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IMIDAZOILS-AIPYRAZINE DERIVATIVES AS PI3Kdelta INHIBITORS

CROSS REFERENCE TO RELATED APPLICATIONS
10601} This application claims the benefit of International applications PCT/CN2017/101058
filed on September 08, 2017, PCT/CN2017/119373 filed on December 28, 2017, and
PCT/CN2018/086555 filed on May 11, 2018, cach of which is incorporated herein by reference

in its entirety.

FIELD OF THE INVENTION
10802] Disclose herein is an imidazo 1,5-alpyrazine derivative, or a stereoisomer thereof, or a
pharmaceutically acceptable salt thereof, and a pharmaceutical composition comprising
thereof. Also disclosed herein is a method of treating PI3K-related disorders (in particular
PI3K3-related disorders) using the imidazo|1,5-alpyrazine derivative disclosed herein, or a
stercoisomer thereof, or a pharmaceutically acceptable salt thereof. Also disclosed herein is
the imidazo{1,5-alpyrazine derivative, or a stercoisomer thereof, or a pharmaceutically
acceptable salt thereof for use in the treatment of P13K-related disorders (in particular PI3K 8-

related disorders).

BACKGROUND OF THE INVERTION
10663} Phosphatidylinositol-4,5-bisphosphate 3-kinases (PI3Ks) are a family of enzymes
involved in various of primary cellular functions, mcluding cell growth, proliferation,
differentiation, motility, survival, metabolism and intracellular trafficking [ Vanhaesebroeck,
B., L. Stephens, and P. Hawkins, PI3K signalling: the path io discovery and undersianding.
Nat Rev Mol Cell Biol, 2012. 13(3): p. 195-203.1. They are kinases capable of phosphorylating
phosphatidylinositol | Whitman, M., et al., Tvype [ phosphatidviinositol kinase makes a novel
inositol phospholipid, phosphatidviinositol-3-phosphate. Nature, 1988. 332{(6165): p. 644-6.;
Auger, K.R., ct al,, PDGF-dependent tyrosine phosphorylation stimulates production of novel
polvphosphoinositides in intact cells. Cell, 1989, 87(1): p. 167-75.]. Phosphorylated
phosphatidylinositols, which are called phosphoinositides, play important roles in signaling
transduction and membrane trafficking] Martin, T.F., Phosphoinositide lipids as signaling
molecules: common themes for signal transduction, cytoskeletal reguiation, and membrane

trafficking. Annu Rev Cell Dev Biol, 1998, 14: p. 231-64.1.



10

20

25

WO 2019/047915 PCT/CN2018/104559

16644 PI3K family is divided into three classes (1, I, and IH) based on structure, regulation
and substrate specificity | Vanhaesebroeck, B., et al., The emerging mechanisms of isoform-
specific PI3K signalling. Nat Rev Mol Cell Biol, 2010, 11(5): p. 329-41.]. Class I PI3Ks are
further divided based on sequence similarity into class A and class IB. The class 1A PI3Ks
comprise three closely related kinases, PI3Kg, PI3Kp, and PI3KS, which exist as heterodimers
composed of a catalytic subunit (p110a, p110B, or p1 10d) and a regulatory subunit (p&3} | Yy,
I, et al, Regulation of the p85/p 110 phosphatidvlinositol 3'-kinase: stabilization and inhibition
of the pli10alpha catalviic subunit by the p85 regulatory subunii. Mol Cell Biol, 1998. 18(3): p.
1379-87.; Carpenter, C.L., et al., Phosphoinositide 3-kinase is activated by phosphopeptides
that bind to the SH2 domains of the 85-kDa subunit. ] Biol Chem, 1993, 268(13): p. 9478-83;
Zhang, X., et al., Structure of lipid kinase pl10beta/ps5heta elucidates an unusual SH2-
domain-mediated inhibitory mechanism. Mol Cell, 2011, 41(5): p. 567-78.; Burke, .E., et al.,
Dyanamics of the phosphoinositide 3-kinase pliQdelia interaction with p83alpha and
membranes reveals aspects of regulation distinct from pl10alpha. Structure, 2011, 19(8): p.
1127-37.1. The class IB PI3K inclades only PI3Ky, which is composed of a pl 10y [Stoyanov,
B., et al,, Cloning and characterization of « G protein-activated human phosphoinositide-3
kinase. Science, 1995, 269(5224): p. 690-3.] catalytic subunit that can associate with a p101

[ Stephens, L.R., et al.,, The G beta gamma sensitivity of a PISK is dependent upon a tightly
associated adaptor, pi(H. Cell, 1997, 88(1): p. 105-14.; Brock, C., ¢t al., Roles of G beta
gamma in membrane recruitment and activation of p110 gamma/p 101 phosphoinositide 3-
kinase gamma. ] Cell Biol, 2003, 166(1): p. 89-99.] or p84{ Suire, 5., et al., p&4, g new
Ghetagamma-activated regulatory subunit of the type IB phosphoinositide 3-kinase
pli0gamma. Curr Biol, 2005, 15(6): p. 566-70.] regulatory sabunit. PI3Ka and PI3KE respond
to signaling generally through receptor tyrosine kinases (RTKs) {Inukai, K., et al., Five
isoforms of the phosphatidylinositol 3-kinase regulatory subunit exhibit different associations
with vecepior tyrosine kinases and their tyrosine phosphorylations. FEBS Lett, 2001, 496(1-2):
p. 32-8.1, while PI3Ky signals through G-protein-coupled receptors (GPCRs)| Stoyanov, B., et
al., Cloning and characterization of a G protein-activated human phosphoinositide-3 kinase.
Science, 1995, 269(5224): p. 690-3.; Maier, U, A. Babich, and B. Numnberg, Roles of non-
catalvtic subunits in ghetagamma-induced activation of class I phosphoinositide 3-kinase
isoforms beta and gamma. J Biol Chem, 1999, 274(41): p. 29311-7.] and PI3Kp signals
through both] Kurosu, H., et al.,, Heterodimeric phosphoinositide 3-kinase consisting of p85

and pll0beta is synergistically activated by the betagamma subunits of G proteins and

]



LA

WO 2019/047915 PCT/CN2018/104559

phasphotyrosvl peptide. J Biol Chern, 1997, 272(39): p. 24252-6.]. Expression of the PI3Ko
and PI3Kp isoforms is ubiquitous, while the expression patiern of PI3KS and PI3Ky seems
more restricted, with both isoforms found primarily in leukocytes [Kok, K., B. Geering, and B.
Vanhaesebroeck, Regulation of phosphaoinositide 3-kinase expression in healih and disease.
Trends Biochem Sei, 2009, 34(3): p. 115-27.1

10005] The relatively restricted expression pattern of PI3K3, in addition to data accumulated
from studies in mice, where PI3KS was cither genetically inactivated or hyper-activated or
pharmacologically inactivated, suggests that this isoform plays a major role in the adaptive
imnmune systems| Lucas, C.L., et al., PI3Kdelta and primary immunodeficiencies. Nat Rev
Immunol, 2016.}. In mice, the loss of function of PI3KS in B cells impairs the T cell-
independent antibody response but has no etfect on class-switch recombination (CSR) and
somatic hypermutation (SHM) Rolf, 1, et al., Phosphoinositide 3-kinase activity in T cells
regulates the magnitude of the germinal center reaction. J Immunol, 2010. 1858(7): p. 4042-
52.1, both of which are essential for antibody maturation and diversity { Stavnezer, I., LE.
Guikema, and C.E. Schrader, Mechanism and regulation of class switch recombination. Annu
Rev Immunol, 2008. 26: p. 261-92.; Li, Z., et al., The generation of antibody diversity through
somatic hypermutation and class switch recombination. Genes Dev, 2004, 18(1): p. 1-11L.L;
while the hyperactivation of PI3KS in mature B cclls interferes with CSR and SHM and
inhibits the proliferation of antigen-specific B cell populations [ Janas, M.L., ¢t al., The ¢ffect
of deleting pi10delta on the phenotype and function of PTEN-deficient B celis. J Immunol,
2008, 186(2): p. 739-46.; Omori, S.A., et al,, Regulation of class-switch recombination and
plasma cell differentiation by phosphatidviinositol 3-kinase signaling. bnmanity, 2006, 25(4):
p. 545-57.; Sander, S., et al., PI3 Kinase and FOXQI Transcription Factor Activity
Differentially Control B Cells in the Germinal Center Light and Dark Zones. Immunity, 2015,
43(6): p. 1075-86.]. Besides, PI3KS is also a key signaling transduction component for
malignant B cells, which makes it an attractive drug target for B cell malignancies] Wei, M., et
al., Targeting PI3Kdelta: emerging therapy for chronic lymphocytic lewkemia and beyond.
Med Res Rev, 2015, 35(4): p. 720-52.1.

[0806] Mcanwhile, PI3KS is required for the differentiation of natve T cell towards T helper
cells, including Tra {(follicular helper) [ Rolt, I, et al., Phosphoinositide 3-kinase activity in T
cells regulates the magnitude of the germinal center reaction. J Immunol, 2010, 185(7): p.
4042-52.1, Tul, T2 and Trl7{ Okkenhaug, K., et al.,, The pll0delta isoform of

phosphoinositide 3-kinase controls clonal expansion and differentiation of Th cells. 1 Immunol,
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2006, 177(8): p. 5122-8.; Soond, D.R., et al., PI3K pli0delta regulates T-cell cviokine
production during primary and secondary immune rvesponses in mice and humans. Blood,
2010, 115(11): p. 2203-13,; Kurebavashi, Y., et al., PI3K-Aki-mTORCI-S6K 1/2 axis controls
Thi7 differentiation by vegulating Gfil expression and nuclear translocation of RORgamma.
Celi Rep, 2012, 1(4): p. 360-73.1. The interference on Try development leads to severe
attenuation of T cell-dependent CSR and SHM in B cells [ Rolf, J., et al., Phosphioinositide 3-
kinase activity in T cells regulates the magnitude of the germinal center veaction. J Immunol,
2010, 185(7): p. 4042-52 .1, whereas the reduction on Tu2 and Tul7 cells induced by PI3KS
deficiency could provide protections on mice with asthmal Nashed, B.F., ¢t al., Role of the
phosphoinositide 3-kinase pl10deita in generation of type 2 cyiokine responses and allergic
airway inflammation. Bur J Tmmunol, 2007, 37(2): p. 416-24.] or multiple sclerosisfHaylock-
Jacobs, 8., et al., PI3Kdelta drives the pathogenesis of experimental autoimmune
encephalomyelitis by inhibiting effector T cell apoptosis and promoting Thi7 differentiation. ]
Autoimmun, 2011, 36(3-4): p. 278-87. ] respectively. PI3KS is also essential for the
homeostasis and function of Foxp®™ T regulatory cells (T} [ Patton, D.T., et al,, Cutting edge:
the phosphoinositide 3-kinase pl10 delta is critical for the function of CD4+CD25+Foxp3+
regulatory T cells. J Immunol, 2006, 177(10): p. 6598-602.]. PI3K$ deficient mice develop

colitis{ Patton, D.T., et al., Cutting edge: the phosphoinositide 3-kinase pl10 delta is critical

Jor the function of CD4+CD25+Foxp3+ regulatory T cells. J Tmmunol, 2006, 177(10): p.

6598-602.] due to the reduced Tie, functions but have increased immune response against
tumors] Ali, K., et al., lnactivation of PI{3)K pllddelta breaks regulatory T-cell-mediated
immune tolerance to cancer. Nature, 2014, S18(7505); p. 407-11.]. PI3KS also contributes to,
but 1s not necessary for the reprogramming of CD8+ T cells to fully activated effector

cells] Pearce, V.3, et al., PI3Kdelia Regulates the Magritude of CO8+ T Cell Responses afier
Challenge with Listeria monocytogenes. J Immunol, 2015, 198(7): p. 3206-17.; Gracias, D.T.,
et al., Phosphatidylinositol 3-Kinase pl10delia Isoform Regulates CD8+ T Cell Responses
during Acute Viral and Intracellular Bacterial Infections. J Immunol, 2016, 196(3): p. 1186~
98.1. In contrast, the generation of memory CD8+ T cells requires the suppression of PI3KE
signaling] Pearce, V.Q., et al., PI3Kdelta Regulates the Magnitude of CDE+ T Cell Responses
after Challenge with Listeria monocyviogenes. J Immunol, 2015, 195(7): p. 3206-17.1.

[0867] PI3KS mutations, both gain of function (GOF) and loss of function (LOF), can induce
primary immunodeficiency 1o human | Lucas, C.L., et al., PI3Kdelta and primary

immunodeficiencies. Nat Rev Immunol, 2016.]. Patients lacking of PI3K$ function presented
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with recurrent infections and severe B cell lymphopenia | Conley, MLE., et al,,
Agammaglobulinemia and absent B lineage cells in a patient lacking the p83alpha subunit of
PI3K. J Exp Med, 2012, 20903 ): p. 463-70.; Conley, M.E., et al., Agammaglobulinemia and
absent B lineage cells in a patient lacking the pS83alpha subunit of PI3K. ] Exp Med, 2012.
209(3): p. 463-70.], while GOF mutations in PI3K3 genes can cause a syndrome of combined
immune-deficiency, which is referred to as activated PI3K$ syndrome (APDS) Angulo, L, et
al., Phosphoinositide 3-kinase deltu gene mutation predisposes to respiratory infection and
airway damage. Science, 2013, 342(6160): p. 866-71.; Lucas, C.L., et al., Dominant-activating
germliine mutations in the gene encoding the PI(3)K catalvtic subunit pl10delta result in T cell
senescence and human immunodeficiency. Nat Inimunol, 2014, 15(1): p. 88-97.; Dean, M.C,, ot
al., 4 liman immunodeficiency caused by mutations in the PIK3R]I gene. J Chin Invest, 2015,
125(4): p. 1764-5.; Lucas, C.L., et al., Heterozygous splice mutation in PIK3IR] causes human
immunodeficiency with lvmphoproliferation due to dominani activation of PI3K. ] Exp Med,
2014, 211(13): p. 2537-47 .. Patients with APDS were characterized with senescent T cells,
fymphadenopathy and frequent infections | Elgizouli, M., et al., Activating PI3Kdelta
mytations in a cohort of 669 patients with primary immunodeficiency. Clin Exp Immunol,
2016. 183(2): p. 221-9.; Elkaim, E., et al., Clinical and immunologic phenotype associated with
activated phosphoinositide 3-kinase delta syndrome 2: A cohort study. J Allergy Clin
Immunol, 2016, 138(1): p. 210-218 ¢9,; Coulter, T.1, et al., Clinical spectrum and features of
activated phosphoinositide 3-kinase delta svndrome: A large patient cohort study. J Allergy
Clin Immunol, 2816.].

10008] Because of the specific and critical functions of PI3KS in adaptive immune responses,
the inhibitors of PI3KS are being developed for the treatment of autoimmune (such as muliiple
sclerosis, systemic lupus erythematosus, rheumatoid arthritis and psoriasis) and inflammatory
disorders (such as asthma and chronic obstructive pulmonary disease), hematological and solid
tumors as well as APDS [ Lucas, C.L., etal., Pi3Kdelta and primary immunodeficiencies. Nat
Rev Immunol, 2016.; Stark, A K., et al., PI3K inhibitors in inflammation, autoimmunity and
cancer. Curr Opin Pharmacol, 2015, 23: p. 82-91.]. Idelalisib is the first PI3K$ inhibitor
approved in 2014 for the treatment of B cell malignancies [ Yang, Q., et al., Idelalisib: First-
in-Class PI3K Delta Inhibitor for the Treatment of Chronic Lymphocytic Leukemia, Small
Lymphocytic Lewkemia, and Folliculor Lymphoma. Clin Cancer Res, 2015, 21(7): p. 1537-42.1.
In addition to idelalisib, at least 9 6-specific and 5 8y, 8§ or du-dual inhibitors are under clinical

development | Wei, M., et al., Targeting PI3Kdelta: emerging therapy for chronic lymphocytic
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leukemia and beyond. Med Res Rev, 2015, 358(4): p. 720-52.]. Among them, a éy-dual inhibitor
duvelistb (NCT02004522) and a 8-specific inhibitor TGR-1202 (NCT02612311) are being
evaluated in phase [H clinical trials.

10869] Recently, both idelalisib and duvelisib were noted with the risk of increasing infections
in tung [Okkenhaug, K., M. Graupers, and B. Vanhaesebroeck, Turgeting PI3K in Cancer:
Impact on Tumor Cells, Their Protective Stroma, Angiogenesis, and Immunotherapy. Cancer
Discov, 2016. 6(10): p. 1090-1105.], which was inferred to be associated with their relatively
low selectivity to PI3Ky [ Ruckle, T., M.K. Schwarz, and C. Rommel, PI3Kgamma inhibition:
towards an 'aspirin of the 21st century'? MNat Rev Drug Discov, 2006. 8(11): p. 903-18.]. PI3Ky
is important for immmne cell chemotaxis [ Hawkins, P.T. and L.R. Stephens, PI3K signalling
in inflammation. Biochim Biophys Acta, 2013, 1851(6): p. 882-97.] and plays major roles in
innate immune system | Ruckle, T., MK, Schwarz, and C. Rommel, PI3Kgamma inhibition:
towards an ‘aspivie of the 21st century'? Nat Rev Dirug Discov, 2006. 5(11): p. 903-18.].
PI3Ky knock-out mice displayed increased susceptibility to pnenmococcal infection | Maus,
U.A., et al., importance of phosphoinositide 3-kinase gammua in the host defense against
preumococcal infection. Am J Respir Crit Care Med, 2007, 175(9): p. 958-66.1. It also works
in concert with PI3K3 in multiple imnnne surveillance processes, including neutrophil
recraitment | Lin, L., et al,, Leukocyte PI3Kgamma and PI3Kdelta have temporally distinct
roles for leukocyte recruitment in vivo. Blood, 2007, 110(4): p. 1191-8.Jand T ccll
development | Webb, LM, ct al., Cutting edge: T cell development requires the combined
activities of the plllgamma and pl10delta caralytic isoforms of phosphatidylinositol 3-kinase.
J Immunol, 2005, 175(5): p. 2783-7.]. The simaltancous genetic inactivation of PI3KS and
PI3Ky in mice leads to more severe impairment of thymocyte development and multiple organ
inflammation | Ji, H., et al., Inactivation of PI3EKgamma and PI3Kdelta distorts T-cell
development and causes midtiple organ inflammation. Blood, 2007, 118(8): p. 2940-7.] than in
the mice with the deficiency of each isoform alonef Swat, W., et al,, Essential role of
Pi3Kdelta and Pi3Kgamma in thymocyte survival. Blood, 2006, 167(6): p. 2415-22.].

10016] Theretore, there s a need of PI3K.S inhibitors with higher selectivity against PI3Ka, B
and v as the sclective PI3KS inhibitors are expected to have improved safety profile and would
provide new therapeutic options for APDS, autoimmune and inflammatory disorders as well as

cancer, e.g., glioblastoroa,

SUMMARY OF THE INVENTION

6
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10611} The above need is met by the compounds, compositions and methods disclosed herein.

10812} Disclosed herein is a compound of Formula (1),

Rs)\\( N\%’NRA; S
Re R;KQ\-RB
Reg Re
(B
or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof,
wherein:

Ry 18 -NRuRp, wherein R, and Rs are cach independently hydrogen or Cisalkyl;

Rz is hydrogen, F, Cl, Br, -Cisalkyl, -Cosalkenyl, -Cagalkynyl, cycloalkyl, heterocyelyl,
aryl, heteroaryl, -CN, -NOa, -ORj2, -SOuRyy, -COR 2, -CO2R12, -CONR 2R3, -
C(=NRi2)NR:3R4, -NR 2R 13, -NR12COR 3, -NR12CONR 13R 14, -NR 2CO2R 3, -
NR12SONR3R14, -NR12SO2NR13R 14, or -NR12S02R 135 wherein said -Ci.eallyl, -Cosalkenyl, -
Crealkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally
substituted with at least one substituent Ruig;

Rs and Ra, which may be the same or different, are each independently hydrogen, -Ci.
salkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl;

Rs and Rs, which may be the same or different, are cach independently hydrogen, halogen,
-Crealkyl, -Cosatkenyl, -Cogalkynyl, cycloalkyl, heterocyelyl, arvl, heteroaryl, -CN, -NO», -
OR12, -SO2R12, -COR1, -CO2R 12, -CONR R 13, -C(=NR12)NR13R 14, -NR 2R3, -NRi2COR3, -
NRCONR R4, -NRCOR 2, -NRSONR 3R 14, -NRSONR 2R 14, or -NRi25SOhRy3;
wherein said ~-Crealkyl, -Coealkenyl, -Cosalkynyl, cycloalkyl, heterocycelyl, aryl or heteroaryl
are cach independently optionally substituted with at least one substituent Ry,

Ry, Ra and Rig, which may be the same or different, are each independently hydrogen,
halogen, ~Crsalkyl, -Cogalkenyl, -Cosalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, ~-CN, -
NQO», -ORy2, -SO2R 1z, -COR12, -COoR 12, <CONRpR13, -C(=NR12)NR3R 14, -NR 2R3, -
NR12COR 13, -NR2CONR13R 14, -NR12CO2R 13, -NR128ONR15R 14, -NR1280:NR1:R 14, oF -
NR12800R 15; wherein said -Cysalkyl, -Crsalkenyl, -Cosalkynyl, cycloalkyl, heterocyclyl, aryl
or heteroaryl are cach independently optionally substituted with at Icast one substituent Riie;

Ro 18 -CN, -NOg2, -OR12, -S0O2R 2, -SO2NR12R 13, -COR 12, -CO2Rz, -CONR12R 3, -
C(=NRi2)NRi3R14, -NR12COR 13, -NR12CONR3R14, -NRpCO2R 3, -NR12SONR13R 14, -
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NR1SOONR 3R 14, or -NRDSOR 2

Riia, Riis, and Ruie, which may be the same or different, are cach independently
hydrogen, halogen, -Cigalkyl, ~Cosalicenyl, -Ca.galkynyi, haloCisalkyl, haloCoalkenyl,
haloCasalkynyl, cycloalkyl, heterocyelyl, aryl, heteroaryl, ~-CN, -NO», oxo, -OR1s, -SOR;2, -
CORy, ~COoR 2, -CONRR 13, -CENR12)NRR 14, -NR 2Rz, -NR1CORs, -NRpCONR ;3R 14,
-NR12CO2R 13, -NR12SONR 3R 14, -NR12SO2NR13R 14, or -NR12SO:R 135 and

Riz, Riz, and Ris, which may be the same or different, are cach independently hydrogen, -
Crealkyl, -Cogalkenyl, -Crsalkynyl, cycloalkyl, heterocyelyl, aryl, or heteroaryl, wherein said
Crsalkyl, -Cosalkenyl, -Casalkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl are each
independently optionally substituted with at least one substituent Rys;

Alternatively, (Riz and Ry3), or (Riz2 and Rug), or (Ry2 and Ru), together with the atom(s)
to which they are attached, form a 3- to 12-membered saturated, partially or fully snsaturated
ring comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, ~O-, -S-, -
SO- or -50:-, and said ring is optionally substituted with at least one substituent Rys;

Ris, at each of its occurrences, is independently hydrogen, halogen, -Csalkyl, -Ca.
salkenyl, -Casalkynyl, cycloalkyl, heterocyelyl, aryl, heteroaryl, ~<CN, -NG-, oxo, -ORs, -
S80:Ris, -CORys, -CO2R 16, -CONRsR 17, ~C{(=NR16}NR 7R3, -NRisR17, -Crsalkyl-NRisR7, -
NR16COR17, -NR1sCONR17R 12, -NR16CO2R17, -NR1650ONR17R 8, -NR16302MNR17R 15, oF —
NR16S0O2R 17, wherein said Crealkyl, -Casalkenyl, -Cosalkynyl, cycloalkyl, heterocyelyl, aryl,
or heteroaryl are each independently optionally substituted with halogen, Rie, -OR19, -CORy9, -
SOoRie, or -CORy0;

wherein each of Ris, Ru7, or Rie is independently hydrogen, ~Cisabloyl, -Ca.salkenyl,
-Cogalkynyl, haloCisalkyl, haloCosalkenyl, haloCosalkynyl, eycloalkyl, heterocyelyl, aryl,
or heteroaryl; or

{Ris and Ry7), or (Rye and Rys), or (Ry7 and Rug), together with the atom(s) to which
they are attached, form a 3- to 12-membered saturated, partially or fully unsaturated ring
comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -8-, -
SO- or -80»-, and said ring is optionally substituted with at least one substituent Rio; and

wherein Rio 18 independently hydrogen, -Cisalkyl, -Casalkenyl, -Cosalkynyl,
haloCrealkyl, haloCaealkenyl, haloCsrealkynyl, cycloalkyl, heterocyelyl, aryl, or
heteroaryl, wherein said cycloalkyl, heterocyclyl, aryl, or heteroaryl are cach optionally
substituted with halogen, -Ciealkyl, ~-Cosalkenyl, ~-Caoealkynyl, haloCiealkyl, haloCo.

salkenyl, or haloCosalkynyl; and wherein said -Cygalkyl, ~-Cosalkenyl, -Cacalkynyl, haloCi.
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salkyl, haloCz.salkenyl, or haloCz.salkynyl are each optionally substituted with cycloalkyl,
heterocyclyl, aryl, or heteroaryl.
[0013] Disclosed herein also is a pharmaceutical composition, comprising a therapeutically

effective amount of a compound of Formula (I), or a stereoisomer thereof or a

W

pharmaceutically acceptable salt thereof disclosed herein, and a pharmaceutically acceptable
excipient.

[0014] The compound of Formula (I) disclosed herein is useful as a PI3K inhibitor, in
particular, a PI3K9 inhibitor. The compound of Formula (I) disclosed herein is thus useful in

treating or preventing idiopathic thrombocytopenic purpura (ITP), autoimmune hemolytic

—
(e

anemia, vasculitis, systemic lupus erythematosus, lupus nephritis, pemphigus, membranous
nephropathy, chronic lymphocytic leukemia (CLL), Non-Hodgkin lymphoma (NHL), hairy cell
leukemia, Mantle cell lymphoma, small lymphocytic lymphoma, follicular lymphoma,
lymphoplasmacytic lymphoma, extranodal marginal zone lymphoma, activated B-cell like
(ABC) diffuse large B cell lymphoma, or germinal center B cell (GCB) diffuse large B cell

15 lymphoma in a subject. Thus, compositions and methods for treating various disorders or
diseases mentioned above using the compound of Formula (I) are disclosed herein, and use of
the compound of Formula (I) in manufacturing medicine for treating various disorders or
diseases mentioned above, are also disclosed herein.

[0014a] The present invention as claimed herein is described in the following Items 1 to 47:

20 1. A compound of Formula (I),

D

or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof,

wherein:

25 R1 is -NRaRy, wherein R, and Ry, are each independently hydrogen or Ci.¢alkyl;

19997899_1 (GHMatters) P113051.AU
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R> is hydrogen, F, Cl, Br, -Ci.salkyl, -Cz.salkenyl, -Cz6alkynyl, cycloalkyl, heterocyclyl,
aryl, heteroaryl, -CN, -NO», -OR 12, -SO2R 12, -COR 2, -CO2R 2, -CONR 2R3, -
C(=NRi2)NR3R14, -NR 2R3, -NR12COR 3, -NR12CONR 3R 14, -NR12CO2R 3, -
NR12SONR 3R 14, -NR12SO2NR 3R 14, or -NR2SO2R 13; wherein said -Ci.salkyl, -Ca.salkenyl, -
Casalkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally
substituted with at least one substituent Ry a;

R3 and R4, which may be the same or different, are each independently hydrogen, -C;.
salkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl;

Rs and Re, which may be the same or different, are each independently hydrogen, halogen,
-Crealkyl, -Cagalkenyl, -Czsalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -NO, -
OR132, -SO2R 12, -COR12, -CO2R 12, -CONR12R 13, -C(=NR12)NR3R14, -NR 2R3, -NR12COR 3, -
NR12CONR3R14, -NR12CO2R 13, -NR12SONR 3R 14, -NR12SO2NR 3R 14, or -NR12SO2R 135
wherein said -Ci.salkyl, -Cz-salkenyl, -Cz-salkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl
are each independently optionally substituted with at least one substituent Ryip;

R7, Rg and Rio, which may be the same or different, are each independently hydrogen,
halogen, -Ci.salkyl, -Czealkenyl, -Cz6alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -
NOz, -OR13z, -SO2R 12, -COR 132, -CO2R 12, -CONR 2R3, -C(=NR12)NR13R14, -NR 2R3, -
NR2CORj3, -NR12CONR 3R 14, -NR12CO2R 13, -NR12SONR 3R 14, -NR12SO2NR 3R 14, OF -
NR12SO:2R13; wherein said -Ci_ealkyl, -Cagalkenyl, -Cz.salkynyl, cycloalkyl, heterocyclyl, aryl
or heteroaryl are each independently optionally substituted with at least one substituent Ryic;

Ry is -CN, -NO3, -OR 2, -SO2R 12, -SO2NR 2R3, -COR 2, -CO2R 2, -CONR 2R3, -
C(=NR2)NR3R14, -NR12COR 3, -NR12CONR 3R 14, -NR12CO2R 13, -NR12SONR 3R 14, -
NR12SO:NR3R14, or -NR12SO2R 35

Riia, Riib, and Ry, which may be the same or different, are each independently
hydrogen, halogen, -Ci.ealkyl, -Cs.salkenyl, -Czsalkynyl, haloCialkyl, haloCs.¢alkenyl,
haloCs.ealkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -NO», oxo, -OR12, -SO2R 12, -
COR12, -CO2R 12, -CONR 2R 13, -C(=NR2)NR 3R 14, -NR12R 3, -NR12COR 3, -NR12CONR 3R 14,
-NR12COzR 13, -NR12SONR 3R 14, -NR12SO2NR 3R 14, or -NR12SO2R13; and

Ri2, Ri3, and Ri4, which may be the same or different, are each independently hydrogen, -
Ci-salkyl, -Caealkenyl, -Czsalkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein said
Ci-salkyl, -Ca6alkenyl, -Cz-salkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl are each
independently optionally substituted with at least one substituent Rs;

Alternatively, (Ri12 and Ri3), or (Ri3 and Ri4), or (R12 and Ry4), together with the atom(s)

9a
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to which they are attached, form a 3- to 12-membered saturated, partially or fully unsaturated

ring comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -S-, -

SO- or -SO:>-, and said ring is optionally substituted with at least one substituent Ris;

Ris, at each of its occurrences, is independently hydrogen, halogen, -C.¢alkyl, -Co.
salkenyl, -Cs.salkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -NO:, oxo, -ORjs, -
SO2R 6, -COR 6, -CO2R16, -CONRi6R 17, -C(=NR16)NR 7R3, -NR6R 17, -Ci-6alkyl-NR6R 7, -
NR1sCOR7, -NR1s6CONR 7R 13, -NR16CO2R 17, -NR16SONR 7R 18, -NR16SO2NR 7R 18, or —
NR16SO2R 17, wherein said Cisalkyl, -Czealkenyl, -Czsalkynyl, cycloalkyl, heterocyclyl, aryl,
or heteroaryl are each independently optionally substituted with halogen, Ri9, -OR19, -COR 9, -
SO2R 19, or -CO2R9;

wherein each of Ris, Ri7, or Risg is independently hydrogen, -Ci.ealkyl, -Cs.salkenyl,
-Ca.ealkynyl, haloCi.ealkyl, haloCz.ealkenyl, haloCz.salkynyl, cycloalkyl, heterocyclyl, aryl,
or heteroaryl; or

(Ris and Ry7), or (Ris and Ris), or (R17 and Rig), together with the atom(s) to which
they are attached, form a 3- to 12-membered saturated, partially or fully unsaturated ring
comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -S-, -
SO- or -SO>-, and said ring is optionally substituted with at least one substituent Ri9; and

wherein Ri9 is independently hydrogen, -Ci.salkyl, -Cz-salkenyl, -Czsalkynyl,
haloCi.salkyl, haloCz.salkenyl, haloCs.salkynyl, cycloalkyl, heterocyclyl, aryl, or
heteroaryl, wherein said cycloalkyl, heterocyclyl, aryl, or heteroaryl are each optionally
substituted with halogen, -Ci.salkyl, -Cz.alkenyl, -Cz-salkynyl, haloCi.salkyl, haloCo.
salkenyl, or haloCz.salkynyl; and wherein said -Ci_salkyl, -Cz¢alkenyl, -Cz.salkynyl, haloC;.
salkyl, haloCzealkenyl, or haloCz.salkynyl are each optionally substituted with cycloalkyl,
heterocyclyl, aryl, or heteroaryl.

2. The compound of Item 1, wherein Ry is -NHa.

3. The compound of Item 1, wherein Rz is independently hydrogen, F, Cl, Br, -Ci.salkyl, Cs.
scycloalkyl or Ce.10 aryl, and wherein -Ci.ealkyl, Cs.6cycloalkyl and Ce.10 aryl are each
independently optionally substituted with at least one substituent Rj1a.

4. The compound of Item 3, wherein R> is Ciealkyl.

5. The compound of Item 1, wherein R3 and R4 are each independently hydrogen or -C;.
salkyl.

6. The compound of Item 5, wherein Rs is hydrogen, and R4 is -Ci.salkyl.

9b
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10.

11.

12.

13.

14.

15.

16.

17.

The compound of Item 1, wherein Rs and Re, which may be the same or different, are each
independently hydrogen, halogen, -Ci.salkyl, -Czsalkenyl, -Cz.galkynyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl, wherein said -Ci.salkyl, -Cz.salkenyl, -Czsalkynyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally substituted
with at least one substituent R, wherein Ryip is halogen.

The compound of Item 1, wherein Rs and Re are each independently hydrogen, halogen, or
-Crealkyl.

The compound of Item 8, wherein Rs and Re are both hydrogen.

The compound of Item 1, wherein R7, Rg and Rig, which may be the same or different, are
each independently hydrogen, halogen, -Ci.salkyl, -Cs.salkenyl, -Czsalkynyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, or -OR12; wherein said -Ci_ealkyl, -Cz¢alkenyl, -Czsalkynyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally substituted
with at least one substituent Ri1c, wherein Ry is halogen.

The compound of Item 10, wherein R7 and Rs are each independently hydrogen, halogen or
-Ciealkyl, and Rigis -OR12.

The compound of any one of Items 1-11, wherein Rg is -CONR 2R3, wherein Ri> and Ri3
are as defined in Item 1.

The compound of Item 12, wherein Ri2 and Ri3 are each hydrogen or Ci_ealklyl optionally
substituted with at least one substituent Ris.

The compound of Item 13, wherein Rz and Ri3 are each hydrogen or methyl, ethyl, n-
propyl or isopropyl, each optionally substituted with at least one substituent Rjs.

The compound of Item 12 or Item 13, wherein Risis hydrogen, cycloalkyl, aryl,
heterocyclyl, -ORjs, or -NR¢R 17, wherein Ris and Ri7 are as defined in Item 1 and wherein
said cycloalkyl, aryl, or heterocyclyl are each independently optionally substituted with
halogen, Ri9, -OR 19, -COR 9, -SO2R 9, or -CO2R 9, wherein Ry is as defined in Item 1.
The compound of Item 12 or Item 13, wherein Ri2 is hydrogen and Ri3 is Ci.salklyl
optionally substituted with one substituent Rys, which is heterocyclyl optionally substituted
with halogen, Ri9, -OR19, —COR 9, -SO2R 19, or -CO2R 19, wherein Ryg is as defined in Item
1.

The compound of Item 16, wherein the heterocyclyl group is a 4-, 5-, 6-, 7- or 8-membered
saturated monocyclic ring comprising one nitrogen heteroatom or a 5-, 6-, 7- or 8-
membered saturated monocyclic ring comprising one nitrogen atom and 1 additional

heteroatom selected from -NH, -O-, -S-, -SO- or —SO:-, optionally substituted with

9¢

19997899 _1 (GHMatters) P113051.AU



2018328569 23 Jun 2023

wn

10

15

20

25

30

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

halogen, Ri9, -OR 19, -COR 9, -SO2R 9, or -CO2R 19, wherein R is as defined in Formula
(I) of Item 1.

The compound of Item 17, wherein the heterocyclyl group is piperidinyl or piperazinyl
group optionally substituted with halogen or Cj.salkyl.

The compound of Item 12, wherein Rz is hydrogen, and Ri3 is cycloalkyl optionally
substituted with at least one substituent Ris.

The compound of Item 19, wherein Ri3 is a C3-Cs cycloalkyl optionally substituted with at
least one substituent Ris.

The compound of Item 20, wherein Ry3 is a cyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl, each optionally substituted with at least one substituent Ris.

The compound of any one of Items 19-21, wherein Ris is -ORys, -CO2R 6 or -Cj.salkyl-
NRi¢R17, or -Ci.salkyl optionally substituted with —OR 9, wherein Ri¢ and R7 together with
the atom(s) to which they are attached may optionally form a 5- to 8-membered saturated
ring comprising 0, 1 or 2 additional heteroatoms independently selected from —NH, and
said ring is optionally substituted with at least one substituent Rj9, and wherein Rys , Ri7
and Ry are as defined in Item 1.

The compound of Item 12, wherein Ri» is hydrogen, and Rz is a 5- to 8-membered
heterocyclyl comprising 1 or 2 or 3 heteroatoms selected from O, NH, S, SO, or SO»,
optionally substituted with at least one substituent Ris.

The compound of Item 23, wherein Ri3 is a 6-membered heterocyclyl comprising 1 or 2
heteroatoms selected from O or NH, optionally substituted with at least one substituent Rys.
The compound of Item 24, wherein Ri3 is tetrahydrofurfuryl or tetrahydropyranyl, each
optionally substituted with at least one substituent Ris.

The compound of any one of Items 23-25, wherein R;s is halogen or -Ci.ealkyl.

The compound of Item 12, wherein Rz is hydrogen, and Ri3 is an aryl group selected from
phenyl and naphthyl, optionally substituted with at least one substituent Rjs.

The compound of Item 27, wherein Ris is halogen, -Ci.ealkyl, -ORjs, or heterocyclyl
optionally substituted with halogen, Ri9, or -OR 9, wherein Ris and Ry9 are as defined in
Item 1.

The compound of Item 12, wherein Ri2 and Ri3 together with the nitrogen atom to which
they are attached, form a 3- to 12-membered saturated, partially or fully unsaturated ring
comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -S-, -

SO- or -SOz-, and said ring is optionally substituted with at least one substituent Ris.

9d
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32.

33.

34.
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36.

37.

38.

The compound of Item 29, wherein Rz and Ri3 together with the nitrogen atom to which
they are attached, form a 4-, or 5- or 6- or 7- or 8-membered saturated monocyclic ring
comprising 0 additional heteroatom, and said ring is optionally substituted with at least one
substituent Ris,

The compound of Item 30, wherein R s is halogen, -OR 6, -CO2R 6, or -Ci.salkyl optionally
substituted with —OR 9, wherein Rj¢ and Ry are as defined in Item 1.

The compound of Item 29, wherein Rz and Ri3 together with the nitrogen atom to which
they are attached, form a 5-, 6-, 7- or 8-membered saturated monocyclic ring comprising 1
additional heteroatom selected from -NH, -O-, -S-, -SO- or -SO»-, and said ring is
optionally substituted with at least one substituent Rys.

The compound of Item 32, wherein Rz and Ri3 together with the nitrogen atom to which
they are attached, form a morpholino, morpholinyl or piperazinyl ring, each of which is
optionally substituted with at least one substituent Rys.

The compound of Item 32 or 33, wherein R;s is hydrogen, halogen, -Ci.salkyl, or
cycloalkyl, wherein said Ci.salkyl, or cycloalkyl are each independently optionally
substituted with halogen, Ri9, -OR19, -COR 9, or -CO2R 9, wherein Rj9 is as defined in
Item 1.

The compound of Item 29, wherein Rz and Ri3 together with the nitrogen atom to which
they are attached, form a 7- to 12-membered saturated bicyclic ring comprising 0 or 1 or 2
additional heteroatoms selected from -N, -O-, -S-, -SO- or -SO»-, and said ring is optionally
substituted with at least one substituent Ris.

The compound of Item 35, wherein the ring is a bicyclic bridged or spiro-ring optionally

substituted with at least one substituent Rjs.

L O
The compound of Item 36, wherein the ring is g @ %

HOFXO+0OC

NH
:}L \_\o— %u/\(
The compound of Item 12, wherein Ro is . 2

O¢
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39. The compound of any one of Items 12-38, wherein Rio is methoxy, ethoxy, propoxy, or
1SOpPropoxy.

40. The compound of Item 39, wherein R is isopropoxy.

41. The compound of any one of Items 1 to 40, wherein the carbon atom to which R3 and R4
are attached is in (S)-configuration when R3 and R4 are different.

42. The compound of Item 1, which is:

N N—% Cl /
Cl ‘\/ R/N Cl
E F
) ;
(@]
OH (@) NH OH
o NQ\K( p )\O N
o) 0 o OH
NH, NH, NH,

N SN CI N c

e N\\/O ﬁ—\OH

o
NH, HoN NH
N)\%N N P N Cl NJ\%N
(N 4

(0] \\@OH S ﬁ
N ’d - N - . N T'il‘ L‘I.- /:N
|.__ =
- ; J
\( 3 NH 5 !:I.e)“ M
O N F //- = )
@) F ¥R =
OH

9h
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or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof.

43. The compound of Item 1, which is:
NH,
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N~ cl
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or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof.

44. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of any one of Items 1-43, a stereoisomer thereof or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable excipient.

45. A method for treating or preventing a disorder or a disease responsive to the inhibition
of PI3KG3 activity in a subject, comprising administering to the subject a compound of any one
of Items 1 to 43, or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof.

46.  The method of Item 45, wherein the disorder or disease is an inflammatory disorder, an
autoimmune disease, or a cancer.

47.  The method of Item 45, wherein the disorder or disease is selected from the group
consisting of idiopathic thrombocytopenic purpura (ITP), autoimmune hemolytic anemia,
vasculitis, systemic lupus erythematosus, lupus nephritis, pemphigus, membranous
nephropathy, acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML), chronic
lymphocytic leukemia (CLL), Non-Hodgkin lymphoma (NHL), chronic myeloid leukemia
(CML), multiple myeloma (MM) , hairy cell leukemia, Mantle cell lymphoma (MCL), small
lymphocytic lymphoma (SLL), follicular lymphoma, lymphoplasmacytic lymphoma,
extranodal marginal zone lymphoma, activated B-cell like (ABC) diffuse large B cell
lymphoma (DLBCL), or germinal center B cell (GCB) diffuse large B cell lymphoma
(DLBCL), T-cell lymphoma, B-cell lymphoma, myelodysplasia syndrome (MDS),
myeloproliferative disease (MPD) follicular lymphoma, Waldestrom's macroglobulinemia
(WM), pancreatic cancer, bladder cancer, colorectal cancer, breast cancer, prostate cancer,
renal cancer, hepatocellular cancer, lung cancer, ovarian cancer, cervical cancer, gastric cancer,
esophageal cancer, head and neck cancer, melanoma, neuroendocrine cancer, CNS cancer,
brain cancer, bone cancer, soft tissue sarcoma, non-small cell lung cancer, small-cell lung
cancer, colon cancer, systemic lupus erythematosus (SLE), myestenia gravis, rheumatoid
arthritis (RA), acute disseminated encephalomyelitis, idiopathic thrombocytopenic purpura,
multiple sclerosis (MS), Sjoegren's syndrome, autoimmune hemolytic anemia, asthma, multiple
sclerosis, psoriasis, chronic obstructive pulmonary disease or lupus.

9%
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DETAILED DESCRIPTION OF THE INVENTION

[0015] In the first aspect, disclosed herein is a compound of Formula (I),

D

or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof,

wherein:

R1 is -NRaRy, wherein R, and Ry, are each independently hydrogen or Ci.salkyl;

R> is hydrogen, F, Cl, Br, -Ci.salkyl, -Cz.salkenyl, -Cz.salkynyl, cycloalkyl, heterocyclyl,
aryl, heteroaryl, -CN, -NO2, -OR 12, -SO2R 12, -COR 12, -CO2R 12, -CONR 2R3, -
C(=NR12)NR3R14, -NR2R 3, -NR12COR 13, -NR12CONR 3R 14, -NR12CO2R 3, -

9r
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NR12SONR3R14, -NR12SO2NR13R 14, or -NR12S02R 135 wherein said -Ci.eallkyl, -Cosalkenyl, -
Crealkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally
substituted with at least one substituent Ruig;

Rs and Ra4, which may be the same or different, are each independently hydrogen, ~(i.
salkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl;

Rs and Rs, which may be the same or different, are cach independently hydrogen, halogen,
-Crealkyl, -Ca.satkenyl, -Cogalkynyl, cycloalkyl, heterocyclyl, aryl, heterparyl, -CN, -NOg, -
OR2, -SO2R42, <CORy, -CO2R 2, -CONR 2R 13, -C(=NR12)NRi3R 14, -NRi2R13, -NR2{COR 3, -
NR12CONR 3R 14, -NR12CO:R 2, -NR12SONR 3R 14, -NRi250:NR 3R 14, or -NR128OR 3
wherein said -Crealkyl, -Casalkenyl, -Casalkynyl, cycloalkyl, heterocycelyl, aryl or heteroaryl
are cach independently optionally substituted with at least one substituent Ry,

Ry, Re and Rig, which may be the sarue or different, are cach independently hydrogen,
halogen, ~Crsalkyl, -Cogalkenyl, -Cosalkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, ~-CN, -
Ny, ~-ORy2, ~-802R 1, ~COR1y, ~COoR Y2, <-CONRpRy3, ~C=NR)INR R 14, -NRj2 Ry, -
NR12COR 3, -NRCONR R4, -NR12COR 3, -NRi2SONR 3R 14, -NR280ONR 3R 4, o -
NR12802R 15; wherein said -Cisalkyl, -Crsalkenyl, -Cosalkynyl, cycloalkyl, heterocycelyl, aryl
or heteroaryl are each independently optionally substituted with at least one substituent Riie;

Rois -CN, -NQO3, -OR1, -SO2R42, -SO:NRpR13, -CORyp, -COoR 2, -CONR12R 2, -
C(=NRi2)NRi3R14, -NR12COR 13, -NR12CONR3R14, -NRpCO2R 3, -NR12SONR13R 14, -
NR12SO:NR1:R4, or -NR12SOR 5

Ri1a, Ritn, and Rye, which may be the same or different, are each independently
hydrogen, halogen, ~Ciealloyl, ~Cosalkenyl, -Cosalkynyl, haloCisalkyl, haloCrealkenyl,
haloCrsalkynyl, cycloalkyl, heterocyelyl, aryl, heteroaryl, -CN, -NO», oxo, -ORy2, -ShRyy, -
COR 2, -CO2Ry, ~-CONR 2R3, ~C=NR12)NR 3R 14, ~-NR12R 13, ~-NR12C0OR 3, -NR12CONR13R 14,
SNR1CO:R 13, -NR1iSONR 3R 14, -NR2SOC2NR 3R 14, or -NR12802R 13 and

Ri2, Rz, and Rys, which may be the same or different, are each independently hydrogen, -
Crsalkyl, -Cagalkenyl, -Cagalkynyl, cycloalkyl, heterocycelyl, aryl, or heteroaryl, wherein said
Crsalkyl, -Cosalkenyl, -Casalkynyl, cycloalkyl, heterocycelyl, aryl, or heteroaryl are each
independently optionally substituted with at least one substituent Rys;

Alternatively, (Riz and Riz), or (Ri3 and Rua), or (Ri2 and Rys), together with the atom(s)
to which they are attached, form a 3- to 12-ruembered saturated, partially or fully unsaturated
ring comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -5-, -

8O- or -SO2-~, and said ring is optionally substituted with at least one substitaent Rys;

10
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Ruis, at each of'its occurrences, is independently hydrogen, halogen, -Ciealkyl, -Co.

satkenyl, ~-Crsalkynyl, cycloalkyl, heterocyelyl, aryl, heteroaryl, -CN, -NO», oxo, ~ORs, -
SOuR 6, -COR s, ~-COnRs, ~CONR 1Ry, ~-C(=NR1s)NR17R 13, -NR1sRy7, -Crgalkyl-NRisR1y, -

NRJ@COR;'7, -NRJ@C()NR}'JR}&, -NRJ(«,QO2R;7, -NR}@SONR}?R;& wNRlﬁSQQNR;"}R}g, Qf —

NR1sSO:R 17, wherein said Crsalkyl, -Cosalkenyl, ~-Casalkynyl, cycloalkyl, heterocyclvl, aryl,
or heteroaryl are each independently optionally substituted with halogen, Ris, -ORy0, -CORy9, -
SRy, or -COnRys;
wherein each of Ris, Ri7, or Ris is independently hydrogen, -Ci.salkyl, -Casalkenyl,
-Cagalkynyl, haloCiealkyl, haloCosalkenyl, haloCosalkynyl, cycloalkyl, heterocyelyl, aryl,
or heteroaryl; or
{Ris and Ri7), or (Rus and Riz), or (R17 and Rys), together with the atom(s) to which
they are attached, form a 3- to 12-membered saturated, partially or fully vosaturated ring
comprising U, 1 or 2 additional heteroatoms independently selected from -NH, -0+, -S-, -
8O- or -5, and said ring is optionally substituted with at least one substitnent Rio; and
wherein Rjo is independently hydrogen, -Cisalkyl, -Crsalkenyl, -Casalkynyl,
halo{.salkyl, haloCrealkenyl, haloCr.salkynyl, cycloalkyl, heterocyclyl, aryl, or
heteroaryl, wherein said cycloalkyl, heterocyclyl, aryl, or heteroaryl are each optionally
substituted with halogen, -Crealkyl, -Cosalkenyl, -Cosalkynyl, haloCisalleyl, haloCs.
salkenyl, or haloCasalkynyl; and wherein said -Ciealkyl, -Cosalkenyl, -Cogalkynyl, haloCs.
salkyl, haloCaealkenyl, or haloCasalkynyl are cach optionally substituted with cycloallyl,
heterocyelyl, aryl, or heteroaryl.
[0816] In an embodiment of the first aspect, Ry is -NH»,
10617} In an embodiment of the first aspect, R» 18 independently hydrogen, halogen, -Ci.ealkyl,
Cs.scycloalkylt or Ce.io aryl, and wherein -Cysalkyl, Ciscycloalkyl and Cs.io aryl are cach
independently optionally substituted with at least one substituent Ry, preferably, Ry is €y
salkyl; more preferably, R is Cizalkyl; even more preferably, Ro is methyl.
[0818] In an embodiment of the first aspect, R and Ry are each independently hydrogen or -Cy.
salkyl. In another embodiment of the first aspect, Rs 1s hydrogen, and Ry 15 -Cisalkyl;
preferably, Rs is hydrogen, and Rq is -Cizalkyl; more preferably, Rs is hydrogen, and Ry 18
methyl.
[08198] In an embodiment of the first aspect, Rs and Re, which may be the same or different, are
each independently hydrogen, halogen, -Ciealkyl, -Casalkenyl, -Casalkynyl, cycloalkyl,

heterocyclyl, aryl, or hetercaryl, wherein said -Cyalkyl, -Casalkenyl, -Cogalkynyl, cycloalkyl,

11
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heterocyelyl, aryl or heteroaryl are each independently optionally substituted with at least one
substituent Ry, wherein Ry 1s halogen. In a preferred embodiment, Rs and Rs are each
independently hydrogen, halogen, or -Crealkyl; in a further preferred embodiment, Rs and Rg
are both hydrogen.

[0628] In an embodiment of the first aspect, Ry, Rg and Ryg, which may be the same or
different, are each independently hydrogen, halogen, -C.salkyl, -Crsalkenyl, -Cosalkynyl,
cycloalkyl, heterocyclyl, aryl, hetercaryl, or -OR12; wherein said -Cialkyl, -Co.salkenyl, -Cs.
salkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally
substituted with at least one substituent Ry, wherein Riic is halogen. In a preferred
embodiment, Ry and Rx are cach independently hydrogen, halogen or -Crsalkyl, and Rigis -
ORy2. In a more preferred embodiment, Ry and Rg are each independently halogen, and Ryois
Crsalkoxy. Tn an even more preferred embodiment, Ry is CL, Reis F, and Ruo s isopropoxy.
[0821] In an embodiment of the first aspect, Re is ~CONR1:R13, wherein Ry and Rz are as
defined in Formula (1.

108221 In a preferred embodiment, Ro is ~CONR 2R3, wherein Rz and Ry are each hydrogen
or Ciealklyl optionally substituted with at least one substituent Ris. More preferably, Rz and
Rz are each hydrogen or methyl, ethyl, n-propyl or isopropyl, cach optionally substituted with
at least one substituent Ris. In this embodiment, Ris is preferably hydrogen, cycloalkyl, aryl,
heterocyelyl, -ORye, or -NRisR17, wherein Ris and Ry7 are as defined in Formula (1) and
wherein said cycloalkyl, arvl, or heterocyelyl are each independently optionally substitated
with halogen, Rug, -ORyg, “CORys, -SO2R 19, or -CO2R 9, wherein Ryg 1 as defined in Formula
(I).

10623} In a preferred embodiment, Ry is “CONR 2R3, wherein Ry2 and Rys are cach hydrogen
or Ciealklyl optionally substitated with one substituent Ris, which is heterocyclyl optionally
substituted with halogen, Ris, -OR9, ~CORus, ~SOoR 19, o1 ~CO2R s, wherein Ris is as defined
in Formula (I). More preferably, Rio is hydrogen and Rz is Cisalkdyl optionally substituted
with one substituent Rys, which is heterocyelyl optionally substituted with halogen, Rye, -ORys,
—CORy9, -SO2R 19, or -COoR 19, wherein Ryg is as defined in Formula (¥). Even more preferably,
the heterocyelyl group is a 4-, 5-, 6-, 7- or 8-membered saturated monocyclic ring comprising
one nitrogen hetercatom or a 5-, 6-, 7- or 8-membered saturated monocyclic ring comprising
one nitrogen atom and 1 additional heteroatom selected from -NH, -O-, -5-, -SO- or =80,
optionally substituted with halogen, Ry, -OR19, ~COR19, -SOuR 10, or -C2R 0, wherein Rie is

as defined in Formula (I). Further even more preferably, the heterocyelyl group is piperidinyl

12
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{e.g., piperidin-1-yl or piperidin-4-y1) or piperazioyl (¢.g., piperazin-1-yl} group optionally

substituted with halogen, Rig, ~-ORy9, ~CORyo, -S0O0R 9, or —C{nR 9, wherein Ry 15 as defined

in Formula (1). Further even more preferably, the heterocyclyl group is piperidinyl or

piperaziny! group optionally substituted with halogen or Crsalkyl (e.g., methyl). Further even

more preferably, Rz is hydrogen, Rys is ethyl and Rys is 4-methylpiperazin-1-yl. Specifically,

cand /g
Ro is ,
0
\\“ ‘.‘/}
1S L et s v,\?\
5 1~' /'" S \‘) -“‘ \ - /:;;_\NH
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&
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10024] In a preferred embodiment, Ro 18 “CONR 2R3, wherein Ry is hydrogen, and Rya is

cycloalkyl optionally substituted with at least one substituent Rys. More preferably, Rizisa Cs-

Cg cycloalkyl optionally substituted with at least one substituent Rys. Even more preferably,

Rus s a cyclopropyl, eyclobutyl, cyclopentyl, or cyclohexyl, each optionally substituted with at
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least one sabstituent Ris. In this embodiment, Rys is preferably -ORys, or -CO2R s, or -Cie

salkyl optionally substituted with -ORys, wherein Rig and Ry are as defined in Formuala (I).

NS

[0625] In a preferred embodiment, R is ~<CONR12R 3, wherein Ry is hydrogen, and Rysis a 5-
to 8-membered heterocyelyl comprising 1 or 2 or 3 heteroatoms selected from O, NH, S, 50,
or SO, optionally substituted with at least one substituent Rys. More preferably, Rizisa 6-
membered heterocyelyl comprising 1 or 2 hetercatoms selected from O or NH, optionally
substituted with at least one substituent Rys. Even more preferably, Ris is tetrahydrofuranyl or

tetrahydropyranyl, each optionally substituted with at least one substituent Rys. In this

embodiment, Ris is preferably halogen or -Cisalkyl., Specifically, Ro is , OF
10026] In a preferred embodiment, Ro is “CONR 2R3, wherein Rz 1s hydrogen, and Rizis an
aryl group selected from phenyl and naphthvl, optionally substituted with at least one
substituent Rys. In this embodiment, Rys is preferably halogen, -Ciealkvl, -ORus, or
heterocyclyl optionally substituted with halogen, Rug, or -ORy0, wherein Ris and Ryo are as

&7
g

)

defined in Formula (}). Specifically, Ro is selected from , ¥ \
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[0627] In a preforred embodiment, Ro 1s “<CONR 2R3, wherein Rio and Ry3 together with the

nitrogen atom to which they are attached, form a 3- to 12-membered saturated, partially or

W

fully unsaturated ring comprising 0, 1 or 2 additional heteroatoms independently selected from

-NH, -0-, -8-, -80- or -SO»-, and said ring is optionally substituted with at least one

substituent Rys.

10628] More preferably, Ro ts ~CONR 2R3, wherein Ry» and Rz together with the nitrogen

atom to which they are attached, form a 4-, or 5- or 6- or 7- or ¥-membered saturated

10 monocyclic ring comprising 0 additional heteroatom, and said ring is optionally substituted
with at least one substituent Rys. Specificaily, Riz and Ris together with the nitrogen atom to
which they are attached, form a azctidinyl, pyrrolidinyl, piperidinyl, azepanyl, or azocanyl ring,
preferably, a azetidinyl, pyrrolidinyl, or piperidinyl ring. In this embodiment, Ris is prefcrably
halogen, -ORye, -CO2R 16, o1 -Crealkyl optionally substituted with —OR 0, wherein Ris and Ryo

15 are as defined in Formula (I).
10829] More preferably, Ro is ~CONR 2R 13, wherein Rz and Rys together with the nitrogen
atom to which they are attached, form a 5-, 6-, 7- or &-membered saturated monocyclic ring
comprising 1 additional heteroatom selected from -NH, -O-, -8-, ~-80- or -S()-, and said ring is
optionally substituted with at lecast one substituent Rys. Even more preferably, Ri» and Rz

20 together with the nitrogen atom to which they are attached, form a morpholinyl or piperazinyl

ring, cach of which is optionally substituted with at least one substituent Rys. In this

embodiment, Ris 1s preferably hydrogen, halogen, -Cisalkyl, or eycloalkyl, wherein said Ci.

salkyl, or cycloalkyl are cach independently optionally substituted with halogen, Ris, -ORy9, —

CORy, or -COrRy9, wheretn Ry 18 as defined in Formulda (1),

25 [8038] More preferably, Ro 1s —CONR 2R 13, wherein Ry and Rys together with the nitrogen
atom to which they are attached, form a 7- to 12-membered (e.g., 7-membered, §-membered, 9-

membered, 10-membered) saturated bicyclic ring comprising 0 or 1 or 2 additional

heterpatoms selected from -N, -(J-, -S-, -8 or -802~, and said ring is optionally substituted



L]

10

[y
941

WO 2019/047915 PCT/CN2018/104559

with at least one substituent Rys, Even more preferably, Riz and Ry3 together with the nitrogen
atom to which they are attached, form a bicyclic bridged or spiro- ring corprising S or L or 2
additional heteroatoms selected from -N, -O-, -8-, -80- or -8(};- and optionally substituted

with at least one substituent Rys. The examples of bicyclic bridged or spiro- rings include, but

A N/ -7\«:3 -~§---N 0 . 7
not limited to % \\_L:a»/ , é_WN<><>O % , —/ , OF

._u.g___N\*m

ar

10632} In an embodiment of the first aspect, Ryg is methoxy, ethoxy, propoxy, or isopropoxy.
Preferably, Riois isopropoxy.

10633} In an embodiment of the first aspect, wherein the carbon atom to which Rz and Ry are
attached is in (S)-configuration when Rz and R4 are ditferent.

10034} In an embodiment of the first aspect, disclosed herein 1s a compound selected from:
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or a stereocisomer thereof, or a pharmaceutically acceptable salt thereof.

10635] In an embodiment of the first aspect, disclosed herein is a compound selected from:
NH2
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or a pharmaceutically acceptable salt thercof.
10036] The compounds disclosed herein are etfective inhibitors against PI3KS. Particularly,
the compounds disclosed hercin have been found to be selective inhibitors against PI3KS over
PI3Ka, B and/or y. More particularly, the compounds disclosed herein show betier selectivity
5 for PI3KS over cach of PI3Ka, §§ and v. In addition to the above selectivity, the compounds
disclosed herein exhibit good pharmacokinetic profile. For example, compound 73 disclosed
herein exhibits an unexpected long half-life.
10637} In the second aspect, disclosed herein is a pharmaceutical composition comprising a
therapeutically effective amount of the compound disclosed herein, or a stercoisomer thereof or
10 apharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.
10038] In the third aspect, disclosed herein is a method for treating or preventing the following
a disorders or a disease responsive to the inhibition of PI3KS activity by using the compound
disclosed herein or a stereoisomer thereof or a pharmacentically acceptable salt thereof; the use
of the compound disclosed herein in the manufactare of a medicament for treating or
15 preventing a disorders or a disease responsive to the inhibition of PI3KS activity ; and the
compound disclosed herein or a stereoisomer thereof or a pharmaceutically acceptable salt
thereof for use in treating or preventing a disorders or a disease responsive to the inhibition of
PI3K$ activity , wherein the disorder or disease is an inflammatory disorder, an autoimmune
disease or a cancer. In some embodiments, the disorder or disease is selected from the group
20 consisting of idiopathic thrombocytopenic purpura (FTP), autoimmune hemolytic anemia,
vasculitis, systemic lupus crythematosus, lupus nephritis, pemphigus, membranous
nephropathy, acute lvmphocytic hemolytic (ALL), acute myeloid leukemia (AML), chronic
lymphocytic leukemia (CLL), Non-Hodgkin lymphoma (NHL), chronic mycloid leukemia
(CML), multiple myeloma (MM} , hairy cell leukemia, Mantle cell lymphoma (MCL), small

o
W

iymphocytic lymphoma (SLL), follicalar lymphoma, lymphoplasmacytic lymphoma,
extranodal marginal zone lymphoma, activated B-cell like (ABC) diffuse large B cell

tymphoma (DLBCL), or germinal center B cell (GCB) diffuse large B cell lymphoma
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(DLBCL), T-cell lymphoma, B-cell lyruphoma, myelodysplasia syndrome (MDS),
myeloproliferative discase (MPD) follicular Iyrophoma, Waldestrom's macroglobulinemia
{(WM), pancreatic cancer, bladder cancer, colorectal cancer, breast cancer, prostate cancer,
renal cancer, hepatocellular cancer, lung cancer, ovarian cancer, cervical cancer, gastric cancer,
esophageal cancer, head and neck cancer, melanoma, neuroendocrine cancer, CNS cancer,
brain cancer, bone cancer, soft tissue sarcoma, non-small cell fung cancer, small-cell hung
cancer, colon cancer, systemic hupus erythematosus (SLE}, myestenia gravis, rheumatoid
arthritis (RA), acute disseminated encephalomyelitis, idiopathic thrombocytopenic purpura,
multiple sclerosis (MS), Sjocgren's syndrome, autoimmune hemolytic anemia, asthma,

multiple sclerosis, psoriasis, chronic obstructive pulmonary disease or hupus.

Befinitions

10839] The following terms have the indicated meanings throughout the specification:

10848] As used herein, including the appended claims, the singular forms of words such as “a”,
“an”, and “the”, include their corresponding plural references unless the context clearly
dictates otherwise.

[0041] The term “er” is used to mean, and is used interchangeably with, the term “and/or”
unless the context clearly dictates otherwise,

10042} The term "alkyl” herein refers to a hydrocarbon group selected from lincar and
branched saturated hydrocarbon groups comprising from 1 to 18, such as from 1 to 12, further
such as from 1 to 10, more further such as from 1 (o 8, or from 1 10 6, or from 1 to 4, carbon
atoms, Examples of alkyl groups comprising from 1 to 6 carbon atoms (i.e., Ci alkyl)
include, but not limited to, methyl, ethyl, -propyl or n-propyl ("o-Pr"), 2-propyl or isopropyl
("i-Pr"), 1-butyl or n-butyl ("n-Bu"), 2-methyl-1-propyl or isobutyl ("i-Bu"), 1-methylpropyl or
s-butyt ("s-Bu"}, 1,1-dimethylethyl or t-butyl ("t-Bu"), I-pentyl, Z-pentyl, 3-pentyl, 2-methyl-
2-butyl, 3-methyl-2-butyl, 3-methyl-1-butyl, Z-methyl-1-butyl, 1-hexyl, 2-hexyl, 3-hexyl, 2-
methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-pentyl, Z-methyl-3-pentyl,
2,3-dimethyl-2-butyl and 3,3-dimethyl-2-butyl groups.

[0643] The term "halegen” herein refers to fluoro (F), chloro (C1), bromo (Br) and iodo (1},
10044} The term "haloalkyl” herein refers to an alkyl group in which one or more hydrogen
is/are replaced by one or more halogen atoms such as flooro (F), chloro (C1}, bromo (Br), and
iodo (1). Examples of the haloalkyl include haloCigalkyl, haloCisalkyl or halo Cialkyl, but
not limited to -CFs, -CHCHL -CHy CF;, -CCly, CF3, and the like.
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10645] The term "alkenyl” herein refers to a hydrocarbon group selected from linear and
branched hydrocarbon groups comprising at least one C=C double bond and from 2 to 18, such
as from 2 to 8, further such as from 2 to 6, carbon atoms. Examples of the alkenyl group, ¢.g.,
Cr.s alkenyl, include, but not Himited to ethenyl or vinyl, prop-1-enyl, prop-2-enyl, 2-
methylprop-T-enyl, but-1-enyl, but-2-enyl, but-3-enyl, buta-1,3-dienyl, 2-methylbuta-1,3-
dienyl, hex-1-enyl, hex-2-enyl, hex-3-enyl, hex-4-enyl, and hexa-1,3-dienyl groups.

[0846] The term "alkynyl" herein refers to a hydrocarbon group selected from linear and
branched hydrocarbon group, comprising at least one C=C triple bond and from 2 to 18, such
as 2 to 8, further such as from 2 to 6, carbon atoms, Examples of the alkynyl group, e.g., Cos
alkynyl, include, but not limited to ethynyl, 1-propynyl, 2-propynyl (propargyl), 1-butynyl, 2-
butynyl, and 3-butynyl groups.

10647] The term "alkyloxy” herein refers to an alkyl group as defined above bonded to
oxygen, represented by ~Oalkyl. Examples of an alkyloxy, e.g., Cisalkyloxy or Cig alkyloxy
includes, but ot limited to, methoxy, ethoxy, isopropoxy, propoxy, n-butoxy, tert-butoxy,
pentoxy and hexoxy and the like.

[0848] The term "cycloalkyl"” herein refers to a hydrocarbon group selected from saturated and
partiaily unsaturated cyclic hydrocarbon groups, comprising monocyclic and polycyclic {e.g.,
bicyclic and tricyclic) groups. For example, the cycloalkyl group may comprise from 3 to 12,
such as from 3 to 10, further such as 3 {0 §, further such as 3t0 6, 3 to 5, or 3 to 4 carbon
atoms, Even further for example, the cycloalkyl group may be selected from monocyclic group
comprising from 3 to 12, such as from 3 to 10, further such as 3 to §, 3 to 6 carbon atoms,
Examples of the moonocyclic eycloalkyl group include cyclopropyl, cyclobutyl, eyclopentyl, 1-
cyclopent-T-enyl, T-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl, 1-
cyclohex-2-enyl, 1-cyclohex-3-enyl, cyclohexadienyl, cycloheptyl, eyclooctyl, cyelononyl,
cyclodecyl, cycloundecyl, and cyclododecyl groups. In particular, Examples of the saturated
monocyclic cycloalkyl group, e.g., Cs.g cycloalkyl, include, but not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl groups. In a preferred
embedmment, the cycloalkyl 1s a monocyclic ring comprising 3 to 6 carbon atoms {(abbreviated
as Ci.6 cycloalkyl), including but not Hmited to, cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl. Examples of the bicyclic cycloalkyl groups include those having from 7 to 12 ring
atoms arranged as a bicyclic ring selected from [4,4], [4,5], [5.5], [5,6] and [6,6] ring systems,
or as a bridged bicyclic ring selected from bicyclo[2.2. Lheptane, bicyclo[2.2.2}octane, and

bicyclo{3.2.2]oonane. Further Examples of the bicyclic cyeloalkyl groups include those
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]
arranged as a bicyelic ring selected from [5,6] and [6,6] ring systems, such as X and
2
“‘:‘v} " wherein the wavy lines indicate the points of attachment. The ring may be saturated
or have at least one double bond (i.¢. partially unsatarated), but is not fully conjugated, and is
not aromatic, as aromatic is defined herein.
10849] The term "aryl” used alone or in combination with other terms refers to a group
selected frony:
a. 5-and 6-membered carbocyclic aromatic rings, e.g., phenyl;
b. bicyclic ring systems such as 7 to 12 membered bicyelic ring systems, wherein

at least one ring is carbocyclic and aromatic, e.g., naphthyl and indanyl; and,

e

tricyclic ring systems such as 10 to 15 membered tricyclic ring systems whercin
at least one ring is carbocyclic and aromatic, e.g., fluorenyl.

10038] The terms “aromatic hydrocarbon ring” and “aryl” arc used interchangeable
throughout the disclosure herein. In some embodiments, a monocyclic or bicyclic aromatic
hydrocarbou ring has S to 10 ring-forming carbon atoms (i.¢., Csao aryl). Examples ofa
monocyclic or bicyclic aromatic hydrocarbon ring inchude, but not limited to, phenyl, naphth-
1-yl, naphth-2-yl, anthracenyl, phenanthrenyl, and the like. In some embodiments, the
aromatic hydrocarbon ring is a naphthalene ring {(naphth-1-yl or naphth-2-y1} or phenyl ring.

In some embodiments, the aromatic hydrocarbon ring is a phenyl ring.

[0051] The term "heterearyl” herein refers to a group selected from:

a. 35-, 6- or 7-membered aromatic, monocyclic rings comprising at least one
heteroatom, for example, from 1 to 4, or, in some embodiments, from 1 to 3, in
some embodiments, from 1 to 2, heteroatoms, selected from nitrogen (N), sulfur
(5) and oxygeun () as ring atom(s), with the remaining ring atoms being carbon;

b. 8- to 12-membered bicyclic rings comprising at least one heteroatom, for
example, from 1 to 4, or, in some embodiments, from 1 to 3, or, in other
embodiments, 1 or 2, heteroatoms, selected from N, O, and S as ring atom(s},
with the remaining ring atoms being carbon and wherein at least one ring is
aromatic and at least one heteroatom is present in the aromatic ring; and

c. 11-to 14-membered tricyclic rings comprising at least one heteroatom, for

example, from | to 4, or in some embodiments, from 1 to 3, or, in other
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embodiments, 1 or 2, heteroatoms, selected from N, O, and S as ring atom({s),

with the remaining ring atoms being carbon and wherein at least one ring is

aromatic and at least one hetercatom is present in an aromatic ring.
[0852] In a preferred embodiment, heteroaryl is 5- to 6-membered heteroaryl comprising one
nitrogen atom and 0 or 1 additional heteroatom selected from N, O and S, including but not
limited to pyridinyl, isoxazolyl, and oxazolyl.
[0853] When the total number of 8 and O atoms in the heteroaryl group exceeds 1, those
heteroatoms are not adjacent to one another. In some embodiments, the total number of S and
O atoms in the heteroaryl group is not more than 2. In some embodiments, the total number of
S and O atoms in the aromatic heterocycle is not more than 1. When the heteroaryl group
countains more than one heteroatom ring member, the heteroatoms may be the same or different.
The nitrogen atoms in the ring(s) of the heteroaryl group can be oxidized to form N-oxides.
10854] The terms “aromatic heterocyelic ring” and “heteroaryl” are used interchangeable
throughout the disclosure herein. In some embodiments, a monocyclic or bicyclic aromatic
heterocycelic ring has 5-, 6-, 7-, &-, 9- or 10-ring forming members with 1, 2, 3, or 4 heteroatom
ring members independently selected from nitrogen (N}, sulfur (8) and oxygen (O) and the
remaining ring members being carbon. In some embodiments, the monocyclic or bicyclic
aromatic heterocyclic ring is a monocyclic or bicyelic ring comprising 1 or 2 heteroatom ring
merbers independently selected from nitrogen (N), sulfur (S) and oxygen (O). In some
embodiments, the monocyclic or bicyclic aromatic heterocyelic ring is a 5- to 6-membered
heteroaryl ring, which is monocyclic and which has 1 or 2 heteroatom ring merubers
mndependently selected from nitrogen (N), sulfur (S) and oxygen {(O).  In some embodiments,
the monocyclic or bicyclic aromatic heterocyclic ring 1s a 8- to 10-membered heteroaryl ring,
which is bicyclic and which has 1 or 2 heteroatom ring members independently selected from
nitrogen, sulfur and oxygen.
10055 Examples of the heteroaryl group or the monocyclic or bicyclic aromatic heterocyclic
ring include, but are not limited to, (as numbered from the linkage position assigned priority 1)
pyridyl (such as 2-pyridyl, 3-pyridyl, or 4-pyridyl), cinnolinyl, pyrazinyl, 2,4-pyrimidinyl, 3,5-
pyrimidinyl, 2,4-imidazolyl, imidazopyridinyl, isoxazolyl, oxazolyl, thiazolyl, isothiazolyl,
thiadiazolyl (such as 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, or 1,3,4-thiadiazolyl), tetrazolyl,
thienyl (such as thien-2-yl, thicu-3-y1}, triazinyl, benzothienyl, furyl or furanyl, benzoturyl,
benzoimidazolyl, indolyl, isoindolyl, indolinyl, oxadiazolyl (such as 1,2,3-oxadiazolvl, 1,2,4-

oxadiazolvl, or 1,3 4-oxadiazolyl), phthalazinyl, pyrazinyl, pyridazinyl, pyrrolvl, triazolyl
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{(such as 1,2 3-triazolyl, 1,2,4-triazolyl, or 1,3 4-triazolyl), quinolinyl, isoquinolinyl, pyrazolyl,
pyrrolopyridingt (such as 1H-pyrrolo[2,3-blpyridin-S-y1), pyrazolopyridiny! (such as 1H-
pyrazolof3,4-blpyridin-5-yl), benzoxazolyl {such as benzofdjoxazol-6-y1), pteridinyl, purinyl,
1-oxa-2,3-diazolyl, 1-oxa-2.4-diazolyl, 1-oxa-2,5-diazolyl, 1-oxa-3,4-diazolyl, 1-thia-2,3-
diazolyl, 1-thia-2 4-diazolyl, 1-thia-2,5-diazolyl, 1-thia-3,4-diazolyl, furazanyl (such as
furazan-2-yl, furazan-3-yl}, benzofurazanyl, benzothiophenyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, furopyridinyl, benzothiazolyl (such as
benzo[dithiazol-6-v1}, indazolyl (such as 1H-indazel-5-y1) and 5,6,7,8-tetrahydroisoquinoline,
[0056] The term "heterocyclic” or "heterocycle” or "heterecyclyl” herein refers to a ring
selected from 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11- or 12-membered monocyclic, bicyclic and
tricyclic, saturated and partially vnsaturated rings comprising at least one carbon atoms in
addition to at least one heterocatom, such as from 1-4 heteroatoms, further such as from 1-3, or
firrther such as 1 or 2 heteroatoms, selected from nitrogen (N}, sulfur (8}, oxygen (O}, -SO- or -
SO»-~ as ring atom(s).

108571 In some embodiments, a heterocyelyl group is 4-, 5-, 6-, 7- or 8-membered monocyclic
ring with at least one heteroatom selected from N, O and 3. In some preferred embodiment, a
heterocyelyt group is a 4-, 5, 6-, 7- or 8-membered saturated monocyclic ring comprising one
nitrogen heteroatom. The exemplary heterocyclyl group is azetidinyl, pyrrolidinyl, piperidinyl,
azepanyl, and azocanyl. In other embodiment, a heterocycelyl group is a 5-, 6-, 7- or 8-
membered saturated monocyclic ring cornprising one nitrogen atom and 1 additional
heteroatom selected from -NH, -0-, -S-, -S0- or —80s-. The exemplary heterocyclyl groap 1s a
motphelivo, morpholiny! or piperazinyl ring. o sorue embodiment, a heterocyelyl group is a
7-to 12-membered saturated bicyclic ring comprising one nitrogen atom and S or 1 or 2
additional heteroatoms selected from -NH, -O-, -8-, -80C- or -S{}-. In some preferred
embodiment, the heterocyclyl group is a bicycelic bridged or spiro- ring.

[0058] "Heteroeycle" herein also refers to a 5- to 7-membered heterocyclic ring comprising at
least one heteroatom selected from N, O, and S fused with 5-, 6-, and /or 7-membered
cycloalkyl, carbocyclic aromatic or heteroaromatic ring, provided that the point of attachment
is at the heterocyelic ring when the heterocyclic ring s fused with a carbocyclic aromatic or a
heteroaromatic ring, and that the point of attachment can be at the cycloalkyl or heterocyclic
ring when the heterocyclic ring is fused with cycloalkyl., "Heterocycle™ herein also refers to an
aliphatic spirocyclic ring comprising at least one heteroatom selected from N, O, and 5,

provided that the point of attachment is at the heterocyclic ring. The rings may be saturated or
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have at least one double bond (1.¢. partially unsaturated). The heterocycle may be substituted
with oxo. The point of the attachment may be carbon or heteroatom in the heterocyclic ring. A
heterocyele is not a hetercaryl as defined herein. In a preferred embodiment, heterocyclyl is 5-
to 6~-membered heterocyelyl comprising one nitrogen atom and 0 or 1 additional heteroatom
selected from N, O and §, including but not limited to pyrrolyl, dihydropyridine, morpholino,
morpholinyl and tetrahydropyranyl.

[0859] Examples of the heterocycle include, but not limited to, (as numbered from the linkage
position assigned priority 1) 1-pyrrolidinyl, 2-pyrrolidinyl, 2,4-imidazolidinyl, 2,3-
pyrazolidinyl, 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-piperidinyl, 2,5-piperazinyl,
pyranyl, morpholinyl, morpholino, 2-morpholinyl, 3-morpholinyl, oxiranyl, aziridinyl,
thiiranyl, azetidinyl, oxetanyl, thictanyl, 1,2-dithictanyl, 1,3-dithietanyl, dihydropyridinyl,
tetrahydropyridinyl, thiomorpholinyl, thioxanyl, piperazinyl, homopiperazinyl,
homopiperidinyl, azepanyl, oxepanyl, thiepanvl, 1,4-oxathianyl, 1,4-dioxepanyl, 1,4~
oxathicpanyl, 1.4-oxaazepanyl, 1,4-dithiepanyl, 1,4-thiazepany! and 1,4-diazepanyl, 1,4-
dithianyl, 1,4-azathianyl, oxazepinyl, diazepinyl, thiazepinyl, dihydrothienyl, dihydropyranyl,
dihydrofuranyl, tetrahydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl,
1-pyrrolinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2ZH-pyranyl, 4H-pyranyl, 1,4-dioxanyl, 1,3~
dioxolanyl, pyrazolinyl, pyrazolidinyl, dithianyl, dithiolanyl, pyrazolidinyl, imidazolinyl,
pyrimidinonyl, 1,1-dioxo-thiomorpholinyl, 3-azabicyco[3.1.0hexanyl, 3-
azabicyclof4.1.0Theptanyl and azabicyclo[2.2.2Thexanyl. A substituted heterocycle also
includes a ring system substituted with one or more oxo moicties, such as piperidinyl N-oxide,
morpholinyl-N-oxide, 1-oxo-1-thiornorpholinyl and 1,1-dioxo-1-thiomorpholinyl.

10668] Compounds disclosed herein may contain an asymmetric center and may thus exist as
enantiomers. “Enantiomers” refer to two stereoisomers of a compound which are non-
superimposable mirror images of one another. Where the compounds disclosed herein possess
two or more asymmetric centers, they may additionally exist as diastereomers. Enantiomers
and diastercomers fall within the broader class of sterecisomers. All such possible
stereoisomers as substantially pure resolved enantiomers, racemic mixtures thereof, as well as
mixtures of diastereomers are intended to be included. All stereoisomers of the compounds
disclosed herein and /or pharmaceutically acceptable salts thereof are intended to be included.
Unless specifically mentioned otherwise, reference to one isomer applies Lo any of the possible

isomers, Whenever the isomeric composition is unspecified, all possible isomers are included.
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10661} The term "substantially pure” as used herein means that the target stereoisomer
contains no more than 35%, such as no more than 30%, further such as no more than 25%,
even further such as no more than 20%, by weight of any other stereocisomer(s). In some
embodiments, the term "substantially pure” means that the target stercoisomer contains no
more than 10%, for example, 1o more than 5%, such as no more than 1%, by weight of any
other steresisomer(s).

[0862] When compounds disclosed herein contain olefinic double bonds, unless specified
otherwise, such double bonds are meant to include both E and Z geometric isomers.

[0863] Some of the compounds disclosed herein may exist with different points of attachment
of hydrogen, referred to as tautomers, For example, compounds including carbonyl -CH>C(O)-
groups (keto forrus) may undergo tautomerism to form hydroxyl ~-CH=C(OH}- groups {enol
forms). Both keto and enol forms, individually as well as mixtures thereof, are also mitended to
be inchuded where applicable.

10664] It may be advantageous to separate reaction products from one another and /or from
starting materials. The desired products of each step or series of steps is separated and /or
purified (hereinafter separated) to the desired degree of homogeneity by the techniques
common in the art. Typically such separations involve multiphase extraction, crystallization
from a solvent or solvent mixture, distillation, sublimation, or chromatography.
Chromatography can involve any number of methods including, for cxample: reverse-phase
and normal phase; size exclusion; ion exchange; high, medium and low pressure liquid
chromatography methods and apparatas; small scale analytical; simulated moving bed
("SMB") and preparative thin or thick layer chromatography, as well as technigoes of small
scale thin layer and flash chromatography. One skilled in the art will apply technigues most
likely to achieve the desired separation.

[0665] “Diastereomers” refers to stereoisomers of a compound with two or more chiral
centers but which are not mirror images of one another. Diastercomeric mixtures can be
separated into their individual diastereomers on the basis of their physical chemical differences
by methods well known to those skilled in the art, such as by chromatography and /or
fractional crystallization. Enantiomers can be separated by converting the enantiomeric
mixture into a diastercomeric mixture by reaction with an appropriate optically active
compound {e.g., chiral auxiliary such as a chiral alcohol or Mosher’s acid chloride), separating

the diastercomers and converting (e.g., hydrolyzing) the individaal diastereoisomers to the

3
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corresponding pure enantiomers. Enantiomers can also be separated by use of a chiral HPLC
column,

[0866] A single sterecisomer, e.g., 8 substantially pure enantiomer, may be obtained by
resolution of the racemic mixture using a method such as formation of diastereomers using
optically active resolving agents {Eliel, E. and Wilen, S. Stereochemistry of Organic
Compounds. New York: John Wiley & Sons, Inc., 1994; Lochmulier, C. H., et al.
"Chromatographic resolution of enantiomers: Selective review." J. Chromatogr., 113(3)
(1975): pp. 283-302]. Racemic mixtures of chiral compounds of the invention can be separated
and isolated by any suitable method, including: (1) formation of ionic, diastercomeric salts
with chiral compounds and separation by fractional crystallization or other methods, (2)
formation of diastereomeric compounds with chiral derivatizing reageuts, separation of the
diastercomers, and conversion to the pure stereoisomers, and (3) separation of the substantially
pure or enriched stereoisomers directly under chiral conditions. See: Wainer, Irving W., Ed.
Drug Stereochemistry: Analytical Methods and Pharmacology. New York: Marcel Dekker,
inc,, 1993,

[0867] "Pharmaceutically acceptable salts” refers to those salts which are, within the scope
of sound medical judgment, suitable for use in contact with the tissues of humans and lower
animals without undue toxicity, trritation, allergic response and the like, and are commensurate
with a reasonable benefit/risk ratio. A pharmaceutically acceptable salt may be prepared in
situ during the final isolation and purification of the compounds disclosed herein, or separately
by reacting the free base function with a suttable organic acid or by reacting the acidic group
with a suitable base.

10668] In addition, if a compound disclosed herein 1s obtained as an acid addition salt, the free
base can be obtained by basifying a solution of the acid salt. Conversely, if the productisa
free base, an addition salt, such as a pharmaceutically acceptable addition salt, may be
produced by dissolving the free base in a suitable organic solvent and treating the solution with
an acid, in accordance with conventional procedures for preparing acid addition salts from base
compounds. Those skilled in the art will recognize various synthetic methodologies that may
be used without undue cxperimentation to prepare non-toxic pharmaceutically acceptable
addition salts.

10069] As defined herein, "a pharmaceutically accepiable sali thereof” include salts of at
least one compound of Formula (1), and salts of the stercoisomers of the compound of Formula

(I}, such as salts of enantiomers, and /or salts of diastereomers.
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16676] The terms “administration”, “administering”, “treating” and “treatment” herein,
when applied to an animal, buman, experimental sabject, cell, tissae, organ, or biological fluid,
mean contact of an exogenous pharmaceutical, therapeutic, diagnostic agent, or composition to
the animal, human, subject, cell, tissue, organ, or biological fluid. Treatment of'a cell
encompasses contact of a reagent to the cell, as well as contact of a reagent to a fluid, where
the fluid is in contact with the cell. The term “administration” and “treatment’” also means in
vitro and ex vivo treatments, ¢.g., of a cell, by a reagent, diagnostic, binding compound, or by
another cell. The term “subject” herein includes any organism, preferably an animal, more
preferably a mammal (e.g., rat, mouse, dog, cat, rabbit) and most preferably a human,

10071} The term "effective amount” or “therapentically effective amount” refers to an
amount of the active ingredient, such as compouund that, when administered to a subject for
treating a disease, or at least one of the clinical symptoms of a discase or disorder, is sufficient
to affect such treatment for the disease, disorder, or symptom. The “therapeutically effective
amount” can vary with the compound, the disease, disorder, and/or symptoms of the disease or
disorder, severity of the disease, disorder, and/or symptoms of the disease or disorder, the age
of the subject to be treated, and/or the weight of the subject to be treated. An appropriate
amount in any given instance can be apparent to those skilled in the art or can be determined by
routine experiments. In some cmbodiments, “therapeutically effective amount” is an
amount of at least onc compound and /or at least one stereoisomer thercof, and /or at least one
pharmaceutically acceptable salt thercof disclosed herein effective to "treat” as defined above,
a discase or disorder 1o a subject. In the case of combination therapy, the “therapentically
effective amount” refers to the total amount of the combination objects for the effective
treatment of' a disease, a disorder or a condition.

108721 The term "at least one substituent” disclosed herein includes, for example, from 1 to
5, such as from 1 to 4, further as 1, 2 or 3, substituents, provided that the valence allows. For
example, "at least one substituent Rys" disclosed herein includes from 1 to 4, such as from 1 to
3, further as 1 or 2, substituents selected from the list of Rys as disclosed herein,

10073} The pharmaccutical composition comprising the compound disclosed herein can be
administrated via oral, inhalation, rectal, parenteral or topical administration to a subject in
need thereof. For oral administration, the pharmaccutical composition may be a regular solid
formulation such as tablets, powder, granule, capsules and the hke, a liquid formulation such as
water or oil suspension or other liguid formulation such as syrap, solution, suspension or the

like; for parenteral administration, the pharmaceutical composition may be solution, water

8]
S



10

20

25

WO 2019/047915 PCT/CN2018/104559

solution, oil suspension concentrate, lvophilized powder or the like, Preferably, the formulation
of the pharmaceutical composition is selected {rom tablet, coated tablet, capsule, suppository,
nasal spray or injection, more preferably tablet or capsule. The pharmaceutical composition can
be a single unit administration with an accurate dosage. In addition, the pharmaceutical
composition may further comprise additional active ingredients.

100741 All formulations of the pharmaceutical composition disclosed herein can be produced
by the conventional methods in the pharmaceutical field. For example, the active ingredient
can be mixed with one or more excipients, then to make the desired formulation. The
“pharmaceutically acceptable excipient” refers to conventional pharmaceutical carriers
suttable for the desired pharmaceutical formulation, for example: a diluent, a vehicle such as
water, various organic solvents, etc., a filler such as starch, sucrose, etc, a binder such as
cellulose derivatives, alginates, gelatin and polyvinylpyrrolidone (PVP); a wetting ageunt such
as glycerol; a disintegrating agent such as agar, calcium carbonate and sodium bicarbonate; an
absorption enhancer such as guaternary ammonium compound; a surfactant such as
hexadecanol; an absorption carrier such as Kaolin and soap clay; a lubricant such as talc,
calcinm stearate, magnesium stearate, polyethylene glyceol, ete. In addition, the pharmaceutical
composition further comprises other pharmaceutically acceptable excipients such as a
decentralized agent, a stabilizer, a thickener, a complexing agent, a buffering agent, a
permeation cnhancer, a polymer, aromatics, a sweetener, and a dye.

[0675] The term “disease” refers to any disease, discomfort, illness, symptoms or indications,
and can be inlerchangeable with the term “disorder” or “condition”.

10876] Throughout this specification and the claims which follow, anless the context requires
otherwise, the term "compyrise”, and variations such as "comprises” and "coroprising” are
intended to specify the presence of the features thereafter, but do not exclude the presence or
addition of one or more other features. When used herein the term "comprising” can be

REEENTS

substituted with the term "containing”, “inchuding” or sometimes "having”.

[0877] Throughout this specification and the claims which follow,, the term “Cha.n” indicates a
range which includes the endpoints, wherecin n and m are integers and indicate the number of
carbons. Examples include Ci.s, Ci.s, and the like.

10078} Unless specifically defined elsewhere in this document, all other technical and scientific

terms used herein have the meaning commonly understood by one of ordinary skill in the art to

which this invention belongs.
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General Svnthesis

108791 Compounds disclosed herein, including salts thereof, can be prepared using known
organic synthesis techniques and can be synthesized according to any of numerous possible
synthetic routes.

[0686] The reaction for preparing compounds disclosed herein can be carried out in suitable
solvents which can be readily selected by one of skill in the art of organic synthesis. Suitable
solvents can be substantially non-reactive with the starting materials, the intermediates, or
products at the temperatares at which the reactions are carried out, ¢.g., temperatures which can
range from the solvent’s boiling temperature. A given reaction can be carricd out in one solvent
or mixture of solvents.

100811 The selection of appropriate protecting group, can be readily deterruined by one skilled
in the art.

[0882] Reactions can be monitored according to any suitable method known in the art, such as
NMR, UV, HPLC, LC-MS and TLC. Compounds can be purified by a variety of methods,
including HPLC and normal phase silica chromatography.

[00683] Chiral analytic HPLC was used for the retention time analysis of different chiral
examples, the conditions were divided into the methods as below according to the column,
mobile phase, solvent ration used.

10084] Method A

Column CHIRAL CEL OD-H
Column size 4.6cm x 150 cm, Sum
Injection 0.3 ml
Mobile phase Hex:EtOH (0.1%DEA)Y = 90:10
Flow rate Tml/min
Wave length UV 214 nm
Temperature 35°C

[6085] Method B
Colamn CHIRAL CEL OD-H
Column size 4.6cm x 130 cm, Sum
Injection 0.3 ml
Mobile phase Hex:EtOH (0.1%DEA) =§5:15
Flow rate Iml/min
Wave fength UV 214 om
Temperature 35 °C

[0086] Method C
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Column

CHIRAL PKA TA

Column size

4.6cm X 130 cm. Sum

lojection 0.3 ml
Mobile phase Hex:EtOH (0.1%DEA) = 85:15
Flow rate Iml/min
Wave length UV 214 am
Temperature 35 °C
[6087] Method D
Column CHIRAL PKA TA
Colunmmn size 4.6cm x 150 em, Sum
Injection 0.3 ml
Mobile phase Hex:ELOH (0.1%DEA) = 90:10

Flow rate

1mi/min

Wave length

UV 214 nm

Temperature

35 C

16688] Method E

Column

CHIRAL PKA AS-H

Column size

4.6cm < 1530 cm. Sum

Injection

0.3 ml

Maobile phase

Hex: EtOH (0.1%DEA) = 85:15

Flow rate

Iml/min

Wave length

UV 214 nm

Temperature

35 C

[9089] Method F

Column

CHIRAL PKA AS-H

Column size

4. 6cm x 150 em, Sum

Injection 0.3 ml

Mobile phase Hex:FtOH (0.1%DEA) = 90:10
Flow rate Iml/min

Wave length UV 214 oo

Temperature 35 C

[0696] Method G

Column

CHIRAL PKA AS-H

Column size

4.6cm ~ 150 cm, Sum

Injection

0.3 ml

Mobile phase

Hex:EtOH (0.1%DEA) = 95:05

Flow rate

Iml/min

Wave length

UV 214 nm
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Temperature

35 C

[0091] Method H

Column

CHIRAL CEL OD-H

Column size

4.6cm ~ 150 cm, Sum

Injection 0.3 ml
Mobile phase Hex: EtOH (0.1%DEA) =95 5
Flow rate Iml/min
Wave length UV 214 nm
Temperature 35 C
10092] Methed
Colamn CHIRAL PKA AD-H
Colamn size 4.6cm x 150 em. Sum
lojection 0.3 ml
Mobile phase Hex:EtOH (0. 1%DEA)Y = 90:10
Flow rate Iml/min
Wave length UV 214 am
Temperature 35 'C
[0093] Method J
Column CHIRAL PKA TA
Column size 4.6cm »x 150 em, Surn
Injection 0.3 ml
Mobile phase Hex:ELOH (0.1%DEA) = 80:20
Flow rate Iml/min
Wave length UV 214 nm
Temperature 35 °C
[8394] Method K
Coluran CHIRAL CEL OD-H
Column size 4.6cm < 150 cm, Sum
injection 0.3 ml
Mobile phase Hex:EtOH (0.1%DEA) = 80: 20
Flow rate Iml/min
Wave length UV 214 nm
Temperature 35 C
18095] Method L
Colamn CHIRAL PKA AS-H
Column size 4.6cm x 150 em, Sum
Injection 0.3 ml
Mobile phase Hex:EtOH (0.1%DEA) = 92:08
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Flow rate Iml/min

Wave length UV 214 nm

Temperature 35 C

[6096] Scheme I

o I/@H
% Ry NX's /\\\./RT Brown reaction R ' | SR
__________________ .
. : Reg” F R
Roag Rg Rg 10 3
Xy X'l
i # i 4
Cl R o
2Ry - R,
HO._O Nt N
Oxidation condition R, =N Cyclization é\\/i\i N
g Ry \\E/ ! e s &
Rig F "y Condensation /\\“fRY R Ry
Xy |
v Rg Rag R
vi il
NH,
NH, NHy
. N == Ra
o = Ra n-Buli, CO, py= R, ] TN
Amination / — or Pd catalyst, CO ::::_.< amine, EDGH % N ‘N
______________________ I 08 el
NN N » (\ .
Ra/ I R R'i
L
Ryg Re
X4

Formula {I} wherein Rg = CONR,Rq3

10097} For exaraple, compounds of Formula (I} wherein Ro i1s -CONR 2R3 can be formed as

L]

shown in scheme 1. The compound (i) can be halogenated with N-chlorosuccinamide, N-

bromosuccinamide or N-1odosuccinamide to give compound (if) wherein X'=Cl, Br.or I,

respectively, A Witlig reaction is then carried out from compound (i) under standard condition

(¢.g., PhsPCH:Bv/nBuld or other bases such as NaH) to give compound (3ii) which is carried

out under standard Brown reaction condition using BH:/Ho(h; to give compound (iv) which

10 was oxidized directly by NaCC10/NaCl(; or Jones reagent to afford the acid compound (v), the
compound (v) was used for condensation under HOBt or EDCI with suitable amine in Scheme
1 to give compound (vi) that was cyclized directly by THO or POCH: to afford compound (vii).
Amination of compound (vii) to give compound (viii) which is used for COz or CO insertion
under #Buli or palladium catalysts gives compound (ix). Compound (ix) 1s then reacted with

15 different amines in the presence of HOBt/EDCI to give compound (x) (i.c., Formula (I)

wherein Ro is -CONR12R3).

[6098] Scheme 11
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N _Cl

cs RZ E/ |
X, R
2 N 2
Ry Tosmic reaqent /jijiﬁy acid or base
___________________ Rj
8 Coﬁdensatmn

Rqg
i " ¥
i iii ,
v
NHs NH;
== o R, M -Bull, COQ N=F Rz
Cvelizati k/ Amination M= . 2 or Pd caialyst, 0O sz
| yoreton N o [ 20 & O &_/N N
R /’\ Rs I R R I\/Q\ LRy
3 i80d T
R R, o /\f’/
1 X 8 Ryg Rg . i Re
1 g X4 vii OAOH
¥
NHy
N= Re

amine, EDG 1\\/ =
0 N

wiit

Formula (I} whersein Rg = CONR2R5

the route in Scheme . Compound (§) can be converted to compound (i) by using tosmic
reagent, followed by hydrolysis under acidic or basic condition to give compound (ifi) which is
used for condensation under HOBt or EDCI to give compound (iv). Compound (iv) is then
subject to cyclization under THO or POCH; to give compound (v). Amination of compound (v)
gives compound (vi) which is conducted with CO: and lithinm reagent or CO and pailadinm
catalysts to give compound (vii) that is used for condensation with different amines to give

compound {(viit) (i.e., Formula (I) wherein Ry is-CONR 2R 5).

[66160] Scheme FiR
NH, R, NH, N NHz . NH,
HO\«;}O w*\«/\ ‘,‘jj):{ 2 pBuli, CO, N"Q_{ 2 ,N"”j\_fz
Pd catalyst, 0O = =
SN N erPdemimco (T "‘_f‘_"_‘_i‘_‘i_ff_?f" Non N
Rm R, decarboxylative coupling R?’/i\/E\ Ry I Ra/i\/f'\\* Ry
i Rig” 1 Rs Rw’ Re Rig” ﬁy’[Rs
X
i’ii iv O/ OH v Rg
Formula {§) wherein Rg = CONR3R4a
180101} The compounds of Formmia (I) wherein Ro is ~CONR 2R3 can also be

synthesized as the route in scheme HI The acid (i.¢., compound (i}) is subject to

decarboxylative coupling under metal catalysts or other radical reagents with compound (ii) to

41



(3}

10

WO 2019/047915 PCT/CN2018/104559
give compound (111} which is conducted with CO» and hithium reagent or CO and palladium
catalysts to give compound (iv) that is used for condensation with different amines to give

compound (v) (i.e., Formula (I} wherein Rg is -CONR 2R3}

180162} Scheme IV
Gl
C! R,
HO._O HOL O 2 E = Ro
’ (“NHZ
. O . ‘RorS p N0 Cyciization K# ik
3 i . R'X /w ’ V —
; E i i"Rors &
Rig V/\R Condensation Ry N
X, !
- R ¥ Rq
1] x1
iii
ki Bull, €O { R
. n-Bulli, CO;, N 2 .
Arnination W= _::::<R2 or Pd catalyst, CO N \::::{ amine, EDCH
--------------------- - Qy,ﬁ N NN N R
Ror s RorS o
Raléf““ oy
N
R” Y R R Rg
g X Yo o on
Formula (I} wherein Ry = CONR(;R3
186103} The compounds of Formula (1) wherein Rg is -CONRi2R13 can also be

synthesized as the route in Scheme IV, Compound (1) can be chirally separated to give chiral
EDCI to give chiral compound (i1} which is then subject to cyclization under THO or POCH to
give chiral compound (iv). Amination of chiral compound tv gives chiral compound v which is
conducted with CO» and lithium reagent or CO and palladium catalysts to give chiral
compound (vi} that is used for condensation with different amines to give chiral compound

(vit) (i.c., Formula (F} wherein Re is -CONR2R3).

(6164 Scheme V

NHRR,
anannanannnnannnnansnnsnsnsnno B8

Triphosgens

Foraula (f)

10103] For example, compounds of Formula (¥) wherein R is -NR2CONR 3R 14 can also be
formed as shown in Scheme V. The compound (1) may be subject to Curtius rearrangement o
give compound (11) which is then reacted with triphosgene and versatile amines to give

compound (iil) (i.e., Formula (1) wherein Ro is -NR»CONR 3R 14).
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[6106] Scheme VI

. NH NiHg
e N * R R
= Ry R, N;:kf 2 N ( 2
/\, = ifj\ﬁ':\{ ll‘\fN .:;{N N NM
NN i, s R ~Z . ) g
Rors Privghr or PGl RN N LDALITMP, CO, }/f.R us g aming, coupling /[*R oS p
Ry *Ror s e P X 7 ) B AN Ry
A R R S Ry YTy
VY Y St A
Rug N ng/h\{/kﬁa Rii” Y Re Rig L Rg
X ' o on ?
i, X4 = Br, Lang Cf ii fit i

Formuia (I} whergin Ry = CONR 2R3

101067} For exaraple, compounds of Formula (1) wherein Ro 1s -CONR 2R 3 can also be formed

5 as shown in Scheme VI, The halogen of the compound (i} (i.e., X3} can be removed by
iPrMgBr or iPrMgCl to give comopound (it) which is then reacted with LDA or LiITMP in the
presence of CO» to give compound (i1} which is used for the coupling with different amines
under HATU, HOBt, EDCI, PyBOP and etc. to give compound {iv} (i.c., Formula (I} wherein
Ro is -CONR1zR13).

10
Abbreviations
HOBt Hyvdroxybenzotriazole
EDCI 1-Ethyl-3-(3-dimethylaminopropyljcarbodiimide hydrochloride
THO Trifluoromethancsulfonic anhydride

HATU N-{{dimethylamino)-1H-1,2,3-triazolo-[4,5-bipyridin-1-ylmethylene]-N-

methylmethanaminium hexafluorophosphate N-oxide

PyBOP Benzotriazole-1-yl-oxvtripyrrolidinophosphonium hexafluorophosphate
LDA fithium diisopropyl amide
LiTMP lithinm tetramethylpiperidine
NBS N-Bromosuceinimide

DMF N, N-Dimethytformamide
THF Tetrahydrofuran

PE Petrolcum cther

EA Ethyl acetate

aq. agqueous

TLC thin layer chromatography
BCM Dichloromethane

i-PrOH isopropanol

EtOAc ethvl acetate
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EXAMPLE
Example 1
19108} 1-(3-(1-(8-amino-1-methylmidazo]1,5-ajpyrazin-3-yhethyl)-5-chloro-6-fluore-2-

isopropoxybenzoybhazetidine-3-carboxylic acid (Compound 1)

RH,
N"’I i/’
Sy N-Y ol
.\)\ \_Ar
e
O&\N& T(OH
O
18109] Step 1: 1-(5-chloro-4-fluoro-2-hyvdroxyphenvylicthan-1-one (1-1)
G
[ X Ci
HO™ N F

10118] To a 2 L three-necked flask, equipped with a magnetic stirrer was added 4-chloro-3-
fluorophenol (160 g, 1.1 mol) and acetyl chloride (129 g, 0.69 mol). The mixture was stirred
for 1 h. Then aluminum chloride (219 g, 1.6 mol} was added into the mixture in portions, The
mixture was heated to 160 °C and kept at 150 °C for 2 hrs. The mixture was cooled and diluted
with HCI (2 M, 500 mL}. The resulting hot liguid was cooled and extracted with ethyl acetate
(3x500 mL). The combined organic phase was washed with water (500 mL) and brine (500
mk.), dried over anhydrous sodivm sulfate, filtered and concentrated to afford 200 g (crude) of
1-(5-chloro-4-fluoro-2-hydroxyphenylethan-1-one as a yellow solid. "H NMR (400 MHsz,
CDCh)Y 6 12,48 - 1241 (m, 1H), 7.78 (d, /= 8.1 Hz, 1H}, 6.77 (d, /= 10.3 Hz, 1H), 2.61 (s,
3H).

18111] Step 2: 1-(3-brome-3-chloro-4-flucro-2-hvdroxyphenyliethan-1-one (12}
O
Cl

HO F
Br

10112} To a solution of 1-(5-chloro-4-fluoro-2-hydroxyphenyljethan-1-one (110 g, 412 mmol)
in DMF (1 L) was added NBS (114 g, 640 mmol) in portions. The mixture was stirred at room
temperature for 1 h. The mixture was diluted with water (3 L), extracted with ethyl acetate (3x1
1}, The combined organic phase was washed with brine (3x1L), dried over anhydrous sodium

sulfate, filtered and concentrated to afford 150 g (crude) of 1-(5-chloro-4-flaoro-2-
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hydroxyphenyljethan-1-one as a yellow solid. 'H NMR (400 MHz, CDCl3) § 13.21(d, /= 1.8
Hz, 1H), 7.80(d, J=7.8 Hz, 1H), 2.66 (s, 3H).

{9113} Step3: 1-(3-bromeo-5-chloro-4-fluors-2-isopropoxyphenvhethan-1-one (1-3)
O

L
LM F

Br

10114} To a solution of 1-(3-bromo-5-chloro-4-fluoro-2-hydroxyphenyljethan-1-one (150 g,
560 mmol) and 2-iodopropane (143 g, 841 mmol) in DMF (1 L) was added NaHCO3 (71 g, 845
mmol}). The mixture was stirred at 60 °C overnight. The mixture was cooled and diluted with
water (3 L}, extracted with ethyl acetate (3x1 L}. The combined organic phase was washed
with brine (3x1L), dried over anhydrous sodinm sulfate, filtered and concentrated. The residue
was purified by silica gel column chromatography (elution with hexane / ethyl acetate = 50 /1)
to afford 140 g (80 %) of 1-(3-bromo-S-chloro-4-{luoro-2-isopropoxyphenylethan-1-one as a
yellow oil, 'H NMR (400 MHz, CDCl3) 8§ 7.57 (4, J = 8.2 Hz, 1H), 4.45 — 4,39 (m, 1H), 2.61
(s, 3H), 1.31 (t, J=6.7 Hz, 6H).

{9115} Step 4: 3-bromo-1-chlore-2-fluoro-4-isopropoxy-5-(prop-1-¢n-2-vhibenzene (1-4)

2
1 Br
10116] To a mixtare of bromo(methyDtriphenylphosphane (41 g, 115 mmol} in THF (400 mL)
was added n-Buli (1.6 M, 72 mL, 115 mmol) dropwise at 8 °C. The mixture was stirred at
0 °C for 30 mins. A solation of 1-(3-bromo-3-chloro-4-fluoro-2-isopropoxy phenyljethan-1-
one (30 g, 97 mmol) in THF (160 mL) was added to the mixture by dropwise at 0 °C. The
mixture was stirred at 8 °C for 4 hrs. The mixtare was quenched with water (500 mL),
extracted with ethyl acetate (3x200 mL}. The combined organic phase was washed with brine,
dried over anhydrous sodium sulfate, filtered and concentrated. The residue was purified by
silica gel column chromatography (elution with hexane / cthyl acetate = 100 /1y to afford 5.0 g
{17 %} of 3-bromo-1-chloro-2-fluoro-4-isopropoxy-S-(prop-1-cu-2-yhbenzeue as a yellow oil.
"H NMR (400 MHz, CDC13) 8 7.21 - 7.17 (m, 1H), 5.20 — 5.16 (m, 1H), 5.13 — 5.10 (1, 1H),
4.54 —4.44 (m, 1H), 2.10 - 2.08 (m, 3H), 1.29 - 1.25 (m, 6H).

o
-

{9117} Step 5: 2-(3-bromo-S-chlors-4-fluoro-2-isopropoxyphenylipropan-1 -of (1-8)
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10118] To a3 L flask equipped with a magunetic stisrer was added 3-bromo-1-chloro-2-fluoro-
4-isopropoxy-5-(prop-1-en-2-yl)benzene (170 g, 553 mmol) and BH: THF (1M, 1660 mL).
The mixture was stirred overnight at room temperature. The mixture was quenched with water
(100 mL) carefully. A solution of NaOH (22 g, 550 mmol) in water (400 mL) was added to the
mixture by dropwise at 0 °C, then H20» (30%, 188 mL) was added to the mixture by dropwise
at 0 °C. The mixture was stirred at room temperature for 4 hrs. The mixture was quenched with
NaHSO: solution (1 L) carcfully in ice-water bath. Then the mixture was extracted with cthyl
acetate (3x1000 mL). The combined organic phase was washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated to afford 200 g (crude) of 2-(3-bromo-5-
chloro-4-fluoro-2-isopropoxyphenyijpropan-~1-ol as a yellow oil.

18119] Step 6: 2-(3-brome-3-chloro-4-flucro-2-isopropoxyphenyhpropanoic acid (1-6)

10120] To a solution of 2-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenylpropan-1-ol (200 g,
614 mmol) and TEMPO (0.8 g, 5.1 mmol} in acetonitrile (1 L) was added phosphate buffer
(PH = 6.7, 1L). The mixture was cooled in water bath. A mixture of NaClO (10%, 500 mL)
and NaClO» (180 g in water 500 mL) was added dropwise to the mixture during 30 mins. The
mixture was stirred for 2 hrs, then the mixture was extracted with ethyl acetate (2x1000 mL).
The combined organic phase was treated with HCL (2M, 500 mL), the organic phase was
scparated, washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated.
The residue was triturated with acetonitrile (150 mL), the precipitate was collected by filtration
to afford 90 g (43%) of 2-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenylipropanocic acid as a
white solid."H NMR (400 MHz, DMSQ-d6) § 12.55 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 4.60 ~
4.50 (m, 1H), 4.03 (g, /=72 Hz, 1H), 2.08 (s, 3H), 1.37(d, /= 7.3 Hz, 3H}, 1.31 - 1.27 (m,
6H). MS (ESI m/e [M-HT 336.9, 338.9.

[9121] Step 7: 2-(3-bromo-5-chlorg-4-fluoro-2-isopropoxyphenvli-N-(1-(3-chloropvyrazin-2-

vhethyDpropanamide (1-73
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10122 To a solution of 2-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyl)propanoic acid
{13.0 g, 38.3 mmol) and 1-{3-chloropyrazin-2-yljethan-1-amine (6.0 g, 38.1 mmol) in
dichloromethane (150 mL) were added EN (11.6 g, 114.6 mmol), HOBT (6.2 g, 45.9 mmol)
and EDCI (8.8 g, 45.9 mmol). The mixture was stirred for 3 hrs, The mixtare was diluted with
water (300 mL), extracted with dichloromethane (3x100 mL). The combined organic phase
was dried and concentrated. The residue was puorified by silica gel colurmu chromatography
{chition with dichloromethane / ethyl acetate from 20/ 1 to 5/ 1) to afford 11.4 g (62 %) of 2-
(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyl)-N-(1-(3-chloropyrazin-2-
yhethyl)propanamide as a yellow solid. '"H NMR (400 MHz, CDCl) 6 8.30(d, J= 2.4 Hz,
1H), 8.26 (d, /=24 Hz, 1H), 7.31(d,/=8.1 Hz, 1H}, 6.96(d, /= 7.6 Hz, 1H), 5.47 - 5.39
{m, 1H), 4.73 - 4.63 (m, 1H), 4.15-4.07 (m, 1H), 1.51 - 1.42 (m, 9H), 1.32 (d, /= 6.2 Hz,
3H). MS (ESDH m/e [M+1]7478.0, 480.0.

10123] Step 8: 3-(1-(3-bromo-5-chlorg-4-fluoro-2-isopropoxyphenyhethyl}-8-chloro-1-

methvlimidazol 1. 5-alpyrazine (1-8)

10124] To a solution of 2-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyl)-N-{1-(3-
chloropyrazin-2-vljethyl)propanamide (11.4g, 23.8 mmol) in dichloromethane (130 mL) was
added a solution of THO in dichloromethane (30 mL) dropwise. Then a solution of pyridine
(9.4 g, 119 mmol) in dichloromethane (40 mL) was added by dropwise to the mixture. The
mixture was stirred at room temperature for 1 h. The mixture was quenched with water (200
mk.), extracted with dichloromethane (3x100 mL). The combined organic phase was dried and
concentrated. The residue was purified by silica gel columin chromatography (elution with
dichloromethane / ethyl acetate from 20/1 to 5/1) to afford 8.0 g (73%) of 3-(1-(3-bromo-5-
chloro-4-fluoro-2-isopropoxyphenylethyl}-8-chioro-T-methylimidazo[ 1,5-a]pyrazine as a

yellow solid. "H NMR (400 MHz, CDCl) § 7.57 (d, J = 4.8 Hz, 1H), 7.30 (d, J = 7.8 Hz, 1H),

47



[

10

WO 2019/047915 PCT/CN2018/104559
715 (d, J= 4.6 Hz, 1H), 4.84 — 4.69 (m, 2H), 2.82 (s, 3H), 1.86 (d, /= 7.0 He, 3H), 1.53 (d, J
= 6.1 Hz, 3H), 1.38 (d, /= 6.1 Hz, 3H). MS (EST) m/e [M+1]+ 459.9, 462.0.

{9125} Step 9: 3-(1-(3-bromo-5-chioro-4-fluoro-2-isopropoxyphenvhethyl-1-

methvlimidazol1,5-alpvrazin-8-amine(1-9}

10126] A mixtare of 3-(1-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyl)ethyl}-8-chloro-1-
methylimidazo[1,5-alpyrazine (1.01g, 2.2mmol) and NH; in /PrOH (20 mL) in a steel tube was
stirred at 90°C for 48hrs. After completion, the mixture was evaporated in vacuo. The residue
was added 50 mL ethyl acetate, washed with water (30mLx2), dried over Na:SOy, filtered and
evaporated in vacuo to give the crude product, then the crude product was stirred in petroleum
(250mL) and filtrated to give the product (0.96g, 98.3% ) as a white solid.

[8127] Step 10; 3-(1-(8-amino-1-methylimidazo[1.5-alpyrazin-3-vhethyD-5-chioro-6-fluore-2-

isopropoxvbenzoic acid (1-14)

NH;

\/f‘iy \%F

10128] To a solution of compound ¥-9 (1.15 g, 2.6 mumol) in THF (50 mL) was added n-Buli
(2.4 M, 3.5 mL) dropwise at -78 °C. The mixture was stirred for 10 min, CO» gas was bubbled
into the mixture. The mixture was stirred for 30 min. The mixture was warmed to room
temperature and quenched with water (50 mL), washed with ethyl acetate (30 mlL). The water
layer was separated, acidified with concentrated HCl to pH = | and concentrated to afford 1.1 g
{crude) of 3-(1-(B-amino-1-methylimidazo[1,5-alpyrazin-3-yhethyl)-5-chloro-6-fluoro-2-
isopropoxybenzoic acid as a yellow solid. MS (ESI) /e [M+H]|"407.1.

19129] Stepll: Methyl 1-(3-(1-(8-amino-1-methvlimidazol1,5-alpyrazin-3-yhigthyh-5-chloro-

6-fluoro-2-isopropoxybenzovhiazetidine-3-carboxyvlate (1-11)

48



L]

10

15

WO 2019/047915 PCT/CN2018/104559

( (
\ SF
P G’%Nﬁw\g -

10136] To a solution of compound 1-16 (200 mg, crude) and methyl azetidine-3-carboxylate
hydrochloride (75 mg, 0.5 mmol} in DMF (20 mL) was added EN (1.0 g, 10 mmol), and
PyBOP (260 mg, 0.5 mmmol), The mixture was stirred for 2 hrs. The mixture was diluted with
water (50 mL), extracted with cthyl acetate (3x30 mL). The combined organic phase was
washed with water (50 mL), brine (50 mL), dried over anhydrous sodium sulfate, filiered and
concentrated to afford 100 mg (crude) of methyl 1-(3-(1~(R-amino-1-methylimidazof 1,5-
ajpyrazin-3-yhethyl)-5-chloro-6-fluoro-2-isopropoxybenzoylazetidine-3-carboxylate as a
yellow oil. MS (ESTH mv/e [M+H] 504.2.

[0131] Stepl2: 1-3-(1-(8-amino-~1-methvlimidazo{1,5-alpyrazin-3-yiethyl)-5-chloro-6-fluoro-

2-1sopropoxybenzovliazetidine-3-carboxvlic acid trifluoroacetate {(3-123
NH2

N/ =

XN

MOH
16132] To a sohution of compound 1-11 (100 mg, crude) in MeOH (10 mL) was added NaOH
aqueous solution (1M, 10 mL). The mixture was stirred for 6 hrs, and concentrated under
vacuum. The residue was purified by prep-HPLC to afford 30 mg (25 %) of 1-(3-(1-(B-amino-
T-methylimidazof 1,5-alpyrazin-3-vhjethyl)-5-chloro-6-fluoro-2-isopropoxybenzoyliazetidine-
3-carboxylic acid trifluoroacetate. 'H NMR (400 MHz, DMSO-d6) & 8.51 (brs, 2H), 7.53
7.43 (m, 2H), 6.93 (d, /=59 Hz, 0.5H), 6.86 (d, /= 5.9 Hz, 0.5H), 4.88 - 4.80 (m, 1H), 444
4.36 (m, 1H), 423 (t, /= 9.5 Hz, 1H), 4.11 - 4.01 (m, 2H), 3.96 - 3.85 (m, 1H)}, 3.50 - 3.37
(m, 1H), 2.64 (s, 3H), 1.64 (t, /= 6.6 Hz, 3H), 1.26 ~ 1.11 (m, 6H). MS (EShH m/e [M+H]"
490.1.
Example 2
[0133] 1-(3-(1-(B-amineo-1-methylimidazo{1.5-a|pyrazin-3-yhethyl)}-3-chloro-6-flucro-2-

isppropoxybenzamido)eycloprepane-i-carboxylic acid (Cempound 2)
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3\ O}“NH 5}«1

%
[0134] The desired compound was prepared from compound 1-18 and ethyl 1-
aminocyclopropane- | -carboxylate in a similar manner to compound 1 in Example 1. '"H NMR
(400 MHz, DM30-46) 3 9.05 (s, 1H), 8.60 (s, 2H), 7.54 - 7.47 (m, 2H}, 6.95 (d, /= 5.8 Hz,
1H), 4.85(q, J=7.0Hz, 1H),4.78 - 4.67 (m, 1H), 2.64 (5, 3H), 1.61 (d, /= 7.0 Hz, 3H), 1.46
—1.38 (m, 1H), 1.15(d, J= 5.9 He, 3H), 1.10 — 1.01 {m, 5H). M8 (EST) m/e [M+H] 490.1.
Example 3
[9135] 3-(1-(B-amino-l-methylimidazo| 1,5 -a]pyrazin-3-yhethyl)-S-chloro-6-fluoro-2-

isopropoxyphenyD(3-hydroxyazetidin-1-yhmethanone (Compound 3)
NH;

N™ Ny

K\/N\{N cl
e

o e

10136] The desired compound was prepared from compound 1-18 and azetidin-3-o0l in a similar
manner to compound 1-11 in Example 1, 'H NMR (400 MHz, DMSO-d6) 8 7.39 - 7.33(m,
1H), 7.24 - 7.19 (m, 1H), 6.87 — 6.78 (m, 1H}, 6.46 (s, 2H), 5.90 ~ 5.80 (m, 1H), 4.81 - 4.73
(oo, 1H), 4.57 —4.45 (m, 1H}, 4.42 - 430 (m, 1H), 4.28 —-4.19 (m, 1H), 4.07 - 3.99 (m, 1H),
3.81 - 3.67 (m, 2H), 2.57 (s, 3H), 1.70 — 1.55 {m, 3H), 1.40 - 1.15 (m, 6H). MS (ESD) m/e
[M+177462.1.

Example 4

[0137) (3-(1-(B-amino-1-methylimidazo|1,5-a]pyrazin-3-yijethyl}-S-chioro-6-fluore-2-
isepropesyphenyl){(meorpholine)methanone (Compound 4}

NHz
N
N/\T/ y
N
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4 4A 4B
10138] The desired compound was prepared from compound 1-18 and morpholine in a similar
manner to compound 1-11 in Example 1. 'H NMR (400 MHz, DMSO-d6) § 7.46 (d, J= 8.7
Hz, 0.3H), 7.36 (d, /= 8.5 Hz, 0.7H)}, 7.26 (d, /= 5.0 Hz, 0.3H), 7.17 (d, /= 5.0 Hz, 0.7H},
6.86(d, /=50 Hz, 0.3H), 6.82 {d, J= 5.0 Hz, 0.7H), 6.53 — 6.42 (m, 2H), 4.81 —~4.70 (m, 1H),
445 -4.35 (m, 0.7H), 431 -4.21 (m, 0.3H), 3.79 - 3.55 (m, 4H), 3.55-3.46 (m, 2H), 3.15 ~
2.99 (m, 2H), 2.59 - 2.55 (m, 3H), 1.67 (4, /=7.1 Hz, ZH), 1.56 (d, /= 7.1 Hz, 1H}, 1.25{t, J
= 6.5 Hz, 4H), 1.17(d, /= 6.1 Hz, 1H), 0.99 (d, J = 6.0 Hz, 1H). MS (ESI) m/e [M+1]7476.1.
[0139] The compound 4 was separated by chiral columm to give compound 4A (peak 1, Sor R,
retention time (RT) at 8.78 min in chiral analysis, Method A) and compound 4B (peak 2, R or
S, retention time (RT) at 8,19 min in chiral analysis, Method A).
[0148] Compound 4A: 'H NMR (400 MHz, DMSO-d6) & 7.46 (d, J= 8.7 Hz, 0.3H), 7.36 (d, J
= 8.5 Hz, 0.7H), 7.26 (d,./= 3.0 Hz, 0.3H), 7.17(d, /= 5.0 Hz, 0.7H), 6.86 (d, /= 5.0 Hz,
0.3H), 6.82 (d, J= 5.0 Hz, 0.7H), 6.53 - 6.42 (m, 2H), 4.81 - 4.70 (m, 1H), 4.45 - 4.35 (m,
0.7H), 4.31 - 4.21 (m, 0.3H), 3.79 - 3.55 (im, 4H), 3.55 - 3.46 (m, 2H), 3.15 - 2.99 (m, 2H),
2.59 - 2.55(m, 3H}, 1.67(d, /="7.1 Hz, 2H), 1.56 (d, /= 7.1 Hz, 1H), 1.25 (1, /= 6.5 Hz, 4H},
1.17 (d, J= 6.1 Hz, 1H), 0.99 (d, /= 6.0 Hz, 1H). MS (EST) m/e [M+1]7476.1.
[0141] Compound 4B: 'H NMR (400 MHz, DMSO-d6) & 7.46 (d, J= 8.7 Hz, 0.3H), 7.35(d, J
=8.5Hz, 0.7H), 7.25(d, /= 5.1 Hz, 0.3H), 7.16 (d, /= 5.0 Hz, 0.7H}, 6.85 (d, /= 5.0 Hz,
0.3H), 6.82 (d, /= 5.0 Hz, 0.7TH), 6.53 — 6.42 (m, 2H), 4.81 —4.70 (m, 1H), 4.45 - 435 (m,
0.7H), 431 —4.21 (m, 0.3H), 3.79 - 3.55 (m, 4H), 3.55 - 3.45 (m, 2H), 3.14 - 3.00 (m, 2H),
259 -255(m,3H), 1.67(d, /=71 Hz, 2H), 1.56 (d, J=7.1 Hz, 1H), 1.25 (, /= 6.5 Hz, 4H),
1.17 (4, /= 6.1 Hz, 1H), 0.99 (d, /= 6.0 Hz, 1H). MS (ESD m/e [M+1]7476.1.

10142] The chiral separation conditions are shown below,

Column CHIRALPAK IG

Column size Zem < 25 emy Sum

Iojection 1 ML

Mobile phase Hex(0.2%I1P Amine :IPA=70:30
Flow rate 20 mL/min

Wave length UV 220 nm

Temperature 25 C

Sample solution 15.3mg/mL in DCM:EtOH=1:2
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Prep-HPLC equipment Prep- Gilson-HPLC

Example 5
19143} 3-(1-(B-amino-1-methylimidazoll,5-a]lpyrazin-3-yhethyh-S-chloro-6-fluore-N-(1~

{hydroxymethyheyclopropyl)-2-isopropoxybenzamide (Compound 5)

NH, NH,
N/ /< N7 /N
Sy N~g Ci
j\ R e
/ . \ A~
o
g NH
V0 <}\r
™
OH
5 5 3A 5B

10144] The desired compound was prepared from compound 1-18 and (1-
aminocyclopropylymethanol in a similar manner to compound 1-11 in Example I. '"HNMR
(400 MHz, DMSO-d5) 6 8.92 (s, 1H), 7.36 (d, /= 8.6 Hz, 1H), 7.23 (d, /= 5.1 Hz, 1H), 6.85
(d, /=50Hz 1H), 6.44 (5, 2H),4.75 (q. /=69 Hz, 1H),4.67 (t, /=5.6 Hz, 1H), 4.49 (dt, /=
10 12,1, 6.0Hz, 1H), 3.55(d, J=5.7Hz, 2H), 2.56 (s, 3H), 1.56 (d, /=7.1 Hz, 3H), 118 {d, J =
6.0 Hz, 3H), 1.08(d, /= 6.0 Hz, 3H), 0.78 (1, J= 5.7 Hz, 2H), 0.61 {, /=57 Hz, ZH). MS
(EShH /e [M+1]7476.4.
10145] The compound 5 was separated by chiral column to give compound 5A (peak 1. §,
retention time (RT) at 4.80 min in chiral analysis, Method A) and compound 8B (peak 2, |
15 retention time (RT) at 6.11min in chiral analysis, Method A).
[6146] Compound SA: 'H NMR (400 MHz, DMSO-d6) § 8.92 (s, 1H), 7.36 (d, /= 8.6 Hz,
1H), 7.23(d, /=51 Hz, 1H), 6.85(d, /=50 Hz, 1H)}, 6.44 (5, 2H),4.75 (g, / = 6.9 Hz, 1H),
4.67 (t,/=5.6Hz, 1H), 449 (dt, /= 12.1, 6.0 Hz, 1H), 3.55 (d, /= 5.7 Hz, 2H}, 2.56 (s, 3H),
1.56(d, /=7.1 Hz, 3H), 1.18(d, /= 6.0 Hz, 3H), 1.08 (d, /= 6.0 Hz, 3H), 0.78 (t, /= 5.7 Hz,
20 2H), 0.61 (1, J= 5.7 Hz, 2H). MS (EST) m/e [M+1]7476.4. The absolute (S) configuration of

chiral center in compound SA was confirmed by x-ray analysis of single crystal.
18147] Compound 3B: '"H NMR (400 MHz, DMSO-d6) 8 8.92 (s, 1H), 7.36 (d, J = 8.6 Hz,
TH), 7.23 (d, J=5.1 Hz, 1H), 6.85(d, /= 5.0 Hz, 1H), 6.44 (s, 2H), 4.75 (g, /= 6.9 Hz, 1H),

4,67 (t, = 5.6 Hz, 1TH), 4.49 (dt, J = 12.1, 6.0 Hz, 1), 3.55 (d, J = 5.7 Hz, 2H), 2.56 (s, 3H),
1.56 (d, J=7.1 Hz, 3H), 118 (d, J= 6.0 Hz, 3H), 1.08 (d, /= 6.0 Hz, 3H), 0.78 (t, J = 5.7 Hz,
2H), 0.61 (t, J = 5.7 Hz, 2H). MS (ESD mv/e [M+11 476 4.

[\
941

[0148] The chiral separation conditions are shown below,
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Column CHIRAL ART Cellulose-85B

Column size Zem < 25 cm, Sum

Injection 0.4 ML

Mobile phase Hex: EtOH=80:20

Flow rate 20mL/min

Wave length UV 220 nm

Temperature 25 C

Sample solution 21mg/mL in EtOH:DCM=3:1

Prep-HPLC equipment Prep- Gilson-HPLC
Example 6

[0149] (3-(1-(8-amino-1-methylimidaze[1,5-a|pyrazin-3-vljethyl)-5-chloro-6-fluoro-2-

isppropoxypheny{(5)-3-hydroxypyrrolidin-1-yhmethanone {Compound 6}
NH,

?A\A
ﬁ(

: (7

‘s,

OH
[0156] The desired compound was prepared from compound 1-18 and (S)-pyrrolidin-3-ol in a
similar manner to compound 1-11 in Example 1 . 'H NMR (400 MHz, DMSQ-d6) § 7.42 —
7.27 (m, 1H), 7.26 = 7.13 (m, 1H), 6.87 - 6.75 (m, 1H), 6.49 - 6.42 (m, 2H), 5.08 — 4.99 (m,
1H), 4.82 - 471 (m, 1H), 448 —~4.30 (m, 1.5 H), 4.30 - 4.19 (m, 0.5H), 3.68 - 3.38 {(m, 2H),
323 -3.04 (m, 1H), 3.03 - 2.92 {(m, TH), 2.60 - 2.55 (m, 3H), 2.04 - 1.72 (m, 2H), 1.66(d, ./ =
6.8 Hz, 2H), 1.54 {d, /= 6.5 Hez, 1H), 1.29-1.13 (m, 5H), 0.92 (dd, /= 12.8, 6.0 Hz, 1H). MS
(ESI) m/e [M+117476.1.
Example 7
19151] (3-(1-(B-amino-1-methylimidazo|1,5-a]pyrazin-3-yljethyl)-S-chloro-6-fluoro-2-

isepropexyphenyii(4-hydroxypiperidin- lmvi)methanﬂﬂe {Compound 7}

NHz

N" =

Lv“\;\/
\_

O

4
L3
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10152} The desired compound was prepared from compound 1-10 and piperidin-4-ol in a
sirnilar manner to compound 1-11 in Example 1. 'H NMR (400 MHz, DMSO-d6) § 7.36 - 7.27
{m, 1H), 717 - 7.12 (m, 1H), 6.84 (dd, ] = 5.0, 1.9 Hz, 0.3H}, 6.79 — 6.75 (m, 0.7H}, 6.17 (s,
2H), 4.80 - 4.68 (m, 1H), 4.64 - 4.28 (m, 2H), 4.17 — 4.09 (m, 0.4H), 4.07 - 3.96 (m, 0.4H),
3.95 - 3.87 (m, 0.3H), 3.84 - 3.66 (m, 1H), 3.48 — 3.39 (m, 0.3H), 3.39 - 3.24 (m, 0.7H), 3.24
~3.12 (m, 1H), 2.98 - 2.87 (m, 1H), 2.58 (s, 3H), 1.88 — 1.73 {m, 1H}, 1.71 — 1.65 (m, 3H),
1.58(d, J =7.0 Hz, 1H}, 1.48 - 1.35 (m, 2H), 1.28(d, J = 6.1 Hz, 1H}, 1.27 - 1.19 (m, 3.5H),
1.17{d, ] = 6.1 Hz, 0.5H), 1.04 (dd, J = 9.6, 6.1 Hz, 1H). MS (ESI) m/e [M+1]+490.1.
Example 8§

{0153 3-(1-(B-amino-1-methylimidazo[l,5-a]pyrazin-3-yljethyi}-S-chloro-6-flusro-2-

isopropexy-N-(2-methexyethylibenzamide (Compound 8)

N
N}ﬁ%ﬁ ol
N
e
F
NH
O d

oy
10154] The desired compound was prepared from compound 1-10 and 2-methoxyethan-1-
amine in a similar manner to compound 1-11 in Example 1. "H NMR (400 MHz, DMSO-d6) §
8.78 (t, /=54 Hz, 1H),7.38(d, /=86 Hz, 1H),7.25(d, /=5.0Hz, 1H), 6.85(d, /=5.0 Hz,
1H), 6.48 (s, 2H), 4.77 (g, J= 7.1 Hz, 1H), 4..52 - 4.45(m, 1H), 3.45 - 3.37 (m, 4H), 3.25 (s,
3H), 2.57 (s, 3H), 1.58¢d, J="7.1 Hz, 3H), 1.18(d, J= 6.0 Hz, 3H), 1.08 (d, /= 6.0 He, 3H).
MS (ESD m/e [M+1]7464.1,

Example 9

[9155] 3-(1-(B-amino-1-methylimidazof1,5-alpyrazin-3-yhethyh-S-chloro-6-fluoro-N-{((R})-

2-bydroxypropyl)-2-isoproposybenzamide (Compound 9)

NH,
N~
‘\QQN i
N e
/0 TN oy

10156] The desired compound was prepared from compound 1-18 and (R)-1-aminopropan-2-ol
in a similar manner to compound 1-11in Example 1. "H NMR (400 MHz, DMSO-d6} § 8.65
{t, /=506Hz 1H), 738(d, /=85 Hz, 1H),7.24(d, /=50 Hz, 1H), 6.85(d,J=4.4 Hz, 1H),



10

mmad
[

20

WO 2019/047915 PCT/CN2018/104559

6.42 (3, 2H), 4.81 —4.73 (1, 1H), 4.69 (d, /= 2.8 He, 1H), 4.53 —4.42 (m, 1H), 3.78 - 3.68
{(m, 1H), 3.27 = 3.18 (m, 1H), 3.15 - 3.05 (ru, T1H), 2.56 (s, 3H), 1.538 (d, /= 6.9 Hz, 3H), 1.18
(d,J=6.0Hz 3H), 1.11 ~ 1.05 (m, 6H). MS (EST) m/e [M+1]7464.1.

Example 10

10157] 3-(1~(8-amino-1-methylimidazo[l,5-alpyrazin-3-yhethyi)-5-chloro-6-fluoro-M-{(1-

hydroxycyvclopropylimethyl)-2-isopropoxybenzamide (Compound 16}

N,

N ==

P ol
\_F

10158} The desired compound was prepared from compound 1-18 and 1-
(aminomethyl)eyclopropan-1-ol in a similar manner to compound 1-11 in Exarple 1. 'H
NMR (400 MHz, DMSO-d6) 6 8.71 (t, /=57 Hz, 1H), 7.37(d,. /=86 Hz, IH). 724 (4, J =
5.0 Hz, 1H), 6.85(d, /= 5.1 Hz, 1H), 6.42 (s, 2H), 5.26 (s, 1H}, 4.77 (g, ./ = 6.9 Hz, 1H), 4.59
~4.52 {(m, 1H), 3.40 (d, /= 5.8 Hz, 2H), 2.57 (s, 3H), 1.58(d, /= 7.1 Hz, 3H), 1.19(d, /= 6.0
Hz, 3H), 1.09 (d, J= 6.0 He, 3H), 0.54 (s, 4H). MS (EST) m/e [M+1]7476.1.

Example 11

10158] 3-(1-(B-amino-1-methylimidazo|!l,5-a]pyrazin-3-yethyl}-S-chloro-N-cyclopropyl-

6-fluoro-2-isopropoxybenzamide (Compound 11}
N,

PN
l‘\\/}w”w ci

N F

/LO ~MH
N

10168} The desired compound was prepared from compound 1-18 and cyclopropylamine in a
sirnilar manner to compound 1-11 in Example 1. 'H NMR (400 MHz, DMSO-46) 8 8.72 (d, J
=41 Hz, 1H), 740 (d, J=R.6 Hz, 1H), 7.25 {(d, J = 5.0 He, 1H), 6.86 (d, J=4.9 Hz, 1H), 6.43
(3,2H),4.76 (g, /=7.0 Hz, 1H), 446 — 4.37 (m, 1H), 2.85 - 2.76 (im, 1H), 2.56 (s, 3H), 1.57
{d,J=7.0Hz 3H), 1.19(d, J= 6.0 Hz, 3H), 1.07 (d, /= 6.0 Hz, 3H), 0.70 (g, / = 6.5 Hz, 2H},
0.49 — 0.43(m, 2H). MS (ESI) m/e [M+1]7446.1.

Example 12
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10161} 3-(1-(8-amino-1-methylimidazofl,5-a]pyrazin-3-yhethyl)-S-chloro-6-fluoro-2-

isepropexy-N-phenyibenzamide (Compound 12}
NH;

NH

O@

[0162] The desired compound was prepared from compound 1-18 and aniline in a similar
manner to compound 1-11 in Example 1. 'H NMR (400 MHz, DMSO-d6) § 10.72 (s, 1H),
7.65(d, J=8.0Hz 2H), 7.52(d, J=8.6 Hz, 1H), 7.36 (t, /= 7.8 Hz, 2H), 7.30 (d, /= 5.0 Hz,
1H}, 713 (t,J="7.3 Hz, 1H), 6.87(d, J=4.9 Hz, 1H), 6.43 (s, 2ZH), 4.81 (g, /= 6.8 Hz, 1H]},
449 —4.39 (m, 1H), 2.57 (s, 3H), 1.61 (4, J=T7.0 He, 3H), 1.19(d, /= 6.0 He, 3H), 1.05(d, J
= 6.0 Hz, 3H). MS (ESD) /e [M+117482.1.

941

10 Example 13
19163} 3-(1-(B-amino-l-methylimidazo| 1,5 -a]pyrazin-3-yhethyl)-S-chloro-6-fluore-2-
isopropoxyphenyh{4,4-difluoropiperidin-1-yhmethanone {Compound 13)

N, NHQ
N = N”’ = SorR
K\/Njii Ci = Nj v
o N\ >~
& N J~F
13 13A 13B

[y
L]

[0164] The desired compound was prepared from compound 1-18 and 4,4-difluoropiperidine

in a similar manner to compound !-11 in Example 1. '"H NMR (400 MHz, DMSO-d6) 8 7.51 —
7.46 (m, 0.3H), 7.42 - 7.35 (m, 0.7H), 7.28 — 7.23 (m, 0.3H), 7.20 - 7.14 (m, 0.7H), 6.88 —

6.81 (m, 1H), 6.45 (s, 2H), 4.81 —4.70 (m, 1H), 4.34 —4.34 (m, 1H), 4.04 - 3.94 (m, 1H), 3.84
3.72 (m, TH)Y, 3.65 - 3.55 (my, 1H), 3.22 - 3.15 (m, TH), 2.57 (s, 3H), 2.18 — 1.87 (m, 4H),

20 171 - 1.65 (m, 2H), 1.60 — 1.54 (m, 1H), 1.27 - 1.20 {m, 4H), 1.17 - 1.12 (m, 1H), 1.00-0.95

(m, 1H). MS (ESDH m/e [M+1]7510.1.

[0165] The compound 13 was separated by chiral column to give compound 13A (peak 1, Sor

R, retention time (RT) at 8.65 min in chiral analysis, Method H) and compound 138 (peak 2, R

or 8, retention time (RT) at 11.06 min in chiral analysis, Method H}).
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[0166] Compound 13A: 'H NMR (400 MHz, DMSO-d6) 8 7.51 — 7.46 (m, 0.3H), 7.42 — 7.35
{m, 0.7H), 7.28 = 7.23 (m, 8.3H), 7.20 - 7.14 (im, 0.7H), 6.68 - 6.81 (m, 1H), 6.45 (5, 2H), 4.81
=470 (m, 1H), 4.34 - 434 (m, 1H), 4.04 - 3.94 (m, 1H), 3.84 - 3.72 (m, 1H), 3.65 - 3.55 (m,
1H), 3.22 - 3.15 (m, 1H}, 2.57 (s, 3H), 2.18 - 1.87 (m, 4H), 1.71 — 1.65 (m, 2H), 1.60 - 1.54
(m, 1H), 1.27 - 1.20 (m, 4H), 1.17 - 1.312 (m, 1H), 1.00 - 0.95 (m, 1H). MS (ESD m/e [M+117
510.1.

[0167] Compound 13B: 'H NMR (400 MHz, DMSO-46) § 7.48 (d, /= 8.6 Hz, 0.3H), 7.38 (d,

J=8.5Hz 0.7H), 7.25(d, /=47 Hz, 0.3H), 7.16 {(d, /= 4.9 Hz, 0.7H), 6.87 - 6.81 (m, 1H

6.44 (s, 2H), 4.80 — 4.70 (m, 1H), 4.44 — 4.34 (m, 1H), 4.03 - 3.93 (m, 1H), 3.84 - 3.72 (m,
1H), 3.65 — 3.55 (m, 1H), 3.22 — 3.15 (m, 1H), 2.57 (s, 3H), 2.18 — 1.86 (m, 4H), 1.67 (d, /=
7.0 Hz, 2H), 1.56 (d, J= 7.1 Hz, 1H), 1.23 (1, J= 5.7 Hz, 4H), 1.14 (d, J = 6.0 Hz, 11), 0.97 (d,
J=5.9 Hz, 1H). M8 (EST) m/e [M+1]7510.1.

10168] The chiral separation conditions are shown below.

Column CHIRAL ART Cellulose-SB
Colamn size Zem < 25 emy Sum
Injection 0.4 ML

Mobile phase Hex: EtOH=80:20

Flow rate 20mL/min

Wave length UV 220 nm

Temperature 25 C

Sample solution 2 1mg/mL in EtOH:DCM=3:1
Prep-HPLC equipment Prep- Gilson-HPLC

Example 14
[0169] 3-(1-(8-amino-1-methylimidaze[1,5-a]pyrazin-3-yhethyi)-5-chloro-6-fluero-N-

{15, 3R)-3-hydroxycyclopentyl)-2-isopropoxybenzamide (Compound 14)
NH, NH, Ay

\ \Nj F )\/\ ‘ f\r—
/o P o

14 14A 4B
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10178] The desired compound was prepared from compound 1-18 and (1R,35)-3-
aminocyclopentan-1-ol in a similar manner to compound 1-11 in Example 1. 'H NMR (400
MHz, DMSO-46) 6 8.70 (d, /= 7.3 Hz, 1H), 741 (d, /= 8.5 Hz, 1H), 7.31 (d, /= 5.1 Hz, 1H},
6.91 - 6.74 (m, 3H), 4.79 (q, /= 6.8 Hz, 1H), 4.61 (d, /= 3.8 Hz, 1H), 4.51 - 4.41 (m, 1H),
4.17 - 4.03 (m, 2H), 2.58 (s, 3H), 2.23 - 2.14 {m, 1H}, 1.90 - 180 (m, 1H), 1.76 — 1.64 (m,
1H), 1.64 — 1.49 (m, 5H), 1.42 - 1.32 (m, 1H), 1.19(d, /= 6.0 Hz, 3H), 1.07(d, /= 6.0 Hz,
3H). MS (ESD nv/e [M+17490.1.

[0171] The compound 14 was separated by chiral column to give compound 14A (peak 1, S or
R, retention time (RT) at 5.17 min in chiral analysis, Method 1) and compound 14B (peak 2, R
or 8, retention time (RT) at 8.01 min in chiral analysis, Method ).

[8172] Compound 14A: "H NMR (400 MHz, DMSO-d6) § 8.70 (d, /= 7.3 Hz, 1H), 7.41 (d, J
=8.5Hz, 1H), 7.31(d, /=51 Hz, IH), 6.91 - 6.74 (m, 3H), 4.79 (g, /= 6.8 Hz, 1H), 4.61 (4,
J=3.8 Hz, 1H), 4.51 —4.41 {m, 1H), 4.17 - 4.03 (m, 2H), 2.58 (s, 3H), 2.23 — 2.14 (m, 1H),
1.90 - 1.80 (m, 1H) 1.76 - 1.64 (m, 1H), 1.64 - 1.49 (m, 5SH), 1.42 - 1.32 (m, 1H), 1.19(d, /=
6.0 Hz, 3H), 1.07 (d, J = 6.0 Hz, 3H). MS (EST) m/e [M+1]7490.1.

[0173] Compound 14B: 'H NMR (400 MHz, DMSO-d6) § 8.69 (d, /= 7.3 Hz, 1H), 7.39(d, J
=8.5Hz, 1H), 7.28 (d, /= 5.1 Hz, 1H}, 6.87 (4, /=5.0 Hz, 1H), 6.68 (s, 2H), 4.78 (g, ./ = 6.8
Hz, 1H), 4.61(d, J=3.8 Hz, 1H),4.51 —4.41 (m, 1H), 417 -4.03 (m, 2H), 2.57 (s, 3H), 2.23
—2.14 (m, 1H), 1.90 - 1.80 (m, 1H), 1.76 — 1.64 (m, 1H), 1.64 — 1.49 (m, 5H), 1.42 - 1.32 (m,
1H), 1.19(d, /= 6.0 Hz, 3H), 1.08 (d, /= 6.0 Hz, 3H). MS (EST) m/e [M+1]7490.1.

10174] The chiral separation conditions are shown below.,

Column CHIRAL ART Cellulose-SB
Colurn size Zem % 25 cm, Sum
Injection 0.4 ML

Maobile phase Hex: EtOH=80:20

Flow rate 20mL/min

Wave length UV 220 nm

Temperature 25 °C

Sample solution 21mg/mL in EtOH:DCM=3:1
Prep-HPLC equipment Prep- Gilson-HPLC

Example 15
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10175] (§)-3-(1-(B-amno-1-methylimidazol 1 3-alpyrazin-3-yhethvl-5~-chloro-N-(1-

{ethoxymethvDevelopronyl-6-{luoro-2-isopropoxvbhenzamide (Compound 15)

NH,

10177} To a 2 L three-necked flask equipped with a magnetic stirrer was added 4-chloro-3-
fluorophenol (160 g, 1.1 mol) and acetvl chloride (129 g, 1.6 mmol). The mixture was stirred
for 1 h. Then aluminum chloride (219 g, 1.6 mmol) was added into the mixture in portions, The
mixture was heated to 160 °C and kept at 160 °C for 2 hrs. The mixture was cooled and diluted
with HCL (2 M, 500 mL). The resulting hot liquid was cooled and extracted with EtOAc (500
mbx3). The combined organic phase was washed with water (500 mL), and brine (500 mL),
dried over anhydrous sodivmm sulfate, filtered and concentrated to give the product (200 g,
crude) as a yellow solid, 'H NMR (400 MHz, CDCL) 6 12.48 — 12.41 (m, 1H), 7.78 (d, /= 8.1
Hz, 1H), 6.77 (d, /=103 Hz, 1H), 2.61 (s, 3H).

19178} Step 2: 1-(3-bromo-S-chlors-4-fluoro-2-hydroxvphenyilethan-1-one (15-2)

[0179] To a solution of 1-{5-chloro-4-fluoro-2-hydroxyphenyljethan-1-one (110 g, 583 mmol)
in DMF (1 L) was added NBS (114 g, 640 mmol) in portions, The mixture was stirred at room
temperature for 1 h. The mixture was diluted with water (3 L), extracted with EtOAc (1 Lx3).
The combined organic phase was washed with brine (1 Lx3), dried over anhydrous sodinm
sulfate, filtered and concentrated to give the product (150 g, crude) as a yellow solid. "H NMR.
(400 MHz, CD(C15) § 13.21 (d, /= 1.8 Hz, 1H), 7.80(d, /= 7.8 Hz, 1H), 2.66 (s, 3H).

[9180] Step 3:1-(3-bromo-5-chloro-4-fluore-2-isopropoxyphenvliethan-1-one (15-3)
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10181} To a solution of 1-(3-bromo-~5-chloro-4-fluore-2-hydroxyphenylethan-1-one (150 g,
560 munol) and 2-1odopropane (143 g, 841 mamol) in DMF (1 L) was added NaHCO: (71 g, 845
mmol}). The mixtare was stirred at 60 °C overnight. The mixture was cooled and diluted with
water (3 1}, extracted with FtOAc (1 Lx3). The combined organic phase was washed with
brine (1 Lx3), dried over anhvdrous sodinm sulfate, filtered and concentrated. The residue was
purified by silica gel column chromatography (clution with hexane / ethyl acetate = 50 /1) to
give the product (140 g, 80 %) as a yellow oil. '"H NMR (400 MHz, CDCI3)§7.57(d, J=8.2
Hz, 1H), 4.45 —4.39 (m, 1H), 2.61 (s, 3H), 1.31 (t, /= 6.7 Hz, 6H).

181821 Step 4: 2-(3-bromo-S-chlore-4-fluoro-2-isopropoxyphenyhipropanenitrile (15-4)
CN

Ci

O

)\\ Br
10183} 1-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyljethan-1-one (165g, 533mmol) in
DME (420 mL) was added TOSMIC(156g, 799mmol), the solution was stirred at 8 °C. a
solution of ~-BuQK (119.6g, 1066mmol} in ~BuOH (840 mL) was added to the above solution
by dropwise under N» and maintained the temperature below 10 °C, the resulting solution was
stirred at room temperature overnight. After completion, the reaction mixture was washed with
water (11.) and extracted with ethyl acetate (500mLx3), dried over MgSQy, filtered and
evaporated in vacuo, The residue was purified by colummn chromatography (PE/EA=20:1~10:1)
to give the product (118g, 69.2%) as vellow solid. "H NMR (400 MHz, CDCL) § 7.51 (d, J =
7.8 Hz, 1H}), 4.69 (dt, /=12.3,6.2 Hz, 1H),4.31(q, /=72 Hz, 1H), 1.56 (d, /= 7.2 Hz, 3H),
144 (d,/=6.2Hz, 3H), 1.30(d, J= 6.2 Hz, 3H).

18184] Step 5: 2-(3-bromo-3-chloro-4-flucro-2-isopropoxyphenvhpropancic acid (15-5)

[0185] 2-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenylipropanenitrile (118 g, 369 mmol) in
EtOH (307 mL) was added a.q. NaOH (6 N, 307 mL), the resulting solution was stirred at 100

°C overnight. After completion, the reaction was cooled to room temperature, adjusted pH to
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3~4 by addition of IN HCL extracted with ethyl acetate (500mLx3), the combined ethyl acetate
phrase was dried over MgSOu, filtered and evaporated to give the crude product (122 g, 97.4%)
as yetlow oil which was used in the next step without further purification. LC-MS (M-H) "=
336.9.

[8186] Sicp 6: (5)-2-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyvlpropanoic acid (15-6)

10187} 2-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyl)propanoic acid (122 g, 359 mmol)
and (1R,28)-1-amino-2,3-dihydro-1H-inden-2-0l (54 g, 359 mmol) in i-PrOH (500 mL) was
stirred at 100 °C for 1k, cooled io i, concentrated to afford crude salt, which was slurried in
PE/EA=10:1 (300mL) for 1~2h, undissolved solid was collected and refluxed in PE/EA/I-
PrOH=20:2:1(230 mL} for another 1h, the solid was collected by filtration and dried in vacuo
to give the chiral salt which was neutralized by addition of ag. HCIL (IN) to pH to 2~3,
extracted with ethyl acetate (200mLx3), dried over MgSOa.concentrated to afford the product
as yellow oil (44.2g, 36.2%). "H NMR (400 MHz, DMSO-d6), 8 12.59 (s, 1H), 7.52(d, J= 8.4
Hz, 1H),4.55(dt, /= 123,61 Hz, 1H),4.04 (g, /= 7.0, 1H), 1.38(d, /= 7.3 Hz, 3H), 1.34 ~
1.26 (m, 6H). LC-MS (M-H) " = 336.9. RetTime in chiral-HPLC: 2.61min. The absolute (5)
configuration of chiral center in compound 15-6 was confirmed by x-ray analysis of single
crystal.

[8188] Step 7: (25)-2-(3-bromo-S-chloro-4-{luoro-2-isopropoxyphenyl-N-(1-(3-chloropyrazin-

L

NH

2-vhethyDipropanamide (15-7)

10189} (8)-2-(3-bromo-5-chloro~-4-fluoro-2-isopropoxyphenyl)propanotc acid (52 g, 153
mmol}, 1-(3-chloropyrazin-2-yliethan-1-amine hydrochloride (29.7 g, 153 mmol), EDCI (43.9
g, 229.7 mmol}, HOBT (31 g, 229.7 mmol) and EtzN (49.5 g, 489.6 mmol} in DUM (500 mL)
was stirred at room temperature overnight under No. After completion , the reaction solution

was washed with H2O (500 mL}, extracted with BDCM (500 mLx3), combined DCM phase was
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dried over MgiQy, concentrated and purified by columin chromatography (PE/EA=10:1~-5:1) to
give the product (69g, 94% ) as yellow oil. LC-MS (M+H) ™ = 479.6,

[0198] Step 8: (5)-3-(1-(3-bromo-5-chlore-4-fluore-2-isopropoxvphenyhethyl)-&-chloro-1-

methvlimidazol 1. 5-alpvrazine (15-8)

10181] (25)-2-(3-bromo-5S-chioro-4-luoro-2-isopropoxyphenyl)-N-(1-(3-chloropyrazin-2-
yhethypropanamide (69 g, 144 mmol) in DCM (1 L) was added THO (89.4 g, 317 munol) by
dropwise at 0 °C, then pyridine (28.5 g, 360 mmol) was added by dropwise at 0 °C, TLC
showed the reaction was completed, H2O (500 ml) was added, extracted with DCM
(500mLx3), combined DCM phase was dried over MgS(h, concentrated to afford crude
product which was slurried in i-PrOH (60 mL) for 1~2h, filtrated to give pure product as white
solid (55 g, 83.4%). LC-MS (M+H) " = 461.9.

19192} Step 9: (5)-3-(1-(3-bromo-5-chloro-4-fluore-2-isopropoxvphenyhethyi)-1-

methvlimidazol 1 S-alpyrazin-8-amine (15-9)

10193} To a pressure tank equipped with a magnetic stirrer were added (8)-3-(1-(3-bromo-5-
chloro-4-fluoro-2-isopropoxyphenybiethyl)-8-chloro-1-methylimidazo[ 1,5-apyrazine (45 g,
97.6 mmol) and NHs in i-PrOH (w/w 30%, 300 mL, excess). Then the mixture was stirred at
90 °C for two days. The mixture was cooled and diluted with DCM (500 mL), washed with
water {100 mLx3), brine (100 mL), dried over Na»SO,4, filtered and concentrated to give the
product (41 g, 95%) as a yellow solid which was used in the next step without further
purification. 'H NMR (400 MHz, CBCl) 6 7.27(d, J = 7.6 Hz, 1H), 7.15(d, J = 5.1 Hz, 1H),
6.88 {d, J=5.0Hz, 1H), 478 - 4.69 (m, 2H), 2.72 (s, 3H), 1.80(d, ./ = 7.2 Hz, 3H), 1.49(d. J
= 6.2 Hz, 3H), 1.39(d, J= 6.2 Hz, 3H). LC-MS (M+H) " = 441.0, 443.0.
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18194} Step 10: (5)-6-(1-(R-amino-1-methylimidazol 1,3 -alpyrazin-3-yhiethv-2-bromo-4-

chlore-3-fluorophenol (15-14)

16195] To a mixture of (5)-3-(1-(3-bromo-5-chloro-4-fluoro-2-isopropoxyphenyljethyl}-1-
methylimidazo[1,5-ajpyrazin-R-amine (41 g, 92.8 mmol) in DCM (500 mL) was added BBr3
{70 g, 279 mmumol) by dropwise at 0 °C. Then the mixtare was stirred al room temperatore
overnight. The mixture was cooled to 0°C, and then quenched with MeOH (400 mL) carefully.
The mixture was concentrated, the residue was diluted with a mixture of DCM (500 mL) and /-
PrOH (100 mL). Then the mixture was washed with saturated NaHCO; solution (100 mLx2).
The organic layers were separated, washed with brine, dried over Na:SOy, filtered and
concentrated to give the product (38 g, 100%) as a yellow solid which was used for the next
step without further purification. '"H NMR (400 MHz, CDCL) § 7.18 (d, J= 5.2 Hz, 1H), 7.12
(d, /J=79Hz 1H),7.02(d,J=5.1Hz, 1H), 428 (g, /=73 Hz, 1H), 4.08 - 398 (m, 1H), 2.72
(3, 3H), 1.70(d, J= 7.3 Hz, 3H), 1.21 (d, J= 6.1 Hz, 6H). LC-MS (M+H} ™= 399.0, 401.0,

18196} Step 11 ethyl (5)-3-(1-(R-amino-1-methylimidazol 1.3-alpyrazin-3-yhethv-3-chloro-

S-fluoro-2-hvdroxvbenzoate (158-11)

10197] To a mixture of (§)-6-(1-(B-amino-1-methylimidazo[1,5-a]pyrazin-3-yijethyl}-2-
bromo-4-chloro-3-fluorophenol (38 g, 32.5 mmol} in EtOH (1000 mL) were added Pd{dpptiCl,
(3.5 g, 4.8 mmol) and NaOAc (11.7 g, 143 mmol). The mixture was degassed and refilied with
CO (1 atm). The mixture was stirred at 70 °C overnight. The mixture was cooled down and
concentrated in vacuo. The residue was diluted with water (200 mL), extracted with EtOAc
{200 mLx3). The combincd organic phase was washed with brine, dried over NaxSOy, filtered

and concentrated. The residue was purified by column chromatography (DCM / McOH from
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DCM 100% 1o 20/ 1) to give the product (32 g, 82%) as a yellow solid. 'H NMR (400 MHz,
CDCLY 0 7.28 =724 (m, 1H), 7.07¢d, J=5.1 Hz, I1H), 6.85 (d, J= 5.1 Hz, 1H), 5.30 (s, 1H)},
4.8V (g, =7.1Hz, 1H),4.48¢q,./= 7.1 Hz, 2H), 2.75 (s, 3H), 1.74 (d, /= 7.1 Hz, 3H), 1.43
(t,J=7.1 He, 3H). LC-MS (M+H) 7= 393.1,

{9198} Step 12: ethyl (8)-3-(1-(8-amino-1-methylimidazo{ 1, 5-¢lpyrazin-3-yliethvl)-3-chloro-

6-fluoro-2-isopropoxvbenzoate {15-12)

NH,

NN

10199] ethyl (8)-3-(1-(8-amino-1-methylimidazo{1,5-apyrazin-3-yhethyl}-5-chloro-6-flucro-
2-hydroxybenzoate (32 g, 81.5 mumol), -PrOH (24.4 g, 406.7 mmol}, PPha(49.1 g, 187.5
mmol) in toluene (400 mL) was added di-fert-butyl (£)-diazene-1,2-dicarboxylate (43.2 g,
187.5 mmol) at room temperature. The resulting solution was stirred at 60 °C for 3 hrs under
No. After completion, the reaction mixture was concentrated in vacuo, washed with HoO (500
mk.), extracted with EtOAc¢ (500 mLx3), combined EtOAc phase was dried over MgSQOy,
purified by column chromatography { PE/EA=20:1) to give the product (25.4 g, 71.8%) as
yellow solid. LC-MS (M+H) "= 4351,

[0268] Step 13: (5)-3-(1-(R-amino-1-methylimidazol1,5-¢lpyrazin-3-yhethy-5-chlorg-6-

fluoro-2-isonropoxvbhenzoic acid (15-13)

10261] ethyl (8)-3-(1-(8-amino-1-methylimidazo{1,5-apyrazin-3-yhethyl}-5-chloro-6-flucro-
2-isopropoxybenzoate (25.4 g, 58.5 mmol) in MeOH (100 mL) and H2O (100 mL) was added
MNaOH (18.7g, 468 mmol), the resulting solution was stirred at room temperature overnight.
After completion, the reaction solution was concentrated in vacuo to remove most of the
Me(OH, remaining solution was extracted with EtOAc(100 mLx2) , the aqueous phase was

adjusted pH to 2~3, blown solid was precipitated, collected by filtration, dried in vacuo to give
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the product (15.8 g}, the agueous phase was extracted with DCM (100mLx5), combined DCM
phase was dried over MgSO0;4 and councentrated in vacuo to give another part of product (2.2 g),
total yield (18 g, 75.6%). 'H NMR (400 MHz, DMSO-d6) 8 7.78 (brs, 2H), 7.40 - 7.32 ( m
2H), 6.93(d, /=53 Hz, 1H), 480 (g, /= 7.0 Hz, 1H}, 4.55(dt, /= 12.1, 6.0 Hz, 1H), 2.60 (s,
3HY, 160 (d, J=7.0 Hz, 3H), 1.20(d, /= 6.0 Hz, 3H), 1.13 (d, /= 6.0 Hz, 3H). LC-MS
(M+H) "™ = 407.1.

[9262] Step 14: (5)-3-(1-(8-amino-1-methylimidazo[1.5-alpyrazin-3-ylethvi)-5-chlorg-N-(1-

{ethoxvmethvDcevelopropyl)-6-fluore-2-isopropoxyvbenzamide (15-14)

NH,
A,
Ny
\(@_ e
SN

10263] To a solution of (8)-3-(1-(8-amino-1-methylimidazof 1,5-a|pyrazin-3-yljethyl}-5-
chloro-6-fluoro-2-isopropoxybenzoic acid (100 mg, 0.25 nmumol) and 1-
(ethoxymethyllcyclopropan-1-amine hydrochloride (60 mg, 0.4 mmol) in DMF (10 mL) were
added EtzN (125 mg, 1.25 mmol) and PyBop (210 rug, 0.4 mmol). The mixture was stirred at
room temperature for 1 h. The mixture was dilated with water (30 mL), extracted with EtOAc
(30 mLx3). The combined organic layers were washed with water (50 mLx2) and brine (50
ml), dried over Na»SOa, filtered and evaporated. The residue was purified by thin layer
chromatography (DCM/MeOH = 15/1) to give the product (90 mg, 71%). 'H NMR (400 MHz,
DMSO-d6) 5 8.98 (brs, 1H), 7.36 (d, /= 8.9 Hz, 1H), 7.24 (brs, TH), 6.86 {brs, 1H), 6.44 (brs,
2H), 4.77 (brs, 1H), 4.51 (brs, 1H}, 3.56 - 3.41 {(m, 4H}, 2.57 (s, 3H), 1.58 (brs, 3H), 1.19 (brs,
3H), 1.09 (brs, 6H), 0.77 (brs, ZH), 0.70 (brs, 2H). LC-MS (M+H) ™ = 504.2. RetTime in
chiral-HPLC: 2.75 min, Method J.

Example 16

10204] (8)-3-(1-(8-amino-1-methylimidazo{1,5-a|pyrazin-3-yhethyl)-5-chloro-N-(2-

{dimethylaminojethyl}-6-flucre-2-isopropoxybenzamide (Compound 16)
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[0265] This compound (50.3 mg, 21.4%) was prepared from compound 15-13 and N' N'-
dimethylethane-1,2-diamine in a similar manner to compound 15-14 in Example 15. '"H NMR
{400 MHz, DMSO-46) 8 8.66 (t, /=55 Hz, 1H), 7.38(d, /= 8.6 Hz, 1H), 7.25(d, /= 5.0 Hz,
1H), 6.85(d, J=5.0Hz, 1H), 6.43 (5,2H),4.77 (q, /= 7.0 Hz, 1H), 4.52 (dt, /= 12.2, 6.1 Hz,
1H}, 3.35-3.25 (m, 2H), 2.56 (s, 3H), 2.37 (s, 2H), 2.17 (s, 6H), 1.58 (d, J=7.1 Hz, 3H), 1.18
(d, J= 6.0 Hz, 3H), 1.08 (d, /= 6.0 Hz, 3H). LC-MS (M+H)" = 477.2. RetTime in chiral-
HPLC: 4.34 min, Method A,

Example 17

[9206] (3-((5)-1-(8-amine-1-methylimidazo{l,5-g}pyrazin-3-yhethyl}-5-chioro-6-fluoro-2-
isopropoxyphenyD{(&)-2-(methoxymethyhpyrrelidin-1-yhimethanone (Compound 17)

[0267] This compound (26.4mg, 10.6%) was prepared from compound 15-13 and (8)-2-
(methoxymethylypyrrolidine in a similar manner to compound 15-14 in Example 15. '"H NMR
(400 MHz, DM30-d46) 3 7.43 - 7.29 (m, 1H), 7.27 - 7.16 (m, 1H), 6.90 - 6.75 (m, 1H), 6.56 -
6.34 (m, 2H), 4.76 (dd, /= 13.8, 7.0 He, 1H), 439 (ddd, J=24.1,12.2, 6.0 Hz, 1H), 3.73 -
3.41 (m, 3H), 3.33 - 3.27 (m, 3H). 3.22 - 3.10 (m, 1H), 3.00 - 2.80 (m, 1H), 2.62 — 2.54 (m,
3H), 2.02 - 1.72 (o, 4H), 1.70 - 1.63 (m, 3H), 1.30 — 1.15 (m, 6H). LC-MS (M+H) " = 504.2,
RetTime in chiral-HPLC: 4.36 min and 4.82 min, Method C.

Example 18
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10208] (8)-3-(1-(8-amino-1-methylimidazo{1,5-a|pyrazin-3-yhethyl)-5-chloro-6-flucro-N-
{4-fluorophenyl})-2-isopropexybenzamide (Compound 18)

[0269] This compound (8mg, 6.5%) was prepared from compound 15-13 and 4-fluoroaniline
in a similar manner to compound 15-14 in Example 15. '"H NMR (400 MHz, DMSO-d6) §
10.79 (s, 1H), 7.75 - 7.62 (m, 2H), 7.57 - 7.30 {m, 2H), 7.28 — 7.05 (m, 3H}, 6.92 — 6.68 (m,
2H), 4.89 - 4.75 (m, 1H), 4.48 - 4.36 (m, 1H), 2.60 — 2.54 (m, 3H), 1.69 - 1.51 (m, 3H), 1.20 -
111 {m, 3H), 1.07 - 0.98 (1, 3H). LC-MS (M+H) " = 500.1 RetTime in chiral-HPLC: 4,10
min, Method C.

Example 19

10218} (&»(3-(1-«{8-amino-1~-methylimidazo]l,5-a]pyrazin-3-yhethyl}-S-chioro-6-fluoro-2-

isopropoxyphenyi}{4-methoxypiperidin-i-ylmethanone (Compound 19)

10211} This compound (36.4 mg, 14.6%) was prepared from compound 15-13 and 4-
methoxypiperidine in a similar manner to compound 15-14 in Example 15. 'H NMR (400
MHz, DMSO-d6) 6 7.47 - 7.13 (m, 2H), 6.89 - 6.75 (m, 1H), 6.74 - 6.47 (m, 2H), 4.86 — 4.67
{m, 1H), 448 - 4.23 (m, 1H), 4.19 - 3.71 {m, 1H), 3.60 - 3.36 (m, 2H}, 3.29 - 3.23 (m, 3H),
321 -2.89 (m, 2H), 2.62 - 2.55 (m, 3H), 2.01 — 1.29 (m, 7TH), 1.29 — 0.94 (m, 6H). LC-MS
(M~+H) " = 504.2. RetTime in chiral-HPLC: 4.35 min, Method C.
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Example 20
[9212] 3-({5)-1-{8-amine-1-methylimidazo{l,5-g}pyrazin-3-yhethyl}-5-chioro-6-fluore-2-

isopropoxyphenyD{(&)-3-hydroxypiperidin-1-vimethanone (Compound 20)
NH,

N

(o
ne
‘ ch

labe.

N OH
[ &

Q

5 [0213] This compound (31mg, 12.8%) was prepared from compound 15-13 and (S)-piperidin-
3-0l in a similar manner to compound 15-14 in Example 15, "H NMR (400 MHz, DMSO-d6) 8
7.46 - 7.10 (m, 2H), 6.90 - 6.76 (m, 1H), 6.72 - 6.42 (m, 2H}, 5.15 ~ 4.65 (m, 2H), 4.51 - 4.26
(m, 1H), 3.24 - 2.90 (mm, ZH), 2.89 - 2.64 (m, 2H), 2.61 - 2.55 (m, 3H), 2.01 - 1.71 (m, 1H},
171 - 1.61 (m, 3H), 1.59 - 1.53 (m, 1H), 1.42 - 1.31 (m, 2H}, 1.30 - 1.12 (m, 6H). LC-MS

10 (M+H)" =490.2. RetTime in chiral-HPLC: 5.68 min, Method €.

Example 21
19214} 3-((5)-1-(8-amine-1-methylimidaze|1,5-a|pyrazin-3-yhethyl)}-S-chioro-6-fluore-2-

isopropoxy-N-{(&)-1-phenviethyhbenzamide (Compound 21}

15 [#5215] This compound (46 mg, 36.5%) was prepared from compound 15-13 and (§)-1-
phenylethan-1-amine in a similar manner to compound 15-14 in Example 15. '"H NMR (400
MHz, DMSO-d6) 6 9.21 (4, /= 8.1 Hz, 1H}, 7.46 (d, /= 8.5 Hz, 1H}, 7.42 - 7.30 (m, 5H),
728 -7.17 (m, 2H}, 691 (d, /=52 Hz, 1H), 510 (p, J=7.0 Hz, 1H), 4.79 (q, /= 6.8 Hz,
1H), 4.27 (dt, /= 12.0, 6.0 Hz, 1H}, 2.58 (5, 3H), 1.57 (d, /= 7.0 Hz, 3H), 140 (d, /=7.0 Hz,
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3H), 1.03(d, J = 6.0 Hz, 3H), 0.86 (d, J = 5.9 Hz, 3H). LC-MS (M+H) " = 509.8.. RetTime in
chiral-HPLC: 2.67 win, Method F.

Example 22

19216} 3-((5)-1-(8-amino-1-methylimidazol1,5-alpyrazin-3-yhethyl)-5-chioro-6-fluoro-2-
isopropoxy-N-({(R)-1-phenylethyhbenzamide (Compound 22)

10217} This compound (26mg, 20.7%) was prepared from compound 15-13 and (R)-1-
phenylethan-1-amine in a similar manner to compound 15-14 in Example 15. '"H NMR (400
MHz, DMS0-d6) 6 9.21 (d, /= 8.1 Hz, 1H), 747 (d, J=8.6 Hz, 1H), 7.41 - 7.31 {(m, 5H),
7.30-7.09 (m, 2H), 6.90 (d, J= 5.3 He, 1H), 5.09 (p, /= 7.0 Hz, 1H),4.79 (g, /= 6.9 Hz,
1H), 4.28 - 4.16 (m, 1H), 2.58 (s, 3H), 1.56 (d, /= 7.0 Hz, 3H), 1.40 (d, J= 7.0 Hz, 3H), 1.01
{d, J= 6.0 Hz, 3H), 0.87 (d, J= 6.0 Hz, 3H). LC-MS (M+H) " = 509.8. RetTime in chiral-
HPLC: 5.35 min, Method A

Example 23

10218] 3-((5)-1-(8-amino-1-methylimidaze{1,5-a{pyrazin-3-ylethyi}-5-chloro-6-fluoro-V-

{{1R.28)-2-hydroxycyciopentyl}-2-isopropexybenzamide (Compound 23}
NH,

\f:}

s

=
L

&

L OH

10219} This compound (14.1mg, 11.7%) was prepared from compound 15-13 and (15,2R)-2-

aminocyclopentan-1-ol in a similar manner to compound 15-14 in Example 15, "H NMR (400
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MHz, DMSO-d6) 6 8.29(d, /=74 He, 1H), 7.35(d, /= 8.6 Hz, 1H), 7.24(d, /= 5.1 Hz, 1H),
6.85(d,J=5.0Hz 1H), 6.53 (s,2H),4.77(q, /= 7.4 Hz, 1H), 4.61 —4.47 (m, 2H), 4.08 —
3.94 (m, 2H), 2.57 (3, 3H), 1.92 — 1.67 (m, 3H}, 1.65 ~ 1.44 (m, 6H), 1.19 (d, J = 6.0 Hz, 3H),
1.11 (d, J= 6.0 Hz, 3H). LC-MS (M+H) ™ = 489.8. RetTime in chiral-HPLC: 4.63 min, Method
A,

Example 24

10226] 3-({(8)-1-(B-amino-1-methylimidazo]1,5-glpyrazin-3-yhethyl}-S-chioro-6-flusro-2-

isopropoxy-N-((($)-tetrabydrofuran-2-yhimethyhbenzamide (Compound 24)

10221} This compound (20.63mg, 17.1%) was prepared from compound 15-13 and (5)-
{tetrahydrofuran-2-ylymethanamine in a similar manner to compound 15-14 in Example 15. 'H
NMR (400 MHz, DMSO-d6) 6 8.78 (t, /=58 Hz, 1H), 741 (d,J=8.6 Hz, 1H), 7.32(d, /=
5.3 Hz, 1H), 6.90 (s, 2H), 6.88(d, /=52 Hz, 1H),4.79(q, /= 7.0 Hz, 1H), 4.49 (dt, J=12.1,
6.0 Hz, 1H), 3.92 (p, /=63 He, 1H), 3.75(dd, /=140, 7.2 Hz, TH), 3.61 (dd, /=14.5,73
Hz, 1H), 3.31 - 3.26 (m, 2H), 2.58 (5, 3H), 1.96 — 1.74 (m, 3H), 1.64 — 1.50 (m, 4H), 1.18{d, J
= 6.0 Hz, 3H), 1.08 (d, J= 6.1 Hz, 3H). LC-MS (M+H) " = 489.8, RetTime in chiral-HPLC:
5.52 min, Method A,

Example 25

192221 3-((5)-1-(8-amino-1-methylimidazo}l1,5-alpyrazin-3-yhethyl}-5-chloro-6-flusro-V-

{{15,2R)-2-hydroxycyciopentyl)-2-isopropoxybenzamide (Compound 25}
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10223} This compound (23.32mg, 19.3%) was prepared from compound 15-13 and (1R,25)-2-
aminocyclopentan--ol in a similar manner to compound 15-14 in Example 15, 'H NMR (400
MHz, DMSO-d6) 6 8.34 (d, J=7.1 He, 1H), 7.57 (s, 2H), 7.46 — 7.38 (m, 2H), 6.93 (d, /=54
Hz, 1H), 4.82(q. /= 6.8 Hz, 1H). 4.60 (d, /= 2.7 He, 1H), 4.52 (dt, /= 11.9, 5.9 Hz, 1H), 4.01
{brs, 2H}, 2.60 (s, 3H), 1.90 — 1.65 (m, 3H), 1.64 - 1.43 (m, 6H), 118 (d, /= 6.1 Hz, 3H), 1.04
(d, /=359 Hz, 3H). LC-MS (M+H) ™ = 489.8. RetTime in chiral-HPLC: 4.68 min, Method A
Example 26

19224} (33-3-(1-(8-amino-{-methylimidaze|1.5-alpyrazin-3-yhethyl)-5-chioro-6-fluore-2-

isopropoxy-N-(2-(tetrahydro-2H-pyran-d-yhethvhbenzamide (Compound 26)
NH

2

M=

<L =N
/( ;’ ’*\\Vc:

o KIJA
F
L

[0225] This compound (15mg, 11.8%) was prepared from compound 15-13 and 2-(tetrahydro-
2H-pyran-4-yljethan-1-amine in a similar manner to compound 15-14 in Example 15. 'H NMR
{400 MHz, DMS0O-d6) 6 8.66 (1, J =55 Hz, 1H), 741 (d, /= 8.6 Hz, 1H), 7.29 (d, /= 5.1 Hz,
1H), 6.87 (d, J=4.9 Hz, 1H), 6.65 (s, 2H), 4.78 (q, /= 7.0 Hz, 1H), 4.45 (dt, /= 12.1, 5.9 Hz,
1H), 3.93 - 3.74 (m, 2H}, 3.34 - 3.15 (m, 3H)}, 2.57 (s, 3H), 1.65 — 1.50 (m, 6H), 1.47 - 1.37
(m, 2H), 1.27 - 1.12 (m, 5H), 1.08 (d, J = 6.0 Hz, 3H). LC-MS (M+H) " = 517.8. RetTime in
chiral-HPLC: 6.39 min, Method A
Example 27
19226] (5)-3-(1-(8-amino-1-methylimidaze|1,5-a|pyrazin-3-yhethyl}-S-chioro-6-fluore-2-

isepropexy-NV-methylbenzamide (Compound 27)
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102271 This compound (11mg, 10.6%) was prepared from compound 15-13 and methanamine
in a manner similar to similar manner to compound 15-14 in Example 15. '"H NMR (400 MHz,
DMSO-d6) 8 8.60 (1, J=4.7 Hz, 1H), 740 (d, /= 8.6 Hz, 1H), 7.26 (d, /= 5.1 Hz, 1H), 6.87
{d,/=5.0Hz 1H}, 6.58(s,2H),4.77 (q, /= 7.0 Hz, 1H), 439 (dt, /= 12.1, 6.0 Hz, TH}, 2.75
(d, /J=4.6 Hz, 3H), 2.57 (5, 3H), 1.58 (d, J=7.1 Hz, 3H), 1.19(d, /=6.1 Hz, 3H), 1.09(d, /=
6.1 Hz, 3H). LC-MS (M+H) " = 419.8. RetTime in chiral-HPLC: 4.44 min, Method A
Example 28

[9228] (5)-3-(1-(8-amino-1-methylimidazol1,5-glpyrazin-3-yhethyl}-5-chioro-6-flusro-2-

isopropoxy-N-ethyl-benzamide (Compound 28)

[10229] This compound (36.1mg, 33.8%) was prepared trom compound 15-13 and cthanamine
in a similar manner to compound 15-14 in Example 15. 'H NMR (400 MHz, DMSO-d5) & 8.68
(t,J=5.3 He, 1H), 741 (d, J=8.6 Hz, 1H), 728 (d, /= 5.1 Hz, 1H), 6.87 (d, /=51 Hz, 1H),
6.60 (s, 2H),4.78 (q, /= 7.1 Hz, 1H), 445 (dt, J=12.1, 6.0 He, 1H), 3.28 - 3.18 (m, 2H), 2.57
(s, 3H}, 1.58 (d, J=7.1 Hz, 3H), 1.19(d, /= 6.0 Hz, 3H), 1.13 - 1L.04 (m, 6H). LC-MS (M+H)
"= 433 8 RetTime in chiral-HPLC: 5.12 min, Method A

Example 29

10238] (83-3-(1-(B-amino-1-methylimidazo]1,5-glpyrazin-3-yhethyl}-S-chioro-6-flusro-2-

isopropoxy-V-(4-methoxyphenvlbenzamide (Compound 29)
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10231} This compound (35mg, 18.2%) was prepared from compound 15-13 and 4-
methoxyaniling in a similar manner to compound 15-14 in Exarple 15. 'H NMR (400 MHz,
DMSO-d6) 6 10.60 (s, TH), 7.60 - 7.50 (m, J=8.7,4.2 Hz, 3H), 743 (d, /= 5.4 Hz, 1H), 7.39
(s, 2H}, 6.98 — 6.87 (m, 3H), 4.85 (g, /= 6.9 Hz, 1H), 445 (dt, /= 12.1, 6.2 Hz, 1H), 3.74 (5,
3H), 2.60 (s, 3H), 1.61(d,./=7.1 Hz, 3H), 1.18(d, /= 6.1 Hz, 3H), 1.04 (d, /= 6.1 Hz, 3H).
LC-MS (M+H) " = 511.8. RetTime in chiral-HPLC: 3.97 min, Method B

Example 3¢

19232} (83-3-(1-(8-amino-1-methylimidaze|1,5-a|pyrazin-3-yhethyl}-S-chioro-6-fluoro-2-

isepropexy-N-{{1-methyipiperidin-4-ylimethyi}benzamide (Compound 36}

NH,
N
-
N P
el
Ly
0 —,
,/i\ F
07
N

10233] This compound (13mg, 10.2%} was prepared from compound 15-13 and (1-
methylpiperidin-4-yl)methanamine in a similar manner to compound 15-14 in Example 15. 'H
NMR (400 MHz, DMSO-d6) & 10.50 (brs, 1H), 8.84 (t, ./ = 5.8 Hz, 1H), 7.63 (brs, 1H}, 7.50
(d,/=8.5Hz, 1H), 744 (d, /=55 Hz, 1H), 6.96 (d, /=54 Hz, 1H), 4.82 (g, /=6.9 Hz, 1H),
443 (dt, J=11.8, 6.0 Hz, 1H), 3.43 —3.34 (m, 2H), 3.18 —= 3.05 (m, 2H), 2.96 — 2.82 {(m, 2H),
2.68 (s, 3H), 2.59 (s, 3H), 1.84 (d, /=133 Hz, 2H), 1.78 — 1.65 (m, 1H), 1.59(d, /=7.0 Hz,
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3H), 1.54 — 1.39 (1, 2H), 1.18 (d, /= 6.0 Hz, 3H), 1.07 (d, J = 6.0 Hz, 3H). LC-MS (M+H) " -
516.8. RetTime in chiral-HPLC: 2.78 min, Method B

Example 31

19234] 3-((5)-1-(8-amino-1-methylimidazol1,5-alpyrazin-3-yhethyl)-5-chioro-6-fluoro-2-
isopropoxy-N-{{({(R)-tetrahydrofuran-2-yhHmethyhbenzamide (Compound 31)

NH,
==

ﬁ fﬂj}f_)\(}

102358] This compound (8mg, 6.6%) was prepared from compound 15-13 and (R)-
{tetrahydrofuran-2-ylymethanamine in a similar manner to compound 15-14 in Example 15. 'H
NMR (400 MHz, DMSO-d6) 8 8.78 (t, /= 5.7 Hz, 1H), 7.40(d, /= 8.6 Hz, 1H}, 7.28(d, /=
5.1 Hz, 1H}, 6.87(d, J= 5.1 Hz, 1H), 6.65 (s, 2H), 4.78 (g, /= 6.9 Hz, 1H), 448 (dt, /= 12.2,
6.1 Hz, 1H), 3.92 (dt, /= 12.0, 6.4 Hz, 1H), 3.75(dd, /= 14.2, 7.0 Hz, 1H), 3.61 (dd, /= 14.4,
7.3 Hz, 1H}),3.35-3.22 (m, 2ZH), 2.57 (s, 3H), 1.97 - 1.73 (m, 3H), 1.63 — 1.51 (m, 4H), 118
(d,J= 6.1 Hz, 3H), 1.08 (d, /= 6.0 Hz, 3H). LC-MS (M+H)" = 489.8. RetTime in chiral-
HPLC: 3.49 min, Mcthod B

Example 32

19236] (5)-3-(1-(8-amino-1-methylimidazol1,5-alpyrazin-3-yhethyl)-5-chioro-6-fluoro-2-

isopropoxy-N, N-dimethylbenzamide (Compound 32)
NH,
N

10237} This compound (26mg, 24.4%} was prepared from compound 15-13 and dimethylamine
in a similar manner to compound 15-14 in Example 15. "H NMR (400 MHz, DMSO-d6) § 7.53
- 6.97 (m, 4H), 6.94 - 6.79 (m, 1H), 4.86 —4.73 (m, 1H), 4.42 - 4.15 (m, 1H), 3.08 - 2.97 (1,
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3H), 2.91 - 2.71 (m, 3H), 2.59 (s, 3H), 1.75 = 1.51 (m, 3H), 1.30 - 0.92 (m, 6H), LC-MS
(M+H) " = 433.8. RetTime in chiral-HPLC: 4.05 min and 4.01 min, Method B
Example 33
19238] (5)-3-(1-(8-amino-1-methylimidazol1,5-alpyrazin-3-yhethyl)-5-chioro-6-fluoro-2-

isopropoxy-N-(pyridin-2-yimethyl)benzamide ({Compound 33}
NH2

[10239] This compound (103 mg , 83.1 %) was prepared from compound 15-13 and pyridin-2-
yimethanamine in a similar manner to compound 15-14 in Example 15. '"H NMR (400 MHz,
DMSO-d6) & 9.33 (brs, 1H), 8.51 (brs, 1H), 7.83-7.79 (m, 1H), 7.48-7.45 (m, 1H), 7.40-7.34
{m, 2H), 7.30-7.28 (m, 1H), 7.18 (brs, 2H), 6.91~ 6.90 (m, 1H), 4.81-4.79 (m, 1H), 4.52 (brs,
2H), 4.42-4.40 (m, 1H), 2.59-2.38 {(m, 3H), 1.60- 1.58 (im, 3H), 1.12-1.10 (m, 3H), 0.99-
0.98 (m, 3H). LC-MS (M+H) +=497.2, RetTime in chiral-HPLC: 2.83 min, Method E
Example 34

[0246] 3-((8)-1-(B-amino-1-methylimidazo]l,5-alpyrazin-3-yhethyl}-5-chioro-6-flusro-2-

isopropoxy-N-{({({(R)-tetrahvdrofuran-3-ymethylibenzamide (Compound 34)
M2

N~ cl
N }i\m?‘:
O
NH
~
o
10241] This compound (93.8 mg, 81,7 %) was prepared from compound 15-13 and (R)-
(tetrahydrofuran-3-ylymethanamine in a similar manner to compound 15-14 in Example 15. 'H
NMR (400 MHz, DMSO-d6) & B.83 (brs, 1H), 7.47-7.45 (m, 1H), 7.38-7.37 (m, 1H), 7.18~
7.07 (brs, 2ZH), 6.91-6.90 (m, 1H), 4.81-4.77 {m, 1H), 4.44~ 4.41 {(m, 1H}, 3.75-3.59 (m, 3H),

343~ 3.40 (m, 1H), 3.21-3.17 (m, 2H), 2.58 {(brs, 3H}, 2.44- 2,40 (m, 2H), 1.95-1.91 (m,
1H), 1.59-1.58 (m, 3H}, 1.07- 1.06 (m, 3H). LC-MS (M+H) + = 490.2, RetTime in chiral-

HPLC: 2.59 min, Mcthod E

75



(3}

10

15

WO 2019/047915 PCT/CN2018/104559

Example 35
[9242] 3-({S)-1-(8-amino-1-methylimidazoll,5-alpyrazin-3-yhethyl}-S-chioro-6-flusro-2-
isopropoxy-N-{{(S)-tetrahyvdrofuran-3-yhmethyhbenzamide (Compound 35)

10243} This compound (93.0 mg, 78.2 %) was prepared from compound 15-13 and (5)-
(tetrahydrofuran-3-ylymethanamine in a similar manner to compound 15-14 in Example 15. 'H
NMR (400 MHz, DMSO-d6) & B.83-8.80 (1, 1H), 7.45-7.43 (d, ] = 8.4 Hz, 1H), 7.33-7.32 (d,
J=3572Hz, 1H), 6.89-6.87 (d, J = 5.2Hz, 1H), 6.83(brs, 2H), 4.82-4.76 (m, 1H), 447~ 4.41
{(m, 1H), 3.75- 3.59 (m, 3H), 3.45-3.40 (m, 1H), 3.27-3.14 (m, 2H), 2.57 (s, 3H), 2.47-2.37
{m, 2H), 1.98- 1.89 (m, 1H}, 1.62- 1.53 (m, 4H), 1.19-1.17 (d, J = 6.4Hz, 3H), 1.08- 1.07 (d,
J=06.0Hz, 3H). LC-MS (M+H) + = 490.1. RetTime in chiral-HPLC: 3.56 min, Method F
Example 36

[0244] 3-({S)-1-(8-amino-1-methylimidazo}l,5-alpyrazin-3-yhethyl}-5-chioro-6-flusro-2-
isopropoxy-N-{((R}-1-(4-methoxyphenyljethvl}benzamide (Compound 36}

NH2
NM
N
N Cl
(S) ==
K \
N \ / F
O
g’

v O N}ﬁﬁ)
}@\Q
\

10245] This compound (98.3 mg, 82.1%) was prepared from compound 15-13 and (R)-1-(4-
methoxyphenyllethan-1-amine in a similar manner to compound 15-14 in Example 15.
182461 'H NMR (400 MHz, DMSO-d6) 8 9.14-9.12 (d, J = 8.0Hz, 1H), 7.45-7.43 (d,J =
8.4Hz, 1H), 7.35-7.34 (4, J = 5.2Hz, 1H)}, 7.39-7.26 (4, J = 8.4Hz, 2H), 7.05 (brs, ZH), 6.91~
6.89 (m, 3H), 5.07-5.03 (m, 1H), 4.80-4.75 (m, 1H), 4.25~-4.21 {m, 1H), 3.73 (s, 3H), 2.57
{s, 3H), 1.57- 1.55 (d, J=7.2Hz, 3H), 1.39~ 1.37 (d, ] = 6.8Hz, 3H), 1.01- 1.03 (d, J = 6.0Hz,
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3H), 0.89~0.90(d, ] = 6.0Hz, 3H). LC-MS (M+H) + = 539.8. RetTime in chiral-HPLC: 8.996

min, Method G.
Example 37
192471 3-((8)-1-(8-amino-1-methylimidazol1,5-alpyrazin-3-yhethyl)-S-chioro-6-fluore-2-

isopropoxy-N-{(18,25)-2-hydrexycyclopentylibenzamide (Compound 37)
NH2

K/N«{\

S F
o

\( NH
O (S, 0H

10248] This compound (78.0 mg, 74.7 %) was prepared from compound 15-13 and (18,25)-2-
aminocyclopentan-1-ol in a similar manner to compound 15-14 in Example 15, '"H NMR (400
MHz, DMSO-d6) & 8.60-8.58 (d, J = 8.0 Hz, 1H), 7.43-7.41 (d, J = 8.8 Hz, 1H), 7.33-7.32 (4,
J=15.2 He, 1H), 6.89-6.88 {(m, 3H), 4.80~- 4,75 (10, 2H), 4.52— 4,48 (m, 1H), 3.95-3.90 (m,
2H), 2.57 (s, 3H), 1.99- 1.96 (m, 1H), 1.78- 1.74 (im, 1H), 1.66— 1.61 (m, 2H), 1.58-1.56 (d, ]
=7.2 Hz, 3H), 1.48- 1.36 (m, 3H),1.18- 1,16 (d, J = 6.4 Hz, 3H), 1.06- 1.05(d, ] = 5.6 Hz,
3H). LC-MS (M+H) + =489 8. RetTime in chiral-HPLC: 3.012 min, Method F

Example 38

19249] 3-((8)-1-(8-amino-{-methylimidaze|1.5-alpyrazin-3-yhethyi}-5-chioro-6-fluore-2-
isopropoxy-N-{{(15,2R)}-3-hydroxy-1-methylcyclebutylibenzamide (Compound 38)

NH2
N//
N
N/

\QS)\

N F

\( £ NH

\0§

OH

[0258] This compound (58.3 mg, 52.9 %) was prepared from compound 15-13 and (15,35)-3-
amino-3-methyleyclobutan-1-ol in a similar manner to compound 15-14 in Example 15, 'H
NMR (400 MHz, DMSO-d6) 6 8.84 (s, 1H), 7.43-7.41 (d, J = 8.8Hz, 1H)}, 7.36-734 (d, J =
5.6Hz, 1H}, 7.06 (brs, 1H), 6.91-6.90 (d, J = 5.2Hz, 1H), 5.08-5.06 (d, J = 6.4Hz, 1H), 4.82~
4,77 (m, 1H), 4,58~ 4.52 (m, 1H), 4.03-3.97 (m, 1H), 2.58 (s, 3H), 2.39- 2.34 (m, 2H), 2.05~
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2.00 (m, 2H), 1.59- 1.57 (4, J = 6.8Hz, 3H), 1.36 (s, 3H),1.21- 1.19 (d, J = 6.0Hz, 3H),1. 10~
109 (d, J = 6.0Hz, 3H). LC-MS (M+H)} + = 489.8. RetTime in chiral-HPLC: 5.309 min,
Method A
Example 39
19251] 3-((S)-1-(8-amino-1-methylimidazo]1,5-alpyrazin-3-yhethyl)-5-chloro-6-fluoro-N-

{{1r,35)-3-hydroxy-i-methyicyclobutyl}-2-isopropoexybenzamide (Compound 39}
NH2

OH
10252} This compound (61.2 mg, 56.3 %) was prepared from corapound 15-13 and (1R,3R)-3-
amino-3-methyleyclobutan-1-ol in a similar manner to compound 135-14 in Exarnple 15. 'H
NMR (400 MHz, DMSO-d6) 8 870 (s, 1H), 7.43-741 (d, ] = 8.8Hz, 1H), 7.36-734(d, ] =
5.2Hz, 1H), 7.02 (brs, 1H), 6.91-6.90 (d, ] = 5.2Hz, 1H), 5.06- 5.05(d, ] = 5.6Hz, 1H), 4.82~
4.77 (m, 1H), 4.56-4.49 (m, 1H), 4.12 - 4.07 (m, 1H), 2.63-2.60 (m, 2H), 2.58 (s, 3H), 1.82-
1.77 (o0, 2H), 1.58-1.57 (d, ] = 6.8Hz, 3H), 1.43 (s, 3H),1.20- 118 (d, J = 6.4Hz, 3H), 1.08~
1.07 (d, J = 6.0Hz, 3H). LC-MS (M+H) + = 489.%. RetTime in chiral-HPLC: 5.500 min,
Method A
Example 46
192531 3-((8)-1-(B-amine-1-methylimidaze{1,5-a|pyrazin-3-yhethyl)-5-chloro-6-fluore-N-

{{1R.45)-4-hyvdroxy-i-methylcyclohexyl}-2-isopropoxybenzamide (Compound 48)
NH2

N™ =
A

OH
10254] This compound (61.2 mg, 54.1 %) was prepared from compound 15-13 and (1R, 4R)-4-

amino-4-methylcyclohexan-1-ol in a similar manner to compound 15-14 in Example 15. 'H
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NMR (400 MHz, DMSO-d6) 6 8.11 (s, 1H), 7.42-7.37 (m, 2H), 7.13 (brs, 1H), 6.92-6.91 (d. J
=52Hz, 1H), 4.83-4.78 (m, 1H}, 4.63-4.56 (m, 1H}, 4.53-4.52 (m, 1H), 3.45-3.42 (m, 2H),
2.58 (s, 3H), 2.24-2.16 (m, 2H), 1.59-1.54 (1, SH), 1.42~1.38 (m, 2H), 1.30 (s, 3H), 1.27-
1.23 (m, 2H), 1.20~ 118 (d, J = 5.6Hz, 3H), 1.09~ 1.07 (d, J = 6.0Hz, 3H). LC-MS (M+H) " =
417.8. RetTime in chiral-HPLC: 5.609 min, Mecthod A.

Example 41
[0255] (§)-3-(1-(B-amino-1-methylimidazo]1,5-glpyrazin-3-yhethyl}-S-chioro-6-flusro-2-

isopropoxy-/N-propyibenzamide (Compound 41)
NH,
/

> =
R/N\”{q el
@

>‘ C Q)\gf\/
10256} This compound (63mg, 57.3%) was prepared from compound 15-13 and propan-1-
amine in a similar manner to compound 15-14 in Example 15. '"H NMR (400 MHz, DMSO-
d6y 6 8.66 (s, 1H), 7.41 {d, J = 4.8 Hz, 1H), 7.31 (brs, 1H), 6.86 (brs, 3H), 4.77 (brs, 1H), 4.44
{(brs, 1H), 3.21-3.10 (m, 2H), 2.56 (s, 3H), 1.57 (brs, 3H), 1.48 (brs, 2H), 1.17 (brs, 3H), 1.06
{brs, 3H), 8.87 {brs, 3H). LC-MS (M+H) ™ = 448.2. RetTime in chiral-HPLC: 3.43 min,
Method C
Example 42
192571 (53-3-(1-(8-amino-I-methylimidaze|1.5-alpyrazin-3-yhethyl)}-5-chlioro-N-

{cvclopropyimethyl}-6-flusre-2-isopropoxybenzamide (Compound 42)
NH

NM
NG
2 N Ci

10258} This compound (73mg, 64.3%) was prepared from compound 15-13 and
cyclopropylmethanamine in a similar manner to compound 15-14 in Example 15. '"H NMR
{400 MHz, DMSO-d6) 8 8.81 (s, 1H), 7.41 (brs, 1H), 7.28 (brs, 1H), 6.88 (brs, 1H), 6.52 (s,
2H), 4.79 (brs, 1H), 4.53 (brs, 1H), 3.11 (brs, 2H), 2.57 (s, 3H), 1.59 (brs, 3H), 1.20 (brs, 3H),
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1.10 (brs, 3H), 0.99 — 0.91 (m, 1H), 0.45 (brs, 2H), 0.22 (brs, 2H). LC-MS (M+H) " = 460.2.
RetTime i chiral-HPLC: 3.7 min, Method C

Example 43

19259] (3-((5)-1-(8-amino~-l-methylimidazoll,5-alpyrazin-3-yhethyl}-5-chioro-6-fluore-2-
isupmpu‘xyphenyi)((ZS,ﬁS)mZ,6~dimei‘hyEmm pholine)methanone (Compound 43}

10266] This compound (59mg, 47.6%} was prepared from compound 15-13 and (23,65)-2,6-
dimethylmorpholine in a similar manner to compound 15-14 in Example 15, '"H NMR (400
MHz, DMSO-d6) 6 7.47 (d, /=88 Hz, 0.3H), 7.37 - 7.30 (m, 1H), 7.22 (d, /= 4.4 Hz, 0.7H),
7.03 - 6.69 (m, 3H), 4.86 —4.66 (m, 1H), 4.43 —4.15 (m, 1H), 410 - 3.89 (m, 1H), 3.87 - 3.58
(m, 2H), 3.40 - 3.33 (m, 1H), 3.09 - 294 (m, 1H), 2.92 = 2.72 (m, 1H), 2.60 - 2.51 (m, 3H),
1.65{d, /=69 Hz 2H), 1.52(d, /=67 Hz, 1H), 1.33 - 117 (m, 4H), 1.15 - 1.05 (m, 4H),
0.99 (d, /= 6.3 Hz, 1H}, 0.90 (d, /= 6.2 Hz, 1H), 0.86 {d, J= 5.6 Hz, 2H). LC-MS (M+H) "=
504.2. RetTime in chiral-HPLC: 2.77 min and 3.98 min, Method F.

Example 44

192611 3-((5)-1-(B-amino-{-methylimidaze|1.5-alpyrazin-3-yhethyi}-5-chioro-6-fluore-2-
isepropexy-N-{{R)-tetrahydro-2H-pyran-3-vljbenzamide {(Compound 44}

10262] This compound (82mg, 68%) was prepared from compound 15-13 and (R)-tetrahydro-
2H-pyran-3-amine in a similar manner to compound 15-14 in Example 15. 'H NMR (400
MHz, DMSO-d6) 6 8.67 (d, J=7.7 He, 1H), 7.36 (d, /= 8.6 Hz, 1H), 7.22(d, /= 5.0 Hz, 1H),
6.82{d,J=5.0Hz 1H), 6.40 (s, 2H), 476 - 4.7 (m, 1H), 448 - 4.37 (m, 1H), 3.85-3.77
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(m, 1H), 3.76 — 3.70 (1, 1H), 3.69 - 3.62 (m, 1H), 3.29 - 3.25 (m, 1H), 3.15 - 3.09 (m, 1H),
253 (s, 3H), 1.89 - 181 (m, 1H), 1.69 - 1.62 (m, 1H), 1.54 (d, J=7.1 He, 3H), 1.50 - 1.40
{m, 2H), 1.15(d, J= 6.1 Hz, 3H), 103 (d, S = 6.5, 3H). LC-MS (M+H} " = 490.1. RetTime in
chiral-HPLC: 3.47 min, Method F

5 Example 43
192631 3-((5)-1-(8-amino-{-methylimidazeo|1.5-alpyrazin-3-yhethyi}-5-chioro-6-fluore-2-

isopropoxy-N-{(8)-tetrahydro-2H-pyran-3-yhbenzamide (Compound 45)
NH,

4’[\/

\\WN\( Ci
{S) P

TN F

O ~
&

(@T‘\

JO
10264] This compound (31mg, 25.7%) was prepared from compound 15-13 and {(S)-tetrahydro-

10 2H-pyran-3-amine in a similar manner to compound 15-14 in Example 15. '"H NMR (400
MHz, DMS0-d6) 6 8.71 (d, /= 7.5 Hz, 1H), 742 (d, /= 8.6 Hz, 1H), 7.30 (d, /= 5.2 Hz, 1H),
6.88 (d, /=5.1 Hz, 1H), 6.73 (s, 2H),4.76 - 4.71 (m, 1H), 4.51 —4.41 (im, 1H), 3.85-3.76
(m, 1H), 3.76 - 3.71 (m, 1H}, 3.69 - 3.63 (m, 1H), 3.31 - 3.27 (m, 1H), 3.20 3.11 {m, 1H),
2.57 (s, 3H}, 1.90 — 1.87 (m, 1H), 1.69 — 1.65 (m, 1H), 1.57(d, J = 7.0 Hz, 3H), 1.54 - 1.41

15 (m,2H), 1.18 (d, /= 6.0 Hz, 3H), 1.06 (d, /= 6.0 Hz, 3H). LC-MS (M+H) " = 489.8. RetTime
in chiral-HPLC: 9.75 min, Mecthod D
Example 46
[0265] 3-({8)-1-(8-amino-1-methylimidazo}l,5-g|pyrazin-3-yhethyl}-5-chioro-6-flusro-/N-
{(15,28)-2-hyvdroxycyclohexyl)-2-isopropoxybenzamide (Compound 46)

20
[0266] This compound (32mg, 26%) was prepared from compound 15-13 and (15,25)-2-

aminocyclohexan-1-ol in a similar manner to compound 15-14 in Example 15. "H NMR (400
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MHz, DMSO-d6) 6 8.53 (d, /=79 He, 1H), 736 (d, /= 8.5 Hz, 1H), 7.27(d, /= 5.1 Hz, 1H),
6.87 (d,J=5.1 Hz, 1H), 6.64 (s, 2H), 4.81 —4.74 (m, 1H), 4.69 - 4,58 (m, 1H), 448 (d, /=56
Hz, 1H), 3.65 - 3.55 (m, 1H}, 3.29 - 3.22 (m, 1H), 2.57 (s, 3H), 1.96 - 1.78 {m, 2H), 1.65 ~
1.59 {m, 2H), 1.56(d, ./ =7.1 Hz, 3H}, 1.37 - 1.17 (m, 4H), 1.15(d, /= 6.0 Hz, 3H), 1.02(d, J
= 6.0 Hz, 3H). LC-MS (M+H) " = 503.&. RetTime in chiral-HPLC: 3.12 min, Method F
Example 47

19267} 3-({8)-1-(B-amino-1-methylimidazo}l,5-alpyrazin-3-yhethyl}-5-chloro-6-flusro-N-
{(15.28)-2-hydroxycyciohexyl)-2-isopropoxybenzamide (Compound 47}

10268] This compound (26mg, 21%) was prepared from compound 15-13 and (1R,25)-2-
aminocyclohexan-1-ol in a similar manner to compound 15-14 in Example 15. "H NMR (400
MHz, DMSO-46) 6 8.36 (d, /= 8.1 Hz, 1H), 737 (d, /= 8.5 Hz, 1H), 7.31 (d, /= 5.2 Hz, 1H},
6.88 (d,J=15.1 Hz, 1H), 6.79 (s, 2H), 480 — 4.75 (m, 1H), 4.55 - 4.50 (m, 1H), 448 (d, /=36
Hz, 1H), 3.90 - 3.82 (m, 1H), 3.80 - 3.75 (m, 1H), 2.57 (5, 3H), 1.72 - 1.63 (m, 2H), 1.61 -
1.51 {m, 5H), 1.50 — 1.42 (m, 2H), 1.35-1.22 (o, ZH), L.17 (4, J=59Hz 3H), 1.04(d, J=
6.0 Hz, 3H). LC-MS (M+H) " = 503.8. RetTime in chiral-HPLC: 6.17 min, Method D
Example 48

[9269] 3-((5)-1-(8-amino-1-methylimidazoll,5-glpyrazin-3-yhethyl}-5-chioro-6-flusro-/V-

{1R,28)-2-hydroxycycichexyl)-2-isopropoxybenzamide (Compound 48)
2

NT ==

19276] This compound (43mg, 34.7%) was prepared from compound 15-13 and (15.2R)-2-

aminocyclohexan-1-ol in a similar manner to compound 15-14 in Example 15. 'H NMR (400
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MHz, DMSO-d6) 6 8.33 (d, J=8.1 He, 1H), 7.36 (d, /= 8.5 Hz, 1H), 7.27(d, /=52 Hz, 1H),
6.86 (d,J=S5.1 Hz, 1H), 6.69 (s, 2H), 4.81 —4.73 (m, 1H), 4.58 - 4.49 (m, 1H), 446 (d,J=3.6
Hz, 1H}, 3.90 - 3.83 (m, 1H}, 3.81 - 3.75 (m, 1H), 2.57 (s, 3H), 1.73 — 1.64 (m, 2H), 1.62
1.5 (m, 5H), 1.50 - 1.43 (m, 2H), 1.34 — 1.25 {m, 2H}, 118 (4, /= 6.0 Hz, 3H), 1.16(d, J =
6.0 Hz, 3H), LC-MS (M+H) " = 503 8. RetTime in chiral-HPLC: 6.14 min, Method D
Example 4%

19271} 3-({8)-1-(B-amino-1-methylimidazo}l,5-glpyrazin-3-yhethyl}-5-chioro-6-flusro-N-

{{(1R,2R)-2-hydroxycyclshexyl}-2-isopropoxvbenzamide (Compound 49)

10272] This compound (53mg, 42.7%} was prepared from compound 15-13 and (1R, 2R)-2-
aminocyclohexan-1-ol in a similar manner to compound 15-14 in Example 15. "H NMR (400
MHz, DMSO-46) 6 8.50 (d, /= 7.9 Hz, 1H), 737 (d, /= 8.5 Hz, 1H), 7.26 (d, /= 5.1 Hz, 1H},
6.86(d,J=15.1 Hz, 1H), 6.60 (s, 2H), 481 —~4.73 (m, 1H), 4.69 - 4.59 (m, 1H), 448 (d, /=56
Hz, 1H), 3.64 —3.54 (m, 1H), 3.30 - 3.24 (m, 1H), 2.57 (5, 3H), 1.96 - 1.79 (m, 2H), 1.65 -
1.60 (s, 2H), 1.57(d, /=71 Hz, 3H), 1.33 - 1.17 (m, 4H), 1.16 (d, /= 6.0 Hz, 3H), 1.08 (d, J
= 5.9 Hz, 3H). LC-MS (M+H) " = 503.8. RetTime in chiral-HPLC: 6.63 min, Method D
Example 56

[9273] 3-({(5)-1-(8-amino-1-methylimidazol1,5-glpyrazin-3-yhethyl}-5-chioro-6-flusro-2-

isopropoxy-N-((tetrahydro-2H-pyran-3-yhimethylbenzamide (Compound 50)
NH,

10274} This compound (66 mg, 53%) was prepared from compound 15-13 and (tetrabydro-2H-
pyran-3-ylymethanamine in a similar manner to compound 15-14 in Example 15. '"H NMR (400

MHz, DMSO-d6) 8 8.66 (1, J= 5.8 Hz, 1H), 7.39 (d, J= 8.6 Hz, 1H), 7.28 (d, J = 5.2 Hz, 1H),
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6.83(d,./=51Hz 1H), 6.73 (s, 2H), 4.78-4.70 (m, 1H), 445 - 4.35 (m, 1H), 3.76 - 3.70 (m,
1H), 3.69 - 3.63 (im, 1H), 3.26 - 3.22 (ro, 1H)}, 3.09 - 3.02 (m, 3H), 2.53 (s, 3H), 1.78 - 1.65
{m, 2H), 1.54 (4, J="7.1 Hz, 3H), 1.51 - 148 (m, 1H}, 145 - 1.33 (m, 1H), 1.22 - 1.17 (m,
1H), 1.14 (d, /= 6.1 Hz, 3H), 1.04 (d, / = 6.0 Hz, 3H}. LC-MS (M+H) " = 504.2. RetTime in
chiral-HPLC: 3.31 min, Method F

Example 51

19275} (83-3-(1-{(8-amino-1-methylimidazo]1,5-glpyrazin-3-yhethyl}-S-chioro-6-flusro-2-

isopropoxy-N-((tetrahydro-2H-pyran-4-viimethylbenzamide (Compound 51)

NH
2
N™ =
i by
L\/N % Gl
\(9 /==
S \ \/ \F

} 0 o NH
(b

10276} This compound (61mg, 49%) was prepared from compound 15-13 and (tetrahydro-2/1-
pyran-4-ylymethanamine in a similar manner to compound 15-14 in Example 15, '"H NMR (400
MHz, DMSO-d6) 6 8.69 (1, /=57 Hz, 1H), 740 (d, /= 8.6 Hz, 1H), 7.29(d, /= 5.2 He, 1H),
6.84{d, /=52 Hz, 1H), 6.79 (s, 2H), 480 - 4.71 {m, 1H), 447 - 4.36 (m, 1H), 3.84 -3.78
{m, 2H), 3.24 - 3.17 (m, 2H), 3.08 (t, /= 6.3 Hz, 2H), 2.54 (s, 3H), 1.74 - 1.64 (m, 1H), 1.59 -
1.50 (m, 58, 1.21 — 1.11 (m, SH), 1.04 (d, J= 6.1 Hz, 3H). LC-MS (M+H) 7 = 504.2. RetTime
in chiral-HPLC: 4.68 min, Method L.
Example 52
19277} G-({(¥)-1-{8-amino-1-methylimidazo]1,5-g]pyrazin-3-yhethyl}-5-chioro-6-flusro-2-

isppropoxyphenyi}{8-oxa-3-azabicyclo]3.2. 1 octan-3-yimethanone (Compound 52)
NH,

10278] This compound (32mg, 26%) was prepared from compound 15-13 and 8-oxa-3-
azabicyclo[3.2.1]octane in a similar manner to compound 15-14 in Example 15. '"H NMR (400
MHz, DMSO-d6} 6 7.50 ~ 7.33 (m, 1H), 7.31 = 7.11 (m, 1H), 6.91 - 6.81 (m, 0.6H), 6.80 -
6.70 (m, 0.4H), 6.55 - 6.31 (m, 2H}, 4.85 - 4.66 (m, 1H), 4.64 — 4.51 (m, 0.4H), 4.42 (brs,
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1H), 4.33 -3.99 (m, 2.6H), 3.29-3.23 (o, 1H), 3.16 —=3.03 (m, 1H}, 3.03 - 2.78 (im, 2H), 2.57
(s, 3H), 1.87 (brs, 2H), 1.77 — 1.63 (m, 3H}, 1.58 — 1.49 (m, 1H), 1.37 - 1.10 (m, 6H), 0.96 -
0.77 (m, 1H). LC-MS (M+H) ™ = 501.8., RetTime in chiral-HPLC: 5.17 min, Method B,
Example 53

192791 3-((8)-1-(8-amino-1-methylimidazo]1,5-a|pyrazin-3-yhethyl)-5-chloro-6-fluoro-N-

{{1R,3R)-3-hydroxycyclopentyl)-2-isopropoxybenzamide (Compound 53)
NH,

N™ ==

S i
é{m
OH
102861 This compound (45mg, 37.5%) was prepared from compound 15-13 and (1R,3R)-3-
aminocyclopentan-1-ol in a similar manner to compound 15-14 in Example 15. "H NMR (400
MHz, DMSO-d6) 6 8.67 (4, /=7.5 Hz, 1H}, 7.45 (d, /= 8.6 Hz, 1H}, 740 (d, /= 5.4 Hz, 1H),
7.38-7.25(m,2H}, 692 (d, /=53 Hz, 1H), 484 -4.76 (m, 1H}, 4.54 (4, /= 3.6 Hz, TH},
4.50 —4.41 (m, 1H), 4.39 - 430 (m, 1H), 4.19 - 413 (m, 1H), 2.58 (s, 3H), 2.07 - 1.97 (m,
1H), 1.84(d, /=39 Hz, 2H), 1.61 — 1.54 (m, 4H), 150135 (m, 2H), 1.17{d, /= 6.1 Hz,
3H), 1.05¢d, J= 6.1 Hz, 3H). LC-MS (M+H) " = 489.8. RetTime in chiral-HPLC: 3.45 min,
Method B
Example 54
192811 (5)-3-(1-(8-amino-1-methylimidazo}l1,5-alpyrazin-3-yhethyl}-5-chloro-NV-(1~

{{dimethylaminoymethyhcyclopropyl}-6-fluore-2-isopropexybenzamide (Compound 54)
NH,

NT =

10282] This compound (33 mg, 26.6%) was prepared from compound 15-13 and 1-
((dimethylamino)methyleyclopropan-1-amine in a similar manner to compound 15-14 in

Example 15. '"H NMR (400 MHz, DMSO-d6) § 9.21 (s, 1H), 7.52 (d, J = 8.6 Hz, 1H}, 7.38 (d,
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J=52Hz, 1H),7.03 (s, 2H), 6.91 (d, J= 5.2 Hz, 1H), 4.83 —4.74 (m, 1H), 4.38 — 4.24 (s, 1H),

3.30-3.17 (m, 2H), 2.77 (5, 6H), 2.57 (5, 3H), 1.58 (d, /= 7.0 Hz, 3H), 1.20 - 1.11 (10, SH),
1.05(d, J = 6.0 Hz, 3H), 0.93 - 0.78 (m, 2H). LC-MS (M+H) ™ = 502.8. RetTime in chiral-
HPLC: 3.57 min, Method A

Example 58

19283} (3)-3-(1-(B-amino-{-methylimidaze}1.5-a|pyrazin-3-yhethyl}-5-chloro-6-fluoro-N-

{{3-hydroxyoxetan-3-yhmethyl)-2-isopropoxybenzamide {Compound 55)
NH,

N

10284} This compound (51mg, 42%) was prepared from compound 15-13 and 3-
(aminomethyl}oxetan-3-ol in a similar manner to compound 15-14 in Example 15. '"H NMR
(400 MHz, DMSO-d6) 8 887 (t, /=57 Hz, 1H), 741 (d, J= 8.5 Hz, 1H), 7.30 (d, /= 5.2 Hz,
1H), 6.88 (d, J=5.1 Hz, 1H), 6.80 (3, 2H), 5.87 (5, 1H), 4.83 - 4.73 (m, 1H), 4.54 - 4.74 (m,
1H), 4.47 - 4.42 (m, 2H), 441 —4.36 (m, 2H), 3.64 - 3.48 (m, 2H), 2.58 (s, 3H), 1.58 (d, J =
7.0 Hz, 3H), 1.18 (d, J = 6.0 Hz, 3H}, 1.08(d, /= 6.0 Hz, 3H). LC-MS (M+H) ™ = 491.8.
RetTime in chiral-HPLC: 5.8 min, Method B.

Example 56

[0285] (§)-3-(1-{(8-amino-1-methylimidazo}l,5-a|pyrazin-3-yhethyl}-5-chloro-N-(1-{{4-
{cyclopropylmethyi}piperazin-i-yhimethyhcyclopropyl)-6-fluore-2-isopropoxvbenzamide

{Compound 56)
NH,
N™ Sy

SN

N

10286] This compound (55mg, 37.4%) was prepared from compound 15-13 and 1-({4-

{cyclopropylmethyl)piperazin-1-ylmethylcyclopropan-1-amine in a similar manner to

86



10

20

WO 2019/047915 PCT/CN2018/104559

compound 15-14 in Example 15, 'H NMR (400 MHz, DMSO-d6) 6 8.83 (s, 1H), 7.34 (d, J =
8.5 Hz, 1H), 7.24(d, /=5.0Hz, 1H), 6.85(d, /=50 Hz, 1H), 6.43 (s, 2H}, 4.81 —4.72 (m,
1H), 4.71 - 4.61 (m, 1H), 3.33 —3.24 (m, 2H), 2.56 (3, 3H), 2.47 - 2.23 (m, TH), 2.13 (d, J =
6.4 Hz, 2H), 1.56 (d, /= 7.0 Hz, 3H), 1.18(d, /= 5.9 Hz, 3H), 1.07 (d, /= 5.9 Hz, 3H), 0.82 —
0.74 (m, 1H), 0.73 - 0.69 (m, 2H), 0.68 - (.60 (m, 2H), 0.47 - 0.37 (m, 2H), 0.08 - (.01 (m,
2H). LC-MS (M+H) " = 597.8. RetTime in chiral-HPLC: 2.6 min, Method B.

Example 37

192871 3-((5)-1-(B-amine-{-methylimidazo}1.5-a|pyrazin-3-yhethyl}-5-chloro-6-fluoro-N-
{{8)-2-hydrexypropyl}-2Z-isoprepoxybenzamide {Compound 57}

10288} This compound (19mg, 16.7%) was prepared from compound 15-13 and (5)-1-
aminopropan-2-ol in a similar manner to compound 15-14 in Example 15, '"H NMR (400 MHz,
DMSO-d6) 6 8.67 (1, = 5.6 Hz, 1H), 741 {d, /= 8.5 Hz, 1H), 7.32 (d, /= 5.0 Hz, 1H), 7.00 -
0.70 (m, 3H), 4.88 - 4.74 (m, 1H), 4.70 (d, /=4.6 Hz, 1H), 454 - 4.42 (m, 1H), 3.78 - 3.66
(m, 1H), 3.24 - 3.16 (m, 1H}, 3.15 - 3.07 (m, 1H), 2.58 (s, 3H}, 1.58 (d, /= 7.0 Hz, 3H), 1.18
(d, J= 6.0 Hz, 3H), 1.07 (t, /= 5.6 Hz, 61}, LC-MS (M+H) ™ = 463.8. RetTime in chiral-
HPLC: 3.02 min, Mcthod B.

Example 58

19289] 3-((8)-1-(8-amine-1-methylimidaze{1,5-a|pyrazin-3-yhethyl)-5-chloro-6-fluoro-N-

{{(1R.,2R)-2-hydroxyeyclopentyl)-2-isopropoxybenzamide (Compound 358)
NH,

N= ™=

10290] This compound (81mg, 67%) was prepared from compound 15-13 and (1R, 2R)-2-

aminocyclopentan-1-ol in a similar manner to compound 15-14 in Example 15. 'H NMR (400
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MHz, DMSO-d6) 6 8.57 (d, /=72 He, 1H), 7.39 (d, /= 8.6 Hz, 1H), 7.28(d, /=52 Hz, 1H),
6.85(d,J=5.1 He, 1H), 6.69 (s, 2H), 4.81 —4.71 {m, 2H), 4.53 —4.43 (m, 1H), 3.98-3.85
{m, 2H}), 2.55 (s, 3H), 2.01 - 1.91 (m, 1H), 1.8O — 1.70 {m, 1H), 1.68 - 1.59 (m, 2H), 1.55(d, J
=7.1Hz, 3H), 1.48 — 1.33 (m, 2H), 116 (d, /= 6.1 Hz, 3H), 1.04 (d, J = 6.0 Hz, 3H). LC-MS
(M+H) " == 489 8. RetTime in chiral-HPLC: 2.99 min, Method B.

Example 5%

19291} 3-({8)-1-(B-amino-1-methylimidazo]1,5-alpyrazin-3-yhethyl}-S-chioro-6-flusro-2-
isopropoxy-N-(($}-1-C-{trifluoromethylpyridin-4-yhethyhbenzamide (Compound 3%4)
and 3-((5)-1-(8-amino-1-methylimidazo|1,5-glpyrazin-3-ylethyl}-S-chloro-6-fluore-2-

isopropoxy-N-((R)}-1-(2-(triflusromethyDpyridin-4-yiethyl}benzamide (Compound 59B)
NH,

N =

k\\/N\/i Cl
S ==
ﬁ/ i

o
~ NH
& (R

N
CFy
Compound 59A Compound 59B

102921 These compounds were prepared from compound 15-13 and 1-(2-
{(trifluoromethyDpyridin-4-yhethan-1-amine in a similar manner to compound 15-14 10
Example 15, The isomers were obtained by chiral separation.

[0293] Compound 39A: 136mg, 31.9%. 'H NMR (400 MHz, DMSO-d6) § 9.42(d, /= 7.6
Hz, 1H), 8.77(d, /= 5.0 He, 1H), 7.89 (s, 1H), 7.71 {d, /= 4.9 Hz, 1H), 749 (d, /= 8.7 Hz,
1H), 7.29(d, /= 5.1 Hz, 1H}, 6.86 {d, /= 5.0 Hz, 1H), 6.46 (s, 2H), 5.26 - 5.16 {m, 1H}, 4.81
~4.73 (m, 1H), 4.27 - 4.16 (m, 1H), 2.56 (5, 3H), 1.57(d, /= 7.1 Hz, 3H), 1.43 (d, /= 7.1 Hz,
3HY, 1.07 (d, /= 6.1 Hz, 3H), 0.93 (d, J = 6.1 Hz, 3H). LC-MS (M+H) " = 578.7. RetTime in
chiral-HPLC: 3.68 min, Method C.

[0294] Compound 59B: 103mg, 24%. 'H NMR (400 MHz, DMSO-d6) § 9.42 (d, J = 7.5 Hz,
1H), 8.77(d, J=4.6 Hz, 1H), 7.89 (s, 1H), 7.72 (d, /= 4.1 Hz, 1H), 7.46 (d, J= 8.5 Hz, 1H),
7.28(d,J=4.7Hz, 1H), 6.85(d, J=4.7 He, 1H), 6.47 (5, 2H), 5.29 - 5.17 {m, 1H), 4.82 -
4.69 (m, 1H), 432 - 4.18 {m, 1H}, 2.56 (s, 3H), 1.59(d, /= 6.8 Hz, 3H), 1.43(d, /= 6.8 Hz,
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3H), 1.06 (d, /= 5.7 Hz, 3H), 0.89 (d, J = 5.7 Hz, 3H), LC-MS (M+H) "= 578.7. RetTime in
chiral-HPLC: 4.18 min, Method C.

10295]
Column CHIRALPAK ID
Column size 2em < 25 cm, Sum
Injection 0.3 ml
Mobile phase Hex{10mMNH;3-MeOH ) EtOH=80:20
Flow rate 20ml/roin
Wave length UV 220 nm
Temperature 25T
Sample solution S8mg/ml in EtOH:DCM=3:1
Prep-HPLC equipment Prep-HPLC-Gilson
Example 60

5 [9296] 3-((5)-1-(8-amino-1-methylimidazo{l,5-alpyrazin-3-vhethyl)-S-chloro-6-fluoroe-/V-

{{rransy-4-hydroxyeyclohexyl-2-isopropoxybenzamide (Compound 60)
MM,

10297} This compound (50 mg, 39%) was prepared from compound 15-13 and frans-4-
aminocyclohexan-1-ol in a similar manner to compound 15-14 in Example 15. "H NMR (400
10 MHz, DMSO-d6) 5 8.57 (d, J= 7.8 Hz, 1H), 738 (d, /= 8.6 Hz, 1H), 7.25(d, /= 5.1 Hz, 1H},
6.85(d,J=50Hz 1H), 6.42 (brs, 2H), 4.76 (q, /= 7.2 Hz, 1H), 4.55(d, /= 4.3 Hz, 1H), 4.51
—4.43 (m, 1H), 3.65 (brs, 1H), 3.34 (brs, 1H), 2.56 (s, 3H), 1.87 - 1.76 (m, 4H), 1.56(d, J =
7.1 Hz, 3H), 1.28 — 1.20 (m, 4H), 1.17 (d, /= 6.0 Hz, 3H), 1.06 (d, /= 6.0 Hz, 3H). LC-MS
(M-+H) " = 504.2.. RetTime in chiral-HPLC: 4.372 min, Mcthod C.
15  Example 61
[9298] 3-({(5)-1-(8-amino-1-methylimidazoll,5-glpyrazin-3-yhethyl}-5-chioro-6-flusro-/V-

{{transy-3-hydroxyeyclobutyl)-2-isopropoxybenzamide (Compound 61}
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10299] This compound (80 mg, 75%) was prepared from compound 15-13 and trans-3-
aminocyclobutan-1-ol in a similar manner to compound 15-14 in Example 15. '"H NMR (400
MHz, DMSO-d6) d 8.96 (brs, 1H), 7.45 (d, /= 8.7 Hz, 1H), 7.32 (brs, 1H), 6.89 (brs, 1H), 6.72
{(brs, 2H), 5.09 (brs, 1H), 4.79 (brs, 1H), 4.44 (brs, 1H), 4.28 (brs, 2H), 2.58 (s, 3H), 2.16 (brs,
4H), 1.58 (brs, 3H), 1.19 (brs, 3H), 1.07 (brs, 3H). LC-MS (M+H) ™ = 476.2. RetTime in
chiral-HPLC: 2.669 min, Method K

Example 62

19306] 3-((5)-1-(B-amine-{-methylimidazo}1.5-a|pyrazin-3-yhethyl}-5-chloro-6-fluoro-N-
{{cis)-4-bydroxycyclohexyl)-2- iwpﬁ opoxybenzamide (Compound 62}

b
\&

T Q

[0361] This compound (70 mg, 55%) was prepared from compound 15-13 and cis-4-
aminocyclohexan-1-ol in a similar manner to compound 15-14 in Example 15. 'H NMR (400
MHz, DMS0-d6) d 8.61 (brs, 1H), 7.35(d, /= 8.4 Hz, 1H), 7.25 (brs, 1H), 6.85 (brs, 1H), 6.50
{(brs, 2H), 4.76 (brs, 1H), 4.48 (brs, 1H), 4.38 (brs, 1H), 3.75 (brs, 1H), 3.66 (brs, [H), 2.55
{brs, 3H), 1.69 — 1.41 (m, RH), 1.17 (brs, 3H), 1.05 (brs, 3H). LC-MS (M+H) " = 504.2.
RetTime in chiral-HPLC: 2.045 min, Method L.

Example 63

19362} 3-({(8)-1-(B-amino-l-methylimidazo}l,5-alpyrazin-3-yhethyl}-5-chioro-6-flusro-N-

{{cis)-3-hyvdroxyeyclobutyl)-2-isopropoxybenzamide (Compound 63)
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10343] This compound (70 mg, 59%) was prepared from compound 15-13 and cis-3-
aminocyclobutan-1-ol in a similar manner to compound 15-14 in Example 15. '"H NMR (400
MHz, DMSO-d6) J 8.89 (brs, 1H), 7.44 (d, /= 8.3 Hz, 1H), 7.32 (brs, 1H), 6.89 (brs, 1H), 6.81
{(brs, 2H), 5.13 (brs, 1H), 4.79 (brs, 1H), 4.42 (brs, 1H), 3.82 (brs, 2H), 2.59-2.51 {(m, 5H), 1.77
{brs, 2F1), 1.58 (brs, 31, 1.19 (brs, 3H), 1.07 (brs, 3H). LC-MS (M+ )" = 476.2. HPLC: 214
nm, 98 %; 254 nm, 98 %. RetTime in chiral-HPLC: 3.358 min. RetTime in chiral-HPLC: 3.36
min, Mecthod F.

Example 64

10384} (53-(3-(1-(8-amino-1-methylimidazo]l,5-g]pyrazin-3-yhethyl}-5-chioro-6-flusro-2-

isppropoxyphenyi}{2-oxa-7-azaspire|3.5|nonan-7-yhimethanone (Compound 64)
NH,

NTE,

L\%/N*ﬁ cl
(5} o=

/)\_

\_F
\\I/‘C ‘N
b © ‘i)@c»

[0365] This compound (70 mg, 54%) was prepared from compound 15-13 and 2-oxa-7-

~
N

azaspiro{3.5 jnonane oxalate in a similar manner to compound 15-14 in Example 15. '"H NMR
(400 MHz, DM30-46) 3 7.41 (d, /= 6.5 Hz, 0.3H)}, 7.31 (d, /= 6.5 Hz, 0.7H), 7.25 (brs,
0.3H), 7.16 (brs, 0.7H), 6.85 (brs, 1H)}, 6.56 (brs, ZH), 4.74 (brs, 1H), 4.43 — 4.17 (m, 4.7H),
3.76 (brs, 0.6H), 3.57 (brs, 0.6H), 3.34 (brs, §.8H), 3.14 (brs, 0.8H), 2.95 (brs, 1.5H), 2.59 -
2.53 (m, 3H), 1.87 (brs, 1H), 1.82 — 1.60 (m, 5H), 1.57 — 1.52 (brs, 1H), 1.20 (brs, 4H), 1.13
(brs, 1H), 0.95 (brs, 1H). LC-MS 0M+H) " = 516.2. RetTime in chiral-HPLC: 6.206 min,
Method F

Example 65

[0386] 3-({(¥)-1-(8-amino-l-methylimidazo]l,5-gjpyrazin-3-yhethyl}-5-chioro-6-flusro-2-

isopropoxyphenyl{3)-3-methoxypiperidin-1-vi)methanone (Compound 65)
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Na

103671 This compound (70 mg, 55%) was prepared from compound 15-13 and (§)-3-
methoxypiperidine in a similar manner to compound 15-14 in Example 15. 'H NMR (400
MHz, DMSO-d6)} & 7.51 — 7.22 (m, 2H), 7.00 (brs, 2H}, 6.92 - 6.79 {(m, 1H), 487 - 4.72 (im,
1H), 4.57 - 4.46 (m, 0.3H), 4.46 - 4.34 (m, 0.6H), 430 - 4.21 (m, 0.2H), 4.14 (d, /= 13.2 Hz,
0.3H), 4.06 —3.94 (m, 0.5H), 3.60 (brs, 0.3 H), 3.52 -3.40 (m, 0.7 H), 3.31 (5, 1.5 H), 3.27 (5,
1H}, 3.24 -3.10 (m, 1H), 3.08 — 2.88 (m, 2.5H), 2.58 (brs, 3H), 2.02 - .78 (m, 1H), 1.77 -
1.60 {(m, 3H), 1.60 — 1.52 (m, 1.5H), 1.51 = 1.29(m, 1.5H), 1.29-1.12 (m, 4.8H), 097 (d, / =
5.9 Hz, 0.8H), 0.88 (d, /= 5.8 Hz, 0.4H). LC-MS (M+H)" = 516.2. RetTime in chiral-HPLC:
6.817 min, Method G.

Example 66

10308} (&)-3-(1-{8-amino-1-methylimidazo]1,5-a|pyrazin-3-yhethyl)-5-chloro-6-fluoro-N-

{{1-hydroxyvevciopropylimethyl)-2-isopropoxybenzamide (Compound 66)
NH,

10306%] This compound (50 mg, 42%) was prepared from compound 15-13 and 1-
(aminomethyl}cyclopropan-1-ol in a similar manner to compound 15-14 in Example 15. 'H
NMR (400 MHz, DMSO-d6) 6 8.74 (, J=57 Hz, 1H), 742 (d, /=85 Hz, IH). 7354, J=
5.3 Hz, 1H), 7.08 (brs, 2H), 6.89 (d, /= 5.2 Hz, 1H), 5.28 (5, 1H), 4.80 (g, /= 7.0 Hz, 1H),
4.60-4.51 (m, 1H)L 3.39(d, /=59 Hz, 2H), 2.58 (s, 3H), 1.58 (d, /= 7.0 He, 3H), 1.18(d, J
= 6.0 Hz, 3H), 1.08 (d, J = 6.0 Hz, 3H), 0.54 (brs, 4H)., LC-MS (M+H) " = 476.1. RetTime in
chiral-HPLC: 3.187 min, Method F.

Example 67
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10318 3-((5)-1-(8-amino-1-methylimidazo{l,5-glpyrazin-3-yhethyl)-5-chioro-6-flucre-2-
isopropoxyphenviy{(2R,685}-2.6-dimethylmorpholinoymethanone (Compound 67)

10311] This compound (40 mg, 31%) was prepared from compound 15-13 and (2R,68}-2,6~
dimethylmorpholine in a similar manner to compound 15-14 in Example 15. 'H NMR (400
MHz, DMSO-d6) & 7.51 - 7.41 (m, 0.6H), 7.36 - 7.28 (m, 0.6H), 7.26 (d, /= 5.2 Hz, 0.4H),
7.22(d,J=5.1Hz, 0.4H), 6.87 (d, /= 5.1 Hz, 0.3H), 6.84 — 6.80 (m, 0.7H), 6.64 (brs, 2H),
4.82 -4.72 (m, 1H), 4.53 - 4.33 (m, 1.5H), 4.32 - 4.22 (m, 0.4H), 4.15 - 4.07 (m, 0.2H}, 3.52
{(brs, 1.9H), 3.02(d, /=120 Hz, 0.5H), 2.90 - 2.72 (m, 1H), 2.70 - 2.64 (m, 0.5H), 2.60 - 2.56
(m, 3H), 249 - 2.43 (m, 1H), 1.68 (1, /=69 Hz, 2.2H), 1.59 - 1.54 (m, 0.8H), 1.29(d, /=60
Hz, 1TH), 1.27 = 1.21 (m, 4H), 118 = 1.12 (m, 3H), 1.08 — 1.00 (m, 1H), 0.97 — 0.85 (m, 3H).
LC-MS (M+H) " = 503.8. RetTime in chiral-HPLC: 2.602 min, Method F.

Example 68

19312} (»-(3-(1~{8-amino-1~-methylimidazo]l,5-g]pyrazin-3-yhethyl)-S-chioro-6-fluoro-2-

isopropoxyphenyi}){6-oxa-2-azaspiro]3.4]octan-2-yhmethanone (Compound 68)
NHy

[10313] This compound (40 mg, 31%) was prepared from compound 15-13 and 6-oxa-2-
azaspiro{3.4]octane oxalate in a similar manner to compound 15-14 in Example 15. '"H NMR
(400 MHz, DMSO-d6) 8 7.41 (d, /= 8.4 Hz, 1H), 7.30 - 7.26 (m, 1H), 6.83 (brs, 1H}, 6.69
{(brs, 2H), 4.82 — 4.74 (m, 1H), 4.35 (brs, 1H), 4.04 (brs, 2H), 3.87 - 3.61 (m, 6H), 2.57 (s, 3H)},
2.22 = 2.00 (m, 2H), 1.65 (brs, 3H), 1.23(d, /= 10.2 Hz, 6H). LC-MS (M+H) "= 501.8.
RetTime in chiral-HPLC: 11.092 min, Method A.

Example 69
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10314) 3-((5)-1-(8-amino-1-methylimidazo{l,5-glpyrazin-3-yhethyl)-5-chioro-6-flucre-2-
isopropoxyphenvii{(R)-3-methoxypiperidin-1-yDmethanone (Compound 69)

10315 This compound (70 mg, 55%) was prepared from compound 15-13 and (R}-3-
methoxypiperidine in a similar manner to compound 15-14 in Example 15. 'H NMR (400
MHz, DMSO-d6) 6 7.48 — 7.27 (m, 2H), 7.07 (brs, 2H), 6.92 — 6.80 (m, 1H}, 4.86 —4.72 (mm,
1H}, 4.58 - 4.48 (m, 0.5H), 4.45 - 4.30 (m, 0.5H), 430 - 4.12 (m, 0.5H), 3.82 - 3.37 (m, ZH),
3.29 (brs, 2H), 3.23 - 310 (m, 1.5H), 3.10 — 2.88 (m, 1.5H), 2.83 (brs, 0.5H), 2.60 — 2.56 (m,
3H), 1.89 (brs, 1H), 1.79 — 1.62 (m, 4H), 1.63 - 1.53 (m, 1H), 1.32 - 1.14 (m, 6H), 1.06 - 1.02
{m, 0.4H), 0.99 - 0.92 (m, 0.6H). LC-MS (M+H) " = 501.8. RetTime in chiral-HPLC: 5.630
min, Method A.

Example 70

19316] (3-((5)-1-(B-amino-1-methylimidazeo{1,5-a|pyrazin-3-yhethyl}-5-chloro-6-fluore-2-
isopropoxyphenyi{(8)-3-methoxypyrrolidin-1-yhmethanone (Compound 78)

103171 This compound (70 rug, 57%) was prepared from compound 15-13 and (8)-3-
methoxypyrrolidine in a similar manner to compound 15-14 in Example 15. 'H NMR (400
MHz, DMSQ0-d6) 6 7.50 - 7.24 (1, 2H), 7.19 - 6.74 (m, 3H), 485 - 4.75 (m, 1H), 4.47 - 4.33
{m, 0.6H), 4.33 - 4.20 (m, 0.4H), 4.09 - 3.92 (m, 0.6H}, 3.88 (brs, (.4H), 3.68 —~ 3.37 (m, 2H),
3.27 - 291 {(m, 3H), 2.65 — 2.54 (m, 3H}, 1.97 {(brs, 2H}, 1.65 (brs, 2H), 1.54 (brs, 1H), 1.26 —
1.14 (m, SH), .94 - 0.84 (m, 1H). LC-MS (M-+H) " = 501.8. RetTime in chiral-HPLC: 3.679
min, Method F.
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Example 71
[9318] 3-({(5)-1-(8-amino-1-methylimidazoll,5-glpyrazin-3-yhethyl}-5-chioro-6-flusro-/V-

{{15,35)-3-hydroxycyclopentyl)-2-isopropoxybenzamide (Compound 71)
NH,

NJ\'%

N

oM Cl
\& ==

\‘\\ —~—
/X‘Q NH
O {8
Cle

OH

10319] This compound (49 mg, 40%) was prepared from compound 15-13 and (15,35)-3-
aminocyclopentan-1-ol in a similar manner to compound 15-14 in Example 15. "H NMR (400
MHz, DMSO-d6) 6 8.67 (4, /=7.6 Hz, 1H}, 7.45 (d, /= 8.6 Hz, 1H}, 7.41 - 7.24 {(m, 3H),
6.92(d, /=53 Hz 1H), 481 (g, /=7.0 Hz, 1H), 457 —4.51 (m, 1H), 4.50 — 4,40 (m, 1H),
440 —4.30 (m, 1H), 4.17 (brs, 1H), 2.58 (s, 3H), 2.09 — 1.97 (m, 1H), 1.91 - 1.78 (m, 2H),
1.63 — 1.54 (m, 4H), 1.50 — 1.34 (m, ZH), 1.18 (d, /= 6.0 Hz, 3H), 1.06 (d, /= 6.0 Hz, 3H).
LC-MS (M+H) " = 489.8, RetTime in chiral-HPLC: 6.423 min, Method A.

Example 72

19328] 3-((5)-1-(B-amino-1-methylimidazo]1,5-a|pyrazin-3-yhethyl)-5-chloro-6-fluoro-N-

{(ZR,3R)-3-bydroxybutan-2-yl}-2-isoproposybenzamide (Compound 72)
NH,

o,

10321} This compound (80 mg, 66%) was prepared from compound 15-13 and (2R.3R)-3-
aminobuian-2-ol in a similar manner to compound 15-14 in Example 15. 'TH NMR (400 MHz,
DMSO-d46) 6 8.42 (d, J= 8.2 Hz, 1H), 740 (d, /= 8.6 Hz, 1H), 7.31 (d, /= 5.1 Hz, 1H), 6.88
(d, /=51 Hz, 1H), 6.79 (brs, 2H), 479 (q, / = 6.7 Hz, 1H), 4.61 (d, /= 5.0 Hz, 1H), 4.56 -
4.46 (m, 1H), 3.97 - 3.88 {m, 1H]}, 3.73 ~ 3.64 (m, 1H), 2.57 (s, 3H), 1.57 {d, /= 7.1 Hz, 3H),
1.17 (d, J= 6.0 Hz, 3H), 1.08 —~ 1.03 {(m, 6H), 1.02 (d, /= 6.3 Hz, 3H). LC-MS (M+H) " =
477.8. RetTime in chiral-HPLC: 3.655 min, Method C.
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Example 73
[9322] (5)-3-(1-(8-amino-1-methylimidazol1,5-alpyrazin-3-ylethyl}-S-chioro-6-flusro-2-
isopropoxy-N-{2-{4-methylpiperazin-1-yhethylbenzamide (Compound 73)

10323} This compound (93 mg, 72.1%) was prepared from compound 15-13 and 2-(4-
methylpiperazin-1-yhethan-1-amine in a similar manoer to compound 15-14 in Example 15.
TH NMR (400 MHz, DMSO-d6) § 8.64-8.61 (t, 1H), 7.39-7.37 (d, /= &.8Hz, 1H), 7.25-7.24
{(d,/=52Hz, 1H), 6.86-6.85(d, /= 4.8Hz, 1H), 6.43 (brs, 2H), 4.80- 4.74 (m, 1H}, 4.52-4.46
{m, 1H), 3.41-3.28 (m, 4H), 2.56 (s, 3H), 2.43- 2.18 (m, 8H), 2.14 (5, 3H), 1.59- 1.57 (d, J =
6.8Hz, 3H), 1.19- 1.18 (d, /= 5.6Hz, 3H), 1.10- 1.08 (d, J = 5.6Hz, 3H). LC-MS (M+H) " =
5321, HPLC: 214 nm, 96.79 %; 254 nm, 100 %. RetTime in chiral-HPLC: 3.67 min, Method

B.
[0324] The following compounds were prepared in a similar manner:
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Biological Assays

i. PI3lo Assay

103251 Compounds disclosed herein were tested for inhibition of PI3KS kinase activity using
commercial ADP-Glo™ Kinase Assay (Promega Corporation) and following the
mamufactare’s instruction. Briefly, recombinant PI3K (p1108/p85u) enzyme, lipid kinase
substrate and a serial dilution of compounds disclosed herein were imcubated for 0.5hr at room
temperature, ATP was added to mitiate the kinase reaction, After incubation for Thr at room
temperature, ADP-Glo™ reagent was added to terminate the kinase reaction and deplete the
remaining ATP. After incubation for 1hr at room temperature, kinase detection reagent was
added to simultancously convert ADP to ATP and allow the newly synthesized ATP to be
measured using a luciferase/lucitferin reaction. After incubation for (.5hr at room temperature,
the luminescence generated was measured on a PHERAstar FS plate reader (BMG
LABTECH). The residual enzyme activity in presence of increasing concentrations of

compounds was calculated based on the luminescence. The ICss for cach compound was
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derived from fitting the data to the four-parameter logistic equation by Graphpad Prism

software. ICso of exaraples is presented in Table | as determined by the PI3K delta assay.

ii. Pilka, B and v Assavs

10326] Compounds disclosed heretn were tested for inhibition of recombinant PI3K
{p1100/p85a), PI3K {p110§/p850n) and PI3K (p110y) using the same method as
PI3K(p1108/p85a) except that incubation of 2hrs was applied to PI3K (p110p/p85a} kinase

reaction. Selectivity of examples is presented in Table 1 as determined by PI3K alpha, beta

and gammnia assays,

[0327] Table 1. Enzyme Activity ICso or max inhibition (%) at 8.5 pM for the compounds

disclosed herein

Enzyme activity ICse (n) or max
Compound ighibition (%) at 8.5 pM
PI3Ka PI3KP PISKS | PI3Ky
1 >50600 >50000 9.7 9800
2 >50000 >50800 14 5500
3 49000 340060 6.3 19000
4 25000 24000 1.9 3100
44 13000 11000 1.0 2600
48 >1600
5 56000 16000 3.3 18000
54 21000 20000 1.5 6300
5B -- -~ 93 --
6 >50600 >50000 2.9 17000
7 >56000 >50000 6.0 170600
8 49000 16000 2.3 6800
9 43000 18000 2.9 9200
10 34000 22000 3.0 9000
ii 310600 6200 2.0 7300
12 >50000 > 50000 3.7 14000
13A 20000 >50000 3.0 9300
138 >1G00
14A 18000 13000 1.4 7900
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148 - - 320 -
15 36000 S50000 | 1.8 5700
16 20000 {7000 4.0 11000
17 77000 72000 3.8 14000
18 19600 12000 2.4 6500
19 33000 60000 2.0 10000
20 — - 2.1 -

21 33000 28000 1.4 3900
22 - - 3.7 —

23 9.9
24 36000 16000 1.6 5800
23 24000 8700 1.9 6000
26 24000 17000 0.86 6500
27 32000 3000 0.93 3900
28 24000 6300 1.2 4800
29 11000 9900 1.1 2100
10 17600 {4000 0.97 7700
31 25000 16000 3.1 6200
32 - - 3.2 -

13 9300 {3000 13 2200
34 36000 11000 1.4 3200
35 46000 19600 1.3 6000
36 9500 13000 2.0 460
37 11000 11000 0.56 2500
38 6100 35000 1.4 3200
39 10000 2300 0.90 28000

40 6.5
41 20000 4900 £.99 5500
42 36000 21000 1.2 4800
43 21000 >50000 | 2.2 3400
44 20000 30000 0.74 5000
43 16000 32000 1.1 2800
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46 97060 39000 (.94 2180
47 27600 26000 2.5 5800
48 9.1

49 -- -- 3.9 .-

50 15600 20000 1.2 5100
51 27400 6400 0.97 4500
52 10000 40000 1.4 2500
53 14800 11008 0.68 2400
34 - - 11 -

55 13000 11000 1.8 2200
56 28600 44000 1.9 4500
57 18800 12008 1.1 4900
58 14400 L6006 2.2 2800
S9A 8300 14040 2.1 1200
598 14800 26000 1.5 2800
60 11600 356800 0.93 5300
61 21600 12000 1.4 4500
62 17800 29608 1.4 8000
63 38000 7400 1.1 4200
64 >50000 >50000 1.6 14000
65 56000 >30008 2.9 6900
66 14800 12008 2.2 3400
67 - - 8.8 -

68 40000 23000 1.7 4600
69 >50000 >S0000 2.0 5200
70 41600 >50006 1.9 6700
71 14000 13000 1.4 3400
72 - - 6.8 -

73 14800 14000 2.8 9500

10328} The following assays were also used to determine the pharmacokinetic (PK) data and

the blood-brain barrier (BBB) data of some exemplified compounds disclosed herein.
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Pharmacokinetic properties of compounds in Sprasue-Dawlev rats after

infravenous (1V) and oral administrations (PO)

Diose Formulation Preparation

10329] The injection dosing solution was prepared as follows: 1.0 mg of a test compound was

weighed and dissolved in 0.32 ml of dimethyl acetamide (DMA). The solution was then

further diluted by 0.36 mL of ethanol and 0.32 mL of propylene glycol. The final

concentration of the test compound was 1.0 mg-mL™.

10336] The oral dosing solution was prepared as follows: 5.0 mg of a test compound was

weighed and dispersed in 10 mL of 0.5 % methyl cellulose (MC). The final concentration of

the test compound is 1 mg-mL™,

Animals

10331] Male Sprague-Dawley rats {also summarized in Table 2) were housed in solid bottom

polypropylene cages with sterilized bedding and receive sterilized diet and sterilized water.

The room was controlled and monitored for humidity (targeted mean range 40 % to 70 %) and

temperature (targeted mean range 18 °C to 26 °C) with 10 to 20 air changes/bhour. The light

cycle was maintained at 12-h light and 12-h dark. Only animals that appeared to be healthy

were selected for this study based on overall health, body weight, or other relevant information.

The animals were treated in accordance with a certain treatment schedule as summarized in

Table 3.

[6332] Table 2. Animal Information

Genus

Gender

Species

Source Age

Weight (g)

Reserved

Selected

Rat Male

Sprague Dawley (S}

Vital River

& weeks

220-250

-
~J

18333] Table 3. Animal Treatment Schedule

Groups | Quantity

Dose Level

(rag-ky )

Cone.

{mg-ml ")

Vehicle

Dosing Regim

Rouvte exn

Fasted/
Fed

Sampling Time

1-3

L2

1.0

32% DMA, 36%
ethanol, 32%

propylene glycol

Tail
Vem IV

Fasted

Pre-dose, 3, 15,
30 nnn, 1, 2, 4,

8 24h

4-6 3

500r 100

0.5% MC

Oral Single

Fasted

Pre-dose, 1§,
30 orin, 1, 2, 4,

& 24hb

Studv Design
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10334] All procedures performed on animals were in accordance with established guidelines
and reviewed and approved by an independent institutional review board.
10335] The male Sprague-Dawley rats were fasted overnight with free access to drinking water
prior to treatment. On day 1, the animals were weighed and actual dose volume for cach
animal was calculated using the formula below:
Dose Volume (mL) = [Nominal Dose (mgz-kg!)y/Dose Concentration {mg-mL 1] x
Animal Body Weight (kg)

ey
[#336] Three rats were given a single IV dose of I mg-kg™! via tail vein injection and other
three rats were given a single oral dose of 5 or 10 mg-kg'. The dosing solutions were freshly
prepared prior to dose administration. The actual body weights and actual volume injected
were recorded accordingly, Four hours after dosing, the rats were allowed to intake food.
103371 Blood samples (~150 pl.) were collected at different times from the jugnlar vein
catheter into EDTA-K coated tubes. Whole blood was processed by centrifugation at 3000 g
for 10 min. Plasma samples were collected and kept at -80 °C freezer prior to analysis. The
blood sampling time was recorded accordingly.
Sample Test
10338] The dose sarmples of IV and PO were diluted with MeOH: HyO (4:1, v/v) to achicve the
concentration of 2 pg-mL, respectively. Then, 2.5 uL of the diluted samples were added with
47.5 puL blank plasma, and then were handled as the plasma sample procedure. An aliquot of
10 pL of the roixture was injected into the LC-MS/MS sysiern. The pharmacokinetic (PK) data

of the test coropounds were gencrated as shown in Table 4.

19339] Table 4. Rat PK data of Compounds 60 and 73

Compound | IV {1 mpk) PO (5 mapk for compouwnd 6 and 16 mpk for
compound 73}
tin | C1 AUCo s Vassg B troax Comax AUCo s F%
(hy | (mL-kg (hngml- | (Lkgh (1) I {ngz-ml ) {(h-ng L)
Lmin) D]
60 0.6 | 76.6 2184 33 2.0 0.3 1328 159.1 14.6
73 8.2 | 86.6 1937 594 5.6 1.5 220.3 318.1 349

IV.  Brain penetration of compounds in male CS7TBL/6 mice after oral administration

Dose Formulation Preparation

10346] Approximately 4 mg of a test compound was weighed and dispersed in 0.5 % methy]
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cellulose (MC). After that, the whole mixture were vortexed antil a solution or suspension was
formed. The final concentration of the test compound was I mg-mL™. The concentration of
test compound in dosing formulations was determined within 85% to 115% of nominal values.
Animals
10341} Male C57BL/6 mice were housed in solid bottom polypropylene cages with sterilized
bedding. The room was controlled and monitored for humidity (targeted mean range 40% to
70%) and temperature (targeted mean range 20° to 25°C) with 10 to 20 air changes/hour. The
room was on a 12-hour light/dark cycle except when interruptions were necessitated by study
activitics. The mice were supplied with sterilized dict and water. All animals were examined
upon receipt and were acclimated for at least 3 days. Only animals that appeared to be healthy
were selected for the study based on overall health, body weight, or other relevant data as
appropriate,
Study Design
10342} All procedures performed on animals were in accordance with established guidelines
and reviewed and approved by an independent institutional review board. The animals were
treated in accordance with a certain treatment schedule.
10343] The male mice were fasted overnight with free access to drinking water prior to
treatment. On day 1, the animals were weighed and actual dose volume for cach animal was
calculated using the formula below:
Dose Volame {inL)y=  [Nominal Dose (mg kg™ VDose Concentration {mg-mL-1)] x
Animal Body Weight (kg)
(1
[0344] The mice were administrated with test compound at 10 mg-kg™ via oral gavage,
respectively. The dosing formulations were freshly prepared. The actual body weights and
actual volume administered were recorded accordingly.
10345] Three mice were sacrificed under carbon dioxide for sample collection at 1, 2 and 4
hours post dose, respectively. Blood samples (~0.2 mL) were collected via cardiac puncture
into anticoagulant tubes {coated with EDTA-Ka). The tubes were gently inverted several times
to ensure mixing. Whole blood was processed for plasma by centrifugation at 5,500 rpm for 10
min. The brain was collected immediately after cuthanasia. The sample collection time was
recorded accordingly. After the removal of excess water, the brain was weighed and
homogenized with S x water {(w/v) in an ice bath. The samples were kept below -20 °C freezer

prior to analysis.
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Sample Test

[0346] For plasma samples: An aliquot of 10 uL of sample was added with 500 uL. ACN
which contained IS (Verapamil, 5 ng-mL"! and Glibenclamide, 50 ng-mL"!) for protein
precipitation, the mixture was vortexed for 1 min, then centrifuged at 13000 rpm for 8 min,
then 70 pL of supernatant was added with 70 pLL water, then vortexed for 10 min. An aliquot of
10 pL of the mixture was injected into the LC-MS/MS system.

[0347] For brain samples: An aliquot of 50 puL of sample was added with 250 uL. ACN which
contained IS (Verapamil, 5 ng-mL"!' and Glibenclamide, 50 ng-mL™!) for protein precipitation,
the mixture was vortexed for 1 min, then centrifuged at 13000 rpm for 8 min, then 70 pL of
supernatant was added with 70 pL water, then vortexed for 10 min. An aliquot of 10 pL of the
mixture was injected into the LC-MS/MS system. The blood-brain barrier (BBB) data of the
test compounds were generated.

[0348] While the foregoing written description of the invention enables one of ordinary skill
to make and use what is considered presently to be the best mode thereof, those of ordinary
skill will understand and appreciate the existence of variations, combinations, and equivalents
of the specific embodiment, method, and examples herein. The invention should therefore not
be limited by the above described embodiment, method, and examples, but by all embodiments
and methods within the scope and spirit of the invention as claimed.

[0349] 1t is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common
general knowledge in the art, in Australia or any other country.

[0350] In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the
word “comprise” or variations such as “comprises” or “comprising” is used in an inclusive
sense, i.¢. to specify the presence of the stated features but not to preclude the presence or

addition of further features in various embodiments of the invention.
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CLAIMS
1. A compound of Formula (I),

ey

or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof,

wherein:

R is -NRaRy, wherein R, and Ry, are each independently hydrogen or Ci.¢alkyl;

R» is hydrogen, F, Cl, Br, -Ci.salkyl, -Cz.salkenyl, -Cs.salkynyl, cycloalkyl, heterocyclyl,
aryl, heteroaryl, -CN, -NO2, -OR12, -SO2R 12, -COR 2, -CO2R 12, -CONR 2R3, -
C(=NRi2)NR3R14, -NR 2R3, -NR2COR 3, -NR12CONR 3R 14, -NR12CO2R 3, -
NR2SONR 3R 14, -NR12SO2NR 3R 14, or -NR12SO2R 13; wherein said -Ci.salkyl, -Ca-salkenyl, -
Ca.salkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally
substituted with at least one substituent Rja;

R3 and R4, which may be the same or different, are each independently hydrogen, -C;.
salkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl;

Rs and R, which may be the same or different, are each independently hydrogen, halogen,
-Crealkyl, -Cagalkenyl, -Cz.salkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -NO, -
OR12, -SO2R 12, -COR 12, -CO2R 12, -CONR 2R 13, -C(=NR12)NR3R14, -NR12R13, -NR12COR 3, -
NR12CONR3R14, -NR12CO2R 13, -NR12SONR 3R 14, -NR12SO2NR 3R 14, or -NR12SO2R 135
wherein said -Cj.ealkyl, -Cs-¢alkenyl, -Ca.salkynyl, cycloalkyl, heterocyclyl, aryl or heteroaryl
are each independently optionally substituted with at least one substituent Ryiv;

R7, Rg and R, which may be the same or different, are each independently hydrogen,
halogen, -Ci.salkyl, -Cz.salkenyl, -Cz.salkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -
NOz, -OR 12, -SO2R 12, -COR 2, -CO2R 12, -CONR 2R 13, -C(=NR12)NR3R 14, -NR 2R3, -
NR2CORj3, -NR12CONR 3R 14, -NR12CO2R 13, -NR12SONR 3R 14, -NR12SO2NR 3R 14, or -
NR12SO2R13; wherein said -Cj.salkyl, -Ca.salkenyl, -Ca.salkynyl, cycloalkyl, heterocyclyl, aryl
or heteroaryl are each independently optionally substituted with at least one substituent Rjic;

Ry is -CN, -NO2, -OR 2, -SO2R 12, -SO2NR 2R 13, -COR 12, -CO2R 12, -CONR 2R 13, -
C(=NR12)NRi3R14, -NR12COR 3, -NR12CONR 3R 14, -NR12CO2R 13, -NR12SONR 3R 14, -
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NR12SO:NR3R14, or -NR12SO2R 35

Riia, Riib, and Ry, which may be the same or different, are each independently
hydrogen, halogen, -Ci.ealkyl, -Cs.salkenyl, -Czsalkynyl, haloCialkyl, haloCs.¢alkenyl,
haloCs.ealkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -NO», oxo, -OR12, -SO2R 12, -
COR12, -CO2R 12, -CONR 2R 13, -C(=NR2)NR 3R 14, -NR12R 3, -NR12COR 3, -NR12CONR 3R 14,
-NR12COzR 13, -NR12SONR 3R 14, -NR12SO2NR 3R 14, or -NR12SO2R13; and

Ri2, Ri3, and Ri4, which may be the same or different, are each independently hydrogen, -
Ci-salkyl, -Caealkenyl, -Czsalkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein said
Ci-salkyl, -Ca6alkenyl, -Cz-salkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl are each
independently optionally substituted with at least one substituent Rs;

Alternatively, (Ri12 and Ri3), or (Ri3 and Ri4), or (R12 and Ry4), together with the atom(s)
to which they are attached, form a 3- to 12-membered saturated, partially or fully unsaturated
ring comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -S-, -
SO- or -SO:>-, and said ring is optionally substituted with at least one substituent Ris;

Ris, at each of its occurrences, is independently hydrogen, halogen, -C.¢alkyl, -Co.
salkenyl, -Cs.salkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, -CN, -NO:, oxo, -ORjs, -
SO2R 6, -COR 6, -CO2R16, -CONRi6R 17, -C(=NR16)NR 7R3, -NR6R 17, -Ci-6alkyl-NR6R 7, -
NR1sCOR7, -NR1s6CONR 7R 13, -NR16CO2R 17, -NR16SONR 7R 18, -NR16SO2NR 7R 18, or —
NR16SO2R 17, wherein said Cisalkyl, -Czealkenyl, -Czsalkynyl, cycloalkyl, heterocyclyl, aryl,
or heteroaryl are each independently optionally substituted with halogen, Ri9, -OR19, -COR 9, -
SO2R 19, or -CO2R9;

wherein each of Ris, Ri7, or Risg is independently hydrogen, -Ci.ealkyl, -Cs.salkenyl,
-Ca.ealkynyl, haloCi.ealkyl, haloCz.ealkenyl, haloCz.salkynyl, cycloalkyl, heterocyclyl, aryl,
or heteroaryl; or

(Ris and Ry7), or (Ris and Ris), or (R17 and Rig), together with the atom(s) to which
they are attached, form a 3- to 12-membered saturated, partially or fully unsaturated ring
comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -S-, -
SO- or -SO>-, and said ring is optionally substituted with at least one substituent Ri9; and

wherein Ri9 is independently hydrogen, -Ci.salkyl, -Cz-salkenyl, -Czsalkynyl,
haloCi.salkyl, haloCz.salkenyl, haloCs.salkynyl, cycloalkyl, heterocyclyl, aryl, or
heteroaryl, wherein said cycloalkyl, heterocyclyl, aryl, or heteroaryl are each optionally
substituted with halogen, -Ci.salkyl, -Cz.alkenyl, -Cz-salkynyl, haloCi.salkyl, haloCo.
salkenyl, or haloCz.salkynyl; and wherein said -Ci_salkyl, -Cz¢alkenyl, -Cz.salkynyl, haloC;.
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10.

11.

12.

13.

14.

15.

salkyl, haloCzealkenyl, or haloCz.salkynyl are each optionally substituted with cycloalkyl,
heterocyclyl, aryl, or heteroaryl.

The compound of Claim 1, wherein R; is -NH>.

The compound of Claim 1, wherein R> is independently hydrogen, F, Cl, Br, -Ci.salkyl, Cs.
scycloalkyl or Ce.10 aryl, and wherein -Ci.ealkyl, Cs.6cycloalkyl and Ce.10 aryl are each
independently optionally substituted with at least one substituent Rj1a.

The compound of Claim 3, wherein Rz is Cisalkyl.

The compound of Claim 1, wherein R3 and R4 are each independently hydrogen or -C;.
salkyl.

The compound of Claim 5, wherein R3 is hydrogen, and R4 is -Ci_salkyl.

The compound of Claim 1, wherein Rs and Rs, which may be the same or different, are
each independently hydrogen, halogen, -Ci.salkyl, -Cs.salkenyl, -Czsalkynyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl, wherein said -Ci.salkyl, -Cz.salkenyl, -Czsalkynyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally substituted
with at least one substituent Ri1s, wherein Ry is halogen.

The compound of Claim 1, wherein Rs and R are each independently hydrogen, halogen,
or -Cpealkyl.

The compound of Claim 8, wherein Rs and Re are both hydrogen.

The compound of Claim 1, wherein R7, Rg and Rig, which may be the same or different, are
each independently hydrogen, halogen, -Ci.salkyl, -Cs.salkenyl, -Czsalkynyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, or -OR12; wherein said -Ci.salkyl, -Cz-6alkenyl, -Cz.salkynyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl are each independently optionally substituted
with at least one substituent Riic, wherein Ryic is halogen.

The compound of Claim 10, wherein R7 and Rg are each independently hydrogen, halogen
or -Ci.salkyl, and Ripis -OR 2.

The compound of any one of Claims 1-11, wherein Ro is -CONR 2R3, wherein Ri> and Ry3
are as defined in Claim 1.

The compound of Claim 12, wherein Ri2 and R are each hydrogen or Ci.salklyl optionally
substituted with at least one substituent Ris.

The compound of Claim 13, wherein Ri2 and Rz are each hydrogen or methyl, ethyl, n-
propyl or isopropyl, each optionally substituted with at least one substituent Rjs.

The compound of Claim 12 or Claim 13, wherein Ris is hydrogen, cycloalkyl, aryl,
heterocyclyl, -ORjs, or -NR¢R 17, wherein Ris and Ri7 are as defined in Claim 1 and
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16.

17.

18.

19.

20.

21.

22.

23.

24.

wherein said cycloalkyl, aryl, or heterocyclyl are each independently optionally substituted
with halogen, Ri9, -OR 19, —COR 9, -SO2R 9, or -CO2R 9, wherein Ry9 is as defined in Claim
1.

The compound of Claim 12 or Claim 13, wherein Rz is hydrogen and Ry3 is Cialklyl
optionally substituted with one substituent Rys, which is heterocyclyl optionally substituted
with halogen, Ri9, -OR 19, —COR 9, -SO2R 9, or -CO2R 9, wherein Ry9 is as defined in Claim
1.

The compound of Claim 16, wherein the heterocyclyl group is a 4-, 5-, 6-, 7- or 8-
membered saturated monocyclic ring comprising one nitrogen heteroatom or a 5-, 6-, 7- or
8-membered saturated monocyclic ring comprising one nitrogen atom and 1 additional
heteroatom selected from -NH, -O-, -S-, -SO- or —SO:-, optionally substituted with
halogen, Ri9, -OR 19, -COR 9, -SO2R 9, or -CO2R 19, wherein R is as defined in Formula
(I) of Claim 1.

The compound of Claim 17, wherein the heterocyclyl group is piperidinyl or piperazinyl
group optionally substituted with halogen or Cj.salkyl.

The compound of Claim 12, wherein Ri2 is hydrogen, and Ri3 is cycloalkyl optionally
substituted with at least one substituent Ris.

The compound of Claim 19, wherein Ry31s a C3-Csg cycloalkyl optionally substituted with
at least one substituent Rys.

The compound of Claim 20, wherein R;3 is a cyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl, each optionally substituted with at least one substituent Ris.

The compound of any one of Claims 19-21, wherein Rjs is -OR ¢, -CO2R 6 or -Ci.salkyl-
NRi¢R17, or -Ci.salkyl optionally substituted with —OR 9, wherein Ri¢ and R7 together with
the atom(s) to which they are attached may optionally form a 5- to 8-membered saturated
ring comprising 0, 1 or 2 additional heteroatoms independently selected from —NH, and
said ring is optionally substituted with at least one substituent Rj9, and wherein Rys , Ri7
and Ry are as defined in Claim 1.

The compound of Claim 12, wherein R;» is hydrogen, and Ri31s a 5- to 8-membered
heterocyclyl comprising 1 or 2 or 3 heteroatoms selected from O, NH, S, SO, or SO»,
optionally substituted with at least one substituent Ris.

The compound of Claim 23, wherein Ri3is a 6-membered heterocyclyl comprising 1 or 2

heteroatoms selected from O or NH, optionally substituted with at least one substituent Rys.
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25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

The compound of Claim 24, wherein Ry3 is tetrahydrofurfuryl or tetrahydropyranyl, each
optionally substituted with at least one substituent Ris.

The compound of any one of Claims 23-25, wherein Rys is halogen or -C_salkyl.

The compound of Claim 12, wherein Rj» is hydrogen, and Ri3is an aryl group selected
from phenyl and naphthyl, optionally substituted with at least one substituent Rys.

The compound of Claim 27, wherein Rys is halogen, -Ci.salkyl, -ORys, or heterocyclyl
optionally substituted with halogen, Ri9, or -OR 9, wherein Ris and Ry9 are as defined in
Claim 1.

The compound of Claim 12, wherein Ri2 and Ris together with the nitrogen atom to which
they are attached, form a 3- to 12-membered saturated, partially or fully unsaturated ring
comprising 0, 1 or 2 additional heteroatoms independently selected from -NH, -O-, -S-, -
SO- or -SO>-, and said ring is optionally substituted with at least one substituent Rjs.

The compound of Claim 29, wherein Ri2 and Ris together with the nitrogen atom to which
they are attached, form a 4-, or 5- or 6- or 7- or 8-membered saturated monocyclic ring
comprising 0 additional heteroatom, and said ring is optionally substituted with at least one
substituent Ris.

The compound of Claim 30, wherein R;s is halogen, -OR s, -CO2R s, or -Cisalkyl
optionally substituted with —OR 9, wherein Ri¢ and Ry9 are as defined in Claim 1.

The compound of Claim 29, wherein Ri2 and Ris together with the nitrogen atom to which
they are attached, form a 5-, 6-, 7- or 8-membered saturated monocyclic ring comprising 1
additional heteroatom selected from -NH, -O-, -S-, -SO- or -SO»-, and said ring is
optionally substituted with at least one substituent Ris.

The compound of Claim 32, wherein Ri2 and Ris together with the nitrogen atom to which
they are attached, form a morpholino, morpholinyl or piperazinyl ring, each of which is
optionally substituted with at least one substituent Ris.

The compound of Claim 32 or 33, wherein Ris is hydrogen, halogen, -Ci.salkyl, or
cycloalkyl, wherein said Ci.salkyl, or cycloalkyl are each independently optionally
substituted with halogen, Ri9, -OR 19, -COR 9, or -CO2R 9, wherein R is as defined in
Claim 1.

The compound of Claim 29, wherein Ri2 and Ris together with the nitrogen atom to which
they are attached, form a 7- to 12-membered saturated bicyclic ring comprising 0 or 1 or 2
additional heteroatoms selected from -N, -O-, -S-, -SO- or -SO3-, and said ring is optionally

substituted with at least one substituent Rs.
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36. The compound of Claim 35, wherein the ring is a bicyclic bridged or spiro-ring optionally

substituted with at least one substituent Rjs.

HO O
37. The compound of Claim 36, wherein the ring is % @

v I

H
38. The compound of Claim 12, wherein Ry is . ;
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or
39. The compound of any one of Claims 12-38, wherein R0 is methoxy, ethoxy, propoxy, or
1SOpPropoxy.
40. The compound of Claim 39, wherein R is isopropoxy.
41. The compound of any one of Claims 1 to 40, wherein the carbon atom to which R3 and R4

are attached is in (S)-configuration when R3 and R4 are different.

42. The compound of Claim 1, which is:

NH, HoN NH,

N7 T NZ =

N N

K/N / cl ‘\/N / Cl SN /N &
F F
X F
o H o NH OH )\
(0] NQ\«O )\O (0] NQ\
O e} o OH

NH2 NH2 NH2

N cl SN Cl NG cl

OH

g ™
NH, HZL(L NH,
2 72 = M
N)%N N /N Cl N = N
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or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof.

43. The compound of Claim 1, which is:

NH,
NZ =
N
x cl
LA
0 N )
(@) 0
NH,
NP N=
N7 Cl

119

19997899_1 (GHMatters) P113051.AU



2018328569 23 Jun 2023

19997899_1 (GHMatters) P113051.AU

120

R




ccocunf ¢¢ 6958¢CE810T

121

19997899_1 (GHMatters) P113051.AU



ccocunf ¢¢ 6958¢CE810T

122

19997899_1 (GHMatters) P113051.AU



2018328569 23 Jun 2023

10

15

20

% or
NH;
N
R/N N
; cl
o FooN
\r o) N/\/ N \)
H 2
or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof.
44. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of any one of Claims 1-43, a stereoisomer thereof or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable excipient.

45. A method for treating or preventing a disorder or a disease responsive to the inhibition
of PI3K3 activity in a subject, comprising administering to the subject a compound of any one
of Claims 1 to 43, or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof.

46.  The method of Claim 45, wherein the disorder or disease is an inflammatory disorder,
an autoimmune disease, or a cancer.

47.  The method of Claim 45, wherein the disorder or disease is selected from the group
consisting of idiopathic thrombocytopenic purpura (ITP), autoimmune hemolytic anemia,
vasculitis, systemic lupus erythematosus, lupus nephritis, pemphigus, membranous
nephropathy, acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML), chronic
lymphocytic leukemia (CLL), Non-Hodgkin lymphoma (NHL), chronic myeloid leukemia
(CML), multiple myeloma (MM) , hairy cell leukemia, Mantle cell lymphoma (MCL), small
lymphocytic lymphoma (SLL), follicular lymphoma, lymphoplasmacytic lymphoma,
extranodal marginal zone lymphoma, activated B-cell like (ABC) diffuse large B cell
lymphoma (DLBCL), or germinal center B cell (GCB) diffuse large B cell lymphoma
(DLBCL), T-cell lymphoma, B-cell lymphoma, myelodysplasia syndrome (MDS),
myeloproliferative disease (MPD) follicular lymphoma, Waldestrom's macroglobulinemia
(WM), pancreatic cancer, bladder cancer, colorectal cancer, breast cancer, prostate cancer,

renal cancer, hepatocellular cancer, lung cancer, ovarian cancer, cervical cancer, gastric cancer,
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esophageal cancer, head and neck cancer, melanoma, neuroendocrine cancer, CNS cancer,
brain cancer, bone cancer, soft tissue sarcoma, non-small cell lung cancer, small-cell lung
cancer, colon cancer, systemic lupus erythematosus (SLE), myestenia gravis, rheumatoid
arthritis (RA), acute disseminated encephalomyelitis, idiopathic thrombocytopenic purpura,
multiple sclerosis (MS), Sjoegren's syndrome, autoimmune hemolytic anemia, asthma, multiple

sclerosis, psoriasis, chronic obstructive pulmonary disease or lupus.
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