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Abstract

The invention relates to quinazoline compounds, the preparation method,
use, and the pharmaceutical composition thereof. The said quinazoline
compounds, which are represented by Formula (I), are
phosphatidylinositol 3-kinase (PI3K) inhibitors, and can be applied to
prevent and/or treat PI3K activity-related diseases, such as cancer,
immune diseases, cardiovascular diseases, viral infections, inflammation,
metabolism/endocrine function disorders or neurological diseases.
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Description

Quinazoline Compounds, Preparation Method, Use, and
Pharmaceutical Composition Thereof

FIELD OF THE INVENTION
This invention belongs to the technical field of pharmacy, and relates to
a series of quinazoline compounds, their preparation method, use, and
pharmaceutical composition.

BACKGROUND OF THE INVENTION
Phosphatidylinositol 3-kinases (PI3K) belong to lipid kinases family and
can be divided into three classes (I, II and III) according to differences of
their structure, regulating effect and lipid substrate specificities. At
present, the most intensively studied are class 1 PI3Ks, which are
heterodimers consisting of a regulatory subunit (p85) and a catalytic
subunit (pl110). Class I PI3Ks include 4 subtypes. Among them, two
subtypes, PI3Ka and PI3Kf, are widely existed in various cells, while
the other two subtypes PI3Ko and PI3Ky are mainly distributed in
leukocytes  (Vanhaesebroeck, et al.,, Trends Biochem Sci.,
2005,30(4):194-204). As a main downstream effector of receptor
tyrosine kinase (RTK) and G protein coupled receptor (GPCR), PI3K
generates phosphatidylinositol 3,4,5-triphosphate (PIP3) by catalyzing
phosphatidylinositol 4,5-diphosphate (PIP2), thereby transducting
signals of various growth factors and cytokines into cells. Then PIP3, as
intracellular second messenger, can activate serine/threonine protein
kinase B (AKT) and downstream effectors including mammalian target
of rapamycin (mTOR), thereby regulating multiple cell functions.

PI3K signaling pathway is one of the most common abnormal signaling
pathways in tumor cells, and has key influence on the occurrence and
development of tumors. In particular, amplification and mutation of the
PIK3CA gene, which encoding the pl110a, have frequently occured in
most tumors such as breast cancer, lung cancer, intestinal cancer, ovarian
cancer, head and neck cancer, stomach cancer, prostate cancer, brain
cancer, liver cancer, gastrointestinal tumor and leukemia (Zhao, et al.
Nat. Drug Discov. 2009, 8:627-644). In recent years, PI3K and other
related nodes in its pathway such as AKT and mTOR have become
popular targets for targeting anti-tumor drugs. PI3K inhibitors with
various structural skeleton types have been reported and all exhibited

excellent antitumor effect in cellular and animal models, and many
1
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compounds have entered clinical trials as monotherapy or combination
therapy for solid tumor and hematologic tumor, such as BKMI120
(Novartis, phase III clinical trial), BEZ235 (Novartis, phase I clinical
trial), PF-05212384 (Pfizer, phase II clinical trial), BAY 80-6946 (Bayer,
phase III clinical trial), X1.147 (Exelixis, phase I/II clinical trial), etc. In
2014, the first PI3K inhibitor, Idelalisib (Gilead, PI3Ko6 selective
inhibitor), was approved by FDA for the treatment of chronic
lymphocytic leukemia (CLL), recurrent follicular B cell non-hodgkin’s
lymphoma (FL) and recurrent small lymphocytic lymphoma (SLL). In
addition to tumor, PI3K also plays an important role in regulating
inflammation, immune diseases, cardiovascular diseases, viral infections,
metabolism/endocrine function disorders or neurological diseases. Some
compounds such as GSK2269557 (chronic obstructive pulmonary
disease, phase Il clinical trial), GSK2126458 (idiopathic pulmonary
fibrosis, phase I clinical trial), UCB-5857 (primary sjogren's syndrome,
phase II clinical trial), and RV-1729 (chronic obstructive pulmonary
disease, phase I clinical trial), have entered clinical trials against these
diseases.

PI3K has become a very attractive drug target. However, there is still a
need to develop safer and more effective PI3K inhibitors for prevention
and/or treatment of cancers, immune diseases, cardiovascular diseases,
viral infections, inflammation, metabolism/endocrine function disorders
or neurological diseases.

CONTENTS OF THE INVENTION

The technical problem to be solved by the present invention is to provide
a novel PI3K inhibitor, and a preparation method, a pharmaceutical
composition and use thereof. The PI3K ihibitor has a strong inhibitory
activity against Class [ PI3K, including PI3Ka, PI3Kf, PI3Ky and/or
PI3Ko, especially PI3Ka, resulting a better prevention and/or treatment
effect on PI3K-mediated diseases such as cancer, autoimmune diseases,
cardiovascular diseases, viral infections, inflammation,
metabolism/endocrine function disorders or neurological diseases.

In order to solve the above technical problems, the present invention
provides the following technical solutions.

The first aspect of the present invention is to provide a compound
represented by Formula (I), or a stereoisomer, a geometric isomer, a
tautomer or a pharmaceutically acceptable salt thereof:
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wherein,
R1 iS C1_3 alkyl;

L is selected from a single bond or Ci; alkylene, wherein the Ci.
alkylene is optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or C.3 alkyl;

R, is selected from hydrogen, C;.3 alkyl, Ci.;3 alkoxy, 3- to 7-membered
cycloalkyl, 3- to 7-membered heterocycloalkyl or 5- to 6-membered
heteroaryl; when said R is not hydrogen, it is optionally substituted with m
Rb;

mis0, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C;3 alkyl, Ci3 alkoxy, Cis; hydroxyalkyl, Ci.;
alkylamino or di(C;.; alkyl)amino;

R; 1s selected from C;.3 alkoxy, halogen or C;.3 alkyl;

R4 is selected from C;.;3 alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally
substituted with one or more groups that are independently selected from
hydrogen, halogen, C;3 alkyl, amino, C;3 alkylamino, di(Ci
alkyl)amino, trifluoromethyl, difluoromethyl, cyano or C.3 alkoxy;

Rs is selected from hydrogen, amino, C;3; alkylamino, Ci3
alkylcarbonylamino or cyclopropylmethylamino.

In a preferred embodiment, the present invention provides a compound
represented by Formula (II), or a stereoisomer, a geometric isomer, a
tautomer or a pharmaceutically acceptable salt thereof:
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wherein,

L is selected from a single bond or C,.; alkylene, wherein the C;.3 alkylene
is optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or C,.3 alkyl, preferably C,.3 alkyl;

R; is selected from hydrogen, C;.3 alkyl, Ci.; alkoxy, 3- to 7-membered
cycloalkyl or 3- to 7-membered heterocycloalkyl; when R is not hydrogen,
it is optionally substituted with m Rb;

misO, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, Ci.3 alkyl, Ci.3 alkoxy, Ci3 hydroxyalkyl, C;.; alkylamino
or di(C,.3 alkyl)amino;

R, is selected from C;.3 alkoxy, halogen or C,.3 alkyl;

Rj3 is selected from C;; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with one or more groups that are independently selected from hydrogen,
halogen, C;.; alkyl, amino, C;3 alkylamino, di(Ci.3 alkyl)amino,
trifluoromethyl, difluoromethyl, cyano or C;_3 alkoxy.

In a further preferred embodiment, the present invention provides a
compound represented by Formula (II), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,

L is selected from a single bond or C;_; alkylene, wherein C,.3 alkylene is
optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or C,.3 alkyl, preferably C.3 alkyl;

R; is selected from cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl;

optionally, R; 1s substituted with m Rb;

mis0, 1,2, 3 or4;

each Rb 1is independently selected from halogen, cyano, hydroxyl,

trifluoromethyl, Ci_3 alkyl, Ci3 alkoxy, Ci3 hydroxyalkyl, Ci.3 alkylamino
4
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or di(C,.3 alkyl)amino;
R, is selected from Ci.3 alkoxy, halogen or C,.; alkyl;

Rj3 is selected from C;; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with one or more groups that are independently selected from hydrogen,
halogen, C;; alkyl, amino, C;3 alkylamino, di(Ci.3 alkyl)amino,
trifluoromethyl, difluoromethyl, cyano or C;_3 alkoxy.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (II), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,

L is selected from a single bond or C;.; alkylene, wherein C;.3 alkylene is
optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or C,.3 alkyl, preferably C,.3 alkyl;

R; is 3- to 7-membered heterocycloalkyl containing oxygen, and R; is
optionally substituted with m Rb.

mis0, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C;.; alkyl, C;.; alkoxy, Ci.3 hydroxyalkyl, C;.3 alkylamino
or di(C,.3 alkyl)amino;

R, is selected from C;.3 alkoxy, halogen or C,.3 alkyl;

R;3 is selected from C; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with one or more groups that are independently selected from hydrogen,
halogen, C;.; alkyl, amino, C;3 alkylamino, di(Ci.3 alkyl)amino,
trifluoromethyl, difluoromethyl, cyano or C,.; alkoxy.

In a further preferred embodiment, R is selected from:

[ -

wAAs AAAR s e

. ~ - ~
Q7 Rb)n g_\,—mb}m fi\d—mb}m (E‘—mb}m f‘“—mb;m

o
o]

-

mis0, 1,2, 3 or4;

each Rb 1is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C,.3 alkyl, C;.3 alkoxy, C;3 hydroxyalkyl, C;.; alkylamino
or di(C,.3 alkyl)amino.

In a further preferred embodiment, R is selected from:

5
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AR e

» ™ K
{;'_{Rb:lm L (j_{Rb]m [;j_{p‘- B)m

mis 0, 1,2, 3 or4;

each Rb 1is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C;.; alkyl, C;.; alkoxy, Ci.3 hydroxyalkyl, C;.3 alkylamino
or di(C,.3 alkyl)amino.

In a further preferred embodiment, each Rb is independently selected from
F, methyl or methoxy.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (II), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
L is selected from a single bond or -CH>-,

R; is selected from hydrogen, C;.3 alkyl, Ci.;3 alkoxy, 3- to 7-membered
cycloalkyl or 3- to 7-membered heterocycloalkyl; preferably, R; is selected
from 3- to 7-membered cycloalkyl, including but not limited to cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; or preferably, R; is selected from
3- to 7-membered heterocycloalkyl and further preferably, 3- to 7-

membered oxygen-containing heterocycloalkyl, including but not limited to
| 1 = i

W wnAs s S R

oy il A, i 2N
| (RbB)m 'b_..'_(ﬁb}m \l"—d—l:Rb}m COJ_ERb}m [O/J_lliﬁb)m

; when R 1s not
hydrogen, it is optionally substituted with m Rb;

mis0, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, Ci_3 alkyl, Ci3 alkoxy, Ci3 hydroxyalkyl, Ci.3 alkylamino
or di(C,.3 alkyl)amino; preferably, each Rb is independently selected from F,
methyl or methoxy;

R, is selected from C;.3 alkoxy, halogen or C;.; alkyl;

Rj3 is selected from C;; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with one or more groups that are independently selected from hydrogen,
halogen, C;; alkyl, amino, C;3 alkylamino, di(Ci.3 alkyl)amino,
trifluoromethyl, difluoromethyl, cyano or C;_3 alkoxy.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (II), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

6
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wherein,

L is selected from a single bond or C;.; alkylene, wherein C,.3 alkylene is
optionally substituted with one or more Ra; preferably, L is selected from a
single bond or -CH»-;

Ra is selected from hydrogen, halogen or C,.3 alkyl, preferably, C,.; alkyl;

R is selected from hydrogen, C;.3 alkyl, Ci.;3 alkoxy, 3- to 7-membered

cycloalkyl or 3- to 7-membered heterocycloalkyl; preferably, R; is selected

from 3- to 7-membered cycloalkyl, including but not limited to cyclopropyl,

cyclobutyl, cyclopentyl and cyclohexyl; or preferably, R; is selected from

3- to 7-membered heterocycloalkyl and further preferably 3- to 7-

membered heterocycloalkyl containing oxygen, including but not limited to
1 = i

A N A~ PN
q.flf_(ﬁb}m Q(Rb}l11 !"'.‘_d._lzﬁb}m C(;_(Rb}m I'\/\\lT[Rb}m
o~ ; when R, is not
hydrogen, it is optionally substituted with m Rb;

mis0, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, Ci.3 alkyl, Ci.3 alkoxy, Ci3 hydroxyalkyl, C;.; alkylamino
or di(C,.3 alkyl)amino; preferably, each Rb is independently selected from
from F, methyl or methoxy;

R, is selected from methoxy, chloro or methyl.

Rj3 is selected from C;; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with one or more groups that are independently selected from hydrogen,
halogen, C;; alkyl, amino, C;3 alkylamino, di(Ci.3 alkyl)amino,
trifluoromethyl, difluoromethyl, cyano or C,_; alkoxy.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (II), a stereoisomer, a geometric isomer,
a tautomer or a pharmaceutically acceptable salt thereof,

wherein,

L is selected from a single bond or C;.; alkylene, wherein C,.3 alkylene is
optionally substituted with one or more Ra; preferably, L is selected from a
single bond or -CH»-;

Ra is selected from hydrogen, halogen or C,.3 alkyl, preferably, C,.;3 alkyl;
R; is selected from hydrogen, C;.3 alkyl, Ci.; alkoxy, 3- to 7-membered
cycloalkyl or 3- to 7-membered heterocycloalkyl; preferably, R; is selected

from 3- to 7-membered cycloalkyl, including but not limited to cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; or preferably, R; is selected from

7
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3- to 7-membered heterocycloalkyl and further preferably 3- to 7-
membered heterocycloalkyl containing oxygen, including but not limited to
| 1 = i

B AAAR s e

. ~ - ~
O 7-Rb), g}(ﬁb},11 f:\d—mb}m (E‘—mb}m f‘“—mb;m

o
o]

-

; when R; 1s not
hydrogen, it is optionally substituted with m Rb;

mis0, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, Ci.3 alkyl, Ci.3 alkoxy, Ci3 hydroxyalkyl, C;.; alkylamino
or di(C,.3 alkyl)amino; preferably, each Rb is independently selected from F,
methyl or methoxy;

R, is selected from C;.3 alkoxy, halogen or C,.; alkyl; preferably, R is
selected from methoxy, chloro or methyl;

Rj3 is selected from C,3 alkyl, 3- to 7-membered cycloalkyl, phenyl or
thienyl, wherein phenyl or thienyl are optionally substituted with one or
more groups that are independently selected from hydrogen, halogen, Ci.3
alkyl, amino, C;; alkylamino, di(Ci; alkyl)amino, trifluoromethyl,
difluoromethyl, cyano or C;.; alkoxy.

In a further preferred embodiment, R3 is selected from phenyl or thienyl,
wherein phenyl or thienyl is optionally substituted with one or more
substitutents that are independently selected from fluoro or chloro.

Specifically, the compounds preferred according to the present invention
are as follows:
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In another preferred embodiment, the present invention provides a
compound represented by formula (III), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
R, is selected from C,.3 alkyl, C,.3 alkylcarbonyl or cyclopropylmethyl;

L is selected from a single bond or C;_; alkylene, wherein C,.3 alkylene is
optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or Ci_3 alkyl;

R, is selected from C;; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with at least one group that is selected from hydrogen, halogen, Ci.; alkyl,
amino, C;3 alkylamino, di(Ci3 alkyl)amino, trifluoromethyl,

10
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difluoromethyl, cyano or C,_; alkoxy;

ring A is selected from 3- to 7-membered cycloalkyl or 3-7
heterocycloalkyl;

each Rs is independently selected from hydrogen, Ci.; alkyl, halogen,
cyano, trifluoromethyl, Ci.3 alkoxy, Ci.3 alkyl substituted with hydroxyl,
Ci.3 alkylamino, or di(Ci.3 alkyl)amino;

mis 0,1, 2,3 or4.
In a further preferred embodiment, the present invention provides a

compound represented by formula (III), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
R; is selected from C,.3 alkyl, C,.3 alkylcarbonyl or cyclopropylmethyl;

L is selected from a single bond or C;.; alkylene, wherein C;.3 alkylene is
optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or Ci.3 alkyl;

R> 1s selected from C;3 alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with at least one group that is selected from hydrogen, halogen, Ci.3 alkyl,
amino, C;3 alkylammo, di(C;3 alkyl)amino, trifluoromethyl,
difluoromethyl, cyano or C,_; alkoxy;

ring A 1s selected from cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl;

each Rs is independently selected from hydrogen, Ci.; alkyl, halogen,
cyano, trifluoromethyl, Ci.3 alkoxy, Ci.3 alkyl substituted with hydroxyl,
Ci.3 alkylamino or di(C,.3 alkyl)amino;

mis 0,1, 2,3 or4.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (III), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
R; is selected from C,.3 alkyl, C,.3 alkylcarbonyl or cyclopropylmethyl;

L is selected from a single bond or C;.; alkylene, wherein C;.3 alkylene is
optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or Ci.3 alkyl;

R» is selected from hydrogen, C,.; alkyl, 3- to 7-membered cycloalkyl, 6- to

10-membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-

membered aryl and 5- to 6-membered heteroaryl are optionally substituted
11
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with at least one group that is selected from halogen, C;.3 alkyl, amino, Ci_
alkylamino, di(C,.; alkyl)amino, trifluoromethyl, difluoromethyl, cyano or
C1_3 alkoxy;

ring A is 3- to 7-membered heterocycloalkyl containing oxygen;

each Rj; is independently selected from hydrogen, Ci.; alkyl, halogen,
cyano, trifluoromethyl, C;; alkoxy, hydroxyl-substituted C;.3 alkyl, Ci3
alkylamino, or di(C,-3 alkyl)amino;

mis 0, 1, 2, 3 or 4.

In a further preferred embodiment, ring A is selected from:
| 1 = |

Bt A A oA

Crran (2 ron /\g—{m)m fj—qna)m

d L 0

each Rj; is independently selected from hydrogen, Ci; alkyl, halogen,
cyano, trifluoromethyl, Ci.3 alkoxy, Ci.3 alkyl substituted with hydroxyl,
Ci3 alkylamino or di(C;-3 alkyl)amino;

mis0, 1,2, 3 or4.

In a further preferred embodiment, each Rj is independently selected from
methyl.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (III), or a stereoisomer, a geometric
isomer, a tautomer or pharmaceutically acceptable salt,

wherein,
R, is selected from C,.3 alkyl, C,.3 alkylcarbonyl or cyclopropylmethyl;
L is selected from a single bond or -CH>-;

R, is selected from C;3 alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with at least one group that is selected from hydrogen, halogen, Ci.3 alkyl,
amino, C;3 alkylamino, di(Ci3 alkyl)amino, trifluoromethyl,
difluoromethyl, cyano or C;_; alkoxy;

ring A is selected from 3- to 7-membered cycloalkyl or 3- to 7-membered
heterocycloalkyl; preferably, ring A is selected from 3- to 7-membered
cycloalkyl, including but not limited to cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl; or preferably, ring A is selected from 3- to 7-
membered heterocycloalkyl and further preferably 3- to 7-membered
heterocycloalkyl containing oxygen, including but not limited to

12
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e A

|
s

(_;?_{R A G{R Wm (E-_{R )m Q}(R Dm

each Rj is independently selected from hydrogen, Ci; alkyl, halogen,
cyano, trifluoromethyl, C;; alkoxy, hydroxyl-substituted C;.; alkyl, Ci3
alkylamino or di(C,.3 alkyl)amino;

mis 0, 1,2, 3 or 4.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (III), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof.

]

wherein,
R 1s selected from methyl, ethyl, cyclopropylmethyl or acetyl;

L is selected from a single bond or C,.; alkylene, wherein the C;.3 alkylene
is optionally substituted with one or more Ra; preferably, L is selected from
a single bond or -CH>-.

Ra is selected from hydrogen, halogen or C,.;3 alkyl; preferably, C;.3 alkyl;

R, is selected from C;; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with at least one group that is selected from hydrogen, halogen, Ci.3 alkyl,
amino, C;3 alkylamino, di(Ci3 alkyl)amino, trifluoromethyl,
difluoromethyl, cyano or C,.3 alkoxy;

ring A is selected from 3- to 7-membered cycloalkyl or 3- to 7-membered

heterocycloalkyl; preferably, ring A is selected from 3- to 7-membered

cycloalkyl, including but not limited to cyclopropyl, cyclobutyl,

cyclopentyl and cyclohexyl; or preferably, ring A is selected from 3- to 7-

membered heterocycloalkyl and further preferably 3- to 7-membered

heterocycloalkyl containing oxygen, including but not limited to
| =

UL A e

Creoe ( 2ran Cwan I:;}(R:ﬂm'

- "\_d

each Rs; is independently selected from hydrogen, Ci; alkyl, halogen,
cyano, trifluoromethyl, C,.3 alkoxy, C;.3 alkyl substituted with hydroxyl,
Ci3 alkylamino or di(C;-3 alkyl)amino;

mis0, 1,2, 3 or4.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (III), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

13
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wherein,

R 1s selected from Ci; alkyl, Ci3 alkylcarbonyl or cyclopropylmethyl;
preferably, R; is selected from methyl, ethyl, cyclopropylmethyl or acetyl;

L is selected from a single bond or C,.; alkylene, wherein the C;.3 alkylene
is optionally substituted with one or more Ra; preferably, L is selected from
a single bond or -CH>-;

Ra i1s selected from hydrogen, halogen or C,.3 alkyl; preferably C;.; alkyl;

R, is selected from C,s alkyl, 3- to 7-membered cycloalkyl, phenyl or
thienyl, wherein the phenyl and thienyl are optionally substituted with one
or more groups that are independently selected from hydrogen, halogen, C;.
3 alkyl, amino, C;3 alkylamino, di(Ci.;z alkyl)amino, trifluoromethyl,
difluoromethyl, cyano or C;_; alkoxy;

ring A is selected from 3- to 7-membered cycloalkyl or 3- to 7-membered
heterocycloalkyl; preferably, ring A is selected from 3- to 7-membered
cycloalkyl, including but not limited to cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl; or preferably, ring A is selected from 3- to 7-
membered heterocycloalkyl and further preferably 3- to 7-membered
heterocycloalkyl contammg oxygen, including but not limited to

-m.w ._n_ru\r

Creom o —<R fj

each Rs; is independently selected from hydrogen, Ci3 alkyl, halogen,
cyano, trifluoromethyl, C;; alkoxy, hydroxyl-substituted C;.3 alkyl, Ci3
alkylamino or di(C;-3 alkyl)amino;

mis0, 1,2, 3 or 4.

In a further preferred embodiment, R, is selected from phenyl or thienyl,
wherein phenyl and thienyl are optionally substituted with one or more
substitutents that are independently selected from fluoro or chloro.

Specifically, the compounds preferred according to the invention are as
follows:
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In a still preferred embodiment, the present invention provides a compound
represented by formula (IV), or a stereoisomer, a geometric isomer, a
tautomer or a pharmaceutically acceptable salt thereof,

wherein,
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R 1s Cy.3 alkyl, preferably methyl;

L is selected from a single bond or C;3 alkylene, wherein the Ci.
alkylene 1s optionally substituted with one or more Ra;

Ra 1s selected from hydrogen, halogen or C.3 alkyl;

R 1s selected from hydrogen, Ci.3 alkyl, Ci.3 alkoxy, 3- to 7-membered
cycloalkyl, 3- to 7-membered heterocycloalkyl or 5- to 6-membered
heteroaryl. When R 1s not hydrogen, it 1s optionally substituted with m Rb;

mis0, 1,2, 3 or4;

each Rb 1s independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, Ci3 alkyl, Cis3 alkoxy, Cis hydroxyalkyl, Ci.;
alkylamino or di(C,_; alkyl)amino;

R; 1s selected from C;.3 alkoxy, halogen or C.3 alkyl;

R4 is selected from C;.3 alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally
substituted with one or more groups that are independently selected from
hydrogen, halogen, C;3; alkyl, amino, C;3 alkylamino, di(Ci.;
alkyl)amino, trifluoromethyl, difluoromethyl, cyano or C;.3 alkoxy.

In a further preferred embodiment, the present invention provides a
compound represented by formula (IV), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
Ri 1s Cy_3 alkyl, preferably methyl;

L is selected from a single bond or C;3 alkylene, wherein the Ci.
alkylene is optionally substituted with one or more Ra;
Ra 1s selected from hydrogen, halogen or C.3 alkyl;

R» is selected from cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; R»
is optionally substituted with m Rb;

mis0,1,2,3or4;

each Rb 1s independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, Ci3 alkyl, Cis3 alkoxy, Cis3 hydroxyalkyl, Ci;
alkylamino or di(C,_; alkyl)amino;

R; 1s selected from C;.3 alkoxy, halogen or C.3 alkyl;
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R4 is selected from C;.;3 alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally
substituted with one or more groups that are independently selected from
hydrogen, halogen, C;3; alkyl, amino, C;3 alkylamino, di(Ci
alkyl)amino, trifluoromethyl, difluoromethyl, cyano or C.; alkoxy.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (IV), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt,

wherein,
R 1s Cy.3 alkyl, preferably methyl;

L is selected from a single bond or C;; alkylene, wherein the Ci.
alkylene is optionally substituted with one or more Ra;

Ra is selected from hydrogen, halogen or C.3 alkyl;

R, is 3- to 7-membered heterocycloalkyl containing oxygen, and R, is
optionally substituted with m Rb;

mis 0, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C;3; alkyl, Ci3 alkoxy, Cis hydroxyalkyl, Ci.;
alkylamino or di(C;.; alkyl)amino;

Rj 1s selected from C,.3 alkoxy, halogen or C;.3 alkyl;

R4 1s selected from C;.; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally
substituted with one or more groups that are independently selected from
hydrogen, halogen, C;3 alkyl, amino, C;3; alkylamino, di(Ci
alkyl)amino, trifluoromethyl, difluoromethyl, cyano or C;.3 alkoxy.

In a further preferred embodiment, Ry 1s selected from:

PUT T 1 - I

Q{Rb)m (\;—{Rmm (X ro), [)\—{Rb)m

\_G "l. G G

| |
| |
A e it e

N N N
D =% L i 1
(R0 N 2epy O (Rb)py [O (R0

2

mis 0, 1,2, 3 or4;
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each Rb 1is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, Ci_; alkyl, Ci3 alkoxy, Ci3 hydroxyalkyl, Ci.3 alkylamino
or di(C,.3 alkyl)amino.

In a further preferred embodiment, R is selected from:

| 1 =
A e ..-J\.v

, %
Q{Rb]m \"—C.J—{Hb}m Q!_I:Rh}m @[Rb}fn

o]

mis0, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C;.; alkyl, C;.; alkoxy, Ci.3 hydroxyalkyl, C;.3 alkylamino
or di(C,.3 alkyl)amino.

In a further preferred embodiment, Rb is independently selected from F or
methyl.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (IV), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
R is Ci3 alkyl, preferably methyl;

L is selected from a single bond or -CH>-,

R, is selected from hydrogen, C;.3 alkyl, Ci.;3 alkoxy, 3- to 7-membered
cycloalkyl, 3- to 7-membered heterocycloalkyl or 5- to 6-membered
heteroaryl; preferably, R, is selected from 3- to 7-membered cycloalkyl,
including but not limited to cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl; or preferably, R, is 3- to 7-membered heterocycloalkyl and
further preferably 3- to 7-membered heterocycloalkyl containing oxygen,
including but not limited to

I
e . .

75 &N 2N
O:&’ (Rb)y, "\.‘_d_ (RB)m 5\7 d:_(Rb}m F(Rb},11
o

o e N

N N

{ ®Rb)m N\L%(Rb}m ENj(Rb}II11 [ :]—(F{b}m
H

preferably including but not limited to

|
A |
AR

I =
'@“mb}m Q{Rh}’“ {E—‘Rb}"‘ (j_mb}

S

o]

m
2

when R; is not hydrogen, it is optionally substituted with m Rb.
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misO0, 1,2, 3 or 4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C,.; alkyl, C;.; alkoxy, Ci.3 hydroxyalkyl, C;.3 alkylamino
or di(Ci.3 alkyl)amino; preferably, Rb is independently selected from F or
methyl;

R; is selected from C;.3 alkoxy, halogen or C;.3 alkyl;

R4 1s selected from C;.;3 alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally
substituted with one or more groups that are independently selected from
hydrogen, halogen, Ci.; alkyl, amino, C;3 alkylamino, di(Ci.
alkyl)amino, trifluoromethyl, difluoromethyl, cyano or C.; alkoxy.

In a still further preferred embodiment, the present invention provides a

compound represented by formula (IV), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
R 1s Cy.3 alkyl, preferably methyl;

L is selected from a single bond or C,.; alkylene, wherein the C;.3 alkylene
is optionally substituted with one or more Ra; preferably, L is selected from
a single bond or -CH»-;

R, is selected from hydrogen, C;.3 alkyl, Ci.3 alkoxy, 3- to 7-membered
cycloalkyl, 3- to 7-membered heterocycloalkyl or 5- to 6-membered
heteroaryl; preferably, R, is selected from 3- to 7-membered cycloalkyl,
including but not limited to cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl; or preferably, R, is 3- to 7-membered heterocycloalkyl and
further preferably 3- to 7-membered heterocycloalkyl containing oxygen,
including but not limited to

e 1

<}>\ (Rb),, {\G.—(Rb}m -\(\O-'—(Rb}m (Jj_ (Rb)m

I | | |
Rt LT

(F-®om N o, ﬁ}‘m""m (e
O

.

H

2

preferably including but not limited to
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n-lvul 1 = |

O‘?\ﬁ{Rb}m I""—(j—{Rb}m \ ID-_'be]‘m L ;]_{Rb}m

when R; is not hydrogen, it is optionally substituted with m Rb;

misO, 1,2, 3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C,.; alkyl, C;.; alkoxy, Ci.3 hydroxyalkyl, C;.3 alkylamino
or di(C,.3 alkyl)amino; preferably, Rb is independently selected from F or
methyl;

Rj is selected from methoxy, chloro or methyl;

R4 is selected from C;.3 alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally
substituted with one or more groups that are independently selected from
hydrogen, halogen, C;3 alkyl, amino, C;3 alkylamino, di(Ci
alkyl)amino, trifluoromethyl, difluoromethyl, cyano or C;.3 alkoxy.

In a still further preferred embodiment, the present invention provides a
compound represented by formula (IV), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof,

wherein,
R 1s Ci3 alkyl, preferably methyl;

L is selected from a single bond or C,.; alkylene, wherein the C;.3 alkylene
is optionally substituted with one or more Ra; preferably, L is selected from
a single bond or -CH>-;

R, is selected from hydrogen, C;.3 alkyl, Ci.3 alkoxy, 3- to 7-membered
cycloalkyl, 3- to 7-membered heterocycloalkyl or 5- to 6-membered
heteroaryl; preferably, R, is selected from 3- to 7-membered cycloalkyl,
including but not limited to cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl; or preferably, R, is 3- to 7-membered heterocycloalkyl and
further preferably 3- to 7-membered heterocycloalkyl containing oxygen,
including but not limited to

|

T s
G}K{Rblm _d_{Rb)m % d—{ﬂb)m [j—{ijm
0

| |
I

I |

s s e A

N N ~N
{-_?_{Rb)m Na -';'l{Rb:'m (l\f‘T{Rb)m - }{ijm
o}

2
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preferably including but not limited to

|
A |

|} =
@“Egb}m C:-_{Rb}m (\"—{Rh‘}m (\—,{F{b}m
—0 -

o]

when R; is not hydrogen, it is optionally substituted with m Rb.
misO0, 1, 2,3 or4;

each Rb is independently selected from halogen, cyano, hydroxyl,
trifluoromethyl, C,.; alkyl, C;.; alkoxy, Ci.3 hydroxyalkyl, C;.3 alkylamino
or di(Ci.3 alkyl)amino; preferably, Rb is independently selected from F or
methyl;

Rj is selected from Ci.3 alkoxy, halogen or Ci.; alkyl; preferably, Rs is
selected from methoxy, chloro or methyl;

R4 1s selected from hydrogen, C;; alkyl, 3- to 7-membered cycloalkyl,
phenyl or thienyl, wherein the phenyl or thienyl are optionally substituted
with one or more groups that are independently selected from halogen, Ci.3
alkyl, amino, C;; alkylamino, di(Ci; alkyl)amino, trifluoromethyl,
difluoromethyl, cyano or C;.; alkoxy.

In a further preferred embodiment, R4 is selected from phenyl or thienyl,
wherein phenyl and thienyl are optionally substituted with one or more
substitutents independently selected from fluoro or chloro.

Specifically, the compounds preferred according to the invention are as
follows:
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The second aspect of the present invention provides a method for
preparing the said compound, or a stereoisomer, a geometric isomer, a
tautomer or a pharmaceutically acceptable salt thereof, which includes the
following steps of:

0 0
CO,H Bro__~._ _CO.H
s
O ; | g Br 5 ’ Br )L,N;.om:e
_— N - -
NHz NHs N,gb kNH'Me
OMe H .
B c

e OMe OMe
A

D

(1) using compound A as starting material and preparing compound B via

bromination reaction;
(2) reacting compound B with triphosgene to afford compound C;

(3) reacting compound C with N,0-dimethylhydroxylamine hydrochloride
to afford compound D;

(4) attacking Compound D with methylmagnesium bromide to give
compound E;

(5) reacting Compound E with 50% cyanamide in water to obtain
compound F containing a quinazoline skeleton;

(6) protecting compound F via cyclization with 2,5-hexanedione to give
compound G;

(7) reacting compound G with aluminum trichloride to remove the methyl
group to afford the general intermediate H;
23
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(8) reacting the intermediate H with various alcohol via Mitsunobu reaction,
or reacting the intermediate H with halide to obtain compound I;

(9) deprotecting compound I with hydroxylamine hydrochloride to give
compound J;

(10) coupling compound F and compound J with substituted pyridine-3-
boronic acid pinacol ester under Suzuki reaction conditions to obtain the
above-mentioned compound, the stereoisomer, geometric isomer, tautomer
or pharmaceutically acceptable salt thereof; or reacting compound J with
bis(pinacolato)diboron to obtain a corresponding boronic acid pinacol ester,
and then coupling the boronic acid pinacol ester with substituted 3-
bromopyridine to obtain the above-mentioned compound, or the
stereoisomer, geometric isomer, tautomer or pharmaceutically acceptable
salt thereof.

The second aspect of the present invention also provides another method
for preparing the said compound, or a stereoisomer, a geometric isomer, a
tautomer or a pharmaceutically acceptable salt thereof, which includes the
following steps of:

o} o}
CO,H Br-__._CO,H
N S # " : =X Me
NHz NH2 \f,/ =
N O MHz
OM
D

oM oM
= = e & OMe
A B C
(8]
Br
4 Br | 2 5 {T\/ = | Br 6 \ j:]: = |
- e - - e e
7 “NH, HeN” N /NN
OMe OMe OMe

™ L
L
H
: /i\*—{n) b (AT RIm
k\'_/ am
/NT,OCHS
i \TBF NSRS "“p‘m
Ree A A Rey A 2L 2 0=8=0
10 N N 11 N
- o 5 o

(1) using compound A as starting material and preparing compound B via
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bromination reaction;
(2) reacting compound B with triphosgene to afford compound C;

(3) reacting compound C with N,O-dimethylhydroxylamine hydrochloride
to afford compound D;

(4) attacking Compound D with methylmagnesium bromide to give
compound E;

(5) reacting Compound E with 50% cyanamide in water to obtain
¥

compound F containing a quinazoline skeleton;

(6) protecting compound F via cyclization with 2, 5-hexanedione to give
compound G;

(7) reacting compound G with aluminum trichloride to remove the methyl
group to afford the general intermediate H;

(8) reacting the intermediate H with various alcohol via Mitsunobu reaction,
or reacting the intermediate H with halide to obtain compound [;

(9) deprotecting compound I with hydroxylamine hydrochloride to give
compound J;

(10) using sodium hydride or pyridine as base and reacting compound J
with alkyl halide or alkyl acyl chloride to afford compound K;

(11) coupling compound K with substituted pyridine-3-boronic acid pinacol
ester under Suzuki reaction conditions to obtain the above-mentioned
compound, the stereoisomer, geometric isomer, tautomer or
pharmaceutically acceptable salt thereof.

The second aspect of the present invention also provides another method
for preparing the said compound, or a stereoisomer, a geometric isomer, a
tautomer or a pharmaceutically acceptable salt thereof, which includes the
following steps of:
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0 0
COH Br COH
i 2 = 2
® RS 2 S I o |;\/u\.N_,OMe
7 “NH, 7 NH, I R » Me
OMe OMe i L
ome 1 OMe
A B c D
0
Br. - J»E_ Z Br
4 . \(\ﬂ-‘ 5 . = N |
& e e
E NH, N
OMe G oH
NS Br ;
Fi
|
D\
W
Ry

(1) using compound A as starting material and preparing compound B via
bromination reaction;

(2) reacting compound B with triphosgene to afford compound C;

(3) reacting compound C with N,O-dimethylhydroxylamine hydrochloride
to afford compound D;

(4) attacking compound D with methylmagnesium bromide to give
compound E;

(5) reacting compound E with ammonium formate and formamide to obtain

compound F containing a quinazoline skeleton.

(6) reacting compound F with aluminum trichloride to remove the methyl
group to afford the general intermediate G.

(7) reacting the intermediate G with various alcohol via Mitsunobu reaction,
or reacting the intermediate G with halide to obtain compound H;

(8) coupling compound H with substituted pyridine-3-boronic acid pinacol
ester under Suzuki reaction conditions to obtain the above-mentioned
compound, the stereoisomer, geometric isomer, tautomer or
pharmaceutically acceptable salt thereof; or reacting compound H with
bis(pinacolato)diboron to obtain a corresponding boronic acid pinacol ester,
and then coupling the boronic acid pinacol ester with substituted 3-
bromopyridine to obtain the above-mentioned compound, or the
stereoisomer, geometric isomer, tautomer or pharmaceutically acceptable
salt thereof.

26



2022202886 28 Mar 2023

James & Wells Ref: 311926AUDIV2

The third aspect of the present invention provides a pharmaceutical
composition, which comprise an above-mentioned compound, or a
stereoisomer, a geometric isomer, a tautomer or a pharmaceutically
acceptable salt thereof, as well as an optional pharmaceutically acceptable
carrier and/or excipient. Preferably, the pharmaceutical composition
further comprises one or more active pharmaceutical ingredients for
prevention and/or treatment of cancer, immune diseases, cardiovascular
diseases, viral infections, inflammation, metabolism/endocrine function
disorders or neurological diseases in addition to the above-mentioned
compound, or the stereoisomer, the geometric isomer, the tautomer or the
pharmaceutically acceptable salt thereof. Preferably, the pharmaceutical
composition is a pharmaceutically acceptable pharmaceutical preparation
for prevention and/or treatment of cancer, immune diseases,
cardiovascular diseases, viral infections, inflammation,
metabolism/endocrine function disorders or neurological diseases.

In another aspect, the present invention also provides a pharmaceutical
preparation, which comprises at least one compound mentioned above,
or a stereoisomer, a geometric isomer, a tautomer or a pharmaceutically
acceptable salt thereof, and optionally a pharmaceutically acceptable
carrier and/or excipient. Preferably, the pharmaceutical preparation is
selected from the following preparations: parenteral preparation, such as
solution for injection or suspension; enteral preparation, such as oral
preparation, e.g. tablet or capsule; topical preparation such as lotion, gel,
ointment, emulsion, nasal preparation, suppository, transdermal preparation
or ophthalmic preparation.

In another aspect, the present invention also provides use of the
compound, or a stereoisomer, a geometric isomer, a tautomer or a
pharmaceutically acceptable salt thereof, or the pharmaceutical
composition in the preparation of a medicament for preventing and/or
treating cancer, immune diseases, cardiovascular diseases, viral
infections, inflammation, metabolism/endocrine function disorders or
neurological diseases. In other words, the present invention provides a
method for prevention and/or treatment of cancer, immune diseases,
cardiovascular diseases, viral infections, inflammation,
metabolism/endocrine function disorders or neurological diseases. The
method includes administering a prophylactically and/or therapeutically
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effective amount of the compound, the stereoisomer, the geometric isomer,
the tautomer or the pharmaceutically acceptable salt thereof, or the
pharmaceutical composition to a subject in need thereof.

Some of the terms used in the present invention are defined as follows, and
other undefined terms have the meaning known to those skilled in the art.

Halogen refers to fluorine, chlorine, bromine or iodine.

Ci.3 alkylene refers to a straight or branched bivalent saturated hydrocarbon
radical having 1 to 3 carbon atoms. Examples of such groups include, but
are not limited to: methylene (-CH>-), ethylene (-CH,CHb»-), and propylene
(-CH>CH,CHa-).

Ci.3 alkyl refers to a straight or branched saturated aliphatic hydrocarbon
radical having 1 to 3 carbon atoms. Examples of such groups include, but
are not limited to: methyl, ethyl, propyl, isopropyl.

3- To 7-membered cycloalkyl refers to a saturated monocyclic, fused,
spirolcyclic or polycyclic structure having 3 to 7 carbon ring atoms.
Examples of such groups include, but are not limited to: cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and cycloheptyl.

3- To 7-membered heterocycloalkyl refers to a saturated or partially
unsaturated (i.e. having one or more double bonds and/or triple bonds in
ring) carbon ring group having 3 to 7 ring atoms, wherein one or more ring
atoms are heteroatoms selected from nitrogen, oxygen or S(O)m (m is an
integer of 0-2), but not including -O-O-, -O-S- or -S-S- as part of the ring,
and the rest of ring atoms are carbon. Specific examples of 3- to 7-
membered saturated heterocycloalkyl include but are not limited to:
oxiranyl, aziridinyl, azetidinyl, oxetanyl, thiacyclobutyl, dihydrofuranyl,
tetrahydrofuranyl,  tetrahydrothienyl,  pyrrolidinyl,  imidazolidinyl,
pyrazolidinyl, oxazolidinyl, isoxazolidinyl, thiazolidinyl, isothiazolidinyl,
1,4-dioxanyl, 1,3-dioxanyl, 1,3-dithiacyclohexyl, piperidyl, morpholinyl,
piperazinyl, dihydropyranyl, tetrahydropyranyl, tetrahydrothiopyranyl, etc.;
preferably, oxacyclobutyl, tetrahydrofuranyl, tetrahydropyranyl, piperidinyl,
morpholinyl, piperazinyl.
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Ci-3 alkoxy refers to -O-alkyl, wherein the alkyl contains 1 to 3 carbon
atoms and is straight, branched or cyclic. Examples of such groups include,
but are not limited to: methoxy, ethoxy, n-propoxy, iso-propoxy, or
cyclopropoxy.

Aryl refers to a monocyclic or bicyclic aromatic carbon ring group, which
usually has 6 to 10 carbon atoms, such as phenyl or naphthyl, preferably
phenyl.

Heteroaryl refers to 5-or 6-membered aromatic heterocyclic group of a
single ring, including but not limited to: 5-membered heteroaryl: furyl,
thienyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl,
pyrazolyl, triazolyl (1,2,4-triazolyl, 1,3,4-triazolyl or 1,2,3-triazolyl),
thiadiazolyl (1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,2,3-thiadiazolyl or
1,2,4-thiadiazolyl) and oxadiazolyl (1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1,2,3-oxadiazolyl or 1,2,4-oxadiazolyl), and 6-membered heteroaryl:
pyridinyl, pyrimidinyl, pyrazinyl and pyridazinyl, and bicyclic group such
as benzofuranyl, benzothienyl, indazolyl, purinyl, quinolyl, isoquinolyl,
phthalazinyl, naphthyridinyl, chinocalinyl, quinazolinyl, cinnolyl, pteridyl,
indolizinyl, indolyl, isoindolyl. The preferred heteroaryl groups are thienyl,
thiazolyl, pyridyl and pyrimidy]l.

A single bond refers to direct connection of two groups, for example, in O-
L-R, when L is a single bond, actually the structure is O-R.

“Optionally” means that the event or environment described subsequently
can but does not have to occur, and the description includes the situation
where the event or circumstance occurs or does not occur. For example,
“alkyl optionally substituted with halogen” means that halogen can but
does not have to exist. The description includes situation of alkyl
substituted with halogen and situation of alkyl unsubstituted with halogen.

If a group, for example, "R3", is depicted as "floating" on ring A in the
formula:
|

PEAR N LT

=
\A Ron

it means that "R3" may reside on any atom of the ring system, and is
considered as replacement of a depicted, implied or clearly defined

29



2022202886 28 Mar 2023

James & Wells Ref: 311926AUDIV2

hydrogen on one of the ring atoms, as long as a stable structure is formed.

The compound of the present invention may contain one or more chiral
centers, which exist in different stereoisomeric forms. All stereoisomeric
forms of the compound of the present invention, including but not limited
to diastereomer, enantiomer and atropisomer and their mixture (such as
racemic mixture) are included in the scope of the present invention.

The compound of the present invention includes its geometrical isomer. For
example, if the compound of the present invention contains double bond or
fused ring, these compounds can have geometrical isomers, and their cis-
form and trans-form and mixture of cis-forms and trans-forms are included
in the scope of the present invention.

The compound of the present invention includes its tautomer. Tautomer
refers to structural isomers of different energies that are mutually converted
via low energy barriers, such as ketone-enol and imine-enamine
tautomerizations.

The compound of the present invention also includes its isotopically-
labelled compound, wherein one or more atoms are replaced by an atom
having the same atomic number but different atomic mass or mass number
usually found in nature. Examples include but are not limited to: hydrogen
isotopes H and *H; carbon isotopes ''C, 1*C and '*C; chlorine isotope **Cl;
fluorine isotope '*F; iodine isotopes 12’1 and '*I; nitrogen isotopes '*N and
5N; oxygen isotopes °O, O and '®O; phosphorus isotope *?P and sulfur
isotope 3°S.

Various hydrates, solvates and polymorphs of the compound of the present
invention or its salt are also included in the scope of the present invention.

The prodrug of the compound of the present invention is also included in
the scope of the present mvention. Some derivatives of the compound of
the present invention have weak or no pharmacological activity themselves,
but when these derivatives are administered in vivo or to body, they can be
converted into the compound of the present invention having
pharmacological activity by means of such as hydrolytic cleavage, and
these derivatives are referred to as prodrugs. Further information on
prodrug use can be found in Pro-drugs as Novel Delivery Systems, Vol.14,
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ACS Symposium Series (T. Higuchi and W. Stella) and Bioreversible
Carriers in Drug Design, Pergamon Press, 1987 (ed. E. b. Roche, American
Pharmaceutical Association).

The compound of the present invention includes pharmaceutically
acceptable salt. Pharmaceutically acceptable salt refers to a salt that is
pharmaceutically acceptable and has pharmacological activity required by
the parent compound. The pharmaceutically acceptable salt was described
in detail by Berge et al. in J. Pharma. Sci., 1977,66, 1-19, and the literature
is hereby incorporated by reference. The compound of the present
invention can include sufficient acidic groups, sufficient alkaline groups or
functional groups with both acidic and alkaline properties, and react with
corresponding inorganic or organic bases, or inorganic and organic acids to
form pharmaceutically acceptable salt. Examples of pharmaceutically
acceptable salt include sulfate salt, pyrosulfate salt, bisulfate salt, sulfite
salt, bisulfite salt, phosphate salt, monohydrogen phosphate salt,
dihydrogen phosphate salt, metaphosphate salt, pyrophosphate salt,
hydrochloride, hydrobromide, hydriodate salt, acetate salt, propionate salt,
decanoate salt, caprylate salt, acrylate salt, formate salt, isobutyrate salt,
caproate salt, enanthate salt, propiolate salt, oxalate salt, malonate salt,
succinate salt, suberate salt, sebacate salt, fumarate salt, maleate salt,
acetylene-1,4-dicarboxylate salt, butyne-1,6-dicarboxylate salt, benzoate
salt, chlorinated benzoate salt, methylbenzoate salt, dinitrobenzoate salt,
hydroxybenzoate salt, methoxybenzoate salt, phthalate salt, sulfonate salt,
xylenesulfonate salt, phenylacetate salt, phenylpropionate salt,
phenylbutyrate salt, citrate salt, lactate salt, gamma-hydroxybutyrate salt,
hydroxyacetate salt, tartrate salt, methane sulfonate salt, propanesulfonate
salt, naphthalene-1-sulfonate salt, naphthalene-2-sulfonate salt and
mandelate salt.

When the compound of the present invention is used as drug, it is usually
administered in the form of pharmaceutical composition. Therefore,
pharmaceutical composition comprising the compound of the present
invention and pharmaceutically acceptable carriers, diluents or excipients is
also included in the scope of the invention. The carriers, auxiliaries and
excipients used herein include any and all solvents, diluents or other liquid
excipients, dispersants or suspending agents, surfactants, isotonic agents,
thickeners or emulsifiers, preservatives, solid binders, lubricants, etc.
suitable for the desired specific preparation. Various carriers for preparing
pharmaceutically acceptable compositions and known technique for their
preparation are disclosed in Remington: The Science and Practice of
Pharmacy, 21 edition, 2005, ed. D. B. Troy, Lippincott Williams&Wilkins,
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Philadelphia, Encyclopedia of Pharmaceutical Technology, eds. and J.
Swarbrick, J. C. Boylan, 1988-1999, Marcel Dekker, New York, the
contents of which are hereby incorporated by reference.

The composition of the present invention can be administered in any route
suitable for diseases to be treated, in particular administration routes as
follows: parenterally, such as in injection solution or suspension form;
transenterally, such as orally, for example in tablet or capsule form;
topically, such as in lotion, gel, ointment or emulsion form or in nasal or
suppository form. Topical administration is for example applied to the skin.
Another form of topical administration i1s administration to eye.

Pharmaceutical composition can be administered in solid, semi-solid, liquid
or gaseous form, or can be as dried powder, such as in freeze-drying form.
Pharmaceutical composition can be packaged in transportable form,
including, for example, solid preparation such as capsule, medicine capsule,
cachet, gelatin, paper, tablet, suppository, pellet, pill, lozenge and pastille.
The packaging type generally depends on administration route. Implantable
sustained release preparations as well as transdermal preparations are also
included.

Examples of materials as pharmaceutically acceptable carrier include, but
are not limited to: ion exchanger, alumina, aluminum stearate, lecithin,
serum protein (e.g. human serum albumin), buffering substance (e.g.,
phosphate salt), glycine, sorbic acid and potassium sorbate, partial
glyceride mixture of saturated fatty acids, water, salt or electrolyte (for
example, protamine sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salt), colloidal silicon dioxide,
magnesium trisilicate,  polyvinylpyrrolidone,  polyacrylate, wax,
polyethylene-polyoxypropylene block copolymer, lanolin, sugar (e.g.
lactose, glucose and sucrose), starch (such as corn starch and potato starch),
cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; Tragacanth powder; malt; gelatin; talc
powder; excipient such as cocoa butter and wax for suppository; oil such as
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; glycol such as propylene glycol or polyethylene glycol; ester
such as ethyl oleate and ethyl laurate; agar; buffer agent such as
magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free
water; isotonic brine; Ringer’s liuqid; ethanol; and phosphate buffer, and
other non-toxic and compatible lubricants such as sodium lauryl sulfate and
magnesium stearate. According to the judge of preparation preparing
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personnel, colorant, releaser, coating agent, sweetener, flavoring agent,
fragrant agent, preservative and antioxidant can also be present in the
composition.

The compound of the present invention can be used alone or in
combination with other therapeutic agents for treating the diseases or
symptoms (such as cancer) described in the invention. In some
embodiments, the compound of the present invention is combined in
pharmaceutical combination preparation or combined in administration
scheme as combination therapy with a second compound having high-
proliferation resistance or for treating highly proliferative diseases (such as
cancer). The second compound in the pharmaceutical combination
preparation or quantitative administration scheme preferably has activity
complementary to the compound of the present invention, so that they do
not adversely affect each other. Such compounds appropriately exist in
combination with quantity that is effective for planning purpose. In one
embodiment, the compound of the present invention is combined with
other anti-tumor drugs. The antitumor drugs include: alkylating agents
including but not limited to cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, carmostine; platinum metals including but not
limited to carboplatin, cisplatin, oxaliplatin; topoisomerase inhibitors
including but not limited to topotecan, camptothecin, topotecan, irinotecan;
antibiotics 1including but not limited to anisomycin, actinomycin D,
daunorubicin, doxorubicin, mitoxantrone, bleomycin and mithramycin;
anti-microtubule or anti-mitotic agents including but not limited to
paclitaxel, vinorelbine, docetaxel, doxorubicin; antimetabolites including
but not limited to fluorouracil, methotrexate, cytarabine, mecaptopurine,
thioguanine and gemcitabine; antibodies including but not limited to
herceptin and bevacizumab; hormones including but not limited to letrazole,
vorazole, tamoxifen, toremifene, fulvestrant, flutamide, nilutamide and
triptorelin; kinase inhibitors such as EGFR kinase inhibitors including but
not limited to gefitinib, erlotinib, lapatinib and afatinib; VEGFR inhibitors
including but not limited to sorafenib, regorafenib, sunitinib, cabozantinib,
pazopanib, vandetanib, axitinib; ALK inhibitors including but not limited
to crizotinib, ceritinib and alectinib; Bcr-Abl inhibitors including but are
not limited to 1matinib, ponatinib, nilotinib and dasatinib; BTK inhibitors
including but not limited to ibrutinib; B-RAF inhibitors including but not
limited to vemurafenib; Cyclin-dependent kinase CDK4/6 inhibitor
palbociclib; mTOR inhibitors including but not limited to rapamycin and
everolimus; deacetylase inhibitors including but not limited to vorinostat;
and PD1/PDLI antibodies such as Keytruda (Pembrolizumab) and Opdivo
(Nivolumab).
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In the fourth aspect of the present invention, there is provided use of the
compound, its stereoisomer, geometric  isomer, tautomer or
pharmaceutically acceptable salt in the first aspect, or the pharmaceutical
composition in the third aspect in the preparation of medicaments for
preventing and/or treating PI3K-mediated diseases. Wherein, PI3K-
mediated diseases include cancer, immune diseases, cardiovascular
diseases, viral infections, inflammation, metabolism/endocrine function
disorders or neurological diseases.

BENEFICIAL TECHNICAL EFFECTS:

the compound of the present invention has high mhibitory activity against
PI3Ka, and has strong anti-proliferative activity against human lung cancer
cell NCI-H460 with high expression of PI3Ka i vitro. Efficacy study in
vivo shows that the compound of the present invention has significant
inhibitory effect on growth of human lung cancer cell line NCI-H460 and
human gastric cancer cell line HGC-27 in subcutaneous xenograft tumor in
nude mice, both in tumor volume and tumor weight.

Description of Figures

Figure 1 is a tumor growth curve, which shows growth inhibitory effect of
Example 9 on human lung cancer NCI-H460 subcutaneous xenograft tumor
in nude mice.

Figure 2 is a tumor growth curve, which shows growth inhibitory effect of
Example 44 on human lung cancer NCI-H460 subcutaneous xenograft
tumor in nude mice.

Figure 3 is a tumor growth curve, which shows growth inhibitory effect of
Example 32 on human gastric cancer HGC-27 subcutaneous xenograft
tumor in nude mice.

EXAMPLES
The followings are the specific examples of the present invention, which
further describe the technical solution of the present invention, but the
protection scope of the present invention is not limited to these examples.
Any change or equivalent substitution that does not depart from the present
invention is included in the protection scope of the present invention.

In the following examples, molecule with single chiral center exists in the
form of racemic mixture unless structural formula or chemical name is
specified otherwise. Molecules with two or more chiral centers exist in

form of diastereomer racemic mixture unless structural formula or chemical
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name is specified otherwise. Single enantiomer/diastereomer can be
obtained by methods known to those skilled in the art.

Methods of Preparation

The compounds of the present invention can be synthesized according to
the synthetic scheme in the present invention and/or techniques well known
in the art. For example, the compounds provided by the invention can be
prepared according to the following general synthetic method.

General synthetic method

0 o)
s _CO,H Br_ . _CO.H
| \.’ 2 | , ) “xl R 2 5 . Br o 3 : Br. 'N,’OME
7 NH, 7 NH, ke Me
OMe OMe | NH;
OMe OMe
A B c D

Particularly, in the general synthetic method, the quinazoline compounds of
the present invention can be prepared by 10-step reactions. For example,
the starting material A was converted to compound B by bromination
reaction, which was reacted with triphosgene to afford compound C.
Compound C was reacted with N, O-dimethylhydroxylamine hydrochloride
to afford compound D, which was attacked with methylmagnesium
bromide to give compound E. Compound E was reacted with 50%
cyanamide in water to obtain compound F containing a quinazoline
skeleton, whose amino group was protected by cyclization with 2,5-
hexanedione. The obtained compound G was reacted with aluminum
trichloride to remove the methyl group to afford the general intermediate H.
The intermediate H was reacted with various alcohol via Mitsunobu

reaction, or reacted with halide to obtain compound I, which was
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deprotected by hydroxylamine hydrochloride to give compound J. Under
Suzuki reaction conditions known by those skilled in the art, compound F
and J were coupled with substituted pyridine-3-boronic acid pinacol ester
to obtain compounds 1-28. Alternatively, compound J was reacted with
bis(pinacolato)diboron to give the corresponding boronic acid pinacol ester,
which was then coupled with substituted 3-bromopyridine to obtain the
final product compounds 1-28.

0 0
CO,H Br~_-x, -COzH
1 | 5 F_ir\E o o 3 Br. 'N_'OME
NH, 7 NH, g ,,E‘\ Me
OMe OMe g NH;
OMe OMe
A B c D
i B
,-'B F
4 EFT\ 5 ’T\r"' r 6 \ /T\/ = |
T - - I, . \\,
= NHa HsN ‘?N 7 NN
OMe OMe \== OMe
E F G
\ :fl S BT T(I\\\H g
\ 2 P e
L o e = 8]
/NN e e "
. OH ke
H I J i
I'\f\_’j_(Rﬂm k\f\_/. {R;ﬂm
fINT,OCHg
Tl T NSRS gy
Ri, I Ri, M A 0=5=0
N™ N I
10 H 11 H Ry
- O - O
N %,
K L L

29-43
@(Ra)m G}(Rﬂm

In another general synthetic method, the quinazoline compounds of the
present invention can be prepared by 11-step reactions. For example, the
starting material A was converted to compound B by bromination reaction,
which was reacted with triphosgene to afford compound C. Compound C
was reacted with N, O-dimethylhydroxylamine hydrochloride to afford
compound D, which was attacked by methylmagnesium bromide to give
compound E. Compound E was reacted with 50% cyanamide in water to
obtain compound F containing a quinazoline skeleton, whose amino group
was protected by cyclization with 2,5-hexanedione. The obtained
compound G was reacted with aluminum trichloride to remove the methyl
group to afford the general intermediate H. The intermediate H was reacted
with various alcohol via Mitsunobu reaction, or reacted with various halide
to obtain compound I, which was deprotected by hydroxylamine
hydrochloride to give compound J. Using sodium hydride or pyridine as
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base, compound J was reacted with alkyl halide or alkyl acyl chloride to
afford compound K. Under Suzuki reaction conditions known by those
skilled in the art, compound K was coupled with substituted pyridine-3-
boronic acid pinacol ester to obtain compounds 29-43.

0
CO,H Br- COzH
( T Br_ Bra_ vlLN_,OMe
== "NH, |g\ | 58 Me
OMe N NH;
OMe OMe
A c D
0
P Br S 5 NP F | Br 6 NZ 5:\r,8r
" | P - NN " L:,» T
E NH., N N
OMe L OMe M oH
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e l_,-‘

. L~ I\( 0= NéHO
N |
0\
N !l. L 44-73
Rz Rz

In another general synthetic method, the quinazoline compounds of the
present invention can be prepared by 8-step reactions. For example, the
starting material A was converted to compound B by bromination reaction,
which was reacted with triphosgene to afford compound C. Compound C
was reacted with N,O-dimethylhydroxylamine hydrochloride to afford
compound D, which was attacked with methylmagnesium bromide to give
compound E. Compound E was reacted with ammonium formate and
formamide obtain compound F containing a quinazoline skeleton, which
was reacted with aluminum trichloride to remove the methyl group to
afford the general intermediate G. The intermediate G was reacted with
various alcohol via Mitsunobu reaction, or reacted with halide to obtain
compound H. Under Suzuki reaction conditions known by those skilled in
the art, compounds F and H was coupled with substituted pyridine-3-
boronic acid pinacol ester to obtain compounds 44-73. Alternatively,
compound H was reacted with bis(pinacolato)diboron to give the
corresponding boronic acid pinacol ester, which was then coupled with
substituted 3-bromopyridine to obtain the final product compounds 44-73.

The compounds of the present invention can be synthesized according to
one or more synthetic schemes and/or techniques well known in the art.
Those skilled in the art should realize that the synthetic method of some
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embodiments described in detail in the present invention can be easily
applied to other embodiments. In some embodiments, the compound
described herein can be prepared by appropriate combinations of synthetic
methods known in the art. Many starting materials and other reagents can
be purchased from commercial suppliers, such as Alfa aesar (China)
chemical co., LTD., or easily prepared by synthetic methods commonly
used in the art.

'"H NMR spectra were recorded on instruments operated at 400 MHz or
500MHz. 'H NMR spectra were obtained in solution form (reported as
ppm), using CDCly (7.26 ppm) or DMSO-ds (2.50 ppm) or internal
standard tetramethylsilane (0.00 ppm) as reference standard. When
reporting peak multiplicity, the following abbreviations are used: s (singlet),
d (doublet), t (triplet), q (quartet), m (multiplet), br (broad peak), dd
(double-doublet), dt (double-triplet). The given coupling constant is
measured in Hertz (Hz).

(R)- and (S)-isomers of non-restrictive exemplary compounds, if present,
can be separated by methods known by those skilled in the art if needed,
such as can be separated by, for example, crystallization through forming
diastereomeric salts or complexes; can be separated by, for example,
crystallization or chromatography through forming diastereomeric
derivatives; by allowing one enantiomer to selectively react with an
enantiomer specific reagent, then separating the modified and unmodified
enantiomers; or through chromatographic separation in chiral environment
such as chiral chromatographic column. Selectively, specific enantiomers
can be prepared by asymmetric synthesis using optically-active reagents,
substrates, catalysts or solvents, or prepared by converting one enantiomer
into another one through asymmetric conversion.

In the following preparative methods and examples, “Me” means
methyl, “Et” means ethyl, “Ph” means phenyl, “PE” means petroleum ether,
“EtOAc” means ethyl acetate, “MeOH” means methanol, “DMF” means
N,N-dimethyl formamide, “CDCl;” means chloroform-d, “DMSO-ds”
means dimethyl sulfoxide-ds, “NMP” means [-methyl-2-pyrrolidinone,
“DCM” means dichloromethane, “DCE” means 1,2-dichloroethane, “THF”
means tetrahydrofuran, “HCI” means hydrochloric acid, “TsOH” means 4-
methylbenzenesulfonic acid, “AlCls” means aluminium chloride, “TEA”
means trimethylamine, “NBS” means N-bromosuccinimide, “Na,SO4”
means sodium sulphate, “K>CO3” means potassium carbonate, “MeMgBr”
means  methylmagnesium  bromide, “DEAD” means  diethyl
azodicarboxylate, “PPhs” means triphenylphosphine, “PdCl>(dppf)” means
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(Il), “Ar” means
argon, “M” means molarity, “r.t.” means room temperature, “min” means
minute, “h” means hour, “mL” means milliliter, “mmol” means millimole,
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“uM” means micromole, “nM” means nanomole, “°C” means degree
Celsius.

Preparation of general intermediate (H)

Step 1: Preparation of 2-amino-5-bromo-3-methoxybenzoic acid (B)

Br_ . -COsH
o # “NH,
OMe

NBS (28.04g, 157.5mmol) was added to a solution of 2-amino-3-
methoxylbenzoic acid (25.08 g, 150 mmol) in DMF (200 mL) in five
portions over 20 minutes. The mixture was stirred at r.t. for 2h. The
reaction mixture was diluted with water (2 L) and extracted with EtOAc
(500 mLx4). The combined organic layers were washed with water (500
mLx3) and brine (500 mL), dried over anhydrous Na;SOj, filtered and
concentrated to afford the crude product (B) as a black brown solid (35 g,
95% yield), which was used in the next step without purification.

'H NMR (400 MHz, DMSO-de) & 7.42 (d, J = 2.2 Hz, 1H), 7.07 (d, J
— 2.2 Hz, 1H), 3.84 (s, 3H).

Step 2: Preparation of 6-bromo-8-methoxy-2H-benzo[d][ 1,3 ]oxazine-
2,4(1H)-dione (C)
o]
Br_ =, o

L M
¢ N
H
OMe

o]

A mixture of compound (B) (35 g, 142.2 mmol) and triphosgene (32 g,
107.8 mmol) in anhydrous THF (350 mL) was refluxed for 3 h. After
cooling to r.t., the resulting solid was collected by filtration, washed with
PE/EtOAc solution (1:1, v/v, 200 mL), and dried to afford the product (C)
as a pale yellow solid (30.78 g, 80% yield).

'H NMR (400 MHz, DMSO-ds) § 11.43 (s, 1H), 7.56 (d, J = 2.0 Hz,
1H), 7.55 (d, J = 2.0 Hz, 1H), 3.92 (s, 3H).

Step 3: Preparation of 2-amino-5-bromo-N,3-dimethoxy-N-
methylbenzamide (D)
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A mixture of compound (C) (30.78 g, 113.12 mmol), N,O-
dimethylhydroxylamine hydrochloride (16.55 g, 169.68 mmol) and TEA
(26.7 mL, 192.3 mmol) in 1,4-dioxane (300 mL) was refluxed overnight.
The volatiles were removed under reduced pressure. The residue was
diluted with water (500 mL), and extracted with EtOAc (200 mLx3). The
combined organic layers were washed with water (200 mLx2) and brine
(200 mL), dried with anhydrous Na,SOs, filtered and concentrated. The
residue was purified by flash column chromatography (silica gel,
PE/EtOAc = 4:1, v/v) to afford the product (D) as a yellow oil (29.73 g,
91% yield).

'H NMR (400 MHz, DMSO-ds) § 7.01 (d, J = 2.0 Hz, 1H), 6.97 (d, J
= 2.0 Hz, 1H), 5.10 (br s, 2H), 3.82 (s, 3H), 3.53 (s, 3H), 3.22 (s, 3H).

Step 4: Preparation of 1-(2-amino-5-bromo-3-methoxyphenyl)ethanone (E)

0
Br\w/\%[\/u\\
EH/J s
OMe
To a solution of compound (D) (29.73 g, 103 mmol) in anhydrous THF
(300 mL) at -20 °C under argon atmosphere was added methylmagnesium
bromide (1M in THF, 206 mL, 206 mmol) dropwise over 30 minutes. The
resulting reaction mixture was stirred at -20 °C for 30 minutes, and then
quenched with saturated aqueous NH4Cl solution. The mixture was diluted
with water (1 L) and extracted with EtOAc (300 mLx3). The combined
organic layers were washed with water (300 mLx2) and brine (300 mL),
dried over anhydrous Na>SOs, filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, PE/EtOAc= 15:1, v/v)
to afford the product (E) as a yellow oil (6.5 g, 26% yield).

'H NMR (400 MHz, DMSO-ds) § 7.50 (d, J = 2.0 Hz, 1H), 7.08 (d, J
= 2.0 Hz, 1H), 7.04 (s, 2H), 3.84 (s, 3H), 2.51 (s, 3H).

Step 5: Preparation of 6-bromo-8-methoxy-4-methylquinazolin-2-amine (F)
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A mixture of compound (E) (7.41 g, 30.36 mmol), and concentrated
HCI (10 mL) in 50% cyanamide in water (74 mL) was stirred at 120 °C for
15 min. The reaction mixture was cooled to r.t. and diluted with water (300
mL). The resulting solid was collected by filtration, washed with water
(100 mL) and ethanol (30 mL), dried to affor the product (F) as a pale
yellow solid (8.00 g, 98%yield).

'H NMR (400 MHz, DMSO-de) & 7.67 (d, J = 2.0 Hz, 1H), 7.20 (d, J
= 2.0 Hz, 1H), 6.90 (br s, 2H), 3.88 (s, 3H), 2.67 (s, 3H).

Step 6: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-8-
methoxy-4-methylquinazoline (G)

Br

i ,i
C "

A mixture of compound (F) (8.00 g, 29.84 mmol), 2,5-hexanedione (13.61
g, 119.36 mmol) and p-toluenesulfonic acid monohydrate (0.568 g, 2.98
mmol) in NMP (80 mL) and toluene (80 mL) was refluxed to separate
water at 160 °C for 6 h. The reaction mixture was cooled to r.t., evaporated
under reduced pressure to remove toluene, diluted with water (400 mL) and
extracted with EtOAc (100 mLx3). The combined organic layers were
washed with water (100 mLx3) and brine (100 mL), dried over anhydrous
NaxSO, filtered and concentrated. The residue was purified by column
chromatography (silica gel, PE/EtOAc= 30:1, v/v) to afford the product (G)
as a yellow solid (8.95 g, 87% yield).

'H NMR (400 MHz, DMSO-ds) 5 8.04 (d, J = 1.8 Hz, 1H), 7.57 (d, J
= 1.8 Hz, 1H), 5.84 (s, 2H), 4.01 (s, 3H), 2.92 (s, 3H), 2.30 (s, 6H).

Step 7: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-
methylquinazolin-8-ol (H)
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To a solution of compound (G) (3.27 g, 9.56 mmol) in DCE (300 mL)
was added AICl; (3.83 g, 28.68 mmol). The resulting reaction mixture was
stirred at 80 °C for 1.5 h. The reaction mixture was cooled to r.t., diluted
with water (300 mL) and extracted with DCM (300 mLx2). The combined
organic layers were washed with water (200 mL) and brine (100 mL), dried
over anhydrous Na,SOs, filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, PE/EtOAc = 50:1, v/v)
to afford the product (H) as a yellow solid (2.41 g, 77% yield).

'H NMR (400 MHz, DMSO-ds) 5 10.64 (s, 1H), 7.93 (d, J = 2.0 Hz,
1H), 7.44 (d, J = 2.0 Hz, 1H), 5.84 (s, 2H), 2.91 (s, 3H), 2.29 (s, 6H).

Preparation of general intermediate (M)

Step 1: Preparation of 6-bromo-8-methoxy-4-methylquinazoline (L)

i

NZ N | Br
ﬂ'- >
‘H_N =

L OMe

A mixture of compound (E) (3.328 g, 13.63 mmol) and ammonium formate
(3.271 g, 54.52 mmol) in formamide (34 mL) was refluxed at 150 °C for 7
h. The reaction mixture was cooled to r.t., diluted with water (150 mL) and
extracted with EtOAc (100 mLx3). The combined organic layers were
washed with water (100 mLx2) and brine (100 mL), dried over anhydrous
NaSOs, filtered and concentrated. The residue was purified with flash
column chromatography (silica gel, PE/EtOAc = 10:1, and then 4:1, v/v) to
afford the product (L) as a yellow solid (2.492 g, 72.2% yield).

'H NMR (400 MHz, DMSO-dq) & 9.09 (s, 1H), 8.00 (d, J = 1.9 Hz,
1H), 7.54 (d, J = 1.9 Hz, 1H), 4.00 (s, 3H), 2.87 (s, 3H).

Step 6: Preparation of 6-bromo-4-methylquinazolin-8-ol (M)

N~ Br

.

N

M OH
To a solution of compound (L) (4.36 g, 17.23 mmol) in DCE (390 mL) was
added AICl; (6.90 g, 51.69 mmol). The resulting reaction mixture was
stirred at 80 °C for 1.5 h. The reaction mixture was cooled to r.t., diluted
with water (400 mL) and extracted with DCM (300 mLx*2). The combined
organic layers were washed with water (200 mL) and brine (100 mL), dried
over anhydrous Na;SOs, filtered and concentrated. The residue was
purified with flash column chromatography (silica gel, DCM/MeOH =
100:1, v/v) to afford the product (M) as a yellow solid (3.02 g, 73.3%
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yield).
'H NMR (400 MHz, DMSO-ds) § 10.83 (s, 1H), 9.10 (s, 1H), 7.87 (d,

J=2.0 Hz, 1H), 7.41 (d, J= 2.0 Hz, 1H), 2.86 (s, 3H).

Example 1: N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (1)

N.__.OMe
1 Crep
N TR 3 N,S =
y Hlos
HoN™ TN F F
= 1
O

Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-methyl-
8-((tetrahydro-2H-pyran-4-yl)oxy)quinazoline (I-1)

To a stirred solution of compound (H) (3.322 g, 10 mmol),
triphenylphosphine (3.148 g, 12 mmol) and tetrahydro-2H-pyran-4-yl
(1.226 g, 12 mmol) in anhydrous THF (50 mL) was added diethyl
azodicarboxylate (2.09 g, 12 mmol) at r.t. under Ar atmosphere. The
resulting reaction mixture was stirred at r.t. overnight. Silica gel (10 g) was
added, and the resulting mixture was evaporated to dry under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, PE/EtOAc = 10:1, v/v) to afford the product (I-1) as a yellow oil
(2.097 g, 50% yield).

'H NMR (400 MHz, DMSO-ds) & 8.04 (d, J = 1.9 Hz, 1H), 7.70 (d, J
= 1.8 Hz, 1H), 5.86 (s, 2H), 5.01 — 4.91 (m, 1H), 3.94 — 3.80 (m, 2H), 3.56
(ddd, J = 11.2, 8.0, 3.2 Hz, 2H), 2.92 (s, 3H), 2.36 (s, 3H), 2.09 — 1.94 (m,
2H), 1.77 — 1.65 (m, 2H).

Step 2: Preparation of 6-bromo-4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-2-amine (J-1)
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A mixture of compound (I-1) (2.082 g, 5.0 mmol) and hydroxylamine
hydrochloride (1.734 g, 25 mmol) in ethanol (40 mL) and water (4 mL)
was refluxed overnight. The resulting mixture was evaporated to dry under
reduced pressure, diluted with water (100 mL), neutralized with saturated
aqueous NaHCOs solution, and extracted with DCM (50 mL x 3). The
combined organic layers were washed with water (50 mL) and brine (50
mL), dried over anhydrous Na,SOy, filtered, and concentrated. The residue
was purified by column chromatography (silica gel, DCM/MeOH = 50:1,
v/v) to afford the product (J-1) as a yellow oil (0.667g, 39% yield).

'H NMR (400 MHz, DMSO-ds) § 7.68 (d, J = 2.0 Hz, 1H), 7.36 (d, J
= 2.0 Hz, 1H), 6.85 (s, 2H), 4.82 — 4.73 (m, 1H), 3.94 — 3.87 (m, 2H), 3.53
—3.45 (m, 2H), 2.65 (s, 3H), 2.05 — 1.96 (m, 2H), 1.68 — 1.58 (m, 2H).

MS (ESI+) m/z 337.8, 339.8 [M + HJ".

Step 3: Preparation of N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (1)

HEN Nji;[ \/L
@ 1
O

A mixture of compound (J-1) (538 mg, 1.59 mmol), N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-

difluorobenzenesulfonamide (814 mg, 1.91 mmol) and 2M aqueous K>CO3
solution (2.40 mL, 4.8 mmol) in dioxane (15 mL) was degassed and then
PdCly(dppf) (58 mg, 0.08 mmol) was added. The resulting reaction mixture
was degassed and back-filled with argon (three cycles), and then stirred at
100 °C under Ar atmosphere for 5 h. The reaction mixture was cooled to r.t.,
diluted with EtOAc (50 mL) and water (50 mL), acidified with 2M HCl
solution until the pH value was 5-6. The two layers were separated and the
aqueous layer was extracted with EtOAc (30 mLx2). The combined
organic layers were washed with water (50 mL) and brine (50 mL), dried
over anhydrous Na;SOs, filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, DCM/MeOH = 50:1,
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v/v) to afford the product (1) as a yellow foamed solid (400 mg, 45% yield).

'H NMR (400 MHz, DMSO-de) & 10.29 (s, 1H), 8.44 (d, J = 2.2 Hz,
1H), 7.96 (d, J = 2.2 Hz, 1H), 7.76 (dt, J= 8.4, 2.4 Hz, 1H), 7.66 (d, J= 1.2
Hz, 1H), 7.64 — 7.54 (m, 1H), 7.46 (d, J = 1.2 Hz, 1H), 7.23 (dt, J = 8.6, 2.0
Hz, 1H), 6.79 (s, 2H), 4.97 — 4.82 (m, 1H), 3.98 — 3.89 (m, 2H), 3.64 (s,
3H), 3.56 — 3.45 (m, 2H), 2.75 (s, 3H), 2.10 — 1.99 (m, 2H), 1.75 — 1.58 (m,
2H).

MS (ESI+) m/z 558.2 [M + HJ".

Example 2: N-(5-(2-amino-4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2-chloro-4-
fluorobenzenesulfonamide (2)

N._OMe

o
NI’ - f%]/[‘“ NH
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Compound (2) was prepared from compound (J-1) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2-chloro-4-
fluorobenzenesulfonamide, according to the method of step 3 in Example 1.

'H NMR (400 MHz, DMSO-dq) 6 10.17 (s, 1H), 8.42 (d, J = 2.3 Hz,
1H), 7.94 (dd, J = 8.8, 6.0 Hz, 1H), 7.90 (d, J = 2.4 Hz, 1H), 7.76 (dd, J =
8.8, 2.4 Hz, 1H), 7.62 (d, J= 1.6 Hz, 1H), 7.43 (d, /= 1.4 Hz, 1H), 7.40 —
7.33 (m, 1H), 6.79 (s, 2H), 4.94 — 4.81 (m, 1H), 3.98 — 3.89 (m, 2H), 3.66
(s, 3H), 3.57 — 3.45 (m, 2H), 2.75 (s, 3H), 2.10 — 1.99 (m, 2H), 1.74 — 1.58
(m, 2H).

MS (ESI+) m/z 574.1 [M + HJ".

Example 3: N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-4-
fluorobenzenesulfonamide (3)

_N.__OMe

1K
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Compound (3) was prepared from compound (J-1) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-4-
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fluorobenzenesulfonamide, according to the method of step 3 in Example 1.

'H NMR (400 MHz, DMSO-de) & 10.04 (s, 1H), 8.39 (d, J = 2.4 Hz,
1H), 7.88 (d, J = 2.4 Hz, 1H), 7.86 — 7.79 (m, 2H), 7.61 (d, J= 1.8 Hz, 1H),
7.47 —7.39 (m, 3H), 6.79 (s, 2H), 4.95 — 4.82 (m, 1H), 3.98 — 3.89 (m, 2H),
3.65 (s, 3H), 3.56 — 3.42 (m, 2H), 2.75 (s, 3H), 2.11 — 1.98 (m, 2H), 1.74 —
1.59 (m, 2H).

MS (ESI+) m/z 540.2 [M + HJ".

Example 4: N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-5-chlorothiophene-2-
sulfonamide (4)

ﬁOMe
I
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,-l\ S 0=5=0

Compound (4) was prepared from compound (J-1) and N-(2-methoxy-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-5-
chlorothiophene-2-sulfonamide, according to the method of step 3 in
Example 1.

'"H NMR (400 MHz, DMSO-d) 6 10.34 (s, 1H), 8.46 (d, J = 2.4 Hz,
1H), 7.95 (d, J= 2.4 Hz, 1H), 7.67 (d, J= 1.6 Hz, 1H), 7.47 (d, /= 1.6 Hz,
1H), 7.39 (d, J = 4.0 Hz, 1H), 7.24 (d, J=4.0 Hz, 1H), 6.80 (s, 2H), 4.95 —
4.84 (m, 1H), 4.00 — 3.86 (m, 2H), 3.74 (s, 3H), 3.58 — 3.45 (m, 2H), 2.76
(s, 3H), 2.11 —2.00 (m, 2H), 1.77 — 1.60 (m, 2H).

MS (ESI+) m/z 562.1 [M + HJ".

Example 5: N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)methanesulfonamide (5)

|4N\| _OMe
TI L VS \“ImlJH
HN -,N¢’ = O=?=O
o}
s 1)
Compound (5) was prepared from compound (J-1) and N-(2-methoxy-

5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 3 in Example 1.
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'H NMR (400 MHz, DMSO-de) 5 9.34 (s, 1H), 8.43 (d, J = 2.3 Hz,
1H), 7.95 (d, J = 2.3 Hz, 1H), 7.70 (d, J = 1.6 Hz, 1H), 7.47 (d, J= 1.6 Hz,
1H), 6.77 (s, 2H), 4.97 — 4.81 (m, 1H), 3.98 (s, 3H), 3.96 — 3.88 (m, 2H),
3.55 — 3.44 (m, 2H), 3.08 (s, 3H), 2.75 (s, 3H), 2.10 — 2.00 (m, 2H), 1.76 —
1.57 (m, 2H).

MS (ESI+) m/z 460.2 [M + H]".

Example 6: N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)cyclopropanesulfonamide
(6)

N._.OMe

= |
NS SN
HQN/JiXJ/LjO_S_O
-
Compound (6) was prepared from compound (J-1) and N-(2-methoxy-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-

yl)cyclopropanesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-ds) & 9.37 (s, 1H), 8.43 (d, J = 2.3 Hz,
1H), 7.97 (d, J = 2.3 Hz, 1H), 7.69 (d, J = 1.8 Hz, 1H), 7.47 (d, J= 1.8 Hz,
1H), 6.78 (s, 2H), 4.97 — 4.80 (m, 1H), 3.98 (s, 3H), 3.96 — 3.88 (m, 2H),
3.57 — 3.44 (m, 2H), 2.83 — 2.70 (m, 4H), 2.12 — 1.98 (m, 2H), 1.74 — 1.61
(m, 2H), 1.01 — 0.89 (m, 4H).

MS (ESI+) m/z 486.2 [M + H]".

Example 7: N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methylpyridin-3-yl)-2,4-
difluorobenzenesulfonamide (7)
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A mixture of compound (J-1) (75 mg, 0.22 mmol), anhydrous potassium
acetate (65 mg, 0.66 mmol) and bis(pinacolato)diboron (64 mg, 0.25 mmol)
in dioxane (8 mL) was degassed and then PdCly(dppf) (16 mg, 0.022 mmol)
was added. The resulting reaction mixture was degassed and back-filled
with argon (three cycles), and then stirred at 100 °C under Ar atmosphere
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for 4 h. After cooling to rt., N-(5-bromo-2-methylpyridin-3-yl)-2,4-
difluorobenzenesulfonamide (91 mg, 0.25mmol) and 2M aqueous
potassium carbonate solution (0.44 mL, 0.88 mmol) were added to the
reaction mixture. The resulting mixture was degassed, and then PdCl,(dppf)
(16 mg, 0.022 mmol) was added. The resulting reaction mixture was
degassed and backfilled with argon (three cycles), and then stirred at
100 °C under Ar atmosphere for 5 h. The reaction mixture was cooled to r.t.,
diluted with EtOAc (30 mL) and water (30 mL), acidified with
hydrochloric acid until the pH value was 5—6. The two layers were
separated and the aqueous layer was extracted with EtOAc (30 mLx2). The
combined organic layers were washed with water (50 mL) and brine (50
mL), dried over anhydrous Na,SOy, filtered, and concentrated. The residue
was purified by preparative thin layer chromatography (silica gel,
DCM/MeOH/ammonium hydroxide = 15:1:0.1, v/v) to afford the produt (7)
as a yellow foamed solid (35 mg, 29% yield).

'H NMR (400 MHz, DMSO-ds) § 10.45 (s, 1H), 8.73 (s, 1H), 7.80 (dt,
J=8.4,6.4 Hz, 1H), 7.72 — 7.54 (m, 3H), 7.40 (s, 1H), 7.27 (dt, J = 8.4, 2.0
Hz, 1H), 6.84 (s, 2H), 4.91 — 4.80 (m, 1H), 3.98 — 3.88 (m, 2H), 3.58 — 3.43
(m, 2H), 2.73 (s, 3H), 2.33 (s, 3H), 2.08 — 1.98 (m, 2H), 1.77 — 1.58 (m,
2H).

MS (ESI+) m/z 542.2 [M + HJ".

Example 8: N-(5-(2-amino-4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-chloropyridin-3-yl)-4-fluorobenzenesulfonamide
®)

N Cl
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A mixture of compound (J-1) (75 mg, 0.22 mmol), anhydrous potassium
acetate (65 mg, 0.66 mmol), and bis(pinacolato)diboron (64 mg, 0.25 mmol)
in dioxane (8 mL) was degassed, and then PdCly(dppf) (16mg, 0.022 mmol)
was added. The resulting reaction mixture was degassed and backfilled
with argon (three cycles) and then stirred at 100 °C under Ar atmosphere
for 4 h. After cooling to rt., N-(5-bromo-2-chloropyridyn-3-yl)-4-
fluorobenzenesulfonamide (91 mg, 0.25mmol) and 2 M aqueous potassium
carbonate solution (0.44 mL, 0.88 mmol) were added to the resulting
mixture. The resulting reaction mixture was degassed, and then PdCl,(dppf)
(16 mg, 0.022 mmol) was added. The resluting mixture was degassed and
backfilled with argon (three cycles) and then stirred at 100 °C under Ar
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atmosphere for 5 h. The reaction mixture was cooled to r.t., diluted with
water (30 mL) and EtOAc (30 mL), acidified with hydrochloric acid until
the pH value was 5—6. The two layers were separated, and the aqueous
layer was extracted with EtOAc (30 mL x 2). The combined organic layers
were washed with water (50 mL) and brine (50 mL), dried over anhydrous
NaySOy, filtered, and concentrated. The residue was purified by preparative
thin layer chromatography (silica gel, DCM/MeOH/ammonium hydroxide
= 15:1:0.1, v/v) to afford the product (8) as a yellow foamed solid (30 mg,
25% yield).

'H NMR (400 MHz, DMSO-dq) 6 10.53 (s, 1H), 8.67 (d, J = 1.7 Hz,
1H), 7.99 (d, J=2.3 Hz, 1H), 7.87 - 7.77 (m, 2H), 7.71 (d, J= 1.7 Hz, 1H),
7.51 = 7.40 (m, 3H), 6.90 (s, 2H), 4.95 — 4.82 (m, 1H), 3.98 — 3.88 (m, 2H),
3.57 - 3.44 (m, 2H), 2.76 (s, 3H), 2.12 — 1.95 (m, 2H), 1.75 — 1.59 (m, 2H).

MS (ESI+) m/z 544.1 [M + HJ".

Example 9: (R)-N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (9)

HaN™ N . G:io
0 =
SR

Step 1: Preparation of (R)-6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-
methyl-8-((tetrahydrofuran-3-yl)oxy)quinazoline (I-9)
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According to the method of step 1 in Example 1, compound (I-9) was
prepared from compound (H) and (S)-tetrahydrofuran-3-ol.

'"H NMR (400 MHz, CDCl;) § 7.82 (d, J= 1.6 Hz, 1H), 7.22 (d, J =
1.6 Hz, 1H), 5.91 (s, 2H), 5.22 — 5.14 (m, 1H), 4.18 — 3.94 (m, 4H), 2.91 (s,
3H), 2.45 (s, 6H), 2.33 — 2.26 (m, 2H).

Step 2: Preparation of (R)-6-bromo-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-2-amine (J-9)
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According to the method of step 2 in Example 1, compound (J-9) was
prepared from compound (1-9).

'H NMR (400 MHz, DMSO-ds) 8 7.69 (d, J = 2.0 Hz, 1H), 7.21 (d, J
= 2.0 Hz, 1H), 6.89 (s, 2H), 5.25 — 5.18 (m, 1H), 3.97 — 3.83 (m, 3H), 3.80
~3.72 (m, 1H), 2.66 (s, 3H), 2.33 — 2.21 (m, 1H), 2.05 — 1.93 (m, 1H).

Step 3: Preparation of (R)-N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2.,4-
difluorobenzenesulfonamide (9)
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Compound (9) was prepared from compound (J-9) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.44 (d, J = 2.3 Hz,
1H), 7.97 (d, J= 2.3 Hz, 1H), 7.82 — 7.72 (m, 1H), 7.67 (d, J= 1.5 Hz, 1H),
7.64 —7.53 (m, 1H), 7.32 (d, J= 1.5 Hz, 1H), 7.22 (dt, J = 8.4, 2.0 Hz, 1H),
6.83 (s, 2H), 5.43 — 5.29 (m, 1H), 4.02 — 3.85 (m, 3H), 3.83 — 3.74 (m, 1H),
3.65 (s, 3H), 2.75 (s, 3H), 2.35 — 2.22 (m, 1H), 2.08 — 2.01 (m, 1H).

MS (ESI+) m/z 544.1 [M + HJ".

Example 10: (R)-N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)methanesulfonamide (10)
N.__.OMe
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Compound (10) was prepared from compound (J-9) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 3 in Example 1.
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'H NMR (400 MHz, DMSO-de) 5 9.35 (s, 1H), 8.44 (d, J = 2.3 Hz,
1H), 7.97 (d, J = 2.3 Hz, 1H), 7.71 (d, J = 1.6 Hz, 1H), 7.34 (d, J= 1.6 Hz,
1H), 6.83 (s, 2H), 5.39 — 5.33 (m, 1H), 3.98 (s, 3H), 3.97 — 3.87 (m, 3H),
3.82 — 3.74 (m, 1H), 3.09 (s, 3H), 2.75 (s, 3H), 2.34 — 2.22 (m, 1H), 2.12 —
2.00 (m, 1H).

MS (ESI+) m/z 446.1 [M + H]".

Example 11: (S)-N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2.,4-
difluorobenzenesulfonamide (11)
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Step 1: Preparation of (§)-6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-
methyl-8-((tetrahydrofuran-3-yl)oxy)quinazoline (I-11)
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According to the method of step 1 in Example 1, compound (I-11) was
prepared from compound (H) and (R)-tetrahydrofuran-3-ol.

'H NMR (400 MHz, DMSO-dq) 6 8.05 (d, J = 1.8 Hz, 1H), 7.58 (d, J
= 1.8 Hz, 1H), 5.85 (s, 2H), 5.38 — 5.31 (m, 1H), 4.06 — 3.75 (m, 4H), 2.92
(s, 3H), 2.34 (s, 6H), 2.32 — 2.24 (m, 1H), 2.13 — 2.02 (m, 1H).

Step 2: Preparation of (§)-6-bromo-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-2-amine (J-11)

According to the method of step 2 in Example 1, Compound (J-11) was
prepared from compound (I-11).
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'H NMR (400 MHz, DMSO-de) & 7.69 (d, J = 2.0 Hz, 1H), 7.21 (d, J
= 2.0 Hz, 1H), 6.90 (s, 2H), 5.25 — 5.18 (m, 1H), 3.97 — 3.82 (m, 3H), 3.80

~3.72 (m, 1H), 2.66 (s, 3H), 2.33 — 2.21 (m, 1H), 2.05 — 1.95 (m, 1H),

Step 3: Preparation of (S)-N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (11)
OME
JQ/O

011

Compound (11) was prepared from compound (J-11) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl1)2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-ds) 5 10.28 (s, 1H), 8.44 (d, J = 2.3 Hz,
1H), 7.97 (d, J= 2.3 Hz, 1H), 7.76 (dt, J= 8.6, 6.4 Hz, 1H), 7.67 (d, J= 1.6
Hz, 1H), 7.64 — 7.53 (m, 1H), 7.32 (d, J = 1.6 Hz, 1H), 7.22 (dt, J = 8.6, 2.3
Hz, 1H), 6.84 (s, 2H), 5.43 — 5.29 (m, 1H), 4.00 — 3.85 (m, 3H), 3.83 — 3.73
(m, 1H), 3.65 (s, 3H), 2.75 (s, 3H), 2.35 — 2.22 (m, 1H), 2.12 — 2.01 (m,
1H).

MS (ESI+) m/z 544.1 [M + HJ".

Example 12: (S)-N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)methanesulfonamide (12)

Compound (12) was prepared from compound (J-11) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 3 in Example 1.

'H NMR (400 MHz, DMSO-dq) & 9.35 (s, 1H), 8.44 (d, J = 2.3 Hz,
1H), 7.97 (d, J = 2.3 Hz, 1H), 7.71 (d, J = 1.8 Hz, 1H), 7.34 (d, J= 1.8 Hz,
1H), 6.83 (s, 2H), 5.39 — 5.33 (m, 1H), 3.98 (s, 3H), 3.96 — 3.86 (m, 3H),
3.83 — 3.74 (m, 1H), 3.09 (s, 3H), 2.75 (s, 3H), 2.35 — 2.23 (m, 1H), 2.12 —
2.02 (m, 1H).
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MS (ESI+) m/z 446.1 [M + H]".

Example 13: N-(5-(2-amino-4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)methoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (13)
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Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-methyl-
8-((tetrahydro-2 H-pyran-4-yl)methoxy)quinazoline (I-13)

Br
L
NN

\f_-J\

1-13
L

According to the method of step 1 in Example 1, compound (I-13) was
prepared from compound (H) and (tetrahydro-2H-pyran-4-yl)methanol.

'H NMR (400 MHz, DMSO-de) & 8.02 (d, J = 1.9 Hz, 1H), 7.55 (d, J
= 1.9 Hz, 1H), 5.85 (s, 2H), 4.07 (d, J = 6.2 Hz, 2H), 3.94 — 3.86 (m, 2H),
3.36 (dt, J= 11.6, 2.0 Hz, 2H), 2.91 (s, 3H), 2.35 (s, 6H), 2.19 — 2.03 (m,
1H), 1.78 — 1.69 (m, 2H), 1.52 — 1.37 (m, 2H).

¥

Step 2: Preparation of 6-bromo-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)methoxy)quinazolin-2-amine (J-13)

ol

N = | Br
HEN’J%N -
o]

ﬂ) 4413

O"xf

According to the method of step 2 in Example 1, compound (J-13) was
prepared from compound (I-13).

'H NMR (400 MHz, DMSO-ds) § 7.65 (d, J = 2.0 Hz, 1H), 7.22 (d, J
= 2.0 Hz, 1H), 6.83 (s, 2H), 3.95 (d, J = 6.7 Hz, 2H), 3.92 — 3.84 (m, 2H),
3.40 — 3.32 (m, 2H), 2.65 (s, 3H), 2.14 — 1.99 (m, 1H), 1.78 — 1.69 (m, 2H),
1.43 — 1.28 (m, 2H).
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Step 3: Preparation of N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)methoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (13)

J\ _N |,0Me
SO Rm:
H,N NH P 0=5=0
o Fao ™
[ 13
O\) F

Compound (13) was prepared from compound (J-13) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-dq) & 10.28 (s, 1H), 8.45 (d, J = 2.1 Hz,
1H), 7.97 (d, J = 2.2 Hz, 1H), 7.76 (dt, J = 8.6, 6.4 Hz, 1H), 7.64 (s, 1H),
7.63 — 7.55 (m, 1H), 7.34 (s, 1H), 7.22 (dt, J = 8.6, 2.4 Hz, 1H), 6.79 (s,
2H), 4.05 (d, J = 6.6 Hz, 2H), 3.90 (dd, J = 11.0, 3.0 Hz, 2H), 3.64 (s, 3H),
3.37 (t, J= 11.0 Hz, 2H), 2.75 (s, 3H), 2.20 — 2.05 (m, 1H), 1.84 — 1.74 (m,
2H), 1.38 (qd, J = 12.2, 4.2 Hz, 2H).

MS (ESI+) m/z 572.2 [M + HJ".

Example 14: N-(5-(2-amino-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)methoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)methanesulfonamide
(14)

Compound (14) was prepared from compound (J-13) and N-(2-
methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 3 in Example 1.

'H NMR (400 MHz, DMSO-de) 5 9.35 (s, 1H), 8.44 (d, J = 2.2 Hz,
1H), 7.97 (d, J= 2.2 Hz, 1H), 7.67 (d, J = 1.2 Hz, 1H), 7.36 (d, J= 1.2 Hz,
1H), 6.77 (s, 2H), 4.06 (d, J = 6.6 Hz, 2H), 3.98 (s, 3H), 3.90 (dd, J= 11.2,
3.0 Hz, 2H), 3.36 (t, J = 10.9 Hz, 2H), 3.08 (s, 3H), 2.75 (s, 3H), 2.20 —
2.04 (m, 1H), 1.77 (d, J = 12.4 Hz, 2H), 1.38 (qd, J = 12.4, 4.4 Hz, 2H).
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MS (ESI+) m/z 474.2 [M + HJ".

Example 15: N-(5-(2-amino-4-methyl-8-((1-methylpiperidin-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2.,4-
difluorobenzenesulfonamide (15)

N._ OMe
I

\Q*\NH
// OSO

=

J\

r”j . ﬁj

Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-methyl-
8-((1-methylpiperidin-4-yl)oxy)quinazoline (I-15)

NJ\ - Br
N
e o.
115 @
N._

According to the method of step 1 in Example 1, compound (I-15) was
prepared from compound (H) and 1-methylpiperidin-4-ol.

'H NMR (400 MHz, CDCl3) & 8.02 (d, J = 2.0 Hz, 1H), 7.64 (d, J =
2.0 Hz, 1H), 5.86 (s, 2H), 4.88 — 4.73 (m, 1H), 2.91 (s, 3H), 2.64 — 2.54 (m,
2H), 2.37 (s, 6H), 2.35 — 2.25 (m, 2H), 2.18 (s, 3H), 2.04 — 1.89 (m, 2H),
1.87 — 1.71 (m, 2H).

Step 2: Preparation of 6-bromo-4-methyl-8-((1-methylpiperidin-4-
yl)oxy)quinazolin-2-amine (J-15)

ok

NP N | Br
HAT NS

o
J-15 Q\

According to the method of step 2 in Example 1, compound (J-15) was
prepared from compound (I-15).

'H NMR (400 MHz, DMSO-d;) & 7.66 (d, J = 2.0 Hz, 1H), 7.28 (d, J
= 2.0 Hz, 1H), 6.83 (s, 2H), 4.64 — 4.47 (m, 1H), 2.78 — 2.69 (m, 2H), 2.65
(s, 3H), 2.19 (s, 3H), 2.18 — 2.10 (m, 2H), 2.04 — 1.93 (m, 2H), 1.73 — 1.60
(m, 2H).
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Step 3: Preparation of N-(5-(2-amino-4-methyl-8-((1-methylpiperidin-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (15)

N. _OMe
L

N R = NH

Lz 0=5=0

Compound (15) was prepared from compound (J-15) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-ds) 5 10.56 (br s, 1H), 8.40 (d, J= 2.4 Hz,
1H), 7.94 (d, J = 2.4 Hz, 1H), 7.76 (dt, J= 8.6, 6.4 Hz, 1H), 7.71 (d, J= 1.6
Hz, 1H), 7.61 — 7.51 (m, 2H), 7.22 (dt, J = 8.4, 2.1 Hz, 1H), 6.84 (s, 2H),
4.95 — 4.85 (m, 1H), 3.64 (s, 3H), 3.10 — 2.95(m, 2H), 2.76 (s, 3H), 2.69 (s,
3H), 2.25 — 2.13 (m, 2H), 2.07 — 1.95(m, 2H).

MS (ESI+) m/z 571.18994 [M + HJ".

Example 16: N-(5-(2-amino-4-methyl-8-(2-morpholinoethoxy)quinazolin-
6-yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (16)

N._.OMe
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Step 1: Preparation of 4-(2-((6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-
methylquinazolin-8-yl)oxy)ethyl)morpholine (I-16)

According to the method of step 1 in Example 1, compound (I-16) was
prepared from compound (H) and 2-(morpholinyl)-ethanol.

'H NMR (400 MHz, CDCl3) & 8.02 (d, J = 2.0 Hz, 1H), 7.64 (d, J =
2.0 Hz, 1H), 5.85 (s, 2H), 4.33 (t, J = 5.1 Hz, 2H), 4.04 (g, J = 7.0 Hz, 4H),
3.64 — 3.46 (m, 4H), 2.92 (s, 3H), 2.81 (t, J= 5.1 Hz, 2H), 2.53 (s, 6H).
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Step 2: Preparation of 6-bromo-4-methyl-8-(2-
morpholinoethoxy)quinazolin-2-amine (J-16)

NZ NF | Br
sz,-J‘?:N I
o

I
0@ J16
According to the method of step 2 in Example 1, compound (J-16) was
prepared from compound (I-16).

'H NMR (500 MHz, DMSO-de) & 7.67 (s, 1H), 7.28 (s, 1H), 6.90 (s,
2H), 421 (t, J = 5.9 Hz, 2H), 3.67 — 3.50 (m, 4H), 2.74 (t, J = 5.8 Hz, 2H),
2.66 (s, 3H), 2.51 (br s, 4H).

Step 3: Preparation of N-(5-(2-amino-4-methyl-8-(2-
morpholinoethoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (16)

_/J 16

Compound (16) was prepared from compound (J-16) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
£

'H NMR (400 MHz, DMSO-d;) & 8.44 (d, J = 2.2 Hz, 1H), 7.97 (d, J
= 2.2 Hz, 1H), 7.76 (dt, J = 8.6, 6.4 Hz, 1H), 7.65 (d, J= 1.6 Hz, 1H), 7.58
(ddd, J=10.4, 9.4, 2.4 Hz, 1H), 7.38 (d, J = 1.6 Hz, 1H), 7.26 — 7.17 (m,
1H), 6.84 (s, 2H), 4.31 (t, J= 6.0 Hz, 2H), 3.64 (s, 3H), 3.61 (t, /= 4.6 Hz,
4H), 2.81 (t, /= 6.0 Hz, 2H), 2.75 (s, 3H), 2.61 — 2.52 (m, 4H).

MS (ESI+) m/z 587.2 [M + HJ".

Example 17: N-(5-(2-amino-8-((4,4-difluorocyclohexyl)oxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (17)
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Step 1: Preparation of 6-bromo-8-((4,4-difluorocyclohexyl)oxy)-2-(2,5-
dimethyl-1H-pyrrol-1-yl)-4-methylquinazoline (I-17)

v NP | Br
(NJ%N 4
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17
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F
According to the method of step 1 in Example 1, compound (I-17) was
prepared from compound (H) and 4,4-difluorocyclohexanol.

'H NMR (400 MHz, CDCl3) § 7.82 (d, J = 1.8 Hz, 1H), 7.31 (d, J =
1.8 Hz, 1H), 5.92 (s, 2H), 4.85 — 4.77 (m, 1H), 2.91 (s, 3H), 2.45 (s, 6H),
2.28 —2.14 (m, 4H), 2.07 — 1.92 (m, 4H).

Step 2: Preparation of 6-bromo-8-((4,4-difluorocyclohexyl)oxy)-4-
methylquinazolin-2-amine (J-17)

According to the method of step 2 in Example 1, compound (J-17) was
prepared from compound (I-17).

'H NMR (400 MHz, CDCl3) § 7.65 (d, J= 1.6 Hz, 1H), 7.20 (d, J =
1.6 Hz, 1H), 5.28 (br s, 2H), 4.71 — 4.62 (m, 1H), 2.74 (s, 3H), 2.41 — 2.23
(m, 2H), 2.23 — 2.10 (m, 2H), 2.07 — 1.86 (m, 4H).

Step 3: Preparation of N-(5-(2-amino-8-((4,4-difluorocyclohexyl)oxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (17)
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Compound (17) was prepared from compound (J-17) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-

difluorobenzenesulfonamide, according to the method of step 3 in Example
[

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.43 (d, J = 2.2 Hz,
1H), 7.96 (d, J= 2.2 Hz, 1H), 7.76 (dt, J= 8.4, 6.6 Hz, 1H), 7.69 (d, J= 1.4
Hz, 1H), 7.63 — 7.54 (m, 1H), 7.50 (d, J = 1.4 Hz, 1H), 7.22 (dt, J= 8.4, 2.0
Hz, 1H), 6.76 (s, 2H), 4.97 — 4.88 (m, 1H), 3.64 (s, 3H), 2.76 (s, 3H), 2.28
~2.11 (m, 2H), 2.08 — 1.81 (m, 6H).

MS (ESI+) m/z 592.2 [M + HJ".

Example 18: N-(5-(2-amino-8-((4-methoxycyclohexyl)oxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (18)

F and F

Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-8-((4-
methoxycyclohexyl)oxy)-4-methylquinazoline (I-18)

N-’:’k/ Br
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According to the method of step 1 in Example 1, compound (I-18) was
prepared from compound (H) and 4-methoxycyclohexyl-1-ol.

'H NMR (400 MHz, CDCl3) § 8.01 (d, J= 1.9 Hz, 1H), 8.00 (d, J=
1.9 Hz, 1H), 7.64 (d, J= 1.9 Hz, 1H), 7.62 (d, J = 1.8 Hz, 1H), 5.85 (s, 2H),
4.86 — 4.74 (m, 2H), 3.36 — 3.26 (m, 2H), 3.25 (s, 3H), 3.24 (s, 3H), 2.91 (s,
6H), 2.36 (s, 6H), 2.35 (s, 6H), 2.08 — 1.84 (m, 6H), 1.76 — 1.68 (m, 6H),
1.65 — 1.54 (m, 2H), 1.53 — 1.42 (m, 2H).
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Step 2: Preparation of 6-bromo-8-((4-methoxycyclohexyl)oxy)-4-

methylquinazolin-2-amine (J-18)
HQNAN
O\O\

N7 Br
HzN’k\N
O
~ and o

According to the method of step 2 in Example 1, compound (J-18) was
prepared from compound (I-18), obtaining two new spots with similar
polarity.

oy

The spot of lower polarity:

'H NMR (400 MHz, DMSO-de) & 7.65 (d, J = 1.8 Hz, 1H), 7.29 (d, J
= 1.8 Hz, 1H), 6.82 (s, 2H), 4.62 — 4.52 (m, 1H), 3.29 — 3.20 (m, 4H), 2.65
(s, 3H), 2.08 — 1.95 (m, 4H), 1.57 — 1.30 (m, 4H).

MS (ESI+) m/z 366.1 [M + H]".
The spot of higher polarity:

'H NMR (400 MHz, DMSO-de) & 7.65 (d, J = 2.0 Hz, 1H), 7.27 (d, J
= 2.0 Hz, 1H), 6.80 (s, 2H), 4.71 — 4.54 (m, 1H), 3.36 — 3.32 (m, 1H), 3.24
(s, 3H), 2.65 (s, 3H), 1.86 — 1.54 (m, 8H).

MS (ESI+) m/z 366.1 [M + HJ".

Step 3: N-(5-(2-amino-8-((4-methoxycyclohexyl)oxy)-4-methylquinazolin-
6-yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (18)

’N| OMe /N| OMe
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Compound 18-1: prepared from the spot of lower polarity in step 2,
according to the method of step 3 in Example 1.

'H NMR (400 MHz, DMSO-ds) 5 10.28 (s, 1H), 8.43 (d, J = 2.2 Hz,
1H), 7.95 (d, J = 2.2 Hz, 1H), 7.75 (dt, J = 8.6, 6.4 Hz, 1H), 7.64 (s, 1H),
7.62 — 7.55 (m, 1H), 7.41 (s, 1H), 7.22 (dt, J = 8.4, 2.4 Hz, 1H), 6.77 (s,
2H), 4.76 — 4.65 (m, 1H), 3.64 (s, 3H), 3.28 — 3.22 (m, 4H), 2.75 (s, 3H), 2.
12 - 1.30 (m, 4H), 1.60 — 1.30 (m, 4H).

MS (ESI+) m/z 586.2 [M + HJ".
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Compound 18-2: prepared from the spot of higher polarity in step 2,
according to the method of step 3 in Example 1.

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.42 (d, J = 2.2 Hz,
1H), 7.93 (d, J = 2.2 Hz, 1H), 7.76 (dt, J = 8.4, 6.4 Hz, 1H), 7.64 (s, 1H),
7.63 — 7.54 (m, 1H), 7.38 (s, 1H), 7.22 (dt, J = 8.4, 2.4 Hz, 1H), 6.74 (s,
2H), 4.83 — 4.67 (m, 1H), 3.65 (s, 3H), 3.38 — 3.28 (m, 1H), 3.25 (s, 3H),
2.75 (s, 3H), 1.88 — 1.70 (m, 6H), 1.69 — 1.55 (m, 2H).

MS (ESI+) m/z 586.2 [M + HJ".

Example 19: N-(5-(2-amino-8-((2,2-dimethyltetrahydro-2 H-pyran-4-
yl)oxy)-4-methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (19)
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Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-8-((2,2-
dimethyltetrahydro-2 H-pyran-4-yl)oxy)-4-methylquinazoline (I-19)

According to the method of step 1 in Example 1, compound (I-19) was
prepared from compound (H) and 2,2-dimethyl-tetrahydro-2 H-pyran-4-ol.

'H NMR (400 MHz, CDCl3) 5 7.81 (d, J= 1.9 Hz, 1H), 7.29 (d, J =
1.9 Hz, 1H), 4.85 — 4.76 (m, 1H), 4.03 — 3.95 (m, 1H), 3.80 — 3.70 (m, 1H),
2.91 (s, 3H), 2.44 (s, 6H), 2.17 — 2.08 (m, 1H), 2.08 — 1.99 (m, 1H), 1.92 —
1.75 (m, 2H), 1.34 (s, 3H), 1.28 (s, 3H).

Step 2: Preparation of 6-bromo-8-((2,2-dimethyltetrahydro-2H-pyran-4-
yl)oxy)-4-methylquinazolin-2-amine (J-19)
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According to the method of step 2 in Example 1, compound (J-19) was
prepared from compound (1-19).

'H NMR (500 MHz, DMSO-de) & 7.67 (d, J = 1.5 Hz, 1H), 7.36 (d, J
= 1.5 Hz, 1H), 6.83 (s, 2H), 4.95 — 4.84 (m, 1H), 3.80 — 3.61 (m, 2H), 2.66
(s, 3H), 2.06 — 1.94 (m, 2H), 1.54 — 1.39 (m, 2H), 1.24 (s, 3H), 1.21 (s, 3H).

Step 3: Preparation of N-(5-(2-amino-8-((2,2-dimethyltetrahydro-2H-
pyran-4-yl)oxy)-4-methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (19)
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Compound (19) was prepared from compound (J-19) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-dq) & 10.29 (s, 1H), 8.44 (d, J = 2.3 Hz,
1H), 7.96 (d, J= 2.3 Hz, 1H), 7.76 (dt, J= 8.6, 6.4 Hz, 1H), 7.65 (d, J= 1.6
Hz, 1H), 7.63 — 7.54 (m, 1H), 7.44 (d, J = 1.6 Hz, 1H), 7.22 (dt, J = 8.4, 2.4
Hz, 1H), 6.78 (s, 2H), 5.08 — 4.93 (m, 1H), 3.82 — 3.66 (m, 2H), 3.65 (s,
3H), 2.75 (s, 3H), 2.13 — 1.93 (m, 2H), 1.59 — 1.41 (m, 2H), 1.25 (s, 3H),
1.22 (s, 3H).

MS (ESI+) m/z 586.2 [M + HJ".

Example 20: N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-2-
yl)methoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (20)
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Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-methyl-
8-((tetrahydrofuran-2-yl)methoxy)quinazoline (I-20)
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According to the method of step 1 in Example 1, compound (I-20) was
prepared from compound (H) and tetrahydrofurfuryl alcohol.

'H NMR (400 MHz, DMSO-d;) 6 8.03 (d, J = 1.8 Hz, 1H), 7.58 (d, J
= 1.8 Hz, 1H), 5.85 (s, 2H), 4.32 — 4.14 (m, 3H), 3.86 — 3.77 (m, 1H), 3.74
—3.66 (m, 1H), 2.92 (s, 3H), 2.34 (s, 6H), 2.10 — 1.91 (m, 2H), 1.90 — 1.77
(m, 2H).

Step 2: Preparation of 6-bromo-4-methyl-8-((tetrahydrofuran-2-
yl)methoxy)quinazolin-2-amine (J-20)
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According to the method of step 2 in Example 1, compound (J-20) was
prepared from compound (1-20).

'H NMR (400 MHz, DMSO-ds) 8 7.66 (d, J = 2.0 Hz, 1H), 7.24 (d, J
= 2.0 Hz, 1H), 6.91 (s, 2H), 4.28 — 4.18 (m, 1H), 4.11 — 3.98 (m, 2H), 3.87
~3.75 (m, 1H), 3.6673 — 3.66 (m, 1H), 2.66 (s, 3H), 2.08 — 1.97 (m, 1H),
1.97 — 1.77 (m, 2H), 1.74 — 1.62 (m, 1H).

Step 3: Preparation of N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-2-
yl)methoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (20)
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According to the method of step 3 in Example 1,Compound (20) was
prepared from compound (J-20) and N-(2-methoxy-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide.
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'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.45 (d, J = 2.3 Hz,
1H), 7.97 (d, J = 2.3 Hz, 1H), 7.76 (dt, J = 8.6, 6.4 Hz, 1H), 7.65 (d, J= 1.6
Hz, 1H), 7.63 — 7.55 (m, 1H), 7.37 (d, J = 1.6 Hz, 1H), 7.22 (dt, J = 8.4, 2.0
Hz, 1H), 6.85 (s, 2H), 4.32 — 4.22 (m, 1H), 4.20 — 4.08 (m, 2H), 3.87 — 3.79
(m, 1H), 3.71 (dt, J = 7.6, 6.4 Hz, 1H), 3.64 (s, 3H), 2.75 (s, 3H), 2.11 —
2.00 (m, 1H), 2.00 — 1.80 (m, 2H), 1.78 — 1.67 (m, 1H).

MS (ESI+) m/z 558.2 [M + HJ".

Example 21: N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)methoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (21)

Beeas
0=S=0
/\»J 21 tr\J

g 8 F

Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-4-methyl-
8-((tetrahydrofuran-3-yl)methoxy)quinazoline (I-21)

\L— N,

According to the method of step 1 in Example 1, compound (I-21) was
prepared from compound (H) and (tetrahydrofuran-3-yl) methanol.

'H NMR (400 MHz, DMSO-ds) & 8.03 (d, J = 1.6 Hz, 1H), 7.58 (d, J
= 1.6 Hz, 1H), 5.85 (s, 2H), 4.23 — 4.08 (m, 2H), 3.88 — 3.75 (m, 2H), 3.69
(dd, J = 14.8, 7.6 Hz, 1H), 3.62 (dd, J = 8.6, 5.6 Hz, 1H), 2.92 (s, 3H), 2.84
~2.71 (m, 1H), 2.35 (s, 6H), 2.12 — 2.00 (m, 1H), 1.81 — 1.70 (m, 1H).

Step 2: Preparation of 6-bromo-4-methyl-8-((tetrahydrofuran-3-
yl)methoxy)quinazolin-2-amine (J-21)

,bfj

O J-21

N

According to the method of step 2 in Example 1, compound (J-21) was
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prepared from compound (I-21).

'"H NMR (400 MHz, DMSO-ds) & 7.67 (d, J = 2.0 Hz, 1H), 7.26 (d, J
= 2.0 Hz, 1H), 6.86 (s, 2H), 4.08 — 3.95 (m, 2H), 3.84 — 3.74 (m, 2H), 3.67
(dt, J=18.0, 6.6 Hz, 1H), 3.59 (dd, /= 8.6, 5.0 Hz, 1H), 2.78 — 2.68 (m, 1H),
2.66 (s, 3H), 2.09 — 1.98 (m, 1H), 1.75 — 1.65 (m, 1H).

Step 3: Preparation of N-(5-(2-amino-4-methyl-8-((tetrahydrofuran-3-
yl)methoxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (21)

/;N| o
NS R Y
| =
H,_,N’I\N/ i 0=5=0
o) F#
/\') o
oY 2

Szl F

Me

According to the method of step 3 in Example 1,Compound (21) was
prepared from compound (J-21) and N-(2-methoxy-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide.

'H NMR (400 MHz, DMSO-de) & 10.27 (s, 1H), 8.45 (d, J = 2.2 Hz,
1H), 7.97 (d, J = 2.2 Hz, 1H), 7.75 (dt, J= 8.4, 6.4 Hz, 1H), 7.66 (d, J=1.2
Hz, 1H), 7.63 — 7.54 (m, 1H), 7.38 (d, J= 1.2 Hz, 1H), 7.21 (dt, J= 8.4, 2.2
Hz, 1H), 6.80 (s, 2H), 4.19 — 4.03 (m, 2H), 3.85 — 3.77 (m, 2H), 3.73 — 3.60
(m, SH), 2.85 — 2.70 (m, 4H), 2.12 — 1.99 (m, 1H), 1.79 — 1.69 (m, 1H).

MS (ESI+) m/z 558.2 [M + HJ".

Example 22: N-(5-(2-amino-8-(cyclohexyloxy)-4-methylquinazolin-6-yl)-
2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (22)

N._-OMe

K

N IT.‘IH
0=5=0

/L\ -
H,N™ N
Sais
el
¥ 22 L
Step 1: Preparation of 6-bromo-8-(cyclohexyloxy)-2-(2,5-dimethyl-1/-
pyrrol-1-yl)-4-methylquinazoline (1-22)

i

y N7

e Br
SOV
1-22 U
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A mixture of compound (H) (1.661 g, 5 mmol), cyclohexyl bromide
(8.15 g, 50 mmol), and potassium carbonate (6.91 g, 50 mmol) in
acetonitrile (40 mL) in a sealed tube was refluxed overnight. The reaction
mixture was cooled to r.t. and then filtered. Silica gel (5 g) was added to the
filtrate, and the resulting mixture was evaporated to dry under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, PE/EtOAc = 100:1, v/v) to afford the product (I-22) as a yellow oil
(1.7 g, 82% yield).

'"H NMR (500 MHz, DMSO-ds) 6 8.00 (d, J = 2.0 Hz, 1H), 7.61 (d, J
= 2.0 Hz, 1H), 5.85 (s, 2H), 4.79 — 4.72 (m, 1H), 2.91 (s, 3H), 2.35 (s, 6H),
1.95 - 1.86 (m, 2H), 1.79 — 1.70 (m, 2H), 1.69 — 1.57 (m, 2H), 1.56 — 1.31
(m, 4H).

Step 2: Preparation of 6-bromo-8-(cyclohexyloxy)-4-methylquinazolin-2-
amine (J-22)

According to the method of step 2 in Example 1, compound (J-22) was
prepared from compound (1-22).

'H NMR (400 MHz, DMSO-de) & 7.64 (d, J = 2.0 Hz, 1H), 7.25 (d, J
= 2.0 Hz, 1H), 6.83 (s, 2H), 4.58 — 4.45 (m, 1H), 2.65 (s, 3H), 2.04 — 1.95
(m, 2H), 1.82 — 1.67 (m, 2H), 1.65 — 1.27 (m, 6H).

Step 3: Preparation of N-(5-(2-amino-8-(cyclohexyloxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (22)
N.__OMe
*J;ju
HaNT N .
9] =~ |
oy, "0

According to the method of step 3 in Example 1,Compound (22) was
prepared from compound (J-22) and N-(2-methoxy-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide.

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.42 (d, J = 2.3 Hz,
1H), 7.93 (d, J= 2.3 Hz, 1H), 7.76 (dt, J= 8.4, 6.4 Hz, 1H), 7.63 (d, J= 1.6

m
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Hz, 1H), 7.62 — 7.56 (m, 1H), 7.36 (d, J = 1.4 Hz, 1H), 7.22 (dt, J = 8.4, 2.0
Hz, 1H), 6.76 (s, 2H), 4.70 — 4.60 (m, 1H), 3.65 (s, 3H), 2.74 (s, 3H), 2.09
~ 1.97 (m, 2H), 1.85 — 1.71 (m, 2H), 1.66 — 1.30 (m, 6H).

MS (ESI+) m/z 556.2 [M + HJ".

Example 23: N-(5-(2-amino-8-(cyclopentyloxy)-4-methylquinazolin-6-yl)-
2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (23)

N._.OMe

=

[
Tl:x S “HH
Hal™ "N o=j=o
. F s
<:J' 23 .
F

Step 1: Preparation of 6-bromo-8-(cyclopentyloxy)-2-(2,5-dimethyl-1H-
pyrrol-1-yl)-4-methylquinazoline (I-23)

; NJ\Vﬂ/BF
/}\N/LEN x%(
\\:::J\ 0\\[/5

23

According to the method of step 1 in Example 22, compound (I-23) was
prepared from compound (H) and cyclopentyl bromide.

'H NMR (500 MHz, DMSO-d;) 6 8.00 (d, J = 1.5 Hz, 1H), 7.53 (d, J
= 1.5 Hz, 1H), 5.85 (s, 2H), 5.18 — 5.09 (m, 1H), 2.91 (s, 3H), 2.34 (s, 6H),
2.03 — 1.92 (m, 2H), 1.89 — 1.80 (m, 2H), 1.80 — 1.70 (m, 2H), 1.69 — 1.58
(m, 2H).

Step 2: Preparation of 6-bromo-8-(cyclopentyloxy)-4-methylquinazolin-2-
amine (J-23)
.‘\ Br

N7
HEN’L“‘N' :

According to the method of step 2 in Example 1, compound (J-23) was
prepared from compound (I-23).

'H NMR (400 MHz, DMSO-de) & 7.64 (d, J = 2.0 Hz, 1H), 7.16 (d, J
= 2.0 Hz, 1H), 6.83 (s, 2H), 5.00 — 4.94 (m, 1H), 2.65 (s, 3H), 2.04 — 1.91
(m, 2H), 1.80 — 1.68 (m, 4H), 1.66 — 1.53 (m, 2H).
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Step 3: Preparation of N-(5-(2-amino-8-(cyclopentyloxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (23)

|/P,,:s|x|,,r:}ruf|e
)Tl\i - - AEJ\F‘IJH
N NZ Fo=s=o
YO
23

According to the method of step 3 in Example 1, Compound (23) was
prepared from compound (J-23) and N-(2-methoxy-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide,

'H NMR (400 MHz, DMSO-ds) § 10.30 (s, 1H), 8.43 (d, J = 2.4 Hz,
1H), 7.93 (d, J = 2.4 Hz, 1H), 7.77 (dt, J= 8.4, 6.4 Hz, 1H), 7.63 (d, J= 1.8
Hz, 1H), 7.63 — 7.56 (m, 1H), 7.27 (d, J = 1.6 Hz, 1H), 7.22 (dt, J = 8.4, 2.2
Hz, 1H), 6.79 (s, 2H), 5.14 — 5.08 (m, 1H), 3.66 (s, 3H), 2.75 (s, 3H), 2.10
~ 1.93 (m, 2H), 1.88 — 1.69 (m, 4H), 1.69 — 1.51 (m, 2H).

MS (ESI+) m/z 542.2 [M + HJ".

F

Example 24: N-(5-(2-amino-8-cyclobutoxy-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (24)

_N__OMe
LK

DO

HQN'A“'N,; 0=5=0
o] Bt

Step 1: Preparation of 6-bromo-8-cyclobutoxy-2-(2,5-dimethyl-1H-pyrrol-
1-yl)-4-methylquinazoline (I-24)

' N7 NF | Br
ll' ,L\

//\N.u \Nf*“'\“‘\

e

‘:Jl\ Qo
24
According to the method of step 1 in Example 22, compound (I-24) was
prepared from compound (H) and cyclobutyl bromide.

'H NMR (400 MHz, DMSO-dq) & 8.02 (d, J = 1.9 Hz, 1H), 7.35 (d, J
= 1.9 Hz, 1H), 5.85 (s, 2H), 4.98 (p, J = 7.0 Hz, 1H), 2.91 (s, 3H), 2.60 —
2.51 (m, 2H), 2.33 (s, 6H), 2.19 — 2.05 (m, 2H), 1.92 — 1.77 (m, 1H), 1.77 —
1.64 (m, 1H).
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Step 2: Preparation of 6-bromo-8-cyclobutoxy-4-methylquinazolin-2-amine
(J-24)

NJ Br
Hzm’l“‘”m'
J-24 0\‘*-{:3
According to the method of step 2 in Example 1, compound (J-24) was
prepared from compound (1-24).

'H NMR (400 MHz, DMSO-de) & 7.65 (d, J = 2.0 Hz, 1H), 7.00 (d, J
= 2.0 Hz, 1H), 6.89 (s, 2H), 4.81 (p, J = 7.0 Hz, 1H), 2.65 (s, 3H), 2.49 —
2.42 (m, 2H), 2.16 — 2.00 (m, 2H), 1.89 — 1.57 (m, 2H).

Step 3: Preparation of N-(5-(2-amino-8-cyclobutoxy-4-methylquinazolin-6-
yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (24)
_N._.OMe
I
NS /Y%INH
J‘ilf‘/“ 0=5=0

o} P
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F

HaN

According to the method of step 3 in Example 1,Compound (24) was
prepared from compound (J-24) and N-(2-methoxy-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide,

'H NMR (400 MHz, DMSO-ds) 6 10.30 (s, 1H), 8.42 (d, J = 2.3 Hz,
1H), 7.92 (d, J=2.3 Hz, 1H), 7.77 (dt, J= 8.6, 6.4 Hz, 1H), 7.64 (d, J= 1.6
Hz, 1H), 7.63 — 7.55 (m, 1H), 7.23 (dt, J= 8.6, 2.4 Hz, 1H), 7.12 (d, /= 1.6
Hz, 1H), 6.84 (s, 2H), 4.94 (p, J = 7.2 Hz, 1H), 3.66 (s, 3H), 2.75 (s, 3H),
2.55-2.46 (m, 2H), 2.19 —2.06 (m, 2H), 1.89 — 1.62 (m, 2H).

MS (ESI+) m/z 528.1 [M + HJ".

Example 25: Preparation of N-(5-(2-amino-8-(2-methoxyethoxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (25)
_N._OMe
N’vx MNH
L '

0=5=0
HaN NJQ
0 . »f‘]
Ja S
o) 25

F
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Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-8-(2-
methoxyethoxy)-4-methylquinazoline (I-25)

e

Nr’

: o | Br
\X/\ N,J%NJ
\:::_\ 0““"’\0
I-25 |
According to the method of step 1 in Example 22, compound (I-25) was
prepared from compound (H) and 2-chloroethyl methyl ether.

'H NMR (400 MHz, DMSO-de) & 7.80 (d, J = 1.9 Hz, 1H), 7.31 (d, J
= 1.9 Hz, 1H), 5.90 (s, 2H), 4.33 (t J = 4.8 Hz, 2H), 3.90 (t, J = 4.8 Hz, 3H),
3.48 (s, 3H), 2.91 (s, 3H), 2.43 (s, GH).

Step 2: Preparation of 6-bromo-8-(2-methoxyethoxy)-4-methylquinazolin-

2-amine (J-25)
NN Br
mN)%N’\‘

O
P
According to the method of step 2 in Example 1, compound (J-25) was
prepared from compound (1-25).

'H NMR (400 MHz, DMSO-de) & 7.67 (d, J = 1.8 Hz, 1H), 7.23 (d, J
= 1.8 Hz, 1H), 6.90 (s, 2H), 4.21 (t, J = 4.4 Hz, 2H), 3.90 (t, J = 4.4 Hz,
3H), 3.32 (s, 3H), 2.66 (s, 3H).

Step 3: Preparation of N-(5-(2-amino-8-(2-methoxyethoxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (25)

Jx K;M| OMe
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e 0=5=0
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According to the method of step 3 in Example 1,Compound (25) was
prepared from compound (J-25) and N-(2-methoxy-5-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide,
'"H NMR (400 MHz, DMSO-ds) 6 10.32 (br s, 1H), 8.43 (s, 1H), 7.95
(s, 1H), 7.76 (dt, J= 8.5, 6.6 Hz, 1H), 7.64 (d, J= 1.4 Hz, 1H), 7.63 — 7.55
(m, 1H), 7.34 (d, J = 1.4 Hz, 1H), 7.22 (dt, J = 8.4, 2.4 Hz, 1H), 6.87 (s,
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2H), 4.35 — 4.28 (m, 2H), 3.79 — 3.73 (m, 2H), 3.64 (s, 3H), 3.35 (s, 3H),
2.75 (s, 3H).

MS (ESI+) m/z 532.1 [M + HJ".

Example 26: N-(5-(2-amino-8-isopropoxy-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (26)

4NIOME
N7 S S S N
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HEN’L'N“ i Fo 5=0
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Step 1: Preparation of 6-bromo-2-(2,5-dimethyl-1H-pyrrol-1-yl)-8-(2-
methoxyethoxy)-4-methylquinazoline (I-26)

According to the method of step 1 in Example 22, compound (I-26) was
prepared from compound (H) and isopropyl bromide.

'H NMR (400 MHz, DMSO-de) & 8.02 (d, J = 1.8 Hz, 1H), 7.59 (d, J
= 1.8 Hz, 1H), 5.85 (s, 2H), 4.98 — 4.88 (m, 1H), 2.92 (s, 3H), 2.34 (s, 6H),
1.36 (d, J = 6.0 Hz, 6H).

Step 2: Preparation of 6-bromo-8-isopropoxy-4-methylquinazolin-2-amine

(J-26)
NI = .Br
sz’L‘N"

J-26 i

According to the method of step 2 in Example 22, compound (J-26) was
prepared from compound (1-26).

'H NMR (400 MHz, DMSO-de) & 7.64 (d, J = 2.0 Hz, 1H), 7.22 (d, J
= 2.0 Hz, 1H), 6.84 (s, 2H), 4.86 — 4.75 (m, 1H), 2.65 (s, 3H), 1.31 (d, J =
6.0 Hz, 6H).

Step 3: Preparation of N-(5-(2-amino-8-isopropoxy-4-methylquinazolin-6-
yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (26)
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According to the method of step 3 in Example 1,Compound (26) was
prepared from compound (J-26) and N-(2-methoxy-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide,

'H NMR (400 MHz, DMSO-dq) 6 10.30 (s, 1H), 8.44 (d, J = 2.3 Hz,
1H), 7.94 (d, J=2.3 Hz, 1H), 7.76 (dt, J= 8.6, 6.4 Hz, 1H), 7.64 (d, J= 1.6
Hz, 1H), 7.63 — 7.56 (m, 1H), 7.33 (s, 1H), 7.22 (dt, J = 8.4, 2.0 Hz, 1H),
6.83 (s, 2H), 5.00 — 4.89 (m, 1H), 3.64 (s, 3H), 2.75 (s, 3H), 1.34 (d, /= 6.0
Hz, 6H).

MS (ESI+) m/z 516.1 [M + HJ".

Example 27: N-(5-(2-amino-8-(cyclopropylmethoxy)-4-methylquinazolin-
6-yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (27)

N._.OMe

Step 1: Preparation of 6-bromo-8-(cyclopropylmethoxy)-2-(2,5-dimethyl-
1 H-pyrrol-1-yl)-4-methylquinazoline (I-27)

/N ‘Na‘ =
<_J\ 1-27 0\/\
According to the method of step 1 in Example 22, compound (I-27) was

prepared from compound (H) and cyclopropylmethylbromide.

'H NMR (400 MHz, DMSO-ds) 8 7.64 (d, J = 1.8 Hz, 1H), 7.14 (d, J
= 1.8 Hz, 1H), 6.91 (s, 2H), 3.90 (d, J = 7.2 Hz, 2H), 2.65 (s, 3H), 1.33 —
1.23 (m, 1H), 0.65 — 0.55 (m, 2H), 0.35 (q, J = 4.8 Hz, 2H).

Step 2: Preparation of 6-bromo-8-(cyclopropylmethoxy)-4-
methylquinazolin-2-amine (J-27)
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According to the method of step 2 in Example 22, compound (J-27) was
prepared from compound (1-27).

'H NMR (400 MHz, DMSO-ds) 8 7.64 (d, J = 1.8 Hz, 1H), 7.14 (d, J
= 1.8 Hz, 1H), 6.91 (s, 2H), 3.90 (d, J = 7.2 Hz, 2H), 2.65 (s, 3H), 1.33 —
1.23 (m, 1H), 0.65 — 0.55 (m, 2H), 0.35 (q, J = 4.8 Hz, 2H).

Step 3: Preparation of N-(5-(2-amino-8-(cyclopropylmethoxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (27)

OMe

NSy R NH
HNJLN/ r 0=8=0
2 O F
V) 27
F

Compound (27) was prepared from compound (J-27) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-de) & 10.27 (s, 1H), 8.43 (d, J = 2.2 Hz,
1H), 7.94 (d, J= 2.2 Hz, 1H), 7.75 (dt, J= 8.6, 6.4 Hz, 1H), 7.63 (d, J= 1.6
Hz, 1H), 7.62 — 7.55 (m, 1H), 7.27 (d, J = 1.6 Hz, 1H), 7.24 — 7.18 (m, 1H),
6.85 (br s, 2H), 4.00 (d, J = 7.0 Hz, 2H), 3.63 (s, 3H), 2.75 (s, 3H), 1.37 —
1.27 (m, 1H), 0.67 — 0.57 (m, 2H), 0.40 — 0.33 (m, 2H).

MS (ESI+) m/z 528.1 [M + HJ".

Example 28: Preparation of N-(5-(2-amino-8-methoxy-4-methylquinazolin-
6-yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (28)

N. _OMe
T QL
NS s o N H"x
| H
HzN’l\N’; Z N
0 28

Compound (28) was prepared from compound (F) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.
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'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.46 (d, J = 2.4 Hz,
1H), 7.97 (d, J = 2.4 Hz, 1H), 7.76 (dt, J = 8.6, 6.4 Hz, 1H), 7.65 (d, J= 1.7
Hz, 1H), 7.63 — 7.55 (m, 1H), 7.31 (d, J= 1.7 Hz, 1H), 7.26 — 7.18 (m, 1H),
6.83 (s, 2H), 3.95 (s, 3H), 3.64 (s, 3H), 2.76 (s, 3H).

MS (ESI+) m/z 488.1 [M + H]".

Example 29: N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-((tetrahydro-
2H-pyran-4-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (29)
_N._OMe
lj?/r\v TNH
/]\ - 0= S o]

r’j S

F

Step 1: Preparation of 6-bromo-N,4-dimethyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-2-amine (K-1)
ITE”

r j -

To a solution of compound (J-1) (517 mg) in DMF (50 mL) at 0 °C was
added NaH (60% dispersion in mineral oil, 153 mg, 3.82 mmol). The
resulting reaction mixture was stirred at 0 °C for 30 min, and then methyl
iodide (217 mg, 1.53 mmol) was added. The resulting reaction mixture was
stirred at r.t. for 3 h. The mixture was diluted with water (250 mL),
neutralized with 2 M HCI, and extracted with EtOAc (50 mL x 3). The
combined organic layers were washed with water (50 mL x 2) and brine
(50 mL), dried over anhydrous Na>SOs, filtered, and concentrated. The
residue was purified by flash column chromatography (silica gel,
DCM/EtOAc = 4:1, v/v) to afford the product (K-1) as a yellow solid (113
mg, 21%).

'H NMR (400 MHz, DMSO-ds) 6 7.74 (d, J = 1.8 Hz, 1H), 7.39 (d, J
= 1.8 Hz, 1H), 7.34 (q, J = 4.8 Hz, 1H), 4.94 — 4.76 (m, 1H), 3.99 — 3.82
(m, 2H), 3.53 — 3.43 (m, 2H), 2.88 (d, J = 4.8 Hz, 3H), 2.66 (s, 3H), 2.06 —
1.88 (m, 2H), 1.77 — 1.57 (m, 2H).

Step 2: N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-((tetrahydro-
2H-pyran-4-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
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difluorobenzenesulfonamide (29)

N. _OMe
NS
|
o ke 8 0=8=0
NT N
H F

0 ~d
F

A mixture of compound (K-1) (35 mg, 0.1 mmol), N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (51 mg, 0.12 mmol) and 2M aqueous
potassium carbonate solution (0.15 mL, 0.63 mmol) in dioxane (7 mL) was
degassed and then PdCly(dppf) (8 mg, 0.01 mmol) was added. The
resulting reaction mixture was degassed and back-filled with argon (three
cycles), and then stirred at 100 °C under Ar atmosphere for 5 h. The
reaction mixture was cooled to r.t., diluted with EtOAc (30 mL) and water
(30 mL), acidified with hydrochloric acid until the pH value was 5-6. The
two phases were separated and the aqueous layer was extracted with EtOAc
(30 mLx2). The combined organic layers were washed with water (50 mL)
and brine (50 mL), dried over anhydrous Na,SOs, filtered and concentrated.
The residue was purified by column chromatography (silica gel,
DCM/MeOH = 20:1, v/v) to afford the product (29) as a yellow solid (40
mg, 70% yield).

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.42 (d, J = 2.0 Hz,
1H), 7.93 (d, J = 2.0 Hz, 1H), 7.83 — 7.66 (m, 2H), 7.63 — 7.53 (m, 1H),
7.50 (s, 1H), 7.28 (q, J = 4.0 Hz, 1H), 7.21 (dt, J = 8.4, 2.0 Hz, 1H), 4.97 —
4.88 (m 1H), 4.01 — 3.88 (m, 2H), 3.64 (s, 3H), 3.53 — 3.44 (m, 2H), 2.91
(d, J= 4.4 Hz, 3H), 2.76 (s, 3H), 2.08 — 1.90 (m, 2H), 1.81 — 1.63 (m, 2H).

MS (ESI+) m/z 572.2 [M + HJ".

Example 30: N-(5-(2-(ethylamino)-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2.,4-
difluorobenzenesulfonamide (30)

N.__.OMe
NJ'T = JNH
AN 0=8=0
H o Fe_= |
SNe
F
Step 1: Preparation of 6-bromo-N-ethyl-4-methyl-8-((tetrahydro-2 H-pyran-
4-yl)oxy)quinazolin-2-amine (K-2)

7]
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According to the method of step 1 in Example 29, compound (K-2) was
prepared from compound (J-1) and iodoethane.

'H NMR (400 MHz, DMSO-ds) & 7.73 (d, J = 1.6 Hz, 1H), 7.41 (br s,
1H), 7.38 (d, J = 1.6 Hz, 1H), 4.90 — 4.78 (m, 1H), 3.98 — 3.82 (m, 2H),
3.52 — 3.43 (m, 2H), 3.43 — 3.33 (m, 2H), 2.66 (s, 3H), 2.02 — 1.90 (m, 2H),
1.73 — 1.61 (m, 2H), 1.17 (t, J = 7.2 Hz, 3H).

Step 2: Preparation of N-(5-(2-(ethylamino)-4-methyl-8-((tetrahydro-2H-
pyran-4-yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (30)

N.__.OMe
NJ'T = JNH
AN 0=8=0
H o Fe_= |
SNe
F
Compound (30) was prepared from compound (K-2) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-

difluorobenzenesulfonamide, according to the method of step 2 in Example
29.

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.42 (d, J = 2.1 Hz,
1H), 7.93 (d, J= 2.3 Hz, 1H), 7.80 — 7.69 (m, 2H), 7.59 (ddd, J = 10.4, 9.6,
2.4 Hz, 1H), 7.49 (d, J= 1.2 Hz, 1H), 7.35 (t, J = 5.0 Hz, 1H), 7.26 — 7.16
(m, 1H), 4.95 — 4.87 (m, 1H), 3.98 — 3.89 (m, 2H), 3.64 (s, 3H), 3.52 — 3.36
(m, 4H), 2.75 (s, 3H), 2.05 — 1.92 (m, 2H), 1.80 — 1.63 (m, 2H), 1.19 (t, J =
7.1 Hz, 3H).

MS (ESI+) m/z 586.2 [M + HJ".

Example 31: N-(5-(2-((cyclopropylmethyl)amino)-4-methyl-8-((tetrahydro-
2H-pyran-4-yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (31)

76



2022202886 28 Mar 2023

James & Wells Ref: 311926AUDIV2

e
Y NS X NH
’ /LL b o= é=0

M M
" o ™Y
T % N
F

Step 1: Preparation of 6-bromo-N-(cyclopropylmethyl)-4-methyl-8-
((tetrahydro—2H—pyran—4—yl)oxy)quinazolin—2—amine(K—3)

(X son
" (-5

According to the method of step 1 in Example 29, compound (K-3) was
prepared from compound (J-1) and cyclopropylmethyl bromide.

'H NMR (400 MHz, DMSO-ds) & 7.73 (s, 1H), 7.51 (br s, 1H), 7.37 (d,
J=1.7 Hz, 1H), 4.88 — 4.78 (m, 1H), 3.95 — 3.83 (m, 2H), 3.55 — 3.39 (m,
2H), 3.24 (t, J= 6.3 Hz, 2H), 2.66 (s, 3H), 2.03 — 1.91 (m, 2H), 1.74 — 1.59
(m, 2H), 1.15 — 1.06 (m, 1H), 0.45 — 0.35 (m, 2H), 0.27 (q, J = 4.4 Hz, 2H).

Step 2: Preparation of N-(5-(2-((cyclopropylmethyl)amino)-4-methyl-8-
((tetrahydro-2H-pyran-4-yl)oxy)quinazolin-6-yl)-2-methoxypyridin-3-yl)-
2,4-difluorobenzenesulfonamide (31)

\RXI

J\/ oso
o

Compound (31) was prepared from compound (K-3) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
29.

OMe

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.43 (d, J = 2.4 Hz,
1H), 7.94 (d, J = 2.4 Hz, 1H), 7.80 — 7.70 (m, 2H), 7.63 — 7.55 (m, 1H),
7.48 (d, J= 1.2 Hz, 1H), 7.45 (br s, 1H), 7.22 (dt, J = 8.4, 2.0 Hz, 1H), 4.96
— 4.86 (m, 1H), 4.00 — 3.89 (m, 2H), 3.64 (s, 3H), 3.54 — 3.42 (m, 2H), 3.28
(t, J = 6.4 Hz, 2H), 2.76 (s, 3H), 2.06 — 1.94 (m, 2H), 1.80 — 1.63 (m, 2H),
1.21 - 1.05 (m, 1H), 0.50 — 0.38 (m, 2H), 0.29 (q, J = 4.8 Hz, 2H).

MS (ESI+) m/z 612.2 [M + HJ".

)
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Example 32: (R)-N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (32)

N OMe
7l
T
N7 =NH
I
*\N/J'LN/ : 0=8=0
(@] =
g |
% S
o 32

Step 1: Preparation of (R)-6-bromo-N,4-dimethyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-2-amine (K-4)

N‘J\\\/@\ -Br
A

N P
H

N7

Y e
o~

According to the method of step 1 in Example 29, compound (K-4) was

prepared from compound (J-9).

'H NMR (400 MHz, DMSO-de) & 7.72 (d, J = 2.0 Hz, 1H), 7.34 (q, J
= 4.8 Hz, 1H), 7.25 (s, 1H), 5.32 — 5.22 (m, 1H), 3.96 — 3.86 (m, 3H), 3.81
~3.73 (m, 1H), 2.87 (d, J = 4.8 Hz, 3H), 2.66 (s, 3H), 2.28 — 2.15 (m, 1H),
2.11 - 1.98 (m, 1H).

Step 2: (R)-N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (32)

_N._OMe
|
T S T;JH
~, N/LLN{ A 0=5=0
| o
g T
- =
o— 32 Y
F

Compound (32) was prepared from compound (K-4) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
29,

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.44 (d, J = 2.2 Hz,
1H), 7.96 (d, J = 2.2 Hz, 1H), 7.80 — 7.70 (m, 2H), 7.63 — 7.54 (m, 1H),

7.38 (s, 1H), 7.29 (q, J = 4.8 Hz, 1H), 7.25 — 7.17 (m, 1H), 5.43 — 5.36 (m,
78
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1H), 4.00 — 3.89 (m, 3H), 3.83 — 3.76 (m, 1H), 3.64 (s, 3H), 2.91 (d, J=4.8
Hz, 3H), 2.76 (s, 3H), 2.28 — 2.15 (m, 1H), 2.15 — 2.02 (m, 1H).

MS (ESI+) m/z 558.2 [M + HJ".

Example 33: (R)-N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2-chloro-4-
fluorobenzenesulfonamide (33)

-

Compound (33) was prepared from compound (K-4) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2-chloro-4-
fluorobenzenesulfonamide, according to the method of step 2 in Example
29,

'H NMR (400 MHz, DMSO-ds) 5 10.17 (s, 1H), 8.42 (d, J = 2.4 Hz,
1H), 7.94 (dd, J = 8.8, 6.0 Hz, 1H), 7.90 (d, J = 2.4 Hz, 1H), 7.76 (dd, J =
8.8, 2.6 Hz, 1H), 7.69 (d, J = 1.6 Hz, 1H), 7.40 — 7.32 (m, 2H), 7.29 (q, J =
4.8 Hz, 1H), 5.42 — 5.35 (m, 1H), 4.00 — 3.89(m, 3H), 3.79 (dt, J = 8.0, 4.4
Hz, 1H), 3.66 (s, 3H), 2.90 (d, J = 4.8 Hz, 3H), 2.75 (s, 3H), 2.28 — 2.15 (m,
1H), 2.14 — 2.04 (m, 1H).

MS (ESI+) m/z 574.1 [M + HJ".

Example 34. (R)-N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-5-
chlorothiophene-2-sulfonamide (34)

] XNT,OMG
N’ T’% SN

|
‘.\H,.L'\N» p 0=5=0
(9] >

s

F u 4
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Compound (34) was prepared from compound (K-4) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-5-
chlorothiophene-2-sulfonamide, according to the method of step 2 in
Example 29.
'"H NMR (400 MHz, DMSO-d) 6 10.33 (s, 1H), 8.48 (d, J = 2.4 Hz,
1H), 7.96 (d, J=2.4 Hz, 1H), 7.73 (d, /= 1.6 Hz, 1H), 7.42 — 7.38 (m, 2H),
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7.29 (t, J= 4.8 Hz, 1H), 7.25 (d, J = 4.4 Hz, 1H), 5.43 — 5.36 (m, 1H), 4.00
~3.90 (m, 3H), 3.80 (dt, J = 8.0, 4.4 Hz, 1H), 3.75 (s, 3H), 2.91 (d, /= 4.8
Hz, 3H), 2.77 (s, 3H), 2.30 — 2.16 (m, 1H), 2.15 — 2.05 (m, 1H).

Example 35: (S)-N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (35)

_N._OMe
N/L‘* N
|
oy e e 2 0-8=0
noN ]
il Z
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Step 1: Preparation of (S)-6-bromo-N,4-dimethyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-2-amine (K-7)

N Br
-~ N /U\N/ e
H (\\I R
| K7
o

According to the method of step 1 in Example 29, compound (K-7) was
prepared from compound (J-11).

'H NMR (400 MHz, DMSO-de) & 7.72 (d, J = 2.0 Hz, 1H), 7.34 (q, J
= 4.8 Hz, 1H), 7.25 (s, 1H), 5.32 — 5.22 (m, 1H), 3.96 — 3.86 (m, 3H), 3.77
(dt, J= 8.2, 4.6 Hz, 1H), 2.87 (d, J = 4.8 Hz, 3H), 2.66 (s, 3H), 2.27 — 2.17
(m, 1H), 2.09 — 1.99 (m, 1H).

Step 2: Preparation of (S)-N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)oxy)quinazolin-6-yl)pyridin-3-yl) -2,4-difluoro-
benzenesulfonamide (35)

_N._OMe
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According to the method of step 2 in Example 29, compound (35) was
prepared from compound (K-7).

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.44 (d, J = 2.4 Hz,
1H), 7.97 (d, J = 2.4 Hz, 1H), 7.80 — 7.70 (m, 2H), 7.59 (ddd, J = 10.4, 9.2,

2.4 Hz, 1H), 7.38 (s, 1H), 7.29 (q, /= 4.8 Hz, 1H), 7.22 (dt, /= 8.4, 2.4 Hz,
80
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1H), 5.43 — 5.36 (m, 1H), 4.03 — 3.87 (m, 3H), 3.79 (dt, J = 8.2, 4.6 Hz,
1H), 3.64 (s, 3H), 2.91 (d, J = 4.8 Hz, 3H), 2.76 (s, 3H), 2.28 — 2.16 (m,
1H), 2.15 — 2.04 (m, 1H).

MS (ESI+) m/z 558.2 [M + HJ".

Example 36: N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-((tetrahydro-
2H-pyran-4-yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-

benzenesulfonamide (36)
_}N Hl (GME
N ’l b /l;"‘/*“‘ NH
I} s ;

~N P 0=3=0

SENG
il 5/
O._ F

Step 1: Preparation of 6-bromo-N,4-dimethyl-8-((tetrahydro-2 H-pyran-4-
yl)methoxy)quinazolin-2-amine (K-8)

00"
\NkN
H o
]

(\r K-8

0L~
According to the method of step 1 in Example 29, compound (K-8) was
prepared from compound (J-13).

'H NMR (400 MHz, DMSO-ds) § 7.66 (d, J = 2.0 Hz, 1H), 7.28 (q, J
= 4.8 Hz, 1H), 7.24 (d, J = 1.4 Hz, 1H), 3.98 (d, J = 6.8 Hz, 2H), 3.94 —
3.84 (m, 2H), 3.35 (dt, J= 11.6, 2.0 Hz, 2H), 2.87 (d, J = 4.8 Hz, 3H), 2.66
(s, 3H), 2.16 — 2.02 (m, 1H), 1.80 — 1.71 (m, 2H), 1.39 (qd, J = 12.4, 4.4
Hz, 2H).

N
H

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydro-2 H-pyran-4-yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (36)

N._.OMe

ol
NTy7 J;“‘/l\NH
SN 0=5=0
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r"\’j) 36 ¢
o] F
Compound (36) was prepared from compound (K-8) and N-(2-methoxy-5-
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(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
28,

'H NMR (400 MHz, DMSO-dq) & 10.27 (s, 1H), 8.44 (d, J = 2.0 Hz,
1H), 7.95 (d, J= 2.0 Hz, 1H), 7.76 (dt, J= 8.6, 6.3 Hz, 1H), 7.65 (d, J= 1.6
Hz, 1H), 7.63 — 7.54 (m, 1H), 7.37 (s, 1H), 7.28 — 7.17 (m, 2H), 4.08 (d, J
= 6.4 Hz, 2H), 3.95 — 3.87 (m, 2H), 3.64 (s, 3H), 3.37 (dt, J= 11.6, 2.0 Hz,
2H), 2.90 (d, J = 4.8 Hz, 3H), 2.75 (s, 3H), 2.19 — 2.05 (m, 1H), 1.85 — 1.74
(m, 2H), 1.49 — 1.35 (m, 2H).

MS (ESI+) m/z 586.2 [M + HJ".

Example 37: N-(5-(8-((2,2-dimethyltetrahydro-2 H-pyran-4-yl)oxy)-4-
methyl-2-(methylamino)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (37)
_N TOM&
,TL M/&/\NH
Wy .NJ\F; i 0=5=0
0 =
oaine

)< kT |

Step 1: Preparation of 6-bromo-8-((2,2-dimethyltetrahydro-2H-pyran-4-
yl)oxy)-N,4-dimethylquinazolin-2-amine (K-9)

NS Br
\N,‘M.N-’ =
H

Eaple

OFKJ/K-Q
According to the method of step 1 in Example 29, compound (K-9) was
prepared from compound (J-19).

'H NMR (400 MHz, DMSO-de) § 7.72 (d, J = 2.0 Hz, 1H), 7.35 (d, J = 2.0
Hz, 1H), 7.32 (q, J = 4.8 Hz, 1H), 5.04 — 4.92 (m, 1H), 3.78 (dt, J = 12.0,
4.4 Hz, 1H), 3.58 (t, J = 10.0 Hz, 1H), 2.87 (d, J = 4.8 Hz, 3H), 2.66 (s,
3H), 2.01 — 1.83 (m, 2H), 1.67 — 1.43 (m, 2H), 1.29 (s, 3H), 1.17 (s, 3H).

Step 2: Preparation of N-(5-(8-((2,2-dimethyltetrahydro-2H-pyran-4-
yl)oxy)-4-methyl-2-(methylamino)quinazolin-6-yl)-2-methoxypyridin-3-
yl)-2,4-difluorobenzenesulfonamide (37)
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Compound (37) was prepared from compound (K-9) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
29 .

'H NMR (400 MHz, DMSO-ds) 5 10.28 (s, 1H), 8.43 (d, J = 2.4 Hz,
1H), 7.94 (d, J= 2.4 Hz, 1H), 7.79 — 7.71 (m, 2H), 7.59 (ddd, J = 10.4, 9.2,
2.4 Hz, 1H), 7.46 (d, J = 1.8 Hz, 1H), 7.27 (q, J = 4.8 Hz, 1H), 7.25 — 7.18
(m, 1H), 5.16 — 4.97 (m, 1H), 3.85 — 3.76 (m, 1H), 3.64 (s, 3H), 3.62 — 3.53
(m, 1H), 2.90 (d, J = 4.8 Hz, 3H), 2.76 (s, 3H), 2.04 — 1.91 (m, 2H), 1.66 —
1.50 (m, 2H), 1.29 (s, 3H), 1.18 (s, 3H).

MS (ESI+) m/z 600.2 [M + HJ".

Example 38: N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (38)

Step 1: Preparation of 6-bromo-N,4-dimethyl-8-((tetrahydrofuran-3-
yl)methoxy)quinazolin-2-amine (K-10)

N/J“‘\\/‘\ Br

|
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According to the method of step 1 in Example 29, compound (K-10) was
prepared from compound (J-21).

'H NMR (400 MHz, DMSO-dq) 6 7.68 (d, J = 2.0 Hz, 1H), 7.30 (d, J
= 4.8 Hz, 1H), 7.28 (d, /= 1.7 Hz, 1H), 4.18 — 4.07 (m, 1H), 4.07 — 3.96
(m, 1H), 3.87 — 3.76 (m, 2H), 3.74 — 3.58 (m, 2H), 2.87 (d, J = 4.8 Hz, 3H),
2.78 —2.68 (m, 1H), 2.66 (s, 3H), 2.10 — 1.96 (m, 1H), 1.82 — 1.68 (m, 1H).
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Step 2: Preparation of N-(2-methoxy-5-(4-methyl-2-(methylamino)-8-
((tetrahydrofuran-3-yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (38)

-~ ~OMe

J\:J/J/\ .
g

F

UJ‘Z

According to the method of step 2 in Example 29, Compound (38) was
prepared from compound (K-10).

'H NMR (400 MHz, DMSO-de) & 10.27 (s, 1H), 8.44 (d, J = 2.1 Hz,
1H), 7.96 (d, J = 2.2 Hz, 1H), 7.75 (dt, J= 8.6, 6.4 Hz, 1H), 7.68 (d, J= 1.6
Hz, 1H), 7.63 — 7.53 (m, 1H), 7.41 (s, 1H), 7.28 — 7.16 (m, 2H), 4.26 — 4.16
(m, 1H), 4.11 (dd, J = 9.2, 8.0 Hz, 1H), 3.89 — 3.79 (m, 2H), 3.70 (dt, J =
8.0, 6.4 Hz, 2H), 3.63 (s, 3H), 2.90 (d, J = 4.8 Hz, 3H), 2.82 — 2.70 (m, 4H),
2.12 - 2.00 (m, 1H), 1.85 — 1.72 (m, 1H).

MS (ESI+) m/z 572.2 [M + HJ".

Example 39: N-(5-(8-(cyclohexyloxy)-4-methyl-2-
(methylamino)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (39)

OMe

L JJNH

\\/J\ OSO

F

L/ o

Step 1: Preparation of 6-bromo-8-(cyclohexyloxy)-N,4-
dimethylquinazolin-2-amine (K-11)

K-11 @

According to the method of step 1 in Example 29, compound (K-11) was
prepared from compound (J-22).
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'H NMR (400 MHz, DMSO-ds) & 7.70 (d, J = 2.0 Hz, 1H), 7.34 —
7.25 (m, 2H), 4.69 — 4.54 (m, 1H), 2.87 (d, J = 4.8 Hz, 3H), 2.66 (s, 3H),
1.98 — 1.86 (m, 2H), 1.82 — 1.71 (m, 2H), 1.61 — 1.45 (m, 3H), 1.41 — 1.27
(m, 3H).

Step 2: Preparation of N-(5-(8-(cyclohexyloxy)-4-methyl-2-
(methylamino)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (39)
_N._-OMe
f““‘:?r ~
NN i &
o F\@
[;,) 3N
F
Compound (39) was prepared from compound (K-11) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example

29,

'H NMR (400 MHz, DMSO-de) & 10.28 (s, 1H), 8.42 (d, J = 2.4 Hz,
1H), 7.92 (d, J = 2.4 Hz, 1H), 7.76 (dt, J = 8.6, 6.4 Hz, 1H), 7.70 (d, J= 1.2
Hz, 1H), 7.59 (ddd, J = 10.4, 9.2, 2.4 Hz, 1H), 7.41 (d, J = 1.2 Hz, 1H),
7.28 — 7.18 (m, 2H), 4.76 — 4.66 (m, 1H), 3.65 (s, 3H), 2.91 (d, J = 4.8 Hz,
3H), 2.75 (s, 3H), 2.04 — 1.91 (m, 2H), 1.88 — 1.73 (m, 2H), 1.67 — 1.47 (m,
3H), 1.39 — 1.27 (m, 3H).

MS (ESI+) m/z 570.2 [M + HJ".

Example 40: N-(5-(8-(cyclopentyloxy)-4-methyl-2-
(methylamino)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (40)
| 4NT,0M9
:ﬁj x}ﬁ/l\\\/‘\hm
~ E N /\g FE;S_O

o'e Q)

F

Step 1: Preparation of 6-bromo-8-(cyclopentyloxy)-N,4-
dimethylquinazolin-2-amine (K-12)
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\Ji': ‘\'

H 0.
K12 H‘O

According to the method of step 1 in Example 29, compound (K-12) was
prepared from compound (J-23).

'H NMR (400 MHz, DMSO-de) 8 7.66 (d, J = 2.0 Hz, 1H), 7.27 (q, J = 4.8
Hz, 1H), 7.20 (s, 1H), 5.11 — 4.98 (m, 1H), 2.87 (d, J = 4.8 Hz, 3H), 2.66 (s,
3H), 1.98 — 1.85 (m, 2H), 1.84 — 1.68 (m, 4H), 1.68 — 1.53 (m, 2H).

Step 2: Preparation of N-(5-(8-(cyclopentyloxy)-4-methyl-2-
(methylamino)quinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (40)

N._OMe

|
NS STONH
| T_— 0=8=0
F

N N
"y 0
T e S
F

According to the method of step 2 in Example 29, compound (40) was
prepared from compound (K-12).

'H NMR (400 MHz, DMSO-ds) & 10.28 (s, 1H), 8.43 (d, J = 2.4 Hz,
1H), 7.92 (d, J = 2.4 Hz, 1H), 7.76 (dt, J= 8.6, 6.4 Hz, 1H), 7.67 (d, J= 1.6
Hz, 1H), 7.64 — 7.55 (m, 1H), 7.32 (s, 1H), 7.27 — 7.17 (m, 2H), 5.20 — 5.13
(m, 1H), 3.65 (s, 3H), 2.90 (d, J = 4.8 Hz, 3H), 2.75 (s, 3H), 1.99 — 1.87 (m,
2H), 1.87 — 1.75 (m, 4H), 1.69 — 1.55 (m, 2H).

MS (ESI+) m/z 556.2 [M + HJ".

Example 41: N-(5-(8-cyclobutoxy-4-methyl-2-(methylamino)quinazolin-6-
yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (41)

KN-T(,DME
i N \I*
|
el ke o 0=5=0
NN :
H i o =
== |
T,

R

F

Step 1: 6-bromo-8-cyclobutoxy-N,4-dimethylquinazolin-2-amine (K-13)
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According to the method of step 1 in Example 29, compound (K-13) was
prepared from compound (J-24).

'H NMR (400 MHz, DMSO-ds) & 7.65 (d, J = 2.0 Hz, 1H), 7.30 (br s,
1H), 7.01 (d, J = 1.6 Hz, 1H), 4.84 (p, J = 7.2 Hz, 1H), 2.88 (d, J = 4.8 Hz,
3H), 2.65 (s, 3H), 2.49 — 2.42 (m, 2H), 2.19 — 2.03 (m, 2H), 1.89 — 1.75 (m,
1H), 1.74 — 1.58 (m, 1H).

Step 2: N-(5-(8-cyclobutoxy-4-methyl-2-(methylamino)quinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (41)

L/..V:OME
= = NH
m O S 0

|:

Compound (41) was prepared from compound (K-13) and N-(2-
methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
29,

'H NMR (400 MHz, DMSO-de) & 10.29 (s, 1H), 8.41 (d, J = 2.4 Hz,
1H), 7.91 (d, J = 2.4 Hz, 1H), 7.77 (dt, J = 8.6, 6.4 Hz, 1H), 7.59 (ddd, J =
10.4,9.2, 2.4 Hz, 1H), 7.31 — 7.17 (m, 2H), 7.14 (d, J = 1.2 Hz, 1H), 5.05 —
4.88 (m, 1H), 3.66 (s, 3H), 2.91 (d, J = 4.8 Hz, 3H), 2.75 (s, 3H), 2.55 —
2.45 (m, 2H), 2.22 — 2.09 (m, 2H), 1.90 — 1.78 (m, 1H), 1.76 — 1.61 (m,
1H).

MS (ESI+) m/z:542.2 [M + HJ".

Example 42: N-(6-(5-(2,4-difluorophenylsulfonamido)-6-methoxypyridin-
3-yl)-4-methyl-8-((tetrahydro-2 H-pyran-4-yl)oxy)quinazolin-2-

yl)acetamide (42)
/Nl OMe
0 NJT\ SNH
)LN/JLN{ 2 0=8=0
H o E
5T
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Step 1: Preparation of N-(6-bromo-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-2-yl)acetamide (K-14)

Y

To a mixture of compound (J-1) (338 mg, 1 mmol) and pyridine (396 mg, 5
mmol) in DMF (10 mL) was added acetyl chloride (234 mg, 3 mmol) at r.t..
The resulting reaction mixture was stirred at r.t. for 4 h. The reaction
mixture was diluted with water (50 mL), acidified with 2M aqueous HCI
solution until the pH value was 5, and then extracted with EtOAc (30 mL %
3). The combined organic layers were washed with water (30 mL x 2) and
brine (30 mL), dried over anhydrous Na,SOj, filtered, and concentrated.
The residue was purified by flash column chromatography (silica gel,
DCM/MeOH = 70:1, v/v) to afford the product (K-14) as a yellow solid
(290 mg, 76%).

'H NMR (400 MHz, DMSO-ds) 5 10.57 (s, 1H), 7.94 (d, J = 2.0 Hz,
1H), 7.61 (d, J = 2.0 Hz, 1H), 5.07 — 4.94 (m, 1H), 3.93 — 3.85 (m, 2H),
3.55 — 3.47 (m, 2H), 2.81 (s, 3H), 2.34 (s, 3H), 2.09 — 1.93 (m, 2H), 1.74 —
1.58 (m, 2H).

Step 2: Preparation of N-(6-(5-(2,4-difluorophenylsulfonamido)-6-
methoxypyridin-3-yl)-4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-2-yl)acetamide (42)

/Nl OMe
ﬁg\ F‘\QI e R = pIJH
~ | T 0=5=0
-~ N M g
o
0.~ 42

Compound (42) was prepared from compound (K-14) and N-(2-methoxy-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 3 in Example
1.

'H NMR (400 MHz, DMSO-de) 5 10.55 (s, 1H), 10.32 (s, 1H), 8.52 (d,
J=2.0 Hz, 1H), 8.06 (d, J= 2.0 Hz, 1H), 7.91 (d, /= 1.0 Hz, 1H), 7.76 (dt,
J=8.6,6.8 Hz, 1H), 7.69 (d, J = 1.0 Hz, 1H), 7.64 — 7.55 (m, 1H), 7.22 (dt,
J=8.8,2.4Hz, 1H), 5.16 — 5.07 (m, 1H), 3.96 — 3.89 (m, 2H), 3.65 (s, 3H),
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3.58 — 3.45 (m, 2H), 2.91 (s, 3H), 2.36 (s, 3H), 2.09 — 1.99 (m, 2H), 1.79 —
1.63 (m, 2H).

MS (ESI+) m/z: 600.2 [M + H]".

Example 43: N-(6-(6-methoxy-5-(methylsulfonamido)pyridin-3-yl)-4-
methyl-8-((tetrahydro-2 H-pyran-4-yl)oxy)quinazolin-2-yl)acetamide (43)
N
0 N ’@
/JLN,J'\T;/HJ oL
H e o
:gj 43

[
Compound (43) was prepared from compound (K-14) and N-(2-methoxy-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 3 in Example 1.

'H NMR (400 MHz, DMSO-ds) § 10.55 (s, 1H), 9.39 (s, 1H), 8.51 (d,
J=2.3Hz, 1H), 8.04 (d, J= 2.3 Hz, 1H), 7.93 (d, J= 1.7 Hz, 1H), 7.70 (d,
J=1.7 Hz, 1H), 5.16 — 5.08 (m, 1H), 3.99 (s, 3H), 3.97 — 3.87 (m, 2H),
3.55 — 3.47 (m, 2H), 3.10 (s, 3H), 2.91 (s, 3H), 2.36 (s, 3H), 2.11 — 1.98 (m,
2H), 1.78 — 1.64 (m, 2H).

MS (ESI+) m/z 502.2 [M + HJ".

O
N

Me
H
=0

Example 44: N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide (44)

Step 1: Preparation of 6-bromo-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazoline (N-1)
e

NP Br

’*~'2:-N =
o]
N-1 T/\|
"'\_\/O‘

To a stirred mixture of compound (M) (0.717 g, 3 mmol),
triphenylphosphine (0.944 g, 3.6 mmol), and tetrahydro-2H-pyran-4-ol
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(0.368 g, 3.6 mmol) in anhydrous THF (30 mL) was added DEAD (0.627 g,
3.6 mmol) at r.t. under Ar atmosphere. The resulting reaction mixture was
stirred at r.t. overnight. Silica gel (4 g) was added, and the mixture was
evaporated to dry under reduced pressure. The residue was purified by
flash column chromatography (silica gel, PE/EtOAc = 4:1, v/v) to afford
the product (N-1) as a yellow solid (0.95 g, 98% yield).

'H NMR (400 MHz, DMSO-de) 5 9.11 (s, 1H), 8.00 (d, J = 2.0 Hz,
1H), 7.71 (d, J = 2.0 Hz, 1H), 5.03 — 4.88 (m, 1H), 3.95 — 3.87 (m, 2H),
3.58 — 3.49 (m, 2H), 2.87 (s, 3H), 2.10 — 2.01 (m, 2H), 1.78 — 1.61 (m, 2H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2H-pyran-
4-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(44)
_N._OMe
T l NH
g

L 2 o

N =
0 T
S
F
A mixture of compound (N-1) (125 mg, 0.39 mmol), N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (199 mg, 0.47 mmol) and 2M aqueous
potassium carbonate solution (0.585 mL, 1.17 mmol) in dioxane (7 mL)
was degassed, and then PdCly(dppf) (29 mg, 0.04 mmol) was added. The
resulting reaction mixture was degassed and back-filled with argon (three
cycles), and then stirred at 100 °C under Ar atmosphere for 5 h. The
reaction mixture was cooled to r.t., diluted with EtOAc (30 mL) and water
(30 mL), acidified with hydrochloric acid until the pH value was 5-6. The
two phases were separated and the aqueous layer was extracted with EtOAc
(30 mLx2). The combined organic layers were washed with water (50 mL)
and brine (50 mL), dried over anhydrous Na,SOs, filtered and concentrated.
The residue was purified by flash column chromatography (silica gel,

DCM/MeOH = 70:1, and then 50:1, v/v) to afford the product (44) as a
yellow foamed solid (178mg, 85% yield).

'H NMR (400 MHz, DMSO-ds) § 10.35 (s, 1H), 9.08 (s, 1H), 8.56 (d,
J=23Hz, 1H), 8.11 (d, J= 2.3 Hz, 1H), 7.94 (d, J = 1.6 Hz, 1H), 7.81 —
7.70 (m, 2H), 7.66 — 7.54 (m, 1H), 7.22 (dt, J = 8.8, 2.4 Hz, 1H), 5.12 —
4.98 (m, 1H), 3.98 — 3.90 (m, 2H), 3.66 (s, 3H), 3.61 — 3.48 (m, 2H), 2.96
(s, 3H), 2.16 — 2.03 (m, 2H), 1.80 — 1.65 (m, 2H).

MS (ESI+) m/z 543.1 [M + HJ".

o
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Example 45: N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2-chloro-4-fluorobenzenesulfonamide

(45)

Compound (45) was prepared from compound (N-1) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2-chloro-4-
fluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.23 (s, 1H), 9.08 (s, 1H), 8.54 (d,
J =223 Hz, 1H), 8.05 (d, J = 2.2 Hz, 1H), 7.94 (dd, J = 8.8, 6.0 Hz, 1H),
7.90 (d, J= 1.6 Hz, 1H), 7.77 (dd, J = 8.8, 2.4 Hz, 1H), 7.74 (d, J = 1.6 Hz,
1H), 7.37 (dt, J = 8.4, 2.4 Hz, 1H), 5.11 — 5.00 (m, 1H), 3.97 — 3.90 (m,
2H), 3.67 (s, 3H), 3.58 — 3.50 (m, 2H), 2.95 (s, 3H), 2.15 — 2.03 (m, 2H),
1.81 — 1.66 (m, 2H).

MS (ESI+) m/z 559.1 [M + HJ".

Example 46 : N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin—6—yl)pyridin—3—yl)—5—chlorothiophene—2—sulfonamide (46)

JTVVJ

-]

VBt
0 T

W

0 46

O

Compound (46) was prepared from compound (N-1) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-5-
chlorothiophene-2-sulfonamide, according to the method of step 2 in
Example 44.

'H NMR (400 MHz, DMSO-ds) & 10.40 (s, 1H), 9.09 (s, 1H), 8.59 (d,
J=2.2Hz, 1H), 8.10 (d, J= 2.2 Hz, 1H), 7.94 (d, J = 1.4 Hz, 1H), 7.77 (d,
J=1.4Hz, 1H), 7.40 (d, J= 4.0 Hz, 1H), 7.25 (d, J= 4.0 Hz, 1H), 5.14 —
5.00 (m, 1H), 3.98 — 3.90 (m, 2H), 3.76 (s, 3H), 3.62 — 3.48 (m, 2H), 2.96
(s, 3H), 2.16 — 2.03 (m, 2H), 1.82 — 1.66 (m, 2H).

MS (ESI+) m/z 547.1 [M + HJ".
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Example 47: N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)methanesulfonamide (47)

OMe

Compound (47) was prepared from compound (N-1) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 2 in Example 44.

'"H NMR (400 MHz, DMSO-ds) & 9.42 (s, 1H), 9.08 (s, 1H), 8.55 (d, J
= 2.3 Hz, 1H), 8.08 (d, /= 2.3 Hz, 1H), 7.96 (d, /= 1.6 Hz, 1H), 7.77 (d, J
= 1.6 Hz, 1H), 5.13 — 4.99 (m, 1H), 4.00 (s, 3H), 3.97 — 3.90 (m, 2H), 3.61
—3.47 (m, 2H), 3.10 (s, 3H), 2.96 (s, 3H), 2.14 — 2.01 (m, 2H), 1.82 — 1.66
(m, 2H).

MS (ESI+) m/z 445.2 [M + HJ".

Example 48: N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2H-pyran-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)cyclopropanesulfonamide (48)
M

| I
> o

N{ =y S r.l,]H

Qg:_’ \/l/ 48
Compound (48) was prepared from compound (N-1) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-

yl)cyclopropanesulfonamide, according to the method of step 2 in Example
44,

OMe

'H NMR (400 MHz, DMSO-ds) & 9.48 (s, 1H), 9.08 (s, 1H), 8.56 (d, J
= 2.4 Hz, 1H), 8.10 (d, J = 2.4 Hz, 1H), 7.96 (d, J = 1.6 Hz, 1H), 7.78 (d, J
= 1.6 Hz, 1H), 5.12 — 5.02 (m, 1H), 4.01 (s, 3H), 3.99 — 3.90 (m, 2H), 3.60
—3.48 (m, 2H), 2.96 (s, 3H), 2.81 — 2.73 (m, 1H), 2.16 — 2.03 (m, 2H), 1.81
~ 1.66 (m, 2H), 1.01 — 0.86 (m, 4H).

MS (ESI+) m/z 471.2 [M + HJ".

Example 49: (R)-N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide (49)
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Step 1: Preparation of (R)-6-bromo-4-methyl-8-((tetrahydrofuran-3-

yl)oxy)quinazoline (N-6)
N7 Br
L*N

o

/\
N6 T O
l___j

According to the method of step 1 in Example 44, compound (N-6) was
prepared from compound (M) and (S)-tetrahydrofuran-3-ol.

'H NMR (400 MHz, DMSO-de) 5 9.10 (s, 1H), 8.02 (d, J = 1.9 Hz,
1H), 7.55 (d, J = 1.9 Hz, 1H), 5.37 — 5.31 (m, 1H), 4.05 — 3.85 (m, 3H),
3.83 — 3.76 (m, 1H), 2.87 (s, 3H), 2.39 — 2.25 (m, 1H), 2.14 — 2.01 (m, 1H).

Step 2: Preparation of (R)-N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-
3-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(49)

Compound (49) was prepared from compound (N-6) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) §10.35 (s, 1H), 9.08 (s, 1H), 8.57 (d,
J=2.4Hz, 1H), 8.12 (d, J= 2.4 Hz, 1H), 7.95 (d, J = 1.6 Hz, 1H), 7.76 (dt,
J = 8.6, 6.4 Hz, 1H), 7.65 — 7.54 (m, 2H), 7.22 (dt, J = 8.6, 2.4 Hz, 1H),
5.51 — 5,45 (m, 1H), 4.05 — 3.90 (m, 3H), 3.86 — 3.78 (m , 1H), 3.66 (s, 3H),
2.96 (s, 3H), 2.40 — 2.29 (m, 1H), 2.21 — 2.08 (m, 1H).

MS (ESI+) m/z 529.1 [M + HJ".

Example 50: (R)-N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)methanesulfonamide (50)
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Compound (50) was prepared from compound (N-6) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 2 in Example 44.

'H NMR (400 MHz, DMSO-de) 5 9.42 (s, 1H), 9.08 (s, 1H), 8.55 (d, J
= 2.4 Hz, 1H), 8.09 (d, J = 2.4 Hz, 1H), 7.97 (d, J = 1.6 Hz, 1H), 7.63 (d, J
= 1.6 Hz, 1H), 5.53 — 5.42 (m, 1H), 4.06 — 3.90 (m, 6H), 3.86 — 3.78 (m,
1H), 3.11 (s, 3H), 2.96 (s, 3H), 2.41 — 2.28 (m, 1H), 2.20 — 2.09 (m, 1H).

MS (ESI+) m/z 431.1 [M + HJ".

Example 51: (S)-N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide (51)
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Step 1: Preparation of (S)-6-bromo-4-methyl-8-((tetrahydrofuran-3-

yl)oxy)quinazoline (N-8)
NZ~NF Br
AN

N-SOICO
According to the method of step 1 in Example 44, compound (N-8) was
prepared from compound (M) and (R)-tetrahydrofuran-3-ol.

'H NMR (400 MHz, DMSO-de) 5 9.10 (s, 1H), 8.02 (d, J = 1.9 Hz,

1H), 7.55 (d, J = 1.9 Hz, 1H), 5.37 — 5.31 (m, 1H), 4.05 — 3.85 (m, 3H),
3.83 — 3.76 (m, 1H), 2.87 (s, 3H), 2.39 — 2.27 (m, 1H), 2.14 — 2.01 (m, 1H).

Step 2: Preparation of (S)-N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-
3-yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(31)
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Compound (51) was prepared from compound (N-8) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.35 (s, 1H), 9.08 (s, 1H), 8.57 (d,
J=22Hz, 1H), 8.12 (d, J= 2.2 Hz, 1H), 7.95 (d, J= 1.2 Hz, 1H), 7.77 (dt,
J =88, 6.6 Hz, 1H), 7.66 — 7.55 (m, 2H), 7.22 (dt, J = 8.8, 2.4 Hz, 1H),
5.52 — 5.43 (m, 1H), 4.06 — 3.89 (m, 3H), 3.86 — 3.78 (m, 1H), 3.66 (s, 3H),
2.96 (s, 3H), 2.40 — 2.29 (m, 1H), 2.20 — 2.08 (m, 1H).

MS (ESI+) m/z 529.1 [M + HJ".

Example 52: (S)-N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-3-
yl)oxy)quinazolin—6—yl)pyridin—3—yl)methanesulfonamide (52)

OMe
/J\{\q’
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Compound (52) was prepared from compound (N-8) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 2 in Example 44.

'"H NMR (400 MHz, DMSO-ds) 8 9.42 (s, 1H), 9.08 (s, 1H), 8.55 (d, J
= 2.3 Hz, 1H), 8.09 (d, /= 2.3 Hz, 1H), 7.98 (d, /= 1.6 Hz, 1H), 7.63 (d, J
= 1.6 Hz, 1H), 5.51 — 5.45 (m, 1H), 4.04 — 3.9 (m, 6H), 3.88 — 3.76 (m, 1H),
3.11 (s, 3H), 2.96 (s, 3H), 2.42 — 2.26 (m, 1H), 2.22 — 2.06 (m, 1H).

MS (ESI+) m/z 431.1 [M + HJ".

Example 53: N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(33)
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Step 1: Preparation of 6-bromo-4-methyl-8-((tetrahydro-2H-pyran-4-
yl)methoxy)quinazoline (N-10)

N,Jj(/j/sr
I“::“N i‘\}\_ /(*\.O
N0 O A

According to the method of step 1 in Example 44, compound (N-10) was
prepared from compound (M) and (tetrahydro-2H-pyran-4-yl)methanol.

'H NMR (400 MHz, DMSO-dq) & 9.11 (s, 1H), 7.99 (d, J = 1.9 Hz,
1H), 7.56 (d, J= 1.9 Hz, 1H), 4.08 (d, J = 6.5 Hz, 2H), 3.94 — 3.87 (m, 2H),
3.38 (dt, J = 11.8, 2.0 Hz, 2H), 2.87 (s, 3H), 2.21 — 2.08 (m, 1H), 1.80 —
1.72 (m, 2H), 1.48 — 1.34 (m, 2H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2H-pyran-
4-yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (53)

Compound (53) was prepared from compound (N-10) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.34 (s, 1H), 9.08 (s, 1H), 8.58 (d,
J=2.3Hz, 1H), 8.12 (d, J= 2.3 Hz, 1H), 7.92 (d, J = 1.6 Hz, 1H), 7.76 (dt,
J=8.6,6.4Hz, 1H), 7.63 (d, J= 1.6 Hz, 1H), 7.62 — 7.55 (m, 1H), 7.22 (dt,
J=28.4,22Hz, 1H), 4.17 (d, J = 6.5 Hz, 2H), 3.96 — 3.87 (m, 2H), 3.66 (s,
3H), 3.40 (dt, J= 11.4, 1.8 Hz, 2H), 2.96 (s, 3H), 2.26 — 2.11 (m, 1H), 1.84
—1.76 (m, 2H), 1.51 — 1.38 (m, 2H).

MS (ESI+) m/z 557.2 [M + HJ".
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Example 54: N-(2-methoxy-5-(4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)methanesulfonamide (54)

.J" ‘ i
H’Lj:i(&“lw
1
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Compound (54) was prepared from compound (N-10) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-
yl)methanesulfonamide, according to the method of step 2 in Example 44.

'H NMR (400 MHz, DMSO-de) 5 9.41 (s, 1H), 9.08 (s, 1H), 8.56 (d, J
= 2.4 Hz, 1H), 8.09 (d, J = 2.4 Hz, 1H), 7.94 (d, J = 1.6 Hz, 1H), 7.65 (d, J
= 1.6 Hz, 1H), 4.17 (d, J = 6.5 Hz, 2H), 4.01 (s, 3H), 3.96 — 3.88 (m, 2H),
3.39 (dt, J= 11.7, 1.9 Hz, 2H), 3.10 (s, 3H), 2.95 (s, 3H), 2.25 — 2.11 (m,
1H), 1.84 — 1.75 (m, 2H), 1.51 — 1.37 (m, 2H).

MS (ESI+) m/z 459.2 [M + H]".

Example 55: N-(5-(8-(cyclohexyloxy)-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (55)

NJ‘\‘ = NH
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LA ot
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Step 1: Preparation of 6-bromo-8-(cyclohexyloxy)-4-methylquinazoline
(N-12)

O

QT N-12
According to the method of step 1 in Example 44, compound (N-12) was
prepared from compound (M) and cyclohexanol.

'H NMR (400 MHz, DMSO-de) 5 9.09 (s, 1H), 7.97 (d, J = 1.9 Hz,
1H), 7.61 (d, J = 1.9 Hz, 1H), 4.78 — 4.65 (m, 1H), 2.86 (s, 3H), 2.05 — 1.93
(m, 2H), 1.82 — 1.72 (m, 2H), 1.62 — 1.49 (m, 3H), 1.49 — 1.37 (m, 2H),
1.37 - 1.25 (m, 1H).
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Step 2: Preparation of N-(5-(8-(cyclohexyloxy)-4-methylquinazolin-6-yl)-
2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (55)
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Compound (55) was prepared from compound (N-12) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.35 (s, 1H), 9.07 (s, 1H), 8.55 (d,
J=2.4Hz, 1H), 8.09 (d, J = 2.4 Hz, 1H), 7.90 (d, J = 1.6 Hz, 1H), 7.76 (dt,
J=8.6, 6.4 Hz, 1H), 7.67 (d, J = 1.6 Hz, 1H), 7.64 — 7.56 (m, 1H), 7.26 —
7.19 (m, 1H), 4.90 — 4.77 (m, 1H), 3.67 (s, 3H), 2.95 (s, 3H), 2.08 — 1.95
(m, 2H), 1.87 — 1.73 (m, 2H), 1.65 — 1.53 (m, 3H), 1.52 — 1.27 (m, 3H).

MS (ESI+) m/z 541.2 [M + HJ".

Example 56: N-(5-(8-(cyclopentyloxy)-4-methylquinazolin-6-yl)-2-
methoxypyridin-3 —yl)—2,4—diﬂuor0benzenesulfonamide (56)

xJ 56 ““‘

|
F

Step 1: Preparation of 6-bromo-8-(cyclopentyloxy)-4-methylquinazoline

(N-13)
Sy
(8]

R
\ _J| N-13

According to the method of step 1 in Example 44, compound (N-13) was
prepared from compound (M) and cyclopentanol.

'H NMR (400 MHz, DMSO-de) 5 9.09 (s, 1H), 7.96 (d, J = 2.0 Hz,
1H), 7.50 (d, J = 2.0 Hz, 1H), 5.17 — 5.06 (m, 1H), 2.86 (s, 3H), 2.09 — 1.96
(m, 2H), 1.88 — 1.72 (m, 4H), 1.68 — 1.57 (m, 2H).
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Step 2: Preparation of N-(5-(8-(cyclopentyloxy)-4-methylquinazolin-6-yl)-
2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (56)
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Compound (56) was prepared from compound (N-13) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-dq) 8 10.35 (s, 1H), 9.06 (s, 1H), 8.55 (d,
J=2.4Hz, 1H), 8.08 (d, J=2.4 Hz, 1H), 7.90 (d, J= 1.6 Hz, 1H), 7.77 (dt,
J=28.6,6.4 Hz, 1H), 7.64 — 7.57 (m, 1H), 7.57 (d, J = 1.6 Hz, 1H), 7.27 —
7.19 (m, 1H), 5.29 — 5.21 (m, 1H), 3.67 (s, 3H), 2.95 (s, 3H), 2.12 — 1.96
(m, 2H), 1.94 — 1.73 (m, 4H), 1.73 — 1.57 (m, 2H).

MS (ESI+) m/z 527.2 [M + HJ".

Example 57: N-(5-(8-((4,4-difluorocyclohexyl)oxy)-4-methylquinazolin-6-
yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (57)
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Step 1: Preparation of 6-bromo-8-((4,4-difluorocyclohexyl)oxy)-4-
methylquinazoline (N-14)

According to the method of step 1 in Example 44, compound (N-14) was
prepared from compound (M) and 4,4-difluorocyclohexanol.
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'H NMR (400 MHz, DMSO-ds) & 9.12 (s, 1H), 8.03 (d, J = 1.9 Hz,
1H), 7.75 (d, J= 1.9 Hz, 1H), 5.02 — 4.94 (m, 1H), 2.87 (s, 3H), 2.25 — 1.85
(m, 8H).

Step 2: Preparation of N-(5-(8-((4,4-difluorocyclohexyl)oxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (57)

OME

A,
O

F

Compound (57) was prepared from compound (N-14) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.35 (s, 1H), 9.10 (s, 1H), 8.57 (d,
J=2.4MHz, 1H), 8.12 (d, J= 2.4 Hz, 1H), 7.97 (d, J = 1.6 Hz, 1H), 7.82 (d,
J= 1.6 Hz, 1H), 7.76 (dt, J = 8.6, 6.4 Hz, 1H), 7.64 — 7.55 (m, 1H), 7.22 (dt,
J=28.4,22Hz, 1H), 5.15 — 5.05 (m, 1H), 3.66 (s, 3H), 2.96 (s, 3H), 2.31 —
2.11 (m, 2H), 2.10 — 1.93 (m, 6H).

MS (ESI+) m/z 577.2 [M + HJ".

Example 58: N-(5-(8-((2,2-dimethyltetrahydro-2 H-pyran-4-yl)oxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (58)

Step 1: Preparation of 6-bromo-8-((2,2-dimethyltetrahydro-2H-pyran-4-
yl)oxy)-4-methylquinazoline (N-15)
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According to the method of step 1 in Example 44, compound (N-15) was
prepared from compound (M) and 2,2-dimethyltetrahydro-2 H-pyran-4-ol.

'H NMR (400 MHz, DMSO-de)  9.09 (s, 1H), 7.99 (d, J = 1.8 Hz,
1H), 7.72 (d, J = 1.8 Hz, 1H), 5.12 — 4.97 (m, 1H), 3.84 — 3.62 (m, 2H),
2.86 (s, 3H), 2.14 — 1.94 (m, 2H), 1.64 — 1.45 (m, 2H), 1.25 (s, 3H), 1.24 (s,
3H).

Step 2: Preparation of N-(5-(8-((2,2-dimethyltetrahydro-2H-pyran-4-
yl)oxy)-4-methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (58)
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Compound (58) was prepared from compound (N-15) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.35 (s, 1H), 9.07 (s, 1H), 8.57 (d,
J=2.4Hz, 1H), 8.12 (d, J = 2.4 Hz, 1H), 7.93 (d, J = 1.6 Hz, 1H), 7.81 —
7.71 (m, 2H), 7.64 — 7.56 (m, 1H), 7.26 — 7.19 (m, 1H), 5.24 — 5.09 (m,
1H), 3.86 — 3.77 (m, 1H), 3.75 — 3.67 (m, 1H), 3.66 (s, 3H), 2.96 (s, 3H),
2.14 - 2.01 (m, 2H), 1.65 — 1.52 (m, 2H), 1.26 (s, 3H) , 1.25 (s, 3H).

MS (ESI+) m/z 571.2 [M + HJ".

Example 59: N-(2-methoxy-5-(4-methyl-8-((3-methyloxetan-3-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-benzenesulfonamide
(39)
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Step 1: Preparation of 6-bromo-4-methyl-8-((3-methyloxetan-3-
yl)methoxy)quinazoline (N-16)

0\3{ N-16

According to the method of step 1 in Example 44, compound (N-16) was
prepared from compound (M) and (3-methyloxetan-3-yl)methanol.

'H NMR (400 MHz, DMSO-de)  9.13 (s, 1H), 8.02 (d, J = 1.9 Hz,
1H), 7.64 (d, J = 1.9 Hz, 1H), 4.57 (d, J = 5.8 Hz, 2H), 4.37 (d, J= 5.8 Hz,
2H), 4.32 (s, 2H), 2.88 (s, 3H), 1.45 (s, 3H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-((3-methyloxetan-3-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-benzenesulfonamide
(39)
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Compound (59) was prepared from compound (N-16) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-

difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

25

QO

F

'H NMR (400 MHz, DMSO-de) & 10.34 (s, 1H), 9.10 (s, 1H), 8.59 (d,
J=2.4Hz, 1H), 8.14 (d, J = 2.4 Hz, 1H), 7.96 (d, J = 1.6 Hz, 1H), 7.80 —
7.74 (m, 1H), 7.73 (d, J = 1.6 Hz, 1H), 7.64 — 7.56 (m, 1H), 7.22 (dt, J =
8.4, 2.4 Hz, 1H), 4.61 (d, J= 5.8 Hz, 2H), 4.41 (s, 2H), 4.40 (d, J = 5.8 Hz,
2H), 3.65 (s, 3H), 2.97 (s, 3H), 1.49 (s, 3H).

MS (ESI+) m/z 543.1 [M + HJ".
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Example 60: N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-2-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(60)

Step 1: Preparation of 6-bromo-4-methyl-8-((tetrahydrofuran-2-
yl)methoxy)quinazoline (N-17)
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According to the method of step 1 in Example 44, compound (N-17) was
prepared from compound (M) and tetrahydrofurfuryl alcohol.

'H NMR (400 MHz, DMSO-de) 5 9.11 (s, 1H), 7.99 (d, J = 1.8 Hz,
1H), 7.57 (d, J = 1.8 Hz, 1H), 4.34 — 4.25 (m, 1H), 4.24 — 4.12 (m, 2H),
3.83 (dd, J = 14.2, 7.2 Hz, 1H), 3.71 (dd, J = 14.2, 7.2 Hz, 1H), 2.87 (s,
3H), 2.11 — 1.92 (m, 2H), 1.90 — 1.70 (m, 2H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-2-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-benzenesulfonamide
(60)

Compound (60) was prepared from compound (N-17) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-de) & 10.34 (s, 1H), 9.08 (s, 1H), 8.58 (d,
J=2.2Hz, 1H), 8.13 (d, /= 2.2 Hz, 1H), 7.93 (d, J= 1.2 Hz, 1H), 7.76 (dt,
J=8.4,6.4 Hz, 1H), 7.65 (d, J= 1.2 Hz, 1H), 7.64 — 7.55 (m, 1H), 7.21 (dt,
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J=8.6,22 Hz, 1H), 439 — 4.21 (m, 3H), 3.86 (dd, J = 14.2, 7.0 Hz, 1H),
3.73 (dd, J = 14.2, 7.0 Hz, 1H), 3.65 (s, 3H), 2.96 (s, 3H), 2.14 — 1.93 (m,
2H), 1.93 — 1.73 (m, 2H).

MS (ESI+) m/z 543.1 [M + HJ".

Example 61: N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-3-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(61)
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Step 1: Preparation of 6-bromo-4-methyl-8-((tetrahydrofuran-3-
yl)methoxy)quinazoline (N-18)

According to the method of step 1 in Example 44, compound (N-18) was
prepared from compound (M) and (tetrahydrofuran-3-yl)methanol.

'H NMR (400 MHz, DMSO-dq) & 9.12 (s, 1H), 8.00 (d, J = 1.8 Hz,
1H), 7.59 (d, J = 1.8 Hz, 1H), 4.21 — 4.08 (m, 2H), 3.91 — 3.75 (m, 2H),
3.74 — 3.59 (m, 2H), 2.87 (s, 3H), 2.84 — 2.75 (m, 1H), 2.11 — 2.02 (m, 1H),
1.80 — 1.69 (m, 1H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-((tetrahydrofuran-3-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-benzenesulfonamide
(61)

Compound (61) was prepared from compound (N-18) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
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44,

'H NMR (400 MHz, DMSO-ds) 8 10.34 (s, 1H), 9.09 (s, 1H), 8.58 (d,
J=2.2Hz, 1H), 8.13 (d, J=2.2 Hz, 1H), 7.94 (d, /= 1.0 Hz, 1H), 7.76 (dd,
J=28.6, 6.6 Hz, 1H), 7.67 (d, J= 1.0 Hz, 1H), 7.65 — 7.53 (m, 1H), 7.22 (dt,
J=28.6,2.4 Hz, 1H), 4.35 — 4.16 (m, 2H), 3.93 — 3.78 (m, 2H), 3.75 — 3.60
(m, 5H), 2.96 (s, 3H), 2.92 — 2.76 (m, 1H), 2.16— 2.05 (m, 1H), 1.83 — 1.73
(m, 1H).

MS (ESI+) m/z 543.1 [M + HJ".

Example 62: N-(2-methoxy-5-(4-methyl-8-((1-methylpiperidin-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-benzenesulfonamide (62)
N._.OMe
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Step 1: Preparation of 6-bromo-4-methyl-8-((1-methylpiperidin-4-
yl)oxy)quinazoline (N-19)

o
N-19 \qu

According to the method of step 1 in Example 44, compound (N-19) was
prepared from compound (M) and 1-methylpiperidin-4-ol.

"H NMR (400 MHz, DMSO-ds) 6 9.10 (s, 1H), 7.99 (d, J = 1.9 Hz,
1H), 7.64 (d, J= 1.9 Hz, 1H), 4.80 — 4.66 (m, 1H), 2.88 — 2.85 (m, 3H),
2.74 - 2.63 (m, 2H), 2.30 — 2.14 (m, 6H), 2.07 — 1.95 (m, 2H), 1.82 — 1.69
(m, 2H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-((1-methylpiperidin-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide (62)
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Compound (62) was prepared from compound (N-19) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-de) 5 9.07 (s, 1H), 8.35 (d, J = 2.2 Hz,
1H), 7.93 (d, J= 2.2 Hz, 1H), 7.86 (d, J= 1.6 Hz, 1H), 7.79 (dt, J = 8.6, 6.6
Hz, 1H), 7.66 (d, J= 1.6 Hz, 1H), 7.54 — 7.44 (m, 1H), 7.18 (dt, J = 8.4, 2.4
Hz, 1H), 4.95 — 4.82 (m, 1H), 3.70 (s, 3H), 2.94 (s, 3H), 2.93 — 2.86 (m,
2H), 2.51 (s, 1H), 2.39 (s, 3H), 2.15 — 2.04 (m, 2H), 1.92 — 1.80 (m, 2H).

MS (ESI+) m/z 556.2 [M + HJ".

Example 63: N-(2-methoxy-5-(4-methyl-8-(2-(pyrrolidin-1-
yl)ethoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(63)

J\ /Nl OMe
NS SR NH
L A~ 0=5=0
F‘
%N./x\/() = |
| 63 X

Step 1: Preparation of 6-bromo-4-methyl-8-(2-(pyrrolidin-1-

yl)ethoxy)quinazoline (N-20)
N7 NP | Br
NN
N.f\_,.O
<:-J' N-20
According to the method of step 1 in Example 44, compound (N-20) was

prepared from compound (M) and 2-(pyrrolidin-1-yl)ethan-1-ol.

'H NMR (400 MHz, DMSO-de) 5 9.10 (s, 1H), 7.99 (d, J = 1.9 Hz,
1H), 7.58 (d, J = 1.9 Hz, 1H), 4.30 (t, J = 5.8 Hz, 2H), 2.93 (t, J = 5.8 Hz,
2H), 2.87 (s, 3H), 2.64 — 2.55 (m, 4H), 1.76 — 1.62 (m, 4H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-(2-(pyrrolidin-1-
yl)ethoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(63)
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F
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Compound (63) was prepared from compound (N-20) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-dq) & 9.08 (s, 1H), 8.37 (d, J = 2.2 Hz,
1H), 7.96 (d, J = 2.2 Hz, 1H), 7.86 (d, J= 1.4 Hz, 1H), 7.80 (dt, J = 8.6, 6.6
Hz, 1H), 7.61 (d, J= 1.4 Hz, 1H), 7.53 — 7.45 (m, 1H), 7.19 (dt, J = 8.4, 2.4
Hz, 1H), 4.45 (t, J = 5.5 Hz, 2H), 3.69 (s, 3H), 3.18 (t, J = 5.5 Hz, 2H),
2.95 (s, 3H), 2.91 — 2.81 (m, 4H), 1.83 — 1.75 (m, 4H).

MS (ESI+) m/z 556.2 [M + HJ".

Example 64: N-(5-(8-(2-(1H-pyrazol-1-yl)ethoxy)-4-methylquinazolin-6-
yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (64)

N._ _OMe
2
NS NH
lm’ 25 0=$=0
F-.
\=N 64

Step 1: Preparation of 8-(2-(1H-pyrazol-1-yl)ethoxy)-6-bromo-4-
methylquinazoline (N-21)

N ~NF Br

9S

0
=N N-21

According to the method of step 1 in Example 44, Compound (N-21) was
prepared from compound (M) and 2-(1H-pyrazol-1-yl) ethan-1-ol.

'H NMR (400 MHz, DMSO-de) 5 9.11 (s, 1H), 8.01 (d, J = 1.9 Hz,
1H), 7.87 (dd, J = 2.2, 0.6 Hz, 1H), 7.54 (d, J = 1.9 Hz, 1H), 7.46 (dd, J =
1.8, 0.6 Hz, 1H), 6.24 (t, J= 2.0 Hz, 1H), 4.65 — 4.57 (m, 4H), 2.86 (s, 3H).

Step 2: Preparation of N-(5-(8-(2-(1H-pyrazol-1-yl)ethoxy)-4-
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methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (64)

0!-.'1
"H\“u’
P 0= S 0
F
/\/ ~F
«“N |
\___" =

64
F
Compound (64) was prepared from compound (N-21) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.33 (s, 1H), 9.09 (s, 1H), 8.56 (d,
J=2.3Hz, 1H), 8.12 (d, J= 2.3 Hz, 1H), 7.95 (d, J = 1.6 Hz, 1H), 7.92 (dd,
J=22,0.6Hz, 1H), 7.76 (dt, J = 8.4, 6.4 Hz, 1H), 7.62 (d, J= 1.6 Hz, 1H),
7.61 —7.56 (m, 1H), 7.46 (dd, J = 1.8, 0.6 Hz, 1H), 7.22 (dt, J= 8.4, 2.0 Hz,
1H), 6.27 — 6.23 (m, 1H), 4.76 — 4.60 (m, 4H), 3.65 (s, 3H), 2.95 (s, 3H).

MS (ESI+) m/z 553.1 [M + HJ".

Example 65: N-(2-methoxy-5-(4-methyl-8-(2-
morpholinoethoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide (65)

OM&

*ﬁ/f

l/"aN/\\_,O =
S

O\_/'J 65
E

Step 1: Preparation of 4-(2-((6-bromo-4-methylquinazolin-8-

yl)oxy)ethyl)morpholine (N-22)
N ;J\Jj/ Br
Ly s ]
A‘N /“\r

N,-f\v.;O
o) Nz

According to the method of step 1 in Example 44, compound (N-22) was
prepared from compound (M) and 2-morpholinoethan-1-ol.

'H NMR (400 MHz, DMSO-de) 5 9.10 (s, 1H), 7.99 (d, J = 1.9 Hz,
1H), 7.61 (d, J= 1.9 Hz, 1H), 4.33 (t, J = 5.7 Hz, 2H), 3.63 — 3.53 (m, 4H),

2.87 (s, 3H), 2.82 (t, J = 5.7 Hz, 2H), 2.59 — 2.51 (m, 4H).
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Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-(2-
morpholinoethoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-
benzenesulfonamide (65)

L,

I\N 0= S 0]
O’\.) 65

F

Compound (65) was prepared from compound (N-22) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.33 (s, 1H), 9.08 (s, 1H), 8.57 (d,
J=2.4Hz, 1H), 8.12 (d, J= 2.4 Hz, 1H), 7.93 (d, J = 1.6 Hz, 1H), 7.76 (dt,
J=8.6,6.4 Hz, 1H), 7.67 (d, J= 1.6 Hz, 1H), 7.59 (ddd, J = 10.6, 9.2, 2.4
Hz, 1H), 7.27 — 7.18 (m, 1H), 4.43 (t, J = 5.6 Hz, 2H), 3.66 (s, 3H), 3.64 —
3.57 (m, 4H), 2.96 (s, 3H), 2.89 (t, J = 5.6 Hz, 2H), 2.65 — 2.56 (m, 4H).

MS (ESI+) m/z 571.2 [M + HJ".

Example 66: N-(2-methoxy-5-(4-methyl-8-((1-methylpiperidin-4-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluoro-benzenesulfonamide
(66)

Step 1: Preparation of 6-bromo-4-methyl-8-((1-methylpiperidin-4-
yl)methoxy)quinazoline (N-23)

N;)L/Ii;\]/ar
N-23 O

According to the method of step 1 in Example 44, compound (N-23) was
prepared from compound (M) and (1-methylpiperidin-4-yl)methanol.
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'H NMR (400 MHz, DMSO-de) 5 9.11 (s, 1H), 7.98 (d, J = 1.8 Hz,
1H), 7.54 (d, J = 1.8 Hz, 1H), 4.06 (d, J = 6.0 Hz, 2H), 2.86 (s, 3H), 2.84 —
2.76 (m, 1H), 2.17 (s, 3H), 1.95 — 1.75 (m, 5H), 1.44 — 1.31 (m, 2H).

Step 2: Preparation of N-(2-methoxy-5-(4-methyl-8-((1-methylpiperidin-4-
yl)methoxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide
(66)

_N._OMe
|
NS S = N
“\Nf 28 F0:5'=o
- /J I
r 66
N F

Compound (66) was prepared from compound (N-23) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-de) 5 9.06 (s, 1H), 8.25 (d, J = 1.6 Hz,
1H), 7.86 — 7.80 (m, 2H), 7.78 (d, J = 1.4 Hz, 1H), 7.51 (d, J = 1.4 Hz, 1H),
7.43 (dt, J=9.8, 2.4 Hz, 1H), 7.16 (dt, J= 8.4, 2.4 Hz, 1H), 4.15 (d, J = 6.0
Hz, 2H), 3.72 (s, 3H), 3.16 — 3.07 (m, 2H), 2.93 (s, 3H), 2.48 — 2.34 (m,
5H), 2.08 — 1.87 (m, 3H), 1.61 — 1.41 (m, 2H).

MS (ESI+) m/z 570.2 [M + HJ".

Example 67: N-(5-(8-(2-(dimethylamino)ethoxy)-4-methylquinazolin-6-
yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (67)

J _N._OMe
1 WNH
i i

- D=5=0
N F

F
b o &
it iy

F

Step 1: Preparation of 2-((6-bromo-4-methylquinazolin-8-yl)oxy)-N,N-
dimethylethanol-1-amine (N-24)
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According to the method of step 1 in Example 44, compound (N-24) was
prepared from compound (M) and 2-(dimethylamino) ethan-1-ol.

'H NMR (400 MHz, DMSO-de) 5 9.11 (s, 1H), 8.03 (d, J = 1.9 Hz,
1H), 7.63 (d, J = 1.9 Hz, 1H), 4.40 (t, J = 5.2 Hz, 2H), 3.03 (t, J = 5.2 Hz,
2H), 2.88 (s, 3H), 2.48 (s, 6H).

Step 2: Preparation of N-(5-(8-(2-(dimethylamino)ethoxy)-4-
methylquinazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-
difluorobenzenesulfonamide (67)
_N._.OMe
N"J‘\ /T[JNH
i e
N F
[ A ~
AN & N
F
Compound (67) was prepared from compound (N-24) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) & 9.08 (s, 1H), 8.44 (d, J = 2.3 Hz,
1H), 8.01 (d, J= 2.3 Hz, 1H), 7.89 (d, J= 1.6 Hz, 1H), 7.79 (dt, J = 8.6, 6.4
Hz, 1H), 7.64 (d, J = 1.6 Hz, 1H), 7.56 — 7.48 (m, 1H), 7.24 — 7.16 (m, 1H),
4.43 (t, J= 5.6 Hz, 2H), 3.68 (s, 3H), 2.98 (t, J = 5.6 Hz, 2H), 2.95 (s, 3H),
2.44 (s, 6H).

MS (ESI+) m/z 530.2 [M + HJ".

Example 68: N-(5-(8-(cyclopropylmethoxy)-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (68)

_N._OMe
|
N7 S X N
§ N~ 0=8=0
o P

Step 1: Preparation of 6-bromo-8-(cyclopropylmethoxy)-4-
methylquinazoline (N-25)
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A mixture of compound (M) (0.120 g, 0.5 mmol), cyclopropylmethyl
bromide (0.675 g, 5 mmol), and potassium carbonate (0.691 g, 5 mmol) in
acetonitrile (8 mL) in a sealed tube was stirred at 85 °C overnight. The
reaction mixture was cooled to r.t. and filtered. Silica gel (1 g) was added
to the filtrate, and the resulting mixture was evaporated to dry under
reduced pressure. The residue was purified by flash column
chromatography (silica gel, PE/EtOAc = 150:1, v/v) to afford the product
(N-25) as a yellow oil (0.142 g, 97% yield).

"H NMR (400 MHz, DMSO-d¢) 6 9.11 (s, 1H), 7.97 (d, J = 2.0 Hz,
1H), 7.49 (d, J = 2.0 Hz, 1H), 4.05 (d, /= 7.1 Hz, 2H), 2.87 (s, 3H), 1.41 —
1.29 (m, 1H), 0.68 — 0.57 (m, 2H), 0.43 — 0.36 (m, 2H).

Step 2: Preparation of N-(5-(8-(cyclopropylmethoxy)-4-methylquinazolin-
6-yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (68)
OMe

Compound (68) was prepared from compound (N-25) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.33 (s, 1H), 9.08 (s, 1H), 8.55 (d,
J=2.2Hz, 1H), 8.09 (d, /= 2.2 Hz, 1H), 7.91 (d, J= 1.4 Hz, 1H), 7.76 (dt,
J=8.6,6.4 Hz, 1H), 7.63 — 7.57 (m, 1H), 7.57 (d, J= 1.4 Hz, 1H), 7.21 (dt,
J= 84,24 Hz, 1H), 4.15 (d, J = 7.0 Hz, 2H), 3.65 (s, 3H), 2.96 (s, 3H),
1.47 — 1.32 (m, 1H), 0.71 — 0.60 (m, 2H), 0.46 — 0.37 (m, 2H).

MS (ESI+) m/z 513.1 [M + HJ".

Example 69: N-(5-(8-isopropoxy-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (69)
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Step 1: Preparation of 6-bromo-8-isopropoxy-4-methylquinazoline (N-26)

| g
NL*\;N/@/B

Nqsoxrf

According to the method of step 1 in Example 68, compound (N-26) was
prepared from compound (M) and isopropyl bromide.

'H NMR (400 MHz, DMSO-de) 5 9.08 (s, 1H), 7.97 (d, J = 2.0 Hz,
1H), 7.57 (d, J = 2.0 Hz, 1H), 5.00 — 4.89 (m, 1H), 2.86 (s, 3H), 1.37 (d, J
= 6.0 Hz, 6H).

Step 2: Preparation of N-(5-(8-1sopropoxy-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (69)

_N._OMe
l
mﬁ =T NK
z 0=8=0
L F.
P 5

69

Compound (69) was prepared from compound (N-26) and N-(2-methoxy-5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-de) & 10.34 (s, 1H), 9.06 (s, 1H), 8.55 (d,
J=2.3Hz, 1H), 8.08 (d, J=2.3 Hz, 1H), 7.91 (d, /= 1.6 Hz, 1H), 7.77 (dt,
J=8.6,6.4 Hz, 1H), 7.63 (d, J= 1.6 Hz, 1H), 7.62 — 7.55 (m, 1H), 7.22 (dt,
J=8.4,22 Hz, 1H), 5.13 — 5.02 (m, 1H), 3.67 (s, 3H), 2.95 (s, 3H), 1.40 (d,
J= 6.0 Hz, 6H).

MS (ESI+) m/z 501.1 [M + HJ".

Example 70: N-(5-(8-cyclobutoxy-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (70)
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Step 1: Preparation of 6-bromo-8-cyclobutoxy-4-methylquinazoline (N-27)
N (/_J\ /@, Br

Lti-N, =

M-zvo\“\:g

According to the method of step 1 in Example 68, compound (N-27) was
prepared from compound (M) and cyclobutyl bromide.

'H NMR (400 MHz, DMSO-de) 89.10 (s, 1H), 7.99 (d, J = 1.9 Hz,
1H), 7.33 (d, J= 1.9 Hz, 1H), 4.97 (p, J = 7.2 Hz, 1H), 2.86 (s, 3H), 2.59 —
2.52 (m, 2H), 2.23 — 2.08 (m, 2H), 1.91 — 1.80 (m, 1H), 1.79 — 1.61 (m,
1H).

Step 2: Preparation of N-(5-(8-cyclobutoxy-4-methylquinazolin-6-yl)-2-
methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (70)
N._.OMe

ol
L L 0=8=0

N F

5 F\ﬁ
' m]ﬁ/

Compound (70) was prepared from compound (N-27) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

Q*

'H NMR (400 MHz, DMSO-ds) § 10.36 (s, 1H), 9.07 (s, 1H), 8.54 (d,
J=2.2Hz, 1H), 8.07 (d, J= 2.2 Hz, 1H), 7.92 (s, 1H), 7.76 (dt, J = 8.4, 6.4
Hz, 1H), 7.64 — 7.56 (m, 1H), 7.40 (s, 1H), 7.23 (dt, J = 8.4, 2.4 Hz, 1H),
5.16 — 5.02 (m, 1H), 3.68 (s, 3H), 2.95 (s, 3H), 2.62 — 2.52 (m, 2H), 2.29 —
2.10 (m, 2H), 1.94 — 1.81 (m, 1H), 1.80 — 1.65 (m, 1H).

MS (ESI+) m/z 513.1 [M + HJ".

Example 71: N-(5-(8-(difluoromethoxy)-4-methylquinazolin-6-yl)-2-
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methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (71)

Step 1: Preparation of 6-bromo-8-(difluoromethoxy)-4-methylquinazoline
(N-28)

N-28 OYF
F

A mixture of compound (M) (0.120 g, 0.5 mmol), methyl
chlorodifluoroacetate (0.217 g, 1.5 mmol), and sodium carbonate (0.159 g,
1.5 mmol) in dimethylformamide (3 mL) in a sealed tube was stirred at
70 °C for 8 h. The resulting mixture was cooled to r.t., diluted with water
(30 mL), and extracted with EtOAc (30 mLx3). The combined organic
layers were washed with water (30 mL) and brine (30 mL), dried over
anhydrous Na;SOy, filtered and concentrated. The residue was purified by
preparative thin layer chromatography (silica gel, DCM/MeOH = 40:1, v/v)
to afford the product (N-28) as a yellow oil (0.080g, 55% yield).

'H NMR (400 MHz, DMSO-ds) & 9.21 (s, 1H), 8.43 (d, J = 2.0 Hz,
1H), 7.98 (d, J= 2.0 Hz, 1H), 7.53 (t, J = 73.8 Hz, 1H), 2.94 (s, 3H).

Step 2: Preparation of N-(5-(8-(difluoromethoxy)-4-methylquinazolin-6-
yl)-2-methoxypyridin-3-yl)-2,4-difluorobenzenesulfonamide (71)

Compound (71) was prepared from compound (N-28) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-ds) § 10.37 (s, 1H), 9.18 (s, 1H), 8.59 (d,
J=2.4MHz, 1H), 8.35 (d, J= 1.8 Hz, 1H), 8.16 (d, J = 2.4 Hz, 1H), 8.06 (d,
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J=1.8 Hz, 1H), 7.76 (dt, J = 8.6, 6.4 Hz, 1H), 7.64 — 7.55 (m, 1H), 7.6 (t,
J=74.0 Hz, 1H), 7.21 (dt, J= 8.4, 2.0 Hz, 1H), 3.66 (s, 3H), 3.03 (s, 3H).

Example 72: N-(2-methoxy-5-(8-methoxy-4-methylquinazolin-6-
yDpyridin-3-yl)-2,4-difluorobenzenesulfonamide (72)

Compound (72) was prepared from compound (L) and N-(2-methoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-2,4-
difluorobenzenesulfonamide, according to the method of step 2 in Example
44,

'H NMR (400 MHz, DMSO-de) & 10.35 (s, 1H), 9.06 (s, 1H), 8.58 (d,
J=22THz, 1H), 8.13 (d, J= 2.2 Hz, 1H), 7.93 (d, J = 1.6 Hz, 1H), 7.77 (dt,
J =84, 64 Hz, 1H), 7.65 — 7.54 (m, 2H), 7.23 (dt, J = 8.6, 2.4 Hz, 1H),
4.08 (s, 3H), 3.67 (s, 3H), 2.96 (s, 3H).

MS (ESI+) m/z 473.1 [M + H]".

Example 73: N-(2-chloro-5-(4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-4-fluorobenzenesulfonamide (73)

_N._Cl
AP
NS Sy NH
feee -

lLN Q=5=0
OCFD n Q
F

A mixture of compound (N-1) (71 mg, 0.22 mmol), anhydrous potassium
acetate (65 mg, 0.66 mmol) and bis(pinacolato)diboron (64 mg, 0.25 mmol)
in dioxane (8 mL) was degassed and then PdCly(dppf) (16 mg, 0.022 mmol)
was added. The resulting reaction mixture was degassed and back-filled
with argon (three cycles), and then stirred at 100 °C under Ar atmosphere
for 4 h. After cooling to rt., N-(5-bromo-2-methylpyridin-3-yl)-2,4-
difluorobenzenesulfonamide (91 mg, 0.25mmol) and 2M aqueous
potassium carbonate solution (0.44 mL, 0.88 mmol) were added to the
resulting mixture. The resulting mixture was degassed, and then PdCl,
(dppf) (16 mg, 0.022 mmol) was added. The resulting reaction mixture was
degassed and backfilled with argon (three cycles) and then stirred at 100 °C

under Ar atmosphere for 5 h. The reaction mixture was cooled to r.t.,
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diluted with EtOAc (30 mL) and water (30 mL), acidified with
hydrochloric acid until the pH value was 5—6. The two phases were
separated and the aqueous layer was extracted with EtOAc (30 mL x 2).
The combined organic layers were washed with water (50 mL) and brine
(50 mL), dried over Na,SOy, filtered, and concentrated. The residue was
purified by preparative thin layer chromatography (silica gel, DCM/MeOH
= 15:1, v/v) to afford the compound (73) as a yellow foamed solid (42 mg,
35% yield).

'H NMR (400 MHz, DMSO-ds) § 10.57 (s, 1H), 9.12 (s, 1H), 8.79 (d,
J =22 Hz, 1H), 8.16 (d, J= 2.2 Hz, 1H), 8.00 (d, J = 1.6 Hz, 1H), 7.87 —
7.80 (m, 2H), 7.78 (d, J = 1.6 Hz, 1H), 7.50 — 7.39 (m, 2H), 5.12 — 5.00 (m,
1H), 3.98 — 3.90 (m, 2H), 3.60 — 3.50 (m, 2H), 2.97 (s, 3H), 2.15 — 2.02 (m,
2H), 1.82 — 1.65 (m, 2H).

MS (ESI+) m/z 529.1 [M + HJ".

Example 74: N-(2-methyl-5-(4-methyl-8-((tetrahydro-2 H-pyran-4-
yl)oxy)quinazolin-6-yl)pyridin-3-yl)-2,4-difluorobenzenesulfonamide (74)
/N.IME
|
NS
LA 0=5=0

N
A0 F\ﬁ\
([3\)/ 74 %*rl
F
A mixture of compound (N-1) (71 mg, 0.22 mmol), anhydrous potassium
acetate (65 mg, 0.66 mmol) and bis(pinacolato)diboron (64 mg, 0.25 mmol)
in dioxane (8 mL) was degassed and then PdCly(dppf) (16 mg, 0.022 mmol)
was added. The resulting reaction mixture was degassed and back-filled
with argon (three cycles), and then stirred at 100 °C under Ar atmosphere
for 4 h. After cooling to rt., N-(5-bromo-2-methylpyridin-3-yl)-2,4-
difluorobenzenesulfonamide (91 mg, 0.25mmol) and 2M aqueous
potassium carbonate solution (0.44 mL, 0.88 mmol) were added to the
resluting mixture. The resulting mixture was degassed, and then PdCl,
(dppf) (16 mg, 0.022 mmol) was added. The resulting reaction mixture was
degassed and backfilled with argon (three cycles) and then stirred at 100 °C
under Ar atmosphere for 5 h. The reaction mixture was cooled to r.t.,
diluted with EtOAc (30 mL) and water (30 mL), acidified with
hydrochloric acid until the pH value was 5—6. The two phases were
separated and the aqueous layer was extracted with EtOAc (30 mL x 2).
The combined organic layers were washed with water (50 mL) and brine
(50 mL), dried over anhydrous Na,SOs, filtered, and concentrated. The

residue was purified by preparative thin layer chromatography (silica gel,

DCM/MeOH = 15:1, v/v) to afford the product (74) as a yellow foamed
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solid (46 mg, 40% yield).

'H NMR (400 MHz, DMSO-ds) 5 10.53 (s, 1H), 9.10 (s, 1H), 8.84 (s,
1H), 7.88 (d, J = 1.6 Hz, 1H), 7.85 (d, J = 2.0 Hz, 1H), 7.80 (dt, J = 8.6, 6.4
Hz, 1H), 7.71 (d, J = 1.6 Hz, 1H), 7.67 — 7.59 (m, 1H), 7.30 — 7.24 (m, 1H),
5.08 — 4.99 (m, 1H), 3.97 — 3.90 (m, 2H), 3.58 — 3.50 (m, 2H), 2.94 (s, 3H),
2.34 (s, 3H), 2.16 — 2.01 (m, 2H), 1.82 — 1.64 (m, 2H).

MS (ESI+) m/z 527.2 [M + HJ".

Evaluation of pharmacological activity
Experimental Example 1: Biochemical evaluation of activity of PI3Ka

The potency of compounds in the present intention against PI3Ka was
assessed by in vitro kinase assay. The kinase activity of PI3Ka was
determined by detecting the level of ADP produced in the kinase reaction
with luciferase-based luminescence detection. The Kinase-Glo™ Kinase
Assay Kit was purchased from Promega. All assays were performed at
room temperature using white OptiPlate™-384 well plate. The PI3Ka
kinase was purchased from Invitrogen. The substrate was PIP2 from
Invitrogen. The kinase buffer contained 50 mM Hepes (pH 7.5), 3 mM
MgCl,, 100 mM NaCl, 1 mM EGTA, 0.03% CHAPS and 2 mM DTT. The
PI3Ka kinase solution was prepared by diluting PI3Ka kinase to 6.6 nM in
kinase buffer. The substrate solution contained 100 uM PIP2 and 50 uM
ATP. The test compound was diluted to 10 mM in 100% DMSO and
serially diluted three times into ten different concentrations m 100%
DMSO. The compound diluted in 100% DMSO was diluted 25-fold in 1 X
kinase buffer. 2.5 uL of the diluted compound solution and 2.5 uL PI3Ka
kinase solution were added to each well of a 384-well plate. The reaction
was initiated by addition of 5 pL substrate solution to each well. The final
reaction volume was 10 pL, the ATP concentration was 25 uM, the PIP2
concentration was 50 puM, and the PI3Ka kinase concentration was 1.65
nM. The plate was then covered and the reaction was allowed to proceed
for one hour at room temperature, followed by the addition of 10 pL
Kinase-Glo™ reagent to each well to stop the reaction. The plate was
incubated for fifteen minutes and the luminescence was read on an
EnVision 2014 multilabel microplate detector plate reader.

The percentage of inhibition was calculated as follows:
Inhibition %= 100- (max-sample RLU)/(max-min)*100

wherein sample RLU was the luminescence reading for a given
compound concentration, min was the reading of DMSO control, and max
was the reading of the enzyme-free control. The ICsy value was calculated
with the XLfit program in Excel. The results were shown in Table 1.
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Table 1: The inhibitory activity of PI3Ka

Example | PI3Ko ICso ( nM )
| 0.80
2 0.72
3 1.1
4 0.74
5 2.7
6 2.3
7 1.1
8 1.0
9 0.86
10 3.8
11 0.94
12 4.5
13 0.84
14 33
15 5.5
16 4.1
17 2.3

18-1 1.1
18-2 0.8
19 1.0
20 1.3
21 1.0
22 0.6
23 1.1
24 0.8
25 1.6
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26 0.79
27 1.7
28 1.2
29 1.1
30 1.3
31 3.8
32 0.82
33 1.7
34 1.6
35 1.8
36 2.2
37 2.3
38 2.3
39 15
40 8.5
41 5.0
42 1.1
43 10
44 0.65
45 0.92
46 0.70
47 1.4
48 2.1
49 0.76
50 2.2
51 0.72
52 2.1
53 0.73
54 1.6
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55 1.7
56 0.92
57 1.7
58 1.0
59 0.74
60 1.3
61 1.0
62 2.5
63 10
64 1.5
65 2.7
66 1.7
67 6.1
68 1.6
69 2.2
70 0.90
71 1.9
72 0.70
73 1.3
74 1.1

Experimental Example 2: Measurement of tumor cell viability by MTT
assay

The human lung cancer cell NCI-H460 in logarithmic growth phase
was digested with 0.25% trypsin-EDTA, and prepared into a single-cell
suspension which was then added in a 96-well plate at 1200 cells/well with
100pL per well. After 24 hours, 100 puL of fresh medium containing
different concentrations of test compounds and the corresponding solvent
control was added into each well to a final concentration of DMSO less
than 0.2 %. Six to nine concentration groups were set for each test
compound, and three parallel wells were set for each group. The plate was
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incubated at 5% CO», 37 °C for 96 hours. 20 pL of freshly prepared PBS
solution containing 5 mg/mL MTT was added to each well. The
supernatant was discarded after incubation for another 4 hours. 150 pL
DMSO was added to each well to dissolve the MTT formazan precipitate.
After being mixed by a micro-oscillator, the optical density (OD) was
measured at the wavelength of 570 nm, and the tumor cells treated with
DMSO were used as a control group. The inhibitory rate of the test
compound on tumor cell growth was calculated as follows, and the ICs
value was calculated with SPSS 16.0:

Inhibitory rate (%) = (ODcontrol— ODcompound) / ODcontro1X 100%

Wherein ODconrol Was the average OD value of the control group, and
ODcompound Was the average OD value of the test compound group at a given
concentration.

The results were shown in Table 2.

Table 2: Antiproliferative activity against human lung cancer cell NCI-
H460

Example H460 I1Cso ( uM )
| 0.029
2 0.017
3 0.096
4 0.025
5 0.86
6 0.93
7 2.1
8 1.2
9 0.093
10 2.2
11 0.094
12 2.3
13 0.021
14 2.0
15 0.66
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16 1.1
17 0.083
18-1 0.030
18-2 0.057
19 0.041
20 0.24
21 0.063
22 0.096
23 0.094
24 0.063
25 0.20
26 0.14
27 0.20
28 0.28
29 0.059
30 0.24
31 0.41
32 0.10
33 0.10
34 0.11
35 0.10
36 0.40
37 0.25
38 0.31
39 1.7
4() 2.0
41 1.4
42 0.53
43 4.0
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44 0.029
45 0.045
46 0.029
47 0.57
48 0.28
49 0.034
50 0.79
51 0.032
52 0.67
53 0.038
54 0.40
55 0.097
56 0.073
57 0.45
58 0.056
59 0.017
60 0.24
ol 0.045
62 0.26
63 2.1
64 0.39
65 0.63
66 0.23
67 3.5
68 0.34
69 0.050
70 0.022
71 1.0
72 0.50
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73 0.74
74 0.87

Experimental Example 3: Study on the xenograft efficacy in nude mice

Human lung cancer NCI-H460 cells were collected under aseptic
conditions, and the cell density was adjusted to 1x10° cells/mL with sterile
saline, 0.2 mL of which was implanted into the back of the nude mice.
When the tumor grew to a diameter of about 1 cm, it was removed under
septic condition and cut into pieces of | mm x 1 mm which was implanted
into the back of the nude mice. When the tumor grew to 100 — 300 mm?
after 6 days, the animals were randomly divided into groups and
administration was started (marked as Day 1). The test compound was
administered orally every day. Body weight was measured twice a week
and the length and width of the tumor were measured with a vernier caliper.
After 16 days of dosing, the nude mice were sacrificed by cervical
dislocation and the tumor issues were exfoliated, weighed and
photographed. Finally, the tumor inhibitory rate was calculated. The
antitumor efficacy was evaluated by the tumor inhibitory rate. The results
were shown in Table 3, Table 4, Figure 1 and Figure 2.

The tumor volume was calculated as follows:

Tumor volume = (a X b?)/2, where a and b represented the length and
width of the tumor.

The percentage of tumor growth inhibition was calculated as follows:

Tumor growth mhibition (%) = (1 — T/C) x 100, where T was the final
volume of the tumor in the test compound group and C was the final
volume of the tumor in the solvent control group.

Table 3. Growth inhibition of Example 9 on human lung cancer NCI-H460
in subcutaneous xenografts in nude mice

Initial tumor

T Dose Growth
Cell line t“mor volume inhibition
ype (mg/kg/day) (%)
(mm?)
220.8 0

NCLH460 | U408

cancer 287.2 5 39.2
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171.5 10 56.3

266.2 20 77.0

Table 4. Growth inhibition of Example 44 on human lung cancer NCI-
H460 in subcutaneous xenografts in nude mice

Initial tumor
T Dose Growth
Cell line t“mor volume inhibition
ype (mg/kg/day) (%)
(mm?)
Lun 220.8 0
NCI-H460 g
cancer 22222 1 60.3

Human gastric cancer HGC-27 cells were collected under aseptic
conditions, and the cell density was adjusted to 1x10° cells/mL with sterile
saline, 0.2 mL of which was implanted into the back of the nude mice.
When the tumor grew to a diameter of about 1 cm, it was removed under
septic condition and cut into pieces of 1 mm x 1 mm which was implanted
into the back of the nude mice. When the tumor grew to 100 — 300 mm?
after 6 days, the animals were randomly divided into groups and
administration was started (marked as Day 0). The test compound was
administered orally every day. Body weight was measured twice a week
and the length and width of the tumor were measured with a vernier caliper.
After 20 days of dosing, the nude mice were sacrificed by cervical
dislocation and the tumor issues were exfoliated, weighed and
photographed. Finally, the tumor inhibitory rate was calculated. The
antitumor efficacy was evaluated by the tumor inhibitory rate. The results
were shown in Table 5 and Figure 3.

The tumor volume was calculated as follows:

Tumor volume = (a x b?) /2, where a and b represented the length and
width of the tumor.

The percentage of tumor growth inhibition was calculated as follows:

Tumor growth mhibition (%) = (1 — T/C) x 100, where T was the final
volume of the tumor in the test compound group and C was the final
volume of the tumor in the solvent control group.
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The percentage of tumor regression was calculated by 100x(final
tumor volume-initial tumor volume)/initial tumor volume.

Table 5. Growth inhibition of Example 32 on human gastric cancer HGC-
27 in subcutaneous xenografts in nude mice

Initial tumor Growth _
Dose o Regression
Cell line T;lmor volume inhibition
ype (mg/kg/day) (%)
(mm?) (%)
107.0 0
: 99.3 2.5 62.3
HGC-27 Gastric
cancer 104.6 5 6.9
103.3 10 70.5

Summary of pharmacological activities:

All examples showed strong inhibitory activity against PI3Ka with
ICso values of less than 11 nM. All examples showed strong anti-
proliferative activities against human lung cancer cell NCI-H460 with 1Cs
values of less than 5 uM. Among them, Examples 9 and 44 had significant
inhibitory effects against the growth of human lung cancer cell NCI-H460
in subcutaneous xenografts in nude mice, and Example 32 showed a
significant inhibitory effect on the growth of human gastric cancer cell
HGC-27 in subcutaneous xenografts in nude mice.
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Claim

1. A compound represented by Formula (I1I), or a stereoisomer, a geometric
isomer, a tautomer or a pharmaceutically acceptable salt thereof:

N._ _OCH,
A -
R1-.. /-]‘\ = pr- O=5=0
M N !
H 0 Rz
\.\
L

[
7%
(A ) Ran
)

(i
wherein,

R; 1s selected from C;; alkyl, C;.3 alkylcarbonyl or cyclopropylmethyl;
preferably, R; is selected from methyl, ethyl, cyclopropylmethyl or acetyl;

L is selected from a single bond or C;.3 alkylene, wherein said C,.; alkylene
is optionally substituted with one or more Ra; preferably, L is selected from
a single bond or -CH»-;

Ra is selected from hydrogen, halogen or C,.3 alkyl;

R, 1s selected from C;; alkyl, 3- to 7-membered cycloalkyl, 6- to 10-
membered aryl or 5- to 6-membered heteroaryl, wherein said 6- to 10-
membered aryl and 5- to 6-membered heteroaryl are optionally substituted
with at least one group selected from halogen, C;.3 alkyl, amino, C;;
alkylamino, di(C,.; alkyl)amino, trifluoromethyl, difluoromethyl, cyano or
Ci-3 alkoxy; preferably, R is selected from Ci.3 alkyl, 3- to 7-membered
cycloalkyl, phenyl or thienyl, wherein said phenyl and thienyl are
optionally substituted with one or more groups that are independently
selected from hydrogen, halogen, C,.; alkyl, amino, C,.3 alkylamino, di(C;.3
alkyl)amino, trifluoromethyl, difluoromethyl, cyano or C;_; alkoxy; further
preferably, R» is selected from phenyl or thienyl, said phenyl and thienyl
are optionally substituted with one or more groups independently selected
from fluoro or chloro;

ring A is selected from 3- to 7-membered cycloalkyl or 3- to 7-membered
heterocycloalkyl;
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each Rj; is independently selected from hydrogen, Ci.; alkyl, halogen,
cyano, trifluoromethyl, C,.; alkoxy, C;.3 alkyl substituted with hydroxyl,
Ci-3 alkylamino or di(C;3 alkyl)amino; preferably, each Rs is independently
selected from methyl;

mis0, 1,2, 3 or4.

2. The compound according to claim 1, or the stereoisomer, the geometric
isomer, the tautomer or the pharmaceutically acceptable salt thereof,
characterized in that, said ring A is selected from cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl;

each Rj; is independently selected from hydrogen, Ci.; alkyl, halogen,
cyano, trifluoromethyl, Ci3 alkoxy, Ci3 alkyl substituted with hydroxyl,
Ci3 alkylamino or di(C;3 alkyl)amino; preferably, each Rs is independently
selected from methyl;

misO0, 1, 2, 3 or 4.

3. The compound according to claim 1, or the stereoisomer, the geometric
isomer, the tautomer or the pharmaceutically acceptable salt thereof,
characterized in that, said ring A is 3- to 7-membered heterocycloalkyl
containing oxygen; preferably, said ring A is selected from:

| 1

A i

{N{—{R:ﬂm {/’\-_{R A C\C:_{R lm K}{R 3
0 :

'i_o '._D

each Rj; is independently selected from hydrogen, Ci; alkyl, halogen,
cyano, trifluoromethyl, Ci.3 alkoxy, Ci.3 alkyl substituted with hydroxyl,
Ci3 alkylamino or di(C;3 alkyl)amino; preferably, each Rs is independently
selected from methyl;

mis 0, 1,2, 3 or4.

4. The compound according to claim 1, or the stereoisomer, the geometric
isomer, the tautomer or the pharmaceutically acceptable salt thereof,
wherein, said compound is selected from:
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5. A pharmaceutical composition comprising at least one compound
according to any one of claims 1-4, or a stereoisomer, a geometric isomer,
a tautomer or a pharmaceutically acceptable salt thereof, and optionally a
pharmaceutically acceptable carrier and/or excipient; or said
pharmaceutical composition further comprising other pharmaceutical
active ingredient in addition to the compound, or the stereoisomer, the
geometric isomer, the tautomer or the pharmaceutically acceptable salt
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thereof.

6. Use of the compound of any one of claims 1-4, or a stereoisomer, a
geometric isomer, a tautomer or a pharmaceutically acceptable salt thereof,
or the pharmaceutical composition of claim 5 in the manufacture of a
medicament for the treatment of a PI3K-mediated disease; preferably,
said PI3K-mediated disease including cancer, immune diseases,
cardiovascular diseases, viral infections, inflammation,
metabolism/endocrine function disorders or neurological diseases.
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