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mula (I) or a pharmaceutically acceptable salt thereof having,
inhibitory activity for protein kinase, and a pharmaceutical
composition comprising same for prevention and treatment
of abnormal cell growth diseases.

63 Claims, No Drawings



US RE47,451 E

1

THIENO|3,2-D|PYRIMIDINE DERIVATIVES
HAVING INHIBITORY ACTIVITY FOR
PROTEIN KINASES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a reissue application of U.S. Pat. No.
9.156,852 B2 which 1s a National Stage ol International
Application No. PCT/KR2012/0115771 filed Dec. 27, 2012,
filed as U.S. application Ser. No. 14/363,857, claiming
priority based on Korean Patent Application No. 10-2011-
0146818 filed Dec. 30, 2011, the contents [of all] of which

are incorporated [herein] by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to thieno[3,2-d]-pyrimidine
derivatives and pharmaceutically acceptable salts thereof
having inhibitory activity for protein kinases, and a phar-
maceutical composition comprising same as an active igre-
dient for prevention and treatment ol diseases caused by
abnormal cell growth of protein kinases.

BACKGROUND OF THE INVENTION

A protein kinase 1s an enzyme, which plays a key role 1n
mediation of signal transduction via phosphorylation of a
hydroxyl group present 1n a tyrosine, serine or threonine
residue, and, thus, 1s deeply involved 1n the regulation of cell
growth, differentiation, proliferation, efc.

As 1s well known, a balance between “on-states” and
“off-states” of an intracellular signaling pathway 1s essential
for maintenance of homeostasis of a cell. When a normal
intracellular signaling pathway of, e.g., mostly continuation
of “on-state” of intracellular signals 1s interrupted due to
overexpression or mutation ol a specific protein kinase, i1t
may lead to an outbreak of various diseases such as cancer,
inflammatory disease, metabolic disease and brain disease. It
1s estimated that human genome contains 518 protein
kinases which constitute approximately 1.7% of all human
genes [Manning et al., Science, 298, (2002), 1912]; and the
protein kinases can be divided into tyrosine protein kinases
(90 or more types) and serine/threonine protein kinases. The
tyrosine protein kinases can be divided into receptor tyrosine
kinases including 58 distinct kinases which can be further
categorized 1nto 20 subtypes, and cytoplasmic/non-receptor
tyrosine kinases including 32 distinct kinases which can be
turther categornized nto 10 subtypes. A receptor tyrosine
kinase has a kinase domain on the surface where 1t can bind
a growth factor, and an active site where phosphorylation of
a tyrosine residue takes place. Binding of a growth factor to
the extracellular domain of the receptor may cause the
receptor tyrosine kinase to form a polymer, which may result
in autophosphorylation of specific tyrosine residues 1n the
cytoplasmic domain. This may trigger a cascade of events
through phosphorylation of intracellular proteins that ulti-
mately transmit the extracellular signal to the nucleus,
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thereby causing transcription and synthesis of various genes
that may be mvolved 1n cell growth, diflerentiation, prolii-
eration and the like.

Among the various cytoplasmic kinases, RAF 1s one of
the kinases that participate in the linear Ras-RAF-MEK-
ERK mitogen-activated protein kinase (MAPK) pathway
initiated by a receptor protein kinase, which 1s activated by
a growth factor [Solit, D. B. et al., Nature, 439, (2006), 338].
Currently, there are known three types of 1soforms thereof,
1.e., A-RAF, B-RAF and C-RAF (RAF-1) [Jansen H W, et
al., EMBO 1, 2, (1983), 1969; Marais R. et al., Cancer Surv,
27, (1996), 101]. Since abnormal activation in the MAPK
pathway has been observed 1n approximately 30% of human
cancer tissues and gene mutation of B-RAF and C-RAF
showing aberrant activation has been confirmed 1n cancer
tissues, 1t 1s generally accepted that RAF plays a very
important role 1n the MAPK pathway of cancer tissues.

Accordingly, there have been suggested methods of using
a compound having an mnhibitory eflect against abnormal
activities of RAF kinases for treatment of cancer. Hence, a
number of RAF and modified RAF kinase inhibitors are
currently under development or being tested in ongoing
clinical studies. Examples of such RAF kinase inhibitors
include: soratenib (Nexavar®, Bayer) which 1s used for
treatment of liver cancer, vemuratenib (PLX-4032, RG7204,
Roche) which has been recently approved for treatment of
melanoma; and examples that are currently being tested in
clinical trials include: regoratenib and RDEA119 by Bayer,
RAF265 by Novartis, E3810 by Advan Chem, DCC2036 by
Deciphera Pharma., CKI-27 by Chugai Pharma.,
RO-5126766 by Roche, eftc.

However, eflicacy of such drugs has been questioned
when they are administered over a duration of time despite
their good 1nitial performance as drug resistance has been
observed 1n some patients about 7 months after the initial
administration of the drug.

It has been postulated that such degradation may be due
to the drug resistance of B-RAF inhibitor which 1s caused by
abnormal activation of MAPK pathway due to changes 1n
RAF, activation of complementary signaling system among
different RAF 1soforms, or activation of various receptor
kinases other than MAPK as a result of activation of
different pathways of Ras, a key protein used 1n the signal-
transducing cascade which consists of K-Ras, N-Ras and
H-Ras subtypes.

One of the signaling pathways that the RAF kinases do
not get mvolved 1s C-FMS (cellular feline McDonough
sarcoma), also known as colony-stimulating factor-1 recep-
tor (CSF-1R), which 1s a member of the family of genes
originally 1solated from the Susan McDonough strain of
teline sarcoma viruses. FMS 1s a receptor for macrophage-
colony-stimulating factor (IM-CSF) encoded by the C-FMS
proto-oncogene, which belongs to a class 111 RTK along with
Kit, Flt-3 and PDGFR. It has been reported that FMS
tyrosine kinase 1s involved in cancer metastasis.

Another example 1s a receptor protein tyrosine Kinase
called discoidin domain receptor (DDR), which 1s a sub-
family of receptor tyrosine Kinases that possess an extracel-
lular domain related to the lectin discoidin. In case of
amimals such as humans, there are two types of DDR
proteins, DDR1 type and DDR2 type, which have similar
amino acid sequences and are encoded by different genes
from each other. It has been reported that DDR proteins may
be implicated 1n the process of cancer growth and metasta-
s1s. In addition, an upregulated expression of DDR has been
observed 1n some tumor cells, along with a report that an
upregulated expression of DDR raised expression of MMP-1
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and MMP-2 which are known to be implicated 1n cancer
growth. Thus, 1t 15 expected that inhibition of such kinases
can lead to a therapeutic eflect against various types of
cancer. Therefore, a compound having an mhibitory activity
against not only RAF, but also FMS, DDR1 and DDR2
kinases can be more useful for treatment of various cancers

including resistant cancer, as compared with a conventional
RAF kinase inhibitor.

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

Accordingly, it 1s an object of the present invention to
provide a compound and a pharmaceutical composition
comprising same for prevention or treatment of intractable
cancer such as resistant cancer by inhibiting not only RAF,
which 1s a key regulator of cell growth, differentiation and

proliferation, but also FMS, DDR1 and DDR2 kinases.

Means for Solving the Problem

In accordance with one aspect of the present invention,
there 1s provided a thieno[3,2-d|pyrimidine derivative of
formula (I) or a pharmaceutically acceptable salt thereof
having inhibitory activity against RAF, FMS, DDR1 and
DDR2 kinases:

wherein,

A 1s hydrogen, C,_. alkyl, C,_, cycloalkyl, 3- to 6-mem-
bered heterocycloalkyl, C,._,, aryl or 5- to 10-membered
heteroaryl, wherein said aryl or heteroaryl i1s optionally

reduced or substituted with hydrogen;

W s O, S, S(0O), S(O),, NH, —NE
6-membered heterocycloalkyl;

X and Y are each independently CH or N;

Z is hydrogen, C,_, alkyl or NR’R*, wherein said R* and
R* are each independently hydrogen, C, . alkyl or —(CH,)
q-B—, B representing NR°R®, C, . alkoxy, C,_. cycloalkyl
or 3- to 6-membered heterocycloalkyl;

R' is hydrogen, halogen, C, ; alkyl or C, . alkoxy.
wherein said alkyl or alkoxy 1s unsubstituted or substituted
with one or more halogen atoms;

R* is hydrogen, halogen, —CF,, —NO,, —OH, —CN,
C, . alkoxy, C,_. alkyl, C,_, alkenyl, C,_, alkynyl, —NR'R?,
—NHSO,R”, —SO,R'", —C(O)R", —NHC(O)R",
—NHC(O)OR"?, —S(O)R"*, C,_ cycloalkyl, 3- to 6-mem-
bered heterocycloalkyl, C. ,, aryl, C.,, aryloxy, 5- to
10-membered heteroaryl or 3- to 10-membered heteroary-
loxy, wherein said R* is connected to A by —(CH,)p- or
substituted with C,_, alkyl, [C,_.alky]l] C,_, alkvinyi, C,_,
alkylcarbonyl or one or more halogen atoms,

R>, R°, R7, R® R?, R!°, R R'2 R'® and R'* are each
independently hydrogen, —INH,, C,_ alkyl, C,_ . alkoxy,
C;_ cycloalkyl or 3- to 6-membered heterocycloalkyl, said
alkyl, alkoxy, cycloalkyl or heterocycloalkyl being unsub-
stituted or substituted with one or more halogen atoms;

NH— or 3- to
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g 1s an integer ranging ifrom O to 3;

p 1s an mteger ranging from 0 to 3;

m 15 an 1mteger ranging from 0 to 5;

n 1s an integer ranging from O to 2; and

when A 1s hydrogen, m 1s O.

In accordance with another aspect of the present imven-
tion, there 1s provided a pharmaceutical composition com-
prising a compound selected from the group consisting of a
thieno[3,2-d]pyrimidine dernivative of formula (I), a phar-
maceutically acceptable salt, a stereoisomer, a hydrate and a
solvate thereof as an active ingredient for prevention or
treatment of diseases caused by abnormal activation of a
protein kinase.

Eftect of the Invention

The pharmaceutical composition comprising a compound
selected from the group consisting of a thieno[3,2-d]|pyrimi-
dine derivative of formula (I), a pharmaceutically acceptable
salt, a stereoisomer, a hydrate and a solvate thereol 1n
accordance with the present invention 1s eflective for pre-
vention or treatment of abnormal cell growth diseases
caused by abnormal activation of a protein kinase.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The term ‘halogen’ as used herein refers to fluorine,
chlorine, bromine or 10dine, unless otherwise indicated.

The term ‘alkyl’ as used herein refers to a straight,
[cyclic,] or branched hydrocarbon residue, unless otherwise
indicated.

The term ‘cycloalkyl” as used herein refers to a cyclic
alkyl, e.g., cyclopropyl, unless otherwise indicated.

The term ‘aryl” as used herein refers to a monocyclic or
bicyclic aromatic group, e.g., phenyl and naphthyl, unless
otherwise indicated.

The term ‘heterocycloalkyl” as used herein refers to a
cyclic alkyl, e.g., monocyclic or bicyclic alkyl, which con-
tains one or more heteroatoms, preferably one to four
heteroatoms, selected from O, N and S, unless otherwise
indicated. Examples of monoheterocycloalkyl include pip-
eridinyl, morpholinyl, thiamorpholinyl, pyrrolidinyl, 1mida-
zolidinyl, tetrahydrofuranyl, piperazinyl and similar groups
thereof, but not limited thereto.

The term ‘heteroaryl” as used herein refers to an aromatic
group, €.g., monocyclic or bicyclic group, which contains
one to four heteroatoms selected from O, N and S, and one
or more of ring member carbon 1s substituted with C=—0,
unless otherwise indicated. Examples of monocyclic het-
croaryl include thiazolyl, oxazolyl, thiophenyl, furanyl, pyr-
rolyl, imidazolyl, 1sooxazolyl, pyrazolyl, triazolyl, thiadiaz-
olyl, tetrazolyl, oxadiazolyl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl and similar groups thereof, but not
limited thereto. Examples of bicyclic heteroaryl include
indolyl, benzothiophenyl, benzotfuranyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzthiazolyl, benzthiadiaz-
olyl, benztriazolyl, quinolinyl, 1soquinolinyl, furinyl, furo-
pyridinyl, oxochromene, dioxoisoindoline and similar
groups thereof, but not limited thereto.

The compound of the present invention may also form a
pharmaceutically acceptable salt. Such salt may be a phar-
maceutically acceptable nontoxic acid addition salt contain-
ing anion, but not limited thereto. For example, the salt may
include acid addition salts formed by 1norganic acids such as
hydrochloric acid, sulfuric acid, mitric acid, phosphoric acid,
hydrobromic acid, hydriodic acid, and others; organic car-
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bonic acids such as tartaric acid, formic acid, citric acid,
acetic acid, trichloroacetic acid, trifluoroacetic acid, glu-
conic acid, benzoic acid, lactic acid, fumaric acid, maleic
acid, and others; and sulfonic acids such as methanesulfonic
acid, benzenesultonic acid, p-toluenesulionic acid, naphtha-
lensulfonic acid, and others. Among them, acid addition
salts formed by sulfuric acid, methanesulfomic acid or
hydrohalogenic acid, and others are preferred.

Further, the compound of the present invention can have
an asymmetric carbon center, and thus may be present 1n the
form of R or S 1somer, racemic compounds, diastereomeric
mixture, or individual diastereomer, such entire 1somers and
mixtures being included within the scope of the present
invention

In addition, solvates and hydrates of the compound of
tformula (I) are encompassed within the scope of the present
invention.

A preferred embodiment of the present mnvention 1s rep-
resented by the thieno[3,2-d]pyrimidine dernivatives of for-
mula (1),

wherein:

A 15 aryl or heteroaryl;

W 1s NH;:

7 is NR°R™:

X 1s CH; and

Y 1s N.

The preferred thieno[3,2-d]pyrimidine derivatives of the
present invention are further exemplified below. In addition
to the derivatives, pharmaceutically acceptable salts, 1s0-
mers, hydrates or solvates thereof may also be used.

1) 4-amino-N-(1-((4-chlorophenyl)amino)-6-methylisoqui-

nolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

4-amino-N-(6-methyl-1-((3-(trifluoromethyl )phenyl)
amino )isoquinolin-5-yl)thieno[3,2-d]|pyrimidine-7-car-
boxamide;

N-(1-((4-chlorophenyl)amino)-6-methylisoquinolin-5-
y1)-4-(cyclopropylamino)thieno[ 3,2-d]pyrimidine-7-car-
boxamide;

4-(cyclopropylamino)-N-(6-methyl-1-((3-(trifluorom-
cthyl)phenyl)amino Jisoquinolin-3-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

4-amino-N-(6-methyl-1-((3-(4-methyl-1H-1midazol-1-
y1)-5-(trifluoromethyl )phenyl)amino )isoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide;

6) 4-(cyclopropylamino)-N-(6-methyl-1-((3-(4-methyl-1H-
imidazol-1-y1)-5-(trifluoromethyl)phenyl Jamino Jisoqui-
nolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

7) 4-amino-N-(1-((4-((4-ethylpiperazin-1-yl)methyl)-3-(tri-
fluoromethyl )phenyl)amino )-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide;

8) 4-(cyclopropylamino)-N-(1-((4-((4-ethylpiperazin-1-yl)
methyl)-3-(trifluoromethyl )phenyl)amino)-6-methyliso-
quinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

9) N-(1-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluorom-
cthyl)phenyl Jamino )-6-methylisoquinolin-35-yl)-4-(meth-
ylamino)thieno[3,2-d|pyrimidine-7-carboxamide;

10) 4-amino-N-(1-((4-(4-ethylpiperazin-1-yl)phenyl)
amino )-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

11) 4-amino-N-(1-((4-((4-ethylpiperazin-1-yl)methyl)phe-
nyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

12)  4-amino-N-(6-methyl-1-((3-(trifluoromethyl )phenyl)
amino Jisoquinolin-5-ylithieno[3,2-d|pyrimidine-7-car-
boxamide;

2)

3)

4)

S)
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13) 4-amino-N-(1-((4-chloro-3-(trifluoromethyl)phenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

14) 4-amino-N-(1-((2-methoxy-5-(trifluoromethyl)phenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]|pyrimi-
dine-7-carboxamide;

15)  4-amino-N-(6-methyl-1-((4-(trifluoromethyl)phenyl)
amino jisoquinolin-3-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide:

16) 4-amino-N-(1-((4-methoxyphenyl)amino)-6-methyliso-
quinolin-5-ythieno[3,2-d]pyrimidine-7-carboxamide;

1'7) 4-amino-N-(6-methyl-1-(p-tolylamino )isoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide;

18) 4-amino-N-(1-((4-1sopropylphenyl)amino )-6-methyl-
1soquinolin-3-yl)thieno[3,2-d[pyrimidine-7-carboxam-
1de;

19) 4-amino-N-(1-((3-(t-butyl)isoxazol-3-yl)amino )-6-
methylisoquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-car-
boxamide;

20) 4-amino-N-(1-((4-tluorophenyl)amino)-6-methylisoqui-
nolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

21)  4-amino-N-(6-methyl-1-(thiazol-2-ylamino)isoquino-
l1in-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

22) 4-amino-N-(1-((4-cyanophenyl)amino)-6-methylisoqui-
nolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

23) 4-amino-N-(6-methyl-1-(quinolin-5-ylamino)isoquino-
l1in-5-yhthieno[3,2-d]pyrimidine-7-carboxamide;

24)  4-amino-N-(1-((4-ethoxyphenyl)amino )-6-methyliso-
quinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;
25) 4-amino-N-(6-methyl-1-((4-phenoxyphenyl )amino )1so-
quinolin-5-ythieno[3,2-d]pyrimidine-7-carboxamide;
26) 4-amino-N-(1-((4-hydroxyphenyl)amino)-6-methyliso-
quinolin-5-ythieno[3,2-d]pyrimidine-7-carboxamide;
2'7) 4-amino-N-(1-((4-1sopropoxyphenyl)amino)-6-methyl-
1soquinolin-5-yljthieno[3,2-d]pyrimidine-7-carboxam-

1de;

28) 4-amino-N-(1-((4-(dimethylamino)-6-methylisoquino-
l1in-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

29)  4-amino-N-(1-((2,3-dihydrobenzo[b][1,4]d1ox1n-6-y1)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

30) 4-amino-N-(1-((3,4-dimethoxyphenyl)amino)-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-carboxam-
1de;

31) 4-amino-N-(1-((3-fluoro-4-methoxyphenyl)amino )-6-
methylisoquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-car-
boxamide;

32) 4-amino-N-(6-methyl-1-((3,4,3-trimethoxyphenyl)
amino jisoquinolin-3-yl)thieno[3,2-d|Jpyrimidine-7-car-
boxamide;

33) 4-amino-N-(6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

34) 4-amino-N-(1-(benzo[d][1,3]dioxol-5-ylamino)-6-
methylisoquinolin-5-yl)thieno[ 3,2-d|pyrimidine-7-car-
boxamide:

35) 4-amino-N-(6-methyl-1-((5,6,7,8-tetrahydronaphthalen-
2-yl)amino )isoquinolin-3-yl)thieno[ 3,2-d[pyrimidine-7/-
carboxamide;

36) 4-amino-N-(4-((4-chlorophenyl)amino)-7-methylqui-
nazolin-8-yl)thieno| 3,2-d]pyrimidine-7-carboxamide;

37) 4-(cyclopropylamino)-N-(1-((4-methoxyphenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]|pyrimi-
dine-7-carboxamide;

38)  4-amino-N-(1-((3-chlorophenyl)amino)-6-methyliso-
quinolin-5-ythieno[3,2-d]pyrimidine-7-carboxamide;
39)  4-amino-N-(1-((3-bromophenyl)amino)-6-methyliso-
quinolin-5-ythieno[3,2-d]pyrimidine-7-carboxamide;
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40) 4-amino-N-(1-((2,4-dichlorophenyl)amino)-6-methyl-
1soquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxam-
1de;

41) 4-amino-N-(1-((3,4-dichlorophenyl)amino)-6-methyl-
1soquinolin-5-yl)thieno[3,2-d|pyrimidine-7-carboxam-
1de;

42) 4-amino-N-(1-((3,5-dichlorophenyl)amino)-6-methyl-
1soquinolin-5-yl)thieno[3,2-d|pyrimidine-7-carboxam-
1de;

43) 4-amino-N-(6-methyl-1-((3,4,5-trichlorophenyl)amino)
1soquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxam-
1de;

44) 4-amino-N-(1-((4-chloro-3-methoxyphenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-car-
boxamide;

45) 4-amino-N-(1-benzylamino-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide;

46) 4-amino-N-(6-methyl-1-phenoxyisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide;

4’7y 4-amino-N-(6-methyl-1-((4-morpholinophenyl)amino)
1soquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxam-
1de;

48) N-(1-((4-(1H-pyrrol-1-yl)phenyl)amino)-6-methyliso-
quinolin-3-yl)-4-aminothieno[ 3,2-d[pyrimidine-7-car-
boxamide;

49) 4-amino-N-(6-methyl-1-(pyrimidin-4-ylamino jisoqui-
nolin-5-yl)thieno[3,2-d|pyrimidine-7-carboxamide;

50) 4-amino-N-(1-((4-(difluoromethoxy )phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-car-
boxamide;

51) 4-amino-N-(6-methyl-1-((4-(trifluoromethoxy)phenyl)
amino Jisoquinolin-5-ylithieno[3,2-d]pyrimidine-7-car-
boxamide;

52) 4-amino-N-(1-((4-chlorophenyl)amino Jisoquinolin-3-
yDthieno[3,2-d]pyrimidine-7-carboxamide;

53)  4-amino-N-(5-((4-chlorophenyl)amino )naphthalen-1-
yDthieno[3,2-d]pyrimidine-7-carboxamide;

534) 4-amino-N-(1-((4-ethynylphenyl)amino)-6-methyliso-
quinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;
55) 4-amino-N-(1-(1sopropylamino)-6-methylisoquinolin-3-

yl)thieno[3,2-d]pyrimidine-7-carboxamide;

56) 4-amino-N-(1-(1ndolin-6-ylamino)-6-methylisoquino-
lin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

S7)  4-amino-N-(1-((4-(fluoromethoxy)phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-car-
boxamide;

58) N-(1-(4-chlorophenylamino)-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide;

59)  4-amino-N-(1-((4-chloro-3-((dimethylamino )methyl)
phenyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

60) 4-amino-N-(1-((4-chloro-3-(pyrrolidin-1-ylmethyl)phe-
nyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

61) 4-amino-N-(1-((4-chloro-3-((diethylamino )methyl)phe-
nyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

62) 4-amino-N-(1-((1,4-diethyl-1,2,3,4-tetrahydroquinoxa-
lin-6-yl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

63) 4-amino-N-(1-((4-chloro-3-(piperidin-1-ylmethyl)phe-
nyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

64) 4-amino-N-(1-((4-chloro-3-(morpholinomethyl)phenyl)
amino )-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;
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65) 4-amino-N-(1-((4-chloro-3-((4-methylpiperazin-1-yl)
methyl)phenyl )Jamino )-6-methylisoquinolin-5-yl)thieno
[3,2-d]pyrimidine-7-carboxamide;

66) 4-amino-N-(1-((4-chloro-3-((diisopropylamino)methyl)
phenyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

67) 4-amino-N-(6-methyl-1-((3-(methylsulfonamido)phe-
nyl)amino )isoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide;

68) tert-butyl 4-(3-((5-(4-aminothieno[3,2-d]pyrimidine-7-
carboxamido)-6-methylisoquinolin-1-yl)amino)-2-chlo-
robenzyl)piperazine-1-carboxylate;

69) 4-amino-N-(1-((4-chloro-3-(piperazin-1-ylmethyl)phe-
nyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

70)  4-amino-N-(1-((3-chloro-4-methoxyphenyl)amino )-6-
methylisoquinolin-5-yl)thieno| 3,2-d|pyrimidine-7-car-
boxamide;

71) 4-amino-N-(1-((3-(dimethylcarbamoyl)phenyl)amino)-
6-methylisoquinolin-3-yl)thieno[3,2-dpyrimidine-7-car-
boxamide:

72) 4-amino-N-(6-methyl-1-((3-(methylcarbamoyl)phenyl)
amino jisoquinolin-5-yljthieno[3,2-d Jpyrimidine-7-car-
boxamide:

73) 4-amino-N-(1-((4-chloro-2-fluorophenyl)amino )-6-
methylisoquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-car-
boxamide:

74) 4-amino-N-(1-((4-bromo-2-tluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-car-
boxamide;

75) 4-amino-N-(1-((4-methoxybenzyl)amino )-6-methyliso-
quinolin-5-ythieno[3,2-d]pyrimidine-7-carboxamide;
76)  4-amino-N-(1-((4-chlorobenzyl)amino)-6-methyliso-
quinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;
7’7) 4-amino-N-(1-(2-(4-chlorophenyl)hydrazinyl)-6-meth-
ylisoquinolin-5-yljthieno[3,2-d]pyrimidine-7-carboxam-

1de;

78) 4-amino-N-(1-((3-((dimethylamino )methyl)phenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]|pyrimi-
dine-7-carboxamide;

79) 4-amino-N-(6-methyl-1-((4-oxo0-4H-chromen-6-yl)
amino jisoquinolin-5-yljthieno[3,2-d Jpyrimidine-7-car-
boxamide;

80) N-(1-((3-acetylphenyl)amino)-6-methylisoquinolin-3-
y1)-4-aminothieno[3,2-d|pyrimidine-7-carboxamide;

81) 4-amino-N-(1-((4-(2-methoxyethoxy)phenyl)amino)-6-
methylisoquinolin-5-yl)thieno| 3,2-d|pyrimidine-7-car-
boxamide;

82) 4-amino-N-(6-methyl-1-((3-(tritluoromethoxy)phenyl)
amino jisoquinolin-3-ylthieno[3,2-d]pyrimidine-7-car-
boxamide:

83) N-(1-((4-acetylphenyl)amino)-6-methylisoquinolin-3-
yl)-4-aminothieno[3,2-d]pyrimidine-7-carboxamide;

84)  4-amino-N-(6-methyl-1-((4-methylsulfonamido)phe-
nyl)amino )isoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide;

85)  4-amino-N-(6-methyl-1-((3-(methylsulfonyl)phenyl)
amino jisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-car-
boxamide;

86)  4-amino-N-(1-((4-chloro-3-(methoxymethyl)phenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]|pyrimi-
dine-7-carboxamide;

87) 4-amino-N-(1-((4-methoxy-3-(methylsulfonamido)phe-
nyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;
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88) 4-amino-N-(1-((4-chloro-3-(methylsulfonamido)phe-
nyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

89) 4-amino-N-(1-((6-chloropyridin-3-yl)amino)-6-methyl-
1soquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxam-
1de;

90) 4-amino-N-(1-((2-chloropyridin-4-yl)amino)-6-methyl-
1soquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxam-
1de;

91)  4-amino-N-(6-methyl(4-(methylsulfonamidomethyl)
phenyl)amino)isoquinolin-5-ylthieno[3,2-d]pyrimidine-
7-carboxamide;

92) 4-amino-N-(6-methyl-1-((3-(methylsulfonamidom-
cthyl)phenyl )Jamino )isoquinolin-3-yl)thieno[3,2-d[py-
rimidine-7-carboxamide;

93) 4-amino-N-(1-((4-chloro-3-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-car-
boxamide;

94) 4-amino-N-(1-((3-bromo-4-chlorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

95) 4-amino-N-(1-((4-(dimethylcarbamoyl)phenyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-car-
boxamide;

96) N-(1-((3-acetamidophenyl)amino)-6-methylisoquino-
lin-5-y1)-4-aminothieno[3,2-d]|pyrimidine-7-carboxam-
1de;

97)  4-amino-N-(6-methyl-1-((1-methyl-1H-1ndazol-6-yl)
amino )isoquinolin-5-yl)thieno[3,2-d]|pyrimidine-7-car-
boxamide;

98) 4-amino-N-(6-methyl-1-((4-(methylsulfinyl)phenyl)
amino )isoquinolin-5-yljthieno[3,2-d]pyrimidine-7-car-
boxamide;

99) 4-amino-N-(6-methyl-1-((2-methyl-1,3-dioxo1soindo-
lin-5-yl)amino Jisoquinolin-5-yl)thieno[ 3,2-dJpyrimidine-
7-carboxamide;

100) 4-amino-N-(1-((6-methoxypyridin-3-yl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|Jpyrimidine-7-car-
boxamide;

101) 4-amino-N-(6-methyl-1-((3-(2,2,2-trifluoroacetyl)phe-
nyl)amino)isoquinolin-3-yl)thieno[3,2-d]pyrimidine-7-
carboxamide;

102) 4-amino-N-(6-methyl-1-((4-propionylphenyl)amino)
1soquinolin-5-yl)thieno[3,2-d|pyrimidine-7-carboxam-
1de;

103) 4-amino-N-(1-((4-hexanoylphenyl)amino)-6-methyl-
1soquinolin-yl)thieno[3,2-d]pyrimidine-7-carboxamide;
104) N-(1-((1-acetyl-1H-indazol-6-yl)amino)-6-methyliso-
quinolin-3-yl)-4-aminothieno[ 3,2-d[pyrimidine-7-car-

boxamide;

105)  4-amino-N-(1-((3-chloro-4-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|Jpyrimidine-7-car-
boxamide;

106) 4-amino-N-(6-methyl-1-((5-0x0-5,6,7,8-tetrahy-
dronaphthalen-2-yl)amino)isoquinolin-3-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

107) 4-amino-N-(6-methyl-1-((2-methyl-2H-1ndazol-6-y1)
amino )isoquinolin-5-yl)thieno[3,2-d]|pyrimidine-7-car-
boxamide;

108) methyl 4-((5-(4-aminothieno|3,2-d]pyrimidine-7-car-
boxamido)-6-methylisoquinolin-1-yl)amino)benzoate;

109) 4-amino-N-(6-methyl-1-((1-methyl-1H-1ndazol-5-yl)
amino )isoquinolin-5-yljthieno[3,2-d|pyrimidine-7-car-
boxamide;

110) 4-amino-N-(6-methyl-1-((2-methyl-2H-1ndazol-5-y1)
amino Jisoquinolin-5-ylithieno[3,2-d|pyrimidine-7-car-
boxamide;
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111) 4-amino-N-(6-methyl-1-((6-methylpyridin-3-yl)
amino jisoquinolin-3-ylthieno[3,2-d]pyrimidine-7-car-
boxamide;

112) 4-amino-N-(6-methyl-1-((1-methyl-1H-1ndol-6-yl)
amino jisoquinolin-5-yljthieno[3,2-d Jpyrimidine-7-car-
boxamide:

113) tert-butyl 6-((3-(4-aminothieno[3,2-d[pyrimidine-7-
carboxamido )-6-methylisoquinolin-1-yl)amino)-1H-1n-
dazol-1-carboxylate;

114) N-(1-((1H-indazol-6-yl)amino)-6-methylisoquinolin-
S-y)-4-aminothieno[3,2-d]pyrimidine-7-carboxamide
hydrochloride;

115)  4-amino-N-(1-((5-chloro-2-fluorophenyl)amino )-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

116)  4-amino-N-(1-((3-chloro-2-fluorophenyl)amino )-6-
methylisoquinolin-5-yl)thieno| 3,2-d|pyrimidine-7-car-
boxamide;

117)  4-amino-N-(1-((3-fluoro-4-(4-methylpiperazin-1-yl)
phenyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

118) 4-amino-N-(1-((3-chloro-1-methyl-1H-1ndazol-6-yl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

119) 4-amino-N-(6-methyl-1-((4-(prop-2-yn-1-yloxy)phe-
nyl)amino )isoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide;

120) 4-amino-N-(1-((2-methoxy-4-morpholinophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]|pyrimi-
dine-7-carboxamide;

121) 4-amino-N-(1-(benzo[d]thiazol-6-ylamino)-6-methyl-
1soquinolin-5-ylithieno[3,2-d]pyrimidine-7-carboxam-
1de;

122) N-(1-((1H-indazol-5-yl)amino)-6-methylisoquinolin-
S-yl)-4-aminothieno[3,2-d]pyrimidine-7-carboxamide;
123) 4-amino-N-(1-((3-chloro-2,4-difluorophenyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-

boxamide:

124)  4-amino-N-(1-((3-(dimethylamino)propyl)amino )-6-
methylisoquinolin-5-yl)thieno[ 3,2-d|pyrimidine-7-car-
boxamide; and

125) 4-amino-N-(6-methyl-1-(piperidin-1-yl)isoquinolin-5-
yl)thieno[ 3,2-d]pyrimidine-7-carboxamide.

The derivatives of the present mnvention may be obtained
via Reaction Scheme 3 by using intermediates obtained in
Reaction Scheme 1 and Reaction Scheme 2 shown below, or
intermediates which are commercially available, respec-
tively. Further, mass analysis of the obtained thieno[3,2-d]
pyrimidine dertvatives may be performed by using Micro-
Mass ZQ™ (Waters.)

The pharmaceutical composition comprising, as an active
ingredient, the thieno[3,2-d]pyrimidine derivatives or salts,
iIsomers, hydrates or solvates thereol may be used {for

prevention or treatment of abnormal cell growth diseases
caused by abnormal activation of a protein kinase.
Examples of the protein kinase include ALK, AMPK,
Aurora A, Aurora B, Aurora C, Axl, Blk, Bmx, BTK, CaMK,
CDK2/cyclinE, CDKS/p25 CHKI1, CK2, c-RAF, DDRI,
DDR2, DMPK, EGFR1, Her2, Her4 EphAl, JphBl FAK,
FGFR2, FGFR3, FGFR43 Flt-lj Flt-3,, Flt-4, Fms (CSF-1),
Fyn, GSK3beta, HIPK1, IKKbeta, IGFR-1R, IR, Itk, JAK2,
JAK3, KDR, Kit, Lck, Lyn, MAPKI1, MAPKAP-K2,
MEK1, Met, MKK6, MLCK, NEK2, p7OS6K PAK?2,
PDGFR alpha, PDGFR beta, PDK1, Pim-1, PKA, PKBal-
pha, PKCalpha, Plkl, Ret, ROCK-I, Rskl, SAPK2a SGK,
Src, Syk, Tie-2, Tecj Trk or ZAP-70. The pharmaceutical
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composition in accordance with the present invention has
good 1nhibitory activity against the above kinases.

Examples of the abnormal cell growth diseases caused by
abnormal activation of protein kinase in which the inventive
pharmaceutical composition 1s effective against include gas-
tric cancer, lung cancer, liver cancer, colorectal cancer, small
intestine cancer, pancreatic cancer, brain cancer, bone can-
cer, melanoma, breast cancer, sclerosing adenosis, uterine
cancer, cervical cancer, head and neck cancer, esophagus
cancer, thyroid cancer, parathyroid cancer, renal cancer,
sarcoma, prostate cancer, urethral cancer, bladder cancer,
blood cancer, lvmphoma, fibroadenoma, inflammation, dia-
betes, obesity, psoriasis, rheumatoid arthritis, hemangioma,
acute or chronic kidney disease, coronary restenosis, auto-
immune diseases, asthma, neurodegenerative diseases, acute
infection or ocular diseases caused by angiogenesis.

The 1inventive pharmaceutical composition may comprise
pharmaceutically acceptable carriers, excipients or addi-
tives. The pharmaceutical composition may comprise a drug
selected from the group consisting of cell signal transduction
inhibitors, mitosis inhibitors, alkylating agents, antimetabo-
lites, antibiotics, growth factor inhibitors, cell cycle mhibi-
tors, topoisomerase inhibitors, biological reaction modifiers,
antthormonal agents, antiandrogen, cell diflerentiation/pro-
liferation/survival inhibitors, apoptosis inhibitors, inflam-
mation inhibitors and P-glycoprotein inhibitors. In case
where the inventive pharmaceutical composition 1s devel-
oped 1nto a formulation, 1t may be used in combination with
said drug or developed into a combined formulation.

The 1inventive pharmaceutical composition may comprise
conventional pharmaceutically acceptable carriers, excipi-
ents or additives. The pharmaceutical composition may be
formulated 1n accordance with conventional methods, and
may be prepared in the form of oral formulations such as a
tablet, pill, powder, capsule, syrup, an emulsion, a micro-
emulsion and others or parenteral formulations such as
intramuscular, 1intravenous or subcutaneous administration.

For oral formulations, additives or carriers such as cellu-
lose, calcium silicate, corn starch, lactose, sucrose, dextrose,
calcium phosphate, stearic acid, magnesium stearate, cal-
cium stearate, gelatin, talc, surfactants, suspending agents,
emulsiiying agents, diluting agents and others. For inject-
able formulations, additives or carriers such as water, saline,
glucose solution, glucose solution analogs, alcohols, gly-
cols, ethers (e.g., polyethylene glycol 400), o1ls, fatty acids,
fatty acid esters, glycerides, surfactants, suspending agents,
emulsifying agents and others may be used.

Hereinatter, an exemplary method for preparing the com-
pound of the present invention 1s explained.

The {following abbreviations are used 1n Preparation
Examples, Preparation Methods and Examples below:

DECP: diethyl chlorophosphate

DIPEA: N, N-diisopropylethylamine
HATU: [2-(1H-9-azabenzotriazol-1-yl)
1,1,3,3-tetramethyl uranium
hexaftluorophosphate]

HOBT: N-hydroxybenzotriazole

DMEF: N,N-dimethyl formamide
DMSO: dimethyl sulfoxide

CH,Cl,: dichloromethane

Na,SO,: anhydrous sodium sulfate
NaBH(OAc);: sodium triacetoxyborohydride
Cs,CO3: cesium carbonate

AIBN: azobisisobutyronitrile

Pd,(dba);:
tris(dibenzylideneacetone)dipalladium(0)

EA: ethyl acetate

EtOAc: ethylacetate
NaOH: sodium hydroxide
THEF: tetrahydrofuran
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The compound of formula (I) in accordance with the
present mvention may be prepared via Reaction Scheme 3
by using intermediates obtained 1n Preparation Examples 1
and 2 as shown 1n Reaction Schemes 1 and 2, respectively.

Reaction Scheme 1

H-N
~d A
/ \ Step 1 r ‘ \ Step 2
eO > HN S -
S
O

O
Br
N
N
Step 3 f/ ‘ \ Step 4
- -
Cl
z /N\
( \ Step 5 r ‘ \ Step 6
- -
Naw N
Z
O
OH
N
K Step 7 _ K ‘ \
AN AN S
/

wherein 7 1s the same as defined 1in formula (I).
The above reaction processes are exemplified in the
following stepwise reactions.

Step 1-1

Anhydrous acetic acid (12 to 13 equivalents) and formic
acid (12 to 15 L/mol, based on a standard equivalent unit)
are mixed. Methyl-3-aminothiophene-4-carboxylate (1.0
equivalent, standard equivalent unit) 1s added to the result-
ing reaction solution, and stirred for about 2 to 4 hours at
room temperature. The reaction solution 1s removed under
reduced pressure. Separately, ammonium formate (8/0 to 9/0

equivalents) and formamide (150 mL, 3.76 mol) are added.,
and the mixture 1s stirred for about 20 to 40 minutes. The
synthesized material 1s added to the resulting reaction mix-
ture, and stirred for about 7 to 9 hours at a temperature in the
range ol 140 to 160° C. The reaction mixture 1s cooled to
room temperature and further stirred for about 11 to 13
hours. The resulting solid 1s filtered and washed with water
to obtain the desired compound.

Step 1-2

The compound (1.0 equivalent, standard equivalent unit)
obtained 1n <Step 1-1>1s dissolved 1n acetic acid (9.0 to 11.0
equivalents). Separately, bromine (3.0 to 4.0 equivalents) 1s
diluted 1n acetic acid (9.0 to 11.0 equivalents) and resulting
solution 1s slowly added to the solution prepared. The
reaction solution 1s placed 1n a sealed reactor and stirred for
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1’7 to 19 hours at a temperature 1n the range of 110 to 130°
C. The reaction mixture 1s cooled to room temperature, and
acetic acid 1s removed under reduced pressure. An ice water
1s poured to the mixture, and the resulting solid compound
1s filtered, followed by drying. The desired compound 1is
obtained without further purification.

Step 1-3

Dimethylformamide (2.0 to 3.0 equivalents) and dichlo-
romethane (3.0 to 4.0 L/mol, based on a standard equivalent
unit) are added to a reactor. Separately, oxalyl chloride (3.0
to 4.0 L/mol, based on a standard equivalent unit) 1s diluted
in dichloromethane (3.0 to 4.0 L/mol, based on a standard
equivalent unit) and resulting solution 1s added to the
solution prepared over a period of about 20 to 40 minutes.
The compound (1.0 equivalent, standard equivalent unit 35
g, 0.15 mol) obtained 1n <Step 1-2> 1s added thereto, heated,
and refluxed for 2.5 to 4.0 hours. The temperature 1s lowered
and water 1s slowly added. The resulting organic layer is
separated and aqueous layer 1s subjected to extraction using
dichloromethane. The resulting organic layer 1s dried over
anhydrous sodium sulfate. The dried organic layer 1s filtered
and distilled under reduced pressure, and dried under nitro-
gen atmosphere to obtain the desired compound.

Step 1-4

The compound (1.0 equivalent, standard equivalent unit)
obtained in <Step 1-3> and 2.0 M ammonia (15 to 25 mL/g,
based on the standard equivalent umt) are dissolved in a
2-propanol solvent, sealed in a container, and stirred. The
external temperature 1s raised to a range of 95 to 100° C.,
tollowed by stirring for 7 hours. The reaction mixture was
cooled to room temperature, and the solvent 1s distilled
under reduced pressure. Distilled water (40 to 55 mlL/g,
based on the standard equivalent unit) 1s added to the
concentrate, followed by stirring for 20 to 40 minutes. The
resulting solid 1s filtered, and washed with distilled water (1
to 25 mlL/g, based on the standard equivalent umt) twice.
The compound 1s dried 1n an oven at 45 to 55° C. to obtain
the desired compound.

Step 1-5

The compound (1.0 equivalent, standard equivalent unit)
obtained 1 <Step 1-4>, tetrakis(triphenylphosphine)palla-
drum (0.05 to 0.08 equivalents) and copper 1odide (1.0to 1.2
equivalents) are dissolved in 1.4-dioxane (1.5 to 2.5 L/mol,
based on the standard equivalent unit) solvent and stirred.
Trbutyl(vinyl)tin (1.1 to 1.5 equivalents) 1s slowly added to
the resulting reaction solution and refluxed for 6 hours or
more, preferably about 6 to 8 hours. The reaction solution 1s
cooled to room temperature, and potassium fluoride aqueous
solution (3.0 to 4.0 L/mol, based on the standard equivalent
unit) and ethylacetate (3.0 to 4.0 L/mol, based on the
standard equivalent unmit) are added thereto, followed by
intense stirring for 2.5 hours or more, preferably about 2.5
to 3.5 hours. The reaction solution 1s filtered through a Celite
pad under reduced pressure, washed with ethyl acetate (0.5
to 0.8 L/mol, based on the standard equivalent unit). The
organic layer of the filtrate 1s separated and dried over
anhydrous sodium sulfate. The dried organic layer 1s filtered
and distilled under reduced pressure, added with a mixed
solution of ethylacetate/hexane=1/1 (v/v) (0.8 to 1.2 L/mol,
based on the standard equivalent unit), followed by stirring,
for 1 hour. The resulting reaction solution 1s filtered under
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reduced pressure, and washed with a mixed solution of
cthylacetate/hexane=1/1 (v/v) (0.4 to 0.6 L/mol, based on
the standard equivalent unit). The resulting solid 1s dried
with warm wind 1n an oven (45 to 55° C.) for 2.5 hour or
more, preferably about 2.5 to 3.5 hours, to obtain the desired
compound.

Step 1-6

The compound (1.0 equivalent, standard equivalent unit)
obtained 1 <Step 1-3> 1s stirred with a mixed solution of
chloroform (0.8 to 1.2 L/mol, based on the standard equiva-
lent unit) and methanol (0.8 to 1.2 L/mol, based on the
standard equivalent unit). The resulting reaction solution 1s
cooled to -65 to -78° C. as nitrogen gas 1s introduced,
followed by supplying ozone gas for 2.5 hours or more,
preferably about 2.5 to 3.5 hours. The ozone generator 1s
removed and the reaction solution 1s raised to room tem-
perature while mitrogen gas 1s introduced, dimethyl sulfide
(0.2 to 0.4 L/mol, based on the standard equivalent unit) 1s
added thereto, followed by stirring for 2.5 hours or more,
preferably about 2.5 to 3.5 hours, at room temperature. The
reaction solution 1s concentrated under reduced pressure,
and ethyl acetate (0.3 to 0.5 L/mol, based on the standard
equivalent unit) 1s added to the concentrate, followed by
stirring for 1.0 to 1.5 hours. The resulting solution 1s filtered
under reduced pressure, and filtered solid 1s washed wish
cthyl acetate (0.04 to 0.06 L/mol, based on the standard
equivalent unit). The filtered solid dried with warm wind 1n
an oven (45 to 55° C.) for 2.5 hours or more, preferably
about 2.5 to 3.5 hours, to obtain the desired compound.

Step 1-7

Disodium hydrogen phosphate (48.2 g, 0.402 mol) 1s
dissolved 1n distilled water (180 mlL), and the reaction

solution 1s cooled to 5° C. or below, preferably about 5 to
-3° C. The compound (1.0 equivalent, standard equivalent
unit) obtained 1n <Step 1-6> 1s dissolved 1n a mixed solution
of acetone (0.8 to 1.2 L/mol, based on the standard equiva-
lent unmit) and dimethyl sulfoxide (0.8 to 1.2 L/mol), fol-
lowed by slowly adding the resulting solution to the reaction
solution prepared at 35° C. or below, preterably in the
temperature range of about 5.0 to 3.0° C. Separately, sodium
chlorite (1.0 to 1.3 equivalents) 1s dissolved in distilled
water (0.8 to 1.2 L/mol, based on the standard equivalent

unit), followed by slowly adding the resulting solution to the
reaction solution prepared at 5° C. or below, preferably in
1.0° C. The reaction

solution 1s raised to room temperature, followed by stirring

the temperature range ol about 5.0 to

for 2.5 or more, preferably about 2.5 to 3.5 hours. Distilled
water (8.0 to 12 L/mol, based on the standard equivalent

unit) 1s added thereto, followed by further stirring for 4.5
hours or more, preferably about 4.5 to 5.5 hours. The
reaction solution was filtered under reduced pressure, and
the resulting solid 1s washed with diethyl ether (0.3 to 0.5
[/mol). Ethanol (0.8 to 1.2 L/mol, based on the standard
equivalent unit) i1s added to the filtered solid, and the
solution 1s distilled under reduced pressure, dried with warm
wind 1n an oven (45 to 55° C.) for 2.5 hours or more,
preferably about 2.5 to 3.5 hours, to obtain the desired
compound.
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Reaction Scheme 2
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Reaction Scheme 2 illustrates a reaction process when
X—CH and Y=—N 1n the compound of formula (I), wherein
R' is same as defined in formula (I).

The above reaction processes are exemplified in the
tollowing stepwise reactions.

Step 2-1

Aldehyde (1.0 equivalent, standard equivalent unit) sub-
stituted with R” is stirred in a solvent of chloroform (1.6 to
2.0 L/mol, based on the standard equivalent unit), and
aminoacetaldehyde dimethyl acetal (1.0 to 1.2 equivalents)
1s slowly added thereto, followed by stirring at 80 to 95° C.
until about one-half of the reaction solution 1s evaporated.
The reaction solution 1s cooled to room temperature, and the
resulting yellow reaction solution 1s dissolved 1n chloroform
(0.8 to 1.0 L/mol, based on the standard equivalent unit),
followed by cooling the reaction solution to 5° C. or below,
preferably about 5 to 0° C. Ethyl chloroformate (1.0 to 1.2

equivalents) and triethylphosphite (1.2 to 1.4 equivalents)
are slowly added to the reaction solution for 0.5 to 1.0 hour.
The resulting reaction solution 1s stirred for 20 to 28 hours
at room temperature. Subsequently, the reaction solution 1s
cooled to 5° C. or below, preferably about 5 to 0° C., and
then titanium tetrachloride (3.8 to 4.2 equivalents) 1s slowly
added thereto for 0.5 to 1.0 hour, and refluxed for 10 hours
or more, preferably about 10 to 14 hours. The reaction
solution 1s cooled to room temperature, followed by stirring
for 10 hours or more, preferably, 10 to 14 hours. An ice
water 1s poured to the reaction mixture to separate the
organic layer and aqueous layer, and the aqueous layer is
washed with dichloromethane. The aqueous layer 1s poured
into a saturated sodium potassium tartrate solution and
adjusted to pH 8.0 to 9.5 by adding ammonia solution, and
subjected to extraction with CH,Cl,. The obtained organic
layers are dried over anhydrous sodium sulfate, and con-
centrated under reduced pressure to obtain the desired
compound.

Step 2-2

Sulturic acid (300 to 400 L/mol, based on the standard
equivalent unit) 1s added to the compound (1.0 equivalent,
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standard equivalent unit) obtained m <Step 2-1> and stirred.
The reaction solution 1s cooled to 5° C. or below, preferably
about 5 to 0° C., followed by slowly adding potassium
nitrate (2.0 to 2.2 equivalents). The reaction solution 1s
stirred for 3 hours or more, preferably about 3 to 4 hours, at
a temperature of 5 to 0° C. The reaction mixture poured into
an 1ce water and adjusted to pH 11 to 12 by adding 5 N
NaOH solution, followed by stirring for 11 hours or more,
preferably about 11 to 13 hours, at room temperature. The
generated solid 1s filtered under reduced pressure, followed
by washing with water. The filtered solid 1s dried with warm
wind 1n an oven (35 to 45° C.) for 3 hours or more,
preferably about 3 to 4 hours to obtain the desired com-
pound.

Step 2-3

The compound (1.0 equivalent, standard equivalent unit)
obtained 1n <Step 2-2> 1s dissolved in CH,CI, (2.8 to 3.3
[/mol, based on the standard equivalent unit), and the
reaction solution 1s cooled to 5° C. or below, preferably
about 5 to 0° C. Subsequently, mCPBA (1.5 to 1.7 equiva-
lents) 1s slowly added to the reaction solution for 0.5 to 1
hour, followed by stirring for 10 hours or more, preferably
about 10 to 11 hours at a temperature of 5 to 0° C. The
reaction mixture 1s adjusted to pH of 10 to 11 by adding 1
N NaOH solution, and subjected to extraction with CH,Cl,.
The obtamned organic layers are dried over anhydrous
sodium sulfate, and concentrated under reduced pressure to
obtain the desired compound.

Step 2-4

The compound (1.0 equivalent, standard equivalent unit)
obtained 1 <Step 2-3> 1s dissolved 1n 1,2-dichloroethane (8
to 9 L/mol, based on the standard equivalent unit), and
POCI; (4.5 to 5.5 equivalents) 1s added to the reaction
solution at room temperature. And then, the reaction solution
1s refluxed for 6 hours or more, preferably about 6 to 7 hours.
The reaction solution 1s cooled to room temperature, and
concentrated by distilling the solvent under reduced pres-
sure. The concentrated solid 1s dissolved 1n dichlorometh-
ane. An 1ce water 1s added thereto, and the mixed solution 1s
subjected to extraction with dichloromethane. The obtained
organic layer 1s dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. A mixed solution of
cthyl acetate/hexane=1/1 (v/v) 1s added to the concentrated
solid, followed by stirring for 2 hours or more, preferably
about 2 to 2.5 hours at room temperature. The resulting solid
1s filtered under reduced pressure, and washed with a mixed
solution of ethyl acetate/hexane=1/1 (v/v). The filtered solid
1s dried with warm wind 1n an oven (35 to 45° C.) for 3 hours
or more, preferably about 3 to 4 hours to obtain the desired
compound.

Reaction Scheme 3
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Step 1
HZN\ /®7 (R*) i -
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N NS \( "N (CHy);

Reaction Scheme 3 1illustrates a reaction process when W
is NH in the compound of formula (I), wherein A, R, R*, n
and m are same as defined 1n formula (I).

The above reaction processes are exemplified i1n the
following stepwise reactions.

Step 3-1

The compound (1.0 equivalent, standard equivalent unit)
obtained 1 <Step 2-4> 1s dissolved 1 2-propanol (2.0 to 4.0
[/mol, based on the standard equivalent unit), and amine
containing ring A (0.6 to 0.9 equivalents) 1s added to the
reaction solution at room temperature. The reaction solution
1s sealed, and stirred for 9 hours or more, preferably about
9 to 11 hours, at a temperature of 85 to 95° C. The reaction
mixture 1s cooled to room temperature, and the generated
solid 1s filtered under reduced pressure, followed by washing
with ethyl acetate. The filtered solid 1s dried with warm wind

in an oven (45 to 55° C.) for 2.5 hours or more, preferably
about 2.5 to 3.5 hours to obtain the desired compound.

Step 3-2

Iron (3.0 to 5.0 equivalents) and concentrated hydrochlo-
ric acid (0.04 to 0.06 mL/mmol) are added to a mixed
solution of ethanol/water=1/1 (v/v) (3.0 to 5.0 L/mol, based
on the standard equivalent unit), and refluxed for 0.5 to 1.5
hours. The compound (1.0 equivalent, standard equivalent
unit) obtained 1 <Step 3-1> 1s added to a reaction mixture,
and refluxed for 1.5 hours or more, preferably about 1.5 to
2.5 hours. The reaction mixture 1s filtered through a Celite
pad under reduced pressure, and washed with a mixed
solution of chloroform/2-propanol=4/1 (v/v). The filtrate
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obtained was distilled under reduced pressure, and dissolved
in a mixed solution of chloroform/2-propanol=4/1 (v/v). The
organic layer 1s washed with an aqueous solution of sodium
bicarbonate and brine. The obtained organic layer 1s dried
over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure to obtain the desired compound.

Step 3-3

The compound (1.0 equivalent, standard equivalent unit)

obtained 1n <Step 1-7> 1s dissolved 1n dimethylformamide
(1.0 to 3.0 L/mol, based on the standard equivalent unit), and

DECP (1.8 to 2.2 equivalents) and DIPEA (3.6 to 4.4
equivalents) are added to the reaction solution at a tempera-

ture of 4 to —4° C. The reaction solution 1s stirred for 5 to 15
minutes. The compound (0.45 to 0.55 equivalent) obtained
in <Step 3-2> 1s added to the reaction mixture, and the
mixture 1s stirred for 11 hours or more, preferably about 11
to 13 hours. The reaction mixture 1s diluted with ethyl
acetate, and washed with a saturated aqueous solution of
sodium bicarbonate and brine. The organic layer 1s dried
over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. Ethyl acetate 1s added to the con-
centrated solid, followed by stirring for 1.5 hours or more,
preferably about 1.5 to 2.5 hours. The resulting solid 1s
filtered under reduced pressure, and washed with ethyl
acetate and methanol. The filtered solid 1s dried with warm
wind 1 an oven (35 to 45° C.) for 2.5 hours or more,
preferably about 2.5 to 3.5 hours to obtain the desired
compound.

The synthesis of denivatives of the present invention may
be performed by employing a general reaction scheme such
as Reaction Schemes 1, 2 and 3 shown above, and mass
analysis may be performed by using MicroMass ZQ™
(Waters).

The present invention provides a pharmaceutical compo-
sition comprising the compound of formula (I) or a phar-
maceutically acceptable salt thereof as an active ingredient
to prevent or treat abnormal cell growth diseases caused by
overactivity (abnormal activation) of a protein kinase.

A dosage of the compound of formula (I) or pharmaceu-
tically acceptable salt thereof may be determined 1n light of
various relevant factors mcluding the condition, age, body
weight and sex of the subject to be treated, administration
route and disease severity. For example, the compound of

formula (I) may be administered 1n a range of 0.01 to 200
mg/kg (body weight), preferably 10 to 100 mg/kg (body
weilght) once or twice a day orally or parenterally.

Further, the present invention provides a compound
library comprising one or more of the compounds selected
from the group consisting of the compound of formula (1),
pharmaceutically acceptable salt, 1somer, hydrate and sol-
vate thereof.

The following Examples are provided to illustrate pre-
ferred embodiments of the present invention, and are not
intended to limit the scope of the present invention.

EXAMPLES

Preparation Example 1

Preparation of 4-aminothieno[3,2-d]pyrimidine-"/-
carboxylic acid

<Step 1> Preparation of
3H-thieno[3,2-d]pyrimidin-4-one

Acetic anhydride (185 mL, 1.96 mol) and formic acid (85
ml., 2.22 mmol) were mixed and stirred. Methyl-3-amino-
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thiophene-2-carboxylate (50 g, 0.16 mol) was added to the
reaction mixture, followed by stirring for about 3 hours at
room temperature. The reaction solvent was removed under
reduced pressure. Separately, ammonium formate (90 g,
1.43 mol) and formamide (150 mL, 3.76 mol) were mixed >
and stirred for about 30 minutes. The synthesized material 1n
the above was added to the resulting reaction solution,
tollowed by stirring 8 hours at 150° C. The reaction solution
was cooled to room temperature and stirred for about 12
hours. The generated solid was filtered, and washed with
water to obtain the title compound (39 g, 81%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 12.48 (br,
1H), 8.18 (d, 1H), 8.14 (s, 1H), 7.40 (d, 1H)

10

<Step 2> Preparation of -

‘/-bromothieno[3,2-d]pyrimidin-4(3H)-one

Thieno[3,2-d]pyrimidin-4(3H)-one (38.0 g, 0.25 mol)
was dissolved 1n acetic acid (143 mL, 2.5 mol), and bromine ,,
(40.4 mL, 0.78 mol) diluted with acetic acid (122 mL, 2.1
mol) was slowly added to the solution prepared. The reac-
tion solution was stirred 1n a sealed reactor for 18 hours at
120° C. The reaction solution was cooled to room tempera-
ture and acetic acid was removed by distillation under 25
reduced pressure. The reaction mixture was poured nto an
ice water to generate a solid compound, and the resulting
solid compound was filtered and dried. The title compound

was obtained without purification (37.5 g, 65%).
"H-NMR Spectrum (300 MHz, DMSO-d,): 8 12.75 (brs, 30
1H), 8.36 (s, 1h), 8.24 (s, 1H)

<Step 3> Preparation of
7-bromo-4-chlorothieno[3,2-d]pyrimidine

35
Dimethylformamide (25.8 mL, 0.33 mol) and dichlo-
romethane (150 mL) were added to a reactor. Oxalyl chlo-
ride (46.4 mL, 0.53 mol) diluted with dichloromethane (150
ml.) at room temperature was added to the reactor for about

30 minutes. 7-bromothieno[3,2-d|pyrimidin-4(3H)-one (35 40
g 0.15 mol) was added thereto, and then, the reaction
solution was heated to retlux for 3 hours. The temperature of
the reaction solution was lowered and water was carefully
added thereto. The organic layer was separated, and the

aqueous layer was subjected to extraction using dichlo- 45
romethane. The extracted organic layer was dried over
anhydrous sodium sulfate. The dried organic layer was
filtered and distilled under reduced pressure, and dried with

nitrogen gas to obtain the title compound (30.5 g, 85%).
"H-NMR Spectrum (300 MHz, DMSO-dy): 8 9.16 (s, 30

1H), 8.79 (s, 1H)

<Step 4> Preparation of
7-bromothieno[3,2-d|pyrimidine-4-amine
55
7/-bromo-4-chlorothieno[3,2-d]Jpyrimidine  (84.0  g)
obtained 1 <Step 3> and 2.0 M ammoma (672 mL) were
stirred under a solvent of 2-propanol 1n a sealed condition.
The external temperature was raised to a range of 95 to 100°
C., followed by stirring for 7 hours. The reaction solution 60
was cooled to room temperature and the solvent was dis-
tilled under reduced pressure. Distilled water (400 mL) was
added to the concentrated solution, followed by stirring for
30 minutes. The solid compound was filtered and washed
with distilled water (168 mL) twice. The resulting com- 65
pound was dried 1n an oven at 350° C. to obtain the title

compound (75 g, 97%).

20
"H-NMR Spectrum (300 MHz, DMSO-d.): 8 7.71 (s,
2H), 8.33 (s, 1H), 8.47 (s, 1H)

<Step 5> Preparation of
7-vinylthieno[3,2-d]pyrimidine-4-amine

7-bromothieno[3,2-d]|pyrimidine-4-amine (33.0 g, 0.23
mol) obtained 1n <Step 4>, tetrakis(triphenylphosphine)
palladium (15.8 g, 0.014 mol) and copper 10odide (5.3 g,
0.028 mol) were stirred under a solvent of 1,4-dioxane (330
mL). Tributyl(vinyl)tin (83.2 mL, 0.276 mL) was slowly
added to the resulting mixture, followed by refluxing for 7
hours or more. The reaction solution was cooled to room
temperature. An aqueous solution of calctum fluoride (795
ml) and ethyl acetate (795 mL) are added to the reaction
solution and stirred vigorously for 3 hours or more. The
reaction solution was filtered through a Celite pad under
reduced pressure, and washed with ethyl acetate (105 mL).
The organic layer of the filtrate was separated, and dried
over anhydrous sodium sulfate. The dried organic layer was
filtered and distilled under reduced pressure, and a mixed
solution of ethyl acetate (106 mL)/hexane (106 mL) was
added thereto, followed by stirring for 1 hour. The reaction
solution was filtered under reduced pressure and washed
with a mixed solution of ethyl acetate (27 mlL )/hexane (27
mlL). The filtered solid was dried with warm wind 1n an oven
(50° C.) for 3 hours or more to obtain title compound (34.2
g, 83.8%).

'H-NMR Spectrum (300 MHz, DMSO-d,): 6 8.40 (s,
1H), 8.13 (s, 1H), 7.44 (s, 2H), 6.94 (dd, 1H), 6.34 (dd, 1H),
5.37 (dd, 1H)

<Step 6> Preparation of 4-aminothieno|3,2-d][py-
rimidine-7-carboaldehyde

7-vinylthieno[3,2-d]pyrimidine-4-amine (40.0 g, 0.226
mol) obtained 1n <Step 5> was stirred under solvents of
chloroform (280 mL) and methanol (280 mL). The reaction
solution was cooled to —=78° C. by mtroducing nitrogen gas
and supplied by ozone gas for 3 hours or more. The ozone
generator was removed and the temperature of the reaction
solution was raised to room temperature while nitrogen gas
was introduced. Dimethyl sulfide (60 mL) was added to the
reaction mixture, followed by stirring for 3 hours or more at
room temperature. The reaction solution was concentrated
under reduced pressure, and ethyl acetate (80 mL) was
added to the concentrated solution, followed by stirring for
one hour. The reaction solution was filtered under reduced
pressure, and the filtered solid was washed with ethyl acetate
(10 mL). The filtered solid was dried with warm wind 1n an
oven (50° C.) for 3 hours or more to obtain the ftitle
compound (36 g, 89%).

"H-NMR Spectrum (300 MHz, CDCl,): § 10.25 (s, 1H),
8.99 (s, 1H), 8.50 (s, 1H), 7.82 (s, 2H)

<Step 7> Preparation of 4-aminothieno[3,2-d]py-
rimidine-"/-carboxylic acid

Sodium phosphate monobasic dihydrate (48.2 g, 0.402
mol) was dissolved in distilled water (180 mL), and the
reaction solution was cooled to 0° C. or below. Separately,
4-aminothieno[3,2-d]pyrimidine-7-carboaldehyde (36.0 g,
0.201 mol) obtained 1n <Step 6> was dissolved 1n a mixed
solution of acetone (244 mL)/dimethylsulfoxide (176 mL),
and the resulting solution was slowly added to a reaction
solution at 3° C. or below. Separately, sodium chlorite (30.3
g, 0.268 mol) was dissolved in distilled water (180 mL), and
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the resulting solution was slowly added to the reaction
solution at 3° C. or below. Distilled water (1,280 mL) was
added to the reaction solution, followed by stirring for 5
hours or more. The reaction solution was filtered under
reduced pressure, and the filtered solid was washed with
diethyl ether (72 mL). The filtered solid was added with
cthanol (180 mL), and the resulting solution was distilled
under reduced pressure. The concentrated solid was dried
with warm wind 1n an oven (50° C.) for 3 hours or more to
obtain the title compound (36 g, 91.8%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 8.92 (s,
1H), 8.50 (s, 1H), 7.94 (s, 2H)

Preparation Example 2

Preparation of
1 -chloro-6-methyl-5-nitroisoquinoline

<Step 1> Preparation of 6-methylisoquinoline

Para-tolualdehyde (53 mL, 0.486 mol) was stirred 1n a
solvent of chloroform (900 mL). Aminoacetaldehyde dim-
ethyl acetal (59.3 mL, 0.486 mol) was slowly added thereto,
followed by stirring at 90° C. until about one-half of the
reaction solution was evaporated. The reaction solution was
cooled to room temperature, and the resulting yellow reac-
tion solution was dissolved 1n chloroform (400 mlL), fol-
lowed by cooling the solution to 0° C. or below. Ethyl
chloroformate (48 mL, 0.486 mol) and triethylphosphite

(104 mL, 0.583 mol) were slowly added to the reaction
solution. The reaction solution was stirred for 24 hours at
room temperature. The reaction solution was cooled to 0° C.
or below, slowly added with titanium tetrachloride (213.6
ml., 1.94 mol), and refluxed for 12 hours or more. The
reaction solution was cooled to room temperature, and
stirred for 12 hours or more. The reaction mixture was
poured to an 1ce water to separate the organic layer and the
aqueous layer, and the aqueous layver was washed with
dichloromethane. A saturated sodium tartrate solution was
added to the aqueous layer, adjusted to pH 9 by adding
ammonia water, and subjected to extraction with dichlo-
romethane. The obtained organmic layer was dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure to obtain the title compound (46.3 g, 66%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 9.23 (s,
1H), 8.45 (d, 1H), 8.02 (d, 1H), 7.72 (d, 2H), 7.534 (d, 1H),
2.49 (s, 3H)

<Step 2> Preparation of
6-methyl-5-nitroisoquinoline

Sulturic acid (400 mL) was added to 6-methylisoquino-
line (46.3 g, 0.323 mol) obtained in <Step 1> above and the
mixture was stirred. The reaction solution was cooled to 0°
C. or below, followed by slowly adding potassium nitrate
(65.3 g, 0.646 mol). The reaction solution was stirred for 3
hours or more at 0° C. An ice water was poured to the
reaction mixture, adjusted to pH 12 by adding 5 N NaOH
solution, followed by stirring for 12 hours or more at room
temperature. The generated solid was filtered under reduced
pressure, and the filtered solid was washed with water. The
filtered solid was dried with warm wind 1n an oven (40° C.)
for 3 hours or more to obtain the title compound (43.3 g,
71%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 9.46 (s,
1H), 8.67 (d, 1H), 8.37 (d, 1H), 7.79 (d, 1H), 7.62 (d, 1H),
2.54 (s, 3H)
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<Step 3> Preparation of
6-methyl-S-nitroisoquinolin-2-oxide

6-methyl-5-nitroisoquinoline (433 g, 0.230 mol)
obtained 1n <Step 2> above was dissolved i dichlorometh-
ane (650 mL), and the reaction solution was cooled to 0° C.
or below. Subsequently, mCPBA (67.5 g, 0.390 mol) was
slowly added to the reaction solution, followed by stirring
for 10 hours or more at 0° C. The reaction mixture was
adjusted to pH 10 by adding 1 N NaOH solution, and
subjected to extraction with dichloromethane. The obtained
organic layer was dried over anhydrous sodium sulfate, and
concentrated under reduced pressure to obtain the ftitle
compound (46.5 g, 99%).

"H-NMR Spectrum (300 MHz, CDCL,): & 8.80 (s, 1H),
8.24 (d, 1H), 7.80 (d, 1H), 7.66 (d, 1H), 7.56 (d, 1H), 2.35
(s, 3H)

<Step 4> Preparation of
1 -chloro-6-methyl-5-nitroisoquinoline

6-methyl-5-nitroisoquinoline (46.5 g, 0.228 mol)
obtained 1 <Step 3> above was dissolved in 1,2-dichlo-
roethane (1.8 L), and added with POCI, (107 mL, 1.14 mol)
at room temperature. The reaction solution was retluxed for
7 hours or more. The reaction solution was cooled to room
temperature, and the reaction solution was concentrated by
distilling the solvent under reduced pressure. The concen-
trated solid was dissolved 1n dichloromethane, and then, an
ice water was added thereto. The reaction mixture was
subjected to extraction with dichloromethane. The obtained
organic layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The concentrated solid
was added with a mixed solution of ethyl acetate/
hexane=1/1 (v/v), followed by stirring for 2 hours or more
at room temperature. The resulting solid was filtered under
reduced pressure, and washed with a mixed solution of ethyl
acetate/hexane=1/1 (v/v). The filtered solid was dried with
warm wind 1n an oven (40° C.) for 3 hours or more to obtain
the title compound (28 g, 55%).

"H-NMR Spectrum (300 MHz, DMSO-d,): § 8.53 (m,
2H), 7.92 (d, 1H), 7.67 (d, 1H), 2.72 (s, 3H)

Example 1

Preparation of 4-amino-N-(1-((4-chlorophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

<Step 1> Preparation of N-(4-chlorophenyl)-6-
methyl-5-nmitroisoquinolin-1-amine

1 -chloro-6-methyl-5-nitroisoquinoline (5.0 g, 22.5 mmol)
obtained 1 <Step 4> of Preparation Example 2 was dis-
solved 1 2-propanol (70 mL), and added with 4-chloroani-
line (2.6, 20.4 mmol) at room temperature. The reaction
solution was placed 1n a sealed reactor, and stirred for 10
hours or more at 90° C. The reaction mixture was cooled to
room temperature, and the resulting solid was filtered under
reduced pressure, followed by washing with ethyl acetate.
The filtered solid was dried with warm wind 1n an oven (40°
C.) for 3 hours or more to obtain the title compound (6.1 g,
95%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 8.53 (m,
2H), 7.92 (d, 1H), 7.67 (d, 1H), 2.72 (s, 3H)

MS (ESI*, m/z): 314 [M+H]”
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<Step 2> Preparation of N'-(4-chlorophenyl)-6-
methylisoquinolin-1,35-diamine

Iron (5.4 g, 97.2 mmol) and concentrated hydrochloric
acid (0.1 mL) were added to a mixed solution of ethanol/
water (50 mL/350 mL), and refluxed for 1 hour. N-(4-
chlorophenyl)-6-methyl-5-nitroisoquinolin-1-amine (6.1 g,
19.4 mmol) obtained 1n <Step 1> above was added to the
mixed reaction solution, and further refluxed for 2 hours or
more. The reaction mixture was filtered through a Celite pad
under reduced pressure, and washed with a mixed solution
of chloroform/2-propanol=4/1 (v/v). The filtrate obtained
was distilled under reduced pressure, and dissolved 1n a
mixed solution of chloroform/2-propanol=4/1 (v/v). The
organic layer was separated, and washed with an aqueous
solution of sodium bicarbonate and brine. The obtained
organic layer was dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure to obtain
the title compound (4.6 g, 84%).

'"H-NMR Spectrum (300 MHz, DMSO-d,): & 8.96 (s,
1H), 7.96 (d, 2H), 7.88 (d, 1H), 7.63 (d, 1H), 7.43 (d, 1H),
7.33 (d, 2H), 7.26 (d, 1H), 5.48 (s, 2H), 2.25 (d, 3H)

MS (ESI*, m/z): 284 [M+H]*

<Step 3> Preparation of 4-amino-N-(1-((4-chloro-
phenyl Jamino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

4-aminothieno|3,2-d|pyrimidine-7-carboxylic acid (7.9 g,
40.5 mmol) obtained 1n <Step 7> of Preparation Example 1
was dissolved 1 dimethylformamide, added with DECP
(11.7 mL, 81.1 mmol) and DIPEA (17.7 mL, 97.3 mmol) at
0° C., stirred for 10 minutes. The mixed reaction solution
was added with N'-(4-chlorophenyl)-6-methylisoquinolin-
1,5-diamine (4.6 g, 16.2 mmol) obtained 1n <Step 2> above,
followed by stirring for 12 hours or more. The reaction
mixture was diluted with ethyl acetate, and washed with a
saturated aqueous solution of sodium bicarbonate and brine.
The organic layer was dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The con-
centrated solid was added with ethyl acetate, followed by

stirring for 2 hours or more. The resulting solid was dried

with warm wind 1n an oven for 3 hours or more to obtain the
title compound (2.7 g, 36%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 6 11.56 (s,
1H), 9.33 (s, 1H), 9.14 (s, 1H), 8.58 (s, 1H), 8.47 (d, 1H),
8.00 (m, 5H), 7.63 (d, 1H), 7.38 (d, 2H), 7.19 (d, 1H), 2.42
(s, 3H)

MS (ESI*, m/z): 461 [M+H]*

Example 2

Preparation of 4-amino-N-(6-methyl-1-((3-(trifluo-
romethyl)phenyl)amino)isoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were

repeated 1n sequence, except for using 3-trifluoromethylani-
line mstead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (22 mg, 26%).

MS (ESI*, m/z): 495 [M+H]*
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Example 3

Preparation of N-(1-((4-chlorophenyl)amino)-6-
methylisoquinolin-5-yl)-4-(cyclopropylamino )thieno
[3,2-d]pyrimidine-7-carboxamide

The procedures of <Step 3> of Example 1 were repeated,
except for using N'-(4-chlorophenyl)-6-methylisoquinolin-
1,5-diamine (0.04 g, 0.14 mmol) and 4-cyclopropylamin-
othieno[3,2-d|pyrimidine-7-carboxylic acid (see WO
2011009687, 0.18 mmol) obtained 1n <Step 2> of Example
1 to obtain the title compound (27 mg, 38%).

MS (ESI™, m/z): 501 [M+H]”

Example 4

Preparation of 4-(cyclopropylamino)-N-(6-methyl-
1-((3-(trifluoromethyl)phenyl)amino )isoquinolin-5-
yDthieno[3,2-d]pyrimidine-7-carboxamide

The procedures of Example 3 were repeated, except for
using 6-methyl-N'-(3-trifluoromethyl-phenyl)-isoquinolin-
1,5-diamine (0.05 g, 0.16 mmol) obtained 1 <Step 2> of
Example 2 instead of N'-(4-chlorophenyl)-6-methylisoqui-
nolin-1,5-diamine obtained i <Step 2> of Example 1 to
obtain the title compound (27 mg, 26%).

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

Example 5

Preparation of 4-amino-N-(6-methyl-1-((3-(4-
methyl-1H-1midazol-1-y1)-3-(tritfluoromethyl)phe-
nyl)amino)isoquinolin-3-yl)thieno[3,2-d]pyrimidine-
7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-(4-methyl-imida-
zol-1-y1)-3-trifluoromethyl-phenylamine (see WO
2006135640, 1.62 mmol) mstead of 4-chloroaniline 1n <Step

1> of Example 1 to obtain the title compound (7 mg, 42%).
MS (ESI*, m/z): 575 [M+H]”

Example 6

Preparation of 4-(cyclopropylamino)-N-(6-methyl-
1-((3-(4-methyl-1H-1midazol-1-yl)-5-(trifluorom-
cthyl)phenyl)amino)isoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Step 3> of Example 1 were repeated,
except for using 6-methyl-N'-(3-(4-methyl-imidazol-1-yl)-
S-trifluoromethyl-phenyl)-1soquinolin-1,35-diamine (0.012 g,
0.03 mmol) obtained 1n Example 5 and 4-cyclopropylami-
nothieno[3,2-d]pyrimidine-7-carboxylic acid (see WO
2011009687, 0.04 mmol) to obtain the title compound (10
mg, 57%).

MS (ESI*, m/z): 615 [M+H]”

Example 7

Preparation of 4-amino-N-(1-((4-((4-ethylpiperazin-
1 -yDmethyl)-3-(trifluoromethyl )phenyl)amino )-6-
methylisoquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-
carboxamide

<Step 1> Preparation of 1-(bromomethyl)-4-nitro-2-
(trifluoromethyl)benzene

1 -methyl-4-nitro-2-(trifluoromethyl)benzene (25 g, 122
mmol) was dissolved 1n dichloroethane (300 mL), followed
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by stirring. NBS (21.7 g, 122 mmol) and AIBN (2.0 g, 12.2
mmol) were added thereto, followed by further stirring for
about 12 hours at 80° C. The resulting solid was filtered
under reduced pressure, and dried with warm wind 1n an
oven (40° C.) for 3 hours or more to obtain the fitle
compound (34 g, 98%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 8.53 (d,
1H), 8.42 (s, 1H), 8.06 (d, 1H), 4.88 (s, 2H)

MS (ESI*, m/z): 284 [M+H]"

<Step 2> Preparation of 1-ethyl-4-(4-nitro-2-(trii-
luoromethyl)benzyl)piperazine

1-(bromomethyl)-4-nitro-2-(trifluvoromethyl)benzene (34
g, 120 mmol) obtained 1n <Step 1> above was dissolved 1n
dichloromethane (300 mL), followed by stirring. The reac-
tion solution was added with 1-ethylpiperazine (15.97 mL,
126 mmol) and DIPEA (27.2 mL, 156 mmol), followed by
turther stirring for about 3 hours at room temperature. The
reaction mixture was diluted with dichloromethane, and
washed with a saturated aqueous solution of sodium bicar-
bonate and brine. The organic layer was dried over anhy-
drous sodium sulfate, filtered, and concentrated under

reduced pressure to obtain the title compound (21.7 g, 57%).
'"H-NMR Spectrum (300 MHz, DMSO-d.): 8 8.52 (d,

1H), 8.40 (s, 1H), 8.09 (d, 1H), 3.71 (s, 2H), 2.35 (m, 10H),
1.00 (t, 3H)
MS (ESI*, m/z): 318 [M+H]*

<Step 3> Preparation of 4-((4-ethylpiperazin-1-yl)
methyl)-3-(trifluoromethyl)aniline

1-ethyl-4-(4-mitro-2-(trifluoromethyl)benzyl)piperazine
(21.7 g, 68.3 mmol) obtamnmed in <Step 2> above was
dissolved in methanol, followed by stirring. The reaction
solution was added with Pd/C (1.8 g, 17.08 mmol), followed
by stirring under hydrogen conditions for about 12 hours at
room temperature. The reaction mixture was filtered through
a Celite pad under reduced pressure, washed with methanol.
The filtrate was concentrated under reduced pressure to
obtain the title compound (19.4 g, 99%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 7.30 (d,
1H), 6.85 (s, 1H), 6.76 (d, 1H), 5.42 (s, 2H), 3.37 (s, 2H),
2.33 (m, 10H) 1.01 (t, 3H)

MS (ESI*, m/z): 288 [M+H]"

<Step 4> Preparation of 4-amino-N-(1-((4-((4-eth-

ylpiperazin-1-yl)methyl)-3-trifluoromethyl)phenyl)

amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-((4-ethylpiperazin-
1-yDmethyl)-3-(trifluoromethyl)aniline obtamned in <Step
3> above 1nstead of 4-chloroaniline 1n <Step 1> of Example
1 to obtain the title compound (7 mg, 30%).

MS (ESIF, m/z): 621 [M+H]"

Example 8

Preparation of 4-(cyclopropylamino)-N-(1-((4-((4-

cthylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phe-

nyl)amino)-6-methylisoquinolin-5-yl)thieno[ 3,2-d]
pyrimidine-7-carboxamide

The procedures of <Step 3> of Example 1 were repeated
in sequence, except for using N'-(4-(4-ethyl-piperazin-1-
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ylmethyl)-3-trifluoromethyl-phenyl)-6-methyl-1soquinolin-
1,5-diamine (0.015 g, 0.03 mmol) and 4-cyclopropylamin-
othieno[3,2-d|pyrimidine-7-carboxylic acid (see WO
2011009687, 0.04 mmol) to obtain the title compound (10
mg, 46%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.59 (s,
1H), 9.48 (s, 1H), 8.94 (s, 1H), 8.64 (m, 2H), 8.48 (m, 2H),
.31 (s, 1H), 8.24 (d, 1H), 8.01 (d, 1H), 7.63 (d, 2H), 7.20
(d, 1H), 3.62 (s, 2H), 3.06 (m, 1H), 2.70 (m, 10H), 2.42 (s,
3H), 1.13 (m, 3H), 0.87 (br, 2H), 0.7 (br, 2H)

MS (ESIT, m/z): 661 [M+H]”

Example 9

Preparation of N-(1-((4-((4-ethylpiperazin-1-yl)
methyl)-3-(trifluoromethyl)phenyl)amino )-6-methyl-
1soquinolin-5-yl)-4-(methylamino)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Step 3> of Example 1 were repeated
in sequence, except for using N'-(4-(4-ethyl-piperazin-1-
ylmethyl)-3-trifluoromethyl-phenyl)-6-methyl-1soquinolin-
1,5-diamine (0.020 g, 0.05 mmol) obtained in Example 7
and 4-methylamino-thieno[3,2-d|pyrimidine-7-carboxylic
acid (see WO 2011009687, 0.05 mmol) to obtain the title
compound (4 mg, 13%).

MS (ESI", m/z): 635 [M+H]"

Example 10

Preparation of 4-amino-N-(1-((4-(4-ethylpiperazin-
1-yl)phenyl)amino )-6-methylisoquinolin-5-yl)thieno
[3,2-d]|pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-(4-ethyl-piperazin-
1-yl)phenylamine (see WO 2009141386, 0.37 mmol)
instead of 4-chloroaniline obtained 1n <Step 1> of Example
1 to obtain the title compound (1.2 mg, 37%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.54 (s,
1H), 9.04 (s, 1H), 8.96 (s, 1H), 8.60 (s, 1H), 8.44 (d, 1H),
7.97 (s, 2H), 7.91 (d, 1H), 7.69 (d, 2H), 7.57 (d, 1H), 7.07
(d, 1H), 6.95 (d, 2H), 3.07 (m, 4H), 2.50 (m, 4H), 2.37 (m,
SH), 1.03 (t, 3H)

MS (ESI*, m/z): 3539 [M+H]”

Example 11

Preparation of 4-amino-N-(1-((4-((4-ethylpiperazin-
1-yDmethyl)phenyl)amino)-6-methylisoquinolin-3-
yDthieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-(4-cthyl-piperazin-
1-ylmethyl)-phenylamine (see WO 2006000420, 0.37
mmol) instead of 4-chloroaniline obtained i <Step 1> of
Example 1 to obtain the title compound (4 mg, 8%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): § 11.56 (s,
1H), 9.20 (s, 1H), 8.96 (s, 1H), 8.60 (s, 1H), 8.47 (d, 1H),
7.98 (m, 3H), 7.82 (d, 2H), 7.61 (d, 1H), 7.24 (d, 1H), 7.15
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(d, 1H), 3.43 (s, 2H), 2.43 (s, 3H), 2.35 (m, 10H), 0.99 (t.
3H)
MS (ESI*, m/z): 553 [M+H]*

Example 12 5

Preparation of 4-amino-N-(6-methyl-1-(phe-
nylamino)isoquinolin-3-yl)thieno[3,2-d]pyrimidine-
7-carboxamide
10
The procedures of <Steps 1, 2 and 3> of Example 1 were

repeated 1n sequence, except for using aniline instead of
4-chloroaniline 1n <Step 1> of Example 1 to obtain the title
compound (112 mg, 65.5%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.55 (s,
1H), 9.21 (s, 1H), 8.96 (s, 1H), 8.58 (s, 1H), 8.50 (d, 1H),
7.98 (m, 3H), 7.91 (d, 2H), 7.61 (d, 1H), 7.36 (im, 2H), 7.15
(d, 1H), 7.01 (t, 1H), 2.48 (s, 3H)

MS (ESI™, m/z): 427 [M+H]"

15

20

Example 13

Preparation of 4-amino-N-(1-((4-chloro-3-(trifluo-
romethyl)phenyl)amino )-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide 23
The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-chloro-3-(trifluo-
romethyl)aniline instead of 4-chloroaniline 1n <Step 1> of

Example 1 to obtain the title compound (75 mg, 50%).
"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.58 (s,

1H), 9.62 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.50 (s, 1H),
8.35 (d, 1H), 8.07 (d, 1H), 7.94 (s, 2H), 7.67 (dd, 2H), 7.27
(d, 1H), 2.48 (s, 3H)

MS (ESI*, m/z): 529 [M+H]*

30

35

Example 14

Preparation of 4-amino-N-(1-((2-methoxy-3-(trifluo-
romethyl)phenyl)amino )-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

40

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 2-methoxy-5-(trii-
luoromethyl)analine instead of 4-chloroaniline 1n <Step 1>

of Example 1 to obtain the title compound (33 mg, 35%).
"H-NMR Spectrum (300 MHz, DMSO-d,.): 6 11.60 (s,

1H), 8.94 (s, 1H), 8.69 (s, 1H), 8.58 (s, 1H), 8.52 (d, 1H),

8.26 (d, 1H), 8.00 (d, 1H), 7.90 (s, 2H), 7.63 (d, 1H), 7.45

(d, 1H), 7.28 (d, 1H), 7.19 (d, 1H), 3.96 (s, 3H), 2.49 (s, 3H)
MS (ESI*, m/z): 525 [M+H]*

45
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Example 15

Preparation of 4-amino-N-(6-methyl-1-((4-(tritluo- 55

romethyl)phenyl)amino)isoquinolin-5-yl)thieno[3,2-
d|pyrimidine-7-carboxamide

<Step 1> Preparation of 6-methyl-5-nitro-N-(4-
(trifluoromethyl)pyridin-2-yl)isoquinolin-1-amine 60

1-chloro-6-methyl-5-nitroisoquinoline (580 mg, 2.61
mmol) obtained in <Step 4> of Preparation Example 2 was
dissolved in 1,4-dioxane (15 mL), and added with 4-(trii-
luoromethyl)pyridin-2-amine (332 mg, 2.17 mmol), Xant-
phos (126 mg, 0.214 mmol), Pd,(dba), (80 mg, 0.087 mmol)

and CsCO, (1.4 g, 4.34 mmol). The reaction solution was

65
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sealed and stirred for 4 hours or more at 110° C. The reaction
mixture was cooled to room temperature, diluted with ethyl
acetate, and washed with a saturated aqueous solution of
sodium bicarbonate and brine. The organic layer was dried
over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The concentrated compound was
purified using silica gel chromatography (ethyl acetate:
hexane=1:3 (v/v)) to obtain the title compound (321 mg,
42%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 10.50 (s,
1H), 8.79 (d, 1H), 8.65 (m, 2H), 8.26 (s, 1H), 7.70 (d, 1H),
7.35 (d, 1H), 7.07 (s, 1H)

MS (ESI*, m/z): 349 [M+H]”

<Step 2> Preparation of 4-amino-N-(6-methyl-1-
((4-trifluvoromethyl)pyridin-2-yl)amino)isoquinolin-
S-yhthieno|[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 2 and 3> of Example 1 were
repeated 1n sequence, except for using 6-methyl-5-nitro-N-
(4-(trifluoromethyl)pyridin-2-yljisoquinolin-1-amine
obtained 1 <Step 1> above instead of N-(4-chlorophenyl)-
6-methyl-5-mitroisoquinolin-1-amine 1 <Step 2> of
Example 1 to obtain the title compound (19 mg, 17%).

"H-NMR Spectrum (300 MHz, DMSO-d..): 8 11.59 (s,
1H), 10.67 (s, 1H), 9.06 (s, 1H), 8.64 (s, 1H), 8.58 (m, 3H),
8.14 (d, 1H), 7.96 (s, 2H), 7.63 (d, 1H), 7.38 (d, 1H), 7.32
(d, 1H), 2.43 (s, 3H)

MS (ESI*, m/z): 496 [M+H]"

Example 16

Preparation of 4-amino-N-(1-((4-methoxyphenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]|py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using para-anisidine instead
of 4-chloroaniline 1 <Step 1> of Example 1 to obtain the
title compound (35 mg, 8%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): § 11.53 (s,
1H), 9.08 (s, 1H), 8.93 (s, 1H), 8.58 (s, 1H), 8.44 (d, 1H),
7.95 (s, 2H), 7.91 (d, 1H), 7.74 (d, 2H), 7.58 (d, 1H), 7.07
(d, 1H), 6.93 (d, 2H), 3.74 (s, 3H), 2.40 (s, 3H)

MS (ESI*, m/z): 457 [M+H]"

Example 17

Preparation of 4-amino -N-(6-methyl-1-(p-toly-
lamino )isoquinolin-3-yl)thieno[3,2-d[pyrimidine-7-
carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using para-toluidine 1nstead
of 4-chloroanmiline 1mn <Step 1> of Example 1 to obtain the
title compound.

MS (ESI", m/z): 441 [M+H]"

Example 18

Preparation of 4-amino-N-(1-((4-1sopropylphenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-1sopropylaniline
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instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (150 mg, 31%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 6 11.67 (s,
1H), 8.97 (s, 1H), 8.59 (m, 2H), 8.02 (m, 2H), 7.92 (d, 1H),
7.719 (d, 1H), 7.70 (d, 2H), 7.22 (m, 2H), 7.05 (d, 2H), 3.52
(m, 1H), 2.40 (s, 3H), 1.27 (m, 6H)

MS (ESI*, m/z): 469 [M+H]*

Example 19

Preparation of 4-amino-N-(1-((5-(t-butyl)1soxazol-3-
yl)amino-6-methylisoquinolin-3-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

<Step 1> Preparation of 5-(t-butyl)isoxazol-3-amine

4,4-dimethyl-3-oxopentanenitrile (3 g, 23.97 mmol) was
dissolved 1n distilled water, stirred, and added with NaOH
(1.06 g, 26.4 mmol) and NH,OH.HCI (1.83 g, 26.4 mmol).
The reaction solution was stirred for about 30 minutes at
room temperature. The reaction mixture was calibrated to
yield pH 1n a range of 8 to 9 by adding an aqueous solution
of 1 N NaOH, followed by further stirring for 10 hours or
more at 50° C. The reaction mixture was washed 2 to 3 times
with carbon tetrachloride, and aqueous layer was calibrated
to yield pH 1n a range of 4 to 5 by adding concentrated HCI.
The reaction mixture was further stirred for about 3 hours at
50° C. The reaction mixture was cooled to room tempera-
ture, and calibrated to yield pH 12 by adding an aqueous
solution of 1 N NaOH. The resulting solid was filtered under
reduced pressure, and washed with distilled water. The
filtered solid was dried with warm wind 1n an oven (40° C.)
for 3 hours or more to obtain the title compound (2.6 g,

77%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 5.49 (s,
1H), 5.40 (s, 2H), 1.21 (s, 9H)

MS (ESI*, m/z): 141 [M+H]*

<Step 2> Preparation of 4-amino-N-(1-((5-t-butyl)
1soxazol-3-yl)amino)-6-methylisoquinolin-3-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were

repeated 1n sequence, except for using 5-(t-butyl)isoxazol-
3-amine obtained in <Step 1> above, mnstead of 4-chloroa-

niline 1n <Step 1> of Example 1 to obtain the title compound
(7 mg, 7%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): & 11.56 (s,
1H), 10.20 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.52 (d, 1H),
8.07 (d, 1H), 7.95 (m, 1H), 7.60 (d, 1H), 7.25 (d, 1H), 6.85
(s, 1H), 2.20 (s, 3H), 1.33 (s, 9H)

MS (ESI*, m/z): 474 [M+H]*

Example 20

Preparation of 4-amino-N-(1-((4-fluorophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-fluoroaniline
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instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (25 mg, 13%).
MS (ESI*, m/z): 445 [M+H]”

Example 21

Preparation of 4-amino-N-(6-methyl-1-(thiazol-2-
ylamino)isoquinolin-5-yl)thieno[3,2-d]|pyrimidine-7-
carboxamide

The procedures of <Step 1> of Example 15 and <Steps 2
and 3> of Example 1 were repeated 1n sequence, except for
using 2-aminothiazole mstead of 4-(trifluoromethyl)pyridin-
2-amine 1 <Step 1> of Example 15 to obtain the fitle
compound (29 mg, 7.4%).

"H-NMR Spectrum (300 MHz, DMSO-d..): 6 11.59 (s,
1H), 8.95 (s, 1H), 8.58 (s, 1H), 8.50 (s, 1H), 8.15 (d, 1H),
7.97 (s, 2H), 7.69 (m, 1H), 7.60 (m, 1H), 7.29 (m, 2H), 7.11
(m, 1H), 2.42 (s, 3H)

MS (ESI*, m/z): 434 [M+H]"

Example 22

Preparation of 4-amino-N-(1-((4-cyanophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-aminobenzonitrile
instead of 4-chloroaniline in <Step 1> of Example 1 to

obtain the title compound (41 mg, 25%).

'"H-NMR Spectrum (300 MHz, DMSO-d,): § 11.59 (s,
1H), 9.69 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.48 (d, 1H),
8.13 (m, 3H), 7.96 (s, 2H), 7.76 (d, 2H), 7.68 (d, 1H), 7.32
(d, 1H), 2.43 (s, 3H)

MS (ESI*, m/z): 452 [M+H]"

Example 23

Preparation of 4-amino-N-(6-methyl-1-(quinolin-5-
ylamino)isoquinolin-3-yl)thieno[3,2-d]pyrimidine-7-
carboxamide

The procedures of <Step 1> of Example 15 and <Steps 2
and 3> of Example 1 were repeated 1n sequence, except for
using S-aminoquinoline instead of 4-(trifluoromethyl)pyri-
din-2-amine 1 <Step 1> of Example 15 to obtain the title
compound (15 mg, 8.6%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.56 (s,
1H), 9.49 (s, 1H), 8.94 (s, 1H), 8.89 (d, 1H), 8.58 (s, 1H),
8.52 (d, 1H), 8.28 (d, 1H), 7.94 (m, 3H), 7.89 (t, 1H), 7.79
(m, 3H), 7.46 (d, 1H), 7.10 (d, 1H), 2.45 (s, 3H)

MS (ESIY, m/z): 478 [M+H]”

Example 24

Preparation of 4-amino-N-(1-((4-ethoxyphenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-ethoxyaniline
instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (52 mg, 33%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.53 (s,
1H), 9.08 (s, 1H), 8.93 (s, 1H), 8.41 (s, 1H), 8.44 (d, 1H),




US RE47,451 E

31
7.94 (m, 3H), 7.72 (d, 2H), 7.58 (d, 1H), 7.63 (d, 1H), 7.07
(d, 1H), 6.92 (d, 2H), 3.41 (g, 2H), 2.40 (s, 3H), 1.35 (t, 3H)

MS (ESI*, m/z): 471 [M+H]*

Example 25

Preparation of 4-amino-N-(6-methyl-1-((4-phenoxy-
phenyl)amino Jisoquinolin-5-yl)thieno[3,2-d|pyrimi-
dine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-phenoxyphenyl

instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (71 mg, 47%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): & 11.55 (s,
1H), 9.24 (s, 1H), 8.94 (s, 1H), 8.47 (s, 1H), 7.97 (m, 5H),
7.61 (d, 1H), 7.39 (m, 3H), 7.14 (m, 6H), 2.42 (s, 3H)

MS (ESI*, m/z): 519 [M+H]+

Example 26

Preparation of 4-amino-N-(1-((4-hydroxyphenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-aminophenol
instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound.

MS (ESI*, m/z): 443 [M+H]*

Example 27

Preparation of 4-amino-N-(1-((4-1sopropoxyphenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-1sopropoxyaniline
instead ol 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound.

"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.55 (s,
1H), 8.95 (s, 1H), 8.59 (s, 1H), 8.47 (d, 1H), 7.96 (s, 2H),
7.85 (d, 1H), 7.69 (d, 2H), 7.10 (d, 1H), 6.95 (d, 2H), 4.60
(m, 1H), 2.42 (s, 3H), 1.13 (m, 6H)

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

Example 28

Preparation of [4-amino-N-(1-((4-(dimethylamino)-

6-methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-

carboxamide] 4-amino-N-(1-((4-dimethylaminophe-
nvl)amino)-6-methylisoquinolin-5-yl)thieno| 3, 2-d]

pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N,N-dimethyl-p-
phenylenediamine instead of 4-chloroaniline in <Step 1> of
Example 1 to obtain the title compound (32 mg, 15%).

'"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.51 (s,
1H), 8.96 (s, 1H), 8.93 (s, 1H), 8.58 (s, 1H), 8.42 (d, 1H),
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7.94 (s, 2H), 7.87 (d, 1H), 7.61 (d, 2H), 7.55 (d, 1H), 7.02
(d, 1H), 6.76 (d, 2H), 2.86 (s, 3H), 2.40 (s, 3H)
MS (BST*, m/z): 470 [M+H]*

Example 29

Preparation of 4-amino-N-(1-((2,3-dihydrobenzo[b]
[1,4]d1ioxin-6-yl)amino)-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 1,4-benzodioxan-6-
amine instead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (21 mg, 13%).

'H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.57 (s,
1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.51 (d, 1H), 7.97 (m, 2H),
7.68 (d, 1H), 7.62 (d, 1H), 7.39 (s, 1H), 7.19 (m, 2H), 6.73
(d, 2H), 4.12 (m, 4H), 2.44 (s, 3H)

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

Example 30

Preparation of 4-amino-N-(1-((3,4-dimethoxyphe-
nyl)amino)-6-methylisoquinolin-5-yl)thieno[ 3,2-d]
pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3.,4-dimethoxyaniline

instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (40 mg, 25%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.59 (s,
1H), 9.41 (s, 1H), 8.94 (s, 1H), 8.80 (s, 1H), 8.51 (m, 2H),
8.13 (s, 2H), 7.87 (m, 2H), 7.78 (m, 1H), 7.34 (m, 1H), 7.05
(m, 1H), 3.76 (d, 6H), 2.36 (s, 3H)

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

Example 31

Preparation of 4-amino-N-(1-((3-fluoro-4-methoxy-
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were

repeated 1n sequence, except for using 3-fluoro-4-methoxya-
niline 1nstead of 4-chloroaniline 1n <Step 1> of Example 1

to obtain the title compound.
MS (ESI*, m/z): 475 [M+H]"

Example 32

Preparation of 4-amino-N-(6-methyl-1-((3,4,3-
trimethoxyphenyl)amino Jisoquinolin-3-yl)thieno| 3,
2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3,4,5-trimethoxyani-
line 1nstead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound.

'H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.77 (s,
1H), 9.45 (s, 1H), 8.89 (s, 1H), 8.60 (s, 1H), 8.52 (s, 1H),
7.95 (m, 3H), 7.57 (m, 2H), 7.12 (m, 2H), 3.63 (s, 6H), 3.39
(s, 3H)

MS (ESI*, m/z): 517 [M+H]"
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Example 33

Preparation of 4-amino-N-(6-methylisoquinolin-5-
yDthieno[3,2-d]pyrimidine-7-carboxamide

<Step 1> Preparation of
6-methylisoquinolin-5S-amine

6-methyl-S-nitroisoquinoline (1 g, 5.31 mmol) obtained
in <Step 2> of Preparation Example 2 was dissolved 1n
cthanol (70 mL), and added with tin(II) chlonide (5.46 g,
26.5 mmol) at room temperature. The reaction solution was
stirred for 4 hours or more at 100° C. The reaction mixture
was cooled to room temperature, diluted with ethyl acetate,
and washed with a saturated aqueous solution of sodium
bicarbonate and brine. The organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The concentrated solid was added with
diethyl ether, followed by stirring for 1 hour. The resulting
solid was filtered under reduced pressure to obtain the title
compound (320 mg, 38%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 9.05 (s,
1H), 8.33 (d, 1H), 8.01 (d, 1H), 7.32 (d, 1H), 7.22 (d, 1H),
5.65 (s, 2H), 2.22 (s, 3H)

MS (ESIY, m/z): 159 [M+H]"

<Step 2> Preparation of 4-amino-N-(6-methyliso-
quinolin-3-ythieno[3,2-d]pyrimidine-7-carboxam-
1de

The procedures of <Step 3> of Example 1 were repeated,
except for using 6-methylisoquinolin-5-amine obtained 1n
<Step 1> above instead of N'-(4-chlorophenyl)-6-methyl-
1soquinolin-1,5-diamine 1n <Step 3> of Example 1 to obtain
the title compound.

"H-NMR Spectrum (300 MHz, DMSO-d,.): 8 11.64 (s,
1H), 9.35 (s, 1H), 8.95 (s, 1H), 8.58 (s, 1H), 8.48 (d, 1H),
8.07 (d, 1H), 7.94 (s, 2H), 7.75 (m, 2H), 2.42 (s, 3H)

MS (ESIT, m/z): 336 [M+H]"

Example 34

Preparation of 4-amino-N-(1-(benzo[d][1,3]dioxo0l-
S-ylamino)-6-methylisoquinolin-3-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3,4-(methylenedioxy)

aniline mstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (39 mg, 24%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): & 11.54 (s,
1H), 9.10 (s, 1H), 8.93 (s, 1H), 8.58 (s, 1H), 8.42 (d, 1H),
7.95 (m, 3H), 7.59 (m, 2H), 7.23 (d, 1H), 7.10 (d, 1H), 6.89
(d, 1H), 5.99 (s, 2H), 2.40 (s, 3H)

MS (ESI*, m/z): 471 [M+H]"

Example 35

Preparation of 4-amino-N-(6-methyl-1-((5,6,7,8-
tetrahydronaphthalen-2-yl)amino isoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3,6,7,8-tetrahy-
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dronaphthylamine instead of 4-chloroaniline 1n <Step 1> of
Example 1 to obtain the title compound.

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.60 (s,
1H), 9.44 (s, 1H), 8.93 (s, 1H), 8.57 (m, 3H), 7.94 (m, 2H),
7.54 (m, 3H), 7.00 (m, 2H), 2.41 (s, 3H), 1.74 (s, 4H), 1.00
(s, 4H).

MS (ESI", m/z): 481 [M+H]"

Example 36

Preparation of 4-amino-N-(4-((4-chlorophenyl)
amino )-7-methylquinazolin-8-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

<Step 1> Preparation of
2-amino-4-methylbenzamide

2-amino-4-methylbenzonitrile (10 g, 75.7 mmol) was
dissolved 1n ethanol, added with potassium hydroxide (21.2
g 378 mmol), followed by refluxing for 8 hours. The
reaction mixture was cooled to room temperature, concen-
trated under reduced pressure, and dissolved in ethyl acetate.
The organic layer formed was washed with a saturated
aqueous solution of sodium bicarbonate and brine. The
obtained organic layer 1s dried over anhydrous sodium
sulfate, concentrated under reduced pressure, and recrystal-
lized from ethanol to obtain the title compound (4.9 g, 43%).

"H-NMR Spectrum (300 MHz, DMSO-d,): § 7.40 (d.
1H), 6.52 (s, 2H), 6.45 (s, 1H), 6.28 (d, 1H), 2.14 (s, 3H)

<Step 2> Preparation of
7-methylquinazolin-4-(3H)-one

2-amino-4-methylbenzamide (4.93 g, 32.8 mmol)
obtained 1n <Step 1> above was added with formic acid (30
ml., 787.9 mmol), followed by stirring for 6 hours at 100°
C. The reaction mixture was cooled to room temperature,
concentrated under reduced pressure, and washed with
water. The filtered solid was dried with warm wind 1n an
oven (40° C.) for 6 hours or more to obtain the fitle
compound (4.79 g, 91%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 8.06 (s,
1H), 8.00 (d, 1H), 7.47 (s, 1H), 7.34 (d, 1H), 2.45 (s, 3H)

MS (ESI*, m/z): 161 [M+H]”

<Step 3> Preparation of
6-bromo-7-methylquinazolin-4(3H)-one

7-methylquinazolin-4(3H)-one (4.78 g, 29.9 mmol)
obtained 1n <Step 2> above and methanol (1.2 mL) were
dissolved 1n acetic acid (23 mL, 397.5 mmol), and slowly
added with bromine (3.1 mL, 59.8 mmol) over a period of
5 minutes at room temperature, followed by stirring for 5
hours at room temperature. The reaction mixture was con-
centrated under reduced pressure, and added with sodium
thiosulfate, followed by stirring for a while. The resulting
solid was filtered under reduced pressure, washed with
water. The filtered solid was dried with warm wind 1n an
oven (40° C.) for 6 hours or more to obtain the fitle
compound (4.62 g, 65%).

MS (ESI*, m/z): 238 [M+H]”

<Step 4> Preparation of
6-bromo-7-methyl-8-nitroquinazolin-4(3H)-one

6-bromo-7-methylquinazolin-4(3H)-one (2 g, 7.04 mmol)
obtained 1n <Step 3> was added to sulfuric acid (15 mL),
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and heated to 80° C. The reaction mixture was added with
potassium nitrate (1.1 g, 10.56 mmol), followed by stirring,
for 20 minutes at 80° C. The reaction mixture was cooled to
room temperature, and i1ce water was added thereto. The
resulting solid was filtered under reduced pressure, washed
with water, and recrystallized from methanol to obtain the
title compound (675 mg, 28%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 8.41 (s,
1H), 8.25 (s, 1H), 2.42 (s, 3H)

MS (ESI*, m/z): 283 [M+H]"

<Step 5> Preparation of
6-bromo-4-chloro-7-methyl-8-nitroquinazoline

6-bromo-7-methyl-8-nitroquinazolin-4(3H)-one (672 mg,
2.366 mmol) obtain 1n <Step 4> was added to POCI; (10
mlL.), followed by stirring for 4 hours at 130° C. The reaction
mixture was cooled to room temperature, and the reaction
mixture was distilled under reduced pressure, followed by
adding with 1ce water. The reaction mixture was subjected to
extraction with dichloromethane. The obtained organic layer
1s dried over anhydrous sodium sulfate, filtered, and con-
centrated under reduced pressure to obtain the title com-
pound (420 mg, 59%).

MS (ESI*, m/z): 301 [M+H]"

<Step 6> Preparation of 6-bromo-N-(4-chlorophe-
nyl)-7-methyl-8-nitroquinazolin-4-amine

6-bromo-4-chloro-7-methyl-8-nitroquinazoline (420 mg,
1.388 mmol) obtained 1n <Step 5> was dissolved 1n 2-pro-
panol (8 mL), and 4-chloroaniline (195 mg, 1.527 mmol)
was added thereto. The reaction solution was sealed, and
stirred for 10 hours or more at 90° C. The reaction mixture
was cooled to room temperature, and the resulting solid was
filtered under reduced pressure, and washed with ethyl
acetate. The filtered solid was dried with warm wind in an
oven (40° C.) for 3 hours or more to obtain the fitle
compound (89 mg, 16%).

MS (ESIY, m/z): 392 [M+H]"

<Step 7> Preparation of N*-(4-chlorophenyl)-7-
methylquinazolin-4,8-diamine

6-bromo-N-(4-chlorophenyl)-7-methyl-8-nitroquinazo-
lin-4-amine (88 mg, 19.4 mmol) obtained 1n <Step 6> was
dissolved 1 ethanol, added with 10% Pd/C (9 mg, 0.022
mmol), followed by stirring for 8 hours under hydrogen gas.
The reaction mixture was filtered through a Celite pad under
reduced pressure, and washed with a mixed solution of
chloroform/2-propanol=4/1 (v/v). The resulting filtrate was
concentrated under reduced pressure and purified using
silica gel chromatography to obtain the title compound (36
mg, 56%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 9.58 (s.
1H), 8.54 (s, 1H), 7.96 (d, 2H), 7.62 (d, 1H), 7.43 (d, 2H),
7.28 (d, 1H), 5.61 (s, 2H), 2.27 (s, 3H)

MS (ESI, m/z): 285 [M+H]"

<Step 8> Preparation of 4-amino-N-(4-((4-chloro-
phenyl)amino)-7-methylquinazolin-8-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

4-aminothieno[3,2-d|pyrimidine-7-carboxylic acid (47
mg, 0.239 mmol) obtained in <Step 7> of Example 1 was
dissolved 1n dimethylformamide, added with DECP (32 uL,
0.358 mmol) and DIPEA (0.1 mL, 0.597 mmol) at 0° C.,
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followed by stirring for 10 minutes. The reaction mixture
was added with N*-(4-chlorophenyl)-7-methylquinazolin-4,
8-diamine (34 mg, 0.119 mmol) obtained 1n <Step 7> above,
followed by stirring for 10 hours at 40° C. The reaction
mixture was diluted with ethyl acetate, and washed with a
saturated aqueous solution of sodium bicarbonate and brine.
The organic layer 1s dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The con-
centrated solid was added with ethyl acetate, followed by
stirring for 2 hours or more. The resulting solid was filtered
under reduced pressure, washed with ethyl acetate and
methanol. The filtered solid was dried with warm wind 1n an
oven (40° C.) for 3 hours or more to obtain the fitle
compound (5.7 mg, 10%).

"H-NMR Spectrum (300 MHz, DMSO-d,): § 11.74 (s,
1H), 9.91 (s, 1H), 8.93 (s, 1H), 8.58 (d, 1H), 8.42 (d, 1H),
7.95 (d, 2H), 7.90 (s, 2H), 7.62 (d, 1H), 7.46 (d, 2H), 2.43
(s, 3H)

MS (ESI™, m/z): 462 [M+H]™

Example 37

Preparation of 4-(cyclopropylamino)-N-(1-((4-
methoxyphenyl Jamino)-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of Example 16 were repeated 1n sequence,
except for using 4-(cyclopropylamino)thieno[3,2-d[pyrimi-
dine-7-carboxylic acid (see Preparation Example 4 of
Korean Patent Publication Number. No. 10-2011-0089108)
instead ol carboxylic acid in Example 16 to obtain the title
compound (32 mg, 24%).

"H-NMR Spectrum (300 MHz, DMSO-d.): d 11.55 (s,
1H), 9.13 (s, 1H), 9.07 (s, 1H), 8.65 (s, 1H), 8.51 (d, 1H),
8.44 (d, 1H), 7.91 (d, 1H), 7.74 (d, 2H), 7.58 (d, 1H), 7.07
(d, 1H), 6.93 (d, 2H), 3.08 (m, 1H), 2.41 (s, 3H), 0.86 (m,
2H), 0.71 (m, 2H)

MS (ESI*, m/z): 497 [M+H]"

Example 38

Preparation of 4-amino-N-(1-((3-chlorophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-chloroaniline
instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (223 mg, 39%).

"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.56 (s,
1H), 9.35 (s, 1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.45 (d, 1H),
8.14 (m, 1H), 8.03 (d, 1H), 7.94 (s, 2H), 7.84 (d, 1H), 7.62
(d, 1H), 7.33 (t, 1H), 7.20 (d, 1H), 6.99 (dd, 1H), 2.41 (s, 3H)

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

Example 39

Preparation of 4-amino-N-(1-((3-bromophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-bromoaniline
instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (65 mg, 15%).
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"H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.55 (s,
1H), 9.31 (s, 1H), 8.92 (s, 1H), 8.57 (s, 1H), 8.44 (d, 1H),
7.99 (d, 1H), 7.93 (m, 4H), 7.61 (d, 1H), 7.48 (d, 2H), 7.17
(d, 1H), 2.41 (s, 3H)

MS (ESI*, m/z): 504 [M+H]*

Example 40

Preparation of 4-amino-N-(1-((2,4-dichlorophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were

repeated 1n sequence, except for using 2,4-dichloroaniline
instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (45 mg, 42%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.56 (brs,
1H), 9.05 (brs, 1H), 8.94 (s, 1H), 8.59 (s, 1H), 8.35 (s, 1H),
7.95 (m, 4H), 7.27 (s, 1H), 7.14 (s, 1H), 2.43 (s, 3H)

MS (ESI*, m/z): 495 [M+H]*

Example 41

Preparation of 4-amino-N-(1-((3,4-dichlorophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3,4-dichloroaniline

instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (47 mg, 43%).

'"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.58 (brs,
1H), 9.47 (brs, 1H), 8.94 (s, 1H), 8.59 (s, 1H), 8.46 (m, 4H),
7.63 (s, 1H), 7.56 (s, 1H), 7.25 (s, 1H), 2.43 (s, 3H)

MS (ESI*, m/z): 495 [M+H]*

Example 42

Preparation of 4-amino-N-(1-((3,5-dichlorophenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3,5-dichloroaniline
instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (42 mg, 41%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.59 (brs,
1H), 9.51 (brs, 1H), 8.94 (s, 1H), 5.60 (s, 1H), 8.44 (s, 1H),
8.11 (m, 3H), 7.67 (s, 1H), 7.27 (s, 1H), 7.14 (s, 1H), 2.44
(s, 3H)

MS (ESI*, m/z): 495 [M+H]*

Example 43

Preparation of 4-amino-N-(6-methyl-1-((3,4,5-
trichlorophenyl)amino Jisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 2,3,4-trichloroaniline
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instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (75 mg, 6%).

MS (ESI*, m/z): 529 [M+H]”

Example 44

Preparation of 4-amino-N-(1-((4-chloro-3-methoxy-
phenyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except lfor using 4-chloro-3-
methoxyaniline instead of 4-chloroaniline in <Step 1> of
Example 1 to obtain the title compound (103 mg, 9%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.57 (s,
1H), 9.31 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.47 (d, 1H),
8.03 (d, 1H), 7.95 (s, 2H), 7.80 (s, 1H), 7.65 (m, 2H), 7.33
(d, 2H), 7.19 (d, 1H), 3.87 (s, 3H), 2.42 (s, 3H)

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

Example 45

Preparation of 4-amino-N-(1-benzylamino-6-meth-
ylisoquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-car-
boxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using benzylamine instead
of 4-chloroaniline 1 <Step 1> of Example 1 to obtain the

title compound (32 mg, 32%).
MS (ESI*, m/z): 441 [M+H]”

Example 46

Preparation of 4-amino-N-(6-methyl-1-phenoxyiso-
quinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxam-
1de

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using phenol, KOH, Cu
(powder) and 1,4-dioxane instead of 4-chloroamline and
2-propanol m <Step 1> of Example 1 to obtain the fitle
compound (62 mg, 17%).

"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.64 (s,
1H), 8.94 (s, 1H), 8.57 (s, 1H), 8.29 (d, 1H), 7.94 (s, 2H),
7.90 (d, 1H), 7.70 (d, 1H), 7.45 (m, 3H), 7.26 (m, 3H), 2.46
(s, 3H)

MS (ESI*, m/z): 427 [M+H]"

Example 47

Preparation of 4-amino-N-(6-methyl-1-((4-mor-
pholinophenyl)amino isoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-morpholinoaniline

instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (193 mg, 35%).

'H-NMR Spectrum (300 MHz, DMSO-d,): 8 9.03 (s,
1H), 8.92 (s, 1H), 8.57 (s, 1H), 8.41 (d, 1H), 7.93 (br, 2H),
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7.88 (d, 1H), 7.68 (d, 2H), 7.55 (d, 1H), 7.04 (d, 1H), 6.92
(d, 2H), 3.74 (m, 4H), 3.05 (m, 4H), 2.39 (s, 3H)
MS (ESI*, m/z): 512 [M+H]*

Example 48

Preparation of N-(1-((4-(1H-pyrrol-1-yl)phenyl)
amino )-6-methylisoquinolin-3-yl)-4-aminothieno| 3,
2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-(1H-pyrrol-1-yl)
aniline mstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (110 mg, 21%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 6 11.59 (s,
1H), 9.30 (s, 1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.48 (d, 1H),
7.97 (m, 4H), 7.62 (d, 1H), 7.51 (d, 2H), 7.30 (s, 2H), 7.16
(d, 1H), 6.23 (s, 2H), 2.41 (s, 3H)

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

Example 49

Preparation of 4-amino-N-(6-methyl-1-(pyrimidin-
4-ylamino jisoquinolin-3-yl)thieno[3,2-d|pyrimidine-
7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-aminopyrimidine
instead of 4-(trifluoromethyl)pyridine-2-amine 1n <Step 1>
of Example 135 to obtain the title compound (2.3 mg, 1.5%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 8 11.61 (s,
1H), 10.50 (s, 1H), 8.94 (s, 1H), 8.78 (s, 1H), 8.58 (s, 1H),
8.49 (d, 1H), 8.38 (d, 1H), 8.21 (d, 1H), 8.13 (d, 1H), 7.95
(s, 2H), 7.64 (d, 1H), 7.42 (d, 1H), 2.43 (s, 3H)

MS (ESIY, m/z): 429 [M+H]"

Example 50

Preparation of 4-amino-N-(1-((4-(difluoromethoxy)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-(difluoromethoxy)
aniline mstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (170 mg, 27%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): & 11.55 (s,
1H), 9.28 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.46 (d, 1H),
7.97 (m, 5H), 7.62 (d, 1H), 7.16 (m, 3H), 2.42 (s, 3H)

MS (ESIY, m/z): 493 [M+H]"

Example 51

Preparation of 4-amino-N-(6-methyl-1-((4-(tritluo-
romethoxy)phenyl)amino)isoquinolin-3-yljthieno|3,
2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-(trifluoromethoxy)
aniline 1nstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (30 mg, 20%).

'"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.56 (s,
1H), 9.39 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.44 (d, 1H),
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8.01 (m, 5H), 7.64 (d, 1H), 7.33 (d, 2H), 7.21 (d, 1H), 2.42
(s, 3H)
MS (BST*, m/z): 511 [M+H]*

Example 52

Preparation of 4-amino-N-(1-((4-chlorophenyl)
amino jisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7/-
carboxamide

<Step 1> Preparation of
1 -chloro-5-nitroisoquinoline

The procedures of <Steps 3 and 4> of Preparation
Example 2 were repeated in sequence, except for using
S-nitroisoquinoline instead of 6-methyl-5-nitroisoquinoline
in <Step 3> of Preparation Example 2 to obtain the fitle
compound (1.35 g, 40%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 8.77 (t, 2H),
8.56 (d, 1H), 8.31 (d, 1H), 8.05 (t, 1H)

MS (ESI*, m/z): 209 [M+H]"

<Step 2> Preparation of 4-amino-N-(1-((4-chloro-
phenyl)amino jisoquinolin-5-yl)thieno[3,2-d|pyrimi-
dine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 1-chloro-5-nitroiso-
quinoline instead of 1-chloro-6-methyl-3-nitroisoquinoline
in <Step 1> of Example 1 to obtain the title compound (40
mg, 24%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 12.42 (s,
1H), 9.34 (s, 1H), 9.00 (s, 1H), 8.76 (s, 1H), 8.71 (d, 1H),
8.35 (d, 1H), 8.20 (d, 1H), 8.01 (s, 2H), 7.97 (d, 2H), 7.74
(m, 2H), 7.39 (d, 2H)

MS (ESI*, m/z): 447 [M+H]”

Example 53

Preparation of 4-amino-N-(5-((4-chlorophenyl)
amino )naphthalen-1-yl)thieno[3,2-d]pyrimidine-7-
carboxamide

<Step 1> Preparation of
N-(4-chlorophenyl)-5-nitronaphthalen-1-amine

1-bromo-5-nitronaphthalene (131 mg, 0.52 mmol) was
dissolved 1n DMA (5 mL), and added with 4-chloroaniline

(60 mg, 0.47 mmol), Xantphos (27 mg, 0.047 mmol), Pd,
(dba), (17.2 mg, 0.019 mmol) and CsCO; (306 mg, 0.94
mmol) at room temperature. The reaction solution was
sealed and stirred for about 3 hours under microwave
conditions at 140° C. The reaction mixture was cooled to
room temperature, diluted with ethyl acetate, and washed
with a saturated aqueous solution of sodium bicarbonate and
brine. The organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure.
The concentrated compound purified using silica gel chro-
matography (ethyl acetate:hexane=1:5 (v/v)) to obtain the
title compound (92 mg, 66%).

"H-NMR Spectrum (300 MHz, DMSO-d,): § 10.10 (s,
1H), 9.00 (d, 1H), 8.58 (d, 1H), 8.13 (d, 1H), 7.89 (m, 3H),
7.59 (d, 2H), 7.4°7 (d, 2H)

MS (ESI*, m/z): 299 [M+H]"

<Step 2> Preparation of 4-amino-N-(1-((4-chloro-
phenyl)amino Jisoquinolin-5-yl)thieno[ 3,2-d|pyrimi-
dine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N-(4-chlorophenyl)-
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S-nitronaphthalene-1-amine obtained 1n <Step 1> 1nstead of
N-(4-chlorophenyl)-6-methyl-5-nitroisoquinolin-1-amine in
<Step 2> of Example 1 to obtain the title compound (10 mg,
8.2%).

'"H-NMR Spectrum (300 MHz, DMSO-d,): & 12.56 (s, >
1H), 9.00 (s, 1H), 8.77 (s, 1H), 8.49 (d, 1H), 8.42 (s, 1H),
8.17 (d, 1H), 8.00 (m, 3H), 7.64 (m, 2H), 7.52 (d, 1H), 7.27
(d, 2H), 7.05 (d, 2H)

MS (ESI*, m/z): 446 [M+H]™

10
Example 54
Preparation of 4-amino-N-(1-((4-ethynylphenyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
15

rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-ethynylaniline
instead of 4-chloroaniline in <Step 1> of Example 1 to
obtain the title compound (114 mg, 46%). 20

"H-NMR Spectrum (300 MHz, DMSO-d,): § 12.18 (s.
1H), 8.97 (s, 1H), 8.62 (s, 1H), 8.36 (d, 1H), 8.07 (d, 1H),
7.91 (m, 4H), 7.71 (d, 1H), 7.63 (d, 2H), 7.42 (d, 1H), 5.77
(s, 1H), 5.76 (br, 1H), 2.29 (s, 3H)

MS (ESI*, m/z): 450 [M+H]" 23

Example 55

Preparation of 4-amino-N-(1-(1sopropylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7- 30
carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1 sequence, except for using isopropylamine
instead of 4-chloroaniline in <Step 1> of Example 1 to 33
obtain the title compound (4 mg, 1%).

"H-NMR Spectrum (300 MHz, MeOD): & 8.89 (s, 1H),
8.58 (s, 1H), 8.16 (d, 1H), 7.77 (d, 1H), 7.50 (d, 1H), 7.00
(d, 1H), 4.34 (m, 1H), 2.47 (s, 3H), 1.25 (d, 6H)

MS (ESIY, m/z): 393 [M+H]" 40

Example 56

Preparation of 4-amino-N-(1-(indolin-6-ylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7- 45
carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 6-nitroindoline
instead of 4-chloroaniline in <Step 1> of Example 1 to 50

obtain the title compound (12 mg, 3%).
MS (ESI*, m/z): 468 [M+H]™

Example 57

55
Preparation of 4-amino-N-(1-((4-(fluoromethoxy)
phenyl Jamino )-6-methylisoquinolin-5-yl)thieno[3,2-
d|pyrimidine-7-carboxamide
<Step 1> Preparation of 60

1-(tluoromethoxy)-4-mitrobenzene

4-nmitrobenzylalcohol (1 g, 6.53 mmol) was dissolved in
dichloromethane (15 mL), and added with XeF, (1.1 g, 6.53
mmol) at 35° C. The reaction solution was stirred at a 65
temperature in the range of 35 to 40° C. until gas generation
has come to a halt. The reaction solution was cooled to room

42

temperature and further stirred for about 7 hours. The
reaction mixture was diluted with ethyl acetate, and washed
with a saturated aqueous solution of sodium bicarbonate and
brine. The organic layer was dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure.
The concentrated compound was purified using silica gel
chromatography (ethyl acetate:hexane=1:5 (v/v)) to obtain
the title compound (670 mg, 61%).

"H-NMR Spectrum (300 MHz, DMSO-d,): § 8.29 (d.
2H), 7.35 (d, 2H), 6.09 (s, 1H), 5.91 (s, 1H)

MS (ESI*, m/z): 172 [M+H]”

<Step 2> Preparation of 4-(fluoromethoxy)aniline

The procedures of <Step 2> of Example 1 were repeated,
except for using 1-(fluoromethoxy)-4-mitrobenzene obtained
in <Step 1> above instead of using N-(4-chlorophenyl)-6-
methyl-5-mitroisoquinolin-1-amine i <Step 2> of Example
1 to obtain the title compound (510 mg, 92%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8§ 6.80 (d.,
2H), 6.55 (d, 2H), 5.73 (s, 1H), 5.55 (s, 1H), 4.84 (s, 2H)

MS (ESI*, m/z): 142 [M+H]”

<Step 3> Preparation of 4-amino-N-(1-((4-(fluo-
romethoxy ))phenyl)amino)-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1 sequence, except for using 4-(fluoromethoxy)
aniline mstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (17 mg, 11%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): § 11.54 (s,
1H), 9.19 (s, 1H), 8.93 (s, 1H), 8.58 (s, 1H), 8.45 (d, 1H),
7.95 (m, 3H), 7.85 (d, 1H), 7.60 (d, 1H), 7.12 (m, 3H), 5.91
(s, 1H), 5.73 (s, 1H), 2.41 (s, 3H)

MS (ESI*, m/z): 475 [M+H]”

Example 38

Preparation of N-(1-(4-chlorophenylamino)-6-meth-
ylisoquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-car-
boxamide

<Step 1> Preparation of 7-methyl-3H-thieno[3,2-d]
pyrimidin-4-one

3-amino-4-methyl-thiophene-2-carboxylic acid methyl
ester (10.2 g, 59.6 mmol) was dissolved 1 formamide (25
mlL), followed by refluxing for 24 hours at 200° C. The
reaction solution was slowly cooled to room temperature.
The resulting solid was filtered, washed with diethyl ether,
and dried to obtain the title compound (9 g, 91%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8§ 8.17 (s,
1H), 7.81 (s, 1H), 2.31 (s, 3H)

<Step 2> Preparation of 4-chloro-7-methyl-thieno
[3,2-d]pyrimidine

7-methyl-3H-thieno[3,2-d]pyrimidin-4-one (9 g, 54.2
mmol), DMF (1 mL), POCl;, (80 mL) were mixed and
refluxed for 4 hours at 110° C. The reaction solution was
cooled to room temperature, and the reaction mixture was
concentrated under reduced pressure. The reaction mixture
was added with toluene, and further concentrated under
reduced pressure. The resulting residue was neutralized with
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sodium bicarbonate, subjected to extraction with ethyl
acetate, dried, and filtered to obtain the title compound (8.1
g, 81%).

"H-NMR Spectrum (300 MHz, CDCL,): 8 9.01 (s, 1H),
7.69 (s, 1H), 2.53 (s, 3H)

<Step 3> Preparation of
7-methyl-thieno[3,2-d|pyrimidine

4-chloro-7-methyl-thieno[3,2-d]pyrimidine (6.5 g, 35.2
mmol) was dissolved 1n methanol (200 mL), added with
Pd(OH), (1.3 g) and triethylamine (4.9 mL, 35.2 mmolL),
and stirred for 5 hours under hydrogen pressure conditions.
The reaction mixture was filtered through a Celite pad under
reduced pressure, and concentrated. The concentrated com-
pound was purified using silica gel chromatography (ethyl
acetate:hexane=1:1 (v/v=1/1)) to obtain the title compound
(4.5 g, 85%).

"H-NMR Spectrum (300 MHz, CDCL,): 8§ 9.24 (s, 2H),
7.65 (s, 1H), 2.54 (s, 3H)

<Step 4>7-acetyloxymethyl-thieno[3,2-d]pyrimidine

7-methyl-thieno[3,2-d]pyrimidine (500 mg, 3.33 mmol)
was dissolved 1 benzene (11 mL), added with NBS (539
mg, 3.33 mmol) and AIBN (27 mg, 0.17 mmol), and
refluxed for 2 hours at 75° C. The reaction mixture was
slowly cooled to room temperature, and added with potas-

stum 10dide (553 mg, 3.33 mmol) and DMF (5 mlL),
tollowed by stirring for 1 hour at 40° C. Sodium acetate (273

mg, 3.33 mmol) was added thereto, followed by further
stirring for 3 hour at 40° C. Additionally, sodium acetate
(273 mg, 3.33 mol) was added thereto, and the reaction
mixture was stirred for 12 hours at 40° C. The reaction
mixture was subjected to extraction with ethyl acetate,
washed with water and NaS,0O; solution, dried and concen-
trated under reduced pressure. The concentrated compound
was purified using silica gel chromatography (ethyl acetate:
hexane=1:1 (v/v)) to obtain the title compound (140 mg,
20%).

"H-NMR Spectrum (300 MHz, CDCL,): 8 9.29 (s, 1H),
90.27 (s, 1H), 8.08 (s, 1H), 5.48 (s, 2H), 2.12 (s, 3H)

MS (ESI*, m/z): 209 [M+H]"

<Step 5> Preparation of
7-hydroxymethyl-thieno[3,2-d|pyrimidine

7-acetyloxymethyl-thieno[3,2-d[Jpyrimidine (134 mg,
0.64 mmol) was dissolved i tetrahydrofuran/water (2 mL/2
ml.), added with an aqueous solution of 1 N sodium hydrox-
ide (0.97 mL, 0.97 mmol), followed by stirring for 2 hours
at room temperature. The reaction solution was subjected to
extraction with ethyl acetate, dried, and filtered to obtain the
title compound (86 mg, 77%).

"H-NMR Spectrum (300 MHz, CDCL,): 8 9.25 (s, 1H),
9.17 (s, 1H), 7.92 (s, 1H), 5.04 (s, 2H)

<Step 6> Preparation of
thieno[3,2-d]pyrimidine-7-carboaldehyde

7-hydroxymethyl-thieno[3,2-d|pyrimidine (250 mg, 1.56
mmol) was dissolved in dichloromethane (10 mL), added
with MnQO, (1.36 g, 15.60 mmol), followed by stirring for 2
hours. The reaction mixture was filtered through a Celite pad
under reduced pressure, and concentrated to obtain the title
compound (80 mg, 30%).
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"H-NMR Spectrum (300 MHz, CDCl,): 8 10.51 (s, 1H),
9.37 (s, 2H), 8.87 (s, 1H)

<Step 7> Preparation of thieno[3,2-d]|pyrimidine-7-car-
boxylic acid

The procedures of <Step 7> of Example 1 were repeated
except for using thieno[3,2-d]pyrimidine-7-carboaldehyde
(70 mg, 0.43 mmol) 1nstead of 4-aminothieno[3,2-d]|pyrimi-
dine-7-carboaldehyde to obtain the title compound (37 mg,
48%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 13.06 (brs,
1H), 9.62 (s, 1H), 9.27 (s, 1H), 9.16 (s, 1H)

MS (ESI*, m/z): 181 [M+H]”

<Step 8> Preparation of N-(1-(4-chlorophe-
nylamino)-6-methylisoquinolin-5-yljthieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of Example 1 were repeated except for
using thieno[3,2-d|pyrimidine-7-carboxylic acid instead of
4-aminothieno|3,2-d]pyrimidine-7-carboxylic acid in <Step
3> of Example 1 to obtain the title compound (10 mg, 12%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): & 11.01 (brs,
1H), 9.77 (s, 1H), 9.41 (s, 1H), 9.33 (brs, 1H), 9.29 (s, 1H),
8.47 (d, 1H), 7.98 (d, 1H), 7.95 (d, 2H), 7.63 (d, 1H), 7.36
(d, 2H), 7.23 (d, 1H), 2.45 (s, 3H)

MS (ESI*, m/z): 446 [M+H]”

Example 59

Preparation of 4-amino-N-(1-((4-chloro-3-((dimeth-
ylamino)methyl)phenyl)amino)-6-methylisoquino-
lin-5-yl)thieno[ 3,2-d|pyrimidine-7-carboxamide

<Step 1> Preparation of 1-(2-chloro-5-nitrophenyl)-
N,N-dimethylmethanamine

2-chloro-5-nitrobenzaldehyde (1 g, 5.39 mmol) was dis-
solved in THF (10 mL), and added with dimethylamine (2 M
THF solution, 2.7 mL, 5.39 mmol). The reaction solution
was cooled to 0° C., and NaBH(OAc), (1.6 g, 7.55 mmol)
was slowly added thereto, followed by stirring for 12 hours
or more at room temperature. The reaction mixture was
added with water, and subjected to extraction with ethyl
acetate. The separated organic layer was dried over anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure to obtain the title compound (940 mg,
81%).

"H-NMR Spectrum (300 MHz, CDCL,): § 8.42 (d, 1H),
8.10 (dd, 1H), 7.55 (d, 1H), 3.70 (s, 2H), 2.37 (s, 6H)

MS (ESI*, m/z): 215 [M+H]”

<Step 2> Preparation of
4-chloro-3-((dimethylamino )methyl)aniline

Iron (1.36 g, 21.9 mmol) and concentrated hydrochloric
acid (0.15 mL) was added to ethanol/water (20 mL/20 mL),
followed by refluxing for 1 hour. The mixed reaction solu-
tion was added with 1-(2-chloro-5-nitrophenyl)-N,N-dim-
cthylmethanamine (940 mg, 4.38 mmol) obtained 1n <Step
1> above, and refluxed for 1 hour. The reaction mixture was
filtered through a Celite pad under reduced pressure, and
washed with ethanol and chloroform/2-propanocl=3/1 (v/v).
The resulting filtrate was distilled under reduced pressure,
and dissolved 1n ethyl acetate. The organic layer formed was
washed with an aqueous solution of sodium bicarbonate and
brine. The obtained organic layer was dried over anhydrous
sodium sulfate, filtered and concentrated under reduced
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pressure. The concentrated compound was purified using
silica gel chromatography (chloroform:methanol=30:
1—=13:1 (v/v)) to obtain the title compound (442 mg, 55%).
"H-NMR Spectrum (300 MHz, CDCl,): 8 7.12 (d, 1H),
6.79 (d, 1H), 6.54 (dd, 1H), 3.64 (brs, 2H), 3.45 (s, 2H), 2.30
(s, 6H)
MS (ESIY, m/z): 185 [M+H]"

<Step 3> Preparation of N-(4-chloro-3-((dimethyl-
amino )methyl)phenyl)-6-methyl-3-nitroisoquinolin-
1 -amine

4-chloro-3-((dimethylamino)methyl)aniline (227 mg,
1.23 mmol) obtained 1 <Step 2> above and 1-chloro-6-
methyl-5-mitroisoquinoline (300 mg, 1.35 mmol) obtained in

<Step 4> of Preparation Example 2 were dissolved in
1,4-dioxane (6 mL), and added with Xantphos (73 mg, 0.123

mmol), Pd, (dba); (75 mg, 0.0615 mmol) and Cs,CO,
(801.5 mg, 2.46 mmol). The reaction solution was sealed,
and stirred for 3 hours at 130° C. The reaction mixture was
cooled to room temperature, and subjected to extraction with
water and ethyl acetate. The separated organic layer was
washed with brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The con-
centrated compound was purified using silica gel chroma-
tography (chloroform:methanol=30:1 (v/v)) to obtain the
title compound (241.5 mg, 53%).

"H-NMR Spectrum (300 MHz, CDCl,): & 8.18 (d, 1H),
7.99 (d, 1H), 7.81 (dd, 1H), 7.55 (d, 1H), 7.46 (d, 1H), 7.38
(d, 1H), 6.99 (d, 1H), 3.58 (s, 2H), 2.53 (s, 3H), 2.35 (s, 6H)

MS (ESI*, m/z): 371 [M+H]"

<Step 4> Preparation of N1-(4-chloro-3-((dimethyl-
amino )methyl)phenyl)-6-methylisoquinolin-1,5-
diamine

Iron (202 mg, 3.25 mmol) and concentrated hydrochloric
acid (0.02 mL) were added to ethanol/water (6.5 mL/6.5
mlL), followed by refluxing for 1 hour. The mixed reaction
solution was added with N-(4-chloro-3-((dimethylamino)
methyl)phenyl)-6-methyl-3-nitroisoquinolin-1-amine
(241.5 mg, 0.65 mmol) obtained in <Step 3> above, fol-
lowed by refluxing for 1 hour. The reaction mixture was
filtered through a Celite pad under reduced pressure, and
washed with ethanol and chloroform/2-propanol=3/1 (v/v).
The resulting filtrate was distilled under reduced pressure,
and dissolved 1n chloroform/2-propanol=3/1 (v/v). The
organic layer was washed with an aqueous solution of
sodium bicarbonate and brine. The obtained organic layer
was dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The concentrated
compound was purified using silica gel chromatography
(dichloromethane:methanol=9:1 (v/v)) to obtain the title
compound (130.9 mg, 59%).

"H-NMR Spectrum (300 MHz, CDCl,): & 8.06 (d, 1H),
7.84 (dd, 1H), 7.54 (d, 1H), 7.35 (m, 3H), 7.11 (brs, 1H),
7.06 (d, 1H), 4.14 (brs, 2H), 3.57 (s, 2H), 2.35 (s, 3H), 2.34
(s, 6H)

MS (ESI*, m/z): 341 [M+H]"

<Step 5> Preparation of 4-amino-N-(1-((4-chloro-3-
((dimethylamino)methyl )phenyl)amino )-6-methyl-
1soquinolin-5-yl)thieno[ 3,2-d|pyrimidine-7-carbox-
amide

4-aminothieno[3,2-d]pyrimidine-7-carboxylic acid (90
mg, 0.461 mmol) obtamned 1n <Step 7> of Preparation
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Example 1 was dissolved in dimethylformamide, and added
with HATU (350.6 mg, 0.922 mmol) and DIPEA (0.3 mL,
1.536 mmol), followed by stirring for minutes. The mixed
reaction solution was added with N1-(4-chloro-3-((dimeth-
ylamino )methyl)phenyl)-6-methylisoquinolin-1,5-diamine
(130.9 mg, 0.384 mmol) obtained <Step 4> above, followed
by stirring for 12 hours or more. The reaction mixture was
diluted with ethyl acetate, and washed with a saturated
aqueous solution of sodium bicarbonate and brine. The
organic layer was dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The con-
centrated solid was added with ethyl acetate, and stirred for
1 hour or more. The resulting solid was filtered under
reduced pressure, and washed with ethyl acetate and diethyl
cther. The filtered solid was dried under vacuum conditions
for 3 hours or more to obtain the title compound (35.7 mg,
18%).

"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.56 (s,
1H), 9.33 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.49 (d, 1H),
8.00 (m, 4H), 7.90 (s, 1H), 7.62 (d, 1H), 7.36 (d, 1H), 7.18
(d, 1H), 3.48 (s, 2H), 2.42 (s, 3H), 2.24 (s, 6H)

MS (ESI*, m/z): 519 [M+H]”

Example 60

Preparation of 4-amino-N-(1-((4-chloro-3-(pyrroli-
din-1-ylmethyl)phenyl)amino)-6-methylisoquinolin-
S-yhthieno|[3,2-d]pyrimidine-7-carboxamide

<Step 1> Preparation of
4-chloro-3-(pyrrolidin-1-ylmethyl)aniline

The procedures of <Steps 1 and 2> of Example 59 were
repeated, except for using pyrrolidine instead of dimethyl-

amine 1 <Step 1> of Example 39 to obtain the fitle
compound (973.7 mg, 96%).

'H-NMR Spectrum (300 MHz, CDCL,): & 7.11 (d, 1H),
6.84 (d, 1H), 6.52 (dd, 1H), 3.67 (s, 2H), 3.64 (brs, 2H), 2.62
(m, 4H), 1.83 (m, 4H)

MS (BST*, m/z): 211 [M+H]*

<Step 2> Preparation of 4-amino-N-(1-((4-chloro-3-
(pyrrolidin-1-ylmethyl)phenyl)amino)-6-methyliso-
quinolin-3-yl)thieno[3,2-d]pyrimidine-7-carboxam-
ide

The procedures of <Steps 3, 4 and 5> of Example 59 were
repeated 1n sequence, except for using 4-chloro-3-(pyrroli-
din-1-ylmethyl)amline obtained 1n <Step 1> above instead
of 4-chloro-3-((dimethylamino)methyl)aniline 1n <Step 3>
of Example 59 to obtain the title compound (147.4 mg,
29%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.56 (s,
1H), 9.33 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.49 (d, 1H),
7.99 (m, 5H), 7.62 (d, 1H), 7.35 (d, 1H), 7.17 (d, 1H), 3.55
(s, 2H), 2.50 (m, 4H), 2.42 (s, 3H), 1.74 (m, 4H)

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

Example 61

Preparation of 4-amino-N-(1-((4-chloro-3-((diethyl-
amino )methyl)phenyl Jamino )-6-methylisoquinolin-
S-yDthieno|3,2-d]pyrimidine-7-carboxamide

<Step 1> Preparation of
4-chloro-3-((diethylamino )methyl))aniline

The procedures of <Steps 1 and 2> of Example 59 were
repeated 1n sequence, except for using diethylamine instead
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of dimethylamine 1n <Step 1> of Example 59 to obtain the
title compound (839 mg, 99%).

'"H-NMR Spectrum (300 MHz, CDCl,): 8 7.09 (d, 1H),
6.91 (d, 1H), 6.51 (dd, 1H), 3.63 (brs, 2H), 3.57 (s, 2H), 2.60
(q, 4H), 1.08 (t, 6H) d

MS (ESI*, m/z): 213 [M+H]"

<Step 2> Preparation of 4-amino-N-(1-((4-chloro-3-

((diethylamino )methyl)phenyl)amino )-6-methyliso-

quinolin-3-ylthieno[3,2-d|pyrimidine-7-carboxam-
ide

10

The procedures of <Steps 3, 4 and 5> of Example 59 were
repeated 1in sequence, except for using 4-chloro-3-((diethyl-
amino )methyl)aniline obtained in <Step 1> above 1nstead of
4-chloro-3-((dimethylamino )methyl)aniline 1n <Step 3> of
Example 39 to obtain the title compound (18.3 mg, 5%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): § 11.56 (s,
1H), 9.34 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.50 (d, 1H),
7.98 (m, 5SH), 7.62 (d, 1H), 7.34 (d, 1H), 7.18 (d, 1H), 3.60
(s, 2H), 2.58 (q, 4H), 2.42 (s, 3H), 1.05 (t, 6H)

MS (ESI™, m/z): 547 [M+H]"

20

Example 62

25
Preparation of 4-amino-N-(1-((1,4-diethyl-1,2,3,4-
tetrahydroquinoxalin-6-yl)amino )-6-methylisoquino-
lin-5-yl)thieno[ 3,2-d|pyrimidine-7-carboxamide
30

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 1.,4-diethyl-1,2,3.4-
tetrahydroquinoxalin-6-amine instead of 4-chloroaniline in
<Step 1> of Example 1 to obtain the title compound (6 mg,
1%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 6 11.60 (s,
1H), 8.97 (s, 1H), 8.61 (m, 2H), 8.41 (d, 1H), 7.98 (s, 2H),
7.61 (d, 1H), 7.26 (s, 1H), 7.10 (d, 1H), 6.89 (s, 1H), 3.41
(m, 8H), 2.41 (s, 3H), 1.16 (s, 6H)

MS (ESIY, m/z): 539 [M+H]"

35

40

Example 63

Preparation of 4-amino-N-(1-((4-chloro-3-(piperi-
din-1-ylmethyl)phenyl)amino)-6-methylisoquinolin-
S-yhthieno|[3,2-d]pyrimidine-7-carboxamide

45

<Step 1> Preparation of
4-chloro-3-(piperidin-1-ylmethyl)aniline
50

The procedures of <Steps 1 and 2> of Example 59 were
repeated 1n sequence, except for using piperidine instead of
dimethylamine in <Step 1> of Example 59 to obtain the title
compound (630 mg, 89%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 6.99 (d,
1H), 6.70 (s, 1H), 6.45 (d, 1H), 5.17 (s, 2H), 3.31 (s, 2H),
2.34 (m, 4H), 1.49 (m, 4H), 1.23 (m, 2H)

MS (ESI, m/z): 225 [M+H]"

55

<Step 2> Preparation of 4-amino-N-(1-((4-chloro-3-
(piperidin-1-ylmethyl)phenyl)amino)-6-methyliso-
quinolin-3-ythieno[3,2-d]pyrimidine-7-carboxam-
1de

60

The procedures of <Steps 3, 4 and 5> of Example 59 were 65
repeated 1n sequence, except for using 4-chloro-3-(piperi-

din-1-ylmethyl)amline obtained 1n <Step 1> above instead

48

ol 4-chloro-3-((dimethylamino)methyl)aniline 1n <Step 3>
of Example 59 to obtain the title compound (1 mg, 1%).
'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.54 (s,
1H), 8.92 (s, 1H), 8.56 (s, 1H), 7.97 (m, 5H), 7.60 (d, 1H),
7.35 (m, 3H), 7.17 (d, 1H), 3.77 (s, 2H), 2.40 (s, 3H),1.54
(m, 6H), 1.42 (m, 4H)
MS (ESI*, m/z): 558 [M+H]"

Example 64

Preparation of 4-amino-N-(1-((4-chloro-3-(mor-
pholinomethyl)phenyl)amino )-6-methylisoquinolin-
S-yDthieno|[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2, 3, 4 and 5> of Example 39
were repeated 1n sequence, except for using morpholine
instead of dimethylamine in <Step 1> of Example 59 to
obtain the title compound (2 mg, 2.3%)

"H-NMR Spectrum (300 MHz, DMSO-d,): § 11.56 (s,
1H), 9.35 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.49 (d, 1H),
7.99 (m, SH), 7.62 (d, 1H), 7.37 (d, 1H), 7.18 (d, 1H), 3.63
(m, 4H), 3.55 (s, 2H), 2.48 (s, 3H), 2.42 (m, 4H)

MS (ESI*, m/z): 560 [M+H]”

Example 65

Preparation of 4-amino-N-(1-((4-chloro-3-((4-meth-
ylpiperazin-1-yl)methyl)phenyl)amino)-6-methyliso-
quinolin-3-yl)thieno[3,2-d|pyrimidine-7-carboxam-
1de

The procedures of <Steps 1, 2, 3, 4 and 5> of Example 39
were repeated 1n sequence, except for using 1-methylpip-
crazine instead of dimethylamine in <Step 1> of Example 59
to obtain the title compound (14 mg, 6.5%)

"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.56 (s,
1H), 9.34 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.49 (d, 1H),
7.98 (m, SH), 7.62 (d, 1H), 7.35 (d, 1H), 7.18 (d, 1H), 3.54
(s, 2H), 2.42 (s, 3H), 2.31 (m, 4H), 2.27 (m, 4H), 2.16 (s,
3H)

MS (ESI*, m/z): 573 [M+H]”

Example 66

Preparation of 4-amino-N-(1-((4-chloro-3-((d11so-
propylamino)methyl)phenyl)amino)-6-methylisoqui-
nolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide

<Step 1> Preparation of
4-chloro-3-((diisopropylamino)methyl)aniline

The procedures of <Steps 1 and 2> of Example 59 were
repeated 1n sequence, except for using diisopropylamine
instead of dimethylamine in <Step 1> of Example 39 to
obtain the title compound (196.6 mg, 41%).

"H-NMR Spectrum (300 MHz, CDCL,): 8 7.07 (m, 2H),
6.48 (dd, 1H), 3.62 (s, 4H), 3.08 (quin, 2H), 1.03 (d, 12H)

MS (ESIY, m/z): 241 [M+H]"

<Step 2> Preparation of 4-amino-N-(1-((4-chloro-3-
((dusopropylamino)methyl)phenyl Jamino)-6-methyl-
1soquinolin-5-yl)thieno[ 3,2-d]pyrimidine-7-carbox-
amide

The procedures of <Steps 3, 4 and 5> of Example 59 were

repeated 1n sequence, except for using 4-chloro-3-((diiso-
propylamino)methyl)aniline obtamned 1n <Step 1> above
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instead of 4-chloro-3-((dimethylamino)methyl)aniline 1n
<Step 3> of Example 59 to obtain the title compound (8.4
mg, 5%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 9.30 (s,
1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.48 (d, 1H), 8.20 (d, 1H),
7.96 (m, 3H), 7.74 (dd, 1H), 7.62 (d, 1H), 7.29 (d, 1H), 7.18
(d, 1H), 3.67 (s, 2H), 3.07 (quun, 2H), 2.42 (s, 3H), 1.23 (s,
3H), 1.04 (d, 12H)

MS (ESI, m/z): 575 [M+H]"

Example 67

Preparation of 4-amino-N-(6-methyl-1-((3-(methyl-
sulfonamido )phenyl)amino)isoquinolin-3-yl)thieno
[3,2-d]pyrimidine-7-carboxamide

<Step 1> Preparation of N-(3-((6-methyl-3-nitroiso-
quinolin-1-yl)amino)phenyl)methanesulfonamide

N-(3-aminophenyl)methanesulifonamide (382 mg, 2.05
mmol) and 1-chloro-6-methyl-5-nitroisoquinoline (500 mg,
2.25 mmol) obtained 1n <Step 4> of Preparation Example 2
were dissolved 1n 1sopropanol (10 mL), and the reaction
solution was sealed, followed by stirring for 1.5 hours at
120° C. The reaction mixture was cooled to room tempera-
ture, and the resulting solid was filtered under reduced
pressure, followed by washing with 1sopropanol and diethyl
cther. The filtered solid was dried under vacuum conditions
to obtain the title compound (752.8 mg, 99%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 9.80 (brs,
1H), 8.75 (d, 1H), 8.05 (d, 1H), 7.75 (m, 2H), 7.58 (d, 1H),
7.35(t, 1H), 6.94 (d, 1H), 6.89 (d, 1H), 3.04 (s, 3H), 2.50 (s,
3H)

MS (ESI*, m/z): 373 [M+H]™

<Step 2> Preparation of N-(3-((6-methyl-3-nitroiso-
quinolin-1-yl)amino)phenyl)methanesulfonamide

Iron (627.4 mg, 10.11 mmol) and concentrated hydro-
chloric acid (0.07 mL) were added to ethanol/water (15
ml./15 mL), and refluxed for 1 hour. The mixed reaction
solution was added with N-(3-((6-methyl-5-nitroisoquino-
lin-1-yl)amino)phenyl)methanesulionamide (752.8 mg,
2.02 mmol) obtained in <Step 1> above, and refluxed for 3
hours. The reaction mixture was filtered through a Celite pad
under reduced pressure, and washed with ethanol and chlo-
roform/2-propanol=3/1 (v/v). The resulting filtrate was dis-
tilled under reduced pressure, and dissolved 1n chloroform/
2-propanol=3/1 (v/v). The organic layer was washed with an
aqueous solution of sodium bicarbonate and brine. The
obtained organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure.
The concentrated compound was purified using silica gel
chromatography (ethyl acetate:hexane=1:1 (v/v)) to obtain
the title compound (543 mg, 79%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 9.65 (brs,
1H), 8.92 (brs, 1H), 7.86 (d, 1H), 7.78 (s, 1H), 7.64 (t, 2H),
7.42 (d, 1H), 7.25 (m, 2H), 6.79 (d, 1H), 5.47 (brs, 2H), 3.02
(s, 3H), 1.99 (s, 3H)

MS (ESI', m/z): 343 [M+H]"

<Step 3> Preparation of 4-amino-N-(6-methyl-1-
((3-(methylsulfonamido))phenyl)amino Jisoquinolin-
S-yhthieno|[3,2-d]pyrimidine-7-carboxamide

4-aminothieno[3,2-d]pyrimidine-7-carboxylic acid (206
mg, 1.051 mmol) obtamned mn <Step 7> of Preparation
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Example 1 was dissolved in dimethylformamide, and added
with HATU (799 mg, 2.102 mmol) and DIPEA (0.6 mL,

3.504 mmol), followed by stirring for 30 minutes. The
mixed reaction solution was added with N-(3-((6-methyl-5-
nitroisoquinolin-1-yl)amino )phenyl)methanesulfonamide
(300 mg, 0.876 mmol) obtained in <Step 2> above, followed
by stirring for 12 hours or more. The reaction mixture was
diluted with ethyl acetate, and washed with a saturated
aqueous solution of sodium bicarbonate and brine. The
organic layer was dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The con-
centrated solid was added with ethyl acetate, followed by
stirring for 1 hour or more. The resulting solid was filtered
under reduced pressure, and washed with ethyl acetate and
diethyl ether. The filtered solid was dried under vacuum
conditions for 3 hours or more to obtain the title compound
(103 mg, 23%).

"H-NMR Spectrum (300 MHz, DMSO-d..): & 11.56 (brs,
1H), 9.70 (brs, 1H), 9.29 (brs, 1H), 8.94 (s, 1H), 8.38 (s, 1H),
8.48 (d, 1H), 7.99 (m, 3H), 7.80 (s, 1H), 7.64 (t, 2H), 7.28
(t, 1H), 7.18 (d, 1H), 6.84 (d, 1H), 3.03 (s, 3H), 2.42 (s, 3H)

MS (ESI*, m/z): 520 [M+H]”

Example 68

Preparation of tert-butyl 4-(5-((5-(4-aminothieno|3,
2-d]pyrimidine-7-carboxamido)-6-methylisoquino-
lin-1-yl)amino)-2-chlorobenzyl)piperazine-1-car-
boxylate

<Step 1> Preparation of tert-butyl 4-(2-chloro-5-
nitrobenzyl)piperazine-1-carboxylate

2-chloro-5-nitrobenzaldehyde (1.03 g, 5.39 mmol) was
dissolved in dichloromethane (20 mlL), and added waith
tert-butyl-piperazine-1-carboxylate (1 g, 5.39 mmol). The
reaction solution was cooled to 0° C., and slowly added with
NaBH(OACc), (1.6 g, 7.55 mmol), followed by stirring for 3
hours at room temperature. The reaction mixture was added
with water, and subjected to extraction with dichlorometh-
ane. The separated organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated under reduced
pressure. The concentrated compound was purified using
silica gel chromatography (ethyl acetate:hexane=1:7 (v/v))
to obtain the title compound (1.9 g, 99%).

"H-NMR Spectrum (300 MHz, CDCL,): 8 8.42 (d, 1H),
8.10 (dd, 1H), 7.54 (d, 1H), 3.67 (s, 2H), 3.50 (t, 4H), 2.31
(t, 4H), 1.47 (s, 9H)

MS (ESI*, m/z): 356 [M+H]”

<Step 2> Preparation of tert-butyl 4-(5-amino-2-
chlorobenzyl)piperazine-1-carboxylate

Iron (1.7 g, 26.7 mmol) and concentrated hydrochloric
acid (0.2 mL) were added to ethanol/water (45 mL/45 mL),
and refluxed for 1 hour. The mixed reaction solution was
added with tert-butyl 4-(2-chloro-5-nitrobenzyl)piperazine-
l-carboxylate (1.9 g, 5.34 mmol) obtained 1 <Step 1>
above, and further refluxed for 1 hour. The reaction mixture
was filtered through a Celite pad under reduced pressure,
and washed with ethanol and chloroform/2-propanol=3/1
(v/v). The resulting filtrate was distilled under reduced
pressure and dissolved in ethanol and chloroform/2-propa-
nol=3/1 (v/v). The organic layer was washed with an aque-
ous solution of sodium bicarbonate and brine. The obtained
organic layer was dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The con-
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centrated compound was purified using silica gel chroma-
tography (chloroform:methanol=30:1 (v/v)) to obtain the
title compound (1.5 g, 86%).

"H-NMR Spectrum (300 MHz, CDCl,): 8 7.12 (d, 1H),
6.82 (d, 1H), 6.54 (dd, 1H), 3.65 (brs, 2H), 3.53 (s, 2H), 3.46
(t, 4H), 2.47 (t, 4H), 1.46 (s, 9H)

MS (ESIY, m/z): 326 [M+H]"

<Step 3> Preparation of tert-butyl 4-(2-chloro-5-
((6-methyl-5-nitroisoquinolin-1-yl)amino )benzyl)
piperazine-1-carboxylate

tert-butyl  4-(5-amino-2-chlorobenzyl)piperazine-1-car-
boxylate (500 mg, 1.53 mmol) obtained 1n <Step 2> above
and 1-chloro-6-methyl-3-nitroisoquinoline (375 mg, 1.683

mmol) obtained in <Step 4> of Preparation Example 2 were
dissolved 1n 1,4-dioxane (15 mL), and added with Xantphos

(91.3 mg, 0.153 mmol), Pd,(dba), (94 mg, 0.077 mmol) and
Cs,CO; (997 mg, 3.06 mmol). The reaction solution was
sealed, and stirred for 3 hours at 130° C. The reaction
mixture was cooled to room temperature, and subjected to
extraction with water and ethyl acetate. The separated
organic layer was washed with brine, dried over anhydrous
sodium sulfate, filtered, and concentrated under reduced
pressure. The concentrated compound was purified using
silica gel chromatography (ethyl acetate:hexane=1:2 (v/v))
to obtain the title compound (424 mg, 54%).

"H-NMR Spectrum (300 MHz, CDCl,): & 8.18 (d, 1H),
8.00 (d, 1H), 7.67 (m, 2H), 7.47 (d, 1H) 7.37 (d, 1H), 7.13
(brs, 1H), 7.01 (d, 1H), 3.65 (s, 2H), 3.46 (t, 4H) 2.55 (m,
7TH), 1.46 (s, 9H)

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

<Step 4> Preparation of tert-butyl 4-(5-((5-amino-
6-methylisoquinolin-1-yl)amino)-2-chlorobenzyl)
piperazine-1-carboxylate

Iron (257 mg, 4.145 mmol) and concentrated hydrochloric
acid (0.03 mL) were added to ethanol/water (10 mL/10 mL),
and refluxed for 1 hour. The mixed reaction solution was
added with tert-butyl 4-(2-chloro-5-((6-methyl-3-nitroiso-
quinolin-1-yl)amino)benzyl)piperazine-1-carboxylate
(424.5 mg, 0.829 mmol) obtained in <Step 3> above, and
refluxed for 3 hours. The reaction mixture was {iltered a
Celite pad under reduced pressure, and washed with ethanol
and chloroform/2-propanol=3/1 (v/v). The filtrate obtained
was distilled under reduced pressure, and dissolved in chlo-
roform/2-propanol=3/1 (v/v). The organic layer was washed
with an aqueous solution of sodium bicarbonate and brine.
The obtained organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated under reduced
pressure. The concentrated compound was purified using
silica gel chromatography (ethyl acetate:hexane=1:3—1:2
(v/v)) to obtain the title compound (286 mg, 72%).

"H-NMR Spectrum (300 MHz, CDCl,): & 8.06 (d, 1H),
7.68 (m, 2H), 7.34 (m, 3H), 7.07 (d, 2H), 4.15 (brs, 2H), 3.64
(s, 2H), 3.46 (t, 4H), 2.36 (s, 3H), 1.46 (s, 9H)

MS (ESIY, m/z): 483 [M+H]"

<Step 5> Preparation of tert-butyl 4-(5-((5-(4-amin-

othienol[3,2-d]|pyrimidine-7-carboxamido)-6-methyl-

1soquinolin-1-yl)amino)-2-chlorobenzyl)piperazine-
1 -carboxylate

4-aminothieno[3,2-d|pyrimidin-7-carboxylic acid (140
mg, 0.713 mmol) obtamned in <Step 7> of Preparation
Example 1 was dissolved in dimethylformamide, and added
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with HATU (543 mg, 1.426 mmol) and DIPEA (0.4 mL,
2.376 mmol), followed by stirring for 30 minutes. The
mixed reaction solution was added with tert-butyl 4-(3-((5-
amino-6-methylisoquinolin-1-yl)amino)-2-chlorobenzyl)
piperazine-1-carboxylate (286.5 mg, 0.594 mmol) obtained
1in <<Step 4> above, followed by stirring for 12 hours or more.
The reaction mixture was diluted with ethyl acetate, and
washed with a saturated aqueous solution of sodium bicar-
bonate and brine. The organic layer was dried over anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The concentrated solid was added with
cthyl acetate, and stirred for 1 hour or more. The resulting
solid was filtered under reduced pressure, and washed with
ethyl acetate and diethyl ether. The filtered solid was dried
under vacuum conditions for 3 hours or more to obtain the
title compound (84.5 mg, 22%).

"H-NMR Spectrum (300 MHz, DMSO-d..): & 11.56 (brs,
1H), 9.34 (brs, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.48 (d, 1H),
8.00 (m, 5H), 7.63 (d, 1H), 7.37 (d, 1H), 7.19 (d, 1H), 3.38
(s, 2H), 3.33 (m, 4H), 2.50 (m, 4H), 2.42 (s, 3H), 1.39 (s,
OH)

MS (ESI*, m/z): 660 [M+H]”

Example 69

Preparation of 4-amino-N-(1-((4-chloro-3-(piper-
azin-1-ylmethyl)phenyl)amino)-6-methylisoquino-
lin-5-yl)thieno[ 3,2-d|pyrimidine-7-carboxamide
hydrochloride

Tert-butyl  4-(5-((5-(4-aminothieno[3,2-d]pyrimidine-7-
carboxamido)-6-methylisoquinolin-1-yl)amino)-2-chlo-
robenzyl)piperazine-1-carboxylate (84.5 mg, 0.128 mmol)
obtained 1n <Step 5> of Example 68 was dissolved 1n ethyl
acetate (6 mL), and added with a hydrochloric acid solution
(0.65 mL, 2.56 mmol, 4 N dioxane solution). The reaction
solution was stirred for 12 hours or more at room tempera-
ture. The resulting solid was filtered under reduced pressure,
washed with ethyl acetate and diethyl ether, and dried under
reduced pressure to obtain the title compound (78.3 mg,
100%).

MS (ESI*, m/z): 560 [M+H]”

Example 70

Preparation of 4-amino-N-(1-((3-chloro-4-methoxy-
phenyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-chloro-4-
methoxyaniline instead of 4-chloroaniline 1n <Step 1> of

Example 1 to obtain the title compound (135 mg, 23%).
"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.55 (s,

1H), 9.19 (s, 1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.44 (d, 1H),
8.07 (d, 1H), 7.97 (d, 3H), 7.78 (d, 1H), 7.61 (d, 1H), 7.15
(m, 2H), 3.83 (s, 3H), 2.41 (s, 3H)

MS (BST*, m/z): 491 [M+H]*

Example 71

Preparation of 4-amino-N-(1-((3-(dimethylcarbam-
oyl)phenyl)amino)-6-methylisoquinolin-5-yl)thieno
[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-amino-N,N-dim-
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cthylbenzamide instead of 4-chloroaniline in <Step 1> of "H-NMR Spectrum (300 MHz, DMSO-d,): § 11.45 (s,
Example 1 to obtain the title compound (20 mg, 5%). 1H), 8.90 (s, 1H), 8.54 (s, 1H), 8.20 (d, 1H), 7.97 (m, 3H),

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.57 (br,  7.80 (d, 1H), 7.46 (d, 1H), 7.27 (d, 2H), 6.85 (m, 3H), 4.66
1H), 9.34 (br, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.49-8.46 (d,  (d, 2H), 3.68 (s, 3H), 2.34 (s, 3H)
1H), 8.02-7.96 (m, 5H), 7.63-7.61 (d, 1H), 7.40-7.35 (t, IH), 5  MS (BSI*, m/z): 471 [M+H][*
7.18 (d, 1H), 7.00 (d, 1H), 2.99 (s, 6H), 2.42 (s, 3H)

MS (ESI*, m/z): 497 [M+H]* Example 76
Example 72 Preparation of 4-amino-N-(1-((4-chlorobenzyl)
10 amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
Preparation of 4-amino-N-(6-methyl-1-((3-(methyl- rimidine-7-carboxamide
carbamoyl)phenyl)amino)isoquinolin-3-yljthieno[3,
2-d|pyrimidine-7-carboxamide The procedures of <Step 1> of Example 15 and <Steps 2
and 3> of Example 1 were repeated 1n sequence, except for
The procedures of <Steps 1, 2 and 3> of Example 1 were > using 4-chlorobenzylamine instead of 4-(trifluoromethyl)
repeated 1n sequence, except for using 3-amino-N-methyl- pyridine-2-amine in <Step 1> of Example 15 to obtain the

benzamide instead of 4-chloroaniline 1n <Step 1> of title compound (20 mg, 11%).

Example 1 to obtain the title compound (36 mg, 11%). HT.NMR Spect 200 MHz. DMSO-d ) & 11.47
'H-NMR Spectrum (300 MHz, DMSO-dy): 8 11.56 (br. 1 pectrum ( “ o) 0 11.47 (5,
Lo 1H), 8.90 (s, 1H), 8.54 (s, 1H), 8.21 (d, 1H), 8.08 (m, 111),
1H), 9.37 (br, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.51 (d, 1H),
7.93 (s, 2H), 7.78 (d, 1H), 7.48 (d, 1H), 7.33 (m, 4H), 6.87
3.38 (d, 1H), 8.28 (s, 1H), 8.10 (d, 1H), 801 (m, 2H), 7.62 -7 28 f 0 16 D7 108 L€
(d, 1H), 7.41 (m, 2H), 7.18 (d. 1H), 2.80 (d, 3H), 2.42 (s, 3H)  ( e )Ls‘r I(n/ _}75- M(E SH)
MS (ESI*, m/z): 483 [M+H]* (ESI", m/z): 475 [M+H]

Example 77

Example 73 23
Preparation of 4-amino-N-(1-((4-chloro-2-fluoro- Preparation ot 4-amino-N-(1-(2-(4-chlorophenyl)hydrazi-
phenyl)amino)-6-methylisoquinolin-5-yl)thieno|[3,2- nyl)-6-methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
d]pyrimidine-7-carboxamide carboxamide

30 The procedures of <Steps 1, 2 and 3> of Example 1 were
The procedures of <Steps 1, 2 and 3> of Example 1 were repeated 1n sequence, except for using (4-chlorophenyl)
repeated 1n sequence, except for using 4-chloro-2-fluoroa- hydrazine instead of 4-chloroaniline in <Step 1> of Example

niline instead of 4-chloroaniline 1n <Step 1> of Example 1 1 to obtain the title compound (53 mg, 25%).
to obtain the title compound (28.5 mg, 9.3%). 'H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.57 (br,

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.55 (s, 35 1H), 9.34 (br, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.47 (d, 1H),
1H), 9.13 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.36 (d, 1H),  8.01 (m, 5H), 7.64 (d, 1H), 7.38 (d, 2H), 7.19 (d, 1H), 2.42
7.95 (s, 2H), 7.88 (d, 1H), 7.66 (m, 2H), 7.49 (dd, 1H), 7.31 (s, 3H)

(dd, 1H), 7.16 (d, 1H), 2.42 (s, 3H) MS (ESI*, m/z): 475 [M+H]*

MS (ESI*, m/z): 479 [M+H]*

40 Example 78

Example 74
Preparation of 4-amino-N-(1-((3-((dimethylamino)

Preparation of 4-amino-N-(1-((4-bromo-2-fluoro- methyl)phenyl)amino)-6-methylisoquinolin-5-yl)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2- thieno[3,2-d]pyrimidine-7-carboxamide
d]pyrimidine-7-carboxamide 45

The procedures of <Step 1> of Example 15 and <Steps 2

The procedures of <Steps 1, 2 and 3> of Example 1 were and 3> of Example 1 were repeated 1n sequence, except for

repeated 1n sequence, except for using 4-bromo-2-tluoroa- using 3-((dimethylamino)methyl)aniline instead of 4-(trif-

niline 1nstead of 4-chloroaniline 1n <Step 1> of Example 1 luoromethyl)pyridine-2-amine 1n <Step 1> of Example 15 to
to obtain the title compound (51.8 mg, 12.5%). 50 obtain the title compound (34 mg, 12%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 8 11.55 (s, "H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.55 (s,

1H), 9.15 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.35 (d, 1H),  1H), 9.19 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.49 (d, 1H),
7.95 (s, 2H), 7.87 (d, 1H), 7.62 (m, 3H), 7.41 (d, 1H), 7.14  7.98 (m, 3H), 7.89 (d, 1H), 7.74 (s, 1H), 7.60 (d, 1H), 7.28
(d, 1H), 2.42 (s, 3H) (t, 1H), 7.14 (d, 1H), 6.91 (d, 1H), 3.38 (s, 2H), 2.41 (s, 3H),
MS (ESI*, m/z): 523 [M+H]* 55 2.17 (s, 6H)
MS (EST*, m/z): 484 [M+H]*

Example 75

Example 79
Preparation of 4-amino-N-(1-((4-methoxybenzyl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py- 60 Preparation of 4-amino-N-(6-methyl-1-((4-ox0-4H-
rimidine-7-carboxamide chromen-6-yl)amino Jisoquinolin-3-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Step 1> of Example 15 and <Steps 2

and 3> of Example 1 were repeated 1n sequence, except for The procedures of <Steps 1, 2 and 3> of Example 1 were
using 4-methoxybenzylamine instead of 4-(trifluoromethyl) 65 repeated 1 sequence, except for using 6-amino-4H-
pyridine-2-amine in <Step 1> of Example 15 to obtain the chromen-4-one instead of 4-chloroaniline 1 <Step 1> of

title compound (20 mg, 11%). Example 1 to obtain the title compound (10 mg, 2%).
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"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.58 (brs,
1H), 9.56 (brs, 1H), 8.95 (s, 1H), 8.61 (m, 2H), 8.49 (d, 1H),
8.35(dd, 1H), 8.30 (d, 1H), 8.05 (d, 1H), 7.96 (brs, 2H), 7.67
(m, 2H), 7.23 (d, 1H), 6.34 (d, 1H), 2.43 (s, 3H)

MS (ESI*, m/z): 494 [M+H]"

Example 80

Preparation of N-(1-((3-acetylphenyl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-aminoacetophe-
none 1nstead of 4-chloroaniline 1n <Step 1> of Example 1 to
obtain the title compound (25 mg, 16%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.59 (s,
1H), 9.44 (s, 1H), 9.03 (s, 1H), 8.59 (s, 1H), 8.51 (d, 1H),
8.44 (s, 1H), 8.29 (d, 1H), 8.03 (d, 1H), 7.97 (s, 2H), 7.70
(m, 2H), 7.51 (d, 1H), 7.21 (d, 1H), 2.60 (s, 3H), 2.43 (s, 3H)

MS (ESIY, m/z): 469 [M+H]"

Example 81

Preparation of 4-amino-N-(1-((4-(2-methoxyethoxy)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d|pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-(2-methoxyethoxy)

aniline 1nstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (90 mg, 19.4%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.55 (s,
1H), 8.93 (s, 1H), 8.56 (s, 1H), 8.49 (d, 1H), 7.96 (s, 2H),
7.70 (m, 2H), 7.61 (d, 2H), 7.13 (d, 1H), 7.04 (d, 2H), 4.12
(m, 2H), 3.68 (m, 2H), 3.35 (s, 3H), 2.43 (s, 3H)

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

Example 82

Preparation of 4-amino-N-(6-methyl-1((3-trifluo-
romethoxy ))phenyl)amino)isoquinolin-5-yljthieno| 3,
2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-(trifluoromethoxy)
aniline mstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (71 mg, 15%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.57 (s,
1H), 9.55 (s, 1H), 8.96 (s, 1H), 8.59 (s, 1H), 8.49 (d, 1H),
8.09 (s, 1H), 8.03 (m, 2H), 7.93 (d, 1H), 7.66 (d, 1H), 7.45
(t, 1H), 7.23 (d, 1H), 6.97 (d, 1H), 2.43 (s, 3H)

MS (ESIY, m/z): 511 [M+H]™

Example 83

Preparation of N-(1-((4-acetylphenyl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-aminoacetophe-
none 1nstead of 4-chloroaniline 1n <Step 1> of Example 1 to
obtain the title compound (46.7 mg, 14.5%).

'"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.58 (G,
1H), 9.61 (s, 1H), 8.94 (s, 1H), 8.57 (s, 1H), 8.48 (d, 1H),
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8.08 (m, 3H), 7.96 (m, 4H), 7.64 (d, 1H), 7.27 (d, 1H), 2.52
(s, 3H), 2.42 (s, 3H)

MS (ESI*, m/z): 469 [M+H]”

Example 84

Preparation of 4-amino-N-(6-methyl-1-((4-(methyl-
sulfonamido )phenyl)amino Jisoquinolin-3-yl)thieno
[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N-(4-aminophenyl)
methanesulfonamide 1nstead of 4-chloroaniline 1n <Step 1>
of Example 1 to obtain the title compound (5 mg, 3%).

"H-NMR Spectrum (300 MHz, DMSO-d..): & 11.56 (brs,
1H), 9.45 (brs, 1H), 9.23 (brs, 1H), 8.94 (s, 1H), 8.58 (s, 1H),
8.46 (d, 1H), 7.97 (brs, 2H), 7.97 (d, 1H), 7.84 (d, 2H), 7.61
(d, 1H), 7.20 (d, 1H), 2.94 (s, 3H), 2.41 (s, 3H)

MS (ESI", m/z): 519 [M+H]"

Example 85

Preparation of 4-amino-N-(6-methyl-1-((3-(methyl-
sulfonyl)phenyl)amino )isoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-(methylsulfonyl)
aniline mstead of 4-chloroanmiline 1n <Step 1> of Example 1
to obtain the title compound (8 mg, 17%).

"H-NMR Spectrum (300 MHz, DMSO-d..): & 11.59 (brs,
1H), 9.63 (brs, 1H), 8.95 (s, 1H), 8.59 (s, 1H), 8.52 (m, 2H),
8.36 (d, 1H), 8.06 (d, 1H), 7.97 (brs, 2H), 7.67 (m, 3H), 7.25
(d, 1H), 3.22 (s, 3H), 2.43 (s, 3H)

MS (ESI™, m/z): 504 [M+H]”

Example 86

Preparation of 4-amino-N-(1-((4-chloro-3-
(methoxymethyl)phenyl)amino)-6-methylisoquino-
lin-5-yl)thieno[ 3,2-d|pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-chloro-3-
(methoxymethyl)aniline instead of 4-chloroaniline 1n <Step
1> of Example 1 to obtain the title compound.

MS (ESI*, m/z): 505 [M+H]”

Example 87

Preparation of 4-amino-N-(1-((4-methoxy-3-(meth-
ylsulfonamido )phenyl)amino)-6-methylisoquinolin-
S-yhthieno|[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N-(3-amino-2-
methoxyphenyl )methanesulfonamide instead of 4-chloroa-

niline 1n <Step 1> of Example 1 to obtain the title compound
(132 mg, 16%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.55 (brs,
1H), 9.18 (brs, 1H), 8.94 (s, 1H), 8.91 (brs, 1H), 8.58 (s, 1H),
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8.46 (d, 2H), 7.98 (brs, 2H), 7.94 (d, 1H), 7.76 (s, 1H), 7.73
(d, 1H), 7.59 (d, 1H), 7.11 (d, 1H), 7.06 (d, 1H), 3.82 (s, 3H),
3.00 (s, 3H), 2.41 (s, 3H)

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

5
Example 88
Preparation of 4-amino-N-(1-((4-chloro-3-(methyl-
sulfonamido ))phenyl )Jamino )-6-methylisoquinolin-5-
10

yDthieno[3,2d Jpyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N-(5-amino-2-chlo-
rophenyl)methanesulfonamide nstead of 4-chloroaniline in
<Step 1> of Example 1 to obtain the title compound (70 mg,
11%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.58 (brs,
1H), 9.43 (brs, 2H), 8.95 (s, 1H), 8.58 (s, 1H), 8.48 (d, 2H),
8.02 (m, 3H), 7.92 (d, 1H), 7.64 (d, 1H), 7.45 (d, 1H), 7.21
(d, 1H), 3.08 (s, 3H), 2.42 (s, 3H)

MS (ESIY, m/z): 553 [M+H]"

15

20

Example 89
25
Preparation of 4-amino-N-(1-((6-chloropyridin-3-yl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

30

The procedures of <Step 1> of Example 15 and <Steps 2
and 3> of Example 1 were repeated 1n sequence, except for
using S-amino-2-chloropyridine mstead of aniline 1n <Step

1> of Example 15 to obtain the title compound (10 mg,
3.1%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.57 (s, 33
1H), 9.66 (s, 1H), 9.16 (s, 1H), 8.88 (d, 1H), 8.57 (s, 1H),
8.45 (m, 2H), 8.02 (d, 1H), 7.96 (s, 2H), 7.66 (d, 1H), 7.49
(d, 1H), 7.23 (d, 1H), 2.41 (s, 3H)

MS (ESI, m/z): 462 [M+H]"

40
Example 90
Preparation of 4-amino-N-(1-((2-chloropyridin-4-yl)
amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide 45

The procedures of <Step 1> of Example 15 and <Steps 2
and 3> of Example 1 were repeated 1n sequence, except for
using 4-amino-2-chloropyridine instead of aniline 1 <Step
1> of Example 15 to obtain the title compound (61.1 mg,
21%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.62 (s,
1H), 9.86 (s, 1H), 8.95 (s, 1H), 8.59 (s, 1H), 8.45 (d, 1H),
8.21 (m, 3H), 7.97 (s, 2H), 7.88 (dd, 1H), 7.72 (d, 1H), 7.39
(d, 1H), 2.45 (s, 3H)

MS (ESI™, m/z): 462 [M+H]"

50

55

Example 91

Preparation of 4-amino-N-(6-methyl-1-((4-(methyl- 60

sulfonamidomethyl)phenyl)amino )isoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N-(4-aminobenzyl)
methanesulfonamide instead of 4-chloroaniline 1n <Step 1>
of Example 1 to obtain the title compound (123 mg, 34%).

65

58

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.56 (brs,
1H), 8.94 (s, 1H), 8.38 (s, 1H), 8.48 (d, 2H), 7.99 (m, 3H),
7.87 (d, 2H), 7.62 (d, 1H), 7.51 (br, 1H), 7.31 (d, 2H), 7.15
(d, 1H), 4.12 (m, 2H), 2.84 (s, 3H), 2.42 (s, 3H)

MS (ESI*, m/z): 3533 [M+H]”

Example 92

Preparation of 4-amino-N-(6-methyl-1-((3-(methyl-
sulfonamidomethyl)phenyl Jamino Jisoquinolin-3-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N-(3-aminobenzyl)
methanesulfonamide 1nstead of 4-chloroaniline 1n <Step 1>
of Example 1 to obtain the title compound (205 mg, 31%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): & 11.56 (brs,
1H), 9.27 (brs, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.50 (d, 1H),
7.99 (m, 3H), 7.85 (m, 2H), 7.62 (m, 2H), 7.33 (t, 1H), 7.16
(d, 1H), 6.99 (d, 1H), 4.17 (d, 2H), 2.90 (s, 3H), 2.42 (s, 3H)

MS (ESI*, m/z): 534 [M+H]"

Example 93

Preparation of 4-amino-N-(1-((4-chloro-3-fluoro-
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-chloro-3-fluoroa-

niline instead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (200 mg, 29%).

'H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.58 (s,
1H), 9.51 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.46 (d, 1H),
8.22 (dd, 1H), 8.06 (d, 1H), 7.96 (br, 2H), 7.74 (dd, 1H), 7.65
(d, 1H), 7.49 (t, 1H), 7.24 (d, 1H), 2.42 (s, 3H)

MS (ESI*, m/z): 479 [M+H]”

Example 94

Preparation of 4-amino-N-(1-((3-bromo-4-chloro-
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-bromo-4-chloroa-
niline 1nstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (269 mg, 35%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.59 (brs,
1H), 9.47 (brs, 1H), 8.95 (s, 1H), 8.58 (s, 1H), 8.49 (m, 2H),
8.07 (d, 1H), 8.01 (m, 3H), 7.66 (d, 1H), 7.57 (d, 1H), 7.24
(d, 1H), 2.43 (s, 3H)

MS (ESIY, m/z): 538 [M+H]”

Example 95

Preparation of 4-amino-N-(1-((4-(dimethylcarbam-
oyl)phenyl)amino )-6-methylisoquinolin-5-yl)thieno
[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-amino-N,N-dimth-
ylbenzamide instead of 4-chloroamiline mm <Step 1> of

Example 1 to obtain the title compound (6.7 mg, 2.1%).
'H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.58 (s,

1H), 9.40 (s, 1H), 8.95 (s, 1H), 8.59 (s, 1H), 8.48 (d, 1H),
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8.02 (d, 1H), 7.97 (d, 4H), 7.63 (d, 1H), 7.40 (d, 2H), 7.21
(d, 1H), 2.992 (s, 6H), 2.43 (s, 3H)
MS (ESI*, m/z): 498 [M+H]*

Example 96

Preparation of 4-amino-N-(1-((3-acetylaminophe-
nyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using N-(3-aminophenyl)-
acetamide instead of 4-chloroaniline 1n <Step 1> of Example
1 to obtain the title compound (42 mg, 41%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.59 (brs,
1H), 9.51 (brs, 1H), 8.94 (s, 1H), 5.60 (s, 1H), 8.44 (s, 1H),
8.11 (m, 4H), 7.67 (s, 1H), 7.27 (s, 1H), 7.14 (s, 1H), 2.44
(s, 3H)

MS (ESI*, m/z): 484 [M+H]™

Example 97

Preparation of 4-amino-N-(6-methyl-1-((1-methyl-
1 H-1indazol-6-yl)amino )isoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

<Step 1> Preparation of
1-methyl-6-nitro-1H-1ndazole

NaH (1.47 g, 0.037 mol) was added to THF (25 mL) at 0°

C. Separately, 6-nitro-1H-indazole (5.0 g, 0.031 mol) was
dissolved in THF (25 mL) and the solution was slowly added
to the solution prepared. Iodomethane (2.48 mL., 0.040 mol)
was slowly added to the mixed solution at the same tem-
perature, followed by stirring for 2 hours. The reaction
solution was concentrated under reduced pressure, and
added with water and ethyl acetate. The organic layer was
washed with a saturated aqueous solution of sodium chlo-
ride, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The concentrated compound
(I-methyl added (R~0.8):2-methyl added (R~0.3)=1:1)
was purified using silica gel chromatography (ethyl acetate:
hexane=1:1 (v/v)) to obtain the title compound (R ~0.8, 2.22
g, 41%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 8.73 (m,
1H), 8.29 (d, 1H), 8.01 (dd, 1H), 7.94 (dd, 1H), 4.19 (s, 3H)

MS (ESI*, m/z): 177 [M+H]™

<Step 2> Preparation of
1-methyl-1H-1ndazol-ylamine

1-methyl-6-nitro-1H-1ndazole obtained 1n <Step 1> above
and Pd/C were added to THF (350 mL), and stirred for 5
hours under hydrogen conditions. The reaction solution was
filtered through a Celite pad so as to remove Pd/C, followed
by washing with methanol. The organic solvent was con-
centrated under reduced pressure and purified using silica
gel  chromatography  (dichloromethane:methanol=99:1
(v/v)) to obtain the title compound (1.72 g, 93%).

<Step 3> Preparation of 4-amino-N-(6-methyl-1-
((1-methyl-1H-1ndazol-6-yl)amino )isoquinolin-5-y1)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 was
repeated 1n sequence, except for using 1-methyl-1H-1indazol-
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6-ylamine obtained 1n <Step 2> above instead of 4-chloroa-
niline 1n <Step 1> of Example 1 to obtain the title compound
(89 mg, 22%).

"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.56 (s,
1H), 9.38 (s, 1H), 8.94 (s, 1H), 8.57 (s, 1H), 8.52 (d, 1H),
8.35 (s, 1H), 8.04 (d, 1H), 7.95 (br, 2H), 7.91 (s, 1H), 7.64
(m, 2H), 7.53 (m, 1H), 7.19 (d, 1H), 3.98 (s, 3H), 2.42 (s,
3H)

MS (ESI*, m/z): 481 [M+H]"

Example 98

Preparation of 4-amino-N-(6-methyl-1-((4-(methyl-
sulfinyl)phenyl)amino)isoquinolin-3-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Step 1> of Example 15 and <Steps 2
and 3> of Example 1 were repeated 1n sequence, except for
using 4-methanesulfonylaniline instead of 4-(trifluorom-
cthyl)pyridine-2-amine 1n <Step 1> of Example 15 to obtain
the title compound (19.5 mg, 6.2%).

'H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.58 (s,
1H), 9.51 (s, 1H), 8.95 (s, 1H), 8.58 (s, 1H), 8.50 (d, 1H),
8.12 (m, 2H), 8.05 (d, 1H), 7.97 (s, 2H), 7.65 (d, 3H), 7.24
(d, 1H), 2.73 (s, 3H), 2.43 (s, 3H)

MS (ESIY, m/z): 489 [M+H]”

Example 99

Preparation of 4-amino-N-(6-methyl-1-((2-methyl-1,
3-dioxo1soindolin-3-yl)amino)isoquinolin-3-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-amino-N-methyl-
phthalimide instead of 4-chloroaniline 1n <Step 1> of

Example 1 to obtain the title compound (3 mg, 1.2%).
"H-NMR Spectrum (300 MHz, DMSO-d,): § 11.61 (s,

1H), 9.87 (s, 1H), 8.95 (s, 1H), 8.59 (s, 1H), 8.53 (m, 3H),
8.28 (d, 1H), 8.15 (d, 1H), 7.91 (s, 2H), 7.82 (d, 1H), 7.70
(d, 1H), 3.02 (s, 3H), 2.44 (s, 3H)

MS (ESI*, m/z): 510 [M+H][*

Example 100

Preparation of 4-amino-N-(1-((6-methoxypyridin-3-
yl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 5-amino-2-methoxy-
pyridine instead of 4-chloroaniline 1 <Step 1> of Example
1 to obtain the title compound (75 mg, 9.2%).

"H-NMR Spectrum (300 MHz, DMSO-d,): § 11.55 (s,
1H), 9.22 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.54 (d, 1H),
8.43 (d, 1H), 8.14 (d, 1H), 7.96 (s, 2H), 7.92 (d, 1H), 7.61
(d, 1H), 7.12 (d, 1H), 6.84 (d, 1H), 3.84 (s, 3H), 2.41 (s, 3H)

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

Example 101

Preparation of 4-amino-N-(6-methyl-1-((3-(2,2,2-
trifluoroacetyl)phenyl)amino)isoquinolin-5-yl)thieno
[3,2-d]pyrimidine-7-carboxamide

<Step 1> Preparation of
2,2,2-trifluoro-1-(3-nitrophenyl)ethanone

2,2, 2-trifluoroacetophenone (0.5 mL, 3.68 mmol) was
dissolved 1n sulfuric acid (3 mL), and added with NaNO,
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(0.31 g, 3.68 mmol). The reaction solution was stirred for
about 1 hour at 0° C. The reaction mixture was calibrated to

yield pH a range of 8 to 9 by adding an aqueous solution of

5 N NaOH. The reaction mixture was diluted with chloro-
torm/2-propanol=4/1 (v/v), and washed with distilled water.
The organic layer was drnied over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The con-
centrated compound was purified using silica gel chroma-
tography to obtain the title compound (720 mg, 89%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 8.29 (s,
1H), 8.24 (d, 1H), 7.96 (d, 1H), 7.69 (t, 1H)

MS (ESI*, m/z): 220 [M+H]"

<Step 2> Preparation of
1-(3-aminophenyl)-2,2,2-trifluoroethanone

2,2,2-trifluoro-1-(3-mitrophenyl)ethanone (0.7 g, 3.26
mmol) obtained 1n <Step 1> above was dissolved in metha-
nol, followed by stirring. The reaction solution was added
with Pd/C (0.09 g, 0.82 mmol), and further stirred under
hydrogen conditions for about 12 hours at room tempera-
ture. The reaction mixture was filtered through a Celite pad
under reduced pressure, and washed with methanol. The
filtered solid was dried with warm wind 1n an oven (40° C.)
for 3 hour or more to obtain the title compound (400 mg,
68%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 7.02 (t, 1H),
6.97 (s, 1H), 6.56 (m, 2H), 5.15 (s, 2H)

MS (ESI™, m/z): 190 [M+H]"

<Step 3> Preparation of 4-amino-N-(6-methyl-1-
((3-(2,2,2-trifluoroacetyl)phenyl Jamino Jisoquinolin-
S-yhthieno[3,2-d|pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 1-(3-aminophenyl)-
2,2, 2-trifluoroethanone obtained in <Step 2> above instead
of 4-chloroanmiline 1mn <Step 1> of Example 1 to obtain the

title compound (19.4 mg, 5%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.54 (s,
1H), 9.30 (s, 1H), 8.92 (s, 1H), 8.58 (s, 1H), 8.49 (d, 1H),
7.99 (m, 4H), 7.60 (d, 1H), 7.35 (t, 1H), 7.15 (d, 1H), 7.09
(d, 1H), 6.83 (d, 1H), 2.40 (s, 3H)

MS (ESI*, m/z): 523 [M+H]"

Example 102

Preparation of 4-amino-N-(6-methyl-1-((4-propio-
nylphenyl )Jamino Jisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-aminopropiophe-
none nstead of 4-chloroaniline 1n <Step 1> of Example 1 to
obtain the title compound (72 mg, 23%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.59 (s,
1H), 9.60 (s, 1H), 8.94 (s, 1H), 8.58 (s, 1H), 8.50 (d, 1H),
8.09 (m, 3H), 7.96 (m, 4H), 7.66 (d, 1H), 7.28 (d, 1H), 3.01
(q, 2H), 2.43 (s, 3H), 1.11 (t, 3H)

MS (ESIY, m/z): 483 [M+H]"

Example 103

Preparation of 4-amino-N-(1-((4-hexanoylphenyl)
amino)-6-methylisoquinolin-yl)thieno| 3,2-d[pyrimi-
dine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-aminohexanophe-
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none nstead of 4-chloroaniline 1n <Step 1> of Example 1 to
obtain the title compound (10 mg, 6.6%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): § 11.59 (s,
1H), 9.62 (s, 1H), 8.95 (s, 1H), 8.58 (s, 1H), 8.50 (d, 1H),
8.09 (m, 4H), 7.98 (m, 3H), 7.66 (d, 1H), 7.28 (d, 1H), 2.95
(t, 2H), 2.43 (s, 3H), 1.33 (m, 2H), 1.09 (m, 4H), 0.89 (t, 3H)

MS (ESI*, m/z): 525 [M+H]”

Example 104

Preparation of N-(1-((1-acetyl-1H-1ndazol-6-yl)
amino)-6-methylisoquinolin-3-yl)-4-aminothieno| 3,
2-d]pyrimidine-7-carboxamide

<Step 1> Preparation of
1-(6-nitro-1H-1ndazol-1-yl)ethanone

6-nitroindazole (1 g, 6.13 mmol) was dissolved 1n dim-
cthylformamide (15 mL), and added with triethylamine (1.7
ml, 12.2 mmol), Ac,O (0.69 ml, 7.4 mmol) and
18-Crown-6 (0.38 g, 1.23 mmol). The reaction solution was
stirred for about 4 hours at room temperature. The reaction
mixture was added with distilled water, and further stirred
for about 1 hour. The resulting solid was filtered under
reduced pressure, and washed with distilled water. The
filtered solid was dried with warm wind 1n an oven (40° C.)
for 3 hours or more to obtain the title compound (0.9 g,
75%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 9.01 (s,
1H), 8.69 (s, 1H), 8.26 (d, 1H), 8.18 (d, 1H), 2.76 (s, 3H)

MS (ESI*, m/z): 206 [M+H]"

<Step 2> Preparation of
1-(6-amino-1H-1ndazol-1-yl)ethanone

1-(6-nitro-1H-1ndazol-1-yl)ethanone obtained 1n <Step
1> above was dissolved 1n ethanone (2.2 g, 10.7 mmol), and
stirred. The reaction solution was added with Pd/C (0.28 g,
2.68 mmol), followed by stirring under hydrogen conditions
for about 12 hours or more at room temperature. The
reaction mixture was filtered through a Celite pad under
reduced pressure, and washed with methanol. The filtered
solid was dried with warm wind 1 an oven (40° C.) for 3

hours or more to obtain the title compound (1.7 g, 90%).
MS (ESIY, m/z): 176 [M+H]”

<Step 3> Preparation of N-(1-((1-acetyl-1H-1nda-
z0l-6-yl)amino )-6-methylisoquinolin-5-yl)-4-amin-
othieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 1-(6-amino-1H-1nda-
zol-1-yl)ethanone obtained in <Step 2> above instead of
4-chloroaniline in <Step 1> of Example 1 to obtain the title

compound (21 mg, 13.7%).

"H-NMR Spectrum (300 MHz, DMSO-d.): 8 11.59 (s,
1H), 9.64 (s, 1H), 8.98 (d, 2H), 8.59 (s, 1H), 8.54 (d, 1H),
8.34 (s, 1H), 8.06 (m, 4H), 7.80 (d, 1H), 7.65 (d, 1H), 7.25
(d, 1H), 2.71 (s, 3H), 2.43 (s, 3H)

MS (ESI*, m/z): 509 [M+H]"

Example 105

Preparation of 4-amino-N-(1-((3-chloro-4-fluoro-
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-chloro-4-tfluoroa-
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niline instead of 4-chloroaniline in <Step 1> of
to obtain the title compound (332 mg, 35%).
"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.56 (s,
1H), 9.37 (s, 1H), 8.85 (s, 1H), 8.58 (s, 1H), 8.45 (d, 1H),
8.27 (dd, 1H), 8.02 (d, 1H), 7.95 (s, 2H), 7.88 (m, 1H), 7.40
(t, 1H), 7.20 (d, 1H), 2.42 (s, 3H)
MS (ESI', m/z): 479 [M+H]"

Example 1

Example 106

Preparation of 4-amino-N-(6-methyl-1-((5-0x0-5,6,
7,8-tetrahydronaphthalen-2-yl)amino jisoquinolin-5-
yDthieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 6-amino-3,4-dihydro-
2H-naphthalen-1-one instead of 4-chloroaniline 1n <Step 1>
of Example 1 to obtain the title compound (46 mg, 6%).

"H-NMR Spectrum (300 MHz, DMSO-d.):  11.58 (s,
1H), 9.55 (s, 1H), 8.93 (s, 1H), 8.70 (s, 1H), 8.47 (d, 1H),
8.08 (d, 1H), 7.94 (m, 3H), 7.84 (m, 2H), 7.64 (d, 1H), 7.26
(d, 1H), 2.90 (t, 3H), 2.49 (t, 3H), 2.42 (s, 3H), 2.02 (m, 3H)

MS (ESI*, m/z): 495 [M+H]"

Example 107

Preparation of 4-amino-N-(6-methyl-1-((2-methyl-
2H-1ndazol-6-yl)amino )isoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 2 and 3> of Example 97 were
repeated 1n sequence, except for using 6-nitro-2H-1ndazole
to obtain methyl-6-nitro-2H-indazole (R~0.3) mstead of
6-nitro-1H-1ndazole 1n <Step 1> of Example 97 to obtain the
title compound (8 mg, 2.5%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 8 11.55 (s,
1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.50 (d, 1H), 8.27 (s, 1H),
8.20 (s, 1H), 7.98 (m, 1H), 7.95 (s, 1H), 7.60 (m, 2H), 7.41
(d, 1H), 7.14 (d, 1H), 4.10 (s, 3H), 2.41 (s, 3H)

MS (ESIY, m/z): 481 [M+H]"

Example 108

Preparation of methyl 4-((3-(4-aminothieno[3,2-d]
pyrimidine-7-carboxamido )-6-methylisoquinolin-1-
yl)amino)benzoate

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using methyl-4-aminoben-
zoate mstead of 4-chloroaniline 1n <Step 1> of Example 1 to
obtain the title compound (95 mg, 136%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 8 11.59 (s,
1H), 9.61 (s, 1H), 9.02 (s, 1H), 8.58 (s, 1H), 8.50 (d, 1H),
8.08 (m, 3H), 7.97 (m, 4H), 7.66 (d, 1H), 7.28 (d, 1H), 3.82
(s, 3H), 2.42 (s, 3H)

MS (ESI™, m/z): 485 [M+H]"

Example 109

Preparation of 4-amino-N-(6-methyl-1-((1-methyl-
1 H-1indazol-5-yl)amino )isoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

<Step 1> Preparation of
1-methyl-5-nitro-1H-1ndazole

NaH (1.47 g, 36.8 mmol) was added to THF (40 mL) at
0° C. Separately, 5-nitroindazole (5.0 g, 30.6 mmol) was
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dissolved 1n THF (30 mL), and the mixed solution was
slowly added to the prepared solution. Iodomethane (2.1
ml., 33.7 mmol) was added to the reaction solution at the
same temperature, followed by stirring for 3 hours at room
temperature. The reaction solution was concentrated under
reduced pressure, and added with water and ethyl acetate.
The reaction mixture was added with distilled water for
quenching, diluted with ethyl acetate, and washed with
distilled water. The organic layer was dried over anhydrous
sodium sulfate, and concentrated under reduced pressure.
The concentrated compound (1-methyl added (R~0.3),
2-methyl added (R~0.1)) was purified using silica gel
chromatography (ethyl acetate:hexane=1:1 (v/v)) to obtain
the title compound (R ~0.3, 2.29 g, 42%).

"H-NMR Spectrum (300 MHz, DMSO-d,): ¢ 8.74 (d,
1H), 8.31 (dd, 1H), 8.20 (s, 1H), 7.47 (d, 1H), 4.15 (s, 3H)

MS (ESI*, m/z): 178 [M+H]”

<Step 2> Preparation of
1-methyl-1H-1ndazol-5-amine

Iron (3.62 g, 64.7 mmol) and concentrated hydrochloric
acid (0.1 mL) were added to ethanol/water (20 mL/20 mL),
and refluxed for 1 hour. The mixed reaction solution was
added with 1-methyl-35-nitro-1H-indazole (2.29 g, 12.9
mmol) obtained 1n <Step 1> above, and further refluxed for
3 hours or more. The reaction mixture was filtered through
a Celite pad under reduced pressure, and washed with
chloroform/2-propanol=4/1(v/v). The filtrate obtained was
distilled under reduced pressure, and dissolved in chloro-
form/2-propanol=4/1 (v/v). The organic layer was washed
with an aqueous solution of sodium bicarbonate and brine.
The obtained organic layer was dried over anhydrous

sodium sulfate, filtered, and concentrated under reduced
pressure to obtain the title compound (1.35 g, 71%).
"H-NMR Spectrum (300 MHz, DMSO-d,): § 7.65 (d,
1H), 7.31 (d, 1H), 6.80 (d, 1H), 6.71 (d, 1H), 4.78 (s, 2H),
3.89 (s, 3H)
MS (ESI*, m/z): 148 [M+H]”

<Step 3> Preparation of 4-amino-N-(6-methyl-1-
((1-methyl-1H-1ndazol-3-yl)amino ))isoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 1-methyl-1H-1ndazol-
S-amine obtained 1n <Step 2> above instead of 4-chloroa-
niline 1n <Step 1> of Example 1 to obtain the title compound
(15 mg, 6.3%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.54 (s,
1H), 9.23 (s, 1H), 8.84 (s, 1H), 8.57 (s, 1H), 8.49 (d, 1H),
8.31 (s, 1H), 7.98 (m, 4H), 7.74 (d, 1H), 7.60 (d, 1H), 7.10
(d, 1H), 4.00 (s, 3H), 2.40 (s, 3H)

MS (ESI", m/z): 481 [M+H]"

Example 110

Preparation of 4-amino-N-(6-methyl-1-((2-methyl-
2H-1ndazol-5-yl)amino jisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

<Step 1> Preparation of
2-methyl-5-nitro-2H-1ndazole

The procedures of <Step 1> of Example 109 were
repeated to obtain the title compound (R ~0.1, 1.51 g, 28%).
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'H-NMR Spectrum (300 MHz, DMSO-d..): & 8.73 (d,
1H), 8.20 (s, 1H), 8.09 (dd, 1H), 7.74 (d, 1H), 4.29 (s, 3H)
MS (ESI*, m/z): 178 [M+H]*

<Step 2> Preparation of
2-methyl-2H-1ndazol-5-amine

The procedures of <Step 2> of Example 109 were

repeated to obtain the title compound (0.6 g, 48%).
"H-NMR Spectrum (300 MHz, DMSO-d,): & 7.82 (s,

1H), 7.51 (d, 1H), 6.72 (dd, 1H), 6.53 (d, 1H), 4.74 (s, 2H),
4.01 (s, 3H)
MS (ESI*, m/z): 148 [M+H]*

<Step 3> Preparation of 4-amino-N-(6-methyl-1-
((2-methyl-2H-indazol-5-yl)amino Jisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 2-methyl-2H-1ndazol-
S-amine obtained 1 <Step 2> above instead of 4-chloroa-
niline 1n <Step 1> of Example 1 to obtain the title compound
(24.2 mg, 10%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.54 (s,
1H), 9.47 (s, 1H), 8.93 (s, 1H), 8.49 (s, 1H), 8.46 (d, 1H),
8.31 (s, 1H), 7.98 (m, 3H), 7.74 (d, 1H), 7.60 (m, 2H), 7.10
(d, 1H), 4.02 (s, 3H), 2.40 (s, 3H)

MS (ESI*, m/z): 481 [M+H]"

Example 111

Preparation of 4-amino-N-(6-methyl-1-((6-methyl-
pyridin-3-yl)amino)isoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Step 1> of Example 15 and <Steps 2
and 3> of Example 1 were repeated 1n sequence, except for
using S-amino-2-methylpyridine mstead of aniline 1n <Step
1> of Example 15 to obtain the title compound (5 mg, 3%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): & 11.61 (s,
1H), 9.34 (s, 1H), 8.98 (s, 1H), 8.90 (s, 1H), 8.62 (s, 1H),
8.51 (d, 1H), 8.27 (m, 1H), 8.02 (m, 3H), 7.68 (d, 1H), 7.27
(m, 2H), 2.54 (s, 3H), 2.48 (s, 3H)

MS (ESI*, m/z): 442 [M+H]"

Example 112

Preparation of 4-amino-N-(6-methyl-1-((1-methyl-
1 H-1indol-6-yl)amino jisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

<Step 1> Preparation of
1-methyl-1H-1ndol-6-ylamine

The procedures of <Step 1> of Example 97 were repeated,
except for using 1H-1ndol-6-ylamine 1nstead of 6-nitro-1H-
indazole 1 <Step 1> of Example 97 to obtain the fitle
compound (151 mg, 33%).

<Step 2> Preparation of 4-amino-N-(6-methyl-1-
((1-methyl-1H-1ndol-6-yl)amino)isoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 1-methyl-1H-1ndol-
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6-ylamine obtained 1n <Step 1> above instead of 4-chloroa-
niline 1n <Step 1> of Example 1 to obtain the title compound
(65 mg, 31%).

"H-NMR Spectrum (300 MHz, DMSO-d,): § 11.53 (s,
1H), 9.21 (br, 1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.49 (d, 1H),
8.02 (s, 1H), 7.95-7.92 (m, 3H), 7.58 (d, 1H), 7.44 (m, 2H),
7.23 (d, 1H), 7.07 (d, 1H), 6.35 (d, 1H), 3.75 (s, 3H), 2.40
(s, 3H)

MS (ESI*, m/z): 480 [M+H]”

Example 113

Preparation of tert-butyl 6-((5-(4-aminothieno[3,2-
d]pyrimidine-7-carboxamido)-6-methylisoquinolin-
1-yl)amino)-1H-1ndazol-1-carboxylate

<Step 1> Preparation of (1H-1ndazol-6-yl)-(6-
methyl-5-mitro-1soquinolin-1-yl)-amine

The procedures of <Step 1> of Example 1 were repeated,
except for using 1H-1ndazol-6-amine instead of 4-chloroa-
niline 1n <Step 1> of Example 1 to obtain the title compound
(639 mg, 68%).

"H-NMR Spectrum (300 MHz, DMSO-d,): & 9.01 (d,
1H), 8.12 (s, 1H), 8.01 (s, 1H), 7.88 (d, 2H), 7.79 (d, 1H),
7.33 (d, 1H), 6.93 (d, 1H), 2.52 (s, 3H)

MS (ESI*, m/z): 319 [M+H]”

<Step 2> Preparation of 6-(6-methyl-3-nitro-1soqui-
nolin-1-ylamino)-indazol-1-carboxylic acid tert-
butyl ester

(1H-1ndazol-6-yl)-(6-methyl-5-nitro-1soquinolin-1-yl)-
amine (300 mg, 0.942 mmol) obtained in <Step 1> above,
triethylamine (0.131 mL, 0.942 mmol) and DMAP (58 mg,
0.471 mmol) were dissolved in CH,C1, (10 mL), and slowly
added with di-tert-butyl dicarbonate (0.216 mlL, 0.942
mmol) at 0° C. The reaction solution was stirred for 3 hour
at room temperature, diluted with ethyl acetate, and washed
with a saturated aqueous solution of sodium bicarbonate and
brine. The organic layer was dried over anhydrous sodium

sulfate, filtered, and concentrated under reduced pressure to
obtain the title compound (395 mg, 99%).
MS (ESI*, m/z): 419 [M+H]”

<Step 3> Preparation of tert-butyl 6-((5-(4-amin-
othieno[3,2-d]|pyrimidine-7-carboxamido)-6-methyl-
1soquinolin-1-yl)amino)-1H-indazol-1-carboxylate

The procedures of <Steps 2 and 3> of Example 1 were
repeated 1n sequence, except for using 6-(6-methyl-5-ni-
troisoquinolin-1-ylamino)-indazol-1-carboxylic acid tert-
butyl ester obtained 1n <Step 2> above instead of N-(4-
chlorophenyl)-6-methyl-5-nitroisoquinolin-1-amine n
<Step 2> of Example 1 to obtain the title compound (130
mg, 30%).

MS (ESI*, m/z): 566 [M+H]”

Example 114

Preparation of N-(1-((1H-1indazol-6-yl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno[3,2-d]py-
rimidine-7-carboxamide hydrochloride

tert-butyl  6-((5-(4-aminothieno[3,2-d[pyrimidine-7-car-
boxamido)-6-methylisoquinolin-1-yl)amino)-1H-indazol-1-
carboxylate (50 mg, 0.088 mmol) obtained in Example 113
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was dissolved 1n ethyl acetate (5 mL), and added with 4 M
HC1 (dioxane solution, 0.5 mL). The reaction solution was
stirred for 5 hours, and then the filtrate was filtered to obtain
the title compound (40 mg, 90%).

MS (ESI*, m/z): 467 [M+H]™ d

Example 115

Preparation of 4-amino-N-(1-((5-chloro-2-fluoro-
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

10

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using S-chloro-2-fluoroa-
niline instead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (380 mg, 6%).

"H-NMR Spectrum (300 MHz, DMSO-d,): 6 11.55 (s,
1H), 9.14 (s, 1H), 8.93 (s, 1H), 8.56 (s, 1H), 8.32 (m, 1H),
7.92 (m, 3H), 7.77 (dd, 1H), 7.61 (d, 1H), 7.30 (t, 1H), 7.20
(m, 2H), 2.41 (m, 3H)

MS (ESIY, m/z): 479 [M+H]"

15

20

Example 116
Preparation of 4-amino-N-(1-((3-chloro-2-fluoro- 23
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-chloro-2-tfluoroa-
niline instead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (10 mg, 6.3%).

"H-NMR Spectrum (300 MHz, DMSO-d,.): 8 11.56 (s,
1H), 9.24 (s, 1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.36 (d, 1H),
7.95 (s, 2H), 7.90 (d, 1H), 7.63 (d, 1H), 7.57 (t, 1H), 7.37 (x,
1H), 7.24 (m, 2H), 2.42 (s, 3H)

MS (ESI™, m/z): 479 [M+H]"

30

35

Example 117
40
Preparation of 4-amino-N-(1-((3-fluoro-4-(4-meth-
ylpiperazin-1-yl)phenyl)amino)-6-methylisoquino-
lin-5-yl)thieno[ 3,2-d]pyrimidine-7-carboxamide
The procedures of <Steps 1, 2 and 3> of Example 1 were 45
repeated 1n sequence, except for using 3-fluoro-4-(4-meth-
ylpiperazin-1-yl)aniline instead of 4-chloroaniline i <Step
1> of Example 1 to obtain the title compound (20 mg, 16%).
"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.53 (s,
1H), 9.19 (s, 1H), 8.92 (s, 1H), 8.57 (s, 1H), 8.43 (d, 1H),
7.98-7.85 (m, 4H), 7.59 (d, 1H), 7.54 (dd, 1H), 7.12 (d, 1H),
7.00 (t, 1H), 3.31 (m, 4H), 2.96 (m, 4H), 2.40 (s, 3H), 2.21
(s, 3H)
MS (ESI™, m/z): 543 [M+H]"

50

55
Example 118

Preparation of 4-amino-N-(1-((3-chloro-1-methyl-
1 H-indazol-6-yl)amino )-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide 60
The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 3-chloro-1-methyl-
1 H-1indazol-6-amine instead of 4-chloroaniline 1n <Step 1>

of Example 1 to obtain the title compound (143 mg, 16%).
'"H-NMR Spectrum (300 MHz, DMSO-d,): & 11.57 (s,

1H), 9.48 (s, 1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.52 (d, 1H),

65

68
8.44 (s, 1H), 8.08 (d, 1H), 7.94 (s, 2H), 7.63 (m, 2H), 7.56
(d, 1H), 7.22 (d, 1H), 3.95 (s, 3H), 2.42 (s, 3H)

MS (ESI™, m/z): 515 [M+H]”

Example 119

Preparation of 4-amino-N-(6-methyl-1-((4-(prop-2-
yn-1-yloxy)phenyl)amino)isoquinolin-3-ylithieno[3,
2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 4-(2-propyn-1-yloxy)
aniline mstead of 4-chloroaniline 1n <Step 1> of Example 1
to obtain the title compound (22 mg, 9.3%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.53 (s,
1H), 9.10 (s, 1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.44 (d, 1H),
7.94 (m, 3H), 7.76 (d, 1H), 7.58 (d, 1H), 7.09 (d, 1H), 6.98
(d, 1H), 4.77 (d, 2H), 3.55 (t, 1H), 2.40 (s, 3H)

MS (ESI*, m/z): 481 [M+H]”

Example 120

Preparation of 4-amino-N-(1-((2-methoxy-4-mor-
pholinophenyl)amino)-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 2-methoxy-4-mor-
pholinoaniline instead of 4-chloroaniline 1 <Step 1> of
Example 1 to obtain the title compound (29 mg, 6.5%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.50 (s,
1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.42 (s, 1H), 8.30 (d, 1H),
7.94 (s, 2H), 7.67 (m, 2H), 6.99 (d, 1H), 6.67 (d, 1H), 6.48
(d, 1H), 3.78 (m, 7H), 3.12 (m, 4H), 2.40 (s, 3H)

MS (ESI*, m/z): 342 [M+H]”

Example 121

Preparation of 4-amino-N-(1-(benzo[d]thiazol-6-
ylamino)-6-methylisoquinolin-3-yl)thieno[3,2-d]
pyrimidine-7-carboxamide

The procedures of <Steps 1, 2 and 3> of Example 1 were
repeated 1n sequence, except for using 6-aminobenzothiaz-
ole instead of 4-chloroamline in <Step 1> of Example 1 to
obtain the title compound (37 mg, 15.7%).

'H-NMR Spectrum (300 MHz, DMSO-d,): & 11.57 (s,
1H), 9.47 (s, 1H), 9.21 (s, 1H), 8.94 (s, 1H), 8.85 (s, 1H),
8.58 (s, 1H), 8.50 (d, 1H), 8.05 (m, 2H), 8.01 (s, 1H), 7.94
(m, 2H), 7.65 (d, 1H), 7.21 (d, 1H), 2.43 (s, 3H)

MS (ESI*, m/z): 484 [M+H]”

Example 122

Preparation of N-(1-((1H-1indazol-3-yl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno[3,2-d]py-
rimidine-7-carboxamide hydrochloride

The procedures of <Steps 1, 2 and 3> of Example 113 and
Example 114 were repeated in sequence, except for using
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1 H-1indazol-5-amine mstead of 1H-1indazol-6-amine 1n <Step
1> of Example 113 to obtain the title compound (5 mg, 5%).

MS (ESI*, m/z): 466 [M+H]*

Example 123

Preparation of 4-amino-N-(1-((3-chloro-2,4-difluo-
rophenyl )amino )-6-methylisoquinolin-5-yl)thieno| 3,
2-d]pyrimidine-7-carboxamide
The procedures of <Steps 1, 2 and 3> of Example 1 were .
repeated 1n sequence, except for using 3-chloro-2,4-ditluo-
roaniline mstead of 4-chloroaniline 1n <Step 1> of Example
1 to obtain the title compound (95 mg, 6%).

70

pan-1,3-diamine instead of 4-chloroaniline 1n <Step 1> of
Example 1 to obtain the title compound (25 mg, 8%).

'H-NMR Spectrum (300 MHz, DMSO-d,): 8§ 11.46 (s,
1H), 8.90 (s, 1H), 8.55 (s, 1H), 8.11 (d, 1H), 7.92 (s, 2H),

7.84 (d, 1H), 7.60 (m, 1H), 7.47 (d, 1H), 6.87 (d, 1H), 3.62
(m, 2H), 2.87 (m, 2H), 2.67 (s, 3H), 2.58 (s, 6H), 1.89 (m,
2H)

MS (ESI*, m/z): 436 [M+H]*

Example 125

Preparation of 4-amino-N-(6-methyl-1-(piperidin-1-
ylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-car-

'H-NMR Spectrum (300 MHz, DMSO-dy): & 11.51 (s, . boxamide
1H), 8.93 (s, 1H), 8.57 (s, 1H), 8.34 (d, 1H), 7.94 (s, 2H),
7.87 (d, 1H), 7.63 (m, 2H), 7.37 (m, 1H), 7.14 (d, 1H), 2.43 The procedures of <Steps 1, 2 and 3> of Example 1 were
(s, 3H) repeated 1n sequence, except for using piperidine instead of
MS (ESI*, m/z): 515 [M+H]* 4-chloroaniline 1n <Step 1> of Example 1 to obtain the title
- compound (8 mg, 2%).
Example 124 "H-NMR Spectrum (300 MHz, DMSO-d,.): § 11.42 (s,
1H), 9.10 (s, 1H), 8.62 (s, 1H), 8.05 (m, 3H), 7.93 (s, 1H),
Preparation of 4-amino-N-(1-((3-(dimethylamino) 7.54 (m, 1H), 7.30 (d, 1H), 3.21 (m, 4H), 2.48 (s, 3H), 1.77
propyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2- (m, 4H), 1.64 (m, 2H)
d]pyrimidine-7-carboxamide - MS (ESI", m/z): 419 [M+H]”
The compounds obtained 1 Examples 1 to 125 are
The procedures of <Steps 1, 2 and 3> of Example 1 were represented by the following structural formula, as shown 1n
repeated 1n sequence, except for using N1,N1-dimethylpro- Table 1 below.
TABLE 1
Ex. Name Formula
1 4-amino-N-(1-((4-chlorophenyl)amino )-6- Z
methylisoquinolin-3-yljthieno[3,2-d]pyrimidine-7- N O
carboxamide N/\ ‘ I'%
anll I
HLN Q AN \/\Cl
2 4-amino-N-(6-methyl-1-((3- P
(trifluoromethyl)phenyl)amino)isoquinolin-5- N )
yl)thieno[3,2-d]|pyrimidine-7-carboxamide /_\ ‘ H
N\ Y X7 YN\/\/ -
[ [ ]
HZN S,.-""'"" \/N \/
3 N-(1-((4-chlorophenyl)amino)-6-
methylisoquinolin-3-yl)-4-
(cyclopropylamino)thieno[3,2-d]|pyrimidine-7-
carboxamide /\
N N
4 4-(cyclopropylamino)-N-(6-methyl-1-((3-
(trifluoromethyl)phenyl)amino)isoquinolin-5-
yl)thieno[3,2-d]pyrimidine-7-carboxamide
CF
X 3

\
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TABLE 1-continued

Name Formula

4-amino-N-(6-methyl-1-((3-(4-methyl-1H-
imidazol-1-yl)-5-
(trifluoromethyl)phenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

H
N\/\/CFg

4-(cyclopropylamino)-N-(6 methyl-1-((3-(4-
methyl-1H-1midazol-1-yl)-5-
(trifluoromethyl)phenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-((4-((4-ethylpiperazin-1-yl)methyl)-
3-(trifluoromethyl)phenyl)amino )-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

CF;

/

/ N\
\

4-(cyclopropylamino)-N-(1-((4-((4-ethylpiperazin-

1-yl)methyl)-3-(trifluoromethyl)phenyl)amino )-6- O \/\
methylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-
carboxamide
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TABLE 1-continued

Name Formula

N-(1-((4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)amino)-6-
methylisoquinolin-5-yl)-4-
(methylamino)thieno[3,2-d|pyrimidine-7-
carboxamide

Chj

/
\

\
_/

Z

Z

/ 0\
Ve

4-amino-N-(1-({4-(4-ethylpiperazin-1-
yl)phenyl)amino)-6-methylisoquinolin-3-
ylthieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-((4-((4-ethylpiperazin-1-
yl)methyl)phenyl)amino)-6-methylisoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-(phenylamino)isoquinolin-
5-ylhthieno[3,2-d]pyrimidine-7-carboxamide

4-amino-N-(1-({4-chloro-3-
(trifluoromethyl)phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

CF;

Cl

4-amino-N-(1-({2-methoxy-5-

(trifluoromethyl)phenyl)amino )-6- —N O

methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7- /-\

carboxamide N\ /
i\
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TABLE 1-continued

Name Formula

4-amino-N-(6-methyl-1-({4-
(trifluoromethyl)phenyl)amino jisoquinolin-3-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-({(4-methoxyphenyl Jamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(6-methyl-1-(p-tolylamino )isoquinolin-
5-ylhthieno[3,2-d]pyrimidine-7-carboxamide O \/\
H
\ N\ ‘ \
/
4-amino-N-(1-({4-1sopropylphenyljamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide %
/

4-amino-N-(1-((5-(t-butyl)isoxazol-3-yl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(1-({4-fluorophenyl)amino )-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide
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TABLE 1-continued
Name Formula
4-amino-N-(6-methyl-1-(thiazol-2-
ylamino)isoquinolin-5-yl)thieno[3,2-d |pyrimidine- —— N O
7-carboxamide N/\

4-amino-N-(1-((4-cyanophenyl)amino )-6-
methylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(6-methyl-1-(quinolin-5-
ylamino)isoquinolin-5-yl)thieno[3,2-d |pyrimidine-
/-carboxamide

4-amino-N-(1-({4-ethoxyphenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(6-methyl-1-({4-
phenoxyphenyl)amino)isoquinolin-3-yljthieno[3,2-
d]pyrimidine-7-carboxamide

4-amino-N-(1-({(4-hydroxyphenyljamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-({4-1sopropoxyphenyljamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

Preparation of 4-amino-N-(1-({(4-(dimethyl-
aminophenyljamino )-6-methylisoquinolin-
5-yhthieno[3,2-d]pyrimidine-7-carboxamide
[4-amino-N-(1-((4-(dimethylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]-
pyrimidine-7-carboxamide]

4-amino-N-(1-((2,3-dihydrobenzo[b][1,4]dioxin-6-
yl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide

\

7

4

-y

:<

(

7T

\‘/\
N N ox
a

N
‘ AN
/\O/\
=
o N
\‘/\
\/\OH

O

/

\
/

%

O

O

__/
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TABLE 1-continued

Name Formula

4-amino-N-(1-((3 4-dimethoxyphenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

O
X
PN
(‘j
4-amino-N-(1-({3-fluoro-4-methoxyphenyl)amino)-
6-methylisoquinolin-3-yljthieno[3,2-d|pyrimidine-
7-carboxamide
\
N\
O
Lo
4-amino-N-(6-methyl-1-((3.4,5-
trimethoxyphenyl)amino )isoquinolin-3- ‘
yl)thieno[3,2-d|pyrimidine-7-carboxamide
O
X
/ 0O
Voo
/
4-amino-N-(6-methylisoquinolin-5-yl)thieno[3,2-
d]pyrimidine-7-carboxamide
AN
4-amino-N-(1-(benzo[d][1,3]dioxol-5-ylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7- N O \ N
carboxamide N/\ \ ‘ H
\ N/ \/ N\ /\
ren ‘ \
H>N q \/N RN \

4-amino-N-(6-methyl-1-((5,6,7,8-
tetrahydronaphthalen-2-yl)amino )isoquinolin-3-
ylthieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(4-({4-chlorophenyl)amino)-7-
methylquinazolin-8-yl)thieno[3,2-d|pyrimidine-7-
carboxamide
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Name

81

4-(cyclopropylamino)-N-(1-((4-
methoxyphenyl)amino )-6-methylisoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-((3-chlorophenyl)amino)-6-
methylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-

carboxamide

4-amino-N-(1-((3-bromophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-

carboxamide

4-amino-N-(1-((2,4-dichl

lorophenyl)amino)-6-

methylisoquinolin-3-yl)t]
carboxamide

4-amino-N-(1-((3,4-dichl

hieno[3,2-d[pyrimidine-7-

lorophenyl)amino)-6-

methylisoquinolin-5-yl)t]
carboxamide

4-amino-N-(1-((3,5-dichl

hieno|[3,2-d|pyrimidine-7-

lorophenyl)amino)-6-

methylisoquinolin-5-yl)t]
carboxamide

hieno[3,2-d[pyrimidine-7-

4-amino-N-(6-methyl-1-((3.4,5-

trichlorophenyl)amino)isoquinolin-3-yljthieno[3,2-

d]pyrimidine-7-carboxamide

4-amino-N-(1-({(4-chloro

_3-

methoxyphenyl)amino )-6-methylisoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

TABL.
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N /=N o
\ / ‘
HEN/ \S

5 1-continued

\ /

)

{

)

<\

Cl

/

\

/

\

/

\

Cl

/

\

Cl

2

Cl

Br

Cl

Cl

Cl

Cl

\

Cl

Cl

Cl
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TABLE 1-continued

Name Formula

4-amino-N-(1-benzylamino-6-methylisoquinolin-3-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-phenoxyisoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-({4-
morpholinophenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

N-(1-((4-(1H-pyrrol-1-yl)phenyl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno|3,2-
d]pyrimidine-7-carboxamide

Vi

=
4-amino-N-(6-methyl-1-(pyrimidin-4- F
ylamino )isoquinolin-3-yl)thieno[3,2-d|pyrimidine-
‘7-carboxamide ‘ H
W Y N N ﬁ
oD I/N

4-amino-N-(1-((4-
(difluoromethoxy)phenyl)amino)-6- — N O \/\
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7- N/-\ ‘ H
carboxamide N

\ / NN N X

an I
HoN S X N N N o0 CHE

4-amino-N-(6-methyl-1-({4-
(trifluoromethoxy)phenyljamino )isoquinolin-35-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

CF;

4-amino-N-(1-({4-chlorophenyl)amino)isoquinolin-
5-yhthieno[3,2-d]pyrimidine-7-carboxamide O

7T

AR

Cl
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TABLE 1-continued

Name Formula
4-amino-N-(5-({4-chlorophenyl)amino)naphthalen-
1-yl)thieno[3,2-d]pyrimidine-7-carboxamide F N O /\‘
H
N /\ N
H
M [
ol \S X S

Cl

4-amino-N-(1-((4-ethynylphenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(1-(1sopropylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d Jpyrimidine-7-
carboxamide

4-amino-N-(1-(indolin-6-ylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-({4-(fluoromethoxy)phenyl)amino )-
6-methylisoquinolin-5-yljthieno[3,2-d|pyrimidine-
7-carboxamide

N-(1-(4-chlorophenylamino)-6-methylisoquinolin-
5-yhthieno[3,2-d]pyrimidine-7-carboxamide

4-amino-N-(1-((4-chloro-3-
((dimethylamino)methyl)phenyl Jamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-((4-chloro-3-(pyrrolidin-1-
ylmethyl)phenyl)amino)-6-methylisoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

Z
|
N PN N
M}T VLT
N \S " N ¢
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Ex.

61

62

63

64

65

66

o7

Name

4-amino-N-(1-({4-chloro-3-
((diethylamino)methyl)phenyl)amino)-6-
methylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(1-((1,4-diethyl-1,2,3.4-
tetrahydroquinoxalin-6-yljamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-({(4-chloro-3-(piperidin-1-
ylmethyl)phenyl)amino)-6-methylisoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-((4-chloro-3-
(morpholinomethyl)phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

‘/\
\/\Cl
4-amino-N-(1-({4-chloro-3-((4-methylpiperazin-1- ‘
yl)methyl)phenyl)amino)-6-methylisoquinolin-35-
yl)thieno[3,2-d|pyrimidine-7-carboxamide P N\
0O \ / N N e
/‘-—-\-... N
. i P
\ / NN N X
H

4-amino-N-(1-((4-chloro-3-
((disopropylamino)methyl)phenyl)amino)-6-
methylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(6-methyl-1-((3-
(methylsulfonamido)phenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

Formula




US RE47,451 E

TABLE 1-continued
Ex. Name Formula
68  tert-butyl 4-(5-({(5-(4-aminothieno|3,2- Boc
d]pyrimidine-7-carboxamido)-6-methyliso- |
quinolin-1-yl)amino)-2-chlorobenzyl)piperazine- N
1-carboxylate N
\N e
Z ¢
69  4-amino-N-(1-({4-chloro-3-(piperazin-1- H
ylmethyl)phenyl)amino)-6-methylisoquinolin-5- - N\
yl)thieno[3,2-d|pyrimidine-7-carboxamide
\N /

4

Cl
70  4-amino-N-(1-((3-chloro-4- F
methoxyphenyl)amino )-6-methylisoquinolin-3-
yl)thieno[3,2-d|pyrimidine-7-carboxamide ‘ %
Cl
I
71  4-amino-N-{1-((3-
(dimethylcarbamoyl)phenyl)amino)-6- O
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide x N e
/
72 4-amino-N-(6-methyl-1-((3-
(methylcarbamoyl)phenyl)amino)isoquinolin-3- O
yl)thieno[3,2-d|pyrimidine-7-carboxamide )J\
N N/
H
/
73 4-amino-N-(1-({4-chloro-2-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7- R
carboxamide )\
9
\/\Cl
74 4-amino-N-{1-({(4-bromo-2-fluorophenyl)amino )-6- \
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7- O N K
carboxamide % )\
\ \

(

Br



Ex.

75

76

77

78

79

80

81

82

91

Name

4-amino-N-(1-({(4-methoxybenzyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-((4-chlorobenzyl)amino )-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-(2-(4-chlorophenyl)hydrazinyl)-6-
methylisoquinolin-5-yl)thieno[3,2-d Jpyrimidine-7-
carboxamide

4-amino-N-(1-((3-
((dimethylamino)methyl)phenyl Jamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(6-methyl-1-({4-oxo0-4H-chromen-6-
yl)amino Jisoquinolin-3-yljthieno[3,2-d Jpyrimidine-
/-carboxamide

N-(1-((3-acetylphenyl)amino )-6-
methylisoquinolin-3-yl)-4-aminothieno|[3,2-
d]pyrimidine-7-carboxamide

4-amino-N-(1-((4-(2-
methoxyethoxy)phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(6-methyl-1-((3-
(trifluoromethoxy)phenyljamino )isoquinolin-35-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

TABL.
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5 1-continued

np

\

Cl

\ /
/O

/

NH

\%

_</

Cl
\N/
\‘/\)

N

AN
H

/ N
!




Ex.

83

84

85

8O

87

88

89

93

Name

N-(1-((4-acetylphenyl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno|3,2-
d]pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-({4-
(methylsulfonamido)phenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-((3-
(methylsulfonyl)phenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-((4-chloro-3-
(methoxymethyl)phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-({4-methoxy-3-
(methylsulfonamido)phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-({4-chloro-3-
(methylsulfonamido)phenyl)amino)-6-
methylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(1-({6-chloropyridin-3-yl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

US RE47,451 E
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Formula

/
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Ex.

90

91

92

93

04

95

96

57

95

Name

4-amino-N-(1-((2-chloropyridin-4-yl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

4-amino-N-(6-methyl-1-({4-

(methylsulfonamidomethyl)phenyl)amino isoquino-

lin-5-yl)thieno[3,2-d |pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-((3-

(methylsulfonamidomethyl)phenyl)amino isoquino-

lin-3-ylthieno[3,2-d [pyrimidine-7-carboxamid

4-amino-N-(1-({4-chloro-3-fluorophenyl)amino)-6-

methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide

4-amino-N-(1-((3-bromo-4-chlorophenyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d |pyrimidine-
7-carboxamide

4-amino-N-(1-((4-
(dimethylcarbamoyl)phenyl)amino)-6-
methylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-
carboxamide

N-(1-((3-acetamidophenyljamino )-6-
methylisoquinolin-5-yl)-4-aminothieno|3,2-
d]pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-({1-methyl-1H-1ndazol-6-

yl)amino Jisoquinolin-3-yljthieno[3,2-d Jpyrimidine-

7-carboxamide

US RE47,451 E
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99

100
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TABLE 1-continued

Name Formula

4-amino-N-(6-methyl-1-((4-
(methylsulfinyl)phenyl)amino )isoquinolin-5-
ylthieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-((2-methyl-1,3- \
dioxoisoindolin-5-ylyamino)isoquinolin-5- — N ()
yl)thieno[3,2-d|pyrimidine-7-carboxamide N/-\
\ / N
% |-
H>N \S

4-amino-N-(1-({6-methoxypyridin-3-yl)amino)-6- \

. . - . _ . . g 7 O
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7 — N
carboxamide /\

4-amino-N-(6-methyl-1-((3-(2,2,2-
trifluoroacetyl)phenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-({4-
propionylphenyl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-((4-hexanoylphenyl)amino )-6-
methylisoquinolin-yljthieno[3,2-d]|pyrimidine-7-
carboxamide

N-(1-((1-acetyl-1H-1ndazol-6-yl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno|[3,2-
d]pyrimidine-7-carboxamide

4-amino-N-(1-((3-chloro-4-fluorophenyl)amino )-6- \
. e . ] SEPERg O
methylisoquinolin-5-yljthieno[3,2-d|pyrimidine-7 ~— N
carboxamide N/\
\ / ‘ N~

\

\

/

Cl




Ex.
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TABLE 1-continued

Name Formula

4-amino-N-(6-methyl-1-({5-0x0-5,6,7,8- N
tetrahydronaphthalen-2-yl)amino)isoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

100

S YN
W N
4-amino-N-(6-methyl-1-((2-methyl-2H-1ndazol-6- AN
yl)amino Jisoquinolin-3-yljthieno[3,2-d Jpyrimidine-
7-carboxamide ‘ H
F \‘/N
W N
methyl 4-((5-(4-aminothieno[3,2-d |pyrimidine-7- N
carboxamido)-6-methylisoquinolin-1- O
yl)amino )benzoate ‘ H
/

4-amino-N-(6-methyl-1-((1-methyl-1H-indazol-5-
yl)amino)isoquinolin-3-yljthieno[3,2-d [pyrimidine-
7-carboxamide

4-amino-N-(6-methyl-1-42-methyl-2H-1ndazol-5-
yl)amino Jisoquinolin-5-yljthieno[3,2-d Jpyrimidine-
/-carboxamide

4-amino-N-(6-methyl-1-((6-methylpyridin-3-
yl)amino Jisoquinolin-3-yljthieno[3,2-d Jpyrimidine-
/-carboxamide

4-amino-N-(6-methyl-1-({1-methyl-1H-1ndol-6-
yl)amino Jisoquinolin-5-yljthieno[3,2-d Jpyrimidine-
7-carboxamide

tert-butyl 6-((5-(4-aminothieno[3,2-d]pyrimidine-
7-carboxamido)-6-methylisoquinolin-1-yljamino)-
1H-1ndazol-1-carboxylate

\ /
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119
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TABLE 1-continued

Name Formula

N-(1-((1H-indazol-6-yl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno|3,2-
d]pyrimidine-7-carboxamide hydrochloride

H
/ e N\
| N
\ \/
HCI
4-amino-N-(1-({5-chloro-2-fluorophenyl)amino )-6- N
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7- O
carboxamide ‘ H
/ \‘/ N Cl
W N I j
b
4-amino-N-(1-({3-chloro-2-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7- () \ X b

carboxamide

4-amino-N-(1-({3-fluoro-4-(4-methylpiperazin-1-
yl)phenyl)amino)-6-methylisoquinolin-3-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-((3-chloro-1-methyl-1H-indazol-6-
yl)amino)-6-methylisoquinolin-3-yljthieno[3,2-
d]pyrimidine-7-carboxamide

4-amino-N-(6-methyl-1-({(4-(prop-2-yn-1-
yloxy)phenyl)amino)isoquinolin-5-yljthieno[3,2-
d]pyrimidine-7-carboxamide

4-amino-N-(1-((2-methoxy-4-
morpholinophenyljamino)-6-methylisoquinolin-5-
yl)thieno[3,2-d|pyrimidine-7-carboxamide

4-amino-N-(1-(benzo[d]thiazol-6-ylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d [pyrimidine-7-
carboxamide
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TABLE 1-continued

Formula

Ex. Name

122 N-(1-((1H-indazol-5-yl)amino)-6-
methylisoquinolin-5-yl)-4-aminothieno|3,2-

d]pyrimidine-7-carboxamide

123 4-amino-N-(1-((3-chloro-2.4-
difluorophenyl)amino)-6-methylisoquinolin-3-

yl)thieno[3,2-d|pyrimidine-7-carboxamide

124  4-amino-N-(1-((3-(dimethylamino)propyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-

7-carboxamide

125  4-amino-N-(6-methyl-1-(piperidin-1-
yl)isoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-

carboxamide

The compounds prepared in Examples were tested for

biological assays as follows.

Experimental Example 1

Evaluation of RAF Kinase Activity

The compounds prepared in Examples were tested for
inhibitory activity against three subtypes of RAF, 1.e., RAF1
Y340D Y341D (C-RAF), B-RAF normal type and
B-RAF"°°°* using Kinase Profiling Service (Invitrogen,
U.S.) according to the manufacturer’s instructions. The
levels of enzymatic inhibition of the compounds were cal-
culated as percent inhibition at various concentrations.
Based on percent inhibition, dose-response curves were
plotted using GraphPad Prism software. The 1C., values of
representative compounds against C-RAF are listed 1n Table

2, and Vemuratenib (PLX-4032, Roche) was used as a
control.

TABLE 2

B-RAF B-RAFvCOE C-RAF

Example (IC50, nM) (IC54, nM) (IC54, nM)
Control 344 160 128
1 121 22 23
16 15 32 5
38 66 9 5
50 128 26 32
59 42 7 6
83 12 5 7
105 179 31 15
116 56 7 5

35
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Experimental Example 2

Evaluation of FMS, DDR1 and DDR2 Kinases
Activity

As such, the compounds prepared in Examples were
tested for inhibitory activity against FMS, DDR1 and DDR2
kinases using Kinase Screening and Profiling Service (Invit-
rogen, U.S.). The IC., values of representative compounds
are listed 1n Table 3, and Vemuratenib (PLX-4032) was used

as a control.

TABLE 3
FMS DDR1 DDR2
Example (IC54, nM) (IC54, nM) (IC54, nM)
Control >1,000 >1,000 >1,000
1 1 2 5
38 57 40 93
83 4 5 10
105 50 71 181
116 10 23 44

Experimental Example 3

Evaluation of Inhibition on Cell Growth of N-RAS
Mutant Cell HepG, (Hepatoma Carcinoma Cell)

The mventive compounds having an mhibitory activity
for protein kinase, thieno[3,2-d]-pyrimidine derivatives or
pharmaceutically acceptable salts thereof, were tested for
inhibitory activities on proliferation of aberrant cells as
follows.
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N-RAS mutant cells HepG, cells (HCC) cell lines (ATCC
# HB-8065™), were obtained from ATCC (American Type
Culture Collection: Rockville, Md.). HepG, cell lines were
incubated 1n a MEM medium supplemented with 10% FBS
and 1% penicillin/streptomycin (Gibco BRL) under 37° C.,
3% CO, and 95% air. The cell lines were transferred 1nto
96-well plates at a density of 5,000 cells/well, and cultured
for 18 hours or more. The cell lines were treated with 10
wl~0.1 nM of test compounds, and cultured for 72 hours.

To evaluate cell viabilities, HepG, cell lines were fixed
with 10% TCA (trichloroacetic acid), stained with SRB
(sulfohodamine B), and an absorbance was measured at 540
nm. Then, Gl,, 1.e., the concentration of drug to cause 50%
reduction in proliferation of cancer cells, were calculated
therefrom. The growth rates of cancer cells were calculated
by Equation 1 or 2.

[(T1-TZz)/(C-Tz)|x100 (for Ti>=Tz) [Equation 1]

[(Ti-Tz/Tz)x100 (for T1<Tz) [Equation 2]

In Equations 1 and 2, “1Z refers to a density of untreated
cells, which 1s an absorbance 1n 0% cell growth groups. ‘C’
refers to a density of cells cultured by adding only medium,
and ‘11’ refers to a density of cells treated with test com-
pounds.

Gl value 1s the concentration of test compound when the
value of Equation 1 1s 50, which indicates the concentration
of test compound needed to reduce the growth of cancer
cells to 50%. On each measurement, test compounds were
compared with a control. Vemurafenib (PLX-4032) was
used as a control, and the IC,, values of each compound
were measured and shown 1n Table 4.

TABLE 4

Example HepG2 (I1C5,, nM)
Control >1,000
1 27
16 24
38 41
50 44
59 47
83 30
105 90
116 38

Experimental Example 4

Evaluation of Inhibition on Cell Growth of N-RAS
Mutant Cell SK-Mel-2 (Melanoma)

The 1nventive compounds having an inhibitory activity
for protein kinase, thieno[3,2-d]-pyrimidine derivatives or
pharmaceutically acceptable salts thereof, were tested for
their inhibitory activities on proliferation of aberrant cells as
follows.

N-RAS mutant cells, SK-Mel-2 cell lines (ATCC #HTB-
68™), were obtained from ATCC (American Type Culture
Collection: Rockville, Md.). SK-Mel-2 cell lines were 1ncu-
bated in a MEM medium supplemented with 10% FBS and
1% penicillin/streptomycin (Gibco BRL) under 37° C., 3%
CO, and 95% air. The cell lines were transferred into
96-well plates at a density of 5,000 cells/well, and cultured
for 18 hours or more. The cells were treated with 10 ul~0.1
nM of test compounds, and cultured for 72 hours.

To evaluate cell viabilities, SK-Mel-2 cell lines were fixed

with 10% TCA (trichloroacetic acid), stained with SRB
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(sulfohodamine B), and an absorbance was measured at 540
nm. Then, GI,, 1.e., the concentration of drug to cause 50%
reduction 1n proliferation of cancer cells, were calculated
therefrom. The growth rates of cancer cells were calculated
by Equation 1 or 2.

[((T1-Tz)/(C-Tz)]x100 (for Ti>=Tz) [Equation 1]

[((T1-Tz/Tz)x100 (for T1<Tz) [Equation 2]

In Equations 1 and 2, ‘Tz’ refers to a density of untreated
cells, which 1s an absorbance 1n 0% cell growth groups. ‘C’
refers to a density of cells cultured by adding only medium,
and ‘11 refers to a density of cells treated with test com-
pounds.

Gl value 1s the concentration of a test compound when
the value of Equation 1 1s 50, which indicates the concen-
tration of test compound needed to reduce the growth of
cancer cells to 50%. On each measurement, test compounds
were compared with a control. Vemurafenib (PLX-4032)
was used as a control, and the IC., values of each compound
were measured and shown 1n Table 3.

TABLE 5

Example SK-Mel-2 (IC54, nM)
Control >1,000
1 56
16 52
38 97
50 163
59 236
83 60
105 210
116 76

As evidenced above, the inventive compounds, thieno|3,
2-d]-pyrimidine derivative having inhibitory activity for
protein kinases, can eflectively inhibit various protein
kinases including RAF, FMS, DDR1 and DDR2, and thus
can be used, singly or in combination, for prevention and
treatment of diseases associated with aberrant cell growth
which are caused by mutation or overexpression of RAS
protein or overactivation of its protein kinase.

What 1s claimed 1s:
1. A thieno[3,2-d]pyrimidine compound of formula (I) or
a pharmaceutically acceptable salt thereof:

()

wherein,

A 1s [hydrogen, C, ; alkyl, C;_ cycloalkyl, 3- to 6-mem-
bered heterocycloalkyl,] C._,, aryl Jor], 5- to 10-mem-
bered heteroaryl,
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2.,3-dihydrobenzo[b][1,4]|dioxin-6-yl, benzo[d][1,3]d10x0l-
5-yl, 5,6,7,8-tetrahydronaphthalen-2-yl, 1dolin-6-vyl, 1,4-di1-
ethyl-1,2,3,4],J-tetrahydroquinoxalin-6-yl[;], 2-methyl-1,3-
dioxoi1soindolin-5-vl, or 5-0x0-5,6,7,-8-
tetrahydronaphthalen-2-vyl;

W s O, S, S(0O), S(O),, NH, —NHNH— or 3- to
6-membered heterocycloalkyl;

X and Y are each independently CH or N;

Z is hydrogen, C, _, alkyl or NR’R*, wherein said R* and
R* are each independently hydrogen, C, . alkyl or
—(CH,)q-B—, B representing NR’R°®, C,_. alkoxy,
C;_¢ cycloalkyl or 3- to 6-membered heterocycloalkyl;

R' is hydrogen, halogen, C, . alkyl or C, . alkoxy,
wherein said alkyl or alkoxy 1s unsubstituted or sub-
stituted with one or more halogen atoms;

R” is hydrogen, halogen, [0,] —CF.,, —NO,, —OH,
—CN, C, 4 alkoxy, C,  alkyl, C,_, alkenyl, C,_, alky-
nyl, —NR’R®, —NHSO.,R”, —SO.R'®, —C(O)R"",
—NHC(O)R'?>, —NHC(O)OR", —S(OR", C,
cycloalkyl, [5- to 10-membered heterocycloalkyl] 3- zo
6-membered heterocycloalkyl, C_,, aryl, C,_,, aryloxy,
5- to 10-membered heteroaryl or [3- to 6-membered
heteroaryloxy] 5- to 10-membered heteroaryloxy,
wherein said R” is connected to A by —(CH.,)p- or
substituted with C,_, alkyl, C,_jalkynyl, C,_, alkylcar-
bonyl or one or more halogen atoms;

R>, R°, R’, R® R”, R, R, R*%, R!"® and R'* are each
mdependently hydro gen, —NH,, C, . alkyl,

alkoxy, C,_. cycloalkyl or 3- to 6-membered heterocy-

cloalkyl, said alkyl, alkoxy, cycloalkyl or heterocy-

cloalkyl being unsubstituted or substituted with one or
more halogen atoms;

q 1s an mnteger ranging irom 0 to 3;

p 1s an integer ranging from O to 3;

m 1s an integer ranging from 0 to 5; and

n is an integer ranging from 0 to 2[; and

when A is hydrogen, m is 0].

2. The thieno[3,2-d]pyrimidine compound [or its pharma-
ceutically acceptable salt] of claim 1, or a pharmaceutically
acceptable salt thereof, wherein A 1s C,_,, aryl or 5- to
10-membered heteroaryl.

3. The thieno[3,2-d]pyrimidine compound [or its pharma-
ceutically acceptable salt] of claim 1, or a pharmaceutically
acceptable salt thereof, wherein W 1s NH.

4. The thieno[3,2-d]pyrimidine compound [or its pharma-
ceutically acceptable salt] of claim 1, or a pharmaceutically
acceptable salt thereof, wherein 7 is NR°R*.

5. The thieno[3,2-d]pyrimidine compound [or its pharma-
ceutically acceptable salt] of claim 1, or a pharmaceutically
acceptable salt thereof, wherein X 1s CH and Y 1s N.

6. [The] A4 thieno[3,2-d]pyrimidine compound [or its
pharmaceutically acceptable salt of claim 1, which is]
selected from the group consisting of:

1) 4-amino-N-(1-((4-chlorophenyl)amino)-6-methyliso-

quinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

2) 4-amino-N-(6-methyl-1-((3-(trifluoromethyl )phenyl)
amino)1soquinolin-5-yljthieno|3,2-d]pyrimidine-7-car-
boxamide:

3) N-(1-((4-chlorophenyl)amino)-6-methylisoquinolin-5-
y1)-4-(cyclopropylamino Jthieno[3,2-d]pyrimidine-7-
carboxamide;

4) 4-(cyclopropylamino)-N-(6-methyl-1-((3-(trifluorom-
cthyl)phenyl)amino)isoquinolin-3-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;:

5) 4-amino-N-(6-methyl-1-((3-(4-methyl-1H-1midazol-1-
y1)-5-(trifluoromethyl)phenyl)amino isoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamide;
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6) 4-(cyclopropylamino)-N-(6-methyl-1-((3-(4-methyl-
1H-1imidazol-1-y1)-3-(trifluoromethyl)phenyl)amino)
1soquinolin-5-yljthieno[3,2-d]pyrimidine-7-carboxam-
1de;

7)  4-amino-N-(1-((4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl )phenyl)amino )-6-methylisoquinolin-
S-yhthieno[3,2-d]pyrimidine-7-carboxamide;

8) 4-(cyclopropylamino)-N-(1-((4-((4-ethylpiperazin-1-
yDmethyl)-3-(trifluoromethyl)phenyl Jamino )-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carbox-
amide;

9)  N-(1-((4-((4-ethylpiperazin-1-yl)methyl)-3-(tritluo-
romethyl)phenyl)amino)-6-methylisoquinolin-5-yl1)-4-
(methylamino thieno[3,2-d]pyrimidine-7-carboxam-
1de;

10) 4-amino-N-(1-((4-(4-ethylpiperazin-1-yl)phenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

11)  4-amino-N-(1-((4-((4-ethylpiperazin-1-yl)methyl)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

12) 4-amino-N-(6-methyl-1-((3-(trifluoromethyl)phenyl)
amino)i1soquinolin-5-yljthieno[3,2-d]|pyrimidine-7-car-
boxamide:

13) 4-amino-N-(1-((4-chloro-3-(trifluoromethyl)phenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

14) 4-amino-N-(1-((2-methoxy-3-(trifluoromethyl)phe-
nyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

15) 4-amino-N-(6-methyl-1-((4-(trifluoromethyl)phenyl)
amino)isoquinolin-3-yljthieno[3,2-d]pyrimidine-7-car-
boxamide;

16) 4-amino-N-(1-((4-methoxyphenyl)amino)-6-methyl-
1soquinolin-5-yljthieno[3,2-d]pyrimidine-7-carboxam-
ide;

17) 4-amino-N-(6-methyl-1-(p-tolylamino Jisoquinolin-3-
yDthieno[3,2-d|pyrimidine-7-carboxamide;

18) 4-amino-N-(1-((4-1sopropylphenyl)amino )-6-methyl-
1soquinolin-5-yljthieno[3,2-d]pyrimidine-7-carboxam-
1de;

19)  4-amino-N-(1-((5-(t-butyl)isoxazol-3-yl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

20) 4-amino-N-(1-((4-fluorophenyl)amino)-6-methyliso-
quinolin-3-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

21) 4-amino-N-(6-methyl-1-(thiazol-2-ylamino)isoquino-
lin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

22) 4-amino-N-(1-((4-cyanophenyl)amino)-6-methyliso-
quinolin-3-yl)thieno[3,2-d|pyrimidine-7-carboxamide;

23) 4-amino-N-(6-methyl-1-(quinolin-5-ylamino Jisoqui-
nolin-5-yl)thieno[3,2-d|pyrimidine-7-carboxamide;

24) 4-amino-N-(1-((4-ethoxyphenyl)amino)-6-methyliso-
quinolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

25) 4-amino-N-(6-methyl-1-((4-phenoxyphenyl )Jamino)
1soquinolin-3-yljthieno[3,2-d]pyrimidine-7-carboxam-
1de;

26) 4-amino-N-(1-((4-hydroxyphenyl)amino )-6-methyl-
1soquinolin-5-yljthieno[3,2-d]pyrimidine-7-carboxam-
ide;

2'7) 4-amino-N-(1-((4-1sopropoxyphenyl Jamino)-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carbox-
amide;

28) [4-amino-N-(1-((4-(dimethylamino)-6-methylisoqui-
nolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide]
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4-amino-N-(1-((4-dimethviaminophenyl)amino)-6-
methylisoquinolin-5-yl)thieno| 3, 2-d|pyrimidine-7-car-
boxamide;

29)  4-amino-N-(1-((2,3-dihydrobenzo[b][1,4]d10X1n-6-
yl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

30) 4-amino-N-(1-((3,4-dimethoxyphenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide:

31) 4-amino-N-(1-((3-fluoro-4-methoxyphenyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide;

32)  4-amino-N-(6-methyl-1-((3,4,5-trimethoxyphenyl)
amino)1soquinolin-5-yl)thieno|3,2-d]|pyrimidine-7-car-
boxamide:

[33) 4-amino-N-(6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;]

34)  4-amino-N-(1-(benzo[d][1,3]dioxo0l-3-ylamino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;:

35) 4-amino-N-(6-methyl-1-((5,6,7,8-tetrahydronaphtha-
len-2-yl)amino)isoquinolin-5-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

36) 4-amino-N-(4-((4-chlorophenyl)amino)-7-methylqui-
nazolin-8-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

37) 4-(cyclopropylamino)-N-(1-((4-methoxyphenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

38) 4-amino-N-(1-((3-chlorophenyl)amino)-6-methyliso-
quinolin-3-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

39) 4-amino-N-(1-((3-bromophenyl)amino)-6-methyliso-
quinolin-3-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

40) 4-amino-N-(1-((2,4-dichlorophenyl)amino)-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carbox-
amide;

41) 4-amino-N-(1-((3,4-dichlorophenyl)amino)-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-carbox-
amide;

42) 4-amino-N-(1-((3,5-dichlorophenyl)amino)-6-meth-
ylisoquinolin-3-yl)thieno[3,2-d|pyrimidine-7-carbox-
amide;

43) 4-amino-N-(6-methyl-1-((3,4,5-trichlorophenyl)
amino)1soquinolin-5-yljthieno|3,2-d]pyrimidine-7-car-
boxamide:

44) 4-amino-N-(1-((4-chloro-3-methoxyphenyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide;

45) 4-amino-N-(1-benzylamino-6-methylisoquinolin-5-
yDthieno[3,2-d]pyrimidine-7-carboxamide;

46)  4-amino-N-(6-methyl-1-phenoxyisoquinolin-3-yl)
thieno[3,2-d|pyrimidine-7-carboxamide;

47) 4-amino-N-(6-methyl-1-((4-morpholinophenyl)
amino)isoquinolin-3-ylthieno[3,2-d]pyrimidine-/-car-
boxamide:

48) N-(1-((4-(1H-pyrrol-1-yl)phenyl)amino)-6-methyl-
1soquinolin-3-yl)-4-aminothieno[ 3,2-d|pyrimidine-7/-
carboxamide;

49)  4-amino-N-(6-methyl-1-(pyrimidin-4-ylamino )iso-
quinolin-3-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

50) 4-amino-N-(1-((4-(difluoromethoxy)phenyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-
carboxamide;

51) 4-amino-N-(6-methyl-1-((4-(trifluoromethoxy)phe-
nyl)amino Jisoquinolin-5-yl)thieno[3,2-d|Jpyrimidine-
7-carboxamide;

52)  4-amino-N-(1-((4-chlorophenyl)amino )isoquinolin-
S-yhthieno|3,2-d]pyrimidine-7-carboxamide;
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53) 4-amino-N-(35-((4-chlorophenyl)amino )naphthalen-1 -
yl)thieno[3,2-d|pyrimidine-7-carboxamide;

54) 4-amino-N-(1-((4-ethynylphenyl)amino)-6-methyl-
1soquinolin-3-yljthieno[3,2-d]pyrimidine-7-carboxam-
1de;

[55) 4-amino-N-(1-(isopropylamino)-6-methylisoquino-
lin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;]

56) 4-amino-N-(1-(indolin-6-ylamino)-6-methylisoqui-
nolin-5-yl)thieno[3,2-d]pyrimidine-7-carboxamide;

57) 4-amino-N-(1-((4-(fluoromethoxy )phenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

58) N-(1-(4-chlorophenylamino)-6-methylisoquinolin-5-
yDthieno[3,2-d|pyrimidine-7-carboxamide;

59) 4-amino-N-(1-((4-chloro-3-((dimethylamino)methyl)
phenyl)amino)-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

60) 4-amino-N-(1-((4-chloro-3-(pyrrolidin-1-ylmethyl)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

61) 4-amino-N-(1-((4-chloro-3-((diethylamino)methyl)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

62)  4-amino-N-(1-((1,4-diethyl-1,2,3,4-tetrahydroqui-
noxalin-6-yl)amino)-6-methylisoquinolin-5-yl)thieno
[3,2-d]|pyrimidine-7-carboxamide;

63)  4-amino-N-(1-((4-chloro-3-(piperidin-1-ylmethyl)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

64) 4-amino-N-(1-((4-chloro-3-(morpholinomethyl)phe-
nyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

65) 4-amino-N-(1-((4-chloro-3-((4-methylpiperazin-1-yl)
methyl)phenyl)amino)-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamaide;

66) 4-amino-N-(1-((4-chloro-3-((diisopropylamino)
methyl)phenyl)amino)-6-methylisoquinolin-5-yl)
thieno[3,2-d]pyrimidine-7-carboxamaide;

67) 4-amino-N-(6-methyl-1-((3-(methylsulfonamido)
phenyl)amino Jisoquinolin-5-yl)thieno[ 3,2-d|pyrimi-
dine-7-carboxamide;

68) tert-butyl 4-(5-((5-(4-aminothieno[3,2-d]|pyrimidine-
/-carboxamido)-6-methylisoquinolin-1-yl)amino)-2-
chlorobenzyl)piperazine-1-carboxylate;

69)  4-amino-N-(1-((4-chloro-3-(piperazin-1-ylmethyl)
phenyl )amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

70) 4-amino-N-(1-((3-chloro-4-methoxyphenyl)amino)-
6-methylisoquinolin-5-yl)thieno[3,2-d]|pyrimidine-7-
carboxamide;

[71) 4-amino-N-(1-((3-(dimethylcarbamoyl)phenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

72) 4-amino-N-(6-methyl-1-((3-(methylcarbamoyl)phe-
nyl)amino )isoquinolin-3-yl)thieno[ 3,2-d[pyrimidine-
7-carboxamide;]

73)  4-amino-N-(1-((4-chloro-2-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

74)  4-amino-N-(1-((4-bromo-2-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

75) 4-amino-N-(1-((4-methoxybenzyl )Jamino )-6-methyl-
1soquinolin-5-yljthieno[3,2-d]pyrimidine-7-carboxam-
ide;

76) 4-amino-N-(1-((4-chlorobenzyl)amino)-6-methyliso-
quinolin-3-yl)thieno[3,2-d|pyrimidine-7-carboxamide;
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7'7) 4-amino-N-(1-(2-(4-chlorophenyl )hydrazinyl)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;:

78) 4-amino-N-(1-((3-((dimethylamino)methyl)phenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

79)  4-amino-N-(6-methyl-1-((4-oxo0-4H-chromen-6-yl)
amino)isoquinolin-3-ylithieno[3,2-d]pyrimidine-/-car-
boxamide:

80) N-(1-((3-acetylphenyl)amino)-6-methylisoquinolin-
5-y1)-4-aminothieno| 3,2-d|pyrimidine-7-carboxamide;

[81) 4-amino-N-(1-((4-(2-methoxyethoxyl)phenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;}

82) 4-amino-N-(6-methyl-1-((3-(trifluoromethoxy)phe-
nyl)amino )isoquinolin-3-yl)thieno[3,2-d[pyrimidine-
7-carboxamide;

83) N-(1-((4-acetylphenyl)amino)-6-methylisoquinolin-
S-y1)-4-aminothieno|3,2-d|pyrimidine-7-carboxamide;

84) 4-amino-N-(6-methyl-1-((4-(methylsulfonamido)
phenyl)amino Jisoquinolin-5-yl)thieno[3,2-d|pyrimi-
dine-7-carboxamide;

835) 4-amino-N-(6-methyl-1-((3-(methylsulionyl)phenyl)
amino)isoquinolin-3-ylthieno[3,2-d]pyrimidine-/-car-
boxamide:

86) 4-amino-N-(1-((4-chloro-3-(methoxymethyl)phenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

87) 4-amino-N-(1-((4-methoxy-3-(methylsulfonamido)
phenyl))amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-/-carboxamide;

88) 4-amino-N-(1-((4-chloro-3-(methylsulfonamido)phe-
nyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;

89) 4-amino-N-(1-((6-chloropyridin-3-yl)amino )-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-carbox-
amide;

90) 4-amino-N-(1-((2-chloropyridin-4-yl)amino )-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d|pyrimidine-7-carbox-
amide;

91) 4-amino-N-(6-methyl(4-(methylsulfonamidomethyl)
phenyl)amino )isoquinolin-5-yl)thieno[ 3,2-d|pyrimi-
dine-7-carboxamide;

92) 4-amino-N-(6-methyl-1-((3-(methylsulfonamidom-
cthyl)phenyl)amino)isoquinolin-3-yl)thieno[3,2-d]py-
rimidine-7-carboxamide;:

93) 4-amino-N-(1-((4-chloro-3-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide:

94) 4-amino-N-(1-((3-bromo-4-chlorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide:

[95) 4-amino-N-(1-((4-(dimethylcarbamoyl))phenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;]

96) N-(1-((3-acetamidophenyl)amino )-6-methylisoquino-
lin-5-y1)-4-aminothieno|3,2-d|pyrimidine-7-carbox-
amide;

97) 4-amino-N-(6-methyl-1-((1-methyl-1H-1ndazol-6-yl)
amino)isoquinolin-3-yl)thieno[3,2-d]pyrimidine-/-car-
boxamide;

98) 4-amino-N-(6-methyl-1-((4-(methylsulfinyl)phenyl)
amino )isoquinolin-3-ylithieno[3,2-d]pyrimidine-/-car-
boxamide:

99)  4-amino-N-(6-methyl-1-((2-methyl-1,3-dioxoiso1n-
dolin-3-yl)amino Jisoquinolin-3-yl)thieno[3,2-d]py-
rimidine-7-carboxamide:
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100) 4-amino-N-(1-({(6-methoxypyridin-3-yl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

101) 4-amino-N-(6-methyl-1-((3-(2,2,2-trifluoroacetyl)
phenyl)amino Jisoquinolin-5-yl)thieno[ 3,2-d|pyrimi-
dine-7-carboxamide;

102) 4-amino-N-(6-methyl-1-((4-propionylphenyl )
amino)isoquinolin-5-yljthieno[3,2-d]pyrimidine-7-car-
boxamide:

103) 4-amino-N-(1-((4-hexanoylphenyl)amino)-6-meth-
ylisoquinolin-yl)thieno[3,2-d]pyrimidine-7-carboxam-
1de;

104) N-(1-((1-acetyl-1H-indazol-6-yl)amino )-6-methyl-
1soquinolin-5-yl)-4-aminothieno[3,2-d|pyrimidine-7-
carboxamide;

1035) 4-amino-N-(1-((3-chloro-4-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;

106) 4-amino-N-(6-methyl-1-((5-0x0-5,6,7,8-tetrahy-
dronaphthalen-2-yl)amino Jisoquinolin-3-yl)thieno| 3,
2-d]pyrimidine-7-carboxamaide;

107) 4-amino-N-(6-methyl-1-((2-methyl-2H-1ndazol-6-
yl)amino Jisoquinolin-3-yl)thieno[3,2-d|Jpyrimidine-7-
carboxamide;

108) methyl 4-((5-(4-aminothieno[3,2-d]pyrimidine-7-
carboxamido)-6-methylisoquinolin-1-yl)amino)benzo-
ate;

109) 4-amino-N-(6-methyl-1-((1-methyl-1H-1ndazol-3-
yl)amino Jisoquinolin-3-yl)thieno[3,2-d|Jpyrimidine-7/-
carboxamide;

110) 4-amino-N-(6-methyl-1-((2-methyl-2H-1ndazol-3-
yl)amino Jisoquinolin-3-yl)thieno[3,2-d]pyrimidine-7-
carboxamide;

111) 4-amino-N-(6-methyl-1-((6-methylpyridin-3-yl)
amino)isoquinolin-3-yljthieno[3,2-d]pyrimidine-7-car-
boxamide;:

112) 4-amino-N-(6-methyl-1-((1-methyl-1H-1ndol-6-yl)
amino)isoquinolin-3-ylithieno[3,2-d]pyrimidine-7-car-
boxamide;

113) tert-butyl 6-((5-(4-aminothieno[3,2-d]pyrimidine-7-
carboxamido)-6-methylisoquinolin-1-yl)amino)-1H-
indazol-1-carboxylate;

114) N-(1-((1H-indazol-6-yl)amino)-6-methylisoquino-
lin-5-yl)-4-aminothieno[3,2-d|pyrimidine-7-carbox-
amide hydrochloride;

115) 4-amino-N-(1-((3-chloro-2-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide;:

116) 4-amino-N-(1-((3-chloro-2-fluorophenyl)amino)-6-
methylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-car-
boxamide:

117) 4-amino-N-(1-((3-fluoro-4-(4-methylpiperazin-1-yl)
phenyl)amino )-6-methylisoquinolin-5-yl)thieno[3,2-d]
pyrimidine-7-carboxamide;

118) 4-amino-N-(1-((3-chloro-1-methyl-1H-1indazol-6-yl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d|pyrimi-
dine-7-carboxamide;

119) 4-amino-N-(6-methyl-1-((4-(prop-2-yn-1-yloxy)
phenyl)amino isoquinolin-5-yl)thieno[ 3,2-d|pyrimi-
dine-7-carboxamide;

120)  4-amino-N-(1-((2-methoxy-4-morpholinophenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]|pyrimi-
dine-7-carboxamide;

121) 4-amino-N-(1-(benzo[d]thiazol-6-ylamino)-6-meth-
ylisoquinolin-5-yl)thieno[3,2-d]pyrimidine-7-carbox-
amide;
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122) N-(1-((1H-1indazol-5-yl)amino)-6-methylisoquino-
lin-5-yl)-4-aminothieno[3,2-d|Jpyrimidine-7-carbox-
amide; and

123) 4-amino-N-(1-((3-chloro-2,4-difluorophenyl)
amino)-6-methylisoquinolin-3-yl)thieno[3,2-d]pyrimi-
dine-7-carboxamide;

[124) 4-amino-N-(1-((3-(dimethylamino)propyl)amino)-
6-methylisoquinolin-3-yl)thieno[3,2-d[pyrimidine-7-
carboxamide; and

125) 4-amino-N-(6-methyl-1-(piperidin-1-yl)jisoquinolin-
5-yl)thieno[3,2-d|pyrimidine-7-carboxamide,]

or [its] a pharmaceutically acceptable salt thereof.

7. A pharmaceutical composition comprising the com-
pound of claim 1, or a pharmaceutically acceptable salt
thereof, as an active ingredient.

8. The pharmaceutical composition of claim 7, wherein
the pharmaceutical composition further comprises a drug
selected from the group consisting of cell signal transduction
inhibitors, mitosis inhibitors, alkylating agents, antimetabo-
lites, antibiotics, growth factor inhibitors, cell cycle mhibi-
tors, topoisomerase inhibitors, biological reaction modifiers,
antthormonal agents, antiandrogen, cell diflerentiation/pro-
liferation/survival inhibitors, apoptosis inhibitors, inflam-
mation inhibitors and P-glycoprotein inhibitors.

9. A pharmaceutical formulation comprising the pharma-
ceutical composition of claim 7.

10. The pharmaceutical formulation of claim 9, wherein
said formulation 1s an oral formulation.

11. The pharmaceutical formulation of claim 9, wherein
said formulation 1s in the form of a tablet, a pill, powder, a
capsule, syrup, an emulsion or a microemulsion.

12. A method for manufacturing a medicament containing
the compound of claim 1, or a pharmaceutically acceptable
salt thereof, as an active ingredient, said method comprising
tformulating the compound of claim 1, or a pharmaceutically
acceptable salt thereof, 1nto the medicament together with a
pharmaceutically acceptable carrier.

13. A method for treating a cancer, which method com-
prises administering the compound of claim 1, or a phar-
maceutically acceptable salt thereof, t0 a mammal 1n need
thereof, wherein the cancer 1s liver cancer or melanoma.

14. The method of claim 13, wherein the compound, or a
pharmaceutically acceptable salt thereof, 1s administered 1n
combination with a drug selected from the group consisting
of cell signal transduction inhibitors, mitosis inhibitors,
alkylating agents, antimetabolites, antibiotics, growth factor
inhibitors, cell cycle inhibitors, topoisomerase inhibitors,
biological reaction modifiers, antthormonal agents, antian-
drogen, cell differentiation/proliferation/survival inhibitors,
apoptosis 1hibitors, mflammation mhibitors, and P-glyco-
protein inhibitors.

15. A thieno|3,2-d|pyrimidine compound selected from
the group consisting of.

71) 4-amino-N-(1-((3-(dimethylcarbamovl)phenyl!)
amino)-6-methylisoquinolin-5-yvl)thieno| 3, 2-d|pyrimi-
dine-7-carboxamide;

72)  4-amino-N-(6-methyl-1-((3-(methylcarbamoyl)phe-
nvl)amino)isoquinolin-5-yl)thieno| 3, 2-d|pyrimidine-7-
carboxamide;

81) 4-amino-N-(1-((4-(2-methoxyethoxy)pheny!)amino)-
6-methylisoquinolin-3-ylithieno| 3, 2-d|pyrimidine-7-
carboxamide;

95) 4-amino-N-(1-((4-(dimethyvicarbamoy!phenyl)
amino)-6-methylisoguinolin-5-yl)thieno| 3, 2-d|pyrimi-
dine-7-carboxamide;
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124) 4-amino-N-(1-((3-(dimethylamino)propvl)amino)-6-
methylisoquinolin-5-yl)thieno| 3, 2-d|pyrimidine-7-car-
boxamide; and
125) 4-amino-N-(6-methyl-1-(piperidin-1-vl)isoquinolin-
S-yDthieno|3,2-d|pyrimidine-7-carboxamide;

or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising a com-
pound of claim 15, or a pharmaceutically acceptable salt
thereof, as an active ingredient.

17. The pharmaceutical composition of claim 16, wherein
the pharmaceutical composition further comprises a drug
selected from the group comsisting of cell signal transduc-
tion inhibitors, mitosis inhibitors, alkylating agents, anti-
metabolites, antibiotics, growth factor inhibitors, cell cycle
inhibitors, topoisomerase inhibitors, biological reaction
modifiers, antihormonal agents, antiandrogen, cell differen-
tiation/proliferation/survival inhibitors, apoptosis inhibi-
tors, inflammation inhibitors and P-glvcoprotein inhibitors.

18. A pharmaceutical formulation comprising the phar-
maceutical composition of claim 16.

19. The pharmaceutical formulation of claim 18, wherein
said formulation is an oval formulation.

20. The pharmaceutical formulation of claim 18, wherein
said formulation is in the form of a tablet, a pill, powder, a
capsule, syrup, an emulsion or a microemulsion.

21. A method for treating cancer, which method comprises
administering the pharmaceutical composition of claim 16
to a mammal in need theveof, whervein the cancer is liver
cancer ov melanoma.

22. The method of claim 21, wherein the pharmaceutical
composition is administered in combination with a drug
selected from the group comsisting of cell signal transduc-
tion inhibitors, mitosis inhibitors, alkylating agents, anti-
metabolites, antibiotics, growth factor inhibitors, cell cycle
inhibitors, topoisomerase inhibitors, biological reaction
modifiers, antihormonal agents, antiandrogen, cell differen-
tiation/proliferation/survival inhibitors, apoptosis inhibi-
tors, inflammation inhibitors and P-glvcoprotein inhibitors.

23. A thieno|3,2-d|pyrimidine compound having the fol-

lowing structure.

Cl;

or a pharmaceutically acceptable salt thereof.

24. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 23, or a pharmaceu-
tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

25. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 24
to a mammal in need therveof, whervein the cancer is liver
cancer ov melanoma.

26. The method of claim 25 wherein the pharmaceutical
composition is administered in combination with a cell
signal transduction inhibitor drug.

27. A thieno| 3,2-d|pyrimidine compound having the fol-

lowing structure:
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or a pharmaceutically acceptable salt thereof.
28. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 27, or a pharmaceu-

tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

29. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 28
to a mammal in need theveof, whervein the cancer is liver
cancer or melanoma.

30. The method of claim 31 wherein the pharmaceutical
composition is administered in combination with a cell
signal transduction inhibitor drug.

31. A thieno|3,2-d|pyrimidine compound having the fol-

lowing structure:

Cl;

or a pharmaceutically acceptable salt thereof.
32. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 31, or a pharmaceu-

tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

33. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 32
to a mammal in need therveof, whervein the cancer is liver
cancer or melanoma.

34. The method of claim 33 wherein the pharmaceutical
composition is administered in combination with a cell
signal transduction inhibitor drug.

35. A thieno|3,2-d|pyrimidine compound having the fol-

lowing structure.

_CHF>;

or a pharmaceutically acceptable salt thereof.

36. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 35, or a pharmaceu-
tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

37. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 36
to a mammal in need theveof, whervein the cancer is liver
cancer or melanoma.

38. The method of claim 37 wherein the pharmaceutical
composition is administered in combination with a cell
signal transduction inhibitor drug.
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39. A thieno|3,2-d|pyrimidine compound having the fol-

lowing structure:

-~

C!

or a pharmaceutically acceptable salt thereof.

40. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 39, or a pharmaceu-
tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

41. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 40
to a mammal in need theveof, whervein the cancer is liver
cancer ov melanoma.

42. The method of claim 41 wherein the pharmaceutical
composition is administered in combination with a cell
signal transduction inhibitor drug.

43. A thieno|3,2-d|pyrimidine compound having the fol-

lowing structure:

or a pharmaceutically acceptable salt thereof.

44. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 43, or a pharmaceu-
tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

45. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 44
to a mammal in need theveof, whervein the cancer is liver
cancer ov melanoma.

46. The method of claim 45 whervein the pharmaceutical
composition is administered in combination with a cell
signal transduction inhibitor drug.

47. A thieno|3,2-d|pyrimidine compound having the fol-

lowing structure.

Cl;

or a pharmaceutically acceptable salt thereof.

48. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 47, or a pharmaceu-
tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

49. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 48
to a mammal in need therveof, whervein the cancer is liver
cancer or melanoma.
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50. The method of claim 49 wherein the pharmaceutical
composition is administered in combination with a cell

signal transduction inhibitor drug.

51. A thieno|3,2-d|pyrimidine compound having the fol-

lowing structure.

C;

or a pharmaceutically acceptable salt thereof.

52. A pharmaceutical composition comprising the thieno
|3, 2-d|pyrimidine compound of claim 51, or a pharmaceu-
tically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

53. A method of treating a cancer, the method comprising
administering the pharmaceutical composition of claim 52
to a mammal in need therveof, whervein the cancer is liver

cancer or melanoma.

54. The method of claims 53 wherein the pharmaceutical
composition is administered in combination with a cell
signal transduction inhibitor drug.

55. A method of preparing a thieno|3,2-d|pyrimidine

compound, or a pharmaceutically acceptable salt therveof,
according to reaction steps 1 to 3.

RI

,—\/\

‘ +

OZN/\‘/\[/CZ

RI

O>N
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-continued

wherein:
10

Ais C, ,, aryl or 5- to 10-membered heteroaryl;

7 is hvdrogen, C,_, alkyl or NR°R’, wherein said R® and
R? are each independently hydrogen, C, . alkyl or
—(CH,) -B—, B representing NR’R®, C,_. alkoxy, C;_,
cycloalkyl or 3- to 6-membered heterocycloalkyl;

15

R’ is hydrogen, halogen, C, ; alkyl or C, , alkoxy,

wherein said alkyl or alkoxy is unsubstituted ov sub-
stituted with one or more halogen atoms;

R’ is hvdrogen, halogen, —CF | —NO,, —OH, —CN,
C, s alkoxy, C, . alkvl, C,_, alkenvl, C,_, alkynyl,
—NR'R°, —NHSO.R°, —SO.,R'®, —C(O)R*', —NHC
(O)R"*, —NHC(O)OR*”>, —S(O)R"?, C,_, cvcloalkyl, 3-
to 6-membered hetevocycloalkyl, C._,, arvl, C._,, ary-
loxy, 5- to 10-membered heteroaryl or 5- to 10-mem-
bered heteroaryloxy, wherein said R° is connected to A
by —(CH,) - or substituted with C,_, alkyl, C,_,alky-
wvl, C,_, alkvicarbony! or one or more halogen atoms:;

R’ R° R’ R° R° R R R R’ and R’ are each
independently hydrogen, —NH,, C, . alkyl, C,
alkoxy, C,_, cvcloalky! or 3-to 6-membered heterocy-
cloalkyl, said alkyl, alkoxy, cycloalkyl or heterocy-

cloalkyl being unsubstituted ov substituted with one or
movre halogen atoms;

20

25

30

s M is an integer vanging from 0 to 3;

g is 0;

p is an integer vanging from 0 to I; and

nis 0or .

56. The method of claim 55 wherein the compound has the
structure.

40

Cl;

or a pharmaceutically acceptable salt thereof.
57. The method of claim 55 wherein the compound has the

structure.
55
60
O;
«5  or a pharmaceutically acceptable salt thereof.

58. The method of claim 55 wherein the compound has the
structure.
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or a pharmaceutically acceptable salt thereof.

59. The method of claim 55 whevein the compound has the
structure:

15

_CHF»; 5

or a pharmaceutically acceptable salt thereof.

60. The method of claim 55 wherein the compound has the ,
structure:

5

~.,

30

Cl

or a pharmaceutically acceptable salt thereof.

120

61. The method of claim 55 wherein the compound is:

or a pharmaceutically acceptable salt thereof.
62. The method of claim 55 wherein the compound is:

Cl;

or a pharmaceutically acceptable salt thereof.
63. The method of claim 55 wherein the compound is:

Cl;

or a pharmaceutically acceptable salt therveof.
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