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ABSTRACT

The present invention relates to a heterocaryl
derivative represented by formula 1 or a pharmaceutically
acceptable salt thereof, a preparation method therefor, and
a pharmaceutical composition for preventing or treating
diseases associated with PI3 kinases, containing the same
as an active ingredient. The heterocaryl derivative
according to the present invention has an excellent effect
of selectively inhibiting PI3 kinases, thereby being useful
in preventing or treating PI3 kinase diseases such as

cancers, autoimmune diseases, and respiratory diseases.

[Formula 1]

2
HN AR

R‘l\)\ R5

in the formula 1,
—~—=, A, R!, R%2, R3, R4, and R® are as defined in the

specification.
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HETEROARYL DERIVATIVE OR PHARMACEUTICALLY ACCEPTABLE
SALT THERECOF, PREPARATION METHOD THEREFOR, AND
PHARMACEUTICAL COMPOSITION FOR PREVENTING OR TREATING
DISEASES ASSOCTATED WITH PI3 KINASES, CONTAINING SAME AS
ACTIVE INGREDIENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a heterocaryl
derivatives or a pharmaceutically acceptable salt thereof,
a preparation method thereof, and a pharmaceutical
composition comprising the same as an active ingredient for

the prevention or treatment of PI3 kinase related diseases.

2. Description of the Related Art

As indicated in the fluid mosaic model, the eukaryotic
cell membrane is not even and floated or anchored to form a
specialized compartment, which is <called a 1lipid raft.
This 1lipid raft is rich in cholesterol so as to prevent
lysis of the membrane by a detergent. Some proteins prefer
lipid attachment than Dbeing hydrophobic transmembrane
anchored. Phosphatidyl inositol is an intracellular
protein found in the lipid raft on cell membrane, which is
attached on cell membrane by fatty acid or prenyl link.
The 1lipid raft is very dynamic and can coagulate proteins

to make them very active.
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The protein phosphorylation mediated by kinase is an
important way for a «cell to .regulate physiological
activities. The activity of many enzymes 1s regulated by
the phosphorylation mediated by kinase. Another important
role of the kinase-mediated phosphorylation is to provide a
protein binding site. That is, other proteins are gathered
together in the binding site of the phosphorylated area and
bound together there without changing the inherent
characteristics of the phosphorylated protein. Many
kinases involved in signal transduction are found in the
lipid raft on the intracellular surface of cell membrane.
When a membrane-associated protein is phosphorylated by the
activation of a cell surface receptor, this phosphorylated
area becomes the protein binding site for those proteins
floating alone. These target proteins are not active when
they are floating alone without being attached in cytoplasm
but become phosphorylated and active when they are gathered
together in the binding site to increase their

concentration there.

Phosphatidylinositol 3-kinase (PI3 kinase; PI3K) is
the lipid kinase that is responsible for the
phosphorylation of a lipid molecule instead of a protein,
which plays an important role in cell survival, signal
transduction, and control of membrane trafficking. Once
there is a problem in any of these regulations, a disease

2
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such as cancer, inflammatory disease, and autoimmune
disease is developed.

Signal transduction in the cell through 3'-
phosphorylated phosphoinositide is associated with wvarious
cellular processes such as malignant transformation, growth
factor signaling, inflammation, and immunity. PI3 kinase
playing a role 1in producing the phosphorylated signal
transduction product was first identified in the course of
investigation of the interaction between the viral
oncoprotein that induced the phosphorylation of
phosphatidylinesitol (PI) and its phosphorylated derivative
at 3-OH of inositol ring and the growth factor receptor

tyresin kinase.

Phosphatidylinositol-3,4, 5~triphosphate (PIP3), the
primary product of the PI3 kinase activation, 1is up-
regulated by treating cells with various stimuli which are
exemplified by growth factor and inflammatory stimuli,
hormone, neurotransmitter, and antigen receptor mediated
signal transduction, etc. So, the activation of PI3
kinase, even though it is not dominant, presents one of the
cell surface receptor activation associated signal
transductions in mammals. Therefore, the PI3 kinase
activation is believed to be involved in a variety of cell
responses including cell growth, migration,

differentiation, and apoptosis.
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PI3 kinase 1is the enzyme to phosphorylate the 3%
position (3—-0H) of the inositol ring moiety of
phosphatidylinositol by using ATP (adenosine triphosphate).
Precisely, PI3 kinase phosphorylates 3'-0OH of inositol
ring of phosphatidylinositide to change PIP2 into PIP3.
This PIP3 1is then functioning as a binding site for the
protein kinases containing pleckstrin homology. These
protein kinases regulate important «cell functions one
another. Among the PIP3 binding protein kinases, the most
important one is the serine/threonine kinase that is AKT or
PKB (protein kinase B), which regulates cell growth, cell
survival, and cell division via its downstream mTOR, GSK3pB,
Foxo 3a, p7086K, and NP-xB.

It was confirmed by the primary purification and
molecular c¢loning of PI3 kinase that PI3 kinase is a
heterodimer composed of p85 and pll0 subunits. Considering
sequence homology and substrate specificity, it belongs to
class I and class I 1is also classified into class IA and
class IB.

Class IA includes PI3Ka, PI3KB, and PI3K®, and class
IA is the downstream of RTK (receptor tyrosine kinase).
Class IB represents PI3Ky, and is the downstream of G
protein coupled receptor. Each class 1is composed of the
110 kDa catalytic subunit and the control subunit.

More’ particularly, three catalytic subunits, pllOq,
p110B, and pll0d, contain ATP binding domain and interact
with the control subunit p85 equally and also are activated

4
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by receptor tyrosine kinase. In the meantime, PI3Ky
interacts with another control subunit pl01 and is
activated by the heterotrimer G-protein. Control domain
includes the domain for anchoring on the cell surface
receptor.

When ATP binding is inhibited, PIP2 phosphorylation is
suppressed and therefore PIP3 1is not generated. As a
result, an important regulatory protein such as AKT cannot
be functioning for anchoring on the cell membrane. S0, it
is an important target of drug development to inhibit such

a catalytic subunit and its ATP binding site.

As explainéd hereinafter, the expression pattern of
each PI3K differs from each other in human cells and
tissues. PI3Kae and PI3KB display a wide tissue
distribution, while PI3Ky is mainly found in white blood
cells and also found in skeleton muscle, liver, pancreas,
and heart. PI3K® is only expressed in spleen, thymus, and
peripheral blood lymphocytes. The expression pattern above
indicates that PI3Ka and PI3KR are deeply involved in
cancer, while PI3Ky and PI3K® are rather associated with
adaptive immune system such as rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), and hematological
malignance.

Particularly, pll0a mutation has been found in some
solid tumors. Fof example, o amplification has been
confirmed to be associated with 50% of ovarian cancer,

5
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cervical cancer, lung cancer, and breast cancer, and
hyperactivation has been confirmed to be associated with at
least 50% of colon cancer and at least 25% of breast
cancer. P110R is confirmed to be involved in
thrombopoiesis and the pllOy associated compounds have been
developed as an immunosuppressant for autoimmune disease.
The autoimmune disease herein includes rheumatoid arthritis
and systemic lupus erythemétosus.

P110& plays a key role in B and T cell activation.
Further, & is also partly involved in neutrophil migration
and sudden increase of respiration. It is also confirmed
that & can partially dinterrupt the aﬁtigen-IgE mediated
mast cell degranulation. P110% draws our attention as an
important mediator for not only autoimmune disease and
allergic reaction but also multiple major inflammatory
reactions including abnormal inflammatory diseases. Target
evaluation data for pll0d have been filed up from the
studies using the genetic tools and pharmacological
agonists, which support the confirmation above. The
inhibition of & results in the significant improvement of
inflammation and the related disease, confirmed in the
ovalbumin induced airway inflammation murine asthma model.
Rituximab and Belimumab, the PI3K3® monoclonal antibodies,

are effective in RA and SLE.

It is also disclosed recently that PI3K is involved in
the inflammation in the lung and the ear. The mechanism

6
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involved in there is not completely explained yet the over-
expressed pll08-AKT-mTOR pathway increases aerobic
glycolysis but decreases the function and survival of
lymphocytes, leading to the decrease of immune response.

Chronic inflammation is not unigque in autoimmune
disease, but PI3KS " and phosphorylated-AKT are
characteristically up-regulated in chronic obstructive
pulmonary disease (COPD). The over-expression of PI3K® and
phosphorylated-AKT is not only assbciated with immune
disease but also associated with inflammation.

Therefore, it 1is suggested that the inhibition of
PI3Kd can be effective not only in treating autoimmune
disease such as rheumatoid arthritis (RA) and systemic
lupus erythematosus (SLE} but also in treating chronic non-
autoimmune disease such as chronic obstructive pulmonary

disease (COPD).

It has been recently reported that a novel compound
with a novel structure to inhibit selectively PI3 kinase
has been developed. Precisely, patent reference 1 presents
a compound useful for cancer treatment which displays the
PI3K enzyme inhibiting activity. Patent reference 2
describes that 4-morpholino-substituted bicyclic heteroaryl

compound has the PI3K activity inhibiting effect.

Thus, the present inventors tried to develop a novel
compound with a novel structure that 1is effective in

7
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inhibiting PI3 kinase selectively. In the course of the
study, the inventors confirmed that the he&eroaryl
derivative with a specific structure had the activity of
inhibiting PI3K o, B, &, and y selectively and particularly
was more excellent in inhibiting PI3K & and y. Therefore,
the inventors confirmed that the heteroaryl derivative can
be effectively used as a pharmécéutical composition for the
prevention and treatment of PI3 kinase related diseases,

leading to the completion of this invention.

[PRIOR ART REFERENCE]
[PATENT REFERENCE]

(Patent Reference 1) International Patent Publication
No. 2004/048365

(Patent Reference 2) European Patent No. 1,277,738
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
heteroaryl derivative, an optical isomer thereof, or a
pharmaceutically acceptable salt of the same.

It is another object of the present invention to
provide a method for preparing the sald hetercaryl
derivative,‘ the optical isomer thereof, or the
pharmaceutically acceptable salt of the same.

It is also an object of the present invention to
provide a pharmaceutical composition for the prevention or

8
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treatment of PI3 kinase related diseases which comprises
the said heteroaryl derivative, the optical isomer thereof,
or the pharmaceutically acceptable salt of the same as an
active ingredient.

It is further an object of the present invention to
provide a health food compositicen for the prevention or
improvement of PI3 kinase related diseases which comprises
thelsaid hetercaryl derivative, the optical isomer thereof,
or the pharmaceutically acceptable salt of the same as an

active ingredient.

To achieve the above objects, the present invention
provides the compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt of
the same:

[Formula 1]

| 2
HN/NAR

In the formula 1,
—w= is single bond or double bond;
A is carbon (C) or nitrogen (N);

R! is hydrogen (H), -NH;, or C;.5 straight or branched

alkylthio;
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R?> is H, =-CN, Ci-s straight or branched alkyl,
unsubstituted C3-7 cycloalkyl or halogen:;

R*> and R! are independently H or Cj;-s straight or
branched alkyl; or

R® and R* can form 5 ~ 7 membered unsubstituted
heterocycloalkyl containing one or more hetero atoms of N

along with the atoms which are conjugated to the same; and

/f/N Ry s‘j/
n 0

’ 7 or

wherein, n is an integexr of 0 ~ 3,

R® is ﬁnsubstituted or substituted Cg-.19 aryl or
unsubstituted or substituted 5 ~ 10 membered heteroary;
containing one or more hetero atoms selected from the group
consistingyof N, O, and S. In the said substituted aryl
and the substituted heteroaryl, one or more substituents
selected from the group consisting‘of halogen, C;-5 straight
or brahched alkyl, and Ci-5 straight or branched
alkylsulfonyl can be substituted,

R’ and R® are independently H, halogen, -CN, -OH,
unsubstituted or substituted Cg-10 aryl, unsubstituted or
substituted 5 ~ 10 membered hetercaryl containing one or
more hetero atoms selected from the group consisting of N,

10
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0, and 8, Ci-s straight or branched alkyl, Ci-s straight or
branched alkoxy, Ci-s straight or branched alkyloxyalkyl, Ci-s
straight or branched alkylsulfonyl, Ci.s straight or branched
alkylthio, or -NR®°R!?, wherein R? and R'® are independently H,
Ci-s straight or branched alkyl, Ci-s straight or branched
alkylamino, unsubstituted or substituted Cé-10 aryl,
unsubstituted or substituted 5 ~ 10 membered hetervaryl
containing one or more hetero atoms selected from the group
consisgting of N, O, and S, or unsubstituted or substituted 3
~ 8 membered heterocycloalkyl containing one or more hetero
atoms selected from the group consisting of N, 0, and S. In
the said substituted Cs-10 aryl, the substituted 5 ~ 10
membered heterocaryl, and the substituted 3 ~ 8 membered
heterocycloalkyl, one or more substituents selected from the
group consisting of halogen and Ci-s straight or branched
alkyl can be substituted.

In one aspect the invention provides a compound
represented by formula 1, an optical isomer thereof, or a
pharmaceutically acceptable salt thereof:

[Formula 1]

wherein, in the formula 1,

11
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"TFF is single bond or double bond:;

A is carbon (C) or nitrogen (N);

R? is hydrogen (H), or -NHy;

R2 is H, -CN, Ci-5 straight or branched alkyl,
5 unsubstituted Cs-7 cycloalkyl or halogen;

R* is H;

R4 is H or Ci-s straight or branched alkyl; or

R?* and R% can form pyrrolidine along with the atoms which

are conjugated to the same; and

10

wherein, n is an integer of 0 ~ 3,

R® is unsubstituted or substituted phenyl or
unsubstituted or substituted pyridinyl, in which said
15 substituted phenyl and the substituted pyridinyl have one or
more substituents selected from the group consisting of
halcgen, Ci-s straight or branched alkyl, and Ci-s straight or
branched alkylsulfonyl,
R7 is H, halogen, or unsubstituted pyridinyl, and

20 R is H, or halogen.

12
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In another aspect, the invention provides an
intermediate compound represented by formula 1B below or an
optical isomer of the same:

[Formula 1B]

5 R\/}\Rs

wherein, in the formula 1B,

, A, R}, R2, R3, R%, and R® are as defined above; and
PG is an amine protecting group selected from the group
consisting of t-butyloxycarbonyl (Boc), carbobenzyloxy {(Cbz),
10 9-fluorenylmethyloxycarbonyl (Fmoc), acetyl (Ac), benzoyl

(Bz), benzyl (Bn), p-methoxvybenzyl (PMB), 3,4-~dimethoxybenzyl

(DMPM) , p-methoxyphenyl (PMP) , tosyl (Ts), 2,2,2-

trichloroethoxycarbonyl (Troc), 2

trimethylsilylethoxycarbonyl (Teoc), and aryloxycarbonyl
15 (Alloc) .

The present invention also provides a method for
preparing the compound represented by formula la comprising

the following steps as shown in the below reaction scheme 1:
preparing the compound represented by formula 2A by
20 reacting the compound represented by formula 2 and the

compound represented by formula 3 (step 1);

13
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preparing the compound represented by formula 5 Dby
reacting the compound represented by formula 2A prepared in
step 1 and the compound represented by formula 4 (step 2);

preparing the compound represented by formula 7 by
reacting the compound represented by formula 5 prepared in
step 2 and the compound represented by formula 6 (step 3);

preparing the compound represented by formula 8 Dby
reacting the compound represented by formula 7 prepared in
step 3 and the compound represented by formula 2B under basic
condition (step 4):

preparing the compound represented by formula 10 by
reacting the compound represented by formula 8 prepared in
step 4 and the compound represented by formula 9 (step 5);

preparing the compound represented by formula 11 by
reacting the compound represented by formula 10 prepared in
step 5 under acidic condition (step 6);

preparing the compound represented by formula 12 by
reacting the compound represented by formula 11 prepared in
step 6 and the compound represented by formula 2C (step 7);
and

preparing the compound represented by formula la by
eliminating the amine protecting group from the compound
represented by formula 12 prepared in step 7 under acidic
condition (step 8):

[Reaction Formula 1]

14
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wherein, in the reaction formula 1,

PG i1s amine protecting group:;

the compound represented by formula la is a derivative
of the compound represented by formula 1, in which R, R2, R3,
R4, and R® are as defined above.

The present invention also provides a method for
preparing the compound represented by formula 1b comprising
the following steps as shown in the below reaction scheme 2:

preparing the compound represented by formula 15 Dby
reacting the compound represented by formula 2A and the
compound represented by formula 14 (step 1);

preparing the compound represented by formula 17 by
reacting the compound represented by formula 15 prepared in

step 1 and the compound represented by formula 16 (step 2);

15
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preparing the compound represented by formula 18 by
reacting the compound represented by formula 17 prepared in
step 2 and the compound represented by formula 2B (step 3):

preparing the compound represented by formula 20 by
reacting the compound represented by formula 18 prepared in
step 3 and the compound represented by formula 19 (step 4);

preparing the compound represented by formula 21 by
reacting the compound represented by formula 20 prepared in
step 4 and the compound represented by formula 2C under basic
condition (step 5); and

preparing the compound represented by formula 1b by
eliminating the amine protecting group from the compound
represented by formula 21 prepared in step 5 under acidic
condition (step 6):

[Reaction Formula 2]

80,Cl, ‘
1 | D
Step1 RN e
Ty 15 7 is
HN*"P , "
CH,O PG R Aps PGy~ R HN N
. ‘ 2 = gy
1% ‘ A N N o)
N%ﬂ \ . ‘ L — W (JI\ ) \a
| AR swpe PR
Step4 mAﬁ“m Step & WL( R SeE %‘W‘
R‘“\\AR'& R\)\RB
20

7 b
wherein, in the reaction formula 2,

PG is amine protecting group:;

16
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the compound represented by formula 1b is a derivative
of the compound represented by formula 1, in which R', R?, R3,
R4, and R3 are as defined above.

The present invention also provides a method for
preparing the compound represented by formula lc comprising
the following steps as shown in the below reaction scheme 3:

preparing the compound represented by formula 15 by
reacting the compound represented by formula 2A and the
compound represented by formula 14 (step 1):;

preparing the compound represented by formula 23 by
reacting the compound represented by formula 15 prepared in
step 1 and the compound represented by formula 22 (step 2);
and

preparing the compound represented by formula 1lc by
reacting the compound represented by formula 23 prepared in
step 2 and the compound represented by formula 2C under basic
condition (step 3):

[Reaction Formula 3]

0 50,0l ¢ o HoN" SNt
NS e 22

_(j\ B u ) .
o st BTV e step2

135

wherein, in the reaction formula 3,

PG 1s amine protecting group:;

16a
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the compound represented by formula lc is a derivative
of the compound represented by formula 1, in which R', R3, R4,
and R® are as defined above.

The present invention also provides a pharmaceutical
composition which comprises the compound represented Dby
formula 1, the optical isomer thereof, or the
pharmaceutically acceptable salt thereof of the invention and
a diluent or excipient.

The present invention also provides the pharmaceutical
composition of the invention for the prevention or treatment
of PI3 kinase related disease.

The present invention also provides a health functional
food composition which comprises the compound represented by
formula 1, the optical isomer thereof, or the
pharmaceutically acceptable salt thereof of the invention and
a flavor or natural carbohydrate.

The present invention also provides the health
functional food composition of the invention for the
prevention or improvement of PI3 kinase related disease.

The present invention also provides a compound
represented by formula 1, the optical isomer thereof, or the
pharmaceutically acceptable salt thereof of the invention for
use in the prevention or treatment of PI3 kinase related
disease.

The presgent invention also provides a use of a compound

represented by formula 1, the optical isomer thereof, or the

16b
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pharmaceutically acceptable salt thereof of the invention for
the prevention or treatment of PI3 kinase related disease.

The present invention also provides a use of a compound
represented by formula 1, the optical isomer thereof, or the
pharmaceutically acceptable salt thereof of the invention for
manufacture of a medicament for the prevention or treatment
of PI3 kinase related disease.

The present invention also provides a pharmaceutical
composition for the prevention or treatment of PI3 kinase
related diseases which comprises the said  heterocaryl
derivative, the optical isomer thereof, or the
pharmaceutically acceptable salt of the same as an active
ingredient.

In addition, the present invention provides a health
food composition for the prevention or improvement of PI3
kinase related diseases which comprises the said heterocaryl
derivative, the optical isomer thereof, or the
pharmaceutically acceptable salt of the same as an active

ingredient.

16c¢
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ADVANTAGEOUS EFFECT

The hetercaryl derivative of the present invention is
excellent in inhibiting PI3 kinase selectively, so that it
can be effectively used for the prevention or treatment of
PI3 kinase related diseases including cancer such as
hematological malignance, ovarian cancer, cervical cancer,
breast cancer, colorectal cancer, liver cancer, stomach
cancer, pancreatic cancer, colon cancer, peritoneal
metastasis, skin cancer, bladder cancer, prostate cancer,
thyroid cancer, lung cancer, osteosarcoma, fibrous tumor,
and brain tumor; autoimmune disease such as rheumatoid
arthritis, systemic lupus erythematosus, multiple sclerosis,
type 1 diabetes, hyperthyroidism, myasthenia, Crohn’s
disease, ankylosing spondylitis, psoriasis, autoimmune
pernicious anemia, and Sjogren's syndrome; and respiratory

disease such as chronic obstructive pulmonary disease(COPD),

.rhinitis, asthma, chronic bronchitis, chronic inflammatory

lung disease, silicosis, pulmonary sarcoidosis, pleurisy,
alveolitis, vasculitis, emphysema, pneumonia, and
bronchiectasis.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the present invention 1is described in

detail.

17
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The present invention provides the compound
represented by formula 1, the optical isomer thereof, or
the pharmaceutically acceptable salt of the same:

[Formula 1]

e R2
HN AR

Riwfl“R5
In the formula 1,
TT% is single bond or double bond;
A is carbon (C) or nitrogen (N);
R! is hydrogen (H), ~NH,, or C;.s straight or branched
10 alkylthio;
R? is H, -CN, Ci.5 straight or branched alkyl,
unsubstituted Ci_7 cycloalkyl or halogen;
when === is double bond and A is N, R? is not existed,
R® and R* are independently H or C;.s straight or

15 branched alkyl; or

R} and R' can form 5 ~ 7 membered unsubstituted
heterocycloalkyl containing one or more hetero atoms of N

along with the atoms which are conjugated to the same; and

18
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wherein, n is an integer of 0 ~ 3,

R® is unsubstituted or substituted Ce-10 aryl or
unsubstituted or substituted 5 ~ 10 membered heterocaryl
containing one or more hetero atoms selected from the group
consisting of N, 0O, and S. In the said substituted aryl
and the substituted hetercaryl, one or more substituents
selected from the group consisting of halogen, C;.5 straight
or branched alkyl, - and Ci-5 straight or branched
alkylsulfonyl can be substituted,

R’ and R® are independently H, halogen, -CN, -OH,
unsubstituted or substituted Cg-10 aryl, unsubstituted or
substituted 5 ~ 10 membered heteroaryl containing one or
more hetero atoms selected from the group consisting of N,
0, and S8, Ci-s straight or branched alkyl, Ci.s straight or
branched alkoxy, Ci-s straight or branched alkylbxyalkyl, Ci-
5 straight or branched alkylsulfonyl, Ci-5 straight or
branched alkylthio, or -NR°R!®, wherein R? and R'® are
independently H, Ci-s straight or branched alkyl, Ci-s
straight or branched alkylamino, unsubstituted or
substituted C¢-19 aryl, unsubstituted or substituted 5 ~ 10

19
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membered hetercaryl containing one or more hetero atoms
selected from the group consisting of N, 0, and S, or
unsubstituted or substituted 3 ~ 8 membered
heterocycloalkyl containing one or more heterc atoms
selected from the group consisting of N, O, and S. In the
sald substituted Cg.10 aryl, the substituted 5 ~ 10 membered
heteroaryil, and the substituted 3 ~ 8 membered
heterocycloalkyl, one or more substituents selected from
the group consisting of halogen and C;.s straight or

branched alkyl can be substituted.

Preferably,

In the formula 1,

=== is single bond or double bond;

A is carbon (C) or nitrogen (N);

R! is H, -NH;, or methylthio;

R° is B, -CN, C,.3 straight or ©branched alkyl,
unsubstituted Cj3;.5 cycloalkyl or halogen;

R and R? are independently H or C;.s straight or
branched alkyl; or

R® and R* can form 5 ~ 7 membered unéubstituted
heterocycloalkyl containing one or more hetero atcms of N

along with the atoms which are conjugated to the same; and
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AN

fomo, ,‘
R{%;E;jﬂ:;}nﬂ Rﬁ%ﬁyﬁ =
g I

or

-
r

wherein, n is an integer of 0 or 1,

R® is unsubstituted or substituted Cg1p aryl or
unsubstituted or substituted 5 ~ 10 membered heterocaryl
containing one or more hetero atoms selected from the group
consisting of N, ©O, and S. In the said substituted aryl
and the substituted heteroaryl, one or more substituents
selected from the group consisting of halogen and C;_s
straight or branched alkyl can be substituted,

R’ is H, halogen, unsubstituted or substituted Cg-10
aryl, or unsubstituted or substituted 5 ~ 7 membered
heteroaryl containing one or more hetero atoms selected
from the group consisting of N, O, and S. In the said
substituted aryl and the substituted heterocaryl, one or
more substituents selected from the group consisting of
halogen and C;.5 straight or ©branched alkyl <can be
substituted, and

R® is H, halogen, C;.3 straight or branched alkyl, or

Ci-3 straight or branched alkoxy.

More preferably,
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In the formula 1,

=== is single bond or double bond;

A is carbon (C) or nitrogen (N);

R! is H, -NH,, or methylthio;

R® is H, -CN, C;-3 straight or Dbranched alkyl,
unsubstituted Cs.s cycloalkyl or halogen;

R?® is H;

R? i5 H or Ci-3 étraight or branched alkyl; or

R} and R* can form 5 ~ 7 membered unsubstituted
heterocycloalkyl containing one atom of N along with the

atoms which are conjugated to the same; and

3 AN R
e R NI/
—R® N
> th

or o

wherein, n is an integer of 0 or 1,

R® is unsubstituted or substituted phenyl or pyridinyl,

in the said substituted phenyl and pyridinyl, one or
more substituents selected from the group consisting of
halogen and Cj-3 straight or branched alkyl can Dbe
substituted;

R’ is H, halogen, or unsubstituted or substituted 5 ~ 7
membered heterocaryl containing one or more hetero atoms of
N. In the said substituted  aryl and the substituted
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heteroaryl, one or more substituents selected from the
group consisting of halogen and Ci-3 straight or branched
alkyl can be substituted, and

R® is H, halogen, or Ci;-3 straight or branched alkyl.

5
More preferably,
In the formula 1,
==== is single bond or double bond;
A is carbon (C) or nitrogen (N)3:
10 R! is H or -NHy;
R*> is H, -F, -Ci, -CN, methyl, ethyi, propyl,
isopropyl, cyclopropyl, or cyclopentyl;
R® is H;
R? is H or methyl; or
15 R® and R?! can form pyrrolidine along with the atoms
which are conjugated to the same; and
’
wherein, n is an integer of 0 or 1,
20 R® is unsubstituted or substituted phenyl or pyridinyl,

23
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in the said substituted phenyl and pyridinyl, one or
more substituents selected from the group consisting of -F,
-Cl, and methyl can be substituted;

R’ is H, ~F, -Cl, or pyridinyl; and

5 R® is H, -F, or -Cl.

The compound represented by formula 1 herein can be
the compound represented by formula 1A, the optical isomer
thereof, or the pharmaceutically acceptable salt of the

10 same.

[Formula 1A]

g R%

HN K

4 =
Rm RS
In the formula 1A,
===, B, R', R? R® R% and R’ are as defined in formula

15 1.

In the compound represented by formula 1 of the

present invention, the ring <containing A and R? is

HNTXN

preferably exemplified by - .
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or

/\(,N' ,

0
and R®> is ferab ‘ ifi o «d
preferably exemplified by

14 r

cl o d

o F APy A
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The compound represented by formula 1 of the present
invention can be exemplified by the following compounds:

<1> " 4~ ({(l-(5-chloro-4-ox0-3-phenyl-3,4-
dihydroquinazéline~2—yl)ethyl)amino)pyrid6[2,3-
d]lpyrimidine~5(8H) ~one;

<2> 4—((1—(5—chloro~4~oxo~3—(pyridine—3-yl)—3,4~
dihydroquinazoline~-2-yl)ethyl)amino)pyrido[2, 3-
dlpyrimidine-5(8H) —-one;

<3> 4-((1l-(5-chloro-4-oxo-3- (pyridine-2-yl)-3,4-
dihydroquinazoline~2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<4> 4-((1-(5-chloro-3-(3,5-difluorophenyl)-4-o0x0-3,4-

dihydroquinazoline-2-yl)ethyl)amino)pyridol[2,3-

d]pyrimidine-5(8H) -one;
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<5> 4-{(1-(8~chloro-l-ox0-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)pyridol[2Z, 3~
dlpyrimidine~-5(8H)-one;

<6> 4-((1-(2-phenylquinoline~-3-
yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H) ~one;

<7> 4-((1-(6-fluoro-3-(pyridine-2-yl)quinoline~-2-
‘yl)ethyl)amino)pyrido[2,3“d]pyrimidine—5(8H)-one;

<8> 4-((1-(7-fluoro-2-(3~-fluorophenyl)quinoline-3-
yl)ethyl)amino)pyrido[2,3-d]pyrimidine-5(8H) -one;

<9> 4~ (1-(7-fluoro-2-(pyridine-2~yl)quinoline-3-
yl)ethylamino)pyrido[2,3-d]pyrimidine-5(8H)-one;

<10> " 4-((1-(4,8-dichloro-l-oxo-2-phenyl-1,2-
dihydroisoquinoline~-3-yl)ethyl)amino)pyrido[2, 3~
d]pyrimidine-5(8H)-one;

<l1l> 4-((1-(8-chloro-4~-fluoro-l-oxo~-2~-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)pyrido{Z2, 3-
dlpyrimidine~5(8H) -one;

<1l2> 4-{(1-(5-fluoro-4-oxo~-3~phenyl-3,4-
dihydroquinazoline-2-yl)propyl)amino)pyrido[2,3-
dlpyrimidine~5(8H)-one;

<13> 4-(2-(5-chloro-4-oxo-3-phenyl-3, 4-
dihydroquinazoline—Z-yi)pyrrolidine—1~yl)pyrido[Z,3—
dlpyrimidine-5 (8H) -one;

<l4> 4-(2-(8-chloro-l-oxo-2~phenyl-1,2-
dihydroisoquinoline-3~yl)pyrrolidine-1-yl)pyrido(2,3-

dlpyrimidine-5 (8H) -one;
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<15> 2—amino~4“((1-(8—chlor0*1—oxo-z-phenylwl,2-

dihydroisoquinoline—B—yl)ethyl)amino)pyrido[2,3—

dlpyrimidine-5(8H) -one;

<16> 2-amino-4- (2~ (8-chloro-l-oxo~2-phenyl-1,2-

dihydroisoquinoline~3-yl)pyrrolidine—lwyl)pyrido[2,3—

dlpyrimidine-5(8H) ~one;

<17>

4-((1-(8-chloro-l-oxo-2-phenyl-1,2-

dihydroisoquinoline*3~yl)ethyl)amino)—6—methylpyrido[2,3—

dlpyrimidine-5 (8H}-one;

<18> 2-amino-4-((1-(8-chloro-l-oxo-2-phenyl-1,2-

dihydroisoquinoline~3~yl)ethyl)amino)w6-methylpyrido[2,3m

dlpyrimidine~-5(8H)-one;

<19>

4w((1~(B—chloro-1~oxo—2—phenyl-1,2~

dihydroisoquinoline—3—yl)ethyl)amino)—5—oxo—5,8—

dihydropyrido[z,3—d]pyrimidine-6—carbonitrile;

<20>

4-((1-(8~-chloro-1~oxo-2~phenyl-1,2-

dihydroisoquinoline—B*yl)ethyl)amino)w6-fluoropyrido[2,3w

dlpyrimidine-5(8H) -one;

<21>

4-{(1l-(5~-chloro-4-oxo-3-phenyl-3,4-

dihydroquinaZoline~2-yl)ethyl)amino)~6—fluoropyrido[2,3-

d]lpyrimidine-5 (8H) -one;

<22> 6-chloro-4-((1l-(5-chloro-4-oxo-3-phenyl-3,4-

dihydroquinazoline~2~yl)ethyl)amino)pyrido[2,3~

dlpyrimidine-5 (8H) -one;

<23> 6-chloro-4-((1-(8-chloro-l-oxo-2-phenyl-1,2-

dihydroisoquinoline—3—yl}ethyl)amino)pyrido[2,3—

d)lpyrimidine~5 (8H) ~one;
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<24> 6-chloro-4~((1-(4,8-dichloro-l-oxo-2-phenyl-1,2~
dihydroisoquinoline-3-yl)ethyl)amino)pyridol[2, 3~
dlpyrimidine-5(8H) -one;

<25> 2-amino-4~-((1-(6~-fluoro-3-(pyridine~-2-
yl)quinoline~2~yl)ethyl)amino)pyrido[Z,3~d]pyrimidinew
5(8H) ~one:;

<26> 4-((1-(6-fluoro-3- (pyridine-2-yl)qguinoline-2-
yl)ethyl)amino)pyrido[2,3~-d]lpyrimidine-5(8H)-one;

<27> 4-((1-(6-fluoro-3,4-di(pyridine-2-yl)quinoline-2-
yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H) ~one;

<28> 4~ ((1-(6-fluoro-3-phenyl-4-(pyridine-2-
yl)quinoline~2~yl)ethyl)amino)pyrido[2,3—d]pyrimidine—
5(8H)-one;

<29> 4-({1-(6-fluoro-4-oxo-3-(pyridine-3-yl)-3,4-
dihydroquinazoline-2-yl)ethyl)amino)pyrido([2, 3~
dlpyrimidine~5 (8H) -one;

<30> o 4-((1-(6-fluoro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2~-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5 (8H) -one;

<31> 4-((1-(6~fluoro-3-(3-fluorophenyl)-4-ox0-3,4~
dihydroquinazoline-2-yl)ethyl)amino)pyridol[2,3-
dlpyrimidine-5(8H) -one;

<32> 4-((1-(5~-chloro-3-(2-chlorobenzyl)-4-ox0-3,4-
dihydroquinazoline-2-yl)ethyl)amino)pyrido[2,3-

dlpyrimidine-5(8H) -one;
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<33> 4~ ((1-(6-fluoro-4-ox0-3-{pyridine-2-ylmethyl) -
3,4-dihydroquinazoline-2-yl)ethyl)amino)pyrido[2, 3-
dipyrimidine~5(8H)-one;

<34> 4~ ((1=(5-chloro-3-(pyridine~2-yl}quinoline-2-
yl)ethyl)amino)pyrido[2,3~-d]pyrimidine-5(8H) -one;

<35> 5-((1-(5-chloro~4~0x0o-3-phenyl-3,4-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2,3~
dihydropyrimido[4,5~d]pyrimidiﬁe~4(lH)—one;

<36> 5-((1-(5-chloro—-4~-oxo-3~(pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)~-3-methyl-2,3~-
dihydropyrimido[4,5-d]pyrimidine~-4 (1H) -one;

<37> 5-((1l-(5~-chloro~3-(3-fluorophenyl)-4-oxo-3,4-
dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-2,3~
dihydropyrimido[4,5-d]pyrimidine-4(1H)-one;

<38> 5-({1-(5-chloro-4-ox0-3-{(m~tolyl)-3,4~-
dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido{4,5-d]pyrimidine-4(1H)-one;

<39> 5-((l-(8-chloro~l-oxo-2-phenyl-1,2-

dihydroisoquinoline~3-yl)ethyl)amino)-3-methyl-2, 3-
dihydropyrimido[4,5~-d]lpyrimidine-4 (1H)-one;

<40> 3-methyl-5-({(1-{2-phenylguinoline-3~
yl)ethyl)amino) -2, 3~dihydropyrimido[4,5-d]lpyrimidine-4(1H) -
one;

<41> 3-methyl-5~((l-(2-phenylquinoline-3-
yl)ethyl)amino) -2, 3~-dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -

one;
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<42> 5-((1-(4,8~dichloro-l1-oxo~2-phenyl-1,2-
dihydroisoquinoline—3—y1)ethyl)amino}—3—methyl—2,3—
dihydropyrimido(4,5-d]lpyrimidine~-4 (1H) -one;

<43> 5w((1~(5~fluoro~4"oxo~3~phenyl;3,4~
dihydroquinazoline~2~yl)propyl)amino)~3~methyl~2,3~
dihydropyrimido[4,5~d]pyrimidine-4(lH)mone;

<44> 5—(2—(5—chloro—4—oxo—3—pﬁenyl—3,4—
dihydroquinazoline—Z—yl)pyrrolidine~1—yl)-3~methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<45> 5-(2-(5-chloro-4-oxo-3-(pyridine-3-yl)-3,4-
dihydroquinazolinem2~yl)pyrrolidine-lwyl)»3~methyl"2,3-
dihydropyrimido(4,5~-d]pyrimidine-4 (1H)-one;

<46> 5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo0-3,4-
dihydroquinazoline—Z—yl)pyrrolidine—l—yl)—3-methy1—2,3—
dihydropyrimido[4,5~d]pyrimidine-4 (1H)-one;

<47> 5-(2-{(5~-chloro-4-oxo-3~-{m-tolyl)-3,4-
dihydroquinazolineuz-yl)pyrrolidine~1~yl)«3—methyl—2,3—
dihydropyrimido[4,5—d]pyrimidine~4(1H)—one;

<48> 5—(2—(8~chlor0f1~oxo—2mphenyl~l,2~
dihydroisoquinoline—3—yl)pyrrolidine—l—yl)—3~methyl~2,3—
dihydropyrimido[4, 5-d]pyrimidine-4(1H)-one;

<49> 5~ (2~ (5-chloro-4-oxo~3-phenyl-3,4-
dihydropyrrolo[2,1-f1[1,2,4]triazine-2-yl)pyrrolidine-1-
yl)w3—methyl—2,3—dihydropyrimido[4,5—d]pyrimidine—4(1H)~

oney;
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<50> 7-amino-5-( (1= (5-chloro-4-oxo-3-phenyl-3,4-
dihydroquinazoline—Z—yl)ethyl)amino)—3—methyl—2,3—
dihydropyrimido[4,5—d]pyrimidine—4(1H)—one;

<51> 7-amino-5-( (1- (5-chloro-4-oxo-3- (pyridine-3-yl)-
3,4~dihydroquinazoline~2—yl)ethyl)amino)-3~methyl~2,3~
dihydropyrimido[4,5wd]pyrimidine—4(1H)mone;

<52> 7—amino—5—((l—€5—chloro—3—(3—fluorophenyl)—4—oxo—
3,4~dihydroquinazoline~2—yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5—d}pyrimidine—4(1H)—one;

<53> 7-amino-5-( (1-(5-chloro-4-oxo-3~-(m-tolyl)-3,4-
dihydroquinazoline~2—yl)ethyl)amino)~3»methyl»2,3»
dihydropyrimido[4,5~d]pyrimidine—4(1H)—one;

<54> 7-amino-5-((1-(8-chloro-1l-oxo-2-phenyl-1,2~
dihydroisoquinoline—B—yl)ethyl)amino)—3—methyl—2,3-
dihydropyrimido[4,5—d}pyrimidine—4(1H)—one;

<55> 7-amino-3-methyl-5-((1-(2-phenylquinoline-3-
yl)ethyl)amino)-2,3~dihydropyrimido[4,5—d]pyrimidine~4(1H)~
one;

<56> 7-amino-5=( (1-(5~fluoro-4-oxo-3~-phenyl-3,4-
dihydroquinazolinewz—yl)propyl)amino)—3~methyl—2,3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<57> 7-amino-5- (2=~ (5-chloro-4-oxo-3-phenyl-3,4-
dihydroquinazoline~2~yl)pyrrolidinewlwyl)~3~methyl"2,3—
dihydropyrimido[4,5-d]pyrimidine~-4 (1H) -one;

<58> 7-amino-5- (2~ (5-chloro-4-o0oxo-3-(pyridine-3-yl)-
3,4—dihydroquinazoline—Z—yl)pyrrolidine—l—yl)—3—methyl—2,3—
dihydropyrimido[4,5-d]lpyrimidine-4(1H)-one;

32



10

15 .

20

25

©A 02979815 2017-09~14

<59> 7—amino~5—(2—(5~chloro-3-(3*fluorophenyl)w4~oxo~
3,4—dihydroquinazoline—2—yl)pyrrolidine—l—yl)-3—methyl—2,3~
dihydropyrimido[4,5—d]pyrimidine—4(1H)—one;

<60> 7-amino-5-(2-(5-chloro-4-oxo-3~(m-tolyl)~3,4-
dihydroquinazoline~2~yl)pyrrolidine~l~y1)~3—methyl~2,3~
dihydropyrimido[4,5~d]pyrimidine-4(1H)mone;

<61> 7—amino—5—(2—(8—chloro—l—oxo~2—phenyl—l,2—
dihydroisoquinoline~3~yl)pyrrolidine-l~yl)~3—methyl-2,3~
dihydropyrimido[4;5—d1pyrimidine~4{1H)~one;

<62> 5-(1-(8-chloro-l-oxo-2-phenyl-1,2-
dihydroisoquinolin@w3myl)ethylamino)~3»ethyl~2,3m
dihydropyrimido[4,5~d]pyrimidine-4(1H)—one;

<63> 5-(1-(8-chloro-l1-oxo-2-phenyl-1,2-
dihydroisoquinoline—3—yl)ethylamino)—3—propyl—2,3—
dihydropyrimido[4,5—d1pyrimidine—4(1H)—one;

<64> 5-(1-(8-chloro-1-ox0-2-phenyl-1,2-
dihydroisoquinoline-3~yl)ethylamino)—3—cyclopropyl—2,3—
dihydropyrimido(4,5-d]lpyrimidine-4 (1H)-one;

<65> 5-(l-(8-chloro-l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino)—3-cyclopentyl~2,3“
dihydropyrimido[4,5-d]pyrimidine~-4 (1H)-one;

<66> 5-(1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline~3~yl)ethylamino)»3~i30propylw2,3~
dihydropyrimido[4,5—d]pyrimidine—4(1H)—one;

<67> 5-(1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazoline—Z—yl)propylamino)—3—isopropyl—2,3-
dihydropyrimido[4,5-d]pyrimidine~4 (1H) -one;
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<68> 5 ((l-(5-chloro~4~o0x0~-3-phenyl-3,4-

dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-

. dlpyrimidine-4 (1H) -one;

<69> 5—((1-(5-chloro-4-oxo-3-({pyridine-3~yl)-3,4-
dihydroquinazoline-~2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine—-4 (1H)-one;

<70> 5-{(1-{(5-chloro-3-(3-fluorophenyl)-4-oxo-3,4-
dihydroguinazoline~2-yl)ethyl)amino)pyrimido(4,5-
d]lpyrimidine—-4 (1H)} -one;

<71> 5—((1—(5~chloro;4—oxo—3~(m—tolyl)—3,4—
dihydroquinazoline~2-yl)ethyl)amino)pyrimido(4,5-
dlpyrimidine-4(1H) ~one;

<12> 5-((1l-(8-chloro-l-oxo~2~-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<73> 5-({1~{(5~-chloro~4-oxo~3-phenyl-3,4-
dihydropyrrolo[2,1-£f][1,2,4]triazine-2~
yl)ethyl)amino)pyrimido[4,5-d]pyrimidine—-4(1H) -one;

<74> 5-((l-(2~phenylquinoline-3-
vl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4 (1H)-one;

<75> 5-{(1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazoline-2-yl)propyl)amino)pyrimido(4, 5~
dlpyrimidine—~4 (1H) ~one;

<76> 5-(2~(5~chloro~4~-0oxo-3~-phenyl-3, 4~
dihydroquinazoline~2-yl)pyrrolidine-1l-yl)pyrimido{4,5-

dlpyrimidine-4 (1H)-one;
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8-chloro-1-ox0-2- (pyridine-~3-yl)-1,2-

dihydroisoquinoline-3-yl)pyrrolidine-1-yl)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;
<78> 5-(2-(

5-chloro-4-oxo-3~(pyridine~3-yl)~-3,4-

dihydroquinazoline-2-yl)pyrrolidine-1l-yl)pyrimido[4, 5~

dlpyrimidine-4 (1H)-one;
<79> 5-(2-(5

~chloro-3-(3-fluorophenyl)-4-oxo0-3,4-

dihydroguinazoline~2-yl)pyrrolidine-1-yl)pyrimido([4, 5~

dlpyrimidine-4 (1H)-one;

<80>

5-(2-(5-chloro-4-ox0o-3=-{m-tolyl)-3,4-

dihydroguinazoline-2-yl)pyrrolidine-1l~yl)pyrimido[4, 5~

dlpyrimidine-4 (1H) -one;

<81>

5-(2-(5-chloro-4-ox0-3-phenyl-3,4-

dihydropyrrolo[2,1-£f]1[1,2,4]triazine-2-yl)pyrrolidine-1-

yl)pyrimido[4,5~-d]pyrimidine-4 (1H) -one;

<82> 5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-3,4-

dihydropyrrolo[2,1-f]{1,2,4)triazine-2-yl)pyrrolidine-1-

yl)pyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<83> T-amino-5-((1l-(5-chloro~4-oxo~-3~-phenyl-3,4-

dihydroquinazoline-2-yl)ethyl)amino)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;

<84> T-amino=-5-(

(1- (5-chloro-4-oxo-3- (pyridine-3-yl)-

3,4-dihvdroquinazoline-2-yl)ethyl)amino)pyrimido([4,5-

dlpyrimidine-4 (1H)-one;

<85> 7-amino-5-((1-(5-chloro-3-(3-fluorophenyl)-4-oxo-

3,4-dihydroquinazoline-2-yl)ethyl)amino)pyrimido[4,5-

dlpyrimidine~4 (1H) ~one;
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<86> 7-amino-5-((1l-(5-chloro-4-ox0-3-(m-tolyl)-3,4~
dihydroquinazoline—E—yl}ethyl)amino)pyrimido[4,5—
dipyrimidine~4 (1H) -one;

‘<87> 7-amino-5- (1~ (8~-chloro-l1-oxo~2-phenyl-1,2-
dihydroisoquinoline—B—yl)ethylamino)pyrimido[4,5*
dlpyrimidine-4 (1H) ~one;

<88> 7-amino-5-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydropyrrolo[2,1-£f]1[1,2,4]triazine-2~
yl}ethyl)amino)pyrimido[4,5—d]pyrimidine—4(lH)—one;

<89> 7-amino-5-((l-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4-dihydropyrrolo(2,1-£f]1(1,2,4]triazine-2~
yl)ethyl)amino)pyrimido{4,5-d]lpyrimidine-4(1H)-one;

<90> 7-amino-5=-( (1-(2-phenylquinoline-3-
yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one;

<91> . 7-amino-5-((1l-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazoline-2-yl)propyl)amino)pyrimido[4, 5~
dlpyrimidine-4 (1H) -one;

<92> 7-amino-5-(2-(5-chloro~4-oxo-3-phenyl-3,4-
dihydroquinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4, 5~
dlpyrimidine-4 (1H) ~one;

<93> 7-amino-5-{2- (5-chloro-4-oxo-3-(pyridine-3-yl) -
3,4~dihydroquinazoline~2—yl)pyrrolidine—l—yl)pyrimido[4,5—
dlpyrimidine—-4 (1H)~one;

<94> 7-amino-5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4mdihydroquinazolinewz—yl)pyrrolidinewlmyl)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;

36



10

15

20

25

©A 02979815 2017-09~14

<95> 7mamino—5-(2~(5—chloro~4—oxo-3-(m~tolyl)~3,4—
dihydroquinazoline—z—yl)pyrrolidine—l—yl}pyrimido[4,5~
dlpyrimidine-4 (1lH)-one;

<96> 7~amino~5m(2~(8~chloro—1~0xo~2—phenyl—1,2—
dihydroisoquinolinew3—yl)pyrrolidine~1uyl)pyrimido[4,5—
dlpyrimidine-4 (1H)-one;

<97> 7—amino—5—(2—(5—chloro—4—oxo—3fphenyl—3,4—
dihydropyrrolo[z,l—f][1,2,4]triazine—z—yl)pyrrolidine—l-
yl}pyrimido[4,5—d}pyrimidine~4(1H)~one;»

<98> 7-amino-5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4~dihydropyrrolo[2,lmf][1,2;4]triazine»Zwyl)pyrrolidine~
1-yl)pyrimido[4,5-dlpyrimidine-4 (1H) -one;

<99> ‘ 4m((1~(8-¢hloro~1—oxo—z—phenyl-l,2—
dihydroisoquinoline—3—y1)ethyl)amino)—7,8—
dihydropyrido[2,3-d]pyrimidine~5(6H)-one;

<100> 4-((1-(4,8-dichloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline—3~yl)ethyl)amino)w7,8~

dihydropyrido[2,3~d]lpyrimidine-5(6H)-one.

The compound represented by formula 1 of the present
invention can be preferably exemplified by the following
optical isomer compounds:

<1l> ' (s)-4-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroquinazoline~2—yl)ethyl)amino)pyrido[z,3-

dlpyrimidine-5 (8H) -one;
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<2> (§)~4-((1-(5-chloro-4-oxo-3~(pyridine-3-yl)-3,4-
dihydroquinazoline—2—yl}ethyl)amino)pyrido{Z,B-
dlpyrimidine-5(8H)-one;

<3> (S)~4~((1~(5~chloro»4~oxo»3w(pyridinem2—yl)-3,4~
dihydroquinazoline—Z*yl)ethyl)amino)pyrido{Z,B—
dlpyrimidine-5(8H) ~one;

<4> (S)—4—((l—(5—chloro—3—(3,5—difluorophenyl)—4—oxo—
3,4-dihydroquinazoline~2-yl)ethyl)amino)pyrido[Z,3-
d]pyrimidine-5(8H)-one; '

<5> . (s$)-4-((1l-(8-chloro-l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)pyrido([2,3-
dlpyrimidine-5 (8H) -one;

<6> (8)=4-((1-(2-phenylquinoline~3-
yl)ethyl)amino)pyrido[Z,3—d]pyrimidine‘5(8H)-one;

<7> (S)-4-({1-(6-fluoro-3-(pyridine-2-yl)quinoline-2-
yl)ethyl)amino)pyrido[2,3-d)pyrimidine-5(8H) -one;

<8> (S)—4w((1~(7~fluoro—2—(3~fluorophenyl)quinolinew3—
yl)ethyl)amino)pyrido[Z,3md]pyrimidine—5(8H)wone;

<9>» (S)~4—(1-(7—fluoro~2-(pyridine—Z—yl)quinoline-B—
yl)ethylamino)pyrido[z,3—d]pyrimidine~5(8H)~one;

<10> (Sy-4-((1-(4,8-dichloro-1-oxo-2-phenyl-1,2~-
dihydroisoquinoline~3—yl)ethyl)amino)pyrido[2,3—
dlpyrimidine~5(8H)~one;

<1ll> (S)“4-((1—(8—chloro-4~f1uoro—l~oxo—2—phenyl—l,2—
dihydroisoquinoline-3-yl)ethyl)amino)pyrido[2,3-

dlpyrimidine-5(8H) -one;
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<12> (8)-4-((1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazoline—z—yl)propyl)amino}pyrido[2,3—
dlpyrimidine-5(8H)~one;

<13> (8)-4-(2-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroquinazoline~2~yl)pyrrolidine—luyl)pyrido[2,3—
dlpyrimidine-5(8H) -one;

<14> (S)—4—(2—(8—chloro—l—oxo—2—phenyl—1,2—
dihydroisoquinoline—3~yl)pyrrolidine~l~yl)pyrido[2,3—
d]pyrimidine-5(8H) -one;

<15> (S)~2—aminof4~((1~(8—chloro—l~oxo—2—phenyl—1,2—
dihydroisoquinolinew3»yl)ethyl)amino)pyrido[z,Bm
dlpyrimidine-5 (8H)~one;

<16> (S)-Z»amino-4—(2~(8-chlor0-l-oxo—2-phenyl~1,2—
dihydroisoquinoiine—3—yl)pyfrolidine-l—yl)pyrido[2,3—
dlpyrimidine~5(8H)-one;

<17> (S)-4-((1-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisoquinoline—B—yl)ethyl)amino)~6—methylpyrido[2,3~
dlpyrimidine-5(8H) ~one;

<18> (S)—2~amino—4~((1~(8~chioro~1*oxo~2—phenyl—1,2~
dihydroisoquinoline—B-yl)ethyl)amino)—6-methylpyrido[2,3—
d]lpyrimidine-5(8H) -one;

<19> (S)—4~((1~(8—chloro—l-oxo—Z—phenyl-l,2—
dihydroisoquinoline~3~yl)athyl)amino)~5~oxo~5,8~
dihydropyrido[2,3-d]lpyrimidine-6-carbonitrile;

<20> (8)-4~-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline—S—yl)ethyl)amino);G—fluoropyrido[2,3~
dlpyrimidine-5(8H) -one;
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<21> (8)-4-({1-({5~chloro-4~0x0~3~phenyl-3, 4~
dihydrogquinazoline-2-~yl)ethyl)amino)-6-fluoropyrido(2, 3-
dlpyrimidine-5(8H) -one; '

<22> (8)-6-chloro-4~-((1-(5~chloro-4-ox0o~-3~-phenyl-3,4-
dihydroquinazoline-2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) ~one;

<23> (S)-6-chloro-4-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline~3~yl)ethyl)amino)pyridol2, 3~
dlpyrimidine~-5(8H) ~one;

<24> (S)~-6-chloro-4~((1l-~(4,8-dichloro-l-oxo-2-phenyl-
1,2~-dihydroisoquinoline-3~-yl)ethyl)amino)pyrido[2,3~
dlpyrimidine-5(8H) -one;

<25> (S)-2-amino-4-((l-(6-fluoro~-3-(pyridine-2-
ylyguinoline-2-yljethyl)amino)pyrido(2,3-d]lpyrimidine-
5(8H) -one;

<26> (8)~4-((1-({6-fluoro-3~(pyridine-2-yl)quinoline-2-
yl)ethyl)amino)pyrido([2,3~d]lpyrimidine-5(8H) ~one;

<27> (8)-4-((1-(6-fluoro-3,4-di (pyridine-2-
yl)quinoline—Ewy1)ethyl)amino)pyrido[2,3~d]pyrimidine~
5(8H) -one;

<28> (S)-4-((1-(6-fluoro-3-phenyl-4- (pyridine-2-
yl)gquinoline-2-~yl)ethyl)amino)pyrido[2,3~d]pyrimidine-
5(8H)-one;

<29> (5)-4-((1-(6-fluoro-4-oxo0-3- (pyridine-3-yl)-3,4-
dihydroquinazoline-2-yl)ethyl)amino)pyrido[2, 3-

dlpyrimidine-5(8H) -one;
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<30> (8)-4-((1-(6-fluoro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido([2, 3-
dlpyrimidine-5 (8H) -one;

<31> (S)-4-((1-(6-fluoro-3-(3-fluorophenyl)-4-ox0-3,4~-
dihydroguinazoline-2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<32> (8)-4-((1-(5-chloro-3-(2-chlorobenzyl)-4-oxo-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H}-one;

<33> (S)=-4-((1-(6-fluoro-4~-oxo-3~(pyridine-2-
ylmethyl) -3, 4-dihydroquinazoline-2-
yl)ethyl)amino)pyrido[Z,3~d]pyrimidine*5(8H)—one;

<34> (8)-4-((1-(5-chloro-3-(pyridine-2-yl)quinoline-2-
yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H)-one;

<35> (S)=5=-((1-(5-chloro-4~oxo-3-phenyl-3,4-
dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-2,3~
dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one;

<36> (8)-5-((1-(5-chloro-4-0x0~3~ (pyridine-3-yl)-3,4-
dihydroquinazoline-2-yl)ethyl)amino)~-3-methyl-2, 3~
dihydropyrimido{4,5-d]lpyrimidine-4 (1H)-one;

<37> (8)-5-((1-(5-chloro-3-(3-fluorophenyl)-4-oxo-3,4-
dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido[4,5~d]pyrimidine-4(1H)wone;

<38> (S)-5-((1l-(5-chloro-4-oxo-3-(m-tolyl)~-3, 4~
dihydrogquinazoline-2-yl)ethyl)amino)-3-methyl-2, 3~

dihydropyrimido[4, 5-d]pyrimidine-4(1H)-one;
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<39> (S)-S-((1w(8-chloro~1—oxo~2~phenyl—1,2—
dihydroisoquinoline—B—yl)ethyl)amino)—3—methyl—253~
dihydropyrimido[4,5—d]pyrimidine—4(1H)—one;

<40> (S)m3'methyl~5~((1~(2wphenquuinolinem3—
yl)ethyl)amino)w2,3wdihydropyrimido[4,5-d]pyrimidine—4(1H)~
one;

<41> (S)—3—methyl-5—((1—(2—phenquuinoline—3—
yl)ethyl)amino)~2,3-dihydropyrimido[4,5~d]pyrimidine—4(1H)—
one; |

<42> (S)—5—((1~(4,8—dichloro—luoxo—Q—phenyl—l,2—
dihydroisoquinoline"3~yl)ethyl)amino)m3-methyl~2,3~
dihydropyrbmido[4,5*d]pyrimidine-4(1H)~one;

<43> (S)-Sm((1m(5—f1uoro-4-oxo-3—phenyl—3,4—
dihydroquinazoline—Z—yl)propyl)amino)~3—methyl—2,3—
dihydropyrimido[4,5—d]pyrimidine—4(1H)-one;

<44> (S)-5—(2m(5—chloro~4~oxo~3~phenyl~3,4~
dihydroquinazolinew2—yl)pyrrolidine—l«yl)~3—methyl—2,3—
dihydropyrimido[4,5wd]pyrimidine—4(lH)mona;

<45> (S)-5-(2-(5-chloro-4-oxo~-3~- (pyridine-3-yl)-3,4-
dihydroquinazolinemz-yl)pyrrolidine~l—yl)~3~methyl~2,3~
dihydropyrimido{4,5—d]pyrimidine—4(lH)—one;

<4 6> (S)—5~(2—(5-chloro—3w(3—fluorophenyl)~4~oxo~3,4—
dihydroquinazeline~2~yl)pyrrolidinewlwyl)~3~methyl-2,3~
dihydropyrimido[4,5—d]pyrimidine~4(1H)-one;

<47> (S)m5—(2-(5mchlor0m4-oxo~3m(mmtolyl)-3,4-
dihydroquinazoline—Z—yl)pyrrolidine—l—yi)—3—methy1—2,3—
dihydropyrimido[4,5—d]pyrimidine—4(1H)~one;
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(S)-5*(2-(8~chloro—1-oxo~2*phenyl~1,2~

dihydroisoquinoline—3—y1)pyrrolidine—l—yl)—3—methyl—2,3—

dihydropyrimido[4,5-d]lpyrimidine~4 (1H)-one;

<49>

(8$)-5~-(2-(5-chloro-4-oxo-3-phenyl-3,4-

dihydropyrrolo[Z,lwf][1,2,4]triazine—Zwyl)pyrrolidineul—

yl)w3-methyl~2,3~dihydropyrimido[4,5-d]pyrimidinem4(lH)—

one;

<50>

(S)-7—amino-5~((1*(5—chloro~4~oxo—3—phenyl—3,4~

dihydroquinazoline—Q—yl)ethyl)amino)—B-methyl-2,3—

dihydropyrimido[4,5-d]pyrimidine~4 (1H)-one;

<51>

($) -T-amino-5-((1-(5-chloro-4-oxo-3-(pyridine-3-

yl)w3,4~dihydroquinazolineu2—yl)ethyl)amino)—3—methyl~2,3—

dihydropyrimido[4,5~d]pyrimidine—4(1H)-one;

<52>

(S)-7-amino-5-( (1-(5-chloro-3- (3-fluorophenyl) -4-

oxo~3,4—dihydroquinazoline—Z—yl)ethyl)amino)—3—methyl—2,3-

dihydropyrimido[4,5-d]pyrimidine~-4(1H)-one;

<53>

(8) -7-amino-5-( (1-(5-chloro-~4-oxo-3-(m-tolyl) -

3,4mdihydroquinazolinemz—yl)ethyl)amino)~3~methyl~2,3~

dihydropyrimido[4, 5-dlpyrimidine-4 (1H) -one;

<54>

(S)~7-amino-5~((1~(8—chloro—l~oxo—2wphenyl~1,2~

dihydroisoquinoliﬂe—S—yl}ethyl)amino)—3—methy1—2,3—

dihydropyrimido[4, 5-d]pyrimidine=-4 (1H)-one;

<55>

(S)-7-amino-3-methyl-5-((1-(2~-phenylquinoline-3-

yl)ethyl)amino)~2,3—dihydropyrimido[4,5-d]pyrimidine~4(1H)~

one;
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<56> (S)—7—amino-5—((1—(5-fluor0m4-oxo-3—phenyl~3,4-
dihydroquinazoline—2—yl)propyl)amino)—3—methyl—2,3—
dihydropyrimido[4,5—d]pyrimidine-4(1H)—one;

<57> (S)—7~amino-5~(2~(S*Chloro~4~oxo~3~phenyl—3,4-
dihydroquinazoline~2—yl)pyrrolidinewl~y1)~3~methylﬂ2,3—
dihydropyrimido[4,5md]pyrimidine~4(1H)~one;

<58> (S)~7—amino—5-(2—(5—chloro—4~oxo—3—(pyridine—B—
yl)~3,4wdihydroquinazoline~2-yl)pyrrolidine—l—yl)—3~methyl—
2,3—dihydropyrimido{4g5—d}pyrimidine—4{1H)—one:

<59> (S)~7—amino—5—(2-(5-chloro~3~(3—fluorophenyl)~4~
oxo~3,4~dihydroquinazoline~2wyl)pyrrolidine-l»yl)m3wmethyl—
2,3~dihydropyrimido[4,5~d]pyrimidine—4(1H)—one;

<60>» (S)~7~amin0m5-(2m(5mchloro~4—oxo-3~(m-tolyl)-3,4—
dihydroquinazoline—Z—yl)pyrrolidine—l—yl)—3—methy1—2,3—
dihydropyrimido[4,5wd]pyrimidine~4(1H)-one;

<61> (S)—7—amino-5—(2—(8—chloro—1—oxo—Z"phenyl—l,2—

. dihydroisoquinoline—B—yl)pyrrolidine—lmyl)—3~methyl—2,3—

dihydropyrimido[4,5~d]pyrimidine"4(lH)wone;

<62> (S)-5-(1- (8-chloro-l-oxo-2-phenyl~-1,2-
dihydroisoquinoline~3myl)ethylamino)—3—ethyl—2,3~
dihydropyrimido{4,5—d]pyrimidine—4(lH)—one;

<63> ($)-5-(1-(8-chloro-l-oxo-2-phenyl-1, 2~
dihydroisoquinoline—B-yl)ethylamino)w3~propyl~2,3~
dihydropyrimido[4,5—d]pyrimidine~4(lH)—one;

<64> (S)—5~(1~(8mchloro—lwoxo~2mphenyl-l,2m
dihydroisoquinoline—3~yl)ethylamino)-3~cyclopropyl—2,3—
dihydropyrimido{4,5-d]pyrimidine—4(1H)—one;
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<65> (8)-5-(1~{8~-chlorc-l-oxo-2-phenyl-1,2-
dihydroisoquinoliné—3—yl)ethylamino)—3—cyclopenty1—2,3—
dihydropyrimido (4, 5-d]lpyrimidine-4 (1H) -one;

<66> (8)-5-(1-(8-chloro-l-oxo~2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino)-3-isopropyl-2, 3~
dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;

<67> (8)-5-(1-(5-fluoro-4-oxc-3-phenyl-3,4-
dihydrogquinazoline~2-yl)propylamino)-3~isopropyl-2,3-
dihydropyrimido{4,5-dlpyrimidine-4 (1H)-one;

<68> (8)-5-((1l-(5-chloro-4-oxc-3~-phenyl~-3,4-
dihydroquinazoline-2-yl)ethyl)amino)pyrimido[4,5~
dlpyrimidine-4 (1H) -one;

<69> (8)-5-({(1-(5-chloro-4-0x0~3~- (pyridine-3-yl)-3,4-
dihydroquinazoline-2-yl)ethyl)amino)pyrimido([4,5-
dlpyrimidine~4 (1H) -one;

<70> (8)-5-((1-{(5-chloro-3-(3-fluorophenyl)-4-oxo-3,4-
dihydroquinazoline~2-yl)ethyl)amino)pyrimido(4,5-
dlpyrimidine-4 (1H) -one;

<71> (S)=5-( (1-(5-chloro-4-oxo-3- (m-tolyl)-3,4-
dihydroquinazoline~2~yl)ethyl)amino)pyrimido[4, 5~
dlpyrimidine-4 (1H) -one;

<72> (8)=5~({1~(8~-chloro-l1l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)pyrimido[4,5-
d]pyrimidine—4(1H)~one;

<73> (S)-5-((1-(5~-chloro~4-oxo-3-phenyl-3,4-
dihydropyrrolo[2,1-f}([1,2,4]triazine-2-
yl)ethyl)amino)pyrimido[4,5-d]pyrimidine~-4 (1H)-one;
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<74> (S)=5~((1-(2-phenylquinoline-3-
yl)ethyl)amino)pyrimido{4,5-d]pyrimidine—4(1H)—one;

<75> (S)-5-((1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazoline*Z-yl)propyl)amino)pyrimido[4,5w
dlpyrimidine-4 (1H) ~one; 7

<76> | (S)-5-(2-(5~-chloro-4-oxo-3-phenyl-3,4-
dihydroquinazoline—Z—yl)pyrrolidine—l—yl)pyrimido[4,5—
dlpyrimidine-4 (1H) -one;

<77> (S)—S—(2—(8—chloro—1—ox0~2~(pyridine~3—yl)rl,2—
dihydroisoquinoline*3—y1)pyrrolidine-l—yl)pyrimido[4,5—
dlpyrimidine-4 (1H) -~one;

<78> (S)~5-(2-(5-chloro-4-oxo-3-(pyridine-3-yl)-3,4-
dihydroquinazolinewz—yl)pyrrolidine-lmyl)pyrimido[4,5~
dlpyrimidine-4 (1H) -one;

<79> (S)-5~(2-(5-chloro—3—(3-fluorophenyl)~4-oxo—3,4—
dihydroquinazoline-Z—yl)pyrrolidine—lmyl)pyrimido[4,5~
dljpyrimidine-4 (1H)-one;

<80> (S)~5—(2~(5mchloro~4woxo—3m(m~tolyl)-3,4—
dihydroquinazolineuz—yl)pyrrolidine—l—yl)pyrimido[4,5—
dlpyrimidine-4 (1H) -one;

<81> (S)-5-(2-(5-chloro-4-oxo-3-phenyl-3, 4-
dihydropyrrolo[Z,lwf][1,2,4]triazine—Z—yl)pyrrolidine—l—
yl)pyrimido[4,5-dlpyrimidine-4 (1H) -one;

<82> (S)«5—(2—(5~chloro~3—(3—fluoropheny1)w4—oxo~3,4—
dihydropyrrolo[z,lwf][1,2,4]triazinemz-yl)pyrrolidinamlm

yl)pyrimido{4,5~-d]pyrimidine-4(1H)-one;
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<83> (S)-?—amino—S-((1-(5~chloro~4~oxo—3—phenyl~3,4—
dihydroquinazoline—z—yl)ethyl)amino)pyrimido[4,5—
dlpyrimidine-4 (1H) -one;

<84> (§) -7-amino-5-( (1- (5~chloro-4-oxo-3-(pyridine-3-
yl)~3,4wdihydroquinazoline~2~yl)ethyl)amino)pyrimido[4,5~
dlpyrimidine-4(1H) -one;

<85> (S)—7—amino-5—€(1—(5~chloro—3—(3—fluorophenyl)—4—
oxo-3,4—dihydroquinazoline-2~yl)ethyl)amino)pyrimido[4,5-
d]lpyrimidine-4 (1H) -one;

<86> (S)—7~amino—5~((1—(5~chloro~4—oxo—3~(m—tolyl)—
3,4mdihydroquinazolinewz—yl)ethyl)amino)pyrimido[4,5m |
dlpyrimidine-4 (1H)-one;

<87> (§)-7-amino-5-(1-(8-chloro-l-oxo-2-phenyl-1,2~-
dihydroisoquinoline—B—yl)ethylamino)pyzimido[@,5—
dlpyrimidine-4 (1H)-one;

<88> (s)-7T-amino-5-( (1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydropyrrolo[Z,l«f][1,2,4]triazine—2~
yl)ethyl)amino)pyrimido[4,5—d]pyrimidine~4(1H)—one;

<89> (S)-7-amino-5-((1-(5-chloro-3-(3-fluorophenyl)-4-

‘oxo—3;4—dihydropyrrolo[2,1~f][1,2,4]triazine-2—

yl)ethyl)amino)pyrimido[é,5—d]pyrimidine—4(IH)—one;

<90> (8)-T-amino-5-((1-(2-phenylquinoline-3-
yl)ethyl)amino)pyrimido[4,5~d]pyrimidine~4(1H)-one;

<91> ($)-7-amino=5-( (1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazolinew2-yl)propyl)amino)pyrimido[4,5—

dlpyrimidine-4 (1H) -one;
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<92> (S)—7mamino-5~(2-(5~chloro~4-oxo-3~phenyl—3,4*
dihydroquinazoline—Z—yl)pyrrolidine—l—yl)pyrimido{4,5—
dlpyrimidine-4(1H)-one;

<93> (S) -7-amino-5- (2 (5-chloro-4-oxo-3- (pyridine-3-
yl)w3,4wdihydroquinazolineMZMyl)pyrrolidine—lw
yl)pyrimido[4,5wd]pyrimidine-4(1H)mone;

<94> (S)—7—amino—5—(2—(5—chloro—3—(3—fluorophenyl)—4—
oxo~3,4mdihydroquinazoline~2-yl)pyrrolidine—l—
yl)pyrimido[4,5—d}pyrimidine—4(1H)~one;

<95> (S)-T-amino-5-(2-(5-chloro-4-oxo-3-(m-tolyl)-3,4-
dihydroquinazolinewzwyl)pyrrolidine~lwylfpyrimido[4,5w
dlpyrimidine-4 (1H) -one;

<96> (S)~7~amino—5~(2m(S-Chloro-l—oxo-Z—phenyl—l,2-
dihydroisoquinoline—3—yl)pyrrolidine—l—yl)pyrimido[4,5—
dlpyrimidine-4 (1lH) -one;

<97> (S)-7—amino—5~(2m(5-chloro—4-oxof3~phenyl—3,4—
dihydropyrrolo[Z,lwf][1,2,4]triazine—z—yl)pyrrolidine~l~
yl)pyrimido[4,5-d]pyrimidine-4(1H) -one;

<98> (S)-7-amino—5—(2—(5—chloro—3-(3~fluorophenyl)—4—
oxo~3,4-dihydropyrrolo[2,1—f][1,2,4]triazine-2-
yl)pyrrolidine—l—yl)pyrimido{4,5—d]pyrimidine—4(1H)—one;

<98> (S)~4~((1~(8-chloro—l—oxo—z—phenyl—l,2—
dihydroisoquinoline~3myl)ethyl)amino)~7,8~
dihydropyrido[2,3-d]lpyrimidine-5(6H)-one;

<100> (S)-4m((lm(4,8-dichloro~1-oxo-2mphenyl-l,2—
dihydroisoquinoline—3—yl)ethyl)amino)—7,8—
dihydropyrido[2,3-d]pyrimidine-5(6H)-one.
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The present invention also provides the intermediate
compound represented by formula 1B of the compound
represented by formula 1, or the optical isomer of the

5 same.

[Formula 1B]

PG~ R?
NI

In the formula 1B,
===, A, R, R?, R}, R% and R’ are as defined in formula
10 1; and
PG is an amine protecting group selected from the
group consisting of t-butyloxycarbonyl (Boc),
carbobenzyloxy (Cbz), 9~fluorenylmethyloxycarbonyl (Fmoc),
acetyl (Ac), benzoyl (Bz), benzyl (Bn), p-methoxybenzyl
15 (PMB), 3,4-dimethoxybenzyl (DMPM), p-methoxyphenyl (PMP),
tosyl (Ts), 2,2,2-trichloroethoxycarbonyl (Troc), 2-
trimethylsilylethoxycarbonyl {Teoc}, and aryloxycarbonyl
{Alloc).
The compound represented by formula 1B is an
20 intermediate of the compound represented by formula 1 which
can be prepared by eliminating the amine protecting group

of PG.
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The compound represented by formula 1 of the present
invention can be used as a form of a pharmaéeuticaily
acceptable salt, in which the salt is preferably acid
addition salt formed by pharmaceutically acceptable free
acids. The acid addition salt herein can be obtained from
inorganic acids such as hydrochloric acid, nitric acid,
phosphoric acid, sulfuric acid, hydrobromic acid, hydriodic
acid, nitrous acid, and phosphorous acid; non-toxic organic
acids such as aliphatic mono/dicarboxylate, phenyl-
substituted alkanoate, hydroxy alkanoate, alkandioate,
aromatic acids, and aliphatic/aromatic sulfonic acids; or

organic acids such as acetic acid, benzoic acid, citric

acid, lactic acid, maleic acid, gluconic acid,
methanesulfonic acid, 4-toluenesulfonic acid, tartaric
acid, and fumaric acid. The pharmaceutically non-toxic

salts are exemplified by sulfate, pyrosulfate, bisulfate,
sulphite, bisulphite, nitrate, phosphate, monohydrogen
phosphate, dihydrogen phosphate, metaphosphate,
pyrophosphate, chloride, bromide, iodide, fluoride,
acetate, propionate, decanoate, caprylate, acrylate,
formate, isobutyiate, caprate, heptanocate, propiolate,
oxalate, malonate, succinate, suberate, sebacate, fumarate,
maleate, butyne-1,4-diocate, hexane-1, 6-diocate, benzoate,
chlorobenzoate, methylbenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, terephthalate,
benzenesulfonate, toluenesulfonate, chlorobenzenesulfonate,
xylenesulfonate, phenylacetate, phenylpropionate,
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phenylbutylate, citrate, lactate, hydroxybutylate,
glycolate, malate, tartrate, methanesulfonate,
propanesulfonate, naphthalene-l-sulfonate, naphthalene-2-
sulfonate, and mandelate.

The = acid addition salt in this invention can be
prepared by the conventional method known to those in the
art. For example, the compound represented by formula 1 is
dissolved in an organic solvent such as methanol, ethanol,
acetone, methylenechloride, or acetonitrile, to which
organic acid or inorganic acid 1s added to induce
precipitation. Then, the precipitate is filtered and dried
to give the salt. Or the solvent and the excessive acid
are distillated under reduced pressure, and dried to give
the salt. Or the precipitate is crystallized in an organic
solvent to give the same.

A pharmaceutically acceptable metal salt can be
prepared by using a base. Alkali metal or alkali earth
metal salt is obtained by the <following processes:
dissolving the compound in excessive alkali metal hydroxide
or alkali earth metal hydroxide solution; filtering non-
soluble compound salt; evaporating the remaining solution
and drying thereof. At this time, the metal salt is
preferably prepared in the pharmaceutically suitable form
of scdium, potassium, or calcium salt. And the
corresponding silver salt 1is prepared by the reaction of
alkali metal or alkali earth metal salt with proper silver
salt (ex; silver nitrate).

51



10

15

20

25

©A 02979815 2017-09~14

The present invention includes not only the compound
represented by formula 1 Dbut alsc a pharmaceutically
acceptable salt thereof, and a solvate, an optical isomer,

or a hydrate possibly produced from the same.

The present invention also provides a method for
preparing the compound represented by formula 1 comprising
the following steps as shown in the below reaction formula
1:

preparing the compound represented by formula 2A by
reacting the compound represented by formula 2 and the
compound represented by formula 3 (step 1);

preparing the compound represented by formula 5 by
reacting the compound represented by formula 2A prepared in
step 1 and the compound represented by formula 4 (step 2):

preparihg the compound represented by formula 7 by
reacting the compound represented by formula 5 prepared in
step 2 and the compound represented by formula €& (step 3);

preparing the combound represented by formula 8 by
reacting thé compound represented by formula 7 prepared in
step 3 and the compound represented by formula 2B under
basic condition (step 4):

preparing the compound represented by formula 10 by
reacting the compound represented by formula 8 prepared in

step 4 and the compound represented by formula 8 (step 5);
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preparing the compound represented by formula 11 by
reacting the compound represented by formula 10 prepared in
step 5 under acidic condition (step 6);
preparing the compound represented Dby formula 12 by
5 reacting the compound represented by formula 11 prepared in
step 6 and the compound represented by formula 2C (step 7);
and
preparing the compound represented by formula la by
eliminating the amine protecting group from the compound
10 represented by formula 12 prepared in step 7 under acidic
condition (step 8):

[Reaction Formula 1]

Pocl;, ¢ o chuzmng c1 OH
ﬁ b
’l\ OH Stél’i“ R! N/‘ ‘c| Step.2
2A
PG..
PG-NH; NH O DMFDMA Pe-wu o ot
‘ | ‘ | \
Step 4 R'V/L"N/\'CI Step § Rri\N/' Me !
8 ‘ 10
3 - R?
iR HN’QQW”R
R - NHY"
2c T RSN N,R"
Step 8 1
Step 7 R‘\/J\R5

In the reaction formula 1,

15 PG is amine protecting group;
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the compound represented by formula la is a derivative
of the compound represented by formula 1, in which === is
double bond and A is carbon, and R', R%?, R%®, R%, and R® are

as defined in formula 1.

Hereinafter, the method for preparing the compound
represented by formula 1 of the present invention is
described in more detail.

In the method for preparing the compound represented
by formula 1 of the present invention, step 1 is to give
the compound represented by formula 2A by reacting the
compound repreéented by Aformula 2 with the compound
represented by formula 3.

At this time, the compound represented by formula 3 1is
exemplified by 2ZnCl,, SnCl,, SnCl,, FeCl,, FeClz, and POClj,
which can be used as an equivalent or an excess. Among
these, POCl; is more preferred.

In step 1, a compound capable of providing carbon to
form aldehyde of the compound represented by formula 2A is
used. The compound that can provide carbon herein is not
limited but dimethylformamide is preferred.

In the method for preparing the compound represented
by formula 1 of the present invention, step 2 is to give
the compound represented by formula 5 by reacting the
compound represented by formula 2 prepared in step 1 with
the compound represented by formula 4, the Grignard
reagent.
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In the method for preparing the compound represented
by formula 1 of the present invention, step 3 is to give
the compound represented by formula 7 by reacting the
compound represented by formula 5 prebared in step 2 with
the compound represented by formula 6.

Particularly, step 3 is to prepare the aldehyde
compound represented by formula 7 by reacting the alcohol
compound represented by‘ formula 5 with the oxidant
represented by formula 6. At this time, the oxidant
represented by formula 6 is exemplified by PCC (pyridinium
chlorochromate), PDC (pyridinium dichromate), and CrOs,
which can be used as an equivalent or an excess. Among4
these, Cr0O; is more preferred.

In the method for preparing the compound represented
by formula 1 of the present invention, step 4 is to give
the compound represented by formula 8 by reacting the
compound represented by formula 7 prepared in step 3 with
the compound represented by formula 2B.

At this time, PG in the compound represented by
formula 2B is the amine protecting group and the amine

protecting group 1is exemplified by t-butyloxycarbonyl

(Boc), carbobenzyloxy (Cbz), 9-fluorenylmethyloxycarbonyl
(Fmoc}, acetyl (Ac), benzoyl (Bz), benzyl (Bn), p-
methoxybenzyl (PMB) , 3,4~dimethoxybenzyl (DMPM} , p-
methoxyphenyl (PMP), tosyl (Ts), 2,2,2-
trichloroethoxycarbonyl (Troc), 2-
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trimethylsilylethoxycarbonyl (Teoc), or aryloxycarbonyl
(Alloc), and p-methoxybenzyl (PMB) is more preferred.

In the method for preparing the compound represented
by formula 1 of the present invention, step 5 is to give
the compound represented by formula 10 by reacting the
compound represented by formula 8 prepared in step 4 with
DME-DMA (dimethylformamide—dimethylacetal), the compound
represented by formula 9.

In the method for preparing the compound represented
by formula 1 of the present invention, step 6 1is to give
the compound represented by formula 11 by reacting the
compound represented by formula 10 prepared in step 5 under
acidic condition.

At this time, the acid is exemplified by HCl, H2SO04,
bromic acid, and acetic acid, which can be used as an
equivalent or an excess. Among these, acetic acid is more
preferred.

In the method for preparing the compound represented
by formula 1 of the present invention, step 7 is to give
the compound represented by formula 12 by reacting the
compound represented by formula 11 prepared in step 6 with
the compound represented by formula 2C.

Particularly, step 3 1is to prepare the compound
represented by formula 1 by dehydration-condensation of the
compound represented by formula 11 and the compound

represented by formula 2C in the presence of
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(benzotriazole-1l-yloxy)tris(dimethylamino)phosphonium
hexafluorophosphate (BOP) and a base.

At this time, the base herein is exemplified by an
organic base such as pyridihe, triethylamine, N,N-
diisopropylethylamine (DIPEA), and 1,8-diazabicyclo([5.4.0]~-
7-undecene {DBU) or an inorganic base such as
sodiumhydroxide, sodiumcarbonate, potassiumcarbonate,
cesiumcarbonate, and sodiumhydride, which can be used as an
equivalent or an excess independently or mixed together.
Among these, 1,8-diazabicyclo[5.4.0]-7-undecene (DBU) is
more preferred,.

The stereo-selectivity of the compound represented by
formula 1 is determined by the stereo-selectivity of the
compound represented by formula 2C used in step 7. Thus,
the optical isomer of the compound represented by formula 1
can be prepared by using the optical isomer of the compound
represented by formula 2C.

In the method for preparing the compound represented
by formula 1 of the present invention, step 8 1is to give
the compound represented by formula la by eliminating the
amine protecting group of the compound represented by
formula 12 prepared in step 7 under acidic condition.

At this time, the acid is exemplified by HCl, H2504,
acetic acid, and trifluorcacetic acid, which can be used as
an equivalent or an excess. Among these, trifluoroacetic

acid is more preferred.
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In the method for preparing the compound represented
by formula 1 of the present invention, each step of the
reaction formula 1 can be executed by the conventional
method known to those in the art and at this time the
usable base is exemplified by such organic bases as
pyridine, triethylamine, N,N-diisopropylethylamine (DIPEA),
and 1,8-diazabicyclo[5.4.0]-7-undecene (DBU) ; or such
inorganic bases as sodium hydroxide, sodium carbonate;
potassium carbonate, cesium carbonate, and sodium hydride,
which can be used as an eqguivalent Oor an excess
independently or as mixed. The acceptable reaction solvent
is exemplified by tetrahydrofuran (TFH); dioxane; ether
solvents such as ethylether and 1,2-dimethoxyethane; lower
alcohols such as methanol, ethanol, propanol, and butanol;
dimethylformamide {DMF) , dimethylsulfoxide (DMSO),
dichloromethane (DCM} , dichloroethane, water,
acetonagensulfonate, toluenesulfonate,
chlorobenzenesulfonate, xylenesulfonate, ethylacetate,
phenylacetate, phenylpropionate, phenylbutylate, citrate,
lactate, hydroxybutylate, glycolate, malate, tartrate,
methanesulfonate, propanesulfonate, naphthalene-1-
sulfonate, naphthalene-~2-sulfonate, and méndelate. The
reaction solvent can be added independently or as a mixture

of those.

As explained hereinbefore, the preparation method
represented by the reaction formula 1 of the invention is
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not only a novel method for preparing easily the compound
represented by formula 11, one of the intermediates of the
compound represented by formula 1 but also a useful method
for preparing various pyrido-pyrimidine derivatives from
the compound répresented by formula 1 by reacting the
compound represented by formula 11 with the compound
reacting to hydroxyl group (-OH), the substituent for the

compound represented by formula 11.

In the preparétion method represented by the reaction
formula 1 of the invention, the compound represented by
formula la can be prepared by the method comprising the
following steps as shown in reaction formula l-a:

preparing the compound represented by formula 13 by
reacting the compound represented by formula 8 prepared in
step 4 of reaction formula 1 and the compound represented
by formula 2C (step 1):

preparing the compound represented by formula 12 by
reacting the compound represented by formula 13 prepared in
step 1 and the compound represented by formula 9 (step 2):
and

preparing the compound represented by formula 1la by
eliminating the amine protecting group from the compound
represented by formula 12 prepared in step 2 under acidic
condition (step 3):

[Reaction Formula 1l-a]
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G, HN”

“NH O R*  DMF-DMA
R‘J\ N)\IU\/
R? L3
K ‘«%/lk/ y
i /:

| 2 N o N 0
RN R Stop 2 : '
Step 1 . P ; Step 3
R R“\')\ " tep R‘\\'/J\R'

8
12 1a

In the reaction formula 1-a,

the compound represented by formula la is a derivative
of the compound represented by formula 1, in which === is
double bond and A is carbon, and R', R%*, R?®, R* and R’ are

as defined in formula 1.

Further, in the preparation method represented by the
reaction formula 1, the following steps can be added to the
method in order to prepare the compound having the
substitution of R' (-SCH; - -NH,), as shown in reaction
formula 1-Db:

preparing the compound represented by formula 1la" by
reacting the compound represented by formula la' with mCPBA
(3-chlorobenzoic acid) (step 1); and

éreparing the compound represented by formula 1la
wherein R' is -NH, by reacting the compound represented by
formula 1la" prepared in step 1 in the presence of NH,0H
{step 2):

[Reaction Formula 1-b]
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1a" 1a

In the reaction formula 1i-b,

the compound represented by formula la is a derivative
of the compound represented by formula 1, in which === is
double bond and A is carbon, and R2, R3, qu and R® are as

defined in formula 1. m is 1 or 2.

The present invention also provides a method for
preparing the compound represented by formula 1 comprising
the following steps as shown in the below reaction formula
2:

preparing the compound represented rby formula 15 by
reacting the compound represented Dby formula 2A and the
compound represented by formula 14 (step 1)

preparing the compound represented by formula 17 by
reacting the compound represented by formula 15 prepared in
step 1 and the compound represented by formula 16 (step 2):

preparing the compound represented by formula 18 by
reacting the compound represented by formula 17 prepared in
step 2 and the compound represented by formula 2B (step 3):

preparing the compound represented by formula 20 by
reacting the compound represented by formula 18 prepared in
step 3 and the compound represented by formula 19 (step 4);
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preparing the compound represented by formula 21 by
reacting the compound represented by formula 20 prepared in
step 4 and the compound represented by formula 2C under
basic condition (step 5):; and
5 preparing the compound represented by formula 1b by
eliminating the amine protecting group from the compound
represented by formula 21 prepared in step 5 under acidic‘
condition (step 6):

[Reaction Formula 2]

¢l o
/L\ sozm, R’mNHz
R,xﬁ fl)L“

Step 1 Step 2

24 1
3

R z .

R PG~ K e

CH20 \)\ N N HN N
NS0 N0
ﬂf]fgé Step 6 A

spr Step § RV NN NN
R s R s

20
10 21 th

In the reaction formula 2,
PG is amine protecting group;
the compound represented by formula 1lb is a derivative
of the compound represented by formula 1, in which =72 is
15 single bond and A is nitrogen, and R!}, R?, R®, R*, and R° are

as defined in formula 1.

Each step of the preparation method represented by the

reaction formula 2 is executed by the same or similar
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method to the method of reaction formula 1 above or the
conventional method known to those in the art.

Therefore, the preparation method represented by the
reaction formula 2 of the invention is not only a novel
method for preparing easily the compound represented by
formula 20, one of the intermediates of the compound
represented by formula 1 but also a useful method for
preparing diverse dihydro pyrimido~pyrimidine derivatives
from the compound represented by formula 1 by reacting the
compound represented by formula 20 with the compound
reacting to chloride (~-Cl), the substituent of the

compound.

The present invention also provides a method for
preparing the compound represented by formula 1 comprising
the following steps as shown in the below reaction formula
3:

preparing the compound represented by formula 15 by
reacting the compound represented by formula 2A and the
compound represented by formula 14 (step 1)

preparing the compound represented by formula 23 by
reacting the compound represented by formula 15 prepared in
step 1 and the compound represented by formula 22 (step 2);
and

preparing the compound represented by formula lc by

reacting the compound represented by formula 23 prepared in
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step 2 and the compound represenfed by formula 2C wunder
basic condition (step 3):

[Reaction Formula 3]

P HN HNSN
j\l\ g o T 1 HaN"SNHe! HN N R‘\/J\Rs Ny S0
N7 "H 4 [N N * zn N 2¢ | 3
e f ,)L)XL 1)'\/5:& e
RETNT a1 st R Nfﬁ o Step 2 REN @ Step 3 Ri\/Jst
2A 23 fc

In the reaction formula 3,

the compound represented by formula lc is a derivative
of the compound represented by formula 1, in which === is
double bond and A is nitrogen, and R!, R?, R®, R*, and R® are

as defined in formula 1.

Each step of the preparation method represented by the
reaction formula 3 is executed by the same or similar
method to the method of reaction formula 1 above or the
conventional method known to those in the art.

Therefore, the preparation method represented by the
reaction formula 3 of the invention 1is not only a novel
method for preparing easily the compound represented by
formula 23, one of the intermediates of the cbmpound
represented by formula 1 but also a useful method for
preparing diverse pyrimido-pyrimidine derivatives from the
compound represented by formula 1 by reacting the compound
represented by formula '23 with the compound reacting to

chloride (-Cl), the substituent of the compound.

64



10

15

20

©A 02979815 2017-09~14

In the preparation method represented by the reaction
formula 3, the compound represented by formula 1c can be
prepared by the method comprising the following steps as
shown in réaction formula 3-a:

preparing the compound represented by formula 25 by
reacting the compound represented by formula 15 prepared in
step 1 of reaction formula 3 and the compound represented
by formula 24 (step 1);

preparing the compound represented by formula 26 by
reacting the compound represented by formula 25 prepared in
step 1 and the compound represented by formula 2B (step 2):;

preparing the compound represented by formula 29 by

- reacting the compound represented by formula 26 prepared in

step 2 and the compound represented by formula 27 (step 3):

preparing the compound represented by formula 30 by
reacting the compound represented by formula 29 prepared in
step 3 and the compound represented by formula 2C (step 4);
and

preparing the compound represented by formula 1b by
eliminating the amine protecting group from the compound
represented by formula 30 prepared in step 4 under acidic
condition (step 5): |

[Reaction Formula 3-al]
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NHg NH O o
/K[fl 0 PG NH 7 {EtO)sCH
. orNHAJH 2 ) iH
NTX cl /J\\ NI NH, 27
R‘JI\N/ cl ‘ Step 2 T R1‘ ~ N/' Cl )
Step 3
15 2
PG.. )
o, IR’ \ HNRN
NN A A
e
3
/k .................. c . R m*ﬁrwR
Step 5 ‘
Step 4 P RA\)\Rs
29 _ 30 e

In the reaction formula 3-a,

PG is amine protecting group;

the compound represented by formula lc is a derivative
of the compound represented by formula 1, in which === is
double bond and A is nitrogen, and Rl, Rz, R3, qu and R® are

as defined in formula 1.

The present invention also provides a pharmaceutical
composition for the prevention or treatment of PI3 kinase
related diseases which comprises the said heterocaryl
derivative, the optical isomer thereof, or the
pharmaceutically acceptable salt of the same as an active
ingredient.

The hetercaryl derivative, the optical isomer thereof,
or the pharmaceutically acceptable salt thereof of the
invention i1s characterized by the selective inhibition of
PI3 kinase selected from the group consisting of PI3Ka,
PI3KB, PI3KO, and PI3Ky.
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Particularly, the PI3 kinase related disease includes
cancer, autoimmune disease, and respiratory disease.

The cancer herein is exemplified by hematological
malignance such as myeloid metaplasia, chronic
myelomonocytic leukemia, acute lymphoblastic leukenia,
acute erythroid leukemisa, Hodgikin s/non-Hodgikin's
disease, B-cell lymphoma, acute T-cell leukemia,
myelodysplastic syndrome, plasma cell dysfunction, hairy
cell leukemia, Kaposi's sarcoma, and lymphoma, ovarian
cancer, cervical cancer, breast cancer, colorectal cancer,
liver cancer, stomach cancer, pancreatic cancer, c¢olon
cancer, peritoneal metastasis, skin cancer, bladder cancer,
prostate cancer, thyroid cancer, lung cancer, osteosarcoma,
fibrous tumor, and brain tumor.

The autoimmune diéease herein includes rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, type 1 diabetes, hyperthyroidism, myasthenia,
Crohn’s disease, ankylosing spondylitis, psoriasis,
autoimmune pernicious anemia, and Sjogren's syndrome.

The respiratory disease herein includes chronic
obstructive pulmonary disease (COPD), rhinitis, asthma,
chrenic bronchitis, chronic inflammatory 1lung disease,
silicosis, pulmonary sarcoidosis, pleurisy, alveolitis,

vasculitis, emphysema, pneumonia, and bronchiectasis.

The present 1nventors dinvestigated the inhibitory
effect of the compound represented by formula 1 of the
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present invention on PI3K o, B, y, and 9. As a result, it
was confirmed that the <compound of the invention was
excellent in dinhibiting PI3K o, B, Y and . In
particular, the inhibitory effect on PI3 kinase y or & was
more peculiar even at a low concentration (see Experimental
Examples 1 ~ 4).

Therefore, the compound of the present invention plays
a role as a PI3 kinase inhibitor, so that it can be
effectively used for the prevention or treatment of PI3
kinase related diseases including’ cancer such as
hematological malignance, ovarian cancer, cervical cancer,
breast cancer, colorectal cancer, liver cancer, stomach
cancer, pancreatic cancer, colon cancer, peritoneal
metastasis, skin cancer, bladder cancer, prostate cancer,
thyroid cancer, lung cancer, osteosarcoma, fibrous tumor,
and brain tumor; autoimmune disease such as rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, type 1 diabetes, hyperthyroidism, myasthenia,
Crohn)s disease, ankylosing spondylitis, psoriasis,
autoimmune pernicious anemia, and Sjogren's syndrome; and
respiratory disease such as chronic obstructive pulmonary
disease (COPD), rhinitis, asthma, chronic bronchitis,
chronic inflammatory lung disease, silicosis, pulmonary
sarcoidosis, pleurisy, alveolitis, wvasculitis, emphysema,

pneumonia, and bronchiectasis.
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The compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt
thereof of the present invention can be prepared for oral
or parenteral administration by mixing with generally used
diluents or excipients such as fillers, extenders, binders,
wetting agents, disintegrating agents and surfactants.

The formulations for oral administration are
exemplified by tablets, pills, hard/soft capsules,
solutions, suspensions, emulsions, syrups, granules, and
elixirs, etc. These formulations can include diluents (for
example, lactose, dextrose, sucrose, mannitol, sorbitol,
cellulose, and/or glycine) and lubricants (for example,
silica, talc, stearate and its magnesium or calcium salt,

and/or polyethylene glycol} in addition to the active

ingredient. Tablets can include binding agents such as
magnesium aluminum silicate, starch paste, gelatin,
methylcellulose, sodium carboxymethylcellulose and/or

polyvinylpyrolidone, and if necessary disintegrating agents
such as starch, agarose, alginic acid or its sodium salt or
azecotropic mixtures and/or absorbents, coloring agents,
flavours, and sweeteners can be additionally included
thereto.

The pharmaceutical composition comprising the compound
represented by formula 1, the optical isomer thereof, or
the pharmaceutically acceptablé salt thereof as an active
ingredient can be administered by parenterally and the
parenteral administration includes subcutaneous injection,
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intravenous injection, intramuscular injection, or
intrathoracic injection.

To prepare the composition as a formulation for
parenteral administration, the compound represented by
formula 1 or‘the pharmaceutically acceptable salt thereof
is mixed with a stabilizer or a buffering agent in water to
produce a solution br suspension, which is then formulated
as ampoules or vials. The composition herein can be
sterilized and additionally contains preservatives,
stabilizers, wettable powders or emulsifiers, salts and/or
buffers for the regulation of osmotic pressure, and other
therapeutically useful materials, and the composition can
be formulated by the conventional mixing, granulating or
coating method.

The effective dosage of the pharmaceutical composition
comprising the compound represented by formula 1, the
optical isomer thereof, or the pharmaceutically acceptable
salt thereof as an active ingredient of the present
invention can be determined according to age, weight,
gendef, administration method, health condition, and
severity of disease. The dosage is 0.1 ~ 1000 mg/day for
an adult patient (70 Kg), preferably 1 ~ 500 mg/day, which
can be administered several times a day or preferably once
a day or a couple of times a day.

The pharmaceutical composition comprising the compound
represented by formula 1, the optical isomer thereof, or
the pharmaceutically acceptable salt thereof as an active
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ingredient of the present invention can be administered
alone or treated together with surgical operation, hormone

therapy, chemo-therapy and biological regulators.

In addition, the present invention provides a health
food composition for the prevention or improvement of PI3
kinase related diseases which comprises the said heteroaryl
derivative, the optical isomer thereof, or the
pharmaceutically acceptable salt of the same as an active
ingredient.

The PI3 kinase related disease herein includes cancer
such as hematological malignance, ovarian cancer, cervical
cancer, breést cancer, colorectal cancer, liver cancer,
stomach cancer, pancreatic cancer, colon cancer, peritcneal
metastasis, skin cancer, bladder cancer, prostate cancer,
thyroid cancer, lung cancer, osteosarcoma, fibrous tumor,
and brain tumor, autoimmune disease such as rheumatoid
arthritis, systemic lupus - erythematosus, multiple
sclerosis, type 1 diabetes, hyperthyroidism, myasthenia,
Crohn's disease, ankylosing spondylitis, psoriasis,
autoimmune perniciocus anemia, and Sjogren's syndrome, and
respiratory disease such as chronic obstructive pulmonary
disease (COPD), rhinitis, asthma, chronic bronchitis,
chronic inflammatory 1lung disease, silicosis, pulmonary
sarcoidosis, pleurisy, alveolitis, vasculitis, emphysema,

pneumonia, and bronchiectasis.
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The compound represented by formula 1 of the present
invention acts as a PI3 kinase inhibitor, so that it can be
added to a health functional supplement including fcocod and
beverages as a health food composition for the prevention
or improvement of PI3 kinase related diseases.

The compound represented by formula 1 of the present
invention can be used as a food additive. In that case,
the compound of the present invention can be added as it is
or as mixed with other food components according to the
conventional method. The mixing ratio of active
ingredients can be regulated according to the purpose of
use (prevention or improvement). In general, to produce
health food or beverages, the compound of the present
invention is added preferably by 0.1 ~ 90 weight part.
However, if long term administration is required for health
and hygiene or regulating health condition, the content can
be lower than the above but higher content can be accepted
as well since the compound of the present invention has
been proved to be very safe.

The composition for health beverages of the present
invention <c¢an additionally include various flavors or
natural carbohydrates, etc, 1like other beverages. The
natural carbohydrates above can be one of monosaccharides
such as glucose and fructose, disaccharides such as maltose
and sucrose, polysaccharides such as dextrin and
cyclodextrin, and glucose alcohols such as xylitol,
sorbitol and erythritol. Besides, natural sweetening
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agents (thaumatin, stevia extract, for example rebaudioside

A, glycyrrhizin, etc.) and synthetic sweetening agents
(saccharin, aspartame, etc.) can be included as a
sweetening agent. The content of the natural carbohydrate

is preferably 1 ~ 20 g and more preferably 5 ~ 12 g in 100
g of the composition.

In addition to the ingredients mentioned above, the
compound represented by formula 1 of the present invention
can include in variety of nutrients, vitamins, minerals
(electrolytes), flavors including natural flavors and
synthetic flavors, coloring agents and extenders (cheese,
chocolate, etc.), pectic acid and its salts, alginic acid
and its salts, organic acid, protective colloidal
viscosifiers, pH regulators, stabilizers, antiseptics,
glycerin, alcohols, carbonators which used to be added to
soda, etc. The compound represented by formula 1 of the
present invention can also include fruit flesh addable to
natural fruit juice, fruit Dbeverages, and vegetable

beverages.

Practical and presently preferred embodiments of the
present invention are illustrative as shown in the
following Examples.

However, it will be appreciated that those skilled in
the art, on consideration of this disclosure, may make
modifications and improvements within the spirit and scope
of the present invention.
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Preparative Example 1: Preparation of {8)—-2-(1-

aminoethyl)-5-chloro-3~phenylgquinazoline-4(3H)-one

o o ¢ 0
a Ho)kl/xﬂaac ‘ /@ /@
0% KOH aniline N TFA N
@: 30% H,oa @i“\) PlOPh)y/pyridine N/)\_/ MC i I N/)\./’
NHBos NH,

Hz HyOlrefiux

Step 1: Preparation of 2-amino-6-chlorobenzoic acid

The reaction mixture composed of 5 g of 2-amino-6-
chlorobenzonitrile (32.77 mmol), 30% potassium hydroxide
(50 mL), and 30% hydrogen peroxide aqueous solution (3 mL)
was heat-refluxed for 12 hours, which was then cooled down
at room temperature. The agqueous layer was separated by
using diethyl ether and then acidized with 12 N HCl (pH: 3-
4) to separate an organic layer. The organic layer was
washed with saturated brine and then separated, dried
(Na2804)} filtered, and concentrated under reduced pressure.
As a result, 5.31 g of the target compound 2-amino-6-
chlorobenzoic acid was obtained as a yellow solid (30.95
mmol, yield: 94%).

'H NMR (300 MHz, DMSO-de¢) & 8.24(s, 2H), 7.00-7.06(t, J
= 7.5 Hz, 1H), 6.64(d, J = 8.4Hz, 1H), 6.56(d, J = 7.8Hz,

1H) .

Step 2: Preparation of tert-butyl (S)-(1-(5-chloro-4-

o0x0o~3-phenyl-3,4-dihydroquinazoline-2~yl)ethyl)carbamate

1.00 g (5.89 mmol) of 2-amino-6-chlorobenzoic acid
obtained in step 1 above was mixed with N-Boc-L-alanine (1
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equivalent), triphenyl phosphite (1.2 equivalent), and

anhydrous pyridine (5 mL). The reaction mixture was
stirred at 55T for 12 hours, to which aniline (1
equivalent) was added. The mixture was heated for 6 hours,
and then cooled down at room temperature. The mixture was
concentrated under reduced pressure, followed by
acidization with 1N HC1 (pH: 5-6). The reaction mixture

was extracted by using ethyl acetate to separate an organic
layer. The organic layer was washed with saturated brine,
separated, dried (NapSO4), filtered, and concentrated under
reduced pressure. The 'residue was separated by column
chromatography (Si0O,, eluent: hexane/ethyl acetate, 10/1 ->
hexane/ethyl acetate, 1/1) to give 1.63 g of the target
compound tert-butyl (S)-(1-(5-chloro-4-0oxo-3-phenyl-3,4-
dihydroquinazoline-2-yl)ethyl)carbamate as 'a yellow solid
(4.09 mmol, yield: 69%).

'H NMR (300 MHz, CDCl3) & 7.61-7.63(m, 2H), 7.46~7.57 (m,
48), 7.36-7.39(m, 1H), 7.29(s, 1H), 5.59(s, 1H), 4.50(s,

1H), 1.37-1.46(m, 9H), 1.25(d, J = 6.5Hz, 3H).

Step 3: Preparation of (S)-2-(l-aminoethyl)-5-chloro-

3—phenquuinazoline~4(3H)-ohe

1.634 g (4.09 mmol) of tert-butyl (S8)-(1-(5-chloro-4-

ox0m3~phenyl~3,4~dihydroquinazoline—2-yl)ethyl)carbamate

prepared in step 2 was dissolved in dichloromethane (15

mL), to which trifluoroacetic acid (TFA, 5 mL) was added.

After the reflux at 40T for 3 hours, the mixture was
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cooled down at room temperature, to which saturated NaHCOj3
aqueous solution was slowly added to neutralize the
mixture. The organic layer was extracted by using ethyl
acetate, which was washed with saturated brine, separated,
dried (Na;S04), filtered, and concentrated under reduced
pressure. The residue was separated by column
chromatography {S102, eluent:' dichloromethane/methanol,
20/1 -> dichloromethane/methanol, 5/1) to give 1.046 g of
the target compound (S)~2-(1l-aminocethyl)~-5~chloro-3-
phenylquinazoline-4 (3H)-one as a white solid (3.49 mmol,
yield: 85%).

H NMR (300 MHz, CDCl3) & 7.60-7.64(m, 2H), 7.51-7.59(m,
3H), 7.44-7.48(m, 1H), 7.27-7.29(m, 2H), 3.63-3.70(m, 1H),

1.83(s, 2H), 1.27{(d, J = 6.5Hz, 3H].

Preparative Example 2: Preparation of (S)-5-chloro-3-

phenyl-2-(pyrrolidine-2-yl)quinazoline-4 (3H)-one

0
¢l o <:ijOH ¢l 0 ,Ji'i ¢l o /[:]
@EJLDH Nepoc __aniline N TFA ijfl\n v
“n,  POPPgpyrdne N&‘\O MC N/)\3
BocN.-. HN__/

Step 1: Preparation of tert-butyl (8)-2-(5-chloro-4-

oxo-3-phenyl-3,4~-dihydroquinazoline-2-yl)pyrrolidine~-1-

carboxylate

5.51 g .of tert-butyl (S)-2-(5-chloro-4-oxo-3-phenyl-
3,4-dihydroquinazoline~-2~-yl)pyrrolidine-l-carboxylate was
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prepared as a beige solid by using 3.76 g (17.47 mmol) of
{tert-butoxycarbonyl)-L-proline according to the same
manner as described in step 2 of Preparative Example 1
(12.94 mmol, yield: 74%).

1H NMR (300 MHz, CDCl3) & 7.42-7.61(m, 6H), 7.32-7.34(m,
1H), 7.20-7.24(m, 1H), 4.40-4.43(m, 1H), 3.41-3.52(m, Z2H),
1.86-2.06(m, 3H), 1.70-1.76(m, 1H), 1.30(s, SH).

Step 2: Preparation of {S)-5-chloro-3-phenyl-2-

(pyrrolidine-2-yl)quinazoline-4(3H)-one

3.3 g of (8)-5-chloro-3-phenyl-2- (pyrrolidine-2-
l)guinazoline-4 (3H)~-one was prepared as a beige solid by

using 5.53 g (12.99 mmol) of tert-butyl (S)-2-(5-chloro-4-
oxo-3-phenyl-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-
carboxylate prepared in step 1 according to the same manner
as described in step 3 of Preparative Example 1 (10.13
mmol, yield: 78%).

'H NMR (300 MHz, CDCls) & 7.60-7.62(m, 2H), 7.47-7.54(m
4H), 7.27-7.29(m, 2H), 3.75-3.79(m, 1H), 3.22-3.26(m, 1H),
3.73-3.76(m, 1H), 1.69-1.77(m, 4H).

Preparative Example 3: Preparation of (§)-2-(1-

aminoethyl)~-5-chloro- 3w(pyr1d1ne 3-yl)guinazoline-4 (3H)-one

NH_Boc

c 0 NHBoC
S sl C
ll\oH HaN TFA
H, P(OPh)5fpyridine /l\/
NH,
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Step 1l: Preparation of tert-butyl (S)-(1-(5-chloro-4-

oxo-3-(pyridine-3-yl)-3,4-dihydroquinazoline-2-

yl)ethyl)carbamate

4.06 g of tert-butyl (S)-(1-(5-chloro-4~0oxo-3~
5 (pyridine-3-yl)-3,4-dihydroquinazoline-2-yl)ethyl)carbamate
was prepared as an ivory solid by using 1.59 g (16.90 mmol)
of 3-aminopyridine according to the same manner as
described in step 2 of Preparative Example 1 (10.14 mmol,
yield: 60%).
10 'Y NMR(300 MHz, CDCly) & 8.77(s, 1H), 8.57(s, 1H),
7.45-7.82(m, 5H),5.47(s, 1H), 4.35-4.38(m, 1H), 1.41(s,
9H), 1.26-1.31(m, 3H).

Step 2: Preparation of (S}-2-(l-aminoethyl)-5-chloro-

15 3-(pyridine-3-yl)quinazoline-4(3H)-one

2.6 g of (S)-2-(l-amincethyl)-5-chloro-3-(pyridine-3-
yl)quinazoline-4 (3H)-one was prepared as a white solid by
‘using 4.08 g (10.18 mmol) of tert~butyl (S)-(l1-(5-chloro-4-
oxo0-3-(pyridine-3-yl)-3,4~dihydroguinazoline-2-

20 yl)ethyl)carbamate prepared in stepyl according to the same
manner as described in step 3 of Preparative Example 1
(8.65 mmol, yield: 85%).

'H NMR(300 MHz, CDCly;) & 8.78(s, 1H), 8.58(s, 1H),
7.65-7.71(m, 3H), 7.52-7.56(m, 2H), 3.57-3.64(m, 1H),

25 1.29(dd, J = 22.7, 5.9Hz, 3H).
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Preparative Example 4: Preparation of (8)-5-chloro-3-

(pyridine-3-yl)-2-(pyrrolidine-2-yl)quinazoline-4 (3H) -one

0
¢ 0 <ij)k0H Jiij c 0 /Kj? ¢ o P
i ~OH N\B’O'c H N =N @f‘\“ %, N N N
A s N
NT

o e i
NHa P{OPh)slpyridine /Ki> MC Né%
BocN HN

Step 1: Preparation of tert-butyl (S)-2-(5-chloro-4-

5 oxo-3-(pyridine-3-yl)-3,4-dihydroquinazoline-2-

yl)pyrrolidine-l-carboxylate

3.82 g of tert-butyl (S)=2«~(5-chloro-4-ox0o-3-
(pyridine-3-yl)-3,4-dihydroquinazoline-2~yl)pyrrolidine-1-
carboxylate -was prepared as a white solid by using 1.65 g

10 (17.55 mmol) of 3-aminopyridine according to the same
manner as described in step 2 of Preparative Example 1
(8.95 mmol, yield: 51%). |

'H NMR(300 MHz, CDCl;) & 8.74-8.77(m, 1H), 8.51 (s,

1H), 7.45-7.70(m, 5H), 4.27-4.41(m, 1H), 3.70-3.83(m, 1lH),
15 3.45-3.60(m, 1H), 1.92-1.99(m, ZH);’ 1.77-1.87(m, 2H),

1.31(d4, J = 11.3 Hz, 9H).

Step 2: Preparation of (8)-5-chloro-3-(pyridine-3-yl)-

2-(pyrrolidine-2-yl)guinazoline-4 (3H) ~one

20 2.6 g of (8)-5-chloro-3~-(pyridine-3-yl)-2-
(pyrrolidine-2-yl)quinazoline~4 (3H)-one was prepared as a
white solid by using 3.83 g (8.97 mmol) of tert-butyl (S)-
2-(5-chloro-4-oxo-3-(pyridine-3-yl)-3,4-dihydroquinazoline-
2-yl)pyrrolidine-l-carboxylate prepared in step 1 according
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to the same manner as described in step 3 of Preparative
Example 1 (7.80 mmol, yield: 87%}).

4 NMR (300 MHz, CDCls) & 8.75(s, 1lH), 8.55-8.59(d, J =
12.2 Hz, 1H), 7.63-7.70(m, 3H), 7.50-7.52(m, 2H), 3.63-
3.81(m, 1H), 3.20-3.27{(m, 1H), 2.74-2.79(m, 1H), 1.65-
1.78 (m, 4H).

Preparative Example 5: Preparation of (8)-2-(1-

aminoethyl)-5-chloro-3~(m-tolyl)quinazoline-4 (3H) -one

0
¢ 0 HO)‘\ruHaoe /@\ ¢ o /@\ c 0 /@\
k(:'H ‘ HN" N ~  TFA O N
P(OPh)yfpytidine A MG LA
NH, NT Y N
N,

NHBoS

Step 1: Preparation of tert-butyl (S)-(l1-(5-chloro-4-

oxo-3—-{m-tolyl)-3,4-dihydroquinazoline-2-yl)ethyl)carbamate

5.1 g of tert-butyl (S)-(1-(5~chloro~4-o0xo~3- (m-
tolyl)-3,4-dihydroquinazoline~-2-yl)ethyl)carbamate was
prepared as a white solid by using 1.88 g (17.56 mmol) of
m-toluidine according to the same manner as described in
step 2 of Preparative Example 1 (12.29 mmol, yield: 70%).

'H NMR (300 MHz, CDCl3) & 7.62(s, 2H), 7.39-7.47(m, 2H),
7.31-7.33(m, 1H), 7.15(s, ~1H), 7.08(s, 1H), 5.61(s, 1H),

4.50-4.53(m, 1H), 2.42 (s, 3H), 1.42(s, 9H), 1.27(s, 3H).

Step 2: Preparation of (S)=-2-(l-aminoethyl)-5-chloro-

3-(m~tolyl)quinazoline—-4(3H)-one

3.0 g of {(8}y-2-(1-aminoethyl)-5-chloro-3-{m-
tolyl)guinazoline-4(3H)~-one was prepared as a white solid
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by using 5.0 g (12.10 mmol) of tert-butyl (8)-(l-(5-chloro-
4-ox0-3-(m—-tolyl)-3,4-dihydroquinazoline-2-
yl)ethyl)carbamate prepared in step 1 according to the same
manner as described in step 3 of Preparative Example 1
{(9.56 mmol, yield: 79%).

'H NMR (300 MHz, CDCl3) & 7.61-7.63(m, 2H), 7.41-7.48(m
2H), 7.30-7.33(d, J = 7.7 Hz, 1H), 7.05-7.08{m, 2H), 3.66-
3.73(q, J = 13.0, 6.5 Hz, 1H), 2.42(s, 3H), 1.27-1.29(d, J

= 6.5 Hz, 3H).

Preparative Example 6: Preparation of (S8)-5-chloro-2-

(pyrrolidine-2-yl)-3-(m-tolyl)guinazoline-4(3H)-one

dNH P(g-'h:;dine /©\ dk)\/?\ ::g ‘\/L)\/)

Step 1l: Preparation of (S)-tert-butyl 2-(5-chloro-4-

oxo~-3-(m-tolyl)~-3,4~-dihydroquinazoline-2-yl)pyrrolidine-1-

carboxylate

5.67 g of tert-butyl (8)~2~(5-chloro-4~oxo-3~ (m~
tolyl)-3,4-dihydroquinazoline-2-yl)pyrrelidine-1-
carboxylate was prepared as a yellow solid by using 1.87 g
(17.41 mmol) of m~toluidine according to the same manner as
described in step 2 of Preparative Example 1 (12.88 mmol,
yield: 74%).

'H NMR (300 MHz, CDCls) & 7.53-7.58(m, 2H), 7.45-7.51(m,
2H), 7.30-7.33(m, 1H), 7.14(s, 1H), 7.02(s, 1H), 4.43-
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4.51(m, 1H), 3.63-3.74(m, 1H), 3.42-3.50(m, 1H), 2.42(s,
3H), 1.93-2.04(m, 3H), 1.73-1.79(m, 1H), 1.23-1.37(m, 9H).

Step 2: Preparation of (S) -5-chloro-2- (pyrrolidine-2-

yl)«B—(m—tolyl)quinazoline~4(BH)—one

4.0 g of (s)-5-chloro-2-(pyrrolidine-2-yl)-3-(m-
tolyl)quinazoline-4(3H)-one was prepared as a white solid
by using 5.69 g (12.93 mmol) of tert-butyl (S)-2-(5-chloro-
4—cxo—3—(m—tolyl)—3,4—dihydroquinazoline—2—yl)pyrrolidine—-
l-carboxylate prepared in step 1 according to the same
manner as described in step 3 of Preparative Example 1
(11.77 mmol, yield: 91%).

'y NMR(300 MHz, CDCls) & 7.42-7.58(m, 4H), 7.35(d, J =
8.1 Hz, 1H), 7.20-7.24(m, 1H), 7.05(s, 1H), 4.44-4.51{(m,
1H), 3.42-3.50(m, 1H), 3.18-3.24(m, 1H), 2.44(d, J = 11.7

Hz, 3H), 1.76-1.93(m, 4H).

Preparative Example 7 Preparation of (8)-2-(1-

aminoethyl)~5—chloro—3—(3~fluorophenyl)quinazoline-4(3H)—

one
o
¢l o , < o o 0
e T WA QL gt
OH HaN F N ‘FTFA N £
NH P(OPh)sfpyridine N/’)L\/ MC p /)\\/
2 H NT Y
NHBoc NH;

Step 1l: Preparation of tert-butyl (8)-{1-(5-chloro-3-

(3~fluorophenyl)-4moxo~3,4~dihydr0quinazolinem2~

yl)ethyl)carbamate
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4.88 g of tert-butyl (8)-(1-(5-chloro~-3-(3-
fluorophenyl)-4-oxo-3,4-dihydroquinazoline-2-
yl)ethyl)carbamate was prepared as a yellow solid by using
1.94 g (17.43 mmol) of 3-fluorcaniline according to the
same manner as described in step 2 of Preparative Example 1
(11.68 mmol, yield: 67%). |

'H NMR (300 MHz, CDCl3) & 7.42-7.63(m, 4H), 7.14-7.23(m,
1H), 7.03-7.17(m, 2H), 5.44-5.55(m, 1H), 4.48-4.52(m, 1H),

1.42{(s, 9H), 1.18-1.31{(m, 3H}.

Step 2: Preparation of (8)-2-(l-aminoethyl)-5-chloro-

3-(3-fluorophenyl)quinazoline-4(3H) -one

2.4 g of (§)-2-(l-aminoethyl)~-5-chloro-3-(3-
fluorophenyl)quinazoline-4 (3H) -one was prepared as a white
solid by using 4.88 g (11.80 mmol) of tert-butyl (S)=-(1-(5-
chloro-3-(3-fluorophenyl)-4-0x0-3,4-dihydroquinazoline-2-
yl)ethyl)carbamate prepared in step 1 according to the same
manner as described in step 3 of Preparative Example 1
) -

H NMR (300 MHz, CDCls) & 1.64(s, 1H), 7.63(d, J = 1.5

v

(7.55 mmol, yield: 64

Hz, 1H), 7.46-7.60(m, 2H), 7.22-7.25(m, 1H), 7.04-7.10{m,

2H), 3.65-3.71(m, 1H), 1.31(dd, J = 6.5, 1.3 Hz, 3H).

Preparative Example 8: Preparation of (S)-5-chloro-3-

(3-fluorophenyl)-2-(pyrrolidine-2-yl)quinazoline-4(3H)-one
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(o]
a o <:TA©H
[:i:]:%kwnﬂ N-Boc
NHy

P(OPh)s/pyridine

Step 1l: Preparation of tert-butyl (S)-2-(5-chloro-3-

(3-fluorophenyl)-4-ox0-3,4~-dihydroquinazoline~2-

yl)pyrrolidine-l-carboxylate

6.33 g of tert-butyl (S)-2-(5~chloro-3-(3-
fluorophenyl)-4-ox0-3,4-dihydroquinazoline-2-
yl)pyrrolidine-l-carboxylate was prepared as a yellow solid
by using 1.93 g (17.39 mmol) of 3-fluorcaniline according
to the same manner as described in step 2 of Preparative
Example 1 (14.26 mmol, yield: 82%).

'H NMR (300 MHz, CDCl3) & 7.52-7.65(m, 3H), 7.34-7.49(m,
2H), 6.97-7.23(m, 2H), 4.42-4.51(m, 1H), 3.65-3.77(m, 1H),
3.42-3.54(m, 1H), 1.91-2.11{(m, 3H), 1.79-1.88(m, 1H), 1.26-
1.37 (m, 9H).

Step 2: Preparation of (8)~-5~-chloro—-3-(3-

flucrophenyl) -2~ (pyrrolidine-2-yl)guinazoline-4(3H)-one

3.82 g of {(5)-5-chloro-3-(3-flucrophenyl)-2-
(pyrrolidine-2-yl)quinazoline-4(3H)-one was prepared as a
white solid by using 6.49 g (14.62 mmol) of tert-butyl (8)-
2-(5-chloro-3-(3-fluorophenyl)-4-oxo0-3, 4~
dihydroquinazoline-2-yl)pyrrolidine-l-carboxylate prepared
in step 1 according to the same manner as described in step
3 of Preparative Example 1 (11.11 mmol, yield: 76%).

84



10

15

20

©A 02979815 2017-09~14

'H NMR(300 MHz, CDCls) & 7.62(s, 1H), 7.61(s, 1H),
7.44-7.58(m, 2H), 7.20-7.25(m, 1H), 7.02-7.12{(m, 2H), 3.78-
3.81(m, 1H), 3.24-3.28(m, 1H), 3.00(s, 1H), 2.77-2.80(m,
1H), 1.72-1.82(m, 4H).

Preparative Example 9: Preparation of (8)-2-(1-

aminopropyl)-5-fluoro-3-phenylquinazoline-4(3H)-one

jj " &L D dt e

P(OPh)4/pyridine
Step 1l: Preparation of tert-butyl (S)-(1-(5-fluoro-4-

NHBoc

oxo-3-phenyl-3,4-dihydroquinazoline-2-yl)propyl)carbamate

4.42 g of tert-butyl (S)-2-(5-chloro-3-(3-
fluorophenyl)-4-0x0-3, 4~dihydroquinazoline-2-
yl)pyrrolidine-l-carboxylate was prepared as a white solid
by using 2.97g (14.61 mmol) of (S)~2~((tert-
butoxycarbonyl)amino)butanoic acid according to the same
manner as described in step 2 of Preparative Example 1
(11.11 mmol, yield: 76%).

4 NMR(300 MHz, DMSO-dg¢) & 7.39-7.43(m, 1H), 7.07-
7.19(m, 3H), 6.99-7.02(m, 2H), 6.72-6.88(m, 2H), 3.51-
3.56(m, 1H), 2.92(s, 1H), 1.26-1.31(m, 1H), 1.10-1.17(m
1H), 0.92(s, 9H), 0.21(t, J = 6.7 Hz, 3H).

Step 2: Preparation of (S)-2-(l-aminopropyl)-5-fluoro-

3-phenylquinazoline-4 (3H) -one
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32.43 g of (8)-2-(l-aminopropyl)~5-fluoro-3-
phenylquinazoline-4(3H)-one was prepared as a white solid
by using 4.16 g (10.47 mmol) of tert-butyl (8)-2-(5-chloro-
3~ (3-fluorophenyl)-4-oxo~-3,4-dihydroquinazoline-2-
yl)pyrrolidine-l-carboxylate prepared in step 1 according
to the same manner as described in step 3 of Preparative
Example 1 (8.17 mmol, yield: 78%).

'H NMR (300 MHé, chCl3) & 7.66-7.73(m, 1H), 7.50-7.56(m,
4H), 7.27-7.28(m, 3H), 7.11(t, J = 5.1 Hz, 1H), 3.40-
3.44(m, 1H), 1.75-1.84(m, 1H), 1.46-1.55(m, 1H), 0.79(t, J
= 7.4 Hz, 3H).

Preparative Example 10: Preparation of {8)=-3~(1-

aminoethyl)-4,8-dichloro-2-phenylisoquinoline-1(2H)-one

¢t 0

J\on _Oxalyl Chloride @:U\ _aniline/TEA ‘:H\ - C 1) n-BULiTHF
Mcit “mcnec ' 2) CiMg. . Boc
|

f”ker*OMe,

0
L . b
Ci 12NHCI @@v _(D)tartaric acid ‘i“\)v (CF3C0)0
. MeOH pyridine/MC
NHBoc
s}
HN)kCFa Ci HM)LCE3 Cl NH,
XN Ry KoCO, Z S .
“/ MeCN N~ ag. MeOH N
O R (Y0
Step 1: Preparation of 2-chloro-6-methylbenzoyl
chloride
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10.073 g (59.04 mmol) of 2-chloro-6-methylbenzoic acid
was mixed with anhydrous dichloromethane (150 mL), to which
10.3 ml (118.09 mmol, 2 equivalents) of oxalylchloride was
added. Dimethylformamide was dropped thereto 1-2 drops,
and the mixture was stirred at room temperature for 4
hours. The mixture was concentrated under reduced
pressure. As a result, 11.479 g of the target compound

brown ligquid target compound 2~chloro-6-methylbenzoyl

chloride was obtained as a brown liquid (59.04 mmol, yield:

100%) .
Step 2: Preparation of 2~-chloro-6-methyl-N-
phenylbenzamide

5.8 mL (63.76 mmol, 1.05 equivalent) of aniline and
14.8 mL (106.26 mmél, 1.75 equivalent) of triethylamine
were dissolved in anhydrous dichloromethane (150 mL}, to
which 11.48 g {(60.7 mmol, 1.0 equivalent) of Z2-chloro-6-
methylbenzoyl chloride prepared in step 1 that had been
dissolved in anhydrous dichloromethane (20 mL) was slowly
dropped at 0T for 10 minutes, followed by stirring for 5
hours. Then, the mixture was washed with IN HC1l, water,
and saturated sodiumbicarbonate solution stepwise. The
organic layer was separated, dried (Na;S80,.), filtered, and
distillated under reduced pressure. The obtained solid was
recrystallized with hexane/ethyl acetate to give 13.0 g of
the target compound 2-chloro-6-methyl-N-phenylbenzamide as
a white solid (52.9 mmol, yield: 87%).
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1y NMR (300 MHz, DMSO-d¢) & 10.56(s, 1H), 7.69-7.72(d, J
= 7.7 Hz, 28), 7.27-7.37(m, 5H), 7.10(x, J = 7.3 Hz, 1H),

2.31(s, 3H).

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

(phenylcarbamoyl)phenyl)-3-oxobutane-2-yl)carbamate

6 g (24.42 mmol} of 2-chloro-6-methyl-N-
phenylbenzamide prepared in step 2 was dissolved in
anhydrous THF (50 mL), to which 24.42 ml (61.05 mmol, 2.5

equivalent) of n-Buli was slowly added at =-30T. The

mixture was stirred for 1 hour. 8.5 g (36.63 mmol, 1.5

~equivalent) of tert-butyl (S)-(l-(methoxy(methyl)amino)-1-

oxopropane-2-yl)carbamate was dissolved in anhydrous THF
(50 mL), to which 56.35 ml (73.26 mmol, 3.0 equivalent) of
isopropyl magnesiumchloride was slowly added at -30C. The
reaction mixture was stirred for 1 hour, which was slowly

added to the above mixture by using a cannula, followed by

stirring at -15C for 2 hours. The temperature was
maintained at -15C ~ -10C, while the reaction mixture was
added with water and 1N HCl stepwise. PH of the reaction

mixture was regulated to be 5 and the mixture was heated at
room temperature. The organic layer was extracted by usiﬁg
ethyl acetate, which was washed with saturated brine,
separated, dried (Na,;S04), filtered, and concentrated under
reduced pressure. The residue was separated,'by column
chromatography (S10,, eluent: CH,Cl,/MeCH, 30/1 ->
CH,Cl,/MeOH, 10/1) to give 8.8 g of the target compound
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tert~butyl (8)-(4-(3~-chloro-2- (phenylcarbamoyl)phenyl)-3-
oxobutane-2-yl)carbamate as a white solid (21.11 mmol,
yield: 86%).

'y NMR (300 MHz, CDCls;) & 7.90(s, 1H), 7.59(d, J = 7.6
Hz, 2H), 7.29-7.35(m, 4H), 7.13-7.18(m, 2H), 5.01(s, 1H),
4.33-4.37(m, 1H), 3.91-4.06(m, 2H), 1.40(s, 9H), 1.24(d, J

= 7.3 Hz, 3H).

Step 4: Preparation of.(S)-3—(1~aminoethyl)—8—chloro-

2-phenylisoqguinoline-1(2H) -one

8.8 g (21.11 mmol) of tert-butyl (S)-(4-(3-chloro-2-
(phenylcarbamoyl)phenyl) -3-oxobutane-2-yl)carbamate
prepared in step 3 was dissolved in IPA/12 N HC1l (5/3, 160
mL), followed by stirring at 65C for 2 hours. The mixture
was concentrated under reduced pressure, to which saturated
sodiumbicarbonate aqueous sblution was added. The organic
layer was extracted by using dichloromethane, which was
separated, dried (NazSO4), filtered, and concentrated under
reduced pressure. The residue was separated by column
chromatography (5102, eluent: CH,C1l,/MeOH, 10/1 -2
CH,C1l,/MeOH, 5/1) to give 4.871 g of the target compound
(8)-3-(l-aminoethyl)-8-chloro-2-phenylisoquinoline-1(2H) -

one as a white solid (16.30 mmol, yield: 77%).

Step 5: Preparation of (S)-3-(l-aminoethyl)-8-chloro-

2-phenylisogquinoline-1(2H) -one
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4.871 g (16.30 mmol) of (8S)-3-(l-aminoethyl)-8~chloro-
2-phenylisoquinoline-1(2H) -one prepared in step 4 was
dissolved in methanol (100 mL), to whiqh 2.45 g (16.30
mmol, 1.0 equivalent) of (D)-tartaric acid was added. The
mixture was stirred at room temperature for 30 minutes,
followed by reflux for 90 minutes. The reaction mixture
was stirred at room temperature for 12 hours and then the
generated white solid was filtered. Water was added to the
white solid and pH was adjusted to be 8 with saturated

sodiumbicarbonate aqueous solution, followed by stirring at

room temperature for 30 minutes. The white solid was
filtered and dried. As a result, 3.74 g of the target
compound (S)-3-(l-aminoethyl)-8-chloro-2-

phenylisoquinoline-1(2H)-one was obtained as a white solid
(12.50 mmol, yield: 77%).

'H NMR (300 MHz, CDClsz) & 7.41-7.56(m, 7H), 7.28(s, 1H),
6.71(s, 1H), 3.68-3.74(q, J = 6.5 Hz, 1H), 1.31(s, 2H),

1.25(d, J = 6.5 Hz, 3H).

Step 6: Preparation of (8)~N-(1l~{8~-chloro-1-oxo-2~

phenyl-1,2-dihydroisoquinoline-3-yljethyl)-2,2,2-

trifluoroacetamide

2.99 g (10.00 mmol) of (8)-3-(l-aminoethyl)-8-chloro~
2-phenylisoquinoline-1(2H)-one prepared in step 5 and
anhydrous pyridine (3 equivalent) were added to anhydrous
CH,C1> (15 nL), to which trifluorocacetic anhydride

[ (CF3C0),0, 1.2 equivalent] was added at 0T. 30 minutes
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later, the reaction mixture was warmed up to room
temperature, followed by stirring for 2 hours. The organic
layer was extracted by using water and ethyl acetate, which
was wa§hed with saturated brine, separated, dried (NaxS804),
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (SiO2,
eluent: hexane/ethyl acetate, 10/1 -> hexane/ethyl acetate,
2/1) to give 3.83 g of the target compound (S)-N-(1-(8-
chloro-1l-oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl) -
2,2,2-trifluorcacetamide as a white solid (9.70 mmol,
yield: 97%). '

'H NMR (300 MHz, CDClz) & 7.20-7.60 (m, 8H), 6.52 (s,
1H), 6.38 (br d, 1H), 4.64-4.74 (m, 1H), 1.43 (d, J =

6.9Hz, 3H).

Step 7: Preparation of (S)-N-(1-(4,8-dichloro-l-oxo-2-

phenyl-1,2-dihydroisoquinoline~-3-yl)ethyl)-2,2,2~

trifluoroacetamide

3.55 g (9.00 mmol) of (8)-N-{1-(8-chloro-l-ox0o-2~
phenyl-l,2—dihydroisoquinoline;3—yl)ethyl)—2,2,2~
trifluoroacetamide prepared in step 6, N-chlorosuccinimide
(NCS, 1.2 equivalent), and anhydrous acetonitrile (25 mL)
were mixed together. The reaction mixture was refluxed for
4 hours and then cooled down the temperature to room
temperature. Saturated sodiumthiosulfate (Na»S,03)
solution (2 mL) and water were added thereto, followed by
extraction wusing ethyl acetate. The organic layer was
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separated and washed with saturated brine. The organic

layer was separated, dried {(Na,S04) , filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (810,, eluent:

hexane/ethyl acetate, 10/1 -> hexane/ethyl acetate, 3/1) to
give 3.79 g of the target compound (S)-N-(1-(4,8-dichloro-
l-oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)-2,2,2-
triflucroacetamide as a white solid (8.82 mmol, yield:
98%) .

'Y NMR(300 MHz, CDCl;) & 7.98 (m, 1H), 7.51-7.69 (m,
6H), 7.15-7.20 (m, 1H), 7.03 (br s, 1H), 4.85-5.00 (m, 1H),

1.58 (d, J = 7.2Hz, 3H).

Step 8: Preparation of (§)-3-(1l-aminoethyl)-4,8-

dichloro-z~phehylisoquinoline—l(2H)-one

3.78 g (8.8 mmol) of (S)-N-(1-(4,8-dichloro-l1-oxo-2-
phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)-2,2,2~
trifluoroacetamide prepared in step 7, KzCO3 (5 equivalent),
and MeOH/H,0 (10/1, 20 mL) were mixed and the reaction
mixture was refluxed for 12 hours. The mixture was cooled
down to room temperature. The solvent was eliminated under
reduced pressure. Water and ethyl acetate were added
thereto, followed by extraction. The organic layer was
separated and washed with saturated brine. The organic
layer was separated, dried (Na»S04), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (8103, eluent:

92



10

15

20

©A 02979815 2017-09~14

CH,Cl,/MeOH, 20/1 -> hexane CH,Cl,/MeOH, 10/1) to give 2.90
g of the target compound (S)-3-(l-aminoethyl)-4,8~-dichloro-
2-phenylisoquinolineél(2H)—one as a white solid (8.7 mmol,
yield: 99%). | |

'H NMR (300 MHz, CDCl;) & 7.98-8.03 (m, 1H), 7.45-7.65
(m, 5H), 7.17-7.30 {(m, 2H),3.87-4.00 (m, 1H), 1.80 (br s,

2H), 1.46 (d, J = 7.1Hz, 3H).

Preparative Example 11: Preparation of (S)-8-chloro-2-

phenyl-3-(pyrrolidine—Z—yl)isoquinoline—l(2H)~one

@:‘Lﬁ , 1) n-BuLiTHF u ' 12N HCI

IPA

N 2) _Boe

'-‘NTwe

4]

Step '1: Preparation of tert-butyl (8)-2-(2-(3-chloro-

2-(phenylcarbamoyl)phenyl)acetyl)pyrrolidine-l-carboxylate

6 g (24.42 mmol) of 2~chloro-6-methyl-N-
phenylbenzamide prepared in step 2 of Preparative Example
13 was dissolved in anhydrous THF (50 mL). 24.42 ml (61.05

mmol, 2.5 equivalent) of n-Buli was slowly added thereto at

-30C, followed by stirring for 1 hour. 9.46 g (36.63
mmol, 1.5 equivalent) of tert-butyl (S)~-2-
(methoxy (methyl)carbamoyl)pyrrolidine-l-carboxylate was

dissolved in anhydrous THF (50 mL), which was slowly added
to the reaction mixture above. Then, 5.05 g of the target
compound tert-butyl (S$)~2~({2-(3-chloro-2-
(phenylcarbamoyl)phenyl)acetyl)pyrrolidine-l-carboxylate
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was obtained as a white solid by the same manner as
described in step 3 of Preparative Example 10 (11.41 mmol,
yield: 88%).

4 NMR (300 MHz, CDCl;) & 8.03(s, 1H), 7.60(d, J = 6.9
Hz, 2H), 7.32-7.38(m, 3H), 7.16(d, J = 8.6 Hz, 2H), 7.05(d,
J o= 4.1’ Hz, 1H), 4.28-4.39(m, 1H), 3.98(s, 1H), 3.41-

3.52(m, 2H), 1.69-1.78(m, 4H), 1.38(d, J = 12.1 Hz, 9H).

Step 2: Preparation of (3)-8-chloro-2~-phenyl-3-

(pyrrolidine-2-yl)isoquinoline-1(2H)-one

2.3 g of (8)-8-chloro-2-phenyl-3-(pyrrolidine-2-
yl)isoquinoline-1(2H)-one was prepared as a white solid by
using 3.34g (7.53 mmol) of tert-butyl ($)-2~-(2~(3~-chloro-2-
(phenylcarbamoyl)phenyl)acetyl)pyrrolidine-l-carboxylate
prepared 1in step 1 according to the same manner as
described in step 4 of Preparative Example 10 (7.08 mmol,
yield: 94%).

'H NMR(300 MHz, CDCl;) & 7.40-7.54(m, 6H), 7.27-7.30(m,
1H), 7.21-7.23(m, 1H), ©6.87(s, 1H), 3.78(t, J = 7.0 Hz,
1H), 3.05-3.12(m, 1H), 2.82-2.90(m, 1H), 1.75-1.84(m, 1H),
1.75(s, 1H), 1.54-1.66(m, 3H)}.

Preparative Example 12: Preparation of (8)~1~-{2~-

phenylguinoline-3-yl)ethaneamine
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aa | H PhB(CH),
SN Nl PA(PPhs)s
‘ toluene/H0

Step 1: Preparation of 2~phenylquinoline-3-

carbaldehyde

10 g (52.19 mmol, 1.0 equivalent) of 2-chloro-3-
guinolinecarbaldehyde was dissolved in toluene/water (4/1,
150 mL), to which 7 g (57.41 mmol, 1.1 equivalent) of
phenylboronic acid, 12.17 g (114.82 mmol, 2.2 equivalent)
of Na,COs;, 1.5 ¢g (1.30 mmol, 2.5 mol%) of Pd(PPhs)s, and 7 ~
8 drops of Aliquat 336 were slowly added stepwise. The
mixture was refluxed for 12 hours under argon atmosphere.
The mixture was then cooled down to room temperature.

Water was added thereto, followed by extraction using ethyl

acetate. The organic layer was separated, dried (N,S0%),
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (SiOz,
eluent: hexane/dichloromethane, 10/1 ->

hexane/dichloromethane, 3/1) to give 12.156 ¢g of the target
compound 2-phenylquinoline~3-carbaldehyde as a white solid

(52.11 mmol, yield: 94%).
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‘H NMR(300 MHz, <CDClz) & 10.19(s, 1H), 8.86(s, 1H),
8.22(d, J = 6.4 Hz, 1H), 8.03(d, J = 7.9 Hz, 1H), 7.88(t, J =

7.7 Hz, 1H), 7.64-7.71(m, 3H), 7.55-7.61(m, 3H).

Step 2: Preparation of (S,E)~2-methyl-N-{(2~

phenylgquinoline-3~yl)methylene)propane~2-sulfinamide

3 g (12.89 mmol, 1.1 eguivalent) of Z2-phenylgquinoline-3-
carbaldehyde prepared in step 1 was dissolved in THF (100
mL), to which 5 ml (23.43 mmol, 2 equivalent) of Ti(OEt)s and
1.42 g (11.72 mmol, 1.0 eguivalent) of (R)~-{(+)-2-methyl-2-
propanesulfinamide were added, followed by reflux for 12
hours. The reaction mixture was cooled down to room
temperature, to which saturated sodiumbicarbonate aqgueocus
solution was added, followed by stirring for 1 hour. The
mixture was filtered with celite™ pad, followed by extraction
using ethyl acetate. The organic layer was washed with
saturated brine, dried (Na,80.), filtered, and concentrated
under reduced pressure. The residue was separated by column
chromatography (Si0,, eluent: hexane/ethyl acetate, 5/1 -~->
hexane/ethyl acetate, 1/1) to give 3.%96 g of the target
compound ($,E)-2-methyl=N-((2-phenylgquinoline~3-
yl)methylene) propane—-2—-sulfinamide as a vyellow solid (11.77
mmol, yield: 91%).

1H NMR(300 MHz, CDClz) & 8.90(s, 1H), 8.80(s, 1H),
8.19(d, J = 8.2 Hz, 1H), 7.97(d, J = 7.8 Hz, 1H), 1.81(s,

1H), 7.50-7.61(m, 6H), 1.31(s, O9H).
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Step 3: Preparation of {(R) ~2~methyl-N-((8)-1- (2~

phenylquinoline-3-yl)ethyl)propane-2-sulfinamide

3.96 g (l1l1.76mmol, 1.0 equivalent) of (S,E)-2-methyl-
N-((2-phenylquinoline-3-yl)methylene)propane-2-sulfinamide
prepared in step 2 was dissolved in anhydrous
dichloromethane (70 mL), to which 11.76 ml (23.53 mmol, 3
equivalent) of 2 M MeMgBr was slowly added at -787T,
followed by stirring for 3 hours. The mixture was further
stirred at room temperature for 12 Thours, to which
saturated NH4Cl aqueous solution was added. The organic
layer was separated, dried (Na;804), filtered, and
concentrated under reduced pressure. The residue was
separated by  column chromatography (8102, eluent:
hexane/ethyl acetate, 3/1 -> hexane/ethyl acetate, 1/2) to
give 2.52 g of the target compound (R)-2-methyl-N-((S)-1-
(prhenquuinoline~3—yl)ethyl)propanewz-sulfinamide as a
white solid (7.15 mmol, yield: 61%).

'H NMR (300 MHz, CDCls) & 8.32(s, 1H), 8.16(d, J = 8.5
Hz, 1H), 7.84(d, J = 8.2 Hz, 1H), 7.71(t, 4 = 7.6 Hz, 1lH),
7.41-7.58(m, €H), 4.90-4.98(m, 1H), 3.42(d, J = 3.1 Hz,
1H), 1.47(d, J = 6.6 Hz, 3H), 1.20(s, 9H).

Step 4: Preparation of (8)~1-(2-phenylquincoline-3-

yl)ethane-l-amine

2.42 g (7.15mmol, 1.0 equivalent) of (R)-2-methyl-N-
((S)-1-({2-phenylquinoline-3-yl)ethyl)propane-2-sulfinamide
prepared in step 3 was dissolved in methanol (50 mlL), to
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which 4 M HCl dioxan solution (15 mL) was added at room

temperature. The mixture was stirred at room temperature

for 2 hours. Saturated sodiumbicarbonate aqueous sélution

was added thereto, followed by extraction using ethyl

5 acetate. The organic layer was separated, dried (NayS04),

filtered, and concentrated under reduced pressure. The

residue was separated by column chromatography (S10,,

eluent: dichloromethane/methanol, 20/1 -

>dichloromethane/methanol, 5/1) to give 1.65 g of the

10 target compound (S)-1-(2-phenylquinoline~3-yl}ethane-1-
amine as a pale yellow solid (6.64 mmol, yield: 93%).

'H NMR (300 MHz, CDCl;) & 8.43(s, 1H), 8.13(d, J = 8.4

Hz, 1H), 7.86(d, J = 8.1 Hz, 1H), 7.68(t, J = 7.6 Hz, 1H),

7.44-7.55(m, 6H), 4.42-4.48(q, J = 6.5 Hz, 1H), 1.58({s,

15 2H), 1.34(d, J = 6.5 Hz, 3H).

Preparative Example 13: Preparation of tert-butyl (5)-

(1- (methoxy (methyl)amino)-1l-oxopropane-2-yl)carbamate

0 0]
‘ MeNH(OMe e L OM
\|/U\OH ( ) ﬁ/\LN‘ OMe
NHBoc TEA/HOBYEDC:HC BocHN |
MC
20 10 g (52.85 mmol, 1.0 equivalent) of (S)-2-((tert-

butoxycarbonyl)amino)propanoic acid was dissolved in
anhydrous dichloromethane (250 ml), to which 29.5 ml
(211.40 mmol, 4.0 equivalent) of triethylamine and 7.14 g
(52.85 mmol, 1.0 equivalent) of hydroxybenzotriazole (HOBt)

25 were added at 0C. 20.3 g (105.70 mmol, 2.0 equivalent) of

98



10

15

20

25

©A 02979815 2017-09~14

EDCI -HC1 was added thereto, followed by stirring at room
temperature for 30 minutes. 5.7 g (58.14 mmol, 1.1
equivalent) of N,O-dimethylhydroxylamine was added thereto,
followed by stirring at room temperature for 12 hours.
Water was added to the reaction mixture, followed by
extraction using ethyl acetate. The organic layer was
separated, dried (Na;S04), filtered, and concentrated under
reduced pressure. The obtained solid was recrystallized
with hexane/ethyl acetate to give 11.7 g of the target
compound tert-butyl (S)-(1l-(methoxy (methyl)amino)-1-
oxopropane~2-yl)carbamate as a  white solid (50.37 mmol,
yield: 95%).

14 NMR(300 MHz, CDCls) & 5.23(s, 1H), 4.68-4.70(m, 1H),
3.77{(s, 3H), 3.12(s, 3H), 1.44(s, 9H), 1.31(4, J = 3.5 Hz,

3H) .

Preparative Example 14: Preparation of 2Z2-((tert-

butexycarbonyl)amino)butanoic acid

O O
‘ f Boc,0 , .

10 g (96.97 mmol, 1.0 eq) of 2-aminobutanocic acid was
dissolved in 65 ml of methanol, to which 97 ml of 1 M
sodiumhydroxide {NaOH) and 25.4 g (116.37 mnmmol, 1.2
equivalent) of di-tert-butyl dicarbonate (Boc;0) were added
at 0C. The mixture was stirred at room temperature for 48
hours, followed by concentration under reduced pressure.
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The reaction mixture was acidized with 1N HCl (pH 2-3),
followed by extraction using ethyl acetate. The organic
layer was separated, dried (Nay,S0,), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography {5i0,, eluent:
hexane/ethyl acetate, 10/1 -> hexane/ethyl acetate, 3/1) to
give 18.5 g of the target compound 2-{(tert-
butoxycarbonyl)amino)butanoic acid as a colorless oil
{(91.02 mmol, yield: 94%).

'H NMR(300 MHz, CDCl;) & 6.24(s, 1H), 5.00-5.03(d, J =
7.6 Hz, 1H), 4.27-4.29(m, 1H), 1.87-1.94(m, 1H), 1.66-
1.78(m, 1H), 1.45(s, 9H), 0.96-1.01(t, J = 7.3 Hz, 3H).

Preparative Example 15: Preparation of pyrrolo[2,1-

£f1[1,2,4}triazine~4(3H)-one derivative
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Steps 1 and 2: Preparation of methyl 3~-chloro~-1H-

pyrrole-2-carboxylate (3)

5-methyl-3,4~dihydro~2H~pyrrole(l) (4 g, 0.05 mol) was
dissolved in THF (120 ml), to which N-chlorosuccinimide
(51.4 g, 0.39 mol) was slowly added at 0T. The mixture
was stirred for 15 minutes, followed by reflux for 2.5
hours. THF was eliminated under reduced pressure.
Extraction was performed with dichloromethane. The organic
layer was washed with saturated brine, separated, dried
(anhydrous MgS0;), filtered, and concentrated under reduced
pressure. The obtained compound 4,4~dichloro-5-
(trichloromethyl)-3,4~-dihydro-2H-pyrrole(2) was used for
the next reaction without purificatioen. 4,4-dichloro-5-
(trichloromethyl)-3,4-dihydro-2H-pyrrole(2) (12 g, 0.05
mol) was dissolved in methanol (100 ml), to which sodium
methoxide (NaOMe) (28 wt% methanol solution) (16 g, 0.29
mol) was slowly added at 0T, followed by reaction at room
témperature for 2 hours. Extraction was performed with
ethyl acetate. The organic layer was washed with saturated
brine, separated, dried (Mg350,;), filtered, and concentrated
under reduced pressure. The residue was separated by
column chromatography (Si0;, eluent: hexane/ethyl‘acetate,
5/1) to give 6.5 g of the target compound methyl 3-chloro-
lH-pyrrole-2-carboxylate(3) as a brown solid (0.04 mmol,
yield: 77%). |

'H NMR (300 MHz, CDCl3) & 9.11 (br s, 1H, NH), 6.87 (t,
J = 2.7 Hz, 1H), 6.26 (t, J = 2.7 Hz, 1H), 3.90 (s, 3H).

101



10

15

20

25

©A 02979815 2017-09~14

Step 3: Preparation of 3-chloro-1H-pyrrole-2-

carboxylic acid(4)

Methyl 3-chloro-1H-pyrrole-2-carboxylate(3) (5 g, 0.03
mol) was dissolved in methanol/water (2/1) (30 ml), to

which LiOH-H,0 (5.3 g, 0.13 mol) was added, followed by

reflux at room temperature for 1.5 hours. 12 N HC1 (13 ml}
was slowly added thereto at 0T. The reaction mixture was
extracted by using ethyl acetate. The extract was washed

with saturated brine, separated, dried (anhydrous NasSQ04),
filtered, and concentrated under reduced pressure, The
obtained solid compound was washed with hexane to give the
target compound 3-chloro-lH-pyrrole-2-carboxylic acid(4).

'H NMR (300 MHz, DMSO-dg¢) & 12.58 (br s, 1H), 11.92 (br

s, 1H), 6.%94 (t, J = 2.7 Hz, 1H), 6.19 (t, J = 2.7 Hz, 1lH).

Step 4-1: Preparation of 3-chloro-N-phenyl-lH-pyrrole-

2-carboxamide (5a)

3-chloro-1lH-pyrrole-2-carboxylic acid(4) (L g, 6.87
mmol) was dissolved in anhydrous dichloromethane (25 ml),
to which oxélyl chloride (1.3 a, 16.31 mmol) and
dimethylformamide (2 drops) were slowly added at room
temperature. The reaction mixture was refluxed for 1 hour,
followed by concentration under reduced pressure. The
obtained solid compound was dissolved in anhydrous 1,4-
dioxane (8 ml), to which aniline (0.8 g, 8.25 mmol) and
N,N-diisopropylethylamine (DIPEA) (2.7 g, 20.61 mmol) were
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slowly added at 0C. The mixture was reacted at 60C for 1

hour, followed by extraction with ethyl acetate. The
extract was washed with saturated brine, separated, dried
(anhydrous Na,$0,), filtered, and concentrated under reduced
pressure. The obtained solid compound was washed with
hexane to give the target compound 3~-chloro-N-phenyl-1H-
pyrrole-2-carboxamide (5a) as a dérk brown sclid.

4 NMR (300 MHz, CDCig) 5 10.35 (br s, 1H), 8.60 (br s,
1H), 7.64 (d, J = 7.2 Hz, 2H), 7.37 (t, J = 7.8 Hz, 2H),

7.15 (¢, J = 7.2 Hz, 1H), 6.91 (s, 1H), 6.27 (s, 1H).

Step 4-2: Preparation of 3-chloro-N-(3-fluorophenyl)-

1H-pyrrole-2-carboxamide (5b)

2.6 g of 3-chloro-N- (3-fluorophenyl)-1H-pyrrole-2-
carboxamide (5b) was prepared as a pale brown solid by using
3—chloro—1H~pyrrole~2~carboxylic acid(4) (2 g, 13.75 mmol)
and 3-fluoroaniline (1.9 g, 17.19 mmol) by the same method
to prepare the compound 5a (10.85 mmol, yield: 67%).

1§ NMR (300 MHz, CDCls;) & 9.81 (br s, 1H), 8.61 (br s,
1H), 7.61 (d, J = 11.1 Hz, 1H), 7.34-7.21 (m, 2H), 6.93 (t,
J = 3.0 Hz, 1H), 6.81-6.87 (m, 1H), 6.29 (t, J = 3.0 Hz,

1H) .

Step 5-1: Preparation 'of l-amino-3-chloro-N-phenyl-1H-

pyrrole-2~carboxamide (6a)

NH,.,C1 (2.1 g, 39 mmol), NaOH (28 wt%) agqueous solution
(5.2 g, 130 mmol), NH,OH (ammoniumhydroxide) (28 wt%) (2.3
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g, 65 mmol), and Aliquat 336 (0.3 g, 0.65 mmol) were mixed
to prépare a mixed solution. 3-chloro-N-phenyl-1H-pyrrole-
2-carboxamide (5a) (1.4 g, 6.50 mmol) was dissolved in t-
butylmethyl ether/diethyl ether (1:1) (80 ml), which was
slowly added to the mixed solution at 07T. NaOCl
(sodiumhypochloride) aqueous solution (10 wt%) was slowly
added thereto at the same temperature, followed by reaction
at room tempefature for 4 hours. Extraction was performed
with ethyl acetate. The organic layer was washed with
saturated brine, separated, dried (MgSO4), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (3103, eluent:
hexane/ethyl acetate, 5/1) to give 1.1 g of the target
compound l1-amino-3-chloro-N-phenyl-1H-pyrrole-2-
carboxamide (6a) as a white solid (4.56 mmol, yield: 70%).

'H NMR (300 MHz, CDCls) & 8.53 (br s, 1H), 7.59 (d, J =
8.4 Hz, 2H), 7.37 (t, J = 7.8 Hz, 2H), 7.16 (t, J = 7.5 Hz,
1ny, 6.91 (d, J = 2.7 Hz, 1H), 6.08 (d, J % 3.0 Hz, 1H),
5.91 (s, 2H).

Step 5-2: Preparation of l-amino-3-chloro-N-{3-

fluorophenyl)-1lH-pyrrole~2~carboxamide (6b)

1.7 g of l-amino-3~chloro~N- (3-fluorophenyl)-1H~
pyrrole-2-carboxamide (6b) was prepared as a white solid by
using 3~chloro-N- (3~-fluorophenyl)-1H-pyrrole-2-
carboxamide {(5b) (3.9 g, 0.0Z mol) by the same method to
prepare the compound 6a (6.78 mmol, yield: 63%).
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ly NMR (300 MHz, DMSO-dg) & 11.03 (br s, 1H), 7.68 (d,
J = 12 Hz, 1H), 7.36 (s, 2H), 6.98 (d, J = 2.7 Bz, 1H),

6.90-6.94 (m, 1H), 6.54 (s, 2H), 6.12 (d, J = 3.0 Hz, 1H).

Step 6-1-1: Preparation of tert-butyl (S)=-2-((3-

chloro-2-(phenylcarbamoyl)~-1H-pyrrole-1-

yl)carbamoyl)pyrrblidine—l— carboxylate (7a)

l1-amino-3-chloro-N-phenyl-1H-pyrrole-2-carboxamide (6a)
(150 mg, 0.64 mmol), N-(tert-butoxycarbonyl)-L-proline (192
mg, 0.89 mmol), and EDC-HCl1 (171 mg, 0.89 mmol) were
dissolved in anhydrous THF (1 ml), followed by reaction at
rocm temperature for 20 hours. The reaction mixture was
extracted by using ethyl acetate. The organic layer was
washed with saturated Dbrine, separated, dried (MgSO04},
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (310,,
eluent: hexane/ethyl acetate, 5/1) to give 193 mg of the
target compound tert-butyl (8)-2-((3~chloro~-2~-
(phenylcarbamoyl)-1H=-pyrrole-l-yl)carbamoyl)pyrrolidine~1-
carboxylate(7a) as a white solid (0.45 mmol, yield: 70%).

'H NMR (300 MHz, CDCli) & 10.61 (br s, 1H), 8.32 (brs,
1), 7.57 (d, J = 7.8 Hz, 2H), 7.34 (t, J = 7.8 Hz, Z2H),
7.01-7.15 (m, 2H), 6.20 (s, 1H), 4.30-4.56 (m, 1H), 3.30-
3.70 (m, 2H), 2.14-2.44 (m, 2H), 1.82-2.08 (m, 2H), 1.49

(s, 9H).
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Step 6-1-2: Preparation of tert-butyl {8)-2-( (3~

chloro-2-{(3-fluorophenyl) carbamoyl)-1H-pyrrole-1-

yl)carbamoyl)pyrrolidine-l-carboxylate (7b)

Tert-butyl (8$)-2-((3~chloro-2-( (3~
fluorophenyl)carbamoyl)-1H-pyrrole-1-
yl)carbamoyl)pyrrolidine~l-carboxylate(7b) was prepared by
using l-amino-3-chloro-N-(3- fluorophenyl)—1H—pyrrole;2—
carboxamide (6b) (0.7 g, 2.76 mmol) by the same method to
prepare the compound 7a.

'H NMR (300 MHz, CDCl3) & 10.61 (br s, 1H), 8.38 (br s,
1H), 7.64 (br s, 1H), 7.23-7.31 .(m, 2H,), 7.13 (br s, 1H),
6.99 (br s, 1H), 6.79-6.85 (m, 1H), 6.21 (s, 1H), 4.50 (br
s, 1H), 3.51 (br s, 1H), 3.42 (br s, 1H), 1.84-2.39 (m,

4H), 1.50 (s, B9H).

Step 6-2-1: Preparation of tert-butyl (8)—-{1-( (3~

chlcro-2- (phenylcarbamoyl)-1H-pyrrole-l-yl)amino)-1-

oxopropane~ 2-vyl)carbamate(7a')

3.5 g of tert-butyl (S)=(1l-((3-chloro-2-
(phenylcarbamoyl)-1H-pyr£ole-1-yl)amino)~l—oxopropane—2-
yl)carbamate(7a') was prepared as a white solid by using
l-amino-3-chloro-N-phenyl-1lH-pyrrole-2-carboxamide(6a) (2.3
g, 9.76 mmol) and N-(tert-butoxycarbonyl)-L-aniline (2.6 g,
13.66 mmol) by the same method to prepare the compound 7a
(8.56 mmol, yield: 88%).

'H NMR (300 MHz, CDCl3) & 10.25 (s, 1H), 8.37 (s, 1H),
7.56 (d, J = 8.1 Hz, 2H), 7.34 (t, J = 7.8 Hz, 2H), 7.14
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(t, §J = 7.5 Hz, 1H), 7.03 (d, J = 2.7 Hz, 1H), 6.21 (d, J =
2.7 Hz, 1H), 5.06 (&, J = 7.2 Hz, 1H), 4.40 (br s, 1H),

1.47 (s, 9H), 1.44 (d, J = 7.5 Hz, 3H).

Step 6-2-2: Preparation of tert-butyl (S)-(1-((3-

chloro-2-((3-fluorophenyl)carbamoyl)-1H-pyrrole-1-

yl)aminc)-l-oxopropane- Z2-vyl}carbamate(7b')

Tert-butyl (S)=~{l-((3=-chloro~2-((3-
fluorophenyl)carbamoyl)-1H-pyrrole-1l-yl)amino)-1-
oxopropane-2-yl)carbamate (7Tb') was prepared as a white
solid by using l-amino-3-chloro-N~-(3~fluorophenyl)-1H-
pyrrole-2~-carboxamide (6b) (3.1 g, 12.26 mmol) and N-(tert-

butoxycarbonyl)-L-alanine (3.3 g, 17.16 mmol) by the same

o\®

method to prepare the compound 7a (8.56 mmol, yield: 88%).
'H NMR (300 MHz, CDCl;) & 10.16 (s, 1H), 8.42 (s, 1H),
7.61 (d, J = 11.1 Hz, 1H), 7.24-7.31 (m, 2H), 7.14-7.11 (m,
1H), 7.02 (d, J = 3.3 Hz, 1H), 6.86-6.80 (m, 1H), 6.22 {(d,
J = 3.3 Hz, 1H), 5.00 (d, J = 7.8 Hz, 1H) 4.35-4.42 (m,

1H), 1.48 (s, 9H), 1.44 (d, J = 7.2 Hz, 3H).

Step 7-1-1: Preparation of tert-butyl (S8)-2-(5-chloro-

4-ox0-3-phenyl-3, 4-dihydropyrrolo[2,1-f][1,2,4]triazine-2~

yl)pyrrolidine~ l-carboxylate (Ba)

Triphenylphosphine (303 mg, 1.16 mmol) was dissolved
in dichloromethane (1 ml), to which Br; (184 mg, 1.16 mmol)
was slowly added at 0T, followed by stirring at room
temperature for 10 minutes. Tert-butyl (8)-2-((3-chloro-2-
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(phenylcarbamoyl)~1H-pyrrole-1l-yl)carbamoyl)pyrrolidine-1-
carboxylate (7a) (250 mg, 0.58 mmol) was dissclved in
dichloromethane (1 ml), which was siowly added to the
mixture above at 0T. Triethylamine (146 mg, 1.44 mmol)
was also added thereto at the same temperature. The .
reaction mixture was stirred at 0T for 10 minutes,
followed by extraction using dichloromethane. The organic
layer was washed with saturated brine, separated, dried
(MgS0O,4), filtered, and concentrated under reduced pressure.
The residue was separated by column chromatography (Si02,
eluent: hexane/ethyl acetate, 5/1) to give 82 mg of the
target compound tert-butyl (S)-2-(5-chloro-4-oxo-3-phenyl-
3,4-dihydropyrrolo[2,1-£f][{1,2,4]ltriazine-2-yl)pyrrolidine-
l-carboxylate{8a) as a white solid (0.20 mmol, yield: 34%).

'Y NMR (300 MHz, CDClz) & 7.29-7.36 (m, 2H), 7.05-7.13
(m, 3H), 6.36-6.40 (m, 1H), 4.46-4.51 (m, O0.5H), 4.36-4.40
(m, 0.5H), 3.09-3.41 (m, 2H), 2.12-2.25 (m, 1H), 1.86-2.00
(m, 1H), 1.71-1.79 (m, 2H), 1.45 (s, 5H), 1.35 (s, 4H).

Step 7-1-2: Preparation of tert-butyl (S5)~-Z2-(5~chloro-

3-(3-fluorophenyl)~4-0oxo0-3,4-dihydropyrrolof[2,1-

£1[1,2,4]1triazine~2-yl)pyrrolidine-~ l-carboxylate(8b)

45 mg of tert-butyl (8)~-2-(5-chlocro-3-(3-
fluorophenyl) ~4-0x0o~3,4~dihydropyrrolof2, 1-
£f111,2,4)triazine~-2-yl)pyrrolidine-l-carboxylate (8b) was
prepared as a white solid by using tert-butyl (S)-2-(({3-
chloro~2~((3-fluorophenyl)carbamoyl)~1H~pyrrole-1-
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yl)carbamoyl)pyrrolidine-l-carboxylate (7b) (100 mg, 0.22
mmol) by the same method to prepare the compound 8a (0.10
mmol, yield: 47%).

'H NMR (300 MHz, CDCl;) & 7.43-7.57 (m, 1H), 7.18-7.37
(m, 2H), 6.99-7.13 (m, 1H), 6.48 (dd, 1H, J = 2.7 Hz, J =
12.9 Hz), 4.46-4.53 (m, 0.5H), 4.41 (br s, 0.5H), 3.32-3.70

(m, 2H), 1.80-2.11 (m, 4H), 1.45 (s, 4H), 1.38 (s, 5H).

Step 7-2-1: Preparation of tert-butyl (S)~-(1-(5-

chloro-4-oxo0-3-phenyl-3,4-dihydropyrrolo[2,1-

£f1[1,2,4)triazine~- 2-yl)ethyl)carbamate(8a')

105 mg of tert-butyl (S)-(l-(5-chloro-4-oxo-3-phenyl-
3,4-dihydropyrrolo[2,1~-f1[1,2,4ltriazine-2-
yl)ethyl)carbamate (8a') was prepared as a white solid by
using tert-butyl (S)-(1-((3-chloro-2-(phenylcarbamoyl)-1H-
pyrrole~l-yl)amino)~1- oxopropane-2-yl)carbamate(7a') (500
mg, 1.23 mmol) by the same method to prepare the compound
8a (0.27 mmol, yield: 22%).

'H NMR (300 MHz, CDCls) & 7.48-7.60 (m, 3H), 7.39-7.41
(m, 1H), 7.28 (brs, 2H), 6.50 (d, J = 2.1 Hz, 1H), 5.09
(brs, 1H), 4.48 {br s, 1H), 1.42 (s, 9H), 1.26 (d, J = 6.3

Hz, 3H).

Step 7-2-2: Preparation o©of tert-butyl (S)=-(1-(5-

chloro-3-(3-fluorophenyl)-4-oxo-3,4~dihydropyrrolo[2,1-

£f1[1,2,4]1triazine~- 2-yl)ethyl)carbamate(8b')
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140 mg of tert-butyl (8)~(1-(5-chloro-3-(3-
fluorophenyl)-4-0x0-3, 4-dihydropyrrolo[2,1-
£f1[1,2,4]triazine~-2-yl)ethyl)carbamate(8b') was prepared as
a white solid by using tert-butyl (S)-(1l-((3-chloro-2-((3-
fluorophenyl)carbamoyl)~1H~pyrrole-1l-yl)amino) - 1-
oxopropane-2-yl)carbamate(7b') (500 mg, 1.18 mmol) by the
same method to prepare the compound 8a (0.34 mmol, yield:
29%) .

'Y NMR (300 MHz, CDCl;) & 7.47-7.58 (m, 1H), 7.15-7.30
(m, 3H),‘7.02—7.09 (m, 1H), 6.51 (d, J = 2.1 Hz, 1H), 4.99-
5.10 {(m, IH),'4.48 {(br s, 1H), 1.41 (s, 9H), 1.24-1.31 (m,
3H) .

Step 8-1-1: Preparation of (S)-5-chloro-3-phenyl-2-

(pyrrolidine-2-yl)pyrrolo[2,1-f][1,2,4]triazine-4(3H)~-

one (9a)

Tert-butyl (8y-2=«(5~chloro-4-oxo0-3-phenyl-3, 4~
dihydropyrrolo[2,1-£f1[1,2,4)triazine~2-yl)pyrrolidine-1-
carboxylate (8a) (130mg, 0.31 mmol) was dissolved in
trifluoroacetic acid (50 wt% dichloromethane) (2 ml) at
0C, followed by stirring at room temperature for 30
minutes. The reaction mixture was neutralized with NaHCO3;
at 0C, followed by extraction using dichloromethane. The
organic layer was washed with saturated brine, separated,
dried (MgSOQ4), filtered, and concentrated under reduced
pressure. As a result, 96 mg of the target compound (S)-5-
chloro-3-phenyl-2-(pyrrolidine-2-yl)pyrrolo[2,1~-
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£1[1,2,4)triazine-4(3H)-one(%a) was obtained as a white
solid (0.30 mmol, yield: 97%).

'H NMR (300 MHz, CDCl3) & 7.47-7.55 (m, 3H), 7.26-7.30
(m, 3H), 6.49 (d, 0 = 2.7 Hz, 1H), 3.81 (t, J = 5.7 Hz,
iH), 3.12-3.19 (m, 1H), 2.74-2.81 (m, 1H), 2.02 (br s, 1H),

1.77-1.82 (m, 2H), 1.61-1.73 (m, 2H).

Step B-1-2: Preparation of (8)=5-chloro~3~ (3~

fluorophenyl)-2~(pyrrolidine~2¥yl)pyrrolo[2,1~

f1[1l,2,4)triazine-4(3H)-one HCl salt (9b)

Conc. HCl (15 wt% methanol) (10 ml) was added to tert~-
butyl (S}y-2-(5-chloro-3-(3-fluorophenyl)-4-oxo-3,4-
dihydropyrrole[2,1~£f]{1,2,4]triazine~2~yl)pyrrolidine~1=~
carboxylate (8b) (40 mg, 0.09 mmol) at 0T, followed by
stirring for 1 hour. The solvent was eliminated from the
reaction mixture under reduced pressure. As a result, the
target compound (S)~5~chlorc~-3~(3~-flucrophenyl) -2~
(pyrrolidine-2-yl)pyrrolo[2,1-£f][1,2,4]triazine-4(3H)-one
hydrochloride salt (8b) was obtaiped as a white solid.

'H NMR (300 MHz, DMSO-d¢) & 9.86 (brs, 1H), 9.08 (brs,
1H), 7.63-7.69 (m, 2H), 7.40-7.54 (m, 3H), 6.78 (s, 1H),
4.23 (br s, 1H), 3.17 (br s, 1H), 2.09-2.14 (m, 1H), 1.90-
1.98 (m, 1H), 1.69-1.87 (m, 2H).

Step 8~2-1: Preparation of (8)-2~(l-aminoethyl)~-5~-

chloro-3-phenylpyrrolo[2,1-f}[1,2,4]triazine-4(3H)-one(%a"')
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69 mg of (8) -2~ (l-aminoethyl)-5- chloro=-3-
phenylpyrrolo{Z,l—f}[1,2,4]triazine—4(BH)—one(Sa‘) was
prepared as a white solid by wusing tert-butyl (S)-(1-(5-
chloro-4-oxo~3-phenyl-3,4-dihydropyrrolo(2,1-
£f1[1,2,4)triazine- 2-yl)ethyl)carbamate(8a') (105 mg, 0.27
mmol) by the same method to prepare the compound 9a (0.24
mmol, yield: 88%). ‘

'H NMR (300 MHz, CDCls) & 7.48-7.57 (m, 3H), 7.26-7.30
(m,‘3H), 6.50 (d, J = 2.4 Hz, 1H), 3.66 (g, J = 6.6 Hz, J =

6.6 Hz, 3H).

13.2 Hz, 1H), 1.29 (d, J

Step B8-2-~2: Preparation of (S)-2-(l~aminoethyl)-5-

chloro-3-(3-fluorophenyl)pyrrolo[2,1-f][1,2,4]triazine-

4 (3H) —one(9b"'}

103 mg of (S)—Zj(1—aminoethyl)—5—chloro-3-(3—
fluorophenyl)pyrrolo[2,1-f][1,2,4)triazine~4 (3H)-one (9b"')
was prepared as a white solid by using tert-butyl (S)-(1-
(5-chloro-3-(3-fluorophenyl)-4-ox0-3,4-dihydropyrrolo([2,1-
f][1,2,4]—triazine~2—ylféthyl)carbamate(Bb') (140 mg, 0.34
mmol) by the same method to prepare the compound 9a (0.33
mmol, yield: 97%).

'y NMR (300 MHz, CDCls) & 7.48-7.56 (m, 1H), 7.22-7.29
(m, 2H), 7.02~7.14 (m, 2H), 6.50 (d, 0 = 2.7 Hz, 1H), 3.76
(q, J = 6.3 Hz, J = 12.8 Hz, 1H), 2.22 (br s, 2H), 1.34 (d,

J = 6.6 Hz, 3H).
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Preparative Example 16: Preparation of (8)y -1~ (7~

fluoro-2-(3-fluorophenyl)guinoline-3-yl)ethane-l1-amine

o]
F ’ H 3-F-PhB{OH);
E \N, cl Pd(PPhs);

toluene/H0

Step l: Preparation of 71-fluoro-2- (3~

5 fluorophenyl)guinoline-3-carbaldehyde

2.48 g of ?—fluoro—2~(3—f1uorophenyl)quinoline—3—
carbaldehyde was prepared as a pale yelldw solid by using
2.10g (10.0 mmol) of 2-chloro~7-fluoroguinoline-3-
carbaldehyde by the same manner as described in step 1 of

10 Preparative Example 12 (9.2 mmol, yield: 92%).

MS[m/z; (M + 1)%]: 270.

Step 2: Preparation of {R,E)-N-({7-fluoro-2-(3-

fluorophenyl)guinoline-3-yl)methylene)-2-methylpropane-2-

15 sulfinamide

1.3 g of (R,E)~N-((7-flucro-2-{3-
fluorophenyl)guinoline~3-yl)methylene)-2-methylpropane-2-
sulfinamide was prepared as a yellow solid by using 1.0 ¢
(3.71 mmol, 1.0 equivalent) of T-fluoro-2-(3~
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fluorophenyl)quinoline~3~carbaldehyde prepared in step 1 by
the same manner as described 1n step 2 of Preparative
Example 12 (3.49 mmol, yield: 94%).

'H NMR(300 MHz, CDCl3) & 1.31(s, 9H), 7.18-7.54(m, 5H),
7.79-7.83(m, 1H), 7.98-8.03(m, 1lH), B8.76(s, 1H), 8.91(s,
1H) .

Step 3: Preparation of (R)-N-((S)=1=-(7-fluoro-2-(3-

fluorophenyl)guinoline-3-yl)ethyl)-2-methylpropane—2-

sulfinamide

1.30 g of (R)=N-((S)-1-(7-fluoro-2-(3-
fluorophenyl)guinoline-3~-yl)ethyl)-2-methylpropane-2-
sulfinamide was prepared as a pale yellow solid by using
1.3 g (3.49 mmol) of {R,E)-N-((7-fluoro-2-{3-
fluorophenyl)guinoline-3-yl)methylene)~-2-methylpropane-2-
sulfinamide prepared in step 2 by the same manner as
described in step 3 of Preparative Example 12 (3.35 mmol,
yield: 96%)

'H NMR (500 MHz, CDCls) & 1.23(s, 9H), 1.51-1.53(d, J =
10.0, 3H), 3.38-3.39(d, J = 5.0, 1H), 4.92-4.94(m, 1H),
7.17-7.21¢{m, 1H), 7.29-7.32(m, 1H), 7.38-7.41{(m, 2H), 7.49-
7.53(m, 1H), 7.78-7.80(m, 1H), 7.85-7.88(m, 1H), 8.35(s,
1H) .

Step 4: Preparation of (8)~1~(7~fluoro=2~ (3~

fluorophenyl)guinoline-3-yl)ethane-l-amine
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0.37 g of (8)-1-(7-fluoro-2~-(3-fluorophenyl)quinoline-
3-yl)ethane-l-amine was prepared as a pale yellow solid by
using 0.52 g (1.34 mmol) of (R)=-N-((8)=-1-(7-fluoro-2-(3-
fluorophenyl)gquinoline-3-yl)ethyl)-2-methylpropane-2-
sulfinamide prepared in step 3 by the same manner as
described in step 4 of Preparative Example 12 (1.30 mmol,
yield: 97%)

'H NMR(300 MHz, CDCl3) & 1.35(d, J = 9.0, 3H), 1.53(br
s, 2H), 4.43(t, J = 6.0, 1H), 4.92-4.94(m, 1H), 7.1l6(t, J =

9.0, 1H), 7309-7.36(m, 3H), 7.42-7.49(m, 1H), 7.73(d, J

il

12.0, 1H), 7.82-7.87(m, 1H), 8.47(s, 1H).

Preparative Example 17: Preparation of (8)-1-(7

fluoro—2—{pyridine—Z—yl)quinoline—3—yl)ethane;l—amine

]

OH 0
= | “H MeMgBr m\ MnO,
SN ) THF F SN e toluene F SN > el

. j: 07 ™ ° N ‘
(+)-DIP-C N i ™~ H i N “Sn(Bu)s
THF Xy DIAD/PPh X Pd(PPhy)
F | 3 > 4
NToe THF F NT o 1,4-dioxane
NHoNH,
EtOH
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Step 1: Preparation of 1-(2-chloro-7-fluoroquinoline-

3-yl)ethane-1-o0l1

2.5 g (11.927 mmol) of 2-chloro-7-flucroquinoline-3-
carbaldehyde was dissolved in anhydrous THF (30 mL), to
which 4.77 mL (14.312 mmol) of 3 M MeMgBr (Et;0) solution
was added at -78C, followed by stirring at -78C ~ -10T
for 2 hours. The temperature was adjusted at -20TC. After
adding saturated NH;Cl aqueous solution, the reaction

mixture was heated at room temperature, followed by

extraction wusing ethyl acetate. The organic layer was
separated, dried (NazS804), filtered, and concentrated under
reduced pressure. The residue was separated by column

chromatography (SiOz, eluent: hexane/ethyl acetate, 3/1) to
give 2.4 g of the target compound 1-(2-chloro-7-
fluoroquinoline-3-yl)ethane-1-0l1 as a yellow solid (10.636
mmol, yvield: 88%). .

'H NMR(300 MHz, CDCl3) & 8.38(s, 1H), 7.79~7.87(m, 1H),
7.63(dd, J = 9.6, 2.2 Hz, 1H), 7.35(td, J = 8.6, 2.4 Hz,
1H), 5.32~5.41(m, 1H), 2.31(d, J = 2.9 Hz, 1H), l.6l(d, J =
7.1 Hz, 3H).

Step 2: Preparation of 1l-(2-chloro-7-fluoroquinoline-

3-yl)ethane~-1l-one

2.4 g (10.636 mmol) of 1-(2-chloro-7-fluoroquinoline-
3-yl)ethane-1-0l prepared in step 1 was dissolved in 30 mL
of anhydrous toluene, to which 9.2 g (106.36 mmol) of
manganese dioxide (MnO,) was added, followed by reflux for
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10 hours. The reaction mixture was cooled down at room
temperature, filtered with celite pad, concentrated under
reduced pressure. The residue was separated by column
chromatography (SiO;, eluent: hexane/ethyl acetate, 3/1) to
give 1.8 - g of the target compound 1-{(2-chloro~-7-
fluoroquinoline-3-yl)ethane~l-one as a yellow solid (8.049
mmol, yield: 76%).

lH NMR (300 MHz, CDCls;) & 8.42(s, 1H), 7.88~7.95(m, 1H),
7.68(dd, J = 9.8, 2.2 Hz; i1H), 7.41(td, J = 8.4, 2.4 Hz,

1H), 2.79(s, 3H).

Step 3: Preparation of (R)-1-(2-chloro-T7-

fluoroquinoline-3-yl)ethane-1-ol

5 g (15.588 mmol) of B-chlorodiisopinocampheolborane
((+)DIP-Cl) was dissolved in anhydrous THF (10 ml), which
was frozen at -47C. 1.8 g (8.049 mmol) of 1-(2-chloro-7-
fluoroquinoline-3-yl)ethane-1-one prepared in step 2 was
dissolved in anhydrous THF (20 ml), which was added to the
mixture above, followed by stirring at room temperature for

12 hours. The reaction mixture was cooled down at 0T, to

which 1 ml of acetone and 1 ml of 10 % Na,C03 were added,

followed by stirring at room temperature for 1 hour. Ethyl

acetate and water were added to the reaction mixture. The
separated organic layer was dried (Na,S04), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography {(S103, eluent:

hexane/ethyl acetate, 4/1) to give 1.4 g of the target
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compound (R)—l«(2—chloro—7~fluoroquinolinem3—yl)ethane-l-ol
as a white solid (6.204 mmol, yield: 77%}).

'Y NMR (300 MHz, CDCl3) & 8.39(s, 1H), 7.81~7.88(m, 1H),
7.65(dd, J = 9.9, 2.6 Hz, 1H), 7.36(td, J = 8.9, 2.8 Hz,
1H), 5.31~5.41(m, 1H), 2.15(d, J = 3.8 Hz, 1H), 1.61(d, J =

6.4 Hz, 3H).

Step 4: Preparation of (8)-2~(1l-(2-chloro-7-

fluoroquinoline-3-yl)ethyl)isoindoline-1, 3-dione

1.4 g (6.204 mmol) of (Ry-1-(2~-chloro-7~-
fluoroquinoline-3-yl)ethane-1-ol prepared in step 3 was
dissolved in anhydrous THF (30 mL), to which 1.95 g (7.445
mmol) of triphenylphoéphine (PPhs) and 1.1 g (7.445 mmol)
of phthalimide were added. The mixture was cooled down at
0C,  to which 1.47 mL (7.445 mmol) of diisopropyl
azodicarboxylate (DIAD) was added, followed by stirring at
room temperature for 15 hours. Water and ethyl acetate
were added to the reaction mixture, followed by extraction.
The separated organic layer was dried (Na;S5S04), filtered,
and concentrated under reduced pressure. The residue was
separated by column chromatoéraphy (S102, ‘eluent:
hexane/ethyl acetate, 4/1) to give 2 g of the target
compound (8)-2~{1-{(2~-chloro-7-fluoroquincline~-3-
yl)ethyl)isoindoline-1,3-dione as a white solid (5.637
mmol, yield: 91%).

'H NMR (300 MHz, CDCls) & 8.56(5, 1H), 7.87~7.94(m, 1H),
7.77~7.83(m, 2H), 7.68~7.74(m, 2H), 7.6l(dd, J = 9.7, 2.2
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Hz, 1H), 7.37(td, J = 8.4, 2.4 Hz, 1H), 5.95(q, J = 7.1,

6.9 Hz, 1H), 1.97(d, J = 7.1 Hz, 3H).

Step 5: Preparation of (8)-2-(1-(7-fluoro-2-(pyridine-

2-yl)quinoline-3-yl)ethyl)isoindoline-1,3-dione

1 g (2.819 mmol) of (8)-2-{(1-(2~chloro-7-
fluoroquinoline-3-yl)ethyl)isocindoline-1,3-dione prepared
in step 4 was dissolved in 1,4-dioxane (5 mL), to which 163
mg (0.141 mmol) of Pd(PPh3)s and 1.25 g (3.383 mmol) of 2-
(tributylstanyl)-pyridine were added, followed by reflux at
100C for 3 days under argon atmosphere, Water and ethyl
acetate were added to the reaction mixture, followed by
extraction. The extracted organic layer was dried (Na;SO4),
filtered, and concentrated under reduced pressure. The
residue was separated by <column chromatography (Si0,
eluent: hexane/ethyl acetate, 4/1) to give 500 mg of the
target conmpound (8)~2-(1-(7-fluoro=-2-(pyridine-2-
yl)quinoline-3-yl)ethyl)isoindoline-1,3~dione as a white
solid (1.258 mmol, yield: 91%).

'Y NMR (300 MHz, CDCls;) & 8.69(s, 1H), 8.65(d, J = 5.0
Hz, 1H), 7.90~?.97(ﬁ, 1H), 7.60~7.76{m, TH), 7.28~7.42(m,

2H), 6.31(q, J = 7.4, 7.1 Hz, 1H), 1.98(d, J = 7.5 Hz, 3H).

Step 6: Preparation of (S)-1-(7-fluoro-2-(pyridine-2-

yl)guinoline-3~yl)ethane-l-amine

500 mg (1.258 mmol) of (S)-2-(1-(7-fluoro-2-(pyridine-
2-ylyquinoline-3-yl)ethyl)isoindoline~-1,3~dione prepared in
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step 5 was dissolved in ethanol (20 mL), to which 612 uL
(12.58 mmol) of hydrazine hydrate was added, followed by
reflux for 2 hours. The reaction mixture was cooled down
at room temperature, and then filtered. The filtrate was
added with ethyl acetate and water, followed by extraction.
The extracted organic layer was dried (Na;S0;), filtered,
and concentrated under reduced pressure. The residue was
separated by column chromatography (5103, eluent:
dichloromethane/methanol, 20/1 -> dichloromethane/methanol,
10/1) to give 312 mg of the target compound (S)-1-(7-
fluoro-2-(pyridine~2-yl)quinoline-3-yl)ethane-l-amine as a
yellow liquid (1.167 mmol, yield: 93%).

'y NMR(300 MHz, CDCls) & 8.70(d, J = 4.6 Hz, 1H),
8.43(s, 1H), 7.82~7.95(m, 3H), 7.75(dd, J = 9.7, 2.4 Hz,
1H), 7.31~7.41(m, 2H), 4.63(q, J = 6.7, 6.7 Hz, 1H),
2.01(br s, 2H), 1.43(d, J = 6.8 Hz, 3H).

Preparative Example 18: Preparation of 1-(6-fluoro-3-

(pyridine-2-yl)guinoline-2~-yl)ethane-l-amine
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HaN o
NHBog H\'g@\
F
= 1) n-BuLlifTHF Eii:]’/\wr’L\k

o]

N 2) x~ © K;GOYELOH

No AL _MgCl
MeO” \ﬂ/\?/ ¢
I

Boc

NHBoc

Step 1: Preparation of tert-butyl (S)-(3~-ox0-4-

(pyridine-2-yl)butane-2-yl)carbamate

5 g (21.526 nmol) of tert-butyl (8)-(1-
(methoxy(methyl)amino)-1l-oxopropane—-2-yl)carbamate was
dissolved in anhydrous THF (40 mL), to which 16.6 mL
(21.526 mmol) of isopropylmagnesium chloride lithium
chloride solution was added at -40C, followed by stirring
at -30C for 30 minutes. The reaction mixture was cooled
down to =-40T. 2.6 g (27.984 mmol) of 2-picoline was
dissolved in anhydrous THF (20 mL), to which 11 mL (27.984
mmol) of 2.5 M n-BuLi was added at -40T, followed by
stirring at -20TC for 1 hour. This solution was added to
the reaction mixture above, followed by stirring at -20T ~
-10C for 3 hours. The reaction mixture was frozen at -
78C, to which saturated ammoniumchloride aqueous solution
was added. Ethyl acetate and water were added thereto,
followed by extraction. The extracted organic layer was
dried (Na,S04), filtered, and concentrated under reduced
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pressure. The residue was separated by column
chromatography (SiO,, eluent: hexane/ethyl acetate, 4/1) to
give 5 g of the target compound tert-butyl (S)-(3-oxo-4-
(pyridine-2-yl)butane-2-yl)carbamate as a yellow 1liquid
(18.916 mmol, yield: 99%).

'H NMR(300 MHz, CDCl;) & B8.55(d, J = 4.0 Hz, 1H),
7.66{(td, J = 7.8, 1.8 Hz, 1H), 7.16~7.24(m, 2H), 5.37(br s,
1H), 4.39~4.49(m, 1H), 3.95~4.11(m, 2H), 1.45(s, 9H),
1.37{(d, J = 7.2 Hz, 3H}.

Step 2: Preparation of tert-butyl (1-(6-fluoro-3-

(pyridine-2-yl)quinoline-2-yl)ethyl)carbamate

254 mg (0.916 mmol) of tert-butyl (S)-(3-oxo0-4-
(pyridine-2-yl)butane-2~yl)carbamate prepared in step 1,
134 mg (0.961lmmol) of 2-amino-5-fluorobenzaldehyde, and
398 mg (2.883 mmol) of potassiumcarbonate (KzCO3) were
dissolved in ethanol (3 mL), followed by stirring at 90T
for 2 hours. The reaction mixture was added with ethyl
acetate and water, followed by extraction. The extracted
organic layer was dried (Na;S804), filtered, and concentrated
under reduced pressure. The residue was separated by
column chromatography (Si0,, eluent: hexane/ethyl acetate,
5/1) to give 250 mg of the target compound tert-butyl (l-(6-
fluoro-3-(pyridine-2-yl)quinoline~2-yl)ethyl)carbamate as a
yellow solid (0.680 mmol, yield: 71%).

'H NMR(300 MHz, CDCl;) & 8.76(d, J = 4.5 Hz, L1H),
8.08~8.15(m, 2H), 7.84(td, J = 7.9, 1.9 Hz, 1H),
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7.41~7.60(m, 3H), 7.35(t, J = 4.5 Hz, 1H), 6.34(d, J = 7.6
Hz, 1H), 5.37~5.48(m, 1H), 1.45(s, 9H), 1.33(d, J = 6.3 Hz,

3H).

Step 3: Preparation of 1-(6-fluoro-3-{pyridine-2-

yl)quinoline-2~-yl)ethane-l-amine

250 mg (0.680 mmo 1) of tert-butyl(1-(6-fluoro-3-

(pyridine-2-yl)quinoline~-2-yl)ethyl)carbamate prepared in

step 2 was dissolved in dichloromethane (3 mL), to which 1

mL of TFA was added, followed by stirring at room
temperature for 3 hours. The reaction mixture was filtered
under reduced pressure and neutralized with NaHCO3 aqueous
solution. The reaction mixture was added with
dichloromethane and water, followed by extraction. The
extracted organic layer was separated, dried (NaSO4),
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (510,
eluent: hexane/ethyl acetate, 5/1) to give 120 mg of the
target compound 1-(6-fluoro-3-(pyridine-2-yl)quinoline-2-
yl)ethane-l-amine as a yellow oil (0.449 mmol, yield: 66%).

H NMR(500 MHz, CDCls) & 8.75(d, J = 4.1 Hz, 1H),
8.01~8.15(m, 2H) , 7.84(td, J = 7.8, 1.5 Hz, 1H),
7.40~7.50(m, 3H5, 7.33~7.39(m, 1H), 4.49(br s, 1H), 2.11(br
s, 2H), 1.39(d, J = 5.6 Hz, 3H).
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Preparative Example 19: Preparation of (8)=3~-(1-

aminoethyl)-8-chloro-4-fluoro-2-phenylisoquinoline~1 (2H) -

one

Selectfiuor
MeCN

Step 1: Preparation of (S)-N-(1-(8-chloro-4-fluoro-1-

oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)-2,2,2-

trifluoroacetamide

1.97 g (5.0 mmol, 1 eguivalent) of (S8)-N-(l-(8-chloro-
l-oxo-2-phenyl-1,2~dihydroisoquincline-3~-yl)ethyl)-2,2,2~
trifluorocacetamide prepared in step 6 of Preparative
Example 10, Selectfluor (1.5 equivalent), and anhydrous
CH3CN (30 mL) were mixed, which was refluxed for 12 hours.
The reaction mixture was cooled down at room temperature.
Water and ethyl acetate were added thereto, followed by
extraction. The extracted organic layer was washed with
saturated NaHCOs3 agueous solution, . separated, dried
(Na,S0,), filtered, and concentrated under reduced pressure.
The residue was separated by column chromatography (SiO;,
eluent: hexane/ethyl acetate, 10/1 -> hexane/ethyl acetate,
3/1) to give 1.61 g of the target compound (8)-N-(1-(8-
chloro-4-fluoro-1-oxo0~2-phenyl-1,2-dihydroisoquinoline-3-
yl)ethyl)=-2,2,2-trifluorcacetamide as a white solid (3.9

mmol, yield: 78%).
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'H NMR (500 MHz, CDCl3) & 10.99 (br d, J = 5.4Hz, 1H),
7.77-7.85 (m, 2H), 7.64-7.71 (m, 1H), 7.50-7.61 (m, 3H),
7.42-7.46 (m, 2H), 4.17-4.24 (m, 1H), 1.47 (d, J = 7.1lHz,
3H) .

Step 2: Preparation of (8)-3-(l-aminoethyl)-8-chloro-

4-fluoro-2-~phenylisoquinoline-1(2H)-one

1.20 g of (8) -3~ (l-aminoethyl)~-8-chloro-4-fluoro~-2-
phenylisoquinoline-1(2H)-one was prepared as a white solid
by using 1.65 g (4.0 mmol) of (S)-N-(1-(8-chloro-4-fluoro~
l-ox0-2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)-2,2,2~
trifluoroacetamide prepared in step 1 by the same manner as
described in step 8 of Preparative Example 10 (3.8 mmol,
yield: 95%).

4 NMR(500 MHz, CDCl3) & 7.74 (d, j = 8.0hz, 1H), 7.64
(t, J = 7.9Hz, 1H), 7.54~7.60 (m, 3H), 7.47-7.33 (m, 1H)},
7.32-7.35 (m, iH), 7.22-7.25 (m, 1H), 3.57-3.64 (m, 1H),
1.85 (br s, 2H), 1.46 (d, J = 6.9Hz, 3H).

Preparative Example 20: Preparation of 4-chloro-8-{4-

methoxybenzyl)-7,8-dihydropyrido[2,3-d]pyrimidine-5(6H}-one

PMB..

cl Cl OH o 0 N
N N CHO A mgr ngferxaﬁ Croy ﬂzL?Iiuxgﬁ' PMBNH, b o g
tol ~
l\N/ cl oluene I\N/ ci kN/ ci L*N/ cl

Step 1: Preparation of 1-(4,6-dichloropyrimidine-5-

yl)propene-2-en-1-ol
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200 mg (2.8 mmol ) of 4,6~dichloropyrimidine-5~

- carbaldehyde was dissolved in anhydrous toluene (15 mL}, to

which 2.1 mL (1.2 egquivalent) of vinylmagnesium chloride

(1.6 M in THF) was slowly added at -20C, followed by

stirring for 1 hour. Saturated NH;Cl aqueous solution (10
mL) was added thereto. The reaction mixture was extracted
by using ethyl acetate. The extracted organic layer was

washed with saturated brine, separated, dried (Na;S04),
filtered, and concentrated under reduced pressure. The -
residue was separated by column chromatography (5103,
eluent: hexane/ethyl acetate, 10/1) to give 475 mg of the
target compound l—(4,6—di¢hloropyrimidine—5~yl)propene—Z-
en-1-0l as a yellow oil (2.3 mmol, yield: 82%).

'Y NMR (300 MHz, CDCls;) ® 8.72 (s, 1H), 6.23-6.12 (m,

1H), 5.90 (s, -OH), 5.43-5.34 (m, 2H).

Step 2: Preparation of 1-(4,6-dichloropyrimidine-5—

yl)propene-2-en-l-one

323 mg of 1-(4,6-dichloropyrimidine-5-yl)propene-2-en-
l-one was prepared as a colorless oil by using 394 mg (1.9
mmol) of 1—(4,G—dichloropyrimidine—5—yl)propene—z—en—l—ol
prepared in step 1 by the same manner as described in step
3 of Example 1 (1.57 mmol, yield: 83%).

'Y NMR (300 MHz, CDCl;) & 8.87 (s, 1H), 6.69-6.59 (m,

1H), 6.31 (d, J = 10.6 Hz, 1H), 6.08 (d, J = 17.9 Hz, 1lH).
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Step 3: Preparation of 4-chloro-8-(4-methoxybenzyl) -

7,8-dihydropyrido[2,3-d]lpyrimidine-5 (6H)-one

4-methoxybenzylamine (1.1 equivalent) was dissolved in
anhydrous CHyCL, (5 mL), which was slowly added to the
reaction mixture comprising 300 mg (1.48 mmol) of 1-(4,6-
dichloropyrimidine-5-yl)propene-2-en-l-one prepared in step
2, DIPEA (1.1 equivalent), and anhydrous CH;CL, (15 mL) at
0TC. The mixture was heated at room temperature, followed
by stirring for 1 hour. The reaction mixture was added
with 1N HCl1 (5 mL), followed by extraction with ethyl
acetate, The extracted organic layer was washed with
saturated NaHCO; agueous solution, separated, dried
(NayS04), filtered, and concentrated under reduced pressure.
The residue was separated by column chromatography (Si0z,
eluent: hexane/ethyl acetate, 2/1) to give 413 mg of the:
target 4 compound 4-chloro-8- (4-methoxybenzyl)-7, 8-
dihydropyrido[2,3—d]pyrimidine~5(6H)~one as a pale vyellow
solid (1.36 mmol, yield: 92%).

H NMR (300 MHz, CDClz) & 8.72 (s, 1lH), 6.23-6.12 (m,
1H), 5.90

'y NMR(300 MHz, CDCl3) & 8.40(s, 1H), 7.22 (4, J =
8.5Hz, 2H), 6.87 (d, J = B.5Hz, 2H), 4.92 (s, 2H), 3.80 (s,
3H), 3.56 (m, 2H), 2.9%96 (m, 2H).

Preparative Example 21: Preparation of (8§)-1-(6—-

fluoro~3—(pyridine—2~yl)quinoline—Z—yl)ethane—l—amine
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Step Preparation of 1-(3-(benzyloxy)-6-

fluoroquineoline-2-yl)ethane-1~one

20.52 g (100.0 mmol) of 1-(6-fluoro-3~
hydroxygquinoline-2-yl)ethane-1l-one [reference: Wwo 2010-
151740], BnBr (1.1 equivalent), and K;CO3; (3 equivalent)
were dissolved in anhydrous DMF (150 mL), followed by
stirring at room temperature for 6 hours. The reaction
solvent was eliminated under reduced pressure. Water and
ethyl acetate were added to the reaction mixture, followed
by extraction. The extracted organic layer was washed with
saturated brine, separated, dried (Na;504), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (8i03, eluent:
hexane/ethyl acetate, 10/1 -> hexane/ethyl acetate, 3/1) to
give 29.53 g of the target compound 1-(3-(benzyloxy)-6-
fluoroquinoline-2~-yl)ethane-l-one as a pale brown oil

(100.0 mmol, yield: 100%}.
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'H NMR (300 MHz, CDCl;) & 8.00-8.10 (m, 1H), 7.28-7.57

{m, 8H), 5.26 (s, 2H), 2.76 (s, 3H).

Step 2: Preparation of 3m(beﬁzyloxy)"6»

fluoroquinoline-2-carboxylic acid

28.06 g (95.0 mmo 1) of 1-(3-(benzyloxy)-6-
fluoroquinoline-2-yl)ethane-1-one prepared in step 1 was
dissolved in dioxane/H,0 (4/1, 300 mL), to which NaOCl
aqueous solution (12%, 5 eguivalent) was slowly added at

room temperature for 30 minutes, followed by stirring for 5

hours. PH of the reaction mixture was adjusted (pH=4) with
saturated 2 N HCl solution. The reaction mixture was
extracted by using ethyl acetate. The extracted organic

~layer was washed with saturated brine, separated, dried

{Na,80,), filtered, and concentrated under reduced pressure.
The residue was separated by column chromatography (S10,,
eluent: hexane/ethyl acetate, 1/1 -> ethylacetate) to give
27.96 g of the target compound 3-(benzyloxy)-6-
fluoroquinoline-2-carboxylic acid as a pale yellow o0il
(94.1 mmol, yield: 99%).

'H NMR(300 MHz, CDCljz) & 8.05-8.12 (m, 1H), 7.67 (s,

1H), 7.28-7.60 (m, 7H), 5.37 (s, Z2H).

Step 3: Preparation of methyl 3~ (benzyloxy)-6-

fluoroquinoline-2-carboxylate

26.76 g (90.0 mmo 1) of 3-(benzyloxy)-6-
fluoroquinoline-2-carboxylic acid prepared in step 2,
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anhydrous MeOH (200 mL), CH(OMe)s (50 mL), and conc H280, (2
ml.) were mixed, followed by heating at 45C for 12 hours.
The reaction mixture was slowly added to cold saturated
NaHCOs aqueous solution, followed by extraction with ethyl
acetate. The extracted organic layer was washed with
saturated brine, separated, dried (NayzS0,), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography {810y, eluent:
hexane/ethyl acetate, 10/1 -> hexane/ethylacetate, 3/1) to
give 27.46 g of the target compound methyl 3-(benzyloxy)-6-
fluoroquinoline-2~carboxylate as a pale yellow solid (88.2
mmol, yield: 98%).

'H NMR (300 MHz, CDCls) & 8.07-8.14 (m, 1H), 7.50 (s,

1H), 7.28-7.49 (m, TH), 5.28 (s, 2H), 4.04 (s, 3H).

Step 4: Preparation of (3~ (benzyloxy)-6-

fluoroguinoline-2-yl)methanol

14.17 g (50.0 mmol) of methyl 3-(benzyloxy)-6-
fluoroquincline-2~carboxylate prepared in step 3 was
dissolved in anhydrous THF (200 mL).  The reaction mixture
was cooled down to 0C, to which LiAl1Hs; {1 equivalent} was
glowly added for 10 minutes, ’followed by stirring for 1
hour. The reaction mixture was heated at room temperature,
followed by stirring for 5 hours. The reaction mixture was
added with diethylether (200 mL) and distilled water (10
ml.) slowly to degrade LiAlH4, followed by stirring for 1
hour. The mixture was added with anhydrous MgS0O,, dried,
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filtered, and concentrated. The obtained compound was
separated by column chromatocgraphy (Si0,, eluent:
hexane/ethyl acetate, 10/1 -> hexane/ethylacetate, 1/1) to
give 12.04 g of the target compound (3-(benzyloxy)-6-
fluoroquinoline-2-yl)methanol as a pale yellow solid (42.5
mmol, yield: 85%).

'H NMR (300 MHz, CDClz) & 7.97-8.05 (m, 1H), 7.27-7.46
(m, 8H), 5.22 (s, 2H), 4.93 (d, J = 4.6Hz, 2H), 4.54 (t, J

= 4.6Hz, 1H, OH}.

Step 5z Preparation - of 3~ (benzyloxy)-6-

fluoroquingline-2-carbaldehyde

11.91 g of 3-({benzyloxy)-6~-fluoroquinoline-2-~
carbaldehyde was prepared as a pale yellow solid by Swern
oxidation using 12.00 g (42.4 mmol) of (3-(benzyloxy)-6-
fluoroquincline~-2-yl)methanol prepared in step 4 (42.3
mmol, yield: 100%).

'H NMR (300 MHz, CDCl;3) & 10.53 (s, 1H), 8.20 (m, 1H),

7.59 (s, 1H), 7.25-7.58 ({(m, 7TH), 5.32 (s, 2H).

Step 6: Preparation of {(S}-{E)-({3~(benzyloxy)-6-

fluoroquinoline-2-yl)methylene)-2-methylpropane-2-

sulfinamide

5.63 g (20.00 mmol) of 3-(benzyloxy)~6-
fluoroquinoline-2~carbaldehyde prepared in step 5, (S)-(-)-
2-methyl-2-propanesulfinamide (1.1 equivalent), and Cs;CO03
(1.2 equivalent) were dissolved in anhydrous CH;Cl, (30 mL),

131



10

15

20

25

©A 02979815 2017-09~14

followed by stirring at room temperature for 12 hours. The
reaction mixture was filtered and concentrated. The
obtained compound was separated by column chromatography
(8105, eluent: hexane/ethyl acetate, 7/1 ->
hexane/ethylacetate, 3/1) to give 7.30 g of the target
compound (S)~(E)~((3-(benzyloxy)-6-fluorogquinocline-2-
yl)methylene)-2-methylpropane-2-sulfinamide as a pale
yellow solid (18.99 mmol, yield: 95%).

'H NMR (300 MHz, CDCl3s) 5 9.22 (s, 1H), 8.14-8.20 ({(m,
1H), 7.53 (s, 1H), 7.28-7.50 (m, 7H), 5.30 (s, 2H), 1.28

(s, 9H).

Step 7: Preparation of (8)-N-((S)-1-(3-(benzyloxy)-6-

fluoroquinoline-2-yl)ethyl)-2-methylpropane-2-sulfinamide

3.85 g (10.00 mmol) of (8)-(E)-((3-(benzyloxy)-6-
fluoroquinoline-2-yl)methylene)-2-methylpropane-2-
sulfinamide prepared in step 6 was dissolved in anhydrous
CH,Cl, (50 mL), which was frozen at -78T. MeMgBr (3 M
diethylether solution, 3 “equivalent) was slowly added
thereto for 10 minutes. 2 hours later, the reaction
mixture was slowly heated to -20TC, followed by stirring
for 1 hour. Saturated NH4Cl aqueous solution (50 mL) was
added thereto. The reaction mixture was heated at room
temperature, followed by extraction with ethyl acetate.
The extracted organic layer was washed with saturated
brine, separated, dried (Na»S0,), filtered, and concentrated
under reduced pressure. The residue was separated by

132



10

15

20

25

©A 02979815 2017-09~14

column chromatography (Si0z, eluent: hexane/ethyl acetate,
3/1 -> hexane/ethylacetate, 1/2) to give 3.00 g of the
target compound (8)=N-((S)-1-(3~-(benzyloxy)-6-
fluoroquinoline~2-yl)ethyl)-2-methylpropane-2-sulfinamide
as a pale yellow solid (7.40 ﬁmol, yield: 74%).

'H NMR(500 MHz, CDCl;) & 7.97-8.01 (m, 1H), 7.45-7.52
(m, 4H), 7.38-7.44 (m, 2H), ?.28—7.33 {m, 2H), 5.60 (d, J =

6.5Hz, 1H), 5.24 (s, 2H), 5.08-5.13 (m, 1H), 1.53 (d, J

6.7Hz, 3H), 1.32 (s, 9H).

Step 8: Preparation of (8)-1-(3~(benzyloxy)-6-

fluoroquinoline-2-~yl)ethane)~-l-amine

2.81 g (7.02 mmol) of (8)-N-((8)-1-(3-(benzyloxy)-6-
fluoroquinoline-2-yl)ethyl)-2-methylpropane-2-sulfinamide
prepared in step 7 was dissolved in anhydrous MeOH (10 mL),
to which 4M HCl1 (dioxane solution) was added at room
temperature, followed by stirring for 1 hour. The solvent
was eliminated under reduced pressure. The mixture was
added slowly with saturated NaHCOz aqueous solution,
followed by extraction with ethyl acetate. The extracted
organic layer was washed with saturated brine, separated,
dried (Na;S0,4), filtered, and concentrated under reduced
pressure. The obtained compound was separated by column
chromatography (8i03, eluentg MeOH/CH2Cl,, 1/20 ->
MeOH/CH,Cl,, 1/10) to give 2.00 g of the target compound
(S)-1-(3-(benzyloxy)-6-fluoroquinoline-2-yl)ethane)-1l-amine
as a pale white solid (6.75 mmol, yield: 96%) .
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lH NMR (300 MHz, CDCl;) & 7.96-8.02 (m, 1H), 7.25-7.50
(m, 8H), 5.21 (s, 2H), 4.60-4.70 (m, 1H), 2.04 (br s, 2H),
1.47(d, J = 6.6Hz, 3H).

Step 9: Preparation of tert-butyl (S)=-1-(3-

(benzyloxy)m6-fluoroquinoliném2—yl)ethyl)carbamate

1.90 g (6.41 mmol) of (8)-1-(3-(benzyloxy)-6-
fluoroquinoline-2-yl)ethane)-l~amine prepared in step 8 was
dissolved in anhydrous CH,Cl; (15 mL), to which Boc,0 (1.3
equivalent) was added at xroom temperature, followed by
stirring for 2 hours. The reaction mixture was
concentrated under reduced pressure. The obtained compound
was separated by column chromatography (Si0O;, eluent:
hexane/ethyl acetate, 10/1 -> hexane/ethylacetate, 3/1) to
give 2.52 g of the target compound tert-butyl (S)-1-(3-
(benzyloxy)-6-fluoroguinoline-2-yl)ethyl)carbamate as a
white solid (6.36 mmol, yield: 99%).

'H NMR (300 MHz, CDCl;) & 8.00-8.04 (m, 1H), 7.30-7.52
(m, 8H), 6.44 (br d, J = 7.6Hz, 1H), 5.38-5.45 (m, 1H),

5.20-5.27 (m, 2H), 1.47-1.56 (m, 12H).

Step 10: Preparation of tert-butyl (S)-(1l-(6-fluoro-3-

hydroxyquinoline-2-yl)ethyl)carbamate

1.98 g (4.99 mmol) of tert-butyl (S)-1-(3-(benzyloxy)-
6-fluoroquinoline-2-yl)ethyl)carbamate prepared in step 9
was dissolved in MeOH (20 mL), to which 200 mg of 10% Pd/C
was added, followed by hydrogenation at room temperature

134



10

15

20

25

©A 02979815 2017-09~14

for 1 hour under 1 atm Hz.  The reaction mixture was
filtered with celite pad and concentrated under reduced
pressure, The obtained compound was separated by column
chromatography (Si0Q,, eluent: hexane/ethyl acetate, 3/1 ->
hexane/ethylacetate, 1/1) to give 1.53 g of the target
compound tert-butyl (S)-(1-(6-fluoro-3-hydroxyquincline-2-
yl)ethyl)carbamate as a white solid (4.99 mmol, yield:
100%) .

4 NMR (300 MHz, CDCls) & 9.47 (br s, 1H), 7.87-7.90 (m,
14), 7.18-7.23 (m, 1H), 7.00-7.04 (m, 1H), 6.84-6.89 (m,
1H), 5.%2 (br s, 1H), 5.29-5.36 (m, 1H), 1.62 (d, J =

6.8Hz, 3H), 1.53 (s, 9SH).

Step 11: Preparation of (S)-2-(1-{(tert-

butoxycarbonyl)amino)ethyl)-6-flucroquinoline-3-yl

trifluoromethanesulfonate

1.50 g (4.90 mmol) of tert-butyl (S8)-(1-(6-fluoro-3-
hydroxygquinoline-2-yl)ethyl)carbamate prepared in step 10
and anhydrous Et;N (3 eguivalent) were dissolved in
anhydrous CHCl, (15 mL), to which Tf£;0 (1.2 equivalent) was
slowly added at 0C for 5 minutes, followed by stirring for
2 hours. The solvent was eliminated wunder reduced
pressure. The reaction mixture was added with water,
followed by extraction with ethyl acetate. The extracted
organic layer was washed with saturated brine, separated,

dried (Na;S04), filtered, and concentrated under reduced

" pressure. The obtained compound was separated by column
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chromatography (Si0O,, eluent: hexane/ethyl acetate, 10/1 ->
hexane/ethylacetate, 5/1) to give 2.15 g of the target
compound (S)—2~(1—((tert—butoxycarbonyl)amino)ethyl)?6~
fluoroquinoline-3-yl trifluoromethanesulfonate as a
colorless oil (4.90 mmol, yield: 100%).

'H NMR (300 MHz, CDCl;) & 8.11-8.17 (m, 1H), 8.08 (s,
1H), 7.53-7.62 (m, 1H), 7.47-7.52 (m, 1H), 7.98 (br s, 1H),

it

5.30-5.40 (m, 1H), 1.54 (d, J 6.7Hz, 3H), 1.48 (s, 9H).

Step 12: Preparation of tert-butyl (S)-(l-(6-fluoro-3-

(pyridine~-2-yl)quinoline-2-yl)ethyl)carbamate

438 mg (1.00 mmol) of (S)-2~(1-{(tert-

butoxycarbonyl)amino)ethyl)-6wfluoroquinoline~3-yl

trifluoromethanesulfonate prepared in step 11, 2-
(tributylstanyl)pyridine (2.0 equivalent), LiC1 (3
equivalent), Pd(Ph3P), (0.1 equivalent), and “anhydrous

dioxane (13 mL) were mixed, which was heated at 100T for
24 hours under argon atmosphere. The reaction mixture was
cooled down at room temperature and filtered with celite
pad. The filtrate was added with water, followed by
extréction with ethyl acetate. The extracted organic layer
was washed with saturated brine, separated, dried (NazS04),
and concentrated under reduced pressure. The obtained
compound was separated by column chromatography (510,
eluent: hexane/ethyl acetate, 10/1 -> hexane/ethylacetate,
3/1) to give 286 mg of the target compound tert-butyl (S)-
(1-(6~-fluoro-3-(pyridine-2-yl)quinoline-2-
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'yl)ethyl)carbamate as a pale yellow solid (0.78 mmol,

yield: 78%).

'y NMR (300 MHz, CDCl3) & 8.76 (d, J = 4.5Hz, 1H), 8.08-
8.15 {(m, 2H), 7.84 (td, J = 7.9, 1.9Hz, 1H), T7.41-7.60 (m,
34), 7.35(t, J = 4.5Hz, 1H), 6.34 (d, J = 7.6Hz, 1H), 5.37-
5.48 (m, 1H), 1.45 (s, 9H), 1.33 (d, J = 6.3Hz, 3H).

Step 13: Preparation of (8)-1-(6-fluoro-3-(pyridine-2-

yl)quinoline-2-yl)ethane-l-amine

(8)~1-(6~fluoro-3-(pyridine-2-yl)quinoline-2-
yl)ethane-l-amine was prepared by using tert-butyl (8)-(1-
(6-fluoro-3~(pyridine-2-yl)quinoline-2~yl)ethyl)carbamate
prepared in step 12 by the same manner as described in step

3 of Preparative Example 18.

Preparative Example 22: Preparation of 1-(6-fluoro-

3,4~di (pyridine-2-yl)quinoline-2-yl)ethane-1l-amine

L v

L i
IPiMgCI LICK Temgeiie Mcm Sh 12N HC '
One F  THFio°C,3h aq. EXOH
r‘ refiux, 0.5 h
T
[+] N\,«/
20 moi% InCi;
MoCN/reflux, 0.5 h
Step 1: Preparation of {b—-fluoro—-2-

nitrophenyl) (pyridine-2~-yl)methanol
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1.90 g (12.0 mmol) of 2-bromopyridine was dissclved in
anhydrous THF (20 mL), which was cooled down to 0T.
Isopropylmagnesium chloride lithium chloride complex
solution (1.3M THF solution, 1.2 eqguivalent) was slowly
added thereto for 5 minutes, followed by stirring for 1
hour. 1.69 g (10.0 mmol) of 3-fluoro-6-nitrobenzaldehyde
was dissolved in anhydrous THF (10 mL), which was slowly
added to the mixture above for 10 minutes, followed by
stirring for 1 hour. The reaction mixture was heated to
room temperature, followed by stirring for 2 hours.
Saturated NH4C1 solution (20 mL) was added thereto,
followed by extraction with ethyl acetate. The extracted
organic layer was washed with saturated brine, separated,
dried (NasS04)}, and concentrated under reduced pressure.
The obtained  compound was separated by column
chromatography (Si0;, eluent: hexane/ethyl acetate, 10/1 ->
hexane/ethylacetate, 5/1) to give 1.61 g of the target
compound (5-fluoro-2-nitrophenyl) (pyridine-2-yl)methanol as
a pale yellow solid (6.5 mmol, yield: 65%).

'H NMR(300 MHz, CDCls;) & 8.56-8.60 (m, 1H), 8.01-8.06
(m, 1H), 7.65-7.72 (m, 1H), 7.32-7.41 (m, 2H), 7.23-7.30

(m, 1H), 7.05-7.13 (m, 1H), 6.51 (s, 1lH), 5.44(br s, 1H).

Step 2 Preparation of (5~fluoro-2-

nitrophenyl) (pyridine-2-yl)methanone

1.50 g (6.04 mmo 1) of {(5-fluoro-2-
nitrophenyl) (pyridine-2-yl)methanol prepared in step 1 was
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dissolved in anhydrous CH,Cl, (30 mL), to which MnO; (6
equivalent) was added, followed by stirring at room
temperature for 5 hours. The reaction mixture was filtered
with celite pad and concentrated under reduced pressure.
The obtained compound was separated by column
chromatography (Si0O,, eluent: hexane/ethyl acetate, 10/1 ->
hexane/ethylacetate, 4/1) to give 1.48 g of the target
compound (5-fluoro-2-YEZphenyl) (pyridine-2-yl)methanone
as a pale brown solid (6.01 mmol, yield: 100%).

'H NMR(300 MHz, CDCl;) & 8.49-8.52 (m, 1H), 8.22-8.29
(m, 2H), 7.88-7.9%96 (m, 1H), 7.43-7.48 (m, 1H), 7.23-7.36

(m, 2H).

Step 3: Preparation of (2—-amino-5-

fluorophenyl) (pyridine~2-yl)methanone

1.40 g (5.69 mmol) of (5-fluoro-2-
nitrophenyl) (pyridine-2-yl)methancne and Fe (5 equivalent)
were dissolved in EtOH/H,0 (4/1, 30 mlL), to which 2~3 drops
of conc HCl were added. The reaction mixture was heated at
85C for 30 minutes and cooled down to room temperature.
The reaction mixture was filtered with celite pad, followed
by extraction with ethyl acetate. The extracted organic
layer was washed with saturated brine, separated, dried
(Na;804), and concentrated under reduced pressure. The
obtained compound was separated by column chromatography
{Si0,, elﬁent: hexane/ethyl acetate, 10/1 ->
hexane/ethylacetate, 4/1) to give 1.23 g of the target
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compound (2-amino-5-fluorophenyl) (pyridine~2-yl)methanone
as a pale yellow solid (5.69 mmol, yield: 100%).

'Y NMR(300 MHz, CDCly) & 8.71 (d, J = 4.7 Hz, 1H),
7.92-7.80 (m, 2H), 7.52-7.43 (m, 2H), 7.12-7.05 (m, 1H),
6.66-6.72 (m, 1H), 6.13 (br s, 2H).

Step 4: Preparation of tert-butyl (l1-(6-fluoro-3,4-

di(pyridine-2-yl)quinoline-2-yl)ethyl)carbamate

1.08 g (5.0 mmol) of (2—-amino-5-
fluorophenyl) (pyridine-2-yl)methanone prepared in step 3,
tert-butyl (8)~3-0ox0-4-(pyridine-2-yl)carbamate (1.0
equivalent), and 1InClz (0.2 equivalent) were added to
anhydrous CH3CN (10 mL), which was heated at 80C for 15
minutes and cooled down to room temperature. The reaction
mixture was filtered with celite pad, followed Dby
extraction with ethyl acetate. The extracted organic layer
was washed with saturated brine, separated, dried (Na;S04),
and concentrated under reduced pressure. The obtained
compound was separated by column chromatography (8102,
eluent: hexane/ethyl acetate, 10/1 ~> hexane/ethylacetate,
3/1) to give 2.22 g of the target compound tert-butyl (1-
(6~fluoro-3,4-di(pyridine~2-yl)quinoline-2-
yl)ethyl)carbamate as a white solid (4.99 mmol, yield:
100%) .

'H NMR (300 MHz, CDhbCl;) & 8.60-8.67 (m, 2H), 8.15-8.21
{m, 1H), 7.45-7.55 (m, 3H), 7.10-7.21 (m, 3H}, 7.05 (br t,
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J = 6.8Hz, 2H), 6.35 (br s, 1H), 5.03 (br s, 1H), 1.44 (s,
9H) .

Step 5: Preparation of 1-(6-fluoro-3,4-di(pyridine-2-

yl)quinoline-2-yl)ethane-l-amine

133 mg (0.3 mmol) of tert-butyl (l1-(6-fluoro-3,4-
di (pyridine-2-yl)quinoline-2-yl)ethyl)carbamate prepared in
step 4 was dissolved in CHCl, (10 mL),‘to which TFA (1.0
mL) was added, followed\by stirring at room temperature for
1 hour. The reaction mixture was added with saturated
NaHCO3 aqueous solution (25 mL), followed by extraction
with ethyl acetate. The extracted organic layer was washed
with saturated Dbrine, separated, dried (Na,80,), and
concentrated under reduced pressure. The obtained compound
was separated by column chromatography {810,, eluent:
MeOH/CH,Cl,, 1/20 ~-> MeOH/CHCl,, 1/10) to give 117 mg of
the target compound 1-(6-fluoro~3,4~-di(pyridine-2-
yl)gquinoline~2~yl)ethane-l-amine as a white solid (0.3
mmol, yield: 100%).

'H NMR (300 MHz, CDCls) & 8.66 (dd, J = 12.0, 4.1lHz,
2H), 8.11 {(ad, J = 9.0, 5.5Hz, 1H), 7.61-7.46 (m, 3H),
7.24-7.16 {(m, 3H), 7.04-6.95 (m, 2H), 4.78 (br s, 1H), 2.54
(br s, 2H), 1.51 (d, J = 6.1Hz, 3H).

Preparative Example 23: Preparation of (8)-1-(6-

fluoro-3-phenyl-4-(pyridine-2-yl)quinoline-2-yl)ethane-1-

amine
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HN

0.

cimg” & {1
OEt N

EtO \g e : | __cszcos
ElQOH/reflux

Step 1: Preparation of 1,1-diethoxy-3-phenylpropane-2-

one

5.29 g (30.0 mmol) of ethyl diethoxyacetate was
dissolved in anhydrous THF (50 mL), which was frozen at -
78TC. PhMgCl (2M THF solution, 1.5 equivalent) was added
slowly thereto for 5 minutes, followed by stirring for 12
hours. While cooling the reaction mixture with ice water,
saturated NH4Cl aqueous solution (50 mL) was slowly added
thereto. The reaction mixture was extracted by using ethyl
acetate. The extracted organic layer was washed with
saturated brine, separated, dried {(Na;S04), and concentrated
under reduced pressure. The obtained compound was
separated by column chromatography (S102, eluent:
hexane/ethyl acetate, 20/1 -> hexane/ethylacetate, 5/1) to
give 6.21 g of the target <compound 1,l-diethoxy-3-
phenylpropane-2-one as a colorless oil (27.9 mmol, yield:

93%) .
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H NMR (300 MHz, CDCli) & 7.18-7.35 (m, 5H), 4.63 (s,
1H), 3.89 (s, 2H), 3.63-3.71 (m, 2H), 3.47-3.61 (m, 2H),
1.19-1.27 (m, 6H).

Step 2: Preparation of 2-(diethoxymethyl)-6-fluoro-3-

phenyl-4- (pyridine-2-yl)quincline

3.33 g (15.0 mmol) of 1,l-diethoxy-3-phenylpropane-2-
one prepared in step 1, 1.62 g (7.49 mmol) of (2-amino-5-
fluorophenyl) (pyridine-2-yl)methanone, and Cs,CO0O;5 {30.0
mmol) were added tc EtOH (40 mL), followed by reflux for 12
hours. The reaction mixture was cooled down to room
temperature. The reaction mixture was added with water,
followed by extraction with ethyl acetate. The extracted
organic layer was washed with saturated brine, separated,
dried (Na;S804), and concentrated under reduced pressure.
The obtained compound was separated by column
chromatography (Si0O;, eluent: hexane/ethyl acetate, 10/1 ->
hexane/ethylacetate, 3/1) to give 3.02 g of the target
compound 2-(diethoxymethyl)-6-fluoro-3-phenyl-4-(pyridine-
2-yl)guinoline as a white solid (7.50 mmol, yield: 100%).

'H NMR (300 MHz, CDCl;) & 8.64-8.67 (m, 1H), 8.32-8.38
(m, 1H), 7.44-7.54 (m, 2H), 7.14-7.26 (m, 6H), 7.03-7.08
(m, 1H), 6.93-6.97 (m, 1H), 5.37 (s, 1H), 3.55-3.80 (m,
2H), 3.39-3.46 (m, 2H), 1.17 (t, J = 7.0Hz, 6H).

Step 3: Preparation of 6-fluoro-3-phenyl-4-(pyridine-

2-yl)quinoline-2-carbaldehyde
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2.01 g (4.99 mmol) of 2-(diethoxymethyl)-6-fluoro-3-
phenyl-4-(pyridine-2-yl)quinoline prepared in step 2 was
dissolved in THF (20 mL), to which 2N HCl aqueous solution
(20 mL) was added, followed by stirring at room temperature
for 3 hours. Saturated NaHCO3; aqueous solution was slowly
added thereto, followed by extraction with ethyl acetate.
The extracted organic layer was washed with saturated
brine, separated, dried (Naz;S0O4), and concentrated under
reduced pressure. The obtained compound was separated by
column chromatography (S8i0;, eluent: hexane/ethyl acetate,
10/1 -> hexane/ethylacetate, 3/1) to give 1.64 g of the
target compound 6~fluoro-3~phenyl-4-(pyridine-2-
yl)quinoline-2-carbaldehyde as a pale yellow solid (4.99
mmol, yield: 100%).

'Y NMR (300 MHz, CDCls) & 10.14 (s, 1H), 8.69-8.72 (m,
1H), 8.38-8.44 (m, 1H), 7.53-7.64 (m, 2H), 7.11-7.27 (m,

7H), 6.96-7.00 (m, 1H).

Step 4: Preparation of (S,E)-N-((6-fluoro-3-phenyl-4-

(pyridine-2-yl)quinoline-2-yl)methylene)-2-methylpropane-2-

sulfinamide

328 . mg (1.0 mmol) of 6-flucro-3-phenyl-4-(pyridine-2-
yl)guinoline-2-carbaldehyde prepared in step 3 was reacted
by the same manner as described in step 6 of Preparative
Example 21. The obtained compound was separated by column
chromatography (Si0,, eluent: hexane/ethyl acetate, 4/1 ->
hexane/ethylacetate, 1/1) to give 418 mg of the target
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compound ' (S,E)-N-((6-fluoro~-3~-phenyl-4-(pyridine-2-
yl)gquinoline-2-yl)methylene)-2-methylpropane-2-sulfinamide
as a pale yellow solid (0.97 mmol, yield: 97%).

'H NMR (500 MHz, CDCl3) & 8.70-8.72 (m, 2H); 8.38-8.40
(m, 1H), 7.56-7.58 (m, 2H), 6.95-7.28 (m, 8H), 1.18 (s,
9H) .

Step 5: Preparation of (8)-N~((8) =1~ (6~fluoro-3-

phenyl-4-(pyridine-2-yl)quinoline-2-yl)ethyl)-2-

methylpropane~2-sulfinamide

388 mg (0.90 mmol) of (S,E)-N-{((6-fluoro-3-phenyl-4-
(pyridine-2-yl)quinoline-2-yl)methylene)-2-methylpropane~-2-
sulfinamide prepared in step 4 was reacted by the same
manner as described in step 7 of Preparative Example 21.
The obtained compound was separated by column
chromatography (S102, eluent: CH;Cl,/ethyl acetate, 4/1 ->
CH;Clz/ethylacetate, 1/1) to give 306 mg of the target
compound (8)-N-((8)-1-{6-fluoro~3-phenyl~-4~(pyridine-2-
yl)guinoline-2-yl)ethyl)~2~methylpropane~2-sulfinamide as a
pale white solid (0.68 mmol, yield: 76%).

1H(NMR(3OO MHz, CDCls;) & 8.62-8.67 {(m, 1H), 8.08-8.15
{m, 1H), 7.35-7.56 (m, 4H), 7.11-7.25 (m, 3H),77.01~7.07
(m, 1H), 6.9%90-7.00 {(m, 2H), 5.61-5.92 (m, 1H), 4.66-4.80
(m, 1H), 1.29 (s, 9H), 1.20 (d, J = 6.6Hz, 3H).

Step 6: Preparation of (S)-1-(6-fluoro—-3-phenyl-4-

(pyridine=-2~-yl)quinoline~2-yl)ethane-l-amine
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224 mg (0.5 mmol) of (S)-N-((8)~-1-(6-fluoro-3-phenyl-
—(pyridine—z—yl)quinoline—z—yl)ethyl)-2—methylpropane—2—
sulfinamide prepared in step 5 was reacted by the same
manner as described in step 8 of Preparative Example 21.
The obtained compound was separated by column
chromatography (8$10,, eluent: MeOH/CH,C1l,, 1/20 ->
MeOH/CH,Cl,, 1/10}) to give 163 mg of the target compound
(S)-1-(6-fluoro-3-phenyl-4-(pyridine-2-yl)gquinoline-2-
yl)ethane-l-amine as a yellow oil (0.47 mmol, yield: 95%).

'H MMR (300 MHz, CDCl;) & 8.62-8.67 (m, 1H), 8.10-8.17
(m, 1H), 7.41-7.55 {(m, 2H), 6.91-7.32 (m, 8H), 4.40-4.50
(m, 1H), 3.50 (br s, 2H), 1.23-1.30 {(m, 3H).

Preparative Example 24: Preparation of (S)-2-{1-

aminoethyl) -6-fluoro-3-(pyridine-3-yl)quinazoline-4(3H)-one

Ho/ﬂ\],NHBDc 1 0 /Efi?
SRR o N
P{OPh)y/pyridine ‘ N¢J\%” /J%»//

ﬁHBoc

Step 1l: Preparation of tert-butyl (S)-(1 —(6—fluoro~4—

oxo0-3—-(pyridine-3-yl)~3,4-dihydroquinazoline~-2-

yl)ethyl)carbamate

Tert~butyl (8)~(1-(6-fluoro~4~0x0=~3-(pyridine-3-yl)-
3,4-dihydroquinazoline~2-yl)ethyl)carbamate was prepared by
using 2-amino-5-fluorobenzoic acid and 3-aminopyridine
according to the same manner as described in step 2 of

Preparative Example 1.
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4 NMR (300 MHz, CDCl;) & 8.79 (t, J = 3.2 Hz, 2H),
7.92-7.72 (m, 2H), 7.060-7.48 {(m, 2H), 5.46 (d, J = 8.3Hz,

2H), 4.45-4.37 {(m, 1H), 1.41 (m, 9H), 1.28 (t, J = 6.8Hz,
3H) .

Step 2: Preparation of (8)-2-(l-aminoethyl)-6-fluoro-

3—{pyridine-3-yl)quinazoline-4(3H)-one

($)-2-(l-aminoethyl)-6~fluoro-3~(pyridine-3-
yl)guinazoline-4(3H)-one was prepared by using the compound
10 prepared in step 1 according to the same manner as
described in step 3 of Preparative Example 1.
'H NMR (300 MHz, CDCls) & 8.79 (d, J = 4.0Hz, 1H), 7.90
(d, J = 8.1Hz, 1H), 7.74 (d, J =6.5Hz, 1H), 7.53 (d, J =
7.7z, 2H), 7.31-7.11 {(m, 2H), 3.80-3.73 (m, 1H), 2.80 (s,
15 2H), 1.32 (dd, J = 21, 6.3Hz, 3H).

Preparative Example 25: Preparation of (S)-2-(1-

aminoethyl) -6-fluoro-3~-phenylguinazoline-4 (3H) -one

S v SN = ol

NI-EBoc

20 Step 1l: Preparation of tert-butyl (S)-(1-(6-fluoro-4-

oxo-3-phenyl-3, 4~-dihydroquinazoline-2-yl)ethyl)carbamate

The target compound was prepared by using 2-amino-5-
fluorobenzoic acid and aniline according to the same manner

as described in step 2 of Preparative Example 1.
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'H NMR (300 MHz, CDCig) 5 7.88 (d, J = 8.0Hz, 1H), 7.70-
7.74 (m, 1H), 7.60-7.39 (m, 3H), 7.28 (d, J = 6.8Hz, 1H),
5.66 (d, J = 6.7Hz, 1H), 4.54 (t, J = 6.3Hz, 1H), 1.41 (s,

9H), 1.26 (d, J = 6.3Hz, 3H).

Step 2: Preparation of (S)-2-(l-aminoethyl)-6-fluoro-

3-phenylquinazoline-4(3H)-one

The target compound was prepared by using the compound
prepared in step 1 according to the same manner as
described in step 3 of Preparative Example 1.

'H NMR(300 MHz, CDCl3) & 7.87 (d, J = 7.6Hz, 1H), 7.66
(dd, J = 8.5, 5.0Hz, 1H), 7.57-7.29 (m, 2H), 4.03-4.09 {(m,
1H), 1.36 (d, J = 6.4Hz, 3H).

Preparative Example 26: Preparation of (S)-2-(1-

aminoethyl)-6-fluoro-3-(3-fluorophenyl)quinazoline—-4 (3H) ~

one

o]
i 0 Ho/u\l/NHBoc @\ /O\
OH F TFA
\©\t,2 P(OP)gpyriine d ﬁt)\/

NHBoc

Step 1l: Preparation of tert-butyl (8)-(1-(6-fluoro-3-

(3-fluorophenyl)-4-oxo-3,4~dihydroquinazoline~-2-

yl)ethyl)carbamate

The target compound was prepared by using 2-amino-5-

fluorobenzoic acid and 3-fluorocaniline according to the
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same manner as described in step 2 of Preparative Example
1.

'H NMR(300 MHz, CDClz) & 7.88(d, J = 8.0 Hz, 1H),
7.73(dd, J = 8.4, 4.6 Hz, 1H), 7.62-7.47(m, 2H), 7.28-
7.03{m, 3H), 5.55-5.50(m, 1H), 4.56-4.49(m, 1H), 1.41(s,
9H). 1.30(t, J = 4.4 Hz, 3H).

Step 2: Preparation of (8)-2-(l-aminoethyl)-6-fluoro-

3-(3-fluorophenyl)quinazoline~4 (3H)-~one

The target compound was prepared by using the compound
prepared 1in step 1 according to the same manner as
described in step 3 of Preparative Example 1.

'H NMR(300 MHz, CDCl;) & 7.89(d, J = 8.3 Hz, 1H),
7.74(dd, J = 8.5, 4.4 Hz, 1H)}, 7.59-7.48(m, 2H}, 7.29-
7.24(m, 1H), 7.12-7.03(m, 2H), 3.75-3.67(m, 1H), 1.85(s,
2H), 1.31(d, J = 6.4 Hz, 3H).

Preparative Example 27: Preparation of (8)-2-(1~-

aminoethyl)-5-chloro-3-(2-chlorobenzyl)quinazoline-4 (3H) -

one
’ ;:\ 1o i:‘l
Ho(H\T/NHBoc \;:[::] | ¢ 0 ¢
‘ TFA @5%
N,  P(OPspyridine N,)\/

NHBoc NHy

Step 1: Preparation of tert-butyl (8)-(i-(5~-chloro-3-

(2-chlorobenzyl)-4-oxo-3,4-dihydroguinazoline—-2-

yl)ethyl)carbamate
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The target compound was prepared by using 2-amino-6-
chlorobenzoic acid and 2-chlorobenzylamine according te the
same manner as described in step 2 of Preparative Example
1.

'Y NMR (500 MHz, CDCl;) & 7.60-7.67 (m, 2H), 7.48-7.54
(m, 1H), 7.42-7.46 (m, 1H), 7.14-7.27 (m, 2H), 6.82 (d, J =
7.3Hz, 1H), 5.63 (s, 2H), 5.39-5.44 (m, 1H), 4.82-4.85 (m,

1H), 1.49 (s, 9H), 1.37 (d, J = 6.6Hz, 3H).

Step 2: Preparation of (S)-2-(l-aminoethyl)-5-chloro-

3~(2-chlorobenzyl)quinazoline-4 (3H) -one

The target compound was prepared by using the'compound
prepared 1in step 1 according to the same manner as
described in step 3 of Preparative Example 1.

4 NMR (300 MHz, CDCls) & 7.57-7.65 (m, 2H), 7.39-7.52
(m, 2H), 7.13-7.26 (m, 2H), 6.75-6.85 (m, 1H), 5.75 (d, J =
17.1 Hz, 1H), 5.27 (4, J = 17.1Hz, 1H), 3.83-3.91 (m, 1H),
1.40 (d, J = 6.5Hz, 3H).

Preparative Example 28 Preparation of (8) =2~ (1~

aminoethyl)-6-fluoro-3-(pyridine-2-ylmethyl)quinazoline-

4 (3H) ~one

i Ny ‘""”'».
NHBoc N o "
HO” L)
‘ N TFA__
N, POOPRIpyridine Nx : )\/
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Step 1l: Preparation of tert~butyl (S)-(1-(6-fluoro-4-

oxo-3-(pyridine-2-ylmethyl)-3,4-dihydroquinazoline-2-

yl)ethyl)carbamate

The target compound was prepared by using 2-amino-6-
fluorobenzoic acid and pyridine-2-ylmethaneamine according
to the same manner as described in step 2 of Preparative
Example 1.

'Y NMR(300 MHz, CDCls) & 8.48(d, J = 4.0 Hz, 1H),

7.89(dd, J = 8.5, 3.0 Hz, 1H), 7.71-7.62(m, 2H), 7.46(td, J

]

8.6, 2.9 Hz, 1H), 7.19-7.15(m, 2H), 5.6l(s, 2H), 5.22-
5.13(m, 1H), 1.44(s, 3H), 1.41(s, 9H).

Step 2: Preparation of (8)-2-(l-amincethyl)-6-fluoro-

3-(pyridine-2-ylmethyl)quinazoline—-4 (3H) -one

The target compound was prepared by using the compound
prepared in step 1 according to the same manner as

described in step 3 of Preparative Example 1.

'H NMR (300 MHz, CDCls) & 8.48(d, J = 4.5 Hz, 1H),
7.83(dd, J = 8.4, 2.9 Hz, 1H), 7.71-7.63(m, 2H), 7.42-
7.33(m, 2H), 7.19(dd, J = 7.1, 5.1 Hz, 1H), 8.48(d, J = 4.5
Hz, 1H), 5.73(d, J = 15.8 Hz, 1H), 5.21(d, J = 15.8 Hz,

1H), 4.72(gq, J = 6.5 Hz, 1H), 4.45(s, 2H), 1.53(d, J = 6.6

Hz, 3H)

Preparative Example 29: Preparation of 1-(5-chloro-3-

(pyridine-2-yl)guinoline-2-yl)ethane-l-amine

151



10

15

©A 02979815 2017-09~14

BocH N

"“ I.\%
O N~

HZNI; LAH HoN wo, MM

\ THFM Hoxv:[;:] EtOM, 6h :I:;j K;CO
 HOLC _ THF , OHC 2
0 overight EtOH/reflux, 8 h

(&) c 4]

Step 1: Preparation of (2-amino-6-

chlorophenyl)methanol

3.43 g (20.0 mmol) of 2-amino-6-chlorobenzoic acid was
dissolved in anhydrous THF 30 mL), to which LiAlH4 (1.5
equivalent) was slowly added at room temperature for 10
minutes, followed by stirring for 12 hours. Diethylether
{40 mL) and water (5 mL) were added thereto. The reaction
mixture was dried (MgSO,) and concentrated under reduced
pressure. - The residue was separated by column
chromatography (8i0O,, eluent: CH,Cl,/ethyl acetate, 5/1 ->
CH;Cls/ethylacetate, 2/1) to give 2.36 g of the target
compound (2-amino-6-chlorophenyl)methanol as a pale yellow
solid (15.0 mmol, yield: 75%}.

'H NMR (300 MHz, CDCl3) & 7.01 (t, J = 8.0Hz, 1H), 6.76
(d, § = 7.9Hz, 1H), 6.58 (d, J = 8.0Hz, 1H), 4.89 (s, 2H),
4.30 (br s, 2H), 1.66 (br s, 1H).

Step 2: Preparation of 2-amino-6-chlorobenzaldehyde
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2.30 g (14.6 mmol) of (2-amino-6-chlorophenyl)methanol
prepared in step 1, MnO; (10 equivalent), and diethylether
(50 mL) were mixed together, which was stirred at room
temperature for 6 hours. The reaction mixture was filtered
with celite pad, and concentrated under reduced pressure.
The residue was separated by column chromatography (Si02,
eluent: hexane/CH,Cl,, 5/1 -> CH,Cl,;) to give 2.27 g of the
target compound 2-amino-6é-chlorcbenzaldehyde as a yellow
solid (14.6 mmol, yield: 10%).

'y NMR(300 MHz, CDCl;) & 10.48 (s, 1H), 7.17 (t, J =
8.2Hz, 1H), 6.67 (d, J = 7.7Hz, 1H), 6.54 (d, J = 8.4Hz,

1H), 6.48 (br s, 2H).

Step 3: Preparation of tert-butyl (1-{5-chloro-3-

(pyridine-2-yl)quinoline-2-yl)ethylcarbamate

793 mg (3.0 mmol) of 2-amino-6-chlorobenzaldehyde (1.2
equivalent) prepared in step 2, tert-butyl (S)-(3-oxo-4-
(pyridine-2~yl)butane-2-yl)carbamate, KxCO3 (3 equivalent),

and ethancl (15 mL) were mixed together, which was refluxed

for 6 hours. The reaction mixture was cooled down to room
temperature. Water was added thereto, followed by
extraction with ethyl acetate. The extracted organic layer

was washed with saturated brine, separated, dried (Nax504),
and concentrated under reduced pressure. The obtained
compound was separated by column chromatography (Si0g,
eluent: hexane/ethyl acetate, 8/1 -> hexane/ethylacetate,
3/1) to give 1.16 g of the target compound tert-butyl (1-
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(5-chloro-3~(pyridine-2-~yl)quinoline-2-yl)ethylcarbamate as

a white solid (3.0 mmol, yield: 100%).

ly NMR(300 MHz, CDCls) & 8.77 (br d, J = 4.,1Hz, 1H),
8.53 (s, 1H), 8.05 (d, J = 8.6Hz, 1H), 7.83-7.89 (m, 1H),
7.59-7.68 (m, 3H), 7.34-7.39 (m, 1H), 6.33 (br d, J =

Ii

6.6Hz, 1H), 5.43-5.52 (m, 1H), 1.45 (s, 9H), 1.34 (d, J

6.5Hz, 3H).

Step 4: Preparation of 1-{5-chloro-3-(pyridine-2-

yl)quinoline-2-yl)ethane-l-amine

739 mg of 1-(5-chloro~3-(pyridine-2-yl)quinoline-2-
yl)ethane-l-amine was prepared by using 1.0 g (2.60 mmol)
of tert-butyl (1-(5~chloro~3-(pyridine-2-yl)quinoline-2-
yl)ethylcarbamate prepared in step 3 according to the same
manner as described in step 3 of Preparative Example 1
(2.60 mmol, yield: 100%).

'H NMR(300 MHz, CDCl;) & 8.64(d, J = 2.7 Hz, 1H),

8.60(s, 1H), 8.05-7.99(m, 1H), 8.05-7.99(m, 1H), 7.88(td, J

Il

7.7, 1.3 Hz, 1H), 71.70-7.63(m, 3H), 7.36-71.32(m, 1H),

5.18-5.24(m, 1H), 1.58(d, J = 6.6 Hz, 3H).

The following examples 1 ~ 33 were performed by the

method represented by the reaction formula 1A.

[Reaction Formula 1A]
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Example 1: Preparation of (S)-4-((1-(5-chloro-4-0x0—-3-

phenyl-3,4~-dihydrogquinazoline-2~yl)ethyl)amino)pyridof[2, 3~

5 d]lpyrimidine-5(8H)-one
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Step 1: Preparation of 4,6-dichloropyrimidine-5-

carbaldehyde

30 mL of phosphorylchloride (POCl;) was cooled down to

0C, to which 9.6 mL of anhydrous dimethylformamide (DMF)
was slowly added. 1 hour later, 7.85 g (70.0 mmol) of 4,6-

dihydroxypyrimidine was added thereto. The reaction
mixture was heated at room temperature, followed by
stirring at room temperature for 30 minutes. The reaction
mixture was refluxed for 3 hours. The mixture was cooled
down to room temperature. The reaction mixture was slowly
added to ice water, = followed by extraction with

ethylacetate. The extracted organic layer was dried over
Na,80,;, filtered, and concentrated under reduced pressure.

The obtained solid was washed with hexane/diethyl ether
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(5/1, wv/v) to give 10.5 g of 4,6-dichloropyrimidine-5-
carbaldehyde as a white solid (5.95 mmol, yield: 85%).
1y NMR (300 MHz, CDCls) & 10.47 (s, 1H), 8.90 (s, 1H).

Step 2: preparation of 1-(4,6-dichloropyrimidine-5-

yl)ethane-1l~ol

1.2 g (6.8 mmol) of 4,6-dichloropyrimidine-5-
carbaldehyde was dissolved in THF (25 mL), to which 8.14 mL
(8.14 mmol, 1.2 eqguivalent) of methylmagnesium bromide (18%
in THF) was slowly added at 0T. Saturated
ammoniumchloride agueous solution (10 mL) was slowly added
thereto, followed by extraction with ethyl acetate. The
extracted organic layer was dried over Na,;SO,, filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (810, eluent:
hexane/ethylacetate, 4/1) to give 1.1 g of the target
compound 1-(4,6-dichloropyrimidine-5~yl)ethane-1-0ol as a
white solid (5.7 mmol, yield: 80%).

'Y NMR (300 MHz, CDCl3) & 8.69 (s, 1H), 5.57-5.47 (m,

1H), 2.64 (d, J = 9.3 Hz, 1H), 1.68 (d, J = 6.8 Hz, 3H).

Step 3: Preparation of 1-(4,6-dichloropyrimidine-5-

yl)ethane~1l~one

980 mg (5.08 mmol) of 1-(4,6-dichloropyrimidine-5-
yl)ethane-1-0ol prepared in step 2 was dissolved in 30 mL of
acetone, to which 1.0 g (10.2 mmol, 2.0 eq) of chromium
trioxide was slowly added, followed by stirring at room
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temperature for 2 hours. 2 mL of Isopropylalcohol was
added thereto, followed by stirring for 10 minutes. - 20 mL
of saturated sodiumbicarbonate agueous solution was added
to the reaction mixture,' followed by extraction with
ethylacetate. The extracted organic layer was dried over
Na,50,4, filtered, and concentrated under reduced pressure.
The residue was separated by column chromatography (SiOg,
eluent: hexane/ethylacetate, 6/1) to give 823 mg of the
target compound 1-(4,6-dichloropyrimidine-5-yl)ethane-1-one
as a white solid (4.3 mmol, yield: 85%).

4 NMR (300 MHz, CDCl;3) & 8.84 (s, 1H), 2.63 (s, 3H).

Step 4: Preparation of 1-(4-chloro-6-( (4~

methoxybenzyl}amino)pyrimidine-5-yl)ethane-1-one

3.82 g (20.0 mmol) of 1-(4,6-dichloropyrimidine-5-
yl)ethane-1l-one was dissolved in 30 mL of dichloromethane,
which was cooled down to 0T, to which 3.88 g (30.0 mmol)
of diisopropylethylamine and 3.29 g (24.0 mmol) of p-
methoxybenzylamine (PMBNH;) were added stepwise. 1 hour
later, the reaction mixture was heated to room temperature,
followed by stirring at room temperature for 6 hours.
Water and ethylacetate were added to the reaction mixture,
followed by extraction. The extracted organic layer was
dried over Na,$04, filtered, and concentrated under reduced
pressure. The residue was separated by column
chromatography (Si0O,, eluent: hexane/ethylacetate, 3/1) to
give 5.54 g of the target compound 1-(4-chloro-6-((4-
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methoxybenzyl)amino)pyrimidine-5-yl)ethane-1-one as a white
solid (19.0 mmol, yield: 95%}.

'y NMR(300 MHz, CDCl;) & 9.07 (br s, 1H, NH), 8.38 (s,
1H), 7.25 (d, J = 8.1 Hz, 2H), 6.88 (d, J = 8.1 Hz, 2H),
4.67 (d, J = 4.8 Hz, 2H), 3.81 (s, 3H), 2.74 (s, 3H).

Steps 5 and 6: Preparation of 4-hydroxy—-8-{4-

methoxybenzyl)pyrido[2,3~d]pyrimidine=-5(8H)-one

5.83 g (20.0 mmol) of 1-(4-chloro-6-( (4~
methoxybenzyl)amino)pyrimidine-5-yl)ethane-1-one prepared
in step 4 and 3.57 g (30.0 mmol) of N,N-dimethylformamide
dimethyl acetal (DMF-DMA) were dissolved in 30 mL of
anhydrous toluene, which was heated at 100C for 3 hours.
The reaction mixture was cooled down to room temperature.
The solvent and DMF-DMA were eliminated wunder reduced
pressure. The obtained intermediate compound was added
with 100 mL of acetic acid and 20 mlL of water, followed by
reflux for 4 days. The reaction mixture was cooled down to
room temperature. The solvent was eliminated under reduced
pressure. The obtained yellow product was washed with
water/isopropanol (IPA) (1/1) to give 4.53 g of the target
compound 4—hydroxy—8—(4—methoxybenzyl)pyrido[2,3~
dlpyrimidine-5(8H) ~one as a white solid (16.0 mmol, yield:
BO%) .

'H NMR(300 MHz, DMSO-d6) & 8.78 (br s, 1H, NH), 7.76

{d, J = 4.7 Hz, 1H), 7.28 (d, J = 5.2 Hz, 2H), 6.93 (4, J =
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5.2 Hz, 2H), 6.47 (d, J = 4.7 Hz, 1H), 5.48 (s, 3H), 3.83

(s, 3H).

Step 7: Preparation of (8)-4-((1-(5-chloro-4-oxo-3~-

phenyl-3,4-dihydroquinazoline-2-yl)ethyl)amino)-8- (4~

methoxybenzyl)pyrido[2,3-dlpyrimidine-5(8H)-one

50 mg (0.176 mmol) of 4-hydroxy-8- (4-
methoxybenzyl)pyrido[2,3-d]pyrimidine~-5(8H)-one prepared in
step 5 and step 6 was dissolved in 2 mL of anhydrous
acetonitrile, to which 101 mg (0.229 mmol) of
(benzotriazole-l-yloxy)tris(dimethylamino)phosphonium
hexafluorophosphate (BOP) and 38 pL (0.264 mmol) of 1,8-
diazabicyclo[5.4.0]-7-undecene (DBU) were added, followed
by stirring for 30 minutes. 58 mg (0.1%4 mmol) of (S)-2-
(l-aminoethyl)-5-chloro-3-phenylquinazoline-4 (3H) -one was
added thereto, followed by stirring at 60C for 12 hours.
The reaction mixture was filtered under reduced pressure.
Ethyl acetate and water were added thereto, followed by
extraction. The extracted organic layer was dried (NazS04),
filtered, and concentrated under réduced pressure. The
residue was separated Dby column chromatography (S1i0g,
eluent: hexane/ethylacetate, 6/1 -> hexane/ethylacetate,
1/1) to give 72 mg of the target compound (S5)-4-((1-(5~
chloro-4-oxo-3~phenyl-3,4~dihydroguinazoline-2-
yl)ethyl)amino) -8~ (4-methoxybenzyl)pyrido([2,3-d]pyrimidine-

5(8H)-one as a yellow solid (0.127 mmol, yield: 50%).
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'y NMR (300 MHz, CDCls) & 11.02 (d, J = 7.7 Hz, 1H),
8.28 (s, 1H), 7.7.71 (d, J = 8.1 Hz, 1H), 7.54-7.62 (m,
2H), 7.40-7.53 (m, 5H), 7.33 (d, J = 7.9 Hz, 1H), 7.20 (d,
J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.30 (d, J = 7.9
Hz, 1H), 5.33 (s, 2H), 5.01 (g, J = 6.9 Hz, 6.9 Hz, 1H),
3.78 (s, 3H), 1.49 (d, J = 6.7 Hz, 3H).

Step 8: Preparation of (8)-4-((1l-{(5-chloro=-4-ox0=3~

phenyl-3,4-dihydroquinazoline-2-yl)ethyl)amino)pyrido[2, 3~

dlpyrimidine-5(8H) -one

72 mg (0.127 mmol) of (8)-4-((1-(5-chloro-4-oxo-3~-
phenyl-3,4~dihydroquinazoline-2-yljethyl)amino)-8-(4-
methoxybenzyl)pyridol[2,3-dlpyrimidine-5(8H)-one prepared in
step 7 was dissolved in 1 mL of dichloromethane, to which 1
mL of trifluorcacetic acid (TFA) and 0.5 mL of
methanesulfonic acid were added, followed by stirring at
70C for 10 hours. Saturated sodiumbicarbonate aqueous
solution was added thereto, followed Dby neutralization.
Dichloromethane and water were added thereto, followed by
extraction. The extracted o;ganic layer was dried (NazS04),
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (Si0;,
eluent: dichloromethane/methanol, 30/1) to give 51 mg of
the target compound (S8)-4-((l-(5-chloro-4-oxoc-3-phenyl-3,4-
dihydroquinazolinemz—yl)ethyl)amino)pyrido[Z,3—
dlpyrimidine-5(BH)-one as a pale yellow solid (0.115 mmol,
yield: 90%).
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4y NMR (500 MHz, CDCls;) & 11.06 (d, J = 7.0 Hz, 1H),
8.24 (s, 1HY, 7.73 {(d, J = 8.2 Hz, 1H), 7.58-7.64 (m, Z2H),
7.51-7.5%7 {(m, 3H), 7.46-7.51 (m, 2H), 7.37 (d, J = 7.6 Hz,
1H), 6.38 (d, J = 7.6 Hz, 1H), 5.12 (g, J = 6.8 Hz, 6.8 Hz,

5 1H), 1.%3 (d, J = 6.4 Hz, 3H).

Example 2: Preparation of (S)-4-((1-(5-chloro-4-0x0-3-
(pyridine-3-yl)-3,4~-dihydroquinazoline-2-
yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H) -one

PMBN™ ™
NH2 PMBN™ HN™
Y TEAMSA NN
i\ B%%?U MC N z
,N/ 0 [#] /\f'N
(\f Y
10 N
Step 1: Preparation of S)~4~((1l~(5-chloro-4-0x0-3-

(pyridine-3-yl)

-3,4-dihydroquinazoline~2~yl)ethyl)amino)-8-

(4-methoxybenzyl)pyrido[2,3-d]pyrimidine=-5(8H)

—-one

30 mg of

(8)~4-((1-(5~chloro-4-0ox0-3-(pyridine-3-yl)-

15 3,4-dihydroguinazoline-2-yl)ethyl)amino}-8-(4-

methoxybenzyl)pyrido[2,3-d]lpyrimidine~5(8H)~one was

prepared as a yellow solid by using 58 mg (0.194 mmol) of

(S)~2~(l-aminoethyl)~5-chloro-3-(pyridine-3-yl)quinazoline-

4 (3H) ~one according teo the same manner as described in step

20 7 of Example 1 (0.053 mmol, yield: 30%).

S[m/z; (M + 1)*1: 567.
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Step 2: Preparation of (8)-4~((l-~(5-chloro-4-ox0o-3-

(pyridine-3-yl)~-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3~-d]lpyrimidine~5(8H)~one

14 mg of (S)m4w((1"(5-chloro~4w0x0w3-(pyridiné"3~yl)”
3,4~-dihydroquinazoline-2-yl)ethyl)amino)pyrido[2, 3~
d}pyrimidine-5(8H)~-one was prepared as a pale yellow solid
by using 30 mg (0.053 mmol) of (S)-4-{(1-(5-chloro-4-oxo-3-
(pyridine-3-yl)-3,4~dihydroquinazoline-2-yl)ethyl)amino)-8-
(4-methoxybenzyl)pyrido[2,3~-d]lpyrimidine-5(8H)-one prepared
in step 1 according to the same manner as described in step
8 of Example 1 (0.031 mmol, yield: 59%).

'H NMR (300 MHz, CDCls) & 10.78 (t, J = 6.5 Hz, 1H),
8.76 (s, 1H), 8.20 (d, J = 4.6 Hz, 1H), 7.44-7.77 (m, 6H),
6.33 (d, J = 7.4 Hz, 1H}, 4.93—4.50‘(m, iH}, 1.49-1.60 {m,

3H) .

Example 3: Preparation of (S)-4-((1-{5-chloro-4-oxo-3-

(pyridine~2-yl)~-3,4~dihydrogquinazoline~2-~

yljethyl)amino)pyrido[2,3-d]pyrimidine-5(8H)}-one

NH; N ) PMBN™ HN™ ™
//\Tfu “N”OH N0 TFAMSA  NTS 0
N BOP/DBU § l\r( NH

N MC
MeCN N" hH \
N ‘ Ny
q o ¢ | ‘

N 0 ¢
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Step 1l: Preparation of (S)~4~-((Ll-{5-chloro-4~-0x0~-3~

({pyridine—-2-yl1)-3,4-dihydroquinazoline-2-yl}ethyl)amino)-8-

(4-methoxybenzyl)pyrido[2,3-d]pyrimidine~5(8H)-one

50 mg of (8)-4-((1-(5-chloro-4-0x0-3-(pyridine-2-yl)-
3,4-dihydroguinazoline-2-yl)ethyl)amino) -8~ (4~
methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one was
prepared as a pale yellow solid by using 58 mg (0.194 mmol)
of (S)-2-(l-aminoethyl)-5-chloro-3-(pyridine-2-
yl)quinazoline-4(3H)-one according to the same manner as
described in step 7 of Example 1 (0.112 mmol, yield: 64%).

'H NMR (300 MHz, CDCls;) & 10.97 (d, J = 4.6 Hz, 1H),
8.68 (d, J = 4.6 Hz, 1H), 8.23 (s, 1H), 7.85 (t, J = T.9
Hz, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.59 (t, J = 7.9 Hz,
1H), 7.38-7.53 {(m, 4H), 7.19 {(d, J = 8.5 Hz, 2H), 6.85 (d,
J = 8.6 Hz, 2H), 6.27 (d, J = 7.9 Hz, 1lH), 5.32 (s, 2H),
4.20~5.03 (m, 1H), 3.78 (s, 3H), 1.60 (d, J = 6.6 Hz, 3H).

Step 2: Preparation of (8)-4-((l-{5-chloro-4-0xo~-3-

(pyridine-2-yl)-3,4-dihydroquinazoline-2—-

yl)ethyl)amino)pyrido[2,3~dlpyrimidine~5(8H)~one

14 mg of (S8S)-4-((1-(5-chloro-4-ox0o-3-(pyridine-2-yl)-
3,4~dihydroquinazoline~2-yl)ethyl)amino)pyrido([2, 3~
d]pyrimidine-5(8H)-one was prepared as a pale yellow solid
by using 50 mg {(0.112 mmol) of (S)-4-((1-{5-chloro-4-oxo-3-
(pyridine-2-yl)-3,4-dihydroquinazoline-2-yl)ethyl)amino) -8~

(4-methoxybenzyl)pyrido[2,3-d]pyrimidine-5(8H)-one prepared
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in step 1 according to the same manner as described in step
8 of Example 1 {0.031 mmol, yield: 28%).

'H NMR (300 MHz, CDCl;) & 11.20(brs, 1H), 10.92 (d, J =
6.1 Hz, 1H), 8.70 (d, J = 4.7 Hz, 1H), 8.16 (s, 1H), 7.90
(¢, § =7.7 Hz, 1H), 7.72 (d, 3 = 7.7 Hz, 1H), 7.61 (t, J =
8.3 Hz, 1H), 7.41-7.55 (m, 4H), 6.33 (d, J = 7.7 Hz,
1H),4.92-5.03 (m, 1H), 1.60 (d, J = 7.0 Hz, 3H).

Example 4: Preparation of (S)-4-((1-(5-chloro-3-(3,5-

difluorophenyl)-4-0x0-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H)-one

PMBN
guz PM?E:::l% HNS
TFAIMSA ﬁk“x 0

MeCN

F ,M BOWDBU N “NH
\[;j/ o Ci :
’“ ‘Wp ‘9@

Step 1: Preparation of (8Yy-4-((1-{(5~chloro-3-(3,5~-

difluorophenyl)~-4-0oxo~3,4~dihydroguinazoline~2-

yvl)ethyl)amino)~8~(4~methoxybenzyl)pyrido[2,3~d]lpyrimidine~-

5(8H) -one

50 mg of (S)-4-((l1-(5-chloro-3-(3,5~difluorcphenyl) -4~
oxo~-3,4~dihydrogquinazoline~2~yl)ethyl)amino) -8~ (4~
methoxybenzyl)pyrido[2,3-d]lpyrimidine~5(8H)~one was
prepared as a white solid by using 65 mg (0.194 mmol) of
(S)~-2-{({l—-aminoethyl)-5-chloro-3-(3,5-
difluorophenyl)quinazoline-4 (3H)~one according to the same
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manner as described in step 7 of Example 1 (0.083 mmol,
yield: 47%).

'y NMR (500 MHz, CDCls;) & 10.94 (d, J = 7.2 Hz, 1H),
8.33 (s, 1H), 7.70 (4, J = 8.1 Hz, 1H), 7.63 (t, J = 8.1
Hz, 1H), 7.51 (t, J = 8.0 Hz, 2H), 7.23 (d, J = 8.5 Hz,
2H), 7.11 (d, J = 7.1 Hz, 1H), 6.02-7.00 (m, 2H), 6.89 (d,
J = 8.5 Hz, 2H), 6.33 (d, J = 8.0 Hz, 1H), 5.37 (d, J = 3.1

Hz, 2H), 5.09-5.15 (m, 1H), 3.82 (s, 3H), 1;58 (d, J 7.2

Hz, 3H).

Step 2: Preparation of 8S)-4-((1-(5-chloro-3-(3,5~

difluorophenyl)-4-oxo-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3-d]pyrimidine-5(8H)-one

35 mg of (S)-4-((1-(5-chloro-3-(3,5-difluorcphenyl)-4-
o0x0-3,4-dihydroquinazoline~2-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) ~one was prepared as a pale yellow solid
by using 50 mg (0.083 mmol) of (S)-4-((l-(5-chloro-3-(3,5-
difluorophenyl)-4-oxo-3,4-dihydroguinazoline-2-
yl)ethyl)amino)-8- (4-methoxybenzyl)pyrido[2,3~-d]pyrimidine-
5(8BH)-one prepared in step 1 according to the saﬁe manner
as described in step 8 of Example 1 (0.073 mmol, yield:
87%) .

'H NMR (300 MHz, CDCl;3) & 10.84(br s, 1H), 10.81 (d, J
= 6.3 Hz, 1H), 8.24 (s, 1H), 7.58-7.71 (m, 2H), 7.46-7.56
(m, 2H), 7.07-7.13 (m, 1H), 6.89-7.03 (m, 2H), 6.36 (d, J

8.0 Hz, 1H), 5.09 (q, J = 5.5 Hz, 6.8 Hz, 1H), 1.56 (t, J
6.6 Hz, 3H).
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Example 5: Preparation of (S)-4-((1-(8-chloro-l1-oxo-2-

phenyl-1,2~dihydroisoquinoline-3-yl)ethyl)amino)pyrido(2,3-

dlpyrimidine~5(8H) ~one

r;H;

Step 1: Preparation of (8)=-3-(1-((5-acetyl-6-((4-

methoxybenzyl)amino)pyrimidine-4-yl)amino)ethyl)-8-chloro-

2-phenylisoquinocline-1(2H) -one

292 mg (1.0 mmol, 1 equivalent) of 1-(4-chloro-6-((4-
methoxybenzyl)amino)pyrimidine-5-yl)ethane-1-one prepared
in step 4 of Example 1 and (S)-3-(l-aminoethyl)-8-chloro-2-
phenylisogquinoline~1(2H) -one (1.1 equivalent) were
dissolved in 10 mL of anhydrous dimethylsulfoxide (DMSO),
to which diisopropylethylamine (DIPEA) (3 equivalent) was
added, followed by stirring at 80TC for 10 hours. Ethyl
acetate and water was added to the reaction mixture,
followed by extraction. The. extracted organic layer was
dried (Na28045, filtered, and concentrated under reduced
pressure. The residue was separated by column
chromatography (Si0,, eluent: hexane/ethyl acetate, 3/1 ->
hexane/ethyl acetate, 1/1) to give 482 mg of the target
compound {S)-3-(1l-((5-acetyl-6-( (4~
methoxybenzyl)amino)pyrimidine~4-yl)amino)ethyl)-8-chloro-
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2-phenylisoquinoline~1(2H)-one as a white solid (0.87 mmol,

yield: 87%).

it

4 NMR (300 MHz, CDCls) & 8.56 (br d, J 6.3Hz, 1H),
8.02 (s, 1H), 7.20-7.55 (m, 10H), 6.87 (d, J = 8.7Hz, 2H),
6.48 (s, 1H), 6.44 (br t, 1H), 4.84-4.95 (m, 1H), 4.66 (d,
J = 4.8Hz, 2H), 3.79 (s, 3H), 2.52 (s, 3H), 1.38 (d, J =

6.6 Hz, 3H).

Step 2: Preparation of (S)-4-{{1-{8~-chloro-1-ox0~-2~

phenyl—l,2~dihydroisoquinoline~3¥yl)ethyl)amino)w8—(4—

methoxybenzyl)pyrido[2,3-dlpyrimidine-5(8H)-one

200 mg (0.361 mmol) of (S} ~3=-(1l-({(5~acetyl~-6~( (4~
methoxybenzyl)amino)pyrimidine-4-yl)amino)ethyl)-8-chloro-
2-phenylisoquinoline-1(2H)-one prepared in step 1 was
dissolved in 3 mL of anhydrous dimethylformamide (DMF), to
which 0.24 ml (1.805 mmol) of N,N~dimethylformamide
dimethyl acetal was added, followed by stirring at 130T
for 15 hours. Ethyl acetate and water was added to the
reaction mixture, followed by extraction. The extracted
organic layer was dried (Na,S04), filtered, and concentrated
under reduced pressure. The residue was separated by
column chromatography (Si0,, eluent: dichloromethane/ethyl
acetate, 10/1 -> dichloromethane/ethyl acetate, 1/1) to
give 90 mg of the target compound {(S8)-4-((1l-(8-chloro-1-
oxo-2~-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-8-
{4-methoxybenzyl)pyrido{2,3-dlpyrimidine-5(8H)-one as a
white solid (0.160 mmol, vyield: 44%).

168



10

15

20

25

©A 02979815 2017-09~14

H NMR (300 MHz, CDCls;) & 10.71 (d, J = 6.9 Hz, 1H),
8.30 (s, 1H), 7.47-7.57 (m, 3H), 7.29-7.47 (m, 6H), 7.23
(d, J = 8.3 Hz, 2H), 6.87 (d,°J = 8.3 Hz, 2H), 6.59 (s,
1H), 6.30 (d, J = 8.3 Hz, 1H), 5.35 (s, 2H), 4.93 (t, J =
6.9 Hz, 1H), 3.78 (s, 3H), 1.45 (d, J = 6.9 Hz, 3H).

Step 3: Preparation of (S)-4-((1-(8-chloro-l-oxo-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)pyrido([2, 3~

dlpyrimidine-5(8H) -one

67 mg of (8$y-4-((1-(8~chloro-l-oxo~2-phenyl-1,2-
dihydroisoquinoline-3-vyl)ethyl)amino)pyrido([2,3-
dlpyrimidine-5(8H)~one was prepared as a white solid by
using 90 mg (0.160 mmol) of (S)-4-((l-(8-chloro-l-oxo-2-
phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-8-(4-
methoxybenzyl)pyrido[2,3-d]lpyrimidine~5(8H)-one prepared in
step 2 according to the same manner as described in step 8
of Example 1 (0.151 mmol, yield: 95%).

'H NMR (300 MHz, DMSO-d¢) & 12.14 (s, 1H), 10.48 (d, J
= 7.2 Hz, 1H), 8.19 (s, 1H), 7.75-7.82 {m, 1H), 7.58-7.69
(m, 2H), 7.46-7.54 (m, 2H), 7.28-7.45 (m, 4H), 6.77 (s,
1H), 6.15 (4, § = 8.6 Hz, 1H), 4.71 (t, J = 7.1 Hz, 1H),

1.40 (d, J = 8.6 Hz, 3H}.

Example 6: Preparation of (S) -4~ ((1-(2~-

phenylguinoline-3~-yl)ethyl)amino)pyrido[2,3-d]pyrimidine~

5(8H) —-one
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PMBN" ™=
%%*\ o PMBN ™ X HNT
.
L OH NI X (o} TFAMSA Nl o)
BOP/DBU '\N/ NH MC L

MeCN N" "hH

=

Step 1: Preparation of (S)-8-(4-methoxybenzyl)-4-((1-

(2-phenylquinoline-3~-yl)ethyl)amino)pyrido([2, 3-

dlpyrimidine-5(8H) -one

30 mg of (S)~8-(4-methoxybenzyl)-4-((1-(2-
phenylquinoline-3~yl)ethyl)amino)pyrido([2,3-d]pyrimidine-
5(8H)-one was prepared as a pale yellow solid by using 29
mg (0.117 mmol) of (8)-1-(2-phenylquinoline-3-yl)ethane-1-
amine according to the same manner as described in step 7
of Example 1 (0.058 mmol, yield: 55%).

'H NMR (300 MHz, CDCl3) & 10.94 (d, J = 6.5 Hz, 1H),
8.42-8.56 (m, 1H), 8.28 (d, J = 12.7 Hz, 2H), 7.38-8.17 (m,
9H), 7.21 (d, J = 8.6 Hz, 2H), 6.85 (d, J

8.6 Hz, 2H),
6.30 (d, J = 7.6 Hz, 1H), 5.64-5.75 (m, 1H), 5.34 (d, J =

7.6 Hz, 2H), 3.78 (s, 3H), 1.49 (d, J = 7.1 Hz, 3H).

Step 2: Preparation of (S)-4-((l-(2-phenylquinoline-3-

yl)ethyl)amino)pyrido[2,3~d]lpyrimidine-5(8H) -one

20 mg of (8)~4-((1l-(2-phenylquinoline-3-
yl)ethyl)amino)pyrido[2,3md]pyrimidine—5(8H)mone was
prepared as a pale yellow solid by using 30 mg (0.058 mmol)
of (S)-8-(4-methoxybenzyl)-4-((1-(2-phenylquinoline-3-
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yl)ethyl)amino)pyrido[2,3~-d]pyrimidine-5(8H)~one prepared
in step 1 according to the same manner as described in step
8 of Example 1 (0.051 mmol, yield: 87%).

'H NMR (300 MHz, CDCl;) & 10.78 (d, J = 8.0 Hz, 1H),
10.55(brs, 1H), 8.24 (d, J = 6.7 Hz, 2H), 8.14 (d, J = 6.7
Hz, 1H), 7.64-7.84 (m, 4H), 7.41-7.55 (m, 5H), 6.34 (d, J =

7.4 Hz, 1H), 5.71 (g, J = 5.3 Hz, 6.6 Hz, 1H), 1.50 (d, J

7.4 Hz, 3H).

Example 7: Preparation of 4-((1-(6-fluoro-3-(pyridine-

2-yl)quinoline-2-yl)ethyl)amino)pyrido[2,3-d]pyrimidine-

5(8H)~-one

PMBN
PM?§£?§ HN R
——— . U\

" BoPmBU MC =
MECN N "NH
N
'
Y F
=N

Step 1: Preparation of 4-((l1-(6-fluoro-3-(pyridine-2-

yl)guinoline-2-yl)ethyl)amino)-8-(4-

methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H) -one

30 mg of 4-((l-(6-fluoro-3-(pyridine-2-yl)quinoline-2-
yl)ethyl)amino)-8- (4-methoxybenzyl)pyrido[2,3-d]pyrimidine-
5(8H)-one was prepared as a pale yellow solid by using 52
mg (0.194 mmol) of 1-(6-fluoro-3-(pyridine-2-yl)quinoline-
2-yl)ethane-l-amine according to the . same manner as

described in step 7 of Example 1 (0.031 mmol, yield: 59%).
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'H NMR (300 MHz, CDClz) & 11.61 (d, J = 6.7 Hz, 1H),
8.79 (d, J = 3.6 Hz, 1H), 8.27-8.36 (m, 2H), 8.10 (s, 1H),
7.82 (t, J = 6.5 Hz, 1H), 7.40-7.62 (m, 4H), 7.32-7.39 (m,
1H), 7.19 (d, J = 7.9 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H),
6.29 (d, J = 7.8 Hz, 1H), 6.03-6.14 (m, 1H), 5.33 (s, 2H),
3.78 (s, 3H), 1.57 (d, J = 6.5 Hz, 3H).

Step 2: 4-((l-(6~-fluoro-3-(pyridine-2-yl)quinoline-2-

yl)ethyl)amino)pyrido[2,3-d]lpyrimidine—-5(8H) ~one

22 mg of 4-((l-(6~fluoro-3-(pyridine-2-yl)quinoline-2-
yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H) -one was
prepared as a pale yellow solid by using 30 mg (0.056 mmol)
of 4-((1-(6-fluoro-3-(pyridine-2-yl)quinoline-2-
yliethyl)amine)-8-(4-methoxybenzyl)pyrido[2,3-dlpyrimidine-
5(8H)-one prepared in step 1 according to the same manner
as described in step 8 of Example 1 (0.053 mmol, yield:
95%) .

'H NMR (500 MHz, coc1g) 5 11.54 (d, J = 7.1 Hz, 1H),
8.79 (d, J = 4.7 Hz, 1H), 8.30-8.35 (m, 1H), 8.21 (s, 1H),
8.12 (s, 1H), 7.86 (t, J = 8.7 Hz, 1H), 7.59 (d, J = 8.1
Hz, 1H), 7.53 (t, J = 8.1 Hz, 1H), 7.46 (d, J = 7.6 Hz,
2H), 7.39 (t, J = 6.4 Hz, 1H), 6.32 (d, J = 7.6 Hz, 1H),
6.02-6.08 (m, 1H), 1.54 (d, J = 6.9 Hz, 3H).

Example 7-1: Preparation of {(8)-4-((1l-(6-fluoro-3-

(pyridine—-2-yl)qguinoline-2-yl)ethyl})amino)pyrido[2,3-

dlpyrimidine~5 (8H) ~one
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PMBN > = '
N0
= BOP/DBU

N~ "OH MeCN

The target compound (S)-4-((1-(6-fluoro-3~(pyridine-
2-yl)guinoline-2-yl)ethyl)amino)pyrido[2,3-d]pyrimidine-
5(8H) -one was prepared by using tert-butyl (S)-1-(6-fluoro-
3-(pyridine-2-yl)quinoline-2-yl)ethane-l-amine prepared in
Preparative Example 21 according to the same manner as
described in step 7 and step 8 of Example 1.

'H NMR (500 MHz, CDCls3) & 11.54 (d, J = 7.1 Hz, 1H),
8.79 (d, J = 4.7 Hz, 1H), 8.30-8.35 (m, 1H), 8.21 (s, 1H),
8.12 (s, 1H), 7.86 ({(t, 4 = 8.7 Hz, 1H}, 7.59 (d, J = 8.1
Hz, 1H), 7.53 (t, J = 8.1 Hz, 1H), 7.46 (d, J = 7.6 Hz,
2H), 7.39 (t, J = 6.4 Hz, 1H), 6.32 (d, J = 7.6 Hz, 1H),

6.02-6.08 (m, 1H), 1.54 (d, J = 6.9 Hz, 3H).

Example B8: Preparation of (S)-4-((1-(7-fluoro-2- (3~

fluorophenyl)quinoline»B—yl)ethyl)amino)pyrido[2,3—

dlpyrimidine-5(8H) -one

PMBN
gﬂz 0 PMBN" HN" ™
X TEA/MSA ﬁ'\\ 9]
F ‘ onmsu MG LN/'NH
‘D MeCN :
‘ e ‘
F 2
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Step 1: Preparation of (8) =4~ ({1~ (7-fluoro-2-(3-

fluorophenyl)quinoline-3-yl)ethyl)amino)-8-(4-

methoxybenzyl)pyridol[2,3-dlpyrimidine~5(8H)-one

40 mg of {(8)-4~-((1-(7-fluoro-2-(3-
fluorophenyl)quinoline-3~yl)ethyl)amino)~8-(4-
methoxybenzyl)pyrido[2,3~-d]pyrimidine-5(8H)-one was
prepared as a yellow solid by using 55 mg (0.194 mmol) of
(S)~1~(7—fluoro~2—(3—fluorophenyl)quinoline~3-yl)ethane—lf
amine according to the same manner as described in step 7
of Example 1 (0.073 mmol, yield: 40%).

'H NMR (300 MHz, CDCl;) & 10.94 (d, J = 5.3 Hz, 1H),
8.32 (s, 1lH), 8.27 (s, 1H), 7.71-7.84 (m, 2H), 7.40-7.55
(m, 4H), 7.27-7.36 (m, 1H), 7.21 (d, J = 8.7 Hz, 2H), 7.08-
7.17 {(m, 1H), 6.85 (d, J = 8.5 Hz, 2H}), 6.31 (d, J = T.5
Hz, 1H), 5.61-5.73 (m, 1H), 5.34 (d, J = 6.8 Hz, 2H), 3.78

(s, 3H), 1.49 (d, J = 6.9 Hz, 3H).

Step 2: Preparation of (S)-4~-((1-(7-fluocro-2- (3~

fluorophenyl)guinoline-3-yl)ethyl)amino)pyrido[2,3~

dlpyrimidine-5 (8H) -one

25 mg of (8)-4-((1-{(7-fluoroc—-2-(3-
fluorophenyl)quinoline-~3~yl)ethyl)amino)pyridol[2, 3-
dlpyrimidine-5 (8H) ~one was prepared as a white solid by
using 40 mnmg (0.073 mmol) of (S)~4-({(1~{7T-fluoro-2~ (3~
fluorophenyl)guinoline-3-yl)ethyl)amino)-8-(4-

methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one prepared . in
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step 1 according to the same manner as described in step 8
of Example 1 (0.058 mmol, yield: 80%).

'H NMR (300 MHz, CDCls) & 11.25(brs, 1H), 10.84 (d, J =
7.2 Hz, 1H), 8;25 (d, § = 3.3 Hz, 2H), 7.71-7.84 (m, 2H),
7.42-7.56 (m, 4H), 7.28-7.36 (m, 1H), 7.11-7.19 (m, 1H),
6.35 (d, J = 7.2 Hz, 1H), 5.61-5.72 (m, 1H), 1.51 (d, J =

6.9 Hz, 3H).

Example 9: Preparation of (8)-4-(1-(7-fluoro-2-

(pyridine-2-yl)quinoline-3-yl)ethylamino)pyrido{2,3-

dlpyrimidine-5(8H) ~one"

PMBN™ ™
%m‘\< 0 PVBN"X HN%
N" T 0H ng TFAMSA N
BOP/DBU ’\ MC - N/

O
MeCN N NH
/
o O
N F

F

o
o
|§lH N
T
~!»‘“m # e S
=N =N

Step 1l: Preparation of (8)-4-(1-(7-flucro-2-(pyridine-

2-yl)quinoline-3-vyl)ethyl)amino)-8-(4-

methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one

245 mg of (8)-4-(1-(7-fluoro-2- (pyridine-2-
yl)gquinoline-3~yl)ethyl)amino)-8-(4-
methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one was
prepared as a pale yellow solid qby using 212 mg (0.793
mmo1l) of (S)-1-(7-fluoro-2-(pyridine-2-yl)quinoline-3-
yl)ethane-l-amine according to the same manner as described

in step 7 of Example 1 (0.460 mmol, yield: 58%).
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ly NMR (300 MHz, CDCls) & 10.99(d, J = 7.3 Hz, 1H),
8.75(d, J = 4.7 Hz, 1H), 8.33(s, 1H), 8.22(s, 1H), 7.99(d,
J = 7.6 Hz, 1H), 7.72~7.88(m, 3H), 7.46(d, J = 7.6 Hz, 1H),
7.27~7.37(m, 2H), 7.18(d, J = 8.5 Hz, 2H), 6.83(d, J = 8.8
Hz, 2H), 6.27(d, J = 8.0 Hz, 1H), 6.07(q, J = 7.2 Hz, 6.4
Hz, 1H), 5.31(gq, J = 14.8 Hz, 5.9 Hz, 2H), 3.76(s, 3H),

1.66(d, J = 6.7 Hz, 3H).

Step 2: Preparation of (S)-4-(1-(7-fluoro-2-(pyridine-

2-yl)quinoline-3-yl)ethylamino)pyrido[2,3-d]pyrimidine-

5(8H) ~one

187 mg of  (S)-4-(l-(7-fluoro-2-(pyridine-2-
yl)quinoline-Bmyl)ethylamino)pyrido[z,3—d]pyrimidin675(8H)-
one was prepared as a pale yellow solid by using 245 mg
(0.460 mmol) of (S)y-4-(1-(7-fluoro=-2~(pyridine-2-
yl)quinoline-3-yl)ethyl)amino)-8- (4~
methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one according
to the same manner as described in step 8 of Example 1
(0.453 mmol, yield: 99%).

'H NMR (500 MHz, CDCl;) & 11.26(br s, 1H), 10.93(d, J =
7.0 Hz, 1H), 8.82(d, J =‘4.6 Hz, 1H), 8.35(s, 1H), 8.17(s,
1H), 8.03(d, J = 7.7 Hez, 1H), 7.86~7.93(m, 1H),
7.83~7.87(m, 1H), 7.77~7.81{(m, 1H), 7.44(d, J = 7.7 Hz,
1H), 7.33~7.42(m, 2H), 6.31(d, J = 7.0 Hz, 1H), 6.12(q, J =
7.0 Hz, 7.0 Hz, 1H), 1.68(d, J = 6.8 Hz, 3H).
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Example 10: Preparation of (S)=-4-((l-(4,8-dichloro-1-

oxo-2-phenyl-1,2-dihydroisoquinoline-3—

yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H)-one

50 mg (0.113 mmol) of (S)-4-((1-(8-chloro-l-ox0o-2-
phenyl-1,2-dihydroisoquinoline~-3-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H)-one prepared in Example 5 was dissolved
in 2 mL of acetic acid, to which 17 mg (0.124 mmol) of N-
chlorosuccinimide (NCS) was added, followed by stirring at
50C for 15 hours. The reaction mixture was filtered under
reduced pressure. Saturated sodiumbicarbonate adqueous
solution was added thereto, followed by neutralization.

Dichloromethane and water were added thereto, followed by

extraction. The extracted organic layer was dried (Naz:S04),
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (S1i0y,
eluent: dichloromethane/methanol, 30/1 ->

dichloromethane/methanol, 10/1) to give 25 mg of the target
compound (s)-4-((1-(4,8-dichloro~-l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3~-yl)ethyl)amino)pyrido[2, 3~
d]lpyrimidine-5(8H)-one as a pale yellow solid (0.052 mmol,
yield: 46%).
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'y NMR (300 MHz, CDCls) & 10.99 (d, J = 4.8 Hz, 1H),
8.25 (s, 1H), 7.95(dd, J = 1.9 Hz, J = 7.5 Hz, 1H), 7.75
(d, 0 = 7.8 Hz, 1H), 7.46-7.62 (m, 6H), 7.20 (d, J = 6.7
Hz, 1H), 6.3 (d, J = 7.5 Hz, 1H), 5.04 (t, J = 67.2 Hz,
1H), 1.67 (d, J = 7.2 Hz, 3H).

Example 11: Preparation of {SY-4-((1-(8-chloro-4-

fluoro-1-oxo-2-phenyl-1,2-dihydroisoquinoline-3-

yl)ethyl)amino)pyrido[2,3-d]pyrimidine-5(8H)-one

PMBN™ >
N0 PMBN "X HNTSS
L - A
0
e,

L Non YT _TPAMSA - NTSYT
BOP/DBU 2 MC |
MeCN NN F NTTNHOE
T = ‘
N N._.

Step 1: Preparation of (S)-4-((l-(8-chloro-4-fluoro-1-

oxo-2-phenyl-1,2-dihydroisoquinoline-3~-yl)ethyl)amino)-8-

(4-methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one

5 mg of (8)-4-((1-(8-chloro-4~fluoro-l-o0x0-2-phenyl-
1,2~-dihydroisoguinoline~3~yl)ethyl)amino) -8~ (4~
methoxybenzyl)pyrido[2,3-d]pyrimidine-5(8H)~one was
prepared as a white solid by using 25 mg (0.079 mmol) of
(8)-3-(l~aminoethyl)-8-chloro-4~fluoro-2- '
phenylisoﬁuinolinewl(2H)~one according to the same manner
as described in step 7 of Example 1 (0.009 mmol, yield:
11%) .

4 NMR (300 MHz, CDCls) & 10.96 (d, J = 7.8 Hz, 1H),
8.32 (s, 1H), 7.7.68 (t, J = 6.5 Hz, 2H), 7.43-7.62 (m,
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74), 7.19 (4, J = 8.8 Hz, 2H), 6.84 (d, J = 9.0 Hz, 2H),
6.27 (d, & = 7.8 Hz, 1H), 5.33 (g, J§ = 12.6 Hz, J'= 9.1 Hz,
2H), 4.95 (gq, J = 5.2 Hz, 6.5 Hz, 1H), 3.77 (s, 3H), 1.60
(d, J = 6.5 Hz, 3H).

Step 2: Preparation of (8)-4-({]l-(B-chloroc-4-fluoro-1-

oxo~-2-phenyl-1,2-dihydroisogquinoline—3-

yl)ethyl)amino)pyrido[2,3~d]lpyrimidine~5 (8H)~one

2 mg of (S)—4—({1—(8—chlere—é—flﬁoro—l—oxo—Z—phenyl—
1,2-dihydroisoquinoline-3-yl)ethyl)amino)pyrido[2Z, 3~
dlpyrimidine~5(8H) -one was prepared as a white solid by
using 5 mg (0.009 mmol) of (8)-4-((l-(8-chloro-4-fluoro-1-
oxo~2~phenyl~-1,2~dihydroisoquinoline-3-yl)ethyl)amino}-8-
(4-methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one prepared
in step 1 according to the same manner as described in step
8 of Example 1 (0.004 mmol, yield: 50%).

'H NMR (500 MHz, CDClz) & 10.82 (d, J = 6.2 Hz, 1H),
8.22 (s, 1H), 7.71 (d, J = 6.2 Hz, 1H), 7.46-7.66 (m, TH),
7.21-7.24 (m, 1H), 6.31 (d, J = 7.3 Hz, 1H), 4.96 (g, J =
4.9 Hz, 6.2 Hz, 1H), 1.61 (d, J = 7.3 Hz, 3H).

Example 12: Preparation of (8)-4-{({(1-(5-fluoro-4-oxo-

3-phenyl~3,4-dihydroguinazoline-2-

yl)propyl)amino)pyrido[2,3~-d]lpyrimidine~5(8H)~one
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Step 1: Preparation of (S)—-4-((1-(5-fluoro-4-ox0-3-

PMBN
NH; H“?T££EL§ HNT

phenyl-3,4~-dihydroquinazoline~2-yl)propyl)amino)-8- (4~

methoxybenzyl}pyridol[2,3-d]pyrimidine-5{(8H)-one

60 my of (8)=4~((1-(5-fluoro~-4~-0xo~3~phenyl~3,4-~
dihydroquinazoline-2-yl)propyl)amino)-8-(4-
methoxybenzyl)pyrido[2,3-d]lpyrimidine~5(8H)~-one was
prepared as a white solid by using 58 mg (0.194 nmel) of
(S)-2-(l-aminopropyl)-5-fluoro-3-phenylquinazoline-4 (3H) -
one according to the same manner as described in step 7 of
Example 1 (0.107 mmol, yield: 60%).

'H NMR (300 MHz, CDCl3) & 10.96 (d, J = 5.9 Hz, 1H),
8.28 (s, 1H), 7.43-7.73 {(m, 8H), 7.32 (d, J = 6.5 Hz, 1H),
7.21 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 9.7 Hz, 1H), 6.85
(d, §J = 7.6 Hz, 2H), 6.23-6.37 {(m, 1H), 5.34 (s, 2H), 4.96-
5.07 (m, 1H), 3.77 (s, 3H), 1.75-1.99 (m, 2H), 0.88 (t, J =

7.0 Hz, 3H).

Step 2: Preparation of (8)-4-((l-{5~fluoro-4-oxo-3-

phenyl~-3,4~-dihydroquinazoline-2-yl)propyl)amino)pyrido[2,3-

dlpyrimidine~5 (8H) -one
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33 mg of (S)-4-((1l-(5-fluoro-4~-oxo-3~-phenyl-3,4~
dihydroguinazoline-2-yl)propyljamino)pyridof[2, 3-
dlpyrimidine-5(8H)-one was prepared as a pale brown solid
by using 60 mg (0.107 mmol) of (8)-4-((l-(5-fluoro-4~oxo~-3~-
phenyl~3,4*dihydroquinazoline~2~yl)pfopyl)amino)~8~(4~
methozybenzyl)pyrido[2,3-d]lpyrimidine~5(8H)-cne prepared in
step 1 according to the same manner as described in step 8
of Example 1 (0.075 mmol, vyield: 88%).

'H NMR (300 MHz, CDCl;) & 11.88(brs, 1H), 10.90 (d, J

7.3 Hz, 1H), 8.20 (s, 1H), 7.41-7.70 (m, 7H), 7.33 (d, J =
7.0 Hz, 1H), 7.09 (t, J = 8.2 Hz, 1H), 6.34 (d, J = 7.6 Hz,
1H), 4.99-5.09 {(m, 1H), 1.78-2.00 (m, 2H), 0.89 (t, J = 7.6
Hz, 3H).

Example 13: Preparation of (S)-4-(2-~(5~chloro~4~-oxo~3~

phenyl-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-

yl)pyrido[2,3-d]pyrimidine-5(8H)~one

PMBN™ =
/~~NH N~ 0 HN™ ™
AL N , ([ ‘ ‘
z N~ oM TFAMSA N 0]
N _~ BOP/DBU
, MeCN
©/ o ¢

Step 1: Preparation of (5)-4-(2~(5-¢chloro-4-0ox0~3- .

phenyl-3,4-dihydroquinazoline~-2-yl)pyrrolidine~1-yl)~-8- (4~

methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H) ~one
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60 mg of (8) -4~ (2~ (5~-chloro~4~oxo~3~phenyl~3,64~
dihydroquinazoline-2-yl)pyrrolidine-1-yl)-8-(4-
methoxybenzyl)pyrido([2,3-d]pyrimidine~5(8H)-one was
prepared as a pale yellow solid by using 63 mg (0.194 mmol)
of (S)-5-chloro-3-phenyl-2-(pyrrolidine-2-yl)quinazoline-
4 (3H)~one according to the same manner as described in step
7 of Example 1 (0.102 mmol, yield: 58%).

'H NMR (300 MHz, CDCl;) & 8.21 (s, 1H), 7.71-7.78 (m,
1H), 7.45-7.65 (mE-SH), 7.37-7.44 (wm, 3H), 7.19 (d, J = 6.8
Hz, 2H), 6.83 (d, J = 8.3 Hz, 2H), 6.23 (d, J = 7.5 Hz,
1H), 5.39 (d, J = 15.0 Hz, 1H), 5.23 (d, J = 14.3 Hz, 1H),
4.74-4.83 (m, 1H), 3.82-3.95 (m, 1H), 3.63-3.74 (m, 1H),
2.23-2.36 (m, 1H), 2.06-2.16 (m, 2H), 1.71-1.86 (m, 1H).

Step 2: Preparation of (8)-4-(2-(5-chloro-4-ox0~-3-

phenyl-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-

yl)pyrido[2,3-d]lpyrimidine-5(8H) -one

36 mg of (8)-4~-(2-(5-chloro-4-oxo~-3-phenyl-3,4-
dihydroquinazoline-2-yl)pyrrolidine-1-yl)pyrido[2,3~
dlpyrimidine~5(8H) ~one was prepared as a pale yellow solid
by using 60 mg (0.102 mmol) of (S)-4-(2-{(5-chloro-4-oxo-3-
phenyl-3, 4~-dihydroquinazoline~2~yl)pyrrolidine~l-yl)~8~ (4~
methoxybenzyl)pyrido[2,3-dlpyrimidine~-5(8H)~one prepared in
step 1 according to the same manner as described in step 8
of Example 1 (0.076 mmeol, vyvield: 75%).

'H NMR (500 MHz, CDClz) & 10.28(br s, 1H), 8.15 (s,
1), 7.75 (d, J = 8.1 Hz, 1H), 7.49-7.65 (m, 5H), 7.41-7.47
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(m, 3H), 6.28 (d, J = 7.8 Hz, 1H), 4.87 (t, J = 6.5 Hz,
1H), 3.90-3.97 (m, 1H), 3.81-3.87 (m, 1H), 2.32-2.41 {(m,

1H), 2.09-2.16 (m, 2H), 1.86-1.92 (m, 1H).

Example 14: Preparation of (S)-4-(2-(8-chloro-l-oxo-2-

phenyl-1,2~dihydroiscoquinoline-3~-yl)pyrrolidine-1-

yl)pyrido[2,3-d]pyrimidine-5(8H) -one

¥
s o ,
, N PMB._
PMBNH O ©/ NH O PMBN " HNTS
) 0 ¢
Nl&rl\ Nljfi\ DMF-DMA N[ o N0 TEAMSA Nt S g
kN’ - DIPEAIDMSO 7 DMF (7 MC 2

NT i N N7
= e e
N\O ]/;4 N

Ll g 0

Step 1: Preparation of (S)-3-(1-(5-~acetyl-6-((4-

methoxybenzyl}amino)pyrimidine~4-yl)pyrrolidine-2-yl)-8-

chloro-2-phenylisoquinoline=-1(2H)-one

180 mg of (8)-3~(1-(b~acetyl~6-((4-
methoxybenzyl)amino)pyrimidine-4-yl)pyrrolidine-2-yl)~-8-
chloro-2-phenylisoquincline-1(2H)-one was prepared as a
pale yellow solid by wusing 100 mg (0.343 mmol) of 1-(4-
chloro-6-((4-methoxybenzyl)amineo)pyrimidine-5-yl)ethane~-1-
one prepared in step 4 of Example 1 and 122 mg (0.377 mmol)
of (S)-8-chloro~2-phenyl-~3-(pyrrolidine-2-yl)isoquinoline~
1(2H) -one according to the same manner as described in step
1 of Example 5 (0.310 mmol, yield: 91%).

'H NMR (300 MHz, CDCl;) & 8.61 (t, J = 3.4 Hz, 1H),
8.10 (s, 1H), 7.72 (d, 0 = 5.2 Hz, 1H), 7.38-7.63 (m, 5SH),
7.27-7.33 (m, 2H), 7.23 (d, J = 8.3 Hz, 2H), 6.84 (d, J =
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8.3 Hz, 2H), 6.49 (s, 1H), 4.82-4.90 (m, 1H), 4.63-4.72 (m,
iH), 4.46-4.55 (m, 1H), 3.78 (s, 3H), 3.70-3.76 (m, 1H),
3.25 (t, 0 = 9.0 Hz, 1H), 2.53 (s, 3H), 2.03-2.14 (m, 1H),
1.87-2.01 (m, 1H), 1.75-1.87 (m, 1H), 1.57 (m, 1H).

Step 2: Preparation of (8)~4~(2-(B8~chloro-l-oxo-2-

phenyl-1,2-dihydroisoquinoline-3-yl)pyrrolidine-1-yl)-8-(4-

methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H) ~one

70 mg of (8)-4-(2-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)pyrrolidine-1-yl)-8-(4-
methoxybenzyl)pyrido[2,3-d)pyrimidine~5(8H)-one was
prepared as a pale yellow solid by using 180 mg (0.310
mmol) of (S)-3-(1- (5-~acetyl-6-( (4-
methoxybenzyl}amino)pyrimidine-4-yl)pyrrolidine-2-yl)-8-
chloro-2-phenylisoquinoline~1(2H)-one prepared in step 1
according to the same manner as described in step 2 of
Example 5 (0.119 mmol, yield: 38%).

'H NMR (300 MHz, CDCl;) & 8.36 (s, 1H), 7.71 (t, J =
6.6 Hz, 1H), 7.43-7.65 (m, 6H), 7.30-7.42 (m, 4H), 7.23 (d,
J = 7.3 Hz, 2H), 6.71(brs, 1H), 6.25 (d, J = 7.3 Hz, 1H),
5.26-5.42 (m, 2H), 4.97 (t, J = 7.3 Hz, 1H), 4.30-4.43 {m,
1H), 2.94-3.06 (m, 1H), 1.82-2.12 (m, 4H).

Step 3: Preparation of (8)-4-(2-(8-chloro-l-oxo-2-

phenyl-1,2-dihydreoisoguinoline~-3-yl)pyrrolidine-1-

yl)pyridol2,3-d]lpyrimidine-5(8H)-one
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48 mg  of (§)-4-(2~(8-chloro-1-oxo-2~phenyl-1,2~
dihydroisoquinoline~3-yl)pyrrolidine-1-yl)pyrido{2,3-
dlpyrimidine-5(8H)~-one was prepared as a pale yellow solid
by using 70 mg (0.11°2 mmol) of (8)-4-(2-(B-chloro-l-oxo-2-
phenyl-1,2~dihydroisoquinoline~-3-yl)pyrrolidine~-1-yl)~-8~(4-
methoxybenzyl)pyrido[2,3~-d]lpyrimidine~5(8H)-one prepared in
step 2 according to the same manner as described in step 8
of Example 1 (0.102 mmol, yield: 86%).

'"H NMR (300 MHz, CDCl;) & 11.17(brs, 1H), 8.29 (s, 1H),
7.43-7.73 (m, 5H), 7.29—7.42 (m, 4H), 6.66 (s, 1H), 6.29
(d, J = 8.6 Hz, 1H), 4.98 (t, J = 7.3 Hz, 1H), 4.34-4.49
{m, 1H), 3.05-3.18 (m, 1H), 1.82-2.15 (m, 3H), 1.74(brs,
1H) .

Example 15: Preparation of (§)=-2-amino-4-( (1~ (8~

chloro-l-oxo-2-phenyl-1,2~-dihydroisoquinoline~-3-

yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H) ~one
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Step l: Preparation of (8} =-3-(l-((5~acetyl~6-( (4~

methoxybenzyl)amino)~2~ (methylthio)pyrimidine-4-

yl)aminc)ethyl)-8-chloro-2-phenylisoquinoline-1(2H)-one

5 1.5 g of (8)-3-(1-((5-acetyl-6-((4-
methoxybenzyl)amino)-2-(methylthio) pyrimidine-—4—
yl)amino)ethyl)—8-—chloro~2«-phenylisoquinoline~1(ZH)—oné was
prepared as a pale yellow solid by using 920 mg (2.723
mmol) of l-(4-chloro-6~({4-methoxybenzyl)amino) -2~

10 {(methylthio)pyrimidine-~-5-yl)ethane-l-one and 895 mg. (2.996
mmol) of (S)-3-{1l-aminoethyl)~-8-chloro-2-
phenylisoquinoline-1(2H)-one according to the same manner
as described in step 1 of Example 5 (2.1%99 mmol, yield:

) .

15 'H NMR (300 MHz, CDClz) & 8.71 (d, J = 6.7 Hz, 1H),

92

oe

7.56-7.¢3 (m, 1H), 7.38-7.55 (m, 6H), 7.27-7.38 (m, 2H),
7.20-7.26 (m, 2H), 6.87 (d, J

8.9 Hz, 2H), 6.53(brs, 1H),
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6.47 (s, 1H), 4.91 (t, J = 7.7 Hz, 1H), 4.67 (d, T = 4.5
Hz, 2H), 3.80 (s, 3H), 3.51 (s, 3H), 3.37 (s, 3H), 1.35 (d,

J = 6.7 Hz, 3H).

Step 2: Preparation of {(8)-4~((1l-(8-chloro~-1l-ox0=-2~

phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-8-(4-

methoxybenzyl)-2-(methylthio)pyrido[2,3-d]pyrimidine-5 (8H) -

one

90 mg of {S)-4-((1-{(8-chloro-1-oxo~2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)=-8-(4-
methoxybenzyl)pyrido[2,3~d]lpyrimidine-5(8H)-one was
prepared as a white solid by using 700 mg (1.166 mmol) of
(8)~3-(1-((5-acetyl-6-((4-methoxybenzyl)amino)-2-
(methylthio)pyrimidine-4-yl)amino)ethyl)-8-chloro-2-
phenylisoquinoline-1(2H)-one prepared in step 1 according
to the same manner as described in step 2 of Example 5
(0.160 mmol, yield: 44%).

'H NMR (300 MHz, CDClz) & 10.71 (d, J = 6.9 Hz, 1H),
8.30 (s, 1H), 7.47-7.57 {(m, 3H), 7.29-7.47 {(m, 6H), 7T7.23
(d, J = 8.3 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 6.59 (s,
1H), 6.30 (d, J = 8.3 Hz, 1H), 5.35 (s, 2H), 4.93 (t, J =
6.9 Hz, 1H), 3.78 (s, 3H), 1.45 (d, J = 6.9 Hz, 3H).

Step 3: Preparation of (8)-4-((1-(8-chloro-l-oxo-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-2-

(methylthio)pyrido[2,3-dlpyrimidine-5(8H) -one
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195 mg of (8)-4~((1l~-(8~chloro~l-oxo~2~-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)-2-
(methylthio)pyrido[2,3~d]jpyrimidine-5(8H)-one was prepared
as a white solid by using 249 mg (0.408 mmol) of (8)-4-((1-
{8~chloro-1l-oxo-2-phenyl-1,2~dihydroisoquinoline-3-
yvl)ethyl)amino) -8~ (4-methoxybenzyl)-2-
(methylthioc)pyrido[2,3-d]lpyrimidine-5(8H)-one prepared 1in
step 2 according to the same manner as described in step 8
of Example 1 (0.398 mmol, yield: 98%).

'H NMR (300 MHz, DMSO-d¢) & 10.56 (d, J = 6.6 Hz, 1H),
7.58~7.72 (m, 3H), 7.47-7.57 (m, 2H), 7.34-7.46 (m, 2H),
7.29 (d, J = 3.2 Hz, 2H), 6.77 (s, 1lH), 6.07 (d, J = 6.6
Hz, 1H), 4.74 (t, J = 7.7 Hz, 1H), 2.34 (s, 3H), 1.39 (d, J

= 6.6 Hz, 3H).

Step 4: Preparation of (8)-2-amino-4-((1-(8-chloro-1-

oxo-2-phenyl-1,2-dihydroisoquinoline-3~

yl)ethyl)amino)pyrido[2,3»d]pyﬁimidine-5(8H)~one

100 mg (0.204 mmol) of (S)-4-((1-(8-chloro-l-ox0o-2~
phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-2-
(methylthio)pyridb[2,3—d}pyrimidine—5(8H)—one prepared in
step 3 was dissolved in 7 mL of dichloromethane:methanol
(2:5), to which 70 mg (0.408 mmol) of 3-chloroperoxybenzoic
acid (mCPBA) was added at 0T, followed by stirring at room
temperature for 30 minutes. Water was added to the
reaction mixture, followed by extraction with ethyl
acetate. The extract was washed with saturated
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sodiumbicarbonate solution. The organic layer was
separated, dried (NazSO04), and concentrated. The obtained
compound was dissolved in 5 mL of
tetrahydrofuran:isopropanol (1:1), to which 2 mL of 28%
ammonia water was added, followgd by stirring at 50C for
10 hours. The reaction mixture was cooled down to room
temperature. Water was added to the reaction mixture,
followed by extraction with ethyl acetate. The extracted
organic layer was dried (Na,»,50,) and concentrated. The
obtained compound was separated by column chromatography
(8102, eluent: 2% methanol dichloromethane/methanol, 50/1 -
> dichloromethane/methanol, 20/1) to give 49 mg of the
target compound (8)-2-amino-4-((l-(8-chloro-l-oxo-2-phenyl-
1,2-dihydroisoquinoline-3-yl}ethyl)amino)pyridof2, 3-
dlpyrimidine~5(8H)~one as a white solid (0.107 mmol, yield:
52%) .

'H NMR (300 MHz, CDCl;) & 10.48 (d, J = 5.9 Hz, 1H),
7.28-7.55 (m, 8H), 7.22 (d, J = 7.3 Hz, 1lH), 6.60 (s, 1H),
6.07 (d, 8§ = 7.3 Hz, 1H), 4.99(brs, 2H), 4.83 (t, J = 7.3

Hz, 1H), 1.40 (d, J = 7.3 Hz, 3H).

Example 16: Preparation of (8)=-2-amino-4-(2-(8-chloro-

l-cxo-2-phenyl-1,2-dihydroiscoquinoline~-3-yl)pyrrolidine~1~

yl)pyrido[2,3~-d]pyrimidine-5(8H)-one
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Step 1: Preparation of (S)-4-(2-{8~-chloro-l-oxo-2-

phenyl-1,2~dihydroisogquinoline~3~yl)pyrrolidine~1l-yl) -2~

(methylthio)pyrido[2,3~-dlpyrimidine-5(8H)-one

42 mg of - (8)-4~(2~(8~chloro~l-oxo~-2-phenyl-1,2-
dihydroisoquincline-3-yl)pyrreolidine-1-yl)-2-
(methylthio)pyrido[2,3-d]lpyrimidine-~5(8H)~-one was prepared
as a white solid by using 25 mg (0.11 mmol, 1.1 equivalent)
of 4-chloro-2-(methylthio)pyrido([2,3-dlpyrimidine-5(8H)-one
and 33 mg (0.10 mmol) of (S$)~8-chloro-~2~phenyl-3-
(pyrrolidine-2-yl)isoquinoline~-1(2H)-one according to the
same manner as described in step 1 of Example 15 (0.081
mmol, yield: 81%).

'H NMR (300 MHz, CDCl;) & 11.55 (s, -NH), 8.08 (s, 1H),
7.85-7.83 (m, 1H), 7.69-7.64 (m, 1H), 7.69-7.33 (m, 7H),
6.63 (s, 1H), 5.02-4.96 (m, 1H), 4.40-4.31 {(m, 1H), 3.18-
3.12 (m, 1H), 2.57 (s, 3H), 2.12-1.98 (m, 2H), 1.87-1.81
(m, 1H), 1.64-1.55 (m, 1H).

Step 2: Preparation of (S)mz-aminom4~(2—(8~chloro~1—

oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)pyrrolidine-1-

yl)pyrido[2,3-dlpyrimidine-5(8H)-one
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23 mg of (8)-2-amino-4- (2~ (8~chloro~l-oxo~2-phenyl-
1,2-dihydroiscquinoline-3-yl)pyrrolidine-1-yl)pyrido[2,3-
d]pyrimidine-5(8H)-one was prepared as a white solid by
using 35 mg (0.068 mmol) of (8)-4-(2-(8-chloro-l-oxo~-2-
phenyl-1,2-dihydroisoquinoline-3~-yl)pyrrolidine~l-yl)-2-
(methylthio)pyrido[2, 3-dlpyrimidine~5(8H)-one according to
the same manner as deséribed in step 4 of Example 15 (0.047
mmol, yield: 70%).

'H NMR (300 MHz, CDCls) ? 8.76 (br s, 1H), 7.81-7.20 {(m,
9H), 6.73 (s, 1H), 6.19 (d, J = 7.5Hz, 1H), 5.02-4.95 (m,
18), 4.75 (br s, 2H), 4.44-4.31 (m, 1H), 3.20-3.10 (m, 1H),
2.57 (s, 3H), 2.10-1.40 (m, 4H).

Example 17: Preparation of (8)-4-((1-(8-chloro-l-oxo-

2—phenyl-1,2~dihydroisoquinoline¥3—yl)ethyl)amino)~6w

methylpyrido[2,3-dlpyrimidine-5(8H) ~one

PMBH 0 PMEN"S AN
ﬁ/£f[fL””/ DMF-DMA N”%%E;;; TFAMSA N”%j:%;;
SN DMF ILM/’NH MC mN/'NH

o o o
[jj/ o [:j/ o G mii/ o

Step 1: Prepération of (S)=4-((1l-(8-chloro-l-oxo-2~

phenyl-1,2-dihydroisoquinoline~3~yl)ethyl)amino)-8- (4~

methoxybenzyl)-6-methylpyrido[2,3-dlpyrimidine-5(8H)~one

168 mg of (S)-4-((1-(B-chloro-1~ox0-2~phenyl-1,2-
dihydroiscquinoline-3-yl)ethyl)amino) -8~ (4-methoxybenzyl)-
6-methylpyrido[2,3~-d]lpyrimidine~-5(8H)-one was prepared as a
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white solid by using 300 mg (0.528 mmol) of (S8)-8-chloro-3-
{1-({6-({(4-methoxybenzyl)amino)-5-propionylpyrimidine-4-
yl)amino)ethyl)~2-phenyliscquinoline-1(2H)~one according to
the same manner as described in step 2 of Example 5 (0.291
mmol, yield: 55%).

'H NMR (300 MHz, CDCl;) & 10.87 (d, J = 7.3 Hz, 1H),
8.28 {s, 1H), 7.29-7.57 {m, 9H), 7.22 (d, J = 8.3 Hz, ZH),
6.86 (d, J = 8.3 Hz, 2H), 6.60 (s, 1H), 5.36 (s, 2H), 4.93
({t, J = 6.3 Hz, 1H), 3.79 (s, 3H), 2.06 (s, 3H), 1.46 (d, J

= 7.3 Hz, 3H).

Step 2: Preparation of (8)-4-((l1-(8-chloro-l-o0ox0~-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-6-

methylpyrido[2,3-d]lpyrimidine-5(8H)-one

120 mg of (§)=~4~((1-(8~chloro~1l-ox0o-2~phenyl~1l,2~
dihydroisoquinoline~3-yl)ethyl)amino)~6-methylpyrido([2,3-
dlpyrimidine-5(8H)-one was prepared as a white solid by
using 168 mg (0.291 mmol) of (S)-4-((l1-(8-chloro-l-oxo-2-
phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino}~-8~(4-
methoxybenzyl) -6~methylpyrido[2, 3~-d]pyrimidine~5 (8H) ~one
prepared in step 1 according to the same manner as
described in step 8 of Example 1 (0.262 mmol, yield: 90%).

'H NMR (300 MHz, DMSO-de¢) & 10.69 (d, J = 5.0 Hz, 1H),
8.15 (s, 1H), 7.77 (s, 1H), 7.57-7.69 (m, 2H), 7.30-7.56
(m, 7H), 6.76 (S, 1H), 4.64-4.73 (m, 1H), 1.92 (s, 3H),
1.40 (d, J = 6.0 Hz, 3H).
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Example 18: Preparation of (S)~2~amino~4- ({1~ (B~

chloro-1-oxo—-2-phenyl-1,2~-dihydroisoquinoline-3-

yl)ethyl)amino)-6-methylpyridc[2,3-d]lpyrimidine-5(8H)-one

PMBN TT\N\' HNT
r1 = 0 TFAMSA N! " o MCPBA NH,OH b1 X 0
Mg N NH MC Mes/]\N" NH MC  IPAITHF HzNJ\NM NH
PR v S
IE[’O cl E:r o ¢ (ir o ¢
5 Step 1: Preparation of (8})=-4-((1-(8-chloro~l-oxo0-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-6-methyl-

2-{(methylthio)pyrido[2,3-d]lpyrimidine~5(8H)-one

110 mg of (8)-4-((1-(B~-chloro-l-oxo-2-phenyl-1,2-
dihydroisoquincline-3-yl)ethyl)amino)-6-methyl-2-

10 (methylthio)pyrido[2,3-d]lpyrimidine-5(8H)~one was prepared
as a white solid by using 150 mg (0.240 mmol) of (S)-4-({1-
(8-chloro-l-oxo-2-phenyl~1,2~dihydroisoquinoline-3-
yl)ethyl)amino) -8~ (4-methoxybenzyl)-6~-methyl-2-
(methylthio)pyrido[2,3~«d]lpyrimidine-5(8H)~one according to

15 the same manner as described in step 8 of Example 1 (0.218

mmol, yield: 91%).

it

'H NMR (300 MHz, CDCls) & 10.97(brs, 1H), 10.82 (d, J
7.4 Hz, 1H), 7.28-7.60 (m, 9H), 6.67 (s, 1H), 5.11 (t, J

I

7.4 Hz, 1H), 2.38 (s, 3H), 2.06 (s, 3H), 1.48 (d, T = 7.4
20 Hz, 3H).

Step 2: Preparation of ($)-2-aminc—-4~{((l-(8~-chloro-1-

~ oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-6-

methylpyrido[2,3~d]pyrimidine~5(8H)~one
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84 mg of (8)-2-amino-4-((1-(8-chloro-l-oxo-2-phenyl-
1,2-dihydroisoquinoline-3-yl}ethyl)amino) -6-
methylpyrido[2,3-d]lpyrimidine-5(8H)-one was prepared as a
white solid by using 110 mg (0.218 mmol) of (S)-4-((1-(8-
chloro-l-oxo-2-phenyl-1,2~dihydroisoquinoline-3-
yl)athyl)amino)~6~methyl—2m(methylthio)pyxido[2,3~
dl]pyrimidine-5(8H)-one prepared in step 1 according to the
same manner as described in step 4 of Example 15 (0.178
mmol, yield: 81%).

'Y NMR (300 MHz, CDCl;) & 10.67 (d, J = 5.9 Hz, 1H),
7.29-7.59 (m, 8H), 7.20 (s, 1H), 6.61 (s, 1H), 4.78-4.93
(m, 3H), 1.99 (s, 3H), 1.41 (d, § = 7.3 Hz, 3H).

Example 19: Preparation of (S)-4-((1-(8-chloro-1-oxo-

2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-5-0ox0o-

5,8~dihydropyrido[2 3-d]pyrimidine~6-carbonitrile

PMBN
gH, ‘ PMBN" HN N
_TFAMSA w\* 0
ot BOPHDBU’ L\N/ NH
[:::Tj MeCN §
c ¢ s
N N
@

0o <

Step 1l: Preparation of (8$)-4-(1-{8~chloro-1-ox0o=-2~

phenyl-1,2-dihydroisoquinoline-3-yl)ethylamino)-8- (4~

methoxybenzyl) -5-0x0-5,8-dihydropyrido[2, 3-d]pyrimidine-6-

carbonitrile

(S)-4-(1-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino) -8~ (4-methoxybenzyl)-5-
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oxo~-5,8~dihydropyrido[2,3-d]lpyrimidine~6~carbonitrile was
prepared by using 4-hydroxy-8-(4-methoxybenzyl)-5-ox0-5,8-
dihydropyrido[2,3-d]lpyrimidine~-6~carbonitrile and (8)-3-(1~-
aminoethyl)~8~chloro~2mphenylisoquinoline»l(2H)fone
according to the same manner as described in step 7 of
Example 1.

MS{m/z; (M + 1)+): 590.

Step 2: Preparation of (8)-4-({1-(8-chloro-1-oxo-2-

phenyl-1,2~dihydroisoguinoline~3-yl)ethyl)amino)-5-0x0-5, 8-

dihydropyrido[2,3~dlpyrimidine~-6~carbonitrile

(s)-4-((1-(8-chloro~-1-0oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)-5-oxo0~5,8-
dihydropyrido[2,3~-d]pyrimidine-6-carbonitrile was prepared
by using (8)-4-(1-(8=-chloro-l-oxo~-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino)-8-(4-methoxybenzyl)-5-
oxo-5,8~dihydropyrido{2,3-d]lpyrimidine~6-carbonitrile
prepared in step 1 according to the same manner as
described in step 8 of Example 1.

MS[m/z; (M + 1)+): 470.

Example 20: Preparation of (8)-4~((l-(8-chloro-1l-oxo~

2-phenyl-1,2~-dihydroisoquinoline-3-yl)ethyl)amino)-6~

fluoropyrido[2,3-d]pyrimidine=~5(8H)-one
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Step 1l: Preparation of 5-(1-((tert-

butyvldimethylsylyl)oxy)vinyl)~6-chloro~N~ (4~

methoxybenzyl)pyrimidine-4-amine

2.8 g (9.598 mmol) of 1-{(4-chloro-6-((4-
methoxybenzyl})amino)pyrimidine-5-yl)ethane-1-one prepared
in step 4 of Example 1 was dissolved in 15 mlL anhydrous
dichloromethane, to which 2 mL (14.397 mmol) of Et3N was
added, followed by stirring at room temperature for 30
minutes. 3.09 mL (13.437 mmeol) of TBS-OTf was added
thereto, followed by stirring at room temperature for 12
hours. Then, the reaction mixture was concentrated under
reduced pressure. The residue was separated by column
chromatography (Si0;, eluent: hexane/ethyl acetate, 10/1)
to give 3.8 g of the target compoﬁnd 5-(1—-((tert~-
butyldimethylsylyl)oxy)vinyl)~6-chloro-N~ (4-
methoxybenzyl)pyrimidine~-4-amine as a white liguid (9.360

mmol, yield: 98%).
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'H NMR (300 MHz, CDCl3) & 8.34 (s, 1H), 7.35 (d, J =
8.6 Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 5.93(br s, 1H), 4.97
(d, J = 1.4 Hz, 1H), 4.81 (d, J = 1.4 Hz, 1H), 4.73 (d, J =
5.4 Hz, 2H), 3.83 (s, 3H), 0.91 (s, 9H), 0.12 (m, 6H).

Step 2: Preparation of 1-{(4-chloro~6~-( (4~

methoxybenzyl}amino)pyrimidine-5-yl}-2-fluoroethane~1-one

3.8 g {9.360 mmol) of S5-(1-({tert-
butyldimethylsylyl)oxy)vinyl)-6-chloro-N- (4~
methoxybenzyl)pyrimidine-4-amine prepared in step 1 was
dissolved in 40 mL of anhydrous acetonitrile, to which 3.65
g (10.300 mmol) of l-chloromethyl-4-fluoro-1,4-
diazoniabicyclo[2.2.2]octanebis(tetrafluoroborate)
{selectflucr) was added, followed by stirring at room
temperature for 15 hours. Ethyl acetate and water was
added to the reaction mixture, followed by extracfion. The
extracted organic layer was dried (Na,S0;), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (8104, eluent:
hexane/ethylacetate, 4/1) to give 2.5 g of the target
compound 1—(4—chloro—6—((4—methoxybenzyl)amino)pyrimidine—
5-yl)~-2-fluoroethane-l-one as a white liquid (8.072 mmol,
yield: 86%).

'H NMR (300 MHz, CDCl3) & 9.55(br s, 1H), 8.44 (s, 1H),
7.28 (d, J = 7.9 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 5.60
(s, 1H), 5.51 (s, 1H), 4.73 (d, J = 5.0 Hz, 2H), 3.83 (s,
3H) .
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Step 3: Preparation of 3-{(dimethylamino)-2-fluoro-1-

(4-methoxy-6-((4-methoxybenzyl)amino)pyrimidine-5-yl)prop-

2—-en—-Jl-one

2.5 g (8.072 mmol) of 1-(4-chloro~-6-( (4~
methoxybenzyl)amino)pyrimidine-5-yl)-2-fluoroethane-1l-one
prepared in step 2 was dissolved in 50 mL of anhydrous
toluene, to which 10.76 mL (80.720 mmol) of N, N~
dimethylformamide dimethyl acetal {(DMF-DMA) was added,
followed by stirring at 90T for 1 hour. The reaction
mixture was cooled down to room temperature. Ethyl acetate
and water was added to the reaction mixture, followed by
extraction. The extracted organic layer was dried (Na,S0,),
filtered, and concentrated under reduced pressure. The
residue was separated Dby column chromatography (5i0;,
eluent: hexane/ethyl acetate, 3/1, -> hexane/ethyl acetate,
1/1) to give 2.1 g of the target compound 3-
(dimethylamino) -2-fluoro-1l-(4-methoxy-6-( (4~
methoxybenzyl)amino)pyrimidine-5-yl)prop-2-en-1l-cne as a
yellow liguid (5.827 mmol, yield: 72%).

'H NMR (500 MHz, CDCl3) & 8.19 (s, 1H), 7.28 (d, J =
8.4 Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 4.64 (d, J = 5.5 Hz,
2H), 3.91 (s, 3H), 3.80 (s, 3H), 3.12 (s, 6H).

Step 4: Preparation of 6-fluoro-4-hydroxy-8- (4~

methoxybenzyl)pyrido[2,3-d]pyrimidine-5(8H)-one
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2.1 g (5.827 mmol) of (Z)-3-(dimethylamino)-2-fluoro-

1-(4-methoxy-6-( (4-methoxybenzyl)amino)pyrimidine-5-

- yl)prop-2-en-1-one prepared in step 3 was dissolved in 120

mL of acetic acid:water (5:1), which was stirred at 90 -~
150C for 2 days. The reaction mixtuie was cooled down to
room temperature and filtered under reduced pressure.
Isopropanol and ether were added thereto, followed by
filtration to give 1.5 g of the target compound 6-fluoro-4-
hydroxy—S—(4—methoxybenzyl)pyrid0[2,3—d]pyrimidine—5(8H}—
one as a pale yellow solid (4.978 mmol, yield: 85%).

IH NMR (500 MHz, DMSO-d¢) & 8.39 (d, J = 7.7 Hz, 1H),
8.27 (s, 1H), 7.28 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.8
Hz, 2H), 5.34 (s, 2H), 3.73 (s, 3H).

Step 5z Preparation of 4-chloro-6-fluoro-~8-(4-

methoxybenzyl)pyrido[2,3-d]pyrimidine-5(8H)~one

50 mg (0.166 mmol) of 6-fluoro-4-hydroxy~8-(4-
methoxybenzyl)pyrido[2,3-d]pyrimidine~5(8H)-one prepared 1in
step 4 was dissolved in 2 mL of anhydrous toluene, to which
131 mg (0.498 mmol) of triphenylphosphine (PPh3) and 50 uL
(0.498 mmol) of trichloroacetonitrile {(CC1li:CN) were added,
followed by stirring at 120C for 4 hours. The reaction
mixture was cooled down to room temperature. Ethyl acetate

and water were added thereto, followed by extraction. The

extracted organic layer was dried (Naz804), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (S10,, eluent:
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hexane/ethyl acetate, 5/1 -> hexane/ethyl acetate, 3/1) to
give 4 mg of the target compound 4-chloro-6-fluoro—-8§-{(4-
methoxybenzyl)pyrido[2,3-d]pyrimidine~5(8H)-cne as a pale
vellow solid (0.013 mmol, vield: 8%).

'H NMR (300 MHz, CDCl3) & 8.87 (s, 1H), 7.71 (d, J =
7.1 Hz, 1H), 7.24 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz,
2H), 5.47 (s, 2H), 3.81 (s, 3H).

Step 6: Preparation of (S)~4-{(1-(8-chloro-1-ox0-2-

phenyl-1,2-dihydroisoquinoline~3-yl)ethyl)amino)-6-fluoro~

8- (4-methoxybenzyl)pyrido[2,3~-d]lpyrimidine-5(8H)~one

4 mg (0.013 mmol) of 4~chloro~-6-~fluoro-8~(4-
methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)~-one prepared in
step 5 and 4 mg (0.014 mmol) of (S)-3-(l-aminoethyl)-8-
chloro-2~phenylisoquinoline~1(2H)-one were dissolved in 1
mL of anhydrous dimethylsulfoxide (DMSO), to which 6.6 pL
(0.039 mmol) of diisopropylethylamine (DIPEA) was added,
followed by stirring at 70C for 5 hours. The reaction
mixture was cocled down to room temperature. Ethyl acetate
and water were added thereto, followed by extractiocn. The
extracted organic layer was dried (NayS04), filtered, and
concentrated under feduced pressure. The residue was
separated by column chromatography (810,, eluent:
hexane/ethyl acetate, 4/1 -> hexane/ethyl acetate, 1/1) to
give 6 mg of the target compound (8)-4-((l-(8-chloro-l-ox0o~

2-phenyl~1,2~dihydroisoquinoline~3-~yl)ethyl)aminc) -6~
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fluoro—8—(4~methoxybenzyl)pyrido[z,3—d]pyrimidine—5(8H)~one
as a pale yellow solid (0.010 mmol, yield: 82%).

'H NMR (300 MHz, CDCl3) & 10.53 (d, J = 6.6 Hz, L1H),
8.31 (s, 1H), 7.61 (d, J = 6.9 Hz, 1H), 7.47~7.57 (m, 2H),
7.30-7.47 (m, 6H), 7.22 (d, J = 8.2 Hz, 2H), 7.88 (d, J =
8.2 Hz, 2H), 6.58 (s, 1H), 5.38 (s, 2H), 4.95 (q, J = 4.2

Hz, 5.2 Hz, 1H), 3.79 (s, 3H), 1.46 (d, J = 6.9 Hz, 3H).

Step 7: Preparation of (S)-4-((1-{8-chloro-l-ox0o-2-

phenyl-1,2~dihydroisoquinoline-3~-yl)ethyl)amino)-6-

fluoropyrido[2, 3~d]pyrimidine~5 (8H) -one

3 mg of (S)-4-((1-(8~chloro~-l-oxo~2-phenyl-1,2-
dihydroisoquinoline~-3~yl)ethyl)amino)~-6-fluoropyrido[2, 3~
djpyrimidine-5(8H)-one was prepared as a pale yellow soiid
by using 6 mg (0.010 mmol) of (8)-4~((1l-(8~chloro-~l-oxo-2-
phenyl-1,2-dihydroiscquinoline-3-yljethyl)amino)-6-fluoro-
8- (4-methoxybenzyl)pyrido[2,3-d]pyrimidine~5(8H) -one
prepared 1in step 6 according to the same manner as
described in step 8 of Example 1 (0.006 mmol, yield: 63%).

'H NMR (500 MHz, CD;0D) & 8.19 (s, 1H), 8.07 (d, J =
6.5 Hz, 1H), 7.62 {(t, J = 4.7 Hz, 2H), 7.53-7.60 (m,- 2H),
7.39-7.45 (m, 3H), 7.34 (t, J = 7.9 Hz, 1H), 6.90 (s, 1H),
4.99-5.05 (m, 1H), 1.56 (d, J = 6.6 Hz, 3H).

Example 21: Preparation of (8)-4-((1-(5-chloro-4-oxo-

3-phenyl-3,4-dihydroquinazoline-2-yl)ethyl)amino)-6-

fluoropyrido[2,3~d]pyrimidine~5(8H)~one
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Step 1: Preparatlon of (8) ~{(1-(5~-chloro-4-0x0~3~

phenyl-3,4-dihydroquinazoline-2-yl)ethyl)amino)-6-fluoro-8-

(4-methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H) -one

50 mg (0.166 mmo 1) of 6-fluoro-4-hydroxy—-8- (4-
methoxybenzyl)pyrido{2,3-d]lpyrimidine~5 (8H)-one was
dissolved in 2 mL of anhydrous dimethylformamide, to which
95 mg (0.216 mmol) of (benzotriazole-1-
yloxy)tris(dimethylamino)phospheonium hexafluorophosphate
(BOP) and 81 mg (0.249 mmol) of cesiumcarbonate (Cs3CO0j3)
were added, followed by stirring at room temperature for 30
minutes. 55 mg (0.183 mmol) of (8)-2~{(l-aminoethyl)-5-
chloro-3-phenylguinazoline-4 (3H) -one was added thereto,
followed by stirring at 60 ~ 80T for 2 hours. Ethyl
acetate and water were added to the reaction mixture,
followed by extraction. The extracted organic layer was
dried (Na»S04), filtered, and concentrated under reduced
pressure. The residue was separated by column
chromatography (8i0,, eluent: hexane/ethyl acetate, 5/1 ->
hexane/ethyl acetate, 1/1) to give 10 mg of the target
compound (8Yy-4-((1-(5-chloro-4-ox0o~-3-phenyl-3,4-

dihydroquinazoline-2-yl)ethyl)amino)-6-fluoro-8- (4-
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methoxybenzyl)pyrido[2,3~d]lpyrimidine~5(BH)~one as a pale
yellow solid {(0.017 mmol, yield: 10%).

'H NMR (300 MHz, CDCl3) & 10.87 (d, J = 7.0 Hz, 1H),
8.29 (s, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.44-7.62 (m, 7TH),
7.33 (d, J = 7.3 Hz, 1H), 7.21 (d, J = 8.6 Hz, 2H), 6.87
(d, 0 = 8.6 Hz, 2H), 5.32 (s, 2H), 5.11 (q, J = 5.4 Hz, 6.8
Hz, 1H), 3.79 (s, 3H), 1.50 (d, J = 7.1 Hz, 3H).

Step 2: Preparation of (S)—-4-((1-{5-chloro—-4-0ox0-3~

phenyl-3,4-dihydroquinazoline-2-yl)ethyl)amino)-6-

fluoropyrido[2,3~-d]lpyrimidine~5(8H)~one

6 mg of ($)-4-((1-(5-chloro~4-o0x%x0~3~-phenyl-3, 4~
dihydrogquinazoline-2-yl)ethyl)amino)-6~fluoropyrideol[2,3-
dlpyrimidine-5(8H) -one was prepared as a pale yellow solid
by using 10 mg (0.017 mmol) of (S)-4-((l-(5-chloro-4-ox0o-3~
phenyl-3, 4-dihydroquinazoline-2~yl)ethyl)amino)-6é~-fluoro~8-
(4-methoxybenzyl)pyrido[2,3-d]pyrimidine~5(8H)-one prepared
in step 1 according to the same manner as described in step
8 of Example 1 (0.013 mmol, yield: 76%).

'H NMR (300 MHz, CDCls) & 10.84 {(d, J = 8.1 Hz, 1H),
8.22 (s, 1H), 7.72 (¢, 0 = 7.9 Hz, 1H), 7.52-7.64 (m, 6H),
7.42-7.49 (m, 2H), 7.35 (4, J = 7.3 Hz, 1H), 5.12 (gq, T =
5.5 Hz, 6.7 Hz, 1H), 1.51 (d, J = 6.7 Hz, 3H).

Example 22: Preparation of (S)-6-chloro-4-((1- (5~

chloro-4-oxo-3-phenyl-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3-dlpyrimidine~5(8H)~-one
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10 mg (0.022 mmol) of (S)-4-((1-{(5-chloro-4-ox0-3-

phenyl~3,4”dihydroquinazoline—2—yl)ethyl)amino)pyrido[Z,3j
dlpyrimidine-5(8H) ~one prepared in Example 1 was dissclved
in 1 mL of acetic acid, to which 3.3 mg (0.025 mmol) of N-
chlorosuccinimide (NCS) was added, followed by stirring at
50 ~ 60C for 12 hours. The reaction mixture was cooled
down to room temperature and filtered under reduced
pressure. Saturated sodiumbicarbonate agqueous solution was
added thereto, followed by neutralization. Dichloromethane
and water were added thereto, followed by extraction. The
extracted organic layer was dried (NapS04), filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (S10z, eluent:
dichloromethane/methanol, 50/1 -> dichloromethane/methanol,
20/1) to give 3 mg of the target compound (S)-6-chloro-4-
({(1l-(5-chloro~4-oxo-3-phenyl-3,4-dihydroquinazoline-2-
yllethyl)amino)pyrido{2,3~d]lpyrimidine-5(8H)~one as a pale
yellow solid (0.006 mmol, yield: 28%).

'H NMR (300 MHz, CDCl;) & 9.62 (d, J = 8.1 Hz, 1H),
8.07 (s, 1H), 7.74 (d, & = 7.3 Hz, 1H), 7.46-7.67 (m, 6H),
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7.29-7.40 (m, 2H), 5.08-5.18 (m,‘lH), 1.45 (d, J = 5.7 Hz,

3H) .

Example 23: Preparation of (8)-6-chloro-4~-( (1~ (8~

chloro-l-oxo-2~phenyl-1,2-dihydroisogquinoline-3-

vl)ethyl)amino)pyrido[2,3~d]pyrimidine~5(8H) ~one

NaOCl
MeOH
NaOH

10 mg (0.023 mmol) of (8)-4-((1-(8~chloro-1l-oxo0-2~-
phenyl-1,2-dihydroisoquinoline-3-yljethyl)aminc)pyrido([2,3-
dlpyrimidine-5(8H) -one prepared in Example 5 was dissolved
in 2 mL of methanol:water (1:1), to which 34 pL (0.068
mmol) of 2N sodiumhydroxide and 34 nL of 12%
sodiumhypochloride at 0T, followed by stirring at room
temperature for 1 hour. The reaction mixture was filtered
under reduced pressure, followed by neutralization with 1IN
HC1. Dichloromethane and water were added thercto,
followed by extraction. The extracted organic layer was
dried (Nay80,), filtered, and concentrated under reduced
pressure. The residue was separated by column
chromatography (5102, eluent: dichloromethane/methanol,
50/1 -> dichloromethane/methanol, 20/1) to give 2 mg of the
target compound (S)~6~chloro~4~( (1~ (8~chlcro~-l~oxo~-2~
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phenyl-1,2~-dihydroisoquinoline-3-yl)ethyl)amino)pyrido([Z,3-
d]pyrimidine-5(8H)-one as a yellow solid (0.004 mmol,
yield: 19%).

'H NMR (300 MHz, CDCl;) & 10.53 (d, J = 5.6 Hz, 1H),
8.25 (s, 1H), 7.84 (s, 1H), 7.4%9-7.57 (m, 2H), 7.40-7.47
(m, 4H), 7.30-7.39 (m, 2H), 6.58 (s, 1H), 4.95 (t, J = 6.7
Hz, 1H), 1.47 (4, J = 6.6 Hz, 3H}.

Example 24: Preparation of (S)-6-chloro-4-{(1-(4,8-

dichloro-1l-oxo~2-phenyl-1,2-dihydroisoquinoline-3-

yl)ethyl)amino)pyrido{2,3-dlpyrimidine-5(8H) ~one

50 mg (0.113 mmol) of (8)-4-((l1-(8-chloro-l-oxo-2-
phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine~-5(8H) ~one prepared in Example 5 was dissolved
in 2 mL of acetic acid, to which 17 mg (0.124 mmol) of N-
chlorosuccinimide (NCS8) was added, followed by stirring at
50C for 15 hours. The reaction mixture was filtered under
reduced pressure. Saturated sodiumbicarbonate aqueous
solution was added thereto, followed by neutralization.
Dichloromethane and water were added thereto, followed by
extraction. The extracted organic layer was dried kNaZSO4),
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filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (S10,,
eluent: dichloromethane/methanol, 50/1 ->
dichloromethane/methanol, 20/1) to give 17 mg of the target
compound (S)-6-chloro-4-({(1l-(4,8~dichloro~l-oxo-2~phenyl-
1,2~dihydroisoquinoline-3-yl)ethyl)amino)pyrido(2,3-
dlpyrimidine-5(8H)-one as a pale yellow solid (0.036 mmol,
yield: 29%).

'H NMR (300 MHz, CDCl3) & 10.92 (d, J = 4.4 Hz, 1H),
8.28 (s, 1H), 7.91-7.98 (m, 1H), 7.70-7.79 (m, 2H), 7.48-
7.64 (m, 5H), 7.20 (d, J = 6.2 Hz, 1H), 5.04 (t, J = 7.12

Hz, 1H), 1.68 (d, J = 7.1 Hz, 3H).

Example 25: Preparation of (S)-2-amino-4-{{1-{6~

fluoro-3~-(pyridine-2-yl)quinoline-2-

yl)ethyl)amino)pyrido[2,3~d]lpyrimidine~-5(8H) ~one

N

OH ] [~ ﬂ\ NH
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Step 1: Preparation of 4,6~-dichloro~-2-

methylmercaptopyrimidine—-5-carbaldehyde

8.36 g of 4,6-dichloro-2~-methylmercaptopyrimidine-5-
carbaldehyde was prepared as a white solid by using 7.91g
{50.0 mmol) of 4,6-dihydroxy-2-methylmercaptopyrimidine
according to tﬁe same manner as described in step 1 of
Example 1 (37.5 mmol, yield: 75%}.

'H NMR (300 MHz, €DCl3) & 10.38 (s, 1H), 2.64 (s, 3H).

Step 2 Preparation of 1-(4,6~-dichloro-2-

methylmercaptopyrimidine-5-yl)ethane~1-o0l

2.27 g of 1-(4,6-dichloro-2-methylmercaptopyrimidine-
5-yl)ethane-1-0ol was prepared as a white solid by using
2.23 g (10.0 | mmol) of 4,6-dichloro-2-
methylmercaptopyrimidine~5-carbaldehyde prepared in step 1
according to the same manner as described in step 2 of
Example 1 (9.5 mmol, yield: 95%).

'H NMR(300 MHz, CDCl;) & 5.40-5.47 (m, 1H), 2.57 (s,

3H), 2.52 (d, J = 9.2 Hz, 1H), 1.64 (d, J = 6.8 Hz, 3H).

Step 3: Preparation of 1-(4,6-dichloro-2-

methylmercaptopyrimidine-~5-yl)ethane-1l-one

1.09 g of 1~(4,6-dichloro-2-methylmercaptopyrimidine-
5-yl)ethane-1-one was prepared as a white solid by using
1.20 g (5.0 mmol) of 1-(4,6~-dichloro~-2-

methylmercaptopyrimidine-5-yl)ethane-1~-0l prepared in step
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2 according to the same manner as described in step 3 of
Example 1 (4.6 mmol, yield: 92%).

'H NMR (300 MHz, CDCl3) & 2.62 (s, 3H), 2.61 (s, 3H).

Step 4: Preparation of 1«(4-chloro-2-methylmercapto-6-

({(4-methoxybenzyl)amino)pyrimidine-5-yl)ethane-1~one

1.014 g of 1-{(4-chloro-2-methylmercapto-6-{( (4-
methoxybenzyl)amino)pyrimidine~5-yl)ethane-1l~one was
prepared as a colorless oil by using 712 mg (3.0 mmol) of
1-(4,6-dichloro-2-methylmercaptopyrimidine-5-yl)ethane~1~-
one prepared in step 3 according to the same manner as
described in step 4 of Example 1 (3.0 mmol, yield: 100%).

'H NMR(300 MHz, CDCl;) & 9.53 (br s, 1H, NH), 7.25 (d,
J = 8.7 Hz, 2H), 6.87 {(d, J = B.7 Hz, 2H), 4.66 (d, J = 5.6

Hz, 2H), 3.80 (s, 3H), 2.71 (s, 3H), 2.50(s, 3H).

Step 5: Preparation of (S)-1-(4-((1-(6-fluoro-3~

(pyridine-2~yl)quinoline-2-yl)ethyl)amino)-6~ ({4~

methoxybenzyl)amino)-2-(methylmercapto)pyrimidine-5-

yl)ethane-l-one

376 mg of (Sy-1-(4-((1-(6~-fluoro-3-(pyridine-2-
yl)quinoline-Z“yl)ethyl)amino)~6~((4—methoxybenzyl)amino)~
2- (methylmercapto)pyrimidine~5-~yl)ethane-1-one was prepared
as a colorless oil by using 338 mg (1.0 mmol) of 1-(4-
chlor0m2-methylmeréapto—ﬁm((4m
methoxybenzyl)amino)pyrimidine—S—yl)ethane—l—one prepared
in step 4 and 267 mg (1.0 mmol) of (8)-1-(6-fluoro-3-
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(pyridine-2-yl)ethane~l-amine according to the same manner

as described in step 1 of Example 5 (0.66 mmol, yield:

H NMR(300 MHz, CDClsz) & 9.71 (br t, J = 5.4 Hz, 1H,
NH), 7.79 (4, J = 4.7 Hz, 1H), 8.16 (s, 1H), 8.04 (m, 1H),
7.86-7.93 (m, 2H), 7.61-7.64 (m, 1H), 7.30-7.60 (m, 3H),
7.24 (m, 2H), 6.84 (m, 2H), 6.28 (m, 1H), 4.64 (d, J = 5.4
Hz, 2H), 3.78 (s, 3H), 2.77 (s, 3H), 2.37 (s, 3H), 1.27 (d,

J = 7.2 Hz, 3H).

Step 6: Preparation of (8)~4~((l-(6~fluoro~3-

(pyridine-2-yl)guinoline-2-yl)ethyl)amino)-8~-(4-

methdxybenzyl)m2—(methylmerdapto)pyrido[2,3—d]pyrimidinem

5(8H)-one

168 mg of (8)-4-((1-(6-fluoro=-3-(pyridine-2-
yvl)gquinoline~-2~yl)ethyl)amino)~8-(4-methoxybenzyl)-2-
(methylmercapto)pyrido[2,3-d]jpyrimidine-5(8H)-one was
prepared as a white solid by using 285 mg (0.5 mmol) of
(S)~1-(4~((1-(6-fluoro-3~-(pyridine~2-yl)quinoline-2-
yl)ethyl)amino)—6—((4—methoxybenzyl)amino)~é~
{methylmercapto)pyrimidine-5-yl)ethane~1-one prepared in
step 5 according to the same manner as described in step 2
of Example 5 (0.29 mmol, yield: 58%).

'H NMR(300 MHz, CDCls) & 11.42 (br d, J = 7.6 Hz, L1H,
NH), 8.77 (br d, J = 4.8 Hz, 1H), 8.27 (m, 1H), 8.11 (s,
1), 7.82 (m, 1H}, 7.61 (d, J = 7T7.8Hz, 1H)}, 7.20-7.60 (m,
4H), 7.18 (d, J = 8.6Hz, 2H), 6.84 (d, J = 8.6Hz, 2H), 6.21
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(d, J = 7.932, 1H), 6.14 (m, 1H), 5.26 (s, 2H), 3.78 (s,
3H), 2.36 (s, 3H), 1.56 (d, J = 6.6Hz, 3H).

Steps 7 and 8: Preparation of (8)-2-amino-4-((1-(6-

fluoro-3-(pyridine-2-yl)quinoline-2-ylj)ethyl)amino)-8- (4~

methoxybenzyl)pyrido[2,3-d]jpyrimidine-5(8H)-one

145 mg (0.25 mmol) of (S)-4-((1-(6-fluoro-3-(pyridine-
2-yl)quinoline-2-yl)ethyl)amino)-8-(4-methoxybenzyl)-2-
{(methylmercapto)pyrido[2,3-dlpyrimidine~5 (8H) -one prepared
in step 6 was dissqlved in 5 mL of dichloromethane, to
which 3-chloroperoxybenzoic acid (mCPBA) (2 equivalent) was
added, followed by stirring at room temperature for 30
minutes. Water was added to the reaction mixture, followed
by extraction with ethyl acetate. The extracted organic
layer was washed with saturated sodiumbicarbonate solution,
separated, dried (Na.504), and concentrated. The obtained
compound was dissolved in 5 mL of
tetrahydrofuran:isopropanol (1:1), to which 2 mL of 28%
ammonia water was added, followed by stirring at 50T for

10 hours. The reaction mixture was cooled down to room

temperature. Water was added thereto, followed Dby
extraction with ethyl acetate. The extracted organic layer
was separated, dried (Nao80,), and concentrated. The

obtained compound was separated by column chromatography
(810,, eluent: hexane/ethyl acetate, 2/1 -> ethyl acetate)
to give 78 mg of the target compound (S)-2-amino-4-((1l-(6-
fluoro-3- (pyridine-2-yl)quinoline-2-yl)ethyl)amino)-8-(4-
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methoxybenzyl)pyrido[2,3~-d]pyrimidine~5(8H)-one as a white
solid (0.14 mmol, yield: 57%}.

'H NMR(300 MHz, CDCls) & 11.20 (br d, J = 7.2 Hz, 1H,
NH), 8.79 (m, 1H), 8.25 (m, 1H), 8.08 (s, 1H), 7.80 (m,
1H), 7.30-7.55 (m, 4H), 7.10~7.26 (m, 3H), 6.83 (m, 2H),
6.08 (d, J = 7.9Hz, 1H), 5.85 (m, 1H), 5.16 (s, 2H), 4.84

(s, 2H), 3.77 (s, 3H), 1.62 (d, J = 6.6Hz, 3H).

Step 9: Preparation of (S)-2-amino-4-((1-(6-fluoro-3-

(pyridine-2-yl)quinoline-2-yl)ethyl)amino)pyrido[2, 3~

dlpyrimidine-5(8H) -one

54 mg of (S)y-2-amino-4-({(1-(é6-fluoro-3~(pyridine-2-
yl)guinoline-2-yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-
5(8H)-one was prepared as a white solid by using 70 mg
(0.128 mmol) of (8)-2-amino-4-((l-(6~-fluoro-3~(pyridine-2-
yl)gquinoline-2-yl})ethyl)amino) -8~ (4~
methoxybenzyl)pyrido[2,3-d]pyrimidine~5(8H)-one prepared in
step 8 according to the same manner as described in step 8
of Example 1 (0.126 mmol, yield: 99%).

'H NMR (300 MHz, CDCls;) & 11.39 (s, 1H), 8.77 (d, J =
4.5 Hz, 1H), 8.22 {(dd, J = 9.0, 5.5 Hz, 1H), 8.03 (é, 1H}),
7.86 (td, J = 1.5, 7.6 Hz, 1H), 7.54-7.36 (m, 4H), 7.19 (d,
J = 7.6 Hz, 1H), 6.08 (d, J = 7.6 Hz, 1H), 5.93-5.84 (m,
1H), 5.59 (br s, 2H), 1.55 (d, J = 6.5 Hz, 3H).
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Example 26: Preparation of 4-((1l-(6~fluoro~3,4-

di (pyridine-2-yl)quinoline-2-yl)ethyl)amino)pyrido[Z, 3-

d]pyrimidine-5(8H) -one

Step 1: Preparation of 4-((1-(6-fluoro-3,4-

di(pyridine-2-yl)quinoline-2-yl)ethyl)amino)-8-(4-

methoxybenzyl)pyrido[2,3~d]pyrimidine-5(8H) -one

99 mg of 4-((1l-(6-fluoro-3,4~di(pyridine-2-
yl)quinoline-2-yl)ethyl)amino)-8-(4-
methoxybenzyl)pyrido[2,3-dlpyrimidine-5(8H)-one was
prepared as a beige solid by using 100 mg (0.29 mmol) of 1-
(6-fluoro-3,4-di(pyridine-2~yl)quinoline-2-yl)ethane~1-
amine prepared in Preparative Example 22 aécording to the
same manner as described in step 7 of Example 1 {0.16 mmol,
yield: 56%).

'H NMR (300 MHz, CDCl;) & 8.69 (s, 2H), 8.39-8.34 (m,
2H), 7.65-7.42 (m, 4H), 7.24-7.19 {(m, 3H), 7.13-7.05 (m,
2H), 6.91-6.84 (m, 2H), 6.32 (s, 1H), 5.61 (s, 1H), 5.34
(s, 2H), 3.77 (s, 3H), 3.57-3.50 (m, 1H), 3.46 (s, 1H),

1.59 (d, J = 2.1 Hz, 3H).
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Step 2: Preparation of 4~ ((1l-(6~-fluoro-3, 4~

di{pyridine-2-yl)gquinoline-2-yl)ethyl)amino)pyridol2, 3—

dlpyrimidine-5(8H) ~one

54 mg of 4-((1-(6~fluoro-3,4-di(pyridine-2-
yl)quinoline~2wyl)ethyl)amino)pyrido[2,3~d]pyrimidine~
5(8H)-one was prepared as a beige solid by using 90 mg
(0.15 mmol) of 4-((1l-(6~fiuoro-3,4-di(pyridine-2-
yl)guinoline~2~yl)ethyl)amino) -8~ (4~
methoxybenzyl}pyrido[2,3-d]lpyrimidine-5(8H)-one prepared in
step 1 according to the same manner as described in step 8
of Example 1 (0.11 mmol, vyield: 75%).

'H NMR (300 MHz, CDCls;) & 11.48 (br s, 1H), 10.69 (s,
1H), 8.67 (t, J = 5.7Hz, 2H), 8.67 (t, J = 5.7Hz, 2H), 8.37
(dd, J = 9.2, 5.6Hz, 1H), 8.17 (s, 2H), 7.54-7.44 (m, 3H),
7.34 (d, J = T7.7Hz, 1H), 7.21-7.13 (m, 3H), 7.08-7.02 (m,
2H), 6.29 (d, J = 7.6Hz, 1H), 5.70 (br s, 1H), 1.54 (d, J =
2.3Hz, 3H).

Example 27 : Preparation of (S)~-4-((1-(6~fluoro=-3~

phenyl—4—(pyridine~2-yl)quinolinewé—

yl)ethyl)amino)pyride[2,3-d]pyrimidine—-5(8H)-one

PMBN

BOP/DBU
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Step 1: Preparation of (8)-4-((1-(6-fluoro-3-phenyl-4-

{pyridine-2-yl)quinoline-2-yl)ethyl)amino)-8-{4-

methoxybenzyl)pyrido[Z,3~dipyrimidine~5(8H)—one

(S)-4-((1-(6-fluoro-3-phenyl-4-(pyridine-2-
yl)quinoline-2-~yl)ethyl)amino)-8- (4~
methoxybenzyl)pyrido{2,3~-d]lpyrimidine~5(8H)~-one was
prepared as a pale beige solid by using 120 mg (0.35 mmol)
of (S)=-1-~(6-fluoro-3~-phenyl-4- (pyridine-2-yl)quinoline~-2-
yl)ethane-1l-amine prepared in Preparative Example 23
according to the same manner as described in step 7 of
Example 1.

14 NMR (300 MHz, CDCl3) & 8.64 (br d, J = 4.9Hz, 1H),

8.29-8,.35 (m, 2H), 7.42-7.55 {(m, 3H), 7.13-7.34 (m, T7TH),
6.91-7.09 (m, 3H), 6.82-6.89 (m, 2H), 6.30-6.32 (m, 1H),
5.65-5.69 (m, 1H), 5.30 (s, 2H), 3.78 (s, 3H), 1.47 (d, J =
6.3Hz, 3H).

Step 2: Preparation of (S8)-4-((l-(6~fluoro-3-phenyl—-4-

(pyridine-2-yl)guinoline~-2~yl)ethyl)amino)pyrido[2,3~

dlpyrimidine-5 (8H)-one

(S)-4-((1-(6-fluoro-3-phenyl-4-(pyridine-2-
yl)quinoline-2-yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-
5(8H) ~one was prepared as a pale beige solid by using 95 mg
(0.16 mmol) of (S)-4-((l-(6-flucro-3~phenyl~4-(pyridine-2-
yl)guinoline-2-yl)ethyl)amino)-8- (4~

methoxybenzyl)pyrido{2,3-dlpyrimidine~5(8H)~one prepared in
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step 1 according to the same manner as described in step 8
of Example 1.

1H NMR(300 MHz, CDCl3) & 11.58 (br s, 1H), 11.32 (br s,
1H), 8.65 (br d, J = 4.2Hz, 1H), 8.32-8.38 (m, 1H), 8.23
(s, 1H), 7.43-7.54 (m, 3H), 7.13-7.36 (m, 6H), 6.94-7.10
(m, 3H), 6.36 (d, J = 7.6Hz, 1H), 5.65-6.75 (m, 1H), 1.45

(d, J = 6.3Hz, 3H).

Examplev 28: Preparation of (S)-4-((1-(6-fluoro-4-oxo-

3~ (pyridine-3-yl)~3,4-dihydrogquinazoline-2-

yl)ethyl)amino)pyrido[2,3~dlpyrimidine-5(8H) -one

I ’lgizl* PMBN HN S
F \ N

TFA/MSA NEN (¢]
we ¢

MeCN N

Step 1l: Preparation of (8)-4-((l1-{6-fluoro-4-oxo-3-

BOP/DBU

(pyridine-3-yl)~3,4~-dihydroquinazoline~-2~yl)ethyl)amino)-8-

(4-methoxybenzyl)pyrido[2,3-d]pyrimidine-5(8H)-one

The target Compdund was prepared by using the compound
prepared in Preparative Example 24 according to the same
manner as described in step 7 of Example 1.

M NMR(300 MHz, CDCl;) & 10.91 (s, 1H), 8.75-8.62 (m,
1H), 8.37-8.26 (m, 1H), 7.89-7.71 (m, 2H), 7.89-7.71 (m,
2H), 7.57-7.40 (m, 3H), 7.21 (d, J = T7.2Hz, 2H), 6.31 (d, J
= 7.7Hz, 2H), 5.41-5.26 (m, 2H), 5.13-4.99 (m, 1H), 3.78
(s, 3H), 1.53 (dd, J = 11.3, 6.7Hz, 3H).
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Step 2: Preparation of (S)-4-{(1-(6-fluoro-4-oxo-3-

(pyridine-3-yl)-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3~d]pyrimidine»5(8ﬂ)»one

The target compound was prepared by using the compound
prepared 1in step 1 according to the same manner as
described in step 8 of Example 1.

4 NMR(300 MHz, CDCl;) & 10.89 (d, J = 6.7 Hz, 1H),

8.77 (s, 1H), 8.68 (d, J 7.4Hz, 1H), 8.17 {(d, J = 3.2Hz,
1H), 7.%0-7.73 (m, 3H), 7.59-7.47 (m, 3H), 6.35 (t, J =

4.9Hz, 2H), 5.13-5.03 (m, 1H), 1.55 (t, J = 8.0Hz, 3H).

Example 29: Preparation of (S)-4-((1-(6-fluoro-4-oxo-

3-phenyl-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H)*one

’l;£EL° PMBN HNTSS
F _Nom _TEAMsA NSNS0
BOPIDBU MC L» -

MeCN N R

" mﬁ R

Q

Step 1: Preparation of (8)-4-{(l1-(6-fluoro-4-oxo-3-

phenyl—3,4—dihydroquinazoline~2¥yl)ethyl)amino)-8-(4~'

methoxybenzyl)pyridol[2,3~-d]lpyrimidine-5(8H) -one

The target compound was prepared by using the compound
prepared in Preparative Example 25 according to the same

manner as described in step 7 of Example 1.
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4 NMR(300 MHz, CDClz) & 11.01(d, J = 6.8 Hz, 1H),
8.27(s, 1H), 7.90-7.88(m, 2H), 7.90-7.88(m, 2H), 7.58-
7.44(m, 6H), 7.33(d, J = 6.8 Hz, 1H), 7.20(d, J = 7.8 Hz,
1H), 6.85(d, J = 8.0 Hz, 2H), 6.32(d, J = 7.8 Hz, 1H),
5.34(s, 1H), 5.18-5.09(m, 1H), 3.78(s, 3H), 1.50(d, J = 6.5

Hz, 3H)}.

Step 2: Preparation of (8)-4-((1-(6-fluoro-4-0oxo-3-

phenyl—B,4—dihydr5quinazoline-2—yl)ethyl)amino)pyrido[Z,3—

dlpyrimidine~5 (8H)~one

The target compound was prepared by using the compound
prepared in step 1 according to the same manner as
described in step 8 of Example 1.

ly NMR (300 MHz, CDCls;) & 11.05(d, J = 6.9 Hz, 1H),
8.17(s, 1H), 7.90(d, J = 8.3 Hz, 1H), 7.85-7.80(m, 1H),
7.60-7.41(m, 6H), 6.36(d, J = 7.6 Hz, 1H), 5.20-5.11(m,

1H), 1.51(d, J = 6.4 Hz, 3H).

Example 30: Preparation of (S)~-4-((1-(6-fluoro~3~- (3~

fluorophenyl)-4-oxo-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5 (8H) -one

PMBN"
o N@ 0 PMENTY HNTSS
g‘]:::I:ijix// ~F N o %k\\ 0 TFAMMSA N =" 0
Z BOR/DBU & MC i
N™ v MeCN N NH N "NH
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Step 1: Preparation of (S)~4-((1-(6-fluoxo-3-(3-

fluorophenyl)-4-0oxo-3,4-dihydroquinazoline-2-

yl)ethyl)amino)-8-(4-methoxybenzyl)pyrido[2,3-d]jpyrimidine-

5(8H) ~one

The target compound was prepared by using the compound
prepared in Preparative Example 26 according to the same
manner as described in step 7 of Example 1.

'H NMR(300 MHz, CDCl;) & 10.97-10.91(m, 1H), 8.28(s,
1H), 7.%0-7.72(m, 3H), 7.59- 7.50{(m, 4H), 7.24-7.20(m, 3H),
6.86(d, J = 7.8Hz 2H), 6.32(d, J = 7.8 Hz, 1lH), 5.35(s,
2H), 5.17-5.10(m, 1H), 3.78(s, 3H), 1.53(d, J = 6.5 Hz,
3H) .

Step 2: Preparation of (S)-4~({1-(6-fluoro-3~ {3~

fluorophenyl)-4-oxo0-3,4~dihydroquinazoline-2-~

yl}ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H}-one

The target compound was prepared by using the compound
prepared in step 1 according to the same manner as
described in step 8 of Example 1.

'H NMR (300 MHz, CDCl;) & 10.84-10.78(m, 1H), 8.20(d, J
= 5.4 Hz, 1H), 7.91-7.77(m, 2H), 7.5%-7.46(m, 3H), 7.22-
7.08(m, 2H), 6.34(d, J = 7.4 Hz, 1H), 5.18-5.09(m, 1H),

1.53(d, J = 6.5 Hz, 3H).

Example 31: Preparation of (8)-4-((1-(5-chloro-3-(2~-

chlorobenzyl)=-4-ox0o-3,4~dihydroguinazoline-2-

yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H)-one
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TEFAMSA f\1

2

PMBN
0 PM'irE/[\\L H

N™ ™~
= 0
P!

BOP/DBU we L
MeCN NT R
N N
cm[fi o G cktfi o
oA 1: (S)-4—((1-{5-chloro-3-(2-chlorobenzyl)-4-oxo-

3,4-dihydroguinazoline-2-yl)ethyl)amino) -8~ (4~

methoxybenzyl)pyrido[2,3-d]lpyrimidine-5{8H) -oned AZ

The target compound was prepared by using the compound
prepared in Preparative Example 27 according to the same

manner as described in step 7 of Example 1.

'H NMR(300 MHz, CDCl;) & 10.84(d, J = 7.8 Hz, 1H),
8.32{(s, 1H), 7.71-7.58(m, 2H), 7.47(t, J = 8.3 Hz, 2H),
7.26-7.18(m 3H), 7.01(s, 2H), 6.87(d, J = 1.7 Hz, 2H),
6.79(d, § = 5.2 Hz, 1H), 6.23(d, J = 7.8 Hz, 1H), 5.79-
5.73(m, 1H), 5.63-5.54(m, 1H), 5.46-5.36(m, 3H), 3.80(s
3H), 1.56(d, J = 6.2 Hz, 3H).

Step 2: Preparation of ((8)~4~{({1-(5~chloro~3~ (2~

chlorobenzyl)-4-0x0-3,4~-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3~-d]lpyrimidine~5(8H)~one

The target compound was prepared by using the compound

prepared in

step 1 according to +the same manner as

described in step 8 of Example 1.
'H NMR(300 MHz, CDCl;) & 10.84(d J = 7.9 Hz, 1H),
8.22(s, 1H), 7.72(dd, J = 7.9, 0.8 Hz, 1H), 7.62(t, J = 7.8
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Hz, 2H), 7.51-7.46(m, 2H), 7.33~7.30(m, 1H), 7.13-7.04(m,
2H), 6.83-6.80{(m, 1H), 6.29(d, J = 7.7 Hz, 1H), 5.78(d, J =
17.1 Hz, 1H), 5.61-5.52(m, 1H), 5.49-5.41(m, 1H), 1.57(d, J
= 6.6 Hz, 1H).(m, 1H), 5.46-5.36{(m, 3H), 3.80(s, 3H),
1.56(d, J = 6.2 Hz, 3H).

Example 32: Preparation of (S)-4-((1-(6-fluoro—-4-oxo-

3-(pyridine-2-ylmethyl)-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H)-one

R
o Lon PMBN" HNSy
£ L N (o} TFAIMSA N 0
Y N BOP/DBU (P MC L
¢i&/ MeCN N ?H,N N”hH )
F Y F
N/| o

N* I
G ey

Step 1: Preparation of (8)-4-({1-(6-fluoro-4-o0xo0—-3~-

(pyridine-2-ylmethyl)-3,4~dihydrogquinazoline-2-

yl)ethyl)amino) -8~ (4-methoxybenzyl)pyrido[2,3-dlpyrimidine-

5(8H) -one

The target compound was prepared by using the compound
prepared in Preparative Example 28 according to the same
manner as described in step 7 of Example 1.

M NMR (300 MHz, CDCl;) & 11.02(d, J = 7.7 Hz, 1H),
8.41(d, J = 4.4 Hz, 1H), 8.40(s, 1H), 7.89(dd, J = 8.5, 2.9
Hz, 1H), 7.78(dd, J = 9.0, 4.9 Hz, 1H), 7.81-7.39%9(m, 2H),
7.21(d, J = 8.6 Hz, 2H), 7.09(dd, J = 7.0, 5.3 Hz, 1H),

6.86(d, J

8.6 Hz, 2H), 6.29(d, J = 7.9 Hz, 1H), 5.89-
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5.80(m, 2H), 5.59(d, J = 16.2 Hz, 1lH), 5.33(dd, J = 1l4.6,
16.1 Hz, 2H), 3.78(s, 3H), 1.59(d, J = 6.5 Hz, 3H).

Step 2: Preparation of (8)-4-((1-(6-fluoro-4-oxo-3-

(pyridine-2-ylmethyl)-3,4~-dihydroguinazoline-2-

yl)ethyl)amino)pyrido[2,3~-d]pyrimidine-5(8H) -one

The target compound was prepared by using the compound
prepared in step 1 according to the same manner as
described in step 8 of Example 1.

'H NMR(300 MHz, CDCls) & 11.19(d, J = 7.6 Hz, 1H),
8.46(d, J = 4.3 Hz, 1H), 8.23(s, 1lH), 7.90kdd, J = 8.5, 3.0
Hz, 1H), 7.81(dd, J = 9.0, 4.9 Hz, 1H), 7.63(td, J = 1.7,
7.7 Hz, 1H), 7.51-7.43(m, 2H), 7.31(d, J = 7.9 Hz, 1H),
7.15(dd, J = 7.0, 5.0 Hz, 1H), 6.34(d, J = 7.7 Hz, 1H),
5.95-5.81(m 2H), 5.54(d, J = 16.1 Hz, 1H), 1.61(d, J = 6.5
Hz, 3H).

Example 33: Preparation of 4-{((1-(5-chloro-3-

(pyridine-2-yl)quinoline-2-yl)ethyl)amino)pyrido[2, 3~

d]pyrimidine—-5 (8H) -~one

_YFAIMSA

BOP/DBU MC.

MeCN
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Step 1: Preparation of 4-((1—(5-chloro-3~(pyridine-2~

ylyquinoline~2-ylj)ethyl)amino) -8-(4-

methoxybenzyl)pyrido[2,3-d]lpyrimidine-5(8H)-one

4-((1-(5-chloro-3-(pyridine~2-yl)quinoline-2-
yl)ethyl)amino)-8-(4-methoxybenzyl)pyrido(2, 3-d]pyrimidine~
5(8H)~one was prepared as a pale yellow solid by using 1-
(5-chloro-3-(pyridine-2-yl)quinoline-2~yl)ethane-l-amine
prepared in Preparative Example 29 according to the same
manner as described in step 7 of Example 1.

H NMR(300 MHz, CDClz) & 1l1.6(d, J = 7.4 Hz, 1H),
8.81(d, J = 4.8 Hz, 1H), 8.51(s, 1H), 8.32(s, 1H), 8.81(d,
J = 4.8 Hz, 1H), 8.23(d, J = 8.0 Hz, 1H), 7.87-7.82(m, 1H),
7.67-7.60(m, 3H), 7.44(d, J = 7.9 Hz, 1H), 7.40-7.35(m,
1H), 7.1%(d, J = 8.6 Hz, 2H), 6.85{(d, J = 8.6 Hz, 2H),
6.31(d, J = 7.9 Hz, 1H), 6.16-6.07(m, 1H), 5.33(s, 2H),
3.78(s, 3H), 1.56(d, J = 6.6 Hz, 2H).

Step 2: Preparation of 4-((l-(5-chloro-3-(pyridine-2-

yl)guinoline-2~yl)ethyl)amino)pyrido[2,3-d]pyrimidine-

5(8H) ~one

4-((1-(5-chloro—-3-(pyridine-2-yl)guinoline-2-
yl)ethyl)amino)pyrido([2,3~d]lpyrimidine-5(8H)-one was
prepared as a white solid by wusing 4-((1-(5-chloro~-3-
(pyridine-2-yl)guinoline-2-yl)ethyl)amino)-8-(4-
methoxybenzyl)pyrido[2,3-dlpyrimidine-5(8H)-one prepared in
step 1 according to the same manner as described in step 8
of Example 1.
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'H NMR(300 MHz, CDCls) & 11.54(d, J = 7.1 Hz, 1H),
10.86(s, 1H), 8.83(d, J = 4.7 Hz, 1H), 8.54(s, 1H), 8.26(s,
1H), 8.24(s, 1H), 7.87(t, J = 7.7 Hz, 1H), 7.69-7.61(m,
3H), 7.44-7.37(m, 2H), 6.32(d, J = 6.8 Hz, 1H), 6.20-

5 6.12(m, 1H), 1.57(d, J = 6.3 Hz, 3H).

The following examples 34 ~ 65 were performed by the
method represented by the reaction formula 2.

[Reaction Formula 2]

- ¢ o PG
/5:)]\ SOzClz /5;1( RN )j:u\ PO, G
NTSH N ‘
| ‘ |

R'*N/ c Step 1 R'J\ Step 2 Stop3 R'J\N/ cl

ZA 7 18
3
HN’“R "
PG N/\N'Rz NN R
N So .
*e )1*
J\)Tg Step 5 R"ku' R s ’J\

20

10 2 1b
Example 34: Preparation of (8)-5-((1-(5-chloro-4-0x0~-

3-phenyl-3,4~-dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-

2,3-dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one
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SO R e

N

PMBL

/YL formaldehyde

PMB N PME\N/\N/ SN

“ . Ni/‘”‘ﬁo TFAMSA Nl J‘Tgo
DIPEADMSO H( NH MC k('

NH

S s

(o] Cl

Steps 1 and 2 Preparation of 4,6-dichloro~N-

methylpyrimidine-5-carboxamide

1.00 g {(5.65 mmol)  of 4,6~dichloropyrimidine-5-
carboxaldehyde was dissolved in 15 mL of CCl,s, to which
0.78 mL (9.61 mmol) of sulfuryl chloride and 46 mg {(0.28
mmol) of 2~2-azobis(Z2-methyl propionitrile) were added,
followed by stirring at 80T for 3 hours. The reaction
mixture was cooled down to room temperature and filtered
under reduced pressure. 5 mL of anhydrous toluene was
added thereto, foilowed by filtration under reduced
pressure. The resultant product was dissolved in 15 mL of
anhydrous tetrahydrofuran, to which 4.73 mL of 2.0 M
methylamine/tetrahydrofuran solution was added at -20T,
followed by sﬁirring at -20C for 2 hours. The reaction

mixture was added with 1 N HCl and filtered under reduced

pressure. Ethyl acetate and water were added thereto,
followed by extraction. The extracted organic layer was
separated, dried (Na,S804), filtered, and concentrated under
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reduced pressure. The residue was separated by column
chromatography (S1i0., eluent: dichloromethane/methanol,
20/1) to give 0.8 g of the target compound 4,6-dichloro-N-
methylpyrimidine~5-carboxamide as a pale yellow solid (3.88
mmol, yield: 69%).

'H NMR (300 MHz, CDCl;) & 8.81 (s, 1H), 5.87(brs, 1H),

3.08 (d, J = 2.6 Hz, 3H).

Step 3: Preparation of 4-chloro-6-((4-

méthoxybenzyl)amino)—Nwmethylpyrimidine—Swcarboxamide

3.0 g (14.5 mmol) of 4,6-dichloro-N-methylpyrimidine-
5-carboxamide prepared in step 1 and step 2 was dissolved
in 80 mL of anhydrous tetrahydrofuran, to which 1.8 mL
(15.2 mmol, 1.05 eq} of p-methoxybenzylamine and 2.8 mL
(16.0 mmol, 1.1 eq) of diisopropylethylamine (DIPEA) were
added, followed by stirring for 6 hours. The reaction
mixture was distilled under reduced pressure. Water was
added thereto, followed by extraction with ethyl acetate.
The extracted organic layer was separated, dried (NaxS04),
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (Si02,
eluent: hexane/ethylacetate, 4/1) to give 3.73 g of the
target compound 4~¢hloro~6~((4~methoxybenzyl)amino)~N~
methylpyrimidine-5-carboxamide as a transparent oil (12.1
mmol, yield: 84%).

'H NMR (300 MHz, CDCl;) & 8.31 (s, 1H), 8.24 (s, 1H),
7.25 (d, J = 8.9 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 6.70

226



10

15

20

25

©A 02979815 2017-09~14

(s, 1H), 4.62 (d, J = 5.4 Hz, 2H), 3.79 (s, 3H), 2.97 (d, J

= 4.7 Hz, 2H).

Step 4: Preparation of 5~-chloro-l-(4-methoxybenzyl)-3-

methyl-2,3-dihydropyrimido[4,5~-d]pyrimidine-4 (1H) -one

3.7 g (12 mmol) of 4-chloro~6-( (4~
methoxybenzyl)amino) -N-methyl-pyrimidine-5-carboxamide
prepared in step 3, 3.6 g (120 mmol, >10 eq) of
paraformaldehyde, and 228 mg (1.2 mmol, 0.1 eq) of p-
toluenesulfonic acid were dissolved in 100 mL of toluene,
which was stirred at 130C for 12 hours in dean-stark trap.
The reaction mixture was cooled down to room temperature
and distilled under reduced pressure. The resultant
product was separated by column chromatography {Si02,
eluent: hexane/ethylacetate, 3/1) to give 3.0 g of the
target compound as a white solid (9.4 mmol, yield: 78%).

4 NMR (300 MHz, CDCls) & 8.43 (s, 1H), 7.22 (d, J =
8.9 Hz, 2H), ©6.88 (d, J = 8.4 Hz, 2H), 4.86 (s, 2H), 4.55
(s, 2H), 3.81 (s, 3H), 2.98 (s, 3H).

Step 5: Preparation of {(S)Y-5-{((1-(5-chloro-4-0ox0-3-

phenyl-3,4-dihydroquinazoline-2-yl)ethyl)amino)-1-(4-

methoxybenzyl) -3-methyl-2, 3-dihydropyrimido[4, 5~

d]lpyrimidine-4 (1H) ~one

50 mg (0.16 mmol) of 5-chloro-1-(4-methoxybenzyl)-3-
methyl-2,3-dihydropyrimido[4,5-d]pyrimidine~-4 (1H)~one
prepared in step 4 was dissolved in 2 mL of anhydrous
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dimethylsulfoxide (DMSO), to which 57 mg (0.19 mmol, 1.2
equivalent) of (S)-2~({1l-aminoethyl)-5-chloro-3-
phenylguinazoline-4(3H)-one and 0.06 mL (0.35 mmol, 2.2
equivalent) of diisopropylethylamine (DIPEA) were added,
followed by stirring at 70C for 12 hours. The reaction
mixture was cooled down to room temperature. Watei was
added thereto, followed by extraction with ethyl acetate.
The extracted organic layer was separated, dried (Na;S04),
filtered, and concentrated under reduced pressure. The
residue was separated by column chromatography (S8i0gz,
eluent: hexane/ethylacetate, 2/1) to give 88 mg of the
target compound (8)y-5-{({(1-(5-chloro~4-ox0~-3~-phenyl-3,4~
dihydrogquinazoline-2-yl)ethyl)amino)-1-(4-methoxybenzyl)-3-
methyl-2,3-dihydropyrimido[4,5~-d]lpyrimidine-4{1H)-one as a
white solid (0.15 mmol, yield: 94%).

'H NMR (300 MHz, CDCl3) & 9.49 (d, J = 7.0 Hz, -NH),
8.03 (s, 1H), 7.70-7.68 (m, 1H), 7.61-7.44 (m, 7TH), 7.31-
7.28 (m, 1H), 7.21 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6
Hz, 2H), 5.06-5.02 {(m, 1H), 4.74 (s, 2H), 4.45 (s, 2H),
3.79 (s, 3H), 2.89 (s, 3H), 1.44 (d, J = 6.6 Hz, 3H).

Step 6: Preparation of (8)-5-((l-(5-chloro-4-oxo-3-

phenyl-3,4-dihvdroguinazoline—-2-yl)ethyl)amino)-3-methyl-

2,3-dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one

57 mg of (8)-5~{({1-(5~chloro~4~0ox0-3-phenyl-3,4-
dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5~d]pyrimidine~4 (1H)~one was prepared as
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a white so0lid by using 70 mg (0.13 mmol) of (8)~5-((1-(5-
chloro-4-oxo-3-phenyl-3,4-dihydro-quinazoline-2-
yl)ethyl)amino)~1-(4-methoxybenzyl)-3-methyl-2,3~
dihydropyrimido([4,5-dlpyrimidine-4 (1H)-one prepared in step
5 according to the same manner as described in step 8 of
Example 1 (0.12 mmol, yield: 99%).

'H NMR (300 MHz, CDCls) & 9.43 (d, J = 7.9 Hz, -1H),
7.88 (s, 1H), 7.69-7.67 (m, 1H), 7.61-7.43 (m, 6H), 7.32-
7.29 {(m, 1H), 6.97 (s, -NH), 5.02-4.97 (m, 1H), 4.69 (s,

2H), 2.97 (s, 3H), 1.43 (d, J = 5.9 Hz, 3H).

Example 35: Preparation of (S)-5-((1-(5~chloro-4-oxo-

3-(pyridine~3-yl)~3,4~dihydroquinazoline-2~yl)ethyl)amino) ~

3—methyl-2, 3—-dihydropyrimidof4,5-dlpyrimidine-4(1H)-one

PMB_ .~ .~

NN
NH, N Xy 0 pMB””N/\”N/ HNSNT
Y o Na T eAmsa NN
S N DIPEA/DMSO NZ NH MG N7 NH
# 0 < /&?y /&rﬂ
N \Nm::; N NW:IP
A o « A o «

Step 1: Preparation of (8)~5~((l1=(5~chloro~4-0x0~3~

(pyridine-3-yl)-3,4-dihydroquinazoline-2-yl)ethyl)amino)-1-

(4-methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4, 5~

dlpyrimidine-4 (1H) -one

83 mg of (S)-5-((1~(5~chloro~4-0x0-3~(pyridine-3-yl)~-
3,4~dihydroguinazoline~2~yl)ethyl)amino)~1- (4~
methoxybenzyl}-3-methyl-2, 3-dihydropyrimidof{4, 5-
dipyrimidine-4 (1H)-one was ©prepared as a white solid
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according to the same manner as described in step 5 of
Example 34 except that {(S)—2-(l-aminocethyl)-5-chloro-3-
(pyridine-3-yl)quinazoline-4 (3H) -one was wused (0.14 mmol,
yield: 94%).

H NMR (300 MHz, CDCl3) & 9.39-9.35 (m, 1H), 8.76-8.71
(m, 1H), 8.03 (d, J = 8.1 Hz, 2H), 7.70-7.46 (m, 3H), 7.20
(d, J = 8.6 Hz, 2H), 6.86 {d; J = 8.6 Hz, 2H), 5.02-4.89
(m, 1H), 4.8~4.65 (m, 2H), 4.46 (s, 2H), 3.79 (s, 3H), 2.90

(s, 3H), 1.50-1.44 (m, 3H).

Step 2: Preparation of (8)-5- ({1~ (5-chloro-4-ox0-3-

(pyridine-3~yl)=-3,4~-dihydroquinazoline~2~yl)ethyl)amino) -3~

methyl-2,3-dihydropyrimido[4,5-d]pyrimidine—-4 (1H) -one

56 mg 6f‘ (S)-5-{{1-(5-chloro-4-ox0o-3-(pyridine-3-yl) -
3,4-dihydroquinazoline~2~yl)ethyl)amino)~3-methyl~2, 3~
dihydropyrimide[4, 5~-d]lpyrimidine~4 (1H) ~one was prepared as
a white solid according to the same manner as described in
step 6 of Example 34 except that (8)-5-{((1-(5-chloro-4-oxo-
3-(pyridine-3-yl)-3,4~dihydroguinazoline-2-yl)ethyl)amino) -
1—(4—methoxybenzyl)~3—methyl—2,3-dihydropyrimido[4,5~
dlpyrimidine-4 (1H) -one was used (0.12 mmol, yield: 99%).

'H NMR (300 MHz, CDCl3) & 9.30-9.25 (m, 1H), 8.74-8.71
(m, 1H), 8.57 (s, 1H), 7.91 (d, J = 8.9 Hz, 2H), 7.91 (d, J
= 7.2 Hz, 1H), 7.70-7.59 (m, 2H), 7.53-7.44 (m, 2H), 5.88
(s, 1H), 5.73 (s, 1H), 5.00-4.86 (m, 1H), 4.72 (s, 2H),
2.99 (s, 3H), 1.50-1.43 {(m, 3H).
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Example 36: Preparation of (8)-5-((1-(5-chloro-3- (3~

fluorophenyl)—-4-oxo~3,4-dihydroquinazoline-~2-

yl)ethyl)amino)-3-methyl-2, 3-dihydropyrimido[4, 5~

dlpyrimidine-4 (1H) -one

PMB
NH, »t& PMB. .~ NN
91 : o T "ﬁﬁ"

TFAMSA
F N A " DIPEADMSO MC H
5-chloro-3-(3-

@r%@

K’§
Step 1: Preparation of (S)=5-((1-(

fluorophenyl)-4-ox0~-3,4~-dihydroguinazoline~-2~

yl)ethyl)amino)-1-(4-methoxybenzyl)-3-methyl-2, 3~

dihydropyrimido[4,5-d]pyrimidine~-4(1H)-one

87 mg of (S)-5-((1-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4~dihydroquinazoline-2-yl)ethyl)amino)-1-(4-
methoxybenzyl)-3-methyl-2,3-dihydropyrimido(4,5-
dlpyrimidine-4 (1lH)-one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (S)-2-(l-aminoethyl}-5-chloro-3-(3-
fluorophenyl)guinazoline-4 (3H) -one was used (0.14 mmol,
yield: 91%).

'H NMR (300 MHz, CDCl3) & 9.45-9.36 (m, 1H), 7.62-7.50
(m, 4H), 7.42-7.39 (m, 1H), 7.27-7.14 (m, 4H), 7.07-6.99
(m, 1H), 6.84 (d, J = 8.0 Hz, 2H), 4.84~4.69 (m, 3H), 4.73
(s, 2H), 3.89-3.80 (m, 1H), 3.79 (s, 3H), 3.57-3.48 (m,
iH), 2.90 (s, 3H), 2.33-2.24 (m, 1H), 2.13-2.06 (m, 2H),
1.50-1.44 (m, 3H).
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Step 2: Preparation of (S$)-5-((1-(5-chloro-3-{3-

fluorophenyl)-4-0xo-3,4-dihydroquinazoline~2-

yl)ethyl)amino)~3-methyl-2,3~-dihydropyrimido[4,5-

dlpyrimidine-4 (1H) ~one

61 mg of (8)-5-((l-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4-dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido([4,5~d]pyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 6 of Example 34 except that (S)-5-((1-(5-chloro-3~{(3-
fluorophenyl)-4-ox0-3,4-dihydroguinazoline-2-
yl)ethyl)amino)~1-(4-methoxybenzyl)-3-methyl-2, 3~
dihydropyrimido[4, 5-d]pyrimidine-4(1H)~one was used (0.12
mmol, yield: 989%).

'H NMR (300 MHz, CDCls) & 9.40-9.31 (m, 1H), 7.89 (d, J
= 4,65 Hz, 1H), 7.69-7.44 (m, 4H), 7.25-7.04 (m, 2H), 6.89-
6.80 (m, 1H), 5.04-4.95 (m, 1H), 4.71 (s, 2H), 2.98 (m,
2H), 1.46 (m, J = 5.98, 3H).

Example 37: Preparation of (8)-5-((1-(5-chloro-4-oxo-

3-(m-tolyl)-3,4-dihydroquinazoline-2-yl)ethyl)amino)-3-

methyl=-2,3~dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one

PMB
JIK PiVB\ /\ - HNAN/
”Aj4 ' )j:& _TFAMSA qJ?I£%
“oipeapmso . & MC -
E )iTg
T N\ﬂ, | NWIJQ
2 0 o o
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Step 1: Preparation of (S)-5-((l1-(5-chloro-4-0x0-3- (m-

tolyl)-3,4-dihydroquinazoline-2-yl)ethyl)amino)-1-(4-

methoxybenzyl)-3-methyl-2, 3-dihydropyrimido[4,5-

dlpyrimidine-4 (1H) -one

85 mg of (8)-5-((1l-(5~chloro~4-0x0-3~{(m~-tolyl)-3, 4~
dihydroguinazoline-2-yl)ethyl)amino)-1-(4-methoxybenzyl)-3-
methyl-2,3-dihydropyrimido[4, 5-d]lpyrimidine-4 (1H) -one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)-2-(1-
amindethyl)~5—chloro—3~m—tolquuinazolinew4(BH)—one was
used (0.14 mmol, yield: 89%).

'H NMR (300 MHz, CDCl3) & 9.52-9.43 (m, 1H), 8.03 (s,
1H), 7.70-7.67 (m, 2H), 7.60-54 (m, 1H), 7.44-7.40 (m, 2H),
7.29-7.18 (m, 3H), 7.10 (s, 1H), 6.84 (d, J = 8.8 Hz, Z2ZH),
5.10-04 (m, 1H), 4.73 (s, 2H), 4.44 (s, 2H), 3.78 (s, 3H),
2.89 (s, 3H), 2.35 (s, 3H), 1.47-1.43 (m, 3H).

Step 2: Preparation of (S)-5-((l-(5-chloro-4-oxo-3-(m-

tolyl)-3,4-dihydrogquinazoline-2~vyl)ethyl)amino)-3-methyl-

2,3~dihydropyrimido[4,5-d]lpyrimidine~4 (1H)~one

57 mg of (8)-5-((1-(5-chloro-4-oxo-3~{m-ftolyl)-3,4-
dihydrogquinazoline-~2-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido[4,5-d]lpyrimidine~-4 (1H)~-one was prepared as
a white solid according to the same manner as described in
step 6 of Example 34 except that (8)-5-((1l-(5-chloro-4-oxo-

3-(m-tolyl)-3,4-dihydroquinazoline-2-yl}ethyl)amino)-1-(4-
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methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4,5~
dlpyrimidine-4 (1H) -one was used (0.12 mmol, yield: 99%).

'y NMR (300 MHz, CDCls) & 9.44-9.36 (m, 1H), 7.90 (d, J
= 4,9 Hz, 1H), 7.69 (d, J = 6.8 Hz, 1H), 7.61-7.56 (m, 1H),
7.46-7.37 (m, 2H), 7.31-7.28 (m, 1H), 7.23 (s, 1H), 7.07
(s, 1H), 6.11 (m, 1H), 5.08-5.02 (m, 1H), 4.70 (s, 2H),

2.99 (s, 3H), 2.35 (s, 3H), 1.45-1.43 (m, 3H).

Example 38: Preparation of (S)-5-((1-(8-chloro-l1-oxo-

2-phenyl-1,2~-dihydroisoquinoline-3~yl)ethyl)amino) -3~

methylwz,3mdihydropyrimido[4,5~d]pyrimidine-4(1H)wone

PME«« N
PMB ?
A )IK N N N
J ZF DIPEA]DMSO MC k =

(]

Step 1: Preparation of ($)-5-({(1-(8~chloro-1l-ox0o=2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-1-(4-

methoxybenzyl) -3-methyl-2,3-dihydropyrimido[4,5—

dlpyrimidine-4 (1H) -~one

30 mg of {Sy-5-((1-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)~1~-(4-methoxybenzyl) -
3-methyl-2, 3~dihydropyrimido[4,5-d]lpyrimidine~4(1H)-one was
prepared as a pale yellow solid by using 20 mg (0.063 mmol)
of 5-chloro-1-(4-methoxybenzyl)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4(1H)-one prepared in step
4 of Example 34 and 19 mg (0.063 mmol) of (S)-3-(1-
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aminoethyl)~8-chloro-2-phenylisoquinoline~1(2H) -one
according to the same maﬁner as described in step 5 of
Example 34 (0.052 mmol, vield: 82%).

'H NMR (300 MHz, CDCl3) & 9.16 (d, J =7.8 Hz, 1H), 8.06
(s, 1H), 7.43-7.54 (m, 8H), 7.32 (d, J =8.6 Hz, 2H), 7.22
(d, § =8.4 Hz, 2H) 6.56 (s, 1H), 4.87 (t, J =7.1 Hz, 1H),
4.75 (s, 2H), 4.47 (s, 2H), 3.80 (s, 3H), 2.91 (s, 3H),
1.38 (d, J =6.8 Hz, 3H). |

Step 2: Preparation of (S)=-5~({(1-(8~chloro-1l-oxo-2-

phenyl-1,2~-dihydroisoquinoline-3-yl)ethyl)amino)-3-methyl-

2,3-dihydropyrimido[4, 5~-d]lpyrimidine-4 (1H)~one

22 mg of {S)-5-((1-(8-chloro-l-oxo~-2-phenyl-1,2-
dihydroisoguinoline-3-yl}ethyl)amino)-3-methyl-2, 3-
dihydropyrimido[4,5~-d]pyrimidine-4(1H)-one was prepared as
a yvellow solid by using 30 mg (0.052 mmol) of (S)~5-((1~(8-
chlorO*l—oxo—ZMphenyl~1,2~dihydroisoquinoline~3—
yllethyl)amino)-1-(4-methoxybenzyl)-3-methyl-2, 3~
dihydropyrimido[4,5~d]pyrimidine—-4 (1H) -one prepared‘in step
1 according to the same manner as described in step 8 of
Example 1 (0.048 mmol, yield: 92%).

'H NMR (300 MHz, CDCl;) & 9.07 (d, J =6.4 Hz, 1H), 7.92
(s, 1H), 7.36-7.51 (m, 7H), 7.29-7.32 (m, 1H), 6.55 (s,
1H), 6.11(brs, 1H), 4.85 (t, J =7.9 Hz, 1H), 4.73 (s, 2H),
2.99 (s, 3H), 1.38 (d, J =7.2 Hz, 3H).
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Example 39: Preparation  of 3-methyl=5-((1- (2~

phenylquinoline-3-yl)ethyl)amino)-2,3-dihydropyrimido[4,5-

dlpyrimidine-4 (1lH)~one

PMB. N/\N/
N’gj:%%b PMB NN HN” SN
U\N{ cl le)“\:ﬁo TFAIMSA NIKJ\TKO
DIPEAIDMSO NN MC e

Step 1l: Preparation of 1l-{(4-methoxybenzyl)-3-methyl-5-

((1-(2-phenylgquinoline-3-yl)ethyl)amino)-2, 3~

dihydropyrimido[4, 5-d]lpyrimidine~4 (1H)-one

10 mg of 1~(4-methoxybenzyl)~3-methyl~5~( (1~ (2~
phenylquincline-3-yl)ethyl)amino} -2, 3-dihydropyrimido[4, 5~
dlpyrimidine-4 (1H)-one was prepared as a vyellow solid by
using 8 mg (0.025 mmol) of 5-chloro-l-(4-methoxybenzyl)-3-
methyl-2,3-dihydropyrimido[4, 5-d]pyrimidine~4 (1H) -one
prepared in step 4 of Example 34 and 7.5 mg (0.030 mmol) of
1-(2-phenylquinoline-~-3-yl)ethane~-l-amine according to the
same manner as described in step 5 of Example 34 (0,018
mmol, vyield: 75%).

'H NMR (300 MHz, CDCl;) & 9.39 (d, J =7.2 Hz, 1H), 8.25
(s, 1H), 8.15 (d, J =9.3 Hz, 1H), 8.01 (s, 1H), 7.83 (d, J
=8.6 Hz, 1lH), 7.76 (d, J =7.2 Hz, 2H), 7.68-7.70 (m, 1H),
7.47-7.54 (m, 5H), 7.22 (d, J =8.6 Hz, 1lH), 6.85 (d, J =8.6
Hz, 2H) 6.64 (t, J =7.2 Hz, 1H), 4.75 (d, J =6.5 Hz, 2H),
4.47 (s, 2H), 3.79 (s, 3H), 2.93 (s, 3H), 1.47 (m, 3H).
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Step 2: Preparation of 3-methyl-5-{(1-(2-

phenylguinoline-3-yl)ethyl)amino)~2,3~dihydropyrimido[4, 5~

dlpyvrimidine~4 (1H) ~one

6 mng of 3-methyl=5~((1-(2-phenylquinoline-3-
yl)ethyl)amino)~2,3~dihydropyrimido[4,5-d]pyrimidine-4(1H) -
one was prepared as a yellow solid by using 10 mg (0.019
mmol) of l-(4-methoxybenzyl)~-3-methyl-5-((1- (2~
phenylgquinoline-3-yl)ethyl)amino}-2,3~-dihydropyrimido[4, 5~
d]l]pyrimidine-4 (1H)~one prepared in step 1 according to the
same manner as described in step 8 of Example 1 (0.015
mmol, yield: 78%).

'H NMR (300 MHz, CDCl3) & 9.52 (d, J =6.1 Hz, 1H), 8.21
(s, 1H), 8.14 (d, J =8.8 Hz, 1H), 7.92(brs, 1H), 7.83 (d, J
=7.5 Hz, 1H), 7.6% (d, J =8.1 Hz, 3H), 7.48-7.59 (m, O5H),
5.65 (t, J =6.8 Hz, 1H), 4.78(brs, 2H) 2.99 (s, 3H), 1.44

(d, J =6.8 Hz, 3H).

Example 39-1: Preparation of (S)-3-methyl-5-((1l-{2~

phenylguinoline~3~yl)ethyl)amino)~2,3~dihydropyrimido[4, 5~

d]lpyrimidine—-4 (1H) -one

PMB\N’A‘N”
ﬁf%j:%*o PMBo N HN SN
P X
Q‘ Cl ﬁfﬁ{kh TFAIMSA _ i%jigb
DIPEA/DMSO N NH MG N NH
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Step 1: Preparation of (8)-5-((l-(2-phenylguinoline-3-

yl)ethyl)amino)-1-(4-methoxybenzyl)-3-methyl-2,63-

dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one

84 mg of (8)-5-((1-(2-phenylgquinoline-3-
yl)ethyl)amino) -1~ (4-methoxybenzyl)-3-methyl-2,3~
dihydropyrimido[4,5~-d]lpyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as descfibed in
step 5 of Example 34 except that (S)-1-(2-phenylquinoline-
3-yl)ethaneamine was used (0.15 mmol, yield: 99%).

'H NMR (300 MHz, CDClz) & 9.39 (d, J = 7.8 Hz, 1H),
8.23 (s, 1H), 8.44 (d, J = 8.1 Hz, 1H), 8.08 (s, 1H), 7.82
(d, J = 7.8 Hz, 1H), 71.75 (d, J = 7.8 Hz, 2H), 7.69-7.64
(m, 1H), 7.53-7.43 (m, 4H), 7.21 (d, J = 8.4 Hz, 1H), 6.85
{(d, J = 9.0 Hz, 2H), 5.67-5.62 (m, 1H), 4.74 (d, T = 8.4
Hz, 2H), 4.47 (s, 2H), 3.79 (s, 3H), 2.92 (s, 3H), 1.40 (d,

J = 6.5 Hz, 3H).

Step 22 Preparation of (8)-3-methyl-5-(({1-(2~

phenquuinoline—3—yl)ethyl)amino)—2,3~dihydropyrimido[4,5—

dlpyrimidine—-4 (1H) -one

52 mg of (S)-3-methyl-5-({1-(2-phenylquinoline~3-
yl)ethyl)amino)=-2,3-dihydropyrimido[4,5-d]pyrimidine-4 (1H) -
one was prepared as a white solid according to the same
manner as described in step 6 of Example 34 except that

(S)-5-((1-(2-phenylquinoline-3-yl)ethyl)amino)-1-(4-

methoxybenzyl)}-3-methyl-2,3-dihydropyrimidof4, 5-

dlpyrimidine-4 (1H) -one was used (0.12 mmol, yield: 99%).
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'H NMR (300 MHz, CDCls) & 9.31 (d, J = 6.9 Hz, -1H),
8.22 (s, 1H), 8.13 (4, J = 7.7 Hz, -~1H), 7.93 (s, 1H), 7.82
(d, § = 7.7 Hz, -1H), 7.75-7.64 (m, 3H), 7.53-7.43 (m, 4H),
6.71 (s, -NH), 5.66-5.56 (m, 1H), 4.69 (s, 2H), 2.98 (s,
3H), 1.41 (d, J = 7.4 Hz, 3H).

Example 40: Preparation of (S)-5-((1-(4,8-dichloro-1-

oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-3-

methyl-2, 3~-dihydropyrimido[4,5-dlpyrimidine—-4 (1H) -one

/’x/

PMB
NH, € ' ’LiI:L* PMB- HN
" DIPEAIDMSO l\v NH Gl MC kﬁ7\NH ¢l
o o T s
N ‘ N
EI[’ [ij/ o <

o Ci

Step 1: Preparation of (8)-5-{((1-(4,8-dichloro-1-oxo-

2-phenylgquinoline~-3~yl)ethyl)amino)-1-(4~-methoxybenzyl)-3~

methyl-2,3~dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one

(S)~-5-((1-(4,8-dichloro-l1~oxo-2-phenylquinoline-3-
yl)ethyl)amino)-1-(4-methoxybenzyl)-3-methyl-2, 3~
dihydropyrimido[4,5~-d]lpyrimidine-4 (1H)~one was prepared
according to the same manner as described in step 5 of
Example 34 except that (8)-3~(l-aminoethyl)-4,8~dihydro-2-
phenylisoguinoline-1(2H)-one was used.

'H NMR (300 MHz, CDCls) & 9.54 (br d, J = 6.6Hz, 1H),
8.09 (s, 1H), 7.97 (dd, I = 7.7, 1.5Hz, 1H), 7.75 (br d, J
= 7.7Hz, 1H), 7.46-7.61 (m, 6H), 7.15-7.21 {m, 3H), 6.80-
6.87 (m, 2H), 4.97-5.05 (m, 1H), 4.72 (s, 2H), 4.39-4.47
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(m, 2H), 3.78 (s, 3H), 2.88 (s, 3H), 1.60 (d, J = 7.2Hz,
3H) .

Step 2: Preparation of (8)-5-{((1-(4,8-dichloro-1l-ox0o-

2-phenyl-1l,2-dihydroisoquinoline-3-yl)ethyl)aming) -3~

methyl-2,3-dihydropyrimido[4,5~-dlpyrimidine—~4 (1H) -one

(S)—5—((1—(4,8—dichloro—l—oxo—Z—phenylfl,2—
dihydroisoquinoline-~3~-yl)ethyl)amino)-3~-methyl~-2, 3~
dihydropyrimido[{4,5-d]pyrimidine-4 (1H) -one was prepared
according to the same manner as described in step 6 of
Example 34 except that (S)~5~((1~(4,8~-dichloro~1l-0ox0~2~
phenylquinoline~3-yl)ethyl)amino) -1~ (4-methoxybenzyl)-3-
methyl-2,3~dihydropyrimido[4,5-d]lpyrimidine~4 (1H) ~one was
used.

'H NMR (500 MHz, CDCl3) & 9.48 (br s, 1H), 7.98 (dd, J
= 8.1, 0.9Hz, 1H}, 7.96 (s, 1H), 7.74 (d, J = 7T.8Hz, 1H),
7.49-7.61 (m, 5H), 7.18-7.21 (m, 1H), 6.70 (br s, 1H),
4.96-4,50 (m, 1H), 4.67-4.72 (m, 2H), 2.98 (s, 3H), 1.62

(d, J = 7.2Hz, 3H).

Example 41: Preparation of ({S}-5-{{(1-(5-fluoro-4-oxo-

3-phenyl=-3,4~-dihydroquinazoline-2-yl)propyl)amino)-3-

methylwz,3wdihydropyrimido{4,5~d}pyrimidine~4(1H)~one

240



16

15

20

©A 02979815 2017-09~14

F'MB\ "t

)j\/k PMB,, NN HN N

\vﬁj¢ TFAMSA N g
- L

" DIPEADMSO MC N SNH
\/'\.74“
N__

Ej o F

Step 1: Preparation of (S)~$~((1~(5~fluoro-4—oxo-3-

phenyl-3,4-dihydroguinazoline-2-yl)jpropyl)amino}-1-{(4-

methoxybenzyl)-3-methyl-2, 3-dihydropyrimido[4,5~-

djpyrimidine—-4 (1H)} -one

91 mg of (8)=-5-((1-(5-fluoro-4-0ox0-3-phenyl-3,4-
dihydroquinazolinémzwyl)propyl)amino)ml-(4~methoxybenzyl)~
3~methyl~2,3~dihydropyrimido[4,5—d]pyrimidine—4(1H);one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (S)-2-(1-
aminopropyl)-5-fluoro-3-phenylquinazoline-4 (3H) -one was
used (0.15 mmol, yield: 98%).

'H NMR (300 MHz, CDCl3) & 9.43 (d, J = 9.4 Hz, 1H),
8.02 (s, 1H), 7.66-7.45 (m, 6H), 7.31-7.28 (m, '1H), 7.21
{(d, § = 7.4 Hz, 2H), 7.11-7.05 {(m, 1H), 5.01-4.96 (m, 1H),
4.74 (s, 2H), 4.45 (s, 2H), 3.79 (s, 3H), 2.91 (s, 3H),
1.93-1.75 (m, 2H), 0.86-0.82 (m, 3H).

Step 2: Preparation of (8)~5~((1-(5~-fluoro~4~0x0~-3~

phenyl-3,4~-dihydroquinazoline-2-yl)propyl)amino)~3-methyl-

2,3-dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one

55 mg of {S)-5~-((1~-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazoline-2-yl)propyl)amino)-3-methyl-2, 3~
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dihydropyrimido[4,5-d]pyrimidine-4(1H)-one was prepared as
a white scolid according to the same manner as described in
step 6 of Example 34 except that (8)-5-((l-(5-fluoro-4-oxo-
3-phenyl-3,4-dihydroquinazoline-2-yl)propyl)amino)~1- (4~
methoxybenzyl) ~3-methyl-2, 3-dihydropyrimido[4,5~
dlpyrimidine~4 (1H)~one was used (0.12 mmol, yield: 99%).

'H NMR (300 MHz, CDCl3) & 9.35 (d, J = 8.2 Hz, 1H),
7.88 (s, 1H), 7.69-7.62 (m, 1H), 7.57-7.50 (m, 4H), 7.44-
7.41 (wm, 1H), 7.30-7.28 (m, 1H), 7.11-7.05 (m, 1H), 6.28
(s, 1H), 4.83-4.91 (m, 1H), 4.70 (s, 2H), 2.98 (s, 3H),
1.92-1.75%5 (m, 2H), 0.87-0.82 (m, 3H).

Example 42: Preparation of (8)-5-(2-(5-chloro-4-0ox0-3-

phenyl-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-y1)-3-

methyl-2,3-dihydropyrimido[4,5~d]pyrimidine-4 (1H) -one

PMB\ SN

S = @;53 (?5

Step 1: Preparation of (8)~5~-(2~-({5~-chloro~4-ox0=~3~- -

phenyl-3,4-dihydrogquinazoline-2-yl)pyrrolidine-1-yl)-1- (4~

methoxybenzyl)-3-methyl-2,3~dihydropyrimido[4,5-

dlpyrimidine-4 (1H) ~one

102 mg of (S)-5-(2-(5-chloro-4-ox0-3-phenyl-3,4-
dihydroquinazoline-2-yl)pyrrolidine~1-yl)-1-(4-
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methoxybenzyl) -3-methyl-2,3~dihydropyrimido[4, 5~
d]lpyrimidine~4 (1H) ~-one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (8)~5~-chloro~3~-phenyl~2-
(pyrrolidine~2~yl)gquinazoline~4 (3H) ~one was used (0.16
mmol, yield: 99%).

'H NMR (300 MHz, CDCl;) & 8.03 (s, 1H), 7.75-7.73 (m,
14), 7.60-7.50 (m, 5H), 7.41-7.38 (m, 1H), 7.16 (d, J = 7.6
Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 4.90-4.64 (m, 1H), 3.79
(s, 3H), 3.72-3.65 (m, 1H), 2.89 (s, 3H), 2.38-2.28 (m,
1H), 1.86~1.76 (m, 4H).

Step 2: Preparation of (8)=-5-(2-(5-chloro-4~-oxo-3~

phenyl-3,4-dihydroquinazoline~-2-yl)pyrrolidine-1-yl)-3-

methyl-2,3-dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one

58 mg of {(8)-5-(2-(5-chloro-4~-oxo-3~-phenyl-3,4-
dihydroquinazoline-2-yl)pyrrolidine-1l-yl)-3-methyl-2, 3~
dihydropyrimido[4,5~-d]pyrimidine~4 (1H) -one was prepared as
a white solid according to the same manner as described in
step 6 of Example 34 except that (8)=-5~(2-(5~-chloro-4~-oxo-
3-phenyl-3,4~-dihydroguinazoline~-2~yl)pyrrolidine-1-y1l)-1-
(4-methoxybenzyl)-3-methyl-2, 3-dihydropyrimido[4, 5-
dlpyrimidine-4 (1H)-one was used (0.12 mmol, yield: 99%).

'H NMR (300 MHz, CDCl3) & 7.91 (s, 1H), 7.71-7.69 (m,
1H), 7.58-7.48 (m, 5H), 7.40 (d, J = 7.5 Hz, 2H), 7.25-7.23

{m, 1H), 4.72-4.68 (m, 1H), 4.56 (s, 2H), 3.90-3.81 {(m,
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1), 3.62-3.53 (m, 1H), 3.32-3.25 (m, 2H), 3.05 (s, 3H),
2.31-2.24 (m, 1H), 2.10-2.09%9 (m, 2H), 1.84-1.75 (m, 1H).

Example 43: Preparation of (8)-5~(2~(5-chloro-4-ox0o~3-

5 (pyridine-3-yl)=-3,4-dihydroguinazoline~2-yl)pyrrolidine-1-

yl)-3-methyl-2,3~dihydropyrimido[4,5-dlpyrimidine-4(1H)~-one

e @ = T
o T

Step 1: Preparation of (8)=-5-(2~(5-chloro-4~-oxo~3~

PMB_
o )
)ﬁ P B\ SN HNT SN
_ NTo _TFAMSA _ NS0
LA
NN

(pyridine-3-yl)-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-

10 yl)-1-(4-methoxybenzyl)-3-methyl-2,3~dihydropyrimido[4,5-

dlpyrimidine—-4 (1H) ~one

106 mg of (S)-5-(2-(5-chloro-4-oxo-3-(pyridine-3-yl)-
3,4-dihydroquinazoline-2~yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl}-3-methyl-2, 3-dihydropyrimido{4,5-

15 dlpyrimidine-4(1H)-one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (S)~5-chloro~3-{(pyridine-3-yl)-2-
(pyrrolidine-2-yl)quinazoline~4(3H)-one was used (0.17
mmol, yield: 99%).

20 'H NMR (300 MHz, CDCl3) & 9.04 (s, 1H), 8.76 (d, J =
3.5 Hz, 1H), 8.54 (s, 1H), 8.12-8.00 (m, 3H), 7.61-7.40 (m,
TH), 7.17-7.14 (m, 2H), 6.84 (d, J = B.5 Hz, 2H), 4.90-4.64
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(m, 1H), 3.87-3.83 (m, 1H), 3.78 (s, 5H), 3.60-3.53 (m,

iH}, 2.89 (s, 3H), 2.37-2.30 (m, 2H), 1.87-1.79 (m, 2H).

Step 2: Preparation of (5)-5-(2-(5~chloro-4-oxp~-3~-

(pyridine-3-yl)=-3,4~-dihydroquinazoline-2-yl)pyrrolidine-1-

yl)~3-methyl-2, 3~dihydropyrimido[4,5~dlpyrimidine~4 (1H)-one

59 mg of (S)—-5-{2-(5-chloro-4-0ox0-3-(pyridine-3-yl)-
3,4-dihydroguinazoline-2~yl)pyrrolidine-1l~yl)~3-methyl-2,3-
dihydropyrimidof4,5-d]pyrimidine-4(1H) ~one was prepared as
a white solid according to the same manner as described in
step 6 of Example 34 except that (8)-5-(2-(5-chloro-4-oxo0-
3—(pyridine~3—yl)—3,4ﬂdihydroquinazoline—Z—yl)pyrrolidine;
1-yl)=-1-(4-methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4,5-
dlpyrimidine—4 (1H)-one was used (0.12 mmol, yield: 99%).

'H NMR (300 MHz, CDCls) & 9.04 (s, 1H), 8.77-8.74 (m,
2H), 8.53 (s, 1H), 8.12-8.06 (m, 2H), 8.00 (s, 1H), 7.63-
7.50 (m, 7H), 7.46-7.40 (m, 2H), 7.19-7.12 (m, 2H), 6.84
(d, J = 8.5 Hz, 2H), 4.87-4.67 (m, 2H), 4.36 (s, 2H), 3.60-
3.53 (m, 1H), 2.89 (s, 3H), 2.39-2.27 (m, 2H), 1.87-1.79

(m, 2H).

Example 44: Preparation of (8)-5-(2-(5-chloro-3-(3-

fluorophenyl) ~4-oxo-3,4-dihydroquinazoline-2-

yl)pyrrolidine~1l-yl)-3-methyl-2,3~-dihydropyrimido[4, 5-

dlpyrimidine-4 (1H) -one
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PMB.
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Step 1: Preparation of {(S)~5-(2~(5-chloro-3-(3-

fluorophenyl)-4-ox0-3,4~-dihydroquinazoline-2-

yl)pyrrolidine-1-yl)~-1-{(4-methoxybenzyl)-3-methyl-2,63-

dihydropyrimido[4,5-d]pyrimidine-4(1H) -one

102 mg of (8)~5-{(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4~dihydrogquinazoline~2~yl)pyrrolidine-1l~yl)-1~-(4-
methoxybenzyl) -3-methyl~-2,3~dihydropyrimido[4, 5~
dlpyrimidine—4 (1H)-one was prepared as a white solid
according to the same manner as described in step 5 of
Example‘ 34 except that (8)~-5-chloro-3-(3~fluorophenyl)-2-
({pyrrolidine-2~-yl)gquinazoline-4(3H)-one was used (0.16
mmol, yield: 99%). |

H NMR (300 MHz, CDCl;) & 8.06-8.03 (m, 1H), 7.61-7.40
(m, 4H), 7.42-7.39 (m, 1H), 7.27-7.14 (m, 3H), 7.07-6.98
(m, 1H), 6.84 (d, J = 8.4 Hz, 2H), 4.85-4.69 (m, 2H), 4.37
(s, 2H), 3.87-3.83 (m, 1H), 3.78 (s, 3H), 3.56-3.48 (m,
1H), 2.90 (s, 3H), 2.32-2.24 (m, 1H), 2.12-2.07 (m, 1H),
1.87-1.76 (m, 2H).

Step 2: Preparaticn of {S}-5-{2-(5-chloro-3-{3-

fluorophenyl)-4-ox0-3,4~-dihydroquinazoline-2-
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yl)pyrrolidine-1l-yl)-3-methyl-2,3~-dihydropyrimido[4,5-

dl]pyrimidine—-4 (1H) -one

60 mg of (S)-5=(2-(5-chloro-3-(3-fluocrophenyl)-4-oxo-
3,4-dihydroquinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3~-
dihydropyrimido[4, 5-dlpyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step & of Example 34 except that (S)-5-(2-(5-chloro-3-(3-
fluorophenyl)-4-ox0o=-3,4~-dihydroquinazoline~2-
yl)pyrrolidine-1-yl)-1-(4-methoxybenzyl)~3-methyl-2, 3~
dihydropyrimido([4,5-d]lpyrimidine-4(1H)-one was used (0.12
mmol, vyvield: 99%).

'H NMR (300 MHz, CDCls) & 7.95-7.91 (m, 1H), 7.57-7.38
(m, S5H), 7.24-7.19 {(m, 1H), 7.07-6.98 (m, 1H), 6.13-6.10
{({m, 1H), 6.02-6.00 (m, 1H), 4.79-4.37 (m, 1H), 4.66-4.53
(m, 2H), 3.79-3.70 (m, 1H), 3.07 (s, 3H), 2.38-2.32 (m,
1H), 2.13-2.01 (m, 2H), 1.95-1.82 (m, 2H).

Example 45: Preparation of (8)-5-(2-(5-chloro~4~-0x0~3~-

(m-tolyl)~-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-y1)-3-

methyl~2,3~dihydropyrimido[4, 5~d]pyrimidine-4 (1H) -one

PMB. NN
i\TﬁN W /L:ITL* _TFAMSA N’LfITkWD
\T::j/KW%I:;j DIPEADMSO. lN/ N
0y 0
TR @
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Step 1: Preparation of (8)~5-(2=~(5~chloro-4-0x0-3-(m-

tolyl)-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-y1l)-1-(4-

methoxybenzyl)~-3-methyl~-2,3-dihydropyrimido{4, 5~

dlpyrimidine-4 (1H)-one

95 mg of {(S)~5~(2~(5~-chloro~-4-oxo-3~-{m-tolyl)-3,4-
dihydroquinazoline~2~yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl}~3-methyl-2,3-dihydropyrimidof{4,5-
dlpyrimidine-~4 (1H)~-one was ©prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (S)-5-chloro-2-(pyrrolidine-2-yl)-3-

m-tolylquinazoline~4(3H)-one was used (0.15 mmol, yield:

'H NMR (300 MHz, CDCl;) & 8.04 (d, J = 6.3 Hz, 1H),
7.56-7.44 (m, 4H), 7.41-7.38 {m, 2H), 7.30 (d, J = 7.6 Hz,
1H), 7.16 (d, J = 8.5 Hz, 2H), 7.04-7.02 (m, 1H), 6.84 (d,
J = 8.5 Hz, 2H), 4.81-4.71 (m, 3H), 4.37 (s, 2H), 3.86-3.81
(m, 1H), 3.78 (s, 3H), 3.56-3.51 (m, 1H), 2.89 (s, 3H),
2.76-2.72 (m, 1H), 2.42 (s, 3H), 2.33-2.26 (m, 1H), 2.13-

2.07 {(m, 2H), 1.84-1.76 {(m, 1H).

Step 2: Preparation of (8)-5-{(2-(5-chloro-4-oxo-3-{m-

tolyl)~3,4~dihydroquinazoline~2-yl)pyrrolidine—lwyl)43~

methyl-2,3-dihydropyrimido[4,5-dlpyrimidine~4 (1H) -~one

60 mg of (S)~-5-(2-(5-chloro~-4-ox0-3~(m~tolyl)-3,4~
dihydroquinazoline-2-yl)pyrrolidine-1-yl)~-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4(1H)-one was prepared as
a white solid according to the same manner as described in
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step 6 of Example 34 except that (8)-5-(2~(5~chloro~4-oxo~-
3-{(m-tolyl)-3,4~-dihydroguinazoline-2-yl)pyrrolidine-1-yl) -
1~ (4~methoxybenzyl)-3-methyl-2, 3~-dihydropyrimido[4, 5~
dlpyrimidine-4 (1H)-one was used (0.12 mmol, yield: 99%).

'H NMR (300 MHz, CDCls) & 7.88 (s, 1H), 7.49-7.44 (m,
41y, 7.41-7.37 (m, 2H), 7.30-7.27 (m, 1H), 7.03-7.01 (m,
1lH), 4.78-4.75 (m, 1H), 4.61-4.53 (m, 2H), 3.73 (s, 2H),
3.05 (s, 3H), 2.41 (s, 3H), 2.35-2.31 (m, 1H), 1.88-1.81

(m, 2H).

Example 46: Preparation of (8)-5-(2-(B-chloro-l-oxo~-2-

phenyl-1,2-dihydroisoquinoline-3-yl)pyrrolidine-1l-yl)-3-

methyl-2,3-dihydropyrimido[4,5-d]pyrimidine~-4 (1H) ~one

\/\/

[

DI PEAIDM SO

Step 1: Preparation of ($)~5~(2~(8~chloro-1l-oxo~2~

phenyl-1,2-dihydroisoquinoline-3-yl)pyrrolidine-1-yl)-1-(4-

methoxybenzyl)~3~methyl-2, 3-dihydropyrimido[4, 5~

dlpyrimidine-4 (1H) ~one

97 mg of (8)-5-(2~(8~chloro-l-oxo=-2~-phenyl-1,2-
dihydroisoquinoline-3-yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl)-3-methyl-2, 3~-dihydropyrimido{4,5-
d]pyrimidine-4 (1H)-one was ©prepared as a white solid
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according to the same manner as described in step 5 of
Example 34 except that {S)-8-chloro-2-phenyl-3-
(pyrrolidine-2-yl)isoquinoline-1(2H)-one was used {0.16
mmol, yield: 99%).

'H NMR (300 MHz, CDCl;) & 8.16 (s, 1H), 7.70-7.47 (m,
6H), 7.38 (s, 2H), 7.33-7.30 (m, 2H), 7.19 (d, J = 8.6 Hz,
2H), 6.86 (d, J = 8.6 Hz, 2H), 6.72 (s, 2H), 5.03-4.91 (m,
2H), 4.72-4.53 (m, 2H), 4.25-4.12 (m, 2H), 3.79 (s, 3H),
3.12-3.04 {(m, 1H), 2.96 (s, 3H), 2.05-1.95 (m, 2H), 1.87-

1.79 (m, 1H).

Step 2: Preparation of (S)~-5-(2~(8-chloro-1l-ox0-2-

phenyl—l,2—dihydroisoquinoline—B—yl)pyrrolidine—l~yl)—3~

methyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4{1H) -one

58 mg of (8)-5-(2-(8-chloro~-l-oxo-2~phenyl-1,2-
dihydroiscoquinoline~3-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4(1H)-one was prepared as
a white sdlid according to the same manner as described in
step 6 of Example 34 except that (S)-5-(2-(8-chloro-l-oxo-
2-phenyl-1,2~dihydroisoquinoline~3~yl)pyrrolidine~-1~yl)-1~

(4-methoxybenzyl)-3-methyl-2, 3~-dihydropyrimido([4, 5-

ok

dlpyrimidine~4 (1H)-one was used (0.12 mmol, yield: 99%).

'H NMR (300 MHz, CDCl;) & 8.05 (s, 1H), 7.65-7.46 (m,
4n), 7.37-7.29 (m, 4H), 6.65 (s, 1H), 6.03 (s, 1lH), 5.01-
4.98 (m, 1H), 4.77-4.73 (m, 1H), 4.48-4.44 (m, 1H), 4.20-
4.10 (m, 1H), 3.10 (s, 3H), 2.05-1.96 (m, 2H), 83-1.60 {(m,
2H) .
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Example 47: Preparation of (8)-5-(2-(5-chloro-4-oxo-3-

phenyl-3,4-dihydropyrrolo[2,1-£f][1,2,4]triazine-2-

yl)pyrrolidine-1l-yl)~-3-methyl-2,3-dihydropyrimido([4,5-

dlpyrimidine-4 (1H) -one

PMB
?Y 0 % 8

Step 1l: Preparation of (8)-5-(2-(5-chloro-4-oxo-3-

phenyl-3,4~-dihydropyrrolo[2,1~-f][1,2,4]triazine-2~

yl)pyrrolidine-1-yl)-1-(4-methoxybenzyl)-3-methyl-=2, 3-

dihydropyrimido[4,5-d]pyrimidine~4 (1H) -one

35 mg of (8)~-5-(2~-(5~chloro-4-oxo-3-phenyl-3,4-
dihydropyrrolo[2,1-f]([1,2,4)triazine~2~yl)pyrrolidine~-1-~
yl)-1-(4-methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4,5-
d]pyrimidine-4 (1H) -one was prepared as a white solid by
using 20 mg (0.064 mmol) of 5-chloro-l1-(4-methoxybenzyl)-3-
methyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4{1H) -one
prepared in step 4 of Example 34 and 20 mg (0.064 mmol) of
(S)-5-chloro-3-phenyl-2-(pyrrolidine-2-yl)pyrrolo[2,1-
£f1[1,2,4]triazine~-4(3H)~one according to the same manner as
described in step 5 of Example 34 (0.059 mmol, yield: 93%).

'H NMR (500 MHz, CDClz) & 8.14 (s, 1H), 7.74 (d, J =
7.7 Hz, 1H), 7.49-7.61 (m, 3H), 7.17~7.28 (m, 4H), 6.87 (d,
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J = 8.5 Hz, 2H), 6.44 (d, J = 2.8 Hz, 1lH), 4.73-4.91 (m,
3H), 4.35-4.44 (m, 2H), 3.82 (s, 3H), 3.72(brs, 1H).
3.58(brs, 1H), 2.90 (s, 3H), 2.26(brs, 1H), 2.09 (s, 1H),
2.02-2.08 (m, 1H), 1.79-1.87 (m, 1H).

Step 2: Preparation of (8)-5-(2-(5-chloro-4-ox0-3-

phenyl-3,4-dihydropyrrolo[2,1-f][1,2,4]triazine-2-

yl)pyrrolidine~l-yl)=-3-methyl-2,3-dihydropyrimido[4, 5~

d]lpyrimidine—-4 (1H) -one

11 ng of {8)-5-(2=(5-chloro-4-oxo-3-phenyl-3,4-
dihydropyrrolo[2,1~-£f1[1,2,4}triazine-2~yl)pyrrolidine~1-
yl)~3-methyl-2,3~dihydropyrimido[4,5-dlpyrimidine-4(1H)~one
was prepared as a yellow solid by using 35 mg (0.059 mmol)
of (S)-5-(2-(5-chloro-4-oxo-3-phenyl-3,4-
dihydropyrrolo[2,1-f][1,2,4]triazine-2~-yl)pyrrolidine-1-
yl)-1-(4-methoxybenzyl)-3-methyl-2,3~dihydropyrimido[4, 5~
dlpyrimidine-4 (1H)~one according to the same manner as.
described in step 6 of Example 34 (0.023 mmol, vield: 39%).

'H NMR (500 MHz, CDCl3) & 8.03 (s, 1H), 7.70 (d, J =
7.2 Hz, 1H), 7.48-7.60 (m, 3H), 7.25-7.27 (m, 1H), 7.20 (d,
J = 2.6 Hz, 1H), 6.43 (d, J = 3.0 Hz, 1H), 6.16{brs, 1H),
4.76-4.81 (m, 1H), 4.58-4.67 (m, 2H), 3.64-3.76 (m, 2H),
3.09 (s, 3H), 2.27(brs, 1H), 2.01-2.11 (m, 2H), 1.83-1.90

{m, 2H).

Example 48: Preparation of (S)-7T-amino-5-((1-{5-

chloro~4-oxo~3~phenyl-3,4~dihydrogquinazoline~-2~
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yl)ethyl)amino) ~-3-methyl-2,3-dihydropyrimido[4, 5~

dlpyrimidine-4 (1H) -one

M*NM o~
Wy Nl o PMB”NAN'/ PMB”NAN/ NN
/\Tﬁ“ Me5™ "N° a1 J\’lj(gu mMCPEA  NH,OM 'ﬁ)%o TRAMSA ..l)%
~ DIPEADMSD o5 i MC  IPAITHF HZN)\N’ i MC NN

ST e R
©/° d ©/\l0 J ©/No ]

Step 1: Preparation of (S)-5-{(1-(5-chloro-4-ox0-3-

phenyl-3,4-dihydroquinazoline-2-yl)ethyl)amino)-1-(4-

methoxybenzyl) -3-methyl-7- (methylthio) -2, 3-

dihydropyrimido[4,5-d]pyrimidine—-4 (1H)-one

65 mg of (8)-5-((1-(5-chloro-4-ox0~-3-phenyl-3,4-
dihydroquinazoline~2-yl)ethyl)amino)~1~(4-methoxybenzyl)-3-
methyl-7- (methylthio)-2,3-dihydropyrimido[4,5-d]lpyrimidine~-
4(1H)-one was prepared as a white solid by using 40 mg
(0.11 mmol, 1.0 equivalent) of 5-chloro-1-(4-
methokybenzyl)~3~methyl~7w(methylthio)~2,3~
dihydropyrimido[4, 5-d]pyrimidine-4(1H)~-one and 40 mg (0.13
mmol, 1.2 equivalent) of (8)-2-(l-aminoethyl)-5-chloro-3-
phenylquinazoline-4{3H)-one according to the same manner as
described in step 5 of Example 34 (0.10 mmol, vyield: 94%).

'H NMR (300 MHz, CDCl3) & 9.44-9.47 (d, J = 4.5 Hz,
1H), 7.69-7.72 (d, J = 8.0 Hz, 1H), 7.55-7.61 (m, 5H), 7.46
(s, 1H), 7.27-7.31 (m, 1H), 7.19-7.22 (d, J = 4.5 Hz, 2H),
6.84-6.87 (d, J = 8.6 Hz, 2H), 5.07-5.12 (m, 1H), 4.74 (s,
2H), 4.41 (s, 2H), 3.79 (s, 3H), 2.89 (s, 3H), 2.29 (s,
3H), 1.39-1.42 (d, J = 6.7 Hz, 3H).
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Step 2: Preparation of (8)-7-amino-5-((1-(5-chloro-4-

oxo-3-phenyl-3,4-dihydroquinazoline~2-yl)ethyl)amino)-1- (4~

methoxybenzyl)-3-methyl-2, 3~dihydropyrimido[4, 5-

dlpyrimidine~4 (1H) ~one

52 mg of (8)-7-amino-5-((1l-(5-chloro-4-o0xo~-3-phenyl-
3,4-dihydroquinazoline-2-yl)ethyl)amino)-1-(4-
methoxybenzyl}-3-methyl-2, 3-dihydropyrimido[4,5-

dlpyrimidine-4 (1H) -one was prepared as a white solid by

~using 65 mg (0.10 mmol) of (8)-5-{(1-{(5~chloro-4-oxo-3-

phenyl-3,4~dihydroquinazoline~2-yl)ethyl)amino)-1- (4~
methoxybenzyl)-3-methyl-7- (methylthio)-2, 3~
dihydropyrimido[4, 5-d]pyrimidine-4 (1H)~-one prepared in step
1 according to the éame manner as described in step 4 of
Example 15 {(0.09 mmol, yield: 73%).

'W NMR (300 MHz, CDCl;) & 9.46-9.48 (d, J = 7.4 Hz,
1H), 7.70-7.72 (d, J = 8.2 Hz, 1H), 7.42-7.61 (m, 5H),
7.29-7.31 (d, J = 7.8 Hz, 1H), 7.18-7.21 (d, J = 8.1 Hz,
2H), 6.83-6.86 (d, J = 7.8 Hz, 2H), 5.05m5.io (m, 1H), 4.66
(s, 2H), 4.61 (s, 2H), 4.33 (s, 3H), 3.79 (s, 3H), 2.86 (s,
3H), 1.40-1.42 (d, J = 6.3 Hz, 3H).

Step 3: Preparation of (8)-7-amino~5-((l-{(5-chloro-4-

oxo-3-phenyl-3,4-dihydroquinazoline-2~yl)ethyl)amino)-3-

methyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4 (1H) -one

25 mg of (S)-7-amino-5-((l-(5-chloro-4-o0x0-3~-phenyl-
3,4-dihydroquinazoline~2-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido([4,5-d]lpyrimidine~4 (1H)~-one was prepared as
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a white solid by using 52 mg (0.09 mmol) of (8)-7-amino~5-
((1-(5-chloro-4-oxo-3-phenyl-3,4-dihydroquinazoline-2-
yl)ethyl)amino)-1-(4-methoxybenzyl)~3-methyl-2, 3~
dihydropyrimido(4, 5-d]pyrimidine—-4 (1H)~one prepared in step
2 according to the same manner as described in step 8 of
Example 1 (0.05 mmol, vyield: 60%),

'H NMR (300 MHz, CDCls) & 9.41-9.43 (d, J = 7.9 Hz,
in), 7.70-7.73 (d, J = 7.9 Hz, 1H), 7.44-7.62 (m, 5H),
7.29-7.36 {(m, 2H), 5.01-5.06 (m, 1H), 4.74 (s, 2H), 4.60
(s, 2H), 2.94 (s, 3H), 1.40-1.42 (d, J = 6.6 Hz, 3H).

Example 49: Preparation of {S)~-T-amino~-5-((1-(5-

chloro-4-ox0-3-(pyridine-3-yl)-3,4-dihydroguinazoline-2-

yl)ethyl)amino)—3—methyl—2,3—dihydropyrimido[4,5—

dlpyrimidine-4 (1H) -one

PMB.

NAN/

bty NJYg ?MB\ Sy PMB. o~~~ HN SN
/Y’N * /'Yg WCPBA  NH4OH u)\;(ko TrAmMSA (Y*o
,@,N DPEADMSO o pi? MG PATHE oo T PN H
A 00 /YN
N7 "\EEI; WII; yrs \Fij@
O/ o LJ o «

o <

Step 1: Preparation of (8)=5-((1l-(5-~chloro~4-0ox0o~3~

(pyridine-3-yl)-3,4~dihydroquinazoline-2-yl)ethyl)amino)-1-

(4-methoxybenzyl)-3-methyl-7- (methylthio)-2,3-

dihydropyrimido[4,5-d]lpyrimidine-4 (1H) ~one

77 mg of (S)-5-((1-(5-chloro-4-ox0-3-(pyridine-3-yl)-
3,4~dihydroquinazoline~2~yl)ethyl)amino)-1- (4~
methoxybenzyl}-3-methyl-7- (methylthio)-2, 3-
dihydropyrimido[4,5~d}pyrimidiné-4(1H)-one was prepared as
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a white solid according to the same manner as described in
step 1 of Example 48 except that (8)-2-(l-aminoethyl)-5-
chloro-3~(pyridine-3-yl)quinazoline-4 (3H)-one was used
).

H NMR (300 MHz, CDCl;) & 9.32-9.34 (m, 1H), 8.72-8.74

(0.12 mmol, yield: 90

o

(m, 1H), 7.98-8.01 (d, J = 4.5 Hz, 1H), 7.59-7.68 (m, 3H),
1.46-7.52 (m, 2H), 7.19-%7.22 (d, J = 7.4 Hz, 2H), 6.84-6.87
(d, J = 7.9 Hz, 2H), 4.92-4.98 (m, 1H), 4.74 (s, 2H), 4.42
(s, 2H), 3.79% (s, 3H), 2.88 (s, 3H), 2.35 (s, 3H), 1.45-

1.48 (d, J = 6.4 Hz, 3H).

Step 2: Preparation of (S)-7-amino-5-((1l-(5-chloro-4-

0x0-3~ (pyridine-3-yl)-3,4-dihydroguinazoline~-2-

yljethyl)amino)-1-(4-methoxybenzyl)-3-methyl-2, 3-

dihydropyrimido[4,5-d]lpyrimidine-4(1H)-one

47 mg of (S)~7~amino—5~((1~(5—chloro—4~oxo-3~
(pyridine-3-~yl)-3,4-dihydroquinazcline-2-yl)ethyl)amino)-1-
(4-methoxybenzyl)-3-methyl-2, 3~dihydropyrimido([4, 5-
dlpyrimidine—4 (1H) ~one was prepared as a white solid
according to the same manner as described in step 2 of
Example 48 except that (S)-5-((1-{5-chloro-4-ox0-3-
(pyridine-3-yl)-3,4~-dihydroquinazoline~2~-yl)ethyl)amino)-1-
{(4—~methoxybenzyl)~3~methyl-7- (methylthio)~2,3~
dihydropyrimido[4,5-d]pyrimidine-4(1H)-one was used (0.08
mmol, yield: 64%).

'H NMR (300 MHz, CDCly) & 9.40-9.43 (d, J = 8.8 Hz,
lH), 8.75-8.77 (m, 1H), 7.58-7.72 (m, 3H), 6.45-7.55 (m,
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2H), 7.18-7.21 (d, J = 2.6 Hz, 2H), 6.83-6.87 (t, J = 6.8
Hz, 3H), 4.93-5.15 {(m, 2H), 4.61-4.73 {(m, 2H), 4.33 (s,
2H), 3.79 (s, 3H), 2.86 (s, 3H), 1.41-1.49(dd, J = 17.4,
6.5 Hz, 3H).

Step 3: Preparation of (8)-7~amino-5-((1-(5-chloro-4-

oxo-3—(pyridine-3-vl)-3,4-dihydroquinazoline-2-

yl)ethyl)amino)-3-methyl-2,3-dihydropyrimido[4, 5~

d]pyrimidine—~4 (1H) ~one

19 mg of (S)-7-amino-5-((1=-{5-chloro-4-0ox0-3-
(pyridine-3-yl)-3,4-dihydrogquinazoline~2~yl)ethyl)amino)-3-
methyl-2,3-dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one was
prepared as a white solid according to the same manner as
described in step 8 of Example 1 except that (S8)-7-amino-5-
({1~ (5-chloro-4-oxo0-3~- (pyridine-3-yl)=-3,4-
dihydroquinazoline~2-yl)ethyl)amino)~-1-(4-methoxybenzyl)-3-
methyl-2,3~dihydropyrimido[4, 5-d]pyrimidine-4 (1H) -one was
used (0.04 mmol, yield: 51%).

4 NMR (300 MHz, DMSO-de0) & 9.19-9.27 (m, 1H), 8.70-
8.77 (m, 1H), 8.05-8.10 (m, 1H), 7.75-7.80 (m, 1H), 7.57-
7.67 {(m, 3H), 7.20-7.2% (d, J = 5.0 Hz, 1H}, 6.14 (s, 2H),
4.61-4.65 (m, 1H), 4.44 (s, 2H), 2.78 (s, 3H), 1.28-1.31
(d, J = 6.4 Hz, 3H).

Example 50: Preparation of {S)~-7T-amino-5~({1-(5-

chloro-3-(3-fluorophenyl)-4-ox0-3,4-dihydroquinazoline-2-
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yljethyl)amino)-3-methyl-2,3-dihydropyrimido[4, 5~

d]pyrimidine-4 (1H) -one

PMBMNAN/
Nz N‘)“T&o Py PMB. BTN
" ues’l”w’ o N mCPBA NH,OH NS o TFAMSA NE)T%
FNE DIPEADMSO MBS)\N N PATHE N e HZNAN/ NH
o ¢ AN
99! j 99! ] ] )
T:T WfT Uy
Step 1: Preparation of ({1-(5-chloro-3-{3-

fluorophenyl)-4-ox0-3,4-dihydroguinazoline-2-

yl)ethyl)amino) -1~ (4~methoxybenzyl)~-3-methyl-7-

(methylthio)-2,3-dihydropyrimido[4,5~dlpyrimidine-4(1H)-one

75 mg of (S)-5-((1-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4~dihydrogquinazoline~2~-yl)ethyl)amino)-1-(4-
methoxybenzyl)-3-methyl-7- (methylthio)-2, 3~
dihydropyrimido[4, 5-dlpyrimidine-4{1H)-one was prepared as
a white solid according to the same manner asg described in
step 1 of Example 48 except that (8)-2-(l-aminoethyl)-5-
chloro-3-(3-fluorophenyl)quinazoline-4(3H)-one was used
(0.12 mmeol, yield: 94%).

'H NMR (300 MHz, CDCls;) & 9.43-9.30 (m, 1H), 7.68-7.70
(d, § = 7.2 Hz, 1H), 7.44-7.62 (m, 4H), 7.30-7.38 (m, 1H),
7.19-7.21 (d, J = 8.0 Hz, 2H), 7.03-7.10 {m, 1H), 6.84-6.87
(d, J = 7.8 Hz, 2H), 5.06-5.13 (m, 1H), 4.74 (s, 2H), 4.41
(s, 3H), 3.79 (s, 3H), 2.88 (s, 3H), 2.32 (s, 3H), 1.43~
1.45 (d, J = 6.1 Hz, 3H).

Step 2: Preparation of (8)-7-amino-5-((1-(5-chioro-3-

(3-fluorophenyl)-4-oxo0~-3,4~-dihydroquinazoline~-2-
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yl)ethyl)amino)~1~(4-methoxybenzyl)~-3~-methyl-2, 3~

dihydropyrimido{4,5-d]lpyrimidine-4(1H)-one

56 mg of (S)-7-amino-5-({1-(5-chloro-3-(3-
fluorophenyl)-4-ox0~-3, 4-dihydroguinazoline-2-
yl)ethyl)amino) -1~ (4-methoxybenzyl)-3-methyl-2, 3~
dihydropyrimido([4,5-d]pyrimidine-4 (1H)~-one was prepared as
a white solid according to the same manner as described in
step 2 of Example 48 except that (S)~5-((l~(5~chloro~3~ (3~
fluorophenyl)-4-0x0~3,4-dihydroquinazoline-2-
yl)ethyl)amino)-1-(4-methoxybenzyl)-3-methyl-7-
(methylthio)-2,3-dihydropyrimido[4,5~d]lpyrimidine-4 (1H)~one
was used (0.09 mmol, vyield: 78%).

'H NMR (300 MHz, CDCls) & 9.39-9.46 (m, 1H), 7.70-7.72
(d, § = 7.3 Hz, 1H), 7.58-7.62 (m, 2H), 7.44-7.47 {(m, 2H),
7.07-7.21 (m, 4H), 6.84-6.86 (d, J = 8.5 Hz,'2H), 5.07-5.14
(m, 1H), 4.63-4.76 {(m, 4H), 4.34 (s, 2H), 3.79 (s, 3H),
2.86 (s, 3H), 1.42-1.44 (d, J = 3.0 Hz, 3H).

Step 3: Preparation of (8)~7-amino-~5-((1-(5-chloro-3-

(3~fluorophenyl)-4-oxo-3,4~-dihydroquinazoline-2-

yl)ethyl)amineo)-3-methyl-2,3~dihydropyrimido[4, 5-

dlpyrimidine-4(1H)~one

26 mg of (S)-7-amino-5-((1-(5-chloro-3~ (3~
fluorophenyl)-4-0ox0-3,4~-dihydroquinazoline-2~
yl)ethyl)amino)-3-methyl-2,3-dihydropyrimido[4, 5~
dlpyrimidine-4 (1H) -one was prepared as a white solid
according to the same manner as described in step 8 of
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Example 1 except that (8)~7-amino~5-((1-(5~chloro-3-(3-
fluorophenyl)-4-0xo-3,4~-dihydroquinazoline-2-
yl)ethyl)amino)-1-(4-methoxybenzyl)-3-methyl-2, 3-
dihydropyrimido[4,5-d]lpyrimidine-4(1H)-one was used (0.05
mmol, yield: 58%).

5 NMR (300 MHz, CDCli) & 9.30-9.37 (t, J = 9.1 Hz,
1H), 7.69-7.72 (m, 'IH), 7.40-7.62 (m, 3H), 7.04-7.23 {m,

3H), 5.50 (s, 1H), 5.00-5.11 (m, 1H), 4.62-4.75 (d, J =

22.7 Hz, 2H), 4.60 (s, 2H), 2.94 (s, 3H), 1.40-1.45 (t, J

7.0 Hz, 3H).

Example 51:  Preparation of (S)~T-amino-5~((1-(5-

chloro-4-ox0-3-(m-tolyl)-3,4~-dihydroguinazoline-2~

yl)ethyl)amineo)-3-methyl-2,3-dihydropyrimido[4,5-

dlpyrimidine-4 (1lH)-one

PMB. NN
PMB,_
o )I%
/\T’N B “ Mo N G L l’&g MCPEA  NHOH ”’\Iko TEAMSA J'\)%
\@,N v DIPENDMSO S MC PAITHE HzN N MC H,“ N
¢ o

o5 Moo i oy

Step 1: Preparation of (8)-5-((l-(5~-chloro-4-0x0-3-(m~

tolyl)-3,4-dihydroquinazoline-2-yl)ethyl)amino)~1-(4-

methoxybenzyl)~3-methyl-~7-(methylthio)-2,3-

dihydropyrimido[4,5~dlpyrimidine-4 (1H) -one

80 mg of (8)=5-((1l-(5-chloro~4-0x0-3-(m-tolyl)-3,4-
dihydroquinazolinemzmyl)ethyl)amino5~1~(4mmethoxybenzyl)m3-
methyl-7-(methylthio)-2,3-dihydropyrimido(4,5-d]pyrimidine-
4(1H)-one was prepared as a white solid according to the
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same manner as described in step 1 of Example 48 except
that (S)—2—(l—aminoethyl)—5—chloro—3—m~tolquuinazoliné—
4 (3H)-one was used (0.12 mmol, yield: 88%).

'H NMR (300 MHz, CDClj3) & 9.38-9.46 (m, 1H), 7.69-7.71
(m, 1H), 7.55-7.60 (t, 0 = 7.5 Hz, 1H), 7.42-7.46 (m, 2H),
7.27-7.31% (m, 2H), 7.19-7.22 (d, J = 7.9 Hz, 2H), 7.06-7.09
(m, 1H), 6.84-6.86 (d, J = 7.8 Hz, 2H), 5.10-5.16 (m, 1H),
4.74 (s, 2H), 4.40 (s, 2H), 3.79 (s, 3H), 2.89 (s, 3H),
2.39-2.43 (d, J = 11.3 Hz, 3H), 2.29 (s, 3B), 1.65 (s, 4H),

1.41-1.44 (d, J = 7.9 Hz, 3H).

Step 2: Preparation of (8)-7-amino-5-((1-(5~chloro-4-

oxo-3-(m-tolyl)-3,4-dihydroquinazoline-2-~yl)ethyl)amino)-1-

(4-methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4, 5-

dlpyrimidine-4 (1H) ~one

49 mg of (8)-T-amino-5-((1-(5~chloro~4~oxo-3- {m-
tolyl)~3,4~dihydroquinazoline-2-yl)ethyl)amino)-1- (4~
methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4,5-
d]lpyrimidine-4 (1H) ~one was prepared as a white solid
according to the same manner as described in step 2 of
Examnple 48 except that (S)-5-({l-(5-chlorc-4-0x0-3~{m-
tolyl)-3,4~-dihydrogquinazoline-2~yl)ethyl)amino) -1~ (4~
methoxybenzyl)-3-methyl-7- (methylthio)-2,3-
dihydropyrimido[4,5~d]pyrimidine-4 (1H)-one was used (0.12
mmel, yield: 64%).

'H NMR (300 MHz, CDCl;) & 9.42~9.48 (m, 1H), 7.69-7.72
(m, 1H), 7.58-7.60 (m, 1H), 7.42-7.46 (m, 2H), 7.27-7.32
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(m, 2H), 7.18-7.20 (m, 2H), 7.09-7.11 (m, 1H), 6.84-6.87
(m, 2H), 5.08-5.12 (m, 1H), 4.62-4.67 {(m, 3H), 4.34 (s,
3H), 3.79 (s, 3H), 2.86 (s, 3H), 2.34-2.44 (d, J = 30.0 Hz,
3H), 1.42-1.44 (s, J = 3.0 Hz, 3H).

Step 3: Preparation of (8)-7-amino-5-((1-(5-chloro-4-

oxo-3-{m-tolyl)-3,4-dihydroquinazoline-2-yl)ethyl)amino)-3—-

methyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4 (1H) -one

22 mg of {S)-T7T-amino~-5-({(1-(5~-chloro-4-ox0-3- (m—-
tolyl)-3,4~-dihydroquinazoline~2-yl)ethyl)amino)-3-methyl-
2,3-dihydropyrimido[4, 5-d]pyrimidine-4 (1H)~one was prepared
as a white solid according to the same manner as described
in step 8 of Example 1 except that (8)-7-amino-5-((1-(5-
chloro-4-oxo-3-{m-tolyl)~3,4-dihydroquinazoline-2-
yl)ethyl)amino) -1~ (4-methoxybenzyl)-3-methyl-2, 3-
dihydropyrimido[4,5~d]pyrimidine-4 (1H)-one was used (0.04
mmol, yield: 56%).

'H NMR (300 MHz, CDCl;) & 9.34-9.44(dd, J = 20.1, 8.4
Hz, 1H), 7.70~-7.72 (d, J = 7.2 Hz, 1H), 7.56-7.62 (t, J =
7.9 Hz, 1H), 7.37-7.43 (m, 2H), 7.29-7.31 (m, 1H), 7.08-
7.6 (m, 2H), 5.77 (s, 3H), 5.04-5.16 (m, 1H), 4.72-4.75

(d, J

i

10.0 Hz, 1H), 4.60 (s, 2H), 2.94 (s, 3H), 2.35-2.44

i

(d, J 28.7 Hz, 3H), 1.40-1.43(dd, J = 6.3, 3.3 Hz, 3H).

Example 52 Preparation of (S)-7-amino-5~((1-(8~-chloro-

l-oxo-Z2-phenyl-1,2-dihydroisoquinoline~3-yl)ethyl)amino)-3-

methyl-2,3-dihydropyrimido[4,5~-dlpyrimidine-4 (1H) ~one
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Step 1l: Preparation of (S)-5-((1-(8-chloro-l-ox0~-2-

phenyl-1,2~dihydroisoquinoline-3-yl)ethyl)amino)-1-(4-

methoxybenzyl}-3-methyl-7-(methylthio)-2,3-

dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one

66 mg of {8)-5-((1-(8~chloro~-l-oxo~-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)~1~(4-methoxybenzyl) -
3-methyl-7- (methylthio) -2, 3-dihydropyrimido([4,5-
dlpyrimidine-4 (1H) -one was prepared as a white solid
according to the same manner as described in step 1 of
Example 48 except that (S)-2-(l-aminoethyl)-5-chloro-3-(5)-
3~ (l-aminoethyl)~8~chloro-2-phenylisoquinoline-1(2H)-one
was used (0.10 mmol, yield: 100%).

'H NMR (300 MHz, CDClz) & 9.17-9.19 (d, J = 4.6 Hz,
1H), 7.59-7.62 (m, 1H), 7.40-7.50 (m, 6H), 7.30-7.32 (m,
1v), 7.21-7.23 (d, 8§ = 5.7 Hz, 2H), 6.85-6.87 (d, J = 5.1
Hz, 2H), 6.56 (s, 1H), 4.85-4.91 (m, 1H), 4.70-4.81 (m,
2H), 4.44 (s, 2H), 3.80 (s, 3H), 2.89 (s, 3H), 2.37 (s,
3H), 1.35-1.36 (d, J = 3.8 Hz, 3H). |

Step 2: Preparation of (S)-7-amino-5-((1-(8-chloro-1-

oxo-2-phenyl-1,2-dihydroisoquinocline~3~yl)ethyl)amino)-1-

(d-methoxybenzyl)-3-methyl-2,3-dihydropyrimido{4, 5—-

dlpyrimidine-4 (1H) -one
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51 mg of {(8)~-T7T-amino~5~( (1~ (8~chloro=-l-oxo-2~phenyl-
1,2-dihydroisoquinoline—~3~yl)ethyl}amino)-1-(4-
methoxybenzyl)=-3-methyl-2, 3~-dihydropyrimido(4,5-
dlpyrimidine~4 (1H)-one was prepared as a white solid
according to the same manner as described in step 2 of
Example 48 except that (8)-5-((l-(B-chloro-l-oxo-2-phenyl-
1,2-dihydroisoquinoline-3-yl)ethyl)amino)-1-(4-
methoxybenzyl)-3-methyl-7~ (methylthio) -2, 3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one was used (0.09
mmol, yield: 83%).

"W NMR (300 MHz, CDCls) & 9.22-9.24 (d, J = 7.8 Hz,
1H)}, 7.31-7.53 (m, 8H), 7.19-7.22 (d, J = T.8 Hz, 2H),
6.84~-6.87 (d, J = 8.3 Hz, 2H), 6.58 (s, 1H), 4.79-4.83 (m,
1H)}, 4.67 (s, 2H), 4.36 (s, 2H), 3.79 (s, 3H), 2.87 |(s,

3H), 1.32-1.34 (d, J = 6.5 Hz, 3H).

Step 3: Preparation of (S)-7-amino-5-((1-(8~-chloro-1-

oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-3-

methyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4 {(1H) -one

26 mg of (S)-7-amino-5-((1l-(8~-chloro-l-oxo-2-phenyl~-
1,2-dihydroisoquinoline~3-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)~-one was prepared as
a white solid according to the same manner as described in
step 8 of Example 1 except that (S)-T7T-amino-5-((1-(8-
chloro-l-oxo-2-phenyl-1,2~-dihydroisoquinoline~-3-

yljethyl)amino)-1-(4-methoxybenzyl)-3-methyl-2, 3-
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dihydropyrimido([4,5~-d]lpyrimidine-4 (1H)~one was used (0.05
mmol, yield: 64%).

'HW NMR (300 MHz, DMSO-dg) & 9.07-9.10 (d, J = 6.7 Hz,
1), 7.39-7.61 (m, 8H), 7.22 (s, 1H), 6.58 (s, 1H), 6.18
(s, 2H), 4.47-4.53 (m, 3H), 2.80 (s, 3H), 1.20-1.22 (d, J =
3.0 Hz, 3H).

Example 53: Preparation of (S)-7-amino-3-methyl-5-({(1-

(2-phenylgquinocline-3-yl)ethyl)amino})-2,3-

dihydropyrimido[4,5—d]pyrimidine—4(1H)~one

PMBWA“/
n, j‘l\)ﬁ PHB. PMB. -~ N
AN ]/\\ Mes” N7 e i/[\*j\/l*o mCPBA  NM,OH /pﬁj*\;(]\o TFAMSA "'/5:&0
N DIFEAIDMBO  poa ™ iy MG IPATTHE N e Mo H,n)‘“u" WH

|

AN I»\ v '\. AN ’x
»""vt.]/\“ 7 g N o

Step 1: Preparation of {(S8)~1-{4-methoxybenzyl) -3~

methyl-7-(methylthio)~5-((1~-(2-phenylquinoline-3-

yl)ethyl)amino) -2, 3~dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-

one

60 mg of (S)-1-(4-methoxybenzyl)~-3-methyl-T7-
(methylthio)-5-((1l-(2-phenylquinoline~3-yl)ethyl)amino)~-
2,3—dihydropyrimido[4,S—d]pyrimidine—4(EH)—one was prepared
as a white solid according to the same manner as described
in step 1 of Example 48 except that (8)~1~(2~
phenylquinoline-3-yl)ethaneamine was used (0.10 mmol,
yield: 100%).

'H NMR (300 MHz, CDCls) & 9.44-9.46 (d, J = 6.7 Hz,
1), 8.24 (s, 1H), 8.81-8.84 (d, J = 8.1 Hz, 1H), 7.75-8.77
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(d, J = 7.9 Hz, 2H), 7.64-8.69 (t, J = 6.8 Hz, 1H), 7.44-
7.53 (m, 4H), 7.20-7.22 (d, J = 8.0 Hz, 2H), 6.83-6.86 (d,
J = 8.6 Hz, 2H), 5.67-5.71 (m, 1H), 4.67-4.80 (q, J = 15.3,
10.8 Hz, 2H), 4.42 (s, 2H), 3.79 (s, 3H), 2.91 (s, 3H),
2.29 (s, 3H), 1.38-1.40 (d, J = 6.7 Hz, 3H).

Step 2: Preparation of (S)~7-amino-1-(4-

methoxybenzyl) -3-methyl=~5-((1l-(2-phenylquinoline-3~

yl)ethYl)amino)—Z,3-dihydropyrimido[4,Swd]pyrimidine~4(1H)~

one

47 mg of (S8)-T7T-amino-l-(4-methoxybenzyl)-3-methyl~-5-
((l-(2-phenylquinoline-3-yl)ethyl)amino)-2, 3~
dihydropyrimido([4,5-d]lpyrimidine-4(1H)-one was prepared as
a white solid according to the same manner as described in
step 2 of Example 48 except that (8)-1-(4-methoxybenzyl)-3-
methyl-T7~-(methylthio}-5-({{1-(2-phenylquinoline-3-
yl)ethyl)amino) -2, 3-dihydropyrimido{4,5-d]lpyrimidine-4 (1H)-
one was used (0.09 mmol, yield: 83%). ‘

'H NMR (300 MHz, CDCl3) & 9.44-9.46 (d, J = 8.4 Hz,
lH), 8.27 (s, 1H),8.11-8.14 (d, J = 7.9 Hz, 1lH), 7.82-7.84
(d, 0 = 7.8 Hz, 1H}, 7.75-7.78 (d, J = 7.2 Hz, 2H), 7.63-
7.68 (t, J = 5.7 Hz, 1H), 7.47-7.54 (m, 4H), 7.18-7.20 (d,
J = 7.4 Hz, 2H), 6.82-6.85 (d, J = 8.1 Hz, 2H), 5.56-5.62
(m, 1H), 4.57-4.72 (m, 4H), 4.34 (s, 2H), 3.78 (s, 3H),
2.88 (s, 3H), 1.42-1.44 (d, J = 6.2 Hz, 3H).
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Step 3: Preparation of (8)~7-amino-3-methyl-5-({1- (2~

phenylquinoline-3~-yl)ethyl)amino)-2,3-dihydropyrimido[4,5-

dlpyrimidine-4 (1H)-one

18 mg of (8)~T—amino-3-methyl~5-( (1~ (2~
phenylquinoline-3~-yl)ethyl)amino)=-2,3-dihydropyrimido[4, 5~
dlpyrimidine-4 (1lH)~one was prepared as a white solid
according to the same manner as described in step 8 of
Example 1 except that (8)-7-amino-l~(4-methoxybenzyl)-3-
methyl-5-{(1-(2-phenylguinoline~3~yl)ethyl)amino)-2,3-
dihydrépyrimido[4,5—d]pyrimidine—4(1H)—one was used (0.04
mmol, yield: 49%).

'H NMR (300 MHz, DMSO-ds¢) & 9.27-9.29 (d, J = 6.3 Hz,
1H), 8.30 (s, 1H), 7.97-7.80 (d, J = 7.8 Hz, 2H), 7.69-7.75
{m, 2H), 7.50-7.60 (m, 4H), 7.20 (s, 1H), .06 (s, 2H),
5.40-5.44 (m, 1H), 4.47 (s, 2H), 2.80 (s, 3H), 1.25-1.27
(d, J = 6.7 Hz, 1H).

Example 54: Preparation of (8)-T7—amino-5-( (1~ (5-

fluoro-4-oxo-3-phenyl-3,4-dihydroquinazoline-2-

yl)propyl)aming)~3~methyl-~2,3~dihydropyrimido[4, 5~

dlpyrimidine-4 (1H) -one

PMB\N/»N/

0 PMB».N/\.N/ PMB., o N

NHp NN BTN

N
: [ :
N i @'_‘:__ L WCPEA  NHOH h;/%(‘o TEAMSA ,%)T%
©/N w DIFEADMSO 05" - MG BATHE g )\N/ " Me "\u/\

ey N Y

Step 1l: Preparation of (8S)-5-{((1-{5-fluoro-4-oxo-3-

phenyl-3,4~dihydroguinazoline~2~yl)propyl)amino) -1~ (4~
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methoxybenzyl) ~-3-methyl~7- (methylthio)-2, 3~

dihydropyrimido{4,5~-d]lpyrimidine-4 (1H)-one

64 mg of (8)~-5-(2~(5-chloro-4-ox0o~3~phenyl-3, 4~
dihydroquinazoline-2-yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl)~3-methyl-2, 3-dihydropyrimido[4, 5~
dlpyrimidine-4 (1H)-one was prepared as a white solid
according to the same manner as described in step 1 of
Example 48 except that (S8)-2-(l-aminopropyl)-5-fluoro-3-
phenyiquinazoline—~4 {3H)~-one was used (0.10 mmol, vyield:
100%) .

'H NMR (300 MHz, CDCls) & 9.43-9.46 (d, J = 8.5 Hz,
1H), 7.47-7.69 (m, 6H), 7.27-7.31 (m, 1H), 7.19-7.22 (d, J
= 8.3 Hz, 2H), 7.05-7.11 (m, 1H), 6.84-6.87 (d, J = 8.2 Hz,
2H), 5.01-5.08 (m, 1H), 4.73 (s, 2H), 4.41 (s, 2H), 3.79
(s, 3H), 2.89 (s, 3H), 2.26 (s, 3H), 1.73-1.81 (m, 2H),
0.80-0.85 (t, J = 7.2 Hz, 3H).

Step 2: Preparation of (8)-7-amino-5-((1-(5-fluoro~4~

oxo-3~-phenyl-3,4-dihydroquinazoline~-2-yl)propyl)amino) -1~

(4-methoxybenzyl})~3-methyl~2, 3~dihydropyrimido[4, 5~

dlpyrimidine—-4 (1H) -one

43 mg of (S)=-7-amino-5=((l-(5~-fluoro-4-oxo-3-phenyl-
3,4~-dihydroquinazoline-2-yl)propyl)amino) -1~ (4~
methoxybenzyl)~-3-methyl-2,3~-dihydropyrimido(4,5-
dlpyrimidine-4 (1H) ~one was ©prepared as & white solid
according to the same manner as described in step 2 of
Example 48 except that (8)-5-(2-(5-chloro-4-ox0-3-phenyl-
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3,4~dihydroquinazoline~2~yl)pyrrelidine-1l-yl1)-1-(4-

methoxybenzyl)-3-methyl-2, 3-dihydropyrimidof4,5-

o

d]pyrimidine-4 (1H)-one was used (0.07 mmol, yield: 71%).

'H NMR (300 MHz, CDCl3) & 9.39-9.41 (d, J = 8.5 Hz,
1H), 7.52-7.64 (m, SH), 7.37-7.39 (m, 1H), 7.28-7.31 (m,
lH), 7.19-7.21 (d, J = 7.5 Hz, 2H), 7.05-7.11 (t, J = 8.5
Hz, 1H), 6.84-6.86 (d, ¢ = 7.0 Hz, 2), 4.99-5.01 (m, 1H),
4.66 (s, 2H), 4.57 (s, 2H), 4.33 (s, 2H), 3.79 (s, 3H),
2.86 (s, 3H), 1.77-1.79 {(m, 2H), 0.82-0.87 (t, J = 7.5 Hz,

3H) .

Step 3: Preparation of (S)-7-amino-5-((1l-(5~fluoro-4-

oxo-3-phenyl-3,4-dihydroquinazoline-2~yl)propyl)amino) -3~

methyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4{1H)-one

16 mg of (S)-7~amino-5-((l-(5-fluoro-4-oxo-3-phenyl-
3,4-dihydroquinazoline-2-yl)propyl)amino)~-3-methyl~2, 3- »
dihydropyrimido[4, 5-d]pyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 8 of Example 1 eﬁcept that (8)-7-amino-5~{(1-{5-
fluoro-4-oxo~3-phenyl-3,4~dihydroquinazoline-2~
yl)propyl}aminoc}-1-(4-methoxybenzyl)-3-methyl-2, 3-
dihydropyrimido[4,5-d]lpyrimidine-4(1H)~-one was used (0.03
mmol, vyield: 47%). 7

'H NMR (300 MHz, DMSO-dg) & 9.22-9.25 (d, J = 5.4 Hz,
1), 7.79-7.81 (m, 1H), 7.45-7.61 (m, 5H), 7.24-7.30 (t, J

= 4.5 Hz, 1H)}, 7.18 (s, 1H), 6.06 (s, 2H), 4.54-4.61 (m,
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1H), 4.45 (s, 2H), 2.79 (s, 3H), 1.49-1.53 (m, 2H), 0.65-

0.70 (t, J = 7.9 Hz, 3H).

Example 55: Preparation of (8)-7-amino-5-(2-(5-chloro-

4-oxo-3-phenyl-3,4~dihydroquinazoline-2-yl)pyrrolidine-1-

yl)-3-methyl-2,3-dihydropyrimido[4,5-d]pyrimidine~4 (1H)~one

PMB.
NN

NH 5 PMB‘N’\N/ PME\N/\N/ HNTN

¥
N » )\ mCPBA _NHOH )jl% _TEAMSA /E(K
N_A ~ TrirEADMSO IPATTHE

H,N

Y @%ﬁ @% %YQ

Step 1: Preparation of ~(5-chloro-4-0x0-3~

phenyl-3,4-dihydroguinazoline~2~-yl)pyrrolidine-1-yl)~-1-(4-

methoxybenzyl)~3-methyl-7- (methylthio)-2,3-

dihydropyrimido{4,5~d]pyrimidine-4 (1H)-one

82 mg of (8)-5-(2-(5~chloro-4-oxo~-3-phenyl-~3,4-
dihydreoquinazoline-2-yl)pyrrelidine-1-y1l)-1- (4~
methoxybenzyl)-3-methyl-7- {methylthio)-2, 3~
dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 1 of Example 48 except that (S)—5~chloro—3~phenyl—2~
(pyrrolidine-2-yl)quinazoline-4(3H)-one was used {0.13
mmol, yield: 88%).

'MW NMR (300 MHz, CDCli;) & 8.04-8.07 (d, J = 4.5 Hz,
lH), 7.62-7.65 (m, 2H), 7.49-~7.54 (m, 3H), 7.39-7.41 (m,
l4), 7.15-7.22 (m, 3H), 6.83-6.86 (d, J = 8.5 Hz, 2H),
4.77-4.80 (d, J = 7.7 Hz, 2H}, 4.66-4.72 (m, 1H), 4.30-4.40
(g, J = 6.0, 9.2 Hz, 2H), 3.91-3.97 (m, 1H), 3.79 (s, 3H),
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3.42-3.47 {(m, 1H), 2.90 (s, 3H), 2.38 (s, H), 2.15-2.23 (m,
2H), 1.63-1.75 {(m, 2H).

Step 2: Preparation of (8)-7-amino~5-(2-(5~-chloro~-4-

oxo-3-phenyl-~3,4-dihydroquinazoline-2-yl)pyrrolidine-1l-yl)-

l1-{4-methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4,5-

d]pyrimidine—é(iﬂ}—one

55 mg of (S)~T-amino~5-(2~(5~-chloro-4~ox0o~3~-phenyl-
3,4-dihydroquinazoline-2-yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl)-~3-methyl-2, 3-dihydropyrimido[4, 5~
dlpyrimidine-4(1H)-one was ©prepared as a white solid
according to the same manner as described in step 2 of
Example 48 except that (8)-5-(2-(5-chloro-4-oxo-3-phenyl-
3,4-dihydroguinazoline-2-yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl)-3-methyl-7- (methylthio)-2, 3~
dihydropyrimido[4,5~d]pyrimidine-4(1H)-one was used (0.09
mmol, yield: 71%).

'H NMR (300 MHz, CDCl3) & 7.48-7.64 (m, 6H), 7.37-7.39
(d, J = 7.6 Hz; i8), 7.20-7.23 (d, J = 6.9 Hz, 1H),
7.11.7.14 (d, J = 7.7 Hz, 2H), 6.81-6.84 (d, J = 7.9 Hz,
2H), 4.%6-4.70 (m, 2H), 4.23-4.29 (m, 2H), 3.84-3.90C (m,
1H), 3.78 (s, 3H), 3.50-3.53 {(m, 1H), 2.85 (s, 3H), 2.06-
2.13 (m, 1H), 1.98-2.01 (m, 2H), 1.68~1.71 (m, 1H).

Step 3: Preparation of (8)-7-amino~5-(2-(5-chloro-4-

oxo-3-phenyl-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-yl) -

3-methyl-2, 3~dihydropyrimido[4,5-d]pyrimidine~-4 (1H)-one
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33 mg of (8)~T7-amino~-5-(2~(5-chloro-4-ox%x0o~3-phenyl-
3,4-dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]jpyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 8 of Example 1 except that (S)-7-amino-5-(2-(5-chloro-
4-oxo-3-phenyl-3,4-dihydroquinazoline~-2-yl)pyrrolidine-1-
yvl)~-1-(4-methoxybenzyl)-3-methyl-2,3~-dihydropyrimido[4,5-
dlpyrimidine-4 (1H)-one was uéed (0.07 mmol, vyield: 74%).

'H NMR (300 MHz, DMSO-dg¢) & 7.87 (s, 1H), 7.65-7.70 (m,
1H), 7.40-7.54 (m, 7H), 5.94 (s, 2H), 4.79 (s, 1H), 4.35
(s, 2H), 3.57 (s, 1H), 2.86 (s, 3H), 1.98-2.04 (m, 2H),
1.78-1.83 (m, 1H), 1.63-1.69 (m, 1H).

Example 56: Preparation of (S)-7-amino-5-(2-(5-chloro-

4-0x0~-3~(pyridine-3-yl)-3,4-dihydroquinazoline-2-

yl)pyrrolidine~-1-yl)-3-methyl-2,3~-dihydropyrimido[4,5~

dlpyrimidine-4(lH) ~one

PMB\N N

PMB. NN PMB‘NAN/ N

NH
<::;%T9N [ ’JjI:L* _MCPBA __NHOH /i:[:}“§ _TFAMSA _ ’le:L*
s AZ T DFEaDMSO IPATHF
- (;Q;ri> E;g;rg> E;I$r£>
ct O \ \ Cl O \

|
Step 1: Preparation of ~5=(2-{5-chloro-4-ox0=-3~

(pyridine-3-yl)-3,4~-dihydrogquinazoline~-2-yl)pyrrolidine~-1-

yl)=-1-{(4-methoxybenzyl)-3-methyl~7-(methylthio)-2, 3~

dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one

79 mg of (S)-5-{2-(5-chloro-4-0ox0-3-(pyridine-3-yl)-
3,4~dihydroquinazoline-2-yl)pyrrolidine-1-yl)-1-(4-
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methoxybenzyl)~-3-methyl-7- (methylthio)~-2,3~
dihydropyrimido{4,5-d]pyrimidine-4(1H)-one was prepared as
a white solid according to the same manner as described in
step 1 of Example 48 except that (S)-5-chloro-3-(pyridine-
3-yl)-2-(pyrrolidine-2-yl)quinazoline-4 (3H) -one was used
(0.12 mmol, yield: 91%).

'H NMR (300 MHz, CDCls) & 8.74-8.76 (d, J = 5.9 Hz,
1H), 8.47-8.50 (m, 1H), 7.58-7.66 (m, 3H), 7.42-7.44 (d, J
= 7.6 Hz, 2H), 7.15-7.18 (d, J = 8.4 Hz, 2H), 6.83-6.86 (d,
J = 8.0 Hz, 2H), 4.78-4.79 (d, J = 4.4 Hz, 2H), 4.31-4.37
(m, 2H), 3.85-4.04 (m, 1H), 3.79 (s, 3H), 3.55-3.35 (m,
1H), 2.90 (s, 3H), 2.39 (s, 3H), 2.08-2.13 (m, 2H), 1.60-
1.83 (m, 2H).

Step 2: Preparation of (S8)~7-amino-5-(2-(5-chloro-4-

oxo~-3-(pyridine-3-y1l)-3,4-dihydroquinazoline-2-

vl)pyrrolidine-1l-yl)-1-(4-methoxybenzyl)-3-methyl-2,3-

dihydropyrimido[4,5~-d]pyrimidine-4 (1H) -one

49 mg of (S)-7-amino-5-(2-(5~chloro-4-ox0-3-(pyridine-
3-yl)-3,4-dihydroquinazoline~-2-yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4, 5-
d]pyrimidine-4 (1H)~one was ©prepared as a white solid
according to the same manner as described in step 2 of
Example 48 except that {(8)~5-(2-(5-chloro-4-ox0~3~
(pyridine-3-yl)-3,4-dihydroguinazoline-2-yl)pyrrolidine-1-~
yl)-1-(4-methoxybenzyl)-3-methyl-7~(methylthio)-2,3-
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dihydropyrimide[4,5~d]pyrimidine-4(1H)-one was wused (0.08
mmol, yield: 65%) .

'H NMR (300 MHz, CDCl;) & 8.75 (s, 7H), 7.61-7.65 (m,
2H), 7.52-7.57 (m, 3H), 7.40-7.43 (d, J = 6.8 Hz, 1H),
7.13-7.17 (m, 2H), 6.81-6.84 (d, J = 8.4 Hz, 2H), 4.81 (s,
2H), 4.61-4.76 (m, 2H), 4.19-4.33 (m, 2H), 3.94-4.05 (m,
1H), 3.78 (s, 3H), 3.47-3.57 {m, 1H), 2.86 (s, 3H), 2.15-

2.24 (m, 1H), 1.96-2.09 (m, 2H), 1.72-1.79 (m, 1H).

Step 3: Preparation of (S)-7-amino-5-(2-(5-chloro-4-

oxo-3- (pyridine-3-yl)-3,4~-dihydroquinazoline-2—

yl)pyrrolidine-l-yl)-3-methyl-2,3-dihydropyrimido[4, 5~

dlpyrimidine~4 (1H) ~one

29 mg of (S)-7-amino-5-(2-(5-chloro-4-oxo-3-(pyridine-
3-yl)-3,4-dihydroquinazoline~2-yl)pyrrolidine-1-yl)-3-
methyl-2,3-dihydropyrimido[4, 5-d]pyrimidine-4 (1H) -one was
prepared as a white solid according to the same manner as
described in step 8 of Example 1 except that (8)~7-amino-5-
(2-(5-chloro-4-0ox0-3-(pyridine-3-yl) -3, 4-
dihydroquinazoline~-2-yl)pyrrolidine-1-yl) -1~ (4~
methoxybenzyl)-3-methyl-2, 3-dihydropyrimido[4,5-
dlpyrimidine-4 (1H)~one was used (0.06 mmol, yield: 73%).

'H NMR (300 MHz, DMSO-de0) & 8.72 (s, 2H), 8.00-8.03
(d, § = 9.0 Hz, 1H), 7.61-7.73 (m, 2H), 7.43-7.52 (m, 2H),
6.04 (s, 1H), 5.31-5.43 (m, 1H)4.56-4.65 (m, 1H), 4.36 (s,
2H), 3.97-4.05 (m, 1H), 2.86 (s, 3H), 1.95-2.04 (m, 2H),
1.63-1.82 (m, 2H).
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Example 57: Preparation of (S)-7-amino-5-{(2-(5-chloro-

3-(3-fluorophenyl)-4-ox0-3,4-dihydroquinazoline-2-

yl)pyrrolidine~1l-yl)-3-methyl~-2,3-dihydropyrimido([4, 5-

dlpyrimidine-~4 (1H) -one

PMB..,

/ﬁg F’MB~~ PMB-.NAN./ HNA -
L %@ Naﬁ e AI&O _— Tko
F. N " DIPEADMSO Mo PATHE HN
\E:r o ¢ s ﬁ):>
e er Qr

C

Step 1: Preparation of (S)-5~{2-(5-chloro-3~(3-

fluorophenyl)-4~ox0-3,4~dihydroquinazoline-2-

yl)pyrrolidine-1l-yl)-1~(4-methoxybenzyl)-3-methyl-7-

(methylthio)-2,3-dihydropyrimido([4,5-d]lpyrimidine-4 (1H)-one

84 mg of (S)-5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4-dihydroquinazoline-2~yl)pyrrolidine~-1-y1l)-1- (4~
methoxybenzyl) ~-3-methyl~7- (methylthio)~2, 3~
dihydropyrimido[4, 5-d]pyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 1 of Example 48 except that (S)~5-chloro~3~-(3-
fluorophenyl)-2-(pyrrolidine-2~-yl)quinazoline-4(3H)-one was
used (0.13 mmol, yield: 88%).

'H NMR (300 MHz, CDCls) & 7.89-7.91 (d, J = 6;1 Hz,
1n), 7.50-7.66 (m, J = 38.5, 9.8 Hz, 3H), 7.40-7.43 (m,
1H), 7.11-7.24 (m, 3H), 6.91-7.06 (m, 1H), 6.83-6.86 (d, J
= 7.4 Hz, 2H), 4.73-4.78 (d, J = 4.9 Hz, 1H), 4.62-4.72 (m,
1H), 4.30-3.41 (m, 2H), 3.86-4.03 (m, 1H), 3.79 (s, 3H),
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3.35-3.42 (m, 1H), 2.90 (s, 3H), 2.38 (s, 3H), 2.05-2.22
(m, 3H), 1.72-1.82 (m, 1H).

Step 2: Preparation of (8)~7-amino-5-(2-(5-chloro-3-

(3-fluorophenyl)-4-0oxo=-3,4~-dihydroquinazoline-2-~

yl)pyrrglidineml—yl)—lm(4mmethoxybenzyl)~3-methyl~2,3~

dihydropyrimido[4,5-d]pyrimidine-4(1H)-one

54 mg of (3)-7T-amino-5~ (2~ (5~-chloro-3~ (3~
fluorophenyl) -4-oxo-3,4-dihydroguinazoline-2-
yl)pyrrolidine-1l-yl)~1-(4-methoxybenzyl)-3-methyl-2, 3=~
dihydropyrimide[4, 5~d]pyrimidine~4 (1H) ~one was prepared as
a white solid according to the same manner as described in
step 2 of Example 48 except that (S)-5-(2-(5-chloro-3-(3-
fluorophenyl)-4-0ox0-3, 4~-dihydroquinazoline-2-
yl)pyrrolidine-1-yl)-1-(4-methoxybenzyl)-3-methyl-7-
(methylthio)-2,3-dihydropyrimido[4,5-d]lpyrimidine-4(1H)-one
was used (0.08 mmol, yield: 67%).

'H NMR (300 MHz, CDCl;) & 7.64-7.66 (m, 1H), 7.38-7.58
(m, 4H), 6.98-7.15 (m, 4H), 6.81-6.84 (d, J = 8.0 Hz, 2H),
4.62-4.74 (m, 3H), 4.25-4.30 (m, 2H), 3.84-3.96 (m, 1H),
3.78 (s, 3H), 3.48-3.56 (m, 1H), 2.86 (s, 3H), 2.14-2.18
(m, 1H), 2.02-2.05 (m, 2H), 1.72-1.79 (m, 1H).

Step 3: Preparation of (S)-7-amino-5-(2-(5-chloro-3-

(3-fluorophenyl)-4-0x0~3,4~dihydroquinazoline-2-

yl)pyrrolidine-1l-yl)-3-methyl~-2,3-dihydropyrimido[4,5-

dlpyrimidine—4 (1H)~one
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30 mg of {8)~7T=-amino-5- (2~ (5~chloro~3~ (3~
fluorophenyl)-4~0x0-3,4-dihydroquinazoline-2-
‘yl)pyrrolidine~1~yl)~3~methyl~2,3wdihydropyrimido[4,5-
d]pyrimidinew4(lﬁ)wone was prepared as a white solid

5 according to the same manner as described in step 8 of
Example 1 except that (S)-7T-amino-5- (2~ (5-chloro-3~ (3~
fluorophenyl)-4-0x0-3,4-dihydroquinazoline-2-
yl)pyrrolidine-1-yl)-1-(4-methoxybenzyl)-3-methyl-2, 3~
dihydropyrimido[4,5-d]pyrimidine-4(1H)-one was used (0.06

10 mmol, yield: 68%).

'H NMR (300 MHz, DMSO-d¢) & 7.85 (s, 1H), 7.63-7.71 (m,
2H), 7.36-7.51 (m, 5H), 5.97-6.05(ss, 2H), 4.49-4.61 (m,
1H), 4.35 (s, 2H), 3.52-3.59 (m, 1H), 2.86 (s, 3H), 1.98-
2.06 {(m, 2H), 1.81-1.85 {m, 1H), 1.66-1.70 {(m, 1H).

15

Example 58: Preparation of (8)-7-amino-5-~{(2-(5-chloro-

4-ox0-3~(m~-tolyl)-3,4~dihydroguinazoline-2-yl)pyrrolidine-

l-yl)-3-methyl-2,3-dihydropyrimido(4,5-d]lpyrimidine~4 (1H) -

one

F"MBs SN

)fc PMB., NN F‘MB» P ]\/ HN N
A NJ*/(g _MCPBA __ NHOH TFAMSA N IKO
" DIPEADMSO gy N\ MG PATHE m)\ MC \>

oSO SO <'eS

Step 1l: Preparation of (8)-5-(2-(5-chloro-4-oxo-3-(m-

20

tolyl)-3,4~-dihydroquinazoline~-2-yl)pyrrolidine-1-yl)~-1-(4-

methoxybenzyl)-3-methyl-7-(methylthio)-2,3-

dihydropyrimido([4,5~-d]lpyrimidine~4 (1H)~one
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76 mg of (8)-5-(2-(5~chloro~4-ox0~-3~ (m~tolyl)~-3,4~
dihydroquinazoline-2-yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl)-3-methyl-7- (methylthio)-2, 3-
dihydropyrimido[4,5~-d]lpyrimidine~-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 1 of Example 48 except that (8)-5-chloxro-2-
(pyrrolidine-2-yl)-3-m-tolylquinazoline-4(3H)-one was used
{0.11 mmol, yield: 96%). ,

'H NMR (300 MHz, CDCl;) & 7.83-7.88 (m, 1H), 7.60-7.63
(m, 1H), 7.38-7.58 (m, 3H), 7.29-7.31 {(m, 1H), 7.16-7.19
(d, § = 7.4 Hz, 2H), 6.99-7.02 (m, 1H), 6.84-6.86 (d, J =
5.7 Hz, 2H), 4.73-4.81 (m, 3H), 4.35 (s, 2H),3.85-3.98 (m,
1), 3.79 (s, 3H), 3.47-3.58 (m, 1H), 2.89 (s, 3H), 2.41-
2.47 (d, ¥ = 9.0 Hz, 3H), 2.30-2.41 (m, 3H), 2.15 (s, 3H),

1.70-1.77 {(m, 1H).

Step 2: Preparation of (S)=~7-amino-5-(2-(5-chloro-4-

0xo-3-(m-tolyl)-3,4~-dihydroquinazoline-2-yl)pyrrolidine-1-

yl)-1-(4-methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4,5-

dlpyrimidine~4 (1H)~one

57 mg of (S})-7-amino-5-(2-(5-chloro-4-ox0o-3-(m-tolyl)-
3,4~dihydroquinazoline~2-yl)pyrrolidine-1-yl)-1- (4~
methoxybenzyl) -3-methyl-2,3-dihydropyrimido[4, 5~
dlpyrimidine-4 (1lH)~one was ©prepared as a white solid
according to the same manner as described in step 2 of
Example 48 except that (S)-5-(2-(5-chloro-4-oxo-3- {m~
tolyl)~-3,4~dihydroquinazoline~2~yl)pyrrolidine~1l=yl) =1= (4~
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methoxybenzyl)m3~methyl-7~(méthylthio)~2,3~
dihydropyrimido{4,5~-d]lpyrimidine-4{1H)-one was used (0.09
mmol, yield: 79%).

'H NMR (300 MHz, CDCl3) & 7.62-7.65 (m, 1H), 7.41-7.55
(m, 4H), 7.29-7.32 (m, 1H), 7.13-7.16 (d, J = 6.0 Hz, Z2H),
7.03 (s, 1H), 6.82-6.85 (d, J = 8.9 Hz, 2H), 4.68-4.76 (m,
3H), 4.59 (s, 2H), 4.27 (s, 2H), 3.85-3.91 (m, 1H), 3.78

(s, 3H), 3.52-3.59 (m, 1H), 2.85 (s, 3H), 2.43 (s, 3H),

2.14-2.22 (m, 1H), 2.00~-2.04 (m, 2H), 1.72-1.77 (m, 1H).

Step 3: Preparation of (S)»7—amino~5”(2—(5~chloro»4-

0x0~3~(m-tolyl)-3,4~-dihydroguinazoline~2~yl)pyrrolidine-~1-

yl)-3-methyl-2,3-dihydropyrimido[4,5~d]pyrimidine-4(1H)~one

31 mg of (S)-7-amino-5-(2-(5-chloro-4-oxo0-3-(m-tolyl)-
3,4-dihydroquinazoline-2-yl)pyrrolidine~1l-yl)~-3-methyl-2, 3~
dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 8 of'Example 1 except that (8)-7-amino-5-(2-(5-chloro-
4-o0x0-3-(m-tolyl)-3,4-dihydroguinazoline~2-yl)pyrrolidine-
l-yl)-1-(4-methoxybenzyl)~3~-methyl-2, 3~dihydropyrimido[4, 5~
dlpyrimidine-4 (1H) -one was used (0.06 mmol, yield: 67%).

'H NMR (300 MHz, CDCl;) & 7.63-7.65 (m, 1H), 7.51-7.56
(¢, 0 = 7.7 Hz, 1H), 7.39-7.45 (m, 3H), 7.30-7.32 (d, J =
7.4 Hz, 1H), 7.01-7.03 (m, 1H), 6.56 (s, 9H), 4.71-4.76 (m,
2H), 4.42-4.58 (m, 1H), 4.94-4.00 (m, 1H), 3.79-3.85 (m,
2H), 3.52-3.60 (m, 1H), 3.02 (s, 3H), 2.42 (s, 3H), 2.12-
2.25 (m, 1H), 1.98-2.06 (m, 2H), 1.69-1.76 (m, 1H).
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Example 59: Preparation of (8)-7-amino-5-(2-(8-chloro-

'1-oxo-2-phenyl-1,2-dihydroisoquinoline~3-yl)pyrrolidine-1-

yl)w3~m@thyl~2 3-dihydropyrimido[4,5-d]pyrimidine-4(1H)-one

.3 e X, X
7z N (] MCRBA NHOH N x TFAMSA
é;]:;] " DIPEADMSO s/ii:[jij> MC IPA/THF WWJL’”\" l &
QI\/\rJ\ X
"
: Ca e \© o o
Step 1: Preparation of (8)-5 —(2—(8—chloro—1—oxo—2~

phenyl-1,2~dihydroisoquinoline-~3-yl)pyrrolidine-1l-yl)-1-(4-

methoxybenzyl) -3-methyl-7- (methylthio)-2,3~-

dihydropyrimido[4,5-d]pyrimidine~4(1H) -one

81 mg of {(8)-5-(2-(8~chloro-l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)pyrrolidine-1-yl)-1-(4-
methéxybenzyl)—3—methyl—7—(methylthio)-2,3-
dihydropyrimido[4,5-d]pyrimidine~4 (1H)-one was prepared as
a white solid according to the same manner as described in
step 1 of Example 48 except that (S)-8-chloro-2-phenyl-3-
(pyrrolidine—z—yl)isoquinoline—l(ZH)—one was used (0.12
mmol, yield: 88%). |

'H NMR (300 MHz, CDCl3) & 7.76-7.78 (d, J = 5.8 Hz,
1H), 7.59-7.64 (t, J = 6.4 Hz, 1H), 7.42-7.52 (m, 2H),
7.36~7{41 (m, 3H), 7.30-7.32 (d, J = 6.4 Hz, 1H), 7.18-7.20
(m, 1H), 6.84-6.86 (d, J = 8.1 Hz, 2H), 6.77 (s, 1H), 5.05-
5.09 (¢, J = 6.1 Hz, 1H), 4.89-4.94 (d, J = 15.3 Hz, 1H),
4.69-4.74 (4, J = 15.0 Hz, 1H), 4.52-4.56 (d, J = 10.5 Hz,
1H), 4.18-4.22 (d, J = 10.9 Hz, 1H), 4.11-4.16 (m, 1H),
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3.79 (s, 3H), 3.07-3.13 (m, 1H), 2.94 (s, 3H), 2.44 (s,
3H), 1.93-1.9% {(m, 2H), 1.61-1.81 (m, 2H).

Step 2: Preparation of (8)-7-amino-5-(2-(8-chloro-1-

oxo=2~phenyl-1,2-dihydroisoquinoline~3-yl)pyrrolidine-1-

yl)-1-(4-methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4,5-

dlpyrimidine—4 (1H) -one

38 mg of (8)~T7T-amino-5-(2~(8~chloro~l-oxo-2-phenyl-
1,2-dihydroisoquinoline-3-yl)pyrrolidine~-1-yl)~-1-{(4-
methoxybenzyl)-3-methyl-2, 3-dihydropyrimido[4, 5-
dlpyrimidine-4 (1H)-one was ©prepared as a white solid
according to the same manner as described in step 2 of
Example 48 except that (8)~-5-(2-(8-chloro-l-oxo-2-phenyl~-
1,2-dihydroisoquinoline-3-yl})pyrrolidine-1-yl)-1~-{4~
methoxybenzyl)-3-methyl-7~ (methylthio)-2, 3~
dihydropyrimido[4,5~d]lpyrimidine—~4(1H)~one was used (0.06
mmol, yield: 49%).

'H NMR (300 MHz, CDCl3) & 7.48-7.55 (m, 4H), 7.31-7.38
(m, 4H), 7.16-7.18 (4, J = 7.9 Hz, Z2H), 6.83-6.86 (m, 3H),
5.01-5.07 (m, 1H), 4.84-4.89 (d, J = 15.4 Hz, 1lH), 4.69 (s,
2H), 4.48-4.59 (m, 2H), 4.10-4.13 (4, J = 10.3 Hz, Z2H),
3.78 (s, 3H), 3.11-3.19 (m, 1H), 2.91 (s, 3H), 1.89-1.93
(m, 2H), 1.73-1.79 (m, 1H), 1.55-1.62 (m, 1H).

Step 3: Preparation of (8)~7-amino-5-(2-(8-chloro-1-

oxo-2-phenyl-1,2-dihydroisoquinoline-3-yl)pyrrolidine-1-

yl)=-3-methyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4(1H)-one
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13 mg of (8)-7T-amino~-5-(2-(5-chloro-3~ (3~
fluorophenyl)—-4-ox0o~-3,4-dihydroquinazoline-2-
yl)pyrrolidine-1l-yl)-3-methyl-2,3~-dihydropyrimido[4, 5~
d]pyrimidine~4(1ﬂ)moﬂe was prepared as a white solid
according to the same manner as described in step 8 of
Example 1 except that (S)-7-amino-5-(2-(8-chloro-l-oxo-2-
phenyl-1,2~-dihydroisoquinoline-3-yl)pyrrolidine-1-yl)-1-(4-
methoxybenzyl)-3-methyl-2,3-dihydropyrimido[4, 5~
d]pyriﬁidine-4(lH)—one was used (0.03 mmol, yield: 42%).

'H NMR (300 MHz, DMSO-d¢) & 7.49-7.63 (m, 7H), 7.23-
7.33 (m, 1H), 6.82 (s, 1H), 6.19 (s, 2H), 6.12 (s, 1H),
5.47-5.58 (m, 1lH), 4.42 (s, 2H), 3.98-4.04 (m, 1H), 3.06-
3.09 (m, 1H), 2.76 (s, 3H), 1.90-1.98 (m, 2H), 1.46-1.57

(m, 2H).

Example 60: Preparation of (8)-5-(1-(8-chloro-l-oxo-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethylamino)-3~ethyl-

2,3~dihydropyrimido[4,5-d]lpyrimidine—-4 (1H)-one

NH:

PMB\NH o PMB,., @r PMB\ "/-\ HNAN’%

N/’m _HO(CHOMH _ N% 0 o NE“”"» o TFAMSA N)”:"‘ 0

k T DIPEADMSO K MC "\N/ N
N PN
N, N | a
©/ o © ©/ o <

Step 1: Preparation of 5-chloro~3~ethyl-1-(4-

methoxybenzyl)mZ,Bmdihydropyrimido[4,5—d]pyrimidine~4(1H)—

one
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400 mg of b5~-chloro~-3-ethyl~-1~(4-methoxybenzyl)-2,3-
dihydropyrimido{4,5-d]lpyrimidine-4 (1H)~-one was prepared as
a white solid by using 600 mg 1.87 mmol) of 4-chloro-N-
ethyl-6- (4-methoxybenzylamino)pyrimidine-5-carboxamide
according to the same manner as described in step 4 of
Example 34 (1.2 mmol, yield: 64%).

"W NMR (300 MHz, CDCl;) & 8.44 (s, 1H), 7.22 (d, J =
8.4 Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H), 4.85 (s, 2H), 4.54
(s, 2H), 3.82 (s, 3H}, 3.46 (g, J = 7.2 Hz, 2H), 1.08 (t, J

= 7.2 Hz, 3H).

Step 2: Preparation of (8)-5=-(1-{(8~-chloro-l-oxo-2~-

phenyl-1,2-dihydroisoguinoline-3-yl)ethylamino)-3~-ethyl-1-

(4-methoxybenzyl)-2,3-dihydropyrimido[4,5-dlpyrimidine—

4 (1lH) -one

60 mg of (8)-5~(1~(8~chloro-1~-oxo~2~phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino)~3-ethyl-1-(4-
methoxybenzyl) -2, 3-dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -
one was prepared as a yvellow solid by using 40 mg (0.12
mmol) of 5-chloro-3-ethyl~1~(4~methoxybenzyl)-2, 3~
dihydropyrimido{4,5-dlpyrimidine-4(1H)-one prepared in step
1 according to the same manner as described in step 5 of
Example 34 (0.1 mmol, vield: 84%).

'H NMR (300 MHz, CDCls) & 9.15 (s, -NH), 7.99 (s, 1H),
7.51-7.30 (m, 8H), 7.23 (d, J = 8.7 Hz, 2H), 6.87 (d, J =

8.1 Hz, 2H), 6.58 (s, 1H), 4.86 (s, 1H), 4.75 (s, 2H), 4.47
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(s, 2H), 3.80 (s, 3H), 3.44-3.39 (m, 2H), 1.39 (d, J

]
)
.
vo)

Hz, 3H), 1.11 (t, J = 7.2 Hz, 3H).

Step 3: Preparation of (S)-Sm(im(8~chloro~1~oxo»2~

phenyl-1,2-dihydroisoquinoline-3-yl)ethylamino)-3-ethyl-

2,3~dihydropyrimido[4,5-d]pyrimidine—4 (1H)~-one

47 mg of (8)~5-(1-(8~chloro~1l-oxo0o~2~-phenyl-1,2-
dihydroisoguinoline-3-yl)ethylamino)-3-ethyl-2, 3~
dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one was prepared as
a white solid by using 60 mg (0.1 mmol) of (S)=~5-((1l-(8~
chloro~l-oxc-2-phenyl-1,2-dihydro-isoquinoline-3-
yl)ethyl)amino)-3-ethyl-1-{4-methoxybenzyl)-2, 3~
dihydropyrimido{4,5~-d]lpyrimidine-4 (1H) ~one prepared in step
2 according to the same manner as described in step 8 of
Example 1 (0.1 mmol, vyield: 99%).

'H NMR (300 MHz, €DCl3) & 9.06 (d, J = 6.9 Hz, -NH),
7.94 (s, 1H), 7.49-7.39 (m, 8H), 6.56 (s, 1H), 5.80 (s,
1H), 4.87-4.82 (m, 1H), 4.74 (s, 2H), 3.52-3.45 (m, 2H),
1.39 (d, J = 6.7 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H).

Example 61: Preparation of (38)-5-(1-{(8-chloro-1-oxo-2-

phenyl-1,2-dihydroisogquinoline-3-yl)ethylamino)-3-propyl=-

2,3~dihydropyrimido[4, 5~d]pyrimidine~4(lﬂ)~one

1
i

PMB“"NH PMB. A~ m PMBM SN
)\/ﬁkuﬂw/ HO(CH0)H N’Lﬁ TFAIMSA r‘})mji‘ka

D!P'EAIDMSQ N7 NH

r???&?@
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Step 1: Preparation of b-chloro-l-(4-methoxybenzyl) -3~

propyl-2,3-dihydropyrimido[4,5-d]lpyrimidine—~4 (1H) -one

289 mg of b5-«chloro-~l-(4-methoxybenzyl)-~3-propyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one was prepared as
a white solid by using 653 mg (1.95 mmol) of 4-chloro-6-(4-
methoxybenzylamino)-N-propylpyrimidine~5~carboxamide
according to the same manner as described in step 4 of
Example 34 (1.12 mmol, yield: 57%).

'H NMR (300 MHz, CDCl3) & 8.44 (s, 1H), 7.22 (d, J =

8.5 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 4.85 (s, 2H), 4.52

(s, 2H), 3.82 (s, 3H), 3.37 (t, J = 7.4 Hz, 2H), 1.52-1.45

(m, 2H), 0.86 (t, J = 7.4 Hz, 3H).

Step 2: Preparation of (S)-5-(1-(8-chloro-1l-oxo-2-

phenyl-1l,2-dihydroisoquinoline-3-yl)ethylamino)-1- (4~

methoxybenzyl)~3-propyl~-2,3-dihydropyrimido[4, 5~

d]lpyrimidine-4 (1H)~one

56 mg of (3)-5-(1-(B~chloro-l-oxo~-2~phenyl-1,2-
dihydroisoquinoline-3~-yl)ethylamino)-1-(4-methoxybenzyl)-3-
propyl-2,3-dihydropyrimido[4, 5-d]pyrimidine-4 (1H) -one’ was
prepared as a yellow solid by using 41 mg (0.12 mmol) of 5-
chloro-1- (4-methoxybenzyl)-3-propyl-2, 3-
dihydropyrimido([4,5-d]lpyrimidine-4 (1H)~one prepared in step
1 according to the same manner as described in step 5 of
Example 34 (0,09 mmol, yield: 73%).

'H NMR (300 MHz, CDCl;) & 9.17-9.15 (m, -NH), 7.99 (s,
1H), 7.51-7.29 (m, 8H), 7.21-7.07 (m, 1H), 6.87 (d, J = 8.0
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Hz, 2H), 6.52 (s, 1H), 4.96-4.87 (s, 1H), 4.75 (s, 2H),
4.47 (s, 2H), 3.80 {s; 3H), 3.44-3.39 {(m, 2H), 1.68-1.63

(m, 2H), 1.39 (d, J = 6.9 Hz, 3H), 1.01-0.96 (m, 3H).

Step 3: Preparation of (3)~-5~(1-(8~chloro-1l-oxo=-2~

phenylml,2~dihydroisoquinolinem3~yl)ethylamino)—3~propylm

2,3—dihydropyrimido[4,5—d]pyrimidine—4(lH)—one

45 mg of (8)~-5-(1l-(8~chloro~l-oxo-2-phenyl-1,2-
dihydroisoquinoline~3~-yl)ethylamino)-3-propyl-2,3-
dihydropyrimido[4, 5-d]pyrimidine-4 (1H)-one was prepared as
a white solid by using 56 mg (0.09 mmol) of (S)-5-(1-(8-
chloro-l-oxo-2-phenyl-1,2~dihydroisoquinoline-3-
vl)ethylamino)-1-(4-methoxybenzyl)-3-propyl-2,3-
dihydropyrimido{4,5-dlpyrimidine-4{1H)-one prepared in step
2 dccording to the same manner as described in step 8 of
Example 1 (0.09 mmol, yield: 929%).

'H NMR (300 MHz, CDCls) & 9.04 (s, -NH), 7.95 (s, 1H),
7.50-7.31 (m, 8H), 6.57 (s, 1H), 5.28 (s, 1H), 4.91-4.84
({m, 1H), 4.73 (s, "2H), 3.41-3.36 (m, 2H), 1.68-1.63 (m,

2H), 1.39% (d, J = 6.9 Hz, 3H), 1.01~-0.96 (m, 3H).

Example 62: Preparation of (8)~5~-(l-(8-chloro-l-oxo=-2-

phenyl-1,2-dihydroisogquinoline-3~-yl)ethylamino) -3~

cyclopropyl=-2,3~dihydropyrimido[4, 5-d]lpyrimidine-4(1lH)-one
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PMB PMB.. /&
NH 0 \ /\ /\

/A HNAN/A
/Yk _HO(CH,0H N”’\/E& N)‘Ik{) _TFAMSA N')’\/[i\‘o
L, Toweaomso . LAy M Y NH

N
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i

o Ci Z o o

Step 1: Preparation of b5-chloro-3-cyclopropyl-1-(4-

methoxybenzyl)-2,3-dihydropyrimido[4,5-d]pyrimidine-4(1H) -

one

224 mg of b5-chloro-3-cyclopropyl-1-(4-methoxybenzyl)-
2,3-dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one was prepared
as a white sclid by using 360 mg (1.08 mmol) of 4-chloro-N-
cyclopropyl-6-(4-methoxybenzylamino)pyrimidine-5-
carboxamide according to the same manner as described in
step 4 of Example 34 (0.65 mmol, yield: 60%).

'H NMR (300 MHz, CDCLl;) 5 8.43 (s, 1H), 7.21 (d, J =
7.8 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 4.84 (s, 2H), 4.52
(s, 2H), 3.82 (s, 3H), 2.60-2.56 (m, 1H), 0.84-0.82 (m,

2H), 0.52-0.50 (m, 2H).

Step 2: Preparation of (8)~-5-(1-(8~-chloro-l~ox0~2~

phenyl-1,2-dihydroisoquinoline-3-yl)ethylamino)-3-

cyclopropyl=-1-(4-methoxybenzyl)-2,3-dihydropyrimido[4,5-

dlpyrimidine-4 (1H) -one

43 mg of (8)-5-(1l~(8-chloro-l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethylamino)-3-cyclopropyl-1-(4-
methoxybenzyl}-2,3-dihydropyrimido[4, 5-d] pyrimidine—llv(lH) -
one was prepared as a white solid by using 40 mg (0.12
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mmo ) of 5~chloro-3-cyclopropyl-1l~{4~-methoxybenzyl)-2,3~
dihydropyrimido{4,5-d]lpyrimidine-4(1H)-one prepared in step
1 according to the same manner as described in step 5 of
Example 34 (0.07 mmol, yield: 59%).

'H NMR (300 MHz, CDCl3) & 9.19-9.15 (m, -NH), 8.05 (s,
1H), 7.53-7.32 (m, 4H), 7.23-7.18 (m, 1H), 6.87 (d, J = 9.4
Hz, 2H), €.56 (s, 1H), 4.84 (s, 1H), 4.43 (s, 1H), 3.79 (s,
28), 2.03 (s, 1H), 1.38 (d, J = 6.2 Hz, 3H), 0.86-0.80 (m,

2H), 0.56-0.52 (m, 2H).

Step 3: Preparation of (8)~5~-(1-{8~chloro-l-o0x0-2-

phenyl=-1,2~dihydroisoquinoline-3-yl)ethylamino)-3-

cyclopropyl-2,3-dihydropyvrimido[4,5-d]lpyrimidine-4 (1H)-one

34 mg of (8)-5-(1-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino)-3-cyclopropyl~2, 3~
dihydropyrimido[4,5-d]pyrimidine~4 (1H)-one was prepared as
a white solid by using 43 mg (0.07 mmol) of (8)-5-(1-(8-
chloro-l-oxo0-2-phenyl~-1,2~dihydroisoquinoline-3-
ylyethylamino) ~3-cyclopropyl-1-(4-methoxybenzyl)-2,3-
dihydropyrimido[4,5~d]pyrimidine~4(lH)-one prepared in step
2 according to the same manner as described in step 8 of
Example 1 (0.07 mmol, yield: 99%).

'Yy NMR (300 MHz, CDCl3) & 9.09 (d, J = 6.8 Hz, 1H),
7.94 (s, 1H), 7.51-7.32 (m, 8H), 6.56 (s, 1lH), 5.66 (s,
1H), 4.88-4.84 (m, 1H), 4.71 (s, 2H), 2.59-2.53 (m, 1H),
1.39 (d, J = 6.7 Hz, 3H), 0.95-0.92 (m, 2H), 0.75-0.73 (m,
2H) .
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Example 63: Preparation of (S)-5-(1-(8-chloro-l-oxo-2-

phenyl~1l,2-dihydroisoquincline-3~-yl)ethylamino) -3~

cyclopentyl-2,3-dihydropyrimido[4, 5-d]pyrimidine-4 (1H)-one

N '
IoPee 0 0
PMB..,NH JOL /O PMB...NAN é/j\\/\/@ PMB\NAN HNAN
lt NN © HO(CH0)H N RS ,&0 a rg\r&o  TFAMSA N"\)%/E&o

oz e DIPEA/DMSO MC WM

N

P

HH

N ' . S
! e RN
SRe! SR

-

N 1

Step 1l: Preparation of 5-chloro~-3-cyclopentyl-1~(4-

methoxybenzyl)~2,3~-dihydropyrimido[4,5~d]lpyrimidine-4 (1H) -

one

405 mg of 5-chloro-3-cyclopentyl-1-{(4-methoxybenzyl)-
2,3-dihydropyrimido[4,5-d]pyrimidine-4(1H)-one was prepared
as a white solid by using 620 mg (1.72 mmol) of 4-chloro-N-
cyclopentyl-6-(4-methoxybenzylamino)pyrimidine~5-
carboxamide according te the same manner as described in
step 4 of Example 34 (1.08 mmol, vield: 63%).

'H NMR (300 MHz, CDCls) & 8.44 (s, 1H), 7.22 (d, J =
8.6 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 5.31 (s, 2H), 4.97~
4.88 {m, 1H), 4.83 (s, 2H), 4.41 (s, 2H), 3.82 (s, 3H),

1.86-1.77 (m, 2H), 1.57-1.53 (m, 2H), 1.26-1.16 (m, 2H).

Step 2: Preparation of (8)-5-~(1~({8B~chloro~1-0ox0~-2~

phenyl-1,2~dihydroisoguinoline~3-yl)ethylamino) -3~

cyclopentyl-1-(4-methoxybenzyl)-2,3-dihydropyrimido[4,5-

dlpyrimidine-4 (1H) ~one
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45 mg of {8)~5-(1l~(8~chloro~1-o0xc~-2~phenyl~-1,2~
dihydroiscguinoline-3-yl)ethylamino)-3-cycleopentyl-1-(4-
methoxybenzyl)=-2,3~dihydropyrimido{4, 5-d]pyrimidine—~4 (1H) -
one was prepared as a yellow sclid by using 40 mg (0.1
mmol) of 5-chloro-3~cyclopentyl-1~{4~methoxybenzyl)-2,3~
dihydropyrimido(4,5-d]lpyrimidine-4 (1H)-one prepared in step
1 according to the same manner as described in step 5 of
Example‘34 (0.07 mmol, yield: 70%).

H NMR (300 MHz, CDClz) & 9.20 (d, J = 6.8 Hz, 1H),
8.06 (s, 1H), 7.56-7.30 (m, 8H), 7.23 (d, J = 8.4 Hz, 2H),
6.87 (d, J = 8.4 Hz,‘ZH), 6.59 (s, 1H), 4.91-4.82 (m, 2H),
4.74 (s, 2H), 4.36 (d, J = 2.3 Hz, 1H), 1.86-1.74 (m, 2H),
1.38 (d, J = 6.8 Hz, 3H).

Step 3: Preparation of (8)~5-(1-(8-chloro~-1-oxo-2~

phenyl-1,2-dihydroisoquinoline-3-yljethylamino) -3~

cyclopentyl-2,3-dihydropyrimido[4,5-d]lpyrimidine~4(lH)-one

37 mg of (8)-5-(1-(8-chloro-l-oxo-2-phenyl-1,2~-
dihydroisogquinoline-3-yl)ethylamino)-3~-cyclopentyl-2, 3-
dihydropyrimido[4,5—djpyrimidine~4(1H)-ohe was prepared as
a white solid by using 45 mg (0.07 mmol) of (S)-5-{1-(8-
chloro-l-oxo-2-~phenyl~1l,2-dihydroisoquinoline-3-
yl)ethylamino)w3~cyclopentyl~l»(4»metho$ybenzyl)m2,3m
dihydropyrimido[4,5~d]lpyrimidine-4 (1H)~-one prepared in step
2 according to the same manner as described in step 8 of

Example 1 (0.07 mmol, yield: 99%).
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!4 NMR (300 MHz, CDCls) & 9.11 (d, J = 6.7 Hz, 1H),
7.96 (s, 1H), 7.51-7.32 (m, 8H), 6.57 (s, 1H), 5.56 (s,
1H), 4.95-4.65 (m, 2H), 4.65 (s, 2H), 1.99-1.94 (m, Z2H),
1.75-1.65 (m, 4H), 1.57-1.49 (m, 2H), 1.38 (d, J = 6.6 Hz,
3H) .

Example 64: Preparation of (S)-5-(1-{8-chloro-1l-oxo-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethylamino)-3-

isopropyl-2,3-dihydropyrimido[4,5-dlpyrimidine-4(1H) -one

NH,
PMB. /'\/k m PMB., /mJ\

HN/\Wl\
A N7 kﬁ
o o

o < o Q

Step 1: Preparation of (8)~5~(1~(8-chloro~1~ox0—2-

phenyl-1,2~dihydroisoquinoline-3~yl)ethylamino)~3~

isopropyl-lm(4wmethoxybenzyl)m2,3mdihydropyrimido[4,5~

d]lpyrimidine—-4 (1H) -one

Quantitative yield of (S$)~-5-(1-(8-chloro-1~oxo0~-2~
phenyl-1,2-dihydroisoquinoline-3-yl)ethylamino)-3-
isopropyl-1l-(4-methoxybenzyl)-2,3~dihydropyrimido[4, 5~
dlpyrimidine-4 (1H)-one was obtained as a white solid by
using 69 mg (0.20 mmel) of S5-chloro-3-isopropyl-1-(4-
methoxybenzyl) -2, 3~-dihydropyrimido[4,5-d]pyrimidine-4 (1H) -
one according to the same manner as described in step 5 of
Example 34.
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4 NMR (300MHz, CDCls) & 1.02-1.08 (m, 6H), 1.37-1.40
(d, J = 9.0, 3H), 3.80 (s, 3H), 4.32-4.40 (m, 2H), 4.76-
4.89 (m, 4H), 6.59 (s, 1H), 6.85-6.88 (m, 2H), 7.21-7.53
(m, 10H), 8.05 (s, 1H), 9.17-9.19 (d, J = 6.0, 1H).

Step 2@ Preparation of (8)~B-(l-(8-chloro-l-ox0-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethylamino)-3-

isopropyl-2,3-dihydropyrimido[4,5-d]pyrimidine-~4(1H)-one

14 mg of (S)-5-(1-(8~chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino)~-3-isopropyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one was prepared as
a white solid by using 25 mg 0.041 mmol) of (S)-5-(1-(8-
chloro-l-oxo-2-phenyl-1,2~dihydroisoquinoline-3-
yl)ethylamino}—3—isopropyl—1—(4~methoxybenzyl)—2,3—
dihydropyrimido(4,5-d]pyrimidine~4 (1H)-one according to the
same manner as described in step 8 of Example 1 (yield:
70%) .

'H NMR (300MHz, CDCl3) & 1.19-1.25 (m, 6H), 1.37-1.40
(d, J = 9.0, 3H), 4.61-4.68 (m, 2H), 4.80-4.87 {m, Z2ZH),
5.73(br s, 1H), 6.57 (s, 1H), 7.26-7.50 (m, 8H), 7.94 (s,

1H), 9.10-2.13 {(d, J = 9.0,1H).

Example 65: Preparation of (8)~-5-(1-(5-fluoro-4-oxo-3-

phenyl-3,4-dihydrogquinazoline-2~yl)propylamino)-3-

isopropyl-2,3-dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one
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Step 1: Preparation of {(S)-5-(1-{5-fluoro-4-0oxo0-3-

phenyl-3,4-dihydroquinazoline=-2-yl)propylamino) -3~

isopropyl-1-(4-methoxybenzyl}-2,3~dihydropyrimido[4,5-

dlpyrimidine-4 (1H) -one

97 mg of (8)~5-(1-(5~-fluoro~4~oxo-3~phenyl-3,4~
dihydroguinazoline-2-yl)propylamino)~3-isopropyl~-1-(4-
methoxybenzyl)~2,3~dihydropyrimido[4, 5-d]pyrimidine-4 (1H) ~
one was prepared as a white so0lid according to the same
manner as described in step 5 of Examplé 34 except that 69
mg (0.20 mmol) of 5~chloro-3-iscopropyl-1-(4-methoxybenzyl)-
2,3-dihydropyrimido[4, 5~-d]pyrimidine~4 (1H)~one and {(S)-2-
(l1-aminopropyl) -5-fluoro-3-phenylguinazoline~4(3H) -one (1.1
equivalent) were used (0.20 mmol, yield: 100%).

'H NMR (300MHz,CDCl3) & 0.84-0.88 (t, J = 6.0, 3H),
1.02-1.04 (d, J = 6.0, 6H), 1.74-1.94 {(m, 2H), 3.79% (s,
3H), 4.34 (s, 2H), 4.73 (s, 2H), 4.79-4.86 (m, 1H), 4.96-
5.03 (m, 1H), 6.84-6.87 (m, 2H), 7.05-7.30 (m, 4H), 7.45-
7.69 (m, 6H), 8.02 (s, 1H), 9.44-9.46 (4, J = 6.0, 1H).
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Step 2: Preparation of (§)~5=-(l-(5-flucro-4-ox0-3~

phenyl-3,4-dihydroquinazoline-2-yl)propylamino)-3-

isopropyl-2,3-dihydropyrimido[4,5-d]lpyrimidine-~4(1H)~-one

14 ‘mg of (8)-5-(1l-(5~-fluoro-4-~oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)propylamino)-3-isopropyl~-2, 3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one was prepared as
a white solid by using 30 mg (0.049 mmol, 1.0 eq) of (S)-5-
(1-(5-fluoro~4-oxo~3~phenyl-3,4-dihydroquinazoline-2-
yl)propylamino)-3-isopropyl-1-(4-methoxybenzyl)-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H)-one prepared in step
1 according to the same manner as described in step 8 of
).

'H NMR (300MHz, CDCls;) & 0.83-0.87 (t, J = 6.0, 3H),

e

Example 1 (yield: 75

1.19-1.21 (d, J = .0, ©6H), 1.73-1.95 (m, 2H), 4.61 (s,
2H), 4.84-4.99 (m, 2H), 6.33(br s, 1H), 7.05-7.12 (m, 1H),
7.26-7.30 {(m, 1H), 7.44-7.69 (m, 6H), 7.90 (s, 1H), 9.39-
9.41 (d, J = 6.0, 1H).

The following examples 66 ~ 98 were performed by the
method represented by the reaction formula 3A.

[Reaction Formula 3A]
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Example 66: Preparation of (S)-5-((1-(5-chloro-4-oxo-

3-phenyl-3, 4-dihydroquinazoline-2-

yl)ethyl)amino)pyrimido([4,5-d]lpyrimidine~4 (1H)~one

o
/\l/ l
TL YT OO
" HgN \NH N)f 0 cl N/ H
L%i[%\ ijIfL t DIPEA/DMSO :

Step 1l: Preparation of 4,6~-dichloropyrimidine~5-

carbonyl chloride

1 g (5.65 mmol) of 4,6~dichloropyrimidine-5-
carboxaldehyde was dissolved in 15 mL of CCls, to which
0.78 mL (9.61 mmol} of sulfuryl chloride and 46 mg {(0.28
mmél) of 2-2-azobis(2-methyl propionitrile) were added,
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followed by stirring at 80C for 3 hours. The reaction

mixture was filtered under reduced pressure. 5 mL of
anhydrous toluene was added thereto, followed by filtration
under reduced pressure. As a result, 4,6~

dichloropyrimidine~5-carbonyl chloride was obtained.

Step 2: Preparation of 5-chloropyrimidof4,5-

dlpyrimidine-4 (1H) -one

4,6~dichloropyrimidine~5-carbonyl chloride (1.0 eq)
prepared in step 1 was dissolved in toluene, to which
excessive thionyl chloride (SOCl;) was added, followed by
stirring at 115C for 12 hours. The reaction mixture was
cooled down to room temperature. The reaction solvent was
concentrated under reduced pressure and dried to give acid
chloride. Formamidine hydrochloride (1.1 equivalent) was
dissolved in tetrahydrofﬁran at 0C, to which triethylamine
(4.0 equivalent)rwas added. The prepared acid chloride was
dissolved in 5.0 mL of anhydrous tetrahydrofuran, which was
slowly added to the mixture above. The reaction mixture
was heated at room temperature, followed by stirring for 4
hours. Water was added thereto, followed by extraction
with diethyl ether. The water layer was extracted by using
ethylacetate:tetrahydrofuran (1:1). Then, the organic
layer was separated, dried (Na»504) , filtered, and
concentrated under reduced pressure. The residue was
separated by column chromatography (S102, eluent:
dichloromethane/methanol, 15/1 -> dichloromethane/methanol,
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10/1) to give the target compound 5-chloropyrimido[4,5—-

dlpyrimidine—4 (1H) -one.

Step 3: Preparation of (S8)-5-((1-(5-chloro-4-0ox0-3-

phenyl-3,4~-dihydroquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one

25 mg of (S)—S—((1—(5—chloro¥4—oxo—3—phenyl—3,4—
dihydrogquinazoline~2-yl)ethyl)amino)pyrimido(4, 5~
dlpyrimidine-4 (1H) ~one was prepared as a white solid by
using 15 mg (0.08 mmol, 1.0 eq) of 5-chloropyrimidol[4,5-
dlpyrimidine-4 (1H) -one prepared in step 2 and 30 mg (0.10
mmol, 1.2 equivalent) of (S)-2-(l-aminocethyl)-5-chloro-3-
phenylguinazoline-4 (3H) -one according to the same manner as
described in step 5 of Example 34 (0.06 mmol, yield: 68%).

'y NMR (300 MHz, CDCls) & 9.77 (s, 1H), 8.82 (s, 1H),
8.67 (s, 1H), 7.49-7.58 (m; 7H), 7.37 (s, 1H), 5.11-5.16
(m, 1H), 1.51-1.53 (d, J = 3.0 Hz, 3H).

Example 67: Preparation of (S)-5-((1-(5-chloro-4-ox0o-

3- (pyridine-3-yl)-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4 (1H)-one

HNTN
DIPEA/DMSO f%I:Kb
e
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18.8 mg of {8)=5-((1l-(5-chloro~4-o0x0~-3~ (pyridine-3-
y1l)-3,4-dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4(1H)~one was prepared as a white solid
according to the same manner as described in step 3 of
Example 66 except that (S)-2-(l-aminocethyl)-5-chloro-3~
(pyridine-3~yl)quinazoline~4(3H)~one was used (0.04 mmol,
yield: 77%).

'H NMR (300 MHz, DMSO-dg¢) & 9.69 (s, 1H), 8.66-8.69 (m,
2H), 8.40 (s, 1H)}, 8.31 (s, 1H), 8.00-8.11 (m, 1H), 7.74-
7.7 (m, 1H), 7.56-7.65 (m, 3H), 4.82-4.86 (m, 1H), 1.34-
1.39 (m, 3H).

Example 68: Preparation of (8)-5-((1-(5-chloro-3-(3-

fluorophenyl)-4-0oxo0—-3,4-dihydroguinazoline-2-

yliethyl)amino)pyrimido[4,5-d]lpyrimidine-4 (1H) -one

HNTXN

NH N0 HNTSN

) I
o=l p g,
E N °  DIPEA/DMSO kN” NH

Y

13.8 mg of (8)=~5~{(1l-(5-chloro-3~(3~-fluorophenyl)-4-

0xo-3,4-dihydroguinazoline~-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H)-one was prepared as a white solid
according to the same manner as described in step 3 of

Example 66 except that (S)-2-(l-aminocethyl)-5-chloro-3-{(3-
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fluorophenyl)quinazoline-4 (3H)~one was used (0.03 mmol,
yield: 55%).

'H NMR (300 MHz, CDCls) & 9.53-9.62 (m, 1H), 8.63-8.65
(d, J = 3.0 Hz1lH), 8.43-8.44 (m, 1H), 7.63-7.69 (m, 3H),
7.58-7.62 (m, 2H), 7.50-7.55 (m, 1H), 7.28-7.29 (m, 1lH),
7.12-7.19 (m, 1H), 5.12-5.18 (m, 1H), 1.47-1.56 (m, 3H).

Example 69: Preparation of (8)-5-((l-(5-chloro-4-o0x0-

3-{m-tolyl)-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one

HNTSN

NH; NS0 HNSN

- . l /
N._ DIPEA/DMSO mN/ NH
O Cl A
J Y

10.5 mg of (8)-5-((l-(5-chloro-4-oxo-3-(m-tolyl)-3,4-
dihydroquinazoline—Z—yl)ethyl)amino)pyrimido[4,5—
d]pyrimidine~4(lﬂ)—one was prepared as a white solid
according to the same manner as described in step 3 of
Example 66 except that (S)-2-~(l-aminoethyl)-5~-chloro-3-(m-
tolyl)quinazoline—-4(3H)-one was wused (0.02 mmol, yield:
42%) .

'H NMR (300 MHz, CDCl;) & 9.79-9.81 (d, J = 4.5 Hz,
1H), 8.77-8.79 (d, J = 3.0 Hz, 1H), B8.66-8.68 (d, J = 3.0
Hz, 1H), 7.61-7.68 (m, 2H), 7.46—7.51 (m, 3H), 7.35-7.38
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(m, 1H), 7.17-7.18 (m, 1H), 5.18-5.22 (m, 1H), 2.41-2.49

(d, J = 12.0 Hz, 3H), 1.53-1.55 (m, 3H).

Example 70: Preparation of (8)-5-((1-(8-chloro-1-oxo-

2-phenyl-1,2-dihydroisoquinoline-3=-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one

PMB.,

N
: — B
NH O PMB- N2y m PMB. Sy HNEN
N)%NH; CHIOMe), N(JT&O ©I o o rla‘:‘“\:(&o TFAMSA rf”"\:(go
e o o A
N Cl N NH

"\N - DIPEAIDMSO MC N NH
4 a
oYY oYY
Step 1: Preparation of 5-chloro-1-(4-
methoxybenzyl)pyrimido[4,5~d]pyrimidine-4 (1H) ~one
50 mg (0.171 mmol) of ‘4—chloro—6—({4—
methoxybenzyl)amino)pyrimidine-5-carboxamide, 1 mL of

triethyl orthoformate, and 10 ulL 6f methanesulfonic acid
were mixed together, which was stirred at 50C for 2 hours.
The reaction mixture was cooled down to room temperature.
Ethyl acetate and water were added thereto, followed by
extraction. The extracted organic layer was separated,
dried (Na,S804), filtered, and concentrated under reduced
pressure. The residue was separated by column
chromatography (Si0;, eluent: hexane/ethyl acetate, 4/1 ->
hexane/ethyl acetate, 1/1) to give 10 mg of the target
compound 5-chloro-1-(4-methoxybenzyl)pyrimido[4,5-
dlipyrimidine-4 (1H)-one as a pale yellow liquid (0.033 mmol,
yield: 19%).
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W NMR (300 MHz, CDCli) & 8.96 (s, 1H), 8.44 (s, 1H),
7.29 (d, J = 8.9 Hz, 2H), 6.89 (d, J = 8.9 Hz, 2H), 5.37
(s, 2H), 3.80 (s, 3H).

Step 2: Preparation of (8)-5-((1l~(8-chloro-l-oxo-2-

phenyl-1,2-dihydroisoquinoline-3-yl)ethyl)amino)-1-(4-

methoxybenzyl)pyrimido|[4,5-dipyrimidine—-4 {1H) -one

18 mg of (S)-5-((1-(8—chloro-l~oko-2—phenyl—1,2—
dihydroisoquinocline-3-yl)ethyl)amino)-1-(4-
methoxybenzyl)pyrimido[4,5-d]lpyrimidine-4 (1H) -one was
prepared as a pale yellow solid by using 10 mg (0.033 mmol)
of 5-chloro-1-(4-methoxybenzyl)pyrimido([4,5~-d]pyrimidine-
4(1H)-one prepared in step 1 and 9 mg (0.036 mmol) of (S)-
3—(1~aminoethyl)—8~chlor0—2—phenylisoquinoline—l(2H)—one
according to the same manner as described in step 5 of
Example 34 (0.032 mmol, vyield: 96%).

'H NMR (300 MHz, CDCly) & 9.89 (d, J = 7.1 Hz, 1H),
8.36 (d, J = 9.4 Hz, 2H), 7.38-7.54 (m, 5H), 7.29-7.37 (m,
5H), 6.87 (d, J = 856 Hz, 2H), 6.56 (s, 1H), 5.29 (s, 2H),
4.95 (t, J = 6.3 Hz, 1H), 3.77 (s, 3H), 1.44 (d, J = 6.3

Hz, 3H).

Step 3: Preparation of (8)-5-((1-(8-chloro~-l-oxo-2-

phenyl-1,2~-dihydroisoguinoline-3-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one

13 mg of (5)-5-{(1-(8-chloro-l1l-oxo-2~-phenyl-1,2-
dihydroisoquinoline-3~yl)ethyl)amino)pyrimido(4,5-
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dlpyrimidine~4 (1H)~one was prepared as a pale yellow solid
in 25 ml round-bottom flask by wusing 18 mg (0.032 mmol) of
(S)~5-((l-(8~chloro-1-oxo~2~-phenyl-1,2~-dihydroisoquinoline~
3-yl)ethyl)amino)-1-(4-methoxybenzyl)pyrimido[4,5-
dlpyrimidine-4 (1H)~one prepared in step 1 according to the
same manner as described in step 8 of Example 1 (0.029
mmol, yield: 92%).

q 'H NMR (300 MHz, CDCl3) & 9.24 (d, J =5.5 Hz, 1H), 8.57
(s, 1H), 7.47-7.%52 (m, 5H), 7.32-7.38 (m, 4H), 6.60 (s,

1H), 5.03 (t, J =7.0 Hz, 1H}, 1.50 (d, J =6.5 Hz, 3H).

Example 71: Preparation of (8)~5-((l-(5-chloro-4-oxo-

3-phenyl-3,4~dihydropyrrolo[2,1-f][1,2,4]triazine-2~-

yljethyl)amino)pyrimido[4,5~-d]pyrimidine-4(1H)-one

HNSN

Dl
k/01

sali.&
e UL
DIPEA/DMSO KN,/

N
(0]
-
/\l//”\n |

20 mg of {S)y-5-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydropyrrolo[2,1~£f]1[1,2,4)triazine-2~ .
yl)ethyl)amino)pyrimido[4,5-d]pyrimidine~-4 (1H)-one was
prepared as a white solid by using 15 mg (0.08 mmol, 1.0
eguivalent) of 5-chloropyrimido[4,5~-d]lpyrimidine-4(1H)~one
and 28 mg (0.10 mmol, 1.2 equivalent) of (S)~-2-{1~
aminoethyl)-5-chloro-3-phenylpyrrolo[2,1-f][1,2,4)triazine~-
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4 (3H)-one according to the same manner as described in step
5 of Example 34 {(0.05 mmol, yield: 58%).

'H NMR (300 MHz, CDCl;) & 9.44 (s, 1H), 8.81 (s, 1H),
8.64 (s, 1H), 7.49-7.56 (m, b5H), 7.27-7.36 (m, 2H), 7.50
(s, 1H), 5.10-5.14 (m, 1H), 1.51-1.53 (d, J = 3.2 Hz, 3H).

Example 12 Preparation of (S)—=5-{(1-{2-

phenylquinoline-3-vl)ethyl)amino)pyrimido[4,5-d]pyrimidine-

4 (1H)-one
HNTSN
N/%Iigb HNEXN
L
N Cl
DIPEA/DMSO
6 mg of (8)-5-((1l-(2-phenylquinocline-3-
vl)ethyl)amino)pyrimido(4,5-d]lpyrimidine-4 (1H)-cne was

prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)-1-(2-
phenvlquinoline-3-yl}ethaneamine was used (0.015 mmol,
yield: 28%).

'H NMR (300 MHz, DMSO-d¢) & 12.86 (s, 1H), 9.42-9.44
(m, 1H), 8.46 (s, 1H), 8.39 (s, 1H), 8.31 (s, 1H), 9.58-
7.74 (m, 5H), 7.42-7.45 (m, 3H), 5.48-5.52 (m, 1H), 1l.46-

1.48 (d, J = 3.0 Hz, 3H).
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Example 73: Preparation of (8)-5-((l-(5-fluoro-4-oxo-

3-phenyl-3,4-dihydroquinazocline-2-

yl)propyl)amino)pyrimido[4,5-d]lpyrimidine~4 (1lH)-one

HNN
NH. N0 HN
\N/Ajéﬂ u‘; N CI w = 0
N : ' DIPEAIDMSO kN/”NH
. ol

10.7 mg of (8)-5-((1~(5~fluoro-4-oxo~-3-phenyl-3,4-
dihydroquinazoline-2-~yl)propyl)amino)pyrimido[4, 5~
d]pyrimidine~4{1ﬂ)~one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (8)-2-~(l-aminopropyl)-5-fluoro-3-
(phenylquinazoline-4 (3H)-one was used (0.02 mmol, yield:
44%) .

H NMR (300 MHz, CDCli;) & 9.69-9.72 (d, J = 4.5 Hz,
1H), 8.84 (s, 1H)}, 8.68 (s, 1H), 7.51-7.6%9 (m, 7TH), 7.34-
7.36 (m, 1H), 7.09-7.15 (t, J = 9.1 Hz, 1H), 5.07-5.11 (m,
1H), 1.86-1.96 {m, 2H), 0.87-0.92 (t, J = 7.1 Hz, 6H).

Example 74: Preparation of (8)~-5-(2-(5-chloro-4-oxo~-3-

phenyl-~3,4~dihydrogquinazoline~2~yl)pyrrolidine-1-

yl)pyrimido[4,5-d]pyrimidine~4 (1H) ~one
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HN” SN
NH 7o
Cinon, L
' 3 O N el
AN A DIPEADMSO
o ' )
24.7 mg of (S)~5-(2-(5~chloro-4-oxo-3-phenyl-3, 4~

dihydrogquinazoline-2-yl)pyrrolidine-l1-yl)pyrimido{4, 5~
dlpyrimidine~4 (1H)~one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that {S)~5-chloro-3-phenyl-2-
(pyrrolidine~2~yl)quinazoline~4 (3H)~one was used (0.05
mmol, yield: 95%).

'H NMR (300 MHz, CDCls) & 9.56 (s, 1H), 8.53 (s, 1H),
7.74-7.61 (m, 1H), 7.42-7.63 (m, 6H), 7.29 (s, 1H), 4.84-
4.88 (m, 1H), 4.00-4.02 (m, 1H), 3.70-3.74 (m, 1H), 2.04-
2.29 (m, 2H), 1.83-1.87 (m, 2H).

Example 75: Preparation of (8)=5-(2~(8~chloro-l-oxo~2~

(pyridine-3-yl)-1,2-dihydroisoquinoline-3-yl)pyrrolidine-1-

vl)pyrimido[4,5-d]pyrimidine~4 (1H) -one
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10.6 mg of (S)~5-(2~(8~chloro~l-ox0o-2~ (pyridine-3-yl)-
1,2—dihydroisoquinoline—B—yl)pyrrolidine-l—yl)pyrimido[4,5—
dlpyrimidine-4 (1H)~one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (S)-8-chloro-2-(pyridine-3-yl)-3-
(pyrrolidine-2-yl)isoquinoline-1(2H)-one was used (0.02
mmol, yield: 41%).

'H NMR (300 MHz, DMSO-dg¢) & 8.49 (s, 1H), 8.25 (s, 1H),
7.48-7.61 (m, 6H), 7.35-7.41 (m, 3H), 6.46 (s, 1H), 4.67-
4.7 (m, 1H), 4.09-4.15 (m, 1H), 3.09-3.16 (m, 1H), 1.88-
1.97 (m, 3H), l.49m1.53 (m, 1H).

Example 76: Preparation of (S)-5-(2-(5-chloro-4-oxo-3~-

{(pyridine-3-y1)-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-

vl)pyrimido[4,5~-d]pyrimidine-4 (1K) -one

306



10

15

©A 02979815 2017-09~14

R

HN™ >N

o HNTN

/NH Nﬁf

Cn > LA
AN DIPEA/DMSO LA
Y O Cl

15.8 mg of (S)-5-(2-(5-chloro-4~-oxo~3~-(pyridine-3-yl)-
3,4-dihydroquinazoline~2~yl)pyrrolidine~1l-yl)pyrimido[4,5~-
dlpyrimidine-4 (1H) ~-one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (S)-5-chloro-3~(pyridine-3-yl)-2-
(pyrrolidine-2-yl)quinazoline~4 (3H)~one was used (0.03
mmol, yield: 61%).

'H NMR (300 MHz, DMSO-dg) & 12.41 (s, 1H), 8.44 (s,
1H), 8.01-8.22 {(m, 3H), 7.39-7.63 (m, 4H), 4.41-4.47 (m,
iy, 3.77-3.83 (m, 1H), 3.45-3.52 (m, 1H), 1.99-2.15 (m,
3H), 1.69-1.75 (m, 1H).

Example 77: Preparation of (8)-5~(2-(5-chloro-3-(3-

fluorophenyl)-4-oxo0-3,4-dihydroquinazoline-2-

yl)pyrrolidine~l-yl)pyrimido([4,5-dlpyrimidine-4(1lH)-one
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HNTSN
s NIJ\/EKO HNTSN
i N k “ N
A N el NSO
Fo_a N A DIPEA/DMSO kN'/ N
o c ‘ ‘N\HD
“ "’
cl O O/

4.1 mg of (S)-5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-

3,4-dihydroquinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4, 5-
d]pyrimidine-4 (1H)-one was prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (S)-5-chloro-3-(3-fluorophenyl)-2-
(pyrrolidine-2~yl)isoquincline-4 (3H)-one was used (0.01
mmol, yield: 15%) .

'H NMR (300 MHz, CDCls) & 9.56 (s, 1H), 8.54 (s, 1H),
7.52-7.64 (m, 4H), 7.44-7.47 (m, 2H), T7.067-7.14 (m, 1H),
4.86-4.90 (q, J = 3.0, 1.5 Hz, 1H), 4.03-4.08 (m, 1H),
3.74-3.76 (m, 1H), 2.32-2.37. (m, 1H), 2.11-2.23 (m, 2H),

1.87-1.91 (m, 1lH).

Example 78: Preparation of (S)-5-(2-~(5-chloro-4-oxo-3-

(m—tolyl)—3,4—dihydroquinazoline—2-yl)pyrrolidine—l—

yl)pyrimido[4,5-d]lpyrimidine—-4 (1H) -one
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A N MN/"I ;N‘
N DIPEAID:/:ISO 115?5 ,

10.7 mg of (8)=5-(2-(5-chloro-4~0ox0~3~(m~tolyl)-3,4~
dihydroquinazoline-2-yl)pyrrolidine-1l-yl)pyrimido[4, 5~
dlipyrimidine-4(lH)~one - was ©prepared as a white solid
according to the same manner as described in step 5 of
Example 34 except that (S)-5-chloro-2-(pyrrolidine-2-yl)-3-
m—tolquuinézoline—4(3H)~one was used (0.02 mmol, vyield:
40%) .

'H NMR (300 MHz, CDCls) & 8.53 (s, 1H), 8.47-8.48 (d, J
= 1.5 Hz, 1H), 7.42-7.57 (m, 6H), 7.35-7.36 (m, 1H), 7.09-
7.1 (m, 1H), 4.86-4.92 (m, 1H), 4.04-4.07 (m, 1H), 3.68-
3.72 (m, 1H), 2.46-2.49 (d, J = 4.5 Hz, 3H), 2.31-2.34 (m,
1H), 2.15-2.19 (m, 3H).

Example 79: Preparation of (S)-5-(2-(5-chloro-4-0xo-3-

phenyl-3,4-dihydropyrrolo{2,1~£]1[1,2,4]ltriazine-2-

vl)pyrrolidine-l-vyl)pyrimido[4,5~-dlpyrimidine-4(1H)-one
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HNN
Solire
N A N el

; Z NN ‘ Xy 0
N\“/';? DIPEA/DMSO KN/ SN
Cl /
| ? / N*N“?/l:>
< ! |
o} 0
10 my of (8)~5~(2~(5-chloro-4~-0ox0o-3-phenyl~3, 4~

dihydropyrrolo[Z,lmf][1,2,4]triazine—2-yl)pyr;olidinem1~
yl)pyrimido (4, 5~d]lpyrimidine-4(1H)~-one was prepared as a
white solid by using 13 mg (0.07 mmol, 1.0 eguivalent) of
5-chloropyrimido{4,5-d]pyrimidine-4 {(1H)-one and 30 mg (0.09
mmol, 1.3 eqg) of (S)-5-chloro-3-phenyl-2-(pyrrolidine-2-
yvl)pyrrole[2,1-£] gl,2,4]triazine—4(3H)—oné according to the
same manner as described in step 5 of Example 34 (0.02
mmol, yield: 31%).

'H NMR (300 MHz, DMSO-de¢) & 8.55 (s, 1H), 8.27 (s, 1H),
7.72-7.77 (m, 1H), 7.50-7.62 (m, 5H), 6.61 (s, 1H), 4.52
(s, 1H), 3.78-3.83 {m, 1H), 3.40-3.46 (m, 1H), 1.96-2.15
(m, 3H), 1.70-1.76 (m, 1H).

Example 80: Preparation of (8)-5-(2-(5-chloro-3~(3-

fluorophenyl)-4-ox0-3,4-dihydropyrrolo{2,1-

£f]1[1,2,4)triazine~2~yl)pyrrolidine-1l-yl)pyrimido[4,5~

dlpyrimidine-4 (1H) -one
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HNTN

/ N S0 HN"XN
NP N | N o
Fe N~ DIP
0 Cl

N" C I
EA/DMSO NN

20 mg of (8)-5-(2-(5-chloro-3-(3~-fluorophenyl)-4-oxo-
3,4~-dihydropyrrolo[2,1-f]1[1,2,4}triazine~2-yl)pyrrolidine~-
l-yl)pyrimido[4,5~d]lpyrimidine-4 (1H)-one was prepared as a
white solid by using 16 mg (0.09 mmol, 1.0 equivalept) of
5-chloropyrimido[4, 5-d]lpyrimidine~4 (1H)~-one and 30 mg (0.09
mmol, 1.2 equivalent) of (8)-5-chloro-3-(3-fluorophenyl)-2-
(pyrrolidine-2-yl}pyrrolo(2,1-f][1,2,4]triazine-4{3H)-one
according to the same manner as described in step 5 of
Example 34 (0.04 mmol, yield: 47%).

'H NMR (300 MHz, CDCls) & 8.56-8.63 (m, 2H), 7.51-7.60
(m, 2H), 7.28-7.31 {(m, 1H), 7.03-7.14 (m, 2H), 6.42 (s,
1H), 4.87 (s, 1H), 3.94-4.02 (m, IH); 3.65-3.75 {m, 1H),

3.26-3.33 (m, 1H), 1.86-2.28 (m, 4H).

Example 81: Preparation of {(§)=-T7T-amino-5-((1-(5-

chloro-4-ox0-3-phenvl-3,4-dihydroguinazoline-2-

yl)ethyl)amino)pyrimidof4,5-d]pyrimidine-4 (1H)-omne
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Step 1: Preparation of 5-chloro=-7-

(methylthio)pyrimido[4,5-d]pyrimidine—-4 (1H) -one

3.0 g {(12.55 mmol, 1.0 eq) of 4,6-dichloro-2-
{(methylthio)pyrimidine-5-carboxylic acid was dissolved in
40 mL of anhydrous toluene, to which 15 mL of thionyl
chloride (S80Cl;) was added, followedrby stirring at 1157
for 12 hours. The reaction solvent was concentrated under
reduced pressure and dried to give acid chloride. Then,
1.6 g of b-chloro-7-(methylthio)pyrimido[4,5-d]lpyrimidine~
4 (1H) -one was prepared as a white solid according to the
same manner as described in step 2 of Example 66 (2 step
yield: 56%).

'H NMR (300 MHz, DMSO-dg¢) & 2.56-2.58 (d, J = 6.0, 3H),
8.42-8.44 (d, J = 6.0, 1H), 12.88(br s, 1H).

Step 2: Preparation of (S)-5-(1~(5~chloro~4~0x0=~3~

phenyl-3,4-dihydroquinazoline-2-ylj)ethylamino) -7~

(methylthic)pyrimido[4,5~-d]pyrimidine~4 (1H)-one

22 mg of (8)~-5-(1-(5~chloro~-4-0x0~-3-phenyl-3,4-
dihydroquinazoline~2-yl)ethylamino) -7~
(methylthio)pyrimido[4,5-d]lpyrimidine~4(1H)-one was
prepared as a white solid by using 10 mg {(0.055 mmol) of 5-
chloro-7- (methylthio)pyrimido{4,5-d]pyrimidine- 4 (1H)-one
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prepared in step 1 and 20 mg (0.066 mmol, 1.2 equivalent)
of (S})-2-(l-aminocethyl)-5-chloro-2-phenylquinazoline-4(3H)-
one according to the same manner as described in step 5 of
Example 34 (0.044 mmol, yield: 80%).

'H NMR (300 MHz, CDClsy) & 9.42 (s, 1H), 8.21 (s, 1H),
7.64-7.33 (m, 7H), 7.36-7.33 (m, 1H), 5.19-5.13 (m, 1H),

2.43 (s, 3H), 1.47 (d, J = 6.5 Hz, 3H).

Step 3: Preparation of (8})-7-amino-5-((1-(5-chloro-4-

0x0-3-phenyl~3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)~one

16 mg of (S)-~7-amino-5-((l-(8~chloro~l~oxo~2~phenyl~
1,2~dihydroisoquinoline-3-yl)ethyl)amino)pyrimido(4, 5-
dlpyrimidine-4 (1H)-one was prepared as a white solid by
using 19.6 mg (0.04 mmol) of (S)=-5-((l-(5-chloro-4-0x0-3-
phenyl-3, 4~dihydroquinazoline~2~yl)ethyl)amino)-7-
{methylthio)pyrimido[4,5~d]pyrimidine-4 (1H)-one prepared in
step 2 according to the same manner as described in step 4
of Example 15 (0.034 mmol, yield: 85%).

'H NMR (300 MHz, DMSO-d¢) & 9.61-9.58 (m, -NH), 8.06
(s, 1H), 7.71-7.72 (m, 1H), 7.61-7.54 (m, 6GH), 4.77-4.72

(m, 1H), 1.31 (d, J = 6.5 Hz, 3H).

Example 82: Preparation of (S)~-7T-amino-5-( (1~ (5~

chloro-4-oxo-3-(pyridine-3~yl)-3,4-dihydroguinazoline-2-

yl)ethyl)amino)pyrimido[4,5~-d]pyrimidine~4 (1H) -one
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HNTSN

NH, /EE%%jii“o HN TN HN TSN
NS s e Nl)j/% mCPBA  _ NHiOH fjfgo
N]/JN NP DIPEA/IMSO M 95*“/ NH MC IPAITHF HaN N® NH
L o ¢ /:\“f’N /:\r/N
N N‘": ; N { E
./ 0 «a \~ o «

Step 1: Preparation of (S)-5-((l1-(5-chloro-4-ox0-3-

(pyridine—-3-yl)-3,4-dihydroguinazoline-2-yljethyl)amino)-7-

(methylthio)pyrimido[4,5-d]pyrimidine-4 (1H)-one

30 mg of (S)-5-((1-(5-chloro-4-oxc-3-(pyridine-3-yl)-
3,4-dihydrogquinazoline~2-yl)ethyl)amino)-7-
(methylthio)pyrimido[4,5-d]lpyrimidine-4(1H)-one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)-2-(1-
aminoethyl)-5-chloro-3-{(pyridine-3-yl)quinazoline-4(3H)}-one
was used (0.06 mmol, yield: 60%).

'H NMR (300 MHz, CDCls) & 11.77 (s, 1H), 11.32 (s, 1H),
9.28-9.20 (m, 1H), 8.89 (s, 1H), 8.81-8.79 (m, 1H), 8.72-
8.7OA(m, 1H), 8.63-8.62 (m, 1lH), 8.24 (s, 1H), 8.10-8.05
(m, 1H), 7.77-7.75 (m, 1H), 7.66-7.48 (m, 5H}), 5.18-5.13
(m, 1H), 4.95-4.90 (m, 1H), 2.49 (d, J = 11.7 Hz, 3H),

1.56-1.52 (m, 3H).

Step 2: Preparation of (8)-7-amino-5-((1-(b-chloro—-4-

0x0=-3-(pyridine-3-yl)-3,4-dihydrogquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]lpyrimidine-4 (1H) -one

11 mg of (S)-7T-amino-5-{(1-{5-chloro-4-oxo0-3-
(pyridine~3-yl)~3,4~dihydroquinazoline~-2~
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yl)ethyl)amino)pyrimido[4,5~-d]lpyrimidine~4 (1H)-one was
prepared as a pale yellow solid by using 24 mg (0.049 mmol)
of ($)-5-(1-(5-chloro-4-0ox0o~3-phenyl-3,4-
dihydkoisoquinoline~2wyl)ethylamino)~7¥
(methylthio)pyrimido[4,5-d]pyrimidine-4(1H)-one prepared in
step 1 according to the same manner as described in step 4
of Example 15 (0.024 mmol, yield: 49%).

4 NMR (300 MHz, DMSO-dg) &. 12.14(brs, 1H), 9.40(brs,
1H), 8.74-8.81 (m, 1H), 8.64-8.73 (m, 1H), 8.03-8.14 (m,
2H), 7.72-7.84 (m, 1H), 7.52-7.67 (m, 3H), 6.80(brs, 2H),
4.62-4.75 (m, 1H), 1.33 (d, J = 6.6 Hz, 3H).

Example 83: Preparation of - (8)~7-amino-5-{((1-(5-

chloro-3-(3-fiuorophenyl)-4-oxo-3,4-dihydroguinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one

HN N
NH, NS0 HNTN
i N )I\ P
i Mes” NT el NS o mCPBA  NHOH
F S N DIPEADMSO MaS)\N/ AH MC  IPATTHF HN
Pz o O AN
m /\[/
oYl 2
Step 1: Preparation of (S$)-5-((1-(5~-chloro-3-{3-

fluorophenyl)-4-0x0-3,4~dihydroquinazoline-2-

yl)ethyl)amino)-7—(methylthio)pyrimido[4,5~d]lpyrimidine-

4 (1H)-one

38 mg of (38)-5-((1-(5-chloro~3-(3-fluorophenyl)-4-oxo-
3,4~-dihydroguinazoline-2-yl)ethyl)amino)-7-
(methylthio)pyrimido[4,5~dlpyrimidine~4 (1H)-one was
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prepared as a white so0lid according to the same manner as
described in step 5 of Example 34 except that (S)-2-(1-
aminoethyl)~5~-chloro~-3~(3~fluorophenyl)quinazoline~4 (3H) -
one was used (0.075 mmol, vyield: 75%).

'H NMR (300 MHz, CDCli) & 9.40 (s, -NH), 8.26 (s, 1H),
7.65-7.47 (m, 5H), 7.37-7.29 (m, 1H), 7.16-7.09 (m, 1H),
5.19-5.12 (m, 1H), 4.09-4.02 (m, 1H), 2.46 (s, 3H), 1.50
(d, J = 6.5 Hz, 1H).

Step 2: Preparation of (8)-7-amino-5-((l-(5-chloro-3-

{(3-fluorophenyl)-4-ox0-3,4~-dihydrogquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one

27 mg of (8) -7T-amino-5-((1-(5-chloro-3-(3-
fluorophenyl)-4-0oxo-3,4-dihydroquinazoline-2-
yl)ethyl)amino)pyrimido[4,5~d]pyrimidine~4 (1H) -one was
prepared as a white solid according to the same manner as
described in step 4 of Example 15 except that (S)-5-((1l-(5-
chloro~-3-(3~fluorophenyl)-4-oxo0-3,4-dihydroquinazoline~2-~
yl)ethyl)amino) -7~ (methylthio)pyrimido{4, 5-dlpyrimidine-

4 (1H)~one was used (0.056 mmol, yieid: 81%).

'H NMR (300 MHz, DMSO-de¢) & 12.13 (s, -NH), 9.46 (s, -
NH), 8.06 (s, 1H), 7.78-~7.73 (m, 1H), 7.62-7.31 (m, 6H),
6.87 (s, -NH), 6.64 (s, ~-NH), 4.80-4.72 (m, 1H), 1.35-1.33
(m, 3H).
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Example 84: Preparation of (8)-7-amino=-5-{(1- (5~

chloro-4-0x0o-3-{m—-tolyl)-3,4-dihydroquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]lpyrimidine-4(1H)-one

HN SN

NH )f YN
od _wes” N o ’le:L* mCPBA _ _NH,OH ,j:LfI:Lﬁa
T DIPEADMSO gy M IPATHE P

'SR A1 oY

Step 1: Preparation of (8)-5-{({1~(5-chloro-4-oxo-3-(m-

tolyl)-3,4-dihydroquinazoline-2-yl)ethyl)amino) -7~

{(methylthio)pyrimido[4,5~d]lpyrimidine~-4(1H)-one

45 mg of (8)-5-((1l-(5~chloro~4-ox0-3~-{m-tolyl)-3, 4~
dihydrogquinazoline-2-yl)ethyl)amino)~-7-
{methylthio)pyrimido[4,5-d]pyrimidine-4 (1H)-one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)~-2-(1-
aminoethyl) ~5-chloro-3«m-tolylquinazoline-4 (3H) ~one was
used (0.089 mmol, yield: 89%).

'H NMR (300 MHz, CDCls) & 9.46 (s, 1H), 8.23 (s, 1H),
7.65-7.56 (m, 2H), 7.47-7.41 (m, 2H), 7.30-7.27 (m, 1H),
7.14 (s, 1H), 5.22-5.15 {(m, 1H), 2.46-2.39 (m, 6H), 2.48-47
(m, 3H).

Step 2: Preparation of (8)~-7-amino-5-((1-(5-chloro-4-

0x0~3~ (m~tolyl)~3,4~dihydrogquinazoline-2-

yl)ethyl)amino)pyrimido[4,5-d]pyrimidine-4 (1H)-one
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35 mg of (8)~T-amino=-5-((1l-(5~chloro-4-0ox0~3~ (m~-
tolyl)-3,4-dihydrogquinazoline-2-
yl)ethyl)amino)pyrimido{4,5-d]pyrimidine-4 (1H)-one was
prepared as a white solid according to the same manner as
describea in step 4 of Example 15 except that (8)-5-((1-(5-
chloro-4-oxo-3- (m~tolyl)-3,4-dihydroquinazoline-2-
ylyethyl)amino)-7- (methylthio)pyrimido[4, 5-d]pyrimidine-

4 (1H) -one was used (0.073 mmol, yield: 82%).

'H NMR (300 MHz,‘DMSOwda)  12.13 (s, =NH), 9.60-9.48
(s, =-NH), 8.06 (s, 1H), 7.78-~7.72 {(m, 1lH), 7.63-7.53 (m,
2H), 7.45-7.27 (m, 4H), 6.80-6.71 (m, -NH2), 4.84-4.77 (m,
1H), 2.47 (s, 3H), 1.35-1.30 (m, 3H).

Example 85: Preparaticn of (S)-7-amino-5-(1-{8-chloro-

l-oxo-2~-phenyl-1,2-dihydroisoquinoline~3-

yl)ethylamino)pyrimido{4,5-dlpyrimidine-4 (1H) -one

HN =N
jig HN"N HN"SN
A “lthLW mCPBA  NHAOH _ %”gf[%kb
[::fﬁi;ili;] " DIPEADMSO » /L* MC IPAITHF }hn)‘N/ NH
N N
Ejr o <o E:r o ¢

Step 1: Preparation of (8)~-5-(1-(B-chloro~-l-oxo=-2-

phenyl-1,2~-dihydroisoquinoline-3-yl)ethylamino)-7-

(methylthio)pyrimido[4,5-d]pyrimidine-4 (1lH)-one

35 mg of {($)-5-(l-(8~chloro-l-oxo~2-phenyl-1,2~-
dihydroiscquinoline~3-yl)ethylamino)-7-
(methylthio)pyrimido[4,5~d]lpyrimidine~4 (1H) ~one was
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prepared as a white solid by using 17 mg (0.0743 mmol, 1.0
equivalent) of 5-chloro-T7-(methylthio)pyrimidof4, 5-
dlpyrimidine-4 (1H) -one prepared in step 1 of Example 81 and
27 mg (0.0892 mmol, 1.2 equivalent) of (8)-3- (1~
aminoethyl)-8~-chloro-2~phenylisoquinoline-1(2H)-one
according to the same manner as described in step 5 of
Example 34 (yield: 96%).

'H NMR (300 MHz, DMSO-dg¢) & 1.40-1.42 (d; J = 6.0, 3H),
2.34 (s, 3H), 4.75-4.80 (m, 1H), 6.82 (s, 1H), 7.27—7_36
(m, 3H), 7.42-7.44 (m, 1H), 7.49-7.54 (m, 2H), 7.60-7.67
(m, 2H), 8.28 (s, 1H), 9.13-9.15 (d, J = 6.0, 1H), 12.78(br

s, 1H).

Step 2: Preparation of (S)-7-amino-5-(1-(8-chloro-1-

oxo~2-phenyl-1,2-dihydroisogquincline~3-

vl)ethylamino)pyrimido{4,5-d]lpyrimidine-4{1H) ~one

60 mg of (8)~7T-amino-5- (1~ (8~chloro-l-oxo-2~phenyl-
1,2mdihydroisoquinoline~3myl)ethylamino)pyrimido[4,5w
djpyrimidine-4(1H)-one was prepared as a white solid by
using 170 mg (0.346 mmol) of (S)-5~(1-(8~chloro-l-oxo-2~-
phenyl-1,2-dihydroisoquinoline-3-yl}ethylamino) -7~
(methylthio)pyrimido[4,5~d]pyrimidinew4(1H)—one prepared in
step 2 according to the same manner as described in step 4
).

'H NMR (300 MHz, DMSO-dg) & 1.29-1.31 (d, J = 6.0, 3H),

of Example 15 (yield: 38

oe

4.58-4.62 (m, 1H}, 6.57-6.94 (m, 3H), 7.42-7.64 (m, 8H),
8.08 (s, 1H), 9.05-9.06 (d, J = 3.0, 1H), 12.24 (s, 1lH).
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Example 86: Preparation of (S)-7T—-amino-5-((1-{5-

chloro-4-¢oxo~3~-phenyl-3,4-dihydropyrrolo[2,1~

f1{1,2,4]triazine-2~yl)ethyl)amino)pyrimido[4,5-

dlpyrimidine-4 (1H) -one

HNSN
NH, ’E]:f* HN N HNTSN
/\,/ N Me:c;A mCPBA _ NH,OH Nl)*\l/‘%
@, WH:? " DIPEADMSO N MC  IPATTHF HZN)\N/ NH
)

@2 SR

Step 1: Preparation of (8)-5-((l1-(5-chloro-4-ox0-3-

phenyl-3,4~dihydropyrrolo[2,1-£f][1,2,4]triazine-2-

yl)ethyl)amino)~7-(methylthio)pyrimido[4,5-d]lpyrimidine-

4(1H)-one

102 mng of {(8)-5~((1l-{5-chloro-4-0x0~-3~phenyl-3,4-
dihydropyrrolo[2,1-f]1[1,2,41triazine-2-yl)ethyl)amino)-7-
{methylthio)pyrimido[4,5-d]pyrimidine~4 (1H)-one was
prepared as a white solid by using 58 mg (0.20 mmol) of
{§)~5-((1-(5-chloro-4-oxo-3~phenyl-3,4~-dihydropyrrolol2,1-
f1[1,2,41triazine~-2~yl)ethyl)amino)-7=
(methylthio)pyrimido[4,5-d]lpyrimidine-4 (1H)-one according
to the same manner as described in step 5 of Exanmple 34
(yield: 94%).

'H NMR (300 MHz, CDCl3) & 9.15(br s, 1H), 8.32(s, 1H),
7.30-7.65{(m, 7H), 6.52(s, 1H), 5.10-5.25(m, 1H), 2.47(s,

3H), 1.50(d, J = 6.4Hz, 3H).
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Step 2: Preparation of (8)-7-amino-5-((l-~{5~chloro~4-

oxo-3-phenyl-3,4-dihydropyrrolo[2,1-f][1,2,4]triazine-2-

yl)ethyl)amino)pyrimido[4, 5-d]pyrimidine-4(1lH)-one

14 mg of (8)-7T-amino-5-({(l-(5-chloro~4-oxo~-3~-phenyl-
3,4-dihydropyrroleo{2,1-f1[1,2,4)triazine-2-
yl)ethyl)amino)pyrimido[4,5-d]pyrimidine~4 (1H) -one was
prepared as a white solid by using 43 mg (0.089 mmol) of
{8$)=-5-((1=(5-chloro-4-ox0-3-phenyl-3,4-dihydropyrrolo[2,1-
f111,2,4}triazine-2-yl)ethyl)amino)-7-
(methylthio)pyrimido[4,5—d]pyrimidinem4(1H)—one according
to the same manner as described in step 4 of Example 15
(0.031 mmol, yield: 35%). '

'H NMR (500 MHz, DMSO-dg¢) & 12.18(brs, 1H), 9.11(brs,
iH), 8.10 (s, 1H), 7.70-7.73 (m, 1H), 7.54-7.62 {(m, 1H),
7.42-7.52 (m, 2H), 7.24-7.35 (m, 1H), 6.93(brs, 1H),
6.70(dd, J = 1.0 Hz, J = 3.1 Hz, 1H), 6.62(brs, 1H), 4.75-
4.83 (m, 1H), 1.35-1.41 (m, 3H).

Example B7: Preparation of (S)~-7-amino~5~( (1~ (5-

chloro-3-(3-fluorophenyl)-4-0x0-3,4-dihydropyrrolo[2,1-

f1[1,2,4]triazine-2-yl)ethyl)amino)pyrimido[4,5—-

dlpyrimidine-4 (1H) ~one

HN N HN

NIJ‘*TJ\O mCPBA
P MC
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20 mg of (8)y-7T-amino~5~( (1~ (5~-chloro-3~(3~-
fluorophenyl)-4-oxo-3,4-dihydropyrrolol2,1-
fl{l,2,4]triazine-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine—~4 (1H) -one was prepared as a white solid by
using 86 mg (0.172 mmol) of (S)-5-((1-(5-chloro-3~ (3~
fluorophenyl)-4-0x0-3,4-dihydropyrrolo[2, 1-
£f1[1,2,4)1triazine-2-yl)ethyl}lamino}-7-
(methylthio)pyrimido[4,5-d]pyrimidine—4(lH)—one according
to the same manner as described in step 4 of Example 15
(0.043 mmol, yield: 25%).

'H NMR (500 MHz, DMSO-d¢) & 9.19(brs, 1H), 8.09 (s,
1H), 7.68 (s, 1H), 7.53-7.63 (m, 3H); 7.48 {s, 2H),
6.95(brs, 1H), 6.68 (s, 1lH), 6.60(brs, 1H), 7.71-7.78 (m,
1H), 1.32-1.38 im, 3H) .

Example 88: Preparation of (8)~7T-amino~5~({1~-(2-

phenylguinoline-3-yl)ethyl)amino)pyrimido[4,5-d]lpyrimidine—-

4{(1H) -one

NH, N X0 HNT N HN =N

£ |
7 0 Mas/L‘N/ c) NJ‘TL”C) mCF’BA NH,OH ﬂ)ﬁo
O \N' DIPEA/DMSO IPAITHF HZN
i
‘»’:

Step 1l: Preparation of ~{methylthio)-5-({1~-(2-

phenylguinoline-3-yl)ethyl)amino)pyrimido[4,5-d]pyrimidine~

4 (1H) -one
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23 mg of (S8)-7-(methylthio)-5-((1-(2~phenylquinoline-
3-yljethyl)amino)pyrimido{4,5~-d]lpyrimidine—4 (1H)-one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)-1-(2-
phenylquinoline-3-yl)ethaneamine was wused -(0.052 mmol,
yield: 52%).

'H NMR (300 MHz, CDCl;) & 12.32 (s, -NH), 9.31-9.29 (m,
1H), 8.26 (s, 1H), 8.20 (d, J = 8.5 Hz, 1H), 8.04 (s, 1lH),
7.83 (d, J = 8.2 Hz, 1H), 7.74-?.68 (m, 3H), 7.57-7.43 ({(m,

4H), 5.78-5.68 (m, 1H), 1.51 (d, J = 6.6 Hz, 3H).

Step 2: Preparation of (S)~-7-amino-5-( (1~ (2-

phenylguinoline-3-yl)ethyl)amino)pyrimido[4,5-d]lpyrimidine-

4 (1H) —one

16 mg of (S)=-7-amino~5-((1l-(2~phenylgquinoline-3~
vl)ethyl)amino)pyrimido[4,5~-d]lpyrimidine-4(1H)-one was
prepared as a white solid according to the same manner as
described in step 4 of Example 15 'except that (8)-7-
{methylthio) -5~ ((1-(2-phenylquinoline-3-
yl)ethyl)amino)pyrimido[4,5~d]pyrimidine~4(1H)~-one was used
{0.039 mmol, yield: 81%).

'H NMR (300 MHz, DMSO-d¢) & 12.16 (s, -NH), 9.36 (s, -
NH), 8.36 (s, 1H), 8.07 (s, 1H), 8.01-7.96 (m, 2H), 7.75-
7.44 (m, 7H), 7.63-7.53 (m, 2H), 7.45-7.27 (m, 4H), 6.86
(m, -NH), 6.75 (m, -NH), 5.48-5.44 (m, 1H), 1.33 (d, J =

6.1 Hz, 3H).
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Example 89: Preparation of (S)~-7T-amino~-5-( (1~ (5~

fluoro-4-oxo—-3-phenyl-3,4-dihydroguinazoline-2-

yl)propyl)amino)pyrimido[4,5-d]pyrimidine-4(1H)-one

HNN
NH, N0 HNTN HNTSN
N Al
e Me§” “N” ¢) N“S o mCPBA _ _ NH(OH NS o
¥ o F \/Y\T;@ \/\@
N N
Y1 SRR

Step 1: Preparation of (S)-5-((1-(5-fluoro-4-oxo-3-

phenyl-3,4-dihydroquinazoline-2-yl)propyl)amino)-7-

(methylthio)pyrimido[4,5-d]pyrimidine-4 (1H)-one

45 mg of (8)-5-((1-{5~fluoro-4~-oxo~3~-phenyl-3,4-
dihydroquinazoline-2-yl)propyl)amino)-7-
{methylthio)pyrimido[4,5-d]pyrimidine-4 (1H)-one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)-2-(1-
aminopropyl)-5-fluoro-3-(pyridine-3-yl)quinazoline-4 (3H) -
one was used (0.089 mmol, yield: 89%).

'H NMR (300 MHz, CDCls) & 9.49-9.45 (m, 1H), 8.21 (s,
1H), 7.72-7.47 (m, 5H), 7.35-7.31 (m, 1H), 7.15-7.08 (m,
1H), 5.13-5.06 (m, 1H), 2.38 (s, 3H), 1.98-1.76 (m, 2H),

0.87-0.78 (m, 3H).

Step 2: Preparation of (S)-7-amino-5-((1-(5-fluoro-4-

oxo-3-phenyl-3,4-dihydroquinazoline-2-

yl)propyl)amino)pyrimido[4,5-d]lpyrimidine-4(1H)-one
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3 mg of (8)-7-amino-5-((1-(5-fluoro-4-oxo-3~-phenyl-
3,4-dihydroquinazoline-2-yl)propyl)amino)pyrimido{4,5~-
dlpyrimidine-4 (1H)-one was prepared as a white solid
according to the same manner as described in step 4 of

5 Example 15 except that (S)-5-((1-(5-fluoro-4-oxo-3-phenyl-
3,4-dihydroquinazoline-2-yl)propyl)amino)-7-
(methylthio)pyrimido[4,5-d]pyrimidine-4(1H)-one was used
{(0.075 mmol, yield: 8B%).

'Y NMR (300 MHz, DMSO-de¢) & 12.14 (s, -NH), 9.45 (s, -

10 NH), 8.06 (s, 1H), 7.82-7.74 {(m, 1H), 7.61-7.51 (m, 5H),
7.46-7.43 (m, 1H), 7.30-7.23 (m, 1H), 6.85 (s, -NH), 6.50
(s, -NH), 4.67 (s, 1H), 1.90-1.82 (m, 1H), 1.60-1.50 (m,
1H), 0.71-0.66 (m, 3H).

15 Example 90: Preparation of (S)-7-amino-5-(2-(5-chloro-

4-oxo0-3-phenyl-3,4~dihydroguinazoline-2-yl)pyrrolidine-1-

yl)pyrimido[4,5-d]lpyrimidine-4 (1H) -~one
HNTSN
g *ﬁ )
("Xr"0  mCPBA  NH,OH
" DIPEADMSO /tﬂjjjK

HN N
MeS” “N° N MC IPAITHE HN /%
Ny ‘

Step 1: Preparation of (S)~5w(2~(5wchloro"4wmox0m3m

20 phenyl-3,4~dihydrogquinazoline-2-yl)pyrrolidine-1-yl)-T7-

(methylthio)pyrimido[4,5-d]pyrimidine-4(1H)-one

23 mg of {S)-5-(2~(5-chloro-4--oxo-3~phenyl-3,4-
dihydroquinazoline-2-yl)pyrrolidine-1l=-yl)~7-
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(methylthio)pyrimido[4,5~-d]lpyrimidine-4(1H)-one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (S)-5-chloro-
3-phenyl~-2~- (pyrrolidine-2-yl)quinazoline-4 (3H)-one was used
{(0.044 mmol, yield: 80%).

'H NMR(300 MHz, CDCl;) & 8.17 (s, 1H), 8.03-8.00 (m,
iH}), 7.69-7.40 (m, 8H), 4.85-4.80 (m, 1H), 4.06-4.00 (m,
1H), 3.68-3.60 (m, 1H), 2.53 (s, 3H), 2.29-2.10 (2H), 1.83-
1.76¢ (m, 2H).

Step 2: Preparation of (8)-7-amino-5-(2-(5-chloro-4-

oxo-3-phenyl-3,4~dihydroquinazoline-2-yl)pyrrolidine-1-

yl)pyrimido[4,5-d]pyrimidine-4 (1H) -one

20 mg of (S)-7-amino-5-{2-(5-chloro-4-oxo-3-phenyl-~-
3,4~-dihydroquinazoline-2-yl)pyrrolidine~1l-yl)pyrimido([4,5-
d]pyrimidine~-4 (1H)~one was prepared as a white solid
according to the same manner as described in step 4 of
Example 15 except that (S)-5-(2-(5-chloro-4--oxo-3-phenyl-
3,4-dihydroquinazoline-2-yl)pyrrolidine-1-yl)-7-
(methylthio)pyrimido([4,5-d]pyrimidine~-4 (1H)-one was used
{0.043 mmeol, yield: 86%).

'H NMR(300 MHz, CDCls) & 11.77 (s, 1H), 9.10 (s, 1H),
8.72-8.70 (m, 2H), 8.37 (s, 1H), 8.00 (s, 1H), 7.69-7.47
(m, 4H), 4.83-4.80 (m, 1H), 4.49-4.41 (m, 1H), 3.87-3.73
(m, 2H), 1.28-1.24 (m, 4H).
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Example 91: Preparation of (8)~7-amino-5-(2~(5~chloxo~-

4-0ox0-3-(pyridine-3-yl)~-3,4-dihydroquinazoline~-2-

vl)pyrrolidine-1l-yl)pyrimido[4,5-d]pyrimidine-4(1H) -one

HNTSN
NH N0 HNTXN HN N
' e MeS” "N~ Gl J\\ o] mCPBA NH,OH NI\ 0
X DIPEADMSO  ppos "N MG IPATHF NS
lJ o ¢ Ng N
,;f" 4 "}
a o s o o &)

Step 1: Preparation of (8)-5-(2-(5-chloro-4-oxo0~-3-

(pyridine-3-yl)=-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-

yl)~7- (methylthio)pyrimido[4,5~-d]lpyrimidine~-4 (1H)~one

30 mg of (S)-5-(2~(5-chloro~4-oxo-3~(pyridine~3-yl)~-
3,4-dihydroguinazoline~2-yl)pyrrolidine~1-yl) -7~
(methylthio)pyrimido[4,5-d]lpyrimidine-4(1H)-one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)-5-chloro-
3-(pyridine-3-yl)-2~(pyrrolidine-2-yl)quinazoline-4(3H)~-one
was used (0.057 mmol, yield: 57%).

'H NMR (300 MHz, CDCl;) & 10.96 (s, 1H), 9.31 (s, 1H),
8.82-8.78 (m, 1H), 8.56 (s, 1H), 8.45-8.42 (m, 1H), 8.24
(s, 1H), 7.56-7.43 {m, 4H), 4.83-4.80 (m, 1H), 4.69-4.64
(m, 1H), 3.71-3.60 (m, 1H), 2.53 (s, 3H), 1.28-1.24 (m,
1H) .

Step 2: Preparation of (8)-7-amino-5-(2-(5-chloro-4-

oxo-3-(pyridine-3-yl)-3,4-dihydroquinazoline-2-

yl)pyrrolidine-l-yl)pyrimido[4,5~-d]pyrimidine~4 (1H)-one
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20 mg of (8)-7T-amino-5-(2~(5~chloro~4~oxo~3~(pyridine~
3-yl1)-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-
yl)pyrimido[4,5-d]lpyrimidine-4 (1H) -one was prepared as a
white solid according to the same manner as described in
step 4 of Example 15 except that (S)-5-(2-(5-chloro-4-oxo-
3-(pyridine-3-yl)-3,4-dihydroquinazoline-2-yl)pyrrolidine-
1-yl)-7-{(methylthio)pyrimido{4,5-d]lpyrimidine-4(1H)-one was
used (0.043 mmol, yleld: 86%).

'H NMR (300 MHz, CDCly) & 11.77 (s, 1H), 9.10 (s, 1H),
8.72-8.70 (m, 2H), 8.37 (s, 1H), 8.00 (s, 1H), 7.69-7.47
(m, 4H), 4.83-4.80 (m, 1H), 4.49-4.41 (m, 1H), 3.87-3.73

(m, 2H), 1.28-1.24 (m, 4H).

Example 92: Preparation of (S)-7-amino-5-(2-{(5-chloro-

3-(3-fluorophenyl)-4-ox0-3,4~-dihydroquinazoline-2-

yl)pyrrolidine-l-yl)pyrimido([4,5-d]lpyrimidine-4 (1H)-one

HNEN

HNSN :
U\Y f ﬁf . e L
Ter e

. Step 1l: Preparation of (8)~-5-(2-(5-chloro-3-(3-

fluorophenyl)~4~ox0~3,4-dihydroquinazoline-2-

yl)pyrrolidine~l-yl)-7~{methylthio)pyrimido[4, 5~

dlpyrimidine-4 (1H) -one

38 mg of (S)-5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4~-dihydroquinazoline~2-yl)pyrrolidine-1l-yl)-7-
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(methylthio)pyrimido([4,5~d]pyrimidine~4 (1H)~one Was
prepared as a white solid‘according to the same manner as
described in step 5 of Example 34 except that (S8)-5-chloro-
3-(3~fluorophenyl)~2—(pyrrolidinew2—yl)quinazoline—4(3H)~
one was used (0.071 mmol, yield: 71%).

!4 NMR (300 MHz, CDCls) & & 11.62 (s, -NH), 8.29 (s,
1H), 7.86-8.72 (m, 1H), 7.68-7.41 {(m, O5H), 7.2%9-7.24 (m,
i1H), 7.09-7.02 (m, 1H), 4.84-4.78 (m, 1H), 4.09-4.02 (m,
1H), 3.65-3.60 (m, 1H), 2.52 (s, 3H), 2.25-2.08 (m, 4H),

1.84-1.77 (m, 1H).

Step 2: Preparation of (S)-7-amino-5-(2-(5-chloro-3-

(3-fluorophenyl)~4-oxo~3,4~dihydroquinazoline-2-

yl)pyrrolidine-1-yl)pyrimidof[4,5-dipyrimidine-4(1H)-one

(S)-7-amino-5- (2~ (5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4-dihydroquinazoline~2~yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4(1lH)~one was prepared according to the same
manner as described in step 4 of Example 15 except that
(S)-5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo0-3,4-
dihydroquinazoline-2-yl)pyrrolidine~1-yl) -7~
(methylthio)pyrimidol[4,5-d]pyrimidine-4(1H)-one was used.

'H NMR(300 MHz, DMSO-d6) & & 11.76(br s, 1H), 8.00 (s,
1H), 7.95-7.30 (m, 8H), 6.62 (br s, 2H), 4.60-4.40 (m, 1H),
3.90-3.70 (m, 1H), 3.65-1.77 (m, 6H).
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Example 93: Preparation of (8)-7-amino~5-(2~(5-chloro-

1-ox0-3-(m-tolyl)-3,4-dihydroquinazoline-2~yl)pyrrolidine-

l-yl)pyrimido{4,5-dlpyrimidine-4 (1H)-one

HNTSN

HN N HN N

Ct\(/" ues“ﬂ\u/ ¢ N!J*Igo [mCPBA __ NH,OH Nl/ﬁfgo
. I N N\[p DIPEAIDMSO MQSJ\N;)I‘D MC IPAITHF HzN/LN;D
L o Ci N\ N\ i
DT T
¢ o U 1 o U

Step 1: Preparation of (S})-5-(2-(5-chloro-4-0xo-3-{m-

tolyl)-3,4-dihydrogquinazoline-2-yl)pyrrolidine~l~yl)~7-

(methylthio)pyrimido[4,5~d]lpyrimidine-4 {(1H)-one

45 mg of (S)~-5-(2~(5-chloro~-4-ox0o-3~(m~tolyl)-3,4-
dihydroquinazoline-2-yl)pyrrolidine-1-yl)-7-
{methylthio)pyrimido[4,5-d]pyrimidine-4 (1H)-one was
prepared as a white solid according to the same manner as
described in step 5 of Example 34 except that (8)-5-chloro-
2-(pyrrolidine~2-yl)-3-m-tolylgquinazoline-4 (3H)-one was
used (0.085 mmol, yield: 85%).

'H NMR (300 MHz, CDClz) & 11.72 (s -NH), 8.26 (s, 1H),
7.84 (s, 1H), 7.55-7.41 (m, 5H), 7.07 (s, 1H), 4.87-4.81
{m, 1H), 4.13-4.07 {(m, 1H), 3.58-3.51 (m, 1H), 2.50 (s,

3H), 2.20-2.04 (m, 4H), 1.79-1.73 (m, 2H).

Step 2: Preparation of (S8)-7-amino-5-(2-(5-chloro~4-

oxo—-3-(m-tolyl)-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-

yl)pyrimido[4,5~-dlpyrimidine-4{1H) ~one
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WHAT IS CLAIMED IS:

1. A compound represented by formula 1, an optical
isomer thereof, or a pharmaceutically acceptable salt

5 thereof:

[Formula 1]

R s
wherein, in the formula 1,
77 1is single bond or double bond;
10 A is carbon (C) or nitrogen (N);
R! is hydrogen (H), or -NHy;
RZ is H, -CN, Ci-5 straight or branched alkyl,
unsubstituted Cs3-7 cycloalkyl or halogen;
R* is H;
15 RY is H or Ci-s straight or branched alkyl; or
R3 and R?*? can form pyrrolidine along with the atoms

which are conjugated to the same; and
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wherein, n is an integer of 0 ~ 3,

R¢E is unsubstituted or substituted phenyl or
unsubstituted or substituted pyridinyl, in which said
substituted phenyl and the substituted pyridinyl have one
or more substituents selected from the group consisting of
halogen, Ci-5 straight or branched alkyl, and Ci-s straight
or branched alkylsulfonyl,

R7 is H, halogen, or unsubstituted pyridinyl, and

R8 is H, or halogen.

2. The compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt
thereof according to claim 1, wherein:

o is single bond or double bond;

A is carbon (C) or nitrogen (N):;

R' is H, or -NH3;

R? is H, -CN, Ci-3 straight or branched alkyl,
unsubstituted Cs-s cycloalkyl or halogen;

R3 is H;
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R4 is H or Ci-s straight or branched alkyl; or

R3 and R?* can form pyrrolidine along with the atoms

which are conjugated to the same; and

wherein, n is an integer of 0 or 1,

R® is unsubstituted or substituted phenyl or
unsubstituted or substituted pyridinyl, in which said
substituted phenyl and the substituted pyridinyl have one

10 or more substituents selected from the group consisting of
halogen and Ci-s straight or branched alkyl,

R7 1is H, halogen, or unsubstituted pyridinyl, and

R® is H, or halogen.

15 3. The compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt
thereof according to claim 1, wherein:

TTTC is single bond or double bond;
A i1s carbon (C) or nitrogen (N);

20 R is H or -NH3;
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R2 is H, -CN, Ci-3 straight or branched alkyl,
unsubstituted Cs-s5 cycloalkyl or halogen;
R3 is H;
R4 is H or Ci-3 straight or branched alkyl; or
5 R3 and R? can form pyrrolidine along with the atoms

which are conjugated to the same; and

R7
// e s
RS, N QTW‘
~,
4 o ’ ’ or

wherein, n is an integer of 0 or 1,

10 R6 is unsubstituted or substituted phenyl or
pyridinyl, in which said substituted phenyl and pyridinyl
have one or more substituents selected from the group
consisting of halogen and Ci-3 straight or branched alkyl;

R?7 is H, halogen, or unsubstituted pyridinyl, and

15 R8 is H, or halogen.

4. The compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt
thereof according to claim 1, wherein:

20 =7 1is single bond or double bond;

A is carbon (C) or nitrogen (N);
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R! is H or -NHjy;
R2 is H, -F, -C1, -CN, methyl, ethyl, propyl,
isopropyl, cyclopropyl, or cyclopentyl;
R3 is H;
5 R4 is H or methyl; or
R? and R?* can form pyrrolidine along with the atoms

which are conjugated to the same; and

10 wherein, n is an integer of 0 or 1,

R® is unsubstituted or substituted phenyl or
pyridinyl, in which said substituted phenyl and pyridinyl
have one or more substituents selected from the group
consisting of -F, -Cl, and methyl;

15 R7 is H, -F, -Cl, or pyridinyl; and

R8 is H, -F, or =-Cl.

5. The compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt

20 thereof according to claim 1, wherein the ring containing A
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and R2 is exemplified by

Q.
5
5
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6. The compound represented by formula 1, the optical

isomer thereof, or the pharmaceutically acceptable salt
thereof according to claim 1, wherein the compound
represented by formula 1 is the compound represented by
formula 1A:

[Formula 1A]
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R\/’\ RS

wherein in the formula 1A,

===, A, R!, R?, R3, R% and R® are as defined in claim

7. The compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt
thereof according to claim 1, wherein the compound
represented by formula 1 i1is selected from the group
consisting of the following compounds:

<1> 4-((1-(5-chloro-4-ox0o-3-phenyl-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<2> 4-((1-(5-chloro-4-oxo-3-(pyridine-3-yl)-3,4-
dihyvdroguinazoline-2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<3> 4-((1l-(5-chloro-4-ox0-3-(pyridine-2-yl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<4> 4-((1-(5-chloro-3-(3,5-difluorophenyl)-4-0ox0-3,4~-
dihydrogquinazoline-2-yl)ethyl)amino)pyrido[2, 3~

dlpyrimidine-5(8H) -one;
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<5> 4-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<6> 4-((1l-(2-phenylguinoline-3-
yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H) -one;

<7> 4-((1l-(6-fluoro-3-(pyridine-2-yl)guincline-2-
yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H) -one;

<8> 4-((1-(7-fluoro-2-(3-fluorophenyl)gquincline-3-
vl)ethyl)amino)pyrido[2,3~d]pyrimidine~5 (8H) ~one;

<9> 4-(1-(7-fluoro-2- (pyridine-2-yl)quinoline-3-
vl)ethylamino)pyrido[2,3-d]pyrimidine-5(8H) -one;

<10> 4-((1-(4,8-dichloro-1-0x0-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<11> 4-((1-(8-chloro-4-fluoro-1l-oxo—-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<1l2> 4-{(l-(5-fluoro—-4-0oxo—-3-phenyl-3,4-
dihydroguinazoline-2-yl)propyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<13> 4-(2-(5-chloro-4-0ox0-3-phenyl-3,4-
dihydroguinazoline—-2-yl)pyrrolidine-1-yl)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<14> 4-(2-(8-chloro-1-oxo—-2-phenyl-1,2-
dihydroisogquinoline-3-yl)pyrrolidine-1-yl)pyrido{2,3-

dlpyrimidine-5(8H) -one;
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<15> 2-amino-4-((1-(8-chloro-l1-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<16> 2-amino—-4-(2-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)pyrrolidine-1-yl)pyrido{2,3-
dlpyrimidine-5(8H) -one;

<17> 4-((1l-(8-chloro-1l-oxo~-2-phenyl-1,2~-
dihydroisoguinoline-3-yl)ethyl)amino)-6-methylpyrido([2,3-
dlpyrimidine~5(8H) ~one;

<18> 2-amino-4-((1-(8-chloro-l1-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)-6-methylpyridol[2,3-
dlpyrimidine-5(8H) -one;

<19> 4-((1-(8-chloro-1-0ox0o—-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)-5-oxo-5,8~-
dihydropyrido[2,3-dlpyrimidine-6-carbonitrile;

<20> 4-((1l-(8-chloro~-1l-ox0o-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)-6-fluoropyrido([2,3-
dlpyrimidine-5(8H) -one;

<21> 4~((l-(5-chloro-4-0ox0~3-phenyl—-3,4~-
dihydrogquinazoline-2-yl)ethyl)amino)-6-fluoropyridol[2,3-
dlpyrimidine-5(8H) -one;

<22> 6-chloro-4-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyridol[2, 3~

dlpyrimidine-5(8H) -one;
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<23> 6—-chloro-4-((1-{8-chloro-l-oxo-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<24> 6-chloro-4-((1-(4,8-dichloro-1-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<25> 2-amino-4-((l-(6-fluoro-3- (pyridine-2-
vl)guinoline-2-yl)ethyl)amino)pyrido[2,3-dlpyrimidine-
5(8H) -one;

<26> 4-((1-(6-fluoro-3,4-di(pyridine-2-yl)guinoline-2-
vl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H) -one;

<27> 4-((1l-(6-fluoro-3-phenyl-4- (pyridine-2-
vl)guinoline-2-yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-
5(8H) —-one;

<28> 4-((1l-(6-fluoro-4-oxo-3- (pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido([2, 3-
dlpyrimidine-5(8H) -one;

<29> 4-{(l-(6-fluoro—-4-oxo—-3-phenyl-3,4-
dihyvdroguinazoline-2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<30> 4-((l-(6-fluoro-3-(3-fluorophenyl)-4-oxo0-3,4-
dihydrogquinazoline—-2-yl)ethyl)amino)pyridol[2,3-
dlpyrimidine-5(8H) -one;

<31> 4-((1-(5-chloro-3-(2-chlorcbenzyl)-4-0ox0-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido([2,3-

dlpyrimidine-5(8H) -one;
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<32> 4-((1l-(6-fluoro-4-oxo0-3-(pyridine-2-ylmethyl) -

3,4-dihydrogquinazoline-2-yl)ethyl)amino)pyrido[2,3-

dlpyrimidine-5(8H) -one;

<33> 4-((1-

(5-chloro-3-(pyridine-2-yl)guinoline-2-

yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H) -one;

<34>

dihydrogquinazoline=-2

5-((1l-(5-chloro-4-oxo-3-phenyl-3,4-

-yl)ethyl)amino)-3-methyl-2,3-

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;

<35> 5-((1-(5-chloro-4-oxo-3- (pyridine-3-yl)-3,4-

dihydrogquinazoline-2

-yl)ethyl)amino)-3-methyl-2,3-

dihydropyrimido[4,5-dlpyrimidine-4(1H)-one;

<36> S5=((1-

dihydroguinazoline-2

(5~-chloro-3-(3-fluorophenyl)-4-oxo0-3, 4~

-yl)yethyl)amino)-3-methyl-2,3-

dihydropyrimido[4,5-d]lpyrimidine-4 (1H) ~-one;

<37>

dihydroguinazoline-2

5-((1l-(5-chloro-4-oxo-3-(m-tolyl)-3,4-

-yl)ethyl)amino)-3-methyl-2, 3-

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;

<38>

5-{(l-(8-chloro-1-oxo—-2-phenyl-1,2-

dihydroisoguinoline-3-yl)ethyl)amino)-3-methyl-2, 3~

dihydropyrimido[4,5-dlpyrimidine-4(1H)-one;

<39>

3-methyl-5-((l-(2-phenylquinoline-3-

vl)ethyl)amino)—-2,3-dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -

oney

<40>

5-((1-(4,8-dichloro-1-0x0-2-phenyl-1,2-

dihydroisoguinoline-3-yl)ethyl)amino)-3-methyl-2, 3~

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;
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<41> 5-((1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)propyl)amino)-3-methyl-2, 3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<42> 5-(2-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2, 3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<43> 5-(2-(5-chloro-4-oxo-3- (pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5~-d]pyrimidine—-4 (1H) ~one;

<44> 5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<45> 5-(2-(5-chloro-4-ox0-3—-(m-tolyl)-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<46> 5-(2-(8-chloro~-1l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine—4 (1H) -one;

<48> T—amino-5-((1-(5-chloro-4-ox0o-3-phenyl-3,4~-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) ~-one;

<49> 7—amino-5-((1l-(5-chloro-4-oxo-3- (pyridine-3-yl) -
3,4-dihydrogquinazoline-2-yl)ethyl)amino)~-3-methyl-2, 3~

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;

375

Date Recue/Date Received 2022-12-09



10

15

20

<50> 7-amino-5-((1-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4-dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<51> T-amino-5-((1-(5-chloro-4-o0x0-3- (m-tolyl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<52> 7-amino-5-{((1-(8~chloro-1l-oxo-2-phenyl-1,2~
dihydroisoguinoline-3-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5~-d]pyrimidine—-4 (1H) ~one;

<53> 7-amino-3-methyl-5-((1l-(2-phenylquinoline-3-
vl)ethyl)amino)-2,3-dihydropyrimido{4,5-d]lpyrimidine-4 (1H) -
one;

<54> T—amino-5-((1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)propyl)amino)-3-methyl-2, 3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<55> 7-amino-5-(2-(5-chloro-4-o0ox0o-3-phenyl-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine—4 (1H) -one;

<56> 7-amino-5- (2~ (5-chloro-4~-0oxo0~3~ (pyridine-3-~yl) -
3,4-dihydroquinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) ~-one;

<57> 7—amino-5-(2—- (5-chloro-3- (3-fluorophenyl)-4-oxo-
3,4-dihydroguinazoline-2-yl)pyrrolidine-1-yl)~-3-methyl-2,3~

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;
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<58> 7-amino-5-(2-(5-chloro-4-0ox0-3-(m-tolyl)-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<59> 7T-amino-5-(2-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisogquinoline-3-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<60> 5-(1-(8-chloro~-l-oxo~-2-phenyl-1,2~
dihydroisoguinoline-3-yl)ethylamino)-3-ethyl-2,3-
dihydropyrimido[4,5~-d]pyrimidine—-4 (1H) ~one;

<61> 5-(1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethylamino)}-3-propyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<62> 5-(1-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethylamino)-3-cyclopropyl=-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<63> 5-(1-(8-chloro-l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethylamino)-3-cyclopentyl-2,3-
dihydropyrimido[4,5-d]pyrimidine—4 (1H) -one;

<64> 5-(1-(8~chloro-1l-~oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethylamino)-3-isopropyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) ~-one;

<65> 5-(1-(5-fluoro—-4-oxo-3-phenyl-3,4-
dihydrogquinazoline-2-yl)propylamino)-3-isopropyl-2,3-

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;
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<66> 5-((1l-(5-chloro-4-ox0o-3-phenyl-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<67> 5-((1-(5-chloro-4-oxo-3-(pyridine-3-yl)-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4, 5~
dlpyrimidine-4(1H) -one;

<68> 5-((1l-(5~-chloro-3-(3~-fluorophenyl)-4-ox0-3,4~
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4, 5-
dlpyrimidine-4 (1H) ~one;

<69> 5-((l-(5-chloro-4-oxo-3-(m-tolyl)-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<70> 5-((1-(8-chloro-1-0ox0o-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrimido[4,5~-
dlpyrimidine-4(1H) -one;

<7T2> 5-((1l-(2-phenylguinoline-3-
yvl)ethyl)amino)pyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<73> 5-{(l-(5-fluoro—-4-0oxo—-3-phenyl-3,4-
dihydroguinazoline-2-yl)propyl)amino)pyrimido[4,5-
dlpyrimidine—-4 (1H) -one;

<T74> 5-(2-(5-chloro-4-0x%x0~-3-phenyl-3,4-
dihydroguinazoline—-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<75> 5-(2-(8-chloro-1-oxo0-2- (pyridine-3-yl)-1,2-
dihydroisogquinoline-3-yl)pyrrolidine-1-yl)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;
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<76> 5-(2-(5-chloro-4-oxo-3- (pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<77> 5-(2-(5-chloro-3-(3—-fluorophenyl)-4-oxo0-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4(1H) -one;

<78> 5-(2-(5~-chloro-4-0x0-3~(m-tolyl)-3,4~
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) ~one;

<81> 7—amino-5-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<82> 7—amino-5-((1-(5-chloro-4-oxo-3— (pyridine-3-yl) -
3,4-dihydroguinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4(1H) -one;

<83> 7T-amino-5-((l-(5-chloro-3-(3-fluorophenyl)-4-oxo-
3,4-dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine—-4 (1H) -one;

<84> 7-amino-5-((l1-(5-chloro-4-ox0-3-(m-tolyl)-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<85> T7—amino-5-(1-(8~-chloro-1-oxo-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethylamino)pyrimido[4, 5~
dlpyrimidine-4 (1H) -one;

<88> 7-amino-5-((1l-(2-phenylgquinoline-3-

yl)ethyl)amino)pyrimido[4,5-d]lpyrimidine-4 (1H) -one;
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<89> 7—-amino-5-((1-(5-fluoro-4-oxo-3-phenyl-3,4-

dihydroguinazoline-2-yl)propyl)amino)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;

<90> T-amino-5-(2-(5-chloro-4-oxo-3-phenyl-3,4-

dihydrogquinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5~

dlpyrimidine-4(1H) -one;

<91> 7T—-amino-

5-(2-(5-chloro-4-0ox0-3-(pyridine-3-yl) -

3,4-dihydrogquinazoline-2-yl)pyrrolidine-1l-yl)pyrimido[4,5-

dlpyrimidine-4 (1H) ~one;

<92> 7-amino-5-(2-(5-chloro-3-(3-fluorophenyl)-4-oxo-

3,4-dihydroquinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;

<93> 7T-amino-5-(2-(5-chloro-4-oxo-3- (m—-tolyl)-3,4-

dihydrogquinazoline-2-yl)pyrrolidine-1l-yl)pyrimido[4,5~

dlpyrimidine-4(1H) -one;

<94> 7-amino-5-(2-(8-chloro-l1l-oxo-2-phenyl-1,2-

dihydroisoguinoline-3-yl)pyrrolidine-1-yl)pyrimido[4,5-

dlpyrimidine—-4 (1H) -one;

<97>

4~((1l-(8-chloro-l1-ox0o~2-phenyl-1,2-

dihydroisogquinoline-3-yl)ethyl)amino)-7,8-

dihydropyrido[2,3-d]lpyrimidine-5(6H)~one; and

<98>

4-((1-(4,8-dichloro-1-oxo-2-phenyl-1,2-

dihydroisogquinoline-3-yl)ethyl)amino)-7,8-

dihydropyrido[2,3-dlpyrimidine-5(6H) -one.
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8. The compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt
thereof according to claim 1, wherein the compound
represented by formula 1 1is selected from the group
consisting of the following compounds:

<1> (8)-4-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido([2,3-
dlpyrimidine-5(8H) -one;

<2> (S)-4-((1l-(5-chloro-4-oxo-3-(pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido([2, 3-
dlpyrimidine-5(8H) -one;

<3> (8)-4-((1l-(5-chloro-4-oxo-3- (pyridine-2-yl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<4> (S)-4-((1-(5-chloro-3-(3,5-difluorophenyl)-4-oxo-
3,4-dihydroguinazoline-2-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<5> (S)-4-{((1-(8-chloro-1l-oxo—-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<6> (S)=-4-((l-(2-phenylguinoline-3-
vl)ethyl)amino)pyrido[2,3-d]lpyrimidine—-5 (8H) ~one;

<T> (S)=-4-((1l-(6-fluoro-3-(pyridine-2-yl)qgquinoline-2-
yl)ethyl)amino)pyrido[2,3-d]lpyrimidine-5(8H) -one;

<8> (S8)-4-((1-(7-fluoro-2-(3-fluorophenyl)guinoline-3-

yl)ethyl)aminco)pyrido[2,3-d]lpyrimidine-5(8H) -one;
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<9> (S)-4-(1-(7-fluoro-2-(pyridine-2-yl)guinocline-3-
vl)ethylamino)pyrido[2,3-d]pyrimidine-5(8H) -one;

<10> (5)-4-((1-(4,8-dichloro-1l-ox0o-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<11> (S)-4-((1-(8-chloro-4-fluoro-l1l-oxo—-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<1l2> (S)-4-((1l-(5-fluoro-4-0x0o—-3-phenyl-3,4-
dihydroguinazoline-2-yl)propyl)amino)pyrido[2, 3-
dlpyrimidine-5(8H) -one;

<13> (S)-4-(2-(5-chloro-4-oxo~-3-phenyl-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<14> (8) -4-(2-(8-chloro-1l-oxo—-2-phenyl-1,2-
dihydroisoguinoline-3-yl)pyrrolidine-1-yl)pyrido{2,3-
dlpyrimidine-5(8H) -one;

<15> (S)-2-amino-4-((1-(8-chloro-1-oxo—-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethyl)amino)pyrido[2, 3~
dlpyrimidine-5(8H) -one;

<1l6> (S)-2-amino-4-(2-(8~-chloro-1-oxo0-2-phenyl-1,2-
dihydroisoguinoline-3-yl)pyrrolidine-1-yl)pyrido{2,3-
dlpyrimidine-5(8H) -one;

<17> (S)-4-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)-6-methylpyrido[2,3-

dlpyrimidine-5(8H) -one;
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<18> (8)-2-amino-4-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)-6-methylpyridol[2,3-
dlpyrimidine-5(8H) -one;

<19> (S)-4-((1-(8-chloro-1-ox0o—-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)-5-oxo-5,8~-
dihydropyrido[2,3-dlpyrimidine-6-carbonitrile;

<20> (S)~-4~((1-(8~chloro-1l-oxo~2-phenyl-1, 2~
dihydroisoguinoline-3-yl)ethyl)amino)-6-fluoropyrido([2,3-
dlpyrimidine~5(8H) ~one;

<21> (8S)-4-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)ethyl)amino)-6-fluoropyridol[2, 3-
dlpyrimidine-5(8H) -one;

<22> (S)-6-chloro-4-{(1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido([2, 3~
dlpyrimidine-5(8H) -one;

<23> (S)~-6-chloro-4-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<24> ($)-6-chloro-4-((1-(4,8~dichloro-1-ox0o-2-phenyl-
1,2-dihydroisoquinoline-3-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<25> (S)—-2—amino-4-((1-(6-fluoro-3—- (pyridine—-2-
vl)guinoline-2-yl)ethyl)amino)pyrido[2,3-dlpyrimidine-

5(8H) —one;
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<26> (8)-4-((1-(6-fluoro-3,4-di (pyridine-2-
vl)guinoline-2-yl)ethyl)amino)pyrido[2,3-dlpyrimidine-
5(8H) -one;

<27> (S)-4-((1-(6-fluoro-3-phenyl-4- (pyridine-2-
yvl)guinoline-2-yl)ethyl)amino)pyrido[2,3-dlpyrimidine-
5(8H) —one;

<28> (S)-4-((1l-(6-fluoro-4-oxo-3- (pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine~5(8H) ~one;

<29> (8)-4-((1-(6—-fluoro-4-oxo-3-phenyl-3,4-
dihydroquinazoline-2-yl)ethyl)amino)pyridol[2,3-
dlpyrimidine-5(8H) -one;

<30> (S)-4-((1-(6—-fluoro-3-(3—-fluorophenyl)-4-oxo0-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrido([2, 3~
dlpyrimidine-5(8H) -one;

<31> (S)-4-((l-(5-chloro-3-(2-chlorobenzyl)-4-oxo0-3,4~-
dihydroguinazoline-2-yl)ethyl)amino)pyrido[2,3-
dlpyrimidine-5(8H) -one;

<32> (S)~-4-((1-(6-fluoro-4-oxo-3- (pyridine-2-
ylmethyl)-3,4-dihydroquinazoline-2-
yvl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H) -one;

<33>» (S8)-4-((1-(5-chloro-3-(pyridine-2-vyl)gquinoline-2-
yl)ethyl)amino)pyrido[2,3-dlpyrimidine-5(8H) -one;

<34> (S)-5-((1-(b-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2,3-

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;
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<35> (S)-5-((1-(5-chloro-4-oxo-3- (pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<36> (S)-5-((1-(5-chloro-3-(3—-fluorophenyl)-4-oxo0-3,4-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2, 3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<37> (S)~-5-((1l-(5-chloro-4-ox0-3~- (m-tolyl)=-3,4~-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5~-d]pyrimidine—-4 (1H) ~one;

<38> (8)-5-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)-3-methyl-2, 3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<39> (S) -3-methyl-5-((1-(2-phenylgquinoline-3-
yl)ethyl)amino)-2,3-dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -
one;

<40> (S)-5-((1-{(4,8-dichloro-1l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine—4 (1H) -one;

<41> (S)-5-((1-(5-fluoro-4-oxo~-3-phenyl-3, 4-
dihydroguinazoline-2-yl)propyl)amino)-3-methyl-2, 3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<42> (S)-5-(2-(5-chloro-4-oxo-3-phenyl-3, 4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;
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<43> (S)-5-(2-(5-chloro-4-oxo0-3-(pyridine-3-yl)-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<44> (S)-5-(2-(5-chloro-3-(3—-fluorophenyl)-4-oxo-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2, 3~
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<45> (S)~-5-(2-(b-chloro-4-ox0o-3-(m-tolyl)-3,4~-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5~-d]pyrimidine—-4 (1H) ~one;

<46> (8)-5-(2-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<48> (S)-7-amino-5-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4(1H)-one;

<4 9> (S)-7-amino-5-((1-(5-chloro-4-0ox0-3- (pyridine-3-
yl)-3,4-dihydrogquinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5-d]pyrimidine—4 (1H) -one;

<50> (8)-T7-amino-5-((1-(5-chloro-3-(3-fluorophenyl)-4-
ox0-3,4-dihydroquinazoline-2-yl)ethyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) ~-one;

<51> (S)-7T—amino-5-((l-(5-chloro-4-oxo-3-(m—-tolyl) -
3,4-dihydrogquinazoline-2-yl)ethyl)amino)~-3-methyl-2, 3~

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;
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<bh2> (8)y-7T-amino-5-((1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethyl)amino)-3-methyl-2, 3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<53> (S)-7-amino-3-methyl-5-((1-(2-phenylgquincline-3-
yvl)ethyl)amino)-2,3-dihydropyrimido[4,5-d]pyrimidine-4 (1H) -
one;

<54> (S)-7-amino-5-((1l-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)propyl)amino)-3-methyl-2,3-
dihydropyrimido[4,5~-d]pyrimidine—-4 (1H) ~one;

<55> (S)-7-amino-5-(2-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<56> (S)-7T—-amino-5-(2-(5-chloro-4-oxo-3- (pyridine—-3-
yl)=-3,4~-dihydroguinazoline-2~yl)pyrrolidine-1-yl)-3-methyl~-
2,3-dihydropyrimido[4,5-d]lpyrimidine-4(1H)-one;

<57> (S)-7-amino-5-(2-(5-chloro-3-(3-fluorophenyl)—-4-
o0x0—-3,4-dihydrogquinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-
2,3-dihydropyrimido[4,5-d]pyrimidine—-4 (1H)-one;

<58> (8)-T7-amino-5-(2-(5-chloro-4-ox0-3-(m-tolyl)-3,4~-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)-3-methyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) ~-one;

<59> (S) -7—amino-5-(2-(8~-chloro-1-oxo—-2-phenyl-1,2-
dihydroisogquinoline-3-yl)pyrrolidine-1-yl)-3-methyl-2,3-

dihydropyrimido[4,5-d]lpyrimidine—-4 (1H) -one;
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<60> (8)-5-(1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoquinoline-3-yl)ethylamino)-3-ethyl-2,3-
dihydropyrimido[4,5-d]pyrimidine-4 (1H) -one;

<6l> (S)-5-(1-(8-chloro-1-oxo—-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethylamino)-3-propyl=-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<62> (S)~-5-(1-(8~chloro-1l-oxo~-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethylamino)-3-cyclopropyl-2,3-
dihydropyrimido[4,5~-d]pyrimidine—-4 (1H)~one;

<63> (8)-5-(1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethylamino)-3-cyclopentyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H) -one;

<64d> (S)-5-(1-(8-chloro-1-0ox0o-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethylamino)~-3-isopropyl-2,3-
dihydropyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<65> (S)-5-(1-(5-fluoro-4-oxo-3-phenyl-3, 4~
dihydroquinazoline-2-yl)propylamino)-3-isopropyl-2,3-
dihydropyrimido[4,5-d]pyrimidine—4 (1H) -one;

<66> (S)-5-((1-(5-chloro-4-ox0~-3-phenyl-3, 4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<67> (S)-5-((1-(5-chloro-4-oxo-3-(pyridine-3-yl)-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4, 5~

dlpyrimidine-4 (1H) -one;
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<68> (8)-5-((1l-(5-chloro-3-(3-fluorophenyl)-4-oxo-3,4-
dihydroguinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<69> (S)-5-((1-(5-chloro-4-oxo-3-(m—-tolyl)-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4, 5~
dlpyrimidine-4(1H) -one;

<70> (S)~-5~-((1-(8~chloro-1l-oxo~2-phenyl-1, 2~
dihydroisoguinoline-3-yl)ethyl)amino)pyrimido[4,5—
dlpyrimidine-4 (1H) ~one;

<7T2> (5)-5-((1-(2-phenylguinoline-3-
vl)ethyl)amino)pyrimido{4,5-d]pyrimidine—-4 (1H)-one;

<73> (S)=-5-((1l-(5-fluoro-4-ox0o~-3-phenyl-3,4-
dihydroguinazoline-2-yl)propyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<T74> (8)-5-(2-(5-chloro-4-ox0o-3-phenyl-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<75> (S)-5-(2-(8-chloro-1-oxo-2- (pyridine-3-yl)-1,2-
dihydroisoguinoline-3-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine—-4 (1H) -one;

<76> (8)-5-(2-(5-chloro-4-ox0-3-(pyridine-3-yl)-3,4-
dihydroguinazoline—-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<77> (S)-5-(2-(5-chloro-3—-(3-fluorophenyl)-4-oxo0-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;
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<78> (S)-5-(2-(5-chloro-4-oxo—-3-(m-tolyl)-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<81> (S)-7-amino-5-((1-(5-chloro-4-oxo-3-phenyl-3,4-
dihydrogquinazoline-2-yl)ethyl)amino)pyrimido[4, 5~
dlpyrimidine-4(1H) -one;

<82> (S)-7-amino-5-((1-(5-chloro-4-0ox0-3- (pyridine-3-
yvl)-3,4-dihydrogquinazoline-2-yl)ethyl)amino)pyrimido([4,5-
dlpyrimidine-4 (1H) ~one;

<83> (8)-T7T-amino-5-((1-(5-chloro-3-(3-fluorophenyl)-4-
oxo-3,4-dihydroquinazoline-2-yl)ethyl)amino)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<84> (S)-7T-amino-5-((l-(5-chloro-4-oxo-3-(m-tolyl) -
3,4-dihydroguinazoline-2-yl)ethyl)amino)pyrimido[4, 5~
dlpyrimidine-4(1H) -one;

<85> (S)-7-amino-5-(1-(8-chloro-1l-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethylamino)pyrimido[4, 5-
dlpyrimidine—-4 (1H) -one;

<88> (S)—-7-amino-5-((1l-(2-phenylgquinoline~3-
vl)ethyl)amino)pyrimido{4,5-d]pyrimidine—-4 (1H)-one;

<89> (8)y~-7-amino-5-((1-(5-fluoro-4-oxo-3-phenyl-3,4-
dihydroguinazoline—-2-vyl)propyl)amino)pyrimido[4,5~-
dlpyrimidine-4 (1H) -one;

<90> (S)-7-amino-5-(2-(5-chloro-4-oxo-3-phenyl-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-

dlpyrimidine-4 (1H) -one;
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<91> (8) -7-amino-5-(2-(5-chloro-4-ox0o-3- (pyridine-3-
yl)-3,4-dihydroquinazoline-2-yl)pyrrolidine-1-
vl)pyrimido[4,5-d]lpyrimidine-4 (1H)-one;

<92> (S)-7-amino-5-(2-(5-chloro-3- (3-fluorophenyl)-4-
ox0=-3,4-dihydroquinazoline-2-yl)pyrrolidine-1~
vl)pyrimido[4,5-dlpyrimidine-4 (1H)-one;

<93> (S)-T7-amino-5-(2-(5-chloro-4-oxo0-3-(m-tolyl)-3,4-
dihydroguinazoline-2-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) ~one;

<94> (S)-7-amino-5-(2-(8-chloro-1-oxo-2-phenyl-1,2-
dihydroisogquinoline-3-yl)pyrrolidine-1-yl)pyrimido[4,5-
dlpyrimidine-4 (1H) -one;

<97> (S)-4-((1-(8-chloro-1-0ox0o—-2-phenyl-1,2-
dihydroisogquinoline-3-yl)ethyl)amino) -7, 8-
dihydropyrido[2,3-d]lpyrimidine-5(6H)-one; and

<98> (S)-4-((1-({4,8-dichloro-l1-oxo-2-phenyl-1,2-
dihydroisoguinoline-3-yl)ethyl)amino)-7,8-

dihydropyrido[2,3-d]pyrimidine-5(6H) -one.

9. An intermediate compound represented by formula 1B
below or an optical isomer of the same:

[Formula 1B]
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wherein, in the formula 1B,

===, A, R', R?, R’ R% and R® are as defined in claim
1; and

PG 1is an amine protecting group selected from the
group consisting of t-butyloxycarbonyl (Boc),
carbobenzyloxy (Cbz), 9-fluorenylmethyloxycarbonyl (Fmoc),
acetyl (Ac), benzoyl (Bz), benzyl (Bn), p-methoxybenzyl
(PMB), 3,4-dimethoxybenzyl (DMPM), p-methoxyphenyl (PMP),
tosyl (Ts) , 2,2,2-trichloroethoxycarbonyl (Troc), 2=
trimethylsilylethoxycarbonyl (Teoc), and aryloxycarbonyl

(Alloc).

10. A method for preparing the compound represented by
formula la comprising the following steps as defined in the
below reaction scheme 1:

preparing the compound represented by formula 2A by
reacting the compound represented by formula 2 and the
compound represented by formula 3 (step 1):;

preparing the compound represented by formula 5 by
reacting the compound represented by formula 2A prepared in

step 1 and the compound represented by formula 4 (step 2);
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preparing the compound represented by formula 7 by
reacting the compound represented by formula 5 prepared in
step 2 and the compound represented by formula 6 (step 3);

preparing the compound represented by formula 8 by
reacting the compound represented by formula 7 prepared in
step 3 and the compound represented by formula 2B under
basic condition (step 4);

preparing the compound represented by formula 10 by
reacting the compound represented by formula 8 prepared in
step 4 and the compound represented by formula 9 (step 5);

preparing the compound represented by formula 11 by
reacting the compound represented by formula 10 prepared in
step 5 under acidic condition (step 6);

preparing the compound represented by formula 12 by
reacting the compound represented by formula 11 prepared in
step 6 and the compound represented by formula 2C (step 7):
and

preparing the compound represented by formula 1la by
eliminating the amine protecting group from the compound
represented by formula 12 prepared in step 7 under acidic
condition (step 8):

[Reaction Scheme 1]
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wherein, in the reaction scheme 1,
X of R2CH»-MgX is a halogen;
PG i1s amine protecting group:

5 R!, R2, R3, R4, and R® are as defined in claim 1.

11. A method for preparing the compound represented by
formula 1lb comprising the following steps as defined in the
below reaction scheme 2:

10 preparing the compound represented by formula 15 by
reacting the compound represented by formula 2A and the
compound represented by formula 14 (step 1)

preparing the compound represented by formula 17 by
reacting the compound represented by formula 15 prepared in

15 step 1 and the compound represented by formula 16 (step 2);

394

Date Recue/Date Received 2022-12-09



10

15

preparing the compound represented by formula 18 by
reacting the compound represented by formula 17 prepared in
step 2 and the compound represented by formula 2B (step 3):;

preparing the compound represented by formula 20 by
reacting the compound represented by formula 18 prepared in
step 3 and the compound represented by formula 19 (step 4);

preparing the compound represented by formula 21 by
reacting the compound represented by formula 20 prepared in
step 4 and the compound represented by formula 2C under
basic condition (step 5); and

preparing the compound represented by formula 1b by
eliminating the amine protecting group from the compound
represented by formula 21 prepared in step 5 under acidic
condition (step 6):

[Reaction Scheme 2]
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21
wherein, in the reaction scheme 2,
PG is amine protecting group:

R!, R%, R3, R%, and R> are as defined in claim 1.
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12. A method for preparing the compound represented by
formula 1lc comprising the following steps as defined in the
below reaction scheme 3:

5 preparing the compound represented by formula 15 by
reacting the compound represented by formula 2A and the
compound represented by formula 14 (step 1)

preparing the compound represented by formula 23 by
reacting the compound represented by formula 15 prepared in

10 step 1 and the compound represented by formula 22 (step 2):
and

preparing the compound represented by formula 1lc by
reacting the compound represented by formula 23 prepared in
step 2 and the compound represented by formula 2C under

15 basic condition {(step 3):

[Reaction Scheme 3]

HN RN
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wherein, in the reaction scheme 3,
Rl, R3, R4, and R® are as defined in claim 1.
20
13. A pharmaceutical composition which comprises the

compound represented by formula 1, the optical isomer
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thereof, or the pharmaceutically acceptable salt thereof of

any one of claims 1 to 8 and a diluent or excipient.

14. The pharmaceutical composition according to claim
13 for the prevention or treatment of PI3 kinase related

disease.

15. The pharmaceutical composition for the prevention
or treatment of PI3 kinase related disease according to
claim 14, wherein the compound represented by formula 1,
the optical isomer thereof, or the pharmaceutically
acceptable salt thereof is characterized by the selective
inhibition of PI3 kinase selected from the group consisting

of PI3Ka, PI3KP, PI3KO, and PI3Ky.

16. The pharmaceutical composition for the prevention
or treatment of PI3 kinase related disease according to
claim 14, wherein the PI3 kinase related disease 1is
selected from the group consisting of cancer, autoimmune

disease, and respiratory disease.

17. The pharmaceutical composition for the prevention
or treatment of PI3 kinase related disease according to
claim 16, wherein the cancer 1is selected from the group
consisting of hematological malignance, ovarian cancer,

cervical cancer, breast cancer, colorectal cancer, liver
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cancer, stomach cancer, pancreatic cancer, colon cancer,
peritoneal metastasis, skin cancer, bladder cancer,
prostate cancer, thyroid cancer, lung cancer, osteosarcoma,

fibrous tumor, and brain tumor.

18. The pharmaceutical composition for the prevention
or treatment of PI3 kinase related disease according to
claim 16, wherein the autoimmune disease 1is selected from
the group consisting of rheumatoid arthritis, systemic
lupus erythematosus, multiple sclerosis, type 1 diabetes,
hyperthyroidism, myasthenia, Crohn’s disease, ankylosing
spondylitis, psoriasis, autoimmune pernicious anemia, and

Sdogren's syndrome.

19. The pharmaceutical composition for the prevention
or treatment of PI3 kinase related disease according to
claim 16, wherein the respiratory disease 1s selected from
the group consisting of chronic obstructive pulmonary
disease (COPD), rhinitis, asthma, chronic bronchitis,
chronic inflammatory lung disease, silicosis, pulmonary
sarcoidosis, pleurisy, alveolitis, wvasculitis, emphysema,

pneumonia, and bronchiectasis.

20. A health functional food composition which
comprises the compound represented by formula 1, the

optical isomer thereof, or the pharmaceutically acceptable

398

Date Recue/Date Received 2022-12-09



10

15

20

25

salt thereof of any one of claims 1 to 8 and a flavor or

natural carbohydrate.

21. The health functional food composition according
to claim 20 for the prevention or improvement of PI3 kinase

related disease.

22. The health functional food composition for the
prevention or Improvement of PI3 kinase related disease
according to claim 21, wherein the PI3 kinase related
disease 1s selected from the group consisting of cancer,

autoimmune disease, and respiratory disease.

23. A compound represented by formula 1, the optical
isomer thereof, or the pharmaceutically acceptable salt
thereof as defined by any one of claims 1 to 8 for use in

the prevention or treatment of PI3 kinase related disease.

24. The compound, optical isomer thereof, or
pharmaceutically acceptable salt thereof for use according
to claim 23 wherein the compound represented by formula 1,
the optical isomer thereof, or the pharmaceutically
acceptable salt thereof is characterized by the selective
inhibition of PI3 kinase selected from the group consisting

of PI3Koa, PI3KB, PI3Kd, and PI3Ky.
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25. The compound, optical isomer thereof, or
pharmaceutically acceptable salt thereof for use according
to claim 23 wherein the PI3 kinase related disease 1is
selected from the group consisting of cancer, autoimmune

disease, and respiratory disease.

26. The compound, optical isomer thereof, or
pharmaceutically acceptable salt thereof for use according
to claim 25, wherein the cancer 1is selected from the group
consisting of hematological malignance, ovarian cancer,
cervical cancer, breast cancer, colorectal cancer, liver
cancer, stomach cancer, pancreatic cancer, colon cancer,
peritoneal metastasis, skin cancer, bladder cancer,
prostate cancer, thyroid cancer, lung cancer, osteosarcoma,

fibrous tumor, and brain tumor.

27. The compound, optical isomer thereof, or
pharmaceutically acceptable salt thereof for use according
to claim 25, wherein the autoimmune disease 1is selected
from the group consisting of rheumatoid arthritis, systemic
lupus erythematosus, multiple sclerosis, type 1 diabetes,
hyperthyroidism, myasthenia, Crohn’s disease, ankylosing
spondylitis, psoriasis, autoimmune pernicious anemia, and

Sjogren's syndrome.
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28. The compound, optical isomer thereof, or
pharmaceutically acceptable salt thereof for use according
to claim 25, wherein the respiratory disease is selected
from the group consisting of chronic obstructive pulmonary
disease (COPD), rhinitis, asthma, chronic bronchitis,
chronic inflammatory lung disease, silicosis, pulmonary
sarcoidosis, pleurisy, alveolitis, wvasculitis, emphysema,

pneumonia, and bronchiectasis.

29. A use of a compound represented by formula 1, the
optical isomer thereof, or the pharmaceutically acceptable
salt thereof as defined by any one of claims 1 to 8 for the

prevention or treatment of PI3 kinase related disease.

30. A use of a compound represented by formula 1, the
optical isomer thereof, or the pharmaceutically acceptable
salt thereof as defined by any one of claims 1 to 8 for the
manufacture of a medicament for the prevention or treatment

of PI3 kinase related disease.

31. The use of the compound, optical isomer thereof,
or pharmaceutically acceptable salt thereof according to
claim 29 or 30 wherein the compound represented by formula
1, the optical isomer thereof, or the pharmaceutically

acceptable salt thereof is characterized by the selective
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inhibition of PI3 kinase selected from the group consisting

of PI3Koa, PI3KpB, PI3K®d, and PI3Ky.

32. The use of the compound, optical isomer thereof,
or pharmaceutically acceptable salt thereof according to
claim 29 or 30 wherein the PI3 kinase related disease 1is
selected from the group consisting of cancer, autoimmune

disease, and respiratory disease.

33. The use of the compound, optical isomer thereof,
or pharmaceutically acceptable salt thereof according to
claim 32, wherein the cancer is selected from the group
consisting of hematological malignance, ovarian cancer,
cervical cancer, breast cancer, colorectal cancer, liver
cancer, stomach cancer, pancreatic cancer, colon cancer,
peritoneal metastasis, skin cancer, bladder cancer,
prostate cancer, thyroid cancer, lung cancer, osteosarcoma,

fibrous tumor, and brain tumor.

34. The use of the compound, optical isomer thereof,
or pharmaceutically acceptable salt thereof according to
claim 32, wherein the autoimmune disease is selected from
the group consisting of rheumatoid arthritis, systemic
lupus erythematosus, multiple sclerosis, type 1 diabetes,

hyperthyroidism, myasthenia, Crohn’s disease, ankylosing
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spondylitis, psoriasis, autoimmune pernicious anemia, and

Sjogren's syndrome.

35. The use of the compound, optical isomer thereof,
or pharmaceutically acceptable salt thereof according to
claim 32, wherein the respiratory disease 1s selected from
the group consisting of chronic obstructive pulmonary
disease (COPD), rhinitis, asthma, chronic bronchitis,
chronic inflammatory 1lung disease, silicosis, pulmonary
sarcoidosis, pleurisy, alveolitis, vasculitis, emphysema,

pneumonia, and bronchiectasis.
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