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[ABSTRACT]

The present invention relates to an inhibitor of SHP2, a pharmaceutical composition for
preventing or treating a disease related to SHP2 comprising the same, a method for treating and
preventing a disease using the same, and a use thereof. Accordingly, the present invention can
effectively prevent or treat discases related to SHP2.
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Description
Title of Invention
SHP2 INHIBITOR AND USE THEREOF

Technical Field

The present invention relates to a compound as a SHP2 inhibitor, a stercoisomer or a
solvate thereof, or a pharmaceutically acceptable salt thercof, and its use for the prevention or
treatment of a disease associated with the abnormal activity of SHP2.

The present invention was supported by the National New Drug Development Project
Support (HN22C0066) of the KOREA DRUG DEVELOPMENT FUND funded by the Ministry
of Science and ICT, the Ministry of Trade, Industry and Energy, and the Ministry of Health and
Welfare.

Background Art

Src homology region 2 domain-containing phosphatase-2 (SHP2) is a protein tyrosine
phosphatase (PTP), also referred to as PTPN11 (protein tyrosine phosphatase non-receptor type
11), PTP-1D (protein-tyrosine phosphatase 1D), or PTP-2C (protein-tyrosine phosphatase 2C).
SHP2 is known as a signaling molecule that regulates various cellular functions, including cell
growth, differentiation, cell cycle, and oncogenic transformation. SHP2, together with SHP1,
consists of two tandem SH2 domains at the N-terminus. In the inactive state, the SH2 domain at
the N-terminus binds to the PTP domain and blocks the substrate from binding to the active site,
thereby inhibiting SHP2. Upon binding of the phospho-tyrosyl residue, the SH2 domain at the N-
terminus is released from the PTP domain and the enzyme is activated.

Mutations in SHP2 arc known to cause Noonan syndrome and Leopard syndrome and are
known to be associated with cancer such as juvenile myelomonocytic leukemia, neuroblastoma,
melanoma, acute myeloid leukemia, breast cancer, esophageal cancer, lung cancer, large intestine
cancer, head cancer, squamous cell carcinoma of the head and neck, gastric carcinoma, anaplastic
large cell lymphoma, glioblastoma, pancreatic cancer, biliary tract cancer, uterine cancer,
endometrial cancer, liver cancer, and neurofibromatosis type 1.

Therefore, there is a need to develop a novel compound capable of inhibiting the activity
of SHP2, a method for preparing the same, a pharmaceutical composition comprising the same,
and a method for preventing or treating a disease associated with the abnormal activity of SHP2

using the same.

Detailed Description of Invention
Technical Problem
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There is provided a novel compound capable of inhibiting the activity of SHP2, a
stereoisomer or a solvate thercof, or a pharmaceutically acceptable salt thereof.

There is provided a pharmaceutical composition for preventing or treating a disease
associated with the abnormal activity of SHP2 using a novel compound capable of inhibiting the
activity of SHP2, a stercoisomer or a solvate thereof, or a pharmaceutically acceptable salt thereof.

There is provided a method for preventing or treating a disease associated with the
abnormal activity of SHP2 using a novel compound capable of inhibiting the activity of SHP2, a
stereoisomer or a solvate thercof, or a pharmaceutically acceptable salt thereof.

There is provided a use of a novel compound capable of inhibiting the activity of SHP2,
a stercoisomer or a solvate thereof, or a pharmaceutically acceptable salt thereof.

Solution to Problem

Each description and embodiment disclosed herein may also apply to ecach other
description and embodiment. That is, all combinations of the various elements disclosed herein
fall within the scope of the present application. In addition, it should not be construed that the
scope of the present application is limited by the specific description set forth below.

In one aspect, there is provided a compound represented by Formula 1A, or a stercoisomer,
solvate or pharmaceutically acceptable salt thereof:

[Formula 1A]

R1

(R,

-

The compound represented by Formula 1A may have a structure in which a pyrazine ring
and a fused ring of ring A and a benzene ring are connected via a sulfide group (-S-), and the
pyrazine ring is connected with a piperidine ring.

In Formula 1A, R!is H, halogen, hydroxy, cyano or Ci-Cs haloalkyl. In some embodiments,
R! may be H, halogen or C;-Cs haloalkyl. In some embodiments, R! may be halogen or C;-C;
haloalkyl. In some embodiments, R! may be halogen. For example, R! may be F or Cl.

In Formula 1A, R? is selected from a group consisting of H, halogen, hydroxy, oxo, C1-Cao
alkyl, C1-Co alkoxy, C1-Cap haloalkyl, hydroxy-(Ci-Cao alkyl)-, C>-Cse alkoxyalkyl (for example,
(C1-Cio alkoxy)-(C1-Cio alkyl)-), C1-Cso alkyl substituted with an amine group (for example, HoN-
(C1-Cyo alkyl)-), an amine group (for example, -NH», -NH(C1-Cy alkyl), -N(C1-Cao alkyl),), an
imine group(for example, =NH), nitro, cyano, amidino, -C(O)NH», -C(O)(C1-Cz alkyl), -
C(0O)O(C1-Csg alkyl), and carboxy or a salt thercof.

2
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In some embodiments, R? may be selected from a group consisting of H, halogen, hydroxy,
oxo, C1-Cs alkyl, C1-Cs alkoxy, C1-Cs haloalkyl, hydroxy-(Cl-Ce alkyl)-, (Cl-Cs all<oxy)-(C1-C6
alkyl)-, HoN-(C1-Cs alkyl)-, -NH», -NH(C1-Cs alkyl), -N(C1-Cs alkyl)>, nitro, cyano, amidino, -
C(O)NH,, -C(O)(C1-Cs alkyl), -C(O)O(C1-Cs alkyl), and carboxy or a salt thereof. In some
embodiments, R? may be selected from a group consisting of H, halogen, hydroxy, oxo, Ci-C3
alkyl, Ci1-C3 alkoxy, Ci-C3 haloalkyl, hydroxy-(Cl-Ca alkyl)-, (Cl-C3 alkoxy)-(Cl-Ca alkyl)-, HoN-
(C1-Cs alkyl)-, -NH>, -NH(C1-Cs alkyl), -N(C1-Cs alkyl),, nitro, cyano, -C(O)NH>, -C(O)XC1-Cs
alkyl), -C(O)O(C1-Cs alkyl), and carboxy or a salt thereof. In some embodiments, R? may be
selected from a group consisting of H, halogen, hydroxy, cyano, Ci-Cs alkyl, Ci-Cs alkoxy,
hydroxy-(C1-Cs alkyl)-, -NHa, -C(O)NH; and -C(O)(C1-Cs alkyl). In some embodiments, R> may
be selected from a group consisting of H, C1-Cs alkyl, hydroxy-(C1-Cs alkyl)-, -NH>2, -C(O)NH2
and -C(O)(C;-Cs alkyl).

In some embodiments, R? may include H, methyl, ethyl, propyl, butyl, hydroxymethyl,
hydroxyethyl, hydroxypropyl, amino, methylcarbonyl(acetyl), ecthylcarbonyl(propanoyl),
carbamoyl, and the like. For example, R? may be H, -CH3, -CH,OH, -NH,, -C(O)NH> or -C(O)CHs.

In Formula 1A, pis an integer from 0 to 2. In some embodiments, when p is 2, two R*> may
be the same as or different from each other.

In Formula 1A, atoms constituting the pyrazine ring may have position numbers of
3

N ‘N‘t
N5 : £ . L .
6 . In this case, indicates a binding position with the sulfur atom, and * indicates

a binding position with the nitrogen atom of the piperidine ring.

In some embodiments, R> may be bonded at the position 3 and/or the position 6 of the
pyrazine ring. For example, R? is halogen, hydroxy, C;-Cs alkyl, C1-Cs alkoxy, -NH> or cyano,
and may be bonded at the position 3 of the pyrazine ring. In some embodiments, R? is hydroxy-
(C1-Cs alkyl)-, -C(O)NH> or -C(O)(C1-Cs alkyl)-, and may be bonded at the position 6 of the
pyrazine ring. In some embodiments, when p is 2, R? may be bonded at the position 3 and the
position 6 of the pyrazine ring, respectively.

In Formula 1A, R* and R* may be each independently H, C1-Cs alkyl, an amine group (for
example, -NH, -NH(C1-Cs alkyl), -N(C1-Cs alkyl),) or Ci-Cs alkyl substituted with an amine
group (for example, HoN-(C;-Cs alkyl)-), or R* and R* may be connected to each other to form
Ring B. For example, when R* and R* are connected to each other to form Ring B, a spiro-
polycyclic ring including Ring B and the piperidine ring may be formed.

Ring B is a 3- to 8-membered cyclic ring group optionally containing one oxygen atom and
optionally substituted. Ring B may be optionally fused with a cycloalkyl, aryl or heteroaryl ring.
The cycloalkyl, aryl or heteroaryl ring fused with Ring B can be each optionally substituted.
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In some embodiments, R? and R* may be each independently H, C;-C3 alkyl, -NH>, -
NH(C1-C3 alkyl), -N(C1-C3 alkyl),, or HoN-(C1-Cs alkyl)-. In some embodiments, one of R* and
R*may be C1-Cs alkyl, and the other may be -NH> or HoN-(C1-Cs alkyl)-. In one embodiment, R?
may be methyl or ethyl, R* may be amino, aminomethyl or aminoethyl. For example, R? may be
methyl, and R* may be amino or aminomethyl.

In some embodiments, Ring B may be C3-Cs cycloalkyl or a 3- to 8-membered
heterocycloalkyl ring optionally containing one oxygen atom. Ring B can be optionally substituted
with at least one R®. In some embodiments, Ring B may be C4.Cs cycloalkyl or a 4- to 6-membered
heterocycloalkyl ring optionally containing one oxygen atom and optionally substituted with at
least one R®. For example, Ring B may be a cyclopentane ring or a tetrahydrofuran ring.

R® may be selected from a group consisting of deuterium, (C1-Cs alkyl), an amine group
(for example, -NH», -NH(C1-Cs alkyl), -N(C1-Cs alkyl),) and C1-Cs alkyl substituted with an amine
group (for example, HoN-(C;-Cs alkyl)-). In some embodiments, R® may be selected from a group
consisting of deuterium, (C1-Cs alkyl), -NH>, -NH(C1-C3 alkyl), -N(C1-Cs alkyl)>, and HoN-(Ci-
C; alkyl)-. In some embodiments, Ring B may be optionally substituted with at least one R®
selected from deuterium, C;-C3 alkyl and -NH,. For example, R® may be one or more selected
from deuterium, methyl and -NHo.

In some embodiments, Ring B may be optionally fused with Ring BB selected from C3-Cs
cycloalkyl, Cs-Cio aryl, and 5- to 10-membered heteroaryl containing one or two heteroatoms
selected from N, O and S. In this case, Ring BB may be optionally substituted with at least one
REB_ In some embodiments, Ring BB may be selected from C3-Cs cycloalkyl, Cs-Cio aryl, and 5-
to 7-membered heteroaryl containing one or two heteroatoms selected from N, O and S. For
example, Ring BB may be a C3-C¢ cycloalkyl ring, a benzene ring, a pyridine ring or a thiazole
ring.

In some embodiments, Ring B is a cyclopentane ring, and may be fused with Ring BB
selected from a cyclopropane ring, a benzene ring, a pyridine ring and a thiazole ring. In some
embodiments, Ring B is a tetrahydrofuran ring, and may be fused with Ring BB sclected from a
benzene ring and a pyridine ring.

R®B may be selected from a group consisting of halogen, hydroxy, oxo, C1-Cs alkyl, C1-Cs
alkoxy, Ci1-Cs haloalkyl, hydroxy-(Ci1-Cs alkyl)-, (C1-Cs alkoxy)-(C1-Cs alkyl)-, HaN-(C1-Cs
alkyl)-, -NH», -NH(Ci-Cs alkyl), -N(Ci-Cs alkyl),, nitro, cyano and amidino. In some
embodiments, R®® may be selected from a group consisting of halogen, hydroxy, oxo, C1-Cs alkyl,
C1-Cs alkoxy, Ci-Cs haloalkyl, hydroxy-(Ci-Cs alkyl)-, (C1-Cs alkoxy)-(C1-Cs alkyl)-, H:N-(Ci-
Cs alkyl)-, -NH», -NH(C1-C3 alkyl), -N(C1-C5 alkyl),, nitro and cyano. In some embodiments, R22
may be at least one selected from a group consisting of halogen, cyano, hydroxy, C1-Cs alkyl and
C1-Cs alkoxy. For example, REE may be one or more selected from a group consisting of halogen,
cyano, hydroxy, methyl and methoxy.
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In some embodiments,
structures:

In the above structures, R*! may be C1-C; alkyl, and q may be an integer from 0 to 3. For
example, R*! may be methyl, and q may be 0 or 1.

Ring B in the above structures may be optionally substituted with at least one R® selected
from deuterium, methyl and -NH>. In addition, Ring BB may be optionally substituted with at least
one RPB selected from a group consisting of halogen, cyano, hydroxy, methyl and methoxy.

AUR{“

R*B |
For example, “.-+" of Formula 1A may be sclected from the following
structures:
. A A, Ay
O{%NHZ

,and S
(In the above structures, R* is methyl, and qis 0 or 1.)
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In this case, Ring B may be optionally substituted with at least one R® selected from methyl
and -NH;, and Ring BB may be optionally substituted with at least one RP? selected from a group
consisting of halogen, cyano, hydroxy, methyl and methoxy.

ES
i R
RB
In some embodiments, .-~ of Formula 1A may be selected from the following

structures:
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For example, “..-* of Formula 1A may be selected from the following structures:
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4B
In addition, R“nf’ of Formula 1A may include a corresponding structure
disclosed in International Patent Publication Nos. W02019/183367, W02020/063760,
W02020/201991, W02020/081848, W02020/073949, W02021/197452, W02021/147879,
W02020/049079, W02021/218752, W02021/218755, W02022/017444, W02021/115286,

W02021/088944, and the like, or a structure easily derived therefrom by those skilled in the art.
R1

In Formula 1A, ‘ is selected from the following fused ring structures:
R' R 1
R
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In the above fused ring structure, —==--- is a single bond or a double bond in accordance
with the valence that the ring element permits. (For example, a nitrogen atom allows 3 bonds and
a carbon atom allows 4 bonds).

For example, when X is N, Y is N, and Z is C(0), ====== between X and Z is a single
bond, and ====== between CR® and Y is a double bond. For example, when W is C, U is N, and
Vis NRS, —==== between V and W is a single bond, and === between W and U is a double
bond, and thus ====== shared by the 5-membered ring and the 6-membered ring is a double bond.
For example, when W and U are N, and V is CH, =—==--- between each of V and U and the
respective carbon atoms shared by the 6-membered ring is a double bond, and ———-—- between
W and V and ====== between W and U are single bonds, and thus ====== shared by the 5-

membered ring and the 6-membered ring is a single bond.

In the above fused ring structures, X may be N or C, Y may be N, CH or CH>, and Z may
be C(0), S(O)2, or N. In this case, when Z is N, X is C, and Y is CH, and when Z is S(O)2, both X
and Y are N.

In some embodiments, in the above fused ring structures, X may be N or C, Y may be N,
CH or CH>, and Z may be C(O) or S(O).. In this case, when Z is S(O),, both X and Y may be N.

In the above fused ring structures, U may be N, NR® or CHR®, V may be CH, C(0), S, O,
N or NR®, and W may be N or C. In this case, when W is C, one of U and V is N, and the other is
S, O or NR®. In addition, when W is N, U is CHR®, and V is C(0), or Uis N, and V is CH. One
ortwo of U, Vand Wis N.

In some embodiments, in the above fused ring structures, U may be N or NR®, V may be
CH, N or NRS, and W may be N or C. In this case, when W is C, one of U and V is N, and the
other is NR®. Also, when Wis N, Uis N, and V is CH.

R1
In some embodiments, i‘ in Formula 1A may be selected from the

following structures:

R1
S 5y
Rﬁwm R54<\
> N >
0 o R
N\ A
ﬁﬁ w Ty
RS \N
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K}éﬁ P
RS . ;
e N K\N i

o R1 R1 R1
LLAL RS /N iLL RE / 75
- hg
RS N RS N
Rg , fe) ) o , an
R1

R® ‘771
R“"/N

R1

In some embodiments, O may be selected from the following structures:

1
0 R 0 R! o R

R k‘g R L?%‘ R I?j‘a

R1 R1

10
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R1

RS % " R R

R%N\“‘N””” |

R’ may be each independently selected from a group consisting of H, a halogen atom, a
hydroxy group, a ketone group, C1-Cao alkyl, C1-Co alkoxy, C>-Czo alkoxyalkyl, an amine group,
C1-C2o alkyl substituted with an amine group, an imine group, nitro, cyano, amidino, a carboxyl
group or a salt thereof, C1-Czo heteroalkyl, C3-Cao heterocycloalkyl, Cs-Cao aryl, Cs-Coo arylalkyl,
C1-Cao heteroaryl, C1-Coo heteroarylalkyl, Ci-Cao heteroaryloxy, Ci-Coo heteroaryloxyalkyl, and
C3-Cao heterocycloalkyl, and polycyclic Cs-Ci2 heteroarylalkyl.

R® may be H, a C;-Cs alkyl group, a substituted or unsubstituted phenyl group, a substituted
or unsubstituted benzyl group, a substituted or unsubstituted thiazolylalkyl group, a substituted or
unsubstituted imidazolylalkyl group, a substituted or unsubstituted pyrrolidinylalkyl group, a
substituted or unsubstituted pyridinylalkyl group, a substituted or unsubstituted pyrimidinylalkyl
group, a substituted or unsubstituted pyrazinylalkyl group, a substituted or unsubstituted
benzimidazolylalkyl group, or a substituted or umsubstituted pyrrolopyridinylalkyl group. The
phenyl group, benzyl group, thiazolylalkyl group, imidazolylalkyl group, pyrrolidinylalkyl group,
pyridinylalkyl group, pyrimidinylalkyl group, pyrazinylalkyl group, benzimidazolylalkyl group,
or pyrrolopyridinylalkyl group may be unsubstituted or substituted with at least one substituent
selected from a group consisting of halogen, C1-Cs alkyl substituted with a halogen atom, -CN, -
NHb», -NO», -OR?, and -SO2R?. C1-Cs alkyl substituted with a halogen atom may be -CF3. R* may
be H, a halogen atom, or C1-Cs alkyl substituted with a halogen atom. -OR* may be -OCHs. -SO>R?
may be -SO2F.

In one embodiment, in the above fused ring structures, R®> may be each independently
selected from the following (i) to (vi):

(1) H, halogen, hydroxy, an amine group (such as -NH3), an imine group (such as =NH), -
C(O)NHa, nitro, cyano, amidino, or carboxy or a salt thercof;

(i1) C1-Cx alkyl or Ci1-C alkoxy, which is optionally substituted with at least one
substituent selected from a group consisting of halogen, hydroxy, C1-Ca alkyl, C1-Czo haloalkyl,
C1-Cyo alkoxy, C1-Cop haloalkoxy, an amine group (for example, -NR’R’’), a carbonyl group (for
example, R’C(0)-), a sulfonyl group (for example, R’S(0),-), an alkylsulfonylamine group (for

11
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example, R’S(0),NR’’-), an aminocarbonyl group or an alkylaminocarbonyl group (for example,
R”’R’NC(0)-), and R’C(O)NR"-;

(ii1) Ce-Coo aryl, (Cs-C12 aryD)-(Ci-Cs alkyl)-, Cs-Coo aryloxy, (Ce-C12 aryloxy)-(Ci-Cs
alkyl)-, Cs-Coo arylcarbonyl, (Cs-C12 arylcarbonyl)-(C1-Csalkyl)-, -CONH-(Ce-C12 aryl), -CONH-
(C1-Cs alky])-(Cs-C12 aryl), -NHCO-(Ce-C12 aryl), or -NHCO-(C1-Cs alkyl)-(Cs-C12 aryl) ;

(iv) heteroaryl, heteroaryl-(C:-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(Ci-Cs alkyl)-,
heteroarylcarbonyl, heteroarylcarbonyl-(C1-Cs alkyl)-, -CONH-heteroaryl, -CONH-(C1-Cs alkyl)-
heteroaryl, -NHCO-heteroaryl, or -NHCO-(C:1-Cs alkyl)-heteroaryl (wherein the heteroaryl ring
may be 4- to 10-membered heteroaryl containing at least one heteroatoms selected from N, O and
S; or the heteroaryl ring may be a C; to Cxo heteroaryl ring);

(v)  heterocycloalkyl,  heterocycloalkyl-(C:1-Cs  alkyl)-,  heterocycloalkyloxy,
heterocycloalkyloxy-(C1-Cs alkyl)-, heterocycloalkylcarbonyl, heterocycloalkylcarbonyl-(Ci-Cs
alkyl)-,  -CONH-heterocycloalkyl, = -CONH-(Ci-Cs  alkyl)-heterocycloalkyl, = -NHCO-
heterocycloalkyl, or -NHCO-(C1-Cs alkyl)-heterocycloalkyl (wherein the heterocycloalkyl ring
may be 3- to 10-membered fully saturated or partially unsaturated heterocycloalkyl containing at
least one heteroatoms selected from N, O and S; or the heterocycloalkyl ring may be Cs to Cxo
heterocycloalkyl); and

(vi) C3-Cio cycloalkyl, (C3-Cio cycloalkyl)-(Ci-Cs alkyl)-, C3-Cio cycloalkyloxy, (C3-Cio
cycloalkyloxy)-(Ci-Cs alkyl)-, C3-Cio cycloalkylcarbonyl, (Cs3-Cio cycloalkylcarbonyl)-(C1-Cs
alkyl)-, -CONH-(C3-C1o cycloalkyl), -CONH-(C;-Cs alkyl)-(Cs3-Cio cycloalkyl), -NHCO-(C3-C1o
cycloalkyl), or -NHCO-(C1-Cs alkyl)-(C3-Cio cycloalkyl).

R’ and R’ are each independently H or C1-C1o alkyl. In some embodiments, R’ and R’
can be each independently H or Ci-Cs alkyl. For example, R’ and R’ may be each independently
H or C1-C3 alkyl. Also, R’ and R’ may be each independently H, methyl or ethyl.

The aryl ring, heteroaryl ring, heterocycloalkyl ring and cycloalkyl ring described in (iii)
to (vi) above may be each optionally substituted. In (ii1) to (vi) above, "aryl ring", "heteroaryl ring”,
"heterocycloalkyl ring" and "cycloalkyl ring" are used to collectively refer to those ring moieties
in the substituents to which the rings are attached together with other chemical structures. For
example, "aryl ring" is used to collectively refer to aryl as well as aryl rings included in arylalkyl,
aryloxy, aryloxyalkyl, arylcarbonyl, arylcarbonylalkyl, -CONH-aryl, -CONH-alkyl-aryl, -NHCO-
aryl and -NHCO-alkyl-aryl.

In some embodiments, R®> may be each independently selected from:

(1) H, halogen, hydroxy, -NH», =NH, -C(O)NHo>, nitro, cyano, amidino or carboxy or a salt
thereof (for example, H, halogen, hydroxy, -NH», -C(O)NH>, nitro, cyano, or carboxy or a salt
thereof);

(i1) C1-Cs alkyl or C1-Cs alkoxy, which is optionally substituted with at least one substituent
selected from a group consisting of halogen, hydroxy, C1-Cs alkyl, C1-Cs haloalkyl, C1-Cs alkoxy,

12
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C1-Cs haloalkoxy, -NR’R”’ R’C(O)-, R’S(O)2-, R’S(0)>.NR”’-, R”’R’NC(0)-, and R’C(O)NR"-
(for example, H, halogen, hydroxy, -NH>, cyano, nitro, C1-Cs alkyl, C1-Cs alkoxy, (C1-Cs alkoxy)-
(Cl-Cs alkyl)- or (Cl-Cs alkoxy)-(Cl-C6 alkoxy)-);

(iii) Ce-C1o aryl, (Cs-Cio aryD)-(Ci-Cs alkyl)-, Cs-C1o aryloxy, (Ce-Cio aryloxy)-(Ci-Cs
alkyl)-, Cs-C1o arylcarbonyl, (Cs-C1o arylcarbonyl)-(C1-Cs alkyl)-, -CONH-(Cs-Cio aryl), -CONH-
(C1-Cs alkyl)-(Cs-Cio aryl), -NHCO-(Cs-C1o aryl) or -NHCO-(C1-Cs alkyl)-(Cs-Cio aryl) (for
example, Cs-Cio aryl, (Cs-Cl() aryl)-(Cl-Ca alkyl)-, Cs-Cro aryloxy, (Cs-Cl() aryloxy)-(Cl-Ca alkyl)-,
Cs-C1o arylcarbonyl, or (Ce-C1o arylcarbonyl)-(C1-Cs alkyl)-, wherein the aryl ring may be
optionally substituted with at least one R>?);

(iv) heteroaryl, heteroaryl-(C:-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(Ci-Cs alkyl)-,
heteroarylcarbonyl, heteroarylcarbonyl-(C1-Cs alkyl)-, -CONH-heteroaryl, -CONH-(C1-Cs alkyl)-
heteroaryl, -NHCO-heteroaryl, or -NHCO-(C1-Cs alkyl)-heteroaryl (for example, heteroaryl,
heteroaryl-(Ci-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(Ci-Cs alkyl)-, heteroarylcarbonyl, or
heteroarylcarbonyl-(C1-Cs alkyl)-, wherein the heteroaryl ring is 5- to 10-membered heteroaryl
containing one to three heteroatoms selected from N, O and S; or 5- or 6-membered monocyclic
heteroaryl or 9- or 10-membered bicyclic heteroaryl containing one or two heteroatoms selected
from N, O and S and may be optionally substituted with at least one R>?);

(v)  heterocycloalkyl,  heterocycloalkyl-(C:-Cs  alkyl)-,  heterocycloalkyloxy,
heterocycloalkyloxy-(C1-Cs alkyl)-, heterocycloalkylcarbonyl, heterocycloalkylcarbonyl-(C1-Cs
alkyl)-,  -CONH-heterocycloalkyl, = -CONH-(Ci-Cs  alkyl)-heterocycloalkyl, = -NHCO-
heterocycloalkyl, or -NHCO-(C1-Cs alkyl)-heterocycloalkyl (for example, heterocycloalkyl,
heterocycloalkyl-(C1-Cs  alkyl)-, heterocycloalkyloxy, heterocycloalkyloxy-(Ci-Cs alkyl)-,
heterocycloalkylcarbonyl, or  heterocycloalkylcarbonyl-(C1-Cs  alkyl)-, wherein  the
heterocycloalkyl ring is 3- to 10-membered fully saturated or partially unsaturated
heterocycloalkyl containing one or three heteroatoms selected from N, O and S; or 4- to 7-
membered fully saturated or partially unsaturated heterocycloalkyl containing one or two
heteroatoms selected from N, O and S and may be optionally substituted with at least one R>?); or

(vi) C3-Cs cycloalkyl, (C3-Cs cycloalkyl)-(Ci-Cs alkyl)-, C3-Cs cycloalkyloxy, (C3;-Cs
cycloalkyloxy)-(Ci-Cs alkyl)-, Cs3-Cs cycloalkylcarbonyl, (C3-Cs cycloalkylcarbonyl)-(C1-Cs
alkyl)-, -CONH-(C3-Cs cycloalkyl), -CONH-(C1-Cs alkyl)-(C3-Cs cycloalkyl), -NHCO-(C3-Cs
cycloalkyl), or -NHCO-(C1-Cs alkyl)-(Cs-Cs cycloalkyl) (for example, C4-Csg cycloalkyl, (C4-Cs
cycloalkyl)-(C1-Cs alkyl)-, Cs-Cs cycloalkyloxy, (Cs-Cs cycloalkyloxy)-(C1-Cs alkyl)-, Cs-Cs
cycloalkylcarbonyl, or (C4-Cs cycloalkylcarbonyl)-(C1-Cs alkyl)-, wherein the cycloalkyl ring may
be optionally substituted with at least one R>?).

R’ and R’ are each independently H or C1-C1o alkyl. In some embodiments, R’ and R’
may be each independently H or C1-Cs alkyl. For example, R’ and R”’ may be each independently
H or C1-C3 alkyl. Also, R’ and R’ may be each independently H, methyl or ethyl.

13

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

R>2 may be selected from a group consisting of halogen, hydroxy, -NH,, -NH(C;-Cs alkyl),
-N(C1-Cs alkyl),, cyano, oxo, nitro, C1-Cs alkyl, C1-Cs alkoxy; Ci-Cs alkyl substituted with
halogen, hydroxy, Ci-Csalkoxy, -NH> or cyano; C1-Cs alkoxy substituted with halogen, hydroxy,
C1-Cs alkyl, -NH» or cyano; and halogen-SOs-, (C1-Cs alkyl)-SOs-, -SO2NH>, -SO>NH(C1-Cs
alkyl), and -SO2N(C1-Cs alkyl).. In some embodiments, R may be selected from a group
consisting of halogen, hydroxy, oxo, C1-Cs alkyl, C1-Cs alkoxy, C1-Ce haloalkyl, hydroxy-(Ci-Cs
alkyl)-, (C1-Cs alkoxy)-(C1-Cs alkyl)-, -NH», -NH(C1-Cs alkyl), -N(C1-Cs alkyl),, nitro, cyano,
halogen-SO»-, (C1-Cs alkyl)-SO»- and -SO>NHo.

In one embodiment, R’ may be each independently selected from the following (i) to (vi):

(1) H, halogen, hydroxy, -NH>, -C(O)NH>, nitro, cyano, or carboxy or a salt thercof;

(i1) C1-Cs alkyl, which is optionally substituted with at least one substituent selected from
a group consisting of halogen, hydroxy, C1-Cs haloalkyl, C1-Cs alkoxy, C1-Ce haloalkoxy, -NR’R”’,
R’C(O)-, R’S(0)2-, R’S(0)2NR”’-, R”’R’NC(0)- and R’C(O)NR’’-; C1-Cs alkoxy; or (C1-Cs
alkoxy)-(C1-Cs alkoxy)- (wherein R' and R" are each independently H or C1-Cs alkyl);

(111) phenyl, phenyl-(C1-Cs alkyl)-, phenyloxy, phenyloxy-(C1-Cs alkyl)-, phenylcarbonyl,
or phenylcarbonyl-(C1-Cs alkyl)- (wherein the phenyl ring can be optionally substituted with at
least one R>?);

(iv) heteroaryl, heteroaryl-(C:-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(Ci-Cs alkyl)-,
heteroarylcarbonyl, or heteroarylcarbonyl-(C1-Cs alkyl)- (wherein the heteroaryl ring is selected
from a group consisting of pyrrolyl, furanyl, thiophenyl, pyrazolyl, imidazolyl, isoxazolyl,
oxazolyl, thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, indolyl,
benzofuranyl, benzothiophenyl, benzopyrazolyl, benzimidazolyl, benzooxazolyl, benzoisoxazolyl,
benzothiazolyl, benzoisothiazolyl and 1H-pyrrolo[2,3-b]pyridinyl, which can be optionally
substituted with at least one R>);

(v)  heterocycloalkyl,  heterocycloalkyl-(C:-Cs  alkyl)-,  heterocycloalkyloxy,
heterocycloalkyloxy-(C1-Cs alkyl)-, heterocycloalkylcarbonyl, or heterocycloalkylcarbonyl-(Ci-
Cs alkyl)- (wherein the heterocycloalkyl ring is selected from a group consisting of aziridinyl,
oxiranyl, oxetanyl, azetidinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothiophenyl, piperidinyl,
tetrahydropyranyl, 4H-pyranyl, 3,6-dihydro-2H-pyranyl, 3,4-dihydro-2H-pyranyl, 1,2-
dihydropyridinyl, 1,4-dihydropyridinyl, 1,2,3,6-tetrahydropyridinyl, 1,2,3,4-tetrahydropyridinyl,
piperazinyl, morpholinyl, thiomorpholinyl, oxazolidinyl and 2-oxo-oxazolidinyl, which can be
optionally substituted with at least one R*?); and

(vi) Cs-C7 cycloalkyl, (Cs-C7 cycloalkyl)-(Ci-Cs alkyl)-, Cs-C7 cycloalkyloxy, (Cs-C7
cycloalkyloxy)-(Ci-Cs alkyl)-, Cs-C7 cycloalkylcarbonyl, or (Cs-C7 cycloalkylcarbonyl)-(C1-Cs
alkyl)- (wherein the cycloalkyl ring can be optionally substituted with at least one R*).

14

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

In this case, R> may be selected from a group consisting of halogen, hydroxy, oxo, C1-C3
alkyl, C1-Cs alkoxy, C1-Cs haloalkyl, hydroxy-(C:-Cs alkyl)-, -NH>, -NH(C1-C3 alkyl), -N(C1-C3
alkyl), nitro, cyano, -SO-F and -SO-Cl.

In one embodiment, the heteroaryl ring of (ii1) may be selected from a group consisting of
pyridinyl, pyrazolyl, isoxazolyl, furanyl, pyrimidinyl, thiazolyl, pyrazinyl, benzimidazolyl,
benzooxazolyl and 1H-pyrrolo|2,3-b]pyridinyl. In addition, the heterocycloalkyl ring of (iv) may
be selected from a group consisting of pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl, 3,6-
dihydro-2H-pyranyl, morpholinyl, oxetanyl, piperidinyl and 2-oxo-oxazolidinyl.

For example, R’ may be selected from a group consisting of phenyl, benzyl, 1-phenylethyl,
phenoxy,  pyridinylmethyl, pyridinyloxy, pyridinylcarbonylmethyl,  pyrazolylmethyl,
pyrrolidinylmethyl, pyrrolidinylethyl, isoxazolylmethyl, tetrahydrofuranylmethyl,
tetrahydrofuranyloxy, tetrahy dropyranylmethyl, 3,6-dihydro-2H-pyranylmethyl,
morpholinylmethyl, oxetanylmethyl, piperidinylcarbonylmethyl, 2-oxo-oxazolidinylethyl, 2-oxo-
oxazolidinylmethyl, furanylmethyl, pyrimidinylmethyl, thiazolylmethyl, pyrazinylmethyl,
benzimidazolylmethyl, benzooxazolylmethyl, 1H-pyrrolo[2,3-b]pyridinylmethyl and cyclohexyl,
and R® may be optionally substituted with at least one R* selected from a group consisting of at
least one F, Cl, OH, -CH3, -OCH3, cyano, oxo, -NH», NO», SO>F and CFs.

In some embodiments, R®> may be selected from the following structures:

H, CH;-, HOCH.CH.-, HOCH,CH>CH;-, CF3CH,-, CF3;CH>CHo>-, OH ,

F OH
FCH>CH>CHo-, W )\/\/ , O e e /Ow,

HO
YT T T oy YT Ay oy

3

o 0

0 H ¥ o\\/l F H
AT ey Y ey Y g
\
T LYY (T (T Gy, o
Sy 7 o ey gy ey O
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s

(In the above structures, ‘sé represents a binding position with the remaining residue of

\ 7/

the compound.)
In the above fused ring structures, R® is H or C1-Cs alkyl. In some embodiments, R® may
be H or C;1-C; alkyl. In some embodiments, R® may be H or methyl.

In some embodiments, the compound represented by Formula 1A may be a compound
represented by the following Formula 1A-1:
[Formula 1A-1]
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In Formula 1A-1, the definitions of R!, R? R3 R* R3 R® Ring B and p are as described

for Formula 1A above.

In some embodiments, the compound represented by Formula 1A may be selected from the

following:
o <l o <l

N S%N
cond L\N

0o <l
2 N O N % N..
[0 B v o <
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In some embodiments, the compound represented by Formula 1A may be a compound
represented by any one of the following Formula 1A-2 to Formula 1A-9:

[Formula 1A-2]
R1
R?),

6
R /N s\ll/%\“/”»”N
N FH

N \)\
R N
¥]
o] R
B

RY ;]
[Formula 1A-3]
R1
(R,
. -3 $ J N/“:'N
R
<\
N ™
R
R4 8 :'
[Formula 1A-4]
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R1
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[Formula 1A-5]

RS R!
\ (R%),

N AN
R5—<\N \K\

Qr

(R%),

Rs\N Y\A

Rﬁ

[Formula 1A-6]
0 R!

[Formula 1A-7]
R1

\// (R3),

F!5/L \[/\/»

[Formula 1A-8]

R?
, Vi
n5—</ | )
N
/
RB

[Formula 1A-9]
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In Formula 1A-2 to Formula 1A-9, the definitions of R!, R%, R? R* R® RS Ring B and p
arc as described for Formula 1A above.
In one embodiment, the compound may be a compound of Formula 1A-4, 1A-5, 1A-8 or

1A-9.

R1

In the compound of Formula 1A-4, 1A-5, 1A-8 or 1A-9, ‘ of Formula 1A

,and U, V and W are defined as follows:

Wis N, Uis N, and Vis CH, or U is CHR®, and V is C(O); or

W is C, and any one of U and V is N, and the other is NR®.

In one embodiment, R> of Formula 1A-4, 1A-5, 1A-8 or 1A-9 may be selected from the
following (i) to (vi):

(1) H, halogen, hydroxy, -NH», =NH, -C(O)NHo, nitro, cyano, amidino, or carboxy or a salt
thereof;

(i1) C1-Cs alkyl, which is optionally substituted with at least one substituent selected from
a group consisting of halogen, hydroxy, C1-Cs haloalkyl, Ci-Cs alkoxy and C1-Cs; C1-Cs alkoxy;
or (C1-Cs alkoxy)-(C1-Cs alkoxy)- (for example, it may be Ci-Cs alkyl, C1-Cs alkoxy, or (C1-Cs
alkoxy)-(C1-Cs alkoxy)-, and may also be methyl, ethyl, methoxy, ethoxy, methoxyethoxy,
ethoxyethoxy, and the like.);

(ii1) Cs-Cio aryl, (Cs-Cio ary1)-(C1-Cs alkyl)- or Cs-C1o aryloxy (for example, the aryl ring
may be phenyl.);

(iv) heteroaryl, heteroaryl-(C1-Cs alkyl)- or heteroaryloxy (for example, the heteroaryl ring
may be 5- or 6-membered monocyclic heteroaryl containing one or two N atoms, and for example,
the heteroaryl ring may be pyrimidinyl or pyridinyl.);

(v) heterocycloalkyl, heterocycloalkyl-(C1-Cs alkyl)-, or heterocycloalkyloxy (for example,
the heterocycloalkyl may be 4- to 7-membered fully saturated or partially unsaturated
heterocycloalkyl containing one or two heteroatoms selected from N and O, and for example, the
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heterocycloalkyl ring may be tetrahydrofuranyl, pyrrolidinyl, tetrahydropyranyl or morpholinyl.);
and

(vi) C3-Csg cycloalkyl, C3-Cs cycloalkyl-(C1-Cs alkyl)- or C3-Cs cycloalkyloxy.

The aryl ring, heteroaryl ring, heterocycloalkyl ring and cycloalkyl ring described in (iii)
to (vi) above may be each optionally substituted. For example, these rings may be optionally
substituted with at least one substituent selected from halogen, hydroxy, oxo, -NH», cyano, nitro,
C1-Cs alkyl, and C1-Csalkoxy.

In one embodiment, R’ of Formula 1A-4, 1A-5, 1A-8 or 1A-9 may be C1-Cs alkyl (for
example, methyl, cthyl), benzyl, phenyl, phenoxy, tetrahydrofuranyl, tetrahydrofuranyloxy,
methoxy, ethoxy, methoxyethoxy, ethoxyethoxy, pyridinyl, pyridinyloxy, pyridinylmethyl,
pyrimidinyl, pyrimidinylmethyl, pyrimidinyloxy, methoxyphenyl, or methoxybenzyl.

In some embodiments, the compound represented by Formula 1A-2 to Formula 1A-9 may
be selected from the following:

(/N 1§ 8. N Cl .
QL0 RIOED:

oo Cl

Y
N,S S NN

L T

N N~ 'N

0
HsM
Cl

30

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

H o H s
N y 8, N N ’ 7
0 o— | 1
/ _<\\i~| ‘O Ny, NH, N NN NH,
—0 Lo N\ / R
o o

| N 1
N s NH, /
A 0]
anabh
o o HN

0 Cl
b S H ¢
; iEy o @
O > } >
H Cl Cl
N S\I/\N ﬂ S\I/\M
N O | o I
n= W No iy NH % "
&_hl; i N"x / Vit
© | and 0 .

In some embodiments, the pyrazine core of the compound represented by Formula 1A may
be replaced with another heteroaryl ring, for example, a 5- to 10-membered heteroaryl ring
containing a nitrogen atom. The 5- to 10-membered heteroaryl ring containing a nitrogen atom
may include pyridine, pyridazine, pyrimidine, triazine, imidazopyrimidine, pyrazolopyrazine or
pyrazolopyrimidine.

In this case, the compound represented by Formula 1A may be represented by the following
Formula 1:

[Formula 1]

R1
(R%,

In Formula 1, ring D is selected from the following structures:

31

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

D X RN N
| OV OV OV
/ / AN NP
* N % % " / N
\(\ ﬁAN Y\N |
| | )\// | )\,J Zay

N\/ N\/ N\/

e

N—
%
T\
N_
H .(* represents the binding position with the sulfur atom.)
The definitions of R!, R% R3, R* ring A, Ring B and p are as described for Formula 1A
above.

Among the compounds represented by Formula 1, the compounds having, as Ring D, a
structure other than the pyrazine core may be sclected from, for example, the compounds
represented by the following formula:

0
.y cl \ HN ) 5 QAN O g . HN
YAt So LK
N N
N N.
N N
H H
o c o c
/O\/\N)Hij/s\@j\ /owN)K/@st
|
k\N Z N NH, k\N NG NJ\N NH,
PERRRE \;J vl
o o

0
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In one aspect, there is provided a compound represented by the following Formula 2, or a
stereoisomer, solvate or pharmaceutically acceptable salt thercof:

[Formula 2]
R7
8 (R,
R | N S YN
|
T NQ\
e e N
R

rR1C

In Formula 2, T may be C or N.

In Formula 2, R” may be H, a halogen atom, or C1-Cs haloalkyl.

In Formula 2, R® may be -COORS, -SO5R¢, -SO,NRRY, -COR®, -NHCOR® or -CONHR®.
R and R4 may be each independently H, halogen, C1-Cs alkyl, -(CH2)m-(Cs-C1o aryl), -(CH2)m-(5-
to 10-membered heteroaryl). m may be an integer of 0, 1 or 2.

The Cs-C1o aryl may be phenyl. The 5- to 10-membered heteroaryl may include one or two
heteroatoms selected from N, O and S. For example, the 5- to 10-membered heteroaryl may be 5-
membered or 6-membered heteroaryl containing one or two N (for example, pyrrolyl, pyridinyl,
pyrimidinyl, etc.).

In one embodiment, R® may be -CONH-CH,-phenyl, -CONH-CH»-pyridinyl, -COOCH3, -
SO,F, -S0»-NH>, -SO>-NH-CH3, or -SO>-NH-CH»-phenyl.

In Formula 2, R may be selected from a group consisting of H, halogen, hydroxy, oxo, C1-
Coo alkyl, C1-Coo alkoxy, C>-Cao alkoxyalkyl, an amine group, Ci1-Cao alkyl substituted with an
amine group, an imine group, nitro, cyano, amidino, and a carboxyl group or a salt thereof.

In Formula 2, R and R!! may be each independently H, C1-Cs alkyl, an amine group, or
C1-Cs alkyl substituted with an amine group, or R and R!' may be connected to each other to
form Ring C.
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R!% may be an amine group or an aminomethyl group.

R may be a methyl group.

Ring Cis a 3-, 4-, 5-, 6-, 7-, or 8-membered cyclic group optionally containing one oxygen
atom, which may be optionally substituted with C1-Cs alkyl, an amine group, or C;-Cs alkyl
substituted with an amine group. Ring C may be a substituted or unsubstituted tetrahydrofuran.
The tetrahydrofuran may be substituted with one or more selected from a group consisting of Ci-
Csalkyl, an amine group, and C1-Cs alkyl substituted with an amine group.

Ring C may be optionally fused with an aryl or heteroaryl ring.

In one embodiment, R!® and R'! may be connected to each other to form Ring C, Ring C
may be cyclopentane or tetrahydrofuran, Ring C may be optionally substituted with C1-Cs alkyl or
-NHz. Also, ring C may be optionally fused with phenyl or pyridine.

A

N

R1.0
RWC' \‘:
In one embodiment, -+ of Formula 2 may be sclected from the following:
EN NH ES NH, SN NH2
& N rT‘S\N N = "
NH2 > NH2 > 0 . > 3
”{:N NHZ ;"J ~~

7\

N=" and

In Formula 2, q may be an integer of 0, 1 or 2.
The compound of Formula 2 may be selected from a group consisting of the following
folmulae:
0] Ci Cl

~o Sy FO,S SN
T o
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In one aspect, there is provided a compound represented by Formula 3A, or a stercoisomer,

,and

solvate or pharmaceutically acceptable salt thereof:
[Formula 3A]

R31 R33
R32 J
\’fj/ f\N
e M
Z 5 N N
R|34

In Formula 3A, J may be absent or S.

In Formula 3A, G may be C or N.

In Formula 3A, o may be an integer of 0, 1, 2, 3, 4, or 5. o may be an integer of O or 1.

In Formula 3A, R*! may be H, a halogen atom, or C1-Cs alkyl substituted with halogen

atom. R*! may be H or a halogen atom.

/\ R3%

(+]

In Formula 3A, R* may be selected from a group consisting of H, a halogen atom, a
hydroxy group, a ketone group, C1-Cao alkyl, C1-Co alkoxy, C>-Czo alkoxyalkyl, an amine group,
C1-Cyo alkyl substituted with an amine group, an imine group, nitro, cyano, amidino, a carboxyl
group or a salt thereof, C1-Cyo heteroalkyl, Cs-Coo aryl, Cs-Cop arylalkyl, Cs-Cao heteroaryl, Cs-Cao
heteroarylalkyl, Cs-Co heteroaryloxy, Cs-Coo heteroaryloxyalkyl, and Cs-Coo heterocycloalkyl.
R32 may be selected from a group consisting of H, a halogen atom, an amine group, -COOH, or -
COOR®. R® may be H, a halogen atom, or C1-Cs alkyl optionally substituted with a halogen atom.

In Formula 3A, R*! and R*?> may each be halogen.
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In Formula 3A, R* and R* may be each independently H, C; to Ce alkyl, an amine group,
or C1-Cs alkyl substituted with an amine group. R* and R* may be each independently H, methyl,
an amine group, or C1 to Ce alkyl substituted with an amine group.

In Formula 3A, R*® may represent two or more substituents. Two or more R% may be the
same as or different from each other.

R?° may be at least one selected from the group consisting of H, halogen, hydroxy, C1-Cao
alkyl, C1-Cao alkoxy, C2-Cao alkoxyalkyl, an amine group, C1-Cao alkyl substituted with an amine
group, an imine group, a nitro group, a cyano group, an amidino group, a carboxyl group or a salt
thereof, C1-Cao heteroalkyl, substituted or unsubstituted Cs-Cao aryl, substituted or unsubstituted
Cs-Cao arylalkyl, substituted or unsubstituted Cs-C20 heteroaryl, substituted or unsubstituted Ce-
Caoheteroarylalkyl, substituted or unsubstituted Cs-Coo heteroaryloxy, substituted or unsubstituted
Cs-Cao heteroaryloxyalkyl, and substituted or unsubstituted Cs-Cao heterocycloalkyl. R’ may be
at least one sclected from the group consisting of H, a halogen atom, Ci-C»o alkyl, an amine group,
C1-C2o alkyl substituted with an amine group, substituted or unsubstituted Cs-Coo aryl, substituted
or unsubstituted Cs-Coo arylalkyl, substituted or unsubstituted Cs-C2o heteroaryl, and substituted
or unsubstituted Cs-Cao heteroarylalkyl. For example, R* may be C1-Cs alkyl or NH».

In one aspect, there is provided a compound represented by the following Formula 3B, or
a stercoisomer, solvate or pharmaceutically acceptable salt thercof:

[Formula 3B]
R31 R33
J
= N
- M
(o) N

In Formula 3B, J may be absent or S.

In Formula 3B, o may be an integer of 0, 1, 2, 3, 4, or 5. o may be an integer of O or 1.

In Formula 3B, R*! may be H, a halogen atom, or C1-Cs alkyl substituted with a halogen
atom. R*! may be H or a halogen atom.

In Formula 3B, R* and R* may be each independently H, C;-Cs alkyl, an amine group, or
Ci1-Cs alkyl substituted with an amine group. R* and R* may be each independently H, methyl,
an amine group, or C1-Cs alkyl substituted with an amine group.

In Formula 3B, R% may represent two or more substituents. Two or more R* may be the
same as or different from each other.

R?° may be at least one selected from the group consisting of H, a halogen atom, a hydroxy
group, C1-Cao alkyl, C1-Cao alkoxy, C>-C»o alkoxyalkyl, an amine group, C1-C»o alkyl substituted
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with an amine group, an imine group, a nitro group, a cyano group, an amidino group, a carboxyl
group or a salt thereof, C1-Co heteroalkyl, substituted or unsubstituted Cs-Cao aryl, substituted or
unsubstituted Cs-Coo arylalkyl, substituted or unsubstituted Cs-Co heteroaryl, substituted or
unsubstituted Cs-Coo heteroarylalkyl, substituted or unsubstituted Cs-Cao heteroaryloxy,
substituted or unsubstituted Cs-C20 heteroaryloxyalkyl, and substituted or unsubstituted Cs-C2o
heterocycloalkyl. R* may be at least one selected from the group consisting of H, a halogen atom,
C1-Coo alkyl, an amine group, Ci-Cxo alkyl substituted with an amine group, substituted or
unsubstituted Cs-Coo aryl, substituted or unsubstituted Cs-Cao arylalkyl, substituted or
unsubstituted Cs-Czo heteroaryl, and substituted or unsubstituted Cs-Coo heteroarylalkyl. For
example, R** may be C1-C¢ alkyl or NH>.

(E
In Formula 3B, . ™~ ' may be R*

R?! and R??> may be each independently selected from the group consisting of H, a halogen

atom, hydroxy, a ketone group, C1-Czo alkyl, C1-C2o alkoxy, C2-C2o alkoxyalkyl, an amine group,
C1-Cyo alkyl substituted with an amine group, an imine group, a nitro group, a cyano group, an
amidino group, a carboxyl group or a salt thercof, C1-Csg heteroalkyl, Cs-Cop aryl, Ce-Coo arylalkyl,
Co6-C2o heteroaryl, Cs-Cao heteroarylalkyl, Cs-Cao heteroaryloxy, Cs-Cao heteroaryloxyalkyl, and
Cs-Coo heterocycloalkyl.

R?! and R?*> may be each independently selected from the group consisting of H, C1-Cao
alkyl, an amine group, C1-C2o alkyl substituted with an amine group, Cs-C2o aryl, Cs-Cop arylalkyl,
Cs-Cop heteroaryl, and Ces-Coo heteroarylalkyl.

R?! and R* may be each independently H or a phenyl group.

In one aspect, there is provided a compound represented by the following Formula 3C, or
a stercoisomer, solvate or pharmaceutically acceptable salt thercof:

[Formula 3C]

R31 R33
R32

AN ’ Z SN

|

In Formula 3C, J may be absent or S.

In Formula 3C, G may be C or N.

In Formula 3C, L may be C, N, or O. When L is CH» or NH, R* may be substituted with
the carbon atom or the nitrogen atom of L.
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In Formula 3C, o may be an integer of 0, 1, 2, 3, 4, or 5. o may be an integer of O or 1.

In Formula 3C, R*! may be H, a halogen atom, or C1-Cs alkyl substituted with a halogen
atom. R! may be H or a halogen atom.

In Formula 3C, R* may be selected from a group consisting of H, a halogen atom, hydroxy,
a ketone group, C1-Coo alkyl, C1-Cao alkoxy, C2-Cao alkoxyalkyl, an amine group, C1-Czo alkyl
substituted with an amine group, an imine group, a nitro group, a cyano group, an amidino group,
a carboxyl group or a salt thereof, Ci-Cyo heteroalkyl, Cs-Cao aryl, Cs-Co arylalkyl, Cs-Cao
heteroaryl, Cs-Coo heteroarylalkyl, Cs-Co20 heteroaryloxy, Cs-Cao heteroaryloxyalkyl, and Cs-Cao
heterocycloalkyl. R3 may be selected from a group consisting of H, a halogen atom, an amine
group, -COOH, or -COOR!. Rfmay be H, a halogen atom, or C1-Cs alkyl optionally substituted
with a halogen atom.

In Formula 3C, R*! and R* may each be halogen.

In Formula 3C, R* and R* may be each independently H, C;-C¢ alkyl, an amine group, or
Ci1-Cs alkyl substituted with an amine group. R* and R* may be each independently H, methyl,
an amine group, or C;-Ce alkyl substituted with an amine group. For example, R* and R* are each
independently H, C1-Cs alkyl, -NH», -NH(C1-Cs alkyl), -N(C1-Cs alkyl), or HaN-(C1-Cs alkyl)-.
In some embodiments, R*¥ and R** may be each independently C;-C; alkyl or -NH,. In some
embodiments, R** may be -NH,, and R** may be methyl.

In Formula 3C, R* may represent two or more substituents. Two or more R* may be the
same as or different from each other.

R>° may be at least one selected from the group consisting of H, a halogen atom, hydroxy,
C1-Cao alkyl, C1-Co alkoxy, Co-Cao alkoxyalkyl, an amine group, C1-C»o alkyl substituted with an
amine group, an imine group, a nitro group, a cyano group, an amidino group, a carboxyl group or
a salt thereof, C1-Czo heteroalkyl, substituted or unsubstituted Cs-C20 aryl, substituted or
unsubstituted Cs-Coo arylalkyl, substituted or unsubstituted Cs-Co heteroaryl, substituted or
unsubstituted Cs-Czo heteroarylalkyl, substituted or unsubstituted Cs-Czo heteroaryloxy,
substituted or unsubstituted Cs-C20 heteroaryloxyalkyl, and substituted or unsubstituted Cs-C2o
heterocycloalkyl . R* may be at least one selected from the group consisting of H, a halogen atom,
C1-Coo alkyl, an amine group, Ci-Cxo alkyl substituted with an amine group, substituted or
unsubstituted Cs-Coo aryl, substituted or unsubstituted Cs-Cao arylalkyl, substituted or
unsubstituted Cs-C2o heteroaryl, and substituted or unsubstituted Cs-C2o heteroarylalkyl. R* may
represent two or more substituents. For example, R*> may be C1-Cs alkyl substituted with at least
one substituent selected from the group consisting of -NH», 5- to 10-membered heteroaryl (for
example, pyridinyl), and Cs-Cio aryl (for example, phenyl).
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According to some embodiments,
the following structures:

in Formula 3C may be selected from

<
N/\ NH,
HJJN“l NH, # N ﬁﬁ\N/\ NH, LN
LN o LN ~UN

AN
Hiﬁ NH,
Y

p=

(N f\lN/\ S S
IR O O S
o AN N
N NH, N N N
@J\ @\/\/NHZ’ LN\/\NHZ and LN\/\/NHZ.

In some embodiments, in Formulae 3A to 3C, R* is selected from a group consisting of H,
halogen, hydroxy, oxo, C1-Cao alkyl, C1-C2 alkoxy, (C1-C1o alkoxy)-(C1-Cio alkyl)-, Ha2N-(C1-Cao
alkyl)-, -NH», -NH(C1-C» alkyl), -N(C1-C2 alkyl),, =NH, nitro, cyano, amidino, carboxyl or a
salt thereof, heterocycloalkyl, Cs-Cao aryl, (Cs-C12 aryl)-(C1-Cs alkyl)-, heteroaryl, heteroaryl-(Ci-
Cs alkyl)-, heteroaryloxy, and heteroaryloxy-(Ci-Cs alkyl)-. In this case, -(C1-Cs alkyl)- of (Cs-C12
aryl)-(C1-Cs alkyl)-, heteroaryl-(C1-Cg alkyl)- and heteroaryloxy-(C1-Cs alkyl)- may be optionally
substituted with halogen, hydroxy, -NH>, nitro or cyano.

In some embodiments, the compound represented by Formula 3A, 3B or 3C may be
selected from compounds represented by the following Formulae:

o <l NH, o a NH,
N N
o O
HN S

ks

o cl o)
I ,
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l‘“"’\m HoN N’)\N
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N7 SFHNT NS N
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As used herein, the term "halogen" or "halogen atom" refers to an atom belonging to Group
17 of the periodic table. Halogen atoms include F, CI, Br, I and the like.

The term "alkyl" refers to a fully saturated branched or unbranched (or straight-chain or
lincar) hydrocarbon. The alkyl may be a substituted or unsubstituted alkyl. The C1-Cao alkyl may
be, for example, C1-Cis, C1-Cio, or C1-Cs alkyl. The C1-Cs alkyl may be C1-Cs, C1-Cs, C1-C3, or
C1-C, alkyl. The alkyl may be, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

s and

sec-butyl, n-pentyl, isopentyl, neopentyl, iso-amyl, or n-hexyl.

The term "haloalkyl" refers to an alkyl substituted with at least one halogen.

The term "hydroxy" refers to an -OH functional group (hydroxyl group).

The term "oxo" refers to =0, and "substituted with oxo" means that a carbon atom has an
=0 substituent in the form of -C(=0)-.

The term "carbonyl" refers to -C(=0)-.

The term “alkoxy” refers to an alkyl bound to an oxygen atom. The C1.Cao alkoxy may be,
for example, C1-Cis, C1-Cio, or C1-Cs alkoxy. The Ci-Cs alkoxy may be Ci-Cs, C1.Cs, C1.C3, or
C1-C; alkoxy. The alkoxy may be methoxy, ethoxy, propoxy, butoxy, and the like.

The term "alkoxyalkyl" refers to alkoxy bound to an alkyl. The C>.Cyo alkoxyalkyl may be,
for example, C>-Cis, C2-Cio, or C>-Cs alkoxyalkyl. For example, C>.C»o alkoxyalkyl may be (Ci-
Cio alkoxy)-(C1-Cio alkyl), (C1-Cs alkoxy)-(C1-Cs alkyl) and the like, and the number of carbon
atoms in the alkoxy group and the alkyl group may be the same or different. The alkoxy may be,
for example, mecthoxymethyl, methoxyethyl, ecthoxymethyl, ethoxyethyl, methoxypropyl,
ethoxypropyl, and the like.

The term "alkoxyalkoxy" refers to alkoxy bound to alkoxy. Alkoxyalkoxy may include, for
example, methoxymethoxy, methoxyethoxy, ethoxymethoxy, cthoxyethoxy, and the like.

The term "amino" refers to -NH».

The term "amine group" refers to a substituent in which one, two or all three hydrogens of
ammonia arc replaced with an organic functional group and includes all of primary amines,
secondary amines and tertiary amines, also including an amino group.
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The term "imine" refers to a functional group containing a double bond between a carbon
atom and a nitrogen atom.

The term "nitro" refers to -NOa.

The term "cyano" refers to -CN, which is a functional group consisting of a triple bond
between a carbon atom and a nitrogen atom.

The term "amidino" refers to -C(-NH2)=NH.

The term "carboxy" refers to -COOH. A salt of carboxy refers to a conjugate base of a
carboxylic acid.

The term "sulfonyl" refers to a -SO»- group.

The term "cycloalkyl", "cyclic ring", or "carbon ring" refers to a saturated or partially
unsaturated non-aromatic monocyclic, bicyclic or tricyclic hydrocarbon group. A cyclic ring group
may contain 3 to 20 carbon atoms, for example, 5 to 10, 3 to 8, or 3 to 6 carbon atoms. The
monocyclic ring group can be, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, or cyclohexenyl, and the like. The bicyclic ring group may be, for example, bornyl,
decahydronaphthyl, bicyclo[2.1.1]hexyl, bicyclo[2.2.1]heptyl, bicyclo[2.2.1}heptenyl, or
bicyclo|2.2.2]octyl and the like. The tricyclic ring group may be, for example, adamantyl.

The term "aryl" also includes a group in which an aromatic ring is fused to one or more
carbon rings. The Cs-Cso aryl may be, for example, Cs-Cis, or Cs-Cio aryl. Aryl may be phenyl,
naphthyl, or tetrahydronaphthyl.

The term “arylalkyl” refers to an alkyl substituted with an aryl.

The term "aryloxy" refers to an aryl bound to an oxygen atom.

The term "heteroaryl" refers to a monocyclic or bicyclic aromatic compound containing
one or more heteroatoms, the remaining ring atoms being carbon. The heteroaryl may include, for
example, 1105, 1 to 3, 1 or 2 heteroatoms, and may include 5 to 10 ring members. "Heteroaryl"
may be, for example, pyrrolyl, furanyl, thiophenyl, pyrazolyl, imidazolyl, isoxazolyl, oxazolyl,
thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, indolyl, benzofuranyl,
benzothiophenyl,  benzopyrazolyl,  benzimidazolyl,  benzooxazolyl, = benzoisoxazolyl,
benzothiazolyl, or benzoisothiazolyl, and the like.

The term "heteroarylalkyl" refers to an alkyl substituted with a heteroaryl.

The term "heteroaryloxy" refers to a heteroaryl bound to an oxygen atom.

The term "heterocycloalkyl” or "heterocyclyl” refers to a saturated or partially unsaturated
cyclic hydrocarbon containing at least one heteroatom. The heterocyclyl ring group may be a single
ring group, a two ring group, or a three ring group. The two ring groups may be a spiro-ring group,
a bridged-ring group, and a fused-ring group. A heterocyclyl ring group may contain 3 to 20, 3 to
10,3t08,31t07, 5107, 4106, or 5 to 6 ring atoms. The heteroatom may be any one or more, for
example, 1, 2 or 3 heteroatoms selected from the group consisting of N, O and S.  For example,
the heterocycloalkyl may be aziridinyl, oxiranyl, oxetanyl, azetidinyl, pyrrolidinyl,
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tetrahydrofuranyl, tetrahydrothiophenyl, piperidinyl, tetrahydropyranyl, dihydropyranyl,
morpholinyl, thiomorpholinyl or oxazolidinyl, and the like.

The term "heterocycloalkylalkyl" refers to an alkyl substituted with a heterocycloalkyl.

The term "heterocycloalkyloxy" refers to a heterocycloalkyl bound to an oxygen atom.

The heteroatom may be any one or more selected from the group consisting of N, O, P, and
S. The heteroatom may be 1, 2, or 3 heteroatoms selected from the group consisting of N, O and
S.

The term "substituted" included in "substituted or unsubstituted" refers to replacement of
hydrogen atoms and introduction of other atomic groups when a derivative is formed by
substituting one or more hydrogen atoms in an organic compound with other atomic groups, and
the term "substituent" refers to an atomic group as introduced. "Substituted" used herein without
any limitation of a substituent may mean substitution with, for example, a halogen atom, Ci-Cxo
alkyl substituted with a halogen atom (for example, CCF3, CHCF», CH>F, CCl; etc.), Ci-Cxo
alkoxy, C»>-Cao alkoxyalkyl, a hydroxy group, -NH>, =NH, nitro, cyano, amidino, hydrazine,
hydrazone, carboxy or a salt thereof, sulfonyl, sulfamoyl, a sulfonic acid group or a salt thereof,
phosphoric acid or a salt thereof, C1-Cao alkyl, C2-Cao alkenyl, Co-Coo alkynyl, Cs-Coo aryl, Cs-Cao
arylalkyl, Cs-Co heteroaryl, C7-Cao heteroarylalkyl, Cs-Coo heteroaryloxy, Ces-Cao
heteroaryloxyalkyl, or C¢-Cao heteroarylalkyl, and the like.

The term "isomer" included in "stereoisomer" refers to a compound that has the same
molecular formula but differs in atomic connectivity or spatial arrangement of constituent atoms
in the molecule. Isomers include, for example, structural isomers and stereoisomers. The
stereoisomer may be a diastereomer or an enantiomer. Enantiomers refer to a pair of isomers that
are non-superimposable mirror images, such as the relationship between the left and right hands,
and are also called optical isomers. Enantiomers are divided into R(Rectus: clockwise) and
S(Sinister: counterclockwise) when 4 or more substituents differ from cach other at the chiral
center carbon. Diastereomers refer to non-mirror image stercoisomers and are isomers generated
by different spatial arrangement of atoms. The diastercomers may be divided into cis-trans isomers,
and conformational isomers or conformers.

The term "solvate" refers to a compound solvated in an organic or inorganic solvent. The
solvate is, for example, a hydrate.

The term "salt" refers to inorganic and organic acid addition salts of compounds. The
pharmaceutically acceptable salt may be a salt that does not cause serious irritation to an organism
administered with the compound and does not impair the biological activity and properties of the
compound. The inorganic acid salt may be hydrochloride, bromate, phosphate, sulfate, or disulfate.
The organic acid salt may be formate, acctate, propionate, lactate, oxalate, tartrate, malate, maleate,
citrate, fumarate, besylate, camsylate, edicylate, trichloroacetate, trifluoroacetate, benzoate,
gluconate, methanesulfonate, glycolate, succinate, 4-toluenesulfonate, galacturonate, embonate,

43

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

glutamate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate, or aspartate. The metal salt may
be a calcium salt, a sodium salt, a magnesium salt, a strontium salt, or a potassium salt.

The compound of any one or more of Formulae 1, 1A, 1A-1 to 1A-9, 2, 3A, 3B and 3C
may be an inhibitor for Src homology region 2 domain-containing phosphatase-2(SHP2). Src
homology region 2 domain-containing phosphatase-2(SHP2) may be a protein belonging to
protein tyrosine phosphatase(PTP). The SHP2 may also be referred to as tyrosine-protein
phosphatase non-receptor type 11(PTPN11), protein-tyrosine phosphatase 1D(PTP-1D), or
protein-tyrosine phosphatase 2C(PTP-2C). The SHP2 may include two tandem SH2 domains at
the N-terminus, together with SPP1. The SHP2 may be a protein comprising the amino acid
sequence of Uniprot No. Q06124 in humans or the amino acid sequence of Uniprot No. P35235 in
mice. The SHP2 may be a wild-type SHP2 or a SHP2 mutant. The inhibitor for SHP2 may be an
hibitor that inhibits the expression or activity of SHP2.

In another aspect, there is provided a pharmaceutical composition comprising the
compound according to one aspect, a stereoisomer or a solvate thereof, or a pharmaceutically
acceptable salt thereof.

In another aspect, there is provided a pharmaceutical composition for preventing or
treating a disease associated with the abnormal activity of Src homology region 2 domain-
containing phosphatase-2 (SHP2), comprising the compound according to onc aspect, a
stereoisomer or a solvate thercof, or a pharmaceutically acceptable salt thercof.

The above compound, stereoisomer, solvate, pharmaceutically acceptable salt, and SHP2
are as described above.

The disease associated with the abnormal activity of SHP2 may be selected from the group
consisting of cancer, cancer metastasis, cardiovascular disease, immune disorder, fibrosis, and
ocular disorder.

The cancer may be sclected from the group consisting of ovarian cancer, cervical cancer,
endometrial cancer, uterine sarcoma, vulvar cancer, breast cancer, skin cancer, head and neck
cancer, pancreatic cancer, lung cancer, large intestine cancer, colorectal cancer, gastric cancer,
prostate cancer, bladder cancer, urcthral cancer, liver cancer, kidney cancer, skin cancer,
cerebrospinal tumor, brain cancer, thymoma, mesothelioma, bronchial cancer, nasopharyngeal
cancer, laryngeal cancer, esophageal cancer, biliary tract cancer, testicular cancer, germ cell tumor,
thyroid cancer, parathyroid cancer, lymphoma, myelodysplastic syndrome (MDS), myelofibrosis,
acute leukemia, chronic leukemia, multiple myeloma, endocrine system cancer, and sarcoma.

The cancer metastasis refers to the spread of a tumor from a primary site to another body
site, where it scttles and proliferates. The cancer metastasis can cause cancer cells to spread to
blood vessels, lymphatic vessels, or tissues.
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The cardiovascular disease refers to a disease occurring in the heart or major arteries (for
example, aorta, pulmonary arteries, carotid arteries, cercbral blood vessels, renal arteries, lower
extremity arteries). The cardiovascular disease may be selected from the group consisting of
hypertension, ischemic heart disease, coronary artery disease, angina pectoris, myocardial
infarction, atherosclerosis (arteriosclerosis), cerebrovascular disease, stroke, arrhythmia, acute
heart failure, chronic heart failure, and hypotension.

The immune disorder refers to a state in which a normal immune response is not made.
The immune disorder may be selected from the group consisting of acquired immunodeficiency,
autoimmune disease, systemic lupus erythematosus, scleroderma, Sjogren's syndrome,
polymyositis, dermatomyositis, polymyalgia rheumatica, temporal arteritis, polyarteritis nodosa,
and Behcet's syndrome.

The fibrosis refers to a symptom in which fibrous tissue is excessively increased in a part
of a tissue or an organ. The fibrosis may be selected from the group consisting of hepatic fibrosis,
cystic fibrosis, myelofibrosis, endocardial myocardial fibrosis, and retroperitoneal fibrosis.

The ocular disorder refers to a disorder affecting various structures of the eye. The ocular
disorder may be selected from the group consisting of endophthalmitis, degenecrative myopia,
degenerative disorders of the eye, hypotonia of the eye, intraocular foreign body, hemophthalmos,
and dislocation of the eye.

The disease associated with the abnormal activity of SHP2 may be sclected from the group
consisting of Noonan syndrome, Leopard syndrome, juvenile myelomonocytic leukemia (JMML),
necuroblastoma, melanoma, acute myeloid leukemia, breast cancer, esophageal cancer, lung cancer,
large intestine cancer, head cancer, squamous cell carcinoma of the head and neck, gastric
carcinoma, anaplastic large cell lymphoma, glioblastoma, pancreatic cancer, biliary tract cancer,
uterine cancer, endometrial cancer, liver cancer, and neurofibromatosis type 1.

The term "prevention” refers to any action that inhibits the occurrence of or delays the
onset of a disease associated with SHP2 by administration of the pharmaceutical composition. The
term "treatment" refers to any action that improves or beneficially changes the symptoms of a
disease associated with SHP2 by administration of the pharmaceutical composition.

The pharmaceutical composition may include a pharmaceutically acceptable carrier. The
carrier is used in the sense of including an excipient, a diluent or an adjuvant. For example, the
carrier may be selected from the group consisting of lactose, dextrose, sucrose, sorbitol, mannitol,
xylitol, erythritol, maltitol, starch, gum acacia, alginate, gelatin, calcium phosphate, calcium
silicate, cellulose, methyl cellulose, polyvinyl pyrrolidone, water, physiological saline, buffers
such as PBS, methyl hydroxybenzoate, propyl hydroxybenzoate, talc, magnesium stearate, and
mineral oil. The composition may include a filler, an anti-aggregation agent, a lubricant, a wetting
agent, a flavoring agent, an emulsifying agent, a preservative, or a combination thereof.
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The pharmaceutical composition may be prepared in any formulation according to a
conventional method. The composition may be formulated, for example, as an oral dosage form
(for example, a powder, a tablet, a capsule, a syrup, a pill, or a granule) or a parenteral dosage form
(for example, an injection). In addition, the composition may be prepared as a systemic formulation
or as a topical formulation.

In the pharmaceutical composition, the solid preparation for oral administration may be a
tablet, a pill, a powder, a granule, or a capsule. The solid preparation may further include an
excipient. The excipient may be, for example, starch, calcium carbonate, sucrose, lactose, or
gelatin. In addition, the solid preparation may further include a lubricant such as magnesium
stearate or talc. In the pharmaceutical composition, the liquid preparation for oral administration
may be a suspension, an internal solution, an emulsion, or a syrup. The liquid preparation may
include water or liquid paraffin. The liquid preparation may include an excipient, for example, a
wetting agent, a sweetening agent, a perfuming agent, or a preservative. In the pharmaceutical
composition, the preparation for parenteral administration may be a sterile aqueous solution, a
non-aqueous solution, a suspension, an emulsion, a freeze-dried preparation or a suppository. A
non-aqueous solution or suspension may include a vegetable oil or an ester. The vegetable oil may
be, for example, propylene glycol, polycthylene glycol, or olive oil. The ester may be, for example,
ethyl oleate. The base of the suppository may be witepsol, macrogol, tween 61, cacao butter, laurin
butter, or glycerogelatin.

The pharmaceutical composition comprises the compound according to one aspect, a
stereoisomer, a solvate, or a pharmaceutically acceptable salt thereof as an active ingredient of the
pharmaceutical composition. "Active ingredient” refers to a physiologically active substance used
to achieve a pharmacological activity (for example, treatment of a disease associated with the
abnormal activity of SHP2).

The pharmaceutical composition may comprise the compound according to one aspect, a
stereoisomer, a solvate, or a pharmaceutically acceptable salt thereof in an effective amount. The
term "effective amount" refers to an amount sufficient to exhibit the effect of preventing or treating
a discase when administered to a subject in need thereof. The effective amount may be
appropriately selected by one of ordinary skill in the art depending on the cell or subject to be
selected. The preferred dosage of the pharmaceutical composition varies depending on the
condition and body weight of the subject, the severity of the disease, the drug form, the route and
duration of administration, but may be appropriately selected by one of ordinary skill in the art.
The effective amount may be about 0.5 pg to about 2 g, about 1 pg to about 1 g, about 10 ug to
about 500 mg, about 100 pg to about 100 mg, or about 1 mg to about 50 mg per the pharmaceutical
composition. However, the compound, stereoisomer, solvate, or pharmaceutically acceptable salt
thereof may be administered in an amount of, for example, about 0.0001 mg/kg to about 100 mg/kg,
or about 0.001 mg/kg to about 100 mg/kg, which may be administered in divided doses 1 to 24
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times a day, 1 to 7 times per 2 days to 1 week, or 1 to 24 times per 1 month to 12 months. In the
pharmaceutical composition, the compound, stereoisomer, solvate, or pharmaceutically acceptable
salt thereof may be included in an amount of from about 0.0001% by weight to about 10% by
weight, or from about 0.001% by weight to about 1% by weight, based on the total weight of the
entire composition.

The administration method may be oral or parenteral administration. The administration
method may be, for example, oral, transdermal, subcutancous, rectal, intravenous, intraarterial,
itraperitoneal, intramuscular, intrasternal, topical, intranasal, intratracheal, or intradermal route.
The composition may be administered systemically or locally, alone or in combination with other
pharmaceutically active compounds.

In another aspect, there is provided a method for preventing or treating a discase associated
with the abnormal activity of SHP2, comprising administering to a subject the compound
according to one aspect, a stereoisomer or a solvate thereof, or a pharmaceutically acceptable salt
thereof.

The above compound, stereoisomer, solvate, pharmaceutically acceptable salt, SHP2,
disease associated with the abnormal activity of SHP2, prevention and treatment are as described
above.

The subject may be a mammal, such as a human, mouse, rat, cow, horse, pig, dog, monkey,
sheep, goat, ape, or cat. The subject may be a subject suffering from, or likely to suffer from, a
symptom associated with a disease associated with the abnormal activity of SHP2.

The method may further comprise administering to the subject an active ingredient known
to have an effect of preventing or treating a disease associated with SHP2. The known active
ingredient may be administered to the subject simultancously, separately, or sequentially with the
compound according to one aspect, a stercoisomer, a solvate, or a pharmaccutically acceptable salt
thereof.

The administration method may be oral or parenteral administration. The administration
method may be, for example, oral, transdermal, subcutancous, rectal, intravenous, intraarterial,
itraperitoneal, intramuscular, intrasternal, topical, intranasal, intratracheal, or intradermal route.
The pharmaceutical composition may be administered systemically or locally, alone or in
combination with other pharmaceutically active compounds.

The preferred dosage of the pharmaceutical composition varies depending on the
condition and body weight of the patient, the severity of the disease, the drug form, the route and
duration of administration, but may be appropriately selected by one of ordinary skill in the art.
The dosage may be, for example, in the range of about 0.001 mg/kg to about 100 mg/kg, about
0.01 mg/kg to about 10 mg/kg, or about 0.1 mg/kg to about 1 mg/kg, for an adult. The
administration may be performed once a day, 2 to 24 times a day, 1 to 2 times per 3 days, 1 to 6

47

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

times a week, 1 to 10 times per 2 weeks, 1 to 15 times per 3 weeks , 1 to 3 times per 4 weeks, or 1
to 12 times a year.

In another aspect, there is provided the compound according to one aspect, a stereoisomer
or a solvate thereof, or a pharmaceutically acceptable salt thereof, for use in preventing or treating
a disease associated with the abnormal activity of SHP2.

The above compound, stereoisomer, solvate, pharmaceutically acceptable salt, SHP2,
disease associated with the abnormal activity of SHP2, prevention, and treatment are as described
above.

In another aspect, there is provided a use of the compound according to one aspect, a
stereoisomer or a solvate thercof, or a pharmacecutically acceptable salt thereof, for use in the
manufacture of a medicament for the prevention or treatment of a disease associated with the
abnormal activity of SHP2.

The above compound, stereoisomer, solvate, pharmaceutically acceptable salt, SHP2,
disease associated with the abnormal activity of SHP2, prevention, and treatment are as described
above.

Effects of Invention

A discase associated with SHP2 can be effectively prevented or treated by a SHP2
mhibitor, a pharmaceutical composition for preventing or treating a disease associated with SHP2
comprising the same, a method for treating and preventing a discase using the same, and a use
thereof.

Detailed Description for Carrying out the Invention

Hereinafter, the present invention will be described in more detail by way of the following
examples. However, the following examples are only for illustrating the present invention, and the
scope of the present invention is not limited thereto.

Preparation Example 1: Synthesis of tert-butyl (1-(5-bromopyrazin-2-yl)-4-

methylpiperidin-4-yl)carbamate (Intermediate I-1

HN
Br N OQNHBOC Br\[Nj\
X _ | _
\[ /:L - NN
N Br

EtsN, DMF NHBoc
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In a round bottom flask, EtsN (5.6 mL, 42 mmol) was added dropwise to a reaction mixture
of 2,5-dibromopyrazine (2 g, 8.4 mmol) and tert-butyl (4-methylpiperidin-4-yl)carbamate (1.98 g,
9.25 mmol) dissolved in DMF (dimethylformamide, 34 mL, 0.25 M), and the reaction mixture was
stirred at 80 C for 2 hours. The reaction was terminated with H>O, and the mixture was extracted
with ethyl acctate (EA). The EA layer was dried over MgSQy, filtered and concentrated. The
resulting product was separated by MPLC (Medium pressure liquid chromatography)
(EA:hexane(Hx)=1:9) and concentrated to obtain Intermediate 1-1 (2.43 g, 78%). 'H NMR (400
MHz, DMSO) §8.20 (d, J=1.2 Hz, 1H), 8.14 (d, T = 1.6 Hz, 1H), 6.63 (b, 1H), 3.84-3.79 (m, 2H),
3.25-3.20 (m, 2H), 2.09 (d, J = 13.2 Hz, 2H), 1.47-1.41 (m, 2H), 1.39 (s, 9H), 1.25 (s, 3H); MS
m/z: 371 [M+H]".

Preparation Example 2: Synthesis of tert-butyl ((1-(5-bromopyrazin-2-yl)-4-

methylpiperidin-4-yDmethvylcarbamate (Intermediate I-2)
HN Br-_Ng
Br\[N\l NHBoc \[ ]\
o ~
- N N
= EtsN, DMF
N© B ’ Q@NHBoc

-2

In a round bottom flask, Et:N (5.6 mL, 39.8 mmol) was added dropwise to a reaction
mixture of 2,5-dibromopyrazine (1.89 g 7.96 mmol) and tert-butyl ((4-methylpiperidin-4-
yDmethyl)carbamate (2 g, 8.76 mmol) dissolved in DMF(N,N-dimethylformamide, 32 mL, 0.25
M), and the reaction mixture was stirred at 90°C for 2 hours. The reaction was terminated with
H>0, and the mixture was extracted with EA. The EA layer was dried over MgSQs, filtered,
concentrated and separated by MPLC(EA:Hx=1:1). The resulting compound was concentrated to
obtain Intermediate I-2 (2 g, 65%). '"H NMR (400 MHz, DMSO) 88.19 (d, J = 1.6 Hz, 1H), 8.13
(d, J=12Hz, 1H), 691 (1, ] = 6.4 Hz, 1H), 3.78-3.72 (m, 2H), 3.39-3.33 (m, 2H), 2.88 (b, J= 6.8
Hz, 2H), 1.45-1.40 (m, 2H), 1.38 (s, 9H), 1.29-1.23 (m, 2H), 0.90 (s, 3H); MS m/z: 385 [M+H]".

Preparation Example 3: Synthesis of N-((35,45)-8-(5-bromopyrazin-2-yl)-3-methyl-2-

oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfanilamide (Intermediate 1-3

N
0 o N Br \[ \j\ é?
it ~ HN/
Boc.. B TFA _S DIPEA NN A \g
oL TS ?
o ‘ DME S
DCM o
(o] g (0]
step 1 step 2 I-3

Step 1: 2-methyl-N-((3S,4S5)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)propane-2-

sulfanilamide
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Tert-butyl (385,4S)-4-((tert-butylsulfinyl)Jamino)-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
carboxylate (3 g, 8.0 mmol) was dissolved in dichloromethane (DCM)(200 mL, 0.04 M). The
reaction mixture was slowly added dropwise with trifluoroacetic acid (TFA)(6.1 mL, 80.1 mmol)
and then stirred at room temperature for 3 hours. After completion of the reaction, the reaction
mixture was concentrated to obtain [2-methyl-N-((3S,4S)-3-methyl-2-oxa-8-azaspiro[4.5]decan-
4-yl)propane-2-sulfanilamide].

Step 2: N-((35,45)-8-(5-bromopyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-
yD)-2-methylpropane-2-sulfanilamide (Intermediate 1-3)

2-methyl-N-((38,48)-3-methyl-2-oxa-8-azaspiro[ 4.5 ]decan-4-y)propane-2-sulfanilamide
and 2,5-dibromopyrazine (4.4 g, 16.0 mmol) were dissolved in dimethylformamide(DMF)(16 mL,
0.5 M). The reaction mixture was added with N,N-diisopropylethylamine(DIPEA) (14 mL, 80.1
mmol) and then stirred at 100°C for 3 hours. The reaction was terminated with H>O, and the
mixture was extracted with ethylacetate(EA). The EA layer was dried over MgSQOy, filtered and
then concentrated. The resulting product was separated by MPLC (EA:Hx=1:1) and concentrated
to obtain Intermediate 1-3 (2.4 g, 70%). 'H NMR (400 MHz, DMSO) §8.21(d, J = 1.6 Hz, 1H),
8.16(d, ] = 1.2 Hz, 1H), 7.96(s, 1H), 5.12(d, J = 11.2 Hz, 1H), 4.14-3.99(m, 2H), 3.86(d, ] = 8.8
Hz, 1H), 3.51(d, J = 8.8 Hz, 1H), 3.41(dd, J = 11.2, 6.0 Hz, 1H), 3.13-3.02(m, 2H), 1.80-1.70(m,
2H), 1.61-1.54(m, 2H), 1.16(s, 9H), 1.10(d, J = 6.4 Hz, 3H); MS m/z: 431 [M+H]".

Preparation Example 4: Synthesis of tert-butyl ((3S,48)-8-(5-bromopyrazin-2-yl)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate (Intermediate 1-4

Br N\
\[ /j\ Br N
N~ Br \[ \l Boc.
Boc, DIPEA NN NH

DMF
o
o

-4
Tert-butyl ((3S,45)-3-methyl-2-oxa-8-azaspiro|4.5]decan-4-yl)carbamate (200 mg, 0.74
mmol) and 2,5-dibromopyrazine (260 mg, 1.1 mmol) were dissolved in DMF(1.5 mL, 0.5 M). The
reaction mixture was added with DIPEA (0.64 mL, 3.7 mmol) and then stirred at 100°C for 1 hour.

The reaction was terminated with H>O, and the mixture was extracted with EA. The EA layer was
dried over MgSOa, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:1) and concentrated to obtain Intermediate 1-4 (265 mg, 84%). 'H NMR (400 MHz,
DMSO) §8.21(d, J = 1.6 Hz, 1H), 8.15(d, ] = 1.6 Hz, 1H), 7.02(d, ] = 10.4 Hz, 1H), 4.20-1.12(m,
1H), 3.88(dd, T =10.4, 5.2 Hz, 1H), 3.68-3.61(m, 2H), 3.59-3.49(m, 3H), 3.44-3 38(m, 1H), 1.68-
1.55(m, 3H), 1.51-1.46(m, 1H), 1.39(s, 9H), 1.02(d, ] = 6.4 Hz, 3H); MS m/z: 427 [M+H]".
Preparation Example 5: Synthesis of methyl 2-chloro-3-mercaptobenzoate

(Intermediate 1-5)
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9]

ci N o o
HE " ", 1M t-BuOK
oA B o~ oA SO k SH
| Pdy(dbals, Xantphos, > a THE J
e DIPEA, 1,4-Dioxane
slep 2
slep 1 -8

Step 1: methyl 2-chloro-3-((3-ethoxy-3-oxopropyl)thio)benzoate

In a round bottom flask, DIPEA (1.4 mL, 8.0 mmol) was added to a reaction mixture of
methyl 3-bromo-2-chlorobenzoate (1 g, 4.0 mmol), ethyl-3-mercaptopropionate (0.7 mL, 5.2
mmol), Pd>(dba); (180 mg, 0.2 mmol) and XantPhos (230 mg, 0.4 mmol) dissolved in 1 4-dioxane
(7 mL, 0.6 M). The reaction mixture was purged with nitrogen, and then stirred at 100°C for 3
hours. The reaction was terminated with H>O, and the mixture was extracted with EA. The EA
layer was dried over MgSQy, filtered and then concentrated. The resulting product was separated
by MPLC (EA:Hx=1:20) and concentrated to obtain methyl 2-chloro-3-((3-cthoxy-3-
oxopropyDthio)benzoate (940 mg, 73%).

Step 2: methyl 2-chloro-3-mercaptobenzoate (Intermediate I-5)

In a round bottom flask, methyl 2-chloro-3-((3-cthoxy-3-oxopropyl)thio)benzoate (300 mg,
1.0 mmol) was dissolved in THF (tetrahydrofuran, 2 mL, 0.5 M), and then the temperature was
lowered to 0C. The reaction mixture was slowly added dropwise with 1 M potassium tert-
butoxide solution (1.5 mL, 1 M in THF) and then stirred at room temperature for 30 minutes. After
completion of the reaction, the reaction mixture was concentrated using a concentrator. The
resulting product was separated by MPLC (EA:Hx=1:100) and concentrated to obtain Intermediate
1-5 (110 mg, 54%). 'H NMR (400 MHz, DMSO) §7.75(dd, J = 7.6, 1.6 Hz, 1H), 7.50(dd, J = 7.6,
1.2 Hz, 1H), 7.32(t, ] = 8.0 Hz, 1H), 6.02(bs, 1H), 3.86(s, 3H); MS m/z: 202 [M+H]".

Preparation Example 6: Synthesis of ethyl 2-chloro-3-mercaptobenzoate

(Intermediate 1-6)

0
A L Hs o P o~ NaoEt ,?k T s
"y gy B - ey R 't s - Ny g
| Pay{dbals, Xantphos, ) , THF Ej
DIPEA, 1.4-Dioxane N sep? ,
step 1 -6

Step 1: methyl 2-chloro-3-((3-ethoxy-3-oxopropyl)thio)benzoate

In a round bottom flask, DIPEA (1.4 mL, 8.0 mmol) was added to a reaction mixture of
methyl 3-bromo-2-chlorobenzoate (1 g, 4.0 mmol), ethyl-3-mercaptopropionate (0.66 mL, 5.21
mmol), Pd>(dba); (183 mg, 0.2 mmol) and XantPhos (231 mg, 0.4 mmol) dissolved in 1 4-dioxane
(7 mL, 0.6 M). The reaction mixture was purged with nitrogen, and then stirred at 100°C for 3
hours. The reaction was terminated with H>O, and the mixture was extracted with EA. The EA
layer was dried over MgSOQy, filtered and then concentrated. The resulting product was separated
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by MPLC EA:Hx(EA 2%) and concentrated to obtain methyl 2-chloro-3-((3-ethoxy-3-
oxopropy Dthio)benzoate (2.06 g, 52%).

Step 2: ethyl 2-chloro-3-mercaptobenzoate (Intermediate I-6)

In a round bottom flask, methyl 2-chloro-3-((3-cthoxy-3-oxopropyl)thio)benzoate (200 mg,
0.66 mmol) was dissolved in THF(2.64 mL, 0.25 M), and then the temperature was lowered to
0C. The reaction mixture was slowly added dropwise with sodium ethoxide solution (21 wt% in
ethanol) (517 pL, 1.32 mmol) and then stirred at room temperature for 1 hour. After completion
of the reaction, the reaction mixture was concentrated and separated by MPLC (MC:MeOH=20:1).
The obtained compound was concentrated to obtain Intermediate 1-6 (89 mg, 61%). 'H NMR (400
MHz, DMSO) §7.75 (d, J= 1.6 Hz, 1H), 7.73 (d, = 1.6 Hz, 1H), 7.48 (d, T = 7.6 Hz, 1H), 7.32 (t,
J =7.6 Hz, 1H), 6.00 (b, 1H), 4.32 (q, J = 7.2 Hz, 2H), 131 (t, ] = 7.2 Hz, 3H); MS m/z: 217
[M+H]".

Preparation Example 7: Synthesis of 3-amino-2-chlorothiophenol (Intermediate I-

c
o« NG N ¢l 1M t-BUOK e
HoN._ A Br HN._ A8 ~ roat HoN. A SH
M J Pda(dbals, XantPhos, | o THF mww
DIPEA., 1.4~dioxane step?
step 1 -7

Step 1: ethyl 3-((3-amino-2-chlorophenyl)thio)propionate

In a round bottom flask, DIPEA (5.1 mL, 29.06 mmol) was added to a reaction mixture of
3-bromo-2-chloroaniline (3 g, 14.53 mmol), cthyl-3-mercaptopropionate (2.4 mL, 18.89 mmol),
Pd>(dba)s (665 mg, 0.73 mmol) and XantPhos (840 mg, 1.45 mmol) dissolved in 1,4-dioxanc (30
mL, 0.5 M). The reaction mixture was purged with nitrogen, and then stirred at 100C  for 12 hours.
The reaction was terminated with H>O, and the mixture was extracted with EA. The EA layer was
dried over MgSOQsa, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:5) and concentrated to obtain ethyl 3-((3-amino-2-chlorophenyl)thio)propionate (4.0 g,
99%).

Step 2: 3-amino-2-chlorothiophenol (Intermediate 1-7)

In a round bottom flask, ethyl 3-((3-amino-2-chlorophenyl)thio)propionate (4.0 g, 14.53
mmol) was dissolved in THF (73 mL, 0.2 M), and then the temperature was lowered to 0 C. The
reaction mixture was slowly added dropwise with 1 M potassium tert-butoxide solution (19 mL, 1
M in THF) and then stirred at room temperature for 4 hours. The reaction was terminated with
H>O. The inorganic layer was adjusted to pH4 to pHS using 1N HCI, and then extracted with EA.
The EA layer was dried over MgSOQs, filtered and then concentrated. The resulting product was
separated by MPLC (EA:Hx=1:10) and concentrated to obtain Intermediate I-7 (2.1 g, 91%). 'H
NMR (400 MHz, DMSO) §6.86(t, J = 8.0 Hz, 1H), 6.68(dd, J = 7.6, 1.2 Hz, 1H), 6.55(dd, T = 8.0,
1.6 Hz, 1H), 5.39(s, 2H), 5.33(s, 1H); MS m/z 159 [M+H]".
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Preparation Example 8: Svynthesis of 35-chloro-6-mercaptoquinazolin-4(3H)-one

(Intermediate 1-8)

o Cl HS o o d o Cl
HN Br \/7)( HN S\/YO\/ 1M t-BuOK HN SH
K\N - K\N o) > k\N

Pd(dba)s, Xantphos, THF
DIPEA, 1,4-Dioxane

step 1 step 2

Step 1: ethyl 3-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-yl)thio)propionate

DIPEA (9.2 mL, 52.9 mmol) was added dropwise to a reaction mixture of 6-bromo-5-
chloroquinazolin-4(3H)-one (6.87 g, 26.47 mmol), ethyl-3-mercaptopropionate (4 mL, 34.41
mmol), Pdx(dba)s; (1.21 g, 1.32 mmol) and XantPhos (1.53 g, 2.65 mmol) dissolved in 1,4-dioxane
(66 mL, 0.4 M). The reaction mixture was purged with nitrogen, and then stirred at 140C for 16
hours. The reaction was terminated with H>O, and the mixture was extracted with EA. The EA
layer was dried over MgSOQs, filtered and then concentrated to obtain ethyl 3-((5-chloro-4-oxo-
3 ,4-dihydroquinazolin-6-yl)thio)propionate (7.03 g, 91%).

Step 2: 5-chloro-6-mercaptoquinazolin-4(3H)-one (Intermediate 1-8)

Ethyl 3-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-yl)thio)propionate (7.03 g, 22.5 mmol)
was dissolved in THF (113 mL, 0.2 M), and then the temperature was lowered to -78 C. The
reaction mixture was slowly added dropwise with potassium tert-butoxide solution (45 mL, 1 M
in THF) and then stitred at room temperature for 3 hours. After completion of the reaction, the
reaction mixture was concentrated and then water was added, and the pH was adjusted to 1~2
using 1IN HCI, and then extracted with EA and THF. The extracted compound was concentrated
to obtain Intermediate I-8 (5.17 g, 91%). 'H NMR (400 MHz, DMSO) §12.31 (brs, 1H), 8.03 (d,
J=32Hz 1H), 7.95 (d, ] = 8.4 Hz, 1H), 7.51 (d, J = 8.8 Hz, 1H), 6.00 (brs, 1H); MS m/z: 212
[M+H]".

Preparation Example 9: Synthesis of 5-chloro-6-mercapto-2-methylguinazolin-
4(3H)-one (Intermediate 1-9)

OC}OH GOCJH o] r:‘:l
QIJ% N MNM}Q N S ‘CE% »?rm MNHQ - H,N,um M Br
1@ W L J 1} Acetic anhydride MJL“‘” :ﬂ% ’[

GWM 2) MH;,{z} ) # N
P
Hs‘mww’ M%IE wowww‘ ” o o
o . HN/M\ wJ\ 8. w M +HBUOK, 3 HMMMM ;’«f} I‘,MQH
Pd,(dba)s, Xantphos, N f THF P! |
DIPEA, 1,4-Dioxane - M W step 4 T
Step & -9

Step 1: 6-amino-3-bromo-2-chlorobenzoic acid
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In a round bottom flask, 2-amino-6-chlorobenzoic acid (4 g, 23.3 mmol) was dissolved in
DMF (47 mL, 0.5 M), and then the temperature was lowered to 0°C. The reaction mixture was
added with NBS (N-bromo succinimide, 4.6 g, 25.6 mmol) and then stirred at room temperature
for 24 hours. After completion of the reaction, water was added, and the precipitated solid was
obtained by filtration. The resulting compound was dried to obtain 6-amino-3-bromo-2-
chlorobenzoic acid (4.6 g, 79%).

Step 2: 6-bromo-5-chloro-2-methylquinazolin-4(3H)-one

6-amino-3-bromo-2-chlorobenzoic acid (250 mg, 1.0 mmol) and acetic anhydride (4 mL,
0.25 M) were put into a round bottom flask, and then stirred at 140 C  for 3 hours. After completion
of the reaction, the reaction mixture was concentrated, and then added with NH3 solution (28% in
H>0) (4 mL, 0.25 M) and stirred at 100°C for 12 hours. The solid precipitated during the reaction
was collected by filtration, washed with H,O and MecOH, and then dried to obtain 6-bromo-5-
chloro-2-methylquinazolin-4(3H)-one (203 mg, 74%).

Step 3: ethyl 3-((S5-chloro-2-methyl-4-o0x0-3,4-dihydroquinazolin-6-yl)thio)propionate

In a round bottom flask, DIPEA (240 uL, 1.38 mmol) was added dropwise to a reaction
mixture of 6-bromo-5-chloro-2-methylquinazolin-4(3H)-one (190 mg, 0.69 mmol), ethyl-3-
mercaptopropionate (97 L, 0.76 mmol), Pd2(dba)s (32 mg, 0.034 mmol) and XantPhos (40 mg,
0.07 mmol) dissolved in 1,4-dioxane (2.8 mL, 0.25 M). The reaction mixture was purged with
nitrogen, and then stirred at 100°C for 4 hours. The reaction was terminated with H>O, and the
mixture was extracted with EA. The EA layer was dried over MgSQs, filtered and then
concentrated. The resulting product was separated by MPLC (EA:Hx=9:1) and concentrated to
obtain ethyl 3-((5-chloro-2-methyl-4-ox0-3,4-dihydroquinazolin-6-yl)thio)propionate (128 mg,
57%).

Step 4: 5-chloro-6-mercapto-2-methylquinazolin-4(3H)-one (Intermediate 1-9)

In a round bottom flask, ethyl 3-((5-chloro-2-methyl-4-ox0-3,4-dihydroquinazolin-6-
yDthio)propionate (123 mg, 0.38 mmol) was dissolved in THF (1.9 mL, 0.2 M), and then the
temperature was lowered to 0 C. The reaction mixture was slowly added dropwise with potassium
tert-butoxide solution (0.49 mL, 1 M in THF) and then stirred for 1 hour. After completion of the
reaction, the concentrated compound was filtered with EA to obtain Intermediate 1-9. The obtained
compound was used in the next reaction without a further purification process. MS m/z: 227
[M+H]".

Preparation Example 10: Synthesis of tert-butyl (1-(5-mercaptopyrazin-2-yl)-4-

methylpiperidin-4-yDcarbamate (Intermediate 1-10)
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Step 1: methyl 3-((5-(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-1-
yDpyrazin-2-yl)thio)propanate

In a round bottom flask, DIPEA (2.3 mL, 13.47 mmol) was added dropwise to a reaction
mixture of tert-butyl (1-(5-bromopyrazin-2-yl)-4-methylpiperidin-4-yl)carbamate (2.5 g, 6.73
mmol), methyl-3-mercaptopropionate (0.82 mL, 7.41 mmol), Pd>(dba); (308 mg, 0.337 mmol) and
XantPhos (195 mg, 0.337 mmol) dissolved in 1,4-dioxane (15 mL, 0.45 M). The reaction mixture
was purged with nitrogen, and then stirred at 100 C for 4 hours. The reaction was terminated with
H>0, and the mixture was extracted with EA. The EA layer was dried over MgSQg, filtered and
then concentrated. The resulting product was separated by MPLC (EA:Hx=9:1) and concentrated
to obtain methyl 3-((5-(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-1-yl)pyrazin-2-
yDthio)propanate (2.7 g, 98%).

Step 2: tert-butyl (1-(5-mercaptopyrazin-2-yl)-4-methylpiperidin-4-yl)carbamate
(Intermediate 1-10)

In a round bottom flask, methyl 3-((5-(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-
1-yDpyrazin-2-yhthio)propanate (2.7 g, 6.58 mmol) was dissolved in THF (10 mL, 0.67 M), and
then the temperature was lowered to 0 C. The reaction mixture was slowly added dropwise with
1 M potassium tert-butoxide solution (5 mL, 1 M in THF) and then stirred at room temperature for
30 minutes. After completion of the reaction, the reaction mixture was concentrated using a
concentrator. The resulting product was separated by MPLC and concentrated to obtain
Intermediate I-10 (1.2 g, 56%). MS m/z: 325 [M+H]".

Preparation Example 11: Synthesis of 6-bromo-7-chloro-2-methylbenzo|d]thiazole

(Intermediate 1-11)

cl cl
F.._. Jﬂ% Br acetic acid o F~ L Br 8. m .Br
w;ﬂw DIPEA, DCM JLL W MM | 3 I J
HN™ ' m ~# lawesson's reagent
step 1 step2 I-11

Step 1: N-(4-bromo-3-chloro-2-fluorophenyl)acetamide

At0C, 4-bromo-3-chloro-2-fluoroaniline (250 mg, 1.11 mmol) and diisopropylethylamine
(DIPEA, 0.485 mL, 2.78 mmol) were dissolved in dichloromethane (DCM, 2 mL, 0.56 M), and
then acetic anhydride (0.1 mL, 1.17 mmol) was added thereto. The reaction mixture was stirred at
room temperature for 24 hours. The mixture was added with 1 M HCl and NaHCO3 aqueous
solution, and then extracted. The organic layer was dried over MgSQs, filtered and then
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concentrated. The resulting product was separated by MPLC and concentrated to obtain N-(4-
bromo-3-chloro-2-fluorophenyl)acetamide (200 mg, 83%).

Step 2: 6-bromo-7-chloro-2-methylbenzo|d]thiazole (Intermediate I-11)

N-(4-bromo-3-chloro-2-fluorophenyl)acetamide (200 mg, 0.75 mmol) was dissolved in
xylene (3 mL, 0.25 M), and then Lawesson’s reagent (300 mg, 0.45 mmol) was added thereto. The
reaction mixture was stirred at 110°C for 18 hours. The reaction mixture was added with cesium
carbonate (800 mg, 1.5 mmol) and then further stirred at 110°C for 18 hours. The organic layer
was dried over MgSOQ,, filtered and then concentrated. After completion of the reaction, the
reaction mixture was cooled to room temperature, and then extracted by adding water and EA. The
organic layer was dried over MgSQy, filtered and then concentrated. The resulting product was
separated by MPLC and concentrated to obtain Intermediate I-11 (150 mg, 76%). MS m/z: 262
[M+H]".

Preparation Example 12: Synthesis of 4-chloro-2-methyl-2H-indazole-5-thiol

(Intermediate 1-12)

Cl

I=

tetrafluoroborate DIPEA, 1,4-Dioxane step 3
step1 step 2

Step 1: 5-bromo-4-chloro-2-methyl-2H-indazole

5-bromo-4-chloro- 1H-indazole (360 mg, 1.56 mmol) was dissolved in cthylacetate (3 mL,
0.52 M), and then solid trimethyloxonium tetrafluoroborate (250 mg, 1.70 mmol) was added at
0C. The reaction mixture was stirred at room temperature for 4 hours. The mixture was added
with aqueous NaHCO;3 solution and then extracted. The organic layer was dried over MgSQOsy,
filtered and then concentrated. The resulting product was separated by MPLC and concentrated to
obtain 5-bromo-4-chloro-2-methyl-2H-indazole (300 mg, 79%).

Step 2: methyl 3-((4-chloro-2-methyl-2H-indazol-5-yl)thio)propanoate

In a round bottom flask, DIPEA (0.43 mL, 2.44 mmol) was added dropwise to a reaction
mixture of 5-bromo-4-chloro-2-methyl-2H-indazole (250 mg, 1.56 mmol), methyl-3-
mercaptopropionate (0.2 mL, 1.83 mmol), Pd>(dba)s (112 mg, 0.122 mmol) and XantPhos (71 mg,
0.122 mmol) dissolved in 1,4-dioxanc (5 mL, 0.31 M). The reaction mixture was purged with
nitrogen, and then stirred at 100°C for 4 hours. The reaction was terminated with H>O, and the
mixture was extracted with EA. The EA layer was dried over MgSQs, filtered and then
concentrated. The resulting product was separated by MPLC (EA:Hx=9:1) and concentrated to
obtain methyl 3-((4-chloro-2-methyl-2H-indazol-5-yl)thio)propanoate (300 mg, 86%).

Step 3: 4-chloro-2-methyl-2H-indazole-5-thiol (Intermediate 1-12)

In a round bottom flask, methyl 3-((4-chloro-2-methyl-2H-indazol-5-yl)thio)propanoate
(300 mg, 1.22 mmol) was dissolved in THF(2 mL, 0.61 M), and then the temperature was lowered
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to 0C. The reaction mixture was slowly added dropwise with 1 M potassium tert-butoxide
solution (1 mL, 1 M in THF) and then stirred at room temperature for 30 minutes. After completion
of the reaction, the reaction mixture was concentrated using a concentrator. The resulting product
was separated by MPLC and concentrated to obtain Intermediate [-12 (100 mg, 47.8%). MS m/z:
199 [M+H]".

Preparation Example 13: Synthesis of 5-chloro-6-mercapto-3-phenylguinazolin-

4(3H)-one (Intermediate 1-13

o cl o c o
~ Br . ©\ Br HS A)J\O/
o Aniline, NH,Cl, HC(OC-Hs)3, N
HoN

T=100°C L\‘N Pd,(dba);, Xantphos,
step 1 DIPEA, dioxane, T = 100°C
step 2
LB e o o
s o KOt-bu, THF, T = -78°C @
N N ~
LY v
NT > step 3 K\N
113

Step 1: 6-bromo-5-chloro-3-phenylquinazolin-4(3H)-one

In a round bottom flask, aniline (0.18 mL, 1.92 mmol) and NH4Cl (43 mg, 0.80 mmol)
were added dropwise to a reaction mixture of methyl 6-amino-3-bromo-2-chlorobenzoate (600 mg,
1.60 mmol) dissolved in triethyl orthoformate (0.4 mL, 2.40 mmol), and then the reaction mixture
was stirred at 100°C for 16 hours. The reaction was terminated with H>O, and the mixture was
extracted with EA. The EA layer was dried over MgSOs, filtered and then concentrated. The
resulting product was separated by MPLC (EA:Hex=1:3) and concentrated to obtain 6-bromo-5-
chloro-3-phenylquinazolin-4(3H)-one (503 mg, 94%). MS m/z: 535.00 [M+H]".

Step 2: methyl 3-((5-chloro-4-oxo-3-phenyl-3,4-dihydroquinazolin-6-
yDthio)propanoate

In a round bottom flask, methyl 3-mercaptopropanoate (0.17 mL, 1.51 mmol), Pd2(dba)s
(106 mg, 0.12 mmol), XantPhos (69 mg, 0.12 mmol) and DIPEA (0.40 mL, 2.32 mmol) were
added dropwise to a reaction mixture of 6-bromo-5-chloro-3-phenylquinazolin-4(3H)-one (390
mg, 1.16 mmol) dissolved in dioxane, and then the reaction mixture was stirred at 100°C for 3
hours. The reaction was terminated with H>O, and the mixture was extracted with EA. The EA
layer was dried over MgSOQys, filtered and then concentrated. The resulting product was separated
by MPLC (EA:Hex=1:3) and concentrated to obtain methyl 3-((5-chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-6-yl)thio)propanoate (116 mg, 27%). MS m/z: 375.10 [M+H]".

Step 3: S-chloro-6-mercapto-3-phenylquinazolin-4(3H)-one (Intermediate 1-13)
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In a round bottom flask, KOt-bu (69 mg, 0.62 mmol) was added dropwise to a reaction
mixture of methyl 3-((5-chloro-4-oxo0-3-phenyl-3,4-dihydroquinazolin-6-y1)thio)propanoate (116
mg, 0.31 mmol) dissolved in THF, and then the reaction mixture was stirred at -78 C for 1 hour.
The reaction was terminated with aqueous 1 M HCI solution, and the mixture was extracted with
EA. The EA layer was dried over MgSOQy, filtered and then concentrated. The resulting product
was separated by MPLC (EA:Hex=1:3) and concentrated to obtain Intermediate I-13 (62 mg, 69%).
MS m/z: 289.00 [M+H]".

Preparation Example 14: Synthesis of t-butyl N-[1-(4-amino-5-iodo-1-methyl-6-0xo0-

pyrimidin-2-vl)-4-methvylpiperidin-4-yllcarbamate (Intermediate 1-14)

NH, kuam NH, HH;

A

B el O Taon” oPwon
o N0 e, b;?u,nmp oFN 'Oiumm den2 | NHBoc

114

Step 1: tert-butyl (1-(4-amino-1-methyl-6-oxo0-1,6-dihydropyridin-2-yl)-4-
methylpiperidin-4-yl)carbamate

6-amino-3-methyl- 1H-pyrimidine-2,4-dione (500 mg, 3.54 mmol), BOP (1.57 g, 3.54
mmol), and DBU (1,8-diazabicyclo[5.4.0}undec-7-ene, 539 mg, 3.54 mmol, 534.02 uL) were
dissolved in DMF (10 mL, 0.35 M), and then tert-butyl (4-methylpiperidin-4-yl)carbamate (758
mg, 3.54 mmol) was added. The reaction mixture was stirred at room temperature for 16 hours.
After confirming by LCMS that the reaction material had completely disappeared, the reaction
mixture was added with brine (20 mL) and EtOAc (20 mL X 3) and extracted. The organic layer
was dried over Na>SOs, filtered and then concentrated. The resulting product was separated by
Prep-HPLC (ncutral) and concentrated to obtain tert-butyl (1-(4-amino-1-methyl-6-oxo-1,6-
dihydropyridin-2-y1)-4-methylpiperidin-4-yl)carbamate (320 mg, 26.8%). MS m/z: 338 [M+H]".

Step 2: tert-butyl (1-(4-amino-5-iodo-1-methyl-6-oxo0-1,6-dihydropyridin-2-yl)-4-
methylpiperidin-4-yl)carbamate (Intermediate I-14)

Tert-butyl  (1-(4-amino-1-methyl-6-oxo-1,6-dihydropyridin-2-y1)-4-methylpiperidin-4-
yDcarbamate (260 mg, 950 pmol) was dissolved in ACN (3 mL, 0.25 M), and then NIS (N-iodo
succinimide, 214 mg, 950 umol) was added thereto. The reaction mixture was stirred at room
temperature for 1 hour. After a white precipitate was formed, and LCMS comfirmed that the
reaction material had completely disappeared, the reaction was terminated with aqueous NaHCO3
solution, and the mixture was extracted with EA. The EA layer was dried over MgSOs, filtered
and then concentrated. The resulting product was separated by MPLC and concentrated to obtain
Intermediate 1-14 (360 mg, 82%). MS m/z: 464 [M+H]".

Preparation Example 15: Synthesis of  2-benzyl-6-bromo-7-chloro-1H-

benzo|d]imidazole (Intermediate I-15)
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Step 1: N-(6-amino-3-bromo-2-chlorophenyl)-2-phenylacetate

In a round bottom flask, 4-bromo-3-chlorobenzene-1,2-diamine (100 mg, 0.45 mmol) was
dissolved in DMF (2 mL), and then triethylamine (0.13 mL, 0.9 mmol) was added thereto. The
reaction mixture was added with 2-phenylacetyl chloride (70 mg, 0.45 mmol) and then stirred at
room temperature for 2 hours. The reaction was terminated with H2O, and the mixture was
extracted with EA. The EA layer was dried over MgSQys, filtered and then concentrated. The
resulting product was separated by MPLC (EA:Hex=1:3) and concentrated to obtain N-(6-amino-
3-bromo-2-chlorophenyl)-2-phenylacetate (135 mg, 89%). MS m/z: 339 [M+H]".

Step 2: 2-benzyl-6-bromo-7-chloro-1H-benzo[d]imidazole

Acetic acid (5 mL) was added to N-(6-amino-3-bromo-2-chlorophenyl)-2-phenylacetate
(135 mg, 0.4 mmol), followed by stirring at 100°C for 1 hour. After completion of the reaction,
the mixture was added with water and extracted with DCM. The DMC layer was dried over MgSOQOa,
filtered and then concentrated. The resulting product was separated by MPLC and concentrated to
obtain Intermediate I-15 (100 mg, 77%). MS m/z: 321 [M+H]".

Preparation Example 16: Synthesis of tert-butyl ((35.48)-8-(5-mercaptopyrazin-2-yl)-

3-methyl-2-oxa-8-azaspiro|4.5]decan-4-yl)carbamate (Intermediate I-16)

B~y HS o., o s HS. A~y
| I oy L
N ‘ tBuOK s~ NHBoc
“Vl'“rt\/ NWBoc o No A~ NHBoe N
J~"  Pdsdva), Xantphos OD THE ;7
I-4 DIPEA, 1,4-dioxane o 1-16

Intermediate [-16 was synthesized using Intermediate -4 as a starting material in
accordance with Preparation Example 10. MS m/z: 381 [M+H]".

Preparation Example 17: Synthesis of 2-benzyl-5-bromo-4-chlore-2H-indazole
(Intermediate 1-17)

Cl ol Br
Br BnBr o,
HN emm——— «Nm
N NaH, DMF |
I-17

In a round bottom flask, 5-bromo-4-chloro-2H-indazole (100 mg, 0.43 mmol) was
dissolved in DMF (3 mL), and then NaH (34 mg, 0.86 mmol) was added thercto. The reaction
mixture was added with benzylbromide (74 mg, 0.43 mmol) and then stirred at room temperature
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for 2 hours. The reaction was terminated with H>O, and the mixture was extracted with EA. The
EA layer was dried over MgSQOs, filtered and then concentrated. Then, two isomers were
separated by MPLC (EA:Hex=1:3) and concentrated to obtain Intermediate I-17 (50mg, 36%).
MS m/z: 321 [M+H]".
Preparation Example 18: N-benzyl-3-chloro-4-mercaptopicolinamide
(Intermediate 1-18)

o ¢l o @NHZ o cl
oA oL ! . N Cl
1N NaOH | HATU, DIPEA, DMF ol

NNPZ ¥z
step 1 step 2
/\)O]\ 1 ¢ i T SH
X
HS 0™ o N X SWO\/ . H |
- H | . . N.__~
Pdx(dba)s, Xantphos, DIPEA, N._= (0] Sodium ethoxide,
1,4-Dioxane THF 118
step 3 step 4

Step 1: 3,4-dichloropicolinic acid

IN NaOH solution (7.29 mL, 7.29 mmol) was added dropwise to methyl 3,4-
dichloropicolinate (500 mg, 2.43 mmol), followed by stirring at 40 C for 1 hour. The reaction was
terminated, and then SM HCI solution was added dropwise to adjust the pH to 4. The precipitated
solid was filtered to obtain 3,4-dichloropicolinic acid (354.6 mg, 76%). The obtained compound
was used in the next reaction without a further purification process. MS m/z: 191 [M+H]".

Step 2: N-benzyl-3,4-dichloropicolinamide

3,4-dichloropicolinic acid (100 mg, 0.5 mmol) and phenylmethanamine (65 pL, 0.6 mmol)
were dissolved in DMF, and DIPEA (260 pL, 1.5 mmol) was added dropwise thereto, and then
HATU (1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate) (380 mg, 1.0 mmol) was added dropwise thereto. The reaction mixture was
stirred at room temperature for 1 hour. The reaction was terminated with H>O, and the mixture
was extracted with EA. The EA layer was dried over MgSOQy, filtered and then concentrated. The
resulting product was separated by MPLC (EA:Hx=1:2) and concentrated to obtain N-benzyl-3,4-
dichloropicolinamide (92 mg, 66%). MS m/z: 281 [M+H]".

Step 3: ethyl 3-((2-(benzylcarbamoyl)-3-chloropyridin-4-yl)thio)propanoate

N-benzyl-3,4-dichloropicolinamide (92 mg, 0.33 mmol), ethyl-3-mercaptopropionate (63
uL, 0.495 mmol), Pdx(dba); (18 mg, 0.02 mmol) and XantPhos (19 mg, 0.033 mmol) were
dissolved in 1,4-dioxanc (1 mL, 0.4 M), and then DIPEA (115 pL, 0.66 mmol) was added thereto.
The reaction mixture was purged with nitrogen, and then stirred at 100°C for 18 hours. The
reaction was terminated with H2O, and the mixture was extracted with EA. The EA layer was dried
over MgSQy, filtered and then concentrated. The resulting product was separated by MPLC
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(EA:Hx=1:2) and concentrated to obtain ethyl 3-((2-(benzylcarbamoyl)-3-chloropyridin-4-
yDthio)propanoate (61 mg, 49%). MS m/z: 379 [M+H]".

Step 4: N-benzyl-3-chloro-4-mercaptopicolinamide

Ethyl 3-((2-(benzylcarbamoyl)-3-chloropyridin-4-y1)thio)propanoate (120 mg, 0.32 mmol)
was dissolved in THF (1.6 mL, 0.2M), and then cooled to 0C. The reaction mixture was slowly
added dropwise with sodium ethoxide solution (21 wt% in ethanol) (128 uL, 0.35 mmol) and then
stirred at room temperature for 1 hour. After completion of the reaction, the reaction mixture was
concentrated, and methylene chloride (MC) was added to, and then the precipitated solid was
filtered to obtain Intermediate I-18. The resulting compound was used in the next reaction without
a further purification process. MS m/z: 279 [M+H]".

Preparation Example 19: 3-chloro-4-mercapto-N-(pyridin-3-ylmethyl)picolinamide
(Intermediate 1-19)

O Cl
NI X H N SH
Z N~
I-19

Intermediate I-19 was obtained in the same method as in Preparation Example 18, except
that pyridin-3-ylmethanamine was used instead of phenylmethanamine in step 2 of Preparation
Example 18. MS m/z: 280 [M+H]".

Preparation Example 20: 2-benzyl-8-chloro-7-mercapto-3.4-dihydroisoquinolin-

1(2H)-one (Intermediate 1-20

Br. N32003
Tl ST e Dyl s
NH; C 1,2-DCE, 0°C, 1h 1,2-DCE, 80°C, 3h
4-nitrophenyl carbonochloridate step 1 step 2

Cs,CO;3, KI i
$003,
Br NH Br. N NCS, H,S04 cl O
Br. N
DMF, RT, 12h /\©

step3 step 4
o}
EtO)K/\SH
Pd,(dba), o o
XantPhos, DIPEA a o 1M t-BuOK

EtOm/VS N HS N

1,4-dioxane, 100°C, 1h o @ THF /\©

step 5 step 6

20

Step 1: 4-nitrophenyl (4-bromophenethyl)carbamate

61

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

4-bromophencthyl amine (2000 mg, 10.0 mmol) and sodium carbonate (1170 mg, 11.0
mmol) were dissolved in 1,2-dichloroethane(1,2-DCE) (100 mL, 0.1M), followed by stirring at 0 C
for 30 minutes. The reaction mixture was added with 4-nitrophenyl chloroformate (2015 mg,
10.0 mmol) and then stirred at 0°C for 1 hour. The reaction was terminated with H>O, and the
mixture was extracted with EA, followed by washing with brine. The EA layer was dried over
MgSOQs, filtered and then concentrated to obtain 4-nitrophenyl (4-bromophenethyl)carbamate
(3630 mg, 99%).

Step 2: 7-bromo-3,4-dihydroisoquinolin-1(2H)-one

4-nitrophenyl (4-bromophenethyl)carbamate (3630 mg, 9.95 mmol) was dissolved in 1,2-
DCE (100 mL, 0.1M), and then purged with nitrogen and stirred at 0°C. The reaction mixture
was slowly added with trifluoromethansulfonic acid(TfOH) (8.8 mL, 99.5 mmol) and then stirred
at 0C for 10 minutes. After elevating the reaction temperature to 80 C and stirring for 3 hours,
The reaction was terminated with H>O, and the mixture was extracted with EA. The EA layer was
washed with 1N sodium hydroxide aqueous solution and brine. The EA layer was dried over
MgSOQ,, filtered and then concentrated. 7-bromo-3,4-dihydroisoquinolin-1(2H)-one (1150mg,
51%) was obtained by crystallization with EA and Hx.

Step 3: 2-benzyl-7-bromo-3,4-dihydroisoquinolin-1(2H)-one

7-bromo-3,4-dihydroisoquinolin- 1(2H)-one (100 mg, 0.44 mmol), benzylchloride (0.1 mL,
0.93 mmol), cesium carbonate (400 mg, 1.24 mmol) and potassium iodide (50 mg, 0.22 mmol)
were dissolved in DMF (6.2 mL, 0.1M), followed by stitring at room temperature for 24 hours.
The reaction was terminated with H>O, and the mixture was extracted with EA. The EA layer was
dried over MgSOa, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:10) and concentrated to obtain 2-benzyl-7-bromo-3,4-dihydroisoquinolin-1(2H)-one
(110 mg, 80%).

Step 4: 2-benzyl-7-bromo-8-chloro-3,4-dihydroisoquinolin-1(2H)-one

2-benzyl-7-bromo-3,4-dihydroisoquinolin-1(2H)-one (340 mg, 1.07 mmol) was dissolved
in H2SO4 (2.1 mL, 0.5M), and then stirred at 0C. The reaction mixture was added with N-
chlorosuccinimide(NCS) (160 mg, 1.18 mmol) and then stirred at room temperature for 2 hours.
The reaction was terminated with H>O, and the mixture was extracted with EA. The EA layer was
dried over MgS Oy, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:10) and concentrated to obtain 2-benzyl-7-bromo-8-chloro-3,4-dihydroisoquinolin-
1(2H)-one (96 mg, 26%).

Step 5: ethyl 3-((2-benzyl-8-chlore-1-o0xo0-1,2,3,4-tetrahydroisoquinolin-7-
yDthio)propanoate

2-benzyl-7-bromo-8-chloro-3,4-dihydroisoquinolin-1(2H)-one (96 mg, 0.27 mmol), ethyl-
3-mercaptopropionate (0.05 mL, 0.41 mmol), Pd>(dba)s (25 mg, 0.03 mmol), XantPhos (16 mg,
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0.03 mmol) and DIPEA (0.1 mL, 0.55 mmol) were dissolved in 1,4-dioxane (0.7 mL, 0.4M). The
reaction mixture was purged with nitrogen, and then stirred at 100C for 1 hour. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (EA:Hx=1:10)
and concentrated to obtain ethyl 3-((2-benzyl-8-chloro-1-oxo0-1,2,3,4-tetrahydroisoquinolin-7-
yDthio)propanoate (100 mg, 91%).

Step 6: 2-benzyl-8-chloro-7-mercapto-3,4-dihydroisoquinolin-1(2H)-one

Ethyl 3-((2-benzyl-8-chloro-1-ox0-1,2,3,4-tetrahy droisoquinolin-7-y1)thio)propanoate
(100 mg, 0.25 mmol) was dissolved in DMF (1.3 mL, 0.2M), and then stirred at 0°C.  The reaction
mixture was added with 1M tert-butoxide (0.37 mL, 0.37mmol) and then stirred at room
temperature for 1 hour. The reaction was stopped, and then concentrated using a concentrator to
obtain Intermediate I-20 (crude product). MS m/z: 304 [M+H]".

Preparation Example 21: N-((S)-1'-(5-bromopyrazin-2-yl)-1.3-dihydrospiro[indene-
2.4'-piperidin]-1-y])-2-methylpropane-2-sulfinamide _(Intermediate I-21)

e o Tl

Y HN
’ TFA :
0 o o0
DCM
DMF, 80°C, 3h
step 1 step 2 1-21

Step 1: N-((S)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-
sulfinamide

Tert-butyl (1S)-1-((tert-butylsulfinyl)amino)-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-
carboxylate (0.5 g, 1.23 mmol) was dissolved in DCM (6.9 mi, 0.18 M). The reaction mixture
was slowly added dropwise with TFA (1.3 ml, 0.095 M) and then stirred at room temperature for
3 hours. After completion of the reaction, the reaction mixture was concentrated to obtain N-((S)-
1,3-dihydrospiro[indene-2,4'-piperidin - 1-yl)-2-methylpropane-2-sulfinamide.

Step 2: N-((S)-1'-(5-bromopyrazin-2-yl)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-
yD)-2-methylpropane-2-sulfinamide

N-((S)-1,3-dihydrospiro[indene-2,4'-piperidin|-1-yl)-2-methylpropane-2-sulfinamide and
2,5-dibromopyrazine (0.51 g, 1.84 mmol) were dissolved in DMF (8.2 ml, 0.15M). The reaction
mixture was added with triethylamine(TEA) (0.83 mL, 5.90 mmol) and then stirred at 80 C for 3
hours. The reaction was terminated with H>O, and the mixture was extracted with EA. The EA
layer was dried over MgSOQy, filtered and then concentrated. The resulting product was separated
by MPLC (EA:Hx=1:3) and concentrated to obtain Intermediate 1-21 (150 mg, 26%).

Preparation Example 22: 6-bromo-5-chlore-3H-quinazolin-4-one (Intermediate 1-22)
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H2N /O
Br e Br
HO NBS, DMF - HO » HN
0~20°C,16h neat, 140 °C k\
HoN HoN N

2 step 1 2 step 2

Step 1: 6-amino-3-bromo-2-chloro-benzoic acid

To a solution of 2-amino-6-chloro-benzoic acid (10.0 g, 58.2 mmol) in DMF(100 mL) was
added NBS (12.4 g, 69.9 mmol) in 4 portions at 0~10 C. The reaction mixture was stirred at 0~25C
for 16 hours. The mixture was diluted with water (20 mL) and extracted with EtOAc(3 x 20 mL).
The organic layer was washed with brine (2 x 50 mL), and then dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under vacuum to obtain 6-amino-3-bromo-2-
chloro-benzoic acid (14.0 g, 95 % yield) as a brown oil. 'H NMR (400 MHz, DMSO-d¢) & = 7.40
(d, J=8.8 Hz, 1H), 6.65 (d, J = 8.8 Hz, 1H).

Step 2: 6-bromo-5-chloro-3H-quinazolin-4-one

A mixture of 6-amino-3-bromo-2-chloro-benzoic acid (10.0 g, 27.9 mmol) in formamide
(18.2 g, 405 mmol) was stirred at 140 C for 5 hours. The reaction mixture was diluted with NH4Cl
(20 mL) and filtered. The filter cake was dried under vacuum to obtain Intermediate 1-22 (4.00 g,
55% yield) as a brown solid. '"H NMR (400 MHz, DMSO-ds) 5 = 8.13 (s, 1H), 8.11 (d, J=8.8 Hz,
1H), 7.54 (d, J = 8.8 Hz, 1H).

Preparation Example 23: 3-benzyl-6-((5-bromopyrazin-2-yl)thio)-5-

chloroquinazolin-4(3H)-one (Intermediate 1-23)

O

o o oAsi
o <l Br
ls . N Pdy(dba)s, XantPhos, DIEA,
N KCO;, DMF, 25°C, 1h N dioxane, 110°C, 2 h
1-22 step 1 step 2

o d

P \)i/\/
t-BuONa, THF, 25 °C,0.5h
l X N S\/\n/o - N SNa
Z k\N o step 3 L\N

N.___Br
=
Dol o o
r
»- N Sﬁ/\N
k |
step 4 SN Ny Br
1-23

Step 1: 3-benzyl-6-bromo-5-chloro-quinazolin-4-one
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A mixture of Intermediate [-22 (4.00 g, 12.3 mmol), bromomethylbenzene (2.53 g, 14.8
mmol), and K2CO3 (3.41 g, 24.6 mmol) in DMF (40 mL) was stirred at 25C for 16 hours. The
reaction mixture was diluted with water (30 mL) and extracted with EtOAc (10 mL). The
combined organic layers were washed with brine(2 x 20 mL), dried over Na>SO4, and then filtered
and concentrated under vacuum to obtain a residue. The residue was purified by silica gel
chromatography (PE:EtOAc = 2:1) to obtain 3-benzyl-6-bromo-5-chloro-quinazolin-4-one(2.00 g,
46% yield) as a brown solid. 'H NMR (400 MHz, DMSO-ds) & = 8.68 (s, 1H), 8.14 (d, ] = 8.8 Hz,
1H), 7.58 (d, ] = 8.8 Hz, 1H), 7.41 - 7.29 (m, 5H), 5.17 (s, 2H).

Step 2; 2-ethylhexyl 3-((3-benzyl-5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)propanoate

A mixture of 3-benzyl-6-bromo-5-chloro-quinazolin-4-one (1.60 g, 4.58 mmol), 2-
ethylhexyl 3-sulfanylpropanoate (999 mg, 4.58 mmol), Pd>(dba)s (41 mg, 457 ymol), XantPhos
(529 mg, 915 umol) and DIEA (1.77 g, 13.7 mmol) in dioxane (10 mL) was stirred under N at
110C for 16 hours. The reaction mixture was filtered, and the filtrate was concentrated under
vacuum to obtain a residue. The residue was purified by silica gel chromatography (PE:EtOAc=3:1)
to obtain 2-ethylhexyl 3-((3-benzyl-5-chloro-4-ox0-3,4-dihydroquinazolin-6-yl)thio)propanoate
(2.00 g, 89% yield) as a yellow oil.

Step 3: Sodium 3-benzyl-5-chloro-4-o0x0-3,4-dihydroquinazolin-6-thiolate

To a solution of 2-ethylhexyl 3-((3-benzyl-5-chloro-4-oxo0-3,4-dihydroquinazolin-6-
yDthio)propanoate (500 mg, 1.03 mmol) in THF (5 mL) was added t-BuONa (147 mg, 1.54 mmol)
at 25C. The reaction mixture was stirred at 25°C for 1 hour. After completion of the reaction, the
reaction mixture was added with PE and then filtered. The filter cake was dried under vacuum to
obtain sodium 3-benzyl-5-chloro-4-ox0-3,4-dihydroquinazolin-6-thiolate (230 mg, 68% yicld) as
a red solid. 'H NMR (400 MHz, D-,0O) & = 8.28 (s, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.38 - 7.32 (m,
5H), 7.28 (d, J = 8.8 Hz, 1H), 5.17 (s, 2H).

Step 4: 3-benzyl-6-((5-bromopyrazin-2-yl)thio)-5-chloroquinazolin-4(3H)-one

To a solution of 2,5-dibromopyrazine (1.00 g, 4.20 mmol) and K2COs3 (195 mg, 1.42 mmol)
in DMF (10 mL) was added sodium 3-benzyl-5-chloro-4-oxo-3,4-dihydroquinazolin-6-thiolate
(230 mg, 708 pmol) in DMF (10 mL) at 0C. The reaction mixture was stirred at 0~25C for 16
hours. The reaction mixture was diluted with water (30 mL) , and the mixture was extracted with
EtOAc (2 x 20 mL). The combined organic layers were washed with brine (20 mL), dried over
Na>SO4, and then filtered and concentrated under vacuum to obtain a residue. The residue was
purified by silica gel chromatography (PE:EtOAc=2:1) to obtain Intermediate 1-23 (110 mg, 33%
yield) as a yellow oil. '"H NMR (400 MHz, CDCl3)  =8.36 (d, J = 1.6 Hz, 1H), 8.12(d, ] = 1.6
Hz, 1H), 8.09 (s, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.56 (d, J = 8.8 Hz, 1H), 7.33 - 7.25 (m, 5H), 5.10
(s, 2H).
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Preparation Example 24: (R)-2-methyl-N-[(1R)-spiro[indane-2.4'-piperidin]-1-

vllpropane-2-sulfinamide (Intermediate 1-24)

R 9 Boc\N
Boc\N ﬁ/SVNHz
2 LiBH4, THF
Ti(OEt),, THF, 70 °C, 24 h N -78~25°C, 16 h
o (R\8x¢g
step 1 step 2
Boc.
N HN
TFA/DCM=5/1, 0 °C .
HNTS) - Hl\\l (R)
(RS RS+
>\ 20 step 3 >\
1-24

Step 1: tert-butyl I-[(R)-tert-butylsulfinylliminospiro[indene-2,4'-piperidine]-1'-
carboxylate

A mixture of tert-butyl 1-oxospiro[indane-2.4'-piperidine}-1'-carboxylate (1.00 g, 3.32
mmol), (R)-2-methylpropane-2-sulfinamide (402 mg, 3.32 mmol) and Ti(OEt)4(2.27 g, 9.95 mmol)
in THF (5 mL) was stirred at 70°C for 36 hours. The reaction mixture was poured into water (10
mL) at 0 Cand then filtered. The filtrate was diluted with water (10 mL), and the mixture was
extracted with EtOAc (2 X 20 mL). The combined organic layers were washed with brine (20 mL),
and dried over Na>SO4, and then filtered and concentrated under vacuum to obtain a residue. The
residue was purified by silica gel chromatography (PE:EtOAc = 3:1) to obtain tert-butyl 1-[(R)-
tert-butylsulfinyl Jiminospiro[indene-2 4'-piperidine]- I'-carboxylate (900 mg, 67% yield) as a
yellow solid. 'H NMR (400 MHz, CDCls) § = 8.41 (d, T = 6.4 Hz, 1H), 7.55 - 7.48 (m, 1H), 7.43
-7.35 (m, 2H), 4.18 - 4.08 (m, 2H), 3.06 (s, 2H), 3.00 - 2.86 (m, 2H), 2.04 - 1.90 (m, 2H), 1.48 (s,
9H), 1.42 (d, J = 14.4 Hz, 1H), 1.32 (s, 9H), 1.28 - 1.24 (m, 1H).

Step 2: tert-butyl (1R)-1-[[(R)-tert-butylsulfinyl]amino]spiro[indene-2,4'-
piperidine]-1'-carboxylate

To a solution of tert-butyl 1-[(R)-tert-butylsulfinyl}iminospiro[indene-2,4'-piperidine]-1'-
carboxylate (800 mg, 1.98 mmol) in THF (10 mL) was added LiBH4 (129 mg, 5.93 mmol) under
N> at -78 C. The reaction mixture was stirred at -78~25C for 16 hours. The reaction mixture was
quenched by addition of NH4Cl (10 mL) at 0°C, and then diluted with water (10 mL) , and the
mixture was extracted with EtOAc (2 X 20 mL). The combined organic layers were washed with
brine (2 X 20 mL), dried over Na>SO4, and then filtered and concentrated under vacuum to obtain
aresiduc. The residue was purified by Prep-HPLC (Column: Welch Ultimate XB-CN 250*70*10
um; mobile phase: [hexane-EtOH(0.1% NH3-H»0)]; B%: 1%-35%, 15 minutes) to obtain tert-
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butyl (1S)-1-[[(R)-tert-butylsulfinyl Jamino]spiro[indanc-2,4'-piperidine}-1'-carboxylate (540 mg,
67% yield) and tert-butyl (1R)-1-[[(R)-tert-butylsulfinyl]amino|spiro[indene-2,4'-piperidine]-1'-
carboxylate (130 mg, 16% yield) as a white solid, respectively.

Tert-butyl (19)-1-[[(R)-tert-butylsulfinyljJamino]spiro[indene-2,4'-piperidine]-1'-
carboxylate: 'H NMR (400 MHz, CDCl3) § = 7.23 (d, ] = 6.4 Hz, 1H), 7.18 - 7.12 (m, 3H), 4.43
(d, J=9.2Hz 1H), 4.02 - 3.87 (m, 2H), 3.57 - 3.38 (m, 1H), 3.11 - 2.74 (m, 4H), 2.69 - 2.58 (m,
1H), 2.09 - 1.96 (m, 1H), 1.47 - 1.42 (m, 2H), 1.39 (s, 9H), 1.22 (s, 9H).

Tert-butyl (1R)-1-[[(R)-tert-butylsulfinyl jamino]spiro[indene-2,4'-piperidine]-1'-
carboxylate: 'H NMR (400 MHz, CDCl3) § = 7.63 - 7.60 (m, 1H), 7.24 - 7.18 (m, 3H), 447 (d, J
=8.0 Hz, 1H), 4.02 - 3.92 (m, 2H), 3.31 - 3.28 (m, 1H), 3.08 - 3.04 (m, 1H), 2.98 - 2.92 (m, 2H),
2.70 - 2.66 (m, 1H), 1.74 - 1.70 (m, 2H), 1.58 - 1.54 (m, 2H), 1.47 (s, 9H), 1.29 (s, 9H).

Step 3: (R)-2-methyl-N-[(1R)-spiro[indene-2,4'-piperidin|-1-yl]propane-2-
sulfinamide

A mixture of tert-butyl (1R)-1-[[(R)-tert-butylsulfinyl]jamino]spiro[indane-2.4'-
piperidine}-1'-carboxylate (130 mg, 319 pmol) and TFA (1.30 mL) in DCM (5 mL) was stirred at
0C for 1 hour. The reaction mixture was diluted with saturated aqueous NaHCO3 (10 mL), and
the mixture was extracted with EtOAc (2 x 10 mL). The combined organic layers were washed
with brine (2 x 10 mL), dried over Na>SQs, and then filtered and concentrated under vacuum to
obtain Intermediate 1-24 (90 mg, 91% yield) as a colorless oil. 'H NMR (400 MHz, CDCl;) § =
7.66 - 7.64 (m, 1H), 7.26 - 7.18 (m, 3H), 4.48 (d, = 9.2 Hz, 1H), 4.11 - 398 (m, 2H), 3.32(d, J
=92 Hz, 1H), 3.18-3.02 (m, 3H), 2.97 - 2.81 (m, 2H), 2.70(d, J =15.2Hz, 1H), 1.65(d, J=15.2
Hz, 2H), 1.31 (s, 9H).

Preparation Example 25: (R)-2-methyl-N-[(5S)-spiro]5.7-
dihydrocyclopenta[b]pyridine-6.4’-piperidin|-5-yl|propane-2-sulfinamide (Intermediate I-
25) and _(R)-2-methyl-N-[(5R)-spiro[S,7-dihydrocyclopentalb|pyridine-6,4’-piperidin]-5-
vllpropane-2-sulfinamide (Intermediate I-26)
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NBS, AIBN, Br NC@N—BOC CN
=N CCly, 80°C, 15h N Boc—N
—_ = - N
Br—_J Br—\ /) LDATHF,-78°C,3h Br—

step 1 step 2
Q
ﬁ@S‘NH Boc
, .
Pd(AmPhos),Ch, TEA  BOC. N LiBH,, THF,
DMA/H,0,130 °C - N -78-20°C, 15h
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step 3 step 4 /\\ O step5
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0C N Boc\N
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(’5%(8) \ / HNTR) N\
e J>R\£\S\\O step 6

Step 1: 3-bromo-2-(bromomethyl)pyridine

To a solution of 3-bromo-2-methyl-pyridine (20.0 g, 116 mmol) in CCls (200 mL), N-
bromosuccinimide(NBS) (22.8 g, 128 mmol) and azobisisobutyronitrile(AIBN) (1.91 g, 11.6
mmol) were added, and the mixture was stirred at 80 C for 12 hours. The reaction mixture was
filtered and concentrated under reduced pressure to obtain a residue. The residue was purified by
MPLC (PE/EA=30:1) to obtain 3-bromo-2-(bromomethylpyridine (12.5 g, 42% yicld) as a brown
solid. "H NMR (400 MHz, DMSO-de) § = 8.60 - 8.53 (m, 1H), 8.16 - 8.08 (m, 1H), 7.38 - 7.26 (m,
1H), 4.80 - 4.70 (m, 2H); MS (EI) m/z: 251.8 [M+H]".

Step 2: tert-butyl 4-[(3-bromo-2-pyridyl)methyl]|-4-cyano-piperidine-1-carboxylate

To a solution of tert-butyl 4-cyanopiperidine-1-carboxylate (10.1 g, 47.8 mmol) in THF
(100 mL) was added lithium diisopropylamide(LDA) (2M, 23.9 mL), followed by stirring at -78 C
for 0.5 hours. Then, the reaction mixture was slowly added with 3-bromo-2-
(bromomethyl)pyridine (10.0 g, 39.9 mmol) in THF (100 mL) and then stirred at -78 C for 2.5
hours. The reaction mixture was quenched by addition of aqueous ammonium chloride (100 mL)
at 0 C, diluted with water (100 mL), and extracted with EA (3 X 200 mL). The combined organic
layers were washed with brine (3 x 100 mL), dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure to obtain a residue. The residue was purified by reverse
phase flash column chromatography (0.1% FA) to obtain tert-butyl 4-[(3-bromo-2-
pyridyl)methyl]-4-cyano-piperidine-1-carboxylate (13.5 g, 89% yield) as a brown solid. 'H NMR
(400 MHz, DMSO-ds) § = 8.60 - 8.53 (m, 1H), 8.14 - 8.07 (m, 1H), 7.32 - 7.24 (m, 1H), 4.01 -
3.90 (m, 2H), 3.25 (s, 2H), 3.01 - 2.78 (m, 2H), 2.12 - 2.03 (m, 2H), 1.73 - 1.56 (m, 2H), 1.44 -
1.35 (m, 9H); MS (EI) m/z: 402.0 [M+23]".
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Step 3: tert-butyl 5-oxospiro[7H-cyclopenta[b]pyridine-6,4'-piperidine]-1'-
carboxylate

A mixture of tert-butyl 4-[(3-bromo-2-pyridyl)methyl]-4-cyano-piperidine-1-carboxylate
(590 g, 155 mmol), 4-di-tert-butylphosphanyl-N N-dimethyl-aniline;dichloropalladium
(Pd(AmPhos)Cl) (1.10 g, 1.55 mmol), TEA (6.28 g, 62.1 mmol) in dimethylacetamide(DMA)
(120 mL) and H>O (12 mL) was degassed and then purged 3 times with N». The mixture was
stirred under N> atmosphere at 130°C for 12 hours. The reaction mixture was quenched by
addition of aqueous ammonium chloride (50 mL) at 25C, and then diluted with water (50 mL),
and extracted with EA (3 x 100 mL). The combined organic layers were washed with brine (3 x
50 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated under reduced
pressure to obtain a residue. The residue was purified by silica gel chromatography (PE/EA=3:1)
to obtain tert-butyl 5-oxospiro| 7H-cyclopenta|b]pyridine-6,4'-piperidine}-1'-carboxylate (3.2 g,
68% yield) as a brown solid. 'H NMR (400 MHz, CDCl3) § = 8.89 - 8.79 (m, 1H), 8.09 - 8.00 (m,
1H), 7.40 - 7.32 (m, 1H), 4.22 - 4.05 (m, 2H), 3.10 (s, 2H), 3.12 - 3.02 (m, 2H), 2.01 - 1.90 (m,
2H), 1.51 - 1.44 (m, 11H); MS (EI) m/z: 303.4 [M+H]".

Step 4: tert-butyl (5Z)-5-|(R)-tert-butylsulfinyl]iminospiro[7H-
cyclopenta[b]pyridine-6,4'-piperidine]-1'-carboxylate

To a solution of tert-butyl 5-oxospiro|7H-cyclopenta|bjpyridine-6.4'-piperidine]-1'-
carboxylate (3.00 g, 9.92 mmol) in THF (30 mL), Ti(OEt)s (34.0 g, 149 mmol) and (R)-2-
methylpropane-2-sulfinamide (4.81 g, 39.7 mmol) were added. The mixture was stirred at 70C
for 12 hours. The reaction mixture was diluted with EA (300 mL) and quenched with water (50
mL), and then filtered and extracted with EA (3 x 100 mL). The combined organic layers were
washed with brine (3 x 50 mL), dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure to obtain a residue. The residue was purified by reverse phase
flash column chromatography (0.1% ammonium hydroxide) to obtain tert-butyl (57)-5-[(R)-tert-
butylsulfinyl]iminospiro| 7H-cyclopenta| b|pyridine-6,4'-piperidine|-1'-carboxylate (3.35 g, 83%
yield) as a yellow solid. '"H NMR (400 MHz, DMSO-ds) & 8.79 - 8.74 (m, 1H), 8.69 - 8.61 (m,
1H), 7.50 - 7.44 (m, 1H), 4.00 - 3.93 (m, 2H), 3.00 (s, 2H), 3.02 - 2.89 (m, 2H), 1.81 - 1.68 (m,
2H), 1.58 - 1.50 (m, 2H), 1.44 - 1.42 (m, 9H), 1.27 - 1.22 (m, 9H); MS (ED) m/z: 406.2 [M+H]".

Step 5: tert-butyl (55)-5-[[(R)-tert-butylsulfinyl] amino|spiro|[5,7-
dihydrocyclopenta[b]pyridine-6,4'-piperidine|-1'-carboxylate and tert-butyl (S5R)-5-[[(R)-
tert-butylsulfinyl]amino]spiro[5,7-dihydrocyclopenta|b]pyridine-6,4'-piperidine]-1'-
carboxylate

To a solution of tert-butyl (5Z)-5-[(R)-tert-butylsulfinyl]iminospiro[ 7H-
cyclopenta[b]pyridine-6,4'-piperidine|]-1'-carboxylate (2.00 g, 4.93 mmol) in THF (20 mL) was
added LiBH4 (537 mg, 24.7 mmol), and the mixture was stirred at -70 C for 2 hours. The reaction
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mixture was quenched by addition of aqueous ammonium chloride(20 mL) at 0 C, and then diluted
with water (30 mL) and extracted with EA (3 x 50 mL). The combined organic layers were washed
with brine (3 x 20 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated
under reduced pressure to obtain a residue. The residue was purified by Prep-HPLC Column:
Welch Ultimate XB-CN 250*50*10 um, mobile phase: [hexane-EtOH(0.1% NH3-H-0)], B%:
10%-50%, 15 minutes to obtain the following compounds as a yellow solid, respectively.

Tert-butyl (55)-5-[[(R)-tert-butylsulfinyljamino|spiro[5,7-dihydrocyclopenta|b]pyridine-
6,4'-piperidine]-1'-carboxylate(630 mg, 31 % yield): 'H NMR (400 MHz, CDCl;) § = 8.56 - 8.51
(m, 1H), 8.33 - 8.26 (m, 1H), 7.38 - 7.32 (m, 1H), 4.56 - 4.51 (m, 1H), 4.07 - 3.96 (m, 2H), 3.60 -
351 (m, 1H), 3.36 - 3.27 (m, 1H), 2.98 (s, 2H), 1.83 - 1.71 (m, 1H), 1.50 - 1.47 (m, 11H), 1.34 -
1.26 (m, 11H); MS (EI) m/z: 408.3 [M+H]".

Tert-butyl (5SR)-5-[[(R)-tert-butylsulfinyl]amino|spiro[5,7-dihydrocyclopenta|b]pyridine-
6,4'-piperidine]-1'-carboxylate(150 mg, 7% yield): 'H NMR (400 MHz, CDCl3) § = 8.59 - 8.52
(m, 1H), 7.94 - 7.86 (m, 1H), 7.39 - 7.31 (m, 1H), 4.60 - 4.55 (m, 1H), 4.09 - 3.97 (m, 2H), 3.74 -
3.64 (m, 1H), 3.54 - 3.39 (m, 1H), 3.05 - 2.94 (m, 2H), 1.55 - 1.49 (m, 2H), 1.47 - 1.46 (m, 10H),
1.30-1.25(m, 11H).

Step 6: (R)-2-methyl-N-[(5S)-spiro[5,7-dihydrocyclopenta[b]pyridine-6,4'-
piperidin]-5-yl|propane-2-sulfinamide and (R)-2-methyl-N-[(5R)-spiro|[5,7-
dihydrocyclopenta[b]pyridine-6,4'-piperidin]-5-yl|propane-2-sulfinamide

To a solution of tert-butyl  (55)-5-[[(R)-tert-butylsulfinyl]amino]spiro|5,7-
dihydrocyclopenta[b]pyridine-6,4'-piperidine]-1'-carboxylate (200 mg, 491 umol) in DCM (5 mL)
was added TFA (1.68 g, 14.7 mmol), and the mixture was stirred at 0°C for 1 hour. The reaction
mixture was poured into aqueous KoCO;3 (20 mL) at 25 C, and then diluted with water (30 mL)
and extracted with DCM (3 x 50 mL). The combined organic layers were washed with brine (3 x
20 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated under reduced
pressure to obtain Intermediate I-25 (140 mg, 92% yield) as a yellow solid. 'H NMR (400 MHz,
CDCls) = 8.49 - 8.42 (m, 1H), 8.12 - 8.04 (m, 1H), 7.25 - 7.19 (m, 1H), 4.55 - 4.50 (m, 1H), 3.38
-3.32 (m, 2H), 3.26 - 3.06 (m, 1H), 2.85 - 2.81 (m, 2H), 2.30 - 2.14 (m, 2H), 1.99 - 1.82 (m, 2H),
1.37 - 1.31 (m, 11H); MS (EI) m/z: 308.4 [M+H]".

Meanwhile, Intermediate 1-26 (100 mg, 90% yield) was obtained as a yellow solid in the
same method as in the preparation of Intermediate 1-25, using tert-butyl (5R)-5-[[(R)-tert-
butylsulfinylJamino]spiro[5,7-dihydrocyclopenta| b]pyridine-6,4'-piperidine]-1'-carboxylate. 'H
NMR (400 MHz, CDCls) = 8.46 - 8.41 (m, 1H), 7.61 - 7.59 (m, 1H), 7.16 - 7.12 (m, 1H), 4.55 -
452 (m, 1H), 4.08 - 4.01 (m, 1H), 3.23 - 3.11 (m, 2H), 2.91 - 2.81 (m, 3H), 2.26 - 2.20 (m, 1H),
1.81 - 1.75 (m, 1H), 1.67 - 1.63 (m, 1H), 1.33 - 1.31 (m, 11H), MS (EI) m/z: 308.4 [M+H]".
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Preparation Example 26: 6-((5-bromopvrazin-2-ylthio)-5-chloro-3-

tetrahydrofuran-3-yl)methvyl)quinazolin-4(3H)-one (Intermediate I-2
(o] Cl

1-27

Intermediate 1-27 was obtained as a yellow solid in the same method as in Preparation
Example 23, except that 3-(bromomethyl)tetrahydrofuran was used instead of
bromomethylbenzene in step 1 of Preparation Example 23. 'H NMR (400 MHz, CDCl3) § = 8.37
(s, 1H), 8.16 (s, 1H), 8.13 (s, 1H), 8.00 (s, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.58 (d, ] = 8.8 Hz, 1H),
3.97 - 3.90 (m, 2H), 3.73 - 3.70 (m, 2H), 3.58 - 3.54 (m, 1H), 2.89 - 2.77 (m, 1H), 2.10 - 2.00 (m,
1H), 1.67 - 1.59 (m, 1H).

Preparation Example 27:  S-chloro-6-((5-iodopyrazin-2-yl)thio)-3-(pyridin-3-
ylmethvl)guinazolin-4(3H)-one (Intermediate 1-28)

X
o o « N| NH; o
=
B B
HO NBS.OMF__, o ' Y '
0~20°C, 16h diethoxymethoxyethane, I, [ P k\
HoN HoN EtOH, 80°C,12 h N
step 1 step 2

/\/jﬂo/\/\SH o o
s O\)i/\/ t-BuONa, THF, 25 °C, 0.5 h -
» N7 N \/\n/ crude
J ::l\/(j ol

Pdx(dba)z, XantPhos, DIEA,
dioxane, 110°C,2 h

step 3

step 4

N |

~
o ¢l J; \ o c
Br N
NN SNa 17 - NN S%N
| s K5CO3, DMF, 20 °C, 2 h L s NQJ\
N et N I

step 128

Step 1: 6-amino-3-bromo-2-chloro-benzoic acid

To a solution of 2-amino-6-chloro-benzoic acid (5 g, 29.1 mmol) in DMF (50 mL) was
added NBS (5.71 g, 32.1 mmol), and the mixture was stirred at 0'C for 2 hours. The reaction
mixture was quenched with water (100 mL) and extracted with EA (100 mL x 3). The combined
organic layers were washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, and then
filtered and concentrated under reduced pressure to obtain 6-amino-3-bromo-2-chloro-benzoic
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acid (7 g, 96% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) 6 = 7.40 (d, J = 8.8 Hz,
1H), 6.65 (d, ] = 8.8 Hz, 1H), 3.47 (br s, 2H); MS (EI) m/z: 249.8 [M+H]".

Step 2: 6-bromo-5-chloro-3-(pyridin-3-ylmethyl)quinazolin-4(3H)-one

To a solution of 6-amino-3-bromo-2-chloro-benzoic acid (3 g, 12.0 mmol) in EtOH (60
mL), I (304 mg, 1.20 mmol), dicthoxymethoxyethane (2.66 g, 18.0 mmol) and 3-
pyridylmethanamine (1.94 g, 18.0 mmol) were added, and the mixture was stirred at 80 °C for 12
hours. The reaction mixture was quenched by addition of aqueous ammonium chloride(50 mL) at
257, and then diluted with water (50 mL) and extracted with EA (100 mL x 3). The combined
organic layers were washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, and then
filtered and concentrated under reduced pressure to obtain a residue. The residue was triturated
with MeOH (30 mL) to obtain 6-bromo-5-chloro-3-(pyridin-3-ylmethyl)quinazolin-4(3H)-one
(1.5 g, 36% yield) as a brown solid. "H NMR (400 MHz, CDCl3) 6 =8.69 (d, ] = 1.6 Hz, 1H), 8.60
(dd, T=1.2, 4.6 Hz, 1H), 8.17 (s, 1H), 7.96 (d, J = 8.8 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.50 (d,
J=8.8Hz, 1H), 7.31 (dd, J = 4.8, 8.0 Hz, 1H), 5.17 (s, 2H); MS (EI) m/z: 351.9 [M+H]".

Step 3 to Step 5:  S-chloro-6-((S-iodopyrazin-2-yl)thio)-3-(pyridin-3-
ylmethyl)quinazolin-4(3H)-one

Intermediate 1-28 was obtained as a yellow solid in the same method as in steps 2 to 4 of
Preparation  Example 23, using  S-chloro-6-((5-iodopyrazin-2-yl)thio)-3-(pyridin-3-
ylmethyl)quinazolin-4(3H)-one as a starting material. '"H NMR (400 MHz, CDCl3) § = 8.72 (s,
1H), 8.61 (s, 1H), 8.44 (s, 1H), 8.22 (s, 2H), 7.92 (d, J = 8.4 Hz, 1H), 7.81 (d, T = 7.6 Hz, 1H), 7.65
(d, J=8.6 Hz, 1H), 7.35 (dd, J= 5.2, 7.6 Hz, 1H), 5.19 (s, 2H); MS (EI) m/z: 508.0 [M+H]".

Preparation Example 28: 6-((5-bromopyrazin-2-y)thio)-5-chloro-3-(2-

methoxvethyl)quinazolin-4(3H)-one (Intermediate 1-29)

o d \)i/\/ O ~g o a Ji/v
ity PO S
o)

o 5 KoCOz, TBAI, DMF N
N 55°C3h N
step 1
Bf\%‘N . o cl .
o cl “ ~
t-BuONa, THF, 25 °C, 1 h o SNa N%Br NN ~F N
- \/\N o k\N N o
step 2 k\N KoCO3, DMF
0-25°C,2h
129
step 3

Step 1: 2-ethylhexyl 3-((5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihydroquinazolin-6-
yDthio)propanoate

To a solution of ethyl 3-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-yl)thio)propionate (10g,
25.2mmol) in DMF (100 mL), 1-bromo-2-methoxy-ethane (4.2g, 30.2mmol), K»CO3 (6.96 g, 50.4
mmol) and TBAI (931 mg, 2.52 mmol) were added, and the mixture was stirred at 55C for 3
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hours. The reaction mixture was quenched with aqueous ammonium chloride solution (50 mL),
diluted with water (50 mL), and then extracted with EA (100 mL x 3). The combined organic
layers were washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure. The residue was purified by column chromatography
(0.1% formic acid) to obtain 2-ethylhexyl 3-(5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)propanoate (6.8 g, 59% yield) as a yellow solid. 'H NMR (400 MHz,
CDCls) 6 = 8.04 (s, 1H), 7.67 - 7.59 (m, 2H), 4.15 (1, J = 4.8 Hz, 2H), 4.05 (dd, J = 2.0, 5.8 Hz,
2H), 3.71 - 3.65 (m, 2H), 3.33 (s, 3H), 3.30 - 3.25 (m, 2H), 2.71 (t, ] = 7.6 Hz, 2H), 1.62 - 1.54 (m,
1H), 1.40 - 1.34 (m, 2H), 1.31 - 1.26 (m, 6H), 0.91 - 0.85 (m, 6H); MS (EI) m/z: 455.3 [M+H]"

Step 2 and Step 3: 6-((S-bromopyrazin-2-yl)thio)-5-chloroe-3-(2-
methoxyethyl)quinazolin-4(3H)-one

Intermediate 1-29 (1.4 g, 22%) was obtained as a yellow solid in the same method as in
step 3 and 4 of Preparation Example 23, using 2-ethylhexyl 3-(5-chloro-3-(2-methoxyethyl)-4-
0x0-3,4-dihydroquinazolin-6-yl)thio)propanoate as a starting material. 'H NMR (400 MHz,
CDCls) § = 8.44 (s, 1H), 8.19 (s, 1H), 8.13 (s, 1H), 7.92 (d, ] = 8.4 Hz, 1H), 7.65 (d, ] = 8.4 Hz,
1H), 4.17 (t, J = 4.8 Hz, 2H), 3.73 - 3.66 (m, 2H), 3.35 (s, 3H); MS (EI) m/z 429.1 [M+H]".

Preparation Example 29: 3-[3-[tert-butyl(dimethy])silyl]oxypropyl]-5-chloro-6-(5-

iodopyrazin-2-yl)thio-quinazolin-4(3H)-one (Intermediate 1-30

1-30
Intermediate 1-30 (470mg, 32%) was prepared in the same method as in Preparation
Example 28, except that (3-bromopropoxy )(tert-butyl)dimethylsilane was used instead of 1-
bromo-2-methoxyethane in step 1 of Preparation Example 28. '"H NMR (400 MHz, CDCl3) § =
8.60 - 842 (m, 1H), 8.23 - 8.17 (m, 1H), 8.13 (s, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.68 - 7.61 (m,
1H), 4.13 (t, ] = 6.4 Hz, 2H), 3.67 (t, ] = 5.6 Hz, 2H), 2.06 - 1.97 (m, 2H), 0.92 (s, 9H), 0.08 (s,
6H).

Preparation Example 30: 6-(5-bromopyrazin-2-yl)thio-5-chloro-3-(3-
fluoropropyl)quinazolin-4(3H)-one (Intermediate 1-31
o d
F7>"N Sjl/*N
k\N NQ\Br
1-31

Intermediate 1-31 (320mg, 20%) was prepared in the same method as in Preparation
Example 28, except that 1-bromo-3-fluoropropane was used instead of 1-bromo-2-methoxyethane
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in step 1 of Preparation Example 28. 'H NMR (400 MHz, CDCl3) § = 8.45 (d, J = 1.2 Hz, 1H),
820(d,J=1.2Hz 1H), 8.11 (s, 1H), 793 (d, ] =8.8 Hz, 1H), 7.66 (d, ] =8.8 Hz, 1H), 4.62 (1, ]
=5.6Hz 1H), 450 (t,J=5.6 Hz, 1H), 4.16 (t, ] = 6.8 Hz, 2H), 2.32 - 2.26 (m, 1H), 2.23 - 2.18
(m, 1H); MS (EI) m/z: 431.1 [M+H]",

Preparation Example 31: 6-(5-bromopyrazin-2-yl)thio-3-[3-[tert-
butyl(dimethyl)silvloxybutyl]-5-chloro-quinazolin-4(3H)-one _ (Intermediate 1-32)

J\/\ TsCl, TEA, DMAP,DCM J\/\ TBSCI, imidazol, DCM J\/\
HO OH 7 Ho OTs 0°C,12h ~ TBSO OTs

0°C,12h
step 1

o
HN)ﬁij/SV\r(ovi/\/
5, §

KoCOs3, TBAI, DMF

step 2

o Cl
o TBS O)\/\ I\t )b/s\/\[(OJiA/
> O
N

60°C,2h
step 3
Br
t+-BuONa, THF o cl ~ |N o cl
25°C,05h J\A SNa N g, J\ﬁ s
—_—— TBSO N ——  » TBSO N | ~N
N KxGO5, DMF N N
step 4 N 0°C,2h N Br
step 5 1-32

Step 1: 3-hydroxybutyl-4-methylbenzenesulfonate

To a solution of butane-1,3-diol (2.0 g, 22.2 mmol) and TEA (6.74 g, 66.6 mmol) in DMF
(30 mL), TosCl (5.08 g, 26.6 mmol) and DMAP (271 mg, 2.22 mmol) were added, and the mixture
was stirred at 0C for 12 hours. The reaction mixture was quenched with aqueous ammonium
chloride solution (50 mL), diluted with water (50 mL), and then extracted with DCM (100 mL x
3). The combined organic layers were washed with brine (50 mL x 3), dried over anhydrous
sodium sulfate, and then filtered and concentrated under reduced pressure to obtain 6-amino-3-
bromo-2-chloro-benzoic acid (7 g, 96% yield) as a yellow solid. The residue was purified by
column chromatography(PE / EA =3/1) to obtain 3-hydroxybutyl-4-methylbenzenesulfonate (4.2
g, 77% yield). 'H NMR (400 MHz, CDCl3) & =7.80 (d, J = 8.0 Hz, 2H), 7.35 (d, ] = 8.0 Hz, 2H),
428 - 421 (m, 1H), 4.16 - 4.08 (m, 1H), 3.97 - 3.91 (m, 1H), 2.45 (s, 3H), 1.88 - 1.78 (m, 1H),
1.74 - 1.72 (m, 1H), 1.72 - 1.65 (m, 1H), 1.19 (d, J = 6.0 Hz, 3H).

Step 2: 3-[tert-butyl(dimethyl)silyl]oxybutyl 4-methylbenzenesulfonate

To a solution of 3-hydroxybutyl-4-methylbenzenesulfonate (4.0 g, 16.4 mmol) in DCM
(40 mL), imidazole (2.79 g, 40.9 mmol) and DMAP (200 mg, 1.64 mmol) were added, and TBSCI
(2.96 g, 19.7 mmol) was slowly added dropwise. The mixture was stirred at 0°C for 12 hours. The

reaction mixture was quenched with aqueous ammonium chloride solution (50 mL), diluted with
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water (100 ml), and then extracted with DCM (100 mL x 3). The combined organic layers were
washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure to obtain 6-amino-3-bromo-2-chloro-benzoic acid (7 g, 96%
yield) as a yellow solid. The residue was purified by column chromatography(PE/ EA =15/1) to
obtain 3-[tert-butyl(dimethyl)silyl]oxybutyl 4-methylbenzenesulfonate (5.3 g, 90% yield). !
NMR (400 MHz, CDCl3) & = 7.80 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.14 - 4.08 (m,
2H), 3.95 - 3.87 (m, 1H), 2.46 (s, 3H), 1.82 - 1.65 (m, 2H), 1.11 (d, J = 6.0 Hz, 3H), 0.82 (s, 9H),
0.00 (d, J=17.6 Hz, 6H).

Steps 3 to 5: 6-(5-bromopyrazin-2-yl)thio-3-[3-[tert-butyl(dimethyl)silyl]oxybutyl]-5-
chloro-quinazolin-4(3H)-one

Intermediate 1-32 (320mg, 19%) was prepared in the same method as in Preparation
Example 28, using 3-[tert-butyl(dimethyD)silyljoxybutyl 4-methylbenzenesulfonate obtained in
step 2 above as a starting material. 'H NMR (400 MHz, CDCl3) § =8.44 (d, ] = 1.2 Hz, 1H), 8.19
(d, J=1.2 Hz, 1H), 8.09 (s, 1H), 7.91 (d, J = 8.8 Hz, 1H), 7.64 (d, ] = 8.8 Hz, 1H), 4.10 - 4.06 (m,
2H), 4.02 - 3.96 (m, 1H), 2.03 - 1.95 (m, 1H), 1.90 - 1.81 (m, 1H), 1.22 (d, J = 6.4 Hz, 3H), 0.93
(s, 9H), 0.10 (s, 6H); MS (EI) m/z: 557.1 [M+H]",

Preparation Example 32: Sodium _5-((3S,45)-4-(tert-butoxycarbonyl)aming)-3-

methvl-2-oxa—8-azaspiro [4.5]decan-8-vl]pyrazine-2-thiolate (Intermediate I-33)

2Hcl SN
\

Br.
=~ "N
Br Y\l
N N NH, Boc,0, TEA, DMF
TEA, DMF, 25°C, 12 h k% }
step 1 S step 2

% I VJV
N J\ N H N -Boc \[(V v\jv S % N
> N \)\ HN- Boc
g Pd,(dba)s, XantPhos, DIEA, I\Ob
o .

dioxane, 110°C, 2h

step 3
NaS SN B
loF
tBUONa, THF NJ\N “NH
crude o %
annl
step 4 (@]

Step 1: (35,45)-8-(S-bromopyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-
amine

To a solution of (3S,45)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-amine (5.00 g, 20.6 mmol,
2HCI) in DMF (50 mL), TEA (6.24 g, 61.7 mmol) and 2,5-dibromopyrazine (4.89 g, 20.6 mmol)
were added, and the mixture was stirred at 25°C for 12 hours. The reaction mixture was quenched

by addition of aqueous ammonium chloride (100 mL) at 25C, and then diluted with water (100
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mL) and extracted with EA (3 x 200 mL). The combined organic layers were washed with brine
(3 x 100 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated under
reduced pressure to obtain (38,48)-8-(5-bromopyrazin-2-y1)-3-methyl-2-oxa-8-
azaspiro|4.5}decan-4-amine (6.7 g, crude product) as a yellow oil, which was used directly in the
next step. MS (EI) m/z: 329.1 [M+H]".

Step 2: tert-butyl N-[(3S,45)-8-(5-bromopyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl|carbamate

To a solution of (3S,4S)-8-(5-bromopyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-
4-amine (6.7 g, 20.5 mmol) in DMF (50 mL), Boc>O (6.70 g, 30.7 mmol) and TEA (3.11 g, 30.7
mmol) were added, and the mixture was stirred at 25C for 2 hours. The reaction mixture was
quenched by addition of aqueous ammonium chloride(100 mL) at 25C, and then diluted with
water (100 mL) and extracted with EA (3 x 200 mL). The combined organic layers were washed
with brine (3 x 100 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated
under reduced pressure to obtain a residue. The residue was purified by column
chromatography(PE/EA = 5:1) to obtain tert-butyl N-[(3S,4S)-8-(5-bromopyrazin-2-yl)-3-methyl-
2-oxa-8-azaspiro[4.5}decan-4-yl|carbamate (5.5 g, 63% yield) as a yellow solid. MS (EI) m/z:
4291 [M+H]".

Step 3: 2-ethylhexyl 3-((5-((3S,45)-4-((tert-butoxycarbonyl)amino)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)propanoate

A  mixture of tert-butyl N-[(35,45)-8-(5-bromopyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro| 4.5]decan-4-yljcarbamate (5.50 g, 12.9 mmol), 2-cthylhexyl 3-sulfanylpropanoate (4.22
g, 19.3 mmol), Pd>(dba)s; (1.18 g, 1.29 mmol), XantPhos (1.49 g, 2.57 mmol) and DIEA (4.96 g,
38.6 mmol) in dioxane (80 mL) was degassed and purged 3 times with N», and then the mixture
was stirred under N> atmosphere at 110°C for 12 hours. The reaction mixture was filtered and
concentrated under reduced pressure to obtain a residue. The residuc was purified by column
chromatography (PE/EA = 3:1) to obtain 2-ethylhexyl  3-[5-[(3S,45)-4-(tert-
butoxycarbonylamino)-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl|pyrazin-2-
yl]sulfanylpropanoate (5.00 g, 69% yield) as a yellow oil. 'H NMR (400 MHz, CDCl;) § = 8.08
(s, 1H), 8.06 (s, 1H), 4.63 (d, J = 10.8 Hz, 1H), 4.23 - 4.13 (m, 1H), 4.01 (dd, J =5.8, 2.6 Hz, 2H),
3.82 - 3.59 (m, 4H), 3.57 - 3.46 (m, 1H), 3.44 - 3.33 (m, 1H), 3.28 (t, ] = 7.2 Hz, 2H), 2.69 (t, ] =
7.2 Hz, 2H), 1.92 - 1.71 (m, 4H), 1.62 - 1.52 (m, 2H), 1.45 (s, 9H), 1.41 - 1.32 (m, 3H), 1.30 - 1.27
(m, 6H), 1.21 (d, J =6.4 Hz, 2H), 0.93 - 0.86 (m, 6H); MS (EI) m/z: 565.4 [M+H]".

Step 4 Sodium  5-((35,45)-4-(tert-butoxycarbonyl)amino)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl|pyrazine-2-thiolate

To a solution of 2-ethylhexyl 3-[5-[(3S,4S)-4-(tert-butoxycarbonylamino)-3-methyl-2-
oxa-8-azaspiro[4.5|decan-8-yl|pyrazin-2-yl]sulfanylpropanoate (270 mg, 478 pumol) in THF (5
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mL) was added t-BuONa (68.9 mg, 717 pmol), and the mixture was stirred at 25C for 0.5 hours.

The residuc was triturated with PE (10 mL) to obtain Intermediate 1-33 (150 mg, crude product)
as a yellow solid, which was used directly in the next step. MS (EI) m/z: 381.1 [M+H]".

Preparation Example 33: 2-benzyl-8-chloro-7-iodo-2H-benzo|e][1.2.4]thiazine 1.1-
dioxide (Intermediate 1-34)

cl cl o Q0 ©
cl BnSH, EtONa, EtOH NCS, AcOH/MH,0 ~d
- S - ;
> > <
O,N step 1 O.N ON

step 2

Cl oo d

BnNH,, TEA, dioxane QAL Pt-V/C, H,, THF R
> -S » BnHN
» BnHN
step 4
step 3 02N Y H2N
00 ¢ 00 Cl
s CH(OC,H W
M»Bnm\rsfj/' _ CHOCHs), | Ph/\N’ijj/|
150°C,1h
step 5 HoN = K _
step 6
1-34

Step 1: benzyl (2-chloro-6-nitrophenyl)sulfane

To a solution of phenylmethanthiol(BnSH) (3.23 g, 26.0 mmol) in EtOH (50 mL) was
added EtONa (1.95 g, 28.7 mmol). Subsequently, the mixture was added with 1,2-dichloro-3-nitro-
benzene (5.0 g, 26.0 mmol) and then stirred at 80C for 1 hour. The reaction mixture was
quenched by addition of aqueous ammonium chloride (20 mL) at 25 C, and then diluted with water
(30 mL) and extracted with EA (3 x 50 mL). The combined organic layers were washed with brine
(3 x 20 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated under
reduced pressure to obtain a residue. The residue was purified by column chromatography (PE/EA
=10:1) to obtain benzyl (2-chloro-6-nitrophenyl)sulfane (5.7 g, 78% yield) as a yellow solid. 'H
NMR (400 MHz, DMSO-ds) & = 7.86 (dd, J =8.0, 1.2 Hz, 1H), 7.76 (dd, J =8.0, 1.2 Hz, 1H), 7.60
-7.56 (m, 1H), 7.25 - 7.19 (m, 3H), 7.12 - 7.07 (m, 2H), 4.15 (s, 2H).

Step 2: 2-chloro-6-nitrobenzenesulfonyl chloride

To a solution of 2-benzylsulfanyl-1-chloro-3-nitrobenzene (3.70 g, 13.2 mmol) in
AcOH(40 mL) and H>O(13 mL) was added NCS (7.06 g, 52.9 mmol). The mixture was stirred at
0C for 3 hours. The reaction mixture was diluted with water (100 mL) and extracted with EA (3
x 100 mL). The combined organic layers were dried over anhydrous sodium sulfate, and then
filtered and concentrated under reduced pressure to obtain a residue. The residue was purified by
column chromatography (PE/EA=5:1) to obtain 2-chloro-6-nitrobenzenesulfonyl chloride (2.70 g,

77

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

79% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) & = 7.65 - 7.60 (m, 1H), 7.50 - 7.46
(m, 2H).

Step 3: N-benzyl-2-chloro-6-nitrobenzenesulfonamide

To a solution of 2-chloro-6-nitrobenzenesulfonyl chloride (2.80 g, 10.9 mmol) in
dioxane(30 mL), TEA (1.66 g, 16.4 mmol) and phenylmethanamine(BnNH>) (1.76 g, 16.40 mmol)
were added, and the mixture was stirred at 0°C for 12 hours. The reaction mixture was quenched
by addition of aqueous ammonium chloride (50 mL) at 25 C, and then diluted with water (50 mL)
and extracted with EA (3 x 100 mL). The combined organic layers were washed with brine (3 x
50 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated under reduced
pressure to obtain a residue. The residue was purified by column chromatography (PE/EA=5:1) to
obtain N-benzyl-2-chloro-6-nitrobenzenesulfonamide (2.5 g, 70% yield) as a yellow solid. 'H
NMR (400 MHz, DMSO-ds) § = 9.09 (br s, 1H), 7.81 - 7.76 (m, 1H), 7.75 - 7.69 (m, 2 H), 7.24 -
7.11 (m, SH), 4.14 (s, 2H).

Step 4: 2-amino-N-benzyl-6-chlorobenzenesulfonamide

To a solution of N-benzyl-2-chloro-6-nitrobenzenesulfonamide (2.00 g, 6.12 mmol) in
THF (30 mL) was added Pt-V/C (239 mg, 1.22 mmol), and the mixture was stirred at 25C for 2
hours under H> atmosphere (15psi). The reaction mixture was filtered and concentrated under
reduced pressure to obtain 2-amino-N-benzyl-6-chlorobenzenesulfonamide (1.8 g, 99% yield) as
a yellow solid. "TH NMR (400 MHz, DMSO-ds) § = 8.20 (t, J = 6.4 Hz, 1H), 7.30 - 7.16 (m, 5H),
7.10 (t, T =8.0 Hz, 1H), 6.73 (dd, J =8.4, 0.8 Hz, 1H), 6.59 (dd, J =7.6, 0.8 Hz, 1H), 6.55 (s, 2H),
4.03 (d, J=6.4 Hz, 2H); MS (EI) m/z: 297.0 [M+H]".

Step 5: 6-amino-N-benzyl-2-chloro-3-iodobenzenesulfonamide

To a solution of 2-amino-N-benzyl-6-chloro-benzenesulfonamide (2.00 g, 6.74 mmol) in
DMF (20 mL) was added N-iodosuccinimide(NIS) (1.67 g, 7.41 mmol), and the mixture was
stirred at 80 C  for 2 hours. The reaction mixture was quenched by addition of aqueous ammonium
chloride (20 mL) at 25C, and then diluted with water (50 mL) and extracted with EA (3 x 50 mL).
The combined organic layers were washed with brine (3 x 20 mL), dried over anhydrous sodium
sulfate, and then filtered and concentrated under reduced pressure to obtain a residue. The residue
was purified by column chromatography (PE/EA=3:1) to obtain 6-amino-N-benzyl-2-chloro-3-
iodobenzenesulfonamide (2.4 g, 84% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-d¢) §
=8.34 (1, J= 6.4 Hz, 1H), 7.56 (d, ] = 9.0 Hz, 1H), 7.26 - 7.14 (m, SH), 6.70 (br s, 2H), 6.55 (d, J
=9.0 Hz, 1H), 4.02 (d, ] =6.4 Hz, 2H); MS (EI) m/z: 422.9 [M+H]".

Step 6: 2-benzyl-8-chloro-7-iodo-2H-benzo|e][1,2,4]thiazine 1,1-dioxide

To a solution of 6-amino-N-benzyl-2-chloro-3-iodobenzenesulfonamide (2.3 g, 5.44 mmol)
in dicthoxymethoxyethane (24.1 g, 163 mmol) was added tricthyl orthoformate, and the mixture

was stirred at 150°C for 1 hour. The reaction mixture was filtered and concentrated under reduced
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pressure to obtain a residue. The residue was triturated with MeOH (30 mL) to obtain Intermediate
[-34 (2.1 g, 89% yield) as an off-white solid.
Preparation Example 34: 6-bromo-2.7-dichloro-1-((2-trimethyvlsilvl)ethoxy)methyl)-

1H-benzo|d]imidazole (Intermediate 1-35)
cl cl cl

oZN: J\: NBS, HOAc, 120°C,1h  O,N J\: Br PLV/C,THF HoN i Br CDI, THF
HoN HoN HoN
2 step 1 2 step 2 2 step 3
H al H Cl SEM Cl
N Br __POC, 100 °C,3h N— B _ SEMCI, NaH, DMF N B
0= - o< | o< ]
N N = step 5 N F
H step 4

135

Step 1: 4-bromo-3-chloro-2-nitroaniline

To a solution of 3-chloro-2-nitroaniline (5.0 g, 29.0 mmol) in HOAc¢ (250 mL) was added
NBS (5.16 g, 29.0 mmol), and the mixture was stirred at 120C for 1 hour. The reaction mixture
was quenched with water (100 mL) and extracted with EA (3 x 100 mL). The combined organic
layers were washed with brine (3 x 100 mL), dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure to obtain a residue. The residue was purified by column
chromatography (PE/EA = 10/1) to obtain 4-bromo-3-chloro-2-nitroaniline (5.35 g, 73% yield) as
a brown solid. 'H NMR (400 MHz, DMSO-ds)  =7.56 (d, ] = 9.2 Hz, 1H), 6.83 (d, J = 9.2 Hz,
1H), 6.42 (s, 2H).

Step 2: 4-bromo-3-chlorobenzene-1,2-diamine

To a solution of 4-bromo-3-chloro-2-nitroaniline (3.8 g, 15.1 mmol) in THF (40 mL) was
added Pt-V/C (983 mg, 151 pumol, 3% purity), and the mixture was stirred at 25°C for 1 hour
under H» atmosphere (15 psi). The reaction mixture was filtered and concentrated under reduced
pressure to obtain 4-bromo-3-chloro-benzene-1,2-diamine (3.1 g, 90% yield) as a brown solid. 'H
NMR (400 MHz, DMSO-ds) 8 =6.70 (d, ] = 8.4 Hz, 1H), 6.42 (d, J = 8.4 Hz, 1H), 4.97 (br s, 4H).

Step 3: S-bromo-4-chloro-1,3-dihydrobenzimidazol-2-one

To a solution of 4-bromo-3-chloro-benzene-1,2-diamine (470 mg, 2.12 mmol) in DMF (25
mL) was added 1,1'-carbodiimide(CDI) (413 mg, 2.55 mmol), and the mixture was stirred at 25C
for 2 hours. The reaction mixture was poured into water (40 mL), thereby obtaining an off-white
precipitate. The solid was collected and washed with EA (40 mL), and then dried under vacuum
to obtain 5-bromo-4-chloro-1,3-dihydrobenzimidazol-2-one (370 mg, 71% yield) as an off-white
solid. 'TH NMR (400 MHz, DMSO-ds) § = 11.36 (s, 1H), 11.05 (s, 1H), 7.28 (d, ] = 8.0 Hz, 1H),
6.85 (d, J=8.0 Hz, 1H).

Step 4: 6-bromo-2,7-dichloro-1H-benzimidazole
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A solution of 5-bromo-4-chloro-1,3-dihydrobenzimidazol-2-one (350 mg, 1.41 mmol) in
POCI3 (2 mL) was stirred at 100°C for 3 hours. The reaction mixture was concentrated under
reduced pressure to obtain a residue. The residue was quenched by addition of aqueous NaHCO3
(20 mL) at 25C, and then diluted with water (30 mL) and extracted with EA (3 x 50 mL). The
combined organic layers were washed with brine (3 x 20 mL), dried over anhydrous sodium sulfate,
and then filtered and concentrated under reduced pressure to obtain 6-bromo-2,7-dichloro-1H-
benzimidazole (340 mg, 90% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-d¢) § = 7.55
(d, J=8.4Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H); MS (EI) m/z: 267.0 [M+H]".

Step 5: 6-bromo-2,7-dichloro-1-((2-trimethylsilyl)ethoxy)methyl)-1H-
benzo|d]imidazole

To a solution of 6-bromo-2,7-dichloro-1H-benzimidazole (290 mg, 1.09 mmol) in DMF (5
mL) was added NaH (48.0 mg, 1.20 mmol), and the mixture was stirred at 0C for 0.5 hours.
Subsequently, the mixture was slowly added with 2-(trimethylsilyl)ethoxymethyl chloride(SEM-
Cl) (273 mg, 1.64 mmol) in THF (5 mL) and then stirred at 0 C for 1.5 hours. The reaction mixture
was quenched by addition of aqueous ammonium chloride (20 mL) at 25 C, and then diluted with
water (30 mL) and extracted with EA (3 x 50 mL). The combined organic layers were washed with
brine (3 x 20 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated under
reduced pressure to obtain a residue. The residue was purified by column chromatography (PE/EA
= 30/1) to obtain Intermediate I-35 (400 mg, 93% yield) as a yellow solid. 'H NMR (400 MHz,
CDCl3) § =7.61(d, T = 8.4 Hz, 1H), 7.28 (d, J = 8.4 Hz, 1H), 3.66 - 3.63 (m, 2H), 3.60 - 3.53 (m,
2H), 0.94 - 0.88 (m, 2H), 0.04 (s, 9H); MS (EI) m/z: 397.1 [M+H]".

Preparation Example 35: 6-bromo-7-chloro-1-methyl-2-tetrahydrofuran-3-yloxy-

benzimidazole (Intermediate 1-36) and 5-bromo-4-chloro-1-methyl-2-tetrahydrofuran-3-

loxy-benzimidazole (Intermediate 1-37

OH
ol [’S sem  C
SEM p Br
N Br 0 O_<\Nj|)\( TFA, DCM, 20 °C, 16 h
o g N—~ -
N NaH, THF, 0~20°C, 1.5 h
step 2
step 1 o
1-35
cl
g C Y
N B Mel, Cs,COs, DMF, 20°C, 2h N Br N o
0~ /CC0s DR, 20°C.20 - ¢ ¢ 0~
" S wi
o step 3 o 0O
1-36 1-37
Step 1: 2-[(6-bromo-7-chloro-2-tetrahydrofuran-3-yloxy-benzimidazol-1-

yDmethoxy]ethyl-trimethyl-silane
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To a mixture of tetrahydrofuran-3-ol (166 mg, 1.89 mmol) in THF (5 mL) was added NaH
(75.5 mg, 1.89 mmol, 60% purity) at 0'C. The mixture was stirred under nitrogen atmosphere at
0C for 0.5 hours. Then, a solution of Intermediate I-35 (500 mg, 1.26 mmol) in THF (2 mL) was
added at 0°C. The mixture was stirred under nitrogen atmosphere at 20°C for 1 hour. The reaction
mixture was quenched with water (10 mL) at 0C, and then diluted with water (20 mL) and
extracted with EA (3 X 20 mL). The organic layer was washed with brine (2 X 30 mL). The organic
layer was dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under
vacuum. The crude product was purified by reverse phase flash column chromatography (0.1%
FA codition) to obtain 2-[(6-bromo-7-chloro-2-tetrahydrofuran-3-yloxy-benzimidazol-1-
yDmethoxyJethyl-trimethyl-silane (230 mg, 41% yield) as a yellow oil. 'H NMR (400 MHz,
CDCl3) 6=741(d, J=84 Hz 1H), 7.11 (d, ] = 84 Hz, 1H), 591 - 5.83 (m, 1H), 5.35 (s, 2H),
4.14 - 4.06 (m, 2H), 4.05 - 3.99 (m, 1H), 3.98 - 3.91 (m, 1H), 3.54 - 3.49 (m, 2H), 2.44 - 2.33 (m,
1H), 2.31 -2.22 (m, 1H), 0.90 (d, ] =8.4 Hz, 2H), -0.03 (d, ] = 1.2 Hz, 9H).

Step 2: 6-bromo-7-chloro-2-tetrahydrofuran-3-yloxy-1H-benzimidazole

To a mixture of 2-[(6-bromo-7-chloro-2-tetrahydrofuran-3-yloxy-benzimidazol-1-
yDmethoxy jethyl-trimethyl-silane (230 mg, 513 pmol) in DCM (2 mL) was added TFA (3.08 g,
27.0 mmol, 2 mL). The reaction mixture was stirred at 20°C for 16 hours. The reaction mixture
was concentrated under vacuum. The residue was diluted with water (10 mL) and basified with
saturated aqueous K>COs3 solution until the pH became 7. The mixture was extracted with EA (3
X 10 mL). The organic layer was washed with brine (2 X 50 mL). The organic layer was dried
over anhydrous sodium sulfate and filtered. The filtrate was concentrated under vacuum to obtain
6-bromo-7-chloro-2-tetrahydrofuran-3-yloxy- 1 H-benzimidazole (160 mg, 98% yield) as a yellow
oil. MS (EI) m/z: 318.9 [M+H]".

Step 3: 6-bromo-7-chloro-1-methyl-2-tetrahydrofuran-3-yloxy-benzimidazole and 5-
bromo-4-chloro-1-methyl-2-tetrahydrofuran-3-yloxy-benzimidazole

To a mixture of 6-bromo-7-chloro-2-tetrahydrofuran-3-yloxy-1H-benzimidazole (160 mg,
503 pmol) and Cs2CO3 (492 mg, 1.51 mmol) in DMF (5 mL) was added Mel (107 mg, 755 pmol).
The reaction mixture was stirred at 20°C for 2 hours, diluted with water (20 mL) and extracted
with EA (3 X 20 mL). The organic layer was washed with brine (2 X 50 mL). The organic layer
was dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under vacuum.
The residue was purified by Prep-HPLC (Column: Phenomenex luna C18 150*25 mm* 10 um,;
mobile phase: [water(FA)-I; B%: 44%-64%, 2 minutes) to obtain Intermediate 1-36 and
Intermediate 1-37 as a yellow solid, respectively.

6-bromo-7-chloro-1-methyl-2-tetrahydrofuran-3-yloxy-benzimidazole (53 mg, 31% yield):
IH NMR (400 MHz, CDCls) § =7.40 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 8.4 Hz, 1H), 5.71-5.63 (m,
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1H), 4.15-4.09 (m, 1H), 4.09-4.02 (m, 2H), 3.98-3.91 (m, 1H), 3.87 (s, 3H), 2.43-2.34 (m, 1H),
2.33-2.24 (m, 1H).

5-bromo-4-chloro- 1-methyl-2-tetrahydrofuran-3-yloxy-benzimidazole(40 mg, 24% yicld):
'H NMR (400 MHz, CDCl3) § =7.39 (d, J = 8.4 Hz, 1H), 6.95 (d, ] = 8.4 Hz, 1H), 5.87-5.82 (m,
1H), 4.15-4.10 (m, 1H), 4.09-4.02 (m, 2H), 3.97 - 3.91 (m, 1H), 3.55 (s, 3H), 2.46-2.34 (m, 1H),
2.33-2.22 (m, 1H).

Preparation Example 36: tert-butyl ((35.45)-8-(5-brome-3-(hydroxymethyl)-6-

NH;
0O O / Br%
)\/ NBS, DMF, 025°C, 1h_ N

o] EtOH, 095°C, 24 h
step 1

O

EtO step 2 EtO

PPhs, NCS, dioxane, Br Q@ Br\%N
100°C, 1h “ | ]
N Nx N L\\IHZ
cl DIEA, DMA, 50 °C L
OEt >

=

step 3 Et0” O step 4 © 0
\H\ DIBAL-H, DCM,
Boc,O, TEA, DCM 70°C,2h
250C,12h % %
OEt
step5 o) S step 6

Step 1: ethyl 3-hydroxy-5-methyl-pyrazine-2-carboxylate

To a stirred mixture of propane-1,2-diamine (25.5 g, 344 mmol) in EtOH (300 mL) was
added diethyl 2-oxopropanedioate (59.9 g, 344 mmol) dropwise at 0 C, the mixture was warmed
to 25 C. The reaction mixture was stirred at 25°C for 2 hours, and then the reaction mixture was
stirred at 95°C for 18 hours. The reaction mixture was concentrated under reduced pressure to

obtain aresidue. The residue was triturated with EA (100 mL) to obtain ethyl 3-hydroxy-5-methyl-
pyrazine-2-carboxylate (10 g, 16% yield) as ared solid. 'H NMR (400 MHz, CDCl3) 6 = 11.46 (br
s, 1H), 8.16 (s, 1H), 4.55 (q, ] = 7.2 Hz, 2H), 2.58 (s, 3H), 1.49 (t, ] = 7.2 Hz, 3H).

Step 2: ethyl 6-bromo-3-hydroxy-5-methyl-pyrazine-2-carboxylate

To a solution of ethyl 3-hydroxy-5-methyl-pyrazine-2-carboxylate (2.85 g, 15.6 mmol) in
DMF (60 mL) was added NBS (2.92 g, 16.4 mmol), and the mixture was stirred at 0°C for 1 hour.

The reaction mixture was quenched by addition of aqueous ammonium chloride (50 mL) at 25C,
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and then diluted with water (50 mL) and extracted with EA (100 mL x 3). The combined organic
layers were washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure to obtain a residue. The residue was purified by column
chromatography (PE/EA=10/1 to 5:1) to obtain ethyl 6-bromo-3-hydroxy-5-methyl-pyrazine-2-
carboxylate (2.65 g, 65% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) 6 = 12.56 (brs,
1H), 4.35 (q, J = 7.2 Hz, 2H), 3.37 (s, 3H), 1.34 (t, ] = 7.2 Hz, 3H); MS (EI) m/z: 261.3 [M+H]".

Step 3: ethyl 6-bromo-3-chloro-5-methyl-pyrazine-2-carboxylate

To PPh3 (3.01 g, 11.5 mmol) in dioxane (30 mL) was added NCS (1.56 g, 11.68 mmol),
and the resulting mixture was warmed to 25 C  and stirred for 30 minutes, and then ethyl 6-bromo-
3-hydroxy-5-methyl-pyrazine-2-carboxylate (1 g, 3.83 mmol) was added at once, and the resulting
mixture was warmed to 100C and stirred for 1 hour. The reaction mixture was then cooled to
room temperature and added with TEA (3.88 g, 38.3 mmol). The reaction mixture was filtered and
concentrated under reduced pressure to obtain a residue. The residuc was purified by column
chromatography(PE/EA = 15/1 to 10:1) to obtain ethyl 6-bromo-3-chloro-5-methyl-pyrazine-2-
carboxylate (0.3 g, 28% yield) as a yellow oil. 'H NMR (400 MHz, CDCl3) § = 4.53 - 4.44 (m,
2H), 2.71 (s, 3H), 1.44 (1, ] = 7.2 Hz, 3H).

Step 4: ethyl 3-[(3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl]-6-bromo-
5-methyl-pyrazine-2-carboxylate

To a solution of ethyl 6-bromo-3-chloro-5-methyl-pyrazine-2-carboxylate (0.3 g, 1.07
mmol) in DMA (4 mL), DIEA (694 mg, 537 mmol) and (3S,4S)-3-methyl-2-oxa-8-
azaspiro|4.5}decan-4-amine (287 mg, 1.18 mmol, 2HCI) were added, and the mixture was stirred
at 60°C for 12 hours. The reaction mixture was quenched by addition of aqueous ammonium
chloride (20 mL) at 25C, and then diluted with water (30 mL) and extracted with EA (50 mL x
3). The combined organic layers were washed with brine (20 mL x 3), dried over anhydrous
sodium sulfate, and then filtered and concentrated under reduced pressure to obtain a residue. The
residue was purified by reverse phase flash column chromatography (0.1% FA) to obtain ethyl 3-
[(35,4S)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl}-6-bromo-5-methyl-pyrazine-2-
carboxylate (350 mg, crude product) as a yellow oil. MS (EI) m/z: 415.3 [M+H]".

Step 5: ethyl 6-bromo-3-[(35,45)-4-(tert-butoxycarbonylamino)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl]-5-methyl-pyrazine-2-carboxylate

To a solution of ethyl 3-[(3S,4S)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-y1]-6-
bromo-5-methyl-pyrazine-2-carboxylate (250 mg, 605 pmol) in DCM (10 mL), Boc2O (198 mg,
907 umol) and TEA (184 mg, 1.81 mmol) were added. The mixture was stirred at 25C for 12
hours. The reaction mixture was filtered, and the filtrate was concentrated under reduced pressure
to obtain a residue. The residuc was purified by reverse phase flash column chromatography (0.1%
FA) to obtain ethyl 6-bromo-3-[(3S,4S)-4-(tert-butoxycarbonylamino)-3-methyl-2-oxa-8-
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azaspiro| 4.5]decan-8-yl]-5-methyl-pyrazine-2-carboxylate (250 mg, 80% yield) as a yellow solid.
MS (EI) m/z: 513.2 [M+H]".

Step 6: tert-butyl N-[(35,4S)-8-[S-bromo-3-(hydroxymethyl)-6-methyl-pyrazin-2-yl]-
3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl]carbamate

To a solution of ethyl 6-bromo-3-[(385,4S)-4-(tert-butoxycarbonylamino)-3-methyl-2-oxa-
8-azaspiro|4.5]decan-8-yl|-5-methyl-pyrazine-2-carboxylate (150 mg, 292 pmol) in DCM (5 mL)
was added diisobutylaluminum hydride(DIBAL-H) (1 M in toluene, 1.17 mL), and the mixture
was stirred at -70C  for 2 hours. The reaction mixture was quenched by addition of 2 mL of MeOH
at -70°C and then diluted with DCM (50 mL). The mixture was filtered and the filtrate was
concentrated under reduced pressure to obtain a residue. The residue was purified by Pre-TLC
(PE/EA = 1:1) to obtain Intermediate I-38 (120 mg, 87% yicld) as a yellow solid. MS (EI) m/z:
4713 [M+H]".

Preparation Example 37: (R)-N-((S)-1’-(5-((5-chloro-4-0x0-3.4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-5,7-dihydrospiro[cyclopenta|b]pyridine-6.4’-piperidin]-5-y1)-2-

methylpropane-2-sulfinamide ntermediate 1-39

Br.__N , o
o \[ \l o dl N7 HN SO \L
N7 Br 1-25 |

N | S,
N sH o S AN L W N HN~Seg
N K2COs, DMF s N ! RuPhos-Pd-G2, RuPhos,
N N Br —
\
N/

/

60°C,12h K,CO5 dioxane, 100 °C,12 h
step 1 step 2
1-39

Step 1: 6-(5-bromopyrazin-2-yl)sulfanyl-5-chloro-3H-quinazolin-4-one

To a solution of 5-chloro-6-mercaptoquinazolin-4(3H)-one (880 mg, 3.75 mmol) in DMF
(20 mL), K»CO3(1.56 g, 11.3 mmol) and 2,5-dibromopyrazine (3.57 g, 15.00 mmol) were added,
and the mixture was stirred at 0°C for 2 hours. The reaction mixture was quenched by addition of
aqueous ammonium chloride (50 mL) at 25 C, and then diluted with water (50 mL) and extracted
with EA (100 mL x 3). The combined organic layers were washed with brine (50 mL x 3), dried
over anhydrous sodium sulfate, and then filtered and concentrated under reduced pressure to obtain
a residue. The residue was purified by column chromatography (PE/EA=1/1 to 0:1) to obtain 6-
(5-bromopyrazin-2-yl)sulfanyl-5-chloro-3H-quinazolin-4-one(500 mg, 36% yield) as a yellow
solid. 'H NMR (400 MHz, DMSO-ds) & = 12.50 (br s, 1H), 8.71 (d, J = 1.0 Hz, 1H), 8.46 — 8.43
(m, 1H), 8.15 (s, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H); MS (EI) m/z: 371.1
[M+H]".
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Step 2: (R)-N-((S)-1’-(5-((5-chloro-4-oxo0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-
yD)-5,7-dihydrospiro[cyclopenta[b]pyridine-6,4’-piperidin]-5-yl)-2-methylpropane-2-
sulfinamide

A mixture of 6-(5-bromopyrazin-2-yl)sulfanyl-5-chloro-3H-quinazolin-4-one (150 mg,
406 umol), Intermediate I-25 (150 mg, 487 umol), [2-(2-aminophenyl)phenyl]-chloro-palladium;
dicyclohexyl-[2-(2,6-diisopropoxyphenyl)phenyl |phosphane (RuPhos-Pd-G2) (31.5 mg, 40.6
umol), 2-dicyclohexylphosphino-2’,6’-diisopropoxybiphenyl(RuPhos) (37.8 mg, 81.2 umol) and
K>COs3 (168 mg, 1.22 mmol) in dioxane (5 mL) was degassed and purged 3 times with N», and
then the mixture was stirred under N> atmosphere at 100°C for 12 hours. The reaction mixture
was quenched by addition of MeOH (2 mL) at -70 C, diluted with DCM (50 mL), and then filtered
and concentrated under reduced pressure to obtain a residue. The residue was purified by reverse

phase flash column chromatography (0.1% FA) to obtain Intermediate 1-39 (80 mg, 33% yield) as
a yellow solid. MS (EI) m/z: 596.1 [M+H]".

Preparation Example 38: 3-benzyl-7-bromo-8-chloro-guinazolin-4-one
(Intermediate 1-40)
Cl Cl
HoN Br
eo NCS, DMF, 100 °C HoN Br NaOH, THF/H,O HoN Br
© > MeO ™ Ho
O step 1 o step 2 o
Cl
formamide Br N Br
- ~
KoCOs, MeCN, 80°C' ©VN
step 3 2
step 4 &
1-40

Step 1: methyl 2-amino-4-bromo-3-chloro-benzoate

To a solution of methyl 2-amino-4-bromo-benzoate (20.0 g, 86.9 mmol) in DMF (200 mL)
was added NCS (12.7 g, 95.6 mmol). The mixture was stirred at 100°C for 4 hours. The reaction
mixture was diluted with water (300 mL) and extracted with EtOAc (3 x 200 mL). The combined
organic layers were washed with brine (3 x 150 mL), dried over Na>SOs, and then filtered and
concentrated under reduced pressure to obtain a residue. The residue was purified by silica gel
chromatography (PE:EA = 1:0), and then crude product was purified by reverse phase flash column
chromatography (0.1% FA condition) to obtain methyl 2-amino-4-bromo-3-chloro-benzoate (4 g,
17% yield) as a yellow solid. '"H NMR (400 MHz, CDCl3) § =7.67 (d, J = 8.8 Hz, 1H), 6.92 (d, J
= 8.8 Hz, 1H), 6.49 (br s, 2H), 3.89 (s, 3H).

Step 2: 2-amino-4-bromo-3-chloro-benzoic acid
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To a solution of methyl 2-amino-4-bromo-3-chloro-benzoate (2.00 g, 7.56 mmol) in THF
(18 mL) and water (6 mL) was added NaOH (1.51 g, 37.8 mmol). The mixture was stirred at 40 C
for 12 hours. The residue was adjusted to pH 6 with 1M HCI to obtain a white solid precipitate.
The solid was collected and then dried under vacuum to obtain 2-amino-4-bromo-3-chloro-benzoic
acid (1.80 g, 95% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & = 13.16 (br s, 1H),
7.64 (d, J=8.8 Hz, 1H), 7.09 (br s, 2H), 6.94 (d, J = 8.8 Hz, 1H).

Step 3: 7-bromo-8-chloro-3H-quinazolin-4-one

A solution of 2-amino-4-bromo-3-chloro-benzoic acid (1.00 g, 3.99 mmol) in formamide
(6.78 g, 150 mmol, 6 mL) was stirred at 140C for 16 hours. The reaction mixture was filtered

and the filtrate was washed with EA (20 mL). The filter cake was dried under vacuum to obtain 7-
bromo-8-chloro-3H-quinazolin-4-one (900 mg, crude product) as a yellow solid. 'H NMR (400
MHz, DMSO-ds) § = 8.24 (s, 1H), 7.97 (d, J = 8.8 Hz, 1H), 7.84 (d, J = 8.8 Hz, 1H).

Step 4: 3-benzyl-7-bromo-8-chloro-quinazolin-4-one

A mixture of 7-bromo-8-chloro-3H-quinazolin-4-one (300 mg, 1.16 mmol), benzyl
bromide (395 mg, 2.31 mmol) and K»>COs3 (479 mg, 3.47 mmol) in acetonitrile (MeCN) (2 mL)
was stirred at 80 C for 24 hours. The reaction mixture was filtered and the filtrate was purified by
reverse phase flash column chromatography (0.1% FA) to obtain Intermediate [-40 (60 mg, 14%
yield) as a yellow solid. "H NMR (400 MHz, DMSO-ds) 5 = 8.74 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H),
7.88 (d, J = 8.8 Hz, 1H), 7.28~7.38 (m, SH), 5.19 (s, 2H).

Preparation Example 39: 2-benzyl-7-chloro-6-iodoisoindolin-1-gne (Intermediate I-

41)
o dCl Mel, KxCO3, DMF, o dCl NBS, BPO, [e) cl NH;H,O, THF,
A 25°C,12h JI 1 CCly, 80°C,12h JJ\ | 25°C,2h
HO™ | = > MeO™ © | = > MeO N
F step 1 Z step 2 Br F step 3

NIS, H,SO;, o al
o °C,25h |
HN Cs,COs, DMF, 25 °C, 12h d
step 4 step 5

Step 1: methyl 2-chloro-6-methylbenzoate

To a solution of 2-chloro-6-methyl-benzoic acid (10.0 g, 58.6 mmol) in DMF (100 mL),
Mel (24.9 g, 175 mmol) and K>CO3 (12.1 g, 87.9 mmol) were added, and the mixture was stirred
at 25C for 12 hours. The reaction mixture was quenched by addition of aqueous ammonium
chloride (100 mL) at 25C, and then diluted with water (100 mL) and extracted with EA (3 x 200

mL). The combined organic layers were washed with brine (3 x 100 mL), dried over anhydrous
sodium sulfate, and then filtered and concentrated under reduced pressure to obtain methyl 2-
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chloro-6-methyl-benzoate (10.5 g, 97% yield) as a yellow oil. 'H NMR (400 MHz, CDCls) & =
7.25-7.21 (m, 2H), 7.13 - 7.10 (m, 1H), 3.99 (s, 3H), 2.36 (s, 3H); MS (EI) m/z: 185.0 [M+H]".

Step 2: methyl 2-(bromomethyl)-6-chloro-benzoate

To a solution of methyl 2-chloro-6-methyl-benzoate (7.90 g, 42.8 mmol) in CCl4 (70 mL),
NBS (8.38 g, 47.1 mmol) and benzoyl peroxide(BPO) (207 mg, 856 umol) were added, and the
mixture was stirred at 80°C for 12 hours. The reaction mixture was filtered and the filtrate was
concentrated under reduced pressure to obtain methyl 2-(bromomethyl)-6-chloro-benzoate (10 g,
crude product) as a yellow oil. MS (EI) m/z: 263.0 [M+H]".

Step 3: 7-chloroisoindolin-1-one

To a solution of methyl 2-(bromomethyl)-6-chloro-benzoate (10.0 g, 38.0 mmol) in THF
(50 mL) was added NH3-H>O (53.2 g, 379 mmol, 30% purity), and the mixture was stirred at 25 C
for 2 hours. The reaction mixture was quenched by addition of aqueous ammonium chloride (50
mL) at 25C, and then diluted with water (100 mL) and extracted with EA (3 x 150 mL). The
combined organic layers were washed with brine (3 x 100 mL), dried over anhydrous sodium
sulfate, and then filtered and concentrated under reduced pressure to obtain a residue. The residue
was purified by column chromatography (PE/EA = 0/1) to obtain 7-chloroisoindolin-1-one (2.8 g,
44% vyield) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) § = 8.69 (br s, 1H), 7.60 - 7.52 (m,
2H), 7.46 (d, J =7.2 Hz, 1H), 4.35 (s, 2H).

Step 4: 7-chloro-6-iodo-isoindolin-1-one

To a solution of 7-chloroisoindolin-1-one (12 g, 71.6 mmol) in H>SO4 (120 mL) was added
NIS (20.9 g, 93.0 mmol), and the mixture was stirred at 0°C for 2.5 hours. The reaction mixture
was poured into ice water, and then diluted with water (200 mL) and extracted with EA (3 x 300
mL). The combined organic layers were washed with brine (3 x 150 mL), dried over anhydrous
sodium sulfate, and then filtered and concentrated under reduced pressure to obtain a residue. The
residue was purified by column chromatography (PE/EA = 1:1) to obtain 7-chloro-6-iodo-
isoindolin-1-one (3 g, 14% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) § = 8.75 (br
s, 1H), 8.15 (d, J=8.4 Hz, 1H), 7.32 (d, ] =8.4 Hz, 1H), 4.27 (s, 2H); MS (EI) m/z: 293.8 [M+H]".

Step 5: 2-benzyl-7-chlore-6-iodoisoindolin-1-one

To a solution of 7-chloro-6-iodo-isoindolin-1-one (500 mg, 1.70 mmol),
bromomethylbenzene (437 mg, 2.56 mmol) in DMF (10 mL) was added Cs>COs (1.11 g, 3.41

mmol), and the mixture was stirred at 25°C for 12 hours. The reaction mixture was quenched by
addition of aqueous ammonium chloride (20 mL) at 25C, and then diluted with water (30 mL)

and extracted with EA (3 x 50 mL). The combined organic layers were washed with brine (3 x 20
mL), dried over anhydrous sodium sulfate, and then filtered and concentrated under reduced
pressure to obtain a residue. The residue was purified by Prep-HPLC (Column: Phenomenex luna
C18 150*40mm*15um; mobile phase: [water(FA)-ACN]; B%: 50%-80%, 10 minutes) to obtain
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Intermediate I-41 (80 mg, 20% yield) as a white solid. 'H NMR (400 MHz, CDCl3) § = 8.00 (d, J
=8.0Hz 1H), 7.37 - 727 (m, SH), 7.02 (d, J = 8.0 Hz, 1H), 4.79 (s, 2H), 4.17 (s, 2H).
Preparation Example 40: 6-(3-amino-5-chloro-pyrazin-2-yl)sulfanyl-5-chloro-3-(2-

methoxyethyl)quinazolin-4-one (Intermediate 1-42)

NH,
o a NN o NH
\ )
N
/O\/\N SNa J\Cl - /O\/\N S%N
ks Pd,(dba)s, XantPhos, N NJ\
N DIEA, dioxane, 100 °C, 12h N cl

1-42

A mixture of [5-chloro-3-(2-methoxyethyl)-4-oxo-quinazolin-6-yl|sulfanyl sodium (630
mg, 2.15 mmol) obtained in step 2 of Preparation Example 28, 3-bromo-6-chloro-pyrazine-2-
amine (538 mg, 2.58 mmol), Pd>(dba)s (197 mg, 215 pumol), XantPhos (249 mg, 431 umo) and
DIEA (835 mg, 6.46 mmol) in dioxane (20 mL) was degassed, and purged 3 times with N>, and
then the mixture was stirred under N> atmosphere at 100°C for 12 hours. The reaction mixture
was filtered, and the filtrate was concentrated under reduced pressure to obtain a residuc. The
residue was purified by reverse phase flash column chromatography (0.1% FA) to obtain
Intermediate 1-42 (120 mg, 14% yield) as a yellow solid. 'H NMR (400 MHz, CDCl3) § = 8.08 (s,
1H), 7.92 (s, 1H), 7.57 - 7.53 (m, 1H), 7.49 - 7.45 (m, 1H), 5.16 (brs, 2H), 4.16 (1, J = 4.8 Hz, 2H),
3.68 (t, ] = 4.8 Hz, 2H), 3.33 (s, 3H); MS (EI) m/z: 398.0 [M+H]".

Preparation Example 41: 6-bromo-7-chloro-2-(3-methoxybenzyl)-1H-

benzo|d]limidazole (Intermediate 1-43

cl
cl H Br
HoN Br MeO OH  HATU.TEA 4
+ m \ N
H,N 0 DMF, r.t )
1-43

4-bromo-3-chlorobenzene-1,2-diamine (150 mg, 0.677 mmol) was dissolved in DMF (8.2
mL, 0.15 M), and 2-(3-methoxyphenyl)acetic acid (113 mg, 0.677 mmol), HATU (515 mg, 1.354
mmol) and TEA (0.19 mL, 1.354 mmol) were added thereto, and then stirred at room temperature
for 8 hours. The reaction was terminated with H>O and extracted with EA. The EA layer was dried
over MgSQy, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:3) and concentrated to obtain Intermediate 1-43 (150 mg, yield 60%). MS (EI) m/z:
351.6 [M+H]".

Preparation Example 42: (S)-2-methyl-N-[(1R)-spiro[indane-2.4'-piperidin]-1-

vllpropane-2-sulfinamide (Intermediate 1-44)

88

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

Boc .. HN

Boc\N N
LiBH4, THF TFA/DCM=5/1,0°C HNTS
N Twemcen T N ~ g\)so
(R)S+q step1 S0 step 2

144

Step 1: tert-butyl (S)-1-(((R)-tert-butylsulfinyl)amino)-1,3-dihydrospiro[indene-2,4'-
piperidine]-1'-carboxylate

To a solution of tert-butyl 1-[(R)-tert-butylsulfinyl}iminospiro[indene-2,4'-piperidine]-1'-
carboxylate (800 mg, 1.98 mmol) in THF (10 mL) was added LiBH4 (129 mg, 5.93 mmol) under
N at -78 C. The reaction mixture was stirred at -78~25C for 16 hours. The reaction mixture was
quenched by addition of NH4C1 (10 mL) at 0 C, and then diluted with water (10 mL) and extracted
with EtOAc (2 X 20 mL). The combined organic layers were washed with brine (2 X 20 mL),
dried over NaxSQs, and then filtered and concentrated under vacuum to obtain a residue. The
residue was purified by Prep-HPLC (Column: Welch Ultimate XB-CN 250*70*10 pm; mobile
phase: [hexane-EtOH(0.1% NH3-H>0)|; B%: 1%-35%, 15 minutes) to obtain tert-butyl (1S)-1-
[[(R)-tert-butylsulfinyljJaminospiro[indane-2,4'-piperidine]-1'-carboxylate (540 mg, 67% yield)
and tert-butyl (1R)-1-[[(R)-tert-butylsulfinyl]amino]spiro[indene-2.4'-piperidine]-1'-carboxylate
(130 mg, 16% yicld) as a white solid, respectively.

Tert-butyl (19)-1-[[(R)-tert-butylsulfinyljJamino]spiro[indene-2,4'-piperidine]-1'-
carboxylate: "H NMR (400 MHz, CDCLs) § = 7.23 (d, ] = 6.4 Hz, 1H), 7.18 - 7.12 (m, 3H), 4.43
(d, J=9.2 Hz, 1H), 4.02 - 3.87 (m, 2H), 3.57 - 3.38 (m, 1H), 3.11 - 2.74 (m, 4H), 2.69 - 2.58 (m,
1H), 2.09 - 1.96 (m, 1H), 1.47 - 1.42 (m, 2H), 1.39 (s, 9H), 1.22 (s, 9H).

Step 3: (R)-N-((S)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl]-2-methylpropane-2-
sulfinamide

A  mixture of tert-butyl (1S)-1-[[(R)-tert-butylsulfinyl]jamino]spiro[indene-2.4'-
piperidine}-1'-carboxylate (100 mg, 245 pmol) and TFA (1.30 mL) in DCM (5 mL) was stirred at
0C for 1 hour. The reaction mixture was diluted with saturated aqueous NaHCO3 (10 mL) and
extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with brine (2 x 10
mL), dried over Na>SQs, and then filtered and concentrated under vacuum to obtain Intermediate
[-44 (70 mg, 92% yield) as a colorless oil.

'H NMR (400 MHz, CDCl3) § = 7.29 (s, 1H), 7.26 - 7.19 (m, 3H), 4.49 (d, J = 104 Hz,
1H), 4.01 (br s, 1H), 3.63 (d, J = 10.4 Hz, 1H), 3.20 - 3.02 (m, 3H), 2.94 - 2.66 (m, 3H), 2.23 -
2.21 (m, 1H), 1.72 - 1.66 (m, 1H), 1.60 - 1.57 (m, 1H), 1.33 (s, 9H), 1.19 (d, J = 1.6 Hz, 1H).

Preparation Example 43: 6-bromo-7-chlore-2-(pyrazin-2-ylmethyl)-1H-

benzo|d]limidazole (Intermediate 1-45)
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ci H Br
H,N Br N OH  HATU.TEA 4
G e A
HoN N ’ /
1-45

Intermediate 1-45 (100 mg, 20%) was prepared in the same method as in Preparation
Example 41, except that 2-(pyrazin-2-yDacetic acid was wused instead of 2-(3-
methoxyphenyl)acetic acid in Preparation Example 41. MS (EI) m/z: 323.5 [M+H]".

Preparation Example 44: 6-bromg-7-chloro-2-(pyridin-3-ylmethyl)-1H-
benzo|d]imidazole (Intermediate 1-46)

, o
N Br
HzNjij W | HATU.TEA 4
_/ N
HoN DMF rt N

Intermediate 1-46 (100 mg, 20%) was prepared in the same method as in Preparation
Example 41, except that 2-(pyridin-3-ylacetic acid was wused instcad of 2-(3-
methoxyphenyl)acetic acid in Preparation Example 41. MS (EI) m/z: 322.5 [M+H]".

Preparation Example 45: tert-butyl 2-chloro-6-oxo-spiro[4H-cyclopentald]|thiazole-
5.4'-piperidine]-1'-carboxylate _(Intermediate 1-47)

o NaBH4, EtOH MsCI, DCM,
EtO \ _s0°C,2h "'o/\( 0°C,0.5h Msolf
/ B P I
s~ Cl step 1 step 2
o)

Boc_
/’\ N
C>_\< Boc—N o LDA, THF, -78 0C, 0.5 h %N
= o o M

LDA, THF, -60-20 oC, 2 h LA step 4 s
step 3 cl 147

Cl

Step 1: (2-chlorothiazol-4-yl)methanol

To a solution of ethyl 2-chlorothiazole-4-carboxylate (30 g, 157 mmol) in EtOH (300 mL)
was added NaBH4 (41.5 g, 1.10 mol), and the mixture was stirred at 50 C  for 2 hours. The reaction
mixture was quenched with aqueous ammonium chloride solution (100 mL) at 0C, diluted in
water (100 mi), and then extracted with EA (200 mL x 3). The combined organic layers were
washed with brine (200 mL x 3), dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure. The residuc was purified by column chromatography to
obtain (2-chlorothiazol-4-yl)methanol (22 g, 94% yield) as a colorless oil. 'H NMR (400 MHz,
CDCl3) 6 =7.12 (s, 1H), 4.73 - 4.70 (m, 2H), 2.52 - 2.34 (m, 1H); MS (EI) m/z: 150.5 [M+H]".
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Step 2: (2-chlorothiazol-4-yl)methylmethansulfonate

To a solution of ethyl 2-chlorothiazole-4-carboxylate(30 g, 157 mmol) in DCM (300 mL),
TEA (27.1 g, 267 mmol) and MsCl (21.4 g, 187 mmol) were added at 0C, and the mixture was
stirred at 0°C for 0.5 hours. The reaction mixture was quenched with aqueous NaHCOs3 solution
(100 mL) at 25C, diluted in water (100 ml), and then extracted with DCM (200 mL x 3). The
combined organic layers were washed with brine (100 mL x 3), dried over anhydrous sodium
sulfate, and then filtered and concentrated under reduced pressure to obtain (2-chlorothiazol-4-
yDmethylmethansulfonate (28 g, crude product) as a yellow oil. 'H NMR (400 MHz, CDCl3) § =
7.29 (s, 1H), 5.19 (s, 2H), 3.01 (s, 3H)

Step 3: Ol-tert-butyl O4-ethyl 4-[(2-chlorothiazol-4-yl)methyl]piperidine-1,4-
dicarboxylate

A solution of ethyl 2-chlorothiazole-4-carboxylate (30 g, 157 mmol) in THF (30 mL) was
stirred at -60 C under nitrogen, and then LDA (2 M, 81.6 mL) was added thereto dropwise. The
reaction mixture was stirred at -60 C for 0.5 hours and added dropwise with (2-chlorothiazol-4-
yDmethylmethansulfonate (26.5 g, 117 mmol) in THF (15 ml). The reaction mixture was stirred
at -60C for 0.5 hours, and then the temperature was slowly increased to room temperature and
stirred for 2 hours. The reaction mixture was quenched with aqueous ammonium chloride solution
(100 mL), diluted in water (200 ml), and then extracted with EA (300 mL x 3). The combined
organic layers were washed with brine (150 mL x 3), dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (0.1% FA) to obtain Ol-tert-butyl O4-cthyl 4-[(2-chlorothiazol-4-
yDmethyl]piperidine-1,4-dicarboxylate(14 g, 31% yield) as a yellow oil. 'H NMR (400 MHz,
CDCl:) & = 6.80 (s, 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.89 (s, 2H), 2.94 - 2.84 (m, 4H), 2.11 (d, J =
13.2 Hz, 2H), 1.52 - 1.47 (m, 2H), 1.45 (s, 9H), 1.24 (t, J = 7.2 Hz, 3H).

Step 4: tert-butyl 2-chloro-6-oxo-spiro[4H-cyclopenta|d]thiazole-5,4'-piperidine]-1'-
carboxylate

To a solution of Ol-tert-butyl O4-ethyl 4-[(2-chlorothiazol-4-yl)methyl]piperidine-1,4-
dicarboxylate (13.8 g, 35.5 mmol) in THF (300 mL) was added dropwise LDA (2 M, 444 mL),
and the reaction mixture was stirred at 70°C for 0.5 hours. The reaction mixture was quenched
with aqueous ammonium chloride solution (100 mL) at 0°C, diluted in water (100 ml), and then
extracted with EA(200 mL x 3). The combined organic layers were washed with brine (200 mL x
3), dried over anhydrous sodium sulfate, and then filtered and concentrated under reduced pressure.
The residue was purified by column chromatography to obtain Intermediate [-47 (6.1 g, 50% yield)
as a yellow oil. 'H NMR (400 MHz, CDCl3) § =4.16 (br s, 2H), 3.09 - 3.02 (s, 2H), 3.01 - 2.90
(m, 2H), 2.02 - 1.92 (m, 2H), 1.52 - 1.48 (m, 11H).
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Preparation Example 46: (R)-2-methyl-N-[(6S)-spiro[4.6-
dihydrocyclopental|d]thiazole-5.4'-piperidin]-6-yllpropane-2-sulfinamide (Intermediate 1-48

Y

Boc.. S50 N BH/THF,
N X 78-20°C,16 h
/N .~
yN N g -
o

j\ Ti(OEt)4, THF, 90 °C \ S ¢l step 2
S c step 1 >\\Q¢S:o
1-47
Boc. HN
N

/ N

N TFA, DCM, 25°C,0.5 h HN J
5. S step 3 >\ 0
+VT0
1-48

Step 1: tert-butyl (6Z)-6-|(R)-tert-butylsulfinyl]imino-2-chloro-spiro[4H-
cyclopenta|d]thiazole-5,4'-piperidine]-1'-carboxylate

To a solution of Intermediate 1-47 (3.0 g, 8.75 mmol) and (R)-2-methylpropane-2-
sulfinamide (4.24 g, 35.0 mmol) in THF (30 mL) was added dropwise Ti(OEt)4 (29.9 g, 131 mmol),
and the reaction mixture was stirred at 90°C for 12 hours. The reaction mixture was added with
EA (300 mL), diluted in water (50 ml), and then extracted with EA (100 mL x 3). The combined
organic layers were washed with brine (100 mL x 3), dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure. The residue was purified by column
chromatography to obtain tert-butyl (6Z)-6-[(R)-tert-butylsulfinyljimino-2-chloro-spiro[4H-
cyclopenta[d]thiazole-5,4'-piperidine]-1'-carboxylate (3.5 g, 90% yield) as a yellow solid. 'H
NMR (400 MHz, CDCls) & = 4.28 - 4.14 (m, 2H), 2.96 - 2.84 (m, 4H), 2.05 - 1.91 (m, 2H), 1.61 -
1.55 (m, 2H), 1.49 (s, 9H), 1.28 (s, 9H): MS (EI) m/z: 446.0 [M+H]".

Step 2: tert-butyl (65)-6-[[(R)-tert-butylsulfinyl] amino|spiro[4,6-
dihydrocyclopenta|d]thiazole-5,4'-piperidine]-1'-carboxylate

To a solution of tert-butyl (6Z)-6-[(R)-tert-butylsulfinyl}imino-2-chloro-spiro|4H-
cyclopenta|d|thiazole-5,4'-piperidine]-1'-carboxylate (3.5 g, 7.85 mmol) in THF (30 mL) was
added BH3. THF (1 M, 31.4 mL), and the reaction mixture was stirred at -70'C for 2 hours. The
reaction mixture was quenched with MeOH (10 mL) at 0C, diluted in water (100 ml), and then
extracted with EA(100 mL x 3). The combined organic layers were washed with brine (50 mL x
3), dried over anhydrous sodium sulfate, and then filtered and concentrated under reduced pressure.
The residue was purified by column chromatography to obtain tert-butyl (6S)-6-[[(R)-tert-
butylsulfinyljamino]spiro[4,6-dihydrocyclopenta| d]thiazole-5,4'-piperidine}-1'-carboxylate (660
mg, 20%) as a yellow solid. 'H NMR (400 MHz, CDCl3) § =8.78 (s, 1H), 4.57 (d, J = 8.6 Hz, 1H),
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413 - 3.95 (m, 2H), 3.65 - 3.52 (m, 1H), 3.06 - 2.98 (m, 1H), 2.95 - 2.85 (m, 2H), 1.91 - 1.78 (m,
2H), 1.64 (d, J = 14.0 Hz, 2H), 1.47 (s, 9H), 1.24 - 1.21 (s, 9H).

Step 3: (R)-2-methyl-N-[(6S)-spiro[4,6-dihydrocyclopenta|d]thiazole-5,4'-piperidin]-
6-yl]propane-2-sulfinamide

To a solution of tert-butyl  (65)-6-[[(R)-tert-butylsulfinyl]amino]spiro[4,6-
dihydrocyclopenta|djthiazole-5,4'-piperidine]-1'-carboxylate (200 mg, 484 wmol) in DCM (6 mL)
was added TFA (2.76 g, 24.2 mmol), and the reaction mixture was stirred at 25°C for 0.5 hours.
The reaction mixture was quenched with saturated aqueous K>COs solution (20 mL) at 25,
diluted in water (30 ml), and then extracted with DCM (50 mL x 3). The combined organic layers
were washed with brine (20 mL x 3), dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure to obtain Intermediate 1-48 (140 mg, crude product) as a
yellow solid. 'H NMR (400 MHz, CDCls) & = 8.77 (s, 1H), 4.58 (d, ] = 8.8 Hz, 1H), 3.67 (d, J =
8.8 Hz, 1H), 3.16 - 3.05 (m, 2H), 2.90 - 2.84 (m, 2H), 2.60 - 2.36 (m, 2H), 1.93 - 1.85 (m, 2H),
1.69 - 1.61 (m, 1H), 1.59 - 1.53 (m, 1H), 1.24 (s, 9H).

Preparation Example 47; (S)-2-methyl-N-[(6R)-spiro[4.6-

dihvdrocyclopental|d]thiazole-5.4'-piperidin]-6-vllpropane-2-sulfinamide (Intermediate I-

49)

Boc. S. °N °N
N >r 0 DIBAL-H, DCM,
: 50°C,1h
N H]
& Ti(OE)4, THF. N7 /s,/l\ ten 2 g i
°© sJ\Cl 90°C, 12h s cl step PR

1-47 step 1 >( ° >( °

Pd/C, Ho(50 psi), TEA,
MeOH, 40 °C, 16 h TFA, DCM
__0G1h
step 3 H

step 4

|-49
Step 1: tert-butyl (6Z)-6-[(S)-tert-butylsulfinyl]imino-2-chloro-spiro[4H-
cyclopenta|d]thiazole-5,4'-piperidine]-1'-carboxylate
To a solution of Intermediate 1-47 (3.0 g, 8.75 mmol) in THF (30 mL), Ti(OEt)4 (29.9 g,
131 mmol) and (S)-2-methylpropane-2-sulfinamide (4.24 g, 35.0 mmol) were added, and the
reaction mixture was stirred at 90 C  for 12 hours. The reaction mixture was quenched with water
(30 ml) and extracted with EA (300 mL). After filtration, the filtrate was concentrated under
reduced pressure, added with EA (100 mL), washed with brine (20 mL x 3), dried over anhydrous
sodium sulfate, and then filtered and then concentrated under reduced pressure. The residue was
purified by column chromatography to obtain tert-butyl (6Z)-6-[(S)-tert-butylsulfinyl]imino-2-
chloro-spiro|4H-cyclopenta| dthiazole-5,4'-piperidine]-1'-carboxylate (3.7 g, 94% vyicld) as a
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yellow solid. 'H NMR (400 MHz, CDCl3) 8 =4.28 - 4.15 (m, 2H), 2.97 - 2.86 (m, 4H), 2.06 - 1.98
(m, 1H), 1.97 - 1.91 (m, 1H), 1.58 - 1.52 (m, 2H), 1.49 (s, 9H), 1.28 (s, 9H).

Step 2: tert-butyl (6R)-6-[[(S)-tert-butylsulfinyl]amino]-2-chlore-spiro[4,6-
dihydrocyclopenta|d]thiazole-5,4'-piperidine]-1'-carboxylate

To a solution of tert-butyl (6Z)-6-[(S)-tert-butylsulfinyl]imino-2-chloro-spiro[4H-
cyclopenta|djthiazole-5,4'-piperidine}-1'-carboxylate (2.0 g, 448 mmol) in DCM (20 mL) was
added DIBAL-H (1 M, 13.4 mL), and the reaction mixture was stirred at -60°C for 1 hour. The
reaction mixture was quenched with methanol (0.5 ml) at -60°C and filtered. The filtrate was
concentrated under reduced pressure and purified by column chromatography to obtain tert-butyl
(6R)-6-[[(S)-tert-butylsulfinyl jamino}-2-chloro-spiro|4,6-dihydrocyclopenta|d|thiazole-5,4'-
piperidine]-1'-carboxylate(1.6 g, 78% yield) as a pale yellow solid. 'H NMR (400 MHz, CDCl3) §
=4.53 (d, J=8.4 Hz, 1H), 4.10 - 3.94 (m, 2H), 3.55 (d, J = 8.4 Hz, 1H), 3.07 - 2.77 (m, 4H), 1.90
-1.75 (m, 2H), 1.63 (d, ] = 8.0 Hz, 1H), 1.57 (br s, 1H), 1.47 (s, 9H), 1.23 (s, 9H); MS (EI) m/z:
448 2 [M+H]".

Step 3: tert-butyl (6R)-6-[ [(S)-tert-butylsulfanyl]amino]spiro[4,6-
dihydrocyclopenta|d]thiazole-5,4'-piperidine]-1'-carboxylate

To a solution of tert-butyl (6R)-6-[[(S)-tert-butylsulfinyljamino}-2-chloro-spiro[4,6-
dihydrocyclopenta|d]thiazole-5,4'-piperidine|-1'-carboxylate (1.0 g, 2.23 mmol) in methanol (10
mL) was added TEA (677 mg, 6.70 mmol), followed by purging 3 times with N»>. Pd/C (100 mg,
10% purity) was added to the reaction mixture, and H»> gas was injected thereinto. The reaction

mixture was stirred at 40°C for 16 hours. After filtration, the filtrate was concentrated under

reduced pressure, and then the residue was purified by column chromatography to obtain tert-butyl
(6R)-6-[[(S)-tert-butylsulfanyl Jamino]spiro| 4,6-dihydrocyclopenta| dJthiazole-5 4'-piperidine]-1'-
carboxylate (880 mg, 93% yield) as a white solid. 'H NMR (400 MHz, CDCl;3) § = 8.79 (s, 1H),
458 (d,J = 8.8 Hz, 1H), 4.09 - 3.90 (m, 2H), 3.68-3.53 (m, 1H), 3.08 - 2.81 (m, 4H), 1.93 - 1.76
(m, 2H), 1.68 - 1.57 (m, 2H), 1.47 (s, 9H), 1.23 (s, 9H); MS (EI) m/z: 414.2 [M+H]".

Step 4: (S)-2-methyl-N-[(6R)-spiro[4,6-dihydrocyclopenta]d]thiazole-5,4'-piperidin]-
6-yl]propane-2-sulfinamide

To a solution of tert-butyl (6R)-6-[[(S)-tert-butylsulfanyljamino|spiro[4,6-
dihydrocyclopenta|d}thiazole-5,4'-piperidine|-1'-carboxylate (400 mg, 967 pmol) in DCM (9 mL)
was added TFA (3 mL), followed by stirring at 0'C for 1 hour. The reaction mixture was
concentrated under reduced pressure, adjusted to pH 9 with sat. KoCOs3, and then extracted with
DCM/i-PrOH = 3/1 (3 x 5 mL). The organic layer was dried over anhydrous sodium sulfate,
filtered, and then concentrated under reduced pressure to obtain Intermediate 1-49 (310 mg,
crude product) as a light yellow oil. MS (EI) m/z: 314.2 [M+H]".
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Preparation Example 48: 6-(5-bromopyrazin-2-yDsulfanyl-5-chloro-3H-guinazolin-
4-one (Intermediate 1-50)

Br N
T
o <
o d N7 >Br

HN HN YN
K>COs, DMF I
K\N éo°§,12 h k\N NQ\BV
1-50

To a solution of 5-chloro-6-mercaptoquinazolin-4(3H)-one (880 mg, 3.75 mmol) in DMF
(20 mL), K»CO3(1.56 g, 11.3 mmol) and 2,5-dibromopyrazine (3.57 g, 15.00 mmol) were added,
and the mixture was stirred at 0°C for 2 hours. The reaction mixture was quenched by addition of
aqueous ammonium chloride (50 mL) at 25 C, diluted with water (50 mL), and extracted with EA
(100 mL x 3). The combined organic layers were washed with brine (50 mL x 3), dried over
anhydrous sodium sulfate, and then filtered and concentrated under reduced pressure to obtain a
residue. The residue was purified by column chromatography (PE/EA=1/1 to 0:1) to obtain
Intermediate I-50 (500 mg, 36% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) §=12.50
(br s, 1H), 8.71 (d, J = 1.0 Hz, 1H), 8.46 — 8.43 (m, 1H), 8.15 (s, 1H), 7.98 (d, J = 8.8 Hz, 1H),
7.61(d, ] = 8.8 Hz, 1H); MS (EI) m/z: 371.1 [M+H]".

Preparation Example 49: (S)-N-[(6R)-1'-[5-[(5-chlore-4-ox0-3H-quinazolin-6-

Dsulfanyl]pvyrazin-2-vllspiro[4.6-dihvdrocyclopentald]thiazole-5.4'-piperidin

methyl-propane-2-sulfinamide (Intermediate I-51)
o cl

S
J N

|
HNY J 1-60
Sy > )N
>( =0 RuPhosPd-G,, RuPhos, K,CO3, 151 HN® J

dioxane,100 °C,16 h

To a solution of Intermediate I-50 (402 mg, 1.09 mmol) in dioxane (5 mL), Intermediate I-
49 (310 mg, 989 umol), RuPhos (92.3 mg, 198 umol), RuPhos-Pd-G2 (76.8 mg, 98.9 umol) and
K>CO3 (410 mg, 2.97 mmol) were added, and the mixture was stirred at 100°C  for 16 hours. The

S0

reaction mixture was concentrated under reduced pressure, and the residue was purified by column
chromatography to obtain Intermediate I-51 (180 mg, 28% yield) as a yellow solid. 'H NMR (400
MHz, CDCl3) & = 8.83 (s, 1H), 8.28 (s, 1H), 8.24 (s, 1H), 7.96 (s, 1H), 7.50 (d, J = 8.8 Hz, 1H),
7.30 (s, 1H), 4.67 (d, J= 8.4 Hz, 1H), 4.49 - 422 (m, 2H), 3.89 (d, J = 9.6 Hz, 1H), 3.31 - 3.25 (m,
1H), 3.23 - 3.13 (m, 2H), 3.11 - 2.93 (m, 2H), 1.84 (s, 2H), 1.78 (d, ] = 4.4 Hz, 1H), 1.75 (d, J =
4.0 Hz, 1H), 1.26 (s, 9H); MS (EI) m/z: 602.3 [M+H]".
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Preparation Example 350: (R)-N-[(6S)-1'-[5-[(5-chloro-4-0x0-3H-quinazolin-6-

Dsulfanyl]pvyrazin-2-vllspiro[4.6-dihvdrocyclopentald]thiazole-5.4'-piperidin

methyl-propane-2-sulfinamide (Intermediate 1-52)
o cl

s o c
HN HN “ "N
Ty WISl
N /S b 1-50 K\N N%N
\«é\\o >
N / N
2 4 RuPhos-Pd-G2, RuPhos, K,CO;, 152 HN M

dioxane,100 °C,12 h.

Intermediate 1-52 (300mg, 53%) was prepared in the same method as in Preparation
Example 49, except that Intermediate 1-48 was used instead of Intermediate 1-49 in Preparation
Example 49. 'TH NMR (400 MHz, CDCl:) § = 10.74 - 10.64 (m, 1H), 8.82 (s, 1H), 8.26 (s, 1H),
8.23 (s, 1H), 7.98 - 7.92 (m, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.29 (s, 1H), 4.68 (d, J = 8.8 Hz, 1H),
441 (d, J=13.2 Hz, 1H), 4.35 - 4.26 (m, 1H), 3.29 - 3.16 (m, 2H), 3.11 - 3.02 (m, 1H), 2.99 - 2.93
(m, 1H), 2.18 - 1.99 (m, 2H), 1.87 - 1.75 (m, 2H), 1.27 (s, 9H).

Preparation Example 51: tert-butyl 2-chloro-4-oxo-spiro[6H-cyclopentald|thiazole-

5.4'-piperidine]-1'-carboxvlate (Intermediate I-53
(o]

OEt
/ LDA, THF Boc
Boc—N - N ’ ~
C'/\(s °° \:>_<o Boe NDjLO 70°C, 1 h, N
/i e - S
N/)\CI LDA, THF Ny step 2 o / Y
o] N= N Cl
70°C, 2h
step 1 Cl 153

Step 1: O4-ethyl 4-|(2-chlorothiazole-5-yl)methyl|piperidine-1,4-dicarboxylate

To a solution of O1-tert-butyl O4-cthyl piperidine-1,4-dicarboxylate (30.3 g, 118 mmol) in
THF (200 mL) was added LDA (2 M, 64.3 mL) at -70 C, and the mixture was stirred at -70C for
1 hour. The reaction mixture was added dropwise with 2-chloro-5-(chloromethyl)thiazole (18 g,
107 mmol) in THF (40 mL) and stirred at -70°C for 1 hour. The reaction mixture was quenched
with aqueous ammonium chloride solution and extracted with EA (3 X 200 mL). The combined
organic layers were washed with brine (200 mL x 2), dried over anhydrous sodium sulfate, and
then filtered and concentrated under reduced pressure. The residue was purified by column
chromatography to  obtain  O4-cthyl  4-[(2-chlorothiazole-5-yl)methyl|piperidine-1,4-
dicarboxylate (25 g, 60% yield) as a yellow oil. 'H NMR (400 MHz, CDCl3) § =7.22 (s, 1H), 4.18
(q, J=7.2 Hz, 2H), 3.97 - 3.77 (m, 2H), 3.00 (s, 2H), 2.95 (s, 2H), 2.11 (d, J = 13.2 Hz, 2H), 1.46
(s, 9H), 1.41 (d, J = 4.4 Hz, 2H), 1.26 (t, T = 7.2 Hz, 3H).

Step 2: tert-butyl 2-chloro-4-oxo-spiro[6H-cyclopenta|d]thiazole-5,4'-piperidine]-1'-
carboxylate
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To a solution of O4-cthyl 4-[(2-chlorothiazole-5-yl)methyl]piperidine-1,4-dicarboxylate
(15 g, 38.6 mmol) in THF (350 mL) was added LDA (2 M, 30.9 mL) at -70C, and the mixture
was stirred at -70'C for 1 hour. The reaction mixture was quenched with aqueous ammonium
chloride solution (500 mL) at 0°C and extracted with EA (3 X 100 mL). The combined organic
layers were washed with brine (200 mL x 2), dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure. The residue was purified by column chromatography to
obtain Intermediate I-53 (4.0 g, 30% yield) as a yellow solid. 'H NMR (400 MHz, CDCl3) § =4.26
-4.03 (m, 2H), 3.11 (s, 2H), 2.99 (t, T = 12.0 Hz, 2H), 2.03 - 1.92 (m, 2H), 1.55-1.51 (m, 1H), 1.48
(s, 9H), 1.47 - 1.44 (m, 1H).

Preparation Example 52; (S)-2-methyl-N-[(4R)-spiro[4.6-
1]propane-2-sulfinamide (Intermediate [-54

dihydrocyclopenta|d]thiazole-5.,4'-piperidin

BH;-THF

\

Ti(OE#),, THF step 2

step 1

Intermediate 1-54 (50 mg, crude product) was prepared in the same method as in
Preparation Example 46, except that Intermediate 1-53 was used instead of Intermediate 1-47, and
(8)-2-methylpropane-2-sulfinamide was used instead of (R)-2-methylpropane-2-sulfinamide in
Preparation Example 46. "TH NMR (400 MHz, CDCls) § = 9.91 - 9.65 (m, 1H), 8.76 - 8.52 (m, 1H),
459 (s, 1H), 3.53 - 3.37 (m, 2H), 3.33 - 3.16 (m, 2H), 3.10 - 3.01 (m, 1H), 2.93 - 2.85 (m, 1H),
2.37-2.14 (m, 2H), 2.00 - 1.81 (m, 2H), 1.28 (s, 9H).

Preparation Example 53: (R)-2-methyl-N-[(4S)-spiro[4.6-

dihydrocyclopental|d]thiazole-5.4'-piperidin]-4-yllpropane-2-sulfinamide (Intermediate I-55
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I/\IHZ Boc

N
Boc. <S50 BH,THF, THF
>\ s 60-20°C,16 h
JS Ti(OEt),, THF, N7 XL

RN 95°C 5. Na step 2

“ step 1 >\ ©

/

1-53
Boc_
N HN
TFA, DCM, 25 °C,
2 o, /8
I-"\\I N/J o HN N/J
“S\‘O step 3 \S\
A N
1-55

Intermediate 1-55 (260 mg) was prepared in the same method as in Preparation Example
52, except that (R)-2-methylpropane-2-sulfinamide was used instead of (S)-2-methylpropane-2-
sulfinamide in Preparation Example 52. 'H NMR (400 MHz, CDCl3) 6 = 8.74 (s, 1H), 4.49 (d, J =
92 Hz, 1H), 3.84 (d, J=8.8 Hz, 1H), 3.20 - 3.11 (m, 2H), 3.01 -2.96 (m, 1H), 2.94 - 2.88 (m, 2H),
2.85-2.80(m, 1H),2.04-1.90(m, 2H), 1.71 (d, J=13.2 Hz, 1H), 1.57 (d, 1= 14.0 Hz, 1H), 1.28
(s, 9H).

Preparation _Example 54: (S)-N-[(4R)-1'-[5-[(5-chloro-4-0x0-3H-quinazolin-6-
yDsulfanyl]|pyrazin-2-yl|spiro[4.6-dihydrocyclopenta|d]thiazole-5.4'-piperidin]-4-yl]-2-

methyl-propane-2-sulfinamide (Intermediate I-56)
o cl

S
HN =~ "N
ijj 1
Br

s
HN ks S HN SN
N |
OQ\S 1-50 k\N NQ\N
e < Z - y

- RuPhos-Pd-G2, RuPhos,
>~( o K,COj, dioxane,100 °C,12 h

1-54 1-56 %

Intermediate 1-56 (240 mg, 34%) was prepared in the same method as in Preparation

)
S:o

Example 49, except that Intermediate 1-54 was used instead of Intermediate 1-49 in Preparation
Example 49. "H NMR (400 MHz, DMSO-d¢) 5 = 12.48 - 12.11 (m, 1H), 8.98 (s, 1H), 8.51 (d,J =
1.2 Hz, 1H), 8.31 (d, T = 1.2 Hz, 1H), 8.04 (s, 1H), 7.50 (d, J = 8.8 Hz, 1H), 7.19 (d, ] = 8.8 Hz,
1H), 5.78 (d, T = 10.4 Hz, 1H), 435 - 420 (m, 3H), 3.29 - 3.15 (m, 2H), 3.04 - 2.94 (m, 1H), 2.92
-2.85 (m, 1H), 1.97 - 1.90 (m, 1H), 1.85 - 1.76 (m, 1H), 1.74 - 1.66 (m, 2H), 1.16 (s, 9H).
Preparation Example 55: tert-butyl N-[(35.45)-8-[S-bromo-3-

hydroxymethvyl)pvrazin-2-yl]-3-methvl-2-oxa-8-azaspiro|[4.5]decan-4-yl]carbamate

(Intermediate 1-57)
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2HCI
AN, NH2

BrY\N 5 o Br\(\ (Boc),0, DIEA , DCM,
N

~ "N
| o
N | B ~ N !‘le 20°C,16 h .
DIEA, ACE . step 2
MeO” 0 20°C,16 h 0~ "OMe o

step 1

Br. Br.
\KIN Boc. DIBAL-H, DCM, N poc.

Ny NH 2020°C,16h N NH
} step 3 f

07 ~OMe OH
0 o

1-57
Step 1: methyl 3-[(3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl]-6-
bromo-pyrazine-2-carboxylate

To a solution of methyl 3,6-dibromopyrazine-2-carboxylate (500 mg, 1.69 mmol) in ACN
(10 mL), DIPEA (1.09 g, 8.45 mmol) and (3S,45)-3-methyl-2-oxa-8-azaspiro[4.5}decan-4-amine
(384 mg, 1.86 mmol, HCI) were added, and the mixture was stirred at 20°C for 16 hours. The
reaction mixture was concentrated under reduced pressure to obtain methyl 3-[(3S,4S)-4-amino-
3-methyl-2-oxa-8-azaspiro|4.5]decan-8-y1]-6-bromo-pyrazine-2-carboxylate (650 mg, crude
product) as a brown oil. MS (EI) m/z: 387.0 [M+H]".

Step 2: methyl 6-bromo-3-[(3S,45)-4-(tert-butoxycarbonylamino)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl|pyrazine-2-carboxylate

To a solution of methyl 3-[(3S,4S)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5 |decan-8-y1]-6-
bromo-pyrazine-2-carboxylate (650 mg, 1.69 mmol) in CM (10 mL), DIPEA (436 mg, 3.37 mmol)
and (Boc)20 (552 mg, 2.53 mmol) were added, and the mixture was stirred at 20 C for 16 hours.
The reaction mixture was diluted with water (20 mL) and extracted with EA (3 X 10 mL). The
combined organic layers were dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure. The residuc was purified by column chromatography to
obtain methyl 6-bromo-3-[(3S,4S)-4-(tert-butoxy carbonylamino)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl]pyrazine-2-carboxylate (710 mg, 83% yield) as a yellow solid. '"H NMR
(400 MHz, CDCl3) § = 8.12 (s, 1H), 4.55 - 4.47 (m, 1H), 4.14 - 4.04 (m, 1H), 3.96 - 3.81 (m, 4H),
3.64 - 3.57 (m, 2H), 3.57 - 3.44 (m, 2H), 3.38 - 3.29 (m, 1H), 3.27 - 3.13 (m, 1H), 1.78 - 1.73 (m,
1H), 1.72 - 1.63 (m, 2H), 1.57 - 1.52 (m, 1H), 1.38 (s, 9H), 1.12 (d, T = 6.4 Hz, 3H); MS (EI) m/z:
487.0 [M+H]".

Step 3: tert-butyl N-[(3S,45)-8-[S-bromo-3-(hydroxymethyl)pyrazin-2-yl]-3-methyl-
2-oxa-8-azaspiro[4.5]decan-4-yl|carbamate
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To a solution of methyl 6-bromo-3-[(3S,4S)-4-(tert-butoxycarbonylamino)-3-methyl-2-
oxa-8-azaspiro|4.5]decan-8-yl]pyrazine-2-carboxylate(300 mg, 618 ymol) in DCM (10 mL) was
added DIBAL-H (1 M, 1.85 mL) at -60C, and the mixture was stirred at 20°C for 16 hours. The
reaction mixture was quenched with methanol (0.5 mL) at -60C and filtered. The filtrate was
concentrated under reduced pressure, and then the residue was purified by column chromatography
to obtain Intermediate 1-57 (90 mg, 31%) as a white solid. 'H NMR (400 MHz, CDCl;) § = 8.20
(s, 1H), 4.65 (s, 2H), 4.60 (d, T = 10.4 Hz, 1H), 422 - 4.15 (m, 1H), 3.98 (dd, J = 4.4, 10.8 Hz,
1H), 3.70 - 3.65 (m, 2H), 3.40 - 3.27 (m, 2H), 3.15-3.09 (m, 1H), 3.03-2.97 (m, 1H), 1.96 - 1.83
(m, 2H), 1.81 (d, J = 3.2 Hz, 1H), 1.68 - 1.62 (m, 1H), 1.46 (s, 9H), 1.20 (d, J = 6.4 Hz, 3H); MS
(EI) m/z: 459.0 [M+H]".

Preparation Example 56: tert-butyl N-[(35.4S)-8-(6-amino-5-bromo-3-carbamoyl-

razin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl]carbamate ntermediate 1-58

NH,
H,N H,N HI\O@ 2HCI ﬁ*z
,,,,, -
Z°N Zn(CNJ,, PA(PPhs);, NMP ~N d I Boc,0, TEA, DCM

N N = NW)\N NH, >
- :
Cl 100°C,12h x7a DIEA, DMA, 50 °C En ; 25°CA2 h
Br step1 CN step2 g step3

NH,
Bro__
SN H,0,, NaOH, DMSO NBS, DCM A

~N N
| Boc Boc
I Boc_ - N “NH - P ‘NH
NW%N NH 259C3h r N : 259C,0.25h N 2
CN S A7 N step4 07 "NH, o steps 07 NH, o
o 0o o
1-58

Step 1: S-amino-3-chloro-pyrazine-2-carbonitrile
To a solution of 5-bromo-6-chloro-pyrazine-2-amine (10 g, 48.0 mmol) in NMP (100 mL)
was added PA(PPh3)4 (2.77 g, 2.40 mmol), and the mixture was stirred at 100°C for 12 hours. The

reaction mixture was quenched with aqueous ammonium chloride solution (100 mL) at room
temperature, diluted with water (100 mL), and then extracted with EA (3 x 200 mL). The combined
organic layers were washed with brine (3 X 100 mL), dried over Na>SQO4, and then filtered and
concentrated under vacuum. The residue was purified by column chromatography to obtain 5-
amino-3-chloro-pyrazine-2-carbonitrile (2.6 g, 35%) as a yellow solid. 'H NMR (400 MHz,
DMSO-ds) § = 8.11 (s, 2H), 7.87 (s, 1H).

Step 2; 5-amino-3-[(3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5] decan-8-
yl]|pyrazine-2-carbonitrile

To a solution of 5-amino-3-chloro-pyrazine-2-carbonitrile (1.0 g, 6.47 mmol) in DMF (10
mL), (3S,4S)-3-methyl-oxa-8-azaspiro[4.5]decan-4-amine (1.21 g, 7.12 mmol, 2 HCI) and DIEA
(4.18 g, 32.4 mmol) were added, and the mixture was stirred at 80°C for 12 hours. The reaction
mixture was quenched with aqueous ammonium chloride solution (20 mL) at room temperature,
diluted with water (30 mL), and then extracted with DCM (3 x 50 mL). The combined organic
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layers were washed with brine (3 X 20 mL), dried over Na>SOs, and then filtered and concentrated
under vacuum to obtain 5-amino-3-[(38S,4S)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl]pyrazine-2-carbonitrile (1.8 g, crude product) as a yellow solid. MS (EI) m/z: 289.4 [M+H]".

Step 3: tert-butyl N-[(3S,45)-8-(6-amino-3-cyano-pyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl|carbamate

To a solution of 5-amino-3-[(35,4S)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
ylipyrazine-2-carbonitrile (1.8 g, 6.24 mmol) in DMF (15 mL), Boc,O (2.04 g, 9.36 mmol) and
TEA (1.90 g, 18.7 mmol) were added, and the mixture was stirred at 25 °C for 2 hours. The reaction
mixture was quenched with aqueous ammonium chloride solution (20 mL) at room temperature,
diluted with water (30 mL), and then extracted with EA (3 x 50 mL). The combined organic layers
were washed with brine (3 X 20 mL), dried over NaxSQa, and then filtered and concentrated
under vacuum. The residue was purified by column chromatography to obtain tert-butyl N-
[(3S,45)-8-(6-amino-3-cyano-pyrazin-2-y1)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-
yl]carbamate (1.3 g, 54%) as a yellow solid. 'H NMR (400 MHz, CDCl3) § = 7.39 (s, 1H), 4.86 -
481 (m, 2H), 4.62 (d, T = 10.8 Hz, 1H), 4.20 - 4.15 (m, 1H), 3.98 (dd, J = 4.4, 10.8 Hz, 1H), 3.93
-3.82 (m, 2H), 3.71 - 3.63 (m, 3H), 3.62 - 3.54 (m, 1H), 1.90 - 1.72 (m, 3H), 1.65 - 1.60 (m, 1H),
1.46 (s, 9H), 1.20 (d, T = 6.4 Hz, 3H).

Step 4: tert-butyl N-[(35,4S)-8-(6-amino-3-carbamoyl-pyrazin-2-yl)-3-methyl-2-oxa-
8-azaspiro[4.5]decan-4-yl|carbamate

To a solution of tert-butyl N-[(35,48)-8-(6-amino-3-cyano-pyrazin-2-yl)-3-methyl-2-oxa-
8-azaspiro[4.5]decan-4-yljcarbamate (300 mg, 772 umol) in DMSO (6 mL), NaOH (92.7 mg, 2.32
mmol) and H>0> (4.38 g, 38.6 mmol) were added, and the mixture was stirred at 20 C for 2 hours.
The reaction mixture was quenched with aqueous sodium thiosulfate solution (5 mL) at room
temperature, diluted with water (30 mL), and then extracted with EA (3 x 50 mL). The combined
organic layers were washed with brine (3 X 20 mL), dried over Na>SOs, and then filtered and
concentrated under vacuum. The residue was purified by column chromatography to obtain tert-
butyl N-[(35,48)-8-(6-amino-3-carbamoyl-pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5 |decan-4-
yl]carbamate (160 mg, 51% yield) as a yellow solid. 'H NMR (400 MHz, CDCl3) § =7.39 (s, 1H),
7.32 (s, 1H), 5.42 - 5.33 (m, 1H), 4.71 - 4.65 (m, 2H), 4.61 (d, T = 10.4 Hz, 1H), 4.18 - 4.13 (m,
1H), 3.95 (dd, T = 4.4, 10.8 Hz, 1H), 3.71 - 3.66 (m, 1H), 3.65 - 3.59 (m, 1H), 3.58 - 3.49 (m, 1H),
3.37-3.30 (m, 1H), 3.29 - 3.21 (m, 1H), 1.89 - 1.83 (m, 1H), 1.81 - 1.72 (m, 2H), 1.68-1.62 (m,
1H), 1.44 (s, 9H), 1.18 (d, ] = 6.4 Hz, 3H); MS (EI) m/z: 407.4 [M+H]".

Step 5: tert-butyl N-[(3S,45)-8-(6-amino-5-brome-3-carbamoyl-pyrazin-2-yl)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl|carbamate

To a solution of tert-butyl N-[(3S,4S)-8-(6-amino-3-carbamoyl-pyrazin-2-yl)-3-methyl-2-
oxa-8-azaspiro|4.5]decan-4-yljcarbamate (160 mg, 394 umol) in DCM (2 mL) was added NBS
(77.1 mg, 433 pmol), and the mixture was stirred at 0°C for 0.25 hours. The reaction mixture was
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quenched with aqueous ammonium chloride solution (10 mL) at room temperature, diluted with
water (20 mL), and then extracted with DCM (3 x 30 mL). The combined organic layers were
washed with brine (3 X 20 mL), dried over Na>SQO4, and then filtered and concentrated under
vacuum. The residue was purified by column chromatography to obtain Intermediate 1-58 (160
mg, 84% yield) as a yellow solid. 'H NMR (400 MHz, CDCls) § = 7.17 (s, 1H), 5.29 - 5.23 (m,
1H), 5.10 (s, 2H), 4.61 (d, J = 10.4 Hz, 1H), 4.19 - 4.12 (m, 1H), 3.95 (dd, J = 4.4, 10.4 Hz, 1H),
3.68 (d,J = 7.6 Hz, 1H), 3.63 - 3.58 (m, 1H), 3.59-3.51 (m, 1H), 3.37 - 3.32 (m, 1H), 3.30 - 3.23
(m, 1H), 1.89 - 1.83 (m, 1H), 1.77 (d, J = 5.4 Hz, 1H), 1.67 - 1.58 (m, 2H), 1.44 (s, 9H), 1.21 -
1.16 (m, 3H); MS (EI) m/z: 487.3 [M+H]".

Preparation Example 57: 6-bromo-5-fluoro-3-(2-methoxyvethyl)quinazolin-4-one

(Intermediate 1-59)
o F NBS, DMF o F o o F
Ho)ﬁij 20°c.18h HO)Y)/B” “NH, > O~pN Br
H,N step 1 HN “C“@E?é’, Ifi; EtOH’ k\N
step 2

159

Step 1: 6-amino-3-bromo-2-fluoro-benzoic acid

To a solution of 2-amino-6-fluorobenzoic acid (20.0 g, 129 mmol) in DMF (200 mL) was
added NBS (24.1 g, 135 mmol), and the mixture was stirred at 20°C for 16 hours. The reaction
mixture was diluted with water (200 mL) and then extracted with EA (3 x 100 mL). The combined
organic layers were washed with brine (100 mL), dried over Na>SOs, and then filtered and
concentrated under vacuum to obtain 6-amino-3-bromo-2-fluoro-benzoic acid (24.3 g, 73.3% yield)
as a light color solid. "H NMR (400 MHz, DMSO-de) 5 = 7.39 (dd, T = 7.6, 8.8 Hz, 1H), 6.56 (dd,
J=1.2, 8.8 Hz, 1H); MS (EI) m/z: 234.0 [M+H]".

Step 2: 6-bromo-5-fluoro-3-(2-methoxyethyl)quinazolin-4-one

To a solution of 6-amino-3-bromo-2-fluoro-benzoic acid (2.0 g, 8.55 mmol) in ethanol (20
mL), I (217 mg, 855 pmol), diethoxymethoxyethane (1.90 g, 12.8 mmol) and 2-
methoxyethaneamine (963 mg, 12.8 mmol) were added, and the mixture was stirred at 80 C for
16 hours. The reaction mixture was diluted with water (20 mL), and then extracted with EA (3 x
15 mL). The combined organic layers were dried over Na>SOa, and then filtered and concentrated
under vacuum. EtOAc (10 mL) was added to the residue to obtain Intermediate [-59 (970 mg, 37%
yield) as a white solid. "H NMR (400 MHz, CDCls) & = 8.08 (s, 1H), 7.87 (dd, ] = 6.8, 8.8 Hz,
1H), 7.42 (dd, J = 1.2, 8.8 Hz, 1H), 4.19 - 4.14 (m, 2H), 3.70 - 3.66 (m, 2H), 3.33 (s, 3H).

Preparation Example 58: (S)-N-((R)-2-chloro-4,6-

dihydrospiro[cvclopentald]thiazole-5.4'-piperidin]-6-vl)-2-methylpropane-2-sulfinamide

(Intermediate 1-60)
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Boc. B
Boc._ NH, N N HN
'\L >/S°o . DIBAL-H, DCM TFA, DCM N
JN _60°C,1h LN _2°G1h RN
o /N N? J\ HN® J\ _— HN SJ\

s S0°ci2h s © e So 0 O s >~(§:°
147 step 1 A X 160
Intermediate 1-60 (300 mg, 53%) was prepared in accordance with the same procedure as
Preparation Example 47, excluding step 3 therefrom. MS (EI) m/z: 348.1 [M+H]".
Preparation Example 59: (R)-N-((S)-5-methoxy-1,3-dihydrospiro[indene-2.4'-
piperidin]-3-yl]-2-methylpropane-2-sulfinamide (Intermediate 1-61)

Boc\N /\/CI 5 NH,
oc._ 4
\ N >\\\\¢S\\o
Cl -
o) NaH, DMF o Ti(OEt)s, THF, 90 °C,
o— 60 °C, 2h 12h
t) o_
step 1 step 2
Boc\N HN
DIBAL-H, DCM,
-70 °C, 1h TFA, DCM, 25 °C
7\
HN HN —
step 3 \S step 4 S

>\\ =0 o— >\\ =0 o—

161

Step 1: tert-butyl 6-methoxy-1-ox0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-
carboxylate

To a solution of 6-methoxy-2,3-dihydro-1H-inden-1-one (5.0 g, 30.8 mmol) in DMF (30
mL) was added NaH (3.70 g, 92.5 mmol, 60% purity), and the mixture was stirred at 60°C for 0.5
hours. The reaction mixture was slowly added dropwise with tert-butyl N, N-bis(2-
chloroethyl)carbamate (8.21 g, 33.9 mmol) and then stirred at 60°C for 1.5 hours. The reaction
mixture was quenched by addition of aqueous ammonium chloride (100 mL) at 25 C, diluted with
water (100 mL), and extracted with EA (3 x 200 mL). The combined organic layers were washed
with brine (3 x 100 mL), dried over anhydrous sodium sulfate, and then filtered and concentrated
under reduced pressure. The residue was separated by column chromatography to obtain tert-butyl
6-methoxy-1-oxo-1,3-dihydrospiro| indene-2,4'-piperidine]-1'-carboxylate (640 mg, 6% yicld) as
a yellow solid. 'H NMR (400 MHz, CDCl3) & = 7.37 - 7.34 (m, 1H), 7.21 (s, 2H), 4.21 - 4.07 (m,
2H), 3.84 (s, 3H), 3.09 - 2.95 (m, 4H), 1.95 - 1.87 (m, 2H), 1.49 (s, 9H), 1.39 (d, J = 13.2 Hz, 2H).

Step 2: tert-butyl (R,Z)-1-((tert-butylsulfinyl)imino-6-methoxy-1,3-
dihydrospiro[indene-2,4'-piperidine]-1'-carboxylate

To a solution of tert-butyl 6-methoxy-1-oxo-1,3-dihydrospiro[indene-2.4'-piperidine]-1'-
carboxylate (630 mg, 1.90 mmol) in THF (6 mL), Ti(OEt)s (6.50 g, 28.5 mmol) and (R)-2-
methylpropane-2-sulfinamide (922 mg, 7.60 mmol) were added, and the mixture was stirred at 90 C
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for 12 hours. The reaction mixture was diluted with EA (100 mL), quenched with water (20 mL),
and then filtered and concentrated under reduced pressure. The mixture was extracted with EA (3
x 50 mL), and the combined organic layers were washed with brine (3 x 20 mL), dried over
anhydrous sodium sulfate, and then filtered and concentrated under reduced pressure. The residue
was separated by column chromatography to obtain tert-butyl (R,Z)-1-((tert-butylsulfinyl)imino-
6-methoxy-1,3-dihydrospiro[indene-2,4'-piperidine}-1'-carboxylate (800 mg, 97%) as a yellow
solid. 'TH NMR (400 MHz, CDCl3) &= 8.08 - 7.97 (m, 1H), 7.30 - 7.24 (m, 1H), 7.14 - 7.10 (m,
1H), 4.20 - 4.08 (m, 2H), 3.87 (s, 3H), 3.01 - 2.98 (m, 2H), 2.97 - 2.88 (m, 2H), 1.54 - 1.50 (m,
2H), 1.49 (s, 9H), 1.46 - 1.40 (m, 2H), 1.34 (s, 9H).

Step 3: tert-butyl (S)-1-(((R)-tert-butylsulfinyl)amino)-6-methoxy-1,3-
dihydrospiro[indene-2,4'-piperidine]-1'-carboxylate

To a solution of tert-butyl (R,Z)-1-((tert-butylsulfinyl)imino-6-methoxy-1,3-
dihydrospiro|indene-2,4'-piperidine]-1'-carboxylate (800 mg, 1.84 mmol) in DCM (10 mL) was
added DIBAL-H (1 M, 5.52 mL), and the mixture was stirred at -70°C for 1 hour. The reaction
mixture was quenched with methanol (2 mL), diluted with DCM (100 mL) and then filtered, and
the filtratc was concentrated under reduced pressure. The residue was separated by column
chromatography to obtain tert-butyl (S)-1-(((R)-tert-butylsulfinyl)amino)-6-methoxy-1,3-
dihydrospiro[indene-2.4'-piperidine]-1'-carboxylate (520 mg, 65%) as a yellow solid. 'H NMR
(400 MHz, CDCl:) §=7.11 (d, T = 8.0 Hz, 1H), 6.85 (s, 1H), 6.79 (dd, J = 2.0, 8.0 Hz, 1H), 4.46
(d, J=9.6 Hz, 1H), 4.02 (d, ] = 13.2 Hz, 1H), 3.79 (s, 3H), 3.62 - 3.46 (m, 1H), 3.05 - 2.96 (m,
1H), 2.90 (dt, J = 2.8, 12.8 Hz, 2H), 2.68 - 2.57 (m, 1H), 1.81 - 1.54 (m, 2H), 1.54 - 1.49 (m, 1H),
1.49 - 1.47 (m, 1H), 1.46 (s, 9H), 1.30 (s, 9H).

Step 4: (R)-N-((S)-5-methoxy-1,3-dihydrospiro[indene-2,4'-piperidin]-3-yl]-2-
methylpropane-2-sulfinamide

To a solution of tert-butyl (S)-1-(((R)-tert-butylsulfinyl)amino)-6-methoxy-1,3-
dihydrospiro[indene-2,4'-piperidine]-1'-carboxylate (520 mg, 1.19 mmol) in DCM (6 mL) was
added TFA (2.72 g, 23.8 mmol), and the mixture was stirred at 20°C for 1 hour. The reaction
mixture was concentrated under reduced pressure, and the residue was quenched with calcium
carbonate aqueous solution (20 mL), diluted with water (30 mL) and then extracted with DCM (3
X 50 mL). The mixture was washed with brine (3 x 20 mL), dried over anhydrous sodium sulfate,
and then filtered and concentrated under reduced pressure. The residue was separated by column
chromatography to obtain Intermediate I-61 (390 mg, crude product) as a yellow solid. 'H NMR
(400 MHz, CDCl3) § = 7.11 (d, J = 8.0 Hz, 1H), 6.82(d, J =2.0 Hz, 1H), 6.78 (dd, J = 2.4, 8.0 Hz,
1H), 4.43 (d, ] = 104 Hz, 1H), 3.79 (s, 3H), 3.63 (d, ] = 10.4 Hz, 1H), 3.11 - 3.02 (m, 3H), 2.87
(dd, J=2.0, 124 Hz, 1H), 2.79 - 2.74 (m, 1H), 2.63 (d, =152 Hz 1H), 2.15(dt, J =44, 12.8
Hz, 1H), 1.69 - 1.61 (m, 1H), 1.56 (dd, J = 2.4, 13.2 Hz, 1H), 1.31 (s, 9H).
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Preparation Example 60: (S)-N-[(4R)-1'-[5-[(5-chloro-4-0x0-3H-quinazolin-6-
vDsulfanvl]pvrazin-2-yl]spiro[4,6-dihvdrocyclopenta|d]thiazole-5.4'-piperidin]-4-y1]-2-

methyl-propane-2-sulfinamide (Intermediate 1-62)

o a
o a
HN HN S%N s
k\N N§)\Br i %f\l
1-50
HNT -

. s

>\\«~S\o RuPhos-Pd-G2, RuPhos, P
K,CO; dioxane,100 °C,12 h HN" N
1-55 ’ 1-62 S=g

Intermediate 1-62 (300 mg, 41% yicld) was prepared in the same method as in Preparation
Example 49, except that Intermediate 1-55 was used instead of Intermediate 1-49 in Preparation
Example 49. '"H NMR (400 MHz, CDCl3) § =8.76 (s, 1H), 8.26 (d, J = 1.2 Hz, 1H), 8.23 (s, 1H),
7.97 - 7.94 (m, 1H), 7.48 (d, ] = 8.8 Hz, 1H), 7.27 - 7.23 (m, 1H), 4.58 (d, J = 9.2 Hz, 1H), 4.35 -
428 (m, 1H), 4.23 (d, ] = 13.6 Hz, 1H), 4.01 - 3.96 (m, 1H), 3.50 (s, 2H), 3.31 (dd, J = 2.0, 13.6
Hz, 2H), 1.87 - 1.81 (m, 2H), 1.77 - 1.73 (m, 2H), 1.30 (s, 9H);  MS (EI) m/z 602.1 [M+H]".

Preparation Example 61: (R)-N-[(6S)-2-chlorospiro[4,6-

dihvdrocyclopentald]thiazole-5.4'-piperidin]-6-yl]-2-methvl-propane-2-sulfinamide

(Intermediate 1-63)
N

BOC‘N N HN
N S DIBAL-H, DCM TFA, DCM
2 500 11 N 25°C1h )N
JN 2= 4 | - . HN J\
T 7 | HN i s
o J\C|

N TioEt), THF NT g step 2 . SThar step3 $s o
SJ\CI 90°C,12 h S0 +¥30 =0
step 1 >\
147 163

Intermediate 1-63 (100 mg, crude product) was prepared in the same procedure as in
Preparation Example 58, except that (R)-2-methylpropane-2-sulfinamide was used instead of (S)-
2-methylpropane-2-sulfinamide. MS (EI) m/z: 348.3 [M+H]".

Preparation _Example 62: (R)-N-((S)-5-hydroxy-1,3-dihydrospiro[indene-2.4'-

-2-methylpropane-2-sulfinamide ntermediate 1-64

NH,
HN Boc.y S50
BBr;, DCM Boc,0, NaOH, THFH,0 >\ .
25°C,05h [e] 25°C,1h o /7\ Ti(OEt)y, THF, 90 °C,12h
step 1 OH step 2 OH step3
HN
DIBAL-H, DCM TFA, DCM
step 4 25°C,0.5h H'\\lS
step5 >\ ~0 OH
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Step 1: 6-hydroxyspiro[indene-2,4'-piperidin]-1(3H)-one

To a solution of tert-butyl 6-methoxy-1-oxo-1,3-dihydrospiro[indene-2.4'-piperidine]-1'-
carboxylate (1.5g, 4.53 mmol) in DCM (15 mL) was added BBr3 (11.3 g, 45.3 mmol), and the
mixture was stirred at 0°C for 1 hour. The reaction mixture was quenched by addition of water
(50 mL) at 0C and then extracted with DCM(50 mL x 3). The combined organic layers were
washed with brine (20 mL x 3), dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure to obtain 6-hydroxyspiro[indene-2,4'-piperidin}-1(3H)-one
(980 mg, crude product) as a yellow solid. MS (EI) m/z: 217.3 [M+H]".

Step 2: tert-butyl 6-hydroxy-1-oxo0-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-
carboxylate

To a solution of 6-hydroxyspiro[indene-2,4'-piperidin]-1(3H)-one (980 mg, 4.51 mmol) in
THF (10 mL) and water (10mL), BocoO (1.97 g, 9.02 mmol) and NaOH (902 mg, 22.6 mmol)
were added, and the mixture was stirred at 25°C for 1 hour. The reaction mixture was quenched
by addition of aqueous ammonium chloride solution (20 mL) at 25C, diluted with water (30 mL)
and extracted with EA (50 mL x 3). The combined organic layers were washed with brine (20 mL
x 3), dried over anhydrous sodium sulfate, and then filtered and concentrated under reduced
pressure. The residue was separated by column chromatography to obtain tert-butyl 6-hydroxy-1-
oxo-1,3-dihydrospiro[indene-2,4'-piperidine - 1'-carboxylate (1.3 g, 91% yield) as a yellow solid.
MS (EI) m/z: 340.3 [M+Na] "

Step 3 to Step 5: (R)-N-((S)-5-hydroxy-1,3-dihydrospiro[indene-2,4'-piperidin]-3-yl)-
2-methylpropane-2-sulfinamide

Intermediate [-64 (90mg, 66% yield) was prepared by using (R)-2-methylpropane-2-
sulfinamide instead of (S)-2-methylpropane-2-sulfinamide in step 1 of Preparation Example 47,
and performing step 2 and step 4 thercof with the resulting intermediate. MS (EI) m/z: 3234
[M+H]".

Preparation Example 63: 6-((3-amino-5-chloropyrazin-2-yl)thio)-5-chloroguinazolin-
4(3H)-one (Intermediate 1-65)

NH,
Br.
o cl Z >N
H N Q\ o Cl NH,
HNk cl N S\%\N
= - |
N Pdo(dba)s, XantPhos, k\N NQ\CI
DIEA, dioxane
1-8 1-65

To a solution of Intermediate [-8 (1.7 g, 7.25 mmol) in dioxane(50 mL), 3-bromo-6-chloro-
pyrazine-2-amine (1.66 g, 7.97 mmol), Pd2(dba); (664 mg, 725 pmol), XantPhos (838 mg, 1.45
mmol) and DIEA (2.81 g, 21.7 mmol) were added, and the mixture was stirred at 100°C for 12

hours. The reaction mixture was quenched by addition of aqueous ammonium chloride solution
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(50 mL) at 25C, followed by filtering the resulting solid. The solid was washed with EA (50 mL)
and methanol (30 mL), and then concentrated under reduced pressure to obtain Intermediate 1-65
(0.7 g, 28% yield) as a black solid. 'TH NMR (400 MHz, DMSO-ds) 6 =8.09 (s, 1H), 7.74 (s, 1H),
7.57 -7.52 (m, 2H), 7.11 (s, 1H), 3.30 (s, 2H).

Preparation Example 64: 6-bromo-3-((S)-6-(((R)-tert-butylsulfinyl)amino)-4,6-
dihvdrospiro[cyclopenta|d]thiazole-5.4'-piperidin]-1'-vl)pyrazine-2-carboxamide

(Intermediate 1-66)
HN
74 J\I Br%N
H )

Br Br S- Ny
Z>N Z>N S0 N
VI HATU, DIEA, NH,Cl, DMF r' >\ 148
N - X -
Br Br 07 “NH, JN
25°C1h DIEA, ACN, 80°C, 12 h HN B
OH S

O~ "NH )
step 1 2 step 2 s

Step 1: 3,6-dibromopyrazine-2-carboxamide

To a solution of 3,6-dibromopyrazine-2-carboxylic acid (1.0 g, 3.55 mmol) in DMF (10
mL), NH4Cl (570 mg, 10.6 mmol), HATU (1.62 g, 4.26 mmol) and DIEA (2.29 g, 17.7 mmol)
were added, and the mixture was stirred at 25°C for 1 hour. The reaction mixture was quenched
by addition of aqueous ammonium chloride solution (20 mL) at 25C, and then added with water

(30 mL) and extracted with EA (50 mL x 3). The combined organic layers were washed with brine
(20 mL x 3), dried over anhydrous sodium sulfate, and then filtered and concentrated under
reduced pressure. The residue was purified by column chromatography to obtain 3,6-
dibromopyrazine-2-carboxamide (310 mg, 31% yield) as a yellow solid. 'H NMR (400 MHz,
DMSO-de) & =8.51 (s, 1H), 8.44 (s, 1H), 8.19 (s, 1H)

Step 2: 6-bromo-3-((S)-6-(((R)-tert-butylsulfinyl)amino)-4,6-
dihydrospiro[cyclopenta|d]thiazole-5,4'-piperidin]-1'-yl)pyrazine-2-carboxamide

To a solution of 3,6-dibromopyrazine-2-carboxamide (100 mg, 0.36 mmol) in ACN (3 mL),
DIEA (230 mg, 1.78 mmol) and Intermediate 1-48 (112 mg, 0.36 mmol) were added, and the
mixture was stirred at 80°C for 12 hours. The reaction mixture was filtered, and the filtrate was
concentrated under reduced pressure. The residuc was separated by column chromatography to
obtain Intermediate I-66 (130 mg, 71% yield) as a yellow solid. 'H NMR (400 MHz, CDCl3) § =
8.80 (s, 1H), 8.20 (s, 1H), 7.30 (s, 1H), 5.95 - 5.88 (m, 1H), 4.60 (d, J = 8.8 Hz, 1H), 3.97 (1, ] =
13.2 Hz, 2H), 3.87 (d, J = 8.8 Hz, 1H), 3.36 - 3.24 (m, 2H), 3.03 - 2.93 (m, 2H), 2.02 (dd, ] = 3.6,
13.2 Hz, 2H), 1.77 - 1.68 (m, 2H), 1.22 (s, 9H).

Preparation Example 65: 6-bromo-3-((S)4-(((R)-tert-butylsulfinyl)amino)-4,6-

dihydrospiro[cvclopentald]thiazole-5.4'-piperidin]-1'-y)pyrazine-2-carboxamide

(Intermediate 1-67)
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S ,
H 7 _ Br\(\N

N
Br é N N |
Br g >N 0 N
%IN HATU, DIEA, NH,CI, DMF T' >\ 165
N\ Br » 4\l >~ NS BI’ N - O NH2 / S
25°CAh DIEA, ACN, 80 °C, 12 h H \ B
07 "OH step 1 0™ "NH, step 2 S0
167

Intermediate [-67 (80 mg, 55% yield) was synthesized in the same method as in Preparation
Example 64, except that Intermediate [-55 was used instead of Intermediate [-48 in step 2 of
Preparation Example 64. 'H NMR (400 MHz, CDCl3) 6 =8.73 (s, 1H), 8.20 (s, 1H), 7.28 (s, 1H),
5.73 (s, 1H), 4.50 (d, T=9.2 Hz, 1H), 3.98 - 3.85 (m, 2H), 3.72 (d, ] = 9.2 Hz, 1H), 3.42 - 3.32 (m,
2H), 3.06 - 3.00 (m, 1H), 2.95 - 2.89 (m, 1H), 2.17 - 2.07 (m, 1H), 2.05 - 2.00 (m, 1H), 1.72 (d, J
=2.4Hz, 2H), 1.25 (s, 9H).

Preparation Example 66: 6-bromo-3-((S)4-(((R)-tert-butylsulfinyl)amino)-4,6-
dihydrospire|cyclopentad|thiazole-5.4'-piperidin]|-1'-yl)pyrazine-2-carboxamide
(Intermediate 1-68)

HN
4 N B
A\ I
v Y
N
BI’%N Br%N % ‘w,s\\o ~ N
| HATU, DIEA, NH,CI, DMF N | 125
N N > 07 ™NH N
S Br > Br o . 2 7N
259C1h DIEA, ACN, 80°C, 12 h HN

07 ™ OH ; 07 NH, , _

step 1 Sxo

step 2
" A 168
Intermediate [-68 (70 mg, 78% yield) was synthesized in the same method as in Preparation
Example 64, except that Intermediate [-25 was used instead of Intermediate 1-48 in step 2 of
Preparation Example 64. "H NMR (400 MHz, CDCLs) & = 8.44 (d, J = 4.4 Hz, 1H), 8.21 (s, 1H),
7.98 (d,J = 7.6 Hz, 1H), 7.31 - 7.27 (m, 2H), 7.16 (dd, T = 4.4, 7.6 Hz, 1H), 5.57 - 5.49 (m, 1H),
454 (d, 1 =10.0 Hz, 1H), 3.95 - 3.87 (m, 2H), 3.36 - 3.27 (m, 2H), 3.26 - 3.20 (m, 2H), 1.97 (d, J
=4.0 Hz, 1H), 1.84 (d, ] =4.0 Hz, 2H), 1.70 - 1.64 (m, 1H), 1.65 - 1.64 (m, 1H), 1.28 (s, 9H).
Preparation Example 67: Sodium _5-chloro-4-0xo0-3-((tetrahydro-2H-pyran-4-
yDmethyl)-3.4-dihydroquinazolin-6-thiolate (Intermediate 1-69)
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Br
o ¢ci o cli
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HN TRy ~" ST T » - TN N ~ " T N
Ny | E]/ K2COs, TBAI, DMF gj L\NU l]/

step 1
tBuONa THF (j/\ %

step 2

Intermediate 1-69 (85 mg, crude product) was synthesized in the same method as in steps
1 and 2 of Preparation Example 28, except that 4-(bromomethyl)tetrahydro-2H-pyran was used
instead of 1-bromo-2-methoxyethane in step 1 of Preparation Example 28. MS (EI) m/z: 310.9
[M+H]".

Preparation Example 68: 6-((S-bromopyrazin-2-yl)thio)-5-chloro-3-(2-fluoro-2-

methylpropyl)quinazolin-4(3H)-one (Intermediate I-70)

HN%SV\H/OVE/\/ '}”Bf - '}AN%SWOLV

k\N o K,CO3, TBAI, DMF k\N o
step 1
Br. V
t-BuONa, THF l}/\N Pt SNa N\Asr k)ij
step 2 >N K2C03, DMF

step 3 170
Intermediate 1-70 (150 mg, 65% yield) was synthesized in the same method as in
Preparation Example 28, except that 1-bromo-2-fluoro-2-methylpropane was used instead of 1-
bromo-2-methoxyethane in step 1 of Preparation Example 28. 'H NMR (400 MHz, CDCl3) § =
9.08 (d,J = 0.8 Hz, 1H), 8.69 (d, J = 0.8 Hz, 1H), 8.49 (s, 1H), 7.80 (d, T = 8.8 Hz, 1H), 7.65 (d, J
= 8.8 Hz, 1H), 3.27 (d, ] = 17.2 Hz, 2H), 1.58 (s, 3H), 1.53 (s, 3H).
Preparation Example 69: 6-((3-amino-5-chloropyrazin-2-yl)thio)-5-chloro-3-(2-

methoxypropvlgquinazolin-4(3H)-one (Intermediate 1-71)

o v\r Ji/v /OW/\OTS /°7ﬁ|~£jjés\/\g° J/vv

L\N K,CO3, TBAI, DMF

step 1

L

Br-

o al =N o c NH,

N Ns e o S

t-BuONa, THF -~ Y\N a 2 L. L TAN Z N
step 3 k\N Ns : cl

step 2
1-71

109

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

Intermediate 1-71 (150 mg, 65% yield) was synthesized in the same method as in
Preparation Example 28, except that 2-methoxypropyl 4-methylbenzenesulfonate was used instead
of 1-bromo-2-methoxyethane in step 1 of Preparation Example 28. MS (EI) m/z: 411.9 [M+H]".

Preparation Example 70: Synthesis of N-((R)-8-(5-bromopyrazin-2-yl)-8-

azaspiro|4.5]decan-1-yl)-2-methylpropane-2-sulfinamide (Intermediate 1-72

Q
H2N\'Sj<

Titamium(IV) ethoxide, »L
TFA

0 \
BocN LiBH
4 L. HN~ S\\ .
BocN = 0
THF, 90°C, 1h/(°c, 30min DCM, RT, Zh

step 2

step 1

DIPEA
Br. N
| A Br N
S N"B \[/ l
r
N o) »- \N

BN ’S\
HN H; N N H[_\I o
DMF, 100°C, 4h
step 3

I-72
Step 1: tert-butyl (1R)-1-((tert-butylsulfinyl)amino)-8-azaspiro[4.5]decan-8-
carboxylate
Tert-butyl 1-oxo-8-azaspiro[4.5]decan-8-carboxylate (2 g, 7.89 mmol), titanium(IV)
ethoxide (6.63 mL, 31.6 mmol), (R)-2-methylpropane-2-sulfinamide (1.91 g, 15.78 mmol) were
dissolved in THF (36 mL, 0.22 M) and stirred at 90°C for 1 hour. The temperature was lowered

to 0C, and the mixture was added with LiBH4 (21 mg, 9.7 mmol) and stirred for 30 minutes. The
reaction was terminated with MeOH, and the mixture was concentrated. The resulting product was
diluted with brine and then extracted with EA. The precipitated white solid was filtered to obtain
tert-butyl (1R)-1-((tert-butylsulfinyl)amino)-8-azaspiro[ 4.5 |decan-8-carboxylate (912.7 mg, 32%)
in the flask. MS m/z: 373.5 [M+H]".

Step 2: 2-methyl-N-((R)-8-azaspiro|4.5]decan-1-yl)propane-2-sulfinamide

Tert-butyl (1R)-1-((tert-butylsulfinyl)amino)-8-azaspiro[ 4.5 |decan-8-carboxylate (913 mg,
2.55 mmol) was dissolved in DCM (51 mL, 0.05 M). The reaction mixture was slowly added
dropwise with trifluoroacetic acid (2.9 mL, 38.3 mmol) and then stirred at room temperature for 2
hours. After completion of the reaction, the resulting product was concentrated to obtain 2-methyl-
N-((R)-8-azaspiro[4.5]decan-1-yl)propane-2-sulfinamide. MS m/z: 273.5 [M+H]".

Step 3: N-((R)-8-(5-bromopyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-
methylpropane-2-sulfinamide

2-methyl-N-((R)-8-azaspiro[4.5]decan- 1 -yl)propane-2-sulfinamide (crude product, 2.55
mmol) and 2,5-dibromopyrazine (1.4 g, 5.1 mmol) were dissolved in DMF (5.1 mL, 0.5M). The
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mixture was added with DIPEA (6.6 mL, 38.25 mmol) and then stirred at 100°C for 3 hours. The
reaction was terminated with H»O, and the mixture was extracted with EA. The EA layer was dried
over MgSQy, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:1) and then concentrated to obtain Intermediate I-72 (382 mg, 36%). MS m/z: 430.5
[M+H]".

Preparation Example 71: potassinm _ 5-chlore-3-(2-methoxyethyl)-4-0x0-3.4-

dihydroquinazolin-6-thiolate (Intermediate 1-73

HS OEt
\/Y

o
0
o ¢l <IN Er o ¢ o
Cs,CO3 antphos,
HN Br - /O\/\N Br -
K\N DMF, 50°C, 2h k\N 1,4ioxane, 100°C, 5h
step 1 step 2
cl o ¢l
O~y S\/\H/OEt +BuOK O~y SK
s o THF, 0°C, 2h ks
N N
step 3

1-73

Step 1: 6-bromo-5-chloro-3-(2-methoxyethyl) quinazolin-4(3H)-one

In a round bottom flask, 6-bromo-5-chloroquinazolin-4(3H)-one (58.7 g, 226.1 mmol), 1-
bromo-2-methoxyethane (32 mL, 339.2 mmol) and cesium carbonate (147 g, 452.3 mmol) were
dissolved in DMF (565 mL, 0.4 M), and then stirred at 50°C for 2 hours. The reaction was
terminated with aqueous NaHCOs solution, and the mixture was extracted with EA. The EA layer
was dried over MgSQ, filtered and concentrated. EA and Hx were added to precipitate a solid,
and then the solid was filtered to obtain 6-bromo-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-
one (53.5 g, 74.5%). MS m/z: 318.5 [M+H]".

Step 2: ethyl 3-((5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihydroquinazolin-6-
yDthio)propanoate

In a round bottom flask, 6-bromo-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one (26.7
g, 84.2 mmol), ethyl-3-mercaptopropionate (20.4 mL, 160 mmol), Pdx(dba)s (3.7 g, 4.0 mmol) and
XantPhos (4.6 g, 8.0 mmol) were dissolved in 1,4-dioxane (267 mL, 0.3 M), and then DIPEA (28
mL, 160.4 mmol) was added dropwise thereto. The reaction mixture was purged with nitrogen,
and then stirred at 120°C for 5 hours. After being filtered through celite, the mixture was added
with H>O and extracted with EA. The EA layer was dried over MgSQs, filtered and then
concentrated. EA and Hx were added, and then the precipitated solid was filtered to obtain ethyl
3-((5-chloro-3-(2-methoxyethyl)-4-ox0-3 4-dihydroquinazolin-6-yl)thio)propanoate  (58.7 g,
99%). MS m/z: 371.5 [M+H]".
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Step 3: potassium 5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihydroquinazolin-6-
thiolate

In a round  Dbottom flask, ecthyl 3-((5-chloro-3-(2-methoxyethyl)-4-ox0-3.4-
dihydroquinazolin-6-yl)thio)propanoate (29.4 g, 79.2 mmol) was dissolved in THF (400 mL, 0.2
M), and then the temperature was lowered to 0'C. The reaction mixture was slowly added
dropwise with potassium tert-butoxide (9.7 g, 87.1 mmol) and stirred at 0°C for 30 hours. After
completion of the reaction, the reaction mixture was concentrated to obtain Intermediate [-73 (45.7
g, 93%). MS m/z: 270.5 [M+H]".

Preparation Example 72: Synthesis of N-((S)-1'-(6-chlore-1.24-triazin-3-yl)-1,3-
dihydrospiro[indene-2.4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide (Intermediate I-
74) and N-((S)-1'-(3-chloro-1,2.4-triazin-6-yl)-1,3-dihydrospiro|indene-2.4'-piperidin]-1-yl)-
2-methylpropane-2-sulfinamide (Intermediate 1-75

Oy

Cl

TEA A 5 DIPEA
—_— . ot
DCM, RT, 1h 1,4-dioxane, 50°C, 4h
step 1 step 2

I-74 I-75

Step 1: N-((S)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-
sulfinamide

Tert-butyl (1S)-1-((tert-butylsulfinyl)amino)-1,3-dihydrospiro[indene-2,4'-piperidine]-1'-
carboxylate (201 mg, 0.49 mmol) was dissolved in DCM (1.63 mL, 0.3 M). The reaction mixture
was slowly added dropwise with trifluoroacetic acid (TFA) (0.38 mL, 4.94 mmol) and then stirred
at room temperature for 2 hours. After completion of the reaction, the resulting product was
concentrated to obtain N-((S)-1,3-dihydrospiro[indene-2,4'-piperidin}-1-yl)-2-methylpropane-2-
sulfinamide. MS m/z: 307.5 [M+H]".

Step 2: N-((S)-1'-(6-chloro-1,2,4-triazin-3-yl)-1,3-dihydrospiro[indene-2,4'-
piperidin]-1-yl)-2-methylpropane-2-sulfinamide (Intermediate 1-74) and N-((S)-1'-(3-chloro-
1,2,4-triazin-6-yl)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-
sulfinamide (Intermediate 1-75)

N-((S)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide
(crude product, 0.49 mmol) as concentrated and 3,6-dichloro-1,2 4-triazine (73 mg, 0.49 mmol)
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were dissolved in 1,4-dioxane (2.45 mL, 0.2 M). The mixture was added with DIPEA (0.85 mL,
4.9 mmol) and then stirred at 50C for 4 hours. The reaction was terminated with H>O, and the
mixture was extracted with EA. The EA layer was dried over MgSQs, filtered and then
concentrated. The resulting product was purified by MPLC (EA:Hx=1:1) and then concentrated to
obtain Intermediate [-74 (65.6 mg, 32%) and Intermediate 1-75 (55.7 mg, 27%). MS m/z: 420.5
[M+H]".

Preparation Example 73: Synthesis of 6-amino-5-((2,3-dichlorophenyl)thio)-3-

methyl-2-(piperazin-1-yl)pyrimidin-4(3H)-one (Intermediate 1-76)

NH, NH, NH,
f hy LS f X ;ﬁ
07 N0 o “DwF
| Bosl:;:?u o rlq O o step? _
cl
CI
Ulimann Couplmg \©/ r\)\ ?P“» \©/ r\ )\
step 3 176 K/NH

Step 1: t-butyl 4-(4-amino-1-methyl-6-oxo-pyrimidin-2-yl)piperazine-1-carboxylate

6-amino-3-methyl- 1H-pyrimidine-2,4-dione (2 g, 14.17 mmol), BOP (benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate, 6.27 g, 14.17 mmol), DBU (1,8-
diazabicyclo[5.4.0jundec-7-ene, 2.16 g, 14.17 mmol, 2.14 mL) were dissolved in DMF (30.0 mL,
0.47 M), and then tert-butyl piperazine-1-carboxylate (2.90 g, 15.59 mmol) was added thereto.
The reaction mixture was stirred at room temperature for 16 hours. After confirming by LCMS
that the reaction material had completely disappeared, the reaction mixture was added with brine
(20.0 mL) and EtOAc (20.0 mL X 3) and extracted. The organic layer was dried over Na>SOs,
filtered and then concentrated. The resulting product was separated by Prep-HPLC (neutral) and
concentrated to obtain t-butyl 4-(4-amino-1-methyl-6-oxo-pyrimidin-2-yl)piperazine-1-
carboxylate (1.8 g, 40.7%). "H NMR (400 MHz, CHLOROFORM-d) &= 5.23 (s, 1H), 4.50 (s, 2H),
3.62 - 3.52 (m, 4H), 3.42 (s, 3H), 3.18 - 3.09 (m, 4H), 1.49 (s, 9H); MS m/z: 310.3 [M+H]".

Step 2: t-butyl 4-(4-amino-5-iodo-1-methyl-6-ox0-1,6-dihydropyrimidin-2-
yDpiperazine-1-carboxylate

Tert-butyl 4-(4-amino-1-methyl-6-oxo-pyrimidin-2-yl)piperazine-1-carboxylate (1.6 g,
5.17 mmol) was dissolved in DMF (10 mL, 0.52 M), and then NIS (N-iodosuccinimide, 1.16 g,
5.17 mmol) was added thercto. The reaction mixture was stirred at room temperature for 1 hour.
After a white precipitate was formed, and LCMS confirmed that the reaction materials had
completely disappeared, the reaction was terminated by addition of aqueous NaxSO3z (5 mL).
After filtration, the filter cake was washed with MBTE (methy! tertiary-butyl ether, 200 mL). The
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filter cake was dried to obtain t-butyl 4-(4-amino-5-iodo-1-methyl-6-oxo0-1,6-dihydropyrimidin-
2-yl)piperazine-1-carboxylate (1.8 g, 75.6%) as a white solid. '"H NMR (400 MHz, DMSO-ds) 6=
3.44 (brs, 4H), 3.32 (s, 3H), 3.13 - 3.02 (m, 4H), 1.42 (s, 9H); MS m/z: 435.9 [M+H]".

Step 3: tert-butyl 4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-0x0-1,6-
dihydropyrimidin-2-yl)piperazine-1-carboxylate

2,3-dichlorobenzenethiol (395 mg, 2.21 mmol), t-butyl 4-(4-amino-5-iodo-1-methyl-6-
oxo-1,6-dihydropyrimidin-2-yD)piperazine-1-carboxylate (800 mg, 1.84 mmol), (1R,2R)-N1,N2-
dimethylcyclohexane-1,2-diamine (26.14 mg, 183.80 pmol) and K3POj4 (780.28 mg, 3.68 mmol)
were dissolved in dioxane (15 mL), and then Cul (35.00 mg, 183.80 umol) was added thereto. The
reaction mixture was stirred at 90 'C for 16 hours. The reaction mixture was added with aqueous
NaHCO:s solution and EtOAc and extracted. The organic layer was dried over MgSQOy, filtered and
then concentrated. The resulting product was separated by MPLC and concentrated to obtain tert-
butyl 4-(4-amino-5-((2,3-dichlorophenyl)thio)- 1-methyl-6-oxo-1,6-dihydropyrimidin-2-
yl)piperazine-1-carboxylate (640.0 mg, 71%). MS m/z: 486 [M+H]".

Step 4: 6-amino-5-((2,3-dichlorophenyl)thio)-3-methyl-2-(piperazin-1-yl)pyrimidin-
4(3H)-one

Tert-butyl 4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yl)piperazine-1-carboxylate (640 mg, 1.32 mmol) was dissolved in DCM
(dichloromethane, 3 mL, 0.4 M), and then the reaction mixture was added with TFA (1 mL) and
stirred at 25°C for 30 minutes. The reaction solution was concentrated, and then separated by
MPLC to obtain Intermediate I-76 (400 mg, 79%). MS m/z: 386 [M+H]".

Preparation Example 74: Synthesis of 6-amino-5-((2,3-dichlorophenyl)thio)-3-
methyl-2-(1.4-diazepan-1-yl)pyrimidin-4(3H)-one (Intermediate I-77)

HN T\ cl NH
NH N-Boc NH, NH, cl NH, 2
2 KJ cl s

Z N | cl NP TFA Z N

@ Ao s T L oo X
A 07 NN ACN ¢ N)\N Ulimann o NJ\N 0 N N/\>

0”"N"“o  BOP, DBU, DNF [ k/ | /\> Coupling | K/ step 4 | K/

l step 1 N step 2 K/N step 3 N 177 NH

Boc Boc Boc
Intermediate [-77 was synthesized in the same method as in Preparation Example 73,
except that tert-butyl 1,4-diazepane-1-carboxylate was used instead of tert-butyl piperazine-1-
carboxylate. MS m/z: 400 [M+H]".
Preparation Example 75: Synthesis of t-butyl N-[2-[4-(4-amino-5-iodo-1-methyl-6-
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Step 1: tbutyl N-[2-[4-(4-amino-1-methyl-6-oxo-pyrimidin-2-yl)-piperazin-1-
yl]lethyl]carbamate

6-amino-3-methyl- 1H-pyrimidine-2,4-dione (500 mg, 3.54 mmol), BOP (1.57 g, 3.54
mmol), DBU (539 mg, 3.54 mmol, 534.02 pL) were dissolved in DMF (10 mL, 0.35 M), and then
tert-butyl piperazine-1-carboxylate (812 mg, 3.54 mmol) was added thereto. The reaction mixture
was stirred at room temperature for 16 hours. After confirming by LCMS that the reaction
materials had completely disappeared, the reaction mixture was added with brine (20 mL) and
EtOAc (20 mL X 3) and extracted. The organic layer was dried over NaxSOq, filtered and then
concentrated. The resulting product was separated by Prep-HPLC (neutral) and concentrated to
obtain t-butyl N-[2-[4-(4-amino-1-methyl-6-oxo-pyrimidin-2-yl)-piperazin-1-yljethyl|carbamate
(320 mg, 23.6%). 'H NMR (400 MHz, CHLOROFORM-d) §= 5.22 (s, 1H), 5.04 - 4.92 (m, 1H),
445 (brd, J = 6.3 Hz, 1H), 3.41 (s, 3H), 3.28 (br d, ] = 4.8 Hz, 2H), 3.23 - 3.17 (m, 4H), 2.63 -
2.56 (m, 4H), 2.54 (t, ] = 6.0 Hz, 2H), 1.48 (s, 9H); MS m/z: 353.4 [M+H]".

Step 2: t-butyl N-[2-[4-(4-amino-5-iodo-1-methyl-6-oxo-pyrimidin-2-yl)-piperazin-1-
yl]lethyl]carbamate

Tert-butyl N-|2-[4-(4-amino-1-methyl-6-oxo-pyrimidin-2-yl)-piperazin-1-
yljethyljcarbamate (260 mg, 737 umol) was dissolved in DMF (3 mL, 0.25 M), and then NIS (166
mg, 737 umol) was added thereto. The reaction mixture was stirred at room temperature for 1 hour.
After a white precipitate was formed, and LCMS confirmed that the reaction materials had
completely disappeared, the reaction was terminated with aqueous NaHCOs solution, and the
mixture was extracted with EA. The EA layer was dried over MgSQs, filtered and then
concentrated. The resulting product was separated by MPLC and concentrated to obtain
Intermediate I-78 (360 mg, 97%). 'H NMR (400 MHz, CHLOROFORM-d) &= 5.03 (s, 2H), 4.98
(brs, 1H), 3.47 (s, 3H), 3.29 (br d, J = 5.1 Hz, 2H), 3.25 - 3.18 (m, 4H), 2.61 (br s, 4H), 2.55 (br
t, J=5.9 Hz, 2H), 1.48 (s, 9H); MS m/z: 479.3 [M+H]".

Preparation Example 76: Synthesis of tert-butyl (1-(4-amino-5-iodo-1-methyl-6-oxo-

1,6-dihydropyrimidin-2-yD-4-methvlpiperidin-4-yl)carbamate (Intermediate 1-79)

NH,
NHBoc |
)\ NIS Z |N
e T et
BOP DBU, DMF ACN o] N N
step 1 NHBoc step 2 | NHBoc

1-79
Step 1: tert-butyl (1-(4-amino-1-methyl-6-ox0-1,6-dihydropyrimidin-2-yl)-4-
methylpiperidin-4-yl)carbamate
In a round bottom flask, 6-amino-3-methylpyrimidine-2,4 (1H, 3H)-dione (300 mg, 2.13
mmol) and BOP (benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate,
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942 mg, 2.13 mmol), DBU (1,8-diazabicyclo[5.4.0}undec-7-ene, 324 mg, 2.13 mmol, 0.32 mL)
were dissolved in DMF, and then 1-(tert-butyl) 2-methyl (S)-piperazine-1,2-dicarboxylate (502.1
mg, 2.34 mmol) was added dropwise thereto. The reaction mixture was stirred at room
temperature for 16 hours. The reaction was terminated with H>O, and the mixture was extracted
with EA. The EA layer was dried over MgSOq, filtered and concentrated. The resulting product
was separated by MPLC (MeOH:DCM=1:10) and concentrated to obtain tert-butyl (1-(4-amino-
1-methyl-6-0x0-1,6-dihydropyrimidin-2-y1)-4-methylpiperidin-4-yl)carbamate (760 mg, 97%).
MS m/z: 368.20 [M+H]".

Step 2: tert-butyl (1-(4-amino-5-iode-1-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)-4-
methylpiperidin-4-yl)carbamate

In a round bottom flask, NIS (567 mg, 2.52 mmol) was added dropwise to a reaction
mixture of I1-(tert-butyl) 2-methyl (8)-4-(4-amino-1-methyl-6-ox0-1,6-dihydropyrimidin-2-
yDpiperazine-1,2-dicarboxylate (772 mg, 2.52 mmol) dissolved in ACN. The reaction mixture was
stirred at room temperature for 2 hours. The reaction was terminated with H>O, and the mixture
was extracted with EA. The EA layer was dried over MgSQy, filtered and concentrated. The
resulting product was separated by MPLC (McOH:DCM=1:10) and concentrated to obtain
Intermediate 1-79 (981 mg, 94%). MS m/z: 494.10 [M+H]".

Example 1: Synthesis of methyl 3-((5-(4-amino-4-methylpiperidin-1-yl)pyrazin-2-

yDthio)-2-chlorobenzoate

ﬁ/\N o Pda(cbals, o d s
N SH  XantPhos, DIPEA AMHCI N AN
T Lok i _ )ka Ok(j -
e NHBoc . N )\ —~ NS
1,4~dioxane, 100°C, 1h UQNHBOC ston? L NHy
p .

5 step 1

-1

Step 1: methyl 3-((5-(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-1-
yDpyrazin-2-yl)thio)-2-chlorobenzoate

In a round bottom flask, Intermediate I-1 (220 mg, 0.59 mmol), Intermediate I-5 (110 mg,
0.53 mmol), Pd>(dba)s (50 mg, 0.053 mmol) and XantPhos (30 mg, 0.053 mmol) were dissolved
in 1,4-dioxane (2.2 mL, 0.25 M), and then DIPEA (0.19 mL, 1.07 mmol) was added thereto. The
reaction mixture was purged with nitrogen and stirred at 100°C for 1 hour. The resulting product
was washed with EA and filtered through celite, and the filtrate was concentrated. The resulting
product was separated by MPLC (EA:Hx=1:5) and then concentrated to obtain methyl 3-((5-(4-
((tert-butoxycarbonyl)amino)-4-methylpiperidin-1-yl)pyrazin-2-yl)thio)-2-chlorobenzoate (230
mg, 87%). MS m/z: 494.1 [M+H]".

Step 2: methyl 3-((5-(4-amino-4-methylpiperidin-1-yl)pyrazin-2-yl)thio)-2-
chlorebenzoate

In a round bottom flask, methyl 3-((5-(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-
1-yDpyrazin-2-yl)thio)-2-chlorobenzoate (22 mg, 0.045 mmol) was dissolved in DCM (0.15 mL,
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0.3 M). 4 M HCI in dioxane (0.15 mL) was slowly added dropwise to the reaction mixture,
followed by stirring at room temperature for 1 hour. The reaction was terminated with aqueous
NaHCOs solution, and the mixture was extracted with EA. The EA layer was dried over MgSQOs,
filtered and then concentrated. The resulting product was separated by MPLC (MeOH:MC=1:10)
and concentrated to obtain the compound of Example 1 (8 mg, 43%). 'H NMR (400 MHz, CDCl3)
§8.23(d, J= 1.6 Hz, 1H), 8.19(d, T= 1.2 Hz, 1H), 7.55(dd, J = 6.4, 2.0 Hz, 1H), 7.15(t, J = 8.0 Hz,
1H), 7.08(dd, J = 8.0, 2.0 Hz, 1H), 3.93(s, 3H), 3.83-3.75(m, 2H), 3.67-3.61(m, 2H), 1.77-1.66(m,
4H), 1.32(s, 3H); MS m/z: 393 [M+H]".

Example 2: Synthesis of ethyl 3-((4-amino-2-(4-amino-4-methylpiperidin-1-yl)-1-

methyl-6-0x0-1,6-dihydropyrimidin-5-yDthio)-2-chlorobenzoate

NH>
Br s N
NH
o a 0 [Tj 2 NHBoc
0 SH » j/\)\ g
)K©/ Cul, TMEDA, K3P04, Bop, DBU, DMF
1,4-Dioxane
-6 step 1 step 2
NH,
kfj f T k@ f e
NHBoc NH2

step 3

Step 1: ethyl 3-((6-amino-3-methyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)thio)-
2-chlorobenzoate

In a round bottom flask, Intermediate 1-6 (89 mg, 0.4 mmol), 6-amino-5-bromo-3-
methylpyrimidine-2,4(1H,3H)-dione (75 mg, 0.34 mmol), Cul (13 mg, 0.068 mmol), TMEDA
(tetramethylethylenediamine, 20 pl, 0.136 mmol) and K3(PO)s (217 mg, 1.02 mmol) were
dissolved in 1,4-dioxane (0.8 mL, 0.5 M), followed by stirring at 100°C for 1 hour. The reaction
was terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over
MgSQs, filtered and concentrated. The resulting product was separated by MPLC
(MC:MeOH=20:1) and concentrated to obtain ethyl 3-((6-amino-3-methyl-2,4-dioxo-1,2,3,4-
tetrahy dropyrimidin-5-yl)thio)-2-chlorobenzoate (38 mg, 32%). MS m/z: 356.5 [M+H]".

Step 2: ethyl 3-((4-amino-2-(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-1-yl)-
1-methyl-6-o0x0-1,6-dihydropyrimidin-5-yl)thio)-2-chlorobenzoate

In a round  Dbottom flask, ethyl 3-((6-amino-3-methyl-2 4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)thio)-2-chlorobenzoate (38 mg, 0.11 mmol), tert-butyl (4-
methylpiperidin-4-yl)carbamate (34 mg, 0.16 mmol), BOP (232 mg, 0.33 mmol) and DBU (84 mg,
0.55 mmol) were dissolved in DMF (0.1 mL, 0.1 M), followed by stirring at room temperature for
1 hour. The reaction was terminated with H>O, and the mixture was extracted with EA. The EA
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layer was dried over MgSOQa, filtered and concentrated. The resulting product was separated by
MPLC (EA:Hx=4:1) and concentrated to obtain ecthyl 3-((4-amino-2-(4-((tert-
butoxycarbonyl)amino)-4-methylpiperidin-1-yl)-1-methyl-6-oxo-1,6-dihy dropyrimidin-5-
yl)thio)-2-chlorobenzoate (31 mg, 54%). MS m/z: 553.1 [M+H]".

Step 3: ethyl 3-((4-amino-2-(4-amino-4-methylpiperidin-1-yl)-1-methyl-6-oxo-1,6-
dihydropyrimidin-5-yl)thio)-2-chlorobenzoate

In a round bottom flask, ethyl 3-((4-amino-2-(4-((tert-butoxycarbonyl)amino)-4-
methylpiperidin-1-yl)-1-methyl-6-oxo-1,6-dihydropyrimidin-5-yl)thio)-2-chlorobenzoate (31 mg,
0.06 mmol) was dissolved in methanol (1.2 mL, 0.05 M). The reaction mixture was added with
4 M HClI in dioxane (1.5 mL) and stirred at room temperature for 30 minutes. After completion of
the reaction, the reaction mixture was concentrated using a concentrator. The resulting product
was separated by MPLC (MC:MeOH=20:1) and concentrated to obtain the compound of Example
2 (10.4 mg, 38%). 'H NMR (400 MHz, DMSO) §7.41(dd, J = 6.4, 1.2 Hz, 1H), 7.28(t, ] = 8 Hz,
1H), 6.89(dd, J = 6.4, 1.6 Hz, 1H), 6.77-6.57(m, 2H), 4.34(q, J = 7.2 Hz, 2H), 3.41-3.36(m, 2H),
3.27(s, 3H), 3.24-3.21(m, 2H), 1.64(m, 4H), 1.34-1.30(m, 3H), 1.24-1.22(m, 3H); MS m/z: 452
[M+H]".

Example 3: Synthesis of 6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-

Dthio)-5-chloroquinazolin-4(3H)-one

Br- N\
T
N

Nﬁ
L NHBoc o

a o ¢a
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12 HN SN HN N
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ls Pd,(dba)s, Xantphos, N N7 N Dy noerane:

N DIPEA, 1,4-Dioxane . W

18 NHBoc
step 1 step 2

Step 1: tert-butyl((1-(5-((5-chloro-4-oxo0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-
yD-4-methylpiperidin-4-yl)methyl)carbamate

In a round bottom flask, Intermediate I-8 (150 mg, 0.6 mmol), Intermediate I-2 (154 mg,
0.4 mmol), Pd>(dba); (36 mg, 0.04 mmol) and XantPhos (46 mg, 0.08 mmol) were dissolved in
1,4-dioxane (1 mL, 0.4 M), and then DIPEA (139 uL, 0.8 mmol) was added thereto. The reaction
mixture was purged with nitrogen, and then stirred at 100°C for 4 hours. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (MC:MeOH=9:1)
and concentrated to obtain tert-butyl ((1-(5«((5-chloro-4-ox0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate (5 mg, 3%). MS m/z: 518.1
[M+H]".

Step 2: 6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-yl)thio)-5-
chloroquinazolin-4(3H)-one
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Tert-butyl ((1-(5-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-yl)methyl)carbamate (5 mg, 0.01 mmol) was put into a round bottom flask and
dissolved in DCM (0.25 mL). The reaction mixture was slowly added dropwise with 4 M HCl
in dioxane (0.25 mL) and then stirred at room temperature for 30 minutes. After completion of the
reaction, the resulting product was concentrated and added with EA dropwise. The precipitated
solid was filtered with EA to obtain the compound of Example 3 (3 mg, 66%) in the form of a salt.
IH NMR (400 MHz, DMSO) §12.51-12.39(m, 1H), 8.48(d, J = 1.6 Hz, 1H), 8.31(d, J = 1.2 Hz,
1H), 8.07(s, 1H), 7.90-7.83(m, 3H), 7.52(d, J = 8.8 Hz, 1H), 7.21(d, J = 8.8 Hz, 1H), 3.97-3.93(m,
2H), 2.81-2.80(m, 2H), 1.59-1.44(m, 4H), 1.10(s, 3H); MS m/z: 417 [M+H]".

Example 4: Synthesis of 6-((5-(4-amino-4-methylpiperidin-1-yl)pyrazin-2-y)thio)-5-
chloroquinazolin-4(3H)-one

0o Ci
HN S\K\N

L\“”N "Q/%'\N
NH,

The compound of Example 4 was synthesized in the same method as in Example 3 above,
except that Intermediate I-1 was used instead of Intermediate 1-2. 'H NMR (400 MHz, DMSO)
§8.50 (d, J=1.2 Hz, 1H), 8.34 (d, ] = 1.2 Hz, 1H), 8.09 (s, 1H), 7.52 (d, ] = 8.8 Hz, 1H), 7.24 (d,
J=8.8 Hz, 1H), 4.10-4.01 (m, 2H), 3.46-3.41 (m, 2H), 1.84-1.77 (m, 4H), 1.40 (s, 3H); MS m/z:
403 [M+H]".

Example 5: Synthesis of 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-
8-vl)pvrazin-z-vl)thio)-s-chloroquinazolin-4( 3H)-one

N’S
% o a o
. Ceonel I
step 1 d step 2
Step 1: N-((3S,45)-8-(5-((5-chloro-4-o0x0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-
yD)-3-methyl-2-oxa-8-azaspiro|4.5]|decan-4-yl)-2-methylpropane-2-sulfanilamide
In a round bottom flask, Intermediate I-8 (108 mg, 0.43 mmol), Intermediate I-3 (170 mg,
0.39 mmol), Pd»>(dba)s (36 mg, 0.04 mmol) and XantPhos (46 mg, 0.08 mmol) were dissolved in
1,4-dioxane (1 mL, 0.4 M), and then DIPEA (136 pL, 0.8 mmol) was added thereto. The reaction
mixture was purged with nitrogen, and then stirred at 100°C for 4 hours. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (MC:MeOH=9:1)
and concentrated to obtain N-((35,48)-8-(5«((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
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yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-
sulfanilamide (10.3 mg, 5%). MS m/z: 560.1 [M+H]".

Step 2: 6-((5-((35,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-5-chloroquinazolin-4(3H)-one

N-((38,48)-8-(5-((5-chloro-4-0x0-3,4-dihy droquinazolin-6-y1)thio)pyrazin-2-yl)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfanilamide (10.3 mg, 0.017
mmol) was put into a round bottom flask and dissolved in DCM (0.25 mL). The reaction mixture
was slowly added dropwise with 4 M HCl in dioxane (63 pL) and then stirred at room temperature
for 30 minutes. After completion of the reaction, the resulting product was concentrated and added
with EA dropwise. The precipitated solid was filtered with EA to obtain the compound of Example
5 (4 mg, 47%). 'H NMR (400 MHz, DMSO) §12.61-12.54(m, 1H), 8.52(d, J = 1.6 Hz, 1H), 8.33(d,
J=1.6 Hz, 1H), 8.10(s, 2H), 8.09(b, 2H), 7.52(d, ] = 8.8 Hz, 1H), 7.24(d, J = 8.8 Hz, 1H), 4.30-
4.19(m, 3H), 3.93(d, T = 9.2 Hz, 1H), 3.70(d, = 9.2 Hz, 1H), 3.40(t, J = 5.6 Hz, 1H), 3.20-3.13(m,
2H), 1.84-1.71(m, 3H), 1.62-1.59(m, 1H), 1.24(d, J = 6.4 Hz, 3H); MS m/z: 459 [M+H]".

Example 6: Synthesis of 3-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-

yDthio)-2-chlorobenzenesulfonyl fluoride

ol Br Pdy(dba)s cl

i, ] XantPhos, DIPEA HoN S%N
2N |
Ny

|
SARES O
. o N
= 1,4-dioxane, 100°C, 1h
NHBoc ©<\NHBOC

step 1
(&4 ]
al cl
FO-S S
1) BUNOy, HBF FO.S S amHel > \©/ Ny
N Ny
2) DABSO, KHF>, CuCl,, N .
) - ~ NH,
6'6-dimethyl-2-2'dipyridiyl NHBoc step3
step 2

Step 1: tert-butyl ((1-(5-((3-amino-2-chlorophenyl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-yl)methyl)carbamate

In a round bottom flask, Intermediate I-2 (200 mg, 0.52 mmol), Intermediate I-7 (100 mg,
0.62 mmol), Pdx(dba); (48 mg, 0.052 mmol) and XantPhos (30 mg, 0.052 mmol) were dissolved
in 1,4-dioxane (2.1 mL, 0.25 M), and then DIPEA (0.18 mL, 1.04 mmol) was added thereto. The
reaction mixture was purged with nitrogen, and then stirred at 100C for 1 hour. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (EA:Hx=1:5) and
concentrated to  obtain  tert-butyl((1-(5-((3-amino-2-chlorophenyl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-yl)methyl)carbamate (187 mg, 78%). MS m/z: 465.1 [M+H]".

Step 2: tert-butyl ((1-(5-((2-chloro-3-(fluorosulfonyl)phenyl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-yl)methyl)carbamate
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In a round bottom flask, tert-butyl ((1-(5-((3-amino-2-chlorophenyl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-yl)methyl)carbamate (210 mg, 0.45 mmol) was dissolved in ethanol (0.5 mL,
1.0 M), and then purged with nitrogen. The reaction mixture was added with 48 wt% of
tetrafluoroboric acid (HBF3, 0.11 mL, 0.91 mmol) and then the temperature was lowered to 0C.
Tert-buty nitrile (0.15 mL, 1.14 mmol) was added, followed by stirring at room temperature for
30 minutes. The resulting product was concentrated using a concentrator. 1.4-
diazabicyclo[2,2,2]octane (1,4-diazabicyclo[2.2.2]octane bis(sulfur dioxide) adduct: DABSO, 110
mg, 0.045 mmol), potassium bifluoride (177 mg, 2.27 mmol), copper chloride (12 mg, 20 mol%)
and 6,6'-dimethyl-2,2'-pyridyl (17 mg, 20 mol%) were added to a round bottom flask containing
the reaction mixture, and then dissolved in acetonitrile (2.3 mL, 0.2 M). The reaction mixture was
purged with nitrogen and stirred at room temperature for 3 hours. The reaction was terminated
with aqueous NaHCO3 solution, and the mixture was extracted with EA. The EA layer was dried
over MgSQy, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:5) and concentrated to obtain tert-butyl{((1-(5-((2-chloro-3-
(fluorosulfonyl)phenyl)thio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate (13 mg, 7%).
MS m/z: 532.1 [M+H]".

Step 3: 3-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-yl)thio)-2-
chlorobenzenesulfonyl fluoride

In a round bottom flask, tert-butyl ((1-(5-((2-chloro-3-(fluorosulfonyl)phenyl)thio)pyrazin-
2-y1)-4-methylpiperidin-4-yl)methyl)carbamate (13 mg, 0.024 mmol) was dissolved in methanol
(0.5mL, 0.05 M). The reaction mixture was added with 4 M HCl solution (0.7 mL, 4 M in dioxanc)
and then stirred at room temperature for 30 minutes. After completion of the reaction, the reaction
mixture was concentrated using a concentrator. The resulting product was washed with EA, and
then filtered to obtain the compound of Example 6 (12 mg, 99%). 'H NMR (400 MHz, DMSO)
68.45(d, J=1.6 Hz, 1H), 8.24(d, =12 Hz, 1H), 7.74-7.71(m, 4H), 7.17(t, ] = 8.0 Hz, 1H), 6.87(dd,
J=17.6, 1.6 Hz, 1H), 3.95-3.92(m, 2H), 3.46-3.41(m, 2H), 2.80-2.79(m, 2H), 1.58-1.52(m, 2H),
1.49-1.43(m, 2H), 1.09(s, 3H); MS m/z: 431 [M+H]".

Example 7: Synthesis of 3-((5-(4-amino-4-methylpiperidin-1-yl)pyrazin-2-yl)thio)-2-

chlorobenzenesulfonyl fluoride

cl
Fozs\érs N
NH,
The compound of Example 7 was synthesized in the same method as in Example 6 above,

except that Intermediate I-1 was used instead of Intermediate 1-2. '"H NMR (400 MHz, DMSO)
68.49(d, J=1.2Hz, 1H), 836 (d, J= 1.2 Hz, 1H), 8.06 (dd, J = 8.0Hz, 1.2 Hz, 1H), 7.58 ((t, ] =
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8.0 Hz, 1H), 7.40 (dd, ] = 8.0 Hz, 1.2 Hz, 1H), 3.92 -3.88 (m, 2H), 3.63-3.60 (m, 2H), 1.65-1.62
(m, 4H), 1.27 (s, 3H); MS m/z: 417 [M+H]".
Example 8: Synthesis of 3-((5-(4-amino-4-methvylpiperidin-1-y)pyrazin-2-yl)thio)-2-

chloro-N-methylbenzenesulfonamide

oOﬁl

S tr
wu,s\©/8 N
NH,

The compound of Example 8 was synthesized in the same method as in Example 6 above,
except that Intermediate I-1 was used instead of Intermediate 1-2, and KCl was used instead of
KHF,, and then methylamine (10 equivalents) and DIPEA (3 equivalents) were added. 'H NMR
(400 MHz, DMSO) 68.45 (d, 1 =1.6 Hz, 1H), 8.29(d, J=1.6 Hz, 1H), 7.75 (dd, ] = 8.0 Hz, 1.6
Hz, 1H), 7.41 (t, ] = 8.0 Hz, 1H), 7.08 (dt, J = 8.0 Hz, 1.2 Hz, 1H), 3.91-3.80 (m, 2H), 3.63-3.55
(m, 2H), 2.49 (s, 3H), 1.47-1.42 (m, 4H), 1.10 (s, 3H); MS m/z: 428 [M+H]".

Example 9: Synthesis of 3-((5-((35,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-

8-vl)pyrazin-2-vl)thio)-2-chlorobenzenesulfonamide
1 1)BUONO, HBF,

N 2)CuCl,, KCI, DABSO,
N\/\m 6,6-dimethyl-2,Z-dipyridyl
cl Cul, 1,10-phenanthroline cl 3)NH;3 in MeOH 0o ¢
HoN- SH K3PO4 HoN S _ W
- ﬁ|/§N HZN,S N Sj‘/QN
N e ) N
step 1 step 2 ~F ¢l
BOC\
HN NH Q\sfo cl .
cl p
e Qé,/o s AMHCI in Dioxane N \©/ r"
P N ~ NH
S - o M
NMP, 100°C, 3.5h N AN NH o
% step 4
o
steps >0 )
P o

Step 1: 2-chloro-3-((S-chloropyrazin-2-yl)thio)aniline

2-chloro-5-iodopyrazine (116 mg, 0.48 mmol), 3-amino-2-chlorobenzenethiol (100 mg,
0.62 mmol), K3PO4 (266 mg, 1.25 mmol), Cul (18 mg, 0.09 mmol), 1,10-phenanthroline (38 mg,
0.19 mmol) and 1,4-dioxane (1.6 mL, 0.3 M) were put into a round bottom flask, and purged with
nitrogen and then stirred at 80 °C for 1.5 hours. The reaction mixture was filtered, and the filtrate
was concentrated and then separated by MPLC (EA:Hx=1:2). The resulting product was
concentrated to obtain 2-chloro-3-((5-chloropyrazin-2-yh)thio)aniline (75 mg, 57%). MS m/z:
273.1 [M+H]".

Step 2: 2-chloro-3-((S-chloropyrazin-2-yl)thio)benzenesulfonamide

122

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

In a round bottom flask, 2-chloro-3-((5-chloropyrazin-2-ylthio)aniline (75 mg, 0.27 mmol)
was dissolved in ethanol (0.2 mL, 1.5 M), and then purged with nitrogen. The reaction mixture
was added with 48 wt% of tetrafluoroboric acid (0.07 mL) and then the temperature was lowered
to 0C. Tert-butylnitrile (0.08 mL, 0.6 mmol) was added, followed by stirring at room temperature
for 30 minutes. The resulting product was concentrated using a concentrator. 14-
diazabicyclo[2,2,2]octane (73 mg, 0.304 mmol), potassium chloride (144 mg, 1.93 mmol), copper
chloride (7.4 mg, 20 mol%) and 6,6'-dimethyl-2,2"-pyridyl (10 mg, 20 mol%) were added to a
round bottom flask containing the reaction mixture and dissolved in acetonitrile (1.3 mL, 0.2 M).
The reaction mixture was purged with nitrogen, and then stirred at room temperature for 30
minutes. The reaction mixture was added with ammonia solution (0.8 mL, 7 M in MeOH) and
then stirred at room temperature for 30 minutes. The reaction was terminated with aqueous
NaHCOs solution, and the mixture was extracted with EA. The EA layer was dried over MgSQOs,
filtered and then concentrated. The resulting product was separated by MPLC (EA:Hx=1:2) and
concentrated to obtain 2-chloro-3-((5-chloropyrazin-2-y1)thio)benzenesulfonamide (10 mg, 11%).
MS m/z: 337.1 [M+H]".

Step 3: tert-butyl((3S5,45)-8-(5-((2-chloro-3-sulfamoylphenyl)thio)pyrazin-2-yl)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate

NMP (N-methyl-2-pyrrolidone, 0.1 mL, 0.3 M) was added to 2-chloro-3-((5-
chloropyrazin-2-ylthio)benzenesulfonamide (10 mg, 0.03 mmol), tert-butyl ((3S,45)-3-methyl-2-
oxa-8-azaspiro[4.5]decan-4-yl)carbamate (9 mg, 0.03 mmol), and DIPEA (30 pL, 0.18 mmol),
followed by stirring at 100°C  for 3 hours. The reaction was terminated with aqueous solution, and
the mixture was extracted with EA. The EA layer was dried over MgSQOs, filtered and then
concentrated. The resulting product was separated by MPLC (EA:Hx=1:1) and concentrated to
obtain tert-butyl((3S,4S)-8-(5-((2-chloro-3-sulfamoylphenyl)thio)pyrazin-2-y1)-3-methyl-2-oxa-
8-azaspiro[4.5]decan-4-yl)carbamate (10 mg, 59%). MS m/z: 571.1 [M+H]".

Step 4: 3-((5-((35,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-2-chlorobenzenesulfonamide

Tert-butyl  ((3S,4S)-8-(5-((2-chloro-3-sulfamoylphenyl)thio)pyrazin-2-yl)-3-methyl-2-
oxa-8-azaspiro|4.5]decan-4-yl)carbamate (10 mg, 0.018 mmol) was dissolved in methanol (0.3
mL, 0.05 M). The reaction mixture was added with 4 M HCI solution (0.3 mL, 4 M in dioxanc)
and then stirred at room temperature for 30 minutes. EA was added slowly to precipitate a solid,
which was filtered to obtain the compound of Example 9 (5 mg, 55%). 'H NMR (400 MHz, DMSO)
§8.51(d, J=1.2Hz, 1H), 8.32(d, J = 1.2 Hz, 1H), 7.81 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.71 (s, 2H),
740 (t, J = 8.0 Hz, 1H), 7.10 (dd, J = 8.0 Hz, 1.2 Hz, 1H), 4.31-4.18 (m, 3H), 3.70-3.68 (m, 1H),
3.45-3.39 (m, 1H), 3.20-3.12 (m, 2H), 1.84-1.70 (m, 3H), 1.62-1.58 (m, 1H), 1.23 (d, J = 6.4 Hz,
3H); MS m/z: 470 [M+H]".

123

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

Example 10: Synthesis of 3-((5-((3S.485)-4-amino-3-methyl-2-0xa-8-
azaspiro|4.5]decan-8-yl)pvrazin-2-yDthio)-N-benzyl-2-chlorobenzenesulfonamide
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N~ = "N
©/\H O sz
ariil
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The compound of Example 10 was synthesized in the same method as in Example 9, except
that benzylamine was used instead of ammonia. 'H NMR (400 MHz DMSO) §8.55 (t, J = 6.0 Hz,
1H), 8.51 (d, J=1.2 Hz, 1H), 830 (d, J=1.2 Hz, 1H), 7.74 (dd, ] = 7.6 Hz, 1.6 Hz, 1H), 7.34 (t,
J=8.0Hz, 1H), 7.26-7.18 (m, SH), 7.07 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 4.30-4.18 (m, 3H), 4.11 (d,
J=6.0 Hz, 2H), 3.91 (d, J = 9.2 Hz, 1H), 3.42 -3.41 (m, 1H), 3.21-3.13 (m, 2H), 1.82-1.74 (m,
3H), 1.62-1.58 (m, 2H), 1.23 (d, J = 6.4 Hz, 3H); MS m/z: 460 [M+H]".

Example 11: Synthesis of 3-((5-((35.45)-4-amino-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl)pyrazin-2-yD)thio)-2-chlorobenzenesulfonyl fluoride
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The compound of Example 11 was synthesized in the same method as in Example 9, except
that KHF» was used instead of ammonia. "H NMR (400 MHz, CDCl5) §8.3-8.2 (m, 2H), 7.92 (s,
1H), 7.40-7.35(m, 2H), 4.38(m, 3H), 4.05-3.97 (m, 1H), 3.85-3.80 (m, 1H), 3.30-3.10(m, 2H),
2.12-1.94 (m, 2H), 1.85-1.78 (m, 2H), 1.40 (d, = 4.4 Hz, 3H); MS m/z: 473 [M+H]".

Example 12: Synthesis of 3-((3-amino-5-((3S.48)-4-amino-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-2-chlorobenzenesulfonamide

KaPOy 0,0 Cl NH,
a NH, cul al NH; 1) BUNO,, HBF3 ) S AN
HN L sH BF%N 1,10-phenanthroline N K sl HoN T
\ N I AL 2ossokcca ~a
i o ~ . KC, 2,
# Q\C' T.4-dioxane, 100°C, 1h & NJ\CI 6'6-cimethyt-2-2"-dipyridiyl
step 1 3) NH3 in MeOH
step 2
H,\O(l_iH-BOC
o"' o 0 Cl NH, AMHCI o 0 Cl NH,
[ A—— N4 2

st Sﬁ)\ HOl
4 = P
DIPEA, NMP, 100°C, 30~ HN ! \)N\ N @\‘\
X N [}lH-Boc Na N |:\|H2
2 step 4 R
step 3 s SN N
O o}

Step 1: 3«((3-amino-2-chlorophenyl)thio)-6-chloropyrazine-2-amine

3-bromo-6-chloropyrazine-2-amine (501 mg, 2.409 mmol), 3-amino-2-chlorobenzenethiol
(500 mg, 3.132 mmol), K3PO4 (1.3 g, 6.24 mmol), Cul (92 mg, 0.482 mmol), 1,10-phenanthroline
(190 mg, 0.96 mmol) and 1,4-dioxane (8.0 mL, 0.3 M) were put into a round bottom flask, and
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purged with nitrogen and then stirred at 80°C for 6 hours. The reaction mixture was filtered, and
the filtrate was concentrated and then separated by MPLC (EA:Hx=1:2). The resulting product
was concentrated to obtain 3-((3-amino-2-chlorophenyl)thio)-6-chloropyrazine-2-amine (155 mg,
22%). MS m/z: 288.1 [M+H]".

Step 2: 3-((3-amino-5-chloropyrazin-2-yl)thio)-2-chlorobenzenesulfonamide

In a round bottom flask, 3-((3-amino-2-chlorophenyl)thio)-6-chloropyrazine-2-amine (90
mg, 0.31 mmol) was dissolved in cthanol (0.2 mL, 1.5 M), and then purged with nitrogen. The
reaction mixture was added with 48 wt% of tetrafluoroboric acid (0.06 mL) and then the
temperature was lowered to 0°C.  Tert-butyl nitrile (0.07 mL, 0.6 mmol) was added, followed by
stirring at room temperature for 30 minutes. The resulting product was concentrated using a
concentrator. 1,4-diazabicyclo[2,2,2]octane (75 mg, 0.344 mmol), potassium chloride (163 mg,
2.19 mmol), copper chloride (8.4 mg, 20 mol%) and 6,6'-dimethyl-2,2"-pyridyl (11 mg, 20 mol%)
were put into a round bottom flask containing the reaction mixture, and then dissolved in
acetonitrile (1.5 mL, 0.2 M). The reaction mixture was purged with nitrogen and stirred at room
temperature for 30 minutes. The reaction mixture was added with ammonia solution (0.8 mL, 7
M in MeOH) and then stirred at room temperature for 30 minutes. The reaction was terminated
with aqueous NaHCO3 solution, and the mixture was extracted with EA. The EA layer was dried
over MgSQy, filtered and then concentrated. The resulting product was separated by MPLC
(EA:Hx=1:2) and concentrated to obtain 3-((3-amino-5-chloropyrazin-2-yl)thio)-2-
chlorobenzenesulfonamide (16 mg, 15%). MS m/z: 352.1 [M+H]".

Step 3: tert-butyl ((3S,45)-8-(6-amino-5-((2-chloro-3-sulfamoylphenyl)thio)pyrazin-
2-yl)-3-methyl-2-oxa-8-azaspiro|[4.5]decan-4-yl)carbamate

NMP (0.1 mL, 0.3 M) was added to 3-((3-amino-5-chloropyrazin-2-yl)thio)-2-
chlorobenzenesulfonamide (15 mg, 0.043 mmol), tert-butyl((3S,4S)-3-methyl-2-oxa-8-
azaspiro|4.5]decan-4-yl)carbamate (12 mg, 0.043 mmol), and DIPEA (15 mg, 0.086 mmol),
followed by stirring at 100°C  for 3 hours. The reaction was terminated with aqueous solution, and
the mixture was extracted with EA. The EA layer was dried over MgSQOs, filtered and then
concentrated. The resulting product was separated by MPLC (EA:Hx=1:1) and concentrated to
obtain  tert-butyl  ((35,4S)-8-(6-amino-5-((2-chloro-3-sulfamoylphenyl)thio)pyrazin-2-yl1)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate (10 mg, 40%). MS m/z: 586.1 [M+H]".

Step 4 3-((3-amino-5-((3S,45)-4-amino-3-methyl-2-o0xa-8-azaspiro[4.5]decan-8-
yDpyrazin-2-yl)thio)-2-chlorobenzenesulfonamide

Tert-butyl ((3S,4S)-8-(6-amino-5-((2-chloro-3-sulfamoyIphenyl)thio)pyrazin-2-yl)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate (10 mg, 0.017 mmol) was dissolved in
methanol (0.1 mL, 0.1 M). The reaction mixture was added with 4 M HCI solution (0.7 mL, 4
M in dioxane) and then stirred at room temperature for 30 minutes. EA was added slowly to
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precipitate a solid, which was filtered to obtain the compound of Example 12 (5 mg, 56%). 'H
NMR (400 MHz, DMSO) 87.74 (dd, J=8.0Hz, 1.2Hz, 1H), 7.69 (s, 1H), 7.68 (s, 1H), 7.36 (t, ] =
8.0Hz, 1H), 6.81 (dd, J = 8.0 Hz, 1.2 Hz, 1H), 6.26 (brs, 2H), 4.21-4.11 (m, 3H), 3.92-3.87 (m,
1H), 3.42-3.38 (m, 1H), 3.10-3.0 (m, 2H), 1.78-1.50 (m, 2H), 1.23 (d, J = 6.8 Hz, 3H); MS m/z:
485 [M+H]".

Example 13: Synthesis of 6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-

yDthio)-3-benzyl-5-chloroquinazolin-4(3H)-one

Pd,(dbay)s,

o o
Br
\/\‘N o d XantPhos, DIPEA N s N
N VI\N/ +HN s . N N
NHBoc k\N 1,4-dioxane, 100°C, th N ®<\NHBOC

12 1-8 step 1

o c AM HCI NN S SY\N
Nal, KxCO3 N S\lf\N _— [j/ L\ | N\)\
= T 2o ey
o
1,4-dioxane, 100°C, 1h N N step 3 NH
NHBoc
step 2

Step 1: tert-butyl ((1-(5-((5-chloro-4-oxo0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-
yD-4-methylpiperidin-4-yl)methyl)carbamate

In a round bottom flask, Intermediate I-2 (275 mg, 0.71 mmol), Intermediate [-8 (215 mg,
0.86 mmol), Pd»>(dba)s (64 mg, 0.07 mmol) and XantPhos (40 mg, 0.07 mmol) were dissolved in
1,4-dioxane (3.0 mL, 0.25 M), and then DIPEA (0.25 mL, 1.4 mmol) was added thereto. The
reaction mixture was purged with nitrogen and stirred at 100C for 1 hour. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (EA:Hx=1:1) and
concentrated  to obtain  tert-butyl ((1-(5«(5-chloro-4-o0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate (144 mg, 40%). MS m/z: 518.1
[M+H]".

Step 2: tert-butyl ((1-(5-((3-benzyl-5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate

In a round bottom flask, tert-butyl ((1-(5-((5-chloro-4-oxo0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate (30 mg, 0.05 mmol),
benzylchloride (6 pL, 0.05 mmol), sodium iodide (7 mg, 0.05 mmol), and potassium carbonate (34
mg, 0.25 mmol) were dissolved in acetone (0.5 mL, 0.1 M). The reaction mixture was stirred at
100C for 1 hour. The reaction was terminated with H,O, and the mixture was extracted with EA.
The EA layer was dried over MgSQs, filtered and then concentrated. The resulting product was
separated by MPLC (EA:Hx=1:1) and concentrated to obtain tert-butyl((1-(5-((3-benzyl-5-chloro-
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4-0x0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-y1)-4-methylpiperidin-4-yl)methyl)carbamate
(21 mg, 60%). MS m/z: 608.1 [M+H]".

Step 3: 6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-yl)thio)-3-benzyl-S-
chloroquinazolin-4(3H)-one

In a round  Dbottom flask, tert-butyl ((1-(5-((3-benzyl-5-chloro-4-oxo0-3.4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-4-methylpiperidin-4-yD)methyl)carbamate (21 mg,
0.03 mmol) was dissolved in methanol (0.6 mL, 0.05 M). The reaction mixture was added with
4 M hydrochloric acid (0.8 mL, 4 M in dioxanc) and stirred at room temperature for 30 minutes.
After completion of the reaction, the reaction mixture was concentrated using a concentrator. The

reaction mixture was washed with EA, and the solid was collected by filtration to obtain the
compound of Example 13 (16 mg, 99%). 'H NMR (400 MHz, DMSO) §8.61(s, 1H), 8.47(d, J =
1.6 Hz, 1H), 8.30(d, J = 1.2 Hz, 1H), 7.93(bs, 3H), 7.55(d, ] = 8.8 Hz, 1H), 7.39-7.29(m, 5H),
7.24(d, J=8.8 Hz, 1H), 5.17(s, 2H), 3.96-3.91(m, 2H), 3.50-3.43(m, 2H), 2.80-2.79(m, 2H), 1.60-
1.53(m, 2H), 1.48-1.45(m, 2H), 1.10(s, 3H); MS m/z: 507 [M+H]".

Example 14: Synthesis of 6-((5-(4-amino-4-methylpiperidin-1-yl)pyrazin-2-y)thio)-5-

chloro-3-(3-nitrobenzylquinazolin-4(3H)-one

o ¢l
N
NH,

The compound of Example 14 was synthesized in the same method as in Example 13,
except that Intermediate I-1 was used instead of Intermediate 1-2, and 3-nitrobenzylbromide was
used instead of benzylchloride. 'H NMR (400 MHz, CDCl3) §8.26 (d, J = 1.2 Hz, 1H), 8.21-8.18
(m, 2H), 8.11 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.56 (1, J = 8.0 Hz, 1H), 7.47 (d, J = 8.8 Hz, 1H),
730 (d, J = 8.8 Hz, 1H), 7.21 (s, 1H), 5.23 (s, 2H), 3.81-3.65 (m, 4H), 1.67-1.62 (m, 4H), 1.25 (s,
3H); MS m/z: 538 [M+H]".

Example 15: Synthesis of 6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-

yDthio)-5-chloro-3-methylquinazolin-4(3H)-one
0 Ci

The compound of Example 15 was synthesized in the same method as in Example 13,
except that Mel was used instead of benzylchloride. 'H NMR (400 MHz, DMSO) §8.49(s, 1H),
8.29(s, 1H), 8.32(d, J = 1.2 Hz, 1H), 7.86(bs, 3H), 7.52(d, J = 8.8 Hz, 1H), 7.20(d, J = 8.8 Hz, 1H),
4.01-3.93(m, 2H), 3.58-3.44(m, 5H), 2.81-2.80(m, 2H), 1.60-1.53(m, 2H), 1.48-1.45(m, 4H),
1.10(s, 3H); MS m/z: 531 [M+H]".
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Example 16: Synthesis of 3-((6-((5-(4-(aminomethyl)-4-methvlpiperidin-1-y)pvrazin-

2-vl)thio)-5-chloro-4-oxoquinazolin-3(4H)-yl)methyl)benzenesulfonyl fluoride
0o Cl

FO,S S
1R oeReY
QV\%

The compound of Example 16 was synthesized in the same method as in Example 13,

except that 3-(bromomethyl)benzenesulfonyl fluoride was used instead of benzylchloride. 'H
NMR (400 MHz, DMSO) 68.68(s, 1H), 8.48(d, = 1.2 Hz, 1H), 8.31(d, ] = 1.2 Hz, 1H), 8.23(s,
1H), 8.11-8.08(m, 1H), 7.96(d, J = 8.0 Hz, 1H), 7.84(bs, 3H), 7.79(t, ] = 8.0 Hz, 1H), 7.56(d, J =
8.4 Hz, 1H), 7.24(d, J = 8.8 Hz, 1H), 5.30(s, 2H), 3.96-3.93(m, 2H), 3.49-3.44(m, 2H), 2.81-
2.79(m, 2H), 1.59-1.52 (m, 2H), 1.48-1.44(m, 2H), 1.09(s, 3H); MS m/z: 589 [M+H]".

Example 17: Synthesis of 4-((6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-

2-vl)thio)-5-chloro-4-oxoquinazolin-3(4H)-yl)methyl)benzenesulfonyl fluoride
[o N ¢

N E\K\N
FOZS/©/\ I;\NJE@/ N%)\u\
NH,

The compound of Example 17 was synthesized in the same method as in Example 13,

except that 4-(bromomethyl)benzenesulfonyl fluoride was used instead of benzylchloride. 'H
NMR (400 MHz, DMSO) 88.64(s, 1H), 8.48(d, J=1.2 Hz, 1H), 8.31(d, J= 1.2 Hz, 1H), 8.13(d, J
= 8.4 Hz, 2H), 7.90(bs, 3H), 7.75(d, ] = 8.4 Hz, 2H), 7.58(d, J = 8.8 Hz, 1H), 7.26(d, ] = 8.8 Hz,
1H), 5.33(s, 2H), 4.06-3.93(m, 4H), 3.50-3.44(m, 2H), 2.81-2.79(m, 2H), 1.60-1.53(m, 2H), 1.48-
1.44(m, 2H), 1.10(s, 3H); MS m/z: 589 [M+H]".

Example 18: Svnthesis of 6-((5-((35.45)-4-amino-3-methyl-2-0xa-8-
azaspiro|4.5]decan-8-yl)pyrazin-2-yl)thio)-3-benzyvl-5-chloroquinazolin-4(3H)-one

Pdx(dba);
o a o dcl

I N o
\[ /j\ aN-S XantPhos, DIPEA
NN A SH
© X \[ l
,s
Lan k\ N
o] N 1,4-dioxane, 100°C, 1h
18 S

Step 1

13
@Am
o a
S_ N
—“ e UL
II
k \[ P NN N

N‘S\g
DMF, 5o°c %h Step 3 u@

.....

Step 2 d o
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Step 1: N-((3S,45)-8-(5-((5-chloro-4-o0x0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-
yD)-3-methyl-2-oxa-8-azaspiro|4.5]|decan-4-yl)-2-methylpropane-2-sulfanilamide

In a round bottom flask, Intermediate I-3 (345 mg, 0.8 mmol), Intermediate I-8 (300 mg,
1.2 mmol), Pdx(dba)s; (73 mg, 0.08 mmol) and XantPhos (46 mg, 0.08 mmol) were dissolved in
1,4-dioxane (3.2 mL, 0.25 M), and then DIPEA (0.28 mL, 1.6 mmol) was added thereto. The
reaction mixture was purged with nitrogen, and then stirred at 100C for 1 hour. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (MeOH:MC=1:50)
and concentrated to obtain N-((35,48)-8-(5«((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-
sulfanilamide (190 mg, 42%). MS m/z: 564.1 [M+H]".

Step 2: N-((3S,45)-8-(5-((3-benzyl-5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-
sulfanilamide

In a round bottom flask, N-((3S,4S)-8-(5-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-
sulfanilamide (50 mg, 0.09 mmol), benzylchloride (13 pL, 0.12 mmol) and cesium carbonate (44
mg, 0.13 mmol) were dissolved in DMF (0.9 mL, 0.1 M). The reaction mixture was stirred at 50 C
for 2 hours. The reaction was terminated with aqueous NaHCO;3 solution, and the mixture was
extracted with EA. The EA layer was dried over MgSOs, filtered and then concentrated. The
resulting product was separated by MPLC (MeOH:MC=1:50) and concentrated to obtain N-
((38,48)-8-(5-((3-benzyl-5-chloro-4-ox 0-3,4-dihydroquinazolin-6-y)thio)pyrazin-2-y1)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfanilamide (37 mg, 62%). MS
m/z: 654.1 [M+H]".

Step 3: 6-((5-((35,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-3-benzyl-5-chloroquinazolin-4(3H)-one

In a round  bottom flask, N-((35,4S)-8«(5-((3-benzyl-5-chloro-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5|decan-4-y1)-2-
methylpropane-2-sulfanilamide (37 mg, 0.056 mmol) was dissolved in DCM (0.6 mL, 0.1 M).
The reaction mixture was added with 4 M hydrochloric acid (0.14 mL, 4 M in dioxanc) and then
stirred at 40 C for 30 minutes. After completion of the reaction, the reaction mixture was

concentrated using a concentrator. The reaction mixture was washed with EA, and then the solid
was collected by filtration to obtain the compound of Example 18 (35 mg, 99%). 'H NMR (400
MHz, DMSO) §8.61(s, 1H), 8.51(s, 1H), 8.33(s, 1H), 8.07(bs, 3H), 7.55(d, J = 8.8 Hz, 1H), 7.38-
7.31(m, 5H), 7.52(d, J = 8.8 Hz, 1H), 5.17(s, 2H), 4.30-4.19(m, 3H), 3.92(d, J = 9.2 Hz, 1H),
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3.70(d, J=92 Hz, 1H), 3.42-3 41(m, 1H), 3.20-3.12(m, 2H), 1.82-1.71(m, 3H), 1.62-1.58(m, 1H),
1.23(d, I = 6.4 Hz, 3H); MS m/z: 549 [M+H]".

Example 19: Synthesis of  3-((6-((5-((35.45)-4-amino-3-methyl-2-0xa-8-
azospiro|4.5]decan-8-yl)pyrazin-2-y)thio)-5-chlore-4-oxoquinazolin-3(4H)-

DmethyDbenzenesulfonyl fluoride
0 ¢l

FO,S NJ\/@S%{!
ben Ny NH,
Guktd
o

The compound of Example 19 was synthesized in the same method as in Example 18,

except that 3-(bromomethyl)benzenesulfonyl fluoride was used instead of benzyl chloride. 'H
NMR (400 MHz, DMSO) 68.68(s, 1H), 8.511(d, J=1.2 Hz, 1H), 8.32(d, J=1.2 Hz, 1H), 8.23(s,
1H), 8.11-8.09(m, 4H), 7.96(d, ] = 8.0 Hz, 1H), 7.79(t, ] = 8.0 Hz, 1H), 7.56(d, J = 8.8 Hz, 1H),
7.26(d, J =8.8 Hz, 1H), 5.30(s, 2H), 4.30-4.19(m, 2H), 3.93(d, J=8.8 Hz, 1H), 3.70(d, ] =9.2 Hz,
1H), 3.20-3.12(m, 2H), 1.98-1.92(m, 2H), 1.80-1.74(m, 3H), 1.62-1.59(m, 1H), 1.24(d, J=6.4 Hz,
3H); MS m/z: 631 [M+H]".

Example 20: Svnthesis of 6-((5-((35.45)-4-amino-3-methyl-2-0xa-8-
azospiro|4.5]decan-8-yl)pyrazin-2-yl)thio)-5-chlore-3-(pyridin-3-ylmethvl)guinazolin-

4(3H)-one

0 ¢
s
N ij’ YN
|
O/\l@” ””\”‘/LW NH,
wiard
o]

The compound of Example 20 was synthesized in the same method as in Example 18,
except that 3-(bromomethyl)pyridine was used instead of benzyl chloride. 'H NMR (400 MHz,
DMSO) §8.93(s, 1H), 8.77-8.75(m, 1H), 8.66(s, 1H), 8.51(d, J = 1.2 Hz, 1H), 8.38-8.36(m, 1H),
8.32(d, J=1.2 Hz, 1H), 8.11(s, 3H), 7.86-7.83(m, 1H), 7.56(d, J = 8.4 Hz, 1H), 7.26(d, ] =8.4 Hz,
1H), 5.29(s, 2H), 4.30-4.19(m, 3H), 3.93(d, J = 8.8 Hz, 1H), 3.70(d, J = 8.8 Hz, 1H), 3.20-3.13(m,
3H), 1.83-1.71(m, 3H), 1.62-1.59(m, 1H), 1.24(d, J = 6.4 Hz, 3H); MS m/z: 550 [M+H]".

Example 21: Synthesis of 3-((6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-

2-vD)thio)-5-chloro-2methyl-4-o0xoquinazolin-3(4H)-y)methvl)benzenesulfonyl fluoride
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Br N
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o d O@NHBOC SN %gBr
sH 2 Hnl [
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A\ Pd(clba)s, Xantphos, N N™ "N NaH, DMF
N DIPEA, 1,4-Dioxane
NHBoc

step 1 step 2

o ¢ o
FOQSNS\[N\ FOS N S |N\
L |CS GRS
X e - N -
)\N N™ °N 4M HCI in Dioxane, )\N NT N
DCM
NHBoc NH

step 3
Step 1: tert-butyl ((1-(5-((5-chloro-2-methyl-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate

2

In a round bottom flask, Intermediate I-2 (132 mg, 0.34 mmol), Intermediate [-9 (131 mg,
0.58 mmol), Pd>(dba); (16 mg, 0.017 mmol) and XantPhos (20 mg, 0.034 mmol) were dissolved
in 1,4-dioxane (1 mL, 0.3 M), and then DIPEA (120 pL, 0.68 mmol) was added thercto. The
reaction mixture was purged with nitrogen and stirred at 100°C for 4 hours. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (MC:MeOH=9:1)
and concentrated to obtain tert-butyl ((1-(5-((5-chloro-2-methyl-4-ox0-3 4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate (67 mg, 37%). MS m/z: 532.1
[M+H]".

Step 2: tert-butyl ((1-(5-((5-chlore-3-(3-(fluorosulfonyl)benzyl)-2-methyl-4-o0x0-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate

In a round bottom flask, tert-butyl ((1-(5-((5-chloro-2-methyl-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-4-methylpiperidin-4-yD)methyl)carbamate (15 mg,
0.03 mmol) was dissolved in DMF (0.5 mL), and then NaH (1.4 mg, 0.06 mmol) was added thereto
at 0C. The reaction mixture was stired at 0C for 1 hour and added with 3-
(bromomethyl)benzenesulfonyl fluoride (7.9 mg, 0.031 mmol). The reaction mixture was stirred
at room temperature for 12 hours, the reaction was terminated with H>O, and the mixture was
extracted with EA. The EA layer was dried over MgSOs, filtered and then concentrated. The
resulting product was separated by MPLC (EA:Hx=4:1) and concentrated to obtain tert-butyl((1-
(5-((5-chloro-3-(3-(fluorosulfonyl)benzyl)-2-methyl-4-0x0-3,4-dihy droquinazolin-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)methyl)carbamate (8.2 mg, 39%). MS m/z: 704.1
[M+H]".

Step 3:  3-((6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-yl)thio)-5-
chloro-2-methyl-4-oxoquinazolin-3(4H)-yl)methyl)benzenesulfonyl fluoride
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Tert-butyl ((1-(5-((5-chloro-3-(3-(fluorosulfonyl)benzyl)-2-methyl-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-4-methylpiperidin-4-yD)methyl)carbamate (8.2 mg,
0.012 mmol) was put into a round bottom flask and dissolved in DCM (0.25 mL). The reaction
mixture was slowlyl added dropwise with 4 M HCl in dioxane (0.25 mL) and then stirred at room
temperature for 30 minutes. After completion of the reaction, the resulting product was
concentrated, and then EA was added thereto dropwise. The precipitated solid was filtered with
EA to obtain the compound of Example 21 (3.5 mg, 48%). 'H NMR (400 MHz, DMSO) §8.55(s,
1H), 8.37(d, T = 1.2 Hz, 1H), 8.1 (s, 1H), 8.15-8.14(m, 1H), 7.90(b, 3H), 7.82(d, J = 4.4 Hz, 2H),
7.56(d, J = 8.8 Hz, 1H), 7.30(d, J = 8.8 Hz, 1H), 5.52(s, 2H), 4.02-3.99(m, 2H), 3.55-3.50(m, 2H),
2.87-2.86(m, 2H), 2.55(s, 3H), 1.64-1.51(m, 4H), 1.16(s, 3H); MS m/z: 603 [M+H]".

Example 22: Synthesis of 6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-

yDthio)-5-chloro-2-methylquinazolin-4(3H)-one

o cl
S\K\N

(:‘7\41-12

The compound of Example 22 was synthesized in the same method as in Example 21, by

performing Boc-deprotection on tert-butyl ((1-(5-((5-chloro-3-(3-(fluorosulfonyl)benzyl)-2-
methyl-4-0x0-3,4-dihydroquinazolin-6-y1)thio)pyrazin-2-yl)-4-methylpiperidin-4-
yDmethyl)carbamate obtained in Step 2. '"H NMR (400 MHz, MeOD) §8.28 (dd, J=10.6, 1.4 Hz,
2H), 7.39 (d, I=8.8 Hz, 1H), 7.27 (d, ] = 8.8 Hz, 1H), 4.07 (dt, J = 13.9, 4.8 Hz, 2H), 3.54 - 3.43
(m, 2H), 291 (s, 2H), 2.41 (s, 3H), 1.60 (dt, J = 8.4, 4.3 Hz, 4H), 1.20 (s, 3H); MS m/z: 431
[M+H]".

Example 23: Synthesis of 6-((5-(4-(aminomethyl)-4-methylpiperidin-1-yl)pyrazin-2-

Dthio)-3-benzyl-5-chloro-2-methylquinazolin-4(3H)-one
o <l
$
SeRT.
E 1
NH,

The compound of Example 23 was synthesized in the same method as in Example 21,

except that benzyl bromide was used instead of 3-(bromomethyl)benzenesulfonyl fluoride. 'H
NMR (400 MHz, MeOD) & 8.29 (dd, T=9.0, 1.4 Hz, 2H), 7.54 - 7.45 (m, 1H), 7.45 - 7.17 (m, 5H),
7.11 - 7.01 (m, 1H), 5.41 (s, 2H), 4.07 (d, T = 13.9 Hz, 2H), 3.55 - 3.48 (m, 1H), 3.47 (d, T = 13.6
Hz, 1H), 2.91 (s, 2H), 2.52 (s, 3H), 1.65 - 1.57 (m, 4H), 1.20 (s, 3H); MS m/z: 521 [M+H]".

Example 24: Synthesis of 1-(5-((7-chloro-2-methylbenzo[d]thiazol-6-yl)thio)pyrazin-
2-yl)-4-methvlpiperidin-4-amine
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cl LSNP Pd{clba),, xantphos a TFA 5 S AN
s Br | S S\ — — \
4<\ N\)\N DIPEA, dioxane 4<\ N‘ \)\ step?2 N Z N
N + NHBoc N N \HBo NH,
step 1 ¢

Step 1: tert-butyl (1-(5-((7-chloro-2-methylbenzo|d]|thiazol-6-yl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-yl)carbamate

In a round bottom flask, Intermediate I-10 (100 mg, 0.31 mmol), Intermediate I-11 (89 mg,
0.34 mmol), Pd>(dba); (28 mg, 0.031 mmol) and XantPhos (18 mg, 0.031 mmol) were dissolved
in 1,4-dioxane (2 mL, 0.15 M), and then DIPEA (0.11 mL, 0.62 mmol) was added thereto. The

reaction was carried out at 150 C for 30 minutes using a microwave instrument. The reaction

H1 Ho

mixture was washed with EA and filtered through celite, and then the filtrate was concentrated.
The resulting product was separated by MPLC (EA:Hx=1:3) and concentrated to obtain tert-
butyl(1-(5-((7-chloro-2-methylbenzo|d |thiazol-6-y1)thio)pyrazin-2-yl)-4-methylpiperidin-4-
yl)carbamate (20 mg, 13%). MS m/z: 506 [M+H]".

Step 2: 1-(5-((7-chloro-2-methylbenzo[d] thiazol-6-yl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-amine

In a round bottom flask, tert-butyl (1-(5-((7-chloro-2-methylbenzo|d}thiazol-6-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)carbamate (20 mg, 0.31 mmol) was dissolved in
DCM (1 mL, 0.3 M). The reaction mixture was added with trifluoroacetic acid (0.5 mL, 0.62 M)
and then stirred at room temperature for 1 hour. The reaction was terminated with aqueous
NaHCOs solution, and the mixture was extracted with EA. The EA layer was dried over MgSQOsy,
filtered and then concentrated. The resulting product was scparated by Prep-HPLC and
concentrated to obtain the compound of Example 24 (4.5 mg, 28%). 'H NMR (400 MHz, MeOD)
§8.26 (d, J=1.5Hz, 1H), 8.19 (d, J = 1.4 Hz, 1H), 7.73 (d, J = 8.6 Hz, 1H), 7.33 (d, J = 8.6 Hz,
1H), 4.17 (dt, J = 14.2, 4.6 Hz, 2H), 3.47 - 3.32 (m, 2H), 2.83 (s, 3H), 1.89 - 1.80 (m, 2H),1.49 (s,
3H), 1.41 - 1.27 (m, 2H); MS m/z: 406 [M+H]".

Example 25: Synthesis of 1-(5-((4-chlore-2-methyl-2H-indazol-5-yDthio)pyrazin-2-

D-4-methvlpiperidin-4-amine

c ol

Br c
m/%N Ply(dba), gantphos < S A N A s
SH DIPEA, dioxane N | S N

N. ~ . .
A4 ty \ N Ay N |
NHBoo N NHB N 7N
N Step 0C siep2 O{ﬂHz
H

-12

Step 1: tert-butyl (1-(5-((4-chloro-2-methyl-2H-indazol-S-yl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-yl)carbamate

In a round bottom flask, Intermediate I-1 (50 mg, 0.135 mmol), Intermediate I-12 (32 mg,
0.162 mmotl), Pd>(dba)s (12 mg, 0.0135 mmol) and XantPhos (8 mg, 0.0135 mmol) were dissolved
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in 1,4-dioxane (1 mL, 0.14 M), and then DIPEA (47 puL, 0.27 mmol) was added thercto. The
reaction was carried out at 150°C for 30 minutes using a microwave instrument. The reaction
mixture was washed with EA and filtered through celite, and then the filtrate was concentrated.
The resulting product was separated by MPLC (EA:Hx=1:3) and concentrated to obtain tert-
butyl(1-(5-((4-chloro-2-methyl-2H-indazol-5-yl)thio)pyrazin-2-y1)-4-methylpiperidin-4-
yl)carbamate (15 mg, 23%). MS m/z: 489 [M+H]".

Step 2: 1-(5-((4-chloro-2-methyl-2H-indazol-5-yl)thio)pyrazin-2-yl)-4-
methylpiperidin-4-amine

In a round bottom flask, tert-butyl (1-(5-((4-chloro-2-methyl-2H-indazol-5-
yDthio)pyrazin-2-yl)-4-methylpiperidin-4-yl)carbamate (15 mg, 0.03 mmol) was dissolved in
DCM (1 mL, 0.03 M). The reaction mixture was added with trifluoro acetic acid (0.5 mL, 0.06
M) and then stirred at room temperature for 1 hour. The reaction was terminated with aqueous
NaHCO:s solution, and the mixture was extracted with EA. The EA layer was dried over MgSQOs,
filtered and then concentrated. The resulting product was scparated by Prep-HPLC and
concentrated to obtain the compound of Example 25 (4.1 mg, 35%) as a TFA salt. 'H NMR (400
MHz, MeOD) §8.31 (s, 1H), 8.20 (d, J = 1.5 Hz, 1H), 8.06 (d, J = 1.5 Hz, 1H), 7.48 (dd, J = 8.9,
1.0 Hz, 1H), 7.21 (d, T = 9.0 Hz, 1H), 4.22 (s, 3H), 4.13 (dt, ] = 14.2, 4.4 Hz, 2H), 3.43 - 3.32 (m,
2H), 1.84 (m, 4H), 1.48 (s, 3H); MS m/z: 389 [M+H]".

Example  26:  Synthesis  of  (35,45)-8-(5-((4-chloro-2-methyl-2H-indazol-5-

Dthio)pvrazin-2-yl)-3-methyl-2-o0xa-8-azas iro 4.5]decan-4-amine

Br cl Pdy{dbal xantph o
o SH dtz)(lpE,&?dﬁxa’r)meos TFA S
N NHBoc + = NHBoc e (N

¥ N
N L N N N A, N
.... N step1 7 . step 2 OD
M 0 142 o )

The compound of Example 26 was synthesized in the same method as in Example 25,
except that Intermediate 1-4 was used instead of Intermediate I-1. 'H NMR (400 MHz, MeOD)
§8.17(d, J= 1.5 Hz, 1H), 8.06 (d, J = 1.4 Hz, 1H), 7.55 (d, J = 9.0 Hz, 1H), 7.53 - 7.44 (m, 1H),
7.20 (d, J = 9.0 Hz, 1H), 3.97 (s, 3H), 3.86 - 3.75 (m, 2H), 3.41 - 3.38 (m, 3H), 3.16 - 3.10 (m,
2H), 1.85 - 1.68 (m,4H), 1.30 (d, J = 6.5 Hz, 3H); MS m/z: 445 [M+H]".

Example 27: Synthesis of 3-((4-aming-2-(4-amino-4-methylpiperidin-1-yl)-1-methyl-

6-0x0-1,6-dihydropyrimidin-5-yl)thio)-2-chlorobenzoic acid
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e
b BRI R

Ulimann Couplin EtOH, r.t
NHBO ping NHBoc
step 1 step 2

I-79

step 3

Step 1: methyl 3-((4-am1no-2-(4—((tert—butoxycarbonyl)am1no)-4-methylpiperidin-l-
yD)-1-methyl-6-0x0-1,6-dihydropyrimidin-5-yl)thio)-2-chlorebenzoate

In a round bottom flask, Intermediate I-79 (1.04 g, 2.13 mmol) was dissolved in 1,4-
dioxane, and then Intermediate I-5 (763 mg, 4.26 mmol), K3PO4 (904 mg, 4.26 mmol), Cul (82
mg, 0.43 mmol) and (1R, 2R)-N1, N2-dimethylcyclohexane-1,2-diamine (61 mg, 0.43 mmol) were
added dropwise thereto. The reaction mixture was stirred at 90°C for 16 hours. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (MeOH:DCM=1:10)
and concentrated to obtain methyl  3-((4-amino-2-(4-((tert-butoxycarbonyl)amino)-4-
methylpiperidin-1-yl)-1-methyl-6-oxo-1,6-dihydropyrimidin-5-yl)thio)-2-chlorobenzoate ~ (280
mg, 24%). MS m/z: 538.20 [M+H]".

Step 2: 3-((4-amino-2-(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-1-yl)-1-
methyl-6-o0xo0-1,6-dihydropyrimidin-5-yl)thio)-2-chlorobenzoic acid

In a round bottom flask, 1 M aqueous NaOH solution (0.5 mL, 0.50 mmol) was added
dropwise to a reaction mixture of methyl 3-((4-amino-2-(4-((tert-butoxycarbonyl)amino)-4-
methylpiperidin-1-yl)-1-methyl-6-oxo-1,6-dihydropyrimidin-5-yl)thio)-2-chlorobenzoate (134
mg, 0.25 mmol) dissolved in EtOH. The reaction mixture was stirred at room temperature for 4
hours. The reaction was terminated with 1 M aqueous HCI solution, and the mixture was extracted
with EA. The EA layer was dried over MgSQg, filtered and concentrated to obtain 3-((4-amino-2-
(4-((tert-butoxycarbonyl)amino)-4-methylpiperidin-1-yl)-1-methyl-6-oxo0-1,6-dihydropyrimidin-
5-yDthio)-2-chlorobenzoic acid (121 mg, 92%). MS m/z: 524.20 [M+H]".

Step 3: 3-((4-amino-2-(4-amino-4-methylpiperidin-1-yl)-1-methyl-6-oxo-1,6-
dihydropyrimidin-5-yl)thio)-2-chlorobenzoic acid

Tert-butyl  N-[2-|4-[4-amino-5-[(2-amino-3-chloro-4-pyridyl)sulfanyl}-1-methyl-6-oxo-
pyrimidin-2-yl]piperazin-1-yljethyl]carbamate (70.0 mg, 136 pmol) was dissolved in DCM (0.5
mL), and then TFA (2.69 g, 23.6 mmol) was added thereto. The reaction mixture was stitred at
room temperature for 15 minutes. After completion of the reaction, the reaction mixture was
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concentrated and neutralized by addition of NH3.H>O. The resulting product was separated by
Prep-HPLC to give the compound of Example 27 (7 mg, 18%). 'H NMR (400 MHz, MeOD) §7.48
(dd, T=7.7, 1.6 Hz, 1H), 7.18 (t, J=7.8 Hz, 1H), 6.95 (dd, T =8.0, 1.6 Hz, 1H), 3.63 (d,J = 14.2
Hz, 2H), 3.42 (d, J= 1.5 Hz, 3H), 3.30 - 3.22 (m, 2H), 2.00 (td, J=11.8, 3.9 Hz, 2H), 1.89(d, I =
13.2 Hz, 2H); MS m/z: 424.10 [M+H]".

Example 28: Synthesis of 6-((5-(4-amino-4-methylpiperidin-1-yl)pyrazin-2-y)thio)-5-

chloro-3-phenylguinazolin-4(3H)-one

L2 §
N
NH»

|
SN
Soae!

The compound of Example 28 (33 mg, 82%) was synthesized in the same method as in
Example 26, except that Intermediate I-13 was used instead of Intermediate 1-12. 'H NMR (400
MHz, MeOD) §8.41 - 8.31 (m, 2H), 8.26 (s, 1H), 7.63 - 7.45 (m, 6H), 7.34 (d, ] = 8.8 Hz, 1H),
429 -420 (m, 2H), 3.52 - 3.41 (m, 2H), 2.03 - 1.77 (m, 4H), 1.52 (s, 3H); MS m/z: 479.10 [M+H]".

Example 29: Synthesis of 6-((4-aming-2-(4-amino-4-methylpiperidin-1-yl)-1-methyl-

6-0x0-1,6-dihydropyrimidin-5-yl)thio)-5-chloroguinazolin-4(3H)-one

(] Cl O
LYY
SN HoN NZ N
NH,

The compound of Example 29 (8 mg, 20%) was synthesized in the same method as in
Example 27, except that Intermediate I-8 was used instead of Intermediate I-6. 'H NMR (400 MHz,
MeOD) §8.18 (s, 1H), 7.98 (s, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.26 (d, J = 8.8 Hz, 1H), 3.65 (d, ] =
14.1 Hz, 2H), 3.43 (s, 3H), 3.30 - 3.16 (m, 2H), 2.07 - 1.98 (m, 2H), 1.94 - 1.85 (m, 2H); MS m/z:
44810 [M+H]".

Example 30: Synthesis of 6-((4-amino-2-(4-amino-4-methylpiperidin-1-yl)-1-methyl-

6-0x0-1,6-dihydropyrimidin-5-yl)thio)-5-chloro-3-phenylquinazolin-4(3H)-one

@ o «a 0
SONP
SN HN N/)\N
NH,
The compound of Example 30 (9 mg, 13%) was synthesized in the same method as in

Example 27, except that Intermediate 1-13 was used instead of Intermediate 1-6. '"H NMR (400
MHz, MeOD) 88.22 (s, 1H), 7.63 - 7.45 (m, 6H), 7.28 (d, J = 8.7 Hz, 1H), 3.65 (d, J= 14.1 Hz,
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2H), 3.44 (s, 3H), 3.34 (s, 3H), 3.32 - 3.17 (m, 2H), 2.07 - 1.96 (m, 2H), 1.95 - 1.87 (m, 2H); MS
m/z: 524.20 [M+H]".
Example 31:  3-((6-((5-((3S,4S5)-4-amino-3-methyl-2-0xa-8-azaspiro[4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-4-oxoquinazolin-3(4H)-yl)methyl)benzonitrile
o] [¢4]

NC 8

The compound of Example 31 (18 mg, 97%) was synthesized in the same method as in

Example 18, except that 3-(bromomethyl)benzonitrile was used instead of benzyl chloride. 'H
NMR (400 MHz, DMSO) 6 8.63 (s, 1H), 8.51 (d, J= 1.5 Hz, 1H), 8.32 (d, J= 1.3 Hz, 1H), 8.17
(bs, 3H), 790 (d, J=19Hz, 1H), 7.79 (dt, ] =7.7, 1.5 Hz, 1H), 7.74 (dt, ] = 8.0, 1.5 Hz, 1H), 7.80
-7.73(m, 2H), 7.26 (d, = 8.8 Hz, 1H), 5.20 (s, 2H), 4.33 - 4.17 (m, 3H), 3.94 (d, J =9.0 Hz, 1H),
3.69(d, J=9.0Hz, 1H),3.43 -3.36 (m, 1H), 3.19-3.12 (m, 2H), 1.85 - 1.70 (m, 3H), 1.63 - 1.59
(m, 1H), 1.24 (d, J = 6.8 Hz, 3H); MS m/z: 573.17 [M+H]".

Example 32: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(1-phenylethyl)quinazolin-4(3H)-one

A (o] Cl
Wi o s e

\J(M
“> Sieth
e

The compound of Example 32 (8.5 mg, 83%) was synthesized in the same method as in

Example 18, except that 1-(bromoethyl)benzene was used instead of benzyl chloride. 'H NMR
(400 MHz, DMSO) & 8.51 (d, J = 1.5 Hz, 1H), 8.43 (s, 1H), 8.32 (d, J = 1.3 Hz, 1H), 8.05 (bs, 3H),
7.53 (d, J = 8.8 Hz, 1H), 7.46 - 7.30 (m, 4H), 7.33 - 7.22 (m, 1H), 7.25 (d, J= 8.8 Hz, 1H), 6.05 (t,
J=7.2Hz, 1H), 432 -4.17 (m, 3H), 3.92 (d, ] =9.0 Hz, 1H), 3.70 (d, ] = 9.0 Hz, 1H), 3.42 - 3.40
(m, 1H), 1.84 (d, J = 7.2 Hz, 3H), 1.79 - 1.71 (m, 3H), 1.61 - 1.58 (m, 1H), 1.61 - 1.58 (m, 1H),
1.23 (d, J = 6.8 Hz, 3H); MS m/z: 562.19 [M+H]".

Example 33: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

yvD)pyrazin-2-yl)thio)-5-chloro-3-(3-fluorobenzyl)quinazolin-4(3H)-one
o cl

F.. G /““’”"N W, 8 NN
@[ U%/NK/@/ @Q?ﬂh
27»«»«\1‘

The compound of Example 33 (17 mg, 85%) was synthesized in the same method as in

Example 18, except that 1-(bromomethyl)-3-fluorobenzenc was used instead of benzyl chloride.

137

Date Regue/Date Received 2024-01-05



CA 03226206 2024-01-05

'"H NMR (400 MHz, DMSO) § 8.61 (s, 1H), 8.51 (d, J = 0.8 Hz, 1H), 8.32 (d, ] = 1.2 Hz, 1H),
8.12 (b, 3H), 7.56 (d, ] = 8.8 Hz, 1H), 7.44-7.39 (m, 1H), 7.29 - 7.20 (m, 3H), 7.15 (1d, ] =8.7, 2.7
Hz, 1H), 5.17 (s, 2H), 4.30 - 4.20 (m, 3H),3.41-3.39 (m, 1H), 3.20-3.12 (m, 2H), 1.84-1.71 (m,
3H), 1.61 (d, J=13.2Hz, 1H), 1.24 (d, ] = 6.8 Hz, 4H), 1.05 (s, 1H); MS m/z: 566.17 [M+H]".
Example 34: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(3-trifluoromethyl)benzyl)quinazolin-4(3H)-one
I o

BUSE P
L‘?‘N;i : S !:IHQ

The compound of Example 34 (15.4 mg, 71%) was synthesized in the same method as in

Example 18, except that 1-(bromomethyl)-3-(fluoromethyl)benzene was used instead of benzyl
chloride. 'H NMR (400 MHz, DMSO) & 8.67 (s, 1H), 8.51 (d, J = 1.2Hz, 1H), 8.32(d, J = 1.2Hz,
1H), 8.05 (b, 3H), 7.81 (s, 1H), 7.69-7.68 (m, 2H), 7.62 (d, ] =7.6Hz, 1H), 7.56 (d, ] = 8.8Hz, 1H),
7.26 (d, ] = 8.8Hz, 1H), 5.24 (s, 2H), 4.30-4.19 (m, 3H), 3.92 (d, ] = 8.8Hz, 1H), 3.41-3.40 (m,
1H), 3.20-3.13 (m, 2H), 1.82-1.71 (m, 3H), 1.62-1.58 (m, 1H), 1.24-1.23 (m, 4H), 0.87 (, ] =
6.8Hz, 1H); MS m/z: 616.16 [M+H]".

Example 35: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(thiazol-2-ylmethyvl)quinazolin-4(3H)-one

o ¢

. ]

The compound of Example 35 (27 mg, 91%) was synthesized in the same method as in
Example 18, except that 2-(chloromethyl)thiazole was used instead of benzyl chloride. 'H NMR
(400 MHz, DMSO) 8 8.59 (d, J = 1.6Hz, 1H), 8.52 (s, 1H), 8.33 (s, 1H), 8.23 (b, 3H), 7.76-7.74
(m, 2H), 7.58 (dd, J= 8.8Hz, 1.6Hz, 1H), 7.28(dd, J=8.8Hz, 2Hz, 1H), 5.51 (s, 2H), 3.95(d, J
= 8Hz, 1H), 3.68 (d, ] = 8Hz, 1H), 3.40 (b, 1H), 3.15 (b, 2H), 1.81 (b, 2H), 1.72 (d, ] = 13.2Hz,
1H), 1.62 (d, J = 13.2Hz, 1H), 1.25 (m, 4H), 1.05 (d, J = 1.6Hz, 1H), 0.87-0.86 (m, 1H); MS m/z:
555.13 [M+H]".

Example 36: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yD)thio)-S-chloro-3-(3-methoxybenzyl)quinazolin-4(3H)-one
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The compound of Example 36 (18.7 mg, 87%) was synthesized in the same method as in
Example 18, except that 3-methoxybenzyl bromide was used instead of benzyl chloride. 'H NMR
(400 MHz, DMSO) & 8.59 (s, 1H), 8.52 (s, 1H), 8.33 (s, 1H), 8.03 (bs, 3H), 7.55 (d, J = 8.8 Hz,
1H), 7.32 - 7.22 (m, 2H), 6.96 - 6.88 (m, 3H), 5.13 (s, 2H), 4.30 (s, 1H), 4.30 - 4.21 (m, 3H), 3.92
(d, J=8.6 Hz, 1H), 3.75 (s, 3H), 3.70 (d, T = 9.0 Hz, 1H), 3.18 - 3.13 (m, 3H), 1.79 - 1.76 (m, 3H),
1.61- 1.58 (m, 1H), 1.23 (d, J = 7.0 Hz, 3H); MS m/z: 578.19 [M+H]".

Example 37: 3-((1H-benzo|d]imidazol-2-yl)methy])-6-((5-((35,45)-4-amino-3-methyl-

2-0xa-8-azaspiro[4.5]decan-8-yl)pvrazin-2-yl)thio)-5-chloroquinazolin-4(3H)-one
g ¢l

The compound of Example 37 (5.1 mg, 74%) was synthesized in the same method as in
Example 18, except that 2-(chloromethyl)benzimidazole was used instead of benzyl chloride. 'H
NMR (400 MHz, DMSO) & 8.65 (s, 1H), 8.59 (s, 1H), 8.52 (d, ] =14 Hz, 1H), 833 (d,J =123
Hz, 1H), 8.12 (bs, 3H), 7.81 - 7.74 (m, 2H), 7.62 (d, ] = 8.8 Hz, 1H), 7.52 - 7.50 (m, 2H), 7.30 (d,
J=8.8 Hz, 1H), 5.64 (s, 2H), 4.32 - 4.18 (m, 3H), 3.93 (d, ] = 8.8 Hz, 1H), 3.70 (d, ] = 9.0 Hz,
1H), 3.20 - 3.12 (m, 2H), 1.83 - 1.72 (m, 3H), 1.62-1.59 (m, 1H), 1.24 (d, J = 6.6 Hz, 3H); MS
m/z: 588.18 [M+H]".

Example  38:  2-((6-((5-((35,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yD)pyrazin-2-yl)thio)-S-chloro-4-oxoquinazolin-3(4H)-yl)methyl)benzenesulfonyl fluoride

So,F 0 ¢
J A
u“www“‘ m?'vrlu'w

The compound of Example 38 (8 mg, 67%) was synthesized in the same method as in
Example 18, except that 2-(bromomethyl)benzenesulfonyl fluoride was used instecad of benzyl
chloride. '"H NMR (400 MHz, DMSO) § 8.64 (s, 1H), 8.52 (s, 1H), 8.33 (s, 1H), 8.14-8.11 (m, SH),
7.75 (d, J = 7.6Hz, 2H), 7.59-7.57 (m, 1H), 7.29-7.26 (m, 1H), 5.33 (s, 2H), 4.30-4.22 (m, 3H),
3.41 (m, 1H), 3.18-3.15 (m, 2H), 1.84-1.74 (m, 3H), 1.62-1.59 (m, 1H), 1.25-1.19 (m, 4H), 1.0 (d,
J=1.2Hz, 1H); MS m/z: 630.13 [M+H]".

Example 39: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-3-(pyridin-4-ylmethvl) quinazolin-4(3H)-one
Lo TS o ¢
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The compound of Example 39 (1.5 mg, 34%) was synthesized in the same method as in
Example 18, except that 4-(bromomethyl)pyridine was used instead of benzyl chloride. 'H NMR
(400 MHz, DMSO) & 8.78 (d, J = 6.5 Hz, 2H), 8.59 (s, 1H), 8.52 (d, ] = 1.5 Hz, 1H), 8.32 (d,J =
1.3 Hz, 1H), 8.14 (bs, 3H), 7.82 (d, J= 6.0 Hz, 2H), 7.59 (d, ] = 8.8 Hz, 1H), 7.28 (d, J = 8.8 Hz,
1H), 5.37 (s, 2H), 4.33 - 420 (m, 3H), 3.93 (d, J = 9.1 Hz, 1H), 3.69 (d, J = 9.1 Hz, 1H), 3.20 -
3.13 (m, 3H), 1.91 - 1.71 (m, 3H), 1.63 - 1.59 (m. 1H), 1.24 (d, J = 6.5 Hz, 3H); MS m/z: 549.17
[M+H]".

Example 40: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

yvD)pyrazin-2-yl)thio)-5-chloro-3-(4-fluorobenzyl)quinazolin-4(3H)-one
Lo N

legevns
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The compound of Example 40 (22 mg, 81%) was synthesized in the same method as in

Example 18, except that 1-(bromomethyl)-4-fluorobenzenc was used instead of benzyl chloride.
'H NMR (400 MHz, DMSO) & 8.62 (s, 1H), 8.51 (d, J = 1.1 Hz, 1H), 8.32 (d, J = 1.2 Hz, 1H),
8.08 (s, 3H), 7.54 (d, J = 8.8 Hz, 1H), 7.48 - 7.44 (m, 2H), 7.25 (d, J = 8.8Hz, 1H), 7.19 (t, J =
8.9Hz, 2H), 5.14 (s, 2H), 430 - 4.18 (m, 3H), 4.25 - 4.16 (m, 2H), 3.92 (d, J=9.1 Hz, 1H), 3.69
(d, J=9.1 Hz, 1H), 3.42-3.39 (m, 2H), 3.16 (q, J = 10.1 Hz, 2H), 1.82-1.70 (m, 3H), 1.60 (d, ] =
13.3 Hz, 1H), 1.23 (d, ] = 6.6 Hz, 3H); MS m/z: 566.17 [M+H]".

Example 41: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(4-methoxvbenzyl)quinazolin-4(3H)-one
oo

The compound of Example 41 (32 mg, 97%) was synthesized in the same method as in
Example 18, except that 4-methoxybenzyl chloride was used instead of benzyl chloride. '"H NMR
(400 MHz, DMSO) 6 8.60 (s, 1H), 8.51 (s, 1H), 8.32 (s, 1H), 8.09 (bs, 3H), 7.53 (d, ] = 8.7 Hz,
1H), 7.36 (d, J=8.5 Hz, 2H), 7.24 (d, 1= 8.8 Hz, 1H), 6.92 (d, ] = 8.3 Hz, 2H), 5.08 (s, 2H), 4.32
-4.16 (m,3H), 3.92(d, 1=9.1 Hz, 1H), 3.73 (s, 3H), 3.69 (d, ] =9.2 Hz, 1H), 3.41 - 3.39 (m, 1H),
3.19 - 3.12 (m, 2H), 1.82 - 1.70 (m, 3H), 1.61 - 1.58 (m, 1H), 1.23 (d, ] = 6.6 Hz, 3H); MS m/z:
578.19 [M+H]".

Example 42: 3-((1H-pyrrolo[2,3-b]pyridin-6-yl)methy])-6-((5-((35.45)-4-amino-3-
methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-y)thio)-5-chleroquinazolin-4(3H)-one
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The compound of Example 42 (24 mg, 87%) was synthesized in the same method as in
Example 18, except that 6-(chloromethyl)-1H-pyrrolo[2,3-b|pyridine was used instead of benzyl
chloride. 'TH NMR (400 MHz, DMSO) & 11.63(s, 1H), 8.59(s, 1H), 8.50(s, 1H), 8.32(s, 1H),
8.12(bs, 3H), 7.97(d, ] = 7.9 Hz, 1H), 7.58(d, J = 8.8 Hz, 1H), 7.41(t, ] = 2.8 Hz, 1H), 7.27(d, J =
8.8 Hz, 1H), 7.15(d, T = 8.0 Hz, 1H), 6.44(s, 1H), 5.34(s, 2H), 4.30-4.19(m, 3H), 3.93(d, J = 9.1
Hz, 1H), 3.68-3.60(m, 1H), 3.41-3.40(m, 1H), 3.19-3.12(m, 2H), 1.84-1.70(m, 3H), 1.62-1.58(m,
1H), 1.24(d, J = 6.4 Hz, 3H); MS m/z: 588.18 [M+H]".

Example 43 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-(2-fluorobenzyl)quinazolin-4(3H)-one
F o

A OCReY

The compound of Example 43 (18 mg, 90%) was synthesized in the same method as in

Example 18, except that 1-(bromomethyl)-2-fluorobenzenc was used instead of benzyl chloride.
'H NMR (400 MHz, DMSO) & 8.55 (s, 1H), 8.51 (d, J = 1.2 Hz, 1H), 8.32 (d, J = 1.2 Hz, 1H),
8.06 (b, 3H), 7.56 (d, ] = 8.8 Hz, 1H), 7.40-7.31 (m, 2H), 7.27-7.17 (m, 3H), 5.20 (s, 2H), 4.29-
419 (m, 3H),3.92 (d, ] =9 Hz, 1H), 3.70 (d, ] = 9.2 Hz, 1H), 3.42-3.40 (m, 2H), 3.20-3.12 (m,
2H), 1.83-1.70 (m, 3H), 1.60 (d, J= 13 Hz, 1H), 1.23 (d, ] = 6.6 Hz, 3H); MS m/z: 566.17 [M+H]".

Example 44 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(pyrazin-2-ylmethvl)guinazolin-4(3H)-one

0 ¢

( IM”JUSMN

The compound of Example 44 (24.4 mg, 72%) was synthesized in the same method as in

Example 18, except that 2-(chloromethyl)pyrazine and sodium hydride were used instead of
benzyl chloride and cesium carbonate, and the reaction was carried out at 0 C . 'H NMR (400 MHz,
DMSO) & 9.08(d, J = 1.2 Hz, 1H), 8.79(d, J = 5.3 Hz, 1H), 8.52-8.51(m, 2H), 8.33(d, ] = 1.2 Hz,
1H), 8.14(bs, 3H), 7.61-7.58(m, 1H), 7.28(d, J = 8.8 Hz, 1H), 5.30(s, 2H), 4.31-4.19(m, 3H),
3.93(d,J=9.1 Hz, 1H), 3.69(d, J = 9.3 Hz, 1H), 3.41-3.39(m, 1H), 3.20-3.12(m, 2H), 1.91-1.70(m,
3H), 1.62-1.59(m, 1H), 1.24(d, J = 6.6 Hz, 3H); MS m/z: 550.17 [M+H]".
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Example 45: 6-((5-((3S.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yvDpyrazin-2-yl)thio)-5-chloro-3-(pyrimidin-4-ylmethyl)guinazolin-4(3H)-one
cl

N . 8.
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0

The compound of Example 45 (33 mg, 99%) was synthesized in the same method as in

Example 18, except that 4-(bromomethyl)pyrimidine and sodiumhydride were used instead of
benzyl chloride and cesium carbonate, and the reaction was carried out at 0 C . 'H NMR (400 MHz,
DMSO) & 8.82 (d, J = 1.5 Hz, 1H), 8.61 - 8.53 (m, 3H), 8.51 (d, J= 1.5 Hz, 1H), 8.32(d, J=13
Hz, 1H), 8.25 (bs, 3H), 7.57 (d, J = 8.8 Hz, 1H), 7.27 (d, J = 8.8 Hz, 1H), 5.35 (s, 2H), 4.22 - 4.20
(m, 3H), 3.94 (d, J= 9.1 Hz, 1H), 3.68 (d, J = 9.1 Hz, 1H), 3.43 - 3.37 (m, 1H), 3.20 - 3.09 (m,
2H), 1.85 - 1.79 (m, 2H), 1.71 (d, = 13.4 Hz, 1H), 1.62 (d, ] = 13.2 Hz, 1H), 1.25 (d,J = 6.6 Hz,
3H); MS m/z: 550.17 [M+H]".

Example 46: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(pyrimidin-5-vlmethvl)quinazolin-4(3H)-one

0 c

8.
N N e
0

The compound of Example 46 (27 mg, 99%) was synthesized in the same method as in

Example 18, except that 5-(chloromethyl)pyrimidine was used instead of benzyl chloride, and 1
equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO) § 9.13 (s, 1H), 8.91 (s,
2H), 8.68 (s, 1H), 8.50(d, J=1.5Hz, 1H), 8.31 (d, J=1.3 Hz, 1H), 8.16 (bs, 3H), 7.55(d, J=8.8
Hz, 1H), 725 (d, J=8.8 Hz, 1H), 5.19 (s, 2H), 4.32 - 4.16 (m, 3H), 393 (d, J=9.0 Hz, 1H), 3.66
-3.57 (m, 1H), 3.34 -3.31 (m, 1H), 3.17 - 3.11 (m, 2H), 1.84 - 1.70 (m, 3H), 1.62 - 1.59 (m, 1H),
1.24 (d, J = 6.5 Hz, 3H); MS m/z: 550.17 [M+H]".

Example 47; 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl)pyrazin-2-yl)thio)-3-(benzo|d]oxazol-2-vlmethvl)-5-chloroquinazolin-4(3H)-one

O ¢

N Lo 8
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The compound of Example 47 (13.2 mg, 35%) was synthesized in the same method as in

Example 18, except that 2-(chloromethyl)benzo[d]oxazol was used instead of benzyl chloride, and
1 equivalent of potassium iodide was added. '"H NMR (400 MHz, DMSO) § 8.61 (s, 1H), 8.52 (s,
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1H), 8.38 - 8.33 (m, 1H), 8.16 (bs, 3H), 7.76 - 7.67 (m, 2H), 7.61 (d, ] = 8.8 Hz, 1H), 7.44 - 7.36
(m, 2H), 7.31(d, J = 8.8 Hz, 1H), 5.54 (s, 2H), 4.33 - 4.18 (m, 3H), 3.93(d, ] =9.1 Hz, 1H), 3.69
(d, J=9.1 Hz 1H), 3.43 - 3.39 (m, 1H), 3.20 -3.12 (m, 2H), 1.85 - 1.67 (m, 3H), 1.63 - 1.55 (m,
1H), 1.24 (d, J = 6.4 Hz, 3H); MS m/z: 589.17 [M+H]".

Example 48: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl)pyrazin-2-yDthio)-3-((6-aminopyridin-3-yl)methyl)-5-chloroquinazolin-4(3H)-one

The compound of Example 48 (16 mg, 71%) was synthesized in the same method as in
Example 18, except that 5-(bromomethyl)pyridin-2-amine was used instead of benzyl chloride. 'H
NMR (400 MHz, DMSO) 6 13.78-13.77 (b, 1H), 8.54 (s, 1H), 8.51 (s, 1H), 8.33 (s, 1H), 8.24 (b,
2H), 8.03 (b, 2H), 7.94 (d, J = 6.3Hz, 1H), 7.59 (d, J = 8.8Hz, 1H), 7.28 (d, J = 8.8Hz, 1H), 6.86
(d, J=6.6Hz 1H), 6.70 (s, 1H), 5.19 (s, 2H), 4.31-4.28 (m, 1H), 4.23-4.20 (m, 2H), 3.68 (d, ] =
9.1Hz, 1H), 3.39 (m, 1H), 3.17 (m, 2H), 1.82-1.79 (m, 2H), 1.71 (d, J = 13Hz, 1H), 1.62 (d, J =
13Hz, 1H), 1.24 (d, J = 6.3Hz, 3H), 1.05 (s, 1H); MS m/z: 565.09 [M+H]".

Example 49: (35.45)-8-(5-((2-benzyl-4-chloro-2H-indazol-5-yl)thio)pyrazin-2-yl)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-amine

ct
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"
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The compound of Example 49 (3 mg, 20%) was synthesized in the same method as in

Example 25 above, except that Intermediate I-16 was used instead of Intermediate I-1, and
Intermediate I-17 was used instead of Intermediate I-2. "H NMR (400 MHz, CDCl5) § 8.07 (s, 1H),
792(, J =12.8Hz 1H),7.61-7.51 (m, 2H), 7.36 - 7.30 (m, SH), 7.22(d, J =8.9 Hz, 1H),
5.58 (s, 2H), 422 -4.13 (m,3H),3.99(d, J =9.7Hz 1H),3.76(d, T =9.5Hz, 1H), 3.40 -
3.36 (m, 1H), 2.99 - 2.09 (m, 2H), 1.81 - 1.66 (m, 3H), 1.63 - 1.55 (m, 1H), 1.36 (d, J =6.5Hz,
3H); MS m/z: 521 [M+H]".

Example 50: (3S5.45)-8-(5-((2-benzyl-7-chloro-1H-benzo|d]imidazol-6-
yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-amine

cl
@ﬁ S
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0
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The compound of Example 50 (3 mg, 20%) was synthesized in the same method as in
Example 25 above, except that Intermediate I-16 was used instead of Intermediate I-1, and
Intermediate I-15 was used instead of Intermediate I-2. '"H NMR (400 MHz, MeOD) § 8.22 (s,
1H), 8.14 (s, 1H), 8.00 - 7.93 (m, 2H), 7.57(d, J =8.4,1H),7.50(d, J =8.6Hz, 1H),7.43
-7.29 (m, SH),420(d, J =142Hz 2H),397(d, J =92Hz 1H).386(dd, J =93Hz,
1H), 3.40 - 3.38 (m 1H), 3.24 - 3.06 (m, 2H), 2.23 - 2.15 (m, 2H), 1.69 (d, J = 13.2 Hz, 3H),
1.60 (s, 1H), 1.30 (dd, T =6.5Hz, 3H); MS m/z: 521 [M+H]".

Example 51: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-phenylguinazolin-4(3H)-one

\'"[N;LN

The compound of Example 51 (5 mg, 22%) was synthesized in the same method as in
Example 26 above, except that Intermediate I-13 was used instead of Intermediate 1-12. "H NMR
(400 MHz, MeOD) & 8.34 (d, J = 1.4 Hz, 1H), 8.30 (d, J = 1.4 Hz, 1H), 8.26 (s, 1H), 7.62 - 7.43
(m, 6H), 7.31 (d, J = 8.8 Hz, 1H), 4.43 - 4.20 (m, 3H), 4.00 (d, J = 9.3 Hz, 1H), 3.89 (d, J = 9.2
Hz, 1H), 3.49 - 3.38 (m, 1H), 3.29 - 3.11 (m, 2H), 1.91 - 1.80 (m, 3H), 1.78 - 1.69 (m, 1H), 1.32
(d, J=6.5 Hz, 3H); MS m/z: 535 [M+H]".

Example 52: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
vl)pvrazin—2-vl)thio)-3-((2-aminopvridin—3-vl)methvl)-S-chloroquinazolin—4(3H)-one

Hz 0o ¢

'@A JIjS\m NH;

The compound of Example 52 (2.7 mg, 61%) was synthesized in the same method as in

Example 18, except that 3-(chloromethyl)pyridin-2-amine hydrochloride (1:1) was used instead of
benzyl chloride in step 2 of Example 18. 'H NMR (400 MHz, DMSO) § 8.54 (s, 1H), 8.52 (s, 1H),
8.32 (d, = 1.3Hz, 1H), 8.17-8.13 (m, 2H), 8.07 (br s, 2H), 7.98 (d, ] = 5.4Hz, 1H), 7.76 (d, ] =
7.8Hz, 1H), 7.58 (d, J=8.8Hz, 1H), 7.26 (d, J = 8.8Hz, 1H), 6.86 (t, ] = 6.7Hz, 1H), 5.07 (s, 2H),
4.30-4.19 (m, 3H), 3.92 (d, ] =8.6Hz, 1H), 3.70 (d, J=9.1Hz, 1H), 3.17 (br s, 3H), 1.82-1.71 (m,
3H), 1.62-1.58 (m, 1H), 1.24 (br s, 3H); MS m/z: 565 [M+H]".

Example 53: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-((1-methyl-1 H-pyrazol-3-yl)methyl)guinazolin-4(3H)-one
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The compound of Example 53 (13 mg, 81%) was synthesized in the same method as in
Example 18, except that, in step 2 of Example 18, 3-(chloromethyl)-1-methyl-1H-pyrazole was
used instead of benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400
MHz, DMSO) § 8.51(s, 1H), 8.46(s, 1H), 8.32(d, J = 1.2 Hz, 1H), 8.02(br s, 3H), 7.63(d, T =2.2
Hz, 1H), 7.53(d, J = 8.8 Hz, 1H), 7.24(d, J = 8.8 Hz, 1H), 6.21(d, J = 2.2 Hz, 1H), 5.10(s 2H),
429-4.18(m, 3H), 3.91(d, J = 9.1 Hz, 1H), 3.76(s, 3H), 3.69(d, J = 9.2 Hz, 1H), 3.50-3.41(m, 1H),
3.20-3.12(m, 2H), 1.81-1.66(m, 3H), 1.61-1.58(m, 1H), 1.22(d, J = 6.6 Hz, 3H).

Example 54: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(pyrrolidin-2-ylmethylguinazolin-4(3H)-one
0
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¢]

The compound of Example 54 (25 mg, 80%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, tert-butyl 2-(bromomethyl)pyrrolidine-1-
carboxylate was used instead of benzyl chloride, and 1 equivalent of potassium iodide was added.
'H NMR (400 MHz, DMSO) § 9.30-9.22(m, 2H), 8.51(s, 2H), 8.32(d, J = 1.2 Hz, 1H), 8.20(br s,
3H), 7.55(d, T = 8.8 Hz, 1H), 7.26(d, J = 8.8 Hz, 1H), 4.32-4.19(m, 5H), 3.94-3.91(m, 1H), 3.68(d,
J=9.1 Hz, 1H), 3.40-3.37(m, 1H), 3.34-3.28(m, 1H), 3.19-3.11(m, 4H), 2.17-2.11(m, 1H), 2.02-
1.89(m, 2H), 1.84-1.78(m, 2H), 1.75-1.67(m, 2H), 1.63-1.59(m, 1H), 1.24(d, J = 6.6 Hz, 3H).
Example 55: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-3-(pyrrolidin-3-ylmethyl)quinazolin-4(3H)-one
o ¢

i
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The compound of Example 55 (31 mg, 95%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, tert-butyl 3-(bromomethyl)pyrrolidine-1-
carboxylate was used instead of benzyl chloride, and 1 equivalent of potassium iodide was added.
TH NMR (400 MHz, DMSO) § 9.26-9.09(m, 2H), 8.51-8.48(m, 2H), 8.32(d, J = 1.2 Hz, 1H), 8.20-
8.16(m, 3H), 7.53(d, J= 8.8 Hz, 1H), 7.24(d, ] = 8.8 Hz, 1H), 4.30-4.27(m, 1H), 4.23-4.19(m, 2H),
4.03(d, J=7.2 Hz, 2H), 3.93(d, ] =9.1 Hz, 1H), 3.68(d, ] = 9.1 Hz, 1H), 3.40-3.37(m, 1H), 3.28-
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324(m, 2H), 3.19-3.12(m, 3H), 2.99-2.91(m, 1H), 2.78-2.72(m, 1H), 2.06-1.98(m, 1H), 1.81-
1.65(m, 4H), 1.60-1.59(m, 1H), 1.24(d, ] = 6.5 Hz, 3H).
Example 56: 6-((5-((3S.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(isoxazol-3-ylmethvlguinazolin-4(3H)-one
0o ¢
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The compound of Example 56 (23 mg, 83%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 3-(chloromethyl)isoxazole was used instead of
benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO) &
891(d, T=1.6 Hz, 1H), 8.53(s, 1H), 8.51(d, J = 1.2 Hz, 1H), 8.33(d, J= 1.2 Hz, 1H), 8.05(br s,
3H), 7.56(d, ] =8.8 Hz, 1H), 7.27(d, J= 8.8 Hz, 1H), 6.65(d, ] = 1.7 Hz, 1H), 5.29(s 2H), 4.30-
4.18(m, 3H), 3.91(d, T=9.0 Hz, 1H), 3.69(d, ] = 9.0 Hz, 1H), 3.42-3 41(m, 1H), 3.20-3.12(m, 2H),
1.83-1.70(m, 3H), 1.61-1.58(m, 1H), 1.23(d, J = 6.5 Hz, 3H).

Example 57: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(isoxazol-5-ylmethyl)quinazolin-4(3H)-one

0 ¢

0 s
/ N AN
J

The compound of Example 57 (44 mg, 94%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 5-(bromomethyl)isoxazol was used instead of
benzyl chloride, and 1.5 equivalent of potassium iodide was added. '"H NMR (400 MHz, DMSO)
§ 8.55 (d, J=2.5Hz, 2H), 8.51 (s, 1H), 8.33 (s, 1H), 8.05 (br s, 2H), 7.56 (d, J = 8.8Hz, 1H), 7.27
(d, J = 8.8Hz, 1H), 6.53 (s, 1H), 5.37 (s, 2H), 4.29-4.19 (m, 3H), 3.91 (d, J = 9.0Hz, 1H), 3.69 (d,
J=9.0Hz, 1H), 3.20-3.12 (m, 3H), 1.82-1.70 (m, 3H), 1.61-1.58 (m, 1H), 1.23 (d, J = 6.5Hz, 3H);
MS m/z: 540 [M+H]".

Example 58: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(2-hvdroxyethyl)quinazolin-4(3H)-one
(o] C
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The compound of Example 58 (5 mg, 85%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 2-chloroethanol was used instead of benzyl
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chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO) § 8.51(s,
1H), 8.32(d, J= 1.5 Hz, 1H), 8.26(s, 1H), 8.00(br s, 3H), 7.52(d, J = 8.8 Hz, 1H), 7.24(d, ] = 8.8
Hz, 1H), 4.29-4.18(m, 3H), 4.01-3.99(m, 2H), 3.91(d, ] = 9.1 Hz, 1H), 3.71-3.61(m, 4H), 3.21-
3.12(m, 3H), 1.78-1.71(m, 3H), 1.61-1.58(m, 1H), 1.22(d, ] = 6.8 Hz, 3H).
Example 59: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl)pyrazin-2-yDthio)-3-((6-aminopyridin-3-yl)methyl)-5-chloroquinazolin-4(3H)-one
0 ¢

DROORS.
HzNJ L%N N%)\N\/)Eil'lz
>

The compound of Example 59 (3.8 mg, 80%) was synthesized in the same method as in

Example 18, except that 5-(chloromethyl)pyridin-2-amine hydrochloride (1:1) was used instead of
benzyl chloride in step 2 of Example 18. 'H NMR (400 MHz, DMSO) § 13.81-13.64 (m ,1H), 8.60
(s, 1H), 8.50 (s, 1H), 8.31 (s, 1H), 8.11-8.08 (m, SH), 8.02 (d, J = 9.2Hz, 1H), 7.54 (d, J = 8.8Hz,
1H), 7.23 (d, J =9.0Hz, 1H), 6.98 (d, J = 8.8Hz, 1H), 5.03 (s, 2H), 4.30-4.18 (m, 3H), 3.92 (d, I =
9.6Hz, 1H), 3.69 (d, J = 9.2Hz, 1H), 3.19-3.11 (m, 3H), 1.80-1.70 (m, 3H), 1.62-1.58 (m, 1H),
1.24 (br s, 3H); MS m/z: 565 [M+H]".

Example 60: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-((2-chloropyridin-4-yDmethvyl)guinazolin-4(3H)-one
O

cl
= N SN\
DI T
N N™ TN 22

]

The compound of Example 60 was synthesized in the same method as in Example 18,

Cl

except that 2-chloro-4-(chloromethyl)pyridine was used instead of benzyl chloride in step 2 of
Example 18. 'H NMR (400 MHz, DMSO) & 8.56(s, 1H), 8.51(s, 1H), 8.37(d, ] = 5.1 Hz, 1H), 8.31
(s, 1H), 8.10 (br s, 3H), 7.56(d, J = 8.8 Hz, 1H), 7.52(s, 1H), 7.35(d, ] = 5.1 Hz, 1H), 7.26(d, ] =
8.8 Hz, 1H), 5.18(s 2H), 4.29-4.18(m, 3H), 3.91(d, J = 9.1 Hz, 1H), 3.76(s, 3H), 3.69(d, ] = 9.2
Hz, 1H), 3.50-3.41(m, 1H), 3.20-3.12(m, 2H), 1.81-1.66(m, 3H), 1.61-1.58(m, 1H), 1.22(d, J=6.6
Hz, 3H).

Example 61: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yDthio)-5-chloro-3-((tetrahydrofuran-3-vl)methyl)quinazolin-4(3H)-one

(o] Cl
UYL
o L\\N N7 N NH,
suil

e
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The compound of Example 61 (57.7 mg, 88%) was synthesized in the same method as in
Example 18, except that, in step 2 of Example 18, 3-(bromomethyl)tetrahydrofuran was used
instead of benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400
MHz, DMSO) & 8.51(s, 1H), 8.45 (s, 1H), 8.32 (d, J = 1.2Hz, 1H), 8.19 (br s, 2H), 7.53 (d, J =
8.8Hz, 1H), 7.24 (d, J = 8.8Hz, 1H), 4.31-4.27 (m, 1H), 4.23-4.20 (m, 2H), 3.99-3.94(m, 3H),
3.83-3.78 (m, 1H), 3.71-3.60 (m, 3H), 3.47 (dd, J=2.9, 5.7Hz , 1H), 3.39 (br s, 1H), 3.18-3.11 (m,
2H), 2.74-2.67 (m, 1H), 1.95-1.88 (m, 1H), 1.82-1.79 (m, 2H), 1.73-1.69 (m, 1H), 1.67-1.59 (m,
2H), 1.24 (d, J = 6.5Hz, 3H); MS m/z: 543 [M+H]".

Example 62: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-((tetrahydrofuran-2-yDmethylquinazolin-4(3H)-one
0 C

|
S N\
ST T

The compound of Example 62 (24.5 mg, 70%) was synthesized in the same method as in
Example 18, except that, in step 2 of Example 18, tetrahydrofurfuryl bromide was used instead of
benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400 MHz, DMSO)
§ 8.51 (s, 1H), 8.33 (d, J = 1.2Hz, 1H), 8.29 (s, 1H), 7.96 (br s, 2H), 7.52 (d, J = 8.8Hz, 1H), 7.24
(d, T = 8.8Hz, 1H), 4.29-4.10 (m, 5H), 3.91-3.88 (m, 1H), 3.86-3.76 (m, 2H), 3.71-3.69 (m, 1H),
3.67-3.61 (m, 2H), 3.18-3.17 (m, 2H), 1.99-1.95 (m, 1H), 1.88-1.81 (m, 2H), 1.77-1.71 (m, 3H),
1.61-1.55 (m, 2H), 1.22 (d, J = 6.6Hz, 3H); MS m/z: 543 [M+H]".

Example 63: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(3-hydroxvypropyl)quinazolin-4(3H)-one
(o] (o4

|
Ho/\/\N)K/@/S\[Nj\
k\N NT N NH,

The compound of Example 63 (29 mg, 81%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 3-bromo-1-propanol was used instead of benzyl
chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO) § 8.51(s,
1H), 8.56(s, 1H), 8.32(d, J = 1.2 Hz, 1H), 8.09(br s, 3H), 7.52(d, J = 8.8 Hz, 1H), 7.23(d, ] = 8.8
Hz, 1H), 4.30-4.25(m, 1H), 4.23-4.19(m, 2H), 4.04-3.98(m, 2H), 3.92(d, J] = 9.2 Hz, 1H), 3.72-
3.60(m, 2H), 3.45(t, = 6.0 Hz, 2H), 3.40-3.39(m, 1H), 3.19-3.12(m, 2H), 1.86-1.70(m, 4H), 1.61-
1.59(m, 1H), 1.23(d, J= 6.5 Hz, 3H).

Example 64: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yDthio)-5-chloro-3-(2-methoxvethyl)quinazolin-4(3H)-one
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[o I |
/0\/\N)J\/©/3 N\
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The compound of Example 64 (101 mg, 98%) was synthesized in the same method as in
Example 18, except that 2-bromoethyl methyl ether was used instead of benzyl chloride in step 2
of Example 18. 'TH NMR (400 MHz, DMSO) & 8.51(s, 1H), 8.32(d, ] = 1.2 Hz, 1H), 8.29(s, 1H),
8.11(br s, 3H), 7.52(d, T = 8.8 Hz, 1H), 7.24(d, J = 8.8 Hz, 1H), 4.30-4.27(m, 1H), 4.23-4.19(m,
2H), 4.13(t, T = 5.0 Hz, 2H), 3.92(d, T = 9.0 Hz, 1H), 3.69(d, J = 8.9 Hz, 1H), 3.60(t, J = 5.1 Hz,
2H), 3.41-3.37(m, 1H), 3.25(s, 3H), 3.19-3.12(m, 2H), 1.83-1.70(m, 3H), 1.62-1.58(m, 1H), 1.23(d,
J=6.5 Hz, 3H).

Example 63: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-((tetrahyvdro-2H-pyran-4-yDmethylquinazolin-4(3H)-one
(0] C

|
5 N
SRS RPN

0

The compound of Example 65 (76 mg, 98%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 4-(bromomethyl)tetrahydro-2H-pyran was used
instead of benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400
MHz, DMSO) & 8.51 (s, 1H), 8.36 (s, 1H), 8.32 (s, 1H), 7.99 (br s, 2H), 7.52 (d, J = 8.7Hz, 1H),
724 (d, J = 7.7Hz, 1H), 4.29-4.19 (m, 3H), 3.92-3.90 (m, 1H), 3.85-3.83 (m, 4H), 3.71-3.69 (m,
1H), 3.27-3.13 (m, 4H), 2.04-1.99 (m, 1H), 1.81-1.74 (m, 3H), 1.61-1.57 (m, 1H), 1.49-1.46 (m,
2H), 1.29-1.18 (m, 6H); MS m/z: 557 [M+H]".

Example 66: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-(3-hydroxybenzyl)guinazolin-4(3H)-one
o i

HO S Ny
U\t)rt@/ \[N/j\hqim

o
The compound of Example 66 (48.8 mg, 81%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 3-(bromomethyl)phenol was used instead of
benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400 MHz, DMSO)
§ 8.56 (s, 1H), 8.51 (s, 1H), 8.32 (s, 1H), 8.11 (br s, 2H), 7.55 (d, J = 8.1Hz, 1H), 725 (d. I =
7.6Hz, 1H), 7.16-7.13 (m, 1H), 6.78-6.67 (m, 3H), 5.08 (s, 2H), 4.30-4.22 (m, 3H), 3.93-3.91 (m,
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2H), 3.40 (brs, 1H), 3.17-3.14 (m, 2H), 1.80-1.70 (m, 3H), 1.62-1.59 (m, 1H), 1.23 (d, ] = 5.2Hz,
3H); MS m/z: 565 [M+H]".
Example 67: 6-((5-((3S.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-(2-(dimethylamino)ethyl)quinazolin-4(3H)-one
C

O 1
5. _N
IL)NJ\/@ \[N;L'(:R-Iz
5 o

The compound of Example 67 (6 mg, 85%) was synthesized in the same method as in

|
L NG

Example 18, except that, in step 2 of Example 18, 2-bromo-N,N-dimethylethylamine was used
instead of benzyl chloride, and 1 equivalent of potassium iodide was added. '"H NMR (400 MHz,
DMSO) § 9.69(br s, 1H), 8.51(s, 1H), 8.40(s, 1H), 8.33(s, 1H), 8.07(br s, 3H), 7.54(d, J =9.2 Hz,
1H), 7.25(d, T= 8.7 Hz, 1H), 4.32-4.19(m, 5H), 3.93-3.89(m, 1H), 3.71-3.68(m, 1H), 3.55-3.47(m,
3H), 3.22-3.12(m, 2H), 2.88(s, 6H), 1.77-1.64(m, 3H), 1.62-1.59(m, 1H), 1.23(d, J = 4.4 Hz, 3H).

Example 68: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-3-(3-(dimethylamino)propvl)quinazolin-4(3H)-one
(o] (o4

]
\T/\/\N)b/s{”i
k\N N7 N NH,

OQ

The compound of Example 68 (28 mg, 88%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 3-chloro-1-(N,N-dimethyl)propylamine was
used instead of benzylchloride, and 1 equivalent of potassium iodide was added. 'H NMR (400
MHz, DMSO) & 10.39%(br s, 1H), 8.51(s, 1H), 8.45(s, 1H), 8.32(s, 1H), 8.24(br s, 3H), 7.54(d, I =
8.8 Hz, 1H), 7.24(d, J=8.8 Hz, 1H), 4.31-4.28(m, 1H), 4.22-4.20(m, 2H), 4.03(t, J = 5.9 Hz, 2H),
3.94(d, J=8.8 Hz, 1H), 3.69-3.67(m, 2H), 3.45-3.39(m, 2H), 3.14-3.12(m, 2H), 2.74(s, 6H), 2.13-
2.10(m, 2H), 1.85-1.80(m, 2H), 1.73-1.70(m, 1H), 1.63-1.60(m, 1H), 1.24(d, J = 6.0 Hz, 3H).

Example 69: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yl)thio)-5-chloro-3-(2-fluoro-4-methylbenzyl)quinazolin-4(3H)-one

F

O ¢
S =
0 iy

The compound of Example 69 (86 mg, 80%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 2-fluoro-4-methylbenzyl bromide was used
instead of benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400
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MHz, DMSO) & 8.50 (d, ] = 9.5Hz, 2H), 8.31 (s, 1H), 8.09 (br s, 2H), 7.54 (d, J] = 8.8Hz, 1H),
7.26-7.20 (m, 2H), 7.05 (d, J = 11.6Hz, 1H), 6.84 (d, ] = 7.8Hz, 1H), 5.14 (s, 2H), 4.29-4.18 (m,
3H),3.92(d,J=9.1Hz, 1H),3.70 (brs, 1H), 3.39 (brs, 1H), 3.19-3.11 (im, 2H), 2.29 (s, 3H), 1.84-
1.69 (m, 3H), 1.62-1.58 (m, 1H), 1.23 (d, J = 6.5Hz, 3H); MS m/z: 581 [M+H]".

Example 70: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl)pyrazin-2-yDthio)-5-chloro-3-(2-fluoro-3-methoxybenzyl)quinazolin-4(3H)-one

(l) F o ¢
N S~ N

o)
The compound of Example 70 (31 mg, 67%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 2-fluoro-3-methoxybenzyl bromide was used
instead of benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400
MHz, DMSO) 6 8.51 (d, J = 11.2Hz, 2H), 8.31 (s, 1H), 8.09 (br s, 2H), 7.55 (d, J = 8.8Hz, 1H),
726 (d, J = 8.8Hz, 1H), 7.14-7.07 (m, 2H), 6.83-6.80 (m, 1H), 5.19 (s, 2H), 4.29-4.18 (m, 3H),
3.92(d, J=9.1Hz, 1H), 3.83 (s, 3H), 3.72-3.67 (m, 1H), 3.40 (br s, 1H), 3.19-3.11 (m, 2H), 1.82-
1.70 (m, 3H), 1.61-1.58 (m, 1H), 1.23 (d, J = 6.5Hz, 3H); MS m/z: 597 [M+H]".

Example 71:  4-((6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-4-oxoguinazolin-3(4H)-yl)methyl)picolinonitrile

O ci

RORSsRS.
5

The compound of Example 71 (82 mg, 99%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 4-(bromomethyl)picolinonitrile was used instead
of benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO)
§ 8.71(d, J = 5.0 Hz, 1H), 8.54(s, 1H), 8.50(s, 1H), 8.31(s, 1H), 8.13-8.07(m, 4H), 7.70-7.68(m,
1H), 7.57(d, J = 8.8 Hz, 1H), 7.28(d, J = 8.8 Hz, 1H), 5.24(s, 2H), 4.29-4.18(m, 3H), 3.92(d, ] =
9.4 Hz, 1H), 3.69(d, ] = 8.9 Hz, 1H), 3.41-3.40(m, 1H), 3.20-3.12(m, 2H), 1.82-1.66(m, 3H), 1.62-
1.58(m, 1H), 1.23(d, J = 6.4 Hz, 3H).

Example 72; 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(2-fluoro-4-methoxvbenzyl)quinazolin-4(3H)-one
F O

Cl
jsasene!
~0 l‘”‘\\N N/ %HQ
(o]
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The compound of Example 72 was synthesized in the same method as in Example 18,
except that 1-(bromomethyl)-2-fluoro-4-methoxybenzene was used instead of benzyl chloride in
step 2 of Example 18. 'H NMR (400 MHz, DMSO) § 8.51(d, J = 4.3 Hz, 2H), 8.31(s, 1H), 8.02(br
s, 3H), 7.53(d, J = 8.8 Hz, 1H), 7.13(t, ] = 8.8 Hz, 1H), 7.24(d, ] = 8.8 Hz, 1H), 6.85(d, J = 12.4
Hz,2H), 6.76(d, J = 8.3 Hz, 1H), 5.10(s 2H), 4.28-4.17(m, 3H), 3.91-3.89(m, 1H), 3.41-3.39(m,
1H), 3.19-3.11(m, 2H), 1.81-1.73(m, 3H), 1.60-1.55(m, 1H), 1.22(d, T = 6.5 Hz, 3H), 1.04 (s, 3H).

Example 73: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

yDpyrazin-2-yl)thio)-5-chloro-3-(3-fluoro-4-methoxvbenzyl)quinazolin-4(3H)-one
o C

|
FD/\N%S\[NE
\O IQ\N N/ I\Cb[‘\“—lz
(8]

The compound of Example 73 (62 mg, 93%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 4-(bromomethyl)-2-fluoro-1-methoxybenzene
was used instead of benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR
(400 MHz, DMSO) 6 8.60 (s, 1H), 8.50 (s, 1H), 8.31 (d, J= 1.1Hz, 1H), 8.14 (br s, 2H), 7.53 (d,
J=8.8Hz, 1H), 7.32-7.29 (m, 1H), 7.24 (d, ] = 8.8Hz, 1H), 7.21-7.12 (m, 2H), 5.07 (s, 2H), 4.29-
4.18 (m, 3H), 3.93 (d, ] =9.0Hz, 1H), 3.81 (s, 3H), 3.68 (d, ] =9.3Hz, 1H), 3.39 (brs, 1H), 3.19-
3.11 (m, 2H), 1.84-1.69 (m, 3H), 1.60 (d, ] = 12.7Hz, 1H), 1.23 (d, J= 6.5Hz, 3H); MS m/z: 597
[M+H]".

Example 74: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yl)thio)-5-chloro-3-((1-methylpyrrolidin-2-yl)methyl)quinazolin-4(3H)-one

\ 0

Ci
N Ninj/s N
T

18]

The compound of Example 74 was synthesized in the same method as in Example 18,

except that 2-(bromomethyl)-1-methylpyrrolidin hydrochloride was used instead of benzyl
chloride in step 2 of Example 18. 'H NMR (400 MHz, DMSO) § 8.50(d, J = 7.2 Hz 2H), 8.32(s,
1H), 8.07(br s, 3H), 7.56(d, J = 8.8 Hz, 1H), 7.25(d, J = 8.8 Hz, 1H), 4.46-4 41(m, 1H), 4.30-
4.19(m, 4H), 3.92-3.90(m, 1H), 3.70-3.68(m, 3H), 3.56(s, 2H), 3.21-3.08 (m, 5H), 2.90(d, T=4.4
Hz 3H),2.22-2.18(m, 1H), 2.02-1.98(m, 2H), 1.84-1.70(m, 3H), 1.62-1.55(m, 1H), 1.22(d, J=6.2
Hz, 3H).

Example 75: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yD)thio)-5-chloro-3-(2.2,2-trifluoroethyl)quinazolin-4(3H)-one
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(e} Cl
SaSea !
k\N N” N NH;
(6]

The compound of Example 75 was synthesized in the same method as in Example 18,
except that 2-bromo-1,1,1-trifluoroethane was used instead of benzyl chloride in step 2 of Example
18. MS m/z: 542 [M+H]".

Example 76: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-(3-fluoro-2-hydroxypropylguinazolin-4(3H)-one
(o] C

]
S.__N
N NN s 2

%.-nl
O

The compound of Example 76 (60 mg, 87%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 1-chloro-3-fluoroisopropanol was used instead
of benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO)
§ 8.51(s, 1H), 8.32(s, 1H), 8.26(s, 1H), 8.15(br s, 2H), 7.53(d, J = 8.8 Hz, 1H), 7.25(d, J = 8.9 Hz,
1H), 4.53-4.45(m, 1H), 4.42-4.32(m, 1H), 4.30-4.27(m, 1H), 4.22-4.16(m, 3H), 4.08-4.02(m, 2H),
3.93(d, J = 9.3 Hz, 1H), 3.80-3.75(m, 1H), 3.68(d, J = 9.2 Hz, 1H), 3.40(br s, 1H), 3.16-3.14(m,
2H), 1.81-1.69(m, 3H), 1.62-1.59(m, 1H), 1.23(d, J = 6.3 Hz, 3H).

Example 77: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-(3-fluoropropvl)quinazolin-4(3H)-one
(o] (o4

I
A OSRP
k“N NN NH,

OQ

The compound of Example 77 (77 mg, 99%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 1-iodo-3-fluoropropane was used instead of
benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO) §
8.51(s, 1H), 8.41(s, 1H), 8.32(s, 1H), 8.15(br s, 2H), 7.53(d, ] = 9.2 Hz, 1H), 7.24(d, ] = 8.6 Hz,
1H), 4.60(t, J = 5.2 Hz, 1H), 4.48(t, J = 5.2 Hz, 1H), 4.30-4.27(m, 1H), 4.22-4.19(m, 2H), 4.08-
4.05(m, 2H), 3.93(d, J=9.4 Hz, 1H), 3.68(d, J = 9.5 Hz, 1H), 3.40(br s, 1H), 3.16-3.14(m, 2H),
2.14-2.03(m, 2H), 1.81-1.70(m, 3H), 1.62-1.59(m, 1H), 1.23(d, J = 6.1 Hz, 3H).

Example 78: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(morpholinomethyl)quinazolin-4(3H)-one
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The compound of Example 78 (101.7 mg, 100%) was synthesized in the same method as
in Example 18, except that, in step 2 of Example 18, 4-(2-chloroethyl)morpholine was used instead
of benzylchloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400 MHz,
DMSO) 6 10.69-10.65 (m, 1H), 8.51 (s, 1H), 8.43 (s, 1H), 8.32 (s, 1H), 8.14 (brs, 2H), 7.55(d, J
=9.5Hz, 1H), 7.25 (d, = 8.7Hz, 1H), 4.36 (br s, 2H), 4.04-3.99 (m, 2H), 3.93 (d, J = 8.4Hz, 1H),
3.77-3.68 (m, 4H), 3.59-3.55 (m, 4H), 3.40 (br s, 1H), 3.16-3.14 (m, 4H), 1.83-1.70 (m, 3H), 1.62-
1.59 (m, 1H), 1.23 (d, J = 6.2Hz, 3H); MS m/z: 558 [M+H]".

Example 79: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yD)thio)-S-chloro-3-((4-fluorotetrahydro-2H-pyran-4-yl)methyl)quinazolin-

4(3H)-one
F

The compound of Example 79 (31 mg, 99%) was synthesized in the same method as in
Example 18, except that, in step 2 of Example 18, 4-(bromomethyl)-4-fluorooxane was used
instead of benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz,
DMSO) 6 8.52(s, 1H), 8.32(d, T=1.2 Hz, 1H), 8.24(d, = 1.8 Hz, 1H), 8.12(br s, 2H), 7.53(d, ] =
8.8 Hz, 1H), 7.24(d, J= 8.8 Hz, 1H), 4.27(s, 2H), 4.23-4.19(m, 3H), 3.92(d, J = 9.0 Hz, 1H), 3.76-
3.74(m, 2H), 3.69(d, T=9.1 Hz, 1H), 3.53-3.45(m, 2H), 3.40-3.37(m, 1H), 3.19-3.12(m, 2H), 1.91-
1.55(m, 8H), 1.23(d, J= 6.5 Hz, 3H).

Example 80: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yD)thio)-5-chloro-3-((3-fluorooxetan-3-vllmethyl)guinazolin-4(3H)-one

o cl
g S__N
O/j/\t/huﬁ(j/ \[NJ\N NH,

B

The compound of Example 80 (34 mg, 99%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 3-(bromomethyl)-3-fluoro oxetane was used
instead of benzylchloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz,
DMSO) & 8.51(s, 1H), 8.32(d, T = 1.2 Hz, 1H), 8.20(d, J = 1.5 Hz, 1H), 8.07(br s, 2H), 7.53(d, ] =
8.8 Hz, 1H), 7.24(d, T = 8.8 Hz, 1H), 4.30-4.27(m, 1H), 4.23-4.19(m, 2H), 3.94-3.93(m, 2H), 3.91-
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3.89(m, 2H), 3.70-3.63(m, 4H), 3.43-3.40(m, 1H), 3.20-3.12(m, 2H), 1.82-1.70(m, 3H), 1.61-
1.58(m, 1H), 1.23(d, J = 6.5 Hz, 3H).
Example 81: 6-((5-((3S.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(2-hydroxv-2-methvlpropyl)quinazolin-4(3H)-one
0 C

o)

The compound of Example 81 (33 mg, 89%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 1-chloro-2-methyl-2-propanol was used instead
of benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO)
6 8.51(s, 1H), 8.33(d, J=1.2 Hz, 1H), 8.24(s, 1H), 8.08(br s, 2H), 7.52(d, J = 8.8 Hz, 1H), 7.23(d,
J=8.8 Hz, 1H), 4.30-4.25(m, 1H), 4.23-4.19(m, 2H), 3.96(s, 2H), 3.92(d, J=9.1 Hz, 1H), 3.69(d,
J=92Hz 1H), 3.41-3.40(m, 1H), 3.20-3.12(m, 2H), 1.83-1.70(m, 3H), 1.61-1.58(m, 1H), 1.23(d,
J=6.6 Hz, 3H), 1.11(s, 6H).

Example 82: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(2-(methylsulfonyl)ethyl)quinazolin-4(3H)-one

00 o]

) ci
SRR
I\\N N“ N NH,

%nnl
O

The compound of Example 82 (77 mg, 99%) was synthesized in the same method as in

Example 18, except that, in step 2 of Example 18, 2-bromomethyl-methylsulfon was used instead
of benzyl chloride, and 1 equivalent of potassium iodide was added. 'H NMR (400 MHz, DMSO)
6 8.51(d, J=1.1 Hz, 1H), 8.40(s, 1H), 8.33(d, J=12 Hz, 1H), 8.11(br s, 2H), 7.53(d, ] = 8.8 Hz,
1H), 7.25(d, J=8.8 Hz, 1H), 4.37(t, ] = 6.8 Hz, 2H), 4.30-4.26(m, 2H), 4.23-4.19(m, 2H), 3.92(d,
J=92Hz 1H), 3.69(d, ] =9.0 Hz, 1H), 3.63(t, ] = 6.8 Hz, 2H), 3.45-3.40(m, 1H), 3.19-3.15(m,
2H), 3.10(s, 3H), 1.83-1.70(m, 3H), 1.62-1.58(m, 1H), 1.23(d, ] = 6.6 Hz, 3H).

Example  83: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-((4-hydroxvtetrahydro-2H-pyran-4-yl)methyl)quinazolin-
4(3H)-on

€
a Cl
OH
SReeRs!
o IK\N N/ N yH2
ol
o
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The compound of Example 83 (6.5 mg, 59%) was synthesized in the same method as in
Example 18, except that 1,6-dioxaspiro[2,5]octane was used instead of benzyl chloride in step 2
of Example 18. "H NMR (400 MHz, DMSO) § 8.51 (s, 1H), 8.32 (d, J = 1.2Hz, 1H), 8.25 (s, 1H),
8.06 (brs, 2H), 7.52 (d, J = 8.7Hz, 1H), 7.23 (d, J = 8.8Hz, 1H), 4.30-4.23 (m, 1H), 4.22-4.19 (m,
3H), 4.00 (s, 2H), 3.91 (d, J = 9.0Hz, 1H), 3.69 (d, J = 9.1Hz, 1H), 3.65-3.55 (m, 4H), 3.41 (brs,
1H), 3.20-3.12 (m, 2H), 1.82-1.70 (m, 3H), 1.65-1.58 (m, 3H), 1.35 (d, J = 13.6Hz, 2H), 1.23 (d,
J=6.6Hz, 3H); MS m/z: 573 [M+H]".

Example 84: (8)-6-((5-(1-amino-1,3-dihydrospiro|indene-2,4'-piperidin]-1'-
yl)pyrazin-2-yl)thio)-5-chloro-3-(2-methoxyvethyl)quinazolin-4(3H)-one

o «a
Bre N \L
\[ 1 Pdy(dba)s
NSNS NSy it 5 \[ l /S
SH  XantPhos, DIPEA HN
HN
L\N 1,4-dioxane, 100°C,C 5h
1-21 18

step 1

Sy Br
o
O~ N O~ N
Cs,C05 s 4M HC \[ j\
HN’ _
DMF, 50°C 2h
step2 step 3

Step 1: N-((S)-1'-(5-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-yl) thio)pyrazin-2-yl)-
1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide

Intermediate 1-21 (150 mg, 0.32 mmol), Intermediate I-8 (106 mg, 0.42 mmol), Pd2(dba)s
(30 mg, 0.032 mmol) and XantPhos (18.5 mg, 0.032 mmol) were dissolved in 1,4-dioxane (3.2
mL, 0.2M), and then DIPEA (0.11 mL, 0.64 mmol) was added thereto. The reaction mixture was
purged with nitrogen and stirred at 100 °C for 5 hours. The reaction was terminated with H>O, and

the mixture was extracted with EA. The EA layer was dried over MgSQOs, filtered and then
concentrated. The resulting product was separated by MPLC (MeOH:MC=1:50) and concentrated
to  obtain  N-((S)-1'-(5-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-y1)-1,3-
dihydrospiro[indene-2,4'-piperidin}- 1-y1)-2-methylpropane-2-sulfinamide (140 mg, 73%). MS
m/z: 596.1 [M+H]".

Step 2: N-((S)-1'-(5-((5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-1,3-dihydrospiro[indene-2,4'-piperidin|-1-yl)-2-methylpropane-2-
sulfinamide

N-((S)-1'-(5-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-y)thio)pyrazin-2-y1)-1,3-
dihydrospiro[indene-2,4'-piperidin}-1-y1)-2-methylpropane-2-sulfinamide (50 mg, 0.084 mmol),
1-bromo-2-methoxyethane (17.5 mg, 0.126 mmol) and cesium carbonate (54.7 mg, 0.168 mmol)
were dissolved in DMF (0.84 mL, 0.1 M). The reaction mixture was stirred at 50 °C for 2 hours.
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The reaction was terminated with aqueous NaHCOs solution, and the mixture was extracted with
EA. The EA layer was dried over MgSQy, filtered and then concentrated. The resulting product
was separated by MPLC (MeOH:MC=1:50) to obtain N-((S)-1'-(5-((5-chloro-3-(2-methoxyethyl)-
4-ox0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-y1)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-
y1)-2-methylpropane-2-sulfinamide (9.6 mg, 17%). MS m/z: 654.1 [M+H]".

Step 3: (S)-6-((5-(1-amino-1,3-dihydrospiro[indene-2,4'-piperidin]-1'-yl)pyrazin-2-
yDthio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

N-((S)-1'-(5-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-1,3-dihydrospiro[indene-2,4'-piperidin|-1-yl)-2-methylpropane-2-
sulfinamide (9.6 mg, 0.0146 mol) was dissolved in DCM (0.1 mL, 0.1M). The reaction mixture
was added with 4M HCI (0.0036 mL, 4 M in dioxane) and stirred at 40°C for 1 hour. After
completion of the reaction, the reaction mixture was concentrated using a concentrator. The
reaction mixture was washed with EA, and the solid was collected by filtration to obtain the
compound of Example 84 (6.3 mg, 74%). 'H NMR (400 MHz, DMSO) 6 8.52(s, 1H), 8.32-8.28(m,
SH), 7.53(d, J = 8.5 Hz, 2H), 7.37-7.31(m, 3H), 7.26-7.24(d, J = 8.8 Hz, 1H), 4.42-4 34(m, 2H),
430-4.24(m, 1H), 4.14-4.11(m, 2H), 3.74-3.70(m, 2H), 3.62-3.59 (m, 2H), 1.78-1.74(m, 2H),
1.60-1.56 (m, 2H), 1.23 (s, 3H).

Example 85: 7-((5-((3S.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yl)thio)-2-benzyl-8-chloro-3.4-dihydroeisoquinolin-1(2H)-one

Br
\[ by Pel(dba)s
HN’SK XantPhos, DIPEA
QO /\© 1,4-dioxane, 100°C, 3h
step 1
1-20 P

gé@fl HN/s”K 451:2' @éﬁfl% “““

Step 1: N-((35,45)-8-(5-((2-benzyl-8-chloro-1-0x0-1,2,3,4-tetrahydroisoquinolin-7-
yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-
sulfonamide

Intermediate 1-20 (0.25 mmol), Intermediate 1-3 (160 mg, 0.37 mmol), Pd>(dba)s (23 mg,
0.02 mmol), XantPhos (14 mg, 0.02 mmol) and DIPEA (0.09 mL, 0.5mmol) were dissolved in
1,4-dioxane (1.0 mL, 0.25M). The reaction mixture was purged with nitrogen and stirred at 100 C
for 3 hours. The reaction was terminated with H>O, and the mixture was extracted with EA. The
EA layer was dried over MgSQs, filtered and then concentrated. The resulting product was
separated by MPLC (MeOH:MC=1:50) and concentrated to obtain N-((3S,4S)-8-(5-((2-benzyl-8-
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chloro-1-o0x0-1,2,3,4-tetrahydroisoquinolin-7-yl)thio)pyrazin-2-y1)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfonamide (74 mg, 47%). MS m/z: 655.1 [M+H]".

Step 2: 7-((5-((3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-2-benzyl-8-chloro-3,4-dihydroisoquinolin-1(2H)-one

N-((3S.,48)-8-(5-((2-benzyl-8-chloro-1-0x0-1,2,3,4-tetrahydroisoquinolin-7-
yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-
sulfonamide (74 mg, 0.12 mmol) was dissolved in DCM (1.2 mL, 0.1M). The reaction mixture
was added with hydrochloric acid aqueous solution (0.3 mL, 4 M in dioxane) and stirred at room
temperature for 1 hour. After completion of the reaction, the reaction mixture was concentrated
using a concentrator. The reaction mixture was washed with EA, and the solid was collected by
filtration to obtain the compound of Example 85 (60 mg, 88%). 'H NMR (400 MHz, DMSO) §
8.39(s, 1H), 8.21(s, 1H), 8.07(br s, 3H), 7.75(s, 1H), 7.45-7.27(m, 6H), 4.66(s, 2H), 4.23-4.19(m,
2H), 4.16-4.12(m, 1H), 3.90(d, ] = 9.0 Hz, 1H), 3.67(d, ] = 9.0 Hz, 1H), 3.49(t, J = 6.4 Hz, 2H),
3.38-3.37(m, 1H), 3.14-3.07(m, 2H), 2.93(t, J= 6.2 Hz, 2H), 1.79-1.67(m, 3H), 1.60-1.56(m, 1H),
1.22(d, J = 6.4 Hz, 3H).

Example 86: 4-((5-((3S.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yD)pyrazin-2-yl)thio)-N-benzyl-3-chloropicolinamide

Br. N
T s
N" N H[Q“S\\O

Q@ ‘‘‘‘‘ o ¢
o «a 3 o NS SN
SH o H | >L
N AN » N__~ N/ N HN—S\
Hod Pdy(dba)g, Xantphos, DIPEA, S
1,4Dioxane ST Nam
18

step 1

o a
NN s N
I HoOoN {N/l

N NH,
4MHCI, DCM
d

step 2

Step 1: N-benzyl-4-((5-((3S,4S)-4-((tert-butylsulfinyl)amino)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-3-chloropicolinamide

Intermediate I-18 (0.32 mmol), Intermediate 1-3 (117 mg, 0.27 mmol), Pdz(dba)z (25 mg,
0.027 mmol) and XantPhos (16 mg, 0.027 mmol) were dissolved in 1,4-dioxane (1.4 mL, 0.2M),
and then DIPEA (94 pL, 0.54 mmol) was added thereto. The reaction mixture was purged with
nitrogen and stirred at 110°C for 5 hours. The reaction was terminated with H>O, and the mixture
was extracted with EA. The EA layer was dried over MgSQy, filtered and then concentrated. The
resulting product was separated by MPLC (EA:Hx=1:1) and concentrated to obtain N-benzyl-4-
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((5-((3S,45)-4-((tert-butylsulfinyl )amino)-3-methyl-2-oxa-8-azaspiro| 4.5 ]decan-8-yl)pyrazin-2-
yDthio)-3-chloropicolinamide (44 mg, 22%). MS m/z: 279 [M+H]".

Step 2: 4-((5-((3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-N-benzyl-3-chloropicolinamide

N-benzyl-4-((5-((3S,45)-4-((tert-butylsulfiny )Jamino)-3-methy1-2-oxa-8-
azaspiro| 4.5]decan-8-yl)pyrazin-2-yDthio)-3-chloropicolinamide (44 mg, 0.07 mmol) was
dissolved in MC (0.7 mL, 0.1 M). The reaction mixture was added dropwise with 4M HCI (84
uL, 0.35 mmol) in dioxane and stirred at 40°C for 10 minutes. The reaction mixture was
concentrated and added with MC to precipitate a solid, and then the precipitated solid was filtered
to obtain the compound of Example 86 (33.2 mg, 90%) in the form of a hydrochloride salt. 'H
NMR (400 MHz, DMSO) & 9.17 (t, J = 6.3Hz, 1H), 8.57 (d, J = 0.9Hz, 1H), 8.37 (d, J = 1.2Hz,
1H), 8.27 (d, J = 5.3Hz, 1H), 8.16 (br s, 2H), 7.36-7.35 (m, 4H), 7.30-7.24 (m, 1H), 6.81 (d, J =
5.3Hz, 1H), 447 (d, J = 6.1Hz, 2H), 4.33-4.30 (m, 1H), 4.25-4.19 (m, 2H), 3.70 (t, ] = 9.2Hz, 1H),
3.40 (br s, 1H), 3.22-3.17 (m, 3H), 1.85-1.70 (m, 3H), 1.63-1.60 (m, 1H), 1.24 (d, J = 6.5Hz, 3H);
MS m/z: 525 [M+H]".

Example 87: 4-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yl)thie)-3-chloro-N-(pyridin-3-ylmethyl)picolinamide

o d _OE(?
\ N % Pd(dba)s, Xantphos, DIPEA,
Z N~ 14-Dioxane ST Nam
O

-19 step 1
o c
MMHCLDOM NS N7 S AN
- L " N \[N;LN NH;
step 2 %
o
Step 1: 4-((5-((3S,45)-4-((tert-butylsulfinyl)amino)-3-methyl-2-oxa-8-

azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-3-chloro-N-(pyridin-3-ylmethyl)picolinamide
Intermediate 1-19 (0.45 mmol), Intermediate 1-3 (162 mg, 0.38 mmol), Pd»(dba)s (34 mg,
0.038 mmol) and XantPhos (22 mg, 0.038 mmol) were dissolved in 1,4-dioxane (2.3 mL, 0.2M),
and then DIPEA (130 pL, 0.75 mmol) was added thereto. The reaction mixture was purged with
nitrogen and stirred at 110°C for 5 hours. The reaction was terminated with H>O, and the mixture
was extracted with EA. The EA layer was dried over MgSQy, filtered and then concentrated. The
resulting product was separated by MPLC (EA:Hx=1:1) and concentrated to obtain 4-((5-((3S,45)-
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4-((tert-butylsulfinyl Jamino)-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-3-
chloro-N-(pyridin-3-ylmethyl)picolinamide (27 mg, 10%). MS m/z: 630 [M+H]".

Step 2: 4-((5-((3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-3-chloro-N-(pyridin-3-ylmethyl)picolinamide

4-((5-((38,45)-4-((tert-butylsulfinyl Jamino)-3-methyl-2-oxa-8-azaspiro[ 4.5 Jdecan-8-
yDpyrazin-2-y1)thio)-3-chloro-N-(pyridin-3-ylmethyl)picolinamide (27 mg, 0.043 mmol) was
dissolved in MC (0.43 ml, 0.1 M). The reaction mixture was added dropwise with 4M HCI in
dioxane (54 pL, 0.22 mmol) and stirred at 40C for 10 minutes. The reaction mixture was
concentrated and was added with MC to precipitate a solid, and then the precipitated solid was
filtered to obtain the compound of Example 87 (25 mg, 100%) in the form of a hydrochloride salt.
'H NMR (400 MHz, DMSO) § 9.46-9.43 (m, 1H), 8.84 (s, 1H), 8.81 (d, J = 5.6Hz, 1H), 8.57 (s,
1H), 8.42-8.39 (m, 1H), 8.38 (d, J = 1.1Hz, 1H), 8.29 (d, J = 5.3Hz, 1H), 8.14 (br s, 2H), 7.98 (br
s, 1H), 6.85 (d, J = 5.3Hz, 1H), 4.65 (d, J = 5.5Hz, 2H), 4.33-4.29 (m, 1H), 4.25-4.21 (m, 2H),
3.93 (d, J = 9.2Hz, 2H), 3.20-3.17 (m, 3H), 1.82-1.71 (m, 3H), 1.63-1.60 (m, 1H), 1.24 (d, J =
6.5Hz, 3H); MS m/z: 526 [M+H]".

Example 88: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-3-(pyridin-2-ylmethvl) quinazolin-4(3H)-one
O Cl
N

4 N S Nx
J X T
N N" N NH,

Q@

The compound of Example 88 (5 mg, 30%) was synthesized in the same method as in

Example 18, except that 2-(chloromethyl)pyridine was used instead of benzy!l chloride in step 2 of
Example 18. 'H NMR (400 MHz, MeOD) § 8.58 (s, 1H), 8.46 (s, 1H), 8.33 (s, 1H), 8.29 (s, 1H),
8.05(,J=79Hz, 1H), 7.67 (d, = 8.1 Hz, 1H), 7.56 -7.47 (m, 2H), 7.29 (d, J= 8.7 Hz, 1H), 5.36
(s,2H),4.37 (d, J=14.0Hz, 1H), 428 (d, J=14.5Hz, 2H),4.00 (d, J =9.0 Hz, 1H), 3.89 (d, J =
89 Hz, 1H), 3.44 (s, 1H), 3.21 (dd, J=15.9, 10.9 Hz, 3H), 1.93 (s, 1H), 1.91 - 1.78 (m, 3H), 1.72
(d, T=129Hz, 1H), 1.32 (d, J= 6.7 Hz, 3H); MS (EI) m/z: 550.1 [M+H]".

Example 89: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(2-(pyrrolidin-1-yl)ethylquinazolin-4(3H)-one

C‘ o ¢

N~y
KxN

SeaeN

H,N

The compound of Example 89 (6.1 mg, 35%) was synthesized in the same method as in
Example 18, except that 1-(2-chlorocthyl)pyrrolidine hydrochloride was used instead of benzyl
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chloride in step 2 of Example 18. 'H NMR (400 MHz, MeOD) 6 8.37 - 8.27 (m, 3H), 7.49 (d, J =
8.8 Hz, 1H), 7.28 (d, J= 8.8 Hz, 1H), 4.44 - 430 (m, 4H), 4.33 -4.25 (m, 2H), 4.00 (d, ] =9.2 Hz,
1H), 3.89(d, J=9.3 Hz, 1H), 3.83 (s, 3H), 3.65(t, ] =6.2 Hz, 2H), 3.45(d, J=4.1 Hz, 1H), 3.22
(s, 6H), 2.19 (s, 3H), 2.05 (s, 3H), 1.96 - 1.79 (m, 4H), 1.73 (d, J=13.3 Hz, 1H), 1.32(d, ] =6.5
Hz, 3H); MS (EI) m/z: 556.3 [M+H]".

Example 90; 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(2-0x0-2-(pyridin-3-yDethyl)quinazolin-4(3H)-one
N

Lj\r(\ 0O cCl
> N S N\
Sensy

o

H;N

The compound of Example 90 (27 mg, 13%) was synthesized in the same method as in
Example 18, except that 2-bromo-1-(pyridin-3-yl)ethan-1-one was used instead of benzyl chloride
in step 2 of Example 18. 'H NMR (400 MHz, MeOD) 6 9.15(s, 1H), 8.54 (d, J=7.9 Hz, 1H), 8.4(s,
1H), 8.32 (d, J=13.8 Hz, 2H), 8.25 (s, 1H), 7.74 (s, 1H), 7.53 (d, ] = 8.8 Hz, 1H), 7.34(d, ] = 8.8
Hz, 1H), 5.59 (s, 2H), 4.38 (d, 1= 14.0 Hz, 1H), 4.34 - 4.25 (m, 3H), 4.00 (d, = 9.2 Hz, 1H), 3.96
-3.86 (m, 1H), 344 (d, =42 Hz, 1H), 3.28 - 3.14 (m, 2H), 1.96 - 1.78 (m, 4H), 1.72 (d, J=13.1
Hz, 1H), 1.30 (d, J = 6.5 Hz, 3H); MS (EI) m/z: 578.9 [M+H]".

Example 91: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yD)thio)-S-chloro-3-cyclohexylquinazolin-4(3H)-one

O\ o «a <

HN

The compound of Example 91 (7 mg, 18%) was synthesized in the same method as in
Example 18, except that bromocyclohexane was used instead of benzyl chloride in step 2 of
Example 18. 'H NMR (400 MHz, MeOD) § 8.35 - 8.26 (m, 3H), 7.46 (d, J = 8.8 Hz, 1H), 7.28 (d,
J =88 Hz, 1H), 4.30 (s, 2H), 4.00 (d, J=9.3 Hz, 1H), 3.89(d, J=9.3 Hz, 1H),3.43(d, J=4.0
Hz, 1H), 2.18 (d, J = 7.6 Hz, 1H), 2.01-1.92 (m, 6H), 1.89 (s, 1H), 1.80 (s, 9H), 1.53 (d, J=12.5
Hz, 2H), 1.35 - 1.26 (m, 8H), 0.89 (d, J = 6.9 Hz, 1H); MS (EI) m/z: 541.1 [M+H]".

Example 92: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yD)pyrazin-2-yl)thig)-5-chloro-3-(2-oxopropyl)quinazolin-4(3H)-one
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o] Cl
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0

The compound of Example 92 (13 mg, 45%) was synthesized in the same method as in
Example 18, except that chloroacetone was used instead of benzyl chloride in step 2 of Example
18. IH NMR (400 MHz, DMSO) & 8.51 (d, J = 1.4 Hz, 1H), 8.33 (d, J= 1.3 Hz, 1H), 8.22 (s, 1H),
7.93 (s, 3H), 7.55 (d, J = 8.8 Hz, 1H), 7.27 (d, ] =8.8 Hz, 1H), 4.91 (s, 2H), 4.31 - 4.16 (m, 2H),
3.90 (d, J=9.0 Hz, 1H), 3.71 (d, T =9.0 Hz, 1H), 3.20 (d, J= 10.1 Hz, 1H), 3.14 (d, J=11.5 Hz,
1H), 2.26 (s, 3H), 1.74 (s, 3H), 1.59 (d, T = 13.3 Hz, 1H), 1.22 (d, J = 6.5 Hz, 3H); MS (El) m/z:
515.3 [M+H]".

Example 93: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-3-(2-methoxy-5-methylbenzyl)guinazolin-4(3H)-one
O Ci

H,N

The compound of Example 93 (8.5 mg, 30%) was synthesized in the same method as in
Example 18, except that 2-(chloromethyl)-1-methoxy-4-methylbenzene was used instead of
benzyl chloride in step 2 of Example 18. 'H NMR (400 MHz, MeOD) § 8.37 (s, 1H), 8.29 (dd, J
=16.5, 1.4 Hz, 2H), 7.44 (d, J = 8.8 Hz, 1H), 7.26 (d, J = 8.7 Hz, 1H), 7.21 (d, J = 2.2 Hz, 1H),
7.15 - 7.08 (m, 1H), 6.88 (d, J = 8.4 Hz, 1H), 5.10 (s, 2H), 4.40 - 4.23 (m, 1H), 4.00 (d, ] =9.2 Hz,
1H), 3.98 (s, 3H), 3.88 (d, T = 9.3 Hz, 1H), 3.82 (s, 3H), 3.43 (d, ] =4.1 Hz, 1H), 3.35 (s, 6H), 3.29
-3.12 (m, 1H), 2.27 (s, 3H), 1.90 - 1.77 (m, 4H), 1.72 (d, J= 13.0 Hz, 1H), 1.32 (d, ] = 6.5 Hz,
3H); MS (EI) m/z: 593.4 [M+H]".

Example 94: 6-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

Dpyrazin-2-yDthio)-5-chloroe-3-(3-methoxypropyl)quinazolin-4(3H)-one

H,N
The compound of Example 94 (10 mg, 31%) was synthesized in the same method as in
Example 18, except that 1-chloro-3-methoxypropane was used instead of benzyl chloride in step
2 of Example 18. 'H NMR (400 MHz, DMSO) & 8.51 (d, J = 1.5 Hz, 1H), 8.36 - 8.30 (m, 2H),
7.96 (s, 3H), 7.52 (d, T = 8.8 Hz, 1H), 7.23 (d, J = 8.8 Hz, 1H), 4.48 (s, 32H), 4.31 - 4.16 (m, 2H),
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399(,J=7.0Hz 2H),3.90(d, J=9.1 Hz, 1H),3.71 (d, ] =9.1 Hz, 1H), 3.42 (t, ] = 5.3 Hz, 1H),
338 (t, J=6.0 Hz, 2H), 3.21 - 3.10 (m, 2H), 1.92 (p, ] = 6.4 Hz, 2H), 1.74 (s, 2H), 1.59 (d, I =
13.2 Hz, 1H), 1.22 (d, J = 6.5 Hz, 3H); MS (EI) m/z: 531.7 [M+H]".

Example 95: 6-((5-((3S.48)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(2-oxo-(2-piperidin-1-yl)ethyl)guinazolin-4(3H)-one

Ny N,
0

The compound of Example 95 (15 mg, 50%) was synthesized in the same method as in
Example 18, except that 2-chloro-1-(piperidin-1-yl)ethan-1-one was used instead of benzyl
chloride in step 2 of Example 18. 'H NMR (400 MHz, DMSO) § 8.52 (d, ] = 1.5 Hz, 1H), 8.34 (d,
J=1.3Hz, 1H), 8.27 (s, 1H), 7.93 (s, 3H), 7.55 (d, ] = 8.8 Hz, 1H), 7.28 (d, ] = 8.8 Hz, 1H), 4.88
(s, 2H), 4.31 - 4.16 (m, 3H), 3.70 (s, 6H), 3.64 (s, 54H), 3.54 - 3.39 (m, 7H), 3.25 - 3.10 (m, 2H),
1.74 (s, 3H), 1.61 (d, J = 8.2 Hz, 6H), 1.47 (s, 2H), 1.22 (d, ] = 6.5 Hz, 3H); MS (EI) m/z: 584.4
[M+H]".

Example 96: 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vDpyrazin-2-yl)thio)-5-chloro-3-(2-(trifluoromethoxy)ethvl)quinazolin-4(3H)-one
Q Cl

F 0\/\1\1 S SN

0 sk

The compound of Example 96 (4.5 mg, 20%) was synthesized in the same method as in

Example 18, except that 1-bromo-2-(trifluoromethoxy)ethane was used instead of benzyl chloride
in step 2 of Example 18. "H NMR (400 MHz, DMSO) & 8.52 (d, J = 1.4 Hz, 1H), 8.38 - 8.31 (m,
2H), 7.91 (s, 3H), 7.54 (d, J = 8.7 Hz, 1H), 7.25 (d, ] = 8.7 Hz, 1H), 4.41 (t, J = 5.2 Hz, 2H), 4.30
(t, J=5.1 Hz, 2H), 427 - 4.16 (m, 2H), 3.90 (d, ] = 9.1 Hz, 1H), 3.71 (d, J = 9.1 Hz, 1H), 3.43
(d, J=5.4Hz, 1H), 3.19 (s, 1H), 3.19 - 3.11 (m, 1H), 1.74 (s, 3H), 1.59 (d, J = 13.3 Hz, 1H), 1.22
(d, J= 6.5 Hz, 3H); MS (EI) m/z: 571.2 [M+H]".

Example 97: 2-(6-((5-((3S ,48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

ylpyrazin-2-yDthio)-5-chloro-4-oxoquinazolin-3(4H)-vl)acetamide
0 Cl

NSRS

N SN N
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The compound of Example 97 (4.8 mg, 30%) was synthesized in the same method as in
Example 18, except that 2-chloroacetamide was used instead of benzyl chloride in step 2 of
Example 18. 'H NMR (400 MHz, DMSO) § 8.51 (d, J = 1.4 Hz, 1H), 8.36-8.27 (m, 2H), 7.96 (s,
3H), 7.78 (d, ] = 1.9 Hz, 1H), 7.54 (d, J = 8.7 Hz, 1H), 7.32 (s, 1H), 7.26 (d, T = 8.8 Hz, 1H), 5.94
(s, 8H), 4.57 (s, 2H), 431 - 4.16 (m, 3H), 3.90 (d, T = 9.1 Hz, 1H), 3.71 (d, T = 9.1 Hz, 1H), 3.17
(q, J=10.8 Hz, 2H), 1.76 (dd, J = 6.3, 3.2 Hz, 1H), 1.74 (s, 2H), 1.59 (d, J = 13.3 Hz, 1H), 1.22
(d, J= 6.5 Hz, 3H); MS (EI) m/z: 516.1 [M+H]".

Example 98: 3-(6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-4-oxoquinazolin-3(4H)-vl)propanamide
0 0 Cl

The compound of Example 98 (18 mg, 50%) was synthesized in the same method as in
Example 18, except that 3-chloropropanamide was used instead of benzyl chloride in step 2 of
Example 18. 'H NMR (400 MHz, DMSO) 6 8.51 (d, J = 1.4 Hz, 1H), 8.35-8.28 (m, 2H), 7.93 (s,
3H), 7.51 (d, T=8.7 Hz, 1H), 7.45-7.40 (m, 1H), 7.22 (d, J = 8.8 Hz, 1H), 6.94 (s, 1H), 4.31 -4.16
(m, 2H), 4.11 (t, J=6.5 Hz, 2H), 3.90 (d, =9.0 Hz, 1H), 3.71 (d, J=9.1 Hz, 1H), 3.46 - 3.39 (m,
1H), 3.14 (d, T = 11.8 Hz, 1H), 2.57 (t, J = 6.5 Hz, 2H), 1.74 (s, 3H), 1.59 (d, T = 13.2 Hz, 1H),
1.22 (d, T= 6.5 Hz, 3H); MS (EI) m/z: 530.4 [M+H]".

Example 99: (S)-6-((5-(1-amino-1,3-dihydrospiro[indene-2.4'-piperidin]-1'-
yl)pyrazin-2-yl)thio)-3-benzyl-5-chloroguinazolin-4(3H)-one

HN
o <cl
HN 5
o cl S N = Z2 |
T

N
S

gNJﬁS%N >\ ° ra o Ny
| -
N
k\N Q\Br Ruphos-Pd-G,, Ruphos,
HN

KoCOs, dioxane
123 )

step 1 >\S‘\O
o d
N Sj/\N
HCl/dioxane, MeOH \)\
- \N N« N

step 2

/N
HoN —

Step 1: (R)-N-((S)-1'-(5-((3-benzyl-5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-1,3-dihydrospiro[indene-2,4'-piperidin|-1-yl)-2-methylpropane-2-

sulfinamide
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A mixture of Intermediate [-23 (100 mg, 217 umol), Intermediate 1-44 (70.0 mg, 228 umol),
RuPhos (20.3 mg, 43.5 pmol), RuPhos-Pd-G> (33.7 mg, 43.5 ymol) and K»CO3(90.1 mg, 652.5
pumol) in dioxane (2.00 mL) was stirred under N> at 100°C for 16 hours. The reaction mixture was
filtered, and the filtrate was concentrated under vacuum to obtain a residue. The residuc was
purified by reverse phase flash column chromatography (0.1% FA) to obtain (R)-N-((S)-1'-(5-((3-
benzyl-5-chloro-4-ox0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-1,3-dihydrospiro[indenc-

2 A'-piperidin]-1-y1)-2-methylpropane-2-sulfinamide (70.0 mg, 46% yield) as a yellow solid. MS
(E SI) m/z: 685.2 [M+H]".

Step 2: (S)-6-((5-(1-amino-1,3-dihydrospiro[indene-2,4'-piperidin]-1'-yl)pyrazin-2-
yDthio)-3-benzyl-5-chloroquinazolin-4(3H)-one

To a mixture of (R)-N-((S)-1'-(5-((3-benzyl-5-chloro-4-ox0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-1,3-dihydrospiro[indene-2,4'-piperidin|-1-yl)-2-methylpropane-2-
sulfinamide (70.0 mg, 102 umol) in MeOH (3 mL) was added HCl/dioxane (0.3 mL), followed by
stirring at 25°C for 1 hour. The reaction mixture was concentrated under vacuum to obtain a
residue. The residue was purified by Prep-HPLC (Column: Phenomenex Luna C18
150*25mm™* 10um; mobile phase: [water (FA)-ACN]; B%: 21%-51%, 10 minutes) to obtain the
compound of Example 99 (12 mg, 20 % yield) as a yellow solid. "H NMR (400 MHz, CDCl5) § =
827(d,J=1.2Hz, 1H), 8.23 (d, J=1.2 Hz, 1H), 8.05 (s, 1H), 7.46 (d, J=8.8 Hz, 1H), 7.40 - 7.29
(m, 6H), 7.28 (s, 1H), 7.26 - 7.23 (m, 3H), 5.16 (s, 2H), 4.25 (d, T = 13.6 Hz, 2H), 4.05 (s, 1H),
3.33-3.22(m, 2H),3.13(d, J=15.6 Hz, 1H), 2.80 (d, J=15.6 Hz, 1H), 1.90 - 1.83 (m, 2H), 1.70
- 1.63 (m, 1H), 1.50 - 1.45 (m, 1H); MS (EI) m/z: 581.1 [M+H]".

Example 100: 6-[5[(1R)-1-aminospire|indene-2.4'-piperidin]-1'-yl|pyrazin-2-

yvllsulfanvyl-3-benzyl-5-chloro-quinazolin-4-one
0 Cl

spesnel

H2N

The compound of Example 100 (6 mg, 35%) was synthesized in the same method as in
Example 99, except that Intermediate 1-24 was used instead of Intermediate 1-44 in step 1 of
Example 99. '"H NMR (400 MHz, CDCl3) § = 8.28 (d, J = 0.8 Hz, 1H), 8.22 (s, 1H), 8.07 (s, 1H),
746 (d,J = 8.8 Hz, 1H), 7.42 - 7.30 (m, 6H), 7.29 (s, 1H), 7.26 - 7.24 (m, 3H), 5.17 (s, 2H), 4.29
-4.16 (m, 2H), 4.07 (s, 1H), 3.33 - 3.23 (m, 2H), 3.14 (d, T = 15.6 Hz, 1H), 2.82 (d, J = 15.6 Hz,
1H), 1.87 - 1.79 (m, 2H), 1.70 - 1.65 (m, 1H), 1.52 - 1.50 (m, 1H); MS (E SI) m/z: 581.1 [M+H]".

Example  101:  (R)-6-((5-(5-amino-5,7-dihydrospiro|cyclopenta[b]pyridine-6.4'-

iperidin]-1'-yD)pyrazin-2-yvl)thio)-3-benzyl-5-chloroquinazolin-4(3H)-one
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The compound of Example 101 (11 mg, 43%) was synthesized in the same method as in
Example 99, except that Intermediate 1-26 was used instead of Intermediate 1-44 in step 1 of
Example 99. '"H NMR (400 MHz, CDCl3) § = 8.30 (d, J =4.4 Hz, 1H), 8.26 (s, 1H), 8.22 (s, 1H),
8.05 (s, 1H), 7.70 (d, T = 8.8 Hz, 1H), 7.44 (d, J = 8.8 Hz, 1H), 7.40 - 7.33 (m, 5H), 7.32 - 7.27 (m,
1H), 7.22 - 7.14 (m, 1H), 5.16 (s, 2H), 4.36 - 4.26 (m, 2H), 4.06 (s, 1H), 3.33 - 3.18 (m, 3H), 2.96
-2.86 (m, 1H), 1.97 - 1.87 (m, 1H), 1.84 - 1.76 (m, 1H), 1.74 - 1.64 (m, 1H), 1.45 - 1.41 (m, 1H);
MS (EI) m/z: 582.1 [M+H]".
Example  102:  (S)-6-((5-(5-amine-5,7-dihydrospiro|cyclopenta[b]pyridine-6.4'-

iperidin]-1'-yD)pyrazin-2-yvl)thio)-3-benzyl-5-chloroquinazolin-4(3H)-one

The compound of Example 102 (11 mg, 42%) was synthesized in the same method as in
Example 99, except that Intermediate 1-25 was used instead of Intermediate 1-44 in step 1 of
Example 99. '"H NMR (400 MHz, CDCl3) § = 8.44 (d, J =2.8 Hz, 1H), 8.26 (s, 1H), 8.22 (s, 1H),
8.05 (s, 1H), 7.71 (d, J= 8.8 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.40 - 7.33 (m, SH), 7.32 - 7.25 (m,
1H), 7.17 - 7.15 (m, 1H), 5.16 (s, 2H), 4.35 - 4.26 (m, 2H), 4.10 (s, 1H), 3.33 - 3.20 (m, 3H), 2.96
-2.90 (m, 1H), 1.98 - 1.83 (m, 2H), 1.70 - 1.68 (m, 1H), 1.52 - 1.48 (m, 1H); MS (EI) m/z: 582.1
[M+H]".

Example 103: 6-((5-((S)-1-amino-1,3-dihydrospiro[indene-2.4'-piperidin]-1'-

vllpyrazin-2-yljthio)-5-chloro-3-((tetrahydrofuran-3-yDmethylquinazolin-4(3H)-one
0O Cl

LT T,

The compound of Example 103 (20 mg, 52%) was synthesized in the same method as in
Example 99, except that Intermediate [-27 was used instead of Intermediate 1-23 in step 1 of
Example 99. 'H NMR (400 MHz, CDCI3) § = 8.30 (d, J = 1.2 Hz, 1H), 8.25 (d, J = 1.2 Hz, 1H),
7.98 (s, 1H), 7.47 (d, ] = 8.8 Hz, 1H), 7.39 - 7.34 (m, 1H), 7.29 (s, 1H), 7.27 - 7.23 (m, 3H), 4.29
- 421 (m, 2H), 4.04 (s, 1H), 4.02 - 3.95 (m, 2H), 3.93 - 3.86 (m, 1H), 3.82 - 3.76 (m, 2H), 3.63
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(dd, J=4.8,92Hz, 1H),3.33-3.23(m, 2H),3.13(d, J=15.6 Hz, 1H),2.95 - 2.87 (m, 1H), 2.80
(d, J=156 Hz, 1H), 2.11 - 2.08 (m, 1H), 1.89 - 1.80 (m, 2H), 1.73 - 1.64 (m, 2H), 1.47 (d, ] =
13.2 Hz, 1H); m/z ES+: 575.2 [M+H]".
Example 104; 6-((5-((R)-1-amino-1,3-dihydrospiro|indene-2.4'-piperidin]-1'-
vl]pyrazin-2-yl|thio)-5-chloro-3-((tetrahydrofuran-3-vl)methyl)quinazolin-4(3H)-one
0o dc

T T

2

The compound of Example 104 (15 mg, 30%) was synthesized in the same method as in
Example 99, using Intermediate 1-24 and Intermediate 1-27 as starting materials in step 1 of
Example 99. 'H NMR (400 MHz, MeOD-d4) § = 8.30 (s, 1H), 8.23 (s, 1H), 7.97 (s, 1H), 7.59 -
7.52 (m, 1H), 7.47 (d, =8.8 Hz, 1H), 7.38 - 7.27 (m, 4H), 4.20 (s, 1H), 4.18 - 4.07 (m, 2H), 4.04
-3.94 (m, 2H), 3.93 - 3.85 (m, 1H), 3.83 - 3.74 (m, 2H), 3.67 - 3.59 (m, 1H), 3.38 - 3.28 (m, 1H),
3.27-3.15(m, 2H), 2.97 - 2.85 (m, 2H), 2.14 - 2.04 (m, 1H), 1.91 - 1.66 (m, 4H), 1.61 - 1.58 (m,
1H); MS (EI) m/z: 575.3 [M+H]".

Example  105: (S)-6-((5-(5-amine-5.7-dihydrospiro[cyclopenta[b]pyridine-6.4'-
piperidin]-1'-yD)pyrazin-2-yl)thio)-5-chloro-(3-pvyridin-3-vlmethyl)quinazolin-4(3H)-one

O (i

YUY
N k\N N“ >N NH,

N

The compound of Example 105 (2.1 mg, 23%) was synthesized in the same method as in
Example 99, using Intermediate 1-25 and Intermediate 1-28 as starting materials in step 1 of
Example 99. 'H NMR (400 MHz, CDCl3) § =8.69 (d, J = 1.6 Hz, 1H), 8.59 (dd, J = 1.2, 4.8 Hz,
1H), 8.47 - 8.43 (m, 1H), 8.29 - 8.27 (m, 1H), 8.25-8.22 (m, 1H), 8.11 - 8.09 (m, 1H), 7.80 - 7.76
(m, 1H), 7.71 - 7.66 (m, 1H), 7.49 - 7.45 (m, 1H), 7.34 - 7.30 (m, 1H), 7.29 (s, 1H), 7.20 - 7.15
(m, 1H), 5.18 - 5.15 (m, 2H), 4.37 - 4.29 (m, 2H), 4.08 (s, 1H), 3.32 - 3.20 (m, 3H), 2.96 - 2.90
(m, 1H), 1.88 - 1.78 (m, 2H), 1.69 (d, J=13.2 Hz, 1H), 1.49 - 1.41 (m, 1H) ; MS (EI) m/z: 583.2
[M+H]".

Example  106:  (R)-6-((5-(5-aminoe-5,7-dihydrospiro[cyclopenta|b]pyridine-6,4'-
piperidin]-1'-yl)pyrazin-2-yl)thio)-5-chloro-(3-pyridin-3-vlmethyl)quinazolin-4(3H)-one
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o cl
= N S Ns
T T
2
=
The compound of Example 106 (20 mg, 76%) was synthesized in the same method as in
Example 99, using Intermediate 1-26 and Intermediate 1-28 as starting materials in step 1 of
Example 99. 'H NMR (400 MHz, CDCl3) § =8.69 (d, J = 2.0 Hz, 1H), 8.60 (dd, J = 1.2, 4.8 Hz,
1H), 8.45(d, I =4.8 Hz, 1H), 8.28 (s, 1H), 8.24 (s, 1H), 8.10 (s, 1H), 7.78 (d, J=7.6 Hz, 1H), 7.70
-7.66 (m, 1H), 7.47 (d, = 8.8 Hz, 1H), 7.34 - 7.29 (m, 2H), 7.17 (dd, T = 5.2, 7.6 Hz, 1H), 5.18
(s, 2H), 432 (d, J = 13.6 Hz, 2H), 4.10 (s, 1H), 3.34 - 3.22 (m, 3H), 2.96 - 2.88 (m, 1H), 1.89 -
1.79 (m, 2H), 1.73 - 1.66 (m, 1H), 1.46 (d, J = 12.4 Hz, 1H); MS (EI) m/z: 583.2 [M+H]".
Example  107:  6-((5-((S)-5-aminoe-5,7-dihydrospiro[cyclopenta|b]pyridine-6,4'-
piperidin]-1'-yl)pyrazin-2-vl]thio)-5-chloro-3-((tetrahvdrofuran-3-yl)methyl)quinazolin-
4(3H)-on

e
o c
S__N
° N&fjf\l
SN NZ N NH,

The compound of Example 107 (15 mg, 53%) was synthesized in the same method as in

Example 99, using Intermediate 1-27 and Intermediate 1-25 as starting materials in step 1 of
Example 99. '"H NMR (400 MHz, CDCl3) § = 8.49 (s, 1H), 8.28 (d, J = 1.2 Hz, 1H), 8.23 (s, 1H),
7.97 (s, 1H), 7.74 (d, T = 7.2 Hz, 1H), 7.49 - 7.44 (m, 1H), 7.28 (s, 1H), 7.19-7.15 (m, 1H), 4.34-
425 (m, 2H), 4.15 (s, 1H), 4.04 - 3.94 (m, 2H), 3.93 - 3.86 (m, 1H), 3.83 - 3.75 (m, 2H), 3.68 -
3.63 (m, 1H), 3.32 - 3.20 (m, 3H), 2.99 - 2.88 (m, 2H), 2.14 - 2.06 (m, 1H), 1.94 - 1.79 (m, 2H),
1.74 - 1.66 (m, 2H), 1.53 - 1.45 (m, 1H); MS (EI) m/z: 576.2 [M+H]".

Example  108:  (S)-6-((5-(5-amino-5,7-dihydrospiro[cyclopenta[b]pyridine]-6.4’-

piperidin]-1'-yD)pyrazin-2-yl]thio)-5-chloro-3-(2-methoxvethyl)guinazolin-4(3H)-one
(o] C

|
0 SN
YT

The compound of Example 108 (135 mg, 49%) was synthesized in the same method as in
Example 99, using Intermediate 1-25 and Intermediate 1-29 as starting materials in step 1 of
Example 99. 'H NMR (400 MHz, CDCls) § = 8.46 (d, ] = 4.4 Hz, 1H), 8.28 - 8.26 (m, 1H), 8.23
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(s, 1H), 8.13 (s, 1H, FA), 8.04 (s, 1H), 7.74 (d, J =72 Hz, 1H), 7.47 (d, ] = 8.8 Hz, 1H), 7.29 -
727 (m, 1H), 7.20 (dd, J=5.2,7.6 Hz, 1H), 4.36 - 425 (m, 2H), 4.19 - 4.10 (m, 3H), 3.68 (t, ] =
4.8 Hz, 2H), 3.33 (s, 3H), 3.30 - 3.21 (m, 3H),2.97(d, ] =16.4 Hz, 1H), 1.93 - 1.78 (m, 2H), 1.70
- 1.64 (m, 1H), 1.53 - 1.49 (m, 1H); MS (EI) m/z: 550.2 [M+H]".

Example  109:  (8)-6-((5-(5-amino-5.7-dihydrospiro|[cyclopenta[b]pyridine]-6.4’-

piperidin]-1'-yDpyrazin-2-yl]thio)-5-chloro-3-(3-hydroxypropyvl)quinazolin-4(3H)-one
(o] Cl

"°MN)Y>STNI
N P
N N"N

HoN

The compound of Example 109 (5.72 mg, 26%) was synthesized in the same method as in
Example 99, using Intermediate 1-25 and Intermediate 1-30 as starting materials in step 1 of
Example 99. 'H NMR (400 MHz, CDCl3) § = 8.45(d, J = 4.8 Hz, 1H), 8.29 (d, ] = 1.2 Hz, 1H),
8.24 (s, 1H), 8.04 (s, 1H), 7.66 (d, J=7.2 Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.30 (d, J = 8.8 Hz,
1H), 7.20 - 7.15 (m, 1H), 440 - 4.26 (m, 2H), 4.17 (t, J= 6.4Hz, 2H), 4.07 (s, 1H), 3.71 - 3.61 (m,
2H),3.34-3.19(m, 3H),2.92(d, J=16.8 Hz, 1H), 2.08 - 1.99 (m, 2H), 1.97 - 1.85 (m, 2H), 1.69
- 1.65 (m, 1H), 1.45 - 1.43 (m, 1H); MS (EI) m/z: 550.2 [M+H]".

Example  110:  (S)-6-((5-(5-amino-5,7-dihvdrospiro|cyclopenta|b]pyridine]-6.4’-
piperidin]-1'-yl)pyrazin-2-vl] thio)-5-chloro-3-(3-fluoropropyl)guinazolin-4(3H)-one

O Ci

S N
OO,

HoN

The compound of Example 110 (22 mg, 85%) was synthesized in the same method as in
Example 99, using Intermediate 1-25 and Intermediate 1-31 as starting materials in step 1 of
Example 99. 'H NMR (400 MHz, DMSO-d¢) § = 8.49 (d, J = 1.2 Hz, 1H), 8.38 (s, 1H), 8.36 - 8.34
(m, 1H), 8.31 (d, J=1.2 Hz, 1H), 7.72 - 7.68 (m, 1H), 7.54 - 7.50 (m, 1H), 7.23 (d, J = 8.8 Hz,
1H), 7.21 - 7.18 (m, 1H), 4.60 (t, J = 5.6 Hz, 1H), 4.48 (t, ] = 5.6 Hz, 1H), 4.32 (br s, 1H), 4.30 -
428 (m, 1H), 4.06 (t, ] = 6.8 Hz, 2H), 3.99 (s, 1H), 3.28 - 3.21 (m, 2H), 3.19-3.11 (m, 1H), 2.85
-2.80 (m, 1H), 2.17 - 2.10 (m, 1H), 2.08 - 2.02 (m, 1H), 1.85 - 1.68 (m, 2H), 1.62 - 1.54 (m, 1H),
1.25 - 1.19 (m, 1H); MS (EI) m/z: 552.2 [M+H]".

Example 111: (6-((5-((S)-5-amino-5,7-dihydrospiro[cyclopenta[b]pyridine]-6.4’-
piperidin]-1'-yl)pvyrazin-2-vl] thio)-5-chloro-3-(3-hvdroxybutyl)quinazolin-4(3H)-one
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)OiA [o] Cl
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O,

H,N

The compound of Example 111 (22 mg, 69%) was synthesized in the same method as in
Example 99, using Intermediate 1-25 and Intermediate 1-32 as starting materials in step 1 of
Example 99. '"H NMR (400 MHz, CDCl3) § = 8.44 (d, J = 4.4 Hz, 1H), 8.28 (s, 1H), 8.24 (s, 1H),
8.04 (s, 1H), 7.67 (d, J= 7.6 Hz, 1H), 7.47 (d, J = 8.8 Hz, 1H), 7.30 (s, 1H), 7.17 (dd, ] = 4.8, 7.6
Hz, 1H), 4.38 - 4.23 (m, 3H), 4.09 - 3.99 (m, 2H), 3.84 - 3.74 (m, 1H), 3.33 - 3.20 (m, 3H), 2.92
(d, J = 16.4 Hz, 1H), 1.95 - 1.84 (m, 2H), 1.83 - 1.75 (m, 2H), 1.72 - 1.65 (m, 1H), 1.44 (d, J =
12.8 Hz, 1H), 1.24 (d, J = 6.0 Hz, 3H); MS (EI) m/z: 564.2 [M+H]".

Example 112:  (85)-6-((5-(5-amino-5,7-dihydrospiro[cyclopenta[b]pyridine]-6.4’-

piperidin]-1'-yD)pyrazin-2-yl]thio)-5-chloro-3-(2-oxopropvl)quinazolin-4(3H)-one
o ¢ o «

S y . S y
Loons DUPGED S IID 05 o ae IRy

N
N N0
— KoCO3, DMF, TBAI, 25 °C

o d

S
N Z "N
HCl/dioxane o SN Nx N NH,
25°C,05h >
step 2 N
p N /

Step 1: (R)-N-((S)-1'-(5-((5-chloro-4-ox0-3-(2-oxopropyl)-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-5,7-dihydrospiro[cyclopenta[b]pyridine-6,4'-piperidin|-5-y1)-2-
methylpropane-2-sulfinamide

To a solution of Intermediate 1-39 (80.0 mg, 134 umol) and 1-bromopropan-2-one (36.8
mg, 268 umol) in DMF (3 mL), KoCO3(55.6 mg, 403 pmol) and tetra-n-butylammonium
iodide(TBAI) (4.96 mg, 13.4 umol) were added, and the mixture was stirred at 20 C for 12 hours.
The reaction mixture was quenched by addition of aqueous ammonium chloride (10 mL) at 25C,
diluted with water (20 mL) and extracted with EA (30 mL x 3). The combined organic layers were
washed with brine (20 mL x 3), dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure to obtain a residue. The residue was purified by reverse phase
flash column chromatography (0.1% FA) to obtain (R)-N-((S)-1'-(5-((5-chloro-4-ox0-3-(2-
oxopropyl)-3,4-dihydroquinazolin-6-y1)thio)pyrazin-2-y1)-5,7-
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dihydrospiro[cyclopenta[b]pyridine-6,4'-piperidin |-5-y1)-2-methylpropane-2-sulfinamide (60 mg,
69% yield) as a yellow solid. MS (EI) m/z: 652.1 [M+H]".

Step 2: (5)-6-((5-(5-amino-5,7-dihydrospiro[cyclopenta[b|pyridine]-6,4’-piperidin]-
1'-yl)pyrazin-2-yl]thio)-5-chloro-3-(2-oxopropyl)quinazolin-4(3H)-one

To a solution of (R)-N-((S)-1'-(5-((5-chloro-4-ox0-3-(2-oxopropyl)-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-5,7-dihydrospiro[ cy clopenta| b]pyridine-6,4'-
piperidin}-5-yl)-2-methylpropane-2-sulfinamide (50 mg, 76.7 umol) in MeOH (5 mL) was added
HCl/dioxane(4 M), and then the mixture was stirred at 25°C for 0.5 hours. The reaction mixture
was concentrated under reduced pressure to obtain a residue. The residue was purified by Prep-
HPLC (Column: Phenomenex C18 75*30mm*3um; mobile phase: [water(FA)-ACN]; B%: 8%-
38%, 7 minutes) to obtain the compound of Example 112 (12 mg, 25% yield, FA) as a yellow solid.
'H NMR (400 MHz, CDCls) & = 8.45 (d, J = 4.8 Hz, 1H), 8.28 (s, 1H), 8.24 (s, 1H), 8.15 (s, 1H,
FA), 7.84 (s, 1H), 7.70 (d, J = 7.6 Hz, 1H), 7.49 (d, J = 8.8 Hz, 1H), 7.32 - 7.28 (m, 1H), 7.21 -
7.16 (m, 1H), 4.75 - 4.70 (m, 2H), 432 (d, J = 13.2 Hz, 2H), 4.10 (s, 1H), 3.33 - 3.20 (m, 3H),
2.97 - 2.89 (m, 1H), 2.36 (s, 3H), 1.96 - 1.88 (m, 1H), 1.82 - 1.78 (m, 1H), 1.71 - 1.67 (m, 1H),
1.48 - 1.44 (m, 1H); MS (ED) m/z: 548.1 [M+H]".

Example 113: 6-((5-(35.45)-4-aming-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yDpyrazin-2-yl)thio)-5-chloro-3-(3.3,3-trifluoropropyl)guinazolin-4(3H)one

o Ci
0

Baseas

The compound of Example 113 (40 mg, 73%) was synthesized in the same method as in
Example 18, except that 3-chloro-1,1,1-trifluoro-propane was used instead of benzyl chloride in
step 2 of Example 18. "H NMR (400 MHz, CDCl3) § =8.28 (d, J= 1.2 Hz, 1H), 822 (d, =12
Hz, 1H), 8.10 (s, 1H, FA), 7.97 (s, 1H), 7.47 (d, J=8.8 Hz, 1H), 7.30 (s, 1H), 4.24 - 4.17 (m, 3H),
4.05-3.95(m, 2H), 3.86 (d, T = 8.8 Hz, 1H), 3.76 - 3.72 (m, 1H), 3.50 - 3.43 (m, 1H), 3.40 - 3.32
(m, 1H), 3.08 (d, J=4.4 Hz, 1H), 2.76 - 2.65 (m, 2H), 1.96 - 1.87 (m, 1H), 1.84 - 1.73 (m, 3H),
1.27 (d, J = 6.4 Hz, 3H); MS (E SI) m/z: 555.1 [M+H]".

Example 114: 3-(2-6-((5-(35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-4-oxoguinazolin-3(4H)-vl)ethyl)oxazolidin-2-one

0\(0 o ci

SN S S,

k‘M

Ny~ N,
0]
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The compound of Example 114 (60 mg, 79%) was synthesized in the same method as in
Example 18, except that 3-(2-chloroethyl)oxazolidin-2-one was used instead of benzyl chloride in
step 2 of Example 18. 'H NMR (400 MHz, DMSO-ds) 5 = 8.47 (d, T = 1.2 Hz, 1H), 8.35 (s, 1H),
8.30(d,J=1.2 Hz, 1H), 7.49 (d, J = 8.8 Hz, 1H), 7.20 (d, T = 8.8 Hz, 1H), 4.23 (, ] = 8.0 Hz, 2H),
4.12 - 407 (m, 3H), 4.02 - 3.92 (m, 2H), 3.72 (d, ] = 8.8 Hz, 1H), 3.66 (t, J = 8.0 Hz, 2H), 3.55 -
3.50 (m, 3H), 3.47 - 3.41 (m, 1H), 3.39 (d, J = 2.8 Hz, 1H), 3.01 (d, ] =4.8 Hz, 1H), 1.80 - 1.71
(m, 1H), 1.70 - 1.63 (m, 1H), 1.61 - 1.55 (m, 1H), 1.54 - 1.47 (m, 1H), 1.10 (d, J = 6.4 Hz, 3H);
MS (EI) m/z: 572.2 [M+H]".

Example 115: N-(2-(6-((5-(35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-4-oxoquinazolin-3(4H)-vl)ethvl)acetamide
o cl

Iagecast

H,N

The compound of Example 115 (45 mg, 45%) was synthesized in the same method as in
Example 18, except that N-(2-bromoethyl) acetamide was used instead of benzyl chloride in step
2 of Example 18. 'H NMR (400 MHz, CDCls) 8 =8.30 (d, J = 1.2 Hz, 1H), 8.24 (d, J = 1.2 Hz,
1H), 7.95 (s, 1H), 7.47 (d, T = 8.8 Hz, 1H), 7.26 (d, J = 8.8 Hz, 1H), 5.98 (1, J = 5.6 Hz, 1H), 4.27
- 4.15 (m, 3H), 4.04 - 3.92 (m, 2H), 3.87 - 3.83 (m, 1H), 3.73 (d, ] = 8.8 Hz, 1H), 3.68 - 3.64 (m,
2H), 3.56 - 3.48 (m, 1H), 3.44 - 3.41 (m, 1H), 3.04 (d, J = 4.4 Hz, 1H), 2.00 (s, 3H), 1.95 - 1.90
(m, 1H), 1.83 - 1.68 (m, 3H), 1.27 (d, ] = 6.4 Hz, 3H); MS (EI) m/z: 544.2 [M+H]".

Example 116: 6-((5-(35.,45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-

vD)pyrazin-2-yl)thio)-5-chloro-(3-(2-isopropoxyethvl)quinazolin-4(3H)-one
[o] Cl

T

st
(o}

The compound of Example 116 (43 mg, 53%) was synthesized in the same method as in

Example 18, except that 2-(2-bromoethoxy)propane was used instead of benzyl chloride in step 2
of Example 18. 'H NMR (400 MHz, CDCl;) § = 8.27 (s, 1H), 8.21 (s, 1H), 8.16 (s, 1H, FA), 8.09
(s, 1H), 7.46 (d, J = 8.8 Hz, 1H), 7.28 (s, 1H), 4.28 - 4.19 (m, 1H), 4.14 (1, ] = 4.8 Hz, 2H), 4.10 -
3.96 (m, 2H), 3.89 (d, J = 8.8 Hz, 1H), 3.75 (d, J = 9.2 Hz, 1H), 3.72 (t, J = 4.8 Hz, 2H), 3.57 -
3.47 (m, 1H), 3.40 (t, J = 10.8 Hz, 1H), 3.31 (t, J= 10.8 Hz, 1H), 3.12 (d, ] = 3.6 Hz, 1H), 2.00 -
1.88 (m, 1H), 1.87 - 1.72 (m, 3H), 1.30 (d, J = 6.4 Hz, 3H), 1.08 (d, J = 6.0 Hz, 6H); MS (EI) m/z:
5453 [M+H]".
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Example 117: 6-((5-(35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-(3-((3,6-dihvdro-2H-pyran-4-yl)methyl)quinazolin-4(3H)-one
0 Ci

The compound of Example 117 (8 mg, 63%) was synthesized in the same method as in

Example 18, except that 4-(chloromethyl)-3,6-dihydro-2H-pyran was used instecad of benzyl
chloride in step 2 of Example 18. 'TH NMR (400 MHz, CDCl3) § = 8.25 (s, 1H), 8.21 (s, 1H), 8.02
(br s, 1H, FA), 7.95 (s, 1H), 7.46 (d, J = 8.8 Hz, 1H), 7.25 (s, 1H), 5.66 (s, 1H), 4.55 (br s, 2H),
435 - 429 (m, 2H), 426 - 421 (m, 1H), 4.17 - 4.12 (m, 3H), 3.80 (t, J = 5.6 Hz, 3H), 3.49 (d, ] =
4.4 Hz, 1H), 3.18 - 3.07 (m, 2H), 2.23 - 2.15 (m, 1H), 2.11 (s, 2H), 2.07 - 2.01 (m, 1H), 1.96 (d, J
=11.4 Hz, 1H), 1.85 - 1.79 (m, 1H), 1.54 (d, J = 6.4 Hz, 3H); MS (EI) m/z: 555.2 [M+H]".
Example 118: 5-((6-((5-(35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|[4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-4-oxoquinazolin-3(4H)-yl)methvl)oxazolidin-2-one
Ci

o)
0 S~
Oi(NJ/\bIL/:t@/ @I\OC%HZ
0 ER2A]

The compound of Example 118 (25 mg, 59%) was synthesized in the same method as in

Example 18, except that 5-(bromomethyl)oxazolidin-2-one was used instead of benzyl chloride in
step 2 of Example 18. 'H NMR (400 MHz, CDCl3) & = 8.29 (s, 1H), 8.23 (s, 1H), 8.06 (s, 1H),
749 (d,J = 8.8 Hz, 1H), 7.29 (s, 1H), 5.12 - 5.00 (m, 2H), 4.49 (dd, ] = 2.4, 14.0 Hz, 1H), 4.24 -
4.17 (m, 1H), 4.07 - 3.89 (m, 3H), 3.86 - 3.78 (m, 2H), 3.71 (d, ] = 8.8 Hz, 1H), 3.55 - 3.48 (m,
1H), 3.46 - 3.39 (m, 2H), 3.02 (d, J = 4.4 Hz, 1H), 1.95 - 1.88 (m, 1H), 1.83 - 1.67 (m, 3H), 1.25
(d, J = 6.4 Hz, 3H); MS (EI) m/z: 558.2 [M+H]".

Example 119: 6-((5-(35.45)-4-aming-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-3-(furan-3-yvlmethvl)quinazolin-4(3H)-one
0o C

H,N
The compound of Example 119 (20 mg, 30%) was synthesized in the same method as in

Example 18, except that 3-(bromomethyl)furan was used instead of benzyl chloride in step 2 of
Example 18. 'H NMR (400 MHz, CDCls) § = 8.25 (s, 1H), 8.23 - 8.19 (m, 1H), 8.05 - 8.02 (m,
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1H), 7.57 (s, 1H), 7.46 - 7.39 (m, 2H), 7.26 - 7.20 (m, 1H), 6.46 - 6.43 (m, 1H), 5.02 - 4.98 (m,
2H), 425 -4.16 (m, 1H), 4.06 - 3.95 (m, 2H), 3.91 -3.84 (m, 1H), 3.72(d, J =8.8 Hz, 1H), 3.43 -
3.32 (m, 1H), 3.31 - 3.21 (m, 1H), 3.17 - 3.06 (m, 1H), 2.00 - 1.89 (m, 2H), 1.84 - 1.76 (m, 2H),
1.29 (d, J = 6.4 Hz, 3H); MS (EI) m/z: 5392 [M+H]".

Example 120: 6-((5-(3S.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(2-methoxypropyl)quinazolin-4(3H)-one

o cC
(o]

/O\I/\NJIE,S\]/\N

N ]

LN N

The compound of Example 120 (22 mg, 61%) was synthesized in the same method as in

Example 18, except that 1-chloro-2-methoxypropane was used instead of benzyl chloride in step
2 of Example 18. 'H NMR (400 MHz, CDCl:) & = 8.27 (d, J = 1.2 Hz, 1H), 8.21 (s, 1H), 8.04 (s,
1H), 7.46 (d, J = 8.8 Hz, 1H), 7.29 (d, J = 8.8 Hz, 1H), 4.38 - 4.31 (m, 1H), 4.26 - 4.17 (m, 1H),
4.06 - 3.91 (m, 2H), 3.86 (d, J = 8.8 Hz, 1H), 3.71 (s, 2H), 3.57 - 3.50 (m, 1H), 3.50 - 3.42 (m,
1H), 3.40 - 3.31 (m, 1H), 3.27 (s, 3H), 3.06 (d, T = 4.4 Hz, 1H), 1.96 - 1.89 (m, 1H), 1.84 - 1.73
(m, 3H), 1.28 (d, J = 6.4 Hz, 3H), 1.24 (d, ] = 6.4 Hz, 3H); MS (El) m/z: 531.2 [M+H]".
Example 121: 6-((5-(35.45)-4-aming-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

yvDpyrazin-2-yl)thio)-5-chloro-3-((4-oxocvclohexyl)methyl)quinazolin-4(3H)-one
O C

H,N

The compound of Example 121 (14 mg, 54%) was synthesized in the same method as in
Example 18, except that (4-oxocyclohexyl)methyl 4-methylbenzenesulfonate was used instead of
benzyl chloride in step 1 of Example 18. 'H NMR (400 MHz, CDCls) § = 8.26 (s, 1H), 8.21 (s,
1H), 8.11 (s, 1H, FA), 7.94 (s, 1H), 7.47 (d, J= 8.8 Hz, 1H), 7.30(d, = 8.8 Hz, 1H), 4.28 - 4.17
(m, 1H), 4.06 - 3.94 (m, 2H), 3.90 (d, J=7.2 Hz, 2H), 3.86 (d, ] = 8.8 Hz, 1H), 3.73 (d, ] = 8.8
Hz, 1H), 3.51 - 3.41 (m, 1H), 3.41 - 3.29 (m, 1H), 3.07 (d, ] =3.6 Hz, 1H), 2.52 - 2.41 (m, 3H),
240 -230(m, 2H), 2.13 - 2.06 (m, 2H), 1.82 - 1.68 (m, 4H), 1.59 - 1.47 (m, 2H), 1.33 - 1.23 (m,
3H); MS (EI) m/z: 569.3 [M+H]".

Example 122:; 6-((5-((35.45)-4-aming-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(2.3-dihydroxypropyvl)quinazolin-4(3H)-one
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o HOL gy Ao
RMCO; Hy0, dioxane, ’ j/\ L\

S/ Hldioxane, MeOH

275N
step 2 step 3
HO Ry
Step 1: N-((35,45)-8-(5-((5-chloroe-3-(oxiran-2-ylmethyl)-4-0x0-3,4-

dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-
methylpropane-2-sulfinamide

To a solution of  N-((35,45)-8-(5-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4,5]decan-4-yl]-2-methylpropane-2-sulfinamide
(100 mg, 178 pmol) obtained in step 1 of Example 18 and 2-(bromomethyl)oxirane (36.5 mg, 266
umol) in DMF (2 mL), KoCO3(73.6 mg, 533 pumol) and TBAI (6.56 mg, 17.8 umol) were added.
The mixture was stirred at 60 C for 12 hours. The reaction mixture was quenched by addition of
aqueous ammonium chloride (10 mL) at 25 C, diluted with water (20 mL) and extracted with EA
(3 x 30 mL). The combined organic layers were washed with brine (3 x 20 mL), dried over
anhydrous sodium sulfate, and then filtered and concentrated under reduced pressure to obtain a
residue. The residue was purified by Prep-TLC (EA/MeOH =10/1) to obtain N-((3S,4S)-8-(5-((5-
chloro-3-(oxiran-2-ylmethyl)-4-ox0-3,4-dihydroquinazolin-6-y1)thio)pyrazin-2-yl)-3-methyl-2-
oxa-8-azaspiro| 4.5 ]decan-4-yl)-2-methylpropane-2-sulfinamide (100 mg, 91% yield) as a yellow
solid. "TH NMR (400 MHz, CDCl3) § = 8.27 (d, J = 1.2 Hz, 1H), 8.20 (d, J = 1.2 Hz, 1H), 7.98 (s,
1H), 7.48 (d, ] = 8.8 Hz, 1H), 7.25 (d, ] = 8.8 Hz, 1H), 4.59 - 4.53 (m, 1H), 4.29 - 4.22 (m, 2H),
420 -4.14 (m, 1H), 3.92 (d, ] = 9.2 Hz, 1H), 3.82 - 3.73 (m, 1H), 3.69 (d, J = 9.2 Hz, 1H), 3.57 -
3.51 (m, 1H), 3.41 - 3.36 (m, 2H), 3.27 - 3.13 (m, 2H), 2.64 - 2.59 (m, 1H), 2.11 - 1.93 (m, 2H),
1.75(d, J = 13.6 Hz, 1H), 1.64 (d, J = 13.2 Hz, 2H), 1.27 (s, 9H), 1.23 (d, J = 6.4 Hz, 3H); MS (EI)
m/z: 619.1 [M+H]".

Step 2: N-((35,45)-8-(5-((5-chlore-3-(2,3-dihydroxypropyl)-4-oxo-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-
methylpropane-2-sulfinamide
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To a solution of N-((3S,45)-8-(5-((5-chloro-3-(oxiran-2-ylmethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[ 4.5 |decan-4-y1)-2-
methylpropane-2-sulfinamide (100 mg, 161 umol) in H>O (6 mL) and dioxane (3 mL) was added
potassium cyanate (26.2 mg, 323 umol), and then the mixture was stirred at 100°C for 12 hours.
The reaction mixture was quenched by addition of aqueous ammonium chloride (10 mL) at 25C,
diluted with water (20 mL) and extracted with DCM (3 x 30 mL). The combined organic layers
were washed with brine (3 x 20 mL), dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure to obtain  N-((3S,48)-8-(5-((5-chloro-3-(2,3-
dihydroxypropyl)-4-oxo0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfinamide (80 mg, 78% yield) as a yellow solid. 'H
NMR (400 MHz, CDCl3) 8 =8.27 (s, 1H), 8.20 (s, 1H), 8.05 (s, 1H), 7.45 (d, ] = 8.8 Hz, 1H), 7.23
(d, J=8.8 Hz, 1H), 430 -4.22 (m, 3H), 4.17 (d, J=14.0 Hz, 1H), 4.12 - 4.07 (m, 1H), 3.95 - 3.88
(m, 2H), 3.62 - 3.57 (m, 1H), 3.53 - 3.48 (m, 1H), 3.40 (d, J =104 Hz, 1H), 3.26 - 3.13 (m, 3H),
2.10-1.94(m, 3H), 1.78 - 1.70 (m, 2H), 1.67 - 1.58 (m, 2H), 1.27 - 1.25 (m, 9H), 1.22 ((d, ] =6 .4
Hz, 3H); MS (EI) m/z: 637.1 [M+H]".

Step 3: 6-((5-((35,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-5-chloro-3-(2,3-dihydroxypropyl)quinazolin-4(3H)-one

To a solution of N+(3S,45)-8-(5-((5-chloro-3-(2,3-dihydroxypropyl)-4-oxo0-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[ 4.5 |decan-4-y1)-2-
methylpropane-2-sulfinamide (80 mg, 126 umol) in MeOH (10 mL) was added HCl/dioxane(4M,
1.57 mL), and then the mixture was stirred at 25C for 0.5 hours. The reaction mixture was
concentrated under reduced pressure to obtain a residue. The residue was purified by Prep-HPLC
(Column: Unisil 3-100 C18 Ultra 150*50mm*3 um; mobile phase: [water(FA)-ACN]; B%: 4%-
34%, 7 minutes) to obtain the compound of Example 122 (37 mg, 55% yield) as a off-white solid.
TH NMR (400 MHz, DMSO-de) 5 = 8.46 (d, J= 1.2 Hz, 1H), 8.29 (d, J = 1.2 Hz, 1H), 821 (s, 1H),
7.51(d, J = 8.8 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 5.10 - 4.98 (m, 1H), 4.82 - 4.70 (m, 1H), 4.27
(dd, =32, 132 Hz, 1H), 4.13 - 4.04 (m, 1H), 4.01 - 3.89 (m, 2H), 3.81 - 3.75 (m, 1H), 3.74 -
3.70 (m, 1H), 3.63 - 3.57 (m, 1H), 3.53 (d, J = 8.8 Hz, 1H), 3.48 - 3.42 (m, 2H), 341 - 3.37 (m,
2H), 3.00 (d, J = 4.8 Hz, 1H), 1.80 - 1.71 (m, 1H), 1.69 - 1.64 (m, 1H), 1.62 - 1.47 (m, 2H), 1.11
(d, J = 6.4 Hz, 3H); MS (EI) m/z: 533.2 [M+H]".

Example 123: N-(2-(6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4,5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-4-oxogquinazolin-3(4H)-vl)ethyl)-N-
methylmethanesulfonamide
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H,N

The compound of Example 123 (40 mg, 62%) was synthesized in the same method as in
Example 18, except that N-(2-bromoethyl)-N-methyl methanesulfonamide was used instead of
benzyl chloride in step 2 of Example 18. "H NMR (400 MHz, DMSO-ds) § = 8.47 (s, 1H), 8.30 (s,
1H), 8.26 (s, 1H), 8.24 (s, 1H, FA), 7.50 (d, J = 8.8 Hz, 1H), 7.20 (d, ] = 8.8 Hz, 1H), 4.14 - 4.06
(m, 3H), 4.02 - 3.90 (m, 3H), 3.73 (d, J = 8.8 Hz, 1H), 3.53 (d, J = 8.8 Hz, 1H), 3.45 - 3.40 (m,
1H), 3.39 - 3.32 (m, 2H), 3.04 - 3.00 (m, 1H), 2.86 (s, 3H), 2.82 (s, 3H), 1.81 - 1.65 (m, 2H), 1.61
-1.47 (m, 2H), 1.11 (d, J = 6.4 Hz, 3H); MS (ED) m/z: 594.1 [M+H]".

Example 124 7-((5-((35.45)-4-amin¢-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yDpyrazin-2-yD)thio)-2-benzyl-8-chloro-2H-benzo|e][1.2.4] thiadiazine 1.1-dioxide

[s) Cl

Vo
[ L3 N»\
T,

HN

The compound of Example 124 (7 mg, 38%) was synthesized in the same method as in
steps 1 and 3 of Example 18, using Intermediate 1-33 and Intermediate 1-34 as starting materials.
'H NMR (400 MHz, CDCl3) § = 8.27 (s, 1H), 8.20 (s, 1H), 7.45 - 7.38 (m, SH), 7.32 - 7.23 (m,
3H), 5.03 (s, 2H), 4.27 - 4.17 (m, 1H), 4.06 - 3.92 (m, 2H), 3.86 (d, ] =8.8 Hz, 1H), 3.72 (d, J =8.8
Hz, 1H), 3.55 - 3.44 (m, 1H), 3.43 - 3.33 (m, 1H), 3.06 (d, ] =4.6 Hz, 1H), 1.96 - 1.89 (m, 1H),
1.83 - 1.74 (m, 3H), 1.28 (d, J =6.4 Hz, 3H); MS (EI) m/z: 585.1 [M+H]".

Example 125:; (35.,45)-8-(5-((7-chloro-2-phenoxy-1H-benzo|d]imidazol-6-
yDthio)pyrazin-2-yl-3-methyl-2-oxa-8-azaspiro|4.5]decan-4-amine

Na$S SN
|

Na Boc‘NH
N s

sem  Cl sem - ¢! O@ """
N Br 133 g

N Br Phenol, Cs;COs, DMF, 100°C 0—
c— _ N Pd(dba)s, Xartphos,
N / p DIEA, dioxane, 110 °C

N\
135 step 1 step 2
sem @ e
N = N S =
0 W/J\‘\ Boc. TFA, DCM [ N
Y

**** step 3 o
(0] (0]
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Step 1: 2-[(6-bromo-7-chloro-2-phenoxy-benzimidazol-1-yl)methoxy]ethyl-trimethyl-
silane

To a solution of Intermediate 1-35 (380 mg, 959 umol) in DMF (5 mL), Cs2CO3 (938 mg,
2.88 mmol) and phenol (181 mg, 1.92 mmol) were added. The mixture was stirred at 100°C for
12 hours. The reaction mixture was quenched by addition of aqueous ammonium chloride (20 mL)
at 25°C, diluted with water (30 mL) and extracted with EA (3 x 50 mL). The combined organic
layers were washed with brine (3 x 20 mL), dried over anhydrous sodium sulfate, and then filtered
and concentrated under reduced pressure to obtain a residue. The residue was purified by reverse
phase flash column chromatography (0.1% FA) to obtain 2-[(6-bromo-7-chloro-2-phenoxy-
benzimidazol-1-yl)methoxy Jethyl-trimethyl-silane (300 mg, 69% vyield) as a yellow oil. 'H NMR
(400 MHz, CDCl3) & = 7.49 - 7.41 (m, 5H), 7.30 - 7.27 (m, 1H), 7.22 - 7.18 (m, 1H), 3.64 - 3.60
(m, 4H), 0.95 - 0.93 (m, 2H), 0.03 (d, J = 2.4 Hz, 9H).

Step 2: tert-butyl ((35,45)-8-(5-((7-chloro-2-phenoxy-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-benzo|d]imidazol-6-yl)thio)pyrazin-2-yl)-3-methyl-2-
oxa-8-azaspiro[4.5]decan-4-yl)carbamate

A  mixture of 2-[(6-bromo-7-chloro-2-phenoxy-benzimidazol-1-yl)methoxy |ethyl-
trimethyl-silane (150 mg, 331 umol), Intermediate 1-33 (160 mg, 397 umol), Pdx(dba)s (30.3 mg,
33.1 umol), XantPhos (38.3 mg, 66.1 pmol) and DIEA (128 mg, 992 pmol) in dioxane (3 mL) was
degassed and purged 3 times with N». Then, the mixture was stirred under N> atmosphere at 110 C
for 12 hours. The reaction mixture was filtered, and the filtrate was concentrated under reduced
pressure to obtain a residue. The residue was purified by reverse phase flash column
chromatography (0.1% FA) to obtain tert-butyl ((35,4S5)-8-(5-((7-chloro-2-phenoxy-1-((2-
(trimethylsilyDethoxy)methyl)-1H-benzo[d]imidazol-6-ythio)pyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)carbamate (25 mg, 10% yield) as a yellow solid. 'H NMR (400 MHz,
CDCls) § =8.07 - 7.97 (m, 2H), 7.47 - 7.44 (m, 1H), 7.42 - 7.38 (m, 2H), 7.39 - 7.35 (m, 1H), 7.29
-7.26 (m, 2H), 7.26 - 7.23 (m, 1H), 4.68 - 4.54 (m, 1H), 4.21 - 4.14 (m, 1H), 4.03 - 3.96 (m, 1H),
3.85 - 3.68 (m, 3H), 3.68 - 3.64 (m, 3H), 3.64 - 3.55 (m, 2H), 3.54 - 3.46 (m, 1H), 3.44 - 3.33 (m,
1H), 1.89 - 1.80 (m, 2H), 1.78 - 1.73 (m, 2H), 1.45 (s, 9H), 1.22 - 1.18 (m, 3H), 0.98 - 0.89 (m,
2H), 0.04 (m, 9H).

Step 3: (35,45)-8-(5-((7-chloro-2-phenoxy-1H-benzo|d]imidazol-6-yl)thio)pyrazin-2-
yl-3-methyl-2-oxa-8-azaspiro[4,5]decan-4-amine

To a solution of  tert-butyl ((38.48)-8-(5-((7-chloro-2-phenoxy-1-((2-
(trimethylsilyDethoxy)methyl)-1H-benzo[d]imidazol-6-ythio)pyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro| 4.5]decan-4-yl)carbamate (20 mg, 26.6 umol) in DCM (3 mL) was added TFA (303 mg,
2.65 mmol), and then the mixture was stirred at 25°C for 2 hours. The reaction mixture was

concentrated under reduced pressure to obtain a residue. The residue was purified by Prep-HPLC
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(Column: Unisil 3-100 C18 Ultra 150*50mm*3 um; mobile phase: [water(FA)-ACNJ; B%: 10%-
40%, 10 minutes) to obtain the compound of Example 125 (10 mg, 72% yield) as a yellow solid.
'H NMR (400 MHz, MeOD) & = 8.12 (s, 1H), 7.96 (s, 1H), 7.51 - 7.44 (m, 2H), 7.36 - 7.29 (m,
3H), 7.29 - 7.23 (m, 2H), 4.31 - 421 (m, 1H), 4.18 - 4.03 (m, 2H), 3.92 (d, J = 8.8 Hz, 1H), 3.79
(d, J=8.8Hz, 1H), 3.24 (d, J=4.4 Hz, 1H), 3.23 -3.17 (m, 1H), 3.16 - 3.09 (m, 1H), 1.84 - 1.75
(m, 3H), 1.70 - 1.62 (m, 1H), 1.26 (d, ] = 6.4 Hz, 3H); MS (EI) m/z: 523.2 [M+H]".

Example 126: (35,45)-8-(5-((7-chlore-2-((tetrahydrofuran-3-yl)oxy)-1H-

benzo|d]limidazol-6-yI)thio)pyrazin-2-yD-3-methvl-2-o0xa-8-azaspiro[4.5]decan-4-amine

The compound of Example 126 (9.03 mg, 79%) was synthesized in the same method as in
Example 125, except that tetrahydrofuran-3-ol was used instead of phenol in step 1 of Example
125. 'TH NMR (400 MHz, MeOD-d4) & = 8.53 (s, 1H, FA), 8.11 (d, T = 1.2 Hz, 1H), 7.93 (d, ] =
1.2 Hz, 1H), 7.25 (s, 2H), 5.62 (s, 1H), 4.28 - 421 (m, 1H), 4.13 - 3.93 (m, 6H), 3.93 - 3.88 (m,
2H), 3.76 (d, J = 8.8 Hz, 1H), 3.28 - 3.21 (m, 1H), 3.20 - 3.12 (m, 2H), 2.44 - 2.32 (m, 1H), 2.30 -
2.20 (m, 1H), 1.85 - 1.78 (m, 1H), 1.78 - 1.72 (m, 2H), 1.70 - 1.60 (m, 1H), 1.25 (d, J = 6.4 Hz,
3H); MS (EI) m/z: 516.9 [M+H]".

Example 127: (3S,45)-8-(5-((7-chloro-2-(2-methoxyethoxy)-1H-benzo[d]imidazol-6-

Dthio)pvrazin-2-yl-3-methyl-2-0xa-8-azaspiro[4.5]decan-4-amine

The compound of Example 127 (18.7 mg, 68%) was synthesized in the same method as in
Example 125, except that 2-methoxyethanol was used instead of phenol in step 1 of Example 125.
'H NMR (400 MHz, MeOD-ds) 5 =8.11 (d, J = 1.2 Hz, 1H), 7.92 (d, J= 1.2 Hz, 1H), 7.25 (s, 2H),
4.66 - 4.60 (m, 2H), 4.29 - 421 (m, 1H), 4.12 - 3.98 (m, 2H), 3.89 (d, J = 9.2 Hz, 1H), 3.81 - 3.77
(m, 2H), 3.75(d, J=9.2 Hz, 1H), 3.42 (s, 3H), 3.29 - 3.23 (m, 1H), 3.23 - 3.16 (m, 1H), 3.15(d, J
= 4.8 Hz, 1H), 1.84 - 1.70 (m, 3H), 1.69 - 1.60 (m, 1H), 1.24 (d, J = 6.4 Hz, 3H); MS (EI) m/z:
505.2 [M+H]".

Example 128: (35,45)-8-(5-((7-chlore-2-(pyridin-3-yloxy)-1H-benzo[d]imidazol-6-

Dthio)pvrazin-2-yl-3-methyl-2-0xa-8-azaspiro[4.5]decan-4-amine
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The compound of Example 128 (23.7 mg, 68%) was synthesized in the same method as in
Example 125, except that pyridin-3-ol was used instead of phenol in step 1 of Example 125. 'H
NMR (400 MHz, MeOD-ds) & = 8.67 (d, J =2.4 Hz, 1H), 8.52 - 8.48 (m, 1H), 8.13 (d, J= 1.2 Hz,
1H), 7.99 - 7.91 (m, 2H), 7.60 - 7.54 (m, 1H), 7.33 - 7.24 (m, 2H), 4.30 - 4.22 (m, 1H), 4.19 - 4.04
(m, 2H), 3.93 (d, J= 9.2 Hz, 1H), 3.80 (d, J = 8.8 Hz, 1H), 3.26 (d, ] =4.4 Hz, 1H), 3.24 - 3.18
(m, 1H), 3.18 - 3.09 (m, 1H), 1.84 - 1.73 (m, 3H), 1.70 - 1.61 (m, 1H), 1.27 (d, J = 6.4 Hz, 3H);
MS (EI) m/z: 524.2 [M+H]".

Example 129: (3S5.45)-8-(5-((7-chloro-1-methyl-2-((tetrahydrofuran-3-yl)oxy)-1H-

benzo|d]imidazol-6-yDthio)pyrazin-2-yD-3-methvyl-2-o0xa-8-azaspiro[4.5]decan-4-amine
Cl

SO N

o e -

o Cb
(o}

The compound of Example 129 (45.8 mg, 53%) was synthesized in the same method as in

steps 1 and 3 of Example 18, using Intermediate 1-33 and Intermediate [-36 as starting materials.
'H NMR (400 MHz, MeOD-d4) § = 8.47 (s, 1H, FA), 8.14 (d, J=1.6 Hz, 1H), 7.96 (d, J= 1.6 Hz,
1H), 7.36 - 7.31 (m, 1H), 7.24 (d,  =8.4 Hz, 1H), 5.63 - 5.56 (m, 1H), 4.31 - 4.24 (m, 1H), 4.23 -
4.16 (m, 1H), 4.16 - 4.10 (m, 1H), 4.09 - 3.99 (m, 3H), 3.96 - 3.90 (m, 2H), 3.89 (s, 3H), 3.83 (d,
J=9.2Hz, 1H), 3.33 (s, 1H), 3.21 - 3.07 (m, 2H), 2.45 - 2.35 (m, 1H), 2.33 - 2.23 (m, 1H), 1.82
(t,J=44Hz 2H), 1.80 (s, 1H), 1.71 - 1.62 (m, 1H), 1.29 (d, J = 6.4 Hz, 3H); MS (EI) m/z: 531.2
[M+H]".

Example 130: (3S.45)-8-(5-((4-chloro-1-methyl-2-(tetrahydrofuran-3-yl)oxy)-1H-

benzo|d]imidazol-5-yDthio)pyrazin-2-yD-3-methvyl-2-o0xa-8-azaspiro[4.5]decan-4-amine
0,

LZ Ci
8 N\
S,

HoN

The compound of Example 130 (13 mg, 50%) was synthesized in the same method as in
steps 1 and 3 of Example 18, using Intermediate 1-33 and Intermediate [-37 as starting materials.
'H NMR (400 MHz, MeOD) § = 8.10 (s, 1H), 7.91 (s, 1H), 7.31 - 7.21 (m, 2H), 5.72 (, ] = 4.8
Hz, 1H), 428 - 4.22 (m, 1H), 4.11 - 4.07 (m, 1H), 4.04 (s, 2H), 4.03 - 4.00 (m, 1H), 3.96 - 3.88
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(m, 2H), 3.76 (d, J = 8.8 Hz, 1H), 3.64 - 3.60 (m, 1H), 3.59 - 3.56 (m, 3H), 3.27 - 3.20 (m, 1H),
3.14-3.10(m, 2H), 2.45 - 2.34 (m, 1H), 2.32 - 2.24 (m, 1H), 1.84 - 1.71 (m, 3H), 1.64 - 1.61 (m,
1H), 1.27 - 1.23 (m, 3H); MS (EI) m/z: 531.3 [M+H]".

Example 131: 6-((5-(35.45)-4-amino-3-methyl-2-oxa-8-azaspiro|4,5]decan-8-y1)-6-
(hydroxymethyl)-3-methylpyrazin-2-yl)thio)-5-chlore-3-(2-methoxyethyl)quinazolin-4(3H)-

one
o ¢
O~y SNa

) { 0 ¢
N e N NN X SW}N

Pd,(dba)s, XantPhos, DIEA,

=z
7
J _
?
(@) : 'HH%
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dioxane, 100°C 12 h HO™~ A , o
138 step 1 -0
o
TFA, DCM Oy 'SW}N
: » k\N N N NH,
25°C,05h 5
step 2 HO am
O

Step 1: tert-butyl ((35,45)-8-(5-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)-3-(hydroxymethyl)-6-methylpyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)carbamate

A mixture of Intermediate 1-38 (120 mg, 255 pumol), [5-chloro-3-(2-methoxyethyl)-4-oxo-
quinazolin-6-yl]sulfanyl sodium (111 mg, 382 umol) obtained in step 2 of Preparation Example
28, Pdx(dba)3 (23.3 mg, 25.5 umol), XantPhos (29.5 mg, 50.9 umol) and DIEA (98.7 mg, 764 yumol)
in dioxane (5 mL) was degassed and purged 3 times with N2, and then the mixture was stirred
under N> atmosphere at 100 C for 12 hours. The reaction mixture was filtered, and the filtrate was
concentrated under reduced pressure to obtain a residue. The residue was purified by Pre-
TLC(PE/EA = 1:10) to obtain tert-butyl ((35,45)-8-(5-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)-3-(hydroxymethyl)-6-methylpyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro| 4.5]decan-4-yl)carbamate(60 mg, 36% yield) as a yellow solid. MS (EI) m/z: 661.2
[M+H]".

Step 2: 6-((5-(35,45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5] decan-8-yl)-6-
(hydroxymethyl)-3-methyl-pyrazin-2-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-
4(3H)-one

To a solution of tert-butyl ((3S,4S)-8-(5-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)-3-(hydroxymethyl)-6-methylpyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro| 4.5 ]decan-4-yl)carbamate(60 mg, 90.7 wmol) in DCM (3 mL) was added TFA (1.03 g,

9.07 mmol), and the mixture was stirred at 25C for 0.5 hours. The reaction mixture was
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concentrated under reduced pressure to obtain a residue. The residue was purified by Prep-HPLC
(Column: Unisil 3-100 C18 Ultra 150*50mm*3 um; mobile phase: [water(FA)-ACNJ; B%: 11%-
41%, 7 minutes) to obtain the compound of Example 131 (42 mg, 82% yield) as a white solid. 'H
NMR (400 MHz, CDCl:) 6 = 8.07 (s, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.33 (d, J = 8.8 Hz, 1H), 4.56
(s, 2H), 422 (d,J = 5.2 Hz, 1H), 4.16 (1, J = 4.8 Hz, 2H), 3.92 (d, J = 9.2 Hz, 1H), 3.78 - 3.73 (m,
1H), 3.68 (1, J = 4.8 Hz, 2H), 3.49 (d, J = 13.2 Hz, 2H), 3.34 (s, 3H), 3.23 (d, J = 4.0 Hz, 1H), 3.07
-2.90 (m, 2H), 2.53 - 2.47 (m, 3H), 2.02 - 1.87 (m, 2H), 1.76 (d, ] = 12.4 Hz, 2H), 1.31 (d, J= 6.0
Hz, 3H); MS (EI) m/z: 561.2 [M+H]".

Example 132: 7-((5-(35.45)-4-amino-3-methyl-2-0xa-8-azaspiro[4.5]decan-8-yl)-
pyrazin-2-yl)thie)-3-benzyl-8-chloroquinazolin-4(3H)-one

USRS

H,N

The compound of Example 132 (16 mg, 61% yicld) was obtained as a white solid in the
same method as in Example 131, using Intermediate [-40 and Intermediate [-33 as starting
materials. 'H NMR (400 MHz, CDCl3) § = 8.30 (s, 1H), 8.24 (s, 1H), 8.21 (s, 1H), 8.01 (d, J =8.8
Hz, 1H), 7.40 - 7.28 (m, 5SH), 6.92 (d, J = 8.8 Hz, 1H), 5.18 (s, 2H), 4.27 - 4.18 (m, 1H), 4.07 -
4.01 (m, 2H), 3.88 (d, J=8.8 Hz, 1H), 3.74 (d, J = 8.8 Hz, 1H), 3.47 - 3.31 (m, 2H), 3.11 (d, J =
4.0 Hz, 1H), 1.96 - 1.90 (m, 1H), 1.80 - 1.68 (m, 3H), 1.28 (d, = 6.4 Hz, 3H); MS (EI) m/z: 549.1
[M+H]".

Example 133: 6-((5-((35.48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.S]decan-8-yl)-
pyrazin-2-yl)thig)-2-benzyl-7-chloroisoindolin-1-one

I5e RS
ol E¥) O

The compound of Example 133 (13 mg, 50%) was synthesized in the same method as in

Example 131, using Intermediate 1-41 and Intermediate 1-33 as starting materials. 'H NMR (400
MHz, CDCl:) & 8.21 - 8.18 (m, 1H), 8.14 - 8.11 (m, 1H), 7.37 - 7.28 (m, 6H), 7.17 - 7.12 (m, 1H),
477 (s, 2H), 4.25 - 423 (m, 1H), 4.21 (s, 2H), 4.04 - 3.90 (m, 2H), 3.89 - 3.85 (m, 1H), 3.74 - 3.69
(m, 1H), 3.43 - 3.34 (m, 1H), 3.32 - 3.21 (m, 1H), 3.11 - 3.06 (m, 1H), 1.81 - 1.69 (m, 4H), 1.32 -
1.25 (m, 3H); MS (EI) m/z: 536.1 [M+H]".

Example 134: (S)-6-((3-amino-5-(5-amino-5,7-dihydrospiro[cyclopenta[b]pyridine]-

6.4’°-piperidin]-1'-yDpyrazin-2-vl]thio)-5-chloro-3-(2-methoxyethvl)quinazolin-4(3H)-one
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(o)

cl
Raoeee)
k\N H,N” NN NH,

The compound of Example 134 (13 mg, 25%) was synthesized in the same method as in
Example 99 using Intermediate I-25 and Intermediate 1-42. 'H NMR (400 MHz, CDCl3) § = 8.46
- 8.42 (m, 1H), 8.03 - 8.01 (m, 1H), 7.71 - 7.69 (m, 1H), 7.66 (d, J=7.6 Hz, 1H), 7.46 (d, ] = 8.8
Hz, 1H), 7.20 - 7.13 (m, 2H), 4.85 (br s, 2H), 4.32 - 425 (m, 2H), 4.15 (t, J=4.8 Hz, 2H), 4.05 (s,
1H), 3.69 (t, ] =4.8 Hz, 2H), 3.34 - 3.31 (m, 3H), 3.24 (d, ] = 8.4 Hz, 1H), 3.22 - 3.15 (m, 2H),
290(d, J=16.4Hz 1H), 1.82(s,2H), 1.66 (d, J=12.0 Hz, 1H), 1.39 (d, J=13.2 Hz, 1H); MS
(ED) m/z: 565.2 [M+H]".

Example 135: (35.49)-8-(5-((7-chloro-2-(3-methoxybenzyl)-1H-benzo[d]imidazol-6-
yDthio)pyrazin-2-yl-3-methyl-2-oxa-8-azaspiro|4.5]decan-4-amine

The compound of Example 135 (18 mg, 50%) was synthesized in the same method as in
Example 131, using Intermediate 1-43 and Intermediate 1-33 as starting materials. 'H NMR (400
MHz MecOD) 6 8.19(d, J=1.5Hz, 1H), 8.11 (d, J=1.4 Hz, 1H), 7.48 (d, J= 8.6 Hz, 1H), 7.29
(dd, J=16.9, 8.3 Hz, 2H), 6.97 - 6.84 (m, 3H), 4.39 - 424 (m, 5H), 4.19 (d, 1= 13.9 Hz, 1H), 4.00
-3.94 (m, 1H), 3.86 (d, 1=9.2 Hz, 1H), 3.78 (s, 4H), 3.41 (d, ] =4.2 Hz, 1H), 3.23 - 3.05 (m, 2H),
1.83(dd, J=10.3,4.4Hz 2H), 1.79 (dd, T=11.5,4.6 Hz, 1H), 1.68 (d, T = 13.1 Hz, 1H), 1.31 (d,
J=6.6 Hz, 6H); MS (EI) m/z: 551.1 [M+H]".

Example 136: (35,45)-8-(5-((7-chloro-2-(pvrazin-2-ylmethyl)-1H-benzo|d]imidazol-
6-yl)thio)pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.S]|decan-4-amine

T Sy
3 A ey

The compound of Example 136 (6 mg, 33%) was synthesized in the same method as in
Example 135 above, except that Intermediate I-45 was used instead of Intermediate 1-43. 'H NMR
(400 MHz, MeOD) & 8.77 (s, 1H), 8.58 (s, 2H), 8.21 (s, 1H), 8.15 (s, 1H), 7.55 (d, J = 8.6 Hz, 1H),
738 - 731 (m, 1H), 428 (d, J = 4.8 Hz, 2H), 421 (d, J = 14.3 Hz, 1H), 3.98 (d, J = 9.3 Hz, 1H),
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3.87(d,J=93Hz, 1H), 3.42 (s, 1H), 3.24 - 3.07 (m, 3H), 1.86 (s, 3H), 1.69 (d, ] = 13.3 Hz, 1H),
1.31(d, J = 6.5 Hz, 4H); MS (EI) m/z: 523.6 [M+H]".

Example 137: (3S.45)-8-(5-((7-chloro-2-(pyridin-3-ylmethyl)-1H-benzo|d]imidazol-6-
vl)thio)pvrazin-z-vl)-S -methyl-2-oxa-8-azaspiro|4.5]decan-4-amine

N-_

S "*“*QQ

The compound of Example 137 (5.1 mg, 31%) was synthesized in the same method as in
Example 135 above, except that Intermediate I-46 was used instead of Intermediate 1-43. 'H NMR
(400 MHz, MeOD) & 8.71 (s, 1H), 8.60 (d, J = 5.3 Hz, 1H), 8.15 (d, J = 1.4 Hz, 1H), 8.02(d, ] =
1.3 Hz, 1H), 7.68 (s, 1H), 7.43 (d, ] = 8.5 Hz, 1H), 7.28 (d, ] = 8.4 Hz, 1H), 4.44 (s, 2H), 4.32 -
421 (m, 1H), 4.16 (d, T = 14.0 Hz, 1H), 3.96 (d, T =9.2 Hz, 1H), 3.85 (d, J= 9.2 Hz, 1H), 3.40 (d,
J=4.1Hz, 1H), 3.21 - 3.03 (m, 2H), 1.84 (s, 2H), 1.83 - 1.74 (m, 1H), 1.67 (d, J = 12.9 Hz, 1H),
1.30 (d, J = 6.5 Hz, 4H); MS (EI) m/z: 522.7 [M+H]".

Example  138:  (S5)-6-((5-(5-amino-5,7-dihydrospiro[cyclopenta[b]pyridine]-6.4’-

piperidin]-1'-yD)pyrazin-2-yl]thio)-5-chloro-3-(furan-3-ylmethvl)quinazolin-4(3H)-one
o «cl

The compound of Example 138 (7.8 mg, 38%) was synthesized in the same method as in
Example 112, except that 3-(bromomethy)furan was used instead of 1-bromopropan-2-one in step
1 of Example 112. 'H NMR (400 MHz, CDCl3) 8 =8.46 (d, ] =4.4 Hz, 1H), 8.27 (s, 1H), 8.23 (s,
1H), 8.04 (s, 1H), 7.73 - 7.69 (m, 1H), 7.57 (s, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.41 (1, J = 1.6 Hz,
1H), 7.29 (s, 1H), 7.18 (dd, = 5.2, 7.2 Hz, 1H), 6.45 (s, 1H), 5.00 (s, 2H), 4.35 - 4.26 (m, 2H),
412 - 4.08 (m, 1H), 3.31 - 3.21 (m, 3H), 2.95 (d, J = 16.4 Hz, 1H), 1.93 - 1.79 (m, 2H), 1.68 (d, J
=12.8 Hz, 1H), 1.49 (d, J = 12.4 Hz, 1H); MS (ED) m/z: 572.2 [M+H]".

Example 139: 6-((5-((35.45)-4-aming-3-methyl-2-oxa-8-azaspiro|4.5]decan-8-
yl)pyrazin-2-yl)thio)-5-chloro-3-(2-fluoro-2-methylpropyl)quinazolin-4(3H)-one

. o ac o

N =
\1/\1;\‘1\/©/ \[N/:'\,\OC%HQ
0.‘...
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The compound of Example 139 (9.1 mg, 69%) was synthesized in the same method as in
Example 18, except that, in step 2 of Example 18, 1-bromo-2-fluoro-2-methylpropane was used
instead of benzyl chloride, and 1.5 equivalents of potassium iodide were added. 'H NMR (400
MHz, DMSO) & 8.52 (s, 1H), 8.33 (d, J = 1.1Hz, 1H), 8.21 (d, J = 1.8Hz, 1H), 8.14-8.09 (m, 2H),
7.54 (d, J=8.8Hz, 1H), 7.24 (d, ] = 8.8Hz, 1H), 4.28-4.19 (m, 4H), 3.92 (d, ] =9.1Hz, 1H), 3.69
(d, T = 9.0Hz, 1H), 3.20-3.12 (m, 4H), 1.83-1.70 (m, 3H), 1.59 (d, J = 16Hz, 1H), 1.37 (s, 3H),
1.32 (s, 3H), 1.23 (d, J = 6.6Hz, 3H); MS m/z: 533 [M+H]".

Example  140:  (S)-6-((5-(5-amine-5.7-dihydrospiro[cyclopenta[b]pyridine-6.4'-
piperidin]-1'-yl)pyrazin-2-yl)thig)-5-chloro-3-((3-fluorooxetan-3-yl)methyl)quinazolin-

4(3H)-one

o ClI
; S
N Z "N
& L W/\l
(0] \N N%N L\IH2

The compound of Example 140 (16 mg, 75%) was synthesized in the same method as in
Example 112, except that 3-(fluorooxetan-3-yl)methyl 4-methylbenzenesulfonate was used
instead of 1-bromopropan-2-one in step 1 of Example 112. 'H NMR (400 MHz, CDCl3) § = 8.48
- 8.44 (m, 1H), 8.27 (s, 1H), 821 (s, 1H), 7.95 (d, T = 1.6 Hz, 1H), 7.73 (d, J = 7.2 Hz, 1H), 7.44
(d, J= 8.8 Hz, 1H), 7.25 (s, 1H), 7.17 (dd, J = 5.2, 7.2 Hz, 1H), 4.87 - 4.77 (m, 4H), 4.60 - 4.52
(m, 2H), 4.34 - 427 (m, 2H), 4.15 (s, 1H), 3.31 - 3.27 (m, 1H), 3.25 (s, 2H), 3.00 (d, J= 16.4 Hz,
1H), 1.90 - 1.81 (m, 2H), 1.70 - 1.63 (m, 1H), 1.59 - 1.54 (m, 1H);

Example  141:  (S)-6-((5-(5-amine-5.7-dihydrospiro[cyclopenta[b]pyridine-6.4'-
piperidin]-1'-yD)pyrazin-2-yl)thio)-5-chloro-3-(pvrimidin-4-vlmethyl)quinazolin-4(3H)-one

o cl

N S
= N Z
N'Kj :pij QN NH,
\_/

The compound of Example 141 (26 mg, 87%) was synthesized in the same method as in
Example 112, except that 4-(chloromethyl)pyrimidine was used instead of 1-bromopropan-2-one
in step 1 of Example 112. '"H NMR (400 MHz, CDCls) § = 9.15 (s, 1H), 8.74 (d, ] = 5.2 Hz, 1H),
844 (d,J =4.4 Hz, 1H), 8.27 (s, 1H), 8.22 (d,  =3.2 Hz, 2H), 7.66 (d, J = 8.8 Hz, 1H), 7.51 (d, J
=8.8 Hz, 1H), 7.46 (d, ] = 4.8 Hz, 1H), 7.30 (d, J = 8.8 Hz, 1H), 7.20 - 7.16 (m, 1H), 5.17 (s, 2H),
437 - 428 (m, 2H), 4.06 (s, 1H), 3.32 - 3.19 (m, 3H), 2.91 (d, J = 16.4 Hz, 1H), 1.92 - 1.87 (m,
1H), 1.82 - 1.80 (m, 1H), 1.71 - 1.67 (m, 1H), 1.46 - 1.38 (m, 1H); MS (EI) m/z: 584.1 [M+H]".
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Example 142: 6-((5-((S)-5-amino-5,7-dihydrospiro|[cyclopenta]b]pyridine-6,4'-
piperidin]-1'-yD)pyrazin-2-yDthio)-5-chloro-3-(2-methoxvypropvl)guinazolin-4(3H)-one
cl

(@]
_O S

The compound of Example 142 (26 mg, 87%) was synthesized in the same method as in
Example 112, except that 2-methoxypropyl-4-methylbenzenesulfonate was used instead of 1-
bromopropan-2-one in step 1 of Example 112. 'H NMR (400 MHz, CDCl3) § =845 (d, J =44
Hz, 1H), 8.28 (s, 1H), 8.24 (s, 1H), 8.04 (s, 1H), 7.68 (d, J = 5.6 Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H),
730 (d, J=8.8 Hz, 1H), 7.18 (t, J = 6.0 Hz, 1H), 4.40 - 4.26 (m, 3H), 4.08 (s, 1H), 3.76 - 3.64 (m,
1H), 3.58 - 3.49 (m, 1H), 3.36 - 3.19 (m, 6H), 2.93 (d, J = 16.8 Hz, 1H), 1.95 - 1.88 (m, 1H), 1.86
-1.78 (m, 1H), 1.70 (d, J = 12.0 Hz, 1H), 1.51 - 1.37 (m, 1H), 1.24 (d, J = 6.0 Hz, 3H); MS (EI)
m/z: 564.2 [M+H]".

Example 143: 6-((3-amino-5-((35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-

8-vD)pyrazin-2-yl)thio)-5-chloro-3-(2-methoxyethyl)guinazolin-4(3H)-one

2HCI

HN /!‘\IHQ o a NH;
cl NH, o> """ Ay S%N

(@)
|
/O\/\N S%N bt k\N Ny\N NH;
Sy No L, ~DMSODIEA=3/,110°C, 16h .

(o]

142

Intermediate 1-42 (40 mg, 101 pmol), (3S,45)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-
amine (29.6 mg, 151 ymol) were dissolved in DMSO (3 mL), and DIEA (649 mg, 5.02 mmol) was
added thereto, followed by stirring at 110°C for 12 hours. After completion of the reaction, the
reaction mixture was extracted with water and EA. The EA layer was dried over MgSQOy, filtered
and then concentrated. The resulting product was separated by prep-HPLC and concentrated to
obtain the compound of Example 143 (20 mg, 37% yield). 'H NMR (400 MHz, DMSO-ds) § =
826 (s, 1H, FA), 8.25 (s, 1H), 7.67 (s, 1H), 7.52 (d, J = 8.8 Hz, 1H), 6.99 (d, ] = 8.8 Hz, 1H), 6.14
(s, 2H), 4.13 (1, ] = 5.2 Hz, 2H), 4.10 - 4.05 (m, 1H), 3.88 (dd, J = 4.0, 8.8 Hz, 2H), 3.70 (d, ] =
8.8 Hz, 1H), 3.62 - 3.59 (m, 2H), 3.51 (d, J = 8.8 Hz, 1H), 3.33 (s, 2H), 3.26 (s, 3H), 2.95 (d, ] =
5.2 Hz, 1H), 1.78 - 1.70 (m, 1H), 1.64 - 1.62 (m, 1H), 1.55 - 1.44 (m, 2H), 1.10 (d, J = 6.4 Hz, 3H);
MS (EI) m/z: 532.2 [M+H]".

Example 144: 6-[5-[(68S)-6-aminospiro[4,6-dihydrocyclopenta[d|thiazole-5,4'-
piperidin]-1'-yl|pyrazin-2-yl|sulfanyl-5-chlore-3-(2-methoxyethyl)guinazolin-4-one
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step 2 HoN J

2 s
Step 1: (R)-N-[(6S)-1'-[5-|5-chloro-3-(2-methoxyethyl)-4-oxo-quinazolin-6-
yl]sulfanylpyrazin-2-yl|spiro|4,6-dihydrocyclopentad]thiazole-5,4'-piperidin]-6-yl]-2-

methyl-propane-2-sulfinamide

To a solution of Intermediate 1-29 (50 mg, 117 umol) in dioxane(3 mL), Intermediate [-48
(36.7 mg, 117 pmol), [2-(2-aminophenyl)phenyl]-chloro-palladium;dicyclohexyl-[2-(2,6-
diisopropoxyphenyl)phenyl]phosphane(9.08 mg, 11.7 pmol), RuPhos (10.9 mg, 23.4 umol) and
K>COs (48.8 mg, 351 umol) were added. The mixture was stirred at 100°C for 12 hours and
filtered, and then the filtrate was concentrated under reduced pressure. The filtrate was purified by
reverse phase flash column chromatography (0.1% FA) to obtain (R)-N-[(6S)-1'-[5-]5-chloro-3-
(2-methoxyethyl)-4-oxo-quinazolin-6-yljsulfanylpyrazin-2-yl |spiro[4,6-
dihydrocyclopenta|djthiazole-5,4'-piperidin}-6-y1]-2-methyl-propane-2-sulfinamide (20 mg, 26%)
as a yellow solid. "H NMR (400 MHz, CDCl;) & = 8.82 (s, 1H), 8.29 - 827 (m, 1H), 8.24 (d, J =
1.2 Hz, 1H), 8.03 (s, 1H), 7.50 - 7.46 (m, 1H), 7.25 (s, 1H), 4.66 (d, J = 9.2 Hz, 1H), 4.42 - 4.30
(m, 2H), 4.16 (d, T = 4.4 Hz, 2H), 3.70 - 3.68 (m, 2H), 3.66 (s, 1H), 3.33 (s, 3H), 3.27 - 3.18 (m,
2H), 3.10 - 3.04 (m, 1H), 2.99 - 2.92 (m, 1H), 2.08 (d, T = 12.4 Hz, 2H), 1.89-1.82 (m, 1H), 1.77 -
1.73 (m, 1H), 1.24 (s, 9H).

Step 2: 6-[5-[(6S)-6-aminospiro[4,6-dihydrocyclopenta]d]thiazole-5,4'-piperidin]-1'-
yl]pyrazin-2-yl|sulfanyl-S-chlore-3-(2-methoxyethyl)quinazolin-4-one

To a solution of (R)-N-[(6S)-1'-[5-]5-chloro-3-(2-methoxyethyl)-4-oxo-quinazolin-6-
yl]sulfanylpyrazin-2-yl]spiro[4,6-dihydrocyclopenta|d|thiazole-5,4'-piperidin}-6-y1]-2-methyl-
propane-2-sulfinamide (20 mg, 30.3 ymol) in methanol (3 mL) was added HCl/dioxane (4 M, 757
uL), followed by stirring at 25°C for 0.5 hours. The reaction mixture was filtered, and then the
filtrate was concentrated under reduced pressure. The filtrate was purified by column
chromatography to obtain the compound of Example 144 (12 mg, 66% yield) as a yellow-white
solid. '"H NMR (400 MHz, CDCl:) § = 8.77 (s, 1H), 8.31 - 8.18 (m, 2H), 8.03 (s, 1H), 7.47 (d,] =
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8.8 Hz, 1H), 7.32 - 7.27 (m, 1H), 4.30 - 4.16 (m, SH), 3.68 (br s, 2H), 3.42 - 3.24 (m, 5H), 3.01 -
2.89 (m, 2H), 2.01 - 1.78 (m, 4H); MS (EI) m/z: 556.0 [M+H]".
Example 145: 6-[5-[(6R)-6-aminospiro[4.6-dihydrocyclopentaJd]thiazole-5.4'-

piperidin]-1'-vllpyrazin-2-yl]lsulfanyl-5-chloro-3-(2-methoxvethyDguinazolin-4-one
o cl o cl

NH%/SW/\N Oy %S%N

| |
k\N N§)\N O g k\N N§)\N
:k \>\N > :k ?\N
R/ K,CO;, TBAI, DMF, 4
NH B ““80°C, 16 h NS Y

151 ! S

XS:O step 1 % =0

o ¢l
HCV/dioxane /o\/\NJj@/S%N
20°C,1h |
- L\N N%)\

N
step 2 y N
NH e

S

Step 1: (S)-N-[(6R)-1'-[5-|5-chloro-3-(2-methoxyethyl)-4-oxo-quinazolin-6-
yl]sulfanylpyrazin-2-yl|spiro[4,6-dihydrocyclopenta|d]thiazole-5,4'-piperidin]-6-yl]-2-
methyl-propane-2-sulfinamide

TBAI (2.36 mg, 6.39 umol), K2COs (26.5 mg, 191 pmol) and 1-bromo-2-methoxy-ethane
(9.77 mg, 70.3 umol) were added to Intermediate I-51 (55 mg, 63.9 umol) in DMF (0.5 mL). The
reaction mixture was stirred at 60 °C for 16 hours. The reaction mixture was diluted with water

(10 mL) and extracted with EtOAc (3 X 5 mL). The combined organic layers were washed with
brine (2 X 20 mL), dried over Na>SOs and filtered, and the filtrate was concentrated under reduced
pressure. The filtrate was purified by column chromatography to obtain (S)-N-[(6R)-1'-[5-|5-
chloro-3-(2-methoxyethyl)-4-oxo-quinazolin-6-yl]sulfanylpyrazin-2-yl|spiro[4,6-
dihydrocyclopenta|djthiazole-5,4'-piperidin|-6-y1]-2-methyl-propane-2-sulfinamide(30 mg, 63%
yield) as a pale yellow solid. 'H NMR (400 MHz, CDCls) & = 8.82 (s, 1H), 8.28 (s, 1H), 8.24 (s,
1H), 8.04 (s, 1H), 7.49 (d, T = 8.8 Hz, 1H), 7.25 (s, 1H), 4.67 (d, J = 9.2 Hz, 1H), 4.45 - 4.30 (m,
2H), 4.14 - 4.10 (m, 1H), 3.72 - 3.62 (m, 3H), 3.33 (s, 3H), 3.31 - 3.17 (m, 2H), 3.09 - 3.03 (m,
1H), 2.98 (s, 1H), 2.94 (s, 1H), 2.13 - 2.06 (m, 2H), 1.90 - 1.81 (m, 1H), 1.78 - 1.71 (m, 1H), 1.24
(s, 9H); MS (ED) m/z: 660.3 [M+H]".

Step 2: 6-[5-[(6R)-6-aminospiro[4,6-dihydrocyclopenta]d]thiazole-5,4'-piperidin]-1'-
yl]pyrazin-2-yl|sulfanyl-S-chlore-3-(2-methoxyethyl)quinazolin-4-one

HCl/dioxane (4 M, 0.5 mL) was added to (S)-N-[(6R)-1'-[5-| 5-chloro-3-(2-methoxyethyl)-
4-oxo-quinazolin-6-yl}sulfanylpyrazin-2-yl|spiro[ 4,6-dihydrocyclopenta| d|thiazole-5,4'-
piperidin}-6-yl}-2-methyl-propane-2-sulfinamide (30 mg, 45.4 umol) in methanol (0.5 mL). The

reaction mixture was stirred at 20°C for 1 hour. The reaction mixture was concentrated under
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reduced pressure and purified by column chromatography to obtain the compound of Example 145
(11.55 mg, 45.71% yield) as a pale yellow solid. 'H NMR (400 MHz, CDCl3) § = 8.77 (s, 1H),
828 (s, 1H), 8.24 (s, 1H), 8.03 (s, 1H), 747 (d, ] = 8.8 Hz, 1H), 7.29 (d, ] = 8.8 Hz, 1H), 4.31 -
423 (m, 1H), 4.23 - 4.11 (m, 4H), 3.69 (t, J = 4.8 Hz, 2H), 3.43 - 3.29 (m, 5H), 3.04 - 2.87 (m,
2H), 2.02 - 1.88 (m, 4H); MS (EI) m/z: 556.0 [M+H]".

Example 146: 6-|5-](6R)-6-aminospiro[4,6-dihydrocyclopentad]thiazole-5,4'-
piperidin]-1'-yl|pyrazin-2-yl|sulfanyl-5-chloro-3-(2-hydroxy-2-methyl-propyl)quinazolin-4-

one
o ¢l
S
HN AN o cCl
SORE: - :
N NN HCl/dioxane. MeOH, HN % N
20h,1h N N
N > N XN
151 HN TR Sj step 1 ) N
i .
© $<0 HNTR (g

o ¢l

s o
Boc20, TEA, DCM HN N /‘>
20°C, 16 h k\N N

N »
> Cs,CO3, DMF
step 2 LN 80°C,48h
Boc iR Sj

tep 3
H step

o Cl
o Cl HO SY\
HO 3 TFA, DCM N Z>N
?@N N 20°C, 05 h Eﬁij/ |
| ’ S N
::lj@/ N\J\@Q\ - . N Q\N J
step 4 -N
N 4 \
Boc- iR /SJ HN'R) SJ

H

Step 1: 6-[5-[(6R)-6-aminospiro[4,6-dihydrocyclopenta]d]thiazole-5,4'-piperidin]-1'-
yl]pyrazin-2-yl|sulfanyl-S-chlore-3H-quinazolin-4-one

HCl/dioxane (4 M, 2 mL) was added to Intermediate [-51 (180 mg, 299 pmol) in methanol

(2 mL). The reaction mixture was stirred at 20°C for 1 hour. The reaction mixture was

concentrated  under reduced pressure to  obtain  6-[5-[(6R)-6-aminospiro[4,6-
dihydrocyclopentald|thiazole-5,4'-piperidin}-1'-yl}pyrazin-2-yljsulfanyl-5-chloro-3H-quinazolin-
4-one (150 mg, crude product, HCI) as a pale yellow solid. MS (EI) m/z: 520.2 [M+Na]".

Step 2: tert-butyl (R)-(1'-(5-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4,6-dihydrospiro[cyclopenta|d]thiazole-5,4'-piperidin]-6-yl)carbamate

TEA (85.2 mg, 842 umol) and tert-butoxycarbonyl tert-butyl carbonate (91.9 mg, 421 pmol)
were added to 6-[5-[(6R)-6-aminospiro|4,6-dihydrocyclopenta|d]thiazole-5,4'-piperidin}-1'-
yl]pyrazin-2-yl|sulfanyl-5-chloro-3H-quinazolin-4-one (150 mg, 281 pmol, HCI) in DCM (5 mL).

The reaction mixture was stirred at 20 C for 16 hours. The reaction mixture was diluted with water
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(20 mL) and extracted with EtOAc (3 X 5 mL). The combined organic layers were washed with
brine (2 X 20 mL), dried over Na>SO4 and filtered, and then the filtrate was concentrated under
reduced pressure. The filtrate was purified by column chromatography to obtain tert-butyl (R)-(1'-
(5-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-y1)thio)pyrazin-2-yl)-4,6-
dihydrospiro[cyclopenta|d|thiazole-5,4'-piperidin}-6-yl)carbamate (100 mg, 46%) as a pale
yellow solid. 'H NMR (400 MHz, CDCl3) 5 =8.82 (s, 1H), 8.32 (s, 1H), 8.29 (s, 1H), 8.24 (s, 1H),
746 (d,J=8.8 Hz, 1H), 7.25 (s, 1H), 5.05 (d, T =9.6 Hz, 1H), 4.71 (d, J = 9.6 Hz, 1H), 4.26 - 4.16
(m, 2H), 3.54 - 3.43 (m, 1H), 3.42 - 3.31 (m, 1H), 2.99 - 2.88 (m, 2H), 1.99 - 1.91 (m, 2H), 1.87 -
1.79 (m, 2H), 1.67 (s, 9H); MS (EI) m/z: 698.3 [M+H]".

Step 3: tert-butyl (R)-(1'-(5-((5-chlore-3-(2-hydroxy-2-methylpropyl)-4-oxo-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-4,6-dihydrospiro|[cyclopenta[d]thiazole-5,4'-
piperidin]-6-yl)carbamate

Cs2CO3 (74.7 mg, 229 umol) and 2,2-dimethyloxirane (496 mg, 6.87 mmol) were added to
tert-butyl (R)-(1'-(5-((5-chloro-4-ox 0-3,4-dihydroquinazolin-6-y)thio)pyrazin-2-y1)-4,6-
dihydrospiro[cyclopenta|d]thiazole-5,4'-piperidin}-6-yl)carbamate (80 mg, 115 umol) in DMF (2
mL). The reaction mixture was stirred at 80°C for 48 hours. The reaction mixture was
concentrated under reduced pressure and purified by column chromatography to obtain tert-butyl
(R)-(1'-(5-((5-chloro-3-(2-hydroxy-2-methylpropyl)-4-oxo-3,4-dihy droquinazolin-6-
yDthio)pyrazin-2-yl)-4,6-dihydrospiro[cyclopenta[d]thiazole-5,4'"-piperidin]-6-yl)carbamate (35
mg, 31% yield) as a pale yellow oil. 'H NMR (400 MHz, CDCls) § = 8.74 (s, 1H), 8.28 - 8.00 (m,
3H), 7.41 (d, J = 8.8 Hz, 1H), 7.21 (d, J = 9.6 Hz, 1H), 4.97 (d, T = 9.6 Hz, 1H), 4.68 - 4.59 (m,
1H), 4.17 - 4.09 (m, 1H), 4.04 - 3.98 (m, 2H), 3.48 - 3.23 (m, 2H), 2.95 - 2.78 (m, 2H), 1.93 - 1.81
(m, 2H), 1.80 - 1.69 (m, 2H), 1.39 (s, 9H), 1.29 - 1.22 (m, 6H); MS (EI) m/z: 670.4 [M+H]".

Step 4: (R)-6-((5-(6-amino-4,6-dihydrospiro[cyclopenta]d]|thiazole-5,4'-piperidin]-1'-
yDpyrazin-2-yl)thio)-S-chloro-3-(2-hydroxy-2-methylpropyl)quinazolin-4(3H)-one

TFA (0.5 mL) was added to tert-butyl (R)-(1'-(5-((5-chloro-3-(2-hydroxy-2-
methylpropyl)-4-oxo0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-4,6-
dihydrospiro[cyclopenta|d]thiazole-5,4'-piperidin]-6-yl)carbamate (35 mg, 52.2 pmol) in DCM
(1.5 mL). The reaction mixture was stirred at 20°C for 0.5 hours. The reaction mixture was
concentrated under reduced pressure and purified by column chromatography to obtain the
compound of Example 146 (13.78 mg, 46%) as a white solid. 'H NMR (400 MHz, DMSO-de) § =
8.98 (s, 1H), 8.50 (s, 1H), 8.31 (d, J = 1.2 Hz, 1H), 8.22 - 820 (m, 1H), 7.52 (d, J = 8.8 Hz, 1H),
7.22(d,J = 8.8 Hz, 1H), 4.91 - 4.65 (m, 1H), 4.28 -4.13 (m, 2H), 4.02 (s, 1H), 3.95 (s, 2H), 3.43
-3.37 (m, 2H), 2.93 - 2.85 (m, 1H), 2.82 - 2.74 (m, 1H), 1.91 - 1.80 (m, 1H), 1.75 - 1.57 (m, 3H),
1.11 (s, 6H); MS (EI) m/z: 570.1 [M+H]".
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Example 147: 6-[5-[(6S)-6-aminospiro|4,6-dihydrocyclopentajd]thiazole-5.4'-
piperidin]-1'-vl]pyrazin-2-ylsulfanyl-5-chloro-3-(2-hydroxy-2-methyl-propvl)quinazolin-4-

q%

2
The compound of Example 147 (1.4 mg, 16%) was synthesized in the same method as in

one

Example 146, except that Intermediate 1-52 was used instead of Intermediate 1-51 in step 1 of
Example 146. 'TH NMR (400 MHz, CDCls) & = 8.76 (s, 1H), 8.30 (s, 1H), 8.25 (s, 1H), 8.12 (s,
1H), 7.48 (d, ] =8.8 Hz, 1H), 7.31 (s, 1H), 4.31 - 4.25 (m, 1H), 4.23 - 4.17 (m, 1H), 4.15 (s, 1H),
4.07 (s, 2H), 3.42 - 3.30 (m, 2H), 3.02 - 2.96 (m, 1H), 2.94 - 2.89 (m, 1H), 2.04 - 1.91 (m, 2H),
1.82 - 1.79 (m, 2H), 1.33 (s, 6H); MS (EI) m/z: 570.2 [M+H]".

Example 148: 6-|5-[(6R)-6-amingspiro[4.6-dihydrocyclopenta[d|thiazole-5.4'-
piperidin]-1'-yl]pyrazin-2-vyl|sulfanyl-5-chloro-3-(tetrahvdropyran-4-ylmethyl)quinazolin-

o cl
““% NS0 SRS:
OQ KCOy DMF QQN
60°C,16 h HN® B

5: step 1 7{

o cl
HCl/dioxane, MeOH, N S%N
20°C,1h 5 s N
> N <N
step 2
N
HN™ 4 Yy
s

4-one

2

Step 1: (S)-N-[(6R)-1'-[5-[5-chloro-4-0x0-3-(tetrahydropyran-4-ylmethyl)quinazolin-
6-yl]sulfanylpyrazin-2-yl|spiro[4,6-dihydrocyclopenta|d]thiazole-5,4'-piperidine-6-yl]-2-
methyl-propane-2-sulfinamide

K2CO3 (26.5 mg, 191 umol) and 4-(bromomethyl)tetrahydropyran (12.5 mg, 70.3 pmol)
were added to Intermediate 1-51 (55 mg, 63.9 umol) in DMF (0.5 mL). The reaction mixturc was
stirred at 60°C for 16 hours. The reaction mixture was concentrated under reduced pressure,
diluted with water (10 mL) and extracted with EtOAc (3 X 5 mL). The combined organic layers
were washed with water (3 X 5 mL), dried over Na>SO4 and filtered, and then the filtrate was
concentrated under reduced pressure. The residuc was purified by column chromatography to
obtain (S)-N-[(6R)-1'-| 5-| 5-chloro-4-ox0-3-(tetrahy dropyran-4-ylmethyl)quinazolin-6-
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yljsulfanylpyrazin-2-yl}spiro|4,6-dihydrocyclopenta|djthiazole-5, 4'-piperidine-6-y1]-2-methyl -
propane-2-sulfinamide (25 mg, 44% yield) as a light yellow solid. 'H NMR (400 MHz, CDCl;) §
=8.83 (s, 1H), 8.29 (s, 1H), 825 (s, 1H), 7.94 (s, 1H), 7.49 (d, T = 8.8 Hz, 1H), 7.28 - 7.25 (m,
1H), 4.71 - 4.64 (m, 1H), 4.45 - 431 (m, 2H), 4.00 (dd, J=3.6, 11.6 Hz, 2H), 3.84 (d, ] = 7.2 Hz,
2H), 3.66 (d, 1=9.2 Hz, 1H), 3.44 - 3.32 (m, 2H), 3.32 - 3.18 (m, 2H), 3.12 - 2.91 (m, 2H), 2.26 -
2.07 (m, 2H), 1.89 - 1.82 (m, 1H), 1.79 - 1.71 (m, 1H), 1.65 - 1.62 (m, 2H), 1.48 - 1.38 (m, 2H),
1.25 (s, 9H); MS (ED) m/z: 700.3 [M+H]".

Step 2: 6-[5-[(6R)-6-aminospiro[4,6-dihydrocyclopenta]d]thiazole-5,4'-piperidin]-1'-
yl]pyrazin-2-yl|sulfanyl-S-chlore-3-(tetrahydropyran-4-ylmethyl)quinazolin-4-one

HCl/dioxane (4 M, 0.5 mL) was added to (S)-N-[(6R)-1'-[5-[5-chloro-4-ox0-3-
(tetrahydropyran-4-ylmethyl)quinazolin-6-yljsulfanylpyrazin-2-yl}spiro[4,6-
dihydrocyclopenta|d]thiazole-5,4'-piperidine-6-y1]-2-methyl-propane-2-sulfinamide (25 mg, 35.7
pumol) in methanol (0.5 mL). The reaction mixture was stirred at 20°C for 1 hour. The reaction
mixture was concentrated under reduced pressure and purified by column chromatography to
obtain the compound of Example 148 (12.39 mg, 58%) as a white solid. 'H NMR (400 MHz,
CDCl3) 6 =8.77 (s, 1H), 8.32 - 8.19 (m, 2H), 7.92 (s, 1H), 7.46 (d, ] = 8.8 Hz, 1H), 729 (d, I =
8.8 Hz, 1H), 4.33 - 4.13 (m, 3H), 3.99 (dd, J=3.6, 11.2 Hz, 2H), 3.84 (d, J = 7.2 Hz, 2H), 3.45 -
3.27 (m, 4H), 3.04 - 2.87 (m, 2H), 2.29 - 2.14 (m, 1H), 2.02 - 1.84 (m, 4H), 1.62 (d, ] =11.2 Hz,
2H), 1.43-1.39 (m, 2H); MS (EI) m/z: 596.4 [M+H]".

Example 149:; 6-[5-[(6S)-6-aminospiro[4.6-dihydrocyclopentald|thiazole-5.4'-
piperidin]-1'-yl|pyrazin-2-yl|sulfanyl-5-chloro-3-(tetrahydropyran-4-ylmethyl)quinazolin-

o
H-N /)\N

2 S

4-one
(o] Cl
S -~
ISESORe!

The compound of Example 149 (3.97 mg, 31%) was synthesized in the same method as in
Example 148, except that Intermediate 1-52 was used instead of Intermediate 1-51 in step 1 of
Example 148. 'H NMR (400 MHz, CDCl3) § = 8.79 (s, 1H), 8.29 (s, 1H), 8.25 (s, 1H), 7.93 (s,
1H), 7.46 (d, T = 8.8 Hz, 1H), 7.29 (s, 1H), 4.30 (d, J= 13.2 Hz, 1H), 4.26 - 4.16 (m, 2H), 3.99
(dd, J=3.2, 112 Hz, 2H), 3.84 (d, J=7.2 Hz, 2H), 3.42 - 3.27 (m, 4H), 3.04 - 2.92 (m, 2H), 2.29
-2.15 (m, 1H), 2.00- 1.91 (m, 1H), 1.87 - 1.74 (m, 3H), 1.62 (d, J=11.4 Hz, 2H), 1.32 - 1.47 (m,
2H); MS (EI) m/z: 596.1 [M+H]".

Example 150: 6-|5-[(4R)-4-amingspiro[4.6-dihydrocyclopenta[d]thiazole-5.4'-
piperidin]-1'-yl]pyrazin-2-vyl]sulfanyl-5-chloro-3-(2-methoxyethvl)quinazolin-4-one
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The compound of Example 150 (12.6 mg, 72%) was synthesized in the same method as in
Example 144, except that Intermediate 1-54 was used instead of Intermediate 1-48 in step 1 of
Example 144. 'H NMR (400 MHz, CDCls) § = 8.74 (s, 1H), 8.28 (s, 1H), 8.24 (s, 1H),8.04 (s, 1H),
747 (d,J = 8.8 Hz, 1H), 7.29 (d, ] = 8.8 Hz, 1H), 4.18 - 4.04 (m, 5H), 3.69 (t, ] = 4.8 Hz, 2H),
3.54 - 3.40 (m, 2H), 3.33 (s, 3H), 3.08 - 2.99 (m, 1H), 2.92 - 2.83 (m, 1H), 2.14 - 2.03 (m, 1H),
1.97 - 1.85 (m, 1H), 1.84 - 1.74 (m, 2H); MS (EI) m/z: 556.0 [M+H]".

Example 151: 6-[5-1(45)-4-aminospiro[4.6-dihydrocyclopentald|thiazole-5.4'-

piperidin]-1'-vllpyrazin-2-yl]lsulfanyl-5-chloro-3-(2-methoxvethyDguinazolin-4-one
o <l

o, )ﬁijs%"

k\N NJ\N

2 N

The compound of Example 151 (5.37 mg, 42%) was synthesized in the same method as in
Example 150, except that Intermediate 1-55 was used instead of Intermediate I-54 in step 1 of
Example 150. 'H NMR (400 MHz, CDCl3) § = 8.73 (s, 1H), 8.28 (s, 1H), 8.24 (s, 1H), 8.04 (s,
1H), 7.47 (d, T = 8.8 Hz, 1H), 7.30 - 7.27 (m, 1H), 4.18 - 4.11 (m, 3H), 4.11 - 4.05 (m, 2H), 3.69
(t, J=4.8 Hz, 2H), 3.53 - 3.41 (m, 2H), 3.33 (s, 3H), 3.05 - 2.98 (m, 1H), 2.91 - 2.84 (m, 1H), 2.06
(s, 1H), 1.94 - 1.87 (m, 1H), 1.79 (d, J = 13.6 Hz, 2H); MS (EI) m/z: 556.2 [M+H]".

Example 152:; 6-|5-](4R)-4-aminospiro[4,6-dihydrocyclopentad]thiazole-5,4'-
piperidin]-1'-yl|pyrazin-2-yl|sulfanyl-5-chloro-3-(2-hydroxy-2-methyl-propyl)quinazolin-4-

o ¢l
HO S
N ON
:Nﬁ@ WL

H,N"

one

/N )

The compound (5.98 mg, 54%) of Example 152 was synthesized in the same method as in
Example 146, except that Intermediate 1-56 was used instead of Intermediate 1-51 in step 1 of
Example 146. 'H NMR (400 MHz, DMSO-ds) & = 8.98 (s, 1H), 8.50 (s, 1H), 8.32 - 8.21 (m, 2H),
7.52(d, J = 8.8 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 4.23 - 4.03 (m, 3H), 4.01-3.91 (m, 4H), 3.51 -
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333 (m, 3H),2.99 - 2.83 (m, 2H), 1.98 - 1.83 (m, 1H), 1.75 - 1.56 (m, 3H), 1.11 (s, 6H); MS (EI)
m/z: 570.4 [M+H]".
Example 153: 6-]5-[(35.45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-vy1]-6-
(hvdroxymethyl)pyrazin-2-yljsulfanyl-5-chlore-3-(2-methoxyethvl)guinazolin-4-one
o ¢l

O S
OHOO""'
o

The compound of Example 153 (66.33 mg, 60% yield) was synthesized in the same method
as in step 1 and step 3 of Example 18, except that Intermediate 1-57 was used instead of
Intermediate I-3 in step 1 of Example 18, and the product obtained in step 2 of Preparation Example
28 was used instead of Intermediate I-8. '"H NMR (400 MHz, CDCl3) § = 8.32 (brs, 1H), 8.14 (s,
1H), 8.07 (s, 1H), 7.46 - 7.38 (m, 1H), 7.32 (d, J = 8.4Hz, 1H), 4.65 - 4.61 (m, 2H), 421 (s, 1H),
4.15 (s, 2H), 3.92 (d, J = 8.4 Hz, 1H), 3.75 - 3.70 (m, 1H), 3.67 (t, ] =4.8Hz, 2H), 3. 52(d, = 8.4
Hz, 2H), 3.38 (s, 1H), 3.31 (s, 3H), 3.03 - 2.82 (m, 2H), 2.09 - 1.86 (m, 2H), 1.84 - 1.68 (m, 2H),
1.31 (s, 3H); MS (ED) m/z: 547.2 [M+H]".

Example 154: S-amino-3-[(3S,48)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

yl]-6-[5-chloro-3-(2-methoxyethyl)-4-oxo-guinazolin-6-yl]sulfanyl-pyrazine-2-carboxamide
cl NH,

Sens
k\N Nf\N sz
0~ 'NH; N
o

The compound of Example 154 (6.29 mg, 49%) was synthesized in the same method as in

/o\/\

Example 153, except that Intermediate 1-58 was used instead of Intermediate I-57 of Example 153.
'H NMR (400 MHz, CDCl3) 6 = 8.04 (s, 1H), 7.47 (d, J = 8.8 Hz, 1H), 7.27 - 7.23 (m, 1H), 7.17
(d, J=8.8 Hz, 1H), 5.35 (s, 1H), 5.23 (s, 2H), 4.25 - 4.12 (m, 3H), 3.87 - 3.75 (m, 3H), 3.72 (d, J
=8.8Hz, 1H), 3.69 (t, ] = 4.8 Hz, 2H), 3.33 (s, 3H), 3.32 - 3.19 (m, 2H), 3.06 (d, ] = 4.0 Hz, 1H),
2.02-193(m, 1H), 1.84 - 1.81 (m, 1H), 1.72 (d, ] = 4.0 Hz, 2H), 1.26 (d, ] = 6.4 Hz, 3H) ; MS
(EI) m/z: 575.0 [M+H]".

Example 155; 6-|6-acetyl-3-amino-5-[(3S,4S)-4-amino-3-methyl-2-oxa-8-
azaspiro|4.5]decan-8-yl|pyrazin-2-yl|sulfanyl-5-chlore-3-(2-methoxyvethvl)quinazolin-4-one
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Step 1: tert-butyl N-[(3S,45)-8-(3-acetyl-6-amino-pyrazin-2-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl|carbamate

MeMgBr (1 M, 7.72 mL) was added to tert-butyl N-[(3S,45)-8-(6-amino-3-cyano-pyrazin-
2-y1)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yljcarbamate (300 mg, 772 umol, the product
obtained in step 3 of Preparation Example 56) in THF (2 mL), and then the reaction mixture was
stirred at 0°C for 2 hours. The reaction mixture was quenched with aqueous ammonium chloride
solution (20mL), diluted with water (30 mL) and then extracted with EtOAc (3 X 5 mL). The
combined organic layers were washed with brine (3 X 20 mL), dried over Na>SO4 and filtered,
and then the filtrate was concentrated under reduced pressure. The residue was purified by column
chromatography to obtain tert-butyl N-[(3S,4S)-8-(3-acetyl-6-amino-pyrazin-2-yl)-3-methyl-2-
oxa-8-azaspiro[4.5]decan-4-yl]carbamate (110 mg, 35% vyield) as a yellow solid. 'H NMR (400
MHz, CDCLs) § =7.37 (s, 1H), 4.77 (s, 2H), 4.61 (d, J = 10.8 Hz, 1H), 4.14 - 4.10 (m, 1H), 3.95
(dd, T=4.6, 10.7 Hz, 1H), 3.67 (1, J = 3.6 Hz, 1H), 3.63 - 3.57 (m, 1H), 3.53-3.47 (m, 1H), 3.36 -
3.29 (m, 1H), 3.27 - 3.19 (m, 1H), 2.56 (s, 3H), 1.87 - 1.82 (m, 1H), 1.77 (d, J = 4.8 Hz, 1H), 1.67
-1.60 (m, 2H), 1.44 (s, 9H), 1.19 (d, ] = 6.4 Hz, 3H).

Step 2: tert-butyl N-[(3S,45)-8-(3-acetyl-6-amino-5-bromo-pyrazin-2-yl)-3-methyl-2-
oxa-8-azaspiro[4.5]decan-4-yl|carbamate

NBS (46.1 mg, 259 umol) was added to tert-butyl N-[(3S,45)-8-(3-acetyl-6-amino-
pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro| 4.5 |decan-4-yl jcarbamate (100 mg, 247 umol) in DCM
(2 mL), followed by stirring at 0°C for 0.2 hours. The reaction mixture was quenched with
aqueous ammonium chloride solution (10 mL), diluted with water (20 mL) and then extracted with
DCM (3 X 30 mL). The combined organic layers were washed with brine (3 X 20 mL), dried over
Na>SO;4 and filtered, and then the filtrate was concentrated under reduced pressure. The residue
was purified by column chromatography to obtain tert-butyl N-[(3S,4S)-8-(3-acetyl-6-amino-5-
bromo-pyrazin-2-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl |jcarbamate (100 mg, 84 % yield)
as a yellow solid. 'H NMR (400 MHz, CDCLs) & = 5.20 (s, 2H), 4.60 (d, J = 10.8 Hz, 1H), 3.95
(dd, J = 4.4, 10.8 Hz, 1H), 3.70 - 3.65 (m, 2H), 3.59-3.51 (m, 1H), 3.50 - 3.42 (m, 1H), 3.35 -
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3.31(m, 1H), 3.27 - 3.19 (m, 1H), 2.53 (s, 3H), 1.85 - 1.80 (m, 1H), 1.79 - 1.76 (m, 1H), 1.67 -
1.59 (m, 2H), 1.46 - 1.43 (m, 9H), 1.18 (d, ] = 6.4 Hz, 3H).

Step 3 and Step 4: 6-[6-acetyl-3-amino-5-[(35,45)-4-amino-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl|pyrazin-2-yl|sulfanyl-5-chloro-3-(2-methoxyethyl)quinazolin-4-one

The compound of Example 155 (6.78 mg, 53%) was synthesized in the same method as in
step 1 and step 2 of Example 153. 'H NMR (400 MHz, CDCl3) § = 8.04 (s, 1H), 7.48 (d, ] = 8.8
Hz, 1H), 7.26 - 7.23 (m, 1H), 548 (s, 2H), 4.28 - 422 (m, 1H), 4.16 (t, ]=4.4Hz, 2H), 3.91 (d,J
=8.8Hz, 1H), 3.83-3.77 (m, 1H), 3.73 (d, ] = 8.8 Hz, 2H), 3.68 (t, J = 4.8 Hz, 2H), 3.33 (s, 3H),
3.29-324 (m, 1H), 3.15 (s, 2H), 2.54 (s, 3H), 2.10-2.00 (m, 1H), 1.97 - 1.88 (m, 1H), 1.78 - 1.68
(m, 2H), 1.34(d, J = 6.4 Hz, 3H); MS (EI) m/z: 574.2 [M+H]".

Example 156: 6-[5-[(35.45)-4-aming-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-

vllpyrazin-2-yljsulfanyl-5-fluoro-3-(2-methoxyethyl)quinazolin-4-one
(o] F

N

The compound of Example 156 (16.87 mg, 52%) was synthesized in the same method as
in Example 153, except that Intermediate 1-33 was used instead of Intermediate I-57, and
Intermediate I-59 was used instead of the product obtained in stpe 2 of Preparation Example 28,
sodium [5-chloro-3-(2-methoxyethyl)-4-oxo-quinazolin-6-yl|sulfanyl. 'H NMR (400 MHz,
CDCls) § = 829 - 8.21 (m, 1H), 8.19 (s, 1H), 8.10 - 8.01 (m, 2H), 7.71 - 7.62 (m, 1H), 7.43 (d, J
= 8.8 Hz, 1H), 425 - 4.20 (m, 1H), 4.17 - 4.11 (m, 3H), 4.04 - 3.92 (m, 3H), 3.88 (d, ] = 8.8 Hz,
1H), 3.73 (d, J = 8.8 Hz, 1H), 3.66 (t, J = 4.8 Hz, 2H), 3.35 - 3.25 (m, 4H), 3.25 - 3.10 (m, 2H),
1.96 - 1.65 (m, 4H), 1.29 (d, ] = 6.4 Hz, 3H); MS (EI) m/z 501.2 [M+H]".

Example 157: 6-[5-[(6R)-6-amine-2-chlore-spiro[4,6-dihydrocyclopentad]thiazole-

5.4'-piperidin]-1'-vllpvrazin-2-vl]sulfanyl-5-chloro-3-(2-methoxvethyl)guinazolin-4-one
o ¢l
O~ S
N j/\lN

k\N Ny

2 $” ~cl

The compound of Example 157 (11.89 mg, 46%) was synthesized in the same method as
in Example 144, except that Intermediate 1-60 was used instead of Intermediate 1-48 in Example
144. "H NMR (400 MHz, CDCls) § = 8.28 (s, 1H), 8.23 (s, 1H), 8.03 (s, 1H), 7.47 (d, J = 8.8 Hz,
1H), 7.29 (d, J = 8.8 Hz, 1H), 4.29 - 421 (m, 1H), 4.19 (d, J = 4.0 Hz, 4H), 3.68 (t, ] = 4.8 Hz,
2H), 3.42 - 3.25 (m, SH), 2.96 - 2.80 (m, 2H), 1.98 - 1.87 (m, 1H), 1.85 - 1.76 (m, 3H); MS (EI)
m/z: 612.1 [M+Na]".
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Example 158: 6-[5-[(1S)-1-amino-6-methoxy-spiro|/indane-2.4'-piperidin]-1'-

vllpyrazin-2-yl]sulfanyl-5-chloro-3-(2-methoxvethyl)quinazolin-4-one
o cI

/o\/\N S%\N

The compound of Example 158 (18 mg, 69%) was synthesized in the same method as in
Example 144, except that Intermediate [-61 was used instead of Intermediate [-48 in Example 144.
'H NMR (400 MHz, CDCl3) § = 8.29 (d, J = 1.2 Hz, 1H), 8.26 (s, 1H), 8.04 (s, 1H), 7.48 (d, J =
8.8 Hz, 1H), 7.30 - 7.28 (m, 1H), 7.14 (d, J= 8.8 Hz, 1H), 7.00 (s, 1H), 6.82 (dd, ] =2.4, 8.0 Hz,
1H), 4.29 - 420 (m, 2H), 4.16 (t, ] = 4.8 Hz, 2H), 4.03 (s, 1H), 3.82 (s, 3H), 3.70 (t, ] =4.8 Hz,
2H), 3.34 (s, 3H), 3.31 - 3.21 (m, 2H), 3.07 (d, J = 15.6 Hz, 1H), 2.76 (d, T = 15.6 Hz, 1H), 1.90 -
1.77 (m, 2H), 1.65 (d, J = 13.2 Hz, 1H), 1.48 (d, ] = 12.4 Hz, 1H); MS (EI) m/z: 579.2 [M+H]".

Example 159:  6-[5-[(SR)-5-aminospiro[S,7-dihydrocyclopentalb]pyridine-6.4'-
piperidin]|-1'-yl|pyrazin-2-yl|sulfanyl-5-chloro-3-(2-hydroxy-2-methylpropyl)quinazolin-4-

N NH,
N\
ZN />

The compound of Example 159 (3.36 mg, 26% yield) was synthesized in the same method

one

o <l
HO N S

N

N

as in step 3 and step 4 of Example 146, except that Intermediate 1-39 was used as a starting material
in step 3 of Example 146. 'H NMR (400 MHz, CDCl3) § =8.44 (d, ] = 4.8 Hz, 1H), 829 (d, J =
1.2 Hz, 1H), 8.24 (d, J=1.2 Hz, 1H), 8.12 (s, 1H), 7.66 (d, ] = 7.8 Hz, 1H), 7.47 (d, ] = 8.8 Hz,
1H), 7.29(d, J=8.8 Hz, 1H), 7.17 (dd, ] = 5.0, 7.6 Hz, 1H), 436 - 4.27 (m, 2H), 4.12 - 3.99 (i,
3H),3.29-321(m,3H),291(d, J=164Hz, 1H), 1.85-1.82 (m, 2H), 1.69 (dd, ] =2.0, 13.3 Hz,
1H), 1.43 (d, T=11.2 Hz, 1H), 1.32 (s, 6H); MS (EI) m/z: 564.2 [M+H]".

Example 160: 6-[5-[(4S)-4-amino|4,6-dihvdrocyclopenta|d]|thiazole-5.4'-piperidin]-
1'-yl]pyrazin-2-yl]sulfanyl-5-chloro-3-(2-hvdroxy-2-methyl-propvl)quinazolin-4-one

Cl

0
HO S y
SO Re

AO,Q
S
i’

2
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The compound of Example 160 (7 mg, 55% yield) was synthesized in the same method as
in Example 146, except that Intermediate 1-62 was used instead of Intermediate I-51 in step 1 of
Example 146. 'TH NMR (400 MHz, CDCl3) § = 8.72 (s, 1H), 8.29 (s, 1H), 8.25 (s, 1H), 8.12 (s,
1H), 7.48 (d, I=8.8 Hz, 1H), 7.31 - 7.28 (m, 1H), 4.15 - 4.08 (m, 2H), 4.08 - 4.04 (m, 3H), 3.56 -
3.43 (m, 2H), 3.04 - 2.95 (m, 1H), 2.90 - 2.82 (m, 1H), 2.13 - 2.04 (m, 1H), 1.92 - 1.86 (m, 1H),
1.32 (s, 6H), 1.31 - 1.23 (m, 2H); MS (EI) m/z: 570.2 [M+H]".

Example 161: 6-[5-[(65)-6-amino-2-chloro-spire[4,6-dihydrocyclopenta[d|thiazole-
5.4'-piperidin]-1'-yl|pyrazin-2-yl]sulfanyl-5-chloro-3-(2-methoxyethyl)quinazolin-4-one

(o] Cl
/0\/\ S =
H,N 4 )\N\

§7 ~al

The compound of Example 161 (13 mg, 50% yield) was synthesized as a white solid in the
same method as in Example 144, except that Intermediate 1-63 was used instead of Intermediate
1-48 in Example 144. 'H NMR (400 MHz, CDCl3) § =8.28 (d, J = 1.2 Hz, 1H), 8.24 (s, 1H), 8.04
(s, 1H),7.47(d,J=8.8Hz, 1H), 7.30(d, = 8.8 Hz, 1H), 429 -4.22 (m, 1H), 4.21 - 4.13 (m, 3H),
411 (s, 1H), 3.69 (t, T =4.8 Hz, 2H), 3.41 - 3.35 (m, 1H), 3.33 (s, 3H), 3.33 - 3.28 (m, 1H), 2.95 -
2.82 (m, 2H), 1.91 (dd, T = 3.6, 10.8 Hz, 1H), 1.85 - 1.79 (m, 2H), 1.75-1.72 (m, 1H); MS (EI)
m/z: 612.1 [M+Na]’.

Example 162: (5)-6-((5-(1-amino-6-methoxy-1.3-dihydrospiro[indene-2.4'-piperidin]-
1'-yDpyrazin-2-yl)thio)-5-chloro-3-(2-hydroxy-2-methylpropyl)quinazolin-4(3H)-one

HN
i
HNTS NN
RS, HN | YON

j T e A % O W Ny HClidioxane, MeOH
oens - Oy T
sy~ NG RuPhosPd-G2 RuPhos, s step 2

150

K,CO;, dioxane ,
§ RS-
step1 P80 Oo—

A

o da o cCi
S S o}
HN )| HN =~ "N
LT IO A
N XN Boc,0, TEA, MeOH >N XN
—_——»
step 3 Cs,CO,, DMF
H,NTS HNTS step4
o— Boc o—

o cl
HoﬁNk/‘!sjﬁlN HO_~y s ~ N
k\N N*)\ TFA, DCM k\N N

N = N
step 5
HN S) H,NT®
Boc

o— o—
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Step 1 and Step 2: (5)-6-((5-(1-amino-6-methoxy-1,3-dihydrospiro[indene-2,4'-
piperidin]-1'-yl)pyrazin-2-yl)thio)-5-chloroquinazolin-4(3H)-one

(S)-6-((5-(1-amino-6-methoxy-1,3-dihydrospiro[indene-2,4'-piperidin]-1'-yl)pyrazin-2-
yDthio)-5-chloroquinazolin-4(3H)-one (250 mg, crude product) was synthesized as a yellow solid
in the same method as in Example 144, except that, in Example 144, Intermediate 1-50 was used
instead of Intermediate I-29, and Intermediate I-61 was used instead of Intermediate [-48. MS (EI)
m/z: 521.3 [M+H]".

Step 3 to Step 5: (S)-tert-butyl (1'-(5-((5-chloroe-3-(2-hydroxy-2-methylpropyl)-4-oxo-
3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-S-methoxy-1,3-dihydrospiro[indene-2,4'-
piperidin]-3-yl)carbamate

The compound of Example 162 (9.53 mg, 45% yicld) was synthesized as a white solid in
the same method as in steps 2 to 4 of Example 146, except that (S)-6-((5-(1-amino-6-methoxy-
1,3-dihydrospiro[indene-2,4'-piperidin }-1'-yl)pyrazin-2-y1)thio)-5-chloroquinazolin-4(3H)-one
was used as a starting material in step 3 of Example 146. 'H NMR (400 MHz, CDCl3) § = 8.28 (s,
1H), 8.23 - 8.21 (m, 1H), 8.11 (s, 1H), 7.46 (d, = 8.8 Hz, 1H), 7.25 (s, 1H), 7.12 (d, ] = 8.0 Hz,
1H), 6.93 (d, T =1.6 Hz, 1H), 6.79 (dd, I =2.0, 8.0 Hz, 1H), 4.30 - 4.21 (m, 2H), 4.06 (s, 2H), 4.00
(s, 1H), 3.79 (s, 3H), 3.29-3.19 (m, 2H), 3.05 (d, J=15.6 Hz, 1H), 2.73 (d, J=15.6 Hz, 1H), 1.90
-1.75 (m, 2H), 1.68 - 1.62 (m, 1H), 1.51 - 1.44 (m, 1H), 1.32 (s, 6H) ; MS (EI) m/z: 615.2 [M+Na] .

Example 163: (S)-6-((5-(1-amine-6-hydroxy-1,3-dihydrospire[indene-2,4'-piperidin]-

1'-yDpyrazin-2-yl)thio)-5-chloro-3-(2-methoxyethyl)guinazolin-4(3H)-one
o ¢l

o) S
"N X ~ "N
N WAu

§N/\/ NV\N/'

OH

The compound of Example 163 (7.14 mg, 85% yicld) was synthesized as a yellow solid in
the same method as in Example 144, except that Intermediate I-64 was used instead of Intermediate
1-48 in Example 144. "TH NMR (400 MHz, MeOD-ds) § =8.38 - 8.24 (m, 2H), 8.22 - 8.12 (m, 1H),
7.51 - 7.39 (m, 1H), 7.34 - 7.20 (m, 1H), 7.17 - 7.07 (m, 1H), 6.95 - 6.84 (m, 1H), 6.81 - 6.70 (m,
1H), 4.79 - 4.76 (m, 1H), 4.44 - 4.27 (m, 2H), 4.25 - 4.12 (m, 3H), 3.75 - 3.61 (m, 2H), 3.29 - 3.22
(m, 3H), 3.16 - 2.88 (m, 3H), 1.88 - 1.75 (m, 2H), 1.71 - 1.59 (m, 2H); MS (EI) m/z: 564.2 [M+H]".

Example 164: (85)-6-((3-amine-5-(6-amino-4.6-dihydrospiro|[cyclopentad]thiazole-

5.4'-piperidin]-1'-yDpvrazin-2-yl)thio)-5-chloro-3-(2-methoxyethylguinazolin-4(3H)-one
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/o\/\N S\IQ\N
k\N NJ\N
ooy

The compound of Example 164 (14.6 mg, 34% yicld) was synthesized as a yellow solid in
the same method as in Example 144, except that Intermediate [-42 was used instead of Intermediate
1-29 in Example 144. 'H NMR (400 MHz, CDCls) § =8.76 (s, 1H), 8.02 (s, 1H), 7.70 (s, 1H), 7.45
(d, T = 8.8 Hz, 1H), 7.19 - 7.14 (m, 1H), 4.88 (s, 2H), 4.26 - 4.19 (m, 1H), 4.18 - 4.10 (m, 4H),
3.69 (1, ] = 4.8 Hz, 2H), 3.37 - 3.27 (m, 5H), 3.01 - 2.86 (m, 2H), 1.96 - 1.87 (m, 1H), 1.84 - 1.79
(m, 1H), 1.71 - 1.64 (m, 2H); MS (ED) m/z: 571.2 [M+H]".

Example 165: (8)-6-((3-amine-5-(4-amino-4.6-dihydrospiro|[cyclopentad]thiazole-

5.4'-piperidin]-1'-yDpvrazin-2-yl)thio)-5-chloro-3-(2-hydroxy-2-methylpropyl)quinazolin-

4(3H)-one

o c NH, S N S\%\N
155
HN S%N Z N N HClidioxane, MeOH
k\ NQ\ - N N -
N c DIEA, DMSO, 100 °C, 12 h y step 2
65 step 1 HN Nj
%gt
o < NH, o ¢l J“\"'z o
s s
H"'ﬁﬁij/ %f‘ Boc,0, TEA, MeOH H"t Yy 7N /P
o
N

N§)\N — 7 s NS Ny -
% step 3 %s Cs,CO5, DNF
s
7S 4 step4
HNT 2 Boc- S

N
H

o a NH, o a NH,
HO%N%/S%N Ho?(” L S%N

kb sepe %
Y S S
Boc-HN /) HzN 4 /J

N Z N
Step 1: (R)-N-((S)-1'-(6-amino-5-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-4,6-dihydrospiro[cyclopenta| d]thiazole-5,4'-piperidin]-4-yl)-2-
methylpropane-2-sulfinamide
To a solution of Intermediate 1-65 (200 mg, 588 pmol) in DMSO (3 mL), DIEA (228 g,
17.6 mmol) and Intermediate 1-55 (184 mg, 588 umol) were added, and then the mixture was

stirred at 100°C for 12 hours. The reaction mixture was quenched with aqueous ammonium
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chloride solution (10 mL), diluted with water (30 mL) and then extracted with EtOAc (3 X 10 mL).
The combined organic layers were washed with brine (3 X 10 mL), dried over Na>SOj4 and filtered,
and then the filtrate was concentrated under reduced pressure. The residue was purified by column
chromatography to obtain (R)-N-((S)-1'-(6-amino-5-((5-chloro-4-oxo0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-y1)-4,6-dihy drospiro| cyclopenta|d|thiazole-5,4'-piperidin]-4-y)-2-
methyIpropane-2-sulfinamide (180 mg, 50% yield) as a brown solid. 'H NMR (400 MHz, CDCl;)
§=10.87 - 10.74 (m, 1H), 8.76 (s, 1H), 7.96 (s, 1H), 7.65 (s, 1H), 7.49 - 7.40 (m, 2H), 7.15 - 7.10
(m, 1H), 4.96 - 4.87 (m, 2H), 4.60 - 4.54 (m, 1H), 4.28 - 421 (m, 1H), 4.19 - 4.12 (m, 1H), 4.02
(d, J=9.2 Hz, 1H), 3.30 - 3.18 (m, 2H), 3.07 - 3.03 (m, 1H), 2.92 - 2.85 (m, 1H), 2.19 - 2.11 (m,
1H), 2.09 - 2.01 (m, 1H), 1.83 - 1.74 (m, 2H), 1.30 (s, 9H).

Steps 2 to 5: (8)-6-((3-amino-5-(4-amino-4,6-dihydrospiro[cyclopenta[d]thiazole-5,4'-
piperidin]-1'-yl)pyrazin-2-yD)thio)-5-chloro-3-(2-hydroxy-2-methylpropyl)quinazolin-
4(3H)-one

The compound of Example 165 (12 mg, 47% yield) was synthesized in the same method
as in step 1 to step 4 of Example 146, using the product obtained in step 1 above. 'H NMR (400
MHz, CCl5) & = 8.77 (s, 1H), 8.12 (s, 1H), 7.72 (s, 1H), 7.48 (d, ] = 8.8 Hz, 1H), 7.18 (d, ] = 8.8
Hz, 1H), 4.89 (s, 2H), 4.10 - 4.01 (m, 5H), 3.47 - 3.41 (m, 2H), 3.01 - 2.97 (m, 2H), 2.87 - 2.82
(m, 1H), 1.86 - 1.84 (m, 1H), 2.09 - 2.03 (m, 1H), 1.77 - 1.74 (m, 2H), 1.33 (s, 6H); MS (ED)m/z:
585.2 [M+H]".

Example 166: (8)-6-((3-amino-5-(6-amino-4,6-dihydrospiro[cyclopenta|d]thiazole-

5.4'-piperidin]-1'-yDpvrazin-2-yl)thio)-5-chloro-3-(2-hydroxy-2-methylpropyl)quinazolin-

o
H-N /JN

2 S

4(3H)-one
NH,

The compound of Example 166 (20 mg, 58% yicld) was synthesized as a yellow solid in
the same method as in Example 165, except that Intermediate -48 was used instead of Intermediate
1-55 in Example 165. 'H NMR (400 MHz, CDClz) § =8.76 (s, 1H), 8.11 (s, 1H), 7.71 (s, 1H), 7.46
(d, J=8.8 Hz, 1H), 7.18 (d, J = 8.8 Hz, 1H), 4.94 - 4.84 (m, 2H), 4.26 - 4.15 (m, 2H), 4.14 - 4.12
(m, 1H), 4.07 (s, 2H), 3.38 - 3.23 (m, 2H), 3.01 - 2.85 (m, 2H), 1.96 - 1.83 (m, 2H), 1.75 - 1.70
(m, 2H), 1.33 (s, 6H); MS (EI) m/z: 585.2 [M+H]".

Example 167: (8)-6-((3-aminoe-5-(4-amino-4.6-dihydrospiro|[cyclopentad]thiazole-

5.4'-piperidin]-1'-yDpvrazin-2-yl)thio)-5-chloro-3-(2-methoxyethylguinazolin-4(3H)-one
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/o\/\N S Z>N
5 @N:
S
N

The compound of Example 167 (15.8 mg, 36% yicld) was synthesized as a yellow solid in
the same method as in Example 164, except that Intermediate I-55 was used instead of Intermediate
1-48 in Example 164. 'TH NMR (400 MHz, CDCls) & = 8.74 - 8.69 (m, 1H), 8.04 - 8.00 (m, 1H),
7.70 (s, 1H), 7.46 (d, J= 8.8 Hz, 1H), 7.17 (d, J = 8.8 Hz, 1H), 4.92 - 4.85 (m, 2H), 4.19 - 4.12 (m,
2H), 4.11 - 3.99 (m, 3H), 3.69 (1, J = 4.4 Hz, 2H), 3.49 - 3.37 (m, 2H), 3.33 (s, 3H), 3.02 - 2.95 (m,
1H), 2.89 - 2.80 (m, 1H), 2.11 - 2.00 (m, 1H), 1.89 - 1.83 (m, 1H), 1.76 - 1.69 (m, 2H); MS (EI)
m/z: 571.3 [M+H]".

Example  168: (S)-6-((5-(5-aminoe-5,7-dihydrospiro|cyclopenta[b]|pyridine-6.4'-
piperidin]-1'-yl1)-6-(hydroxymethyl)pyrazin-2-yl)thio)-5-chlore-3-(2-

methoxvethvl)quinazolin-4(3H)-one
HN

N

o
7\ Br.__N
A e T
o) 5
NN

[o] %,,,s 125 N”N
Il o ™
Br NI DIBAL-H, DCM N
— - i |
\[\ I[ DIEA, ACE TN step 2 )
N™ "Br step1 HN _ ; =

/ N8
%.‘\S\\o 7 0

o «
o « O~y SN~y o«
O~y SH L I r /o\/\NJ\/%/s N ~on
N N""N HClidioxane, MeOH k\an; e \[\Nﬁ»\
q C/ N >
HNT N\

N
step 4
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Step 1: methyl 6-bromo-3-((S)-5-(((S)-tert-butylsulfinyl)amino)-5,7-
dihydrospiro[cyclopenta[b]pyridine-6,4'-piperidin]|-1'-yl)pyrazine-2-carboxylate
Methyl 6-bromo-3-((S)-5-(((S)-tert-butylsulfinyl )Jamino)-5,7-

dihydrospiro[cyclopenta|b]pyridine-6,4'-piperidin |-1'-yl)pyrazine-2-carboxylate (520 mg, 61%
yield) was synthesized as a yellow solid in the same method as in step 1 of Preparation Example
55, except that Intermediate 1-25 was used instead of (3S,4S)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-amine in step 1 of Preparation Example 55. "H NMR (400 MHz, CDCl3) §
=8.46 (d, J=4.4 Hz, 1H), 8.22 (s, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.20 - 7.15 (m, 1H), 4.54 (d, J =
10.0 Hz, 1H), 4.28 (s, 1H), 4.13 (g, J = 7.2 Hz, 1H), 3.96 (s, 3H), 3.92 - 3.78 (m, 2H), 3.36 - 3.31
(m, 1H), 3.30 - 3.21 (m, 2H), 2.90 (d, J = 16.4 Hz, 1H), 1.96 - 1.91 (m, 1H), 1.82 - 1.75 (m, 1H),
1.69 (dd, J=3.2, 7.2 Hz, 2H), 1.29 (s, 9H).
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Step 2: (S)-N-((S)-1'-(5-bromo-3-(hydroxymethyl)pyrazin-2-yl)-5,7-
dihydrospiro[cyclopenta|b]pyridine-6,4'-piperidin]-5-yl)-2-methylpropane-2-sulfinamide

To a solution of methyl 6-bromo-3-((S)-5-(((S)-tert-butylsulfinyl)amino)-5,7-
dihydrospiro[cyclopenta[b]|pyridine-6,4'-piperidin |-1'-yl)pyrazine-2-carboxylate (500 mg, 957
pumol) in DCM (10 mL) was added DIBAL-H (1 M, 2.87 mL) at -60 C, and then the mixture was
stirred at 20 C for 16 hours. The reaction mixture was quenched with methanol (5 mL) at -60C,
and then filtered. The filtratc was concentrated under reduced pressure, and the residue was
purified by column chromatography to give (S)-N-((S)-1'-(5-bromo-3-(hydroxymethyl)pyrazin-2-
yD)-5,7-dihydrospiro| cyclopenta| blpyridine-6,4'-piperidin}-5-y1)-2-methylpropane-2-sulfinamide
(230 mg, 49% yield) as a yellow solid. 'H NMR (400 MHz, CDCl3) § = 8.62 - 8.53 (m, 2H), 8.22
(s, 1H), 7.61 (dd, J = 6.0, 7.6 Hz, 1H), 4.67 - 4.63 (m, 3H), 4.06 - 4.01 (m, 1H), 3.60 (d, T = 17.6
Hz, 1H), 3.50 - 3.37 (m, 2H), 3.18 - 3.07 (m, 3H), 2.02 - 1.85 (m, 2H), 1.75 (d, J = 13.2 Hz, 1H),
1.48 (d, J = 13.2 Hz, 1H), 1.31 (s, 9H).

Step 3: (S)-N-((S)-1'-(5-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-
6-yDthio)-3-(hydroxymethyl)pyrazin-2-yl)-5,7-dihydrospiro[cyclopenta[b]pyridine-6,4'-
piperidin]-5-yl)-2-methylpropane-2-sulfinamide

To a solution of (8)-N-((S)-1'-(5-bromo-3-(hydroxymethyl)pyrazin-2-yl)-5,7-
dihydrospiro[cyclopenta|b]pyridine-6,4'-piperidin|-5-y1)-2-methylpropane-2-sulfinamide (100
mg, 202 umol) in dioxane (4 mL), Pd>(dba); (18.5 mg, 20.2 pmol), XantPhos (23.4 mg, 40.5 umol)
and DIEA (78.4 mg, 607 umol) were added, followed by stirring at 100°C for 12 hours. The
reaction mixture was filtered, the filtrate was concentrated under reduced pressure, and then the
residue was purified by column chromatography to give (S)-N-((S)-1'-(5-((5-chloro-3-(2-
methoxyethyl)-4-ox0-3,4-dihy droquinazolin-6-yl)thio)-3-(hydroxymethyl)pyrazin-2-yl)-5,7-
dihydrospiro[cyclopenta|b]pyridine-6,4'-piperidin|-5-y1)-2-methylpropane-2-sulfinamide (100
mg, 72% yield) as a yellow solid. 'H NMR (400 MHz, CDCl3) & = 8.45 (d, J = 4.4 Hz, 1H), 8.18
(s, 1H), 8.09 (s, 1H), 8.01 (d, J= 7.2 Hz, 1H), 7.54 - 7.50 (m, 2H), 7.20 (dd, J = 5.2, 7.6 Hz, 1H),
4.66 - 4.63 (m, 2H), 4.56 (d, ] =9.6 Hz, 1H), 4.16 (1, J = 4.8 Hz, 2H), 3.69 (t, J = 4.8 Hz, 2H), 3.60
-3.52 (m, 2H), 3.35 - 3.32 (m, 3H), 3.30 - 3.22 (m, 2H), 3.21 - 3.11 (m, 2H), 2.89 - 2.84 (m, 1H),
2.05 - 1.97 (m, 1H), 1.86 - 1.82 (m, 1H), 1.77 - 1.71 (m, 1H), 1.40 (d, J = 12.4 Hz, 1H), 1.30 (s,
9H).

Step 4: (S)-6-((5-(5-amino-5,7-dihydrospiro[cyclopenta[b]pyridine-6,4'-piperidin]-1'-
yD)-6-(hydroxymethyl)pyrazin-2-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

HCl/dioxane (4M, 2.56 mL) was added to (S)-N-((S)-1'-(5-((5-chloro-3-(2-methoxyethyl)-
4-ox0-3,4-dihydroquinazolin-6-yl)thio)-3-(hydroxymethyl)pyrazin-2-y1)-5,7-
dihydrospiro[cyclopenta[b]pyridine-6,4'-piperidin |-5-y1)-2-methylpropane-2-sulfinamide (70 mg,
102 pmol) in MeOH (6 mL). The reaction mixture was stirred at 25C for 0.5 hours. The reaction
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mixture was concentrated under reduced pressure and purified by column chromatography to give
the compound of Example 168 (26.8 mg, 45% yield) as a yellow solid. '"H NMR (400 MHz, CDCl5)
§ =842 (d, J =44 Hz, 1H), 8.19 (s, 1H), 8.07 (s, 1H), 7.67 (d, ] = 6.4 Hz, 1H), 7.54 - 7.45 (m,
2H), 7.18 - 7.11 (m, 1H), 4.66 (s, 2H), 4.16 (t, T = 4.4 Hz, 2H), 4.08 (s, 1H), 3.68 (t, ] =4.4 Hz,
2H), 3.57 (s, 2H), 3.33 (s, 3H), 3.23 -3.11 (m, 3H), 2.88 (d, J = 16.8 Hz, 1H), 2.03 - 1.83 (m, 2H),
1.67 (d, J = 12.4 Hz, 1H), 1.47 - 1.38 (m, 1H); MS (EI) m/z: 580.2 [M+H]".

Example 169: ($)-6-((5-(6-amino-4,6-dihydrospire|cyclopentald]thiazole-5,4'-
piperidin]-1'-y)-6-(hvdroxymethyl)pyrazin-2-yl)thio)-5-chloro-3-(2-

methoxvethvl)quinazolin-4(3H)-one
o cal
/o\/\NJj@/s\[/N]\AOH
k\N SNTON

e
H-N J

2 s

The compound of Example 169 (1.51 mg, 18 % yicld) was synthesized as a yellow solid in
the same method as in Example 168, except that Intermediate -48 was used instead of Intermediate
1-25 in Example 168. 'H NMR (400 MHz, MeOD) § = 9.14 - 9.12 (m, 1H), 8.25 - 8.24 (m, 2H),
7.58 - 7.51 (m, 2H), 5.39 - 5.34 (m, 1H), 4.69 (s, 1H), 4.61 (s, 2H), 4.46 (s, 1H), 4.23 (t, ] = 4.8
Hz, 2H), 3.96 - 3.89 (m, 1H), 3.81 (dd, J=3.2, 12.0 Hz, 1H), 3.71 (t, J = 4.8 Hz, 2H), 3.37 (s, 3H),
3.27-3.18 (m, 1H), 3.17 - 3.11 (m, 1H), 3.06 - 2.98 (m, 1H), 2.02 - 1.90 (m, 2H), 1.83 - 1.76 (m,
1H), 1.66 - 1.59 (m, 1H); MS (EI) m/z: 586.1 [M+H]".

Example 170: ($)-6-((5-(4-amino-4,6-dihydrospire|cyclopentald]thiazole-5,4'-
piperidin]-1'-yl)-6-(hydroxymethyl)pyrazin-2-yl)thio)-5-chlore-3-(2-

methoxvethvl)quinazolin-4(3H)-one
O ClI

0 s._N
S eave.

s
HANT 7

2

The compound of Example 170 (11.02 mg, 43 % yicld) was synthesized as a yellow solid
in the same method as in Example 168, except that Intermediate I-55 was used instead of
Intermediate I-25 in Example 168. 'H NMR (400 MHz, CDCl3) § = 8.77 - 8.70 (m, 1H), 8.20 -
8.16 (m, 1H), 8.07 (s, 1H), 7.51 - 7.42 (m, 2H), 4.67 (s, 2H), 4.23 - 4.10 (m, 3H), 3.72 - 3.65 (m,
2H), 3.61 - 3.49 (m, 2H), 3.33 (s, 3H), 3.25 - 3.09 (m, 3H), 2.98 (s, 2H), 2.19 - 2.09 (m, 1H), 2.02
-1.92 (m, 1H), 1.88 - 1.73 (m, 2H); MS (EI) m/z: 586.1 [M+H]".
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Example 171: (S)-3-(6-amino-4,6-dihydrospiro[cyclopentald]thiazole-5.4'-piperidin]-

1'-yD)-6-((5-chloro-3-(2-methoxvethyl)-4-0x0-3.4-dihydroquinazolin-6-yl)thio)pvrazine-2-

carboxamide

o <l
0] S
NN %N
H,N™ ™0 % N
H,N J

2 S

The compound of Example 171 (13 mg, 51% yield) was synthesized in the same method
as in step 1 and step 3 of Example 18, except that Intermediate 1-66 was used instead of
Intermediate I-3 in step 1 of Example 18, and the product obtained in step 2 of Preparation Example
28 was used instead of Intermediate I-8. 'H NMR (400 MHz, CDCl3) § = 8.79 - 8.74 (m, 1H), 8.22
(d, J=3.2 Hz, 1H), 8.06 (d, J = 2.4 Hz, 1H), 7.54 - 7.43 (m, 2H), 7.38 (d, J = 7.6 Hz, 1H), 6.40 -
6.07 (m, 1H), 4.27 (s, 1H), 4.18 - 4.13 (m, 2H), 4.03 - 3.93 (m, 2H), 3.69 - 3.64 (m, 2H), 3.32 (d,
J=24Hz, 3H),3.29 -3.19 (m, 2H), 2.95 - 2.91 (m, 2H), 2.11 - 2.03 (m, 1H), 1.91 - 1.79 (m, 2H),
1.71-1.69 (m, 1H); MS (EI) m/z: 599.1 [M+H]".

Example 172: (S)-3-(4-amino-4,6-dihydrospire|cyclopenta[d]thiazole-5.4'-piperidin]-

1'-yD-6-((5-chloro-3-(2-methoxyethyl)-4-0x0-3.4-dihydroquinazolin-6-yl)thio)pyrazine-2-

carboxamide
0 Cl
(0] S
NN ZN
< g
N N
HoN"~0 JS
H,N |

2 N

The compound of Example 172 (5 mg, 59% yield) was synthesized as a yellow solid in the
same method as in step 1 and step 3 of Example 18, except that Intermediate [-67 was used instead
of Intermediate 1-3 in step 1 of Example 18, and the product obtained in step 2 of Preparation
Example 28 was used instead of Intermediate I-8. 'H NMR (400 MHz, CDCl3) § = 8.75 (s, 1H),
8.23 (s, 1H), 8.06 (s, 1H), 7.51 (d, J = 8.8 Hz, 1H), 7.43 - 7.36 (m, 2H), 6.42 - 6.19 (m, 1H), 4.23
(s, 1H), 4.16 (t, T = 4.4 Hz, 2H), 4.04 - 3.89 (m, 2H), 3.69 (t, ] = 4.4 Hz, 2H), 3.43 - 3.38 (m, 1H),
3.37-3.35 (m, 1H), 3.33 (s, 3H), 3.06 (s, 1H), 2.93 - 2.90 (m, 1H), 2.26 - 2.17 (m, 1H), 2.02 - 1.88
(m, 2H), 1.76 (d, J = 12.8 Hz, 1H); MS (EI) m/z: 599.1 [M+H]".

Example 173: (S)-3-(5-amino-5,7-dihydrospire[cyclopenta|d|pyridine-6,4'-

piperidin]-1'-y1)-6-((5-chloro-3-(2-methoxvethyD-4-0x0-3.4-dihydroquinazolin-6-

yDthio)pyrazine-2-carboxamide
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N Nf\N
H,N" 0 ) I\{
HoN _

The compound of Example 173 (18 mg, 71% yicld) was synthesized as a yellow solid in
the same method as in step 1 and step 3 of Example 18, except that Intermediate 1-68 was used
mstead of Intermediate 1-3 in step 1 of Example 18, and the product obtained in step 2 of
Preparation Example 28 was used instead of Intermediate I-8. 'H NMR (400 MHz, CDCls) & =
841 (d, T = 4.4 Hz, 1H), 824 (s, 1H), 8.06 (s, 1H), 7.67 (d, J = 7.2 Hz, 1H), 7.51 (d, ] = 8.8 Hz,
1H), 7.41 (d, J = 8.8 Hz, 1H), 7.29 (s, 1H), 7.17 - 7.12 (m, 1H), 5.69 - 5.51 (m, 1H), 4.86 - 4.77
(m, 2H), 4.75 - 4.63 (m, 1H), 4.16 (s, 2H), 4.05 (d, J = 15.6 Hz, 2H), 3.72 - 3.65 (m, 2H), 3.33 (s,
3H),3.24 - 3.19 (m, 1H), 2.89 (d, J = 16.4 Hz, 1H), 1.97 (s, 2H), 1.62 (s, 1H), 1.39 (d, J= 10.8 Hz,
1H); MS (EI) m/z: 593.2 [M+H]".

Example 174: (8)-3-(6-amino-4,6-dihydroespiro[cyclopenta[d]thiazole-5.4'-piperidin]-
1'-yD)-6-((5-chlore-4-ox0-3-((tetrahydro-2H-pyran-4-yl)methyl)-3.4-dihydroquinazolin-6-

Dthio)pyrazine-2-carboxamide
o cl

The compound of Example 174 (12 mg, 47% yicld) was synthesized as a yellow solid in
the same method as in step 1 and step 3 of Example 18, except that Intermediate 1-66 was used
instead of Intermediate 1-3 in step 1 of Example 18, and Intermediate I-69 was used instead of
Intermediate I-8. '"H NMR (400 MHz, CDCls) & = 8.76 (s, 1H), 8.25 (s, 1H), 7.98 - 7.94 (m, 1H),
7.51(d, J = 8.8 Hz, 1H), 7.40 (d, J = 8.8 Hz, 1H), 7.33 (s, 1H), 5.87 - 5.59 (m, 1H), 4.21 (s, 1H),
4.03 - 3.97 (m, 4H), 3.85 (d, J = 7.2 Hz, 2H), 3.42 - 3.30 (m, 4H), 2.94 (d, ] = 8.4 Hz, 2H), 2.27 -
2.15 (m, 2H), 1.89 (d, = 9.2 Hz, 1H), 1.74 (d, T = 13.2 Hz, 2H), 1.62 (d, J = 11.6 Hz, 2H), 1.46 -
1.38 (m, 2H); MS (EI) m/z: 639.1 [M+H]".

Example 175: ($)-6-((5-(6-amino-4,6-dihydrospire|cyclopentald]thiazole-5,4'-
piperidin]-1'-yl)pyrazin-2-yD)thio)-5-chloro-3-(2-fluore-2-methylpropyl)quinazolin-4(3H)-

N
4
HANT g

one

o o Cl
F. S y

==z

\-

2
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The compound of Example 175 (18 mg, 67% yield) was synthesized as a white solid in the
same method as in Example 144, except that Intermediate 1-70 was used instead of Intermediate
129 in step 1 of Example 144. "H NMR (400 MHz, CDCl3) & = 8.82 - 8.78 (m, 1H), 8.48 (s, 1H),
8.29 (s, 1H), 8.11 - 8.06 (m, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H), 4.35 - 4.27 (m,
1H), 4.26 - 4.16 (m, 2H), 3.40 - 3.30 (m, 2H), 3.28 - 3.26 (m, 1H), 3.24 - 3.22 (m, 1H), 3.05 - 3.00
(m, 1H), 2.97 - 2.92 (m, 1H), 2.03 - 1.94 (m, 1H), 1.90 - 1.79 (m, 2H), 1.77 - 1.71 (m, 1H), 1.57
(s, 3H), 1.51 (s, 3H); MS (ED) m/z: 572.1 [M+H]".

Example 176: 6-((3-amino-5-((S)-6-amino-4.6-dihydrospiro|[cyclopentad]thiazole-

5.4'-piperidin]-1'-yDpvrazin-2-yl)thio)-5-chloro-3-(2-methoxypropvl)quinazolin-4(3H)-one
NH,

(o] |
Raesne!

S

The compound of Example 176 (5.38 mg, 30% yicld) was synthesized as a white solid in
the same method as in Example 144, except that Intermediate I-71 was used instead of Intermediate
I-29 in step 1 of Example 144. 'H NMR (400 MHz, CDCl3) § = 8.77 (s, 1H), 8.04 (s, 1H), 7.71 (s,
1H), 7.46 (d, J = 8.8 Hz, 1H), 7.18 (d, T = 8.8 Hz, 1H), 4.89 (s, 2H), 4.35 (dd, J =2.4, 13.6 Hz,
1H), 4.27 - 4.20 (m, 1H), 4.20 - 4.13 (m, 2H), 3.70 (d, T = 3.2 Hz, 1H), 3.54 (dd, J = 8.8, 13.6 Hz,
1H), 3.38 - 3.32 (m, 1H), 3.31 (s, 1H), 3.27 (s, 3H), 3.01 - 2.95 (m, 1H), 2.94 - 2.88 (m, 1H), 1.91
(d, J=2.0 Hz, 2H), 1.77 (s, 2H), 1.24 (d, J = 6.0 Hz, 3H); MS (EI) m/z: 607.2 [M+Na]".

Example 177: 6-((3-amino-5-((S)-4-amino-4.6-dihydrospiro[cyclopenta|d]thiazole-

5.4'-piperidin]-1'-yDpvrazin-2-yl)thio)-5-chloro-3-(2-methoxypropvl)quinazolin-4(3H)-one
cl NH,

[e]
O S s
T

S
M

2

The compound of Example 177 (12.38 mg, 70% yicld) was synthesized as a white solid in
the same method as in Example 144, except that, in step 1 of Example 144, Intermediate 1-71 was
used instead of Intermediate I-29, and Intermediate I-55 was used instead of Intermediate 1-48. 'H
NMR (400 MHz, CDCL3) § = 8.75 (s, 1H), 8.04 (s, 1H), 7.70 (s, 1H), 7.47 - 7.41 (m, 1H), 7.18 -
7.13 (m, 1H), 4.94 (s, 2H), 4.38 - 4.32 (m, 1H), 4.17 - 4.09 (m, 2H), 4.08 - 4.01 (m, 1H), 3.74 -
3.68 (m, 1H), 3.58 - 3.51 (m, 1H), 3.45 - 3.34 (m, 2H), 3.27 (d, T = 1.2 Hz, 3H), 3.06 - 2.99 (m,
1H), 2.91 -2.85 (m, 1H), 1.92 - 1.70 (m, 4H), 1.24 (d, J= 6.0 Hz, 3H); MS (EI) m/z 585.0 [M+H]".

Example 178: Synthesis of 6-((6-((35.45)-4-amino-3-methyl-2-oxa-8-
azaspiro|4.5]decan-8-yl)-1H-pvrazolo|3.4-b]pyrazin-3-yl)thio)-5-chloro-3-(2-
methoxyethyl)quinazolin-4(3H)-one
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N
( cl
4MHCl N
o S
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Step 1: 6-chloro-3-iodo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo|3,4-b] pyrazine

In a round bottom flask, 6-chloro-3-iodo-1H-pyrazolo|3,4-b]pyrazine (500mg, 1.78mmol),
3,4-dihydro-2H-furan (0.5ml, 5.35mmol) and p-toluenesulfonic acid (102mg, 0.53mmol) were
dissolved in DCM (9ml, 0.2M) and stirred at room temperature for 10 minutes. The reaction
mixture was added with 15 mL of aqueous sodium bicarbonate solution and stirred at room
temperature for 10 minutes. The reaction was terminated with H,O, and the DCM layer was
washed with brine. The DCM layer was dried over MgSQOy, filtered and then concentrated to obtain
6-chloro-3-iodo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-b]pyrazine (620mg, 96%). MS
m/z: 365.5 [M+H]".

Step 2: tert-butyl ((35,45)-8-(3-iodo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo|3,4-
b]pyrazin-6-yl)-3-methyl-2-oxaspiro|4.5]decan-4-yl)carbamate

In a round bottom flask, 6-chloro-3-iodo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo|3,4-
blpyrazine (550mg, 1.51mmol) was dissolved in NMP (1.5mi, 1.0M), and then triethylamine
(0.42ml, 3.02mmol) was added to, followed by stirring at 120°C for 2 hours. The reaction was
terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (EA:Hx=1:2) and
concentrated to obtain tert-butyl  ((35,45)-8-(3-i0do-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazolo| 3,4-blpyrazin-6-yl)-3-methyl-2-oxaspiro[4.5]decan-4-yl)carbamate (780mg, 96%). MS
m/z: 599.5 [M+H]".
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Step 3: tert-butyl ((35,45)-8-(3-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-yl)thio)-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo|3,4-b]pyrazin-6-yl)-3-methyl-2-
oxaspiro[4.5]decan-4-yl)carbamate

In a round bottom flask, tert-butyl ((3S,4S5)-8-(3-iodo-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazolo[3,4-b]pyrazin-6-yl)-3-methyl-2-oxa-8-azaspiro|4.5]decan-4-yl)carbamate (780mg,
1.31mmol), Intermediate 1-72 (500mg, 1.96mmol), Pd>(dba)s (120mg, 0.13mmol), XantPhos
(150mg, 0.26mmol) and cesium carbonate (850mg, 2.62mmol) were dissolved in 1,4-dioxane
(22ml, 0.06M). The reaction mixture was purged with nitrogen and stirred at 100°C for 5 hours.
The reaction was terminated with H>O, and the mixture was extracted with EA. The EA layer was
dried over MgSOa, filtered and then concentrated. The resulting product was separated by MPLC
(MeOH:MC=1:100) and concentrated to obtain tert-butyl ((3S,4S5)-8-(3-((5-chloro-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)-1-(tetrahy dro-2H-pyran-2-yl)-1H-pyrazolo| 3,4-b]pyrazin-6-y1)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate (680mg, 76%). MS m/z: 649.5 [M+H]".

Step 4: tert-butyl ((35,45)-8-(3-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[3,4-b]|pyrazin-6-
yI)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate

In a round bottom flask, tert-butyl ((35,4S)-8-(3-((5-chloro-4-oxo0-3,4-dihydroquinazolin-
6-yDthio)-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo| 3,4-b|pyrazin-6-y1)-3-methyl-2-oxa-8-
azaspiro|4.5]decan-4-yl)carbamate (85mg, 0.13mmol), 2-bromoethyl methyl ether (18 pL, 0.19
mmol), cesium carbonate (81 mg, 0.25 mmol) and potassium iodide (21 mL, 0.13 mmol) were
dissolved in DMF (1.3 mL, 0.1M) and stirred at 50°C for 1 hour. The reaction was terminated
with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSOy, filtered
and then concentrated. The resulting product was separated by MPLC (EA:Hx=1:20) and
concentrated to obtain tert-butyl ((35,45)-8-(3-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)-1-(tetrahy dro-2H-pyran-2-yl)-1H-pyrazolo| 3,4-b]pyrazin-6-y1)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate (80mg, 85%). MS m/z: 707.5 [M+H]".

Step 5: 6-((6-((3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)-1H-
pyrazolo|[3,4-b]pyrazin-3-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

In a round bottom flask, tert-butyl ((3S,4S)-8-(3-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)-1-(tetrahy dro-2H-pyran-2-yl)-1H-pyrazolo| 3,4-b]pyrazin-6-y1)-3-
methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)carbamate (80mg, 0.12mmol) was dissolved in DCM
(1.1ml, 0.1M) and cooled to 0C. The reaction mixture was added with aqueous hydrochloric
acid solution (0.3ml, 4M in dioxane) and stirred at room temperature for 3 hours. After completion
of the reaction, the reaction mixture was concentrated using a concentrator. The reaction mixture
was washed with EA, and the solid was collected by filtration to obtain the compound of Example
178 (63mg, 99%) as an HCI salt. '"H NMR (400 MHz, DMSO) § 13.87(br s, 1H), 8.47(s, 1H),
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8.28(s, 1H), 8.12(br s, 2H), 7.42(d, ] = 8.8 Hz, 1H), 7.08(d, J = 8.8 Hz, 1H), 4.36-4.32(m, 1H),
4.28-4.12(m, 2H), 4.13(t, ] = 5.0 Hz, 2H), 3.93(d, = 9.0 Hz, 1H), 3.69(d, ] = 9.2 Hz, 1H), 3.61(1,
J=5.0Hz, 2H), 3.39-3.37(m, 1H), 3.26(s, 3H), 3.23-3.17(m, 2H), 1.81-1.71(m, 3H), 1.63-1.59(m,
1H), 1.23(d, J=6.6 Hz, 3H).

Example 179: Synthesis of 6-((6-((3S,45)-4-amino-3-methyl-2-oxa-8-
azaspiro|4.5]decan-8-yl)-1H-pyrazolo|3.4-b] pyrazin-3-vl)thio)-5-chloro-3-
((tetrahydrofuran-3-yl)methyl) quinazolin-4(3H)-one

b\\ o

Né
6 Cl
N

S

N\
v L
N P
H N™ °N

The compound of Example 179 (53 mg, 99%) was synthesized in the same method as in
Example 178, except that 3-(bromomethyl)tetrahydrofuran was used instead of 2-bromoethyl
methyl ether in step 4 of Example 178. 'H NMR (400 MHz, DMSO) § 13.88(br s, 1H), 8.49(s,
1H), 8.44(s, 1H), 8.12(br s, 2H), 7.43(d, J = 8.8 Hz, 1H), 7.07(d, J = 8.8 Hz, 1H), 4.36-4.20(m,
3H), 4.00-3.92(m, 3H), 3.84-3.78(m, 1H), 3.71-3.60(m, 3H), 3.50-3.46(m, 1H), 3.39-3.38(m, 1H),
3.25-3.17(m, 2H), 2.75-2.67(m, 1H), 1.95-1.89(m, 1H), 1.81-1.70(m, 3H), 1.67-1.59(m, 2H),
1.23(d, J= 6.5 Hz, 3H).

Example 180: Synthesis of (R)-6-((5-(1-amino-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

5@ aal % e, w vt

HN’
K\N 1,4-dioxane, 100°C, 5h i
1-8 1-72 step 1
O g

0
N S Ca s IR S e s S o
DMF, 5o°c 2h step3

Step 1: N-((R)-8-(5-((5-chloro-4-o0x0-3,4-dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-
8-azaspiro[4.5]decan-1-yl)-2-methylpropane-2-sulfinamide

In a round bottom flask, Intermediate 1-8 (158 mg, 0.63 mmol), Intermediate I-72 (200 mg,
0.48 mmol), Pdx(dba); (44 mg, 0.048 mmol) and XantPhos (28 mg, 0.048 mmol) were dissolved
in 1,4-dioxane (2.4 mL, 0.2 M), and then DIPEA (0.17 mL, 0.96 mmol) was added thereto. The

reaction mixture was purged with nitrogen and stirred at 120°C for 4 hours. The reaction was

.....
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terminated with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSQOy,
filtered and then concentrated. The resulting product was separated by MPLC (MeOH:MC=1:50)
and  concentrated to obtain  N-((R)-8-(5-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-methylpropane-2-sulfinamide (55 mg, 21%).
MS m/z: 548.1 [M+H]".

Step 2: N-((R)-8-(5-((5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-methylpropane-2-sulfinamide

In a round bottom flask, N-((R)-8-(5-((5-chloro-4-0x0-3,4-dihydroquinazolin-6-
yDthio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-methylpropane-2-sulfinamide (55 mg, 0.1
mmol), 1-bromo-2-methoxyethane (0.014 mL, 0.15 mmol), potassium iodide (16.6 mg, 0.1 mmol)
and cesium carbonate (65 mg, 0.2 mmol) were dissolved in DMF (1 mL, 0.1 M). The reaction
mixture was stirred at 50°C for 6 hours. The reaction was terminated with aqueous NaHCO3
solution, and the mixture was extracted with EA. The EA layer was dried over MgSOs, filtered
and then concentrated. The resulting product was separated by MPLC (amine column,
EA:Hex=80:20) to obtain N-((R)-8-(5-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-methylpropane-2-
sulfinamide (7.9 mg, 13%). MS m/z: 606.1 [M+H]".

Step 3: (R)-6-((5-(1-amino-8-azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-5-chloro-3-
(2-methoxyethyl)quinazolin-4(3H)-one

In a round bottom flask, N-((R)-8-(5-((5-chloro-3-(2-methoxyethyl)-4-ox0-3.4-
dihydroquinazolin-6-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-methylpropane-2-
sulfinamide (7.9 mg, 0.013 mmol) was dissolved in DCM (0.13 mL, 0.1 M). The reaction
mixture was added with 4M HCl in dioxane (0.016 mL, 0.0652 mmol) and stirred at 40 C for 10
minutes. After completion of the reaction, the reaction mixture was concentrated using a
concentrator. The reaction mixture was washed with MC/EA, and the solid was collected by
filtration to obtain the compound of Example 180 (2.1 mg, 30 %). 'H NMR (400 MHz, DMSO) §
8.50(d, J = 1.1 Hz, 1H), 8.32(d, J = 1.1 Hz, 1H), 8.28(s, 1H), 7.97(brs, 2H), 7.52(d, J = 8.8 Hz,
1H), 7.23(d, J = 8.8 Hz, 1H), 4.27(dd, ] = 26.6, 13.6 Hz, 2H), 4.13(t, ] = 5.2 Hz, 2H), 3.60(t, J =
5.2 Hz, 2H), 3.25(s, 3H), 3.18-3.12(m, 3H), 2.08-2.01(m, 1H), 1.83-1.74(m, 2H), 1.72-1.39(m,
7H), 1.23(s, 1H)

Example 181: Synthesis of 6-((5-((35.45)-4-amino-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl)pyridin-2-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-

one
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Step 1: 2-methyl-N-((3S,4S5)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)propane-2-
sulfinamide

Tert-butyl (385,4S)-4-((tert-butylsulfinyl)Jamino)-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
carboxylate (200 mg, 0.53 mmol) was dissolved in DCM (13 ml, 0.04 M). The reaction mixture
was slowly added dropwise with TFA (0.4 ml, 5.3 M) and stirred at room temperature for 3 hours.

The reaction mixture was poured into aqueous 1N NaOH and then extracted with EA/MeOH. The
combined organic layers were dried over anhydrous sodium sulfate, and then filtered and
concentrated under reduced pressure to obtain 2-methyl-N-((3S,4S)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)propane-2-sulfinamide. MS m/z: 275.5 [M+H]".

Step 2: N-((3S,45)-8-(6-bromopyridin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-
yD)-2-methylpropane-2-sulfinamide

A mixture of 2-methyl-N-((3S,4S)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)propane-2-
sulfinamide (100 mg, 0.36 mmol), 2-bromo-5-iodopyridine (114 mg, 0.40 mmol), Pd>(dba)s (33
mg, 0.036 mmol), XantPhos (21 mg, 0.036 mmol) and cesium carbonate (235 mg, 0.72 mmol) in
dioxane (2.3 mL) was degassed and purged 3 times with N>, and stirred under N> atmosphere at
120C for 3 hours. The reaction mixture was filtered through celite and then concentrated under
reduced pressure to obtain a residue. The mixture was added with H>O and extracted with EA.
The EA layer was dried over MgSQy, filtered and then concentrated. The resulting product was
purified by column chromatography (EA/Hex=80:20) to obtain N-((35,45)-8«(6-bromopyridin-3-
yD-3-methyl-2-oxa-8-azaspiro|4.5]decan-4-y1)-2-methylpropane-2-sulfinamide (47 mg, 31%).
MS m/z: 431.5 [M+H]".

Step 3: N-((35,45)-8-(6-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-
6-yD)thio)pyridin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-
sulfinamide

A mixture of N-((3S,4S)-8-(6-bromopyridin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-
4-yD)-2-methylpropane-2-sulfinamide (47 mg, 0.11 mmol), potassium 5-chloro-3-(2-
methoxyethyl)-4-o0x0-3,4-dihy droquinazolin-6-thiolate (40.3 mg, 0.13 mmol), Pdx(dba) (10.1 mg,
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0.011 mmol), XantPhos (6.4 mg, 0.011 mmol) and DIPEA (0.038 mL, 0.22 mmol) in dioxane (2.3
mL) was degassed and purged 3 times with N>, and stirred under N> atmosphere at 110C for 4
hours. The reaction mixture was filtered through celite and then concentrated under reduced
pressure to obtain a residue. The residue was added with aqueous NaHCO3 and extracted with
EA. The combined organic layers were dried over MgSOy, filtered and then concentrated. The
resulting product was purified by column chromatography (McOH:MC=1:50) to obtain N-
((385,48)-8-(6-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-6-y1)thio)pyridin-3-
yD-3-methyl-2-oxa-8-azaspiro|4.5]decan-4-y1)-2-methylpropane-2-sulfinamide (16 mg, 24%).
MS m/z: 621.5 [M+H]".

Step 4: 6-((5-((3S,4S)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)pyridin-2-
yDthio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

N-((38.,48)-8-(6-((5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihy droquinazolin-6-
yDthio)pyridin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfinamide
(16 mg, 0.026 mmol) was dissolved in DCM (0.26 mL, 0.1 M). The reaction mixture was added
with hydrochloric acid (0.032 mL, 4 M in dioxane) and then stirred at 50°C for 10 minutes. After
completion of the reaction, the reaction mixture was concentrated using a concentrator. The
reaction mixture was washed with EA, and then filtered to obtain the compound of Example 181
(8.3 mg, 58%) as an HCI salt. 'H NMR (500 MHz, DMSO) & 8.38(d, J=2.4 Hz, 1H), 8.30(s, 1H),
8.10-8.06(m, 2H), 7.54(d, J = 8.7 Hz, 1H), 7.44-7.36 (m, 3H), 4.21 (quin, J = 6.7, 5.6 Hz, 1H),
4.13(t, T=4.9 Hz, 2H), 3.86(d, ] =9.0 Hz, 1H), 3.78(d, J = 13.6 Hz, 1H), 3.70(d, J = 13.5 Hz, 1H),
3.66 (d, ] = 9.1 Hz, 1H), 3.61 (t, J = 5.1 Hz, 2H), 3.39(br s, 1H), 2.90(q, J = 13.6, 12.6 Hz, 2H),
1.85-1.80(m, 2H), 1.72(d, J = 13.5 Hz, 1H), 1.60(d, J = 12.7 Hz, 1H), 1.23 (d, J = 6.6 Hz, 3H).

Example 182: Synthesis of 6-((5-((3S.,45)-4-amino-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl)imidazo[1,2-c]pyrimidin-8-yl)thio)-5-chlore-3-(2-

methoxyethyl)quinazolin-4(3H)-one
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Step 1: S-bromo-2-chloro-N-(2,2-dimethoxyethyl)pyrimidin-4-amine

At 0C, triethylamine(TEA) (6.1 mL, 43.9 mmol) and aminoacetaldehyde dimethyl acetal
(3.1 mL, 28.5 mmol) were added to 5-bromo-2,4-dichloropyrimidine (5 g, 21.9 mmol) in EtOH,
followed by stirring for 15 minutes. The reaction mixture was stirred at room temperature for 2
hours and then concentrated. At 0C, the mixture was added with diethyl ether and diluted, and

then filtered through celite to remove solid. The filtered material was dried over MgSQOy, filtered
and then concentrated to obtain 5-bromo-2-chloro-N-(2,2-dimethoxyethyh)pyrimidin-4-amine
(6.94 g, 100%). MS m/z: 297.5 [M+H]".

Step 2: 8-bromoimidazo[1,2-c]pyrimidin-5-ol

5-bromo-2-chloro-N-(2,2-dimethoxyethyl)pyrimidin-4-amine (2 g, 6.74 mmol) in sulfuric
acid(20 ml, 20 V) was stirred at 75C for 2 hours. The reaction mixture was poured into cold
distilled water, and aqueous 5SM NaOH was slowly added dropwise to adjust the pH to 6. The
precipitated solid was filtered and washed with MC. The resulting solid was dried to obtain 8-
bromoimidazo[1,2-c]pyrimidin-5-ol (320 mg, 22%). MS m/z: 215.1 [M+H]".

Step 3: 8-bromo-5-chloroimidazo|1,2-c|pyrimidine

8-bromoimidazo|1,2-c]jpyrimidin-5-ol (100 mg, 0.47 mmol), POCIz (1.3 mL, 14 mmol),
and benzyl triethyl ammonium chloride (321 mg, 1.41 mmol) were put into a round bottom flask,
and then stirred at 130C for 4 hours. After completion of the reaction, the reaction mixture was
concentrated using a concentrator. The mixture was slowly added dropwise with aqucous
NaHCOs and extracted with EA. The organic layer was washed with brine, dried over MgSQOs,
filtered and then concentrated to obtain 8-bromo-5-chloroimidazo|1,2-cjpyrimidine (72.9 mg,
67%). MS m/z: 233.5 [M+H]".
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Step 4: 2-methyl-N-((3S,45)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)propane-2-
sulfinamide

Tert-butyl (385,4S)-4-((tert-butylsulfinyl)Jamino)-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
carboxylate (112 mg, 0.3 mmol) was dissolved in dichloromethane (DCM)(7.5mL, 0.04 M). The
reaction mixture was slowly added dropwise with trifluoroacetic acid (TFA) (0.23 mL, 3.0 mmol)
and then stirred at room temperature for 2 hours. After completion of the reaction, the resulting
product was concentrated to obtain 2-methyl-N-((3S,45)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-
yl)propane-2-sulfinamide. MS m/z: 275.5 [M+H]".

Step 5: N-((35,45)-8-(8-bromoimidazo[1,2-c|pyrimidin-5-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfinamide

DIPEA (0.52 mL, 3.0 mmol) was added to [2-methyl-N-((3S,4S)-3-methyl-2-oxa-8-
azaspiro| 4.5]decan-4-yl)propane-2-sulfinamide] (crude product, 0.3 mmol) and 8-bromo-5-
chloroimidazo[1,2-c]pyrimidine (72.9 mg, 0.31 mmol) in ACN, followed by stirring at 60 C for
1 hour. The reaction was terminated with distilled water, and the mixture was extracted with EA.
The combined organic layers were washed with brine, dried over MgSOs, filtered and then
concentrated. The resulting product was purified by column chromatography (MeOH:MC=1:15)
to obtain N-((35,48)-8-(8-bromoimidazo[ I,2-c]pyrimidin-5-y1)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfinamide (131 mg, 93%). MS m/z: 471.5 [M+H]".

Step 6: N-((35,45)-8-(8-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-
6-yDthio)imidazo[1,2-c]pyrimidin-5-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)-2-
methylpropane-2-sulfinamide

A mixture of N-((35,4S)-8-(8-bromoimidazo[1,2-c Jpyrimidin-5-y1)-3-methyl-2-oxa-8-
azaspiro| 4.5 ]decan-4-yl)-2-methylpropane-2-sulfinamide (100 mg, 0.21 mmol), potassium 5-
chloro-3-(2-methoxyethyl)-4-oxo0-3,4-dihydroquinazolin-6-thiolate (78 mg, 0.26 mmol),
Pd>(dba)s (9.6 mg, 0.01 mmol), XantPhos (12.2 mg, 0.021 mmol) and DIPEA (0.109 mL, 0.63
mmol) in dioxane (1.1 mL) was degassed and purged 3 times with N», and then stirred under N>
atmosphere at 120C for 4 hours. The reaction mixture was filtered through celite and then
concentrated under reduced pressure to obtain a residue. The residue was added with aqucous
NaHCOs and extracted with EA. The combined organic layers were dried over MgSQy, filtered
and then concentrated. The resulting product was purified by column chromatography
(MeOH:MC=1:20) to obtain  N-((3S,4S)-8-(8-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-
dihydroquinazolin-6-yl)thio)imidazo| 1,2-c]pyrimidin-5-y1)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfinamide (9.6 mg, 7.1%). MS m/z: 661.1 [M+H]".

Step e 6-((5-((3S,45)-4-amino-3-methyl-2-oxa-8-azaspiro|4.5] decan-8-
yDimidazo[1,2-c]pyrimidin-8-yl)thio)-5-chloroe-3-(2-methoxyethyl)quinazolin-4(3H)-one

N-((38.,48)-8-(8-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihy droquinazolin-6-
yDthio)imidazo[ 1,2-c Jpyrimidin-5-yl)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-y1)-2-
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methylpropane-2-sulfinamide (9.6 mg, 0.015 mmol) was dissolved in DCM (0.15 mL, 0.1 M).
The reaction mixture was added with hydrochloric acid (0.019 mL, 4 M in dioxane) and then
stirred at 50C for 10 minutes. After completion of the reaction, the reaction mixture was
concentrated using a concentrator. The reaction mixture was washed with EA, and then filtered to
obtain the compound of Example 182 (3.5 mg, 39%) as an HCl salt. 'H NMR (500 MHz, DMSO)
§ 8.28(s, 1H), 8.19(br s, 1H), 8.10-8.07(m, 2H), 7.93(s, 1H), 7.74(br s, 1H), 7.40(d, J = 8.8 Hz,
1H), 7.16(d, J = 8.7 Hz, 1H), 4.26(t, J = 5.5 Hz, 1H), 4.14(t, J= 5.0 Hz, 2H), 3.97-3.90(m, 4H),
3.75(d, J = 9.2 Hz, 2H), 3.61 (t, J = 5.1 Hz, 2H), 3.26 (s, 3H), 1.99-1.98(m, 3H), 1.83(d, ] = 12.9
Hz, 1H), 1.72(d, J = 13.2 Hz, 1H), 1.25(d, J = 6.45 Hz, 3H), 1.05 (s, 1H)

Example 183: Synthesis of 6-((3-((35.45)-4-amino-3-methyl-2-oxa-8-
azaspiro[4.5]decan-8-yl)-1,2.4-triazin-6-yl)thio)-5-chloroe-3-(2-methoxyethyl)quinazolin-

4(3H)-one
a
L D
N A a
ne ¥ e ey
TFA - -
) U L YN DIPEA R NN HN-S,
d DCM,RT,2h K "\ .. 1,4-dioxane, 50°C, 4h K -----
step 1 O (0]
o o step 2
Pe N SK
N
N
173 o ¢ o ¢
Pdy(dba)s RPN s N 0 s
Xantphos, DIPEA - '\t %j‘\ s AMHCI T %"\‘
_ . N NN T W NS
1,4-dioxane, 110°C, 4h :-
step 3 o step 4 e

Step 1: 2-methyl-N-((3S,4S5)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-yl)propane-2-
sulfinamide

Tert-butyl (385,4S)-4-((tert-butylsulfinyl)Jamino)-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-
carboxylate (300 mg, 2.0 mmol) was dissolved in dichloromethane(DCM) (6.7 mL, 0.3 M). The
reaction mixture was slowly added dropwise with trifluoroacetic acid(TFA) (1.53 mL, 20.0 mmol)
and then stirred at room temperature for 2 hours. After completion of the reaction, the resulting
product was concentrated to obtain 2-methyl-N-((3S,45)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-
yl)propane-2-sulfinamide. MS m/z: 275.5 [M+H]".

Step 2: N-((35,45)-8-(6-chloro-1,2,4-triazin-3-yl)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfinamide

2-methyl-N-((38,48)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-y)propane-2-sul finamide
(crude product, 2.0 mmol) and 3,6-dichloro-1,2 4-triazine (300 mg, 2.0 mmol) were dissolved in
1,4-dioxane (10 mL, 0.2 M). The reaction mixture was added with DIPEA (1.22 mL, 7.0 mmol)
and then stirred at 50 °C for 4 hours. The reaction was terminated with H>O, and the mixture was

extracted with EA. The EA layer was dried over MgSOs, filtered and then concentrated. The
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resulting product was purified by MPLC (EA:hexane(Hx)=4:1) and concentrated to obtain N-
((35,48)-8-(6-chloro-1,2 4-triazin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5 ]decan-4-y1)-2-
methylpropane-2-sulfinamide (119 mg, 15%). MS m/z: 388.5 [M+H]".

Step 3: N-((35,45)-8-(6-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-
6-yD)thio)-1,2,4-triazin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5]|decan-4-yl)-2-methylpropane-2-
sulfinamide

A mixture of N-((35,48)-8-(6-chloro-1,2 4-triazin-3-y1)-3-methyl-2-oxa-8-
azaspiro[4.5]decan-4-yl)-2-methylpropane-2-sulfinamide (97 mg, 0.25 mmol), potassium 5-
chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-6-thiolate (93 mg, 0.3 mmol), Pd>(dba);
(11 mg, 0.012 mmol), XantPhos (15 mg, 0.025 mmol) and DIPEA (0.087 mL, 0.5 mmol) in
dioxane (1.25 mL) was degassed and purged 3 times with N2, and stirred under N> atmosphere at
120C for 4 hours. The reaction mixture was filtered through celite and then concentrated under
reduced pressure to obtain aresidue.  The residue was added with aqueous NaHCOs and extracted
with EA. The combined organic layers were dried over MgSOy, filtered and then concentrated.
The resulting product was purified by column chromatography (amine column, EA:Hex=3:1) to
obtain  N-((3S,45)-8-(6-((5-chloro-3-(2-methoxy ethyl)-4-ox0-3,4-dihydroquinazolin-6-yl)thio)-
1,2,4-triazin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5|decan-4-y1)-2-methylpropane-2-sulfinamide
(13.1 mg, 8.4%). MS m/z: 623.1 [M+H]".

Step 4:  6-((3-((35,45)-4-amino-3-methyl-2-oxa-8-azaspiro[4.5]decan-8-yl)-1,2,4-
triazin-6-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

N-((38.,48)-8-(6-((5-chloro-3-(2-methoxycthyl)-4-ox0-3,4-dihy droquinazolin-6-yl)thio)-
1,2,4-triazin-3-yl)-3-methyl-2-oxa-8-azaspiro[4.5|decan-4-y1)-2-methylpropane-2-sulfinamide
(13.1 mg, 0.02 mmol) was dissolved in DCM (0.2 mL, 0.1 M). The reaction mixture was added
with hydrochloric acid (0.025 mL, 4 M in dioxane) and then stirred at 50°C for 10 minutes. After
completion of the reaction, the reaction mixture was concentrated using a concentrator. The
reaction mixture was washed with EA/Hex, and then filtered to obtain the compound of Example
183 (5.9 mg, 53%) as an HCI salt. 'H NMR (500 MHz, DMSO) & 8.40(s, 1H), 8.32(s, 1H), 8.10
(dd, J = 5.6, 3.5 Hz, 1H), 7.98-7.95(m, 2H), 7.66(t, ] = 7.9 Hz, 1H), 431 (q, J = 14.9, 13.2 Hz,
1H), 4.16-4.14(m, 3H), 4.02(d, ] = 15.1 Hz, 1H), 3.94-3.92(m, 1H), 3.84(d, J=9.3 Hz, 2H), 3.37(br
s, 2H), 3.27(s, 3H), 3.22-3.14(m, 1H), 3.03(dd, J = 14.2, 12.4 Hz, 1H), 1.66-1.45(m, 5H), 1.20(d,
J=6.6 Hz, 3H).

Example 184: Synthesis of (5)-6-((3-(1-amine-1.3-dihydrospiro|[indene-2.4'-
piperidin]-1'-yl)-1,2.4-triazin-6-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one
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Step 1: N-((S)-1'-(6-((5-chloro-4-oxo0-3,4-dihydroquinazolin-6-yl)thio)-1,2,4-triazin-3-
yD-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide

A mixture of Intermediate 1-74 (42 mg, 0.1 mmol), Intermediate 1-8 (33 mg, 0.13 mmol),
Pd>(dba)s (4.6 mg, 0.005 mmol), XantPhos (5.8 mg, 0.01 mmol) and DIPEA (0.035 mL, 0.2 mmol)
in dioxane (0.5 mL) was degassed and purged 3 times with N>, and stirred under N> atmosphere at
120C for 4 hours. The reaction mixture was filtered through celite and then concentrated under
reduced pressure to obtain aresidue.  The residue was added with aqueous NaHCOs and extracted
with EA. The combined organic layers were dried over MgSOy, filtered and then concentrated.
The resulting product was purified by column chromatography (MeOH:MC=1:20) to obtain N-
((S)-1'-(6-((5-chloro-4-0x0-3,4-dihy droquinazolin-6-y1)thio)-1,2,4-triazin-3-yl)-1,3-
dihydrospiro[indene-2.4'-piperidin}-1-yl)-2-methylpropane-2-sul finamide (45 mg, 76%). MS m/z:
597.1 [M+H]".

Step 2: N-((S)-1'-(6-((5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihydroquinazolin-6-
yDthio)-1,2,4-triazin-3-yl)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-
2-sulfinamide

In a round bottom flask, N-((S)-1'-(6-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-y1)thio)-
1,2,4-triazin-3-yl)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide
(45.1 mg, 0.076 mmol), 1-bromo-2-methoxyethane (0.011 mL, 0.11 mmol) and cesium carbonate
(50 mg, 0.15 mmol) were dissolved in DMF (0.76 mL, 0.1 M). The reaction mixture was stirred
at 50°C for 3 hours. The reaction was terminated with aqueous NaHCOj solution, and the mixture

was extracted with EA. The EA layer was dried over MgSQy, filtered and then concentrated. The
resulting product was separated by MPLC (amine column, EA:Hex=1:1) to obtain N-((S)-1'-(6-
((5-chloro-3-(2-methoxyethyl)-4-ox 0-3,4-dihydroquinazolin-6-yi)thio)-1,2, 4-triazin-3-yi)-1,3-
dihydrospiro[indene-2.4'-piperidin}-1-yl)-2-methylpropane-2-sul finamide (33 mg, 67%). MS m/z:
655.1 [M+H]".
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Step 3:  (5)-6-((3-(1-amino-1,3-dihydrospiro[indene-2,4'-piperidin]-1'-yl)-1,2,4-
triazin-6-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

N-((S)-1'-(6-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-6-yl)thio)-
1,2,4-triazin-3-yl)-1,3-dihydrospiro[indene-2,4'-piperidin|- 1-y1)-2-methylpropane-2-sulfinamide
(33 mg, 0.05 mmol) was dissolved in DCM (0.5 mL, 0.1 M). The reaction mixture was added
with 4 M hydrochloric acid (0.064 mL, 4 M in dioxane) and then stirred at 50°C for 10 minutes.
After completion of the reaction, the reaction mixture was concentrated using a concentrator. The
reaction mixture was washed with EA/Hex, and then filtered to obtain the compound of Example
184 (31.3 mg, 100%) as an HCI salt. 'H NMR (500 MHz, DMSO) § 8.41-8.33(m, 4H), 8.11(d, J
=435 Hz, 1H), 7.68-7.64(m, 1H), 7.55(br s, 1H), 7.34-7.30(m, 3H), 4.47-4.40(m, 1H), 4.33(br s,
1H), 4.12(br s, 2H), 4.03-4.00(m, 1H), 3.25(br s, 2H), 3.18(s, 3H), 3.12-3.08(m, 1H), 2.94(d, J =
16.2 Hz, 1H), 1.71-1.50(m, 3H), 1.42-1.39(m, 1H), 1.25-1.17(m, 1H), 1.05(s, 1H).

Example 185: Synthesis of (5)-6-((6-(1-aminoe-1.3-dihydrospiro[indene-2,4'-

piperidin]-1'-yl)-1.2.4-triazin-3-yl)thio)-5-chloro-3-(2-methoxyethvl)quinazolin-4(3H)-one
o d

k\N “ 18
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HI;\I/S\\O N o
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Step 1: N-((S)-1'-(3-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-yl)thio)-1,2,4-triazin-6-
yD-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide

A mixture of Intermediate I-75 (42 mg, 0.1 mmol), Intermediate 1-8 (33 mg, 0.13 mmol),
Pd>(dba)s (4.6 mg, 0.005 mmol), XantPhos (5.8 mg, 0.01 mmol) and DIPEA (0.035 mL, 0.2 mmol)
in dioxane (0.5 mL) was degassed and purged 3 times with No, and stirred under N> atmosphere at
120C for 4 hours. The reaction mixture was filtered through celite and then concentrated under
reduced pressure to obtain aresidue.  The residue was added with aqueous NaHCOs and extracted
with EA. The combined organic layers were dried over MgSOy, filtered and then concentrated.
The resulting product was purified by column chromatography (MeOH:MC=1:20) to obtain N-
((S)-1'-(3-((5-chloro-4-0x0-3,4-dihy droquinazolin-6-y1)thio)-1,2,4-triazin-6-yl)-1,3-
dihydrospiro[indene-2.4'-piperidin}-1-yl)-2-methylpropane-2-sul finamide (41 mg, 69%). MS m/z:
597.1 [M+H][".
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Step 2: N-((S)-1'-(3-((5-chloro-3-(2-methoxyethyl)-4-0x0-3,4-dihydroquinazolin-6-
yDthio)-1,2,4-triazin-6-yl)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-
2-sulfinamide

In a round bottom flask, N-((S)-1'-(3-((5-chloro-4-ox0-3,4-dihydroquinazolin-6-y1)thio)-
1,2,4-triazin-6-y1)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide
(41 mg, 0.069 mmol), 1-bromo-2-methoxyethane (0.010 mL, 0.103 mmol) and cesium carbonate
(50 mg, 0.15 mmol) were dissolved in DMF (0.69 mL, 0.1 M). The reaction mixture was stirred
at 50°C for 3 hours. The reaction was terminated with aqueous NaHCOj solution, and the mixture
was extracted with EA. The EA layer was dried over MgSQy, filtered and then concentrated. The
resulting product was separated by MPLC (amine column, EA:Hex=1:1) to obtain N-((S)-1'-(3-
((5-chloro-3-(2-methoxyethyl)-4-ox 0-3,4-dihydroquinazolin-6-yi)thio)-1,2, 4-triazin-6-yi)-1,3-
dihydrospiro[indene-2.4'-piperidin}- 1-yl)-2-methylpropane-2-sulfinamide (34.1 mg, 75%). MS
m/z: 655.1 [M+H]".

Step 3:  (5)-6-((6-(1-amino-1,3-dihydrospiro[indene-2,4'-piperidin]-1'-yl)-1,2,4-
triazin-3-yl)thio)-5-chloro-3-(2-methoxyethyl)quinazolin-4(3H)-one

N-((S)-1'-(3-((5-chloro-3-(2-methoxyethyl)-4-ox0-3,4-dihydroquinazolin-6-yl)thio)-
1,2,4-triazin-6-y1)-1,3-dihydrospiro[indene-2,4'-piperidin]-1-yl)-2-methylpropane-2-sulfinamide
(34 mg, 0.05 mmol) was dissolved in DCM (0.5 mL, 0.1 M). The reaction mixture was added
with hydrochloric acid (0.065 mL, 4 M in dioxane) and then stirred at 50°C for 10 minutes. After
completion of the reaction, the reaction mixture was concentrated using a concentrator. The
reaction mixture was washed with EA/Hex, and then filtered to obtain the compound of Example
185 (32 mg, 100%) as an HCl salt. 'H NMR (500 MHz, DMSO) & 8.39-8.37(m, 3H), 8.33(d, J =
5.0 Hz, 1H), 8.11(t, J = 7.45 Hz, 1H), 7.69-7.64(m. 1H), 7.54(d, J = 6.25 Hz, 1H), 7.37-7.29(m,
3H), 4.49-4.33(m, 2H), 4.14-4.12(m, 2H), 4.02(d, J = 12.6 Hz, 1H), 3.25(s, 3H), 3.21-3.08(m, 3H),
2.95(d, J = 16.2 Hz, 1H), 1.73-1.59(m, 2H), 1.51(d, J = 12.5 Hz, 1H), 1.39(t, J = 14.1 Hz, 1H),
1.29-1.25(m, 1H), 1.05(s, 1H).

Example 186: Synthesis of (R)-6-amino-2-(4-(2-amino-3-(pyridin-4-

iperazin-1-vl 2.3-dichlorophenyl)thio
cl NH, Boc. o _L_s
ci s Ay o NH =N Hatu, TEA \Ej/ 7N
M * h DMF Z 07N NﬂBOC\NH ~ N
\ R |
07 NTINTY 0 LN S~
| QNH step 1
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Step 1: tert-butyl (R)-(1-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo-
1,6-dihydropyrimidin-2-yl)piperazin-1-yl)-1-o0xo-3-(pyridin-4-yl)propan-2-yl)carbamate

6-amino-5-((2,3-dichlorophenyl)thio)-3-methyl-2-(piperazin-1-yl)pyrimidin-4(3H)-one
(200 mg, 0.52 mmol) and HATU (1-|bis(dimethylamino)methylenc]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxide hexafluorophosphate, 395 mg, 1.04 mmol), TEA (0.15 mL, 1.04 mmol) were
dissolved in DMF (5 mL, 0.1 M), and then (R)-2-((tert-butoxycarbonyl)amino)-3-(pyridin-4-
yDpropanoic acid (277 mg, 1.04 mmol) was added thereto. The reaction mixture was stirred at
room temperature for 4 hours. The reaction mixture was added with brine (10 mL) and EtOAc
(10 mL X 3) and extracted. The organic layer was dried over Na>SQs, filtered and then
concentrated. The resulting product was separated by MPLC to obtain tert-butyl (R)-(1-(4-(4-
amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo0-1,6-dihydropyrimidin-2-yl)piperazin-1-yl)-
1-0x0-3-(pyridin-4-yl)propan-2-yl)carbamate (150 mg, 45%). MS m/z: 634 [M+H]".

Step 2: tert-butyl (R)-(1-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo-
1,6-dihydropyrimidin-2-yl)piperazin-1-yl)-3-(pyridin-4-yl)propan-2-yl)carbamate

Tert-butyl (R)-(1-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo0-1,6-
dihydropyrimidin-2-yl)piperazin-1-yl)-1-oxo-3-(pyridin-4-yl)propan-2-yl)carbamate (150 mg,
0.24 mmol) was dissolved in THF (3 mL), and then BH3-Me>S (30 pL) was added thereto at 0C.
The reaction mixture was stirred at room temperature for 1 hour. At 0°C, The reaction was
terminated with MeOH (5 mL), and the mixture was concentrated. The resulting product was
separated by MPLC to obtain tert-butyl (R)-(1-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-
methyl-6-0x0-1,6-dihydropyrimidin-2-yl)piperazin-1-yl)-3-(pyridin-4-yl)propan-2-yl)carbamate
(50 mg, 34%). MS m/z: 620 [M+H]".

Step 3: (R)-6-amino-2-(4-(2-aminoe-3-(pyridin-4-yl)propyl)piperazin-1-yl)-5-((2,3-
dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one

Tert-butyl (R)-(1-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo0-1,6-
dihydropyrimidin-2-yl)piperazin-1-yl)-3-(pyridin-4-y1l)propan-2-yl)carbamate (50 mg, 0.08 mmol)
was dissolved in DCM (1 mL, 0.08 M). The reaction mixture was added with trifluoroacetic acid
(TFA, 0.5 mL, 0.16 M) and then stirred at room temperature for 1 hour. The reaction was
terminated with aqueous NaHCOs solution, and the mixture was extracted with EA. The EA layer
was dried over MgSQy, filtered and then concentrated. The resulting product was separated by
Prep-HPLC and concentrated to obtain the compound of Example 186 (30 mg, 72%) as a TFA salt.
'H NMR (400 MHz, CD;0D) § 8.87 - 8.79 (m, 2H), 8.12 - 8.01 (m, 2H), 7.29 - 7.21 (m, 1H), 7.18
-7.05 (m, 1H), 6.75 (dd, T = 8.1, 1.4 Hz, 1H), 4.02 (s, 1H), 3.41 (d, ] = 5.4 Hz, 8H), 3.31 - 3.21
(m, 1H), 2.97 - 2.89 (m, 2H), 2.93 - 2.78 (m, 1H), 2.81 - 2.67 (m, 3H); MS m/z: 520 [M+H]".

Example 187: Synthesis of (S)-6-amino-2-(4-(2-aming-3-(pyridin-4-

vDpropvlpiperazin-1-y1)-5-((2,3-dichlorophenyDthio)-3-methylpyrimidin-4(3H)-one
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The compound of Example 187 was synthesized in the same method as in Example 186
above, except that (S)-2-((tert-butoxycarbonyl)amino)-3-(pyridin-4-yl)propanoic acid was used
instead of (R)-2-((tert-butoxycarbonyl)amino)-3-(pyridin-4-yl)propanoic acid. 'H NMR (400
MHz, CDs;OD) & 8.87 - 8.79 (m, 2H), 8.12 - 8.01 (m, 2H), 7.29 - 7.21 (m, 1H), 7.18 - 7.05 (m,
1H), 6.75 (dd, J=8.1, 1.4 Hz, 1H), 4.02 (s, 1H), 3.41 (d, J = 5.4 Hz, 8H), 3.31 - 3.21 (m, 1H), 2.97
-2.89 (m, 2H), 2.93 - 2.78 (m, 1H), 2.81 - 2.67 (m, 3H); MS m/z: 520 [M+H]".

Example 188: Synthesis of 6-amino-2-(4-(2-amino-3-(pyridin-3-vl)propvl)piperazin-

The compound of Example 188 was synthesized in the same method as in Example 186
above, except that 2-((tert-butoxycarbonyl)amino)-3-(pyridin-3-yl)propanoic acid was used
instead of (R)-2-((tert-butoxycarbonyl)amino)-3-(pyridin-4-yl)propanoic acid. 'H NMR (400
MHz, CD3;0D) 8 8.65 (d, J=5.5Hz, 2H), 8.14 (d, J=8.1 Hz, 1H), 7.76 - 7.69 (m, 1H), 7.24 (dd,
J=79,14Hz 1H), 7.08 (t, J=8.0 Hz, 1H), 6.74 (dd, J = 8.0, 1.4 Hz, 1H), 4.02 (s, 1H), 3.42 -
3.32 (m, 8H), 3.26-3.21 (m, 3H), 3.09 (d, J= 7.0 Hz, 2H), 2.62 (d, J = 7.4 Hz, 2H); MS m/z: 520
[M+H]".

Example 189: Synthesis of 6-amino-2-(4-(2-amino-4-phenylbutyl)piperazin-1-yl)-5-

2.3-dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one

ne r
J\N/\
The compound of Example 189 was synthesized in the same method as in Example 186

above, except that 2-((tert-butoxycarbonyl)amino)-4-phenylbutanoic acid was used instead of (R)-
2-((tert-butoxycarbonyl)amino)-3-(pyridin-4-yl)propanoic acid. 'H NMR (400 MHz, CD;0D) §
7.30(d,J=73 Hz 2H), 7.23 (dd, J=8.9, 7.5 Hz, 4H), 7.11 - 7.07 (m, 1H), 6.76 - 6.74 (m, 1H),
341 -3.35(m, 4H), 3.26 - 3.25 (m, 3H), 2.79 - 2.75 (m, 5H), 2.58 - 2.54 (m, 4H) 1.93 - 1.92 (m,
2H); MS m/z: 533 [M+H]".
Example 190: Svynthesis of 6-amino-2-(4-(2-amino-2-phenyvlethyl)piperazin-1-yl)-5-
2.3-dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one
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The compound of Example 190 was synthesized in the same method as in Example 186
above, except that 2-((tert-butoxycarbonyl)amino)-2-phenylacetic acid was used instead of (R)-2-
((tert-butoxycarbonyl)amino)-3-(pyridin-4-yl)propanoic acid. 'H NMR (400 MHz, CD;OD) &
7.53 - 741 (m, SH), 7.24 (dd, J = 8.0, 1.4 Hz, 1H), 7.09 (t, J = 8.0 Hz, 1H), 6.75 (dd, J= 8.0, 1.5
Hz, 1H), 4.55 (dd, J = 10.9, 4.0 Hz, 1H), 3.47- 3.44 (m, 4H), 3.43 (s, 3H), 3.04 - 2.77 (m, 4H),
2.71 - 2.64 (m, 2H); MS m/z: 505 [M+H]".

Example 191: Synthesis of (S)-6-amino-2-(4-(2-amino-2-phenylethyl)piperazin-1-yl)-
5-((2,3-dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one

The compound of Example 191 was synthesized in the same method as in Example 186
above, except that (S)-2-((tert-butoxycarbonyl)amino)-2-phenylacetic acid was used instead of
(R)-2-((tert-butoxycarbonyl)amino)-3-(pyridin-4-yl)propanoic acid. 'H NMR (400 MHz, CD;0D)
67.53-741 (m, 5H), 7.24 (dd, J=8.0, 1.4 Hz, 1H), 7.09 (t, ] =8.0 Hz, 1H), 6.75 (dd, J=8.0, 1.5
Hz, 1H), 4.55 (dd, J = 10.9, 4.0 Hz, 1H), 3.47- 3.44 (m, 4H), 3.43 (s, 3H), 3.04 - 2.77 (m, 4H),
2.71 - 2.64 (m, 2H); MS m/z: 505 [M+H]".

Example 192: Synthesis of 6-amino-5-((2-amine-3-chloropyridin-4-yl)thio)-2-(4-(2-
aminoethyl)piperazin-1-yl-3-methylpyrimidin-4(3H)-one

o
7 /\ﬁﬁo _EONaTHE ¢ Na
HN A » HN \/W HN . s

| B ——— ‘

N__ Pdy(dba); , XantPhos, 590:/; 30'2“ N~

DIEA, dioxane, 90 °C, 2 hrs oylel
NH; 88% yield step 2
1 r\ step 1
Z N
M
o ITI N . NH, NH,
N Boc
o %j f ¥ maoon ﬁj f ¥
B —
N
‘ 'L 250G, 15min Z N
cul, L1, KsPO,, DMF N._~y-Boc 26% yiold LA

90 °C, 2 hrs H stop 4 NH,
9% yield

step 3

Step 1: 2-ethylhexyl 3-[(2-amino-3-chloro-4-pyridyl)sulfanyl|propanoate
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3-chloro-4-iodo-pyridin-2-amine  (1.00 g, 393 mmol) and 2-cthylhexyl-3-
sulfanylpropanoate (943 mg, 4.32 mmol), Pd>(dba); (359 mg, 393 umol), XantPhos (227 mg, 393
umol), DIEA (1.02 g, 7.86 mmol) were dissolved in dioxane (2 mL), followed by stirring at 90 C
for 2 hours. After completion of the reaction, the mixture was filtered, and the filtrate was
concentrated. The resulting product was separated by column chromatography (petroleum
cther/ethyl acetate = 15/1 to 0/1) to obtain 2-cthylhexyl 3-[(2-amino-3-chloro-4-
pyridyD)sulfanyl]propanoate (1.20 g, 88% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-
ds) 5=7.80 (d, ] =5.2 Hz, 1H) 6.55 (d, J = 5.2 Hz, 1H) 6.25 (s, 2H) 3.97 (d, J = 5.6 Hz, 2H) 3.21
(t, ] = 6.8 Hz, 2H) 2.71 (t, ] = 6.8 Hz, 2H) 1.59 - 1.45 (m, 1H) 1.31 - 1.21 (m, 8H) 0.86 - 0.81 (m,
6H); MS m/z: 345.1 [M+H]".

Step 2: (2-amino-3-chloro-4-pyridyl)sulfanyl sodium

2-ethylhexyl 3-[(2-amino-3-chloro-4-pyridyl)sulfanyl|propanoate (500 mg, 1.45 mmol)
was dissolved in THF (10 mL), and then EtONa (295 mg, 4.35 mmol) was added thereto. The
reaction mixture was stirred at room temperature for 30 minutes. After completion of the reaction,
DCM (10 mL) was added to the mixture, and the resulting solid was filtered. The solid was dried
under vacuum to obtain (2-amino-3-chloro-4-pyridyl)sulfanyl sodium (550 mg, 90% yicld) as a
yellow solid. 'H NMR (400 MHz, DMSO-ds) 8= 7.02 (d, J = 5.6 Hz, 1H) 6.45 (d, J=5.6 Hz, 1H);
MS m/z: 161.0 [M+H]".

Step 3: tert-butyl N-|2-[4-[4-amino-5-[(2-amine-3-chloro-4-pyridyl)sulfanyl]-1-
methyl-6-oxo-pyrimidin-2-yl|piperazin-1-yl| ethyl|carbamate

(2-amino-3-chloro-4-pyridylsulfanyl sodium (95.4 mg, 522 umol) and Intermediate 1-78
(50.0 mg, 104 pmol), Cul (1.99 mg, 10.4 pmol), KzsPOs (110 mg, 522 umol), (1S,25)-N1,N2-
dimethylcyclohexane-1,2-diamine (1.49 mg, 1045 pmol) were dissolved in DMF (1 mlL),
followed by stirring at 90°C  for 2 hours. After completion of the reaction, the mixture was filtered,
and the filtrate was concentrated under reduced pressure. The resulting product was separated by
reverse phase flash (0.1% FA codition) to obtain tert-butyl N-[2-[4-[4-amino-5-(2-amino-3-
chloro-4-pyridyl)sulfanyl]-1-methyl-6-oxo-pyrimidin-2-yl|piperazin-1-yl|ethyljcarbamate (100
mg, 93% yield). MS m/z: 511.3 [M+H]".

Step 4: 6-amino-5-((2-amino-3-chloropyridin-4-yl)thio)-2-(4-(2-
aminoethyl)piperazin-1-yl-3-methylpyrimidin-4(3H)-one

Tert-butyl  N-[2-|4-[4-amino-5-[(2-amino-3-chloro-4-pyridyl)sulfanyl}-1-methyl-6-oxo-
pyrimidin-2-yl]piperazin-1-yljethyl]carbamate (70.0 mg, 136 pmol) was dissolved in DCM (0.5
mL), and then TFA (2.69 g, 23.6 mmol) was added thereto. The reaction mixture was stitred at
room temperature for 15 minutes. After completion of the reaction, the reaction mixture was
concentrated and neutralized by addition of NH3.H>O. The resulting product was separated by
Prep-HPLC to obtain the compound of Example 192 (17.4 mg, 28% yield). 'H NMR (400 MHz,
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MeOD-d4) 6= 8.85 - 7.85 (m, 1H), 7.59 (d, ] = 5.2 Hz, 1H) 6.15(d, J=5.2 Hz, 1H) 3.43 (s, 3H)
341(d, J=4.4Hz, 4H) 3.10(t, J=5.6 Hz, 2H) 2.69 (d, ] = 5.2 Hz, 6H); MS m/z: 411.1 [M+H]".
Example 193: Synthesis of 6-amino-2-(4-(2-aminoethyDpiperazin-1-yI)-5-((2,3-

dichloropvridin-4—vl)thio) 3-methvlpyrimidin-4(3H)-one
NH;,

X,
% k~/""~~/\m~mz

The compound of Example 193 was synthesized in the same method as in Example 192

above, except that 2,3-dichloro-4-iodo-pyridine was used instead of 3-chloro-4-iodo-pyridin-2-
amine. "H NMR (400 MHz, MeOD-ds) &= 8.54 (s, 1H), 7.98 (d, J= 5.2 Hz, 1H), 6.83 (d, T =5.2
Hz, 1H), 3.48 - 3.37 (m, 7H), 3.09 (t, ] = 5.6 Hz, 2H), 2.75 - 2.62 (m, 6H); MS m/z: 430.1 [M+H]".

Example 194: Synthesis of 6-amino-2-(4-(2-aminoethyl)piperazin-1-y1)-5-((2,3-

dichloro hen lthio -3-methylpyrimidin-4(3H)-one
NH,

S0,

'b”'\/“*m-a2

The compound of Example 194 was synthesized in the same method as in Example 192
above, except that 2,3-dichlorobenzenethiol was used mnstead of 3-chloro-4-iodo-pyridin-2-amine.
'H NMR (400 MHz, MeOD-d4) 6=7.25(dd, J=7.6, 1.2 Hz, 1H) 7.10 (t, J= 8.0 Hz, 1H) 6.76 (dd,
J=8.0,1.2Hz 1H)3.42 (s, 3H) 3.41 - 3.40 (m, 4H) 3.04 - 3.14 (m, 2H) 2.62 - 2.74 (m, 6H); MS
m/z: 429.1 [M+H]".

Example 195: Synthesis of 6-amino-2-(4-(2-aminoethyl)piperazin-1-y1)-5-((2,3-
dichlorophenyl)-3-methylpyrimidin-4(3H)-one

Cl
Cl

NH, o Cln
cl Ly NH, ’
cl - AN
+ O~ J\ —— = N J\ )
0“ N N/\| R Hcl ) P
| Suzuki ton 2 O0“™N""N
B(OH), LN~y BoC ; Nﬁ ep

reaction \ k/N NH
k78 H step 1 N~ NHBoc 2

Step 1: tert-butyl N-[2-[4-[4-amino-5-(2,3-dichlorophenyll)-1-methyl-6-0xo0-
pyrimidin-2-yl]piperazin-1-yl]ethyl]carbamate

Intermediate 1-78 (150.0 mg, 313.59 pumol), (2,3-dichlorophenyl)boronic acid (89.76 mg,
470.39 umotl), and K2COs (65.01 mg, 470.39 umol) were dissolved in dioxane (2.0 mL) and H>O
(0.2 mL), and then Pd(PPhs)4 (36.24 mg, 31.36 umol) was added thereto. The reaction mixture
was stirred at 90 C for 16 hours. After completion of the reaction, the reaction mixture was filtered,

and the filtrate was concentrated and then separated by Prep-TLC (EtOAc). Then, tert-Butyl N-|2-
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[4-[4-amino-5-(2,3-dichlorophenyll)-1-methyl-6-oxo-pyrimidin-2-yl}piperazin-1-
yl]ethyl]carbamate (100.0 mg, 34.36% yield) was obtained. MS m/z: 497 .4 [M+H]".

Step 2: 6-amino-2-(4-(2-aminoethyl)piperazin-1-yl)-5-((2,3-dichlorophenyl)-3-
methylpyrimidin-4(3H)-one

HCI/EtOAc (4 M, 1 mL) was added to tert-butyl N-[2-[4-[4-amino-5-(2,3-dichlorophenyl)-
1-methyl-6-oxo-pyrimidin-2-yl]piperazin-1-yljethyl|carbamate (100.0 mg, 107.76 upmol),
followed by stirring at room temperature for 30 minutes. The reaction mixture was concentrated
and separated by Prep-HPLC (neutral) to obtain the compound of Example 195 (25.45 mg, 56.82%
yield). 'H NMR (400 MHz, CHLOROFORM-d) &= 7.50 - 7.43 (m, 1H), 7.28 (s, 1H), 7.26 (d, ] =
1.1 Hz, 1H), 4.37 (s, 2H), 3.47 (s, 3H), 3.33 - 3.25 (m, 4H), 2.85 (br d, J = 5.3 Hz, 2H), 2.63 (br s,
4H), 2.53 (br t, I = 5.7 Hz, 2H); MS m/z: 397.3 [M+H]".

Example 196: Synthesis of 6-amino-2-[(3S)-3-(aminomethyl)piperazin-1-yl1]-5-(2,3-

dichlorophenyl)sulfanyl-3-methyl-pyrimidin-4-one

~,
NH, NIS, THF, 25 °C, " ToH | 1
0,
f\N 17 hrs, 60% yield r\ K/N “Boc N f\lN
! > N
o NJ\OH )\ BOP, DBU, DMF, OFNTINTN " oH

I step 1 25 °C, 2 hrs, 40% yield ! K/N~Boc
step 2
HY
Cl H NH
ol SH U o ¢ S NH2 DMP, DCM, 0 °C, cl NH;
» |
E R
K3POy, Cul, 0 T NI\/ OH step 4 o T N/H' X0
DMF, 90 °C, 17 hrs, 46% yield Negoe K,N\Boc
step 3

NH,4OAc, NaBH3CN3, HClidioxane, DCM,
MeOH, 0 °C, 8 hrs, 49% yield \@/ 0 °C, 3.5 hrs, 33% yield _ C'\©/
step 5 N/H o step [ K/NH
Step 1: 6—amino-2-hydroxy-S-iodo-3-methy1—pyrimidin-4-one
6-amino-3-methyl- 1H-pyrimidine-2,4-dione (1.0 g, 7.09 mmol) was dissolved in THF (50
mL), and then NIS (1.91 g, 8.50 mmol) was added thereto. The reaction mixture was stirred at
room temperature for 17 hours. After completion of the reaction, the mixture was added with water
(100 mL) and saturated Na>S>03 (100 mL) and filtered. The filter cake was dried under vacuum
to obtain 6-amino-2-hydroxy-5-iodo-3-methyl-pyrimidin-4-one (1.2 g, 63% yield). 'H NMR (400
MHz, DMSO-ds) 10.85 (br s, 1H), 6.35 (s, 2H), 3.10 (s, 3H).
Step 2: tert-butyl (2R)-4-(4-amino-5-iodo-1-methyl-6-oxo-pyrimidin-2-yl)-2-
(hydroxymethyl)piperazine-1-carboxylate
6-amino-2-hydroxy-5-iodo-3-methyl-pyrimidin-4-one (500 mg, 1.87 mmol), tert-butyl
(2R)-2-(hydroxymethyl)piperazine-1-carboxylate (445 mg, 2.06 mmol), BOP (1.08 g, 2.43 mmol)
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and DBU (570 mg, 3.74 mmol) were dissolved in DMF (5 mL) and stirred at room temperature
for 2 hours. After completion of the reaction, the mixture was added with water (0.5 mL) and
concentrated under reduced pressure. The resulting product was separated by reverse phase flash
(0.1% FA) to obtain tert-butyl (2R)-4-(4-amino-5-iodo-1-methyl-6-oxo-pyrimidin-2-yl)-2-
(hydroxymethyl)piperazine-1-carboxylate (350 mg, 40% yield). 'H NMR (400 MHz, DMSO-ds)
§=3.97 (brs, 1H), 3.82 - 3.72 (m, 1H), 3.69 - 3.59 (m, 2H), 3.51 - 3.40 (m, 2H), 3.32 (s, 3H), 2.83
-2.67 (m, 2H), 2.52 (s, 2H), 1.41 (s, 9H).

Step 3: tert-butyl (2R)-4-[4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-
pyrimidin-2-yl]-2-(hydroxymethyl)piperazine-1-carboxylate

Tert-butyl (2R)-4-(4-amino-5-iodo-1-methyl-6-oxo-pyrimidin-2-yl)-2-
(hydroxymethyl)piperazine-1-carboxylate (350 mg, 752 umol), 2,3-dichlorobenzenethiol (161 mg,
902 umol), Cul (14.3 mg, 75.2 umol), (1S,28)-N1,N2-dimethylcyclohexane-1,2-diamine (10.7 mg,
75.2 pmol), K3PO4 (479 mg, 2.26 mmol) were dissolved in DMF (10 mL), and then stirred at 90 C
for 17 hours. The reaction mixture was filtered, and the filtrate was concentrated under reduced
pressure. The resulting product was separated by reverse phase flash (0.1% FA) to obtain tert-butyl
(2R)-4-|4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-pyrimidin-2-yl}-2-
(hydroxymethyl)piperazine-1-carboxylate (180 mg, 46% yield). 'H NMR (400 MHz, DMSO-ds)
§=734(d, J=8.0Hz, 1H), 7.20 (1, J =8.0 Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H), 4.00 (br s, 1H), 3.85
-3.72 (m, 2H), 3.69 - 3.55 (m, 2H), 3.46 - 3.30 (m, 3H), 3.30 (s, 3H), 2.97 - 2.89 (m, 1H), 2.86 -
2.75 (m, 1H), 1.42 (s, 9H).

Step 4: tert-butyl (ZR)-4-[4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-
pyrimidin-2-yl]-2-formyl-piperazine-1-carboxylate

Tert-butyl (2R)-4-[4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-pyrimidin-2-
yl]-2-(hy droxymethyl)piperazine-1-carboxylate (90 mg, 174 pmol) was dissolved in DCM (5 mL),
and then DMP (110 mg, 261 pmol) was added thereto at 0 C. The reaction mixture was stirred at
0C for 3 hours. After completion of the reaction, the mixture was added with aqueous Na>S>03
(10 mL) and extracted with DCM (3 X 20 mL). The organic layer was concentrated under reduced
pressure, and the resulting product was separated by reverse phase flash (0.1% FA) to obtain tert-
butyl (2R)-4-|4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-pyrimidin-2-yl}-2-formyl-
piperazine-1-carboxylate (50 mg, 55% yield). MS m/z: 458.0 [M+H]".

Step 5: tert-butyl (2R)-4-[4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-
pyrimidin-2-yl]-2-formyl-piperazine-1-carboxylate

At 0T, tert-butyl (2R)-4-[4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-
pyrimidin-2-yl}-2-formyl-piperazine-1-carboxylate (40.0 mg, 77.7 umol) and NH4OAc (599 mg,
7.78 mmol) were dissolved in MeOH (5 mL), and then NaBH3CN (7.33 mg, 116 umol) was added

thereto. The reaction mixture was stirred at 0 'C for 8 hours. After completion of the reaction, the
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reaction mixture was concentrated under reduced pressurc and separated by reverse phase flash
(0.1% FA) to obtain tert-butyl (2R)-4-|4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-
pyrimidin-2-yl]-2-formyl-piperazine-1-carboxylate (20 mg, 49% yield). MS m/z: 515.2 [M+H]".

Step 6: 6-amino-2-[(3S)-3-(aminomethyl)piperazin-1-yl]-5-(2,3-
dichlorophenyl)sulfanyl-3-methyl-pyrimidin-4-one

At 0T, tert-Butyl (2R)-4-[4-amino-5-(2,3-dichlorophenyl)sulfanyl-1-methyl-6-oxo-
pyrimidin-2-yl}-2-formyl-piperazine-1-carboxylate (20 mg, 38.8 umol) was dissolved in MeOH
(4 mL), and then HCI/MeOH (4 M, 5 mL) was added thereto. The reaction mixture was stirred at
0C for 3.5 hours. After completion of the reaction, the reaction mixture was concentrated under
reduced pressure. After being dissolved in MeOH (5 mL), the mixture was added with 10%
aqueous NHs-H>O to neutralize until the pH became 8, and concentrated under reduced pressure.
The resulting product was separated by Prep-HPLC to obtain the compound of Example 196 (6.1
mg, 33%, FA salt). '"H NMR (400 MHz, MeOD-d4) 8= 8.42 (br s, 1H, FA), 7.25 (dd, J = 1.6, 8.0
Hz, 1H), 7.09 (1, J = 8.0 Hz, 1H), 6.75 (dd, J = 1.6, 8.0 Hz, 1H), 3.61 (dd, J = 1.6, 13.2 Hz, 1H),
3.57 - 3.49 (m, 1H), 3.42 (s, 3H), 3.20 - 2.84 (m, 7H); MS m/z: 415.1 [M+H]".

Example 197: Synthesis of (R)-6-amino-2-(3-(aminomethyl)piperazin-1-y1)-5-((2,3-

dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one
o)
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step 1 b Boc step 2 b “Boc
cl
C|\©/SH al NH Cl NH,
Cl S
N o cl s
T Ulimann Counling \©/ j/\)\J\ M NaOHia \©/ N ? NH3/THF
H v
Ulimann Coupling O0“ N N/\HLO EtOH, r.t N AHL oH =
step3 | bl\I‘Boc step 4 | K/N “Boc ep
NH, NH,»
oy ST W g oy 4. fj
—>
SN )\ ~
ﬂ)t top6 N K\NH
step 7

Step 1: 1-(tert-butyl) 2-methyl(R)-4—(4—am1no-1-methyl-6-oxo-1,6-dihydropyrimidin-
2-yl)piperazine-1,2-dicarboxylate

In a round bottom flask, 6-amino-3-methylpyrimidine-2,4 (1H, 3H)-dione (300 mg, 2.13
mmol) and BOP (942 mg, 2.13 mmol) were dissolved in DMF, and then 1-(tert-butyl) 2-methyl
(S)-piperazine-1,2-dicarboxylate (520 mg, 2.13 mmol) was added dropwise to a reaction mixture.
The reaction mixture was stirred at room temperatur for 16 hours. The reaction was terminated
with H>0, and the mixture was extracted with EA. The EA layer was dried over MgSQOu, filtered
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and then concentrated. The resulting product was separated by MPLC (McOH:DCM=1:10) and
concentrated to obtain  1-(tert-butyl) 2-methyl (R)-4-(4-amino-1-methyl-6-0x0-1,6-
dihydropyrimidin-2-yl)piperazine-1,2-dicarboxylate (760 mg, 97%). MS m/z: 368.20 [M+H]".

Step 2: 1-(tert-butyl) 2-methyl (R)-4-(4-amino-5-iodo-1-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yl)piperazine-1,2-dicarboxylate

In a round bottom flask, NIS (567 mg, 2.52 mmol) was added dropwise to 1-(tert-butyl) 2-
methyl(R)-4-(4-amino-1-methyl-6-o0xo-1,6-dihy dropyrimidin-2-yl)piperazine- 1,2-dicarboxylate
(772 mg, 2.52 mmol) dissolved in DMF. The reaction mixture was stirred at room temperature for
2 hours. The reaction was terminated with H-O, and the mixture was extracted with EA. The EA
layer was dried over MgSOy, filtered and concentrated. The resulting product was separated by
MPLC (MeOH:DCM=1:10) and concentrated to obtain 1-(tert-butyl) 2-methyl (R)-4-(4-amino-5-
1odo-1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl)piperazine-1,2-dicarboxylate (981 mg, 94%).
MS m/z: 494.10 [M+H]".

Step 3: 1-(tert-butyl) 2-methyl (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)piperazine-1,2-dicarboxylate

In a round bottom flask, 1-(tert-butyl) 2-methyl (R)-4-(4-amino-5-iodo-1-methyl-6-oxo-
1,6-dihydropyrimidin-2-yl)piperazine-1,2-dicarboxylate (1.04 g, 2.13 mmol) was dissolved in 1,4-
dioxane, and then 2,3-dichloro benzencthiol (763 mg, 4.26 mmol), K3PO4 (904 mg, 4.26 mmol),
Cul (82 mg, 0.43 mmol) and (IR, 2R)-N1, N2-dimethylcyclohexane-1,2-diamine (61 mg, 0.43
mmol) were added dropwise thereto. The reaction mixture was stirred at 90 C for 16 hours. The
reaction was terminated with H»O, and the mixture was extracted with EA. The EA layer was dried
over MgSQy, filtered and then concentrated. The resulting product was separated by MPLC
(MeOH:DCM=1:10) and concentrated to obtain 1-(tert-butyl) 2-methyl (R)-4-(4-amino-5-((2,3-
dichlorophenyl)thio)-1-methyl-6-ox0-1,6-dihydropyrimidin-2-yl)piperazine-1,2-dicarboxylate
(280 mg, 24%). MS m/z: 544.20 [M+H]".

Step 4: (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yl)-1-(tert-butoxycarbonyl)piperazine-2-carboxylic acid

In a round Dbottom flask, 1-(tert-butyl) 2-mecthyl (R)-4-(4-amino-5-((2,3-
dichlorophenyl)thio)-1-methyl-6-ox0-1,6-dihydropyrimidin-2-yl)piperazine-1,2-dicarboxylate
(220 mg, 0.40 mmol) was dissolved in EtOH, and then 1 M NaOH aqueous solution (1.83 mL,
1.83 mmol) was added dropwise thereto. The reaction mixture was stirred at room temperature for
3 hours. The reaction was terminated with 1 M HCI aqueous solution, and the mixture was
extracted with EA. The EA layer was dried over MgSOQa, filtered and then concentrated to obtain
(R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo0-1,6-dihy dropyrimidin-2-y1)-1-(tert-
butoxycarbonyl)piperazine-2-carboxylic acid (210 mg, 99%). MS m/z: 530.20 [M+H}".

Step 5: tert-butyl (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yl)-2-carbamoylpiperazine-1-carboxylate
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In a round bottom flask, (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo0-1,6-
dihydropyrimidin-2-yl)-1-(tert-butoxy carbonyl)piperazine-2-carboxylic acid (212 mg, 0.40 mmol)
was dissolved in DMF, and then HATU (182 mg, 0.48 mmol), DIPEA (0.21 mL, 1.20 mmol) were
added dropwise thereto. The reaction mixture was stirred at room temperature for 30 minutes.
After 30 minutes of stirring, the mixture was added dropwise with NH4Cl (32 mg, 0.60 mmol) and
stirred at room temperature for 16 hours. The reaction was terminated with H>O, and the mixture
was extracted with EA. The EA layer was dried over MgSQy, filtered and then concentrated. The
resulting product was separated by MPLC (MeOH:DCM=1:10) and concentrated to obtain tert-
butyl (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)- 1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl)-
2-carbamoylpiperazine-1-carboxylate (191 mg, 90%). MS m/z: 529.20 [M+H]".

Step 6: tert-butyl (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yl)-2-(aminomethyl)piperazine-1-carboxylate

In a round bottom flask, tert-butyl (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-2-carbamoylpiperazine- 1 -carboxylate (24 mg, 0.05 mmol) was
dissolved in THF, and then BH3-S(CH3), (0.02 mL, 0.23 mmol) was added dropwise thereto. The
reaction mixture was stirred at room temperature for 16 hours. After 30 minutes of stirring, the
mixture was added dropwise with NH4Cl (32 mg, 0.60 mmol) and stirred at room temperature for
16 hours. The reaction was terminated with H»O, and the mixture was extracted with EA. The EA
layer was dried over MgSOQy, filtered and then concentrated. The resulting product was separated
by MPLC (MecOH:DCM=1:10) and concentrated to obtain tert-butyl (R)-4-(4-amino-5-((2,3-
dichlorophenyl)thio)-1-methyl-6-ox0-1,6-dihydropyrimidin-2-y1)-2-(aminomethyl)piperazine-1-
carboxylate (6 mg, 60%). MS m/z: 515.10 [M+H]".

Step 7: (R)-6-amino-2-(3-(aminomethyl)piperazin-1-yl)-5-((2,3-dichlorophenyl)thio)-
3-methylpyrimidin-4(3H)-one

In a round bottom flask, tert-butyl (R)-4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-y1)-2-(aminomethyl)piperazine-1-carboxylate (10 mg, 0.02 mmol)
was dissolved in dioxane. The reaction mixture was added dropwise with 4 M HCI in dioxane
(0.19 mL, 0.78 mmol) and then stirred at room temperature for 6 hours. The reaction was
terminated with saturated aqueous NaHCOj3 solution, and the mixture was extracted with EA. The
EA layer was dried over MgSQs, filtered and then concentrated. The resulting product was
separated by Prep-HPLC and concentrated to obtain the compound of Example 197 (3 mg, 38%).
'H NMR (400 MHz, MeOD) §7.29 - 7.22 (m, 1H), 7.09 (t, J = 8.0 Hz, 1H), 6.77 (dd, T = 8.0, 1.4
Hz, 1H), 3.92 (d, T = 14.1 Hz, 1H), 3.84 - 3.76 (m, 2H), 3.55 - 3.46 (m, 1H), 3.4 (s, 3H), 3.44 -
3.30 (m, SH), 3.28 - 3.23 (m, 1H); MS m/z: 415.10 [M+H]".

Example 198: Synthesis of 6-aming-2-(2-(aminomethyl)morpholino)-5-((2,3-

dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one
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cl o)
cl @sf(i/
HaN" N U\”NHg
)

The compound of Example 198 was synthesized in the same method as in Example 197
above, except that methylmorpholine-2-carboxylate was used instead of 1-(tert-butyl) 2-methyl
(S)-piperazine-1,2-dicarboxylate. 'H NMR (400 MHz, MeOD) §7.25 (dd, J = 7.9, 1.4 Hz, 1H),
7.09 (t, J = 8.0 Hz, 1H), 6.76 (dd, T = 8.0, 1.4 Hz, 1H), 4.08 - 4.01 (m, 1H), 3.96 - 3.77 (m, 2H),
3.69 - 3.57 (m, 2H), 3.43 (s, 3H), 3.21 - 3.13 (m, 2H), 3.00 (dd, J = 13.1, 9.4 Hz, 1H), 2.89 (dd, J
=12.9, 10.4 Hz, 1H); MS m/z: 416.10 [M+H]".

Example 199: Synthesis of 6-amino-2-(4-(3-aminopropyl)piperazin-1-y1)-5-((2,3-

dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one

cl NH, NH,
c S AN Tso/\/\NHBoc
K,CO;, ACN
I LN s | bN\/\/NHBoc
1-76 step 1

NH,

TFA DCM \@/ r

step2 )\

l &N\/\/NH2

Step 1: tert-butyl (3-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yl)piperazin-1-yl)propyl)carbamate

In a round bottom flask, 3-((tert-butoxycarbonyl)amino)propyl 4-methylbenzenesulfonate
(128 mg, 0.39 mmol) was added dropwise to Intermediate [-76 (100 mg, 0.26 mmol) dissolved in
MeCN. The reaction mixture was stirred at 100°C for 16 hours. The reaction was terminated
with H>O, and the mixture was extracted with EA. The EA layer was dried over MgSOy, filtered
and then concentrated. The resulting product was separated by MPLC (McOH:DCM=1:10) and
concentrated to obtain tert-butyl (3-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo-
1,6-dihydropyrimidin-2-yl)piperazin-1-yl)propylcarbamate (132 mg, 94%). MS m/z: 543.20
[M+H]".

Step 2: 6-amino-2-(4-(3-aminopropyl)piperazin-1-yl)-5-((2,3-dichlorophenyl)thio)-3-
methylpyrimidin-4(3H)-one

In a round bottom flask, TFA (0.9 mL) was added dropwise to tert-butyl (3-(4-(4-amino-
5-((2,3-dichlorophenyl)thio)-1-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)piperazin-1-
yDpropyl)carbamate (15 mg, 0.03 mmol) dissolved in DCM. The reaction mixture was stirred at
room temperature for 3 hours. The reaction was terminated with saturated aqueous NaHCOj3
solution, and the mixture was extracted with EA. The EA layer was dried over MgSOs, filtered
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and then concentrated. The resulting product was separated by MPLC (McOH:DCM=1:10) and
concentrated to obtain the compound of Example 199 (5 mg, 41%). '"H NMR (400 MHz, MeOD)
67.25(dd, J =79, 14 Hz, 1H), 7.09 (t, ] = 8.0 Hz, 1H), 6.78 (dd, J = 8.0, 1.4 Hz, 1H), 3.65 (s,
4H), 3.44 (s, 3H), 3.42 - 3.31 (m, 1H), 3.30 - 3.19 (m, 5H), 3.13 - 2.97 (m, 2H), 2.22 - 2.10 (m,
2H); MS m/z: 443.10 [M+H]".

Example 200: Synthesis of 6-amino-2-(4-(2-aminoethyl)-1,4-diazepan-1-y1)-5-((2,3-
dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one

NH, JVNHBOC
\ﬁj r* NaBH CN AcOH @ r)\
DCM, |
step 1
77 _\—NHBoc
NH,

TFA DCM l r\
step 2 )\
_\—NHZ

Step 1: tert-butyl (2-(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yl)-1,4-diazepan-1-yl)ethyl)carbamate

In a round bottom flask, tert-butyl (2-oxoethyl)carbamate (7 mg, 0.04 mmol) was added to
Intermediate 1-77 (12 mg, 0.03 mmol) and AcOH (0.07 mL, 0.12 mmol) in DCM. The reaction
mixture was stitred at room temperature for 1 hour. After 1 hour of stirring, NaBH3CN (2 mg, 0.03
mmol) was added dropwise to the reaction mixture. The reaction was terminated with H>O, and
the mixture was extracted with EA. The EA layer was dried over MgSQOs, filtered and then
concentrated. The resulting product was separated by MPLC (MeOH:DCM=1:10) and
concentrated to obtain tert-butyl(2-(4-(4-amino-5-((2,3-dichlorophenyl)thio)- 1-methyl-6-oxo-1,6-
dihydropyrimidin-2-yl)-1,4-diazepan-1-yl)ethyl)carbamate (132 mg, 94%). MS m/z: 543.20
[M+H]".

Step 2: 6-amino-2-(4-(2-aminoethyl)-1,4-diazepan-1-yl)-5-((2,3-dichlorophenyl)thio)-
3-methylpyrimidin-4(3H)-one

In a round bottom flask, TFA (0.92 mL, 11.99 mmol) was added dropwise to tert-butyl (2-
(4-(4-amino-5-((2,3-dichlorophenyl)thio)-1-methyl-6-oxo0-1,6-dihydropyrimidin-2-y1)-1,4-
diazepan-1-yhethyl)carbamate (132 mg, 0.243 mmol) dissolved in DCM. The reaction mixture
was stirred at room temperature for 3 hours. The reaction was terminated with saturated aqueous
NaHCOs solution, and the mixture was extracted with EA. The EA layer was dried over MgSQOs,
filtered and then concentrated. The resulting product was separated by MPLC (MeOH:DCM=1:10)
and concentrated to obtain the compound of Example 200 (121 mg, 76%). '"H NMR (400 MHz,
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MeOD) 67.24 (dd, J =8.0, 1.5 Hz, 1H), 7.09 (1, J=7.9 Hz, 1H), 6.82 - 6.75 (m, 1H), 3.91 - 3.86
(m, 2H), 3.75-3.52(m, 4H), 3.51 - 3.32 (m, 8H), 2.31 (t, ] = 5.7 Hz, 2H); MS m/z: 443.10 [M+H]".
Example 201: Synthesis of 6-amino-2-(4-(3-aminopropvl)-1.4-diazepan-1-v1)-5-((2,3-

dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one

Q
.S
cl s {N N
CIQN N u P

The compound of Example 201 was synthesized in the same method as in Example 199
above, except that Intermediate 1-77 was used instead of Intermediate 1-76. 'H NMR (400 MHz,
MeOD) 67.25 (dd, T=7.9, 1.4 Hz, 1H), 7.09 (t, J = 8.0 Hz, 1H), 6.79 (dd, ] = 8.0, 1.5 Hz, 1H),
3.69 (s, 2H), 3.52 - 3.33 (m, 8H), 3.26 (q, J = 1.7 Hz, 3H), 3.05 (t, ] = 7.6 Hz, 2H), 2.31 (s, 2H),
2.14 (s, 2H); MS m/z: 457 [M+H]".

Example 202: Synthesis of 6-amino-2-(4-(2-aminopropyl)piperazin-1-y1)-5-((2,3-

dichlorophenyl)thio)-3-methylpyrimidin-4(3H)-one
NH,

cl
U
o Nﬂw' NH,
BN NP
The compound of Example 202 was synthesized in the same method as in Example 200
above, except that tert-butyl (1-oxopropan-2-yl)carbamate was used instead of tert-butyl (2-
oxoethyl)carbamate. 'H NMR (400 MHz, CD;OD) & 7.27 - 7.18 (m, 1H), 7.09 (t, J = 8.0 Hz, 1H),

6.75 (d, T = 7.0 Hz, 1H), 3.41 - 3.35 (m, 7H), 2.81 - 2.78 (m, 3H), 2.60 - 2.52 (m, 4H), 1.31 (m,
3H); MS m/z: 443- [M+H]".

Experimental Example

Experimental Example 1: Phosphatase assay (ICso)

ICso values were measured using 6,8-difluoro-4-methylumbelliferyl phosphate (DiFMU)
as a substrate. The reaction was performed in a 384-well plate, and fluorescence measurement
values were obtained using an EnVision plate reader from PerkinElmer.

SHP2 (full length, diluted to 100 pM final concentration in reaction buffer, BPS
bioscience, US) was incubated with the SHP2 activating peptide in reaction buffer (60 mM HEPES
(pH 7.2), 75 mM NaCl, 75 mM KCI, 1 mM EDTA, 5 mM DTT, 0.05% P-20) for 30 minutes to
activate SHP2. After activation, DMSO [1% (V/V) or the compound of the present invention
(concentration ranging from 0.6 nM to 10 uM)] was added. As a positive control group, the
selective SHP2 inhibitors SHP099 (6-(4-amino-4-methylpiperidin-1-yl)-3-(2,3-
dichlorophenyl)pyrazin-2-amine, FOCUS bioscience, Austrailia; concentration ranging from 0.6
nM to 10 uM) and TNO155 ((3S,4S)-8-(6-amino-5-((2-amino-3-chloropyridin-4-yl)thio)pyrazin-
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2-y1)-3-methyl-2-oxa-8-azaspiro[4.5]decan-4-amine, Chemietek, US; concentration ranging from
0.6 nM to 10 uM) were used.

I

HiH
S P
£M“ i MW ) W‘W vﬂw ) M’J% "
?“m% o i, H AMTA m]nh L
i it o lhﬁi Mmﬂ“"ﬁfww by 4 Nw w‘%‘ﬁt MM\ " ’ MM’;}Y
g™ (LT N ;wﬂ%
o g . W =
SHP0Y9 N TNO155

DiFMUP (80 uM) was added to the reaction and incubated for a total of 2 hours to allow
for the reaction to proceed. Thereafter, fluorescence (340 nm excitation, 450 nm emission) values
were measured. ICso values were obtained using Graphad's Prism from the measured values
depending on the concentration. The ICso values of the compounds of the present invention as
obtained are summarized in Table 1 below.

In the phosphatase assay (PTPase assay), when an ICsp value was 100 nM or more, + was
indicated, when an ICse value was 3 nM or more and less than 100 nM, ++ was indicated, and
when an ICsp value was less than 3 nM, +++ was indicated.

[Table 1]
Example No. | IC50 (PTPase aS say, nM) Example No.  [IC50 (PTPase aS say, nM)

++ 103 ++
2 + 104 ek
3 ++ 105 ek
4 + 106 o
5 ++ 107 -+
6 ++ 108 +
7 ++ 109 -+
8 ++ 110 -+
9 ++ 111 -+
10 ++ 112 -+
11 ++ 113 -+
12 + 114 ek
13 ++ 115 ek
14 ++ 116 ek
15 ++ 117 .
16 +++ 118 -+
17 ++ 119 ek
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18 +++ 120 ++
19 +++ 121 ++
20 +++ 122 ++
21 ++ 123 -+
22 ++ 124 -+
23 ++ 125 -+
24 ++ 126 ++
25 ++ 127 -+
26 +++ 128 ++
27 + 129 -+
28 ++ 130 -+
29 + 131 ++
30 + 132 -+
31 - 133 ++
32 - 134 ++
33 - 135 +

34 ++ 136 -+
35 - 137 ++
36 +++ 138 ++
37 - 139 ++
38 +++ 140 ++
39 ++ 141 -+
40 +++ 142 ++
41 +++ 143 ++
42 +++ 144 ++
43 - 145 ++
44 - 146 ++
45 +++ 147 ++
46 ++ 148 ++
47 +++ 149 ++
48 +++ 150 ++
49 ++ 151 -+
50 ++ 152 ++
51 +++ 153 ++
52 ++ 154 ++
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53 ++ 155 ++
54 ++ 156 ++
55 ++ 157 ++
56 +++ 158 ++
57 +++ 159 ++
58 ++ 160 -+
59 +++ 161 ++
60 +++ 162 ++
61 +++ 163 ++
62 +++ 164 ++
63 +++ 165 ++
64 +++ 166 ++
65 +++ 167 ++
66 +++ 168 ++
67 ++ 169 -+
68 ++ 170 -+
69 +++ 171 ++
70 +++ 172 ++
71 ++ 173 N.A
72 +++ 174 ++
73 ++ 175 N.A
74 ++ 176 -+
75 ++ 177 -+
76 ++ 178 -+
77 +++ 179 ++
78 +++ 180 ++
79 - 181 ++
80 - 182 ++
81 ++ 183 N.A
82 ++ 184 N.A.
83 ++ 185 N.A.
84 - 186 +
85 ++ 187 +
86 ++ 188 +
87 ++ 189 +
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88 +++ 190 n
89 + 191 n
%0 H 192 n
- + 193 n
92 H 194 n
’3 H 195 n
94 ——. 196 n
95 +++ 197 i
%6 ++ 198 n
o7 H 199 n
o8 + 200 n
% H 201 n
100 ++ 202 n
101 t SHP099 (positive R
control group)
102 St TNO155 (positive e
control group)

Experimental Example 2: phospho-ERK assay

MIA PaCa2 or H358 [20,000 cell/well] was contained in 40 pL of the cell culture solution
(DMEM/RPMI, 10% FBS, penicillin, streptomycin) and placed on a 384-well plate. After 24 hours,
the serially diluted compound of the present invention (concentration of minimum 0.13 nM,
maximum 10 pM) was contained in 10 uL of the cell culture solution, put into wells containing
cells, and incubated in a cell incubator for 1.5 hours. As a positive control group, the selective
SHP2 inhibitors, SHP099 (FOCUS bioscience, Austrailia; concentration ranging from 0.6 nM to
10 uM) and TNO155 (Chemietek, US; concentration ranging from 0.6 nM to 10 uM) were used.

Thereafter, phospho-ERK was labeled using an AlphaLisa system from PerkinElmer
according to the manufacturer's instructions, and then fluorescence (680 nm excitation wavelength,
615 nm emission wavelength) values were measured using a Varioskan equipment from Thermo.
1Cso values were obtained using Graphad's Prism from the measured values depending on the
concentration. The 1Cso values of the compounds of the present invention as obtained are
summarized in Table 2 below. In the phospho-ERK assay, when an ICse value was 1.5 uM or
more, + was indicated, when an 1Cs¢ value was 45 nM or more and less than 1.5 uM, ++ was
indicated, and when an ICso value was less than 45 nM, +++ was indicated.

[Table 2]
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Example No. ICso (p-ERK, nM) Example No. ICs0 (p-ERK, nM)
++ 103 ++
2 + 104 +H+
3 + 105 +H+
4 + 106 +
5 + 107 +H+
6 + 108 +
7 + 109 +H+
8 + 110 +H+
9 ++ 111 ++
10 ++ 112 +H+
11 ++ 113 +H+
12 + 114 +H+
13 + 115 +H+
14 + 116 +H+
15 + 117 +
16 + 118 +H+
17 + 119 +H+
18 ++ 120 +H+
19 + 121 +H+
20 ++ 122 +H+
21 + 123 +H+
22 + 124 +H+
23 + 125 +H+
24 + 126 +
25 + 127 +H+
26 ++ 128 +H+
27 + 129 +H+
28 + 130 +H+
29 131 +
30 132 +H+
31 ++ 133 +
32 + 134 +
33 + 135 +
34 + 136 +H+
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35 ++ 137 +
36 ++ 138 +H+
37 ++ 139 +
38 + 140 +H+
39 + 141 +H+
40 + 142 +H+
41 ++ 143 +H+
42 ++ 144 +H+
43 ++ 145 +
44 ++ 146 +
45 ++ 147 +H+
46 ++ 148 +
47 ++ 149 +H+
48 ++ 150 +
49 + 151 +H+
50 + 152 +
51 + 153 +H+
52 + 154 +
53 ++ 155 +
54 N.A. 156 +H+
55 N.A. 157 +
56 N.A. 158 +H+
57 N.A. 159 +H+
58 N.A. 160 +H+
59 N.A. 161 +H+
60 +H+ 162 N.A
61 ++ 163 +H+
62 +H+ 164 N.A
63 ++ 165 +H+
64 ++ 166 +H+
65 ++ 167 +
66 ++ 168 +H+
67 + 169 +H+
68 + 170 +H+
69 ++ 171 +H+
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70 +H+ 172 +H
71 ++ 173 N.A
72 -+ 174 +H
73 ++ 175 N.A.
74 ++ 176 T
75 ++ 177 T
76 ++ 178 T
77 +++ 179 ++
78 +++ 180 ++
79 +++ 181 ++
80 +++ 182 ++
81 +++ 183 +
82 ++ 184 NA.
83 ++ 185 N.A.
84 ++ 186 +
85 + 187 N.A.
86 N.A. 188 +
87 + 189 +
88 ++ 190 +
89 + 191 +
90 ++ 192 N.A.
91 + 193 +
92 -+ 194 +
93 ++ 195 +
94 + 196 +
95 + 197 +
96 ++ 198 +
97 ++ 199 +
98 + 200 +
99 N.A. 201 +
100 N.A. 202 +
101 N.A SHP099 (positive ++
control group)
102 ++ TNO155 (positive +++
control group)
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CLAIMS
[Claim 1]
A compound of Formula 1A, or a stereoisomer, solvate or pharmaceutically acceptable salt
thereof:
[Formula 1A]

wherein,

R!is H, halogen, hydroxy, cyano or C1-C¢ haloalkyl;

R? is selected from a group consisting of H, halogen, hydroxy, oxo, C1-Cao alkyl, C1-Cao
alkoxy, C1-Coo haloalkyl, hydroxy-(C1-Cao alkyl)-, (C1-C1o alkoxy)-(C1-Cig alkyl)-, HoN-(Ci-Coo
alkyl)-, -NH>», -NH(C1-C2 alkyl), -N(C1-C» alkyl)>, =NH, nitro, cyano, amidino, -C(O)NH>, -
C(O)(C1-Cop alkyl), -C(O)O(C1-Cao alkyl), and carboxy or a salt thereof;,

R? and R* are each independently H, C;-Cs alkyl, -NH», -NH(C1-Cs alkyl), -N(C1-Cs alkyl)2,
or HoN-(C1-Ce alkyl)-, or R? and R* are connected to each other to form Ring B,

Ring B is a 3- to 8-membered cyclic ring group optionally containing one oxygen atom and
optionally substituted, wherein Ring B can be optionally fused with a cycloalkyl, aryl or heteroaryl
ring, and the cycloalkyl, aryl and heteroaryl rings fused with Ring B can be optionally substituted;

and
R1

‘ is selected from the the following structures:

R1 R1

Y %

So x N
I~ 5/ NS
R® Y , R z and

wherein ————- is a single bond or a double bond, respectively, in accordance with the

valence that the ring element permits;
XisNorC,
Y is N, CH or CHa,
Z is C(O), S(O),, or N,
wherein when Z is N, X is C, and Y is CH, and when Z is S(O)2, both X and Y are N,
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Uis N, NR® or CHR®,

Vis CH, C(0), S, O, N, or NR®, and

WisNorC,

wherein when W is C, one of U and V is N, and the other is S, O or NRS,

and when W is N, U is CHRS, and V is C(O), or U is N, and V is CH,

and one or two of U, Vand Wis N;

R’ is each independently selected from:

(1) H, halogen, hydroxy, -NH>, =NH, -C(O)NH2, nitro, cyano, amidino, or carboxy or a salt
thereof;

(i1) C1-Cx alkyl or Ci1-C alkoxy, which is optionally substituted with at least one
substituent selected from a group consisting of halogen, hydroxy, C1-Ca alkyl, C1-Czo haloalkyl,
C1-Cyo alkoxy, C1-Cap haloalkoxy, -NR’R”” R’C(0O)-, R’S(O)2-, R’S(0)NR”’-, R”’R’NC(0)-, and
R’C(O)NR"-;

(ii1) Ce-C2o aryl, (Cs-C12 aryD)-(C1-Cs alkyl)-, Cs-Coo aryloxy, (Ce-C12 aryloxy)-(C1-Cs
alkyl)-, Cs-Coo arylcarbonyl, (Cs-C12 arylcarbonyl)-(C1-Csalkyl)-, -CONH-(Ce-C12 aryl), -CONH-
(C1-Cs alky])-(Cs-C12 aryl), -NHCO-(Cs-C12 aryl), or -NHCO-(C;-Cs alkyl)-(Cs-C12 aryl);

(iv) heteroaryl, heteroaryl-(C:-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(Ci-Cs alkyl)-,
heteroarylcarbonyl, heteroarylcarbonyl-(C1-Cs alkyl)-, -CONH-heteroaryl, -CONH-(C1-Cs alkyl)-
heteroaryl, -NHCO-heteroaryl, or -NHCO-(C1-Cs alkyl)-heteroaryl, wherein the heteroaryl ring is
4- to 10-membered heteroaryl containing at least one heteroatom selected from N, O and S;

(v)  heterocycloalkyl,  heterocycloalkyl-(C:1-Cs  alkyl)-,  heterocycloalkyloxy,
heterocycloalkyloxy-(C1-Cs alkyl)-, heterocycloalkylcarbonyl, heterocycloalkylcarbonyl-(Ci-Cs
alkyl)-,  -CONH-heterocycloalkyl, = -CONH-(Ci-Cs  alkyl)-heterocycloalkyl, = -NHCO-
heterocycloalkyl, or -NHCO-(C1-Cs alkyl)-heterocycloalkyl, wherein the heterocycloalkyl ring is
3-to 10-membered fully saturated or partially unsaturated heterocycloalkyl containing at least one
heteroatom selected from N, O and S; or

(vi) C3-Cio cycloalkyl, (C3-Cio cycloalkyl)-(Ci1-Cs alkyl)-, C3-Cio cycloalkyloxy, (C3-Cio
cycloalkyloxy)-(C1-Cs alkyl)-, C3-Cio cycloalkylcarbonyl, (C3-Cio cycloalkylcarbonyl)-(C1-Cs
alkyl)-, -CONH-(C3-C1o cycloalkyl), -CONH-(C;-Cs alkyl)-(Cs3-Cio cycloalkyl), -NHCO-(C3-C1o
cycloalkyl), or -NHCO-(C1-Cs alkyl)-(C3-C1o cycloalkyl);

wherein the aryl ring, heteroaryl ring, heterocycloalkyl ring and cycloalkyl ring as
described in (iii) to (vi) can be each optionally substituted;

R’ and R’ are each independently H or C1-Cio alkyl;

R®is H or C;1-Cs alkyl; and

p is an integer from O to 2.

[Claim 2]
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The compound according to claim 1, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein

R1
is selected from the following structures:

R1
RS z 51:.

Ny

X~
Rs/ \\

wherein =—=———— is a single bond or a double bond in accordance with the valence that the
ring element permits;

XisNorC,

Y is N, CH or CHo,

Z is C(O) or S(0O)2,

wherein when Z is S(O)», both X and Y are N,

Uis N or NR®,

Vis CH, N or NR®, and

WisNorC,

wherein when W is C, one of U and V is N, and the other is NR®, and
when Wis N, Uis N, and Vis CH.
[Claim 3]
The compound according to claim 2, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein

R1
is selected from the following structures:
(o] R fo} R! (o] R1
RS 5 R5
\N/liij/‘%l R\N iL‘ SN LLLL
RGJXN RE \ RG
R1 R1
0 N % R %
\\ / =
RS bX
~ /
N N N
RS R
\
o s o >
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" B e " %
| \ Y R%
R5/ 5__< W
A a
0 , N , RE , and

[Claim 4]

The compound according to claim 1, or a stereoisomer, solvate or pharmaceutically

acceptable salt thereof, wherein

R!is halogen or Ci-C3 haloalkyl;

R? is selected from a group consisting of H, halogen, hydroxy, oxo, C1-Cs alkyl, C1-Cs
alkoxy, Ci-Cs haloalkyl, hydroxy-(Ci-Cs alkyl)-, (C1-Cs alkoxy)-(Ci-Cs alkyl)-, HoN-(C1-Cs
alkyl)-, -NHb», -NH(C1-Cs alkyl), -N(C1-Cs alkyl)z, nitro, cyano, amidino, -C(O)NH>, -C(O)(C1-Cs
alkyl), -C(O)O(C1-Cs alkyl), and carboxy or a salt thereof;

R? and R* are each independently H, C;-Cs alkyl, -NH>, -NH(C;-Cs alkyl), -N(C1-Cs alkyl)2,
or HoN-(C1-Ce alkyl)-, or R? and R* are connected to each other to form Ring B,

Ring B is a C3-Cg cycloalkyl or 3- to 8-membered heterocycloalkyl ring that optionally
contains one oxygen atom and is optionally substituted with at least one R,

Ring B can be optionally fused with Ring BB selected from Cs3-Cg cycloalkyl, Cs-Cio aryl,
and 5- to 10-membered heteroaryl containing one or two heteroatoms selected from N, O and S,
and Ring BB can be optionally substituted with at least one RB2,

R® s selected from a group consisting of deuterium, (C1-Cs alkyl), -NH>, -NH(C1-Cs alkyl),
-N(C1-Cs alkyl)2, and HoaN-(C1-Cs alkyl)-;

RBB is selected from a group consisting of halogen, hydroxy, oxo, Ci-Cs alkyl, C1-Cs
alkoxy, Ci-Cs haloalkyl, hydroxy-(Ci-Cs alkyl)-, (C1-Cs alkoxy)-(Ci-Cs alkyl)-, HoN-(C1-Cs
alkyl)-, -NHz, -NH(C1-Cs alkyl), -N(C1-Cs alkyl), nitro, cyano and amidino;

R

l is selected from the following structures:
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wherein R’ is each independently selected from:

Q) H, halogen, hydroxy, -NH», =NH, -C(O)NH>, nitro, cyano, amidino, or carboxy or
a salt thereof;

(i) C1-Cs alkyl or Ci-Cs alkoxy, which is optionally substituted with at least one
substituent selected from a group consisting of halogen, hydroxy, Ci1-Cs alkyl, C1-Cs haloalkyl,
C1-Cs alkoxy, C1-Cs haloalkoxy, -NR’R’’ R’C(0O)-, R’S(0)2-, R’S(O)2NR”’-, R’ R’NC(0)-, and
R’C(O)NR"-;

(iii) Cs-Cio aryl, (Cs-Clo aryl)-(Cl-Cs alkyl)-, Cs-C1o aryloxy, (Cs-Cl() aryloxy)-(Cl-Cs
alkyl)-, Cs-C1o arylcarbonyl, (Cs-C1o arylcarbonyl)-(C1-Cs alkyl)-, -CONH-(Cs-Cio aryl), -CONH-
(C1-Cs alky)-(Cs-C1o aryl), -NHCO-(Cs-C10 aryl) or -NHCO-(C1-Cs alkyl)-(Cs-Ci1o aryl), wherein
the aryl ring can be optionally substituted with at least one R*?;
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(iv)  heteroaryl, heteroaryl-(C1-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(C1-Cs alkyl)-,
heteroarylcarbonyl, heteroarylcarbonyl-(C1-Cs alkyl)-, -CONH-heteroaryl, -CONH-(C1-Cs alkyl)-
heteroaryl, -NHCO-heteroaryl, or -NHCO-(C1-Cs alkyl)-heteroaryl, wherein the heteroaryl ring is
5- to 10-membered heteroaryl containing one to three heteroatoms selected from N, O and S, and
can be optionally substituted with at least one R>?;

) heterocycloalkyl,  heterocycloalkyl-(C1-Cs  alkyl)-,  heterocycloalkyloxy,
heterocycloalkyloxy-(C1-Cs alkyl)-, heterocycloalkylcarbonyl, heterocycloalkylcarbonyl-(C1-Cs
alkyl)-, -CONH-heterocycloalkyl, @ -CONH-(C1-Cs  alkyl)-heterocycloalkyl, = -NHCO-
heterocycloalkyl, or -NHCO-(C1-Cs alkyl)-heterocycloalkyl, wherein the heterocycloalkyl ring is
3-to 10-membered fully saturated or partially unsaturated heterocycloalkyl containing one or three
heteroatom selected from N, O and S, and can be optionally substituted with at least one R>; or

(vi)  C3-Cs cycloalkyl, (C3-Cs cycloalkyl)-(Ci-Cs alkyl)-, C3-Cs cycloalkyloxy, (C3-Cs
cycloalkyloxy)-(Ci-Cs alkyl)-, Cs3-Cs cycloalkylcarbonyl, (C3-Cs cycloalkylcarbonyl)-(C1-Cs
alkyl)-, -CONH-(C3-Cs cycloalkyl), -CONH-(C1-Cs alkyl)-(C3-Cs cycloalkyl), -NHCO-(C3-Cs
cycloalkyl), or -NHCO-(C1-Cs alkyl)-(Cs-Cs cycloalkyl), wherein the cycloalkyl ring can be
optionally substituted with at least one R>?;

R’ and R’ are each independently H or C1-Cs alkyl;

R>® is selected from a group consisting of halogen, hydroxy, -NHa, -NH(C1-Cs alkyl), -
N(C1-Cs alkyl)s, cyano, oxo, nitro, C1-Cs alkyl, C1-Cs alkoxy; Ci-Cs alkyl substituted with halogen,
hydroxy, Ci1-Cs alkoxy, -NH> or cyano; C1-Ce alkoxy substituted with halogen, hydroxy, Ci-Cs
alkyl, -NH> or cyano; and halogen-SO;-, (C1-Cs alkyl)-SO3-, -SO2NH2, -SO>2NH(C1-Cs alkyl), and
-SO;N(C1-Cs alkyl);

wherein R® is H or C1-Cg alkyl; and

p is an integer from O to 2.

[Claim 5]

The compound according to claim 4, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein

R!is halogen;

R? is selected from a group consisting of H, halogen, hydroxy, oxo, C1-Cs alkyl, C1-C3
alkoxy, Ci-Cs haloalkyl, hydroxy-(Ci-Cs alkyl)-, (C1-Cs alkoxy)-(C1-Cs alkyl)-, HoN-(C1-Cs
alkyl)-, -NH», -NH(C;-C3s alkyl), -N(C1-C3 alkyl),, nitro, cyano, -C(O)NH», -C(O)(C1-C3 alkyl), -
C(0O)O(C1-C3 alkyl), and carboxy or a salt thereof;,

R? and R* are each independently H, C;-C; alkyl, -NH», -NH(C;-C3 alkyl), -N(C1-C3 alkyl),,
or HoN-(C;-C;5 alkyl)-, or R? and R* are connected to each other to form Ring B,

Ring B is C4.Cs cycloalkyl or a 4- to 6-membered heterocycloalkyl ring that optionally
contains one oxygen atom and is optionally substituted with at least one R, wherein R® is selected
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from a group consisting of deuterium, (C1-Cs alkyl), -NH», -NH(C1-C3 alkyl), -N(C1-C; alkyl),,
and HoN-(C1-C; alkyl)-,

Ring B can be optionally fused with Ring BB, and Ring BB is selected from C3;-Cs
cycloalkyl, Cs-Cio aryl, and 5- to 7-membered heteroaryl containing one or two heteroatom
selected from N, O and S, and Ring BB can be optionally substituted with at least one R®2, wherein
RBB is selected from a group consisting of halogen, hydroxy, oxo, C1-C; alkyl, C1-C5 alkoxy, Ci-
Cs haloalkyl, hydroxy-(C1-Cs alkyl)-, (C1-Cs alkoxy)-(C1-Cs alkyl)-, HoN-(C1-Cs alkyl)-, -NHo, -
NH(C1-C3 alkyl), -N(C1-C3 alkyl)2, nitro and cyano;

wherein R’ is each independently selected from the following (i) to (vi):

) H, halogen, hydroxy, -NH», -C(O)NH>, nitro, cyano or carboxy or a salt thereof;,

(@i1) C1-Cs alkyl or C1-Cs alkoxy, which is optionally substituted with at least one
substituent selected from a group consisting of halogen, hydroxy, Ci1-Cs alkyl, C1-Cs haloalkyl,
C1-Cs alkoxy, C1-Cs haloalkoxy, -NR’R’’ R’C(0O)-, R’S(0)2-, R’S(O);NR”’-, R’ R’NC(O)-, and
R’C(O)NR’’-;

(iii) Cs-Cio aryl, (Cs-Clo aryl)-(Cl-Cg alkyl)-, Cs-C1o aryloxy, (Cs-Cl() aryloxy)-(Cl-Ca
alkyl)-, Cs-C1o arylcarbonyl or (Cs-C1o arylcarbonyl)-(C1-Cs alkyl)-, wherein the aryl ring can be
optionally substituted with at least one R>%;

(iv)  heteroaryl, heteroaryl-(C1-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(C1-Cs alkyl)-,
heteroarylcarbonyl or heteroarylcarbonyl-(C1-Cs alkyl)-, wherein the heteroaryl ring is a 5- to 6-
membered monocyclic heteroaryl or 9- to 10-membered bicyclic heteroaryl ring containing one or
two heteroatom selected from N, O and S, and can be optionally substituted with at least one R>?;

) heterocycloalkyl,  heterocycloalkyl-(C1-Cs  alkyl)-,  heterocycloalkyloxy,
heterocycloalkyloxy-(C1-Cs alkyl)-, heterocycloalkylcarbonyl, or heterocycloalkylcarbonyl-(Ci-
Cs alkyl)-, wherein the heterocycloalkyl ring is 4- to 7-membered fully saturated or partially
unsaturated heterocycloalkyl containing one or two heteroatom selected from N, O and S, and can
be optionally substituted with at least one R>?; or

(vi)  C4-Cs cycloalkyl, (C4-Cs cycloalkyl)-(C1-Cs alkyl)-, C4-Cs cycloalkyloxy, (Cs-Cs
cycloalkyloxy)-(Ci-Cs alkyl)-, C4-Cs cycloalkylcarbonyl, or (C4-Cs cycloalkylcarbonyl)-(C1-Cs
alkyl)-, wherein the cycloalkyl ring can be optionally substituted with at least one R>?;

R’ and R’ are each independently H or C1-Cs alkyl;

R>?is selected from a group consisting of halogen, hydroxy, oxo, C1-Cs alkyl, C1-Cs alkoxy,
C1-Cs haloalkyl, hydroxy-(C1-Cs alkyl)-, (C1-Cs alkoxy)-(C1-Cs alkyl)-, -NH», -NH(C1-Cs alkyl),
-N(C1-Cs alkyl)o, nitro, cyano, halogen-SO»-, (C1-Cs alkyl)-SO»- and -SO>NH>;

R®is H or C;1-Cs alkyl;

p is an integer from O to 2.

[Claim 6]
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The compound according to any one of claims 1 to 5, or a sterecoisomer, solvate or

pharmaceutically acceptable salt thereof, wherein R! is F or C.
[Claim 7]

The compound according to any one of claims 1 to 5, or a sterecoisomer, solvate or
pharmaceutically acceptable salt thereof, wherein R? is selected from a group consisting of H,
halogen, hydroxy, cyano, Ci-Cs alkyl, Ci-Cs alkoxy, hydroxy-(C1-Cs alkyl)-, -NH», -C(O)NH> and
-C(O)(C1-Ce alkyl).

[Claim 8]

The compound according to claim 5, or a stercoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein R? is selected from a group consisting of H, C1-C3 alkyl, hydroxy-
(C1-Cs alkyl)-, -NH», -C(O)NH; and -C(O)(C1-Cs alkyl).

[Claim 9]

The compound according to any one of claims 1 to 5, or a sterecoisomer, solvate or
pharmaceutically acceptable salt thereof, wherein R! is F or Cl; and R? is H, -CH3, -CH>OH, -NH>,
-C(O)NH: or -C(O)CHs.

[Claim 10]

The compound according to any one of claims 1 to 5, or a sterecoisomer, solvate or
pharmaceutically acceptable salt thereof, wherein

one of R?® and R*is C1-C3 alkyl, and the other is -NH2 or HoN-(C1-Cs alkyl)-, or R? and R*
are connected to each other to form Ring B, wherein Ring B is a cyclopentane ring or a
tetrahydrofuran ring, and Ring B can be optionally substituted with at least one R® selected from
deuterium, C1-Cs alkyl and -NH3;

Ring B can be optionally fused with Ring BB selected from a C3;-Cs cycloalkyl ring, a
benzene ring, a pyridine ring or a thiazole ring;

Ring BB can be optionally substituted with at least one RP® selected from a group
consisting of halogen, cyano, hydroxy, C1-C3 alkyl and C1-Cs alkoxy.

[Claim 11]

The compound according to claim 10, or a stereoisomer, solvate or pharmaceutically

acceptable salt thereof, wherein

EN

R‘43 :

~ ’I‘

~- of Formula 1A is selected from the following structures:
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(In the formulae above, R* is C1-C3 alkyl, and q is an integer from 0 to 3);
wherein Ring B in the above structures can be optionally substituted with at least one RB
selected from deuterium, methyl and -NH», and Ring BB can be optionally substituted with at least
one RE® selected from a group consisting of halogen, cyano, hydroxy, methyl and methoxy.
[Claim 12]
The compound according to claim 11, or a stereoisomer, solvate or pharmaceutically

acceptable salt thereof, wherein

A
R*B
\\

B

¥

-~ of Formula 1A is selected from the following structures:

s A AL, e
RH , o
/ N
.

=2

A, | |

>
,and

(In the formula above, R* is methyl, and q is 0 or 1);
wherein Ring B in the above structures can be optionally substituted with at least one RB
selected from methyl and -NH,, and Ring BB is optionally substituted with at least one R®2
selected from a group consisting of halogen, cyano, hydroxy, methyl and methoxy.
[Claim 13]
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The compound according to claim 11, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein

LN

R*B |
*~--" of Formula 1A is selected from the following structures:
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[Claim 14]

The compound according to claim 13, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein

~--" of Formula 1A is selected from the following structures:

AN N, A NH, f\N N,
o

H,N
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[Claim 15]

The compound according to any one of claims 1 to 5, or a stereoisomer, solvate or
pharmaceutically acceptable salt thereof, wherein

R’ is each independently selected from the following (i) to (vi):

) H, halogen, hydroxy, -NH», -C(O)NH>, nitro, cyano or carboxy or a salt thereof;,

(i) C1-Cs alkyl, which is optionally substituted with at least one substituent selected
from a group consisting of halogen, hydroxy, Ci-Cs haloalkyl, C1-Cs alkoxy, C1-Cs haloalkoxy, -
NR’R”’,R’C(0)-, R’S(0)2-, R’S(0)2NR”’-, R’R’NC(0)- and R’C(O)NR’’-; C1-Cs alkoxy; or (C1-
Cs alkoxy)-(C1-Cs alkoxy)-, wherein the R' and R" are each independently H or C1-Cs alkyl;

(1)  phenyl, phenyl-(C;-C3 alkyl)-, phenyloxy, phenyloxy-(C:-C3 alkyl)-,
phenylcarbonyl, or phenylcarbonyl-(Ci-Cs alkyl)-, wherein the phenyl ring can be optionally
substituted with at least one R;

(iv)  heteroaryl, heteroaryl-(C1-Cs alkyl)-, heteroaryloxy, heteroaryloxy-(C1-Cs alkyl)-,
heteroarylcarbonyl, or heteroarylcarbonyl-(C1-Cs alkyl)-, wherein the heteroaryl ring is selected
from a group consisting of pyrrolyl, furanyl, thiophenyl, pyrazolyl, imidazolyl, isoxazolyl,
oxazolyl, thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, indolyl,
benzofuranyl, benzothiophenyl, benzopyrazolyl, benzimidazolyl, benzooxazolyl, benzoisoxazolyl,
benzothiazolyl, benzoisothiazolyl and 1H-pyrrolo[2,3-b]jpyridinyl, and can be optionally
substituted with at least one R>%;

) heterocycloalkyl,  heterocycloalkyl-(C1-Cs  alkyl)-,  heterocycloalkyloxy,
heterocycloalkyloxy-(C1-Cs alkyl)-, heterocycloalkylcarbonyl, or heterocycloalkylcarbonyl-(Ci-
Cs alkyl)-, wherein the heterocycloalkyl ring is selected from a group consisting of oxetanyl,
azetidinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothiophenyl, piperidinyl, tetrahydropyranyl,
4H-pyranyl, 3,6-dihydro-2H-pyranyl, 3,4-dihydro-2H-pyranyl, 1,2-dihydropyridinyl, 1,4-
dihydropyridinyl,  1,2,3,6-tetrahydropyridinyl,  1,2,3,4-tetrahydropyridinyl,  piperazinyl,
morpholinyl, thiomorpholinyl, oxazolidinyl and 2-oxo-oxazolidinyl, and can be optionally

substituted with at least one R*?; or
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(vi)  Cs-C7 cycloalkyl, (Cs-C7 cycloalkyl)-(Ci-Cs alkyl)-, Cs-C7 cycloalkyloxy, (Cs-C7
cycloalkyloxy)-(Ci-Cs alkyl)-, Cs-C7 cycloalkylcarbonyl, or (Cs-C7 cycloalkylcarbonyl)-(C1-Cs
alkyl)-, wherein the cycloalkyl ring can be optionally substituted with at least one R*, and

wherein R is selected from a group consisting of halogen, hydroxy, oxo, C1-C3 alkyl, Cs-
Cs alkoxy, C1-Cs haloalkyl, hydroxy-(Ci-Cs alkyl)-, -NH>, -NH(C1-C3 alkyl), -N(C1-C3 alkyl)2,
nitro, cyano, -SO-F and -SO-Cl.

[Claim 16]

The compound according to claim 15, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein the heteroaryl ring is selected from a group consisting of pyridinyl,
pyrazolyl, isoxazolyl, furanyl, pyrimidinyl, thiazolyl, pyrazinyl, benzimidazolyl, benzooxazolyl
and 1H-pyrrolo[2,3-b]pyridinyl; and the heterocycloalkyl ring is selected from a group consisting
of pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl, 3,6-dihydro-2H-pyranyl, morpholinyl,
oxetanyl, piperidinyl and 2-oxo-oxazolidinyl.

[Claim 17]

The compound according to claim 15, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein R’ is selected from a group consisting of phenyl, benzyl, 1-
phenylethyl, phenoxy, pyridinylmethyl, pyridinyloxy, pyridinylcarbonylmethyl, pyrazolylmethyl,
pyrrolidinylmethyl, pyrrolidinylethyl, isoxazolylmethyl, tetrahydrofuranylmethyl,
tetrahydrofuranyloxy, tetrahy dropyranylmethyl, 3,6-dihydro-2H-pyranylmethyl,
morpholinylmethyl, oxetanylmethyl, piperidinylcarbonylmethyl, 2-oxo-oxazolidinylethyl, 2-oxo-
oxazolidinylmethyl, furanylmethyl, pyrimidinylmethyl, thiazolylmethyl, pyrazinylmethyl,
benzimidazolylmethyl, benzooxazolylmethyl, 1H-pyrrolo| 2,3-b]pyridinylmethyl and cyclohexyl;
and wherein R’ is optionally substituted with at least one R>® selected from a group consisting of
at least one F, Cl, OH, -CHs, -OCH3, cyano, oxo, -NH», NO», SO-F and CFs.

[Claim 18]

The compound according to claim 15, or a stereoisomer, solvate or pharmaceutically

acceptable salt thereof, wherein R’ is selected from:

33

H, CHs-, HOCH:CH:-, HOCH>CH>CH>-, CF3CH:-, CF3;CH>CH>-, OH ,
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(In the above structures, ; represents a binding position with the remaining residue of

the compound).
[Claim 19]

The compound according to any one of claims 1 to 18, or a stereoisomer, solvate or
pharmaceutically acceptable salt thercof, wherein the compound of Formula 1A is a compound
represented by the following Formula 1A-1:

[Formula 1A-1]
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RG/I\\N \)\N
R
B

wherein the definitions of R!, R% R?, R* R> RS Ring B and p are as described in any one
of claims 1 to 18.
[Claim 20]
The compound according to any one of claims 1 to 18, or a stereoisomer, solvate or
pharmaceutically acceptable salt thereof, wherein the compound is selected from:
o <

T, (OO

. “mi
L 5O
Cb @ﬁn%y
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[Claim 21]

The compound according to any one of claims 1 to 18, or a stereoisomer, solvate or
pharmaceutically acceptable salt thercof, wherein the compound of Formula 1A is a compound
represented by the following Formula 1A-2, Formula 1A-3, Formula 1A-4, Formula 1A-5,
Formula 1A-6, Formula 1A-7, Formula 1A-8 or Formula 1A-9:

[Formula 1A-2]

R1
(R
RS N s P
g A
o R,
R4 B :'
[Formula 1A-3]
R1
(RY)
3 S MAN P
R5—<\ {
N
N v
RA.
Re °
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[Formula 1A-4]
R1
(R¥),

== SY\/'»‘*N
RS—N |

\N/ N \/J-\N
R3.
B

[Formula 1A-5]
R’l

[Formula 1A-6]
o} R

RS s

" "\/kn
R>.
B

[Formula 1A-7]
o o R
\Y < (R%p
/

R5
- RS
PN

RS N

[Formula 1A-8]
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[Formula 1A-9]
o Rt
Ry,
S ey
N
RS—N ]
N
s N
R® R
\\
Re B

wherein the definitions of R!, R% R?, R* R> RS Ring B and p are as described in any one
of claims 1 to 18.
[Claim 22]

The compound according to claim 21, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, wherein the compound is selected from:

Cl
Ut
N@&SQN NH,

cl
Y
T
o]
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[Claim 23]

A pharmaceutical composition for preventing or treating a disease associated with the

abnormal activity of Src homology region 2 domain-containing phosphatase-2 (SHP2), comprising
the compound of any one of claims 1 to 22, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof.

[Claim 24]
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The pharmaceutical composition according to claim 23, wherein the discase associated
with the abnormal activity of SHP2 is selected from a group consisting of cancer, cancer metastasis,
cardiovascular disease, immune disorder, fibrosis, and ocular disorder.

[Claim 25]

The pharmaceutical composition according to claim 23, wherein the discase associated
with the abnormal activity of SHP2 is selected from a group consisting of Noonan syndrome,
Leopard syndrome, juvenile myelomonocytic leukemia, neuroblastoma, melanoma, acute myeloid
leukemia, breast cancer, esophageal cancer, lung cancer, large intestinal cancer, head cancer,
squamous cell carcinoma of the head and neck, gastric carcinoma, anaplastic large cell lymphoma,
glioblastoma, pancreatic cancer, biliary tract cancer, uterine cancer, endometrial cancer, liver
cancer and neurofibromatosis type 1.

[Claim 26]

A method for preventing or treating a disease associated with the abnormal activity of SHP2,
comprising administering to a subject the compound of any one of claims 1 to 22, or a stereoisomer,
solvate or pharmaceutically acceptable salt thereof.

[Claim 27]

A pharmaceutical composition comprising the compound of any one of claims 1 to 22, or

a stercoisomer, solvate or pharmaceutically acceptable salt thercof.
[Claim 28]

A compound of any one of claims 1 to 22, or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof, for use in preventing or treating a disease associated with the abnormal
activity of SHP2.

[Claim 29]

Use of the compound of any one of claims 1 to 22, or a stercoisomer, solvate or
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
prevention or treatment of a disease associated with the abnormal activity of SHP2.
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