogous to the method described in, for example, WO
2011/087837) in place of tert-butylamine.

MS (m/z): 498 [M+H]~

[0247]

Example 39: Methyl (I1-{[6-{[(Z2R}-3,3~-dimethylbutan-2~-

vllamino}-2-(pyrazolo[5,1-p][1,3)thiazol~7-yl)pyrimidin-4-

yl]carbonyllpiperidin-4-yl) carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using (2R)-3,3-
dimethylbutan-2Z-amine in place of (2R)-3-methylbutan-2-
amine.

MS (m/z): 486 [M+H]~
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[C248]

Example 40: Ethyl (1-{[6-{[{2R}-3,3-dimethylbutan-2-

vllamino}-2~-{pyrazclo[5,1-b]J[1,3]thiazol-T7-yl)pyrimidin-4-

vl]carbonyllpiperidin-4-yl)carbamate

To a solution of 6~{[(2R)-3,3-dimethylbutan-2-
yillamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-
carboxylic acid obtained in Reference Example 41 (30 mg) in
DME (1 mlL) were added ethyl piperidin-4-ylcarbamate (which
was prepared analogous to the method described in US
1990/4918073) (19 mg), DIPER (34 mg) and HATU (50 mg), and
the mixture was stirred at room . .temperature for 1 h. The
reaction mixture was diluted with ethyl acetate, separated
by adding saturated aqueous sodium bicarbonate sclution,
and the aqueous layer was further extracted with ethyl
acetate. The combined organic layer was washed with
saturated agueous scdium bicarbonate solution, dried ocver
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give the title compound (41 mg).

MS (m/z): 500 [M+H]"

[0249]

Example 41: Propan-2-yl (1-{[6-{[(18)-1~

cyclopropylethyl]amino}-2-(pyrazolo[5,1-p][1,3]thiazol-7-

vl)pyrimidin-4-yl]lcarbonyllpiperidin-4-yl)carbamate




10

20

25

162

Analogous to the method in Example 29, the title

compound was synthesized by using (1S)-1-

cyclopropylethanamine 1in place of (2R)-3,3-dimethylbutan-Z-

amine.
MS (m/z): 498 [M+H]"

~r

Specific rotation{a]p "=-35.4°(c=0.74, DMSO)

[0250]

Example 42: N-(1-{[6-{[(18)~-1~-

Cyclopropylethyl] (methyl)amino}-2-(pyrazolo[5,1-

b]l[1l,3]1thiazol-7-yl)pvrimidin-4-vyl]carbonyl}piperidin-4-

vl)benzamide

[Step 1] Preparation of tert-butyl (1-{[6-{[(1S)~-1-
cyclopropylethyl] {(methyl)aminoc}-2- (pyrazolo[5,1-
blil,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonylipiperidin-4-
vljcarbamate

Analogous to the method in Example 35, the title

compound was synthesized by using tert-butyl N- (4-

piperidyl)carbamate in place of N-(4-piperidyl)pyrimidin~2-

amine.

MS (m/z): 526 [M+H]"

[Step 2] Preparation of {(4-aminopiperidin-1-yl1)[6~-{[(18)-1-

cyclopropylethyl] (methyl)amino}-2-{pyrazolo[5,1-

bifl,3)thiazol-7-yl)pyrimidin-4~ylimethanone
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To a solution of tert-butyl (1-{[6-{[(18)-1-
cyclopropylethyl] (methyl)amino} -2~ (pyrazclo[5,1-
b][1,3]thiazol—7—yl)pyrimidin—4~yl]carbonyl}piperidin—4-
yl)carbamate obtained in Step 1 (150 mg) in dichloromethane
(2 mL) was added TFA (1 mL), and the mixture was stirred at
room temperature for 30 min. The reaction mixture was
purified by silica gel column chromatography to give the
title compound (117 mg).

MS (m/z): 426 [M+H]~

[0251]
[Step 3] Preparation of N-(l-{[o~-{[(1S8)-1~-
cyclopropylethyl] (methyl)amino}-2-(pyrazolo[5,1-
b][1,3]thiazol~7~yl)pyrimidin~4-yl]lcarbonyl}piperidin-4-
yl)benzamide

To a solution of (4-aminopiperidin-l-yl)[é-{[(1S)-1-
cyclopropylethyl] (methyl)amino}-2- (pyrazolo[s, 1-
b][1,3)thiazol-7-yl)pyrimidin-4~-yl]methanone obtained in
Step 2 (20 mg) in dichloromethane (1 mlL) was added DIPEA
(24 nl), benzoyl chloride (10 mg), and the mixture was

stirred at room temperature for 30 min. The reaction

mixture was purified by silica gel column chromatography to

give the title compound (13 mg).

M8 (m/z): 530 [M+H]"
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[0252]

Example 43: N-(1-{[6-(Cyclopropylmethoxy)-2-(pyrazoloi5,1-

bl[l,3]thiazoi~-7~yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-

yl)cyclopropanecarboxamide

To a solution of N-(1-{[6-chloro-2-(pyrazolo[5,1-
bl[1,3]thiazol~-7~yl)pyrimidin~-4~-yl]lcarbonyl}ipiperidin-4-
vl)cyclopropanecarboxamide obtained in Reference Example 15
(20 mg) and cyclopropylmethanol (33 mg) in THF (3.0 mlL) was
added 60 % sodium hydride (2 mg) under ice cooling, and the
mixture was stirred at 70 °C for 1 h. The reaction
solution was diluted with ethyl acetate, separated by
adding water, the agueous layer was further extracted with
ethyl acetate. The combined organic layer was washed with
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give
the title compound (15 mg).

MS (m/z): 467 [M+H]®

[0253]

Example 44: N-[1-({6~[(3,3-Dimethylbutan-2-yl)oxyl-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vljcarbonyl)piperidin-4-yl]cyclopropanecarboxamide

Analogous to the method in Example 43, the title

compound was synthesized by using 3,3-dimethylbutan-Z-o0l in
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MS (m/z): 497 [M+H]T

[0254]

Example 45: N-(1-{[6-(Cyclobutyloxy)-2-{(pyrazolo[5,1-

p]l[1,3)thiazol~7~yl)pyrimidin-4-yl]jcarbonyllpiperidin-4-

vl)cyclopropanecarboxamide

Analogous to the method in Example 43, the title
compound was synthesized by using cyclobutanol in place of
cyclopropylmethanol.

MS (m/z): 467 [M+H]"

[0255]

Example 46: N-(1-{[6-{[(1R)-1-Cyclopropylethyl]amino}-2-

{(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin~-4-

vl jcarbonylipiperidin-4-vyl)cyclopropanecarbexamide

Analogous to the method in Example 16, the title
compound was synthesized by using (1R)-1-
cyclopropylethanamine in place of (2R)-3,3-dimethylbutan-2-
amine.

MS (m/z): 480 [M+EH]"

[0256]

Example 47: N-{(1-{[6-{[(1IR)-1-Cyclopropylethyl]amino}-2~-

(pyrazolo{5,1-b)[1,3]thiazol-7-yl)pyrimidin-4-~
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yl]carbonyllpiperidin-4-vyl)cyclopropanecarboxamide

hydrochloride

To a solution of N-(1-{[6-chloro-2-(pvrazolo[5,1-
b][1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-
yl)cyclopropanecarboxamide obtained in Reference Example 15
{50 mg) in DMF (1 mlL) were added DIPEA (60 ulL) and (lR)-1-
c?clopropylethanamine (12 mg), and the mixture was stirred
at 70 °C for 1 h 40 min. Then, (1R)-1-
cyclopropylethanamine (11 mg) was added thereto, and the
mixture was stirred at 70 °C for 4 h. The reaction
solution was diluted with ethyl acetate, separated by
adding water, and the agueous layer was further extracted
with ethyl acetate. The combined organic laver was dried
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by
silica gel column chromatography tc give a solid (50 mg).
To a solution of the obtained solid in ethyl acetate was
added 4 M hydrogen chloride-ethyl acetate solution (52 ul).
The reaction solution was concentrated under reduced
pressure, and the resulting residue was washed with diethyl
ether to give the title compound (35 mg).

MS (m/z): 481 [M-Cl]"

[0257]

Example 48: N-[l1-({6-[({l-Hydroxy-2-metnylpropan-2-
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vlijamino]-2-(pyrazolo[5,1-b][1,3]thiazol-7-v1l)pyrimidin-4-

vlicarbonyl)piperidin-4-yl]cyclopropanecarboxamide

To a solutiocn of N-{l-{[6-chloro-2~-(pyrazolo[5,1-
bl(1,3lthiazol-7-yl)pyrimidin-4-yljcarbonyl}piperidin-4-
yl)cyclopropanecarboxamide obtained in Reference Example 15
(20 mg) in NMP (1 mL) were added DIPEA (16 ul) and 2-amino-
2-methylpropan-1-ol (6 mg), and the mixture was stirred at
100 °C for 2 h. An additional Z-amino-2-methylprcopan-1-ol
(6 mg) was added theretc, and the mixture was stirred at
110 °C for 2 h. The reaction mixture was purified by
silica gel column chromatography to give the title compound
(8 mg).

MS (m/z): 484 [M+H]'

Example 49: [e~-{[(1S)~1-Cyclopropylethyl]amino}-2-

{pyrazolo[5,1-b][1,3]thiazol-7-v])pyrimidin-4-yl] (4-(1,2-

oxazol-3-ylamino)piperidin-l-yllmethanone

Under argon atmosphere, tert-butyl 4-oxopiperidine-1-
carboxylate (250 mg) and isoxazole-3-amine (106 mg) in
methanol (5 mL) were added acetic acid (75 mg) and 2-
picoline borane complex (134 mg}, and the mixture was
stirred at room temperature for 3 n. To the reaction
mixture was added saturated agueocus sodium bicarbonate

solution, and the solution was extracted with ethyl acetate.
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The organic layer was dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography to give an oil (109 mg). The resulting oil
was dissolved in 2M hydrogen chloride-methanol solution (5
mL), and the mixture was stirred at room temperature
overnight. The reaction mixture was concentrated under
reduced pressure, and the resulting residue was washed with
diethyl ether, and dried to give a solid (90 mg). To a
solution of the obtained solid (9 mg) and 6-{[(1S)-1-
cyclopropylethyl]amino}-2-(pyrazolo(5,1-b] [1,3]thiazol-7-
yl)pyrimidine-4-carboxylic acid obtained in Reference
Example 38 (10 mg)} in DMF (1 ml) were added DIPEA (11 ul)
and HATU (17 mg), and the mixture was stirred at room
temperature for 1 h 30 min. The reaction mixture was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel cclumn chromatography to
give the title compound (14 mg).

MS (m/z): 479 [M+H]’

[0259]

Example 50: [6-{[(18)-1-Cyclopropylethyl]amino}-2-

(pyrazolo[5,1-b]{1,3]1thiazol-T~-yl)pyrimidin=-4-y1)[4~-(1, 3~

thiazol-2-ylamino)piperidin-1l-ylimethancne

Analogous to the method in Example 49, the title
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compound was synthesized by using thiazole-Z-amine in place
of isoxazcle-3-amine.

MS (m/z): 495 [M+H]T

[0260]

Example 51: [6-{[(1S)-1-Cyclopropylethyl]amino}-2-

(pyrazolo[5,1-b][1,3]thiazecl-T-yl)pyrimidin-4-y1]{4-[(3-

methyl-1,2-oxazol-5~-yl)aminolpiperidin-l-vyl}methanone

Analogous to the method in Example 49, the title
compound was synthesized by using 3-methyliscoxazole-5-amine
in place cf isoxazole-3-amine.

MS (m/z): 493 [M+H]"

[0z61]

Example 52: N-{1-{[6-{[{1R)~1~{4~-

Methoxyphenyl)ethylilamino}-2-(pyrazolol5,1-b][1,3]thiazol-

7-yl)pyrimidin-4-ylicarbonylipiperidin-4-

yl)cyclopropanecarboxamide

To a sclution of 6-{[(1R})-1-(4-
methoxyphenyl)ethyljamino}~-2~(pyrazolo[5,1-b][1,3}thiazol-
7-yl)pyrimidine-4-carboxylic acid obtained in Reference
Example 44 (20 mg) in DMF (1 ml) were added N-(piperidin-4-
yl)cyclopropanecarboxamide (12 mg), DIPEA (26 uL) and HATU
(29 mg), and the mixture was stirred at réom temperature

or 1 h. The reaction mixture was purified by silica gel

Fh
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column chromatography to give the title compound (16 mg).

MS (m/z): 546 [M+H]~

[0262]

Example 53: Methyl (1-{[6-{[(1R)~1-(4-

methoxyphenyl)ethyl]amino}-2-(pyrazolo[5,1-bj[1,3]thiazol~

7-ylipyrimidin-4-yl]carbonylipiperidin-4-yl)carbamate

Analogous to the method in Example 52, the title
compound was synthesized by using Reference Example
l4obtained in Step 1 methyl piperidin-4-ylcarbamate in
place of N-(piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 536 [M+H]"

[0263]

Example 54: N-(1-{[6-{[(1R)-1-(4-

Methoxyphenyl)ethyl]laminc}-2-(pyrazolo[5,1-b} [1,3]thiazol~

7-yl)jpyrimidin-4-yl]carbonyljpiperidin-4-vl)benzamide

Analogous to the method in Example 52, the title
compound was synthesized by using N~ (4-piperidyl)benzamide
in place of N~ (piperidin-4-yljcyclopropanecarboxamide.

MS (m/z): 582 [M+H]~

[0264]

Example 55: N-(1-{[6-{[(2S)-1-Hydroxy-3,3-dimethylbutan-2-

vllamino}-2-{pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
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vllcarbonyl)piperidin-4-vl)cyclopropanecarboxamide

Analogous to the method in Example 48, the title
compound was synthesized by using (2S)-2-aminoc-3, 3-
dimethylbutan-1-o0l in place of 2-amino-2-methylpropan-1-ol.

MS (m/z): 512 [M+H]"

[0265]

Example 56: (4-Hydroxypiperidin-1-y1)[6-{[(lR)~1-(4-

methoxyphenyl)ethyllamino} -2~ (pyrazolo(5,1-b] [1,3]thiazol-

7-yl)ipyrimidin-4-vl]methanone

Analogous to the method in Example 52, the title
compound was synthesized by using piperidin-4-ol in place
of N-(piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 479 [M+H]"

[0266]

Example 57: l~Fluoro-Z2-methylpropan-2-y1l (1-{[6-{[(lR)-1~-

(4-methoxyphenyl)ethyllamino}-2-(pyrazolo[5,1-

bll1,3]thiazol-T7-yl)pyrimidin-4-vyl)lcarbonyllpiperidin-4-

yl)carbamate

Analogous to the method in Example 52, the title
compound was synthesized by using l-fluoro-2-methylpropan-
2-yl piperidin-4-ylcarbamate obtained in Reference Example
51 in place of N-(piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 596 [M+H]"
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[6267]

Example 58: [6~(tert-Butylaminoc)-2-(pyrazolo[5,1-

b]ll,3]thiazol-7-yl)pyrimidin-4-vy1] (4-hydroxypiperidin-21-

v1l)methanone

Tc a solution of [6-chloro-2-(pyrazolol[5,1-
b][1,3]thiazol-7-yl)pyrimidin-4-yl] (4-hydroxypiperidin~1-
yl)methanone cobtained in Reference Example 29 (2.2 g) in
tert-butancl (10 mL) was added tert-butylamine (1.3 g), and
the mixture was stirred at 130 °C fcr 10 h in a sealed tube.
The reaction solution was concentrated under reduced
pressure, and the resulting residue was purified by silica
gel column chromatography to give the title compound (2.1

g) .

MS (m/z): 401 [M+H]T

[0268]

Example 59: Methyl (l1-{[6-(tert-butylamino)-2-

(pyrazolo[5,1-b][1,3]thiazol-7~y]l)pyrimidin-4-

vl]Jcarbonyl}piperidin-4-yl)carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using tert-butylamine in
place of (2R)-3-methylbutan-Z-amine.

MS (m/z): 458 [M+H]T
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[0269]

Example 60: Propan-2-yl (l-{[6&6-(tert-butylamino)-2-

(pyrazolo[5,1-b][1,3]thiazol-7-vl)pyrimidin-4-

vl]carbonyllpiperidin-4-yl)carbamate

Analogous to the method in Example 29, the title
compound was synthesized by using tert-butylamine in place
of (2R)~-3,3-dimethylbutan-2-amine.

MS (m/z): 486 [M+H]~

[0270]

Example 61: Methyl [1-({6-[(l-hydroxy-2-methylpropan-2-

vl)amino]-2-(pyrazolo[5,1~b][1,3]thiazol-7-yl)pyrimidin-4-

yvlicarbonyl)piperidin-4-yljcarbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using 2-amino-2-
methylpropan-1-o0l in place of (2R)-3-methylbutan-2-amine.

MS (m/z): 474 [M+H]"

[0271]

Example 62: [6-{[(2R)-3,3-Dimethylbutan-2-yljamino}-2-

(pyrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-4-y1] (4-

hydroxypiperidin~l-yl)methanone hydrochloride

[Step 1] Preparation of [6-{[(2R)-3,3-dimethylbutan-2-
vllamino}-2-(pyrazolo([5,1-b][1,3]thiazol~7~yl)pyrimidin-4-

y1l] (4-hydroxypiperidin-1-yl)methanone
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To a solution of [6-chloro-2-(pyrazolofd,1-
b][1,3]thiazol-7-yl)pyrimidin~4~yl] (4-hydrecxypiveridin-1-
vl)methanone obtained in Reference Example 29 (5 g) in 2-
propancl (50 mlL) were added DIPEA (%.5 ml) and (2R)-3, 3~
dimethylbutan-Z-amine (2.8 g}, and the mixture was stirred
at 100 °C overnight. The reaction soclution was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography to
give the title compound (6.0 g).

MS (m/z): 429 [M+H]’

[0272]
[Step 2] Preparation of [6-{[(2R)-3,3-dimethylbutan-2-.
yllamino}-2-(pyrazolo([5,1-b][1,3]lthiazol-7-yl)pyrimidin-4-
vl] {(4-hydroxypiperidin-l-yl)methanone hydrochloride
Analogous to the method in Example27, the title
compound was synthesized by using [6-{[(2R)-3, 3-
dimethylbutan-2-yllamino}-2-(pyrazolo[5,1-bl[1,3]thiazol-7-
vl)pyrimidin-4-yl] (4-hydroxypiperidin~l-yl)methanone
obtained in Step 1.
MS {(m/z): 429 [M~-Cl}~
Elemental analysis value (for CyiHpgNg05*HCL + 0.5 H,0)

Calculated value (%) C: 52.22, H: 6.14, N: 18.27

Found value (%) C: 52.09, H: 6.06, N: 18.26
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[0273]

Example 63: Methyl (1-{[6-{]{2S)-1-hydroxy-3, 3-

dimethylbutan-2-vl]aminoc}-2- (pyrazolo[5,1-b][1,3]thiazol-7-

vl)pyrimidin-4-yl]carbonyl}piperidin-4-vyl)carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using (2S)~2-amino-3, 3-
dimethylbutan~-1-0l in place of (2R)-3-methylbutan-2-amine.

MS (m/z): 502 [M+H]’

Example 64: Methyl [1-({6-[(3,3~-dimethylbutan-2-yl)oxy]-2-

(pyrazclo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-

vl)carbonyl)piperidin-4-vl]lcarbamate

To a solution of methyl (1~-{[6-chloro-2~-(pyrazolo[5,1-
bl [1,3]thiazol-T-yl)pyrimidin-4-yllcarbonyllpiperidin-4-

yi)carbamate obtained in Reference Example 14 (25 mg) and

fated

3,3-dimethylbutan-2-0l (61 mg) in THF (2 mL) was added 60
sodium hydride (4 mg) under ice cooling, and the mixture
was stirred at room temperature overnight. The reaction
solution was diluted with ethyl acetate, separated by
adding water, and the aqueous layer was further extracted
with ethyl acetate. The combined organic layer was dried
over anhydrous sodium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by

silica gel column chromatography to give the title compound
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MS (m/z): 487 [M+H]™

[0275]

Example 65: Methyl (1-{[6-(cyclobutyloxy)-2=-(pyrazolo|5,1-

b][1l,3]lthiazol-7~yl)pyrimidin-4-yljcarbonyl}piperidin-4-

vl)carbamate

Analogous to the method in Example 64, the title

compound was synthesized by using cyclobutanol in place of

3,3~dimethylbutan-2-ol.

MS (m/z): 457 [M+H]™

[0276]

Example 66: N-(1-{[6-{[(18)-1-Cyclopropylethyl]aminc}-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-~

yllcarbonyllpiperidin-4-vyl)methanesulfonamide

Analogous to the method in Example 30 Step 3, the
title compound was synthesized by using methanesulfonyl
chloride in place of benzoyl chloride.

MS (m/z): 490 [M+H]T

Example 67: N-(1-{[6=-{[(18)-1-Cyclopropylethyllamino}-2~

(pyrazolc[5,1-b][1,3]thiazol-7-yv]l)pyrimidin=-4-

yvl]jcarbonyl}piperidin-4-yl)cyclopropanesulfonamide
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Analogous to the method in Example 30 Step 3, the
title compound was synthesized by using
cyclopropanesulfonyl chloride in place of benzoyl chloride.

¥S (m/z): 516 [M+H]®

(027€1]

Example 68: N-(1-{[6-{[(1S)-1-Cyclopropylethyl]amino}-2-

ipyvrazolo{5,1-bj[1,3]thiazol-7-vl)pyrimidin-4-

yl] carbonyl}ipiperidin-4-yl)ethanesulfonamide

(R

Analogous to the method in Example 30 Step 3, the
tit le compound was synthesized by using ethanesulfonyl

chloride in place of benzoyl chloride.

NS (m/z): 504 [M+H]'

‘As TG
{OL ,-'9_,

Example €9: N-(l-{[6-({tert-Butylamino)~2~-{(pyrazolo[5, 1~

Jthiazol-7-yl)pyrimidin-4-yl]carbonyl)piperidin-4-

[¥3]

Bl

I

vyl) —2-methylpropanamide

To a solution of methyl 6-(tert-butylamino)-2-
(fpyrazolo[5,1-b][1,3]thiazol-7~yl)pyrimidine~4-carboxylate
obtalned in Example 36 Step 1 (280 mg) in 1,4-dioxane (3
rtl,) was added 2 M sodium hydroxide aqueous solution (1.27
L} , and the mixture was stirred at 50 °C for 1 h. The

mixture was neutralized with 2 M hydrochloric acid agueous

i1

solution, and the reaction solution was concentrated under
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reduced pressure to give a solid (50 mg). To a solution of
the obtained solid in DMF (0.3 ml) were added DIPEA (41 mg),
2-methyl-N-{(4-piperidyl)propanamide (which was prepared
analogous to the method described in, for example,
Bioorganic and Medicinal Chemistry Letters, 2012, 22, 3157-
3162) (52 mg) and HATU (87 mg), and the mixture was stirred
at room temperature for 1 h. The reaction mixture was
concentrated under reduced pressure, and the residue was
diluted with chloroform and purified by silica gel column
chromatography to give the title compound (28 mg).

MS (m/z): 470 [M+H]"

Example 70: N-(1-{[6-(tert-Butylamino)-2-(pyrazolo[5,1-

bll1,3]Jthiazol-7-v]l)pvrimidin-4-yllcarbonyllipiperidin-4-

vl)=-2,2-difluorcacetamide

Analogous to the method in Example 69, the title
compound was synthesized by using 2,2-difluoro-N-(4-
piperidyl)acetamide obtained in Example Z8 Step 1 in place
of 2-methyl-N-{4-piperidyl)propanamide.

MS (m/z): 478 [M+H]"

[0281)

Example 71: Etnyl (1-{[6-{tert~butylamino)-2~{(pyrazolo[5,1~

pbl[1,3]thiazel-7-yvl)pyrimidin-4-yl]carbonylipiperidin-4-
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vl)carbamate

Analogous to the method in Example 69, the title
compound was synthesized by using ethyl piperidin-4-
ylcarbamate (which was prepared analogous tc the method
described in, for example, US 19904918073) in place of 2-
methyl-N-{(4-piperidyl)propanamide.

MS (m/z): 472 [M+H]'

[0282]

Example 72: [6-(tert-Butylamino)-2-{pyrazolo[5,1-

b][1,31thiazol-7-yl)pyrimidin-4-y1] [4- (pyridin-2-

yvlamino)piperidin-l-vl]methanone

To a solution of [6-chloro-2-(pyrazolo[5,1-
bll1l,3]thiazol-7-yl})pyrimidin-4-yl] (4~ (pyridin-2-
ylamino)piperidin~-l-yllmethanone obtained in Referencs
Example 18 (25 mg) in NMP (0.5 ml) were added DIPEA (20 ulL)
and tert-butylamine (8 mg), and the mixture was stirred at
120 °C for 2 h. An additional tert-butylamine (8 mg) was
added thereto, and the mixture was stirred at 120 °C for an
additional hour. The reaction mixture was purified by
silica gel ceclumn chromatography tc give the title compound
(8 mg) .

MS (m/z): 477 [M+H]"

[0283]
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Example 73: Ethvl (1-{[6-{[(1R)-1-cyclopropylethyllamino}-

Z-(pyrazolo[5,1-b]j[1,3]thiazol~-T7-yl)pyrimidin-4-

vil]carbonyllpiperidin-4-yl)carbamate

To a solution of é-{[{1R)-1l-cyclopropylethyllamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-T-yl)pyrimidine~4-carboxylic
acid obtained in Reference Example 39 (50 mg) in DMF (0.3
ml) were added ethyl piperidin-4-ylcarbamate (which was
prepared analogous to the method described in, for example,
US 1990/4818073) (52 mg), DIPEA (59 mg) and HATU (87 mg),
and the mixture was stirred at room temperature for 3 h.
The reaction mixture was concentrated under reduced
pressure, and the resulting residue was purified by silica
gel column chromatography to give the title compound (30
mg) .

M5 (m/z): 484 [M+H]"

[0284]

Example 74: Ethyl (I1-{[6~-{[(1R)-1-cyclopropylethyl]amino}-

2-(pyrazolol[5,1-bl[1,3]thiazol-7-y]l)pyrimidin-4-

vl]carbonyllpiperidin-4-yl)carbamate hydrochloride

Analogous to the method in Example 27, the title compound
was synthesized by using ethyl (1-{[é-{[(1R)-1-
cyclopropylethyl]amino}-2-{pyrazolo[5,1-b][1,3)thiazol-7-

yl)pyrimidin-4-yllcarbonyllpiperidin-4-yl)carbamate
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obtained in Example 73.
MS (m/z): 484 [M-C1l]~
Elemental analysis value (for C,3HsN;035°HC1 + 1.1H-0)

Calculated value (%) C: 51.17, H: 6.01, N: 18.16

Found wvalue (%) C: 50.92, H: 6.12, N: 17.95

Example 75: {6-(tert-Butylamino)=-2-(pyrazolo[5,1-

plll,3]thiazol-7T-yl)pyrimidin-4-yi]{4~-(1,3-thiazol-2~

vlamino)piperidin-i-yl]lmethanone

Analogous to the method in Example 72, the title
compound was synthesized by using [6-chloro-Z2-
(pyrazolo[5,1-b1 ({1, 3)thiazel-T-yl)pyrimidin-4-y1]{4-(1,3-
thiazol-2-ylamino)piperidin-l-yl]lmethanone obtained in
Reference Example 19 in place of [6-chloro-2-{pyrazolo[5,1-
bl[1,3]thigzol-7-yl)pyrimidin-4-yl]{4-{pyridin-2-
ylamino)piperidin-l-yl]lmethanone.

MS (m/z): 483 [M+H]"

[0285]

Example 76: [6-(tert-Butylamino)-2-(pyrazolo[5,1~

b][1,3]thiazol~-7-yl)pyrimidin-4-yl] [4~-(pyrimidin-2-

ylamino)piperidin-1l-yl]methanone

Analogous to the method in Example 72, the title
compound was synthesized by using [6-chloro-2-

(pyrazoio[5,1-b][1,3]thiazol-7~-yl)pyrimidin-4-y1][4-



10

15

20

e
(G2 ]

182

(pyrimidin-2-ylamino)piperidin-1l-yl]methancne obtained in
Reference Example 20 in place of [6-chloro-2-(pyrazolol[5,1-
bl{1,3]thiazol-7-yl)pyrimidin~4-yl][{4-(pyridin-2-
ylamino)piperidin~l-yl]lmethanone.

MS (m/z): 478 [M+H]"

[028¢]

Example 77: Methyl (l1-{[6-{[(lR)-1~(4-

fluorophenyl)ethvl]amino}-2-(pyrazolo[5,1-b][1,3]thiazcl-7~

v]l)pyrimidin-4-yl]carbonyl}piperidin-4-yl)carbamate

Under argon atmosphere, to a solution of methyl (1~
{[6-chloro-2-(pyrazcolo([5,1-b]l[{1,3]thiazol-7-yl)pyrimidin-4-
yvl]lcarbonyl}piperidin-4-yl)carbamate obtained in Refefence
Example 14 {20 mg) in DMF (1 mL) were added DIPEA (25 uL)
and (1R)-1-(4-fluorophenyl)ethanamine (18 ulL), and the
mixture was stirred at 80 °C for 4 h. The reaction
solution was diluted with ethyl acetate, separated by
adding saturated aqueous sodium bicarbonate solution, and
the agueous layer was further extracted with ethyl acetate.
The combined organic layer was washed with saturated
aqueous sodium bicarbonate solution, dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column

chromatography to give the title compound (24 mg).

MS (m/z): 524 [M+H]™
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1 0287]

Example 78: N-[1-({6-[(Azetidin-3-ylmethyl)amino]-2~-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vllcarbonyl)piperidin-4-vyi]cyclopropanecarboxamide

To a solution of N-(i1~{[&6-chloro-2-(pyrazolo[5,1-
bl [1,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl}piperidin-4-
vl)cyclopropanecarboxamide obtained in Reference Example 15
(30 mg) in DMF (1 mlL) were added DIPEA (48 nlL) and 3-
(aminomethyl)azetidine-l-carboxylic acid tert-butyl (19 mg),
and the mixture was stirred at 120 °C for 2 h. The
reaction solution was diluted with ethyl acetate, separated
by adding saturated aqueous sodium bicarbcnate solution,
and the agueous layer was further extracted with ethyl
acetate. The combined organic layer was washed with
saturated aqueocus sodium bicarbonate solution, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give a solid (40 mg). To a
solution of the obtained solid (35 mg) in dichloromethane
{1 mL) was added TFA (1 mL), and the mixture was stirred at
room temperature for 1 h. The reaction mixture was
purified by silica gel column chromatography to give the
title compound (29 mg) .

MS (m/z): 481 [M+H]™
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[0288]

Example 79: N-(1-{[6-{[(IR})-1-(4-Fluorophenyl)ethyl]lamino}-

2-(pyrazolo[5,1-b][1,3]thiazcl-T7-yl)pyrimidin-4~

vllcarbonyl}lpiperidin-4-yl)-2-methylpropanamide

Analogous to the method in Example 77, the title
compound was synthesized by using N-(1-{[6-chloro-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yllcarbonylipiperidin-4-yl)-2-methylpropanamide obtained in

Reference Example 16 in place of methyl (1-{[é-chloro-2-
(pyrazolo[5,1-b]{1,3]thiazol-7-v1l)pyrimidin-4-
vllcarbonyl}piperidin-4-yl)carbamate.

MS (m/z): 536 [M+H]"

[0289]

Example 80: Methyl [1-({6-[(Z2-methylbutan-2-yljamino]-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvljcarbonyl)piperidin~-4-yljcarbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using 2-methylbutan-2-
amine in place of (2R)-3-methylbutan-2-amine.

MS (m/z): 472 [M+H]"

[0290]

Example 81: (4-Hydroxypiperidin-1l-vl) [6-{(pentan-3~-ylamino)-
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2-(pyrazolo[5,1-bl[1,3]thiazeol~-7-yl)pyrimidin-4-

»yl}methanone hydrochloride

[Step 1] Preparation of (4-hydroxypiperidin-1-yl) {6~
(pentan-3-ylamino)-2-(pyrazolo[5,1-b][1,3]thiazocl-7-
v1l)pyrimidin-4-yl]lmethanone

To a solution of (4-{[tert-
butyl (dimethyl)silylloxylpiperidin-1-yl) [6-chloro-2-
{(pyrazole[5,1-b][1,3]thiazol~7~yl)pyrimidin~-4-yllmethanone
obtained in Reference Example 30 (840 mg) in l-butanol (10
mL) were added DIPEA (1.2 ml) and pentan-3-amine (459 mqg),
and the mixture was stirred at 80 °C for 4 h. The reaction
solution was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography to give a solid (792 mg). To a solution of
the obtained solid (790 mg) in THF (5 mL) was added 1 M
tetrabutylammonium fluoride (THF solution, €.0 mL), and the
mixture was stirred at room temperature for 3 h. To the
reaction solution was added saturated agueous agueous
ammonium chloride, the solution was extracted with
chloroform, and the organic layer was dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give the title compound (474 mg).

MS (m/z): 415 [M+H]®
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[Step 2] Preparation of (4-Hydroxypiperidin-1-yl)[6-
(pentan-3-ylamino)-Z- (pyrazolo[5,1-b}(1,3]thiazol-7-
vi)pyrimidin-4~yl]lmethanone hydrochlioride

To a solution of (4-hydroxypiperidin-1-yl) {6~ (pentan-
3-ylamino)-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl)lmethanone obtained in Step 1 (474 mg) in ethyl acetate
(10 mL) was added 4 M hydrogen chloride-ethyl acetate
solution (0.57 mL). The reaction solution was concentrated
under reduced pressure to give the title compound (517 mg).
MS (m/z): 415 [M-C1]7
Elemental analysis value (for C;oH2eN¢0O-S*HC1 + 0.5 H,0)
Calculated value (%) C: 52.22, H: 6.14, N: 18.27

Found value (%) C: 52.09, H: 6.06, N: 18.26

[0291]

Example B2: Propyl (1-{[6-(tert-butylamino)-Z-

{(pyrazolo{5,1-bl[1,3]thiazol-7-yv]l)pyrimidin-4-

vllcarbonyl}piperidin-4-yl)carbamate

Propyl (1-{[6-chloro-2-(pyrazolo[5,1-b]}{1,3]thiazol-7-
yl)pyrimidin-4-yllcarbonyllpiperidin-4-yl)carbamate
obtained in Reference Example 23 (30 mg) was dissolved in
NMP (0.5 mL), to the mixture were added DIPEA (17 mg) and
tert-butylamine (14 mg), and the mixture was stirred at 130
°C fog 3 h in a sealed tube. The reaction sclution was

concentrated under reduced pressure, and the resulting
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residue was purified by silica gel column chromatography to
give the title compound (25 mg).

MS (m/z): 486 [M+H]~

[0282]

Example 83: Propyl (1-{[6-{[(lR)-1-cyclopropylethyl]lamino}~-

2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvl]carbonyl}piperidin-4-yl)carbamate

Analogous to the method in Example 82, the title
compound was synthesized by using (1R)-1-
cyclopropylethanamine in place of tert-butylamine.

MS (m/z): 498 [M+H]™

[0253]

Example 84: Propyl (1-{[6-{[({1S)-1~-cyclopropylethyl}amino}-

o

Z-(pyrazolio[5,1-bj[l,3]thiazol~-7-yv]l)pyrimidin-4-

vl]carbonvl}piperidin-4-yl)carbamate

Analogous to the method in Example 82, the title
compound was synthesized by using (1S)-1-
cyclopropylethanamine in place of tert-butylamine.

MS (m/z): 498 [M+H]'

[0294]

Example 85: Propyl (1-{[6-{[(2R)=3,3~dimethylbutan-2-

vl]Jamino}-2-(pyrazolo[5,1-b][1,3]thiazol-T7-yl)pyrimidin-4-
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vljcarbonyl}jpiperidin-4-yl)carbamate

Analogous to the method in Example 82, the title
cempound was synthesized by using (2R)-3, 3-dimethylbutan-2-
amine in place of tert-butylamine.

MS (m/z): 514 [M+H]"

[0295]

Example 86: Propyl (1-{[6-{[(2S8)-3,3~-dimethylbutan-2-

vllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yl]lcarbonyl)piperidin-4-yl)carbamate

Analogous to the method in Example 82, the title
compound was synthesized by using (2S)-3,3~-dimethylbutan-2-
amine in place of tert-butylamine.

MS (m/z): 514 [M+H]®

[0296]

Example 87: Methyl [1-({6-[(2,2-dimethylpropyl)amino]-2-

(pyrazolo[5,1-b][1,3]thiazol~-7~yl)pyrimidin-4-

vllcarbonyl)piperidin-4-yl]lcarbamate hydrochloride

[Step 1] Preparation of methyl [1-({o6-[(2,2-
dimethylpropyl)amino] -2~ (pyrazolo([5,1-b][1,3}thiazol-7~
yl)pyrimidin-4-yljcarbonyl)piperidin-4-yl]carbamate
Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using 2,2-dimethylpropan-

l-amine in place of (2R)-3-methylbutan-2-amine.
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MS (m/z): 472 [M+H]T

[Step 2] Preparation of methyl [1-({6-[(Z,2-
dimethylpropyl)amino] -2~ (pyrazclo{5,1-b][1,3]thiazol~7-
vl)pyrimidin-4-yljcarbonyl)piperidin-4-yl]carbamate
hydrochloride

To a solution of methyl [1-({6~[(2,2-
dimethylpropyl)aminol-2-(pyrazolol(5,1-b][1,31thiazol-7~
yvlypyrimidin-4-yljcarbonyljpiperidin-4-yl]carbamate
obtained in Step 1 (48 mg) in ethyl acetate (3 mL) was
added 4 M hydrogen chloride-ethyl acetate solution (50 plL).
The reaction solution was concentrated under reduced
pressure, and dried to give the title compound (51 mg).
MS (m/z): 472 [M-Cl]~
Elemental analysis value {(for Cz;:HzeN;038-HC1 + 1.6 H:0)
Calculated value (%) C: 49.22, H: 6.23, N: 18.26

Found value (%) C: 49.03, H: 6.03, N: 18.35

[0297]

Example 88: 2-Methoxyethyl (1-{[6-{[(1R})-1~

cyclopropylethyllamino}-2-(pyrazolo[5,1-b]{1,3lthiazol~-7-

v1)pyrimidin-4-yllcarbonyl)piperidin-4-yl)carbamate

Tc a solution of 2-methoxyethyl (1-{[é-chloro-2-
{(pyrazolo[5,1-b][1,3lthiazol~-7-yl)pyrimidin-4-

yllcarbonyl}piperidin-4-yl)carbamate obtained in Reference
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Example 24 (20 mg) in ethanol (1 ml) were added DIPEA (30
ul) and (1R)-l-cyclopropylethanamine (14 ul), and the
mixture was stirred at 80 °C overnight. The reaction
mixture was purified by silica gel column chromatography to
give the title compound (15 mg).

MS (m/z): 514 [M+H]~

[0298]

Example 89: 2-Methoxyethyl (I-{[6=-{[(18)-1-

cyclopropylethyllamino}-2-(pyrazolo[5,1-b][1,3]1thiazol-7-

vl)pyrimidin-4-yllcarbonylipiperidin-4-vl)carbamate

Analogous to the method in Example 88, the title
compound was synthesized by using (1S)-1-
cyclopropylethanamine in place of (1lR)~1~-
cyclopropylethanamine.

MS (m/z): 514 [M+H]"'

[0299]

Example 80: 2-Methoxyethyl (1-{[6-{[(2R)-3,3-dimethylbutan-

2-yllamino}l-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-

4-ylljcarbonyl}piperidin-4~yl)carbamate

Analogous to the method in Example 88, the title
compound was synthesized by using (2R)-3,3-dimethylbutan-2-
amine in place of (1R)-l-cyclopropylethanamine.

MS (m/z): 530 [M+H]"
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[0300]

Example 91: 2-Methoxyethyl (1-{[6-{[(23)-3,3~dimethylbutan-

2-yllamino}-2-(pyrazolo[5,1-b][1,3]thiazecl-7-yl)pyrimidin-

4-yl]lcarbonylijpiperidin-4-yl)carbamate

Analogous to the method in Example 88, the title
compound was synthesized by using (28)-3,3-dimethylbutan-2-
amine in place of (1R)-1l-cyclopropylethanamine.

MS (m/z): 530 [M+H]™

[0301]

Example 92: N-(1-{[6é-{[(1R)-1-Cyclopropylethyllamino}-2-

(pyrazolof5,1-bj[1,3]thiazol-7-yl)pyrimidin-4-

vljcarbonylipiperidin-4-yl)-Z-methoxyacetamide

To a sclution of N-(l1-{[&-chlorc-2-(pyrazolo(5, 1-
b][1,3]thiazel~7~-yl)pyrimidin-4-yl]lcarbonylipiperidin-4-
yl)-2-methoxyacetamide obtained in Reference Example 27 (50
mg) in Z-propanol (1 mL) were added DIPEA (60 ul) and (1R)-
l-cyclopropylethanamine (49 mg), and the mixture was
stirred at 90 °C for 3h. The reaction solution was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography to
give the title compound (42 mg) .

MS (m/z): 484 [M+H]"
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[0302]

Example 93: N-{(1-{[6-{[(2ZR)~3,3-Dimethylbutan-2-yllamino}-

2-{pyrazolo[5,1-b][1,3]thiazol-7-v]l)pyrimidin-4-

yvl]carbonyl piperidin~4-yl)-2-methoxyacetamide

Analogous to the method in Example %2, the title
compound was synthesized by using (2R)-3,3-dimethylbutan-2-
amine in place of (1R)-l-cyclopropylethanamine.

MS (m/z): 500 [M+H]"

[0303]

Example 94: {6-[(2,2-Dimethylpropyl)aminoc}-2-(pyrazolc(5,1-

bjl1,3)thiazol-7-yl)pyrimidin-4-vl} (4-hydroxypiperidin-1-

yl)methancne

To & solution of 6-[(Z,2-dimethylpropyl)amino]~2-

(pyrazolo[5,1-b][1,3lthiazol-7-vl)pyrimidine~4-carboxylic

acid obtained in Reference Example 49 (27 mg) in DMFE (0.5
ml) were added piperidin-4-o0l (16 mg), DIPEA (28 plL) and
HATU (62 mg), and the mixture was stirred at room
temperature overnight. Then, HATU (15 mg} was added
thereto, and the mixture was stirred at room temperature
for 3 h. The reaction mixture was purified by silica gel

column chromatography to give the title compound (16 mg).

MS (m/z): 415 [M+H]®

[0304]
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Example 95: Methyl [1-({6-[{[1-

(methoxymethyl)cyclopropyllmethyl} (methyl)amino] -2~

{pyrazolo[5,1-b}[1,3]thiazol-7-yl)pyrimidin—-4-

yllcarbonyl)piperidin-4~yljcarbamate

Analogous tc the method in Example 24 Step 1, the
title compound was synthesized by using 1-(1-
(methoxymethyl)cyclopropyl)-N-methylmethanamine
hydrochloride obtained in Reference Example 13 in place of

(2R) -3-methylbutan~Z-amine.

MS (m/z): 514 [M+H)~

[0305]

Example 96: 2,2-Difluorocethyl {(1-{[6-{[(IR)=-1~

cyclopropylethyllamino}~2~{pyrazolo[5,i-b][l,3]thiazol-7-

vi)pyrimidin-4-yllcarbonyllpiperidin-4-yl)carbamate

hydrochloride

[Step 1] Preparation of 2,2-difluoroethyl (1-{[6-{[(1R)-1-
cyclopropylethyl]amino}~2~-(pyrazolo([5,1~b]}[1,3)thiazol-7~
vl)pyrimidin-4-yl]lcarbonyllpiperidin-4-yl)carbamate

To a solution of 2,2-difluorocethyl (l1-{[6-chloro-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-~
yl]carbonyl}piperidin-4-yl)carbamate obtained in Reference
Example 25 (20 mg) in ethanol (1 ml) were added DIPEA (28
prL) and (1R)-1l~cyclopropylethanamine (14 ul), and the |

mixture was stirred at 80 °C overnight. The reaction
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mixture was purified by silica gel column chromatography to
give the title compound (14 mg).

MS (m/z): 520 [M+H}f'

[Step 2] Preparation of 2,2-difluoroethyl {(1-{[6-{[(1R)-1-
cyclopropylethyl]amino}~-2-(pyrazolo[5,1-b][1,3]thiazol-T7-
vi)pyrimidin-4-yl]lcarbonyllpiperidin-4-yl)carbamate
hydrochloride

To a solution of 2,2-difluorocethyl (l1-{[6-{[(1R)-1-

cyclopropylethyllamino}-2-(pyrazole(5,1-b][1,3]thiazol-7-

vllpyrimidin-4-yllcarbonyl}ipiperidin-4-yl)carbamate

obtained in Step 1 (490 mg) in ethyl acetate was added 4 M
hydrogen éhloride—ethyl acetate solution (0.47 mL). The
reaction solution was concentrated under reduced pressure,
and the resulting residue was washed with diethyl ether to
give the title compound (455 mg).

MS (m/z): 520 [M-C1l])~

Elemental analysis value (for C;3Hs7FuN7038-HC1 + 2.5 H,0)
Calculated value (%) C: 45.96, H: 5.53, N: 16.31

Found wvalue (%) C: 46.19, H: 5.34, N: 16.08

[0306]

Example 97: 2,2-Difluoroethyl (1-{[6-{[(2R)~-3,3~-

dimethylbutan-2-yl]lamino}-2- (pyrazolo[5,1-b][1,3]thiazol-7-

vl)pyrimidin-4~yl]lcarbonyllpiperidin-4-yl)carbamate




’._l
Xe]
o

hydrochloride

o]

Analogous to the method in Example 96 Steps 1 and 2,
the title compound was synthesized by using (2R)-3,3-
dimethylbutan-Z2-amine in place of (1R)-1-

5 cyclopropylethanamine.
MS (m/z): 536 [M-Cl]”
Elemental analysis value (for C:yH3FoN703S<HC1 + 1.1 H-0)
Calculated value (%) C: 48.70, H: 5.82, N: 16.5¢6

Found value (%) C: 48.50, H: 5.69, N: 16.49

10
[0307]
Example 98: 2,2-Difluorcethyl (1-{[6-{[(185)~-1-
cyclopropylethyl]amino}-2- (pyrazolo[5,1-b] [1,3]thiazol-7-
vi)pvrimidin-4-yl]carbonylpiperidin-4-yl)carbamate

15 Analogous to the method in Example 96 Step 1, the
title compound was synthesized by using (1$5)-1-
cyclopropylethanamine in place of (1R)~-1-
cyclopropylethanamine.
MS (m/z): 520 [M+H]"

20
[0308]
Example 95: 2,2-Difluoroethyl (1-{[6-{[({28)~3,3~-
dimethylbutan-2-vllamino}-2-(pyrazolo(5,1-bl[1,31thiazol-7~
v91)pyrimidin-4-yl]lcarbonyl}lpiperidin-4-yl)carbamate

25 Analogous to the method in Example 96 Step 1, the
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title compound was synthesized by using {2S)-3,
dimethylbutan-Z-amine in place of (1R)-1-

cyclopropylethanamine.

MS (m/z): 536 [M+H]®

[0309]

Example 100: tert-Butyl (1-{[6-{[(2R)-3,3-dimethylbutan-2-

yvlJamino}-2-(pyrazolo[5,1~b][1,3]thiazol-7-yl)lpyrimidin-4-

yllcarbonyl}lpiperidin-4-yl)carbamate

To a solution of tert-butyl (1-{[6-chloro-2-
(pyrazolo(5,1-b][1,3]thiazol~-7~-yl)pyrimidin-4-
vl]jcarbonyllpiperidin-4-yl)carbamate obtained in Reference
Example 17 (200 mg) in l-butancl (1 mlL) were added (2R)-
3,3-dimethylbutan-2-amine (131 mg) and DIPEA (0.3 mL), and
the mixture was stirred at 80 °C for 4 h. The reaction
solution was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography to give the title compound (183 mg).

MS (m/z): 528 [M+H]"

[0310]

Example 101: 2-Methoxyethyl (1-{[6~{tert-butylamino)-2-

(pyrazolo[5,1-b][1,3]thiazol-7-y]l)pyrimidin-4-

vl]lcarbonyl}lpiperidin-4-vl)carbamate

To a solution of Z-methoxyethyl (1-{[6é-chlorc-2-
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(pyrazolol[5,1-b][1,3]thiazol-7~yl)pyrimidin-4-
vl]carbonyllpiperidin-4~-yl)carbamate cbtainaed in Reference
Example 24 (20 mg) in ethanol (0.5 mL) were added DIPEA (45
pL) and tert-butylamine (23 nul), and the mixture was
stirred at 130 °C for 4 h in a sealed tube. The reaction
mixture was purified by silica gel column chromatography to
give the title compound (2.4 mg).

MS (m/z): 502 [M+H]™

Example 102: 2~ (Dimethylaminoc)ethyl (1-{[6-{[{(2R)-3,3-

dimethylbutan-2-yilamino}~-2-(pyrazolo{5,1-b][1,3]thiazol~-7-

vi)pyrimidin—4-vllcarbonyl}piperidin-4~-yl)carbamate

Anzlogous to the method in Example 40, the title
compound was synthesized by using Z-(dimethylaminc)ethyl
piperidin-4-ylcarbamate obtained in Reference Example 52 in

place of ethyl piperidin-4-ylcarbamate.

MS (m/z): 543 [M+H]~

10312)

Example 103: 2,2,2-Trifluoroethyl (1-{[6~{[(1R)-1~

cyclopropylethyl]amino) -2~ (pyrazoio[5,1-b]{1,3]thiazol~7-

vl)pyrimidin-4-yl]carbonyllpiperidin-4-yl)carbamate

To a solutilion of 2,2,2-trifluorcethyl (l1-{[6-chloro-2-

(pyrazolo{5,1-b}[1,3]thiazol~-7-yl)pyrimidin-4-
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yl]carbonyl}piperidin-4—yl)carbamate cbtained in Reference
Example 26 (15 mg) in DMEF (1 ml) were added DIPEA (21 ul)
and (1R)-l-cyclopropylethanamine (10 ul), and the mixture
was stirred at 90 °C for 3h. The reaction mixture was
purified by silica gel column chromatography to give the
title compound (5 mg).

MS (m/z): 538 [M+H]™

[0313]

Example 104: 2,2,2~-Trifluoroethyl (1-{[6-{[{(2R)=-3, 3~

dimethylbutan-2-ylJamino}-2-{(pyrazolo[5,i-b][1,3]thiazol-7-

yvl)pyrimidin-4-yljcarbonylipiperidin-4-vyl)carbamate

Analogous to the method in Example 103, the title
compound was synthesized by using (2R)-3,3-dimethylbutan-2-
amine in place of (lR})-l-cyclopropylethanamine.

MS (m/z): 554 [M+H]"

[0314]

Example 105: N-(1-{[6-(Cyclopentyloxy)-2-(pyrazolo[5,1-

pP111,3]thiazol-7T-yl)pyrimidin-4-ylicarbonyllpiperidin-4-

vl)cyclopropanecarboxamide

Analogous to the method in Example 43, the title
compound was synthesized by using cyclopentanol in place of
cyclopropylmethanol.

MS (m/z): 481 [M+H]~
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[0315]

Example 106: 2-Methoxy-N-(1-{[€é-(pentan-3-ylamino)=-2-

(pvrazolo[5,1-bj[1,3]thiazol-7T-yl)pyrimidin-4-

yl]carbonyllpiperidin-4-yl)acetamide

Analogous to the method in Example 92, the title
compound was synthesized by using pentan-3-amine in place
of (1R)-1l-cyclopropylethanamine.

MS (m/z): 486 [M+H]~

[031¢6]

Example 107: N-(1-{[6-(2-Ethylbutoxy)-2-(pyrazolo[5,1-

b][1,3]thiazel-7-ylipyrimidin-4-yljcarbonyl}piperidin-4-~

yl)cyclopropanecarboxamide

Under argon atmosphere, toc a suspension of 60 % sodium
hydride (4 mg) in THEF (1.0 mL) were added 2-ethylbutan-l-ol
(29 pL) and N-(1-{[6-chloro~2~(pyrazolo[5,1-b][1,3]thiazcl-
7-yl)pyrimidin-4~yl]carbonyllpiperidin-4-
yl)cyclopropanecarboxamide obtained in Reference Example 15
(20 mg) in this sequence, and the mixture was stirred at
room temperature overnight. To the reaction mixture was
added water, the solution was extracted with ethyl acetate,
and the organic layer was washed with saturated agueous
sodium bicarbonate solution, dried over anhydrous magnesium

sulfate, and concentrated under reduced pressure. The
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resulting residue was purified by silicaz gel column
chromatography tco give the title compound (16 mg).

MS (m/z): 496 [M+H]®

[0317]

Example 108: Methyl (1-{[6-(pentan-3-yloxy)-2-

(pyrazolo[5,1-b][1,3]thiazol-7-v]l)pyrimidin-4-

vl]carbonyllpiperidin-4-vljcarbamate

=

Under argon atmosphere, to a suspension of 60 % sodium
hydride (4 mg) in THF (1 ml) were added pentan-3-cl (29 ul)
and methyl (1-{[6-chloro-2-(pyrazclo[5,1-b]l[1l,3}thiazol-7-
v1l)pyvrimidin-4-yilcarbonyl}piperidin-4-yl)carbamate
obtained in Reference Example 14 (20 mg) in this sequence,
and the mixture was stirred at room temperature for 3 h.

An additional 60 % sodium hydride (4 mg) was added thereto,
and the mixture was stirred further at room temperature
overnight. To the reaction mixture was added water, and
the solution was extracted with ethyl acetate. The organic
layer was washed with saturated agueous sodium bicarbonate
solution, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give
the title compound (15 mg).

MS (m/z): 473 [M+H]”
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[0318]

Example 108: Methyl (1-{[6-(pentan-3-ylaminc)-2-

(pyrazolo[5,1-bl1[1,3]thiazol-7-yl)pyrimidin-4-

vllcarbonylipiperidin~4-yl)carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using pentan-3-amine
place of (2R)-3-methylbutan-Z-amine.

MS (m/z): 472 [M+H]"

[0319]

Example 110: N-[1-({6-[(2-Ethylbutyl)amino}-2~

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvl}lcarbonyl)piperidin-4-yllcyclopropanecarboxamide

Analogous to the method in Example 16, the title

compound was synthesized by using the title compound was

(2R) -

synthesized by using 2-ethylbutan-l-amine in place of
3,3~-dimethylbutan-2-amine.
MS (m/z): 496 [M+H]®
[0320]
Example 111: N-({1-{[6-(Pentan-3-yloxy)=-2-(pyrazolo[5,1~
b][1,3]thiazol—7~yl)pyrimidin—4~yl]carbonyl}piperidin—4—
vl)cyclopropanecarboxamide

Analogous to the method in Example 107, the title

of

compound was synthesized by using pentan-3-o0l in place
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202

2-ethylbutan-1-ol.

MS (m/z): 483 [M+H]"

[0321]

Example 112: Methyl [1-({6-[methyl(pentan-3-yl)amino]-2-

(pyrazolo[b5,1~-b][1,3)thiazol-T7-yl)pyrimidin~4-

vljcarbonyl)piperidin-4-vl]carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using N-methylpentan-3-
amine hydrochloride in place of (2R)-3-methylbutan-2Z-amine.

MS (m/z): 486 [M+H]"

103221

[N

R)=-3,3-dimethylbutan-2-

yv1l]l (methvl)amino}~2-(pyrazolo[5,1-b][1,3]1thiazcl~-7~

L

vljpyrimidin-4-yl]carbonylipiperidin-4-vyl)carbamate

Analogous to the method in Example 24, the title
compound was synthesized by using (2R)-N,3,3-
trimethylbutan-2-amine hydrochloride obtained in Reference
Example 12 in place of (2R)-3-methylbutan-Z-amine.

MS (m/z): 500 [M+H]"

{0323]

Example 114: N~ (1-{[6-(2-Ethylbutoxy)-2-(pyrazolo[5,1~-

blll,3]thiazol-7-ylipyrimidin-4-yl]jcarbonyllpiperidin-4-
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vl)propanamide

Under argon atmosphere, to a suspension of 60 & sodium
hydride (8.0 mg) in THF (1.0 ml) was added Z-ethylbutan-1-
ol (49 mg) under ice cooling, and the mixture was stirred
at room temperature for 5 min. Then, N-(1-{[6é-chloro-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl]Jcarbonyl}lpiperidin-4-yl)propanamide obtained in
Reference Example 31 (40 mg) was added thereto, and the
mixture was stirred at room temperature overnight. To the
reaction mixture was added water, and the soclution was
separated by ethyl acetate. The organic layer was washed
with saturated aqueous sodium bicarbonate solution, dried
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by
silica gel cclumn chromatography to give the title compound
(33 mg).

+

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

[0324]

Example 115: N=-(1-{{6-{[(2R)-3,3-Dimethylbutan-2-

v1l] {(methyl)amino}-2-(pyrazeolo[5,1-b]{1,3lthiazol-7-

yl)pyrimidin-4~-yljcarbonyllpiperidin-4~yl)propanamide

To a solution of N-(l~{[6-chloro-2-(pyrazolo(5,1~-
bl[1,3]thiazol-7-yl)pyrimidin-4-yl]carbonyl}piperidin~-4-

yvl)propanamide obtained in Reference Example 31 (20 mg) in
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l1-butanol (1 mL) were added DIPEA (50 ul) and (2ZR)-N, 3, 3-
trimethylbutan-Z2-amine hydrochloride obtained in Reference
Example 12 (14 mg), and the mixture was stirred at 80 °C
for 7 h. The reaction mixture was purified by silica gel
column chromatography to give the title compound (9 mg).

MS (m/z): 498 [M+H]™

[0325]

Example 116: N-[1-({6-[Methyl(pentan~-3-yl)amino]}-2-~

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

y1llcarbonyl)piperidin-4-yl]propanamide

Analogous to the method in Example 115, the title
compound was synthesized by using N-methylpentan-3-amine
hydrochloride in place of (ZR)-N,3,3-trimethylbutan-Z-amine
hydrochloride.

MS (m/z): 484 [M+H]"

[0326]

Example 117: 1-({6-[(4-Hydroxypiperidin-l-vyl)carbonyl]-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

v1l}lamino)cyclopropanecarbonitrile hydrochloride

To a sclution of [6-chloro-2-(pyrazolol[5,1-
b][1,3]thiazcl-7-yl)pyrimidin-4-yl] (4d-hydroxypiperidin-1-
yl)methanone obtained in Reference Example 29 (20 mg) in

ethanol (0.2 mL) were added DIPEA (12 ul) and l-amino-
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cyclopropanecarbonitrile hydrochloride (65 mg), and the
mixture was reacted in & microwave reactor at 130 °C for 1
h. The reaction mixture was purified by silica gel column
chromatography to give & solid (16 mg). To a solution of
the obtained solid (16 mg) in ethyl acetate (0.5 mL) was
added 4 M hydrogen chloride-ethyl acetate solution (16 ul),
and the solvent was distilled off under reduced pressure.
The residue was triturated with ethyl acetate and hexane,
and the powder was collected on a filter, and dried to give
the title compound (12 mg).

MS (m/z): 410 [M-C1l]7

[0327]

Example 118: [6-{[(2R)-3,3-Dimethylbutan-2-yljaminc}-2-

{pyrazolo[5,1-b}[1,3]thiazol-T-yl)pyrimidin-4-yv1]){4-{ (3=

fluoropyridin-Z-yl)amino]jpiperidin-1l-ylimethanone

To a solution of [6-chloro-2-(pyrazolol[5, 1~
b][1,3]thiazol~-7-yl)pyrimidin~4-yl}{4-[(3-fluoropyridin-2-
yl)amino]piperidin-1l-yl}methanone obtained in Reference
Example 32 (10 mg) in 1-butanol (1 mlL) were added DIPEA (15
uL) and (2R)-3,3-dimethylbutan-Z-amine (7 mg), and the
mixture was stirred at 80 °C for 5 h. The reaction
solution was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column

chromatography to give the title compound (11 mg).
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MS (m/z): 523 [M+H]®

(0328]

Example 119: N-[1~({6-[{(Z-Methoxy-Z-methvlpropyl)amino]-2-

(pyrazolo[5,1-b}[1,3]thiazol~-7~-yl)pyrimidin—-4-

yvl}carbonyl)piperidin-4-yl]propanamide

Analogous to the method in Example 115, the title
compound was synthesized by using 2-methoxy-2-methylpropan-
l-amine in place of (2R)-N,3,3-trimethylbutan-Z-amine

hydrochloride.

MS (m/z): 486 [M+H]"

[0329]

Example 120: (4~-Hydroxypiperidin-l-yl){6é-[methyl (pentan-3-

vl)aminol-2-(pyrazolo[5,1~bj(1,3]thiazol~-7-vl)pyrimidin-4-

yvlimethanone hydrochloride

EAnalogous to the method in Example 117, the title
compound was synthesized by using N-methylpentan-3-amine
hydrochloride in place of l-amino-cyclopropanecarbonitrile
hydrochloride.

MS (m/z): 429 [M-C1]7

[0330]

Example 121: N~(1-{[6-{[(2R)-3-Methylbutan-2-yllamino}-2-

(pyrazolo[5,1~-b][1,3]thiazol-7T-yl)pyrimidin-4-
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vllcarbonylipiperidin-4-yl)propanamide

Analogous to the method in Example 115, the title
compound was synthesized by using (2R)-3-methylbutan-2-
amine in place of (2ZR)-N,3,3~trimethylbutan-2-amine
hydrochloride.

MS (m/z): 470 [M+H]7

[0331]

Example 122: N-{1-{[6-{[(2R)-3-Methylbutan~-2~yllamino}-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yvl)pyrimidin-4-

vllcarbonyl}piperidin-4-yl)cyclopropanecarboxamide

Analogous to the method in Example 16, the title
compound was synthesized by using (2R)-3-methylbutan-2-
amine in place of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z): 482 [M+H]”

[0332]

Example 123: N-(1-{[6-{[(25)-3-Methylbutan-2-vyl]amino}-2-

(pyrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-4-

yvl]carbonylipiperidin-4~yl)cyclopropanecarboxamide

Analogous to the method in Example 16, the title
compound was synthesized by using (2S)-3-methylbutan-2-
amine in place of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z): 482 [M+H]"
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[0333]

(0%}

Example 124: N-{(l-{[6-(Pentan-3-ylamino)=-2-(pyrazolo[5,1-

b][1,3]thiazol~-7-yl)pyrimidin-4-ylicarbonyl}piperidin-4-

vl)cyclopropanecarboxamide

Analogous to the method in Example 16, the title
compound was synthesized by using pentan-3-amine in place
of (2R)=-3,3-dimethylbutan-Z~amine.

MS (m/z): 482 [M+H]™

[0334]

Example 125: Methyl [1-{{6~](2S)~-butan-2-ylamino]-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vllcarbonyl)piperidin-4-yl]lcarbamate hydrochloride

Analogous to the method in Example 24 Steps 1 and 2,
the title compound was synthesized by using (2S8)-butan-2-
amine in place of (2R)-3-methylbutan-2-amine.

MS (m/z): 458 [M-Cl]~

Elemental analysis value (for C;:Hs9N+035-HCL)
Calculated value (%) C: 51.06, H: 5.71, N: 19.85
Found value (%) C: 51.00, H: 5.73, N: 19.74

Specific rotation[a]p®®=2.2 (c=2.00,DMSO)

[0335]

Example 126: Methyl [1-({&6-[(2R)-butan-2-ylamino]-2~

(pyrazolo[5,1-b][1,3]thiazol-7-vl)pyrimidin-4-
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vl}lcarbonyl)piperidin-4-yl]lcarbamate

Analogous to the method in Example 24 Steps 1, the
title compound was synthesized by using (2R)-butan-2-amine

in place of (2R)-3-methylbutan-2-amine.

MS (m/z): 458 [M-H]"

[0336]

Example 127: Methyl [1-({6~[(2R)~-butan-2-yvlaminoc]-2-

(pyrazelo[5,1-bj[1l,3]thiazol-7-vl)pyrimidin-4-

yvl}carbonyl)piperidin-4-yl]carbamate hydrochloride

Analogous to the method in Example 24 Steps 2, the
title compound was synthesized by using methyl [1-({6-
[ {2R) ~butan-Z-ylamino]-2-{(pyrazolo[5,1-b]{1,3)thiazol-7~
yvl)pyrimidin-4-yljcarbonyl)piperidin-4~-yl]lcarbamate
obtained in Example 126 in place of methyl (1-{[6-{[{2R) -3~
methylbutan-2-yllamino}-2-(pyrazolo[5,1-b]{1,3]thiazol-7-
vi)pyrimidin-4-yl]lcarbonylipiperidin-4-yl)jcarbamate.
MS (m/z): 458 [M-Cl]"
Elemental analysis wvalue (for C;:H»9N-035*HCl + 0.7 H,0)
Calculated value (%) C: 49.7%, H: 5.85, N: 19.35
Found value (%) C: 49.73, H: 5.75, N: 19.44

Specific rotation[al,°=-1.8 (c=2.00,DMSO)

[0337]

Example 128: N-[1-({6-[{1-Methylcyclopropyl)amino]-2-
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(pyrazoclo[5,1-b} [1,3]thiazol~7-yl)pyrimidin-4-

vl}carbonyl)piperidin-4-vyl]propanamide

Analogous to the method in Example 115, the title
compound was synthesized by using l-methylcyclopropanamine
hydrochloride (which was prepared analogous to the method
described in, for example, Chemische Berichte, 1986, 119,
3672-3693) in place of (2R)-N,3,3-trimethylbutan-2-amine
hydrochloride.

MS (m/z): 454 [M+H]"

[0338]

Example 129: [6-{[(2R)=3,3-Dimethylbutan-2~yljaminoc}-2-

(pyrazolo[5,1-b]{1,3]thiazol~-7~v]l)pyrimidin=-4-y1]{4-[(5-

fluoropyridin-2-vyl)amino]piperidin-l-yllmethanone

Analogous to the method in Example 118, the title
compound was synthesized by using [6-chloro-2-
(pvrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-y1]{4~[(5-
fluoropyridin-2-yl)amino]lpiperidin-1-yl)methanone obtained
in Reference Example 34 in place of [6-chloro-2-
{(pyrazolo[5,1-b] [1,3]thiazol~7~yl)pyrimidin-4-y1]}{4-{ (3~
fluoropyridin-2-yl)amino]piperidin-l-yljmethancne.

MS (m/z): 523 [M+H]®

[C339]

Example 130: Z2-Methyl-N-[1-({6-[(2-methylbutan-2-vyl)amino]-
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2-{pyrazolo([5,1-b] (1,3 thiazol-7-yl)pyrimidin-4-

vlj)carbonyl)piperidin-4-ylipropanamide

To a solution of N-(l-{[6-chloro-Z2-({pyrazolo{5,1-
b][1,3])thiazol~-7-yl)pyrimidin-4-yl]lcarbconyl}piperidin-4-
yl)-2-methylpropanamide obtained in Reference Example 16
(25 mg) in DMF (1 mL) were added DIPEA (50 uL) and 2-
methylbutan-2-amine (25 mg), and the mixture was stirred at
120 °C for 1 h. Then, an additional Z-methylbutan-2-amine
(25 mg) was added thereto, and the mixture was stirred at
120 °C for 1 h. To the reacticn solution was added water,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated agqueous sodium
bicarbonate solution, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The

was purified by silica gel column

m

reaction mixtur
chromatography to give the title compound (12 mg).

MS (m/z): 484 [M+H]”

[0340]

Example 131: N~[1-({{6~[{2S)~-Butan-2-ylamino]-2-

{(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvllcarbonyl)piperidin-4~yl]propanamide

Analogous to the method in Example 115, the title
compound was synthesized by using (28)-butan-Z-amine in

place of (2R)-N, 3,3-trimethylbutan-Z-amine hydrochloride.
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MS (m/z): 456 [M+H]®

[G341;

Example 132: Methyl [l1-({6-[tert-butyl (methyl)aminoc]-2Z-

{(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yl}carbonyl)piperidin-4-yl]jcarbamate hydrochloride

To a solution of methyl (1-{[6-chloro-2-{(pyrazolo[5,1~
bl [1,3)thiazol-7-yl)pyrimidin-4-yl]carbonyllpiperidin-4-
yl)carbamate obtained in Reference Example 14 (50 mg) in
NMP (0.1 mL) were added DIPEA (103 ul) and N, 2-
dimethylpropan-2-amine (31 mg), and the mixture was stirred
at 150 °C for 2 h in & sealed tube. The reaction mixture
was purified by silica gel column chromatography to give a
solid (20 mg). To a solution of the obtained solid (20 mg)
in ethyl acetate (2 ml) was added 4 M hydrogen chloride-
ethyl acetate solution (15 ul). The reaction mixture was
concentrated under reduced pressure to give the title
compound (18 mg).

MS (m/z): 472 [M-Cl]°

[0342]

Example 133: {6-[tert-Butyl(ethvl)amino]-2-{(pyrazole[5,1-

bl][1,3]thiazol-7-yl)pyrimidin-4-yl} (4-hydroxypiperidin-1-

v]l)methanone

(Step 1] Preparation of (4-{[tert-
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butyl (dimethyl)siiyljoxylpiperidin-1-vyl){é-[{tert-
butyl (ethyljaminocj-2-(pyrazclo[5,1-b]{1,3]thiazol-7-
yl)pyrimidin-4-ylimethanone

To a solution of (4~{[tert-
butyl (dimethyl)silyl]loxylpiperidin-1-yl) {é~chloro~-Z-
(pyrazolo[5,1-b][1,3]thiazol-7~-yl)pyrimidin-4-yl]methanone
obtained in Reference Example 30 (150 mg) in ethanol (1 mL)
were added DIPEA (706 pl) and tert-butylamine (333 ul), and
the mixture was stirred in a microwave reactor at 150 °C
for 1 h. An additional tert-butylamine (333 ul) was added
thereto, and the mixture was further stirred in a microwave
reactor at 150 °C for an additional hour. The reaction
mixture was purified by silica gel column chromatography to
give a solid (111 mg). Toc & solution of the obtained solid
(30 mg) in DMF (0.6 mL) was added 60 % sodium hydride (12
mg) under ice cooling, and the mixture was stirred at room
temperature for 15 min. To the mixture was added
iodoethane (28 ul), and the mixture was stirred at room
temperature overnight. To the reaction solution was added
water, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concenirated under
reduced pressure. The resulting residue was purified by
silica gel column chromatography to give the title compound

(28 mg) .



N
ut

'"H-NMR (CDCls) &: 0.06 (3H, s), 0.08 (3H, s), 0.90 (9H, s),
1.22-1.26 (4H, m), 1.57-1.63 (1K, m), 1.68 (9H, s}, 1.82-

.51-3.59 (1H, m), 3.63 {(2H, qg), 3.72-2.90

(%]

1.90 (2H, mj,
(3H, m), 4.01-4.09% (1H, m), €.55 (1lH, s), ©€.97 (1H, s),

7.82 (1H, s), 8.41 (1H, s}

[Step 2] Preparation of {6-[tert-butyl{ethyl)amino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-yl} (4~
hydroxypiperidin~l~-yl)methanone

To a solution of (4-{[tert-
butyl (dimethyl)silylloxylpiperidin-1-yl){é~-[tert-
butyl (ethyl)amino] -2~ {pyrazolo[5,1~-b][1,3]thiazol-7-
vl)pyrimidin-4-yl}imethanone obtained in Step 1 (28 mg) in
THE (0.5 mlL) was added 1 M tetrabutylammonium fluoride (THF

s stirred at room

sl

solution, 152 pl), and the mixture w
temperature overnight. To the reaction solution was added
water, and the aqueocus layer was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The resulting residue was purified
by silica gel column chromatography to give the title
compound (20 mg) .

MS (m/z): 429 [M+H]"

[G343]
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Example 134: Cyclopropyl (1-{[6-{[(18)-1-

cyclopropylethyllamino}-2-(pyrazolo[5,1-bl{1,3)thiazol-7-

vi)pyrimidin-4-yllcarbonvlpiperidin-4-yl)carbamate

To a sclution of cyclopropyl (l1-{[6-chloro-2-
(pyrazclo[5,1-b][1l,3]thiazol~7-yl)pyrimidin-4-
vlicarbonylipiperidin-4-yl)carbamate obtained in Reference
Example 21 (25 mg) in DMF (1 mlL) were added DIPEA (19 uL)
and (1S)-l-cyclopropylethanamine (7 mg), and the mixture
was stirred at 100 °C for 1 h. The reaction sclution was
diluted with ethyl acetate, separated by adding saturated
agueous sodium bicarbonate solution, the aqueous layer was
further extracted with ethyl acetate, and the combined
organic layer was dried over anhydrous magnesium sulfate,
and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography to
give the title compound (23 mg).

MS (m/z): 496 [M+H]™

[0344]

Example 135: Cyclopropyl (1-{[6-(tert-butylamino)-2-

(pyrazolo[5,1-b][1,3]thiazol-7~yl)pyrimidin-4-

yvl]carbonylipiperidin-4-vyl)carbamate

Analogous to the method in Example 134, the title
compound was synthesized by using tert-butylamine in place

of (1S)-1l-cyclopropylethanamine.
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MS (m/z): 484 [M+H]~

[0345]

Example 136: 2,2-Difluoro-N-(1-{[6-{[(Z2R)-3-methylbutan-2-

yvl]lamino}-2-(pyrazolo[5,1-bl[1l,3]thiazol~-7-yvl)ipyrimidin—-4-

yllcarbonyllpiperidin-4~-vyl)acetamide

To a solution of N~(1-{[6~chloro-2-{(pyrazolo[5,1-
b}[1l,3}thiazol~-7-yl)pyrimidin-~4-yl]lcarbonyl}piperidin-4-
vly-2,2-difluorcacetamide obtained in Reference Example 28
(30 mg) in 2-propanol (2 mlL) were added DIPEA (47 ul) and
(2R)-3-methylbutan-Z2-amine (18 mg), and the mixture was
stirred at 80 °C for 3 h. The reaction soclution was
concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography to
give the title compound (32 mg).

MS (m/z): 462 [M+H]T

[0346]

Example 137: 3-[1-({6-[(2,2-Dimethylpropyl)amino]-2-

{(pyrazolo[5,1-b]{l1,3]thiazol-T-yl)pyrimidin-4-

vllcarbonyl)piperidin-4-yl]-1,1~-dimethylurea

To a solution of 3-(1-{[6-chloro-2-(pyrazolo[5,1-
bl[1,3]thiazol~7~yl)pyrimidin-4~-yljcarbonyllpiperidin-4-

vyl)-1,1-dimethylurea obtained in Reference Example 33 (20

mg) in DMF (1 mL) were added DIPEA (32 ul) and 2,2-
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dimethylpropan-l-amine (12 mg), and the mixture was stirred
at 60 °C for 4 h. The reaction mixture was concentrated
under reduced pressure, and the resulting residue was
purified by silica gel column chromatography to give the
title compound (21 mg).

MS (m/z): 485 [M+H]'

[0347]

Example 138: 3-(1-{[6-{[(1R)-1-Cyclopropylethyllamino}-2-

(pyrazolo[5,1-b][1,3]thiazecl~7-yl)pyrimidin-4-

-yl]carbonyl}lpiperidin-4-yl)-1,1~dimethylurea

Analogcus to the method in Example 137, the title
compound was synthesized by using (1IR)-1-
cyclopropylethanamine in place of 2,2-dimethylpropan-1-
amine.

MS (m/z): 483 [M+H]"

[0348]

Example 139: Propan-2-yl [1-({6-[{(3-methyloxetan-3-

vl)aminol-2-(pyrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-4-

yljcarbonyl)piperidin-4-yl]carbamate

Analogous to the method in Example 29, the title
compound was synthesized by using Z-methyloxetan-3-amine
hydrochloride in place of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z): 500 [M+H]"
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[0349]

Example 140: Methyl [1-({6-[(dicyclopropylmethyl)aminc]-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vl}carbonyl)piperidin-4-yl]carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using
dicyclopropylmethanamine in place of (2R)-3-methylbutan-2-
amine.

MS (m/z): 496 [M+H}~

[0350]

Example 141: Methyl (1-{[6-phenoxy-2-{(pyrazolo[5,1-

bl{l,3]thiazol-7-ylipyrimidin-4-yl]carbonyl}lpiperidin-4-

v1l)carbamate

To a solution of phenol (34 mg) in THF (3 mL) was
added 60 % sodium hydride (6 mg) under ice cooling, and the
mixture was stirred for 5 min. Then, methyl (1-{[6-chloro-
2-(pyrazolo[5,1-bl[l,3]thiazol-T7-yl)pyrimidin-4-
yllcarbonyllpiperidin-4-yl)carbamate obtained in Reference
Example 14 (30 mg) was added thereto and the mixture was
stirred at 70 °C overnight. To the reaction solution was
added water, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,

dried over anhydrous magnesium sulfate, and concentrated
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under reduced pressure. The resulting residue was purified
by silica gel cclumn chromatography to give the title
compound (1% mg) .

MS (m/z): 479 [M+H]"

[0351]

Example 142: tert-Butyl 4-{[6- ({4~

[ (methoxycarbonyl)amino]lpiperidin-1-yl}carbonyl)~2-

{(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-

vl]amino}piperidine-l~-carboxylate

To a solution of methyl (I-{[6-chlorc-2~{(pyrazolol[5,1-
bj{l,3]thiazol~7~yl)pyrimidin-4-yl]jcarbonyllpiperidin-4-
yl)carbamate obtained in Reference Example 14 (100 mg) in
2-propanol (2.0 mlL) were added DIPEA (144 ul) and tert-
butyl 4-aminopiperidine-l-carboxylate (143 mg), and the
mixture was reacted in a microwave reactor at 150 °C for 1
h. The reaction mixture was purified by silica gel column
chromatography to give the title compound (105 mg).

M5 (m/z): 585 [M+H]"

[0352]

Example 143: Methyl (1-{[6-{(piperidin-4-vylamino)-2-

(pvrazolo[5,1-bl[1,3]thiazol-7-v]l)pyrimidin-4-

yl]lcarbonyllpiperidin-4-yl)carbamate dihydrochloride

To a solution of tert~butyl 4-{[6-({4-
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[ (methoxycarbonyl)amino]piperidin-1-ylicarbonyl) -2~
{(pyrazolol[5,1-b][1,31thiazol~7-yl)pyrimidin-4-
vl]laminolpiperidine-l-carboxylate obtained in Example 142
(98 mg) was added 2 M hydrogen chloride-methanol solution,
and the mixture was stirred at room temperature overnight.
The reaction solution was concentrated under reduced
pressure, the resulting residue was triturated with ethyl
acetate, and the powder was collected on a filter, and
dried to give the title compound (91 mg).

MS (m/z): 485[M-2C1-H]"

[0353]

Example 144: Methyl [l1-{{6-[({l-cvanocyclopropyl)amino]-2-

{(pyrazolo[5,1-b][1,3]thiazol-7-v]l)pyrimidin-4-

vlicarbonyl)piperidin-4-yljcarbamate

Analogous to the method in Example 142, the title
compound was synthesized by using 1-
aminocyclopropanecarbonitrile hydrochloride in place of
tert-butyl 4-aminopiperidine-l-carboxylate.

MS (m/z): 467 [M+H]"

[0354]

Example 145: Methyl (1-{[6-{[(1S)-1-

cyclopropylethyllamino}-5-methoxy-2-(pvrazole[5,1-

b][l,3lthiazel-7-yl)pyrimidin-4-vl]lcarponvl)piperidin-4-
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Under argon atmosphere, toc a solution of methyl (1-
{[6-chloro-5-methoxy~2~(pyrazolo(5,1-bl[1,3]thiazol~-7-
vlypyrimidin-4-yllcarbonyl}ipiperidin-4-yl)carbamate
obtained in Reference Example 35 (15 mg) in 2-propancl (1
mL) were added TEA (19 nL) and (1S)~l-cyclopropylethanamine
(6 mg), and the mixture was stirred at 100 °C overnight.
The reaction solution was concentrated under reduced
pressure, and the resulting residue was purified by silica
gel column chromatography to give the title compound (16
mg) .

MS (m/z): 500 [M+H]®

[0355]

Example 146: Methyl (1-{[6-{](2R)~-3,3-dimethylbutan-2-

vl]Jamino}-5-methoxy-2-(pyrazolo[5,1-b][1,3]thiazol-7~

yl)pvrimidin-4-yl]carbonylipiperidin-4-vyl)carbamate

Analogous to the method in Example 145, the title
compound was synthesized by using (2R)-3, 3-dimethylbutan-2-
amine in place of (1S)-1-cyclopropylethanamine.

MS (m/z): 516 [M+H]T

[0356]

Example 147: tert-Butyl (385)-3-{[6~-({4-

[ (methoxycarbonyl)amino]piperidin-1-ylicarbonyl)-2-
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(pyrazolo[5,1-bi[1,3)]thiazol~-7-yl)pyrimidin-4-

vllamino}lpyrrolidine~l-carboxylate

Analogous to the method in Example 142, the title
compound was synthesized by using (S)-3-aminopyrrolidine-1-
carboxylic acid tert-butyl in place of tert-butyl 4-
aminopiperidine-l-carboxylate.

MS (m/z): 571 [M+H]™

Example 148: tert-Butyl (3R)-3-{[6-{{4-

[ (methoxycarbonyl)amino]piperidin~li~yljcarbonyl)-2-

(pyrazolo(5,1-bl[1,3]thiazol~-7-yl)pyrimidin-4-

vllaminolpyrrolidine-l-carboxvlate

Analogous to the method in Example 142, the title
compound was synthesized by using tert-butyl (R) -3-
aminopyrrolidine-l-carboxylic acid in place of tert-butyl
4-aminopiperidine-l-carboxylate.

MS (m/z): 571 [M+H]"

[0358]

Example 149: Methyl [1-({2-(pvrazolo[5,1-b]J{1,3]thiazol-7-

yl)=-6-1{3S)-pyrrolidin-3-yvlamino]pyrimidin-4-

vljcarbonyl)piperidin-4-vyl]lcarbamate dihydrochloride

Analogous to the method in Example 143, the title

compound was synthesized by using tert-butyl (3S)-3-{[6-
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({4?[(methoxycarbonyl)amino]piperidin—l—yl}carbonyl)—2—
(pyrazolo[5,1-b][1,3]lthiazol-7-yl)pyrimidin-4-
yl]aminolpyrrolidine-l-carboxylate obtained in Example 147.

MS {(m/z): 471[M-2C1-H]~

Example 150: Methyl [1-({2-(pyrazolo[5,1-b][1l,3]thiazol~7~

y1)=6=[(3R)-pyrrolidin-3-ylamino]pyrimidin=-4-

yvl}lcarbonyl)piperidin-4-vl]carbamate dihydrochloride

Analcgous to the method in Example 143, the title
compound was synthesized by using tert-butyl (3R)-3-{[6-
({4-[ (methoxycarbonyl)amino]piperidin~-l-yl}carbonyl)-2-

(pyrazolo[5,1-bj[1,3]thiazol-7-yl)pyrimidin-4-

yllamino}lpyrrolidine-l-carboxylate obtained in Example 143.

MS (m/z): 471[M-2Cl-H]"

[0360]

Example 151: Methyl (1~-{[6-{[(3R)=-1-methylpyrrolidin-3-

yvllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-vl)pyrimidin-4-

vl]carbonyl}piperidin-4-yl)carbamate

To a solution of methyl [1-({2-{pyrazolo[5,1-
bl [1,3]thiazol~7-yl)~6~[(3R)-pyrrolidin-3-

ylamino)pyrimidin—-4-yl}icarbonyl)piperidin~4-ylicarbamate

dihydrochloride obtained in Example 150 (20 mg) in methanol

(0.2 mL) were added Z-picoline borane complex (40 mg), 37

A

G
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formaldehyde aqueous solution (30 ul) and acetic acid (20
y

ul), and the mixture was stirred at room temperature

overnight. The reaction mixture was purified by silica gel

cclumn chromatography to give the title compound (7 mg).

MS (m/z): 485 [M+H]"

[0361]

Example 152: Methyl (1-{[6-{[(3R)-1l-acetylpyrrolidin-3-

yllamino}=-2-(pyrazolo[5,1-b]J[1,3]thigzol-7~yl)pyrimidin-4-

vl]jcarbonvlipiperidin-4-vyl)carbamate

To a solution of methyl [1-({Z-(pyrazolo[5,1-
blf{l,3]thiazol-7-yl)=-6-[(3R)-pyrrolidin-3-

vliaminolpyrimidin-4~yllcarbonyl)piperidin-4-yljcarbamate

dihydrochloride obtained in Example 150 {20 mg) in THZ (0.

mlL) were added triethylamine (51 plL) and acetyl chloride
(26 ul) under ice cooling, and the mixture was stirred at
room temperature for 3 h. The reaction mixture was
purified by silica gel column chromatography to give the
title ccompound (8 mg).

MS (m/z): 513 [M+H]T

[0362]

Example 153: Methyl [1-({6-[(28)-butan-Z2-ylamino]-5-

methoxy-2-(pyrazolo[5,1-b] {1,3]thiazcl-7-yvl ) pyrimidin-4-

vljcarbonyl)piperidin-4-yllicarbamate

5
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Analogous to the method in Example 145, the title
compound was synthesized by using (2S)-butan-Z-amine in
place of (1S5)-1l-cyclopropylethanamine.

MS (m/z): 488 [M+H]?

[0363]

Example 154: Methyl (1-{[6-{[(13)~1~

cyclopropylethyl]amino}-5-ethoxy-2- (pvrazolo[5,1-

p][1,3)]thiazol-7-yl)pyrimidin-4-yllcarbonyl}piperidin-4-

vl)carbamate

Under argon atmosphere, methyl (l-{[6-chloro-5-ethoxy-
2~ (pyrazolo[5,1-b}[1,3]thiazol~-7-yl)pyrimidin-4-
yllcarbonylipiperidin-4~yl)carbamate obtained in Reference
Example 36 (10 mg) in Z2-propanol (1 ml) were added TEA (12
pL) and (1S)-l-cyclopropylethanamine (4 mg), and the
mixture was stirred at 100 °C overnight. The reaction
solution was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography to give the title compound (5 mg).

M5 (m/z): 514 [M+H]®

[0364]

Example 155: Methyl (1-{[6-{[(2R)-3,3-dimethylbutan-2-

yllamino}-5-ethoxy~2-(pyrazolo[5,1-b][1,3]thiazol-7-

vl)pyrimidin-4-yl]jcarbonylipiperidin-4-yl)carbamate
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Analogous to the method in Example 154, the title
compound was synthesized by using (2R)-3,3-dimethylbutan-2z-
amine in place of (13)-l-cyclopropylethanamine.

MS (m/z): 530 [M+H]”

[0365]

Example 156: Methyl (1-{[2-(pyrazclo[5,1-b}[1,3)1thiazol~7~

l)-6~(pyridin-3-yloxy)pyrimidin-4-yl]lcarbonyl}piperidin-4-
Y y YiIpir

yl)carbamate

To a solution of pyridin-3-oi (34 mg) in DMF (1.5 mL)
was added 60 % sodium hydride (9.0 mg) under ice cooling,
and the mixture was stirred for 5 min. Then, methyl (1-
{[6-chloro-2-(pyrazolo{5,1-b][1,3]thiazol-7-yl)pyrimidin-4~
yljcarbonylipiperidin—-4-yl)carbamate obtained in Reference
Example 14 (30 mg) was added thereto, and the mixture was
stirred at room temperature for 30 min. The reaction
mixture was purified by silica gel column chromatography to
give the title compound (Z3 mg).

MS (m/z): 480 [M+H]”

Example 157: N-(l-{[é-(2-ethylpiperidin-1-yl)-2-

(pyrazolo[b,1-b][1,3]thiazol-7-vl)pyrimidin-4-

vljcarbonyllpiperidin-4-yl)cyclopropanecarboxamide

To a solution of N-{1-{[6-chloro-2-(pyrazolo[5,1-
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111,3]thiazol-7-yl)pyrimidin-4-yljcarbonylpiperidin-4-
yl)cycloprepanecarboxamide obtained in Reference Example 15
(15 mg) in l-butanol (1 mL) were added DIPEA (151 ulL) and

2-ethylpiperidin (79 mg), and the mixture was reacted in a

microwave reactor at 170 °C for 1 h. The reaction mixture
was purified by silica gel column chromatography to give
the title compound (18 mg).

MS (m/z): 508 [M+H]"

[0367]

Example 158: Methyl (1-2-(pyrazolo[5,1~-b][1,3)Jthiazol-7-

v1)~-6~[(2,2,2-trifluorcethyl)amino]lpyrimidine-4~

carbonylpiperidin-4-yl)carbamate

Anzlogous to the method in Example 24 Step 1, the
title compound was synthesized by using 2,2,2-
trifluoroethan-l-amine in place of (2R)-3-methylbutan-2-
amine.

MS (m/z): 484 [M+H]”

Example 159: N-1-[2-(pyrazolo[5,1-b][1l,3]1thiazol-T7-y1l)-6-

[ (thiophen-2-yl)methyllaminopyrimidine-4-

carbonyl]lpiperidin-4-vlcyclopropanecarboxamide

Analogous to the method in Example 16, the title

compound was synthesized by using thiophen-2-ylmethanamine
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in place of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z): 508 [M+H!"

[0369]

Example 160: N-1-[6-{ (furan-2-yl)methyl]jaminoc-2-

(pyrazolo[5,1-b][1,3]thiazel-7-yl)pyrimidine—4-

carbonyllpiperidin-4-ylcyclopropanecarboxamide

Analogous to the method in Example 16, the title
compound was synthesized by using furan-Z-ylmethanamine in
place of (2R)-3,3-dimethylbutan-Z-amine.

MS (m/z): 492 [M+H]"

[0370]

Example 161: Methyl 1-[{é-[{(1R)~1~cyclohexylethyljamino-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carbonyl]piperidin-4-ylcarbamate

4

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using (1R)}-1-
cyclohexylethan-l-amine in place of (2R)-3-methylbutan-2-
amine.

MS (m/z): 512 [M+H]®

[0371)

Example 162: Methyl 1-[2-(pyrazolo[5,1-b]J[1l,3]thiazol-7-

vl)-6-[1-(pyridin-4-yl)ethyl]laminopyrimidine-4-
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carbonyl]piperidin-4-vlcarbamate

Enalogous to the method in Example 24 Step 1, the
title compound was synthesized by using l-(pyridin-4-
yl)ethan-l-amine in place of (2R)~-3-methylbutan-Z-amine.

MS (m/z): 507 [M+H]"

Example 163: Methyl (l-6-[(Z2-cyclopropylethyl)amino]-2-

{(pvrazolo[5,1-b][1l,3]thiazol-7~-yl)pyrimidine-4-

carbonylpiperidin-4-vyl)carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using 2-
cyclopropylethanamine in place of (2R)~3-methylbutan-2-
amine.

MS (m/z): 470 [M+H]’

[0373]

Example 164: Tert-butyl 3-([6-4-

[ (methoxycarbonyl)amino]piperidine-l-carbonyl-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yvl]oxymethyl)azetidine-l-carboxylate

Analogous to the method in Example 64, the title
compound was synthesized by using Tert-butyl 3-
(hydroxymethyvl)azetidine-l-carboxylate in place of 3,3-

dimethylbutan-2-ol.
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72 [M+H]T

w
(28]

MS (m/z):

[0374]

Example 165: N-1-[6-[(1S)-1-cyclopropylethyl]lamino-2~

(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidine~-4-~

carbonyl]lpiperidin-4-yl cyclobutanecarboxamide

Rnalogous to the method in Example 30 Step 3, the
title compound was synthesized by using cyclobutanecarbonyl
chloride in place of benzoyl chloride.

MS (m/z): 494 [M+H]~

[0375]

Example 166: N-1-[6~-[(1lS)~-1-cyclopropylethyllamino-2-

{(pvrazolo[5,1-b]j[1,3]lthiazcl-7~-yl)pyrimidine-4-

carbonyllpiperidin-4-ylcyclopentanecarboxamide

Analogous to the method in Example 30 Step 3, the
title compound was synthesized by using
cyclopentanecarbonyl chloride in place of benzoyl chloride.

MS (m/z): 508 [M+H]®

[0376]

Example 167: N-1-[6-[(1S)-1-cyclopropylethyllamino-2-

(pyrazolo[5,1-b][1,3]thiazol~7-y]l)pyrimidine-4-

carbonyl]piperidin-4-vylcyclohexanecarboxamide

Analogous to the method in Example 30 Step 3, the
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title compound was synthesized by using cyclohexanecarbonyl

chloride in place of benzoyl chloride.

MS (m/z): 522 [M+H]®

Example 168: N~ ({l-6~[(trans-4-hydroxycyclohexyl)amino]-2-

{(pyrazolo{5,1-bl[1,3]thiazol-7-yl)pyrimidine-4~

carbonylpiperidin-4-yl)cyclopropanecarboxamide

Analogous to the method in Example 16, the title

compound was synthesized by using trans-4-aminocyclohexan-
1-0l in place cf (2R)-3,3-dimethylbutan-Z-amine.

MS (m/z): 510 [M+H]™

Example 16%: N-1-{6-[(1lR)-1-cyclohexylethyl]amino-2-

(pyrazolo[b,1-b]l[1,3]thiazol~-7-v]l)pvrimidine-4-

carbonyl]piperidin-4-~ylcyclopropanecarboxamide

Rnalogous to the method in Example 16, the title
compound was synthesized by using (1R)-1l-cyclohexylethan-1-
amine in place of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z): 522 [M+H]Y

[0379]

Example 170: N-1-[2-(pyrazolo!5,1-b][l,3]thiazol~T7-yl)~6~

'l-(pyridin-4-vljethyljaminopyrimidine-4-
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Analogous to the method in Example 16, the title
compound was synthesized by using l-(4-pyridyl)ethanamine
in place of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z): 517 [M+H]"

[0380]

Example 171: Tert-butyl 4-16-4-

[(cyclopropanecarbonyl)amino]piperidine-l-carbonyl-2-

(pyrazolo[5,1-b}[1,3}thiazol-7~y]l)pyrimidin-4-

ylJaminopiperidine-l-carboxylate

Analogous to the method in Example 16, the title
compound was synthesized by using tert-butyl 4-
aminopiperidine~l-carboxylate in place of (2R)-3,3-
dimethylbutan-2-amine.

MS (m/z): 595 [M+H]®

[0381]

Example 172: N-(1-6-[{oxan-4-vl)amino]-2-(pyrazolo[5, 1-

bl[l,3lthiazol-7-vyl)pyrimidine-4-carbonylpiperidin-4-

yl)cyclopropanecarboxamide

Analogous to the method in Example 16, the title
compound was synthesized by using tetrahydropyran-2-amine
in place of (2R)-3,3-dimethylbutan-Z2-amine.

MS (m/z): 496 [M+H]®
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Example 173: N-(l1-6-[(oxetan-3-vyl)amino]-2-(pyrazolo[5,1-

bj[l,3]thiazol-7~yl)pyrimidine-4-carbonylpiperidin-4-

vl)cyclopropanecarboxamide

Analogous to the method in Example 16, the title
compound was synthesized by using oxetan-3-amine in place
of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z)}: 468 [M+H]”

[0383]

Example 174: Methyl (1-6-[(3-cyclopropyl=-2,2-

dimethylpropyl)aminoj~-2~(pyrazolo[5,1-b][1,3]thiazol-7-

vl)pyrimidine-4-carbonylpiperidin-4-yl)carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using 3-cyclopropyl-2,2-
dimethylpropane~-l-amine hydrocnloride in place of (2ZR)-3-
methylbutan-2-amine.

MS (m/z): 512 [M+H]"

[0384]

Example 175: Methyl 1-[6-([l-(methanesulfonyl)piperidin-4-

yvllmethylamino)~-2-(pyrazolo[5,1-b][1,3}thiazel-7~-

v1l)pyrimidine-4-carbonylipiperidin—-4-vylcarbamate

[Step 1] Preparation of tert-butyl 4-([6~4~
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[ (methoxycarbonyl)amino]lpiperidine-l-carbonyl-2-

l.<

(pyrazole[5,1-b]{1,3]thiazol~7~-yl)pyrimidin-4-
yvlJaminomethyl)piperidine-l-carboxylate
Analogous to the method in Example Z4 Steps 1, the

title compound was synthesized by using tert-butyl 4-

(aminomethyl)piperidine~l~-carboxylate in place of (2R)-3-
methylbutan~2-amine.

MS (m/z): 599 [M+H]'

[Step 2] Preparation of methyl 1-[{e=-1([1~-

{(methanesulfonyl)piperidin~4~-yl]methylamino)-2-
(pyrazolo[5,1-b][1,3]thiazol~7~yl)pyrimidine-4-~
carbonyl]piperidin-4-ylcarbamate

To a solution of tert-butyl 4-([6-4-
[ {(methoxycarbonyl)amino]piperidine-l-carbonyl-2-
(pyrazolo{5,1-b][1,3]thiazol-7-y]l)pyrimidin-4-
vlJaminomethyl)piperidine-l-carboxylate obtained in Step 1
(115 mg) was added 2 M hydrogen chloride-methancl solution
(2 mL), and the mixture was stirred at 40 °C for 5 h. The
reaction solution was concentrated under reduced pressure,
and the resulting residure was washed with ether,
collected on a filter, and dried to give a solid compound
(105 mg). The obtained solid compound (25 mg) was suspended
and DIPEA (38 pl) and methanesulfconyl

in dichloromethane,

chloride (8 mg) were added, and the mixture was stirred
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under ice cooling for 15 min. The reaction mixture was
purified by silica gel column chromatography tc give the
title compound (17 mg) .

MS (m/z): 577 [M+H]®

[0385]

Example 176: N-1-[é6-[(lR}~-bicyclo(2.2.)]lheptan-2-yvl]lamino-

2-{pyrazclo[5,1-b]{1,3}thiazol-7-ylipyrimidine-4-

carbonyl]piperidin-4-vlcyclopropanecarboxamide

Analogous to the method in Example 16, the title
compound was synthesized by using norbornene-2-amine
hydrochloride in place of (2R)-3,3-dimethylbutan-2-amine.

MS (m/z): 506 [M+H]®

[038¢]

Example 177: Methyl (l-6~-[(cis-4-hydroxycyclohexyl)amino]-

2-{pvrazolo!5,1-bl[1,3]thiazol-7-yvl)pyrimidine-4-

carbonylpiperidin-4-vyl)carbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using cis-4-
aminocyclohexanol in place of (2R)-3-methylbutan-2-amine.

MS (m/z): 500 [M+H]”

[0387]

Example 178: Methyl (I-6-[(trans-~4-




10

15

20

NN
(&)

236

hydroxycyclohexyl)amino]-2-(pyrazolo[5,1-b][1,3]thiazol-7-

vi)pyrimidine-4-carbonylpiperidin-4-yl)carbamate

Analogous to the method in Exampie 24 Step 1, the
title compound was synthesized by using trans-4-
aminocyclohexanol in place of (2R)-3-methylbutan-2-amine.

MS (m/z): 500 [M+H]"

[0388]

Example 179: Methyl 1-{6-{(cyclopentylamino) -2~

{(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carbonyl]piperidin-4-ylcarbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using cyclopentanamine in
place of (2R)-3-methylbutan-Z-amine.

MS (m/z): 470 [M+H]?

[0389]

Example 180: Methyl 1-[6-(cyclohexylamino)-2-{(pyrazolo[5,61-

bl[1l,3]thiazol-7-yl)pyrimidine~4-carbonyl]lpiperidin-4-

ylcarbamate

Analogous to the method in Example 24 Step 1, the
title compound was synthesized by using cyclchexanamine in
place of (2R)-3-methylbutan-Z-amine.

MS (m/z): 584 [M+H]T
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Example 181: N-(l-6~[(piperidin-4~-yl)amino]-2-

{(pyrazolo{5,1-b][1,3]thiazol~-7-yl)pyrimidine~-4-

carbonylpiperidin-4-vl)cyclopropanecarboxamide

dihydrochloride

To a solution of tert-butyl 4-{&-4-
[(c?clopropanecarbonyl)amino]piperidine—l—carbonyl—Z—
{(pyrazolo[5,1-b]}[1,31thiazol-7-yl)pyrimidin-4-
yvl]aminopiperidine-l-carboxylate obtained in Example 171
(55 mg) was added 2 M hydrogen chloride-methancl solution
(3 mL), and the mixture was stirred at room temperature fo
2 h. The reaction solution was concentrated under reduced
pressure, the resulting residue was triturated with diethyl
ether, collected on a filter, and dried to give the title
compound (52 mg) .

MS (m/z): 495[M-2C1-H]"

[0391]

Example 182: N-1-[6-[(2R)=-3,3-dimethylbutan-2-yllamino-2-

(pyrazolo[5,1-bl[1,3]thiazol-7-vl)pyrimidine-4-

carbonyl]piperidin-4-ylcyclohexanecarboxamide

Analogous to the method in Example 40, the title
compound was synthesized by using N-{piperidin-4-
vl)cyclohexanecarboxamide hydrochloride in place of ethyl

piperidin-4-ylcarbamate.
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MS (m/z): 538 [M+H!"

[0392]

Example 183: N-1-[6-[(2R)~3,3-dimethylbutan-2-yl]lamino~2-

(pyrazolo[5,1-k][1,3]thiazol-T7-yl)pyrimidine-4-

carbonyllpiperidin-4-~ylbenzamide

Analogous to the method in Example 40, the title

compound was synthesized by using N-(4-piperidyl)benzamide

hydrochloride in place of ethyl piperidin-4-ylcarbamate.

MS (m/z): 532 [M+H]'

[0393)

Example 184: N-1-[6-[(1S)~1~-cyclopropylethyl]lamino-2-

(pyrazolo[5,1-b][{1,3])thiazol-7-vl)pyrimidine-4-

carbonyllpiperidin-4-yl-2-methylbenzamide

Analogous to the method in Example 30 step 3, the
title compound was synthesized by using Z-methylbenzoyl
chloride in place of benzoyl chloride.

MS (m/z): 530 [M+H]”

[03941

Example 185: N-1-{6-[(18)~-1~cyclopropylethyl]lamino-2-

(pyrazolo[5,1-b][1,3]1thiazol-7-v]l)pyrimidine-4-

carbonyl]piperidin-4-ylpyridine-2-carboxamide
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Analogous to the method in Example 30 step 3, the
title compound was synthesized by using pyridine-2-carbonyl
chloride hydrochloride in place of benzoyl chloride.

MS (m/z): 517 [M+H]"

[0395]

Example 186: N-1-[6-[(18)-1-cyclopropylethyl]lamino-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carbonyllpiperidin-4~-yl-2-methoxybenzamide

Analogous to the method in Example 30 step 3, the
title'compéund was synthesized by using Z-methoxybenzoyl
chloride in place of benzoyl chloride.

MS (m/z): 546 [M+H]®

[03%¢]

Example 187: N-1-[6-[{(1S)-1-cyclopropylethyljamino-2~

(pvrazolo{b,1-b][1,3]thiazol-7-vl)pyrimidine~-4-

carbonyllpiperidin-4-ylpyridine-4-carboxamide

Analogous to the method in Example 30 step 3, the
title compound was synthesized by using pyridine-4-carbonyl
chloride in place of benzoyl chloride.

MS (m/z): 517 [M+H]®

[0397]

~

Example 188: N-(l-6-[(l-acetylpiperidin-4-yl)aminoc]-2




10

15

20

D
w

240

(pyrazolo[5,1-b}[1,3]thiazol~7~-yl)pyrimidine-4-

carbonylpiperidin-4-yl)cyclopropanecarboxamide

Under argon atmosphere, tc a solution of N-(1-{[6~
cthrO‘Zf(pyrazolo[S}l—b]{l,3]thiazol—7—yl)pyrimidin—4~
yl}carbonyl}piperidin—4~yl)éyciopropanecarboxamide (30 mg)
obtained“in Refeience Example 15 in 2-propanol (2 mL).were
added DIPEA (48 uL) and 1-(4-amino-l-piperidyl)ethanone (15
mg), and the mixture was stirred at 90 °C fbr lh. NMP

(0.5 mL) was further added, and the mixture was stirred at

120 °C. for 2h. The reaction mixture was concentrated under

. reduced pressure. The resulting residue was purified by

silica gel column chromatography to give a solid compound
1(30 mg).

M3 (m/z): 537 [M+H]T

[0398]

Example 189: N~1-[6~[1l-(methanesulfonyl)piperidin-4-

yllamino-2- (pyrazelo[5,1-b][1l,3]thiazol-7T-yl)pyrimidine-4-

carbeonyl]piperidin-4-ylcyclopropanecarboxamide

N-(1-6-{(piperidin-4-yl)amino]} -2~ (pyrazolo[5,1-
bl[1,3]thiazol-7-yl)pyrimidine-4-carbonylpiperidin~-4-
vl)cyclopropanecarboxamide-dihydrochloride (20 mg) obtained
in Example 181 was suspended in dichloromethane (2 mL), and
DIPEA {30 pnL) and methanesulfonyl chloride (6 mg) were

nd the mixture was stirred under ice cooling for 15

3}

added,
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min. The reaction mixture was purified by silica gel
column chromatography toe give the title compound {12 mg)

MS  (m/z): 573 [M+H]

[0399]

Example 150: N~1~[6~[(18)—1-cyclopropylethyl]amino-Z—

(pyrazolo[5,i—b]{1,3]thiazol-7~yl)pyrimidine~4—

carbonyl]piperidin-4-ylpentanamide

Analogous to the method in Example 30 step 3, the
title compound was synthesized by using valeroyl chloride
in place of benzoyl chloride.

MS (m/z): 496 [M+H]"

[0400]

Example 191: N-1-[6-[{3R)-1~-(cyancacetyl)pyrrolidin-3-

yl]amino—2—(pyrazolo[5,1~b][1,3]thiazol—7—yl}pyrimidine—4—

carbonyllpiperidin~4-ylcyclopropanecarboxamide

Under argon atmosphere, to a solution of tert-butyl-
[ (3R)-pyrrolidin-3-yl]carbamate (500 mg) in THF (5 mL) were
added ethyl cyanoacetate (607 mg) and { 1,8~
diazabicyclo[5.4.0]-7-undecene (204 mg), and the mixture
was stirred at 40 °C for 2h. The reaction solution was
diluted with ethyl acetate, separated by adding saturated
agueous sodium bicarbonate soiution, and the aqueocus layer

was extracted with ethyl acetate. The combined organic
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layers were dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography to give a
solid compound 1(530 mg). The obtained solid compound 1
(530 mg) was dissclved in 2M-hydrochloric acid-methanol
solution (8 mL), and the mixture was stirred at at room
temperature overnight. Et,0 was added to the reaction
mixture, and the resulting precipitate was collected
by filtration &and dried toc give a solid compound 2
(331 mg). N-{(1-{[6~-chloro~-2~-(pyrazolo[5,1-b][1l,3]thiazol~
7-yvl)pyrimidin-4-yllcarbonylipiperidin-4

vl)cyclopropanecarboxamide obtained in Reference Example 15
(30 mgﬁ in NMP (1 mL) were added DIPEA (48 uL) and the
above solid compound 2 (26 mg), and the mixture waskstirred
120 °C for 3h. The reaction solution was diluted with
ethyl acetate, separated by adding saturatéd aqueous sodium
bicarbonate solution, washed with saturated brine, and
the agueous layer was extracted with ethyl acetate. The
combined organic layers were dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel colunmn

chromatography to give the title compound (22 mg).

MS (m/z): 548 [M+H]®

[G401]
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Example 192: Methyl 4-([6~4~

[ (methoxycarbonvl)amino]piperidine-l-carbonyli-2-

{pyrazolo[5,1-b][1,3)thiazol-7-yl)pyrimidin-4-

yllaminomethyl)piperidine-l-carboxylate

Analogous to the method in Example 175 step 2, the
title compound was synthesized by using methyl
chloroformate in place of methanesulfonyl chloride.

MS (m/z): 557 [M+H]~

[0402]

Exampile 193: N-1-[{6-[1l-(propane-2-sulfonyl)piperidin-4-

vllamino-2-(pyrazolo[5,1-bj[1,3]thiazol-T7~-yl)pyrimidine-4-

carbonvl]piperidin-4-yvlcyclopropanecarpoxamide

Analogous to the method in Example 189, the title

[R]
!
0
o
ot
h
O
3

L
[

compound was synthesized by using propane-:
chloride in place of methanesulfonyl chloride,

MS (m/z): 601 [M+H]~

[0403]

Example 194: Methyl 4-16-4-

[ (cyclopropanecarbonyl)amino]piperidine-l-carbonyl-2-

(pyrazolo[5,1-b][1,3)thiazol-7-y]l)pyrimidin-4~

yllaminopiperidine-l-carboxylate

Analogous to the method in Example 189, the title

compound was synthesized by using methyl chlorcoformate in
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place of methanesulfonyl chloride.

MS (m/z): 553 [M+H]®

[0404]

Example 195: N-1-[6-[(2R)~-3,3~-dimethylbutan-2-yljamino-2-

{pyrazolo[5,1-b}[1,3]lthiazol-7-yl)pyrimidine—~4-

carbonyl]lpiperidin-4-ylheptanamide

[Step 1] Preparation of (4-Aminopiperidin-1-yl)[6-{[(2R)~
3,3~dimethylbutan-2-yllamino}-2-(pyrazolo{5,1-
b][1,3]thiazol-7-yl) pyrimidin-4-yl]lmethanone

tert-Butyl (1-{[6-{[(2R)-3,3~-dimethylbutan-2-
yllamino}-2~(pyrazolo[5,1-b]{1l,3]thiazol-7-yl)pyrimidin-4-
yllcarbenyl}piperidin-4-vl)carbamate obtained in Example
100 (305 mg) in dichloromethane (1 mlL) was added TFA (1 ml),
and the mixture was stirred at room temperature for 1h. The
reaction solution was diluted with chloroform, neutralized
with saturated aqueous sodium bicarbonate solution, and the
agueous layer was further extracted with chloroform. The
combined organic layers were washed with saturated aqueous
sodium bicarbonate solutiocn, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column

chromatography to give the title compound (180 mg).

MS (m/z): 428 [M+H]®
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[Step 2] Preparation of N-1-[&6-[(ZR)-3,3-dimethylbutan-2-
yllamino-2-(pyrazolo[5,1-b][1,3]thiazcl-7-yl)pyrimidine-4-
carbonyl]piperidin-4-ylheptanamide

(d-Aminopiperidin-1-yl) [6-{[(2R)-3,3-dimethylbutan-2-
yl]amino}~2—(pyrazolo[S,l—b][1,3Jthiazol—7—yl) pyrimidin-4-

yl]methanohe obtained in step 1 (10 mg) in dichloromethane

A(i mL) wére-'addéd DIPEA (16 uL) ahd heptanoyl chloride

(dmg) under ice cooling, and the mixture was stifred at-
room temperature for 15 min. The reaction mixture was
purified by silica gel column chromatography to give the
title compound (18 mg).

MS (m/z): 540 [M+H]™

(0405]

Example 196: 2-Chloro=-N-1-{6-[(2R}-3,3-dimethylbutan-2-

yl]amino-2- (pyrazolo[5,1-b)[1,3]thiazol-7-yl)pyrimidine-4-

carbonvyl]lpiperidin-4~-vlbenzamide

Analogous to the methocd in Example 185 Step 2, the
title compound was synthesized by using 2-chlorobenzoyl
chloride in place of heptanoyl chloride.

MS (m/z): 566, 568 [M+H]”

[0406]

Example 197: N-1-[6-[{2R)-3,3-dimethylbutan-2-yl]lamino-2-

(pyrazolo[5,1-b][1,3]thiazol-7~-vl}pyrimidine-4-
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carbonyllpiperidin-4-yl-4-fluorobenzamide

Analogous to the method in Example 195 Step 2, the
title compound was synthesized by using 4-fluorcbenzoyl

chloride in place of heptanoyl chloride.

MS (m/z): 550 [M+H]~
[0407]
Example 198: Methyl (1-6-[(1-propanoylpiperidin-4-

yl)amino]—Z—(pyrazolo[S,1—b][1,3]thiazol—7—yl)pyrimidine—4~

carbonylpiperidin-4-yl)carbamate

To a solution of Methyl (1-{[6-(piperidin~4-ylamino)-

Z-{pyrazolo[b,1-b}[1,3]thiazol-7-yl)pyrimidin-4-

vljcarbonyl}ipiperidin-4-yl)carbamate dihydrochloride
obtained in Example 143 (15 mg) in THF (0.5 mlL) were added
TEA (38 upul) and propionyl chloride (17 mg), and the mixture
was stirred at room temperature for 2h. The reaction

solution was diluted with ethyl acetate, separated by
adding saturated aqueous sodium bicarbonate solution, and
the aqueous layer was further extracted with ethyl acetate.
The combined organic layer was dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography to give the title compound (9 mg).

MS (m/z): 541 [M+H]"
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[0408]

Example 199: Methyl (1-{[6-{[l-{cyancacetyl)piperidin-4-

yvllamino}-2~(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

vllcarbonyllpiperidin-4-yl)carbamate

To a solution of Methyl (l1-{{6-(piperidin-4-ylamino)-
2-(pyrazolo[5,1-b]!1,3}thiazol-7-yl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)carbamate » dihydrochloride
obtained in Example 143 (15 mg) in DMF‘(O.S mL) were added
CyanOacetiC acid (5 hg), DIPEA - (14 pl) and HATU (15 mg),
and the mixture was stirred &t room temperature overnight,.
The reaction solution was diluted with ethyl acetate,
separated by adding saturated aqueocus sodium bicarbonate
solution, and the agueous layer was further extracted with
ethyl acetate. The combined organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography to give the title compound (3 mg).

MS (m/z): 552 [M+H]"

[0409])

Example 200: Methyl 1-[6~[1-(methanesulfonyl)piperidin-4-

vl]amino-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carbohyl]Diperidin—4—ylcarbamate

Analogous to the method in Example 198, the title

compound was synthesized by using methanesulfonyl chloride
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in place of propionyl chloride.

MS (m/z): 563 [M+H]"

[0410]

Example 201: Methyl 1-{6-[(3R)-1-{cyanoacetyl)pyrrolidin-3~-

yllamino-2-{pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carbonyl]piperidin-4-ylcarbamate

Analogous to the method in Example 191, the title
compound was synthesized by using. methyl- (1-{[6~chloro-2-

(pyrazolo[S,l—b][1,3]thiazol~7~yl)pyrimidin—4—

"yllcarbonyllpiperidin-4-yl)carbamate 1in place of N-(1-{[6-

Chlorc-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl]carbonylipiperidin-4-vl)cyclopropanecarboxamide

4

MS (m/z): 538 [M+H]

[0411]

Example 202: N-1-{6-[(3R)-1-{cvanocacetyl)pyrrolidin-3-

yl}amino—Z—(pyrazolo[S,1—b][1,3]thiazol—7—yl)pyrimidine~4~

carbonyl]piperidin-4~-ylpropanamide

Analogous to the method in Example 191, the title
compound was lsynthesized by using N-(l1-{[6-chlorc-2-
(pyrazolco[5,1~b][1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonyllpiperidin-4~-yl)propanamide in place of N-(1-
{[6—chloro—2—(pyrazolo{S,l—b}[1,3]thiazol—7~yl)pyrimidin-4*

yv1llcarbonyllpiperidin-4-vl)cyclopropanecarboxamide
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6 [M+H]®

(831
W

MS (m/z):

[0412]

Example 203: Ethyl 1-[6-[(3R)-1-(cyvancacetyl)pyrrolidin-3-

vl]amino-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidine-4-

carbonyl]piperidin-4~ylcarbamate

Analogous to the method in Example 191, the title
compound was synthesized by using ethyl (1-{[6-chloro-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl]carbonyllpiperidin-4-yl)carbamate in place of N-(1-{[6-
chloro—Z—(pyrazolo[5,1—b}[1;3]thiazol—7—yl)pyrimidin—4
vllcarbonyl}piperidin-4-yl)cyclopropanecarboxamide.

MS (m/z): 552 [M+H]~

[0413]

Example 204: N-1-[6-[(38)-1~-{(cyancacetyl)pyrroiidin-3-

vilamino-2-(pyrazolo[b5,1-b][1,31thiazol~-7-y]l)pyrimidine-4-

carbonyl]lpiperidin-4-ylcyclopropanecarboxamide

Analogous to the method in Example 191, the title
compound was synthesized by using tert-butyl N-[(38)-
pyrrolidin-3-yl]carbamate in place of tert-butyl N-[(3R)-

pyrrolidin~-3-yl]carbamate.

MS (m/z): 548 [M+H]"

[0414]
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Example 205: Methyl 1-[€-[(3R)-1-

(cyclopropanecarbonyl)pyrrolidin-3-yl]aminc-2-

(pyrazolo|5,1-b][1,3]thiazol-7-yl)pyrimidine~4-

carbonylipiperidin-4-ylcarbamate

Analogous to the method in Example 152, the title
compound was synthesized by using cyclopropanecarbonyl
chloride in place of acetyl chloride.

MS (m/z): 539 [M+H]~

[0415]

Example 206: Methyl 1-[6-[(3R)-1-

(cyclobutanecarbonyl)pyrrolidin-3-yllamino-2~- (pyrazolo[5,1-

bl [1,3]thiazol-7-yvljpyrimidine-4-carbonyl]piperidin-4-~

vicarbamate

=1

Analogous to the method in Example 152, the title
compound was synthesized by using cyclobutanecarbonyl

chloride in place of acetyl chloride.

MS (m/z): 553 [M+H]”

[0416]

Example 207: Methyl 1-[6-[{(3R)~-1l-butanoylpyrrolidin=-3-

yllamino=-2~-(pyrazolo[5,1-b]J[1,3]thiazol-7-yl)pyrimidine-4-

carbonyl]piperidin-4-vicarbamate

Analogous to the method in Example 152, the title

compound was synthesized by using butyryl chloride in place
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MS (m/z): 541 [M+H]®

Test Example 1: Inhibitory effect on JAK tyrosine kinase

1. Preparation of test compound

The test compound was dissolved in dimethyl sulfoxide
(DMSO) to 10 mM and further diluted with DMS0O to the
concentrations of 1000, 100, 10, 1, 0.1 and 0.01 uM,
respectively. For JAKl, these Sqlutions of the test
compound at the six concentrations 10 mM, 1QOO uM, 100 uM,
10 uM, 1 uM and 0.1 uM were used. For JAK2Z and JAK3, these
solutioné of the test compound at the six concentrations
1000 uM, 100 uM, 10 pM, 1 uM, 0.1 uM and 0.01 uM were used.
The test compound soclutions were diluted further to 20-fold
with an assay buffer to obtain a sample soclution. 15 mM
Tris-HCl (pH7.5), 0.01 (v/v) % Tween-20 and 1 mM
dithiothreitol were used as an assay buffer. DMSO was
diluted to 20-fold with the assay buffer and was used as a

negative control.

[0417]
2. JAK tyrosine kinase inhibitory activity in the presence
of 1 mM ATP

The activity was determined by ELISA method. Each of

the sample solutions was added to a streptavidine coated
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96-well plate (DELFIA Strip Plate 8 x 12 well, PerkinElmer)
at 10 pL/well (n=2). & substrate solution containing
biotinylated peptide substrate (1250 nM for JAKl, 625 nM
for JAK2 and JAK3), 2.5 mM ATP (final concentration 1 mM),
25 mM MgCl,, 15 mM Tris-HC1 (pH 7.5), 0.01 (v/v) % Tween-20
and 1 mM dithiothreitol, was added to the plate at 20
pul/well. Finally, JAK tyrosine kinase (Carna Biosciences,
Inc.), which was previously diluted with the assay buffer
to 7.5 nM for JAK1l and 0.75 nM for JAKZ2 and JAK3, was added
to the plate at 20 ulL/well, and the plate was incubated at
30 °C for 1 h. The plate was washed four times with buffer
(50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.02 (v/v) % Tween-
20). A blocking buffer (0.1 % Bovine Serum Albumin, 50 mM
Tris-HCl (pH 7.5), 150 mM NaCl, 0.02 (v/v) % Tween-20) was
added to the plate at 150 pL/well and the plate was blocked
at 30 °C for 1 h. The blocking buffer was removed, and a
horse radish peroxidase-labeled anti-phosphorylated
tyrosine antibody (BD Biosciences, Inc.) (diluted to 10000-
fold with the blocking buffer) was added to the plate at
100 puL/well, and the plate was incubated at 30 °C for 30
min. The plate was washed with the washing buffer four
times, and 3,3',5,5'-tetramethylbenzidine solution (Nacalai
Tesque) was added to the plate at 100 pL/well to develop

the color for 10 minutes. To the plate was added 0.1 M

sulfuric acid at 100 ul/well to stop the reaction. The
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absorbance at 450 nm was measured using & microplate reader

(BIO-RAD) .

[0418)
3. Analysis of the results

A non-liner regression analysis using SAS system (SAS
Institute Inc.) was performed for the absorbance as
measured, and the concentration of the test compound that
resulted in SO%iinhibition of the respective tyrosine
kinase activity (ICsg) was calculated. The results are
shown in the following Tables 1 to 6.
[0419)

[Table 1]
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Test Compound

JAX 1 Inhibitory

JAK?2 Inhibitory

JAKS3 Inhibitory

(Example) Activity 1 Cso:nM) | Activity 1Csp:nM) Activity ICso:nM)
1 52 3400 3400
2 570 2100 2700
3 62 1400 3200
4 210 730 3000
5 130 2500 1400
6 240 1800 2800
7 69 >10000 2700
8 52 2400 3800
9 19 960 2000
11 21 2500 4800
12 120 2200 1800
13 400 2400 1600
14 69 1700 1500
15 110 2500 7200
16 53 2200 2200
17 230 5100 5800
18 310 2300 1700
19 710 4400 6500
20 1400 4700 4200
21 230 2200 >10000
22 130 800 3700
23 860 870 3300
24 290 1500 4200
25 200 800 2000
26 75 2100 2100
27 140 2500 4300
28 120 2100 >10000
29 140 1200 3000
30 110 1400 >10000

[0420]

[Table 2]
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Test Compound JAK 1 Inhibitory JAK?2 Inhibitory JAKS3 Inhibitory
{Example) Activity (ICsg:nM) | Activity I Csp:nM) Activity (1Cs4:n M)
32 380 1800 >10000
33 130 1700 1760
34 350 1900 3000
35 270 2400 >10000
36 86 620 >10000
37 240 1600 >10000
38 260 1200 >10000
39 140 1300 2900
41 96 2700 >10000
43 130 >10000 >10000
44 66 1300 >10000
45 310 5700 >10000
46 170 1600 7260
48 150 >10000 >10000
50 150 2000 2500
52 180 9300 >10000
55 140 >100060 >10000
56 940 7300 >10000
58 400 2900 >10000
59 140 3900 5600
60 72 5400 6100
61 540 >10000 9400
62 10 1000 1100
63 180 7300 10000
64 2690 3100 >10000
65 130 3100 10000
66 110 620 2400
67 680 1960
68 7 790 2100
69 810 3500 5700

[0421)
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[Table 3]
Test Compound JAX | Inhibitory JAK 2 Inhibitory JAK 3 Inhibitory
(Eﬁmnph) Activity 1Cs¢:nM) | Activity(ICso:nM) Activity (1Cso:n M)
71 200 3700 4000
72 310 6100 5900
73 73 3200 2200
74 95 3100 2600
75 150 930 4800
77 380 3200 >10000
78 4100 >10000 >10000
79 870 3300 >10000
g0 110 820 2300
81 1600 2200 3300
82 58 9700 5800
85 330 2200 2300
87 250 1600 9500
88 190 1000 4100
90 620 1200 1800
93 40 1200 1000
94 1900 2200 5400
96 250 1000 2200
97 210 1300 2700
98 37 1400 1400
99 19 790 2600
100 140 3000 3400
101 88 1800 3100
102 24 1300 1700
103 140 2400 5900
104 200 3000 3400
106 600 1300 2800
107 200 3500 1600
108 200 2500 >10000
109 190 1800 2400

[0422]




[Table 4]
Test Compound JAK 1 Inhibitory JAK 2 Inhibitory JAK 3 Inhibitory
(Example) Activity ICso:nM) | Activity (ICsp:nM) Activity (ICsg:nM)
110 78 880 >10000
111 120 2400 >10000
112 350 3500 2900
114 360 1200 2700
116 210 1900 3800
117 1400 i >10000 5700
119 670 4200 >10000
120 870 3000 3400
123 260 1400 1600
124 220 1700 2200
125 210 4700 >10000
126 820 >10000 >10000
127 590 >10000 ->10000
128 760 8500 >10000
131 310 2200 4700
132 790 >10000 >10000
133 25900 >10000 >10000
135 68 2400 3700
136 490 1400 3500
137 640 1400 4200
138 650 2000 4300
139 43 2900 2100
140 280 770 340
141 1100 >10000 >10000
142 1200 >10000 >10000
143 1900 >10000 >10000
144 480 >10000 6600
145 270 1200 1400
146 270 1600 1460
147 2600 >10000 >10000
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[Table 5]
Test Compound JAK 1 Inhibitory JAK?2 Inhibitory JAK3 Inhibitory
(Example) Activity (ICsg:nM) | Activity(ICso:nM) Activity 1Csq:nM)

148 1600 >10000 >10000
149 1000 >10000 >10000
150 5200 >10000 >10000
151 2600 >10000 >10000
152 2300 >10000 >10000
153 210 7200 9000
154 180 5300 3100

g 155 24 4600 1400
156 820 >10000 10000
157 310 5100 >10000
158 1300 >10000 >10000
159 2600 >10000 >10000
160 980 >10000 >10000
161 47 >10000 >10000
162 1100 >10000 >10000
163 450 >10000 5600
164 2600 >10000 >10000
165 40 >10000 1200
166 280 10000 1300
167 230 9500 1100
168 1200 >10000 3200
169 160 6400 2100
170 1600 >10000 >10000
171 850 >10000 >10000
172 320 >10000 >10000
173 3400 >10000 >10000
174 300 >10000 5600
175 96 >10000 >10000
176 78 4400 4600
177 300 >10000 >10000

[Table 6]




Test Compound J AKX 1 Inhibitory JAXK?2 Inhibitory JAK 3 Inhibitory
(Example) Activity (ICso:nM) | Activity(ICsp:nM) Activity JCsg:n M)
178 510 >10000 9500
179 320 >10000 >10000
180 560 >10000 >10000
181 860 >10000 >10000
182 88 5400 1700
183 87 >10000 1200
184 62 >10000 g 470
185 190 >10000 | 810
186 81 >10000 580
187 68 2100 1800
188 1300 >10000 >10000
189 1100 >10000 >10000
190 65 6600 1000
191 52 >10000 >10000
192 690 >10000 >10000
193 470 >10000 >10000
194 260 >10000 >10000
195 310 1 9000 4900
196 110 9100 7300
197 120 §200 3800
198 1500 >10000 >10000
199 2800 >10000 >10000
200 2400 >10000 >10000
201 120 >10000 >10000
202 300 >10000 >10000
203 70 >10000 >10000
204 2700 >10000 >10000
205 850 >10000 >10000
206 940 >10000 >10000
207 410 >10000 >10000
[0424]

3

est Example 2: Inhibitory effect on Aspergillus-induced
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airwey inflammation model

Aspergillus fumigatus extracts (Greer laboratories,

—t

nc.) were adjusted to 400 pg/mlL with PBS. The Aspergillus
fumigatus solutions thus prepared were administered to mice
as nasal drops (50 ul) on Day 0, Day 1, Day 7 and Day 8.
The nasal drop was administered one hour later of the
administration of test compounds in the morning. The test
compound was administered twice a day at morning and
evening of Day 0 to Day 9. The test compound was suspended
in 0.5 % methylcellulose at 10 mg/mlL, and orally
administered at the dosage of 10 mL/kg.. The
bronchocalveolar lavage fluid (BALF) was collected at Day 10,
and the total white blood cell count in BALF was measured
using Celltac (NIHON KOHDEN). The ratio of eosinophil in
total white blood cell was calculated using ADVIA 120
(Siemens Healthcare Diagnostics), and the ratio was
multiplied by the total white blood cell count to determine
the ecsinophil count in BALF. The inhibition rate of the
test compound was determined, assuming the inhibitory ratio
in the treatment with Aspergillus fumigatus extract and

0.5 % methylcellulose as 0 % and the inhibitory ratio in

the treatment without Aspergillus fumigatus extract but

with 0.5 % methylcelliulose as 100 2. The results are shown
in Table 7.
[0425]
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[Table 7]

Test Compound Inhibition rate on count of invasive
(Example) " eosinophil in BALF (%)7

1 v 43
16 33
20 61
21 47
22 57
23 31
24 35
25 30
26 58
27 ' 62
28 ‘ 52
33 37
41 ' 51
58 37
62 36
73 64
74 , 34
81 43
87 24
96 51
97 43
125 35
126 57
127 38

As seen in Table 7, the compounds of the
invention have & significant effect on this in vivo
inflammation model.

0426]
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By using the compounds shown above in Table 7, the

following tests (Test Examples 3 and 4) were conducted.

Test Example 3: Inhibitory effect on IL-4 stimulated STATE

phosphorylation

1. Preparation of test compound

The test compound was dissolved in dimethyl sulfoxide
(DMSQ) to 10 mM, and further diluted with DMSO to the
concentrations of 300 and 100 pM. The solution was further
diluted with RPMI 1640 medium to 100-fold to obtain a.
sample solution. Also, DMSO was diluted to 100-fold with

RPMI 1640 medium and was used as a negative control.

[0428]
2. Phosphorylated STAT6 activity

The sample sclution or the negative control solution
(50 pl) was mixed with a solution of DND39 cell (400 ulL)

(Cell number: 10° cells) and shaken at 37 °C for 30 min.

.50 ul of Interleukin-4 (10 ng/mlL) was added as a stimulant,

and the mixture was shaken for 15 min. 500 ul of Fixation
buffer (BD Biosciences, Inc.) was added to the mixture, and
the mixture was shaken for 10 min to stop the reaction.
After centrifuge and removing the supernatant, 500 pL of a

membrane permeabilizing agent Perm buffer III (BD
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Biocsciences, Inc.) was added to the pellet, and was
incubated at 4 °C for 30 min. After washing twice with a
stain buffer (BD Biosciences, Inc.), Alexa Fluor 647 Mouse

Anti-Staté (pY64l) (BD Biosciences, Inc.) was added, and
incubated in a cool dark place for 30 min. The obtained
cell solution was subjected to a flow cytometer. The
inhibition activity of the test compound was calculated,
assuming the GEOMEAN value of the interleukin-4 stimulated
negative control group fluorescence intensity as the
inhibitory ratio of % and the GEOMEAN value of the non-
stimulated negative control group fluorescence intensity as
the inhibitory ratio of 100 %. From the results, it was
confirmed that the test compounds suppressed IL-4 signaling.
[0429]

Test Example 4: Tnhibitory effect on IL-7 stimulated STATS

phosphorylation

1. Preparation of test_compound

The test compound was dissolved in dimethyl sulfoxide
(DMSO) to 10 mM and further diluted with RPMI 1640 medium
to 100-fold to prepare a sample solution. Also, DMSO was
diluted with RPMI 1640 medium to 100-fold was used as a

negative control.

[0430]

2. Phesphorylated STATS activity
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To 100 pL of human fresh blood was added 10 ulL of the
sample soluticn ¢r the negative contrcl soclution, and
shaken at 37 °C for 30 min. 10 uL of interleukin-7 (100
ng/mlL) was added as a stimulant, and the mixture was shaken
for 15 min. 1.4 mL of Lyse/fix buffer (BD Biosciences,
Inc.), which was diluted to S5-fold by distilled water, was
added to the reaction system. The mixture was shaken for
10 min, and centrifuged to separate cells. After removing
the supernatant, 1 mL of PBS was added to the pellet.

After centrifuged to remove PBS, 500 plL of Perm buffer III
(BD Biosciences, Inc.) was added, and was incubated at 4 °C
for 30 min. After washing twice with Stain buffer (BD
Bicsciences, Inc.), Alexa Fluor 647 Mouse Anti-Stath

ciences, Inc.) was added, and

19}

antibody (pY6$4) (BD Bio
incubated at cool dark place for 30 min. The obtained cell
solution was subjected to a flow cytometer. The inhibition
activity of the test compound was calculated, assuming the
GEOMEAN value of the IL-7 stimulated negative control group
fluorescence intensity as the inhibitory ratio of 0 % and
the GEOMEAN value of the non-stimulated negative control
group fluorescence intensity as the inhibitory ratio of

100 %. From the result, it was confirmed that the test

compounds suppressed IL-7 signaling.

[0431)

As shown in Test Examples 1 tc 4, the compound of the
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invention showed JAK!l innibitcry activity, and thus, is

effective in in vivo inflammation model.

- R e T e = PRSS IR .
in an ¢y mg Tapielt C- The Iormulatiorn:

Compound oI =Zxample 1 5.0mg
Corn starch 46.6mg
Crystalline cellulose 24.0mg
Methylcellulose 4.0mg
Magnesium stezarate 0.4mg

Bccording to a conventional method, a mixed powder of

the ccmponents was tableted to form an cral tablet.

In view of the fact that the compound ¢©f the invention
or a pharmaceutically acceptable salt thereof exhibits JARK1

inhibitory activity, it 1s useful as a therapeutic agent

h

for an autoimmune disease (e.g., rheumatcid arthritis,

v

psoriatic arthritis, juvenile arthritis, Castleman's
disease, systemic lupus erythematosus, S3dgren’s syndrome,
= I

multiple sclerosis, inflammatory bowel disease, Behget’s

disease, myasthenia gravis, type 1 diabetes mellitus,
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immunoglobulin nephropathy, eutoimmune thyroid diseases,
psoriasis, scleroderma, lupus nephritis, dry eye,
vasculitis {e.g., Takayasu's arteritis, giant cell

arteritis, microscopic polyangiitis, granulomatosis with

and eosinophilic granulomatosis with

T
O
FJ

g
o
o)

Q0
}.J
}_ ']
(&)
’_)
4}

dermatitis, contact dermatitis, eczema, pruritus, focod
allergies, pbronchial asthma, eosincphilic pneumonia,

caronic obstructive pulmonary disease, allergic rhinitis,

nophilic sinusitis, nasal polyp,

(R

chronic sinusitis, eos
allergic conjunctivitis, osteocarthritis, ankylcsing

spondylitis, Kawasaki diseases, Buerger's disease,

-t

polyarteritis nodosa and IgA vasculitis), proliferative

diseases (e.g., solid cancers, blood cancers, lvmph

)
M

malignant tumor, myeloprcliferative diseases, multiple

myeloma, pulmcnary fibrosis and eosinophilia), sudden

hearing loss, diabetic nephropathy, alopecia areata, bone

marrow transplant rejection or organ transplant rejection.
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WHAT IS CLAIMED IS:

formula [I1]:

wherein,
R' is hydrogen, alkyl or alkoxy;
z is -OR® or -NR‘R%;

in which

es)

L
},J .
)]
4]

aryl or heterocaryl,

R* is hydrogen or alkyl;

lkyl, alkyl substituted with cycloalkyl,

1 A pyrazolcothiazole compound represented by the

cycloalkyl,

R®> is alkyl, cycloalkyl or saturated heterocyclic group,

said alkyl and cycloalkyl in R’ is optionally substituted

with one or two groups selected from the group consisting

cf the following (1) to (6):
(1) hydroxy,

(2} alkoxy, and difluoroalkoxy,

(3) cycloalkyl, cycloalkyl substituted with

(diflucroalkoxy)alkyl, and cycloalkyl substituted with
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alkoxyalkyl,

(4) saturated heterocyclic group optionally substituted
with (difluorocalkoxy)alkyl,

(5) aryl, aryl substituted with halogen, and aryl
substituted with alkoxy, and

(6) nitrile, and
said saturated heterocyclic group in R’ is optionally
substituted with one or two groups selected from the
following (1) to (3):

(1) alkyl,

(2y alkylcarbonyl, and

{3) alkoxycarbonyl;
R° is hydroxy or -NHRE®,
in which
R® is hetercaryl, heterocaryl substituted with halogen,
hetercaryl substituted with alkyl, -COL*, -COOL® or -SO0.L°,
said L* is a group selected from the group consisting of
the following (1) to (5):

(1) alkyl, monohaloalkyl, dihalocalkyl, trihaloalkyl, and
lkyl substituted with alkoxy

(2) cycloalkyl,

(3) aryl,

(4) hetercaryl, and

(5) dialkylamino, and cycloalkylamino,

3

said L° is a group selected from the group consisting of



1

2

Mo
[®3]

0

($a)

0

(1) (3):

-
O

the fcllowing

(1) alkyl, monohaloalkyl, dihalcaikyl,
alkyl substituted with alkoxy,
(23 and

cycloalkyl,

(3) and

dialkylaminoalkyl,
said L° is alkyl or cycloalkyl,

or a

thereof.

2. The pyrazolcthiazole compound
1 or a pharmaceutically acceptable salt

solvate thereof, wherein R' is hydrogen.

3. The pyrazclothiazo.e compound

Z or a pharmaceutically acceptable salt

jat

solvate thereof, wherein
Z is -NR°R”;
in which

R* is hydrogen,

R® is alkyl or cycloalkyl,

pharmaceutically acceptable salt thereof,

trihalocelkyl, and

or a solvate

according to

Lo Ll

thereof, or a

according to claim

therecf, or a

said alkyl and cycloalkyl in R® are optionally substituted

with a group selected from the group consisting of the

following (1) to (3):
(1) hydroxy,
(2) alkoxy, and
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(3) cycloalkyl,
R® is hydroxy or -NHR®,
R® is hetercaryl, heteroaryl substituted with halogen,
hetercaryl substituted with alkyl, -COL' or -COOL?,
said L' is a group selected from the group consisting of
the following (1) to (4):

{1) alkyl, monohalcalkyl, dihalocalkyl, trihaloalkyl, and
alkyl substituted with alkoxy,

(2) cycloalkyl,

(3) aryl, and

{4) heterocaryl, and

said L° is alkyl, monohaloalkyl, dihaloalkyl, trihaloalkyl,

alkyl substituted with alkoxy or cycloalkyl.

4. The pyrazolothiazole compound according to claim

3 or a pharmaceutically acceptable salt thereof, or a
solvate thereoi, wherein

R® is alkyl, alkyl substituted with hydroxy, alkyl
substituted with cyclopropyl or alkyl substituted with

alkoxy, and

R? is -NHR®.

w

The pyrazolothiazole compound according to claim

3 or

Q

pharmaceutically acceptable salt thereof, or a

solvate thereof, wherein
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R” is alkyl having 2 to 6 carbon atoms or alkyl substituted
with cyclopropyl,

R® is -NHR®,

R® is -COL' or -COOL®,

said L’ is alkyl having 2 to 6 carbon atoms or cyclopropyil,
and

said L° is alkyl or cyclopropyl.

6. The pyrazclothiazole compound according to claim
1 which is any one of the following (1) to (135):
(1) N=-{1~-{]6-{[(1S)~1-cvclopropylethyl]lamino}-2-
(pyrazeolo(5,1-bl[1,2)thiazcl~7~yl)pyrimidin~4~-
yllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,
(2) N-(1-{[6-{[(1lS)-1~cyclopropylethyljamino}-2-

(pyrazeolo[5,1-b][1,3]1thiazol-7-yl)pyrimidin~-4~-

®

yllcarbenylipiperidin-4-yl)acetamid

!

thylbut

0]
ot}

(3) N_(l—{[6—{{(28)"3,3_dlm n—z—yl]amino}_2_

<

(pyrazolo{5,1-bl[1,31thiazol-7-yl)pyrimidin-4-
yllcarbonyl}piperidin-4-yl)cyclopropanecarboxamide,
(4)y N=-(1-{[6-{[(28)-3,3-dimethylbutan-2-yljamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]lcarbonyl}piperidin-4-yl)acetamide,

(5) N-(1-{[e-{[(1lS,28)-2~
(difluoromethoxy)cyclopentyl] (methyl)amino}-2~

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
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yllcarbonyl}lpiperidin-4~yl)cyclopropanecarboxamide,

{6y N-(1-{[€6-{[{2S)~-3,3~dimethylbutan-2Z-yllamino}-5-methyl-
2~ (pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)acetamide,

(7) N=-{(1-{[6={[(28)-3,3-dimethylbutan-Z-yllaminc}-5-methyl-
2~ (pyrazolo[5,1-b][1,3]thiazcl~-7-yl)pyrimidin-4-
yllcarbonylipiperidin-4-yljcyclopropanecarboxamide,

(8) N-[l-({e-[({1l-

[ (difluocromethoxy)methyl]cyclopropyl}imethyl)amino]-2-
(pyrazolo([5,1-k]{1,31thiazol-7-yl)pyrimidin-4-
yljcarbonyl)piperidin-4-vljcyclopropanecarboxamide,

(9) N-[I-({6~[({1~

[ (diflucromethoxy)methyl]lcyclobutylmethyl)amino]-2-
(pyrazolo{5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-~
yllcarbonyl)piperidin~-4-yllcyclopropanecarbexamide,

(10) N-[1l-({e-[({1-

[ (difluoromethoxy)methyl]cyclopentylimethyl)amino] -2~
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl}carbonyl)piperidin-4-ylicyclopropanecarboxamide,

(11) N=-[1-({e-[({4-{{(difluoromethoxy)methyl]ltetrahydro-2H~-
pyran-4-ylimethyl)amino]~2-(pyrazolo!{>,1-b][1,3]thiazol-7-
v1)pyrimidin-4-yl}carbonyl)piperidin-4-
yvllcyclopropanecarboxamide,

(12) N-({1-{[6-{[(1S)=-1~cyclopropylethyllamino}-5-methyl-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
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yllcarbonylipiperidin-4-yl)cyclopropanecarboxamide,

(13y N-(I-{[6-{[(1S)-1-cyclopropylethyllamino}-5-methyl-2~
(pyrazolo[5,1-b][1,3]lthiazol-7-yl)pyrimidin-4-
vllcarbonylipiperidin-4-yl)acetamide,

{(14) N-(1-{{6-{[(18,25)-2~-
(difluoromethoxy)cyclopentyljamino}-2-(pyrazolo[>, 1~
bj[1,3]thiazol~-7-yl)pyrimidin~4-yl]jcarbonyl}piperidin~4-
v1l)cyclopropanecarboxamide,

(15) N-[1-({6-[(2,2-dimethylpropyl)aminoc]}-2~-{pyrazolo{5,1-
bjf{1,3]thiazol~T7~ylipyrimidin-4-yljcarbonyl)piperidin-4-
vl]cyclopropanecarboxamide,

(16) N-(1-{[6-{[(2R)~-3,3-dimethylbutan~-Z-yljamino}-2-
(pyrazolo{5,1-b][1,3)thiazol-7-yl)pyrimidin-4-
vllcarbonylipiperidin-4~-yl)cyclopropanecarboxamide,

{17y N-(1-{[é6-{[(28)-1-(diflucromethoxry)propan-2~yljamino}-
2-(pyrazolo[5,1~b][1,3]thiazol-7~vl)pyrimidin-4-
vllcarbonyllpiperidin-4-yl)cycliopropanecarboxamide,

(18) N-(1-{[6-{[(18)-1-cyclopropylethyllamino}~5-methyl-2~
(pyrazolo[5,1-b]l[1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonylipiperidin-4-yl)=-2,2-difluoroacetamide,

{(19) N-(1-{[6~{[(1S,25)~2-methoxycyclopentyl}jamino}-2~
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,

(20) [6-{[{(1S)-1-cyclopropylethyllamino}-2-(pyrazolo([5, 1~

b][1,3]thiazcl-7~yl)pyrimidin~4-yl] (d-hydroxypiperidin-1-
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yl)methanone,

(21) 1-flucro-2-methylpropan-2-yl (1-{[6-{[(15)-1~-
cyclopropylethyllaminoj-2-(pyrazolo(5,1-b][1,3]thiazol-7-
yv1)pyrimidin-4-yl)carbonyl}piperidin-4-vyl)carbamate,

(22) methyl (1-{[6-{[(28)~3,3-dimethylbutan-2-yllamino}-2-
(pyrazclo[5,1-b][1,3]thiazcl-7-yl)pyrimidin-4-
yljcarbonyl jpiperidin-4-yl)carbamate,

(23) [6-{[(25)-3,3-dimethylbutan-2-yljamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-yl] (4~
hydroxypiperidin-l-yl)methanone,

(24) methyl (1-{[6~{[(2R)-3-methylbutan-2-yl]jamino}-2~-
(pyrazolo[5,1-b][1,3)thiazol-7-yl)pyrimidin-4-

yllcarbonylipiperidin-4-yl)carbamate,

(25) methyl (1-{[6-{[(2S)-3-methylbutan-Z-yljamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

yl]lcarbonyl}piperidin-4-yl)carbamate,

(26) methyl (1-{[6~-{[(1S)-1l-cyclopropylethyljamino}-2-
(pyrazolo[5,1-b][{1,3]thiazol-7-yl)pyrimidin-4-
yl]carbonylipiperidin-4-yl)carbamate,

(27) ethyl (1-{[é-{[(1lS8)~1l-cyclopropylethyllamino}~2~
(pyrazolo[5,1-b][1,3]thiazcl-7-yl)pyrimidin-4-

yllcarbonyl }piperidin-4-yl)carbamate,

(28) propan-2-yl (1-{[6-{[(2R)-3,3-dimethylbutan-2-
yllamino}~2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4~

yl]carbonyl}piperidin-4-yl)carbamate,
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~

N-(1-{[e-{[{18)~-1-cyclopropylethyl]amino}-2

(pyrazolof5,1-b][1,3]thiazol-7-yl)pyrimidin—4-

vl]carbonyl}piperidin-4-yl)benzamide,

(30)

N-(1-{[6=-{[(18)~1-cyclopropylethyl]amino}-2~-

(pyrazolo{5,1-b][1,3lthiazol-7-yl)pyrimidin-4-

vl]carbonyllpiperidin-4-yl)pyridine-3-carboxamide,

(31)

N-{1-{[e-{[(18)-1-cyclopropylethyl]amino}-2~-

(pyrazolol[5,1-b}[1,3]thiazeol-7-yl)pyrimidin-4-

yl]lcarbonylipiperidin-4~yl)thiophene~-Z2~carboxamide,

(32)

N-(1-{[6-{{(18)~-1-cyclopropylethyl] (methyl)amino}-2~-

(pvrazolo{5,1~-b} [1,3]1thiazol~-7-yl)pyrimidin-4-

yllcarbonylipiperidin-4-yl)cyclopropanecarboxamide,

(33)

i-cyclopropyl-3-(1-{[6-{[(15)~-1-

cyclopropylethyllamino}-2-(pyrazolof(5,1-b}[1,3]thiazol~-7-

yvil)pyrimidin-4-ylicarbonylipiperidin-4-yljurea,

(34)

[6-{[(1S)~1-cyclopropylethyl] (methyl)amino}-2-

(pyrazolo[5,1-b]([1,3]thigazol-7-yl)pyrimidin-4-yl] {4~

(pyrimidin-2-ylamino)piperidin-1-yl]imethanone,

(35)

N-(1-{[6~(tert-butylamino) -2~ (pyrazolol[5,1-

bl [1,31thiazol-7-ylipyrimidin-4-yljcarbonyllpiperidin~4-

yl)cyclopropanecarboxamide,

(36)

b][1

N=[1-({6-[(1-methylcyclopropyl)amino] -2~ (pyrazolo[5,1-

,3lthiazol-7~-yl)pyrimidin-4-vyljcarbonyl)piperidin-4-

yllcyclopropanecarboxamide,

(37)

N-[1l-({6~[(l-methoxy-Z2-methylpropan-2-vl)amino]-2-
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(pyrazclo[5,1-b]{1,3]thiazol~7-yl)pyrimidin-4-
yl}carbonyl)piperidin-4-yllcyclopropanecarkboxamide,

{38) methyl (1-{[6-{[(2R)-3,3~-dimethylbutan-2-yljamino}-2~-
(pyrazclo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonyl}lpiperidin-4-yljcarbamate,

(39) ethyl (1-{[e-{[(2R)-3,3-dimethylbutan-2-yljamino}-2-
(pyrazolo(5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)carbamate,

(40) propan-2-yl (1-{[€6-{[(1S)~-1~-cyclopropylethyllamino}-2-~
(pvrazolo[5,1-b][1,3]1thiazol~-7-yl)pyrimidin-4~
ylljcarbonyllipiperidin-~4-yl)carbamate,

(41) N-(1-{[6-{[(1S)~-1-cyclopropylethyl] (methyl)amino}-2-
(pyrazolo[5,1-bl[1,3)thiazol-7-yl)pyrimidin-4-

yvllcarbonyllpiperidin-4-vyl)benzamide,

|-

(42) N-{1-{[6-(cyclopropylmethoxy)-2~(pyrazolo[5,1-
b]{l,3}thiazcl-7-ylipyrimidin-4-yljcarbonylipiperidin-4-
vl)cyclopropanecarboxamide,

(43) N~[1-({6~](3,3~dimethylbutan-2-yl)oxy]-2-
(pyrazolo(5,1-b][1,3lthiazol-7-yl)pyrimidin~4~
yvl}carbonyl)piperidin-4-ylicyclopropanecarboxamide,

(44) N-(1-{[6~(cyclobutyloxy)-2~(pyrazolo[5,1~
bl[1l,3]thiazol-7-yl)pyrimidin~-4~yl]carbonyl}piperidin-4-
yvl)cyclopropanecarboxzamide,

(45) N=(1-{[6-(cyclopentyloxy)-2~(pyrazolo[5,1~

b1{1,3)]thiazol-7-yl)pyrimidin-4-ylicarbonyl}piperidin-4-
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y1l)cyclopropanecarboxamide,

(46) N-(1-{[é6-{[(1R)~-1-cyclopropylethyl]aminc}-2-
(pyrazolol[5,1-b][1,3lthiazol-7-yl)pyrimidin-4-
yvilcarbonyl)piperidin-4-yl)cyclopropanecarboxamide,

5 (47) N-[{1-({6-[{l-hydroxy-2-methylpropan-2-yl)amino]-2-
(pyrazoclo(5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl}carbonyl)piperidin-4-yl]lcyclopropanecarboxamide,

(48) [6-{[(1S)-1-cyclopropylethyl]lamino}-2-(pyrazolo[5,1~
b}[1,3)thiazol-7-yl)pyrimidin-4-y1][4-(1,2-0oxazol-3~

10 yvlamino)piperidin-1-yl]methanone,
(49) [6-{[(1S)~1l-cyclopropylethyl]lamino}-2-{(pyrazolo{5,1-
bjll,3]thiazol~-7-yl)pyrimidin~-4-y1][4-(1,3-thiazol-2-
vliamino)piperidin~1l-yl]jmethanone,

(50) [6~-{[(1S)-1l-cyclopropylethyllamino}-Z-(pyrazolo[b,1-

5

15 b][1,3]thiazol-7~-yl)pyrimidin-4-y1l]{4-[{(3-methyl-1,2
oxazol-5-yljyaminolpiperidin-l-ylimethanone,
(51) N-(1-{[6-{[(2S)-1-hydroxy~-3,3~-dimethylbutan-2Z-
yllamino}-2~(pyrazolo(5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]carbonyl}piperidin-4-yl)cyclopropanecarboxamide,

20 (52) [6-(tert-butylamino)-2-(pyrazolo{5,1-bj[1,3]thiazol-7-

yl)pyrimidin-4-yl] (4-hydroxypiperidin-l-yl)methanone,
(53) methyl (1-{[6-(tert-butylamino)-2~(pyrazolo(5,1-
b1{1,3]thiazol-7-yl)pyrimidin~4-yllcarbonyllipiperidin-4-
vl)carbamate,

25 (54) propan-2-vyl1 {(l-{[e-{tert-butylamino)-Z-{(pyrazolo{5,1-
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bl[1,3]thiazol-7-yl)pyrimidin-4-yl]carbonyllpiperidin-4-
vl)carbamate,

(55) methyl [1-{{6é-[(l-hydroxy-Z2-metnylpropan-Z-yl)amino]-
2= (pyrazolo[5,1-b][1,3)thiazol~-7-y]l)pyrimidin-4-
yllcarbonyl)piperidin-4~yl]carbamate,

(56) [6-{[(2R)=3,3~dimethylbutan-2-yljamino}-2-~
(pyrazolo{5,1-b][1,3]thiazol-7-yl)pyrimidin-4-yl] (4~
hydroxypiperidin-1l-yl)methanone,

(57) methyl (1-{[6-{[(2S)~-1-hydroxy-3,3-dimethylibutan-2-
vllamino}-2-(pyrazolo[5,1-b}[1,3)thiazol-7-yl)pyrimidin-4-
vllcarbonvl}piperidin-4-yl)carbamate,

(58) methyl [1-({6~-[(3,3-dimethylbutan-2-yl)oxy]-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin~4-
yvl}carbonyl)piperidin-4-yl]carbamate,

9) methyl (1-{[6-(cyclcbhutyloxy)-2-(pyrazolo[5,1-

[S5]

(
bl(1,3]thiazol-7-yl)pyrimidin-4-yl]jcarbonylipiperidin-4-
yl) carbamate,

(60) N=-(1-{[6~{[{1S)-1-cyclopropylethyl]lamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7~-yl)pyrimidin-4-
yl]carbonyl}ipiperidin-4-yl)methanesulfonamide,

(61) N-(1-{[6-{[(1S)-1~cyclopropylethyl]lamino}-2-
(pyrazelo[5,1-b1{1,3]thiazol~-7-yl)pyrimidin-4-
yllcarbonyllpiperidin-4-yl)cyclopropanesulfonamide,

(62) N=-{l-{[6-{[{1lS)~1~cyclopropylethyl]laminoc}-2-

(pyrazolo[5,1-b][1,3)thiazol-7-yl)pyrimidin-4-
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yllcarbonylipiperidin-4-yl)ethanesulfonamide,

(63) N={(l1-{[6-(tert-butylamino)-2-(pyrazolo[5,1-

b} [1,31thiazol-7-yl)pyrimidin-4-yljcarbonyllpiperidin-4-
yv1)=-2-methylpropanamide,

(64) N-(1-{[6~(tert-butylaminoj-2-{(pyrazolo[5,1-
bl{1,3]thiazol~-7-yl)pyrimidin-4~yl]lcarbonyllpiperidin-4-
yl)-2,2-difluorocacetamide,

(€5) ethyl (1-{[6-(tert-butylamino)-2-(pyrazolol[3,1-
bl{1,3]thiazol-7-yl)pyrimidin-4~yl]carbonylipiperidin-4-
vl)carbamate,

(66) [6-(tert-butylamino)-2-(pyrazolo[5,1-b][1,3]thiazol-7-
vl)pyrimidin-4~-yl] [4~(pyridin-2-ylamino)piperidin-1-
y1l]lmethanone,

(67) ethyl (1-{[6~-{[(1R)~1~cyclopropylethyl]aminc}-2~-
(pyrazolo{5,1-b][1,3]1thiazel-7-yl)pyrimidin-4-
yvl]jcarbonyllpiperidin-4-vyl)carbamate,

(68) [6-(tert-butylamino)-2-(pyrazolo([5,1-b]}[1l,3]thiazol-7-
y1)pyrimidin-4-yl] [4-(1,3-thiazol-2-ylamino)piperidin~-1-
yl]methanone,

(69) [6-(tert-butylamino)-2-(pyrazolo[5,1~-bl(1,3]thiazol-7~
v1)pyrimidin-4-y1l] [4-(pyrimidin-2-ylamino}piperidin-1~
yl]methanone,

(70) methyl [1-({6-[(Z-methylbutan-2-yl)amino]-2-
(pyrazolo[5,1-b][1,3]thiazol-7~-yl)pyrimidin-4-

yl)carbonyl)piperidin-4-yljcarbamate,
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(71) (4~hydroxypiperidin-1l-yl) [6-(pentan-3-ylamino)-2-

(pyrazolc[5,1-b][1,3]thiazol-7-yljpyrimidin-4-yl]lmethanone,

=4

(7 propyl (l1-{[6é6-(tert-butylamino}-2-(pyrazolo[5,1-

[N

bj[1,3]thiazol—7—yl)pyrimidin—4—yl}carbonyl}piperidin—4—
yl)carbamate,

(73) propyl (i1-{[6-{[(1R)-1-cyclopropylethyl]lamino}-2-
(pyrazolo(5,1-b][1,3)thiazol-7-yl)pyrimidin-4-
yllcarbonyl}piperidin-4-yl)carbamate,

(74) propyl (1-{[6-{[(18)-1-cyclopropylethyl]jamino}-2-
(pyrazolo[5,1-b}[1,3}thiazol-7-yl)pyrimidin-4-
yvllcarbonylipiperidin-4-yl)carbamate,

(75) propyl (1-{[6-{[(2R)-3,3~dimethylbutan-Z-yl]lamino}-2~
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyljpiperidin-4-yl)carbamate,

(7¢) propyl (1-{[6-{[(25)-3,3~dimethylbutan-2-yllamino}-2-
(pyrazolo[5,1-b][1,31thiazol~7-yl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)carbamate,

(77) methyl [1-({6-[(2,2~dimethylpropyl)amino]-2-
(pyrazolo(5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl}lcarbonyl)piperidin-4-yljcarbamate,

{78) Zz-methoxyethyl (1-{[6-{[(1R)-1-
cyclopropylethyljamino}-2- (pyrazolo[5,1-b][1,3]thiazol-7-
v1)pyrimidin-4-yllcarbonyl}piperidin-4-yl)carbamate,

(79) 2-methoxyethyl (1-{[6~{[(1S)-1-

cyclopropylethyllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7~
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yl)pyrimidin-4-yljcarbonylipiperidin-4-vl)carbamate,

{80) 2-methoxyethyl (1-{[6-{[(2R}=-3,3-dimethylbutan~2-
vlilJaminol}-2-(pyrazolo[5,1-b][1l,3]thiazol-7T~-yl)pyrimidin~4-
vlicarbonyl}piperidin-4-yl)carbamate,

(81) 2-methoxyethyl (1-{[6-{[(28)~-3,3~-dimethylbutan-2-
yllamino}-2-(pyrazocle[5,1-b}[1,3])thiazol-7-yl)pyrimidin-4-
vl]carbonylipiperidin-4~yl)carbamate,

(82) N-(1-{[6~{[(1R)~1~cyclopropylethyl]lamino}-2-
{(pyrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-4-
vl]lcarbonylipiperidin~-4-yl)-2-methoxyacetamide,

(83) N~(1—{[6—{[(2R)—3,B*dimethylbutan~2—yl]amino}-2—
(pyrazeclo[5,1-b}[1,3]thiazol-7-yl)pyrimidin-4-
vl]carbonyl}ipiperidin-4~yl)-2-methoxyacetamide,

(84) methyl [I1-({6-[{[1~-

{(methoxymethyl)cyclopropyl]lmethyl} {methyl)amino]-2-

{

N

azolo[5,1-b}[1,3]thiazol-7-yl)pyrimidin~4-

T

y
vl}lcarbonyl)piperidin-4~yljcarbamate,

(85) 2,2-difluorcethyl (1-{[6-{[(1R)-1-
cyclopropylethyllamino} -2~ (pyrazolo{5,1-b][1i,3]thiazol-7~
v1)pyrimidin-4-yl]carbonyl}piperidin-4-yl)carbamate,

(86) 2,2-difluocroethyl (1-{[6-{[(2R)=-3,3-dimethylbutan-2-
vllamino}-2~-(pyrazolo[5,1-b][1,3]thiazol~T7~yl)pyrimidin-4-
vl]carbonylipiperidin-4-yl)carbamate,

(87) 2,2-difluoroethyl (1-{[6-{[(1S)-1-

cyclopropylethyllamino}~2~(pyrazolo(5,1-bj[1,3 thiazol-T7-
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vl)pyrimidin-4~-yl]lcarbonyljpiperidin-4-yl)carbamate,

(88) Z,2-difluorocethyl (1-{{6-{[(2S5)-3,3-dimethylbutan-2-
yllamino}-2-(pyrazolo([5,1-b][1,3)thiazol-7-yl)pyrimidin~4-
yl]carbonylipiperidin-4-yl)carbamate,

5 (89) tert-butyl (1-{[6~{[(2R)-3,3-dimethylbutan-2-
yllamino}-2-(pyrazclo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vl]lcarbonylipiperidin-4-yl)carbamate,

(90) 2-methoxyethyl (l1-{[6-(tert-butylamino)-2-
(pyrazolo[5,1-b]{1,31thiazol-7~yl}lpyrimidin-4-

10 yvllcarbonylipiperidin-4~yl)carbamate,
(91) 2-(dimethylamino)ethyl (l1-{[6-{[(2R)=3,3~
dimethylbutan-2-yllamino}-2- (pyrazolo[5,1-b][1,3]thiazol-7-

v1)pyvrimidin-4~-yljcarbonyllipiperidin-4-yl)carbamate,

(92) 2,2,2-trifluoroethyl (1-{[€~-{[(1R;-1~-

15 cyclopropylethyljamino}-2-(pyrazolo(5,1-b][1,3]thiazol-7~-
yl)pyrimidin-4~yllcarbonylipiperidin-4-yl)carpamate,

(93) 2,2,2-triflucrcethyl (1-{[6-{[(2R)~3,3~-dimethylbutan-
2-yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-
4-yllcarbonyl}piperidin-4-yl)carbamate,

20 (94) 2-methoxy-N-(1-{[6-(pentan-3-ylamino)-2-(pyrazolo[5,1-
bl[1,3lthiazol-7-yl)pyrimidin~4-yl}carbonylipiperidin~-4-
yl)acetamide,

(95) N-(1-{[6-{2-ethylbutoxy)-2-(pyrazolo[5,1~
bl1[1,3)thiazol-7-yl)pyrimidin-4-yl]jcarbcnylipiperidin-4-

25 yv1l)cyclopropanecarboxamide,
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methyl (1-{[6-{(pentan~-3-yloxy)-2-(pyrazoclo[5,1-

L1[1,3]thiazol-7-yl)pyrimidin-4-yljcarbonylipiperidin-4-

yl)carbamate,

(97)

b][1,

[

methyl (1-{{6-{pentan-3-ylamino)-2-(pyrazolol5,1~

3lthiazol-7-yl)pyrimidin-4-yl]carbonyllpiperidin-4-

vl)carbamate,

(98)

bl 1,

N=-[1-({6~[(2~ethylbutyl)amino]~-2~ (pyrazolol5,1-

3lthiazol~7-yl)pyrimidin-4-vyl}carbonyl)piperidin~-4-~

yl]cyclopropanecarboxamide,

(99)

bil1,

N-{1-{[6-{pentan-3-yloxy)-2-(pyrazolo[5,1-

3lthiazol-7-yl)pyrimidin-4-vyl]carbonylipiperidin-4-

vl)cyclopropanecarboxamide,

{100)

methyl [1-({6~-[methyl(pentan-3-yl)jamino]~2-

(pyrazolo[5,1-b]{1,3]thiazol-7-yl)pyrimidin-4~

yllcarbonyl)piperidin-4-yl]carbamate,

(101)

methyl (1-{[6-{[(2R)-3,3~dimethylbutan-2-

v1] (methyl)amino}-2- (pyrazclo[5,1-b]{1,3]thiazol-7-

v1)pyrimidin-4-yl]jcarbonyl)piperidin-4-yl)carbamate,

(102)

bl [1,

N-(1l-{[6-(2~-ethylbutoxy)~-2-(pyrazolo[5, 1~

3lthiazol-7-yl)pyrimidin-4-yl]lcarbonyllpiperidin-4-

y1l)propanamide,

(103)

N-(1-{[6-{[(2R)-3,3~dimethylbutan-2-

yl] (methyl)amino}-2-(pyrazolo{5,1-b][1,3]thiazol~7~

yvl)pyrimidin-4-yllcarbonyl}piperidin-4-yl)propanamide,

{104)

N-{l-({é-[{methyl (pentan-3-yl)amino]-2~-{(pyrazolol[5,1-
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b]{1l,3]thiazol-7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-
yl]propanamide,

(105) [6-{[(2R)-3,3-dimethylbutan-2-yljamino} -2~
(pyrazolo[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-yl]{4~-[ (3~
fluoropyridin~-2-yl)amino]lpiperidin-l-yl}lmethanone,

(106) N-[1-({6é6-[{(2-methoxy-2-methylpropyl)amino]-2-
(pyrazolo(5,1-b}[1,3]thiazol-7-yl)pyrimidin-4-
yl}lcarbonyl)piperidin-4-yl]propanamide,

(107) (4-hydroxypiperidin-1-vyl){6-[methyl (pentan-3-
v1l)amino] -2~ (pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
y1l}methanone,

(108) N-(l-{[6-{[(2R)~3~methylbutan-2-yljamino}-2~
(pyrazolol[5,1-b][1,3]thiazol~7-yl)pyrimidin—-4-
yl]carbonylipiperidin-4-yl)propanamide,

(109) N-{1-{[6~-{[{(2R)~3-methylbutan-2-yllamino}~-2~
(pyrazolo[5,1-b]1[1,3]thiazol-7-yl)pyrimidin-4-
vljcarbonyllpiperidin-4~-yl)cyclopropanecarboxamide,

(110) N-(1-{[6={[(28)-3-methylbutan-2~-yl]lamino}-2-
(pyrazolo[5,1-b}[1,3]thiazcl-7-yl)pyrimidin-4~
yllcarbonylipiperidin-4-yl)cyclopropanecarboxamide,

{111) N-{(1-{[é~(pentan-3-ylamino)-2-(pyrazoloc[5,1-

bl {1,31thiazol-7-yl)pyrimidin-4-yljcarbonyl}piperidin-4-
vl)cyclopropanecarboxamide,

(112) methyl [1-({6-[(25)~-butan-2-ylamino]}-2-(pyrazolo[5,1-

p1[1,3]thiazol-7-vl)pyrimidin-4-yl}jcarbonyl)piperidin-4-
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yv1llcarbamate,

(113) methyl [1-{{6-[(2R)-butan-2-ylamino]-2-(pyrazolc[5, 1-
blil,3]thiazol~-7-yl)pyrimidin-4-yl}lcarbonyl)piperidin-4-
vllcarbamate,

(114) N-[1-({6~[(1-methylcyclopropyl)amino]-2-
(pyrazolo[5,1-b!{1,3]thiazol-7-yl)pyrimidin~-4-
vllcarbonyl)piperidin-4-yl]lpropanamide,

(115) {e~{[(2R)~-3,3-dimethylbutan-Z-yl]lamino}-2-
(pyrazolo{5,1-b]l[1l,3]thiazol~T7-yl)pyrimidin-4-yl]{4-[ {5~
fluoropyridin-2-yl)aminolpiperidin-1-yl}methanone,

(116) Z2-methyl-N-[1l-({{6-](2-methylbutan-2-yl)amino]-2-
(pyrazolo{5,1-bl[1,3]thiazol-7-yl)pyrimidin-4-
yvi}carbonyl)piperidin~-4-yl]propanamide,

(117) N=-[1-({6-[(28)-butan-2-ylamino]-2-(pyrazolo[5,1-
b]{1,3}thiazol—?—yl)pyrimidin—4—yl}carbonyl)piperidin—4—
vl]lpropanamide,

(118) methyl [1-({6-[tert-butyl (methyl)aminc]~2-
(pyrazolol[5,1-b][1,3]thiazol~-7-yl)pyrimidin-4-
yvllcarbonyl)piperidin-4-yl]carbamate,

(119) cyclopropyl (1-{{6-{[(1S)~-1-cyclopropylethyljamino}-
2-(pyrazolo[5,1-b}[1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonyllpiperidin~-4-yl)carbamate,

(120) cyclopropyl (l1-{[6-(tert-butylamino)-2-{pyrazolo[5,1-
b]ll,3}1thiazol~7~yl)pyrimidin-4~yl]carbonyl}piperidin-4-

yl)carbamate,
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(121) Z,2-difluoro-N-(1-{[6-{](2R)-3~-methylbutan-2-
yijaminoc}-2-{pyrazclo[5,1-b][1,3]thiazcl-7-yv1l)pyrimidin-4-
yllcarbonylipiperidin-4~yljacetamide,

(122) 3-[1-({6-[(2,2~-dimethylpropyl)amino]-2-(pyrazolo[5, 1~
bj[1,3]thiazol-7-yl)pyrimidin-4-yljcarbonyl)piperidin-4-
yl]-1,1-dimethylurea,

(123) 3-(1-{[6-{[(IR)~1~-cyclopropylethyl}lamino}-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yvllcarbonylipiperidin-4-yl)-1,1l1-dimethylurea,

(124) propan-2-yl [1-{{6-[{(3-methyloxetan-3-yl)aminoc]-2-
(pyrazolol5,1-b}[1,3]thiazol-7-yl)pyrimidin-4-
licarbonyl)piperidin-4-yl]jcarbamate,

(125) methyl [1-({6-[(dicyclopropylmethyl)aminc]-2-
(pyrazolo[5,1-bj[1,3]thiazol-7~-yl)pyrimidin-4~
vllcarbonyl)piperidin-4-yl]carbamate,

(126) methyl (1-{[6é-phenoxy-2-{(pyrazclo[5,1-b][1,3]thiazol-
7-yl)pyrimidin-4-yljcarbonyllpiperidin-4-yl)carbamate,
(127) tert-butyl 4-{[6-({4~

[ (methoxycarbonyl)amino]piperidin-1-yllcarbonyl)-2-
(pyrazolo[5,1-b]1[1,3]thiazol-7-ylipyrimidin-4-
vllamino}piperidine~l-carboxylate,

(128) methyl (1-{[6-(piperidin-4-yiamino)-Z~(pyrazolo[5,1-
b][1,3)]thiazol-7-yl)pyrimidin-4-ylicarbonyll}piperidin-4-
yl)carbamate,

{129) methyl [1-({6-[{(l-cyanocyclopropyl)amino]-2-
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(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonyl)piperiain-4-yl]carbamate,

(130) methyl (1-{[6-{[(1S})~1~cyclopropylethyl]aminoc}-5-
methoxy-2-{pyrazolo[5,1-b][1,3]thiazol~T~yl)pyrimidin-4-
vl]carbonyllpiperidin~-4~yl)carbamate,

(131) methyl (1-{[6-{[(2R)-3,3-dimethylbutan-2-yllamino}=-5-
methoxy-2- (pyrazolo[b,1-bl[1,3]thiazol-7T-yl)pyrimidin-4-
yvl]lcarbonylipiperidin-4-yl)carbamate,

(132) methyl [1-({6-[(2S)-butan-2-ylamino]-~5-methoxy-2-
(pyrazolo[5,1-b][1,31thiazol-7-yl)pyrimidin-4-
vlicarbonyl)piperidin-4-yl]carbamate,

(133) methyl (1-{[6-{[(15)-1-cyclopropylethyllamino}-5-
ethoxy-Z-(pvrazolo[5,1-b][1,3]thiazol~7-yl)pyrimidin-4-
yl]Jcarbonyllpiperidin-4-vyljcarbamate,

(134) methyl (1-{[6-{[(2R)-3,3-dimethylbutan-2-yllamino}-5-
ethoxy-2-(pyrazolo[5,1-b][1,3]thiazol-7~-yl)pyrimidin-4-
vl]carbonylipiperidin-4-yljcarbamate,

(135) methyl (1-{[2-(pyrazolo[5,1-b][1l,3]thiazol~-7~yl)-6-
(pyridin-3-yloxy)pyrimidin-4-yl]carbonylipiperidin-4-
yl)carbamate,

or a pharmaceutically acceptable salt therecf, or a solvate

therect.

7. The pyrazolothiazole compound according to claim

1 which is any one of the following (1) to [(58):
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(1) N-(1-{[6-{[(1S)-1-cyclopropylethyllamino}-2-
{pyrazclo[5,1-b]{1,3]thiazcl-7-yl)pyrimidin-4-
yllcarbonyl}piperidin-4-vyl)cyclopropanecarboxamide,
(2) N-(1-{[e~{[(28;-3,3~-dimethyvlbutan-2-yljiamino}-2-
(pyrazolo[5,1-b]{1,3]thiazol-T7-yl)pyrimidin-4-
yvl]carbonylipiperidin-4-yl)cyclopropanecarboxamide,
(3) N-(1-{[6-{[(15,28)-2~-
(difluoromethoxy)cyclopentyl] (methyl})amino}~-2-
(pyrazolo[5,1-b][1,3}thiazeol-7-yl)pyrimidin-4-
yv1llcarbonyl})piperidin-4-yl)cyclopropanecarboxamide,
(4) N-(1-{[6-{[(2S8)~3,3~dimethylbutan-Z-yl}lamino}-5-methyl~
2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yvllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,

(5) N-[1-({e~[({1~
[{difluoromethoxy)methyl]cvclicpropylimethyl)amino]-2~
(pyrazolo[5,1-b][1,3)thiazol-7-yvl)pyrimidin-4-
yllcarbonyl)piperidin-4-yl]cyclopropanecarboxamide,

(6) N-[1-({6-[({1-

[ (difluoromethoxy)methyllcyclobutylimethyl)amino] -2~

(pyrazolo(5,1-bl[1,3]thiazol-7-yl)pyrimidin-4-

yl}carbonyl)piperidin~4-yl]jcyclopropanecarboxamide,

[(difluoromethoxy)methyl cyclopentvlimethyl)amino]~-2~
(pyrazolo[5,1-b]{1,3]thiazol-7-yl)pyrimidin-4~

vllcarbonyl)piperidin-4-yl]lcyclopropanecarboxamide,
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(8) N-[1-({e-[({{4-[(difluoromethocxy)methyl]tetrahydro-2H-
pyran-4-ylimethyl)amino]~2~-(pyrazolo[5,1-b]{1,3])thiazol-7-
vlipyrimidin-4~vljcarbonyl)piperidin-4-
yvllcyclopropanecarboxamide,

(9) N-(1-{[6~-{[(1S)-1-cyclopropylethyl]lamino}-5-methyl-2-
{(pyreazolo(5,1-b][1l,3]thiazol-7-vl)pyrimidin-4-
yllcarbonylipiperidin-4-yl)cyclopropanecarboxamide,

(10) N-(1-{leo-{[(1S5,28)-2-
(difluoromethoxy)cyclopentyl]aminc}-2~(pyrazolo[5, 1~
b]J[1,3}thiazol~7-yl)pyrimidin~4-vyllcarbonyllpiperidin-4-
vl)cyclopropanecarboxamide,

(11) N-[1-{{6-1(2,2-dimethylpropyl)amino] -2~ (pyrazolol5,1-
bl[1l,3]thiazol-7-yl)pyrimidin~4-yljcarbonyl)piperidin-4-
yl]jcyclopropanecarboxamide,

(12) N-(1-{[6-{[(ZR)-3,3-dimethylbutan-2-yllamino}~2-
(pyrazolo[5,1-bl[1,3]thiazol-7-yl)pyrimidin-4-
yl]carbonyllpiperidin-4-yl)cyclopropanecarboxamide,

(13) N-(1l-{[6-{[(28)~1~(diflucromethoxy)propan-2-yllamino}-
2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl]carbonyllpiperidin-4~-yl)cyclopropanecarboxamide,

(14) methyl (1-{[6-{[(1S)-1-cyclopropylethyl]amino}-2-
{pyrazoio[5,1-b][1l,3]thiazol~7~yl)pyrimidin~-4-
yvl]carbonyll}piperidin-4-yl)carbamate,

{15) ethyl (1-{[6-{{(18)~-1~-cyclopropylethyl]laminoc}-2-

(pyrazolo[5,1-p]l{1l,3]thiazol-7-yl)pyrimidin-4-
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yvl]lcarbonyllipiperidin-4-yl)carbamate,
{16) N={1-{[e=-{[{18)-1~cyclopropylethyljamino}-2Z~
(pyrazolo{b,1~b][1,3lthiazol~7-yl)pyrimidin-4-
yvllcarbonyllpiperidin-4-yl)benzamide,
(17) N={(1-{[6~-{[(1S)-1-cyclopropylethyl] (methyl)aminc}-2~
(pyrazolo[5,1-b][1,3]thiazol~T7-yl)pyrimidin-4-
yl]lcarbonyl}lpiperidin-4-yl)cyclopropanecarboxamide,
(18) propan-2-yl (1-{[6-{{(1S)-1-cyclopropylethyl]lamino}-2-
(pyrazolo{5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonylipiperidin-4~yl)carbamate,
(19) N-{(1-{[6-(cyclopropylmethoxy)-2~(pyrazolo([5, 1-
bl(1l,3]thiazol-7-yl)pyrimidin~4~yljcarbonyl}piperidin-4-
yvljcyclopropanecarboxamide,

(20) N-[1-({6-[(3,3-dimethylbutan-2-yljoxy]-2-

vllcarbonyl)piperidin~-4-yl]cyclopropanecarbcxamide,

(217 N-(1-{[6-(cyclobutyloxy)-2-(pyrazolo[5,1-
p1{1,3]thiazel-7-yl)pyrimidin-4-yllcarbonyllpiperidin-4-
yvl)cyclopropanecarboxamide,

{22y N=[1-({6-{(l-hydroxy-2-methylpropan-2~yl)aminol-2-
(pvrazolo[5,1-b][1,3)thiazol~7-yl)pyrimidin-4-
yllcarbonyl)piperidin-4-yljcyclopropanecarboxamide,

(23y [e~{[(18)~1-cyclopropylethyl]lamino}-2~(pyrazolo[5,1~
b1[1,3]thiazol-7-yl)pyrimidin-4-y1][4-(1,3-thiazol~2-

ylamino)piperidin-l-yllmethancne,
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(24) N-(1-{[6-{[{(2S)~-1~hydroxy~3,3-dimethylbutan-2-
vljamino}-Z- (pyrazolo[5,1-bl[1,3]thiazol-7-yl)pyrimidin-4-
yl]lcarbonyl}lpiperidin-4~yl)cyclopropanecarboxamide,

(25) methyl (1-{[6-(tert-butylamino)-2-(pyrazclo[5,1-
bl1l[l,3]thiazol-7-yl)pyrimidin~4-yl]carbonyl}piperidin-4-
yvl)carbamate,

(26) propan-2-yl (1-{[6-(tert-butylamino)-2-({pyrazcliol5,1-
b]{l1,3]thiazol~7~yl)pyrimidin~-4-yl]carbonyl}lpiperidin-4-
yvl)carbamate,

(27) methyl [1~-({6-([{l~hydroxy~-2-methylpropan-2~yl)aminol-
Z-(pyrazolol5,1-b][1,3]thiazol~7-yl)pyrimidin-4~
vlicarbonyl)piperidin-4~yljcarbamate,

(28) [©6~{[(2R)~-3,3~dimethylbutan~2~yllamino}-2-
(pyrazolol[5,1-b]{1,3]thiazol-7-yl)pyrimidin-4-y1] (4~
hydroxypiperidin-l-yl)methanone,

{29) metnyl (1-{[6-{[(28)~1-hydroxy-3,3~dimethylbutan-2-
yllamino}-2- (pyrazolo[5,1-b][1,3]thiazol-7-yvl)pyrimidin-4-
yllcarbonyl}piperidin~4-yl)carbamate,

(30) methyl [1-({6é-][(3,3-dimethylbutan-2-yl)oxy]-2-
(pyrazolol[5,1-b][1,3]thiazecl-7-yl)pyrimidin-4-
yvllcarbonyl)piperidin-4-yl]lcarbamate,

{31} methyl (1~{[6-(cyclobutyloxy)—2—(pyrazolo[5,1—
bl[l,3]thiazol~-7~yl)pyrimidin-4-yl]lcarbonylipiperidin-4~
yv1l)carbamate,

{32y N~{1-{[6-{[({18)-1-cvyclopropylethyl]lamino}~Z2~
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(pyrazolo[5,1-b][1,3ithiazoci-7~yl)pyrimidin~-4-
yvllcarbonylipiperidin-4-yl)cyclopropanesulfonamide,

(33) N=(i1-{[6-{[(1S)-1l~-cyclopropylethyl]amino}-2-
(pyrazoclo([5,1-b]{1,3lthiazol-7-yl)pyrimidin-4-
vllcarbonyl}piperidin-4-yil)ethanesulfonamide,

(34) ethyl (1-{[6-(rert-butylamino)-2Z2~(pyrazolo(5,1~
b}[1,3]thiazol-7~yl)pyrimidin-4~yl]carbonyl}piperidin-4-
yvl)carbamate,

(35) [6-(tert-butylamino)-2-(pyrazoio([5,1-b}[1,3]thiazcl-7-
vil)pvrimidin-4-yl]} [4~(pyridin-2-ylamino)piperidin-1-

vl]methanone,

(36) propyl (1-{[6-(tert-butylamino)-2-(pyrazolo(5,1-

b} (1l,3}thiazol-7-yl)pyrimidin~-4~-yl]lcarbonyl}piperidin-4-
y1il)carbamate,

(37) N-(1-{[6~-{[(2R)~-3,3-dimethylbutan-2Z-yllamino}-2~
{(pyrazolo(5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
vllcarbonyllpiperidin-4-yl)-2-methoxyacetamide,

(38) 2,2-difluoroethyl (1-{[6-{[(15)-1-
cyclopropylethyllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-
v1l)pyrimidin-4-yllcarbonyllpiperidin-4-yl)carbamate,

(39) 2,2-difluorocethyl (1-{[6-{[(2S8)-3,3~dimethylbutan-2-
yliamino}-2-(pyrazolo{b,1-b][1,3]thiazol-7-yl)pyrimidin~4-
yllcarbonyljpiperidin-4-yl)carbamate,

(40) tert-butyl (1-{[{6-{[{2R)-3,3-dimethylbutan-2-

yl]amino}-2-(pyrazolo[b,1~-b][1,3]thiazol~-T7-yl)pyrimidin-4~
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(41) 2-methoxyethyl (1-{[6-(tert-butylaminc)-2-
(pyrazolo5,1-bl[1,3]thiazol~7-yl)pyrimidin-4~
yllcarbonyllpiperidin-4-yl)carbamate,

(42) 2Z2-{(dimethylamino)ethyl (1-{[&-{[(2R)-3,3~
dimethylbutan-Z2-yllamino}-Z2-(pyrazolo[5,1-b}[1,3]thiazol-7-
vl)pyrimidin-4-yl]carbonyl})piperidin-4~-vl)carbamate,

(43) 2,2,2-trifluoroethyl (1-{[6-{[(1R)-1~-
cyclopropylethyllamino}-2-{(pyrazolo[5,1-b][1,3]thiazocl-7-
vllpyrimidin-4-yllicarbonyl}piperidin-4-yl)carbamate,

(44) 2,2,2-trifluocrcethyl (1-{[€6-{[(2R)-3,3-dimethylbutan-
2-yllamino}-2-(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-
4~-ylicarbonyllpiperidin-4-yl)carbamate,

(45) methyl (1-{[6-(pentan-3-yloxy)-2~(pyrazoliol[5,1-

ry]

b][1l,3]thiazel-7-yl)pyrimidin-4-yljcarbonyl}piperidin-4~

’ (8

C

yl)carbamate,

(46) N—[l~({6—[(Z—ethylbutyl)amino]—2—(pyrazolo[5,1—
bl[1l,3]thiazol-7-yl)pyrimidin-4~-yl}carbonyl)piperidin=-4-
vl]cyclopropanecarboxamide,

(47) N~(1-{[6-(pentan—-3-yloxy)-2-({pyrazolo[5,1-
bl{l,3]thiazol-7-yl)pyrimidin-4-yl]lcarbonyl}ipiperidin-4-
vl)cyclopropanecarboxamide,

{(48) methyl [1-({6-[(2S)-butan-2-ylaminol-2-(pyrazolo[5,1-
b]{1,3]thiazol-7-yl)pyrimidin-4-yl}carbonyl)piperidin-4-

yllcarbamate,
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{49) methyl [1-({6-[(ZR)-butan-2-ylamino]-2-(pyrazolo[5,1-
bl[{1l,3]thiazol-7-yl)pyrimidin-4-yljcarbonyl)piperidin-4-
vilcarbamate,

(50) N-[1-({6-[(l-methylcyclopropyl)amino]-2-(pyrazolol(5,1-
b][1l,3)thiazol-7-yl)pyrimidin-4~-vyl}carbonyl)piperidin-4-
yvl]propanamide,

(51) methyl [1-({6-[tert-butyl (methyl)amino}-2~-
(pyrazolo([5,1-b]{1,3lthiazol-7-yl)pyrimidin-4-
vl}lcarbonyl)piperidin~4~yl]carbamate,

(52) cyclopropyl (1-{[6-(tert-butylamino)-2-(pyrazolol[5,1-
bl[1,3]thiazol-7-yl)pyrimidin~-4~yllcarbonyl}piperidin-4-
vl)carbamate,

(53) propan-Z-yl [1-({6-[(3-methyloxetan-3-yl)amino]-2-

(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-

ot

ylicarbonyl)piperidin-4-vyllcarbamate,
(54) methyl [1-({6-[(l-cyanocyclopropyl)amino]-2~
(pyrazolo([5,1~-b][1,3]thiazol-7-yl)pyrimidin-4-
yllcarbonyl)piperidin-4-yl]carbamate,

(55) methyl [1-({6-[(2S)~butan~-2-ylamino]-5-methoxy-2-
(pyrazolo[5,1-b][1,3]thiazol-7-yl)pyrimidin-4-
yl}carbonyl)piperidin-4-yljcarbamate,

(56) methyl (1-{[6-{[(1S)-1-cyclopropylethyl]lamino}~-5-
ethoxy-2~(pyrazolo[5,1-b]{1,3]thiazol-7~-yl)pyrimidin-4-
yljcarbonylipiperidin-4-yl)carbamate,

(57) methyl (1-{[6-{[(2R)-3,3~dimethylbutan-2-yl]amino}-5-
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ethoxy-2-(pyrazolol5,1-bl[1,3)thiazol-7T-yl)pyrimidin—-4-
ylicarbonyllpiperidin-4~vyl)carbamate, and

(58) methyl (1-{[2-(pyrezolo([5,1-b]J[1,3]thiazol~-7-yl)-6-
(pyridin-3-yloxy)pyrimidin-4-yl]carbonylipiperidin-4-
yl)carbamate,

or a pharmaceutically acceptable salt thereof, or a solvate

thereof.

8. The pyrazolothiazole compound according to claim
1 which is any one of the following (1) to (8):
(1) N-(1-{[6~{[(1S)-1-cyclopropylethyl]amino}-2~
(pyrazolo[b,1-bj[1,3]thiazol-T-yl)pyrimidin-4-
yl]lcarbonyvlipiperidin-4-yl}cyclopropanecarboxamide,
(2) N=-{1-{[6-{[(2R)~-3,3-dimethylbutan-Z-yljamino}-2-

{(pyrazoleolb,1-b][1,3lthiazel-7-yl)pyrimidin-4-

NS

yl]carbonylipiperidin~4-yl)cyclopropanecarboxamide,

(3) methyl (I-{[6-{[(13)-1-cyclopropylethyl]amino}-2-
(pyrazolo[5,1-b][1,3]}thiazol-7-yl)pyrimidin-4-
yl]carbonyl}piperidin-4-yl)carbamate,

(4) ethyl (1-{[6-{[(1S)-1-cyclopropylethyllamino}-2-
(pyrazolo{5,1-b][1,3]thigzol-7-yl)pyrimidin~-4-
yllcarbonyl}piperidin-4-yl)carbamate,

(5) N-(1-{[6-{{(1S)~1~cyclopropylethyl] (methyl)amino}-2-
(pyrazolo{5,1~-pb][1,3]thiazol-7-yl)pyrimidin-4~

vllcarbonyllpiperidin-4-yl)cyclopropanecarboxamide,
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(6) precpan-Z-yl (i1-{[6-{[(1S)~-1l-cyclopropylethyl]lamino}-2-
{(pyrazoclol5,1-b][1,3]thiazol-7-yljpyrimidin-4-
yiJcarbonylipiperidin-4-yl)carbamate,

(7) methyl [1-({€-][(2S)~-butan-2Z-ylaminc]-2-(pyrazolo[5,1-
b]l[1,3]thiazol~-7-yl)pyrimidin-4~-yl}carbonyl)piperidin-4-
vl]carbamate, and

(8) methyl [1-({6-[(2R)-butan-2-ylaminc]-2-(pyrazolo(5,1-
bl[1l,3]thiazol~7-yl)pyrimidin-4~yl}carbonyl)piperidin-4-
yl]carbamate,

or a pharmaceutically acceptable salt therecf, or a solvate

thereof.

9. A pharmaceutical composition comprising the
pyrazolothiazole compound or a pharmaceutically acceptable
salt thereof or a solvate thereof according to any one of
claims 1 to 8 as an active ingredient.

10. A JAKl inhibitor comprising the pyrazolothiazcle
compound or a pharmaceutically acceptable salt thereoif or a

solvate thereof according to any one of claims 1 to 8 as an

active ingredient.

11. A therapeutic agent for an inflammatory disease
comprising the pyrazolothiazole compound or a

- v

pharmaceutically acceptable salt thereof or a solvate
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therecf according to any one ¢f claims 1 to 8 as an active

ingredient.

12. The therapeutic agent according to claim 11
wherein the inflammatory disease is atopic dermatitis,
eczema, bronchial asthma, eosinophilic pneumonia, chronic
obstructive pulmonary disease, allergic rhinizis,
eosinophilic sinusitis, nasal polyp, ankylesing spondylitis

or eosinophilic esophagitis.

13. A therapeutic agent for an autoimmune disease
comprising the pyrazolothiazole compound or a
pharmaceutically acceptable salt therecf or a solvate
thereof according to any one of claims 1 to 8 as an active

ingredient.

14. The therapeutic agent according to claim 13
wherein the autoimmune disease is rheumatoid arthritis,
psoriatic arthritis, juvenile arthritis, Castleman's
disease, systemic lupus erythematosus, S$Sjdégren’s syndrome,
inflammatory bowel disease, psoriasis, scleroderma, dry eye,
Takayasu's arteritis, gilant cell arteritis, micrescopic
polyangiitis, granulomatosis with polyangiitis,
eosinophilic granulcmatosis with polyangiitis or

neuromyelitis optica.
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15. A therapeutic agent for a proliferative disease
comprising the pyrazolothiazole compound or a
pharmaceutically acceptable salt therecf or a solvate
thereof according to any one of claims 1 to 8 as an active

ingredient.

16. The therapeutic agent according to claim 15
wherein the procliferative disease is solid cancers, blood
cancers, lymph malignant tumor, myeloprcliferative diseases,

multiple myeloma, pulmonary fibrosis or eosinophilia.

17. A therapeutic agent for diabetic nephropathy,
alopecia areata, bone marrow transplant rejection or organ
transplant rejection comprising the pyrazolothiazole
compound or a pharmaceutically acceptable salt thereof or a
solivate thereof according to any one of claims 1 to & as an

active ingredient.



