wO 2022/135560 A1 |0 00000 K000 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
30 June 2022 (30.06.2022)

(10) International Publication Number

WO 2022/135560 Al

WIPO I PCT

(51) International Patent Classification:
CO7D 487/04 (2006.01) A61K 31/5377 (2006.01)
CO7D 471/04 (2006.01) A61K 31/437 (2006.01)
CO7D 519/00 (2006.01) A61P 35/00 (2006.01)

(21) International Application Number:
PCT/CN2021/141153

(22) International Filing Date:
24 December 2021 (24.12.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
202011572507.6 25 December 2020 (25.12.2020) CN

(71) Applicant: IMPACT THERAPEUTICS (SHANGHALI),
INC [CN/CN]; Room 603, No.3 Building, 111 Xiangke
Road, China (shanghai) Pilot Free Trade Zone, Shanghai
201210 (CN).

(72) Inventors: CAI, Sui Xiong; Room 3302, No.2, Lane 667,
Gaoqing West Road, Pudong New Area, Shanghai 200124
(CN). TIAN, Ye Edward; Room 2704, No.2, Lane 667,
Gaoqing West Road, Pudong New Area, Shanghai 200124
(CN). WANG, Xiaozhu;, Room 2506, KINGMO Center,
No. 1698 Shuanglong Avenue, Jiangning District, Nanjing,
Jiangsu 211106 (CN).

Agent: SHANGHAI PATENT & TRADEMARK LAW
OFFICE, LLC; 435 Guiping Road, Shanghai 200233
(CN).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK,LR,LS,LU,LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: SUBSTITUTED IMIDAZO[1,5-B]PYRIDAZINE COMPOUNDS AS KINASE INHIBITORS AND USE THEREOF

> R;
o ’ Ro
‘\f,N\TﬁN~= »—'{:\
PN (D
A\\T.,»\\\\/
Lok

(57) Abstract: The disclosure provides novel substituted imidazo [1, 5-b] pyridazine compounds as represented in Formula I; wherein
A, R g, R |, R;and R ; are defined herein. The compounds of Formula I are kinase inhibitors, especially ATR kinase inhibitors.
Therefore, the compounds of the disclosure may be used to treat ATR-mediated diseases, disorders and conditions, such as cancer.
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SUBSTITUTED IMIDAZOI1,5-B]JPYRIDAZINE COMPOUNDS AS KINASE
INHIBITORS AND USE THEREOF

Technical Field
[001] This disclosure 18 in the field of medicinal chemistry. In particular, the disclosure
relates to substituted imidazoll,S-bipynidazine compounds, and the use of these compounds as

therapeutically effective kinase inhibitors and anticancer drugs.

Background

[002] Ataxia telangiectasia and Rad3-related kinase {ATR) 18 a protein kinase that
respounds to cells tovolved in DNA damage. Activated ATR can regulate cell ife process through
various signals, including toterruption of cell cycle, inhibition of replication origin, witiation of
replication fork, repair of DNA double strands, et (Enriquez-Rios V, et al,, 2017}, ATR kinase
regulates cell response to DNA damage, which is usually calied DNA damage response (DDR),
by acting together with ATM (ataxia telangiectasia mutated) kinase and many other proteins.
When a cell recognizes DNA damage through DDR 1t will immediately initiate the DNA repair
process, activate the cell cycle checkpoint, and hinder the process of normual cell cycle, thereby
providing time for DNA repair. Without DDR, cells are more sensitive to endogenous cell
damage or DNA damage caused by chemotherapy and radiotherapy for treating cancer, and are
more likely to die.

[003] Healthy cells can rely on different proteins for DNA repair, including ATM, ATR
lanase in DDR, etc. Under normal circumstances, these proteins can repair DNA by regulating
downstream reguiatory factors. However, many cancer cells have defects in DNA repair pathway,
therefore they are more dependent on the remaining intact DNA repair proteins, including ATR.
ATR is a3 key member of DDR that responds t0 damaged DNA replication, and s crucial to
maintain the stability and integrity of a genome and improve cell survival. When intracellular
DNA damage occurs, ATR 18 recrutted o the site of BNA damage, which in turn resulis in various
proteins participating in the regulation of ATR activation. Activated ATR regulates some
umportant cellular processes. Many cancer cells fack key tumor suppressor genes, which can
cause cancer cells more dependent on ATR pathway than normal cells to reguiate DNA damage
repair and improve cell survival, making ATR a promising target for cancer freatment,

[004] ATR inhibitors can be used alone or in combination with DNA damaging agents
for cancer treatruent, since they block the DNA replication roechanism, which 1s more important
for cell survival in many cancer cells than healthy normal cells. In fact, ATR nhibitors have been

shown to be effective as single acitve agents for cancer cells and as sensitizers for radigtherapy
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and chemotherapy. At the same timne, ATR inhibitors can also be used in combination with other
DDR-refated targeted drugs, such as PARP inhibitors.

[005] Various ATR kinase inhibitors have been disclosed. For example,
WO2011154737 disclosed morpholine pyrimidine compounds as ATR kinase inhibitors;
WO2016020320 disclosed 2Z-{morpholin-4-y1}-1 7-naphthyridine compounds as ATR kinase
inhibitors; WQO2020049017 disclosed S-morpholin-4-yl-pyrazolof4,3-blpyridine derivatives as
ATR kinase whibttors; WOZO2Z0087170 disclosed substituted fused hetercaryl compounds as
ATR kinase inhibitors; W2020259601 disclosed substituted imidazopyridazine compounds as
ATR kinase inhibitors, WO2021098811 disclosed pyrazolohetercaryl derivatives as ATR kinase
inhibitors; CN112851668 disclosed a series of compounds as ATR kinase indubitors; and

CN113135942 disclosed condensed pyrimidine derivatives as ATR kinase inhibitors.

Summary of the Disclosure
[006] The disclosure provides substituted imidazofl,5-blpyridazine compounds as

represented in Formula [ (including Formulae 1, W and 1Y), the compounds can be used as kinase

irthibitors.
[007] The disclosure also provides pharmaceutical compositions comprising an

effective amount of the compound of Formula 1 {(including Formulae I, [ and V) for the
treatment of cancer.

[008] In a specitic embodiment, the pharmaceutical composition may also contain one
or more pharmaceutically acceptable carriers or diluents, for the treatment of cancer.

[009] In a specific embodirnent, the pharmaceutical composition may also contain at
least one koown anticancer drag or pharmaceutically acceptable salts thereof, for the treatment
of cancer.

[0010]  The disclosure is also directed to methods for the preparation of novel compounds

of Formula I (including Formulae I, W and IV}

Detailed Description of the Disclosure
[0011] It should be understood that the characteristics of the embodiments described
herein can be arbitrarily combined to form the technical solution of this disclosure. The definition
of each group herein can apply to any of the embodiments described herein. For example, the
definitions of the substituents of alkyl herein apply to any of the embodiments described herein
unless the substituents of alkyl are clearly defined in the embodiment.

[0012]  Specifically, the disclosure provides compounds represented by Formula [
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Rg R1 1

or sterecisomers, tautomers, N-oxides, hydrates, solvates, isotope-substituted derivatives, or

pharmaceutically acceptable salts thereof, or muxtures thereof, or prodrugs thereot, wherein:

Ats Nor CH;
Ro 1s an optionally substituted aryl, an optionally substituted heterocyclic group, an
optionally substituted carbocyclic group, an optionally substituted heteroaryl, an optionally

heteroaryl alkyl,

oF
wheretn * indicates an attachment position of the group to the rest of the compound;

Ri 1s halogen, an optionally substituted Ci-Ce alkyl, an optionally substituted C3-Ce
cycioalkyl, an optionally substituted C2-Ce alkenyl, or an optionally substituted C2-Co alkynyl;

Rz is halogen, Ci-Cs alkyl, Ci-Ce alkoxy, Ci-Ce alkenyl, Co-Cs alkynyl, carbocyclic group,
heterocyclic group, aryl, heteroaryl, -(SOR4, -(SOR4, -5R4, -NRsR7, {(CO}Rs, (COYORs, -
{(CIHNReRy, -(SONReR7, ~NRe{SO2)R4, -((SO=NRsYRs, -N=(SO}RRs, -SiRsRsRs, -
{(PONORe):z, (POXOR6IRE or -{(POY}Rs)z, wherein the said C1-Us alkyl, C1-Co alkoxy, Ci-Cs
cycioalkyl, C2-Co alkenyl, C2-Co alkynyl, carbocyclic group, heterocyclic group, aryl and
heteroaryl each are optionally substituted;

Rs 18 hydrogen or an optionally substituted C1-Co alkyl;

Rais an optionally substituted alkyl ot an optionally substituted alloylaryl, preferably the aryl
1s phenyl;

Rs is hydrogen, an optionally substituted alkyl, {COYORe or {COYNRR7,

Ry and Ry are independently hydrogen, an optionally substituted Ci-Cuo alkyl, an optionally
substituted carbocyclic group, an optionally substituted heterocyclic group, an optionally
substituted aryl or an optionally substituted heteroaryl; or Rs and Ry together with the Nand C to
which they are attached form an optionally substituted 4-7 membered cyclic amino group, which
optionally comprises one or more additional heteroatoms selected from O, N and §;

Rs is Ci-Ca alkyl, or in the case of -N={S8O)}R4Rz, R4 and Rs together with the § to which
they attached form a 5-8 membered heterocycloalkyl; and

R is hydrogen or Ci-Ca alkyl

[0013]  Preferably, in the definition of the above groups of Formula I, unless specified,

the said carbocyclic group preferably contains 3-8 carbon atoms in the ring, such as (3-Cs
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cycloaikyl; the sard aryl is preferably 6-14 membered aryl; the said heteroaryl 1s preferably 5-10
membered heteroaryl, and the said heterocychic group ts preferably 4-9 membered heterocychic
group.

[0014]  In one or more of the foregoing embodiments of the compound of Formuda [ A is
CH

[0015]  In one or more of the foregoing erbodimuents of the compound of Formula |, Re
is an optionally substituted alloylsulfonyl, an optionally substituted aryl, an optionally substituted
heterocyclic group, an optionally substituted carbocyclic group or an optionally substituted
heteroaryl. Preferably, the heteroaryl is a 5- or 6~ membered hetercaryl containing at least one
nitrogen atom, preferably a S-membered hetercaryl containing two nitrogen atoms. Preferably,
the substituents of the alkylsulfonyl, heterocyclic group, carboeychic group, aryl and heteroaryt
may be selected from a group consisting of Ci-Cs alkyl, halogen, hydroxy, Ci~Cy allkoxy and
amino. Preferably, the number of substituents on Ro may be 1-3. More preferably, Ro is sulfonyl
substituted with C1-Ca alkyl; or pyrazolyl, pyrrolyl, or imidazolyl optionally substituted with 1
or 2 substituents selected from a group consisting of Ci-Cy alkyl, halogen, hydroxyl, Ci-Ca alkoxy
and amino. In some embodiments, Ro is unsubstituted pyrazolyl, unsubstituted pyrrolyl,
unsubstituted inidazolyl, or pyrazolyl substituted with one Ci-Cs alkyl In some embodiments,
Rois 1H-pyrazol-5-yi optionally substituted with one Ci-Cy alkyl.

(00161 In one or more of the foregoing embaodiments of the compound of Formula {, R:
18 halogen, Ci-Ce alkyl, C3-Co cycloalkyl or Cr-Cs alkenyl optionally substituted with -6
substituents selected from halogen, hydroxyl and -NRaRs, wherein the said Ry and Ry are
independently bydrogen or Ci-Cy alkyl. Preferably, R 1s halogen, C1-Ca alkyl, C3-Ca eycloalkyl
or C2-Ca alkenyl. More preferably, Riis halogen, Ci-Cs alkyl, Cs-Ca cycloalky! or C2-Cs alkenyl.

[00177  In one or more of the foregoing embodiments of the compound of Formula I, Ra
is carbocyclic group, heterocyclic group, aryl, or heterpary!, wherein the said carbocyclic group,
heterocychic group, aryl and hetercaryl each are optionally substituted. Preferably, Ry is an
optionally substituted aryl, an optionally substituted heterocyclic group or an optiounally
substituted hetevoaryl. Preferably, the said aryl is phenyl or naphthyl Preferably, the sad
heterocyclic group 13 a 4-7 membered heterocyclic group containing N and/or O, Preferably, the
said heterocyclic group selected from tetrahydropyranyl, tetrahvdrofuranyl, oxetanyl, aretidinyl,
pyrrolidinyl, piperidinyl and piperazinyl. Preferably, the said heteroarvl is a 5 or & merbered
heteroaryl containing N. Preferably, the said heteroaryl 18 selected frow a group consisting of
pyrazolyl, imidazolyl, pyridyl, pynmidinyl, pyrrolyl and triazolyl. Preferably, Rz is an optionally
substituted phenyl, an optionally substituted pyrazolvl, an optionally substituted pyridyl, or an
optionally substituted tetrahydropyranyl. Preferably, the substituent of Rz 15 selected from Ci-Ce

alkyl, haloCi-Cs alkyl, cyano, halogen and alkylsulfonyl (such as sultonyi substituted with Ci-Cs
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alkyl). The nurnber of substituents can be 1-3. In sowe preferred embodiments, Rz 1s phenyl
optionally substituted with T or 2 substituents selected from Ci-Cs alkyl, halogen, cyano and
sulfonyl substituted with Ci-Cy alkyl; pyrazolyl or pynidyl optionally substituted with 1 or 2
substituents selected from Ci-Us alkyl, haloCi-Cs alkyl and halogen; or tetrahydropyranyl
optionally substituted with 1 or 2 substituents selected trom Ci-Cs alkyl, haloCi-Ce alkyl and
halogen.

[0018]  Preferably, Ro s selected fmm'

s #
{ i Rm

% NRH ;, 1 .«R% W
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wherein, Rio 18 hydrogen, C1-Cs alkyl or haloCi-Cs alkyl; each Rus s independently hydrogen or
1-C3 alkyl; Riz is hydrogen or halo C1-Cs alkvl; Ris is hydrogen or Ci-Ca alkyl, Ris 18 hydrogen
or Ci-C5 atkyl; each Rys is independently hydrogen or Ci-Cs alkyl, preferably Ci-Cs alkyl; Ris is
hydrogen, halogen or Ci-Cs alkyl, preferably halogen or Ci-Cy alkyl; Ry is hydrogen or cyang,
Rus is hydrogen or C-C5 alkyl substituted sulfonyl; Ris 18 hydrogen, halogen, Ci-Cs alkyl or halo
C1~Cs alkyl; Roo 13 hydrogen or C1-Cs alkyl; Rur s halogen, C1-Cs alkyl or halo C1-Cs alkyl,
preferably halogen; wherein, * refers to an attachment posttion of Ra to the rest of the compound.

{00191 More preferably, Ru is selected from
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wherein, Rio 15 Ci-Cs alkyl, such as methyl, ethyl, and isopropyl; Ris 18 methyl or fluoro; Rigis
methyl, fluoro or trifluoromethyl; wherein * refer to an attachment position of Rz to the rest of
the compound.

{00207 More preferably, Ra s
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{00211 Iu one or more of the foregoing embeodirnents of the coropound of Formula [ Rs
is a {1-Co alkyl optionally substituted with 1-6 substituents selected from a group consisting of
halogen, hydroxyl, -NRaRys and halo Ci-Cs alkyl, wherein Ra and Ryp are independently hydrogen
or Ci-Ca alkyl Preferably, Ry 1s Ci-Cs alkyl, such as methyl Preferably, R; is in an R-
configuration.

{00221 Iv one or more of the foregoing embeodirents of the compound of Formula I, Re
1s altkyl or alkylaryl, which is optionally substituted with 1-6 substituents selected from halogen,
hydroxyl and -NRaRs, wherein Ra and Ry are independently hydrogen or C1-Ca alkyl. In some
embadiments, R4 is an optionally substituted C1-Cs alkyl or an optionally substituted Ci-Cs
alkylaryl {preferably the aryl is phenyl), which is optionally substituted with 1-6 substituents
selected from halogen, hydroxyl and -NRaRs, wherein Ra and Re are independently hydrogen or
Cr-Ca alkyl

(00231 Ineach of the groups described 1n Rs, Rs and Ry, when substituted, the substituent
may be selected from halogen, hydroxyl, Ci-Cy alkyl, -NRaRy, halo Ci-Cs alkyl, and Ci-Cs
cycloalkyl optionally substituted by 1 or 2 substituents selected from C-Cs alkyl, halogen,
hydroxyl, -NRaRp and halo C1-Cs alkyl, wherein Ra and Re are independently hydrogen or $-Ca
alkyl; the number of substituents can be 1-6. To some embodiments, Rs 18 H or C1-Cy alkyl
optionally substituted with 1-6 substituents selected from halogen, hydroxyl and -NR4Rp, wherein
Ra and Ry are independently hydrogen or C1-Cs alkyl. In some embodiments, Re and Ry are sach
independently hvdrogen, an optionally substituted Ci-Cs alkyl, an optionally substituted C3-Co
cycloalkyl, an optionally substituted aryl or an optionally substituted hetercaryl; or Re and Ry
together to which they are attached form an opticually substituted 4-7 merbered cyclic aminoe
group, which optionaily comprises one or more additional hetercatoms selected from O, N and
8. In some embodiments, Rs 1s C1-Cs alkyl, or in the case of -N=(SO1R4Rs, R4 and Re together to
which they attached form a 5-8 membered heterocycloatkyl.

[0024] The disclosure provides compounds represented by Formula I
Q/VRZS

R B g

or stereoisomers, tautomers, N-oxides, hydrates, solvates, 1sotope-substituted derivatives, or
pharmaceutically accepiable salts thereof, or mixtures thereof, or prodrugs thereof, wherein:

A, Ro, Ry, Ry and Rs are as defined in any one of the embodiments of Formula 1 as described
above.

{00251  In one or more of the foregoing embodiments of the compound of Formula I, A

15 CH.
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[0026]  In one or more of the foregoing erobodiments of the compound of Formula 1L, Re
is an optionally substituted alloylsulfonyl, an optionally substituted aryl, an optionally substituted
heterocyclic group, an optionally substitted carbocyclic group or an optionally substituted
heteroaryl. Preferably, the heteroaryl is a 5- or 6~ membered hetercaryl containing at least one
nitrogen atom, preferably a S-membered hetercaryl containing two nitrogen atoms. Preferably,
the substituents of the alkylsulfonyl, heterocyclic group, carboeychic group, aryl and heteroaryt
may be selected from a group consisting of Ci-Cs alkyl, halogen, hydroxy, Ci~Cy allkoxy and
amino. Preferably, the number of substituents on Ro may be 1-3. More preferably, Ro is sulfonyl
substituted with C1-Ca alkyl; or pyrazolyl, pyrrolyl, or imidazolyl optionally substituted with 1
or 2 substituents selected from a group consisting of Ci-Cy alkyl, halogen, hydroxyl, Ci-Ca alkoxy
and amino. In some embodiments, Re 18 unsubstituted pyrazolyl, unsubstituied pyrrolyl, or
unsubstituted imidazolyl, or pyrazolyl substituted with one Ci-Cs alkyl In some embodiments,
Rois 1H-pyrazol-5-yi optionally substituted with one Ci-Cy alkyl.

(00277 In one or more of the foregoing embaodiments of the compound of Formula H, R:
18 halogen, Ci-Ce alkyl, C3-Co cycloalkyl or Cr-Cs alkenyl optionally substituted with -6
substituents selected from halogen, hydroxyl and -NRaRw, wherein the said Rs and Ry are
independently bydrogen or Ci-Cy alkyl. Preferably, R 1s halogen, C1-Ca alkyl, C3-Ca eycloalkyl
or C2~Cs alkenyl. More preferably, Ruis halogen, Ci-Cs alkyl or Co-Cs alkenyl.

[00281  In one or more of the foregoing embodiments of the compound of Formula 1, R
1s carbocychic group, heterocyclic group, aryl, or heteroaryl, wherein the said carbocyclic group,
heterocychic group, aryl and hetercaryl each are optionally substituted. Preferably, Ry is an
optionally substituted aryl, an optionally substituted heterocyclic group or an optiounally
substituted hetercaryl. Preferably, the said aryl is pheoyl or naphthyl Preferably, the said
heterocyclic group is a 4-7 membered heterccyclic group containing N and/or O. Preferably, the
said heterocyclic group selected from tetrahydropyranyl, tetrahvdrofuranyl, oxetanyl, azetidinyl,
pyrrolidinyl, piperidinyl and piperazinyl. Preferably, the said heteroarvl is a 5 or & merbered
heteroaryl containing N. Preferably, the said heteroaryl 13 selected frow a group consisting of
pyrazolyl, imidazolyl, pyridyl, pynmidinyl, pyrrolyl and triazolyl. Preferably, Rz is an optionally
substituted phenyl, an optionally substituted pyrazolyl, an optionally substituted pyridyl, or an
optionally substituted tetrahydropyranyl. Preferably, the substituent of Rz 15 selected from Ci-Ce
alkyl, haloCi-Cs alkyl, cyano, halogen and alkylsulfonyl (such as sultonyi substituted with Ci-Cs
alkyl}. The number of substituenis can be 1-3. In some preferred embodiments, Ro is phenyl
optionally substituted with 1 or 2 substituents selected from C-Ce alkyl, halogen, cyano and
sulfonyl substituted with C1-Cy alkyl, pyrazolyl or pyridyi optionally substituted with 1 or 2

substituents selected from C1-Co alkyl, halo Ci-Ce alkyl and halogen; or tetrahydropyranyl
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optionally substituted with 1 or 2 substituents selected from Ci-Ce alkyl, halo C1-Ce alkyl and
halogen.

[0020]  Preferably, Ry s selected from:

; [
R
* 2 Ryq T’J\\\\ 2 19\[/
N7 ) (’ AR Raqe A
/L\\\\V»’Rﬂ [ Rys NuN \“‘/
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g f ) \
N , Riz , R13 , , N and
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e
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wherein, Rio s bydrogen, Ci~Us alkyl or haloCi-Cs alkyl; each Ri1 1s independently hydrogen or

o]

C-Cs alkyl; Riz is hydrogen or halo C-Cs alkyl; Riz is hydrogen or Ci-Cs alkyl; Rys 1s hydrogen
or C:-Cs alkyl; each Rus is independently hydrogen or Ci-Cs aikyL preterably Ci-Cs alkyl; Rus is
bydrogen, halogen or Ci~Cs alkyl, preferably halogen or Ci-Cs alkyl; Ri7 is hydrogen or cyano;
Ris 18 hydrogen ot Ci-Cs allkyl substituied sulfonyl, Rio is hydrogen, halogen, Ci-Cs alkyl or halo
{1-Cz alkyl, Roo ts hydrogen or U-Cs alkyl, Rz is halogen, T-Ca alloyt or halo C-Cs alkyd,
preferably halogen; wherein, * refers to an attachment position of Ru to the rest of the compound.

{00307 More preferably, R is selected trom
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wherein, Rio 1s C1-Cs alkyl, such as methyl, ethyl, and sopropyl; Rus is methyl or fluore; Ris is
methyl, fluoro or trifluoromethyl; wherein * refer to an attachment postiion of Rz to the rest of
the compound.

{00311 More preferably, Ru is:
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[0032] In one or more of the foregoing embodiments of the compound of Formula I, R
s a C1~Co alkyl optionally substituted with 1-6 substituents selected from a group consisting of
halogen, hydroxyl, -NRaRp and halo Ci-Cs alkyl, wherein Ra and Ru are independently hydrogen

or {1-Ca alkyl. Preferably, Rs 15 Ci-Ca alkyl, such as methyl
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{00331 Iu one or more of the foregoing embodiments of the compound of Formula H, R4
1s alkyl or alkylaryl, which is optionally substituted with 1-6 substituents selected from halogen,
hydroxyl and -NRaRs, wherein Ra and Ry are independently hydrogen or C1-Ca alkyl. In some
embadiments, R4 is an optionally substituted C1-Cs alkyl or an optionally substituted Ci-Cs
alkylaryl {preferably the aryl is phenyl), which is optionally substituted with 1-6 substituenis
selected from halogen, hydroxyl and -NRaRv, wherein Ra and Re are independently hydrogen ot
C1-Cy alkyl

[0034] In each of the groups described in Rs, R and Ry of the compounds of Formula 1T
when substituted, the substituent may be selected from halogen, hydroxyl, Ci-Cy alkyl, halo Ci-
Ca allkyl, C3-Cy cycloalkyl which optionally 1 or 2 substituents selected from C)-Ca allyl, halogen,
hydroxyl, -NRaRo and halo C1-Cy alkyl; the ourmber of substituents can be 1-6. In some
embodiments, Rs is H or a C1-Cq alkyl optionally substituted with 1-6 substituents selected from
halogen, hydroxyl and ~-INRaRe, wherein Ra and Ro are independently hydrogen or Ci-Cy alloyl In
some embodiments, Re and Ry are each independently hydrogen, an optionally substituted C1-Cy
alkyl, an optionally substituted Cs5-Cs cycloalkyl, an optionally substituted aryl or an optionally
substituted heteroarvl, or Re and Ry together to which they are attached form an optionally
substituted 4-7 membered cyclic amino group, which optionally corprises one or more additional
hetercatoms selected from (3, N and S. In some embodiments, Rs is {1-Ca alkyl, or 10 the case of
~N={SOR4Rs, Ry and Ry together to which they attached form a 5-8 membered heterccycloatkyl.

{0035} The disclosure provides compounds represented by Formula I

Ra P i

or stereocisomers, tautomers, N-oxides, hydrates, solvates, isotope-substituted derivatives, or
pharmaceutically acceptable salis thereof, or mixtures thereof, or prodrugs thereof, wherein:

A, Ry and Ry are as defined in any one of the embodiments of Formulae { and I as described
above;

Rzz 18 hydrogen, halo or an optionally substituted Ci-Ce alkyl.

{00361 In one or more of the foregoing embodiments of the compound of Formula I, A
is CH.

[00377  In one or more of the foregoing embodiments of the compound of Fornmula I,
Rz s H or C-Ce alkyl optionally substituted with 1-6 substituents selected from halogen,
hydroxyl and -NRaRs, wherein the said Ra and Re are independently hydrogen or Ci-Cy alkyl.

Preferably, Raz 1s hydrogen or C1-Cs alkyl. In some embodiments, Rn s H.
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{00387 Iu one or more of the foregoing erabodiments of the corupound of Formula [, Ry
is halogen, Ci-Ce alkyi, C3-Cs cycloalkyl or Co-Ce alkenyl optionally substituted with 1-6
substituents selected from halogen, hvdroxyl and -NR:Rs, wherein the said Ra and Ry are
independently hydrogen or Ci-Cy alkyl. Preferably, Ry is halogen, C1-Ca alkyl, C3-Ca cycloalkyi
or C2-Ca alkenyl. More preferably, Ry is halogen, Ci-Cs alkyl or Co-Cs alkenyl.

[0039]  In one or more of the foregoing embodiments of the compound of Formula [, R
1s carboeyclic group, heterocyclic group, arvl, or heteroaryl, wherein the said carbocyclic group,
heterocyclic group, aryl and heteroaryl each are optionally substituted. Preferably, Ru is an
optionally substituted aryl, an optionally substituted heterocyclic group or an optionally
substituted heteroaryl. Preferably, the said aryl is phenyl or naphthyl Preferably, the said
heterocyclic group is a 4-7 membered heterocyclic group containing N and/or O, Preferably, the
said heterocyclic group selected from tetrahydropyranyl, tetrahydrofuranyl, oxetanyl, azetidinyi,
pyrrolidingl, piperidinyl and piperazinyl. Preferably, the said heteroaryl is a 5 or 6 membered
heteroaryl containing N. Preferably, the said heteroaryl is selected from a group consisting of
pyrazolyl, imidazolyl, pyridyl, pyrimidinyl, pyrrolyl and triazolyl. Preterably, Ro 1s an optionally
substituted phenyl, an optionally substituted pyrazolyl, an optionally substituted pyridyl, or an
optionally substituted tetrahydropyranyl. Preferably, the substituent of Rz is selected from Ci-Ce
alkyi, haloC1-Cs alkyl, cyano, halogen and alkylsulfonyl (such as sulfonyi substituted with Ci-Cy
alkyl}. The number of substituents can be 1-3. In some preferred embodiments, Ra is phenyl
optionally substituted with 1 or 2 substituents selected trom C1-Co alkyl, halogen, cvano and
sulfonyl substituted with Ci-Cs alkyl, pyrazolyl or pyridyl optionally substituted with 1 or 2
substituents selected fromn Ci-Ce alkyl, haloC1-Ce alkyl and halogen, or tetrahydropyranyl
optionally substituted with 1 or 2 substituents selected from C1-Cs alkyl, haloC-Ce alioyl and
halogen.

[0040] Preferably, Ry s selected from:

% £
i 7 { Rt
N /Rﬂ (’/\S,—‘-R 1L DN N
Y N)f\ir o “ ) 18 E 3 R21
R10 N )‘\\:'T’Rﬁ sN___l_, ;‘!_\ﬁ? R15 N-~N\ R-}f P \T/ NS
= ' Reg R, L
N , P , s , w o Ria , N7 and

®

@

O
wherein, Rjo ts hydrogen, Ci-Cs alkyl or haloCi-Cs alkyl; each Ry is independently hydrogen or
C1-Cs alkyl; Riz is hydrogen or halo C1-Cs alkyl; Rz is hydrogen or Ci-Cs atkyl; Rys 13 hydrogen
or C:-Cs alkyl; each Rus is independently hydrogen or Ci-Cs aikyL preterably Ci-Cs alkyl; Rus is
hydrogen, halogen or C1-Cs alkyl, preferably halogen or Ci-Cs alkyl, Rir is hydrogen or cyano;

Ris 18 hydrogen or Ci-Cs alkoyl substituted sulfonyl; Rio is hydrogen, halogen, C:-Cs alkyl or halo
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C1~Cs alkyl; Roo 13 hydrogen or C1-Cs alkyl; Rur s halogen, C1-Cs alkyl or halo C1-Cs alkyl,
preferably halogen; wherein, * refers to an attachment position of Rz to the rest of the compound.

{00417 More preferably, Rs is selected from

.
£
k3 /\\ *
; Nf%" E\ i i /g/ i & * © X
R10~N,<> FM{N-""’ ;‘:/\NXE\] \N/Kl'"" (g:j N \43"‘\&,——' 16\/%[ onbeo i
M Foo = = ; N A . S r NC‘/\"/‘},
& E

b

wherein, Rio 15 Ci-Cs alkyl, such as methyl, ethyl, and 1sopropyl; Ris 18 methyl or fluoro; Rigis
methyl, fluoro or trifluoromethyl; wherein * refer to an attachment position of Rz to the rest of
the compound.

{00427 More preferably, Ra s

*®

"
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[0043] The disclosure provides compounds represented by Formula I'V:
/SN

0/\(& }!@H
LN Moy

P
R }:\\<‘N
e

ey R vV

or sterecisomers, fautomers, N-oxides, hydrates, solvates, isotope-substituted derivatives, or
pharmaceutically acceptable salts thereof, or muxtures thereof, or prodrugs thereof, wherein:

Riis as defined in any one of the embodiments of Formulae [, H and 1H as described above,

Cyv 1s carbocyclic group, heterocyclic group, aryl, heteroaryl, -NRsR7, ~-NRs{SO2)R4, or -
N={SO}R4Rs, wherein the said carbocyclic group, heterocyclic group, ary! and heteroaryl can be
optionally substituted; wherein, Ra is an optionally substituted alkyl or an optionally substituted
alkylaryl {(preferably the aryl is phenvl), Re and Ry are each independently hvdrogen, an
optionally substituted C1-Cro alkyl, an optionally substituted cycloalkyl, an optionally substituted
aryl or an optionally substituted heteroaryl; or Re and Ry together to which they are atiached form
an optionally substituted 4-7 membered cyclic amino group, which optionally comprises one or
more additional heteroatoms selected from O, N and §; Ry 15 C1-Ca alkyl, or in the case of -

N=(803R4Rs, Ra and Rs together to which they attached form a 5-8 membered heterocycloalkyl
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[0044]  In one or more of the embodiments of the compound of Formula TV, when Ry is
substituted, the substitnent may be selected from 1-6 groups of halogen, hydroxyl and -NRaRs,
wherein Rs and Rp are each independently hydrogen or Ci-Ca alkyl Preferably, Ry is halogen,
C1-Cy alkyl, C3-Cyq cycloalkyl or Co-Cy alkenyl More preferably, Ry is halogen, Ci-Cs alkyl or
C2-Cy alkenyl.

[0045]  In one or more of the embodiments of the compound of Formula IV, Cy is
carbocychic group, heterocyclic group, aryl, or heieroaryi, wherein the carbocyclic group,
heterocyclic group, aryt and hetercaryl can be optionally substituted. Preferably, (v is an
optionally substituted aryl, an optionally substituted heterocyclic group or an optionally
substituted heteroaryl. Preferably, the said aryl is phenyl or naphthyl Preferably, the said
heterocyclic group is a 4-7 membered heterocyclic group containing N and/ot O. Preferably, the
said heterocyclic group selected from tetrahydropyranyl, tetrabydrofuranyl, oxetanyl, azetidioyl,
pyrrolidingl, piperidinyl and piperazinyl. Preferably, the said heteroaryl is a2 5 or 6 membered
heteroaryl containing N. Preferably, the said hetercaryl is selected from a group consisting of
pyrazolyl, imidazolyl, pynidyl, pyrimidinyl, pyvrrolyl and triazolyl. Preferably, Cy 18 an optionally
substituted phenyl, an optionally substituted pyrazolyl, an optionally substituted pyridyl, an
optionally substituted tetrahydropyranyl. Preferably, the substiuent of Cy s selected from Ci-Ce
alkyl, halo C1-Ce alkyl, cyano, halogen and alkylsulfonyl (such as sulfony! substituted with Ci-
Cs alkyl). The maumber of substititents can be 1-3. In some preferred embodiments, Cy is phenyl
optionally substituted with 1 or 2 substituents selected tfrom Ci-Co alkyl, halogen, cyano and
sulfonyl substituted with Ci-Cs alkyl, pyrazolyl or pyridyl optionally substituted with 1 or 2
substituents selected from Ci-Ce alkyl, halo Ci-Ce alkyl and halogen; or tetrahydropyranyl
optionally substituted with 1 or 2 substituents selected from Ci-Cs alkyl, halo C1-Cs alkyl and
halogen. In some embodiments, Cy is pyrazolyl optionally substituted with C1-Ce alkyl, and
preferably, one or two ring N atoms of the pyrazolyl group are substituted.

[0046]  Inone or more of the embodiments of the compound of Formula IV, Cy 13 selected

from a group cousisting of)

E3 .
. i | Rug
hf\ N%\?’/ Rus ez ‘ \ Rz Jj Y/j Ray
PSRE L i U R \v
Ryg—N \.! 'N__..J I
N . Ri Ry ? N gnd

wherein, Rio 15 hydrogen, Ci-Cs alkyl or haloCi-Cs allyl; each Ry s independently hydrogen or
C1-Cy alkyl; Riz 18 hydrogen or halo Ci1-Cy alkyl; Riz 15 bydrogen or Ci-Cs alkyl; Rus s hydmgeﬂ

or Ci-C5 alkyl; gach Rus ts independently hydrogen or Ci-Us alkyl, preferably Ci-Cs alkyl, R
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hydrogen, halogen or C1-Cs alkyl, preferably halogen or Ci-Cs alkyl; Rur 18 hyvdrogen or evang,
Rug is hydrogen or C1-Cs alkyl substituted sulfonyl; Risis hydrogen, halogen, C:i-Cs alkyl or halo
Ci-Cs alkyl; Rao is hydrogen or Ci-Cs alkyl, Rau is halogen, Ci-Cs alkyl o halo Ci-Cs alkyl,
preferably halogen; wherein, * refers to an attachment position of Rz to the rest of the compound.

[0047]  Inone or more of the embodiments of the compound of Formula IV, Cy 1s selected

from a group consisting oft

N N J\ \Lr H
! -/ - R &Ry
R AN - 15\//
N e 7 ----- C
N/ F , N= N R
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* /L ] * J\
Row Ay 1 B Y
| ) N~ E /] i /5
Noe? T , N oand 07

[0048]  wherein, Rio is Ci~Us alkyl, such as methyl, ethyl, and tsopropyl; Rus is methyl or
fluoro; Rue is methyl, fluoro or trifluoromethyl; wherein * refer to an attachment position of Rz
to the rest of the compound.

[00491  In one or more of the en'\hodin'\emg of the compound of Formula IV, Cy 1

N sq::::'. , N \/f ,
®
1 E/: P S -
Py Y s . S \[ il )ﬁ w
ii O=8=0 E =
e i ‘ X , N\;‘ , N7 O

{00501 lv one or more of t,he ior'egoj ng en&aodm}ems, preferred compounds of Formula |
{including Formulae i, Hi and IV} include, without limitation:

{R}-3-methyl-4-(5-methyl-4-(1 -methyl-1H-pyrazol-5-y1}- 7-{ 1 H-pyrazol-5-yi imidazo[ 1,5~
tipyridazin-2-ylhimorpholine (Example 1};

{(R}-4-(4-(1-ethyl-1H-pyrazol-5-y1}-S-methyl-7-( 1 H-pyrazol-5-vlimidazo[ 1, S-bipyridazin-
2-yi)-3~methyhuorpholine (Example 2);

{(R)}-3-methyl-4-(S-methyl-7-{1H-pyrazol-S-y1}-4-{o-tolyl midazof 1, S-blpyridazin-2-
yhmorpholine (Example 3);

{(R)-3-methyl-4-{S-methyl-4-(2-methylpyridin-3-v1}-7-{ 1 H-pyrazol-5-yHimidazo[ 1,5~
blpyridazin-2-yDmorpholine (Example 4);

{R-3~-methyl-4-(S-methyl-7-(1 H-pyrazol-3-y-4-2-{influorornethyDpyndin-3-
yhimidazof 1,5-bpyridazin-2-yhmorpholine (Exarple S);

{R3-3-(5~-methyl-2-3~methylmorpholino}-7-(1 H-pyrazol-S-ylmidazol 1, S-blpyridazin-4-

yhbenzonitrile (Example 6};
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{R)-3~-methyl-4-(S-methyl-7-(1 H-pyrazol-3~-yl-4-{tetrahvdro-2H-pyran-4-y pmudazof 1,5-
bipyridazin-2-yhmorpholine (Example 7},
{R}-3-methyl-4-(5-methyl-4-(1-methyl-1H-pyrazol-5-y1}- 7-3-methyl- | H-pyrazol-5-
yinmidazo[1,5-bipyridazin-2-ylimorpholine (Example 8};
{(R}-4-{4-(1-isopropvl-1H-pyrazol-5-yi}-S-methyl-7-( 1 H-pyrazol-S-y imidazof 1, 5-
bipynidazin-2-yl}-3-methyimorpholine (Example 9);
(R)}-4-(4-(1 (difluoromethyl - 1 H-pyrazol-3 -y S-methyl-7-(1H-pyrazol-S-yijimidazof1,5-
blpyridazin-2-v}-3-methyimorpholine (Example 10},
{(R)-4-(4-(1 4-dimethyl-1H-pyrazol-5-y1}-S-methyl-7-( I H-pyrazol-5-yl imidazo{1,5-
blpyridazin-2-yl}-3-methyimorpholine (Example 11},
{R-4-(4-(1,5~dimethyi-1H-pyrazol-4-y1}-5-methyl-7-( I H-pyrazol-S~-y immdazol 1,5-
bipyridazin-2-yi-3-methylmorpholine (Example 12},
{R3-4-(4-(1 3~dimethyi-1H-pyrazol-4-y}-5-methyl-7-{ 1 H-pyrazol-S~-yl imidazol 1,5~
tipyridazin-2-yi-3-methylmorpholine (Example 13}
(R}-4-(4-(2-flyorophenyl}-S-methyl-7-(1H-pyrazol-S-ylimidazof 1, 5-blpyridazin-2-yi}-3-
methylmorpholine (Example 14},
(R)-3-methyl-4-(5-methyl-4-2-methyl-4-(methylsulfonyhiphenyl}-7-( 1 H-pyrazol-5-
yhimidazoll, S-bipyridazin-2-ylimorpholine {Example 15},
{(R)-4-(4-2-fluoropyridin-3-yl -S-methyl-7-(1 H-pyrazol-S-yl imidazo{ 1, 5-b]pyridazin-2-
yi-3-methyimorpholine (Example 16},
(R)-3-methyl-4-(S-methyl-4-(6-methylpyridin-3-y)-7-(1 H-pyrazol-5-yhimidazo| 1,5-
blipyridazin-2-yhmorpholine (Example 17}
{Rp-4-(4-(3-ftuoropyridin-4-y1}-5-methyl-7-{1H-pyrazol-S-ylmidazol 1, S-blpyridazin-2-
yi-3-methyimorpholine (Example 18);
~4-{4-{ 1 -(difluoromethyl}-1 H-pyrazol-5-yi}-5-methyi-7-(1H-pyrazol-5-yljimidazof 1,5~
bipyridazin-2-yi-3-methylmorpholine (Exaraple 19);
(R)-4-(S-fluoro-4-{ L-methyl-1H-pyrazol-S-y 13- 7-(1 H-pyrazol-S-yl imidazo{1,5-
bipyridazin-2-y1-3-methylmorpholine (Exarmple 20);
(R)}-4-(S-chioro-4-{1-methyl-1H-pyrazol-5-y[}-7-(1H-pyrazol-3-yhimidazo[ 1,5~
blpyridazin-2-v}-3-methyimorpholine (Example 21};
{(R)-4-(5-bromo-4-(1-methyl- 1 H-pyrazol-5-y1}-7-(1 H-pyrazol-5-ylimidazol 1, 5-
blipyridazin-2-yH-3-roethylmorpholine (Example 22);
{R)-3~-methyl-4-(4-(1~-methyl-1H-pyrazol-3-y)-7-(1 H-pyrazol-3-y-S-vioylundazo| 1,5~
b}pwidazin—Z—vE‘)mm‘phdine {(Example 23},
~4-{5~ethyl-4-{1-methyl-1 H-pyrazol-5-yl }-7-( 1 H-pyrazol-5-yl imidazo[ 1, 5-bpyridazin-

2—y1)~3 ~methyim0rphohne {Example 24};
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{R-3-methyl-4-(4-(1-methyl-1H-pyrazol-3-y)-5-{prop-1-en-2-y1)-7-(1 H-pyrazol-5-
yvhimidazof1,5-bipyridazin-2-yhmorpholine (Example 25);

{R}-4-(S-isopropyi-4-{ 1 -methyl-1H-pyrazol-5-yi}-7-(1H-pyrazol-S-yi imidazof 1,5~
tipyridazin-2-yi-3-methyimorpholine (Example 26);

{(R}-4-(S-bromo-4-( L-methyl-1H-pyrazol-S-v}-7-(1H-pyrazol-S-vlpmidazol5, 1
i1 1,2, 41mazin-2-v1}-3-methylmorphohne (Hxample 28);

(R)}-3-methyl-4-(5-methyl-4-(1-methyl-1H-pyrazol-5-yH - 7-(1 H-pyrazol-5-y imidazo[ S, 1 -
111,24 1trtazin-2-vDmorpholine (Example 29);

or sterepisomers, tautomers, N-oxides, hydrates, solvates, isotope-substituted derivatives,
or pharmaceutically acceptable salts thereof, or mixtures thereof, or prodrugs thereot.

[00S1]  The term “hydrogen (H)” as empolyed herein includes its isotopes deuteriom (D)
and trittam (T}

[0052]  Theterm “alky!” as used herein refers to atkyl itself or a straight or branched chain
radical of up to ten carbons. Useful alkyl groups include straight-chain or branched Ci-Cio alkyl
groups, preferably Ci-Ce alkyl groups. In some embodiments, alkyi is Ci-Cy alkyl Typical Ci-
Cio altkyl groups include methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, 3-pentyl,
hexyl and octyl groups, which may be optionally substituted.

(00531 Theterm “alkenyl” as used herein refers to a straight or branched chain radical of
2-10 carbon atoms, unless the chain length is limited thereto, wherein there is at least one double
bond between two of the carbon atoms in the chain; preferably, C:-Co alkenyl Typical alkenyl
groups include ethenyl, 1-propenyl, 2-propenyl, 2-methyl-1-propenyl, 1-butenyl and 2-butenyl.

[0054]  Theterro “alkyuyl” as used herein refers to a straight or branched chain radical of
2-10 carbon atoms, unless the chain length is limited thereto, wherein there is at least one iriple
tond between two of the carbon atoms in the chain; preferably, C2-Cs alkynyl. Typical alkynyl
groups include ethynyl, I-propynyl, 1-methyl-2-propynyl, 2-propynyl, 1-butynyl and 2-butynyl.

[00S5]  Usetul alkoxy groups imnclude oxygen substituted by the above mentioned Ci-Cio
alkyl groups, preferred Ci-Ce alloyl groups or Ci-Ca alkyl groups, e.g., methoxy, ethoxy, ete. The
alkyl in the alkoxy groups may be optionally substituted. Substituents of alkoxy groups inchude,
without Himitation, halogen, morpholine, amino (ncluding alkylamino and dialkylamine), and
carboxy (including esters therecf).

{00561 Usefuld alkylthio groups include sulfur substituted by the above mentioned Ci-Cio
alkyl groups, preferred Ci-Cs alky] groups. The alkyl 1o the alkylthio groups may be optiounally
substituted. Also included are the sulfoades and sulfones of such alkylthio groups.

[0057}  Useful amino and optionally substitated amino groups include -NH:z, -NHR and -
NRR", wherein R and R" each are independently hydrogen, an optionally substituted C1-Cio alkyl,

an optionally substituted cycloalkyl, an optionally substituted aryl or an optionally substituted
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heteroaryl, or R’ and R" together with the N to which they are attached form an optionally
substituted 4-7 membered cyclic amino group, which optionally comprises one or more (such as
2, 3) additional heteroatoms selected from O, Nand 8.

[0058] The term “aryl” as used herein by itself or as part of another group refers to
monocyclic, bicyclic or tricyclic aromatic groups containing 6 to 14 carbon atoms. Aryl may be
substituted by one or more substituents as described herein,

{00591 Usehul arvl groups include Cs-Cis aryl groups, preferably Co-Cio aryl groups.
Typical Co-Cia aryl groups include phenvl, naphthyl, phenanthryl, anthracvl, indenyl, azulyl,
biphenyl, biphenylene and Suorenyl.

{0060} The term “carboeyele {carbocyclic groupy” as used herein include cycloalkyl and
partially saturated carbocyclhic groups. Useful cycloalkyl groups are Us5-Cs cycloalkyl. Typical
cycloaikyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.
Carbocyclic group may be substituted by one or more substituents as described herein.

[0061]  Useful partially saturated carbocyclic groups include cycloalkenyl groups, such as
C3-Ce cycloalkenyl groups, e.g., cyclopentenyl, cycloheptenyt and cyclooctenyl.

{00627 Usefud halo or halogen groups mnclude tluore, chiore, bromo and 1odo.

[00631  Usetul acylamino {acylamido) groups are any Ci-Ce acyl {alkanoyl) attached to
an amino nitrogen, €.g., acetamino, propionamido, butasoylamido, pentanoylamido and
hexanoylamido, as well as aryl-substituted Ci-Cs acylamino groups, e.g., benzoviamide. Usefule
acyl groups include Ci-Co acyl groups, such as acetyl. Acyl may be optionally substituted by
group selected from aryl and halo, wherein the aryl may be optionally substituted. When acyl is
substituted by halo, the number of halogen substituents may be 1n the range of 1-5. Examples of
substituted acvls include chloroacetyl and pentaflucrobenzoyl.

[0064]  Usefud acyloxy groups are any Ci-Coe acyl {alkanoyi) attached to an oxygen (-G~}
e.g., formyloxy, acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy and hexanoyloxy.

[0065]  The term “heterocyclvl (heterocyclic group)” as used herein refers to a saturated
ot partially saturated 3-7 membered monocyche, 7-10 membered bicyche, tricyclic, or tetracyclic
ring system baving fused, bridging, and/or spivo 3-, 4+, 5-, 6~ 7-, or B-membered rings, which
consists of carbon atoms and one to four heteroatoms independently selected from O, N, and §,
wherein the nitrogen and/or sulfur heteroatoms can be optionally oxidized and the nitrogen can
be optionally gquaternized, and the term also includes any bicyelic ring system in which any of
the above-defined heterocychoe rings is fused to a benzene ring The heterocychic group can be
substituted on carbon atom or nitrogen atom 1f the resulting compound 18 stable. Heterocyclic
group may be substituted by one or more substituents as described herein. The heterocyclic

groups mentioned herein also include 5 - to 8-member heterocyclic alkyl groups, that is, one or
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more ting C atoms 1n the cycloalkyl group are selected from N, O and S heterocyclic atom
substitution.

[0066] WUseful saturated or partially saturated  heterocyclic  groups  include
tetrahydrofuranyl,  dihydrofuranyl,  tetrahydrothienyi

dibydrothienyl,  dihydroindolyl,

k2 k2

tetrahydropyranyl, dihvdropyranyl, piperidinyl, piperazinyl, oxazolidinyl, isoxazohlidinyi,

oxetanyl, azetidinyl, 14-diazepanyl, pyrrolinyl, pyrrolidingl, unidazolidingl, tmudazolinyl,
wdolinyl, tsoindolinyl, quinuchidinyl, morpholinyl, thiomorpholinyl, isochromanyl, chromanyl,

pyrazolidinyl, pyrazolinyl, dithiazolyl, thiazolidinyl, isothiazolidinyl, thiazolidinyl,

tetrahydroisoquinolinyl, tetrahydroisoquinolyl, tetronoyl, tetramovl, and etc., which may be
optionally substituted by one or more substituents as described herein.

[0067]  The term “hetercaryl (hetercaromatic ring)” as used herein refers to a group
having 5 to 14 ring atoms, with 6, 10 or 14 « electrons shared in a cyclic array. Ring atoms are
carbon atoms and 1-3 hetercatoms selected from oxygen, nitrogen and sulfur, Heteroaryl may be
optionally substituted by one or more substituents as described herein.

[0068] Useful hetercaryl groups include thienyl (thiophenyl), benzo[djisothiazol-3-vi,
benzo[blthienyl, naphtho{2, 3-blthienyl, thianthrenvl, furyl (furanyl), pyranvl, isobenzofuranvl,
chromenyl, xanthenyl, phenoxanthitovl, pyrrolyl, wmidazolyl, pyrazolyl, pyridyl {(pyndinyl,
including without limitation 2-pyndyl, 3-pyridvl, and 4depyridyl), pyrazinyl, pynmiding,
pyridazinyl, indolizinyl, iscindolyl, 3H-indolyl, indolyl, indazolyl, purinvl, 4H-quinclizinyl,
isoquinolyl, quinolyl, phthalzinyl, naphthyridinvl, quinozalinyl, cinnolinyl, pteridinyl, carbazolyl,
B-carbolinyl, phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl,
phenothiazinyl, 1soxazolyl, furazanyl, phenoxazinyl, 14-dihydroquinoxaline-2 3-dione, 7-
ATHINO-180COMMArn, pyridof 1, 2-alpyrinndin-4-oue, tetrahydrocyclopentalclpyrazol-3-v],
benzoisoxazolyl such as 1,2-benzoisoxazol-3-yl, benzimidazolyl, Z-oxindolyl, thiadiazolyl, 2-
oxcbenzimidazolyl, imidazopyridazinyl, imidazopyridyl, triazolopyridazinyl,
pyrazolopyrimidinyl, pyrrolopyrinudinyl, pyrrolopynidyl, pyrrolopyraziny! or triazolopyrazinvl.
Where the heteroaryl group contains a nifrogen atom in a ting, such nitrogen atorn may be in the
form of an N-oxide, e g., a pyridyl N-oxide, pyrazinyl N-oxide and pyrimidinyl N-oxide.

[0069]  In this disclosure, unless otherwise described, when substituted, the Ci-Cro alkyl,
cycloalkyl, heterocyclic alkyl, alkoxy, heterocyclic alkoxy, altkenyl, heterocyclic atkenyl, alkynvi,
amino, acylamino, acyloxy, carboxyl, hvdroxy, thiol, alkylthio, sulfonyl, sulfinyl silvl
phosphocarboxyl, phosphonyl, carboeyelic group, heterocyclic group, aryl or heteroaryl as
described 1n any embodiment herein may be substituted by one or more (such as 1, 2, 3, or 4)
substituents selected from the group consisting of halogen, hydroxy, carboxyl, aming, nitro,
cyano, Ci-Us acylaming, C1-Ce acyloxy, Ci-Cs alkoxy, aryloxy, alkyithio, C1-Ce alkyl, C1-Co acyl,

Co-Cio aryl, C3-Ce cycloalkyl, Co-Cs chain altkenyl, Co-Cs alkynyl, heterocyclic group, heteroaryl,
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methylenedioxy,  wureido,  thiol, amdo, catbounyl, alkylsulfonyl,  aminosulfonyl,
diatkylaminosulfonyl, and alkvisulfinivl, and the like. The substituent uself may also be
optionally substituted. Preferred substituents include without imitation cyano, halo C1-Cs alkyl,
halo, hydroxy, carboxyl, aming, C1-Ce acylaming, C1-Ce acyloxy, C1-Cs alkoxy, C1-Cs alkyl, Ci-
Cs acyl, and alkylsulfonyl.

(00701 It should be understood that in each embodiment, when the substituent is cyano,
alkylsulfonyl, cycloalkyl heterocyelic group, aryi or heteroaryl, the number of the substituent of
cyano, alkylsulfonyl, heterocyelic group, aryl or hetercaryl 1s usually 1.

[0071] Some of the compounds of the present disclosure may exist as stereoisomers
including optical isomers. The disclosure includes all stereoisomers and the racemic mixtures of
such sterecisomers as well as the ndividual enantiorners that may be separated according to
methods that are well known to those of ordinary skili in the art.

(0072}  Examples of pharmaceutically acceptable salis tnclude tnorganic and organic acid
salts, such as hydrochloride, hydrobromide, phosphate, sulphate, citrate, lactate, {artrate, maleate,
tumarate, mandelate and oxalate; and inorganic and organic base salts formed with bases, such
as sodium hydroxy, tristhydroxymethyDaminomethane (TRIS, tromethamine} and N-methyl-
glucamine,

(00731 Examples of prodrugs of the compounds of the disclosure include the simple esters
of carboxylic acid-containing compounds {e.g., those obtained by condensation with a Ci-Cy
alcohol according to methods known 1n the art}; esters of hydroxy containing compounds {(e.g.,
those obtained by condensation with a Ci-Cy carboxylic acid, C3-Ce diacid or anhydride thereof]
such as succinic anhydride and fumaric avhydride according to methods known 1o the art); imines
of amino contatning compounds (e.g., those obtained by condensation with a Ci-C4 aldebyde or
ketone according to methods known in the art); carbamate of amino containing compounds, such
as those described by Leu, et al., (/. Med. Chem. 42:3623-3628 (1999} and Greenwald, ef al., {/.
Med. Chem. 42:3657-3667 (1999, and acetals and ketals of alcohol-containing corapounds {e g,
those obtained by condensation with chloromethyl methy] ether or chloromethyl ethyl ether
according to methods known 1u the art).

[0074]  The compounds of this disclosure may be prepared using methods known to those
skilled in the art, or the novel methods of this disclosure. Specitically, the compounds of this
disclosure with Formula T (including Formulae I, 1] and 1V} can be prepared as illustrated by
the exemplary reaction in Scheme 1-2. Suzula coupling of 4-bromo-1,2-dihydropyridazine-3,6-
dione and boronic acid compounds under the catalysis of Pd{dppt)Ch produced compound 2.
Reaction of compound 2 in POCHE produced compound 3. Reaction of compound 3 and (R}-3-
methylmorpholine in DIEA produced compound 4. Compound & can be prepared from compound

4 using the following two reaction schemes. (1} Scheme 1: reaction of compound 4 and Zn{CN»
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under the catalysis of Pdo{dbay and DPPF in DMF produced compound 3-1. Reaction of
compound S-1 and CHsMgl i THF under the protection of nitrogen at room iemperature
produced compound 6. {2} Scheme 2. reaction of compound 4 and tributyl{1-ethoxyvinylitin
under the catalysis of Pd{PPhs)4, produced compound 5-2. Under the catalysis of TsOH, the ethyi
group was removed from compound 5-2 to produce compound 6. Reaction of compound 6 and
hydroxylamine hydrochloride in MeOH produced compound 7. Under the catalysis of Raney
atckel, compound 7 was reduced fo produce compound & Condensation of compound 8 with
optionally substituted 1H-pyrazole-S-carboxylic acid under the catalysis of EDCI and HOBT
produced compound ©. Reaction of compound 9 in POCEH produced the target compound.

Wherein, R in exemplary boronic acid compounds includes:

#
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Exeroplary Roz 1 H or methyl, * refer to an attachment position of the group to the rest of the
compound.
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{00757  The compounds of this disclosure can be prepared as illustrated by the exemplary
reaction in Scheme 3. Suzuki coupling of 4-bromo-1,2-dihydropyridazine-3,6-dione and 2-(3,6-
dihydro-2H-pyran-4-yi}-4,4,5 S-tetramethyl-1,3 2-dioxaborolane  under  the  catalysis  of
Pd{dppHHClz produced compound 10, Under the catalysis of Pd/C, corpound 10 was reduced to
produce compound 11, Reaction of compound 11 in POCE produced compound 12, Reaction of
compound 12 and (R}-3-methylmorpholine in DIEA produced compound 13, Under the catalysis
of Pda{dba): and DPPF, reaction of compound 13 and Zn{CN} in DMF produced compound 14.
Reaction of compound 14 and CHsMgl in THF under the protection of nitrogen at room
temperature  produced compound 15 Reaction of compound 15 and hydroxylamiue
bivdrochloride in MeOH produced compound 16. Under the catalysis of Raney nickel, compound
10 was reduced to produce compound 17. Condensation of compound 17 with 1H-pyrazole-5-
carboxylic acid under the catalysis of EDCT and HOBT produced compound 18, Reaction of
compound 18 in POCH produced the target compound (R)-3-methyl-4-(S-methyl-7-(1H-pyrazol-

S~yhd~{tetrabydro-2H-pyran-4-yDimidazol 1,5-blpyridazin-2-yhmorpholine
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{00761 The compounds of this disclosure can be prepared as illustrated by the exerplary
reaction o Scheme 4. (Rp-3-Methvl-4-{4-(T-methyl-1H-pyrazol-S-y1}-7-{1H-pyrazol-5-

yimidazo[l,5-bipyridazin-2-yhimorpholine was brominated by NBS to produce (R)-4-(5-
bromo~-4-{ L -methyl- 1 H-pyrazol-S-y13-7-( IH-pyrazol-S-yl imidazo[ 1, S-bipyridazin-2-y1}3-3-

methylmorpholine. Coupling of (R)-4-{5-bromo-4-{1-methyl- 1 H-pyrazol-5-y1}-7-(1H-pyrazol-
the
catalysis of Pd{PPhs}s produced (R}-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-v1)-7-(1H-pyrazol-

S-yhimidazof 1 S-blpyndazin-2-yl)-3-methyvhworpholine  and  inbutyl(vioyhitin - under
5-yi)-S-vinylimidazo{1,5-blpyridazin-2-yDmorpholine. Under the catalysis of Pd/C, (R)-3-

methyl-4-{4-(1-methyl-1H-pyrazol-5-y1}-7-(1H-pyrazol-5-y1}-S-vinylimidazo[ 1, 5-blpyridazin-
2-yDimorpholine was reduced to produce (R}-4-{5-ethyl-4-(1-methyl-1H-pyrazol-S-vI}-7-(1H-
pyrazol-S-yHimidazof 1, S-bipyndazin-2-yi}-3~-methyimorpholine.

Scheme 4
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(00777 Other related compounds can be prepared using similar methods. For example,
replacement of tributyl{vinyDtin with tsopropenvitributylstannase produced the target compound
(R)}-3-methyl-4-{4-(1-methyl-1H-pyrazol-5-y1}-5-{prop-1-en-2-v1}-7-{ 1H-pyrazol-5-
yinmidazo[l,5-bipyridazin-2-vlmorpholine, and then the target compound {R}-4-(5-isopropyl-
4-{ 1-methyl- 1H-pyrazol-5-vI}-7-(1H-pyrazol-S-ylimidazof {, S-blpyridazin-2-y1}-3-
nmethylmorpholine can be prepared. Replacement of (R)-3-methyi-4-{4-(T-methyl-1H-pyrazol-5-
yO-7-(TH-pyrazol-5-yDimidazo[ 1, 5-blpyridazin-2-yhmorpholine  with  (R}-3-methyl-4-{4-(1-
methyl-1H-pyrazol-5-y1}-7-(1 H-pyrazol-5-vhimidazol 5, 1 -f][ 1,2 4 triazin-2-vmorpholine
produced the target compound (R)-4-(S-bromo-4-{ L-methyi-1H-pyrarol-5-yi}-7-{1H-pyrazol-5-
ylimidazol S, 1-t1 1,2 4 triazin-2-v1)-3-methylmorpholine, and then the target compound (R)-3-
methyl-4-(S-methyl-4-{ L-methyl-1H-pyrazol-S-y1-7-(1 H-pyrazol-S-y pmidazof 5, 1 -

il 1,2 4ltriazin-2-yhmorpholine can be prepared.

[0078]  One umportant aspect of the present disclosure is the finding that the compounds
of Formula { {including the compounds of Formulae 1}, I and IV as described herein} are kinase
inhibitors, especailly ATR kinase inhibitors. Therefore, the compounds of Formula T (including
the compounds of Formulae I, I and IV as described herein) can be used to treat an ATR kinase-
mediated related disease, such as cancer, or be used to prepare medicaments for the treatment of
an ATR kinase-mediated related disease, such as cancer. In addition, an important and unexpected
discovery is that when Ri is halogen, an optionally substituted C-Co alkyl, an optionally
substituted (3-Cs cvcloalkyl or an optionally substituted C-Co alkenyl, the compounds of
Formula I {(such as the compounds of Formula IL, I or IV} are highly potent ATR kinase inhubitor
with excellent oral absorption. Therefore, in some preferred embodiments, the preseut disclosure
particularly relates to compounds in which Ri is halogen, Ci1-Ca alkyl or C2-Cy alkenyl, more
preferably compounds n which Ry is halogen, Ci-Cs alkyl or C2-Cs alkenyl, and use thereof to
treat or prevent various clinical conditions caused by DDR function defects, or treat or prevent
related diseases mediated by ATR kinase.

[00791  The present disclosure also includes methods for the treatment or prevention of
kinase-mediated  diseases, especially ATR kinase-mediated related diseases, comprising
administering to an object {especially mammal, more specifically human) in need an effective
amount of the compound of Formula I {including the compound of Formulae 1, I and 1V as
described herein) or sterecisomers, tautomers, N-oxides, hydrates, solvates, isotope-substituted
derivatives, or pharmaceutically acceptable salts thereof, or mixtures thereof, or prodrugs theveof]
or a pharmaceutical composition comprising an effective amount of the compound of Formula |
{including the compound of Formulae I, {H and IV as described hercin} or stereoisomers,
tautomers, N-oxides, hydrates, solvates, isctope-substituted derivatives, or pharmaceutically

acceptable salts thereof, or muxtures thereof, or prodrugs thereof.
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[00R0]  In the disclosure, the kinase-mediated diseases include cancer, especially ATR
kinase-mediated cancer. Preferably, the said ATR kinase-mediated cancer 1s deficient in DDR
function. The ATR kinase-mediated diseases that can be treated or prevented by the methods or
pharmaceutical compositions of the disclosure include without imitation liver cancer, melanoma,
Hodgkin’s disease, non-Hodgkin’s lymphoma, acute lymphocytic leukemia, chronic lymphocytic
feukemia, multiple myeloma, neuroblastoma, breast cancer, ovarian cancer, Wilms fumor,
cervical cancer, testicular cancer, soft tissue sarcoma, primary macrogiobulinemia, bladder
cancer, chronic myeloid leukemia, primary brain cancer, malignant melanoma, non-small cell
fung cancer, small cell lung cancer, gastric cancer, colon cancer, malignant pancreatic islet tumor,
malignant carcinoid cancer, choriocarcinoma, mycosis fungoides, head and neck cancer,
osteogenic sarcoma, pancreatic cancer, acute myelowd leukemia, bairy cell leukemia,
thabdomyosarcoma, Kaposi’s sarcoma, urogenttal tumors, thyrotd cancer, esophageal cancer,
malignant hypercalcemia, cervical hyperplasia, renal cell carcinoma, endometrial cancer,
polycythemia vera, idiopathic thrombocythemia, adrenocortical carcinoma, skin cancer, and
prostate cancer.

[0081] Diseases of the present disclosure also includes those caused by excessive or
abnormal cell proliferation, including prohiferative or hyperproliferative diseases, such as
myeloproliferative diseases, especially proliferative or hyperproliferative diseases caused by
excessive or abnormal celi proliferation mediated by ATR kinase. Therefore, the disclosure also
includes use of the compound of Formula T (including the compound of Formulae If, I and IV
as described herein} or sterecisomers, tautomers, N-oxides, hydrates, solvates, isotope-
substituted derivatives, or pharmaceutically accepiable salts thereof, or mixtures thereof, or
prodrugs thereof, for the treatment or prevention of other diseases caused by excessive or
abnormal cell proliferation, especially proliferative or hyperproliferative diseases caused by
excessive or abnormal cell proliferation mediated by ATR kinase.

{00821 In practicing the therapeutic methods, effective amounts of pharmaceutical
preparations are admingstered to an wdividual exhibiting the symptors of one or more of these
disorders. The pharmaceutic preparations comprise therapeutically effective concentrations of the
compounds of Formula I, 1, T, or IV, or sterecisomers, tautomers, N-oxides, hydrates, solvates,
isotope-substituted derivatives, or pharmaceutically acceptable salts thereof, or mixtures thereof,
or prodrugs thereot, formulated for oral, intravenous, local or topical application, for the
treatment of cancer and other diseases. The amounts are effective to ameliorate or ehiminate one
or more symptoms of the disorders. An effective amount of a compound for treating a particular
disease is an amount that 13 sufficient to ameliorate or in some manner reduce the symptoms
assoctated with the disease. Such amount may be administered as a single dosage or may be

administered according to an effective regimen. The amount may cure the disease but, typically,
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13 administered n order to ameliorate the symptoms of the disease. Typically, repeated
administration is required to achieve the desired amelioration of symptom.

[0083] In another embodiment, there is provided a pharmaceutical composition
comprising a compound of Formula §, I, Hf, or IV, or sterecisomers, tautomers, N-oxides,
hydrates, solvates, isotope-substituted derivatives, or pharmaceutically acceptable salts thereof]
or mixtures thereof, or prodrugs thereof, as an ATR kinase inhibitor, and a pharmaceutically
acceptable carrier.

[0084] Ancther embodiment of the present disclosure is directed to a pharmaceutical
composition effective to treat cancer comprising a compound of Formula §, §f, I or IV, or
stereoisomers, tautomers, N-oxides, hydrates, solvates, isotope-substituted derivatives, or
pharmaceuntically acceptable salts thereof, or mixtures thereof, or prodrugs thereof,, which
functions as a kinase inhibitor, in combination with at least one known anticancer agent or a
pharmaceutically acceptable salt thereof In particular, the compound herein can be combined
with other anticancer drugs related to the mechanism of DINA damage and repair, including PARP
inhibitors, such as olapanb, niraprib, rucaparib, talazoparib, pamiparh, fluzoparib and senaparib;
TINKS inhibitors; HDAC inhibitors such as Vorinostat, Ronudepsin, Panobinostat and Belinostat;
and so on. And the compound herein can be combined with other anticancer drugs related to cell
division detection sites, including CHK /2 inhibitors, CDKA4/6 inhibitors such as Palbociclib,
ATM inhibitors, Weel inhibitors, MYT1 inhibitors, DNA-PK inhibitors, and so on. And
combination with other targeted anti-cancer drugs, including USP1 inhibitors, PRMTS inhibitors,
Pol@ imhibitors, RADS! inhibitors, and so on. Other known anticancer agents which may be used
for anticancer combination therapy include, but are not hmited to alkylating agents, such as
busulfan, melphalan, chlorambucill, cyclophosphamide, ifosfamide,  temozolomide,
bendamusting, cis-platin, mitomycin C, bleomycin and carboplatin; topoisomerase I inhibitors,
such as camptothecin, irinotecan and topotecan; topoisomerase I inhibitors, such as doxorubicin,
epirubicin, aclacinomyein, mitoxantrone, elliptiraurn and etoposide; RNA/DNA antimetabolites,
such as S-azacytidine, gemcitabine, S-fluorouracil, capecitabine and methotrexate, DNA
antimetabolites, such as S-fluoro-2'-deoxy-uridine, fludarabine, nelarabine, ara-C, pralatrexate,
pemetrexed, hydroxyurea and thioguanine; antimitotic agent such as colchicine, vinblasting,
vincristing, vinorelbine, paclitaxel, ixabepilone, cabazitaxel and docetaxel; antibodies such as
McAb, panitumumab, necitumumab, mivolumab, pembrolizumab, ramucirumab, bevacizumab,
pertuzumab, trastuzomab, cetuximab, obinutuzomab, ofatumumab, ritiamab, alemtuzumab,
ibritumomab, tositumomab, brentuximab, daratumumab, elotuzomab, T-DMI, Ofatumumab,
Dinutuximab, Blinatumomab, iptlimumaly, avastin, herceptin and mabthera; kinase inhibitors
such as imatinib, gefitinib, erlotinib, osimertinib, afatinib, ceritinib, alectimib, crizotinib, erlotinib,

lapatinib, sorafentb, regorafenib, vemuratentb, dabratenth, atlibercept, sunitintb, nilotinib,
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dasatinib, bosutinib, ponatinib, tbrutinib, cabozantimb, lenvatinib, vandetanib, trametinib,
cobimetintb, axitinib, temsivolimus, Idefalisib, pazopanib, Torisel and everclimus. Other known
anticancer agents which may be used for anticancer combination therapy include tamoxifen,
letrozole, fulvestrant, mitoguazone, octrectide, retinoic acid, arsenic, zoledronic acid, bortezomib,
carfilzomib, Ixazonub, wvismodegib, somdegib, denosumab, thalidomude, lenahidomide,
Venetoctax, Aldeslevkin {recombinant human interleukin-2) and Sipueucel-T (prostate cancer
treatment vaceine).

{00851  Inpracticing the methods of the present disclosure, the compound of the disclosure
may be administered together with at least one known anticancer agent in a unitary
pharmaceutical composition. Alternatively, the compound of the disclosure may be administered
separately from at least one known asticancer agent. In one embodiment, the compound of the
disclosure and ai least one known anticancer agent are administered substantially simultaneously,
i.e all agents are administered at the same time or one after another, provided that compounds
reach therapeutic levels in the bloed at the same time. In another embodiment, the compound of
the disclosure and at least one known anticancer agent are administered according to individual
dose schedule, provided that the compounds reach therapeutic levels in the blood.

[0086]  Aunocther embodiment of the present disclosure is directed to a bioconjugate, which
functions as a kinase inhibitor, that comprises a compound described herein and 19 effective to
inhibit tumor. The bioconjugate that inhibits fumor is consisted of the compound described herein
and at least one known therapeutically useful antibody, such as trastuzumab or rituximab, or
growth tactor, such as EGF or FGF, or cytokine, such as IL-2 or IL-4, or any molecule that can
bind to cell surface. The antibodies and other molecules could deliver the compound described
herein 1o 1ts targets, making it an effective anticancer agent. The bioconjugates could also enhance
the anticancer effect of the therapeutically useful antibodies, such as trastuzumab or rituximab.

[0087]  Ancther embodiment of the present disclosure is directed to a pharmaceutical
composition effective to inhibit tumor comprising the kinase nhibitor of Formula I (including
the compound of Formulae 1, IH and 1V as described herein), or stereoisomers, tautomers, N-
oxides, hydrates, solvates, isotope-substituted derivatives, or pharmaceutically acceptable salis
thereof, or mixtures thereof, or prodrugs thereof, 1n combination with radiation therapy. In this
embodiment, the compound of the disclosure may be administered at the same time as the
radiation therapy or at a different time.

[0088]  Yet another embodiment of the present disclosure 1s directed to a pharmaceutical
composition effective for post-surgical treatroent of cancer, comprising the kinase whibitor of
Formula |, I, T} or IV, or sterecisomers, tautomers, N-gxides, hydrates, solvates, isotope-
substituted derivatives, or pharmaceutically acceptable salts thereof, or mixtures thereof, or

prodrugs thereof. The disclosure also relates to a method of treating cancer by surgically
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rerpoving tumor and then treating the maromal with the pharmaceutical composition described
herein.

[0089] Pharmaceutical compositions of this disclosure include all pharmaceutical
preperations which contain the compounds of the present disclosure in an amount that is effective
to achieve its intended purpose. While individual needs vary, determunation of optimnal amounts
of each component in the pharmaceutical preperations is within the skill of the art. Typically, the
compounds or the pharmaceutically acceptable salt thereof may be administered to mammals,
orally at a dose of about 0.0025 to 50 mg per kg body weight per day. Preferably, from
approximately 0.01 mg/kg to approximately 10 mg/ke body weight is orally administered. If a
known anticancer agent 18 also administered, it 1s administered in an amnount that s effective to
achieve its intended purpose. The optimal amounts of such known anticancer agents are well
known to those skilled i the art.

(00907 The unit oral dose may comprise from approximately 0.01 to approxumately 50
mg, preferably approximately 0.1 to approximately 10 mg of the compound of the disclosure.
The unit dose may be administered one or more times, with one or more tablets daily, each
containing from approximately 0.1 to approximately S0 mg, conveniently approximately 0.25 to
10 mg of the compound of the disclosure or its solvates.

[0091]  In a topical formulation, the compound of the disclosure may be present at a
concentration of approximately 0.01 to 100 mg per gram of carrier.

{00921 The compound of the disclosure may be adiministered as a raw chemical. The
compounds of the disclosure may also be administered as part of a suitable pharmaceutical
preparation countaining pharmaceutically  acceptable carriers {comprising excipients and
auxiliaries), which facilitate the processing of the compounds into pharmaceutically accepiable
preparations. Preferably, the pharmaceutical preparations, particularly oral preparations and those
used for the preferred administration, such as tablets, dragees, and capsules, as well as sclutions
suttable for imjection or oral administration, contain from approximately 0.01% to 99%,
preferably from approxamately 0.25% to 75% of active compound(s), together with exciptent{(s).

{00931 Also wcluded within the scope of the present disclosure are the non-toxic
pharmaceutically acceptable salts of the compounds of the present disclosure. Acid addition salts
are formed by mixing a solution of the compounds of the present disclosure with a solution of a
pharmaceuntically acceptable non-toxic acid, such as hydrochioric acid, tumaric acid, maleic acid,
succinie acid, acetic acid, ciiric acid, tartanic acid, carbonic acid, phosphoric acid, oxalic acid,
and the bike. Base addition salts are formed by mixing a solution of the compounds of the present
disclosure with a solution of a pharmaceutically acceptable non-toxic base, such as sodium
hydroxide, potassium hydroxide, choline hydroxide, sodium carbonate,

tristhydroxymethyllaminomethane, N-methyi-glucamine and the like,
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[0094] The pharmaceutical preperations of the disclosure may be administered to any
mammal, so long as they may experience the therapeutic effects of the compounds of the
disclosure. Foremost among such mammals are humans and veterinary animals, although the
disclosure is not intended to be so himited.

[0095] The pharmaceutical preperations of the present disclosure may be administered by
any means that achieve their intended purpose. For example, admimstration may be by parenteral,
subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, buccal, intrathecal,
intracranial, intranasal or topical routes. Alternatively or concurrently, administration may be by
oral route. The dosage administered will be dependent upon the age, health, and weight of the
recipient, type of concurrent treatment, frequency of treatment, and the nature of the effect desired.

{00961 The pharmaceutical preparations of the present disclosure are manufactured in a
koown manner, e.g., by means of conventional mixing, granulating, dragee-making, dissolving,
or lyophilizing processes. Pharmaceutical preparations for oral use may be obtained by
combining the active compounds with solid excipients, optionally grinding the resulting mixture,
processing the mixture of granules after adding suitable auwxiliaries it desired or necessary,
thereby obtaining tablets or dragee cores.

[0097]  Suitable excipients are, in particudar, fillers, such as sacchanides, e.g. lactose or
sucrose, mannitol or sorbitol; cellulose preparations and/or calcium phosphates, e.g. tricalcium
phosphate or calcium hydrogen phosphate; as well as binders, such as starch paste, including,
¢.g., maize starch, wheat starch, rice starch, potato starch, gelatin, tragacanth, methylcetiulose,
hydroxypropylmethyicellulose, sodium carboxymethyicelulose, and/or polyvinyl pyrrolidone. it
desired, disintegrating agents may be added, such as the above-mentioned starches and also
carboxymethyl-starch, cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereot,
such as sodium alginate. Auxiliaries are, in particular, flow-regulating agents and lubricants, e g,
silica, tale, stearic acid or salts thereof, such as magnesium stearate or calcium stearate, and/or
polvethylene glycol. Dragee cores are provided with suitable coatings which, if desired, are
registant to gastric juices. For this purpose, concentrated saccharide solutions may be used, which
may optionally contain gum arabic, tale, polyvioyl pyrrolidone, polyethylene glyeol and/or
titantum dioxide, lacquer solutions and suitable organic solvenis or solvent mixtures. In order to
produce coatings resistant to gastric juices, solutions of suitable cellulose preparations, such as
acetylcellulose phthalate or hydroxypropyimethvlcellulose phthalate, are used. Dyes or pigments
may be added to the tablets or dragee coatings, e.g, for identification or in order to characterize
combinations of active compound doses.

{00981  Other pharmaceutical preparations, which may be used orally, include push-fit
capsules made of gelatin, as well as sott, sealed capsules made of gelatin and a plasticizer, such

as glyveerol or sorbitol. The push-fit capsules may contain the active compounds in the form of
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granules, which may be mixed with fillers, such as lactose; binders, such as starches; and/or
tubricants, such as talc or magnesium stearate and siabilizers. In soft capsules, the active
compounds are preferably dissolved or suspended in suitable hiquids, such as fatty oils, or hiquid
paraffin. In addition, stabilizers may be added.

[0099]  Suitable tormulations for parenteral administration include aqueous solutions of
the active compounds, e.g., agueous solutions and alkaline solutions of water-soluble salis. In
addition, suspensions of the active compounds as appropriate oily injection suspensions may be
admintstered. Suitable lipophilic solvents or vehicles include fatty oils, e.g., sesame ail, or
synthetic fatty acid esters, e.g., ethyl oleate or triglycerides or polyethylene glycol-400, or
cremophor, or cyclodextring. Aqueous injection suspensions may contain substances which
inerease the viscosity of the suspension, e.g, sodium carboxyruethyl cellulose, sorbitol, and/or
dextran. Optionally, suspension stabilizers may also be contained.

(001001 In accordance with one aspect of the present disclosure, compounds of the
disclosure are employed in topical and parenteral formulations and are used for the treatment of
skin cancer.

[00101] The topical formulations of this disclosure are formulated preferably as oils,
creams, lotious, ointruents and the like by choice of appropriate carniers. Suitable carriers include
vegetable or mineral oils, white petrolatum (white soft paraffin), branched chain fats or oils,
animal fats and high molecular weight alcchol (greater than Ci2). The preferred carriers are those
in which the active ingredient is soluble. Emulsifiers, stabilizers, humectanis and antioxidants
may also be included, as well as agents imparting color or fragrance, if desired. Additionally,
transdermal penetration enhancers may be employed n these topical formulations. Examples of
such enhancers are found in U.S. Patent Nos. 3,989,816 and 4,444 762

[00102] Creams are preferably formulated from a mixture of muneral oil, self~emulsifying
beeswax and water in which the active ingredient, dissolved in a small amount of an o1l, such as
almond oil, 15 admixed. A typical example of such a cream is one which includes approximately
40 parts water, approaimately 20 parts beeswax, approximately 40 parts mineral oil and
approximately 1 part almond oil.

[001031 Owntments may be formulated by mixing a solution of the active ingredient in a
vegetable oil, such as almond oil, with warm soft paraffin and allowing the mixture to cool. A
typical example of such an ointmment 1s one which includes approximately 30% almond oil and
approximately 709 white soft paraftin by weight.

{00104] The present disclosure also involves use of the compounds of the disclosure for
the preperation of medicaments for the treatment of clinical symptoms in response to the effect
of ithibiting the activity of kinases {especially ATR kinase}. These medicaments may inchude the

above-mentioned pharmaceutical compostiions.
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[001057 The following examples are illustrative, but not himiting, of the wethod and
compositions of the present disclosure. Other suitable modifications and adaptations of the
variety of conditions and parameters normally encountered in clinical therapy and which are

obvious to those skilled in the art are within the spirit and scope of the disclosure.

EXAMPLES
General remarks
All reagents were of commercial quality. Seolvents were dried and purified by standard
methods. Mass spectrum analyses were recorded on a Platform [ (Agilent 6110) quadrupole mass
spectrometer fitted with an electrospray rinterface. 'H NMR spectra was recorded at 400 MHz,
on a Briicker Ascend 400 apparatus. Cheroical shifts were recorded in parts per mullion {ppm)

downfield from TMS (0.00 ppm), and J coupling coustants were reported n hertz (Hz)

Example 1

(R}-3-methyi-4-(5-methyi-4-(1-methyl-1H-pyrazol-3-y1-7-{(1 H-pyrazol-S-yDimidazof 1, 5-

blpyrdazin-2-yDmorpholine

a} Preparation of 4-(1-methyi-iH-pyrazol-5-y1}-1,2~dihydropyridazine-3,6-dione. To a
solution of 4-bromo-1,2-dibydropyridazine-3 6-dione (70.0 g, 3663 mmol), {I-methyl-1H-
pyrazol-S-yhiboronic acid (91.6 g, 732.6 mmod) and 1 M ag. KGPOs (1000 mi) in DMF (1000
mb} was added Pd{dppfiCh (8.0 ¢, 11 0 mmol} The system was evacuated and backfilled with
Mo three times and stirred at 100 °C for 16 h. After completion, the mixture was cooled down to
room femperature and the agueous phase was decanted. The organic phase was filterred and the
filtrate was evaporated to give the crude product which was washed with DCM (300 ml x 3}
The solid collected was dried to give the crude target compound (200.0 g, crude, vellow
solidywhich was used for the next step directly. LC-MS(ESI): 193 30 [M+HI" 'H NMR (400
MHz, D20Y: 8 7.37 (brs, 1H), 6.80 (brs, 1H), 6.26 (brs, 1H), 3.56 (s, 3H).

b} Preparation of 3,6-dichlore-4-(1-methyl-1H-pyrazol-5-ylpynidazine: A solution of 4-(1-
methyl-1H-pyrazol-5-yi}-1,2~dihvdropyridazine-3,6-dione (80.0 g, 0.4 mol, crude) o POCH (400
ml.) was stirred at 100 °C for 16 h. After completion, the solvent was removed and the residue
was quenched with water (200 mL) slowly, and the pH of the resulting mixture was adjusted to
S with ag. ammonium hydroxide (~25% w/w). The mixture was extracted with EA (300 mL x 3}
The organic phase was washed with brine, dried over anhydrous sodium sulfate and evaporated
to give the crude product (27.0 g, yield: 1%, 2 steps, black sohd) which was used for the next
step directly. LO-MS(ESI) 229.20 [M+H]" 'H NMR (400 MHz, CDCE) §7.61 (4, I = 1.3 Ha,

1H), 7.51 (s, 1H), 6.49(d, J = 1.3 Hz, 1H), 3.83 (s, 3H).
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¢y Preparation  of  (R}4-(6-chioro-S-{1-methyl-1H-pyrazol-3-yDpyridazin-3-y1)-3-
methylmorpholine: To a solution of 3,6~-dichloro~4-{ l-methyl-1H-pyrazol-S-yipyridazive (500
g, 219.0 mmol} in BIEA (847 g, 657.0 mmol) was added (R}-3-methylmorpholine (265 g,
262 8 mmol}. The mixture was stirred at 150 °C for 6 h. After completion of the reaction, to the
mixture was added water (1000 mL} and the muixture was extracted with EA (400 mL ~# 3} The
combined organic phase was washed with brive, dried over ashydrous sodium sulfate and
concentrated under reduced pressure to afford the crude product {(59.0 g, vield: 92%, black solid)
which was used for the next step directly. LC-MS(EST): 294 30 [M+HT" H NMR (400 MHz,
CDCLY: 8 758 - 7.53 {m, 1H), 6.78 (s, 1H}, 6.36 (s, 1H}, 431 (g, J =55, 43 Hz, 1H}, 410 ~
4.00{m, 1H), 396{(d, J=13 1 Hz, 1H}, 383 -377{(m, SH), 3.64 (1d, I =120, 29 Hz, 1H) 335
(1d, F=130, 126, 34 Hz, 1H), 1.32(d, J =67 Hz, 3H)

d) Preparation of (Rp-4-(1-methyl-1H-pyrazol-5-y1}-6-(3-methyimorpholino)pyridazine-3-
carbonitrile: Under the protection of nitrogen, to a solution of (R)}-4-{6-chioro-5-{1~-methyl-1H-
pyrazol-S-yhpyridazin-3-yi)-3-methylmorpholine (0.5 g, 1.7 mmol} in DMF (10 mL) was added
Zo{CNR {04 g 3.4 mmol), 1,1"-Bis{diphenyiphosphino)ferrocene (DPPF, 0.2 g .36 mmol),
Pdx{dbay; (160 mg, 0.17 mmol} and water. The mixture was stirred at 150 °C for 6 h. After the
solvent was removed, the residue was purified by chromatography over silica gel (FiOAC/PE, 10
to 40%) to afford the product (0.4 g, vield: 82%, slightly red oil), LO-MS(EST): 285 30 {M+H]"
H NMR (400 MHz, CDCl)Y: 6 7.59(d, F = 18 Hz, 1H), 6.66 (s, 1H), 6.53(d, I = 1.8 Hz, 1H),
454 - 443 (m, 1H), 423 —4.13 (m, 1H), 408 (dd, F =148 57 Hz, 1H), 3.89 (s, 3H), 3.84 (brs,
1H), 3.78(dd, J=120,28Hz, 1H), 364 (1d, J =124, 28 He, 1H}, 349338 (i, 1H), 1.38(d,
F=628 He 3H).

e} Preparation of (R}-1-{4~(1-methyl-1H-pyrazol-5-y11-6-G-methyimorpholinoipyridazin-
3-yijethanone: To a solution of {R3-4-{1-methyl-1H-pyrazol-5-y-6-(3-
methylmorpholinopyridazine-3-carbonitrile (3.3 ¢, 11.6 mmol} in THF (20 mL)} was added
CHsMgl 3.0 M o ERO, 11.0 mL, 11.6 mmol} under N;. The nuxture was stirred at room
temaperature for 10 min. After completion, the mixture was quenched with aqueous saturated
aramontum chioride (20 mb) and the miuxiure was extracted with EA (40 ml = 3). The organic
phase was separated and dried, concentrated fo give the residue which was punfied by
chromatography over silica gel {(petroleum ether: ethyl acetate=10:1~1:1} to afford the product
(1.3 g, vield: 37%, brown solid). LC-MS{ESI}: 30210 [M+HT"

£y Preparation of 1-{4-(T-methyl-1H-pyrazol-5-y1}-0-(3-methylmorpholinolpyridazin-3-
vhethanone  oxime:  To a  solution  of (R}-1-(4-(l-noethyl-1H-pyrazol-5-v1)-0~(3~
methylmorpholino}pyridazin-3-yhethanone (500.0 wg, 1.7 mmol} in MeOH (50 mi) was added
hydroxylamine hydrochlioride (1.2 g, 16.6 mmol} under the protection of N2, The mixture was

stirred at 70 'C overnight. After reaction completion, to the mixture was added water (30 mL)
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and the mixture was extracted with EA (S0 il x 3}, The combined organic phase was separated
and dried, concentrated to afford the crude product (430.0 mg, vield: 82%, brown solid), LC-
MS(EST): 31715 [M+HT™

2} Preparation of F-{4-{1-methyl-1H-pyrazol-5-yi}-6-(®-3-
methylmorpholi3 Hthenone3 lezin-3-yiethanamine: To a solution of 1-(4-{1-methyl-1H-pyrazol-
S-y1)}-6-{3-methylmorpholi 31 thenone 31 ezin-3-yhethanone oxime (330.0 mg, 1.0 mmol) o
MeGH (5 mL} was added Raney Ni (=33 g). The mixture was stirred af room temperaiure
overnight under H: atomsphere. After reaction completion, the mixture was filtered over celite
and the solid was washed with MeOH (20 mL x 5} The filtrate was combined and concentrated
to afford the crude product (210.0 mg, vield: 67%, gray solid). LC-MS(EST): 303 10 [M+HY"

b) Preparation of N-{1-{4-(1-methyl-1H-pyrazol-5-y-6-({(R}-3-
methylmorpholino}pyridazin-3-yhethyh)- 1H-pyrazole-S-carboxamide: To a solution of 1-{4-(1-
methyl-1H-pyrazol-5-y1}-6-{{R }-3-methylmorpholinoipyridazin-3-yhethanamine (210.0 mg, 0.7
mmaol) in BCM {6 mL) was added 1H-pyrazole-5-carboxvlic acid {#3.0 mg, 0.8 mmol}, EDCI
(173.0 mg, 0.9 mmol) and HOBT {(10.0 mg, 0.07 mmeol). The mixture was stirred at room
temperature overnight. After reaction completion, to the mixture was added water (10 mL) and
the mixture was extracted with DCM (10 mL x 3} The combined organic phase was washed with
brine, dried over anhydrous sodium sulfate and concentrated. The residue was triturated with EA
{3 mL} to give the target product (160.0 mg, yield: 58%, white solid). LC-MS{(ESIy: 367.20
IMAHT

1} Preparation of (R}-3-methyi-4-(5-methyl-4-{I-methyl- 1 H-pyrazol-5-y1}-7-{ 1 H-pyrazol-5-
yhimudazol 1,5-blpyridazin-2-yhmorpholine: A solution of N-(1~-{4-(T-methyl-1H-pyrazol-S-vl}-
o-({R}-3-methylmorpholinopyridazin-3-ylethyl - 1H-pyrazole-3-carboxamide {500 mg, .13
mmaol) in POCEH (3 mL) was stirred at 110 °C for 4 h. After reaction completion, the solvent was
removed. To the mixture was added water {5 mL) and the pH was adjusted to & with ag
amnmonium hydroxide (25% wi/w). The mixture was extracted with DCM (10 mL # 2). The
combined organic phase was washed with brine, dnied over anhydrous sodium sulfate and
concentrated. The restdue was purified by Prep-HPLC (C18, CHzCON/H0, 15~40%, 0.1%

HCOOH) to afford the target compound (15.0 mg, vield: 32%, shightly yellow powder).

Exarapie 2
{R3-4-(4-( 1-ethyl-1H-pyrazol-S-y1}-S-methyi-7-(0 H-pyrazol-3-yh hmidazof 1, 3-bipyndazin-
2-yl-3-methylmorpholine
a} Preparation of {(R}-4-(6-(1-ethoxyviny}-5<{1-ethyl-1H-pyrazol-S-ylipyridazin-3-yi}-3-
methylmorpholine: To a solution of (R }-4-(6-chioro-5-{1-ethyl-1H-pyrazol-5-ylpyridazin-3-yi}-

3-methyimorpholine (Prepared by the similar method of Example la-1¢, 100.0 mg, 0.3 mmol}in
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DMF (4 ml) was added Cul (6.0 mg, 11.0mk, 0.03 mmol}, PA{PPhs} (33 0 mg, 0.3 mmol}, Lill
{42.0 mg, 1.0 mmol) and tnbutyl{ L-ethoxyvinylitn (590.0 mg, 1.6 mmol} under the protection
of Na. The mixture was stirred at 100 °C for 5 hours. After reaction completion, the mixture was
guenched with agueous saturated ammonium chloride (10 mb} and the mixture was extracted
with EA (20 mL x 3}. The organic phase was separated and dried, concentrated to give the residue
which was purified by chromatography over silica gel (petroleum ether: ethyl acetate=5S:1~1.1}
to afford the target product {(60.0 mg, yield: 54%, yellow solid)( LO-MS(EST): 34415 [M+H]"

by Preparation of (R}-1-(4-(1-ethyl-1H-pyrazol-5-vl}-6-3-methyimorpholine)pyridazin-3-
yhethan-1-one: To a solution of (R}-4-(6-( 1-ethoxyvinyi)-5-(1-ethyl- 1 H-pyrazol-5-yhpyridazin-
3-yi-3-methylmorpholine (300.0 mg, 0.9 munol) in acetone (S mi} was added TsOH (326.0 mg,
1.7 mmol). The mixture was stirred at room teraperature for 30 min. After reaction completion,
the solvent was concentrated to give the residue which was purified by chromatography over
sifica gel {petroleun ether: ethyl acetate=5:1~1.1} to afford the target product {270.0 mg, vield:

3%, vellow solid). LC-MS{ESE): 316.35 [M+H]"

¢} Preparation of (R)-1-(4-(1-ethyl-1H-pyrazol-S-vh-6-(3-methylmorpholine-pyridazin-3-
vhethan-1-one  oxime: To a solution  of  (R)-1-{(4-(I-ethyl-1H-pyrazol-5-y1}-6-3-
methylhmorpholinojpyridazin-3-yljethan-1T-one (380.0 mg, 18 mmol} 1o MeOH (10 ml} was
added hydroxylamine hydrochloride (1.3 g, 18.6 mmol} under the protection of Nz, The mixture
was stirred at 70 C overnight. After reaction completion, the mixture was evaporated and the
residue was dissolved i water {10 mL} and EA (20 mL). The organic phase was separated and
dried, concenirated to afford the crude target product (150.0 mg, yield: 25%, brown solid}) LC-
MS(ESI) 331.25 [M+HT

d} Preparation of 1-{4-(T-ethyl-1H-pyrazol-5-y1}-6-{{R}-3~-methylmorpholinopyridazin-3-
yljethan-1-amine: To a solution of  (R)-i-(4-(i-ethyl-1H-pyrazol-5-yi}-6-3-
methylmorpholingipyridazin-3-yljethan-1-one oxime {(150.0 mg, 0.5 mmol) in MeOH {5 mL)
was added Raney Ni {(~0.8 g, w/w). The system was evacuated and backfilled with H; three times
and stirred at vt for 16 b under Ho atmosphere. After reaction completion, the mixture was filtered
over Celite and the cake was washed with MeOH (10 mL x 3} The filtrate was corbined and
concentrated to afford the crude target product (120 mg, black solidy LC-MS{ESI) 31730
IMHHT

¢} Preparation of N-(1-{4-(1-ethyl-1H-pyrazol-5-y[}-6-{{R}-3-methyimorpholinojpyridazin-
3-yhethyl)-1H-pyrazole-S-carboxamide: To a solution of 1-{(4-(1-ethyl-1H-pyrazol-5-y[}-6-((R)}-
3-methylmorpholinoipyridazin-3-yhethan-1-amune (120.0 rog crude, 0.4 mmol) in DCM (4 wl)
was added 1H-pyrazole-S-carboxylic acid (51.0 mg, 0.5 mmol}, EDCI (55.0 mg, 0.5 mmol) and
HOBT (5.0 mg, 0.04 mmol). The mixture was stirred at room temperature overnight. After

reaction completion, DCM (10 mL} was added and the mixture was washed with water {10 mL
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x 23 The DCM laver was dried over anhydrous sodium sulfate and concentrated. The residue
was triturated with EA (4 mL) to give the target product (70.0 mg, vield: 38%, 2 steps, white
solid). LC-MS(ESL): 411 25[M+H]".

£y Preparation  of  (R)p4-(4-(1-ethyl-1H-pyrazol-5-yi}-5-methvl-7-{1 H-pyrazol-5-
yhinudazol 1, 5-blpyridazin-2-vl}-3-methylmorpholine: A solution of N-{1-(4-(1-ethyl-1H-
pyrazol-S-yH-0-((R)-3-methylmorpholinoypyridazin-3-yhethyl -t H-pyrazole-S-carboxamide
{70.0 mg, 17.0 mmol) in POCEH (7 mL) was stirred at 120 °C for 4 h. After reaction completion,
the solvent was removed under reduced pressure. To the mixture was added water (10 mL} and
the pH was adjusted t0 8 with ag. ammonium hydroxide (25% w/w). The nuxture was extracted
with DCM (10 mL x 2} The combined organic phase was washed with brine, dried over
anhydrous sodium sulfate and concentrated. The crude product was purified by Prep-TLC

{DCM MeOH=10:1} to afford the target compound (26.0 mg, yield: 39%, vellow solid).

The following compounds of Examples 3-6 were prepared using the synthesis method

sirnilar to that described in Example 1 or Example 2.
/‘-::N
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DMSO-de: & 7.69 (s, 1L, 7.61 (s 1iD). 7.10 (s, 350,
6.76 (s, 11), 6.55 {5, 110}, 4.33(d, § = 7.6 Hz, 111), 3.98
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. St 366 (5, 3= 12.1 Hz, 1H), 341 (£ =13 @ Hy, 11, 2.42
(s, SH), 1.83 (s, 3H), §.34 (5. 3.
CDA0IF 5 8.90 (s, 1H), 8.08 (4, J = 7.0 Hy, 1H), 7.90
L ~ 782 (m, 2H). 731 (5, 1H), 6.95 (s, 1), 434 (s, {H),
Ny A i, 2), 3,67 (6 3= 12.0 Hz, TH), 3.50 - 338 (m, 1H),
{86 65, 3E0, 144 — 1,31 (m, 3H).
DT 8 7,86 <779 (m, 10}, 7.77 (s, 1A}, 775 ~ 7.08
j\ (m, 28, 7.70 - 7.6 Gn, D), 7.08 (s, 1H), 6.23 {5, 1T},
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Example 7
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(R)-3-methyl-4-(S-methyl-7-( 1 H-pyrazol-S-yi}-4-(tetrabydro-2H-pyran-4-yDinudazol 1,5~
blpyridazin-2-yDmorpholine
SN
Q./Y %,—-f‘,\fH

L
NPy “‘\N

Y

SN
g
Lo

a} Preparation of 4-(3,6-dihydro-2H-pyran-4-yi}-1,2-dihvdropynidazine-3,6-dione:. To a

o

solution of 4~bromo-1,2-dibiydropyridazine-3,6-dione (4.0 g, 209  mmol), 2-(3,6-dihydro-2H-
pyran-4-y1}-4,4,5 S-tetramethyl-1,3 2~-dioxaborolane (8. 8 g, 41 S mmol) and 1 M ag. KsPO4 (628
b i DME (40 mL) was added Pd(dppfiClz (1.5 g, 2.1 mumol) under the protection of Na. The
mixture was stirred at 100 °C for 16 h. After reaction completion, the mixture was filtered and
the filtrate was evaporated to give the crude product which was washed with DCM (40 mL x 3},
The solid collected was dried to give the crude product {(12.0 g, yellow solid) which was used for
the next step directly. LC-MS{ESI), 195085 [M-+H|"

by Preparation of 4-{tetrabydro-2H-pyran-4-yl}-1,2-dihydropyridazine-3,6-dione: To a
solution of 4-(3,0-dihydro-2H-pyran-4-yi)-1,2-dihydropyridazine-3,6-dione {12.0 g, 61.9 mmol,
crude} in MeOH (40 mL} was added 10% Pd/C (2.0 g). The mixture was stirred at room
temperature overnight under Ho atmosphere. After reaction completion, the nuxture was filtered
over celite and the solid was washed with MeOH (20 ml x 2} The filtrate was combined and
concentrated to afford the crude product (12.0 g
directly. LC-MS(EST): 197.05 [M+HT"

, gray solid) which was used for the next step

¢} Preparation of 3 6-dichloro-4-(tetrahydro-2H-pyran-d-ylipyridazine: A solution of 4-
{(tetrahydro-ZH-pyran-4-yi}-1 2-dihvdropyridazine-3,6-dione (12.0 g, 61 2 mmol} in POCH (100
ml.} was stirred at 100 °C for 16 h. After reaction completion, the solvent was removed and the
residue was guenched with water (20 md) slowly, then ag. ammonium bydroxide (~25% wiw)
was added to adjust pH 9. The mixture was extracted with EA (30 mL x 3} and the organic phase
was washed with brine, dried over anhydrous sodium sulfate and concentrated under reduced
pressure to give the residue which was purified by chromatography over silica gel {petroleum
cther: ethyl acetate=10:1~1:1} to afford the target product (1.0 g, yield: 205, 3 steps, white solid).
LC-MS(ESI: 233 15 [M+H]".

dy  Preparation of  (R)}-4-{6-chloro-S-(tetrahydro-2H-pyran-d-ylipyridazin-3-yi}-3-
methylmorpholine: To a solution of 3 0-dichlorg-4-(tetrahydro-2H-pyran-4-vlipyridazine (0.9 g,
3.9 mmol) in DIEA (1.5 ¢ 11.7 mmol} was added (R)-3-methylmorpholine (0.8 g, 7.8 mmol}.
The mixture was stirred at 150 °C for 6 h. After reaction completion, to the mixture was added

water (10 mL) and the modture was extracted with EA (10 mi, ¥ 3} The combined organic phase
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was washed with brine, dried over anhydrous sodium sulfate and concentrated under reduced
pressure to afford the crude product (1.2 g, vield: 100%, black solid) which was used for the next
step directly. LC-MS(ESH): 297 90 [M+H]"

e} (R}-6-(3-methylmorpholino}-4-{tetrahydro-2H-pyran-4-ylpyridazine-3-carbonitrile: To
a solution of (R}-4-(6-chloro-5-(tetrahydro-2H-pyran-4-ypyridarin-3-y)-3-methylmorpholine
(13 g 44 myool) in DMF (20 wl) was added Zo{CNp (11 g §8 mwmol), 1,1~
bis{diphenylphosphinoiferrocens (DPPF, 0.5 g, 0.88 mmol, 0.2 eq), Pdao(dba): (¢ 4 g, 0.44 amol,
0.1 eq). The mixture was stirred at 150 °C for 6 h. After reaction completion, the mixture was
filtered and the filtrate was evaporated. The residue was purified by chromatography over silica
gel (EA/PE, 10 to 40%) to attord the target product (1.2 g, yield: 95%, slightly yellow solid}). LC-
MS(EST): 289,15 [M+H]",

) Preparation of (R)-1-(6-(3-methylmorpholino}-4-{tetrabydro-2H-pyran-4-vDpyridazin-3-
yvhethenone: To a solution  of  (R}O0-3-methylmorpholino)-4-{tetrahydro-ZH-pyran-4-
yhipyridazine-3-carbonitrile (1.2 g, 42 mmol) tn THF (12 mL} was added CH3Mgl (3.0 M in
Et0, 12.0 mL, 36.0 mmol} under the protection of Ny at room temperature, and the mixture was
stirred for 10 min. After reaction completion, the mixture was quenched with aqueous saturated
ammonium chloride (20 ml) and the muxture was extracted with EA (40 ml. X 3} The organic
phase was separated and dried over anhydrous sodium sulfate, concentrated to give the residue
which was purified by chromatography over silica gel (petroteum ether: ethyl acetate=10:1~1:1}
to afford the target product (850.0 mg, yield: 67%, yellow solid) LC-MS(EST): 306,10 [M+H]"

g) Preparation of (R}-1-(6-(3-methylmorpholino}-4-{tetrahvdro-2H-pyran-4-yDpyridazin-3-
yhethanone oxime: To a solution of (R)-1-(6-3-methylmorpholinoy-4-(tetrahydro-2H-pyran-4-
yhpyridazin-3-yhethanone (730.0 mg, 2.5 mmol) in MeOH (10 mL} was added hydroxylamine
hydrochloride (1.8 g, 25.0 mmol} under the protection of N2 The mixture was stirred at 70 °C
overnight. After reaction completion, o the mixture was added water (10 mL} and the mixture
was extracted with EA (10 mL x 3). The combined organic phase was separated and dried over
anhydrous sodium sulfate, concenirated to afford the crude target product (750.0 mg, yield: 95%,
vellow solid). LC-MS(EST): 32135 [M+HT

h) Preparation of 1-{6-({R)-3~-methylmorpholino}-4-{tetrabydro-2H-pyran-4-yDpyridazin-3-
yliethanamine: To a solution of (R}-1-{(6-(3-methylmorpholino)-4-(tetrahydro-ZH-pyran-4-
vhpyndazin-3-ylethanone oxime {(750.0 mg, 2.4 mmol) in MeOH (10 mL) was added Raney Ni
{(~15.0 g) The mixiure was stirred at room temperature overnmght voder Ho atrosphere. After
reaction cornpletion, the mxture was filiered over celite and the solid was washed with MeOH
{10 mL = 5}. The filtrate was combined and concentrated to afford the crude target product (4400

my, gray solid), LC-MS(ESI): 307 30 [M+HT"

feb el
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1 Preparation of  N-{1-{6~({R)}-3-methylmorpholino)-4-(tetrahydro-2H-pyran-4-
vhpyrdazin-3-ylethyl-1H-pyrazole-5-carboxamide:.  To a  sclution  of  1-{(6-{(R}-3-
methylmorpholine)-4-(tetrahvdro-2H-pyran-d-ylpyridazin-3-yljethanamine (4400 mg, 14
mmaol) in BCM (5 mL) was added 1H-pyrazole-S-carboxylic acid (188.0 mg, 1.7 mmol), EDCI
{347.6 mg, 1.8 mmol) and HOBT (19.0 mg, 0.14 mmeol). The mixture was stirred at room
temperature overnight. After reaction completion, to the mixiure was added water (10 mL) and
the mixiure was extracted with DUM (10 mL x 3). The combined organic phase was washed with
brine, dried over anhydrous sodium sulfate and concenirated. The residue was triturated with EA
{5 mL} to give the target product (380.0 mg, 2-step yvield: 40%, white solid). LO-MS{(ESI}: 40130
[M+HT"

1) Preparation of (R)-3-methyl-4-(S-methyi-7-( 1 H-pyrazol-5-y1)-4-{tetrahydro-2H-pyran-4-
yvhimidazof1,5-bipyridazin-2-yhmorpholine: A solution of N-{1-{(6-{(R}-3-methylmorpholino}-
4-{tetrabydro-2H-pyran-4-yhpyrdazin-3-yhethyl}-1H-pyrazole-S-carboxamide {(380.0 mg, 0.95
mmaol) in POCH (10 mLy was stirred at 120 °C for 4 h. After reaction completion, the sclvent was
removed. To the mixture was added water {10 mL) and the pH was adjuste to 8 with ag.
aramonium hydroxide (25% wi/w). The mixture was extracted with DCM (10 mL # 2}, The
combined organic phase was washed with brine, dried over anhydrous sodium sulfate and
concentrated. The erude product was purified by Prep-TLC (DCM - MeOH=10:1) twice to afford
the target compound (40.0 mg, yield: 11%, slightly vellow solid}. LC-MS{EST): 38335 [M+HT".
H NMR (400 MHz, CDClLy 8 7.70 (s, 1H), 7.06 (s, 1H}, 6.26 (s, 1H), 4.22 — 402 {m, 4H}, 3 85

CIHL 3720 =135 He 2H) 361 (4,1 =119He 2H)L, 343 (£ J=125Hs, 1H), 335-323
(m,{ TH), 270 (s, 3H), 196 - 1.76 (m, 4H), 1.35¢(d, I = 6.8 He, 3H).

The following compounds of Examples 8-19 were prepared using the synthesis method

simifar to that described in Example 1 or Example 2.
Raz
=N

o~ Sl

pL N‘N"’{'*l\
v ~~<
Ko
Example Raz Ry R MW LC~Mb (BEShH T NME (400 Midz)

DMSO-de: & 12.99 (s, 11D), 7.61 (5. {1,

6.85 (s, VH), 6,75 (s, 1. 6,33 (s, 110}, 4.37
* /] T {r N O (A = G 4 T~ T
& 203,15 427 (m, FH), 3.99 (4, § = 9.4 Hz, 11,

8 CHs il 392 47 M 188 (d, = 12.9 Hy, 1), 3.76 - 3.66 (m,
=l S ST, 3.55 ¢, = 108 e, 1H), 3.28 - 3.20
am, 1503, 2.27 (5, 3HD), 1.91 {5, 370, 124 (4,
J=65Hz, 3H).
CDCly: 6773 ¢5, 150, 7.66 (d, 3 = 1.8 Hz,
. (5, 7.83 (s, 1), 6.38 (&, = 1.8 He, 11D,
) - 467.40 6.31¢s, 1H), 4.30 (p, J = 6.6 Hz, 1H), 4.18
¢ H Cibs e N;_; 406,49 VEHET ~ 4.06 (m, 2H), 3.90 ~ 3 83 (my, 2, 3.79

(o3 = 129 Bz 1), 369 (d, § = 111,
10,4, 2.3 He, 1), 3.53 - 3.37 (m, 1), 2.03
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(s, 3H), 148 (5, 3H), 1.38 (d. § = 6.7 Hz,
oH).

DMSO-~de: 0 8.47 (d, J=2.6 Hz, 1H) 7.99

¥ {s, 3H}, 7.95 s, 1H), 7.22 (4, I = 2.0 Hz,

' N'J\ 41525 1, 7‘}9‘ ".'.13 (ti'l, ’H), 4.43 :id, ¥ —:‘) it

ity H {{Hs Nt 43442 DI Hz, TH), 401 - 3.94 (m, 2H), 3.77 - 373

F’ R {m, 1), 3.70 - 3.66 (m, 1H), 3.53 - 3.30

= (m, 1H), 3.32 -3.27 {m, 1H), 2.44 (5, 3H),
25(d, I=6.7 Hz, 3H).

COChH: 5 7.71 (4, ] = 1.9 He, 1), 7.45 ¢,
FED), 708 (4§ = 1.9 Hz, 1), 6.26 (6, =
s 3 Hz 1ED, 481 (4, § = 130, 4.1 He,
i i CHs NJ\\, 39247 \ﬁ/;}:}f . 2H), 3.86 (s, 2H). 3.82 - 3.76 (m, 1), 371
-y BT (s, M), 3.7 — 3.66 (m. 15}, 3.52 - 3.40
(m, 1), 2.64 — 195 {m, 6H), 139 (4, I =
6.8 [z, 310,

CDCh: 6 7.69 (s, 111y, 7.52 (5. 15}, 7.3 1 (4.
s 3= 8.1 Uz, 110, 7.06 (s, 1), 6.13 (s, 1),
J\r o34 393,10 £33 - 4.06 (m, 2H). 3.90 (s, 35D, 3.84 &,

Y e IMEHHT ). 377 — 3.66 (m, 210, 346 — 3.40 (m,

\ 5}, 2.28 €5, 3H), 2.24 (s, 3H), 137 (4 J =

6.7 Hz. 310},

~3

12 H CHs

-

CDCh: 6 7.69 (4. § = 1.9 Hz, 15, 7.43 (s,
U}, 7.66 (. § = 1.9 Hz, U1), 6.17 (s, 1),
413 - 4.07 (u, 211}, 3.94 (s, 31D, 3.87 -
381 (m, 28, 379 — 370 (m, 1H). 3.67
@d, F =117, 31 Hz, 1), 3.44 (i, J =
w 4,40 Hz, 11,224 (0, ] = 2.8 Hz, 6H),

7¢d, J=6.8 Oz,

i3 1 Cis Sy | 39247

LDClz 3 7.70 (d, ]“i“HL 1Hy, 7.51 (g,
J=7.2Hz 1), 739 @ § =75 Hz 1H),
731 4d, I=75 He, 1D, 7.23 (4, 1= 90
E v s 39330 Hz, i"I) 706(d, J=19Hz IH) 629 (s,

o M 1H), 4.20 — 405 (. 2H), 384 (ors. 20,
378 (d § = 131 He r{) 374 - 3.63 (i
(), 347 (At J = 128,
{s,3H), 1.39(d, 1 =67

14 £ {H3

Lad
&
3
=

I

0D 5800 (5. 110,794 . J=81H,
Y. 779 (s, 17D, 758 (dd, §= 7.7, 2.2 H,
£53), 7.24 s, 1H), 6,71 (5, 1ED), 4'24(q,3=
6.5 Hz, iH), 403 (44, T = 115, 3.6 Mz,
D), 3.93(d, T = 13.4 Mz, 1), 3.81 45, 200,
366 G J= 11.8, 3.0 e, 1D, 3.42 (i, § =
13,4, 3.0 Hy, 1), 338 (s, 31, 2.33 (4 J =
38 Hz, SH}, 1.86 (5, 3FD), 1.36 (¢, I = 6.3

%

467.40

15 H CHs VT

5
o
:

o]

]
gy
il

s

TOeh: S TR e T T8 TR
(o, U, 772 (4 3 = 1.9 o, 1), 7.44 -
7.35 (. 1), 7.1 (@ =19z U, 6.33

‘ g — oy 393 43 389434 E[{;, 422 - 405 (m, 2H), 389 - 382
16 H L g 39343 IMHHY "m, 2HY, 3.83 =375 (my, 1), 369 (4, § =
i

117, 3.0 He §H), 347 (d, J = 125, 3.9
Hz, BI), 2.12 (s, 3H), 140 (4, I =67 He,
3H).

m;so-dn S864(d, ] =20 He, 10y, 7.97

s HEHL T ﬂ?(cm 1=80,23 Hz, 117), 7.45
* \d ¥=79 He 1), 7.22 (s, 1), 6.96 (s,
N, » 390.20 1H), 4.41- 4_39:\m_, 1), 3.98-3.97 (m, 110},
Nz e T 3.96-3.95 (m, 1H), 3.74 (4, J = 114 Hz,
T ), 3 '3<dd 3= 118, 5.0 e, 1), 3.52
ad I=12.0,3 2, 2.56 (5. 310), 2.08
s, 3, 1.24 (4, J—nf’{“ 3.

i7 H Cis

CDCl 5867 1js I, .61 d, I =48 Hy,
(), 771 (@ F= 1.9 He, 1), 738 {1, I =
1 10835 5.4 Hz, 11D, .0% (d J= 19z 11), 6.28
i8 i CHs \E’j 39343 AT (s, 1H). 4.19 - 4.03 (m M), 384 (4§ =
& 2.3 He, 31D, 380 - 3.74 mi 1} 1) 3.73 -
364 Gm, 1H), 347 (4, § = 127, 43 Ha,
{H), 2,10 (s, 3H), 139 (d I = 6_8 He, 35,

o]

4
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COCL: 67,75 - 7.6 {m., 11y, 7.62 (5. 11,
TAR - 730 (m, 1H), 6.42 (s, 1D, 6.31 ¢,
‘ e J\ e 6735 U, 418 - 4.08 (i, 2H), 588 - 3.82 (s
19 H | CH(CHn NN 406 49 I 2H), 3.81 — 3,73 (m, 45, 372 - 3.62 (m,
BT 1H), 346 (£ 1= 11.0 Hz, 1H). 234 - 2.23
(o, 1), 139 (6 F = 6.7 Hz, 35, 1.30 -
1.22 (m, 3HD, L 11, 3.

Example 20
(R)y-4-(5-ttuoro-4-(1~methyl-1H-pyrazol-53-y[}-7-(1H-pyrazol-S-yhhmidazo{ 1, 5-bipyridann-2-
yiF3-methyimorpholine

To a solution of  (R}p3-methyl-d-(4-(1-methyl-1H-pyrazol-5-yh)-7-(1H-pyrazol-5-
yinmidazo[l,5-bipyridazin-2-ylmorpholine (500.0 mg, 1.4 mmol) in DMF {5 mL} was added -
tluore-2,4,6-trimethylpyridinium tetrafluoroborate (620.0 myg, 2.8 mmol) at room temperature.
The mixture was stirred at 60°C for 5 hours. After reaction completion, the mixture was diluted
with HoO (10 ml) and extracted with DCM (20 ml. # 3). The combined organic laver was washed
with brine (30 mL x 2), dried over NaxSQs, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by Prep-HPLC (C18, CHaUCN/H20, 10~40%, 0.1%

HCOOH) to give the target compound {(11.0 mg, vield: 2.3%, shightly vellow solid).

Example 21
{R3-4-(5-chloro-4-(T-methyl-1H-pyrazol-S-yi}-7-(1 H-pyrazol-S-yl imidazo{ 1,5-bipyridazin-2-

vir3-methyimorpholine

To a solution of  (R}3-methyl-4-(4-(l-methyl-1H-pyrazol-S-vh)-7-(1H-pyrazol-5-
viimidazo[l,S-bipyridazin-2-yhmorpholine (100.0 mg, 0.3 nunol) in DCM (§ mbL) was added
NCS 36.6mg, 0.3 mmolyat -20°C.  The mixture was stirred at -20°C for 3 hours. After reaction
completion, the mixture was diluted with H20 (10 L) and extracted with DCM (20 mbL ~ 3},
The combined organic layer was washed with brine (30 mL x 2), dried over NaxSQq, filtered and
concentrated under reduced pressure fo give a residue which was purified by Prep-TLC
{(DCM/MeOH=10:1} to give the target compound (15.0 mg, vield: 14%, yellow solid).

Examples 22-24

a}  Preparation of  (R)}-4-(S-bromo-4-(T-methyl-1H-pyrazol-S-y1}-7-(1H-pyrazol-5-
yhiimidazo[l,5-bipyridazin-2-yi}-3-methylmorpholine (Example 22} To a scolution of (R)-3-
methyl-4-(4-(1-methyl-1H-pyrazol-5-y1-7-(1H-pyrazol-5-yl imidazol 1, 5-blpyridazin-2-
yhmorpholine (500.0 mg, 137 mmol) in DCM (S ml) was added NBS (1223 mg, 171 mumol}
at ~-20°C. The mixture was stitred at -20°C for 3 hours. After reaction completion, the muxture
was diluted with H20 (10 mb ) and extracted with DCM (20 mlL x 3). The combined organic

layers were washed with brine (30 mL x 2}, dried over Na:SOq, filtered and concentrated under
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reduced pressure 1o give a residue. The residue was purified by Prep-TLC (DCM/MeQOH=20:1)
to give the target product (180.0 mg, yield: 30%, yellow solid).

By Preparation of (R)}-3-methyl-4-(4-(1 ~methyi~1H~pyrazoi~5~yi)~7~(1H~pyrazoi~5~yi)~5—
vinylimidazo{1,5-blpyridazin-2-yhimorpholine (Example 23) To a sclution of (R}-4-(5-bromo-
4-{ 1-methyl- 1H-pyrazol-5-yI}-7-(1H-pyrazol-S-ylimidazof {, S-blpyridazin-2-y1}-3-
nmethylmorpholine (740.0 rog, 1.7 mmol) o DMF (15 mb ) was added tributyl(vioylhstanvane (1.6
g, 5.0 mmol} and PA(PPha)s (3853 mg, (.3 mmol). The system was evacuated and backfilied
with nitrogen three times. After stirred at 100 °C overnight, the mixture was filterred and the
filtrate was concentrated under reduced pressure. The residue was purified by chromatography
over silica gel (EtOAC/PE, 20 to 100%) to afford the target product (390.0 mg, yield: 60%, vellow
solid).

¢y Preparation  of  (R}y4-(S-ethyl-4-(T-methyl-1H-pyrazol-S-y1}-7-(1H-pyrazol-5-
yhimdazoll,S-bipyridazin-2~y1}-3-methyimorpholine (Example 243y To a solution of (R)-3~
methyl-4-{4-(1-methyl-1H-pyrazol-5-y1}-7-(1H-pyrazol-5-y1}-S-vinylimidazo[ 1, 5-blpyridazin-
2-yDimorpholine (370.0 myg, 1.0 mmol} in MeOH (20 L) was added 10% Pd/C (160.0 mg). The
system was evacuated and backfilled with Hy three times and stirred at room temperature under
Hz balloon for 36 hours. After reaction completion, the wixture was filtered over celite and the
solid was washed with MeOH (40 mL x 5} The filirate was combined and concentrated. The
residue was purified by Prep-TLC (BCM MeQOH=10:1} to afford the target compound (1975 mg,

yield: 53%, yellow solid).

S
o NNt
\'§,‘v/»'~‘\./
\\Ri
“‘N'/\\,
=/
Example R MW CCMES (B8 T NMR (460 M)
CD00 6773 (bua, TH0, 761 ¢ J = 2.1 Ha, 11y, 7.19 (s, 11}, 6.74
183 05 (s, 1), 661 (1, J=18Hz H), 435 =63 Hz, 1H), 404 dd, §=
20 F 38239 s | A7 H 1), 3.94 -390 (m, 4H), 3.82 (4, J = 2.2 Hz, 209), 3.66
B (. T=11.9, 3.0 Uz, 1H), 3.41 (1, § = 12.8, 3.8 Hz 1H), 1.36 (d. f =
6.7 Hz, 3H).
CO0D: 67754, J =31 Hz, 1H), 760, I = 1.9 Hz, 1H),7.22 -
19,05 747 G £, 6.83 5, 1), 633 (.3 = 1.9 1z, 1), {" ~ 430 (m,
2t Cl 398,85 5]\4’1"-}’15' P, 403 ¢3d, 3= 117,37 He, 1H}, 392 (Qd, J = 13.5, 2.5 Hz, 1H),
H 381 (d, I =21 He 2H), 278 (s, 3, 2mua I= 118 3.0 Hz 1H),
341 (td, J = 12.8, 3.8 Hy, 1H), 136 (d I = 6.8 Hy, 3H)
CTROD: 5 7,74 (5. THD). 7.6 (s, 1H), 7.19 (s, TFD, 6.83 (5. 1H). 6.31
27 By 44331 443.30‘ (s, 1H}, 4.34 (s, 1H), 463 (d, J = 106 Hz, iH). 3.91{d. J =128 Hz,
! 33 VEHHT 1H), 3.80 ¢, %) 376 (s, 3H), 3.65 (4, § = 115 He, 1HD, 340 (1 =
125 Hz, (1), 1.35 (L § =44 Hy, 3H),
CD00; 8 7.86 - 7.72 (my, 1H), 7.66 (s, 1), 7.25 (s, 1H), 687 - 677
. .- (. TH), 6 56 (s, 1), 6,08 (d § = 17.0 Ha, D13, .76 (0 1= 13.7 Hz,
23 N 389G.45 :\/}HE iHY, 511 -503¢(m, 1H), 436 -428 (m, 1H) 4 03 d F=87Hz 1H),
H 3.9 (d. = 12.5 Hz, 1H), .83 - 3.78 (s, 2H). 3.73 (s, 3H), 3.68 - 3.60
G, TED, 3.45 - 334 am, U), 1.37 - 1.33 (m, :}1)
CDCl: §7.71 (4, J“ F8 Hz, IH), 762 (4, 1= 1.8 Hz, 1H), 7.09 ¢
24 Ed 362 47 36330 1HY, 6,42 (4, J= L8 Hz, 1H), 6.29 (s, 1H), 4.17 - 4.05 (m, 2H) 3‘84
N - {M+HY {brs, 2H), 3.79 - “v ’74 (wy, 4H}, 3.08 (i, 1H), 3.49 -3.41 (w, }Hl 227
(bes, 20, 1.39 4, 1 = 6.7 e, 36, 106 (L § = 7.5 Hz, 35},
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The following compounds of Examples 25-26 were prepared using the synthesis method
simifar to that described in Example 23 and Example 24.
=
r)’\f"‘ %Jhﬂ
7
N ‘N/&N
.\\/’:\\}{
LR
\N'/\»’ 1
o
Example Ry MW LC-MS (E81) TH{ NMR (400 Miz)
CDU §7.7L s, 1), 7.5 (5, 180, 713 (s, 1H), 6,40 (5, 7H), 4.92
25 N 164,45 49535 L UHD, 4.37 €5, FH), 403 (dd, § = 248, 9.0 Hz, 2H). 3.85 (s, 2H),
\f T IMFEE 3 ,9 (& 5 =135 Hz 1}}) 372 - 3.68 (m, 1), 3.65 (5, 3H), 3.47
(d, I = 13,2, 4.6 Hz, 1), 2,08 (5, 3H). 140 (d, J—MBL,JHs
CDCE: 6775 - 7.69 (m, 1), 7.62 (s, [H), 7.18 - 7.50 (my, (ED,
® 107 35 6.42 (s. 1D, 6.31 (5, 1H), 4.18 - 4.8 (m, 2H), 3.88 - 3.82 (m, 2H),
26 N 406,49 EM;I;}’ 3.81-3.73 (m, 4H), 3.72 - 3.62 (. TH), 3,46 (1, I =110 He, UI)
/ : 2342223 (u, 100, 139 (3 = 6.7 . 30, 130 - §.22 e, 3
1Ei(s. 3H).

Example 27
(R)-3~-methyl-4-(4-(1-methyl-1H-pyrazol-5-y1)-7-(1 H-pyrazol-3-y imidazo{S, 1-1]1,2 4 jtriazin-
2-yhymorpholine

The compound was prepared using the synthesis method similar to that described in
Example 1, Example 2, Example 7, or using the synthesis method known to the skilled art. Yellow
solid. LC-MS: 366,15 [M+11. 'H NMR (400 MHz, CDCls)y: 8 7.94 (s, 1H), 7.74 (s, 13}, 7.65 (s,
1H), 715 (s, 1H), 7.09 (s, 1H), 470 - 457 (m, 1H), 4.28 (s, 3H), 418 {d, } = 12.9 He, 1H}, 408
(d, 3 =111 Hz, 1H} 390375 (m, 2H}, 365 (4, J=11.7Hz 1H), 345, J=117 Hz, 1H},
141 (d, =068 Hz, 3H).

Examples 28-29
(R)}-4-(S-bromo-4~{ T-methyvl-1H-pyrazol-S-y1}-7-(1H-pyrazol-S-y midazofs, I -
fi[1,2, 4 rtazin-2-vl)}-3-methylmorpholine  (Example 28) and (R)}-3-methyl-4-{5-methyl-4-{1-
methyl-1H-pyrazol-5-yi-7-( 1 H-pyrazol-S-yi pmidazofs, 1-f1{1,2 41triazin-2-y imorpholine

{Example 29) were prepared by using the synthesis method known to the skilled art.

Example 30
Betermination of the tnhibitory effect of the compounds on ATR enzyme activity using ATR
enzyme activity experiment
ATR enzyvme activity was measured using HTRF reagent (Cisbio) in a 384-well plate
{Grewmer, #78407S). The test compound was diluted to a 4% final concentration with reaction
buffer (25mM HEPES (pHE.0}, 10mM MnClz, 1% glycerol, 0.01% Bry-35, 5SmM DTT and 0.1%

BSA) 2.5 ul. of the diluted compound was added to the corresponding well, then 2.5 ul. of 80nM
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of p33 substrate (Furofins, #14-952) and 2.5 pk of 2ng/pl. of ATR/ATRIP enzywe (Burofins,
14-953} solution were added successively, and finally 2.5 pb of 40 yM of ATP sclution was
added. The mixture was centrifuged at 1000rpm for | minute, and reacted at room temperature
protected from light for 30 minutes. Then Spb of EDTA stop solution (250mM) was added to
stop the reaction. After 5ub of detection mixture {Anti-phospho-p53 (serl5)-K {Cisbio,
#OTPOSKAE, 0.084ng/uly and Aoti-GRT-d2 (Cisbio, #61GSTDLA, S.00ng/ul)) was finally
added to each well, the fluorescence values at 663um and 615nm were measured on the Envision
2104 instrument. Relative fluorescence ratio was calculated: Ratiosssnm/stsnn-RatiObackgrousd, and
inhibition rate% = (1-{relative tluorescence ratio of test compound well - relative fluorescence
ratio of positive control wellY/(relative tluorescence ratio of blank control well - relative
fluorescence ratio of positive control well))2100 was calculated. Data were analyzed using
GraphPad  Prism6.0, and fited wusing the curve equation: Y = Bottom+{Top-
Bottom )/ (1+10N(LoglCso-X3*HiliSlope}) and 1Cs0 values were calculated.

The inhibitory effects (ICs0) of the compounds on ATR kinase activity were summarized

in Table 1.
Table 1

Example i 2 3 4 5 & 7 8
1Csp (M) i 3 2 3 3 3 i 4
Example g i@ il 12 i3 14 i5 i6
150 (nM) 3 217 2 I 14 16 ) 9
Example 17 18 28 23 22 23 24 25
iCqp (M) 18 16 41 6 2 2 2 1
Example 26 | BAY- 1895344

150 (nM) 1 42

Therefore, as determined by the ATR enzyme activity experiment, the disclosure

compounds have good whibitory effect on ATR kinase activity.

Example 31
Determination of the inhibitory effect of the compounds on the proliferation of human lung
cancer NCI-H460 cell using MTT assay
The thawed human lung cancer NCI-H460 cells were cultured and passaged until they grew
well and had a confluence about 90%, and then they were used for experiments. The cells were
digested by trypsinase and centrifuged at 800 rpm for 5 minutes, the supernatant was discarded,

and the residual was resuspended with fresh medium (1640 medium + 10% FBS) and counted.
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The cells were seeded into 96-well cell culture plate with a density of 2000/4000 cells per well
and incubated overnight in a 5% COz incubator at 37°C. The stock solutions of the test substances
{including the test compounds and the reference compound BAY-1895344) were serially diluted
to 8 concentrations by DBMSG at the ratios of 1.3 and 1:10, respectively. 5 ul diluent of each
concentration was added to 120 plb of medium (25 times diluted) and mixed by shaking. The
overnight cell plates were taken and the culture medium was rermoved, 195 ull of fresh medium
was added to each well, and S ul of diluted medium containing the corresponding concentration
of the test compound was added respectively (the final concentration of DMSO 1s 1%o}, and the
culture plate was then placed in a 5% COn incubator at 37°C for 4 days. After removing the
original solution, 100 yL. of tresh serum-free DMEM medinm containing MTT (0.5 mg/mL ) was
added to each well, the culture was continued. After 4 hours, the original solution was rernoved,
100 pl of BMSO was added to each well, the 96-well plates were shaken for 10 minutes in the
dark and placed in a muiti-function reader to read the absorbance at the wavelength of 552/690
anmy. Cell viability (%) = (ODcompound-ODvackground Y O Dpmso-ODbackgrouna ) 100, GraphPad Prism
6.0 was used to analyze the data. The inhubitory activity of compounds on cell proliferation was
plotted based on cell viability and the logarithm of compound concentration. The ICso value was
fitted by a sigroodal dose response curve eguation Y=100/(1+10"LogC-LogiCso}), wherein C
was the concentration of compound.

The inhibitory effect (ICs0) of the compounds on the proliferation of human lung cancer

NCI-H460 cell were summarized in Table 2.

Table 2
Example i 2 3 4 5 & 7 8
s (nM) | 16,53 21.91 2729 13.03 17.80 21.79 1570 14.89
Example 8 18 i 12 i3 14 15 i6
ICso (nM} | 3021 9732 30.08 28.00 33.23 32.00 12,30 12.49
Exampie 17 18 19 24 23 22 23 24
ICs0 (nM) | 4584 2796 99,10 89,94 2412 17.07 32.04 28.03
Example 35 26 37 BAY-
1895344
ICso (nM) 8.64 2281 68.34 2199

Therefore, as determined by MTT assay, the disclosure compounds have good inhibitory

effect on the proliferation of NCI-H460 celi.

Example 32
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Determination of the inhibitory effect of the compounds on the proliferation of human colon
cancer LoVo cell using MTT assay

The thawed human colon cancer LoVo cells were cultured and passaged until they grew
well and had a confluence about 90%, and then they were used for experiments. The cells were
digested by trypsinase and centrifuged at 800 rpm for 5 minutes, the supernatant was discarded,
and the restdual was resuspended with fresh medium (1640 mediurs + 10% FBS) and counted.
The celis were seeded into 96-well cell culture plate with a density of 2000/4000 cells per well
and incubated overnight in a 3% C( incubator at 37°C . The stock solutions of the test substances
(including the test compounds and the reference compound BAY-1895344 ) were serially diluted
to § concentrations by DMSO at the ratios of 1:3 and 1:190, respectively. 5 ub diluent of each
concentration was added to 120 pl. of mediur (25 times diluted) and mixed by shaking. The
overnight cell plates were taken and the culture medium was removed, 195 ub of fresh medium
was added to each well, and 5 ul. of diluted medium contatning the corresponding concentration
of the test compound was added respectively (the final concentration of DMSQO is 1%s), and the
culture plate was then placed in a 5% CO: incubator at 37°C for 4 days. After removing the
original solution, 100 uL of fresh serum-free DMEM medium containing MTT (0.5 mg/mb )} was
added to each well, the culture was continued. Afier 4 hours, the original solution was removed,
100 pb of BMSO was added to each well, the 96-well plates were shaken for 10 minutes in the
dark and placed in a multi-function reader 1o read the absorbance at the wavelength of 532/690
am. Cell Viﬁbﬂity (9’0) = (ODcompmmd“ODhzackground)/l(ODDMSO"ODbaCkgrmmd)X 160, GraphPad Prism
6.0 was used to analyze the data. The inhibitory activity of compounds on cell proliferation was
plotied based on cell viability and the logarithm of compound concentration. The ICa0 value was
fitted by a sigmoidal dose response curve equation Y=100/(1+10"LogC-LogiCsu}}, wherein O
was the concentration of compound.

The inhibitory effect {(ECso) of compounds on the proliferation of human colon cancer LoVo

cell were summarized in Table 3.

Table 3
Example i 2 3 4 5 & 7 8
s (nM) 3674 4357 49 49 26.89 2550 | 44.10 | 24.62 17.87
Example 9 16 1§ i2 i3 14 i5 i6
ICso (nM) 3927 11610 41.77 19.65 46.46 | 2624 | 1950 | 1762
Example 17 i8 19 % 21 22 23 24
ICs0 (nM) 45.06 47.26 9933 7007 2244 | 2410 | 3908 | 3881
Example 3z 26 27 BAY-
1895344
ICso (nM) 10.67 2744 1163 27.09
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Therefore, as determined by MTT assay, the disclosure compounds have good inhibitory

etfect on the proliferation of LoVo cell.

Example 33
Pharmacokinetic studies of the compounds following single oral administration to mice
The compound of the present invention was formulated into a 0.5% methylcellulose/water
uniformn suspension, and was administered to CD-1 (ICR) mice by gavage at 10 mg/kg. Plasma
samples were collected at 8 time points of 0.250, 0.500, 1.00, 2.00, 4.00, 6.00, 8.00 and 24.0

hours post-dose. Concentrations of the compound were determined by LC-MS/MS method.

The mouse pharmacokinetic parameters of the compounds were summarized in Table 4.

Table 4
Example ti2 () Coax (ngmL Y | AUCe(ng-hmL™) AUChu (ng mL )

L] 1.64 G343 98307 98517
4 32 9308 43376 43851
5 342 8933 30826 31662
14 375 10787 77348 78719
21 2.65 7343 42772 42925
22 5.88 7673 39010 63023
23 1.66 6608 22356 24116
24 5.40 15367 161501 171092
25 2.56 16867 70013 70193
26 5.82 7180 46439 43979
a 4.46 3023 12427 17986
b 0.3 713 2604 2779
¢ 3.71 2377 230351 26374
d 5.82 3130 14883 24053

Note: 1} tyz: Elmination half~hife; Coa Maxomom plasma concentration; AUC . Area under the plasma
concentration-tune curve from time O {o the time of last measurable concentration; AUCo e Area under the
plasra conceniration-time curve from time O to wnfinity.

2} Exameples a, b, ¢, and d here are Examples 13, 25, 42 and 47 1n WO2020239601A 1, respectively.
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The results show that the compounds of the present invention have good oral absorption and

high exposure in mice.

Example 34
Deternunation of the inbubitory effect of the corupound of Example 1 on the proliferation of
various human cancer cells using MTT assay

The thawed human cancer cells {including human non-small cell lung cancer AS49 cell,
human breast cancer HCC 1806 cell, human colorectal adenocarcinoma HCT116 cell, human
ovartan cancer OVCAR-3 cell and human large cell lung cancer NCI-H460 cell) were cultured
and passaged until they grew well and had a confluence about 90%, and then they were used for
experiments. The cells were digested by trypsinase and centrifuged at 300 rpm for 5 minutes, the
supernatant was discarded, and the residual was resuspended with fresh medium (1640 medium
+ 10% FBS) and counted. The cells were seeded into 96-wel cell culture plate with a density of
2000/4000 cells per well and incubated overnight in a 5% CO» incubator at 37°C. The stock
solutions of the test substances were serially diluted to 8 concentrations by DMSG at the ratios
of 1:3 and 1:10, respectively. 5 pl. diluent of each concentration was added to 120 ul. of medium
{25 times diluted) and mixed by shaking. The overnight cell plates were taken and the culwure
medium was removed, 195 yL of fresh medium was added to each well, and 5 pyb of diluted
medium containing the corresponding concentration of the test compound was added respectively
{(the final concentration of DMSO 18 1%s), and the culture plate was then placed in a 5% COr
incubator at 37°C for 4 days. After removing the original solution, 100 pl of fresh seruom-free
DMEM medium containing MTT (0.5 mg/mb ) was added to each well, the culture was continued.
After 4 hours, the original solution was removed, 100 pb of DMSO was added to each well, the
So-well plates were shaken for 10 minutes in the dark and placed in a multi-function reader to
read the absorbance at the wavelength of 552/690 nm. Cell wiability (%3=(ODcompound-
O BDackgrouwnd Y{ODomso~ODvackground 1 100, GraphPad Prism 6.0 was used to analyze the data. The
inhibitory activity of compounds on cell proliferation was plotted based ou cell viability and the
logarithm of compound concentration. The 1Cs0 value was fitted by 3 sigmoidal dose response
curve equation Y=100/(1+10LogC-Logl{ss}}, wherein C was the concentration of compound.

The inhibitory eftect data (ICso) of the compound of Example 1 on the proliferation of

human cancer cells were summartzed 1o Table S,

Table §
\\ AS49 HCC1806 HCT1Hi6 OVCARS3 NCI-H460
"~
1Csp/aM 153676 38.81 2248 181 66 19.02
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Therefore, as determined by MTT assay, the compound of Example 1 have good inhibitory

effect on the proliferation of vanous human cancer cells.

Example 35
Determination of the synergistic inhibition of the compound of Example 1 in combination with
senaparib on the proliferation of human ovarian cancer OVCAR-3 cell using MTT assay

The thawed human ovarian cancer OVCAR-3 cells were cultured and passaged until they
grew well and had a confluence about 90%, and then they were used for experiments. The cells
were digested by trypsinase and centrifuged at 800 rpm for 5 minutes, the supernatant was
discarded, and the residual was resuspended with fresh medium (1640 medium + 10% FBS) and
counted. The cells were sceded into 96~well cell culture plate with an appropriate density and
incubated overnight in a 3% CO» incubator at 37°C. The stock solutions of the test substances
were sertally diluted to 4-5 concentrations by DMSO at the ratios of 1.3, respectively. S pl diluent
of each concentration was added to 120 uyl. of medium (25 times diluted) and mixed by shaking.
The overnight cell plates were taken and the culture medium was removed, 190 pl of fresh
medium was added to each well, and 5 pub of diluted compound or § gyl of medium containing
DMSO was added respectively (the final concentration of DMSQ is 1%}, and the culture plate
was then placed in a 5% CQOz incubator at 37°C for 3 days. After removing the original solution,
100 ub of fresh serum-free DMEM medium containing MTT (0.5 mg/mL} was added to each
well, the culture was continued. After 4 hours, the original solution was removed, 100 pL of
DMSO was added to each well, the 96-well plates were shaken for 10 minutes in the dark and
placed 1o a multi-function reader to read the absorbance at the wavelength of 552/690 nm. Cell
viability (%o r={ODcompound-O Dvackgronnd Y (O DoMs0- O mackpround < 100, The combination ndex {Ch
was calculated with the software CalcuSyn.

The CI values of the compound of Example 1 in combination with senaparib were

summuarized in Table 6.

Table 6. Combination Index (Ch)

Cl Value
11 oM Examaple T | 33 oM Example 1 | 100 oM Example 1 | 300 aM Example 1
3000 nM senaparib 0.044 8.12 8.364 1,195
1000 nM senaparib 0.032 0.148 0.424 1.276
333 oM senapanib (.069 818 {5,488 1.377
111 oM senapacib 0.215 $.213 0,544 1.471
7 nM senaparib 1137 8,275 {4,603 1 558

Note: C1<0.1 means a strong synergistic effect; 0. 1<CI<d means a synergistic effect, and CI »1 means no

synergistic ctfect.

The experimental results show that the combination of the compound of Example 1 and
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senaparib has good synergistic effect on inlubiting the proliferation of human ovarian cancer

OVIAR-3 cells,

[001061 Having now fully described this disclosure, it will be understood by those of
ordinary skill in the art that the same can be performed within a wide and equivalent range of
conditions, formulations and other parameters without affecting the scope of the disclosure or
any embodiment thereof. All patents, patent applications and publications cited herein are fully

incorporated by reference herein in their entirety.
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WHAT IS CLAIMED Is:
i A compound of Fornula b
o R /{,5\%
SN NG
\!/ N N
Ag
L%
RQ i E

or sterecisomers, {automers, N-oxides, hydrates, solvates, isotope-substituted derivatives, or
pharmaceutically acceptable salis thereof, or mixtures thereof, or prodrugs thereof, wherein:
At Nor CH;
Ro 1s an optionally substituted aryl, an optionally substituted heterocyclic group, an
optionally substituted carbocyclic group, an optionaily substituted heteroaryl, an optionally

heteroaryl alkyl,

Ry,
S b )
Ref Refo Refeo

oF
wherein * indicates an attachment position of the group to the rest of the compound;

Ri is halogen, an optionally substituted Ci-Ce alkyl, an optionally substituted C3-Ce
cycloalkyl, an optionally substituted C2-Ce alkenyl, or an optionally substituted C2-Co alkynyl;

Rz is halogen, Ci-Us alkyl, Ci-Cs alkoxy, Ca-Cs alkenyl, C2-Cs alkynyl, carbocyclic group,
heterocyclic group, arvl, hetercaryl, -{(SOR4, «(S{h)Rs, -SRs, -NRaRy, «(COWRe, ({CO0ORs, ~
{(COINReRy, ~(SO2NReRy, -NRs(SO:R4, -({SOENRsIRs, -N={(80O)R4Rs, -SiR:sRsRs, -
{(POYORe), (POXORaIRe or ~{POYRx)2, wherein the said Ci-Ce alkyl, C1-Co alkoxy, C3-Ce
cycloalkyl, C2-Ce alkenyl, T2-Cs alkynyl, carbocyclic group, heterocyclic group, arvl and
heteroaryl each are optionally substituted;

R 1s hydrogen or an optionally substituted Ci-Cs alkyl;

Ra 18 an optionally substituted alkyl or an optionally substituted alkylaryl, preferably the aryl
is phenyl;

R is hydrogen, an optionally substituted alkyl, {COY0ORe or «{COINReR7;

Rs and Rz are independently hydrogen, an optionally substituted Ci1-Cuo alleyl, an optionally
substituted carbocyclic group, an optionally substituted heterccyclic group, an optionally
substituted aryl or an optionally substituted heteroaryl; or Re and R together with the Nand C to
which they are attached form an optionally substituted 4-7 membered cyclic amino group, which
optionally comprises one or more additional hetercatoms selected from O, N and §;

Rs is Ci-Ca alkyl, or in the case of -N={SO)R4Rs, R4 and Rx together with the § to which
they attached form a 5-8 membered heterocycinalkyl; and

Re is hydrogen or Ci-Ca alkyl
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2. The compound of claim 1, wherein the compound 1s a compound of Formula I

R, R I

or stercoisomers, tautomers, N-oxides, hydrates, solvates, 1sotope-substituted derivatives, or
pharmaceutically acceptable salts thereof, or mixtures thereot, or prodrugs thereof], wherein:

A, Ro, Ry, Rz and Rz are as defined in claim 1.

3. The compound of claims 1 or 2, wherein:

Ais CH;

Ro is an optionally substituted alkyisulfonyi, an optionally substituted aryl, an optionally
substituted heterocyclic group, an optionally substituted carbocyclic group or an optionally
substituted heteroarvl;

Ru is halogen, T1-Co alkyl, C3-Co cycloalkyl or Tr-Cs alkenyl optionally substituted with 1-
6 substituents selected from halogen, bydroxyl and ~NRaRs, wherein the said Ra and Ry are
independently hydrogen or Ci-Cy allyvl;

Rz is an optionally substituted carboeyclic group, an optionally substituted heterocyclic
group, an optionally substituted arvl, or an optionally substituted heteroaryl; and

Rs 18 C1-Ca alkyl.

4. The compound of clairn 2, wherein:

Ais CH;

Ro is sulfonyl substituted with Ci-Cs alkyl; or pyrazolyvl, pyrrolyvl, or imidazolyl optionally
substituted with 1 or 2 substituents selected from a group consisting of Ci-Cy alkyl, halogen,
hydroxyl, Ci-Cs alkoxy and amuno. In some embodiments, Re is unsubstituted pyrazolyl
unsubstituted pyrrolyl, or unsubstituted imidazolyl;

Ri s balogen, Ci-Ca alkyl, U5-Ca eveloallyl or C2-Cy alkenyl;

Rz is phenyl optionally substituted with 1 or 2 substituents selected from C1-Ce alkyl,
halogen, cyano and sulfonyl substituted with Ci-Ca alkyl; pyrazolyl or pyridyl optionally
substituted with 1 or 2 substituents selected from Ci-Cs alkyl, haloC-Co alkyl and halogen; or
tetrahydropyrany! optiopally substituted with 1 or 2 substituents selected from Ci-Ca alkyl,
haloC1-Ce alkyl and halogen; and

Rz is C1-Cs alkyl
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5. The compound of c¢laim 1, wherein the compound 1s a compound of Formula [

1
or stereoisomers, tautomers, N-oxides, hydrates, solvates, isotope-substituted derivatives, or
pharmaceutically acceptable salts thereof, or mixtures thereof, or prodrugs thereof, wherein:

A, Ry and Ry are as defined in claims | and 2.

Rz 1s hydrogen, halo or an optionally substituted Ci-Co alkyl;

6. The compound of claiw 5, wherewn

Ais CH;

Raz 1s hydrogen or C-Cs alkyl;

Ry is halogen, Ci-Ca alkyl, C5-Cs cycloaliyl or Co-Cy alkenyl;

Ru is carbocychic group, heterocychic group, aryl, or heteroaryl, which are optionally
substituted by 1-3 substituents selected from the group consisting of Ci~Cs alkyl, halo Ci~Cs alkyl,

cyano, halogen and sulfonyl substituted with Ci-Cy allyl

. The compound of claims 1, 2 and 4, or stereoisomers, tautomers, N-oxides, hydrates,
wsotope-substituted dertvatives, solvates or pharmaceutically acceptable salts thereof, or mixtures
thereof, or prodrugs thereof, wherein Rz is phenyl optionally substituted with 1 or 2 substituents
selected from £1-Cs alkvl, halogen, cyano and sulfonyl substituted with Ci-Ca alkyl, pyrazoivi or
pyridyl optionally substitited with 1 or 2 substituents selected from Ci-Cs alloyl, haloC-Ce alkyl
and halogen; or tetrahydropyrany! optionally substituted with 1 or 2 substituents selected from

Cr-Co alkyl, haloCi-Cs alkyl and halogen; preferably, Ra is:

£

P
1 Lo N&b P J\K J\/
— ) 1 ; ~ )\’/ =4 \..,r
Ni? /\&’5 SN P F’\?%N_J‘\j N L
- N— N: k) > o 3

F J’ El 2 El \/
+*
\ /{\
»® * ¥ *
! o e
// i -
P N TS FSC\()*\\. PN
1 J e A WD D 1D G
i ~oF T N or QO

2

8. The compound of claim 1, wherein the compound is a compound of Formula IV:
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or stereocisomers, tautomers, N-oxides, hydrates, solvates, isotope-substituted derivatives, or
pharmaceutically acceptable salts thereof, or mixtures thereot, or prodrugs thereof], wherein:

Riis as defined in claim 1;

Cy is carbocyclic group, heterocyclic group, arvl, heteroaryl, -NReR7, -NRs(SO2)R4, or -
N=(SOMR4Rs, wherein, the said carboceyclic group, heterocyclic group, arvl and heteroaryl can be
each optionally substituted;

Ras i3 an optionally substituted alkyl or an optionally substituted alkylaryl (preferably the
aryl is phenvi),

Rs and Ry are each independently hydrogen, an optionally substituted Ci1-Cuo alkyl, an
optionally substituted cycloalkyl, an optionally substituted aryl or an optionally substituted
heteroaryl; or Rs and Ry together to which they are attached form an optionally substituted 4-7
membered cyclic amino group, which optionally comprises one or more additional hetercatoms
selected from O, N and S;

Reis Ci-Ca alkyl, or in the case of -N=(S0O)R3R7, Rs and R together to which they attached

form a 5-8 membered heterocycloalkyl,

9. The compound of claim 8, or sterecisomers, tautomers, N-oxides, hydraies, isotope-
substituted derivatives, solvates or pharmaceutically acceptable salts thereof, or mixtures thereof,
or prodrugs thereof, wherein:

R is halogen, Ci-Ca alkyl, Cs5-Co eycloalkyl or Co-Ca alkenyl;and

Cy 1s phenyl optionally substituted with 1 or 2 substituents selected from C1-Co allyl,
halogen, cyano and sulfonyl substiuted with Ci-Cy alkyl, pyrazolyl or pynidyl optionally
substituted with 1 or 2 substituents selected from C1-Co alloyl, haloC1-Co alkyl and halogen; or
tetrahydropyrany! optionally substituted with 1 or 2 substituents selected from C-Co alkyl,
haloC:-Co alkyl and halogen; preferably, Cy 1s pyrazolyl optionally substituted with Ci-Cs alkyl

and preferably, one or two ring N atoms of the pyrazolyl group are substituted.

10, The compound of claim B, or sterecisomers, tautomers, N-oxides, hydrates, 1sotope-
substituted derivatives, solvates or pharmaceutically acceptable salts thereof, or mixtures thereof
or prodrugs thereof, wherein A is CH or N; Ry is halogen, Ci-Cs alkyl, C3-Ca cycloalkyl or Co-
Cs alkenvl; Cy is phenyl optionally substituted with 1 or 2 substituents selected tfrom Cio alkyl,

Ci alkyisulfonyl and cvano, pyridy! optionally substituted with 1 or 2 substituents selected from



WO 2022/135560 PCT/CN2021/141153
52

halogen, Civ alkyl, and halo Cio alkyl, or pyrazolyl optionally substituted with Cus alkyl

substituted at one N atom of the pyrazolyl

11 The compound of claim 1, wherein the compound 1s selected from a group congisting of;

{R3-3-methyl-4-(S-methyl-4-(T-methyl-1H-pyrazol-S-y1}- 7~ 1 H-pyrazol-S-yi imidazol 1,5-
tipyridazin-2-ylmorpholine;

{R}-4-{4-(1-ethyl-1H-pyrazol-5-y1}-5-methyi-7-(1 H-pyrazol-5-vlimidazo[ 1, 5-bipyridazin-
2-y13-3-methyvlmorpholing;

(R)-3-methyl-4-(5-methyl-7-(1H-pyrazol-S-y1}-4-{o-tolyl yroidazof 1, S-blpyridazin-2-
yhmorpholine;

(R)}-3-methyl-4-(5-methyl-4-2-methylpyridin-3-y1}-7-( 1 H-~pyrazol-S-ylimtdazof 1,5-
blpyridazin-2-vhymorpholine;

(R )-3-methyl-4-(S-methyl-7-(1 H-pyrazol-5-y1}-4-(2-{intluoromethylpyridin-3-
yhimidazof 1,5-bipyridazin-2-yhmorpholine;

{R)-3~(5-methyl-2-3~methylmorphohno)-7-(1 H-pyrazol-S-vhimidazol 1, S-blpyridazin-4-
yhbenzontinle;
{R}-3-methyl-4-(5-methyl-7-(1 H-pyrazol-S-yl)}-4-(tetrahydro-ZH-pyran-4-ylimidazof 1, 5~
bipyrnidazin-2-yiimorpholine;

{(R}-3-methyl-4-(5-methyl-4-(1 -methvl-1H-pyrazol-5-y1)-7-(3-methyl- 1 H-pyrazol-5-
vhimidazoll,S-bipynidazin-2~-yhmorpholine;

(R)}-4-(4-(1~isopropyl-1H-pyrazol-5-y-S-methvl-7-{ 1 H-pyrazol-S~y imidazof 1, 5-
blpyridazin-2-v}-3-methylmorpholing;

{(R-4-(4-(1-{difluoromethyl}- 1 H-pyrazol-3-yl -S-methyi-7-(1H-pyrazol-5-yiimidazo{ 1,5~
blpyridazin-2-yh-3-methylmorpholine;

{R-4-(4-(1 4-dimethyi-1H-pyrazol-5-y1}-5-methyl-7-( I H-pyrazol-S~-y immdazol 1,5-
blipyridazin-2-yi-3-methylmorpholine;

{R3-4-(4-(1,5~dimethyi-1H-pyrazol-4-y}-5-methyl-7-{ 1 H-pyrazol-S~yl imidazol 1,5~
tipyridazin-2-yi-3-methylmorpholine;

(R}-4-(4-(1,3-dirnethyl-1H-pyrazol-4-y1}-S-methyl-7-{ 1 H-pyrazol-3-yDinmidazo] 1,5-
bipynidazin-2-yi}-3-methylmorpholine;

(R)y-4-(4-(2-fuoropheny-S-methyl-7-( 1 H-pyrazol-S-ylimidazof 1, S-blpyridazin-2-v1)-3~
methylmorpholine;

(R)-3-methyl-4-{5-methyl-4-(Z-methyl-d-{methyisulfonyhphenyl)-7-(1H-pyrazol-5-
yhinudazol 1, 5-bipyridazin-2-yDmorpholine;

(R)-4-(4-(2-fluoropyridin-3-y1-5-methvl-7-(1H-pyrazol-S-yhimidazol 1, 5-bpyridazin-2-

yh-3-mmethylmorpholine;
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{(R)-3-methyl-4-{S-methyl-4-{0-methylpyridin-3-v1}-7-{1H-pyrazol-5-yHimidazo[ 1,5~
blpyridazin-2-vhmorpholine;

{(R)-4-(4-3-fluoropyridin-4-y1}-5-methvl-7-(1H-pyrazol-S-yhimidazol 1, 5-bpyridazin-2-
yh-3-mmethylmorpholine;

{Rp-4-(4-(1-(diftuoromethyl}» 1 H-pyrazol-S-y1}-5-methyi-7-(1 H-pyrazol-S-yipmidazof 1,5~
tipyridazin-2-yi-3-methyimorpholine;

{(R3-4-(5-flucro-4-(1-methyl-1H-pyrazol-3-y1}-7-(1 H-pyrazol-3-yimidazo{ 1,5~
bipyridazin-2-yi-3-methyimorpholine;

(R)-4~(S~chioro-4-{1-methyl- 1 H-pyrazol-5-y}-7-( H-pyrazol-3-yhinudazof 1,5~
blpyridazin-2-y1}-3-methylmorpholing;

(R)}-4-(S-bromo-4~{ T-methyvl-1H-pyrazol-S-y1}-7-(1H-pyrazol-S-y midazof 1,5~
blpyridazin-2-v1}-3-methylmorpholing;

{(R)-3-methyl-4-{4-(1-methyl-1H-pyrazol-5-y1}-7-(1 H-pyrazol-5-y1}-S-vinylimidazof 1,5~
blipyridazin-2-yhmorpholine;

{R-4-(5-ethvl-4-(1-methyl-1H-pyrazol-5-y[-7-(1 H-pyrazol-3-yDHunidazof 1, 3-blpyridazin-
2-yi3-methylmorpholine;

{R}-3-methyl-4-(4-(1-methyl-1H-pyrazol-S-y1)}-5-(prop-1-en-2-yH)-7-(1H-pyrazol-5-
vinmidazo[l,S-bipyridazin-2-yhmorpholine;

{(R}-4-(S-1sopropyl-4-{ 1 -methyl-1H-pyrazol-5-y1y-7-( 1 H-pyrazol-S-yiimidazof 1, 5-
bipynidazin-2-yi}-3-methylmorpholine;

(R)}-4-(S-bromo-4~{ T-methyvl-1H-pyrazol-S-y1}-7-(1H-pyrazol-S-y midazofs, I -
111,24 trtazin-2-v1}-3-methylmorpholing;

{(R)-3-methyl-4-{S-methyl-4-(1-methyl- 1 H-pyrazol-5-yi}-7-(  H-pyrazol-5-yi hmidazo[ 5,1 -
1,2 4trazin-2-yhmorpholine;

or a stereoisomer, a tautomer, a N-oxide, a hydrate, an isotope-substituted derivative, a

solvate or a pharmaceutically acceptable salt thereof, or a mixture thereof.

12. Use of the compound of any of claims 1-11 or a sterecisomer, a tautomer, a N-oxide, a
hydrate, an isotope-substituted derivative, a solvate or a pharmaceutically acceptabie salt thereof]
or a mixture thereot or a prodrugs thereof 1o the wanufacture of a medicament for treatment or

prevention of an ATR kinase mediated disease; preferably, the disease 13 cancer.

13. The use of claim 12, wherein the cancer is selected from liver cancer, melanoma,
Hodgkin's  disease, non-Hodgkin's lymphomas, acute lymphocytic leukemia, chronic
lymphocytic feukemia, multiple myeloma, neuroblastoma, breast carcinoma, ovarian carcinoma,

Wilms' tumor, cervical carcinoma, testicular carcinoma, soft-tissue sarcoma, primary



WO 2022/135560 PCT/CN2021/141153
54

macroglobulinemia, bladder carcinoma, chronic granulocytic leukemia, primary brain carcinoma,
malignant melanoma, non small-cell lung carcinoma, small-cell lung carcinoma, stomach
carcinoma, colon carcinoma, malignant pancreatic insulinoma, malignant carcinoid carcinoma,
chortocarcinoma, mycosis fungoide, head and neck carcinoma, osteogenic sarcoma, pancreatic
carcinoma, acute granulocytic leukemia, hairy cell leukemia, rhabdomyosarcoma, Kaposi's
sarcoma, genitourinary carcinoma, thyroid carcinoma, esophageal carcinoma, malignant
hypercalcemia, cervical hyperplasia, renal cell carcinoma, endometrial carcinoma, polycythemia

vera, essential thrombocytosis, adrenal cortex carcinoma, skin cancer, or prostatic carcinoma.

14. The use of claim 13, wherein the medicament further comprises at least one known
anticancer drug or a pharmaceutically acceptable salt thereof] preferably, the anticancer drug is
selected from a group consisting oft busulfan, melphalan, chlorarsbucil, cyclophosphamde,
ifosfamide, temozolomide, bendamustine, cis-platin, mitomyein C, bleomycin, carboplatin,
camptothecin, irinctecan, topotecan, doxorubicin, epirubicin, aclarubicin, mitoxantrong,
methylhydroxy ellipticine, etoposide, S-azacytidine, gemcitabine, 5-flucrouracil, capecitabine,
methotrexate, 3-fluore-2'~-deoxy-urnidine, fludarabine, nelarabine, ara-C, pralatrexate, pemetrexed,
bydroxyurea, thioguanine, colchicine, vinblastine, vincristing, wvinorelbine, paclitaxel,
ixabeptlone, cabazitaxel, docetaxel, mAb, panitumurnab, necitumumab,  nivolumab,
pembrolizumab,  ramucirumab,  bevacizumab,  pertuzumab,  irastuzuamab,  cetuximab,
obinutuzumab, ofatumumab, rituximab, alemtuzumab, ibritumomab, tositumomab, brentuximab,
daratumumab, elotuzumab, T-DMI1, Ofatumumab, Dinutuximab, Blinatomomab, ipilimumab,
avastin, herceptin, mabthera, imatimib, gefitinib, erlotirub, osimertimb, afatinib, ceritinib,
alectintb, crizotinib, erlotinib, lapatinub, sorafenmib, sumitinub, milotinub, dasatinib, pazopanib,
torisel, everolimus, vorinostat, romidepsin, pancbinostat, belinostat, tamoxifen, letrozole,
tulvestrant, mitoguazone, octreotide, retinoic acid, arsenic trioxide, roledronic acid, bortezomib,
carfilzomib, Ixazomib, vismodegib, sonidegib, denosumab, thalidomide, lenalidomide,
Venetoclax, Aldesleukin (recombinant human interleukin-2), sipueucel-T (prostate cancer
therapeutic vaccine), palbocichib, olapanb, nirapanb, rucaparib, talazopanb, pamiparib,

fluzoparib and senaparib.
15, The use of claim 13, wherein the medicament 13 used 1o combination with radiotherapy.

16. A pharmaceutical composition comprising the compound of any one of claims 1-15 and
a pharmaceutically accepiable carrier; preferably the composttion further includes at least one
koown anticancer drug or pharmaceutically acceptable salts thereof) preferably, the at least one
known anticancer drug is selected from the group consisting ofr busulfan, melphalan,

chlorambucil, cyclophosphanide, ifosfamide, temozolomide, bendamustine, cis-platin,
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mitomycin C, bleomycin, carboplatin, camptothecin, irinotecan, topotecan, doxorubicin,
epirubicin, aclarubicin, mitoxantrone, methvihvdroxy ellipticine, etoposide, S-azacytidine,
gemcitabine, S-fluorouracil, capecitabine, methotrexate, S-fluoro-2'-deoxy-uridine, fludarabine,
nelarabine, ara~C, pralatrexate, pemetrexed, hydroxyurea, thioguanine, colchicine, vinblastine,
vincristing, vinorelbine, paclitaxel, ixabepilone, cabazitaxel, docetaxel, mAb, panttumumab,
necitumumaly,  nivolumab, pembrolizumab, ramucirumab, bevacizumab, pertuzumab,
trastuzumab, cetuximab, obinutuzumab, ofatumumab, ntuximab, alemtuzumab, thritumomab,
tositumomab, brentuximab, daratumumab, elotuzumab, T-DMI1, Ofatumumab, Dinutuxamab,
Blinatumomab, ipillumomab, avastin, herceptin, mabthera, imatinub, gefiimb, erlotinib,
ostmertinth, afatinib, centimth, alectinib, crizotinib, eriotinib, lapatimib, sorafentb, sunitinib,
atlotinih, dasatinib, pazopanib, torisel, everolimus, vorinosiat, romidepsin, panobinosiat,
belinostat, tamoxifen, letrozole, fulvestrant, mitoguazone, octreotide, retingic acid, arsenic
trioxide, zoledronic acid, bortezomib, carfilzomib, Ixazomib, vismodegib, sontdegih, denosumab,
thalidomide, lenalidormde, Venetoclax, Aldesieukin (recombinant human interlenkin-2),
sipueucel-T (prostate cancer therapestic vacoine), palbocichb, olaparib, wirapanb, rucapanb,

talazoparib, pamiparib, fluzopartb and senapanb.
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