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ALPHA PROTEIN KINASE 1 INHIBITORS AND METHODS OF USE
FIELD OF THE INVENTION
{01}  The present invention relates to compounds that are inhibitors of alpha protein kinase

I (ALPK1} and related compositions and methods.

BACKGROUND OF THE INVENTION
{021  Alpha-kinases display little scquence similarity to conventional protein kinases. A
total of six aipha kinase members have been identified. These include alpha-protein kinase 1
(ALPK1), ALPK2, ALPK3, clongated factor-2 kinase (¢EFZK), and transient receptor
potential cation channel M6 and M7 (TRPM6 and TRPM7). See Ryazanov et af., Curr Biol
9:R43-45 (1999} and Ryazanov et al., Proc Natl Acad Sci US4 94:4884-4889 (1997).
03]  ALPKI is an intracytoplasmic serine threonine protein kinase that plays an important
role in activating the innate immune response to bacteria vie TRAF-interacting protein with
forkhead-associated domain (TIFA) dependent proinflarmnmatory nuclear factor-kappa-B
{NFEB) signaling. See Zimmermann ef al. Cell Rep. 20:2384-2395 (2017}, Milivojevic ef i,
PLoS Pathog. 13:E1006224-E1006224 (2017); and Zhou et al., Nature 561:122-126 (2018).
{304] Inappropriate activation of ALPKI signaling has been implicated in discases and
disorders associated with excessive or inappropriate inflammation. For example, ALPK1 has
been implicated in monosodium urate monchydrate (MSU)-induced inflammation and gout.
Lee er al., Sci. Rep. 6:25740-25740(2016). Elevated ALPK1 expression has also been
associated with lymph node metastasis and tumor growth in oral squamous cell carcinoma.
Chen ef al., Am J Pathol 189:190-199 (2019). In addition, genctic mutations in ALPK1 have
been associated with spiroandenoma, spiroandenocarcinoma, “Retinal dystrophy, Optic nerve
edema, Splenomegaly, Anhidrosis and migraine Headache” ("ROSAH”} syndrome, and
“Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis” (“PFAPA”) syndrome. See
e.g., Rashid et al., Nature Communications (2019); Williams et al., Genetics in Medicine

21:2103-2115 (2019); and Sangiorgi ef al. Fur. J. Human Genetics (2019).

SUMMARY OF THE INVENTION
{35}  The disclosure provides compounds of Formula 1 and subembodiments of Formula 1
described herein, that are inhibitors of ALPK1 kinase activity, and related compositions and
methods.

{66] In some aspects, provided herein are compounds of Fornmla 1
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Formula 1
wherein A, p, RY, R%, R®, R* and R® are as defined herein

{077  In some embodiments, compounds of Formula I are represented by Formula 1A
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wherein p, R', R*, RY, R* R’ R® and R’ are as defined herein.

{08]  In some embodiments, compounds of Formula I are represented by Formula TA-1

Formuia [A-1

wherein p, R!, R?, R’ R*.R> R®, and R’ are as defined herein.

{09]  In some embodiments, compounds of Formula 1 are represented by Formula 1B
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Formula IB
wherein p, R*, R*, R*, R°, R"®, D, E, F, and G are as defined herein,

{16} In some embodiments, compounds of Formula 1 are represented by Formula 1B-1

Formula 1B-1
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Wherein p, R?, R?, R R®, R*>, R, and RY are as defined herein.
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{11}  In some embodiments, compounds of Formula I are represented by Formula 1C

3
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Formula I1C
Wherein p, m, R?, R?, RY, R®, R'® are as defined herein.
{12]  In some aspects, provided herein are compounds of Formmla X1,
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Formula X1{
wherein X, A, p, R, R%, R, R* and R are as defined herein,

{13]  In some embodiments, compounds of Formula | are represented by Formmula XI-A,
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Formula XI-A
wherein X, p, R', R*, R*, R* R, R®, and R” are as defined herein,

{14]  In some embodiments, compounds of Formula I are represented by Formula XI1-A-1,
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Formula Xi-A-1
wherein X, p, R!, B2, R*, RY R, R®, and R” are as defined herein,
{15}  In some embodiments, compounds of Formula I are represented by Formula X1-A-1-
a’
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Formula Xi-A-f-a
wherein p, RY, R? R R R, RS, and R’ are as defined herein.

{16] In some embodiments, compounds of Formula | are represented by Formula X1-B,
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Formula XI-B
wherein X, p, R*, R’, R* R°, R"*, D, E, F, and G are as defined herein.

{171  In some embodiments, compounds of Formula 1 are represented by Formala XI-B-1,

Formula XI-B-1
wherein X, p, R?, B’ R, R’ R**, R*, and RY are as defined herein.

{18]  In some embodiments, compounds of Formula I are represented by Formula X1-B-1-
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Formula Xi-B-1-a

wherein p, R*, R’, R R®, RV R'¢ and R’ are as defined herein.
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{19]  In some embodiments, compounds of Formula [ are represented by Formula X3-C,

Formula XI-C

wherein X, p, m, R?, R*, R¥, R®, R*® are as defined herein.

{26]  In some embodiments, compounds of Formula X1 are represented by Formula X1-C-1,
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Formuila X1-C-1
wherein p, m, R*, R®, R*, R®, R are as defined herein.
{21}  In embodiments, the disclosure provides a pharmaceutical composition comprising a
compound of Formula {, IA, IB, IC, X1, XI-A, XI-B, or Xi-C, or a subembodiment thereof, as
described herein.
{221  In embodiments, the disclosure provides a method for inhibiting ALPK]1 kinase
activity in a cell or tissuc of a subject in need of such therapy, the method comprising
administering to the subject a compound of Formula §, 1A, 1B, IC, X1, XI-A, Xi-B, or X1-C,
or a subembodiment thereof, as described herein.
231  In embodiments, the disclosure provides a method for inhibiting or reducing
inflammation in a target tissue of a subject in need of such treatment, the method comprising
administering to the subject a compound of Formala §, 1A, IB, IC, X1, XI-A, Xi-B, or XI-C,
or a subembodiment thereof, as described herein.
i24] In embodiments, the disclosure provides a method for treating a disease, disorder, or
condition characterized by excessive or inappropriate ALPK1-dependent proinflammatory
signaling in a subject in need of sach therapy, the method comprising administering to the
subject a compound of Formulda 1, TA, 1B, IC, XI, XI-A, XI-B, or X1-C, or a subembodiment
thereof, as described herein.
251 In embodiments, the discase, disorder, or condition is selected from sepsis, cancer,
spiroandenoma, spiroandenocarcinoma, “Retinal dystrophy, Optic nerve edema,
Splenomegaly, Anhidrosis and migraine Headache” (“ROSAH”) syndrome, and “Periodic
Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis” (“PFAPA”) syndrome.
i26] In embodiments, the cancer is selected from lung cancer, colon cancer, and oral
SqUanIous cancer.
{271  In embodiments, the disease or disorder is selected from ROSAH and PFAPA.
28] In embodiments, the disease or disorder is sepsis.
291 In embodiments, the disease or disorder is spiradenoma or spiroandenocarcinoma,
361  In embodiments, the subject in need of such therapy or treatment is a subject carrying
one or more genetic mutations in ALPK1. In embodiments, at feast one mutation is an

activating mutation.
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BRIEF BESCRIPTION OF THE FIGURES
{31}  FIG. 1: Bar graph showing IL-8 secretion (pg/ml) in HEK293 cells transiently
transfected with empty vector, or expression vectors encoding human ALPK1 (hALPK1), an
activating mutation in hALPK 1 (T237M, V1092A) or an activating mutation combined with
a kinase dead mutation in ALPK T (hALPK1-T237M-211945}).
{32] FIG.2: Treatment groups were administered 4, 10 or 25 mg/kg of the ALPK inhibitor
A0176 2 hours prior to the agonist, D-glycero-D-manno-6-fluoro-heptose-1-S-ADP. 3
hours after agonist administration, the kidney tissues were examined for inhibition of gene
expression of innate immunity genes including MCP-1 (CCL-2), CCL-7, CXCL-1, CXCL-
10, IL-1pB, IL-6 mRNA. A0176 showed a dose-dependent inhibition of gene expression
levels. **p<.01, ***p<0.001 vs Vehicle-PO+AD176-1P-3hr by two-way-ANOVA
{331 FIG. 3: In the sepsis induced acute kidney injury animal model, compounds CO08
and A0176 (20 rug/kg) were administered to treatment groups of animals 2 hours prior to the
surgery. Survival was recorded over the following 24 hours. Both compounds improved the
animals’ survival rate.
{341 FIG 4: In the sepsis induced acute kidney injury animal model, compounds CO08 and
A0176 (20 mg/kg) were adminisiered to treatruent groups of aniruals 2 hours prior to the
surgery. 24 hours post-surgery, the kidneys were collected for gene expression analysis by Q-
PCR. The data show that ALPK 1 inhibitors decreased cxpression of kidney proinflammatory
genes including 116, TNFa, IL-1b, CCI2 and Keratinocyte chemoattractant (K} chemokine.
<005, ¥¥p<0,01, p<0.001, vs. CLP-V¢hicle
{35]  FIG 5: In the sepsis induced acute kidney injury animal model, compounds CO08 and
A0176 (20 mg/kg) were administered to treatment groups of animals 2 hours prior to the
surgery. 24 hours post-surgery, plasma MCP-1 concentration was measured by ELISA.
ALPK1 inhibitors improved the plasma MCP-1 levels. ***p<0.001 vs, CLP vehicle by one-
way ANOVA

DETAILED DESCRIPTION

36] The disclosure provides compounds that are inhibitors of ALPKT,
compositions comprising same, and methods for their use in therapy.

137} The term “ALPK1” is used herein to refer interchangeably to isoform 1
(QO6QP1-1) or the alternative splice variant isoform 2 (396(3P1-2) of the human sequence
identified by UniProtiB - (96QP1 (ALPK1 HUMAN).
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{38] As used herein, the term “abkyl” refers to a straight or branched, saturated,
aliphatic radical having the namber of carbon atoms indicated. Alkyl can include any number
of carbons, such as Ci, Cia, Cia, Cis, Crs, Cro7, Cieg, Crog, Crag, Co3, Coaa, Coos, Coos, C34,
C3-5, Cs-6, Ca-5, Ca6 and Cs-6. For example, Ci-s alkyl includes, but is not limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, etc.
Alkyl can also refer to alkyl groups having up to 20 carbons atoms, such as, but not limited to
heptyl, octyl, nonyl, decvl, ete. Alkyl groups can be substituted or unsubstituted.

139] As used herein, “alkenyl” refers to a straight chain or branched hydrocarbon
having at least 2 carbon atorus and at least one double bond. Alkenyl can include any number
of carbons, such as o, Ca.3, Caa, Cas, Caus, Coo7, Cog, Cog, Crorp, Cs, Cag, Cas, Caos, Cay Cas,
Cae, Cs, Csos, and Co. Alkenyl groups can have any suitable number of double bonds,
including, but not limited to, 1, 2, 3, 4, 5 or more. In some embodiments, an alkenyl group
has 1 double bond. Alkenyl groups can be substituted or unsubstituted.

{40] As used herein, “alkynyl” refers to a straight chain or branched hydrocarbon
having at least 2 carbon atoms and at least one triple bond. Alkenyl can include any nurmber
of carbons, such as Cy, Cos, Cra, Cos, Coss, Cour, Cauz, Cog, Coorg, s, Caug, Cass, Cass, Ca, Cass,
Cas, Cs, Cs.s, and Ce. Alkynyl groups can have any suitable number of triple bonds,
including, but not limited to, 1, 2, 3, 4, 5 ormore.  In some embodiments, an alkynyl group
has 1 triple bond. Alkynyl groups can be substituted or unsubstitated.

{41} As used herein, the term “alkylene” refers to a straight or branched, saturated,
aliphatic radical having the number of carbon atoms indicated, and linking at least two other
groups, i.¢., a divalent hydrocarbou radical. The two moieties linked to the alkylene can be
linked to the same atom or different atoms of the alkylene group. For instance, a straight
chain alkylene can be the bivalent radical of -(CH2)n-, wherenis 1,2, 3,4, S or 6,
Representative alkylene groups include, but are not limited to, methylene, ethylene,
propylene, isopropylene, butylene, 1sobutylene, sec-butylene, pentylene and hexylene.
Alkylene groups can be substituted or unsubstituted. In some embodiments, alkylene groups
arc substituted with 1-2 substitucnts, As a non-limiting example, suitable substituents include
halogen and hydroxyl.

{42} As used herein, the term “alkoxy” or “alkoxyl” refers to an alkyl group having
an oxygen atom that connects the alkyl group to the point of attachment: atkyt-0-. As for
alkyl group, alkoxyl groups can have any suitable number of carbon atoms, such as C1-06.

Alkoxyl groups include, for example, methoxy, ethoxy, propoxy, iso~-propoxy, butoxy, 2-
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butoxy, iso-butoxy, sec-butoxy, tert-butoxy, pentoxy, hexoxy, etc. The alkoxy groups can be
substituted or ansubstituted,

{43] As used herein, the term “alkenyloxy” or “alkenyloxyl” refers to an alkenyvl
group, as defined above, having an oxygen atom that connects the alkenyl group to the point
of attachment: alkenyl-O-. Alkenyloxyl groups can have any suitable number of carbon
atoms, such as C1-6. Alkenyloxyl groups can be further substituted with a variety of
substituents described within, Alkenyloxyl groups can be substitited or unsubstituted.

i44] “Aminocalkyl” means a lincar monovalent hydrocarbon radical of one to six
carbon atoms or a branched ruonovalent hydrocarbon radical of three to six carbons
substituted with -NR’R” where R and R” are independently hydrogen, atkyl, haloalkyl, or
hydroxyalkyl, each as defined herein, e.g., ammnomethyl, aminoethyl, methylaminomethyl,
and the like.

[45] As used herein, the term “halogen” or “halo” refers to fluorine, chlorine,
bromine and iodine.

{46] Asused herein, the term “haloalkyl” refers to alkyl, as defined above, where
some or all of the hydrogen atoms are replaced with halogen atoms. As for alkvl group,
haloalkyl groups can have any suitable number of carbon atoms, such as Ci6. For example,
haloalkyl includes trifluoromethyl, fluoromethyl, etc.

{47] As used herein, the term “haloalkoxy!” or “haloalkoxy” refers to an alkoxyl
group where some or all of the hydrogen atorus are substituted with halogen atoms. As for an
alkyl group, haloalkoxy groups can have any suitable number of carbon atoms, such as Cie.
The alkoxy groups can be substituted with 1, 2, 3, or more halogens.

48] As used herein, the term “deutercalkyl” means an alkyl radical as defined
above wherein one to six hydrogen atoms in the alloyl radical are replaced by deuterium, e.g.,
-CH2D, -CHD:, -CDBs, -CH2(CDs, and the like.

{49} As used herein, the term "hydroxyalkyl” refers to an alkyl radical wherein at
least one of the hydrogen atoms of the alkyl radical is replaced by OH. Examples of
hydroxyalkyl include, but are not limited to, hydroxy-methyl, 2-hydroxy-cthyl, 2-hydroxy-
propyl, 3-hydroxy-propyl and 4-hydroxy-butyl.

150} Asused herein, the term “oxo” refers to an oxygen atom connected to the
point of attachment by a double bond (=0).

{51} As used herein, the term “aryl” refers to an aromatic ring system having any
suitable number of ring atoms and any suitable number of rings. Aryl groups can include any

suitable number of ring atoms, such as, 6,7, 8,9, 10, 11, 12, 13, 14, 15 or 16 ring atoms, as
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well as from 6 to 10, 6 to 12, or 6 to 14 ring members. Aryl groups can be monocyclic, fused
to form bicyclic or tricyclic groups, or linked by a bond to form a biaryl group.
Representative aryl groups include phenyl, naphthyl and biphenyl. Other aryl groups include
benzyl, having a methylene linking group. Some aryl groups have from 6 to 12 ring members,
such as phenyl, naphthvl or biphenyl. Other aryl groups have from 6 to 10 ring members,
such as phenyl or naphthyl. Some other aryl groups have 6 ring members, such as phenyl.
Aryl groups can be substituted or unsubstituted.

52} As used herein, the term “heteroaryl” refers to a monocyelic or fused bicyclic
aromatic ring assembly containing 5 to 12 ring atoms, where from 1 to 5 of the ring atoms are
a heteroatom such as N, O or 8. Additional heteroatoms can also be useful, including, but not
iimited to, B, AL St and P. The heleroatoms can also be oxidized, such as, but not limited

to, -S{0}- and -S(O)-~. Heteroaryl groups can include any number of ring atoms, such as,
3t06,4106,5t06,3108,4108,5t08,6108,3t09, 3t 10,310 11, 0or3 1o 12ring
members. Any suitable number of heteroatoms can be inchuded in the hetercaryl groups,
suchas 1,2, 3. 4,or5,0orlto2, lio3, 1to4, 1105, 2103,2t04,21t05,31i04,0or3to 5.
Heteroary! groups can have from 5 to 9 ring members and from 1 to 4 heteroatoms, or from 5
to 9 ring members and from 1 to 3 heteroatoms, or from 5 to 6 ring members and from 1 to 4
heterpatoms, or from 5 to 6 ring members and from 1 to 3 heteroatoms. The heteroaryl group
can inchide groups such as pyrrole, pyridine, imidazole, pyrazole, triazole, tetrazole,
pyrazine, pyrimidine, pyridazine, triazine {(1,2,3~, 1,2,4- and 1,3,5-1somers), purine. The
heteroaryl groups can also be fused to aromatic ring systems, such as a phenyl ring, to form
mermbers including, but not limited to, benzopyrroles such as indole and isoindole,
benzopyridines such as quinoline and isoquinoline, benzopyrazine (quinoxaline),
benzopyrimidine (quinazoline), benzopyridazines such as phihalazine and cinunoline,
benzothiophene, and benzofaran. Other heteroaryl groups include heteroaryl rings linked by
a bond, such as bipyridine. Heteroaryl groups can be substituied or unsubstituted,

53] As used herein, “cycloalkyl” refers to a saturated ring assembly containing
from 3 to 10 ring atoms, or the mumber of atoms indicated. Cycloalkyl can inchude any
number of carbons, such as Cag, Cas, Csas, Cag, Cag, Csap, Cor. Cycloalkyl rings can be
saturated or unsaturated, when unsaturated cycloalkyl rings can have one or two double
bonds. Cycloalkyl rings include, for example, cyclopropyl, eyclobutyl, cyclopentyl,
cyclohexyl, and cyclooctyl. Cycloalkyl groups can be substituted or unsubstituted.

{54} Asused herein, the term“heterocyelyl” orheterocyelic” refers to a

heterocyclic group that is saturated or partially saturated and is a monocyelic or a polyeyelic
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ring; which has 3 to 16, most preferably 5 to 10 and most preferably 1 or 4 ring atoms;
wherein one or wore, preferably one to four, especially one or two ring atoms are ¢
heteroatom selected from oxygen, nitrogen and sulfirr {the remaining ring atoms therefore
being carbon). The term heterocyelyl excludes heteroaryl, The heterocyelic group can be
attached to the rest of the molecule through a heteroatom, selected frony oxygen, sifrogen and
sulfur, or a carbon atom, The heterocyelvl can inchude fused or bridged rings as well as
spirocyclic rings. Examples of heterocyclyl include dibydrofuranyl, dioxelanyl, dioxanyl,
dithianyl, piperazinyl, pyrrolidine, dihydropyranyl, oxathiolanyl, dithiclane, oxathianyl,
thiomorpholinoe, oxiranyl, azinidinyl, oxetanyl, oxepanyl, azetidioyl, tetrabydrofuranyl,
tetrahvdrothiophenyl, pyrrolidiny, tetrahydropyranyl, piperidinyl, morpholine, piperazinyl,
azepinyl, oxapinyl, oxaazepanyl, oxathianyl, thiepanyl, azepanyl, dioxepanyl, and diazepanyl.
{55} As nsed herein, “spiroheterocyelyl” refers to a specific bicyclic heterocyclic
group wherein the 2 ring systems are connected through a single carbon atom. For exarople,
the term“spircheterocyelvl” can refer to a 6-10 spire heteroeyelyl, Examples of inclade, but
not Hmiled to, 6,9-diazaspiro[4.S}decane, 2-oxa-6,9-diazaspirof4 . 5idecane, 2-Oxa-6-
azaspiro]3.4joctane, 6-azaspiro]3.4joctane, Z,6-diazaspiro{3.4ioctane, 1,6~
digzaspire] 3. 4joctane, 2,.8-diazaspivof4.Sidecane,2,7-diazaspiro[4 . 4inonane, 1-thia-R-
azaspiro{4.5]decane 1, 1-dioxide, 1-oxa-7-azaspiro{4.4nonane and 1-oxa-9-
azaspiro] 3.5 undecane.

{56} Asused herein, “bridged heterocyelyl” refers to a Csg oycloalkyl ring or a 3-
10 O~ menvberd heterocyelyl ring, as defined above, where two non-adjacent ring vertices
{“bridgehead atoms”) of the cyclealkyl ring or the heterocyelyl ring are Hoked to form an
additional cyclic moiety {a “bridge™}. The bridge comprises 1 to 4 ring vertices, not including
the bridgehead atoms, Exarples include, but not himited to, 2,5-diazabicyclo[2.2. 1 heptane,
3,6-diazabicyclof3.1.1]heptane, 3,8-diazabicycln{3.2.1joctane, 2,5-diazabicyclo[2.2.2]octane,
3.9-diazabicyclo[3.3.1nonane, 2-thia-5-azabicyclo[2.2.1theptane 2,2-dioxide, 2-
azabicyclo{2.2.1 thept-5-ene, 3-oxa-8-azabicyclo[3.2.1}octane, 3-0xa-6-
azabicyclof3.1.1}heptane, 6-oxa-3-azabicyclo[3.1.1Theptane and 2-oxa-5-

azabicyclo]2.2. T heptane,

>

i57] The term “bicyclic heterocyelyt” refers to a heterocyelic group as defined
above where the two ring systerns are connected through two adjacent ving vertices {e.g., a
fused ring system). Typical “bicyclic heterocyelyl” rings inchude 6 to 11 ring members
having 1 to 4 heteroatom ring vertices selected from N, O, and 8 {the remaining ving atoms

therefore being carbon). Examples include, but not limited to, benzodioxolyl, benzimidazolyl,
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benzisoxazolyl, benzofurazanyl, benzopyranyl, benzothiopyranyl, benzofuryl, benzothiazolyl,
benzothienyl, benzotriazolyl, benzoxarzolyl, chromanyl, ciunolinyl, dibydrobenzoforyi,
dibydroisobenzofuranyl, dibydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyranyl sultone, indolinyl, indolyl, sochromanyl, isoindolinyl,
isoguuinolinyl, isothiazolidinyl, naphthyridinyl, pyrazolopyridinyl, quinazolinyl, guinolinyl,
guinoxalinyl, tetrahydroisoquinclinyl, tetrahydroguinolinyl,

{58] As used herein, “saturated or unsaturated” refers to a cyelic system where two
of the atorns in the group may be bound to one another by a single bond, a double bond, ora
iriple bond. Satorated moicties are those having only single bonds, where moieties having
multiple bonds (¢.g., at least one double bond or at least one triple bondare referred to as
unsaturated.

§59] When needed, any definition herein may be used in combination with any
other definition to describe a composite structural group. By convention, the trailing clement
of any such definition is that which attaches to the parent moicty. For example, the
composite group cycloalkoxyl means that a cycloalkyl group is attached to the parent
molecule through an oxyl group.

160} The term “pharmaceutically acceptable salts” 1s meant to inchude salts of the
active compounds which are prepared with relatively nontoxic acids or bases, depending on
the particular substituents found on the compounds described herein. When compounds of
the present invention countain relatively acidic functionalities, base addition salts can be
obtained by contacting the neuntral form of such compounds with a sufficient amount of the
desired base, either neat or in a suitable inert solvent. Exaroples of salts derived from
pharmaceutically-acceptable inorganic bases include aluminum, ammonium, calcium, copper,
ferric, ferrous, lithiom, magnesium, manganic, manganous, potassivm, sodiom, zine and the
like. Salts derived from pharmaceutically-acceptable organic bases include salts of primary,
sccondary and tertiary amines, including substituted amines, cyclic aminges, naturally-
occuring amines and the like, such as arginine, betaine, caffeine, choline, N,N'-
dibenzylethyvlenediamine, dicthylamine, 2-diethylaminocthanol, 2-dimethylaminoethanol,
cthanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine,
ghicosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, tricthylamine,
trimethylamine, tripropylamine, tromethamine and the like. When compounds of the present
invention contain relatively basic functionalities, acid addition salts can be obtained by

contacting the neutral form of such compounds with a sufficient amount of the desired acid,

11
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cither neat or in a suitable inert solvent. Examples of pharmaceutically acceptable acid

nitric, carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and
the like, as well as the salts derived from relatively nontoxic organic acids like acetic,
propionic, isobutyric, malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic,
benzenesulfonic, p-tolylsulfonic, citric, tartaric, methanesuifonic, and the like. Also included
are salts of amino acids such as arginate and the like, and salts of organic acids like
ghacuronic or galactunoric acids and the like (see, for example, Berge, S.M., et al,
“Pharmaceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow
the compounds to be converted into either base or acid addition salts.

i61] The neutral forms of the compounds may be regencrated by contacting the salt
with a base or acid and isolating the parent compound in the conventional manner. The
parcnt form of the compound differs from the various salt forms in certain physical
properties, such as solubility in polar solvents, but otherwise the salts are equivalent to the
parent form of the compound for the purposes of the present disclosure.

{62} Certain compounds of the present invention possess asymmetric carbon atoms
{optical centers) or double bonds; the racemates, diastereomer, geometric isomers,
regiotsorners and individual isomers (e.g., separate enantiomers) are all intended to be
encompassed within the scope of the present invention. In some embodiments, the
compounds of the present invention are a particular enantiomer, anomer, ot diasiercorer
substantially free of other for ms.

63} As used herein, the term “substantially free” refers to an amount of 10% or
less of another isomeric form, preferably 8%, 5%, 4%, 3%, 2%, 1%, 0.5%, or less of another
form. In some embodiments, the isomer 1s a stereoisomer,

Dretailed Descrintion of the Embodiments

{64} The disclosure provides compounds represented by formula (1) and
pharmaceutically acceptable salts thereofs
65} The present invention discloses novel heterocyclic compounds as inhibitors of

ALPKI. The compounds are represented by formmla 1
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RS
2
R/ ré),

Al
A
e

Formula i
wherein A, p, R, R? R®, R* and R® are as defined herein:
A is selected from a bond, azetidinyl, -O-, -N(R%)-, -CH>-N(R®)-, -CHR’-N(R%)-, wherein

R® is selected from H, D, -OH, optionally substituted C;-Cs alkyl, optionally
substituted Ci-Ce haloalkyl, optionally substituted Ci-Ce alkenyl, optionally
substituted Ci-Cs hydroxyalkyl, optionally sabstituted C1-Cs aminoalkyl,
optionally substituted C-Cs alkoxyl, optionally substituted saturated or
unsaturated C3-Cs cycloalkyl, and optionally substituted saturated or
unsaturated C3-Cs cycloalkoxyl, wherein
the optionally substituted R® moicties comprise 0-3 substituents independently

selected from -D, halo, -OH, -COOH, -NHa, =0, -CN, C:-Cs alkyl, Ci-
Ce alkenyl, Ci-Cg hydroxyalkyl, Ci~Cs hydroxy-duterated alkyl, C;-Cg
haloalkyl, C;-Ce aminoalkyl, and €;-Cs alkoxyl;

R is selected from optionally substituted C1-Ce alkyl, C1-Cs haloalkyl, optionally
substituted saturated or unsaturated C3-Cs cycloalkyl, ptionally substitated
saturated or unsaturated Cs-Cs cycloalkoxyl, wherein
optionally substituted R” moieties comprise 0-2 substituents independently

selected from halo, -OH, -COOH, -NH», =0, -CN, C1-Cs alkyl, Ci-Cs

alkenyl, Ci-Ce hydroxyalkyl, C1-Ce haloalkyl, Ci-Ce aminoalkyl, Ci-Ce

alkoxyl, C1-Cs haloalkoxyl, saturated or unsaturated C3-Cs cycloalkyl,

saturated or unsaturated Cs-Cs cycloatkoxyl, -CHRRY, -OR”", -

OCOXR, -CIOYR™, -CIOMN(RTRY, -CIOYORT, -S(0)R7H, -

S(OYON(RTR® and -N(R7R?*") wherein

each R’ and R* are independently selected from H, Ci-Cs alkyl, Ci-Cs
alkenyl, C1-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-Cs
aminoalkyl, Ci-Cs alkoxyl, Ci-Cs haloalkoxyl, satarated or
unsaturated Cs3-Cs cycloalkyl, and saturated or unsaturated Cs-
(s cycloalkoxy;

R’ is selected from H, optionally substituted C;-Cs alkyl, optionally substituted C1-Cs

alkenyl, optionally substituted C-Ce hydroxyalkyl, optionally substitated Ci-Ce

13



WO 2022/063152 PCT/CN2021/119801

hydroxy duterated alkyl, optionally substituted C;-Cs haloalkyl, optionally substituted
C1-Ce haloalkoxyl, optionally substituted C;-Cs aminoalkyl, optionally substituted C;-
(s alkoxyl, optionally substituted saturated or unsaturated Cs-Cs cycloalkyl,
optionally substituted saturated or unsaturated Cs-Cs cycloatkoxyl, optionally
substituted mono or bicyclic aryl, optionally substituted 5-10 membered heteroaryl
containing 1-4 heteroatom ring vertices selected from N, O, and 5; optionally
substituted saturated or unsaturated 3-7 membered heterocyclyvl containing 1-2
heteroatom ring vertices selected from N, O, and S; optionally substituted saturated or
unsatarated 7-8 mernbered bridged heterocycelyl containing 1-2 heteroatom ring
vertices selected from N, O, and S; optionally substituted saturated or unsaturated 7-
11 membered spiroheterocyelyl containing 1-2 heteroatom ring vertices selected from
N, O, and 5; and optionally substituted saturated or unsaturated 6-11 membered
bicyclic heterocyelyl containing 1-2 heteroatom ring vertices selected from N, O, and
S
wherein optionally substituted R! moicties comprise 0-4 substituents independently
selected from ~-D, halo, -OH, -COOH, -NH», =0, -CN, C-Cs alkyl, Ci-Cs
alkenyl, Ci-Cs hydroxyalkyl, C1-Ce hydroxy-duterated alkyl, Ci-Cs haloalkyl,
C1-Cs aminoalkyl, Ci-Cs alkoxyl, C-Cs haloalkoxyl, -R7®, -X1LR7* CHR™ R®,

-OR7, -0-X1-R7, X1-0-XLR™ -OC(OHR), -O-X-COUR™, -C(OXR"), -

C(OIN(RREY, -NRYCOIR, -COYOR™), SIORR, -S{ORNRTRY, -
N{R"'R®, saturated or unsaturated C3-Cg cycloalkyl, saturated or unsaturated
(C3-Cs cycloalkoxyl, saturated or unsaturated 3-7 membered heterocyclyl
containing 1-2 hetercatom ring vertices selected from N, O, and 8, mono or
bicyclic aryl, 5-10 membered heteroaryl containing 1-4 heteroator ring
vertices selected from N, O, and S, saturated or unsaturated 7-8 membered
bridged heterocycelyl containing 1-2 heteroatom ring vertices selected from N,
(O, and S, saturated or unsatarated 7-11 membered spiroheterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and 8, and 6-11
membered bicyelic heterocyelyl containing 1-2 heteroatom ring vertices
selected from N, O, and S; wherein

cach X' is independently Cy.s alkylene;

cach R™ and R™ are independently selected from H, C1-Ce alkyl, saturated or

unsaturated C3-Cs cycloalkyl, saturated or unsaturated C3-Cs
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cycloabkoxyl, Ci-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Cg haloalkyl, Ci-
Ces aminoalkyl, Ci-Ce alkoxyl, Ci-Ce haloalkoxyl, satorated or
unsatarated C3-Cy cycloalkyl, saturated or unsaturated Cs-Cs
cycloalkoxyl, aryl, saturated or unsaturated C3-Cs cycloalkyl,
saturated or unsaturated Cs3-Cs cycloatkoxyl, saturated or unsaturated
3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
selected from N, G, and S, wherein the aryl and 3-7 membered
heterocyelyl groups are substituted with 0-3 substituents selected from
halo, ~OH, -COOH, -NH,, =0, -CN, C-Cs alkyl, C1-Ce alkenyl, C1-Cs
hydroxyalkyl, Ci-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl,
saturated or unsaturated C3-Cs cycloalkyl, and saturated or unsaturated
C5-Cs cycloalkoxyl; and
the C3-Cs cycloalkyl, C3-Cs cycloalkoxyl, 3-7 membered heterocyelyl, the
mono or bicyclic aryl, the 5-10 membered heteroaryl, the saturated or
unsaturated 7-8 membered bridged heterocyelyl, the saturated or
unsatarated 7-11 membered spiroheterocycly, and the 6-11 membered
bicyelic heterocyelyl are cach independently substituted with 0 to 3
moiecties selected from halo, ~-OH, -COOH, -NH-, =0, -CN, Ci-Cq¢
alkyl, Ci-Cg alkenyl, Ci-Cs hydroxyalkyl, C1-Cs haloalkyl, Ci-Cs
arninoalkyl, C1~Cs alkoxyl, saturated or unsatorated C3-Ce cycloalkyl,
saturated or unsaturated (3-Cs cycloalkoxyl, saturated or unsaturated
3-7 membered heterocyclyl containing 1-2 heteroatorn ring vertices
selected from N, O, and 8, -CHRR™, -OR’", -OC(O} R™), -C(O)
R, -C{ON(RPRE®), -NRY(COR™, -C(OYORY), -S(O) N(RT°R®)
and -N(R"°R*), wherein
each R and R™ are independently selected from H, Ci-Cs alkyl, Ci-
s alkenyl, C1-Ce hydroxyalkvl, Ci-Cs haloalkyl, C1-Cs
aminoalkyl, Ci-Cs alkoxyl, saturated or unsaturated C3-Cs
cycloalkyl, and satarated or unsaturated Cs-Ce cycloalkoxyl; or
R' and R® combine to form a 3-6 membered heterocycloalkyl substituted with 0-3 moieties
independently selected from the group consisting of halo, -OH,-COOH, -NH», =0, -
CN, Ci-Cs alkyl, C1-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Cs haloalkyl, C1-Cs
aminoalkyl, and C;-Cs alkoxyl;

R’ is selected from H, deuterium, halo, Ci-Cs alkyl, Ci-Ce deuteroalkyl, and Ci-Ce haloalkyl;
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R” and R’ are each independently selected from H, OH, C1-Cs alkyl,C2-Ce alkynyl, C3-Ce
cycloalkoyl, and the mono or bicyclic aryl,wherein C;-Cs alkyl,C2-Ce alkynyl, C3-Ce
cycloalicyl, and the mono or bicyclic arvl are each substituted with 0-3 moieties
independently selected from halo, -OH, C:-Ce alkyl, C1-Cs alkenyl, C1-Cs
hydroxyalbioyl, C1-Cs haloalkyl, Ci-Ce aminoaliyl, Ci-Cs alkoxyl, saturated or
unsaturated C5-Ce cycloalkyl, saturated or unsaturated Cs-Cs cycloalkoxyl, -
OC(ONR™), -CLOW R, CIOHNORTYY, S(ORN(RTR¥), and N(R*R®), wherein
cach R’ and R®® are independently selected from H, Ci-Cs alkyl, C1-Ce alkenyl, Ci-Ce
hydroxyalkyl, C1-Cs haloalkyl, C1-Ce aminoalkyl, Ci-Cs alkoxyl, Ci-Ce
haloalkoxy, saturated or unsaturated C:-Cs cycloalkyl, and saturated or
unsaturated C3-Ce cycloalkoxyl;

provided that R* and R are not both H; or

R? and R’ combine to form a C3-Ce cycloalkyl ring or a 3-7 membered heterocyelyl
containing 1-2 heteroatom ring vertices independently selected from N, O, and S,
wherein the ring formed can be optionally substituted with 1-2 substituents
independently selected from Ci-Cs alkyl, Ci-Cs alkenyl, C~Cg hydroxyalkyl, Ci-Cs
haloalkyl, Ci-Ce aminoalkyl, C1-Cg alkoxyl, hale, -OH , =0, -CN, OC(O} R, -
C(ON RTY), COMOR™), SORN(RTR¥Y and N(RRS), wherein
each R’ and R™ are independently selected from H, C1-Cs alkyl, C1-Ce alkenyl, C;-

Ce hydroxyalkyl, Ci-Cs haloalkyl, Ci-Ce aminoalkyl, Ci-Cs alkoxyl, satarated
or unsaturated 3-Cs cycloalkyl, and saturated or unsaturated C3-Cs
cycloalkoxyl;
each R* is independently selected from halo, -OH, -NH», CN, C;-Cg alkyl, C1-Cs alkenyi, C-
Cs hydroxyalkyl, Ci1-Ce haloalkyl, C;-Cs aminoalkyl, C1-Ce alkoxyl, saturated or
unsaturated C3-Ce cycloalkyl, saturated or unsaturated C3-Cs cycloalkoxyl, CHRR®,
OR’e, OC(ON R, CLOX R, COIN(RR™), COYO(R'®), S(O)N(RR™) and
N{R“R3¢y wherein
each R’ and R® are independently selected from H, Ci-Cs alkyl, C1-Cs
alkenyl, Ci-Cs hydroxyalkyl, Ci~Ce haloalkyl, C1-Ces aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C5-Cs cycloalkyl, saturated or
unsaturated C3-Ce cycloalkoxyl, and
the subscript pis 0,1, 2 or 3.
[66] In some embodiments, A in Formula 1 is a bond.

167} In some embodiments, A in Formula 1 is azetidinyl.
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{68] In some embodiments, A in Formula [ 1s -O-,

{69] In some embodiments, A in Formula 1 is -N(R%)-,

{70} In some embodiments, A in Formula 1 is ~CH-N(R®)-.

{71} In some embodiments, A in Formula [ is -CHR-N(R%)-.

{721 In some embodiments, the compound of formula 1 is represented by the

compound of formula TA, formula TA-1, formula TA-2 and/or a stereoisomer, a stable isotope,

or a pharmaceutically acceptable salt thereof

3 3
R? ==y _{pd) r2 R m/(R‘*‘ﬁ
RS O 'p o) /
~ g \_/ s N P
ri— NN A Rb—nN- 0
hoRE § 8T R R8T RS
Formuia 1A Formula [A-1

3
= R =z {R-d\‘.
N o \ 7 ’p
R b : N 5
H RS H 8 R

Formula [A-2

Wherein p, R, R R®, R R®, R®, and R are as defined above.

73] In some embodiments R%in formula 1, 1A, 1A-1, or IA-2 is H, C;-Ce alkyl or
C-Cs hydroxyalkyl.

{74} In some embodiments R” in formula I and 1A is CH; or CHyOH.

{75] In some embodiments R” in formula T and 1A is saturated C3-Cy cycloalkyl,

{76} in some embodiments R’ in formula L, 1A, IA-1, or IA-2 is selected from H

and optionally substituted Ci-Cy alkyl, wherein
optionally substituted C1-Cs alkyl comprises (-4 substituents independently selected

from halo, -OH,-COOH, -NH», =0, -CN, C-Cs alkenyl, Ci-Ce hydroxyalkyl,

(C-Cs alkoxyl, C;-Ce haloalkoxyl, saturated or unsaturated Cs-Cs cycloalkyl,

saturated or unsaturated Cs-Ce cycloalkoxyl, -CHR*R®, -OR", -OC(O}R’%),

C{OMR™™), -C{OIN(RTR™™), -COIOR™, =S{ORR, -S(0RNR™R®) and -

N(RR®), wherein

each R’ and R are independently selected from H, C;-Cs alkyl, Ci-Cs
alkenyl, Ci-Ce hydroxyalkyl, C1-Ce haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, Ci-Cs haloalkoxyl, saturated or unsaturated C3-Ce cycloalkyl,

and saturated or unsaturated (3-Cs cycloalkoxyl.
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{771 In some embodiments R' in formula I, 1A, IA-1, or IA-2 is optionally
substituted saturated ot ansaturated Cs-Cs cycloalkyl, wherein
optionally substituted Cs-Cs cycloalkyl comprises (-4 substituents independently
selected from halo, -OH,-COOH, -NH;, =0, -CN, C;-Cs alkenyl, C1-Cs
hydroxyalkyl, Ci-Ce atkoxyl, and C1-Ce haloalkoxyl.
{78] In some cmbodiments R! in formula I, 1A, IA-1, or IA-2 combines with R® to
form a 3-6 membered heterocycloalkyl substituted with 0-3 moieties independently selected
from the group consisting of halo, -OH,-COOH, -NH», =0, -CN, C;-Cs alkyl, C1-Cs alkenyl,
Ci-Cs hydroxyalkyl, Ci~Cs haloalkyl, Ci-Cs aminoalkyl, and C;-Cy alkoxyl.
{79} In some embodiments R' in formula I, 1A, IA-1, or 1A-2 is C-Cs alkyl
substituted with 0-4 substituents mdependently selected frorn ~-OH, C1-Ce hydroxyalkyl, Cy-
Co alkoxyl, -OC{OY R™), -S(ORNRR® and -N(R""R™), wherein
cach R”* and R® are independently selected from H, Ci-Cs alkyl, C1-Ce alkenyl, Ci-Ce
hydroxyalkyl, Ci~Ce haloalkyl, C1-Cs aminoalkyl, Cy-Ce alkoxyl, saturated or
unsaturated Cs-Cs cycloalkyl, and saturated or unsaturated C5-Ce cycloalkoxyl.
86] In some embodiments R' in formula I, 1A, 1A-1, or 1A-2 is )-Cs alkyl
substituted with 0-2 substituents independently sclected from -OH, C1-Cs hydroxyalkyl, and -
S(O)RN(R™R®Y, wherein
cach R™ and R™ are independently selected from H, and C-Cs alkyl.
{81} In some embodiments R in formula L, 1A, IA-1, or IA-2 is optionally
substituted C1-Cs hydroxyalkyl.
82} n some embodiments R in formula L 1A, IA-1, or 1A-2 is a 5-10 membered
heteroaryl containing 1-4 hetercatom ring vertices selected from N, O, and S,
the 5-10 membered bicyclic heteroaryl is substituted with 0 to 3 moieties selected
from halo, ~-OH,-COOH, -NH», -CN, {-Cs alkyl, Ci-Cs alkenyl, Ci1-Cs
hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, 3-7
membered heterocyelyl containing 1-2 heteroatom ring vertices selected from
N, O, and 8§, saturated or unsaturated C3-Cs cycloalkyl, saturated or
unsaturated C3-Ce cycloatkoxyl, -CHR7PR®, -OR™, -OC(O}R™), -C{OX R™®),
SCCOIN(RPR®Y, LCIOMOR™), -S{ORN(RR®) and -N(R7°R®), wherein
gach R7" and R™ are independently selected from H, Ci-Cs alkyl, C1-Ce
alkenyl, Ci-Ce hydroxyalkyl, C1-Cs haloalkyl, C1-Ce aminoalkyl, C1-Cs
alkoxyl, saturated or unsaturated Cs~Cs cycloalkyl, and saturated or

unsaturated C3-Ce cycloalkoxyl.
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{83] In some embodiments R' in formula I, 1A, IA-1, or IA-2 is pyridiyl substituted
with O to 3 moieties selected from halo, -OH,-COOH, -NH», -CN, Ci-Ce alkyl, C-Cs
alkenyl, 3-7 membered heterocyelyl containing 1-2 heteroatom ring vertices selected from N,
0, and S, wherein
the 3-7 membered heterocyelyl is substituted with 0-3 substituents selected
from halo, -OH, -COOH, -NHa, -CN, C;-Ce allkyl, C1-Cs alkenyl, Ci-
Cs haloalkyl.

{84} In some embodiments R in formula L 1A, IA-1, or 1A-2 is a saturated or
unsaturated 7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring verlices

selected from N, O, and 8, wherein
the 7-8 membered bridged heterocyclyl is substituted with 0-3 moieties selected from

halo, -OH, -COOH, -NH», =0, -CN, C-Cs alkyl, C1-Ce alkenyl, C1-Csg

hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or

unsaturated Cs-Cg cycloalkyl, saturated or unsaturated Cs-Ce cycloalkoxyl, -

CHRPR®, -OR, -OC(O) R™), -C{OY R™), -CIOINRPR®), -C(OYO(R), -

S(ORN(R™R®) and -N(R"R™), wherein

cach R and R™ are independently selected from H, Ci-Cs alkyl, C1-Cs
alkenyl, Cy-Cg hydroxyalkyl, C1-Ce haloalkyl, Ci~Ce aminoalkyl, Ci1-Ce
alkoxyl, saturated or unsaturated C:-Cs cycloalkyl, and saturated or

unsatarated Ca-Cy eycloalkoxyl.

i85] In some embodiments R in formula I, 1A, IA-1, or IA-2 is a saturated or
unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heterocatom ring verlices

selected from N, O, and 8, wherein
the 7-11 membered spiroheterocyelyl s substituted with 0-3 moieties selected from

halo, -OH, -COOH, -NHj, =0, -CN, C-Cs alkyl, C1-Ce alkenyl, Ci1-Cs

hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or

unsaturated Cs-Cg cycloalkyl, saturated or unsaturated Cs-Ce cycloalkoxyl, -

CHRR®, OR™, -OC(O) R™), -C(O} R™), -C{OMN(RR®), -C(OYOR™), -

S{ORN(RR®) and -N(R"R™), wherein

each R’" and R™ are independently selected from H, C1-Cs alkyl, C1-Cs
alkenyl, Ci-Ce hydroxyalkyl, C1-Ce haloalkyl, Ci-Ce aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C:-Cs cycloalkyl, and saturated or

unsatarated Ca-Cy eycloalkoxyl.
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{86} In some embodiments, R' in formula 1, 1A, 1A-1, or IA-2 is aryl substituted
with 0-3 substituents selected from halo, a 3-7 membered heterocyclyl containing 1-2
heteroatom ring vertices selected from N, O, and S; a 7-8 membered bridged heterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and S; and a saturated or
unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroatom ring vertices
selected from N, O, and 5, wherein
the 3-7 membered heterocyclyl, the 7-8 membered bridged heterocyelyl, and the 7-11
membered spiroheterocyclyl are substituted with from 0 to 3 moieties selected
from halo, ~-OH, -COOH, -NH», =0, -CN, C;-Cs alkyl, Ci1-Ce alkenyl, C1-Cs
hydroxyalkyl, C1-C¢ haloalkyl, C1-Cs aminecalkyl, Ci-Cg alkoxyl, satarated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated Cs-Ce cycloalkoxyl, -
CHRPR®™, .OR™, -OC(OYR™), -C(ONR™), -CLOMNRPR™Y, -C(OIOR™), -
S(ORR, -S(ORN(R™R®) and -N(RPR®®), wherein
each R”" and R™ are independently selected from H, C1-Cs alkyl, C1-Cs
alkenyl, Ci-Ce hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs
alkoxyl, saturated or unsaturated Cs-Cs cycloalkyl, and saturated or
unsaturated (3-Ce cycloalkoxyl
{871 In some embodiments R in formula I, 1A, IA-1, or 1A-2 is aryl substituted
with 0-3 moieties selected from halo -OH,-COOH, -NH», =0, -CN, C-Cs alkyl, Ci-Ce
alkenyl, C-Cs hydroxyalkyl, Ci-Ce haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, and a 3-7
membered heterocyclyl containing 1-2 hetercatom ring vertices selected from N, O, and S,
the 3-7 membered heterocyelyl s substituted with 0-3 moieties selected from halo, -
OH, -COOH, -NH;, =0, -CN, C-Cs alkyl, Ci-Cs alkenyl, C1-Cs hydroxyalkyl,
C1-Cs haloalkyl, C1-Ce aminoalkyl, C1-Cs alkoxyl, satarated or unsaturated Cs-
Ce cycloalkyl, saturated or unsaturated Cx-Cs cycloalkoxyl, -CHRPR®, -OR™®,
-OC(OHR), -CLOWR™), -CLOMN(RR™®), -C{OYB(R), -S(O)N(R™R®)
and -N(R7°R®), wherein
each R7 and R*™ are independently selected from H, C1-Cs alkyl, C1-Ce
alkenyl, Ci-Cs hydroxyalkyl, Ci~Ce haloalkyl, C1-Ces aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C5-Cs cycloalkyl, and saturated or
unsaturated C3-Ce cycloalkoxyl.
{88} In some embodiments R' in formula I, 1A, IA-1, or 1A-2 is aryl substituted
with 0-3 moieties selected from halo and a 3-7 membered heterocyclyl containing 1-2

heteroatom ring vertices selected from N, O, and S, wherein
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the 3-7 membered heterocyelyl is further substituted with 0-3 moicties selected from -
OH,-COOH, -NH,, =0, -CN, and -C;-Cs alleyl,
{89] In some embodiments, the compound of fornula 1 is represented by the
compound of Formula 1B and/or a stereoisomer, a stable isotope, or a pharmaceutically

acceptable salt thereof

Formula IB

wherein p, R?, R°, R* and R are as defined above; and

Dis CR™or N;

Eis CRY or N;

Fis CRY or N:

Gis CRY or N;

provided that no more than three of D, E, F, and G are N;
R RY RY, RY and R, when present, are each independently selected from H, halo, -OH,

-COOH, -NHa, =0, -ON, C1-Cg alkyl, C1-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Cs
haloalkyl, C1-Ce aminoalkyl, C;-Cs alkoxyl, Ci-Cshaloalkoxyl, -R™, -X'-R" X'.0-

XLR™ -CHRR®, -OR™, -0-X!-R78 -QC(OX R7%), -0-X1-C{OYR®), -C(OXRY, -
C{ON(RR™), -C(OYO(R™), S(ORR, -S{ORNRR™), -N(R*R), saturated or
unsatarated Ca-Co eycloalkyl, saturated or unsaturated C3-Ce cycloalkoxyl, saturated
or unsaturated 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
selected from N, O, and 5; mono or bicyclic aryl, a 9-10 membered bicyclic
heteroaryl containing 1-4 heteroatom ring vertices selected from N, O, and §;
saturated or unsaturated 7-8 membered bridged heterocyelyl containing 1-2
hetercatom ring vertices selected from N, O, and S; and saturated or unsaturated 7-11
membered spircheterocyclyl containing 1-2 heteroatom ring vertices selected from N,
0, and §; 6-11 membered bicychic heterocyelyl containing 1-2 heteroatom ring
vertices selected from N, O, and §; wherein

cach X! is independently Ci.e alkylene;

cach R™ and R™ are independently selected from H, C1-Cs alkyl, C1-Ce alkenyl, Ci-

Ce hydroxyalkyl, Ci-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Ce alkoxyl, satarated
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or unsaturated C3-Cs cycloalkyl, and saturated or unsaturated C3-Ce
cycloalkoxyl; and
the 3-7 membered heterocyclyl, the mono or bicyclic aryl, the 9-10 membered
bicyclic heteroaryl, the 7-8 membered bridged heterocyelyl, the 7-11
membered spiroheterocyely, and the 6-11 membered bicyclic heterocyclyl are
cach independently substituted with O to 2 moieties selected trom halo, -OH, -
COOH, -NHz, =0, -CN, C;-Cs alkyl, Ci-Cs alkenyl, Ci-Cs hydroxyalkyl, Ci-
(e haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or unsatarated C3-Ce
cycloalkyl, saturated or unsaturated C3-Cs cycloalkoxyl, -CHR®R™, -OR'%, -
OC(O) R®), -C(O} R78), -C(OIN(RERM), -NRTE(COIRY, -C(OYO(R™®), -
S(O)N(R7ER®) and -N(R7¥R®), wherein
each R’% and R are each independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, Ci-Ce hydroxyalkyl, C1-Ce haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C3-Cs cycloalkyl, and saturated or
unsaturated Cs-Cs cycloalkoxyl;
196] In some embodiments, D, B, F and G in Formula IB are CR'™, CRM, CR*?, and
CRY, respectively.
{91} In some embodiments, F and G in Formula IB are CR¥ and CRY,
respectively, B is N or CR" and D is N or CR'™.
[92] In some embodiments, R'? and R in Formula IB are each H, R'? and R are
each independently selected from halo, -OH, -COOH, -NH», =0, -CN, C;-Cs alkyl, Ci-Cs
alkenyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-Ce aminoalkyl, Ci-Cs alkoxyl, satorated or
unsaturated C3-Cs cycloalkyl, saturated or unsatarated C3-Cs cycloalkoxyl, -CHRPR® -
OR®, -OC(O)} R™), ~-C{OW R, -C(ON(RT'R®), -C{OYHR), -S(OGRN(R"R®®) and -
N{R7°R*™), wherein R7 and R® are each independently selected from H, C-Cy alkyl, C-Cs
alkenyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-Cs aminoalkyl, C1-Cs alkoxyl, saturated or
unsaturated (3-Ce cycloalkyl, and saturated or unsaturated Cs-Cs cycloalkoxyl; R™ is 3-7
membered heterocyelyl containing 1-2 heteroatom ring vertices sclected from N, O, and S,
saturated or unsaturated 7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, saturated or unsaturated 7-11 membered spiroheterocyelyl
containing 1-2 hetercatom ring vertices selected from N, O, and S, wherein the 3-7
membered heterocyclyl, the 7-8 membered bridged heterocyelyl, and the 7-11 membered
spiroheterocyclyl are optionally sabstituted with 0-2 moieties independently selected from

halo, -OH, -COOH, -NH,, =0, -CN, C-Cs alkyl, Ci-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Ce
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haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, satarated or unsaturated C3-Cs cycloalkyl,
saturated or unsaturated Cs-Cs cycloalkoxyl,

193] in some embodiments, R'? and R*in Formula IB are H, R'® and R!! are each
independently selected from halo, -OH, -COOH, -NH», =0, -CN, C;-Cs allkyl, C1-Cs alkenyl,
(C-Cs hydroxvalkyl, Ci-Cs haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated C3-Cs cycloalkoxyl, -CHRPR®, -
OR’, -OC(O} R™), -C{OWH R™), -CIOIN(RTR®), -C{OWHR), -S(ORN(R™R®) and -
N(R7°R®), wherein R and R™ are each independently selected from H, C1-Ce atkyl, C1-Cs
alkenyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-Ce aminoalkyl, Ci-Cs alkoxyl, satorated or
unsaturated C3-Cs cycloalkyl, and saturated or unsaturated C3-Cs cycloalkoxyl; R is 3-7
membered heterocyelyl containing 1-2 heteroatom ring vertices selected from N, O, and S,
saturated or unsaturated 7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, saturated or unsaturated 7-11 membered spircheterocycelyl
containing 1-2 hetercatom ring vertices selected from N, O, and §, wherein the 3-7
membered heterocyelyl, the 7-8 membered bridged heterocyelyl, and the 7-11 membered
spircheterocyclyl are optionally substituted with -2 moieties independently selected from
halo, -OH, -COOH, -NH», =0, -CN, C1-Cs alkyl, C:-Cs alkenyl, C1-Cs hydroxyalkyl, C1-Cs
haloalkyl, C1-Cs aminoalkvl, Cy-Ce alkoxyl, saturated or unsatarated C3-Cs eycloaliyl,
saturated or unsaturated C:-Ce cycloalkoxyl.

194] In some embodiments, R'®, R R and R in Formula IB arc all H; RP is
saturated or unsaturated Cs3-Cs cycloalkyl, 3-7 membered heterocyclyl containing 1-2
heteroatom ring vertices selected {rom N, O, and §, saturated or unsaturated 7-8 membered
bridged heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O, and §,
saturated or unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroatoru ring
vertices selected from N, O, and §, wherein the 3-7 membered heterocyclyl, the 7-8
membered bridged heterocyelyl, and the 7-11 membered spiroheterocyclyl are optionally
substituted with 0-2 moieties independently selected from halo, -OH, -COGH, -NH», =0, -
CN, C1-Ce alkyl, C1-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Ce haloalkyl, C1-Cs aminoalkyl, Ci-
Cs alkoxyl, saturated or unsaturated Cs-Cs cycloalkyl, saturated or unsaturated Cs-Cs
cycloalkoxyl.

193] In some embodiments, RY% R R and R in Formula IB are each H; RY is
3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O, and
S w substitated with 0-2 moieties independently selected from halo, -OH, -COOH, -NH», =0,
-CN, C1-Cs alkyl, Ci-Cs alkenyl, Ci-Ce hydroxyalkyl, C1-Cs haloalkyl, Ci1-Cs aminoalkyl, Ci-
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(¢ alkoxyl, saturated or unsaturated (5-Cs cycloalkyl, and saturated or unsaturated C5-Cs
cycloalkoxyl.

196] In some embodiments, R', R RY and R"in Formula IB are cach H; RV is
optionally substituted saturated or unsaturated 7-8 membered bridged heterocyclyl containing
1-2 heteroatom ring vertices selected from N, O, and S substituted with -2 substituents
selected from -OH,-COOH, -WNH», =0, -CN, and-C;-Cs alkyl.

{97} In some embodiments, the compound of formula 1B is represented by the
compound of formula IB-1 or IB-2, and/or a stercoisomer, a stable isotope, ora

pharmaceutically acceptable salt thercof

R3
~%':‘L{r R*) p
\_/
RE
Formula IB-1
Rfv
2
R TTMR4) D

RW O \
Y
Y NS RS

Formula IB-2

Wherein p, R%, B3, R* and R® are as defined above; and

R' and R’ are each independently selected from halo and C1-Cs alkyl;

R s selected from -OH, C1-Ce alkyl, C1-Cs alkenyl, Ci-Cs hydroxyalkyl, Ci-Ce haloalkyl,
C1-Cs aminoalkyl, Ci-Cs alkoxyl, Ci-Cg haloalkoxyl, saturated or unsaturated Cs-Cs
cycloalkyl, saturated or unsaturated C3-Ce cycloalkoxyl, -CHR™R®™, -C(O} R™), -
CLOOIN(RTPR®Y, -C(OYO(RT), -S(O) R7® and -S(0), N(R™R®), wherein

each R’ and R®™ are independently selected from H, Ci-Cs alkyl, Ci-Ce alkenyl, Ci-
Cs hydroxyalkyl, Ci-Ce haloalkyl, C1-Cs aminoalkyl, Ci-Ce alkoxyl, saturated
or unsaturated C3-Cs cycloalkyl, and saturated or unsaturated Cs-Ce
cycloalkoxyl.

{98] In some embodiments, R' in formula IB-1 or IB-2 is selected from C1-Ce

alkyl, Ci-Co alkenyl, C1-Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl,

(1-Cs haloalkoxyl; saturated or unsaturated :-Ce cycloalkyl, saturated or unsaturated Cs-Ce

eycloatkoxyl, -CHRPR®, wherein
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each R7" and R® are independently selected from H, C1-Cs alkyl, C1-Ce alkenyl, C;-
Ce hydroxyalkyl, Ci-Cs haloalkyl, Ci-Ce aminoalkyl, Ci-Cs alkoxyl, satarated

or unsaturated C3-Cs cycloalkyl, and saturated or unsaturated C3-Ce

cycloalkoxyl
199] In some embodiments, R in foroula 1B-1 or 1B-2 is €;-Cs alkyl.
[106] In some embodiments, both R? and R’ in formula IB-1 or IB-2 are methyl
groups.
{161 In some embodiments, R® and R? in formula IB-1 or IB-2 are cach

independently a methyl or an ethynyl group.
{162] In some embodiments, IB-1 is represented by Fornmla 1B-1-a, or Fornwla IB-

2-a

M-/ N R

N
18- \,,,J'
R R'® (IB-2-a)

or a pharmaceutically acceptable salt thereof.

[103] in some embodiments, IB-1 is represented by Formula IB-1-b, or Formmla IB-
2-b

R3
R‘W Rz —=

18
RIS N R (IB-1-b)
Re R
Rﬂ' 9 4
N- \ R
A /{{ /
Nf e 57 "RS
R15/ Nt @ e ‘
R (IB-2-b)

or a pharmaceutically acceptable salt thereof, wherein R* is halo.
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{164] In some embodiments, IB-1 is represented by Fornmla (IB-1-¢), or Formula
B-2-¢
R'E?
[P
f R

(IB-2-c)
or a pharmaccutically acceptable salt thercof.
{105] In some embodiments, R” in formula 1B-1 or IB-2 is H or methyl.
{106] The present invention discloses novel heterocyclic compounds as inhibitors of

ALPK 1. The compounds are represented by formula IC
R3
“MRYp
0, 2 Ve
S/A\Rﬁ

Formula {C
Wherein R?, R, R* and R® are as defined above formula I and
m is an integer from 0-6;
R is selected from H, halo, -OH, -COOH, -NHz, -CN, C-Ce alkenyl, €1-Cs
hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, Ci-Ce

haloalkoxyl, -R7%, -X'-R7%, CHR™ R®, .OR", -0-X'-R™, X1-0-X!-R"

OC(O}R™), -O-X -C{OURTY), -C(OYR®), -C(OIN(RR®™), -NR™(COR™, -
COYO(RTY), SIORRT?, -S(ORN(R*RYY), -N(R7*RY), saturated or unsaturated
(3-Cs cycloalkyl, saturated or unsaturated C3-Cs cycloalkoxyl, saturated or
unsaturated 3-7 membered heterocycelyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, mono or bicyclic aryl, 9-10 membered
bicyclic heteroaryl containing 1-4 heteroatom ring vertices selected from N, O,
and S, saturated or unsaturated 7-8 membered bridged heterccyclyl containing
-2 heteroatorn ring vertices selected from N, O, and S, saturated or

unsaturated 7-11 membered spiroheterocyelyl containing 1-2 heteroatom ring
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vertices selected from N, O, and S, and 6-11 membered bicyclic heterocycelyl

coniaining 1-2 heteroatom ring vertices selected from N, O, and S; wherein

cach X' is independently Cy.s alkylene;

cach R™ and R™ are independently selected from H, C1-Ce alkyl, saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated C3-Cs
cycloalkoxyl, Ci-Ce alkenyl, C1-Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-
Cs aminoalkyl, Cy-Cy alkoxyl, Cy~-Cg haloalkoxyl, saturated or
unsaturated C5-Ce cycloalkyl, saturated or unsaturated Cs-Cs
cycloalkoxyl, aryl, saturated or unsaturated (s-Ce cycloalkyl,
saturated or unsaturated C3-Cs cycloalkoxyl, saturated or unsaturated
3-7 membered heterocycelyl containing 1-2 heteroatom ring vertices
selected from N, O, and S, wherein the aryl and 3-7 membered
heterocyelyl groups are substituted with 0-3 substituents selected from
halo, ~OH, ~COOH, -NH», =0, -CN, C-Cs alkyl, C1-Cs alkenyl, {-Cs
hydroxyalkyl, Ci-Ce haloalkyl, Ci-Ce aminoalkyl, Ci-Cs alkoxyl,
saturated or unsaturated (3-Cs cycloalkyl, and satarated or unsaturated
C5-Ce cycloalkoxyl; and

the C3-Cg cycloalkyl, Cs-Cg eveloalkoxyl, 3-7 membered heterocyclyl, the
mono or bicyelic aryl, the 9-10 membered bicyclic heteroaryl, the
saturated or unsaturated 7-8 membered bridged heterocycelyl, the
saturated or unsaturated 7-11 membered spircheterocycly, and the 6-11
membered bicyelic heterocyelyl are each independently substituted
with O to 3 moieties selected from halo, -OH, -COOH, -NHy, =0, -CN,
C1-Cs alkyl, C1-Ce alkenyl, Ci-Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-
Cs aminoalkvl, Cy-Cg alkoxyl, saturated or unsatarated C3-Ce
cycloalkyl, saturated or unsaturated (3-Ce cycloalkoxyl, saturated or
unsaturated 3-7 membered heterocyclyl containing 1-2 heteroatom ring
vertices sclected from N, O, and S, -CHR"R®, -OR"", -OC(O} R™), -
C(OY R®), -C{OMNRTR™), .NR™(COIR®, -C(OWR), -3(0O)
N(RPR®) and -N(R"°R*"), wherein each R” and R*™ are independently
selected from H, Ci-Ce alkyl, C1-Cy alkenyl, Ci-Ce hydroxyalkyl, Ci-
(s haloalkyl, C1-Cs aminocalkyl, Ci-Cs alkoxyl, saturated or
unsatarated Ca-Cy eycloalkyl, and saturated or unsatorated Cs-Cq

cycloalkoxyl;
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In some embodiments, m in formula 1IC is 1;

[167] In some embodiments, R'® in formula IC is HL
{108} The present invention also discloses novel heterocyclic compounds as

inhibitors of ALPK 1. The compounds are represented by formula X1,

RS
2
R = (R4,

O
R /j( N \_/
\A / ‘\

ﬁ/{\x RS

Formula X{
wherein A, p, R, R*, R’, R* and R’ are as defined herein; and
X is selected from —S-, -O~, -NR*-, -CH=N-, and -CH=CH-, whercin
R*is H, or C1-Cs alkyl.

{109] In some embodiments, X in Formula X1is S,

{110] In some embodiments, X in Formula Xiis O,

{111} In some embodiments, X in Formula XTI is NH.

{112} In some embodiments, A in Formula X1 is a bond.

{113] In some embodiments, A in Formula X1 is azetidinyl.

{114] In some embodiments, A in Formula X1 is -0-,

{115} In some embodiments, A in Fornmla X1 is -N{R®)-.

{116} In some embodiments, A in Formula X1 is ~CH,-N(R)-,

{117} In some embodiments, A in Formula X1 I is -CHR”-N{R%}-,

{118} In some embodiments, the compound of formula 1 1s represented by the

compound of formula XI-A, formula XI-A-1, formula X1-A-2 and/or a stereoisomer, a stable

isotope, or a pharmaccutically accepia,ble salt thereof.

Rg /(R{‘q /J\Rt%
R-g/'“(i: "““"NJ{% (ﬂ \ {Z) J “““‘N')( (Z) \ (Z) -/

yode R

Formula XE-A Formula X1-A-1

= =R4
1/(:““«@\5*‘//\ Q T\é)\c

Lods N

Formula Xi-A-2
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{119] In some embodiments, the compound of formula X1 is represented by the
compound of formula X1-A-1-a, and/or a stercoisomer, a stable isotope, or a

pharmaceutically acceptable salt thercof

5 RZ R3€\ RA);;
-
s N g7 RS

7

R

Formula X1-A-i-a
X, p, RYL R2 R RYR®, RS and R are as defined above.

{128] In some embodiments X in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
5, O or NH.

[121] In some embodiments R%in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
H, C1-Ce alkyl or ;-Cs hydroxyalkyl.

{1221 In some embodiments R® in formula X1 and XI-A is CH3 or CH2OH.

1123] In some embodiments R” in formula XI and X1-A is saturated C3-Cs
cycloalkyl.

{1241 In some embodiments R! in formula XI, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais

sclected from H and optionally substituted C;-Cs alkyl, wherein
optionally substitated C1-Cs alkyl comprises -4 substituents independently selected
from halo, -OH,-COOH, -NH», =0, -CN, C-Cg atkenyl, Ci-Cg hydroxyalkyl,
Ci-Cs alkoxyl, C;-Cy haloalkoxyl, saturated or unsaturated C3-Ce cycloalkyl,
saturated or unsaturated C:-Ce cycloalkoxyl, -CHRR™ -OR", -OC(O}R™,
-CCOMR™), -C(OM(RTRY), -C{OYOR), -S(0)R"?, -S(ORNR™R*) and -
N(R*R®), wherein
cach R™ and R™ are independently selected from H, C-Cs alkyl, Ci-Co
alkenyl, C1-Cs hydroxyalkyl, Ci-C¢ haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, Ci-Cs haloalkoxyl, saturated or unsaturated C3-Cs cycloalkyl,
and saturated or unsaturated C:-Ce cycloalkoxyl.
[125] In some cmbodiments R! in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
optionally substituted saturated or unsaturated C3-Cs cycloalkyl, wherein
optionally substituted Cs-Ce cycloalkyl comprises 0-4 substituents independently
selected from halo, -OH,-COOH, -NHa, =0, -CN, C1-Cs alkenyl, C1-Cse
hydroxyalkyl, C1-Cs atkoxyl, and C1-Cy haloalkoxyl.
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{126] In some embodiments R' in formula X1, XI-A, XI-A-1, XI-A-2, or X{-A-1-a
combines with R® to form a 3-6 membered heterocycloalkyl substituted with 0-3 moieties
independently selected from the group consisting of halo, -OH,-COOH, -NH», =0, -CN, ;-
Ce alkyl, C1-Cs alkenyl, Ci-Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-Cs aminoalkyl, and Ci-Cs
alkoxyl.
[127] In some cmbodiments R! in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
Ci~-Cealkyl substituted with 0-4 substituents independently selected from ~OH, Ci-Cs
hydroxyalkyl, Ci-Cs alkoxyl, -OC(O} R™), -S(O):N(R*R*) and -N(R"*R®), wherein
cach R” and R* are independently selected from H, Ci-Ce alkyl, Ci-Ce alkenyl, Ci-Cs
hydroxyalkyl, C1-C¢ haloalkyl, C1-Cs aminecalkyl, Ci-Cg alkoxyl, satarated or
unsaturated C3-Cs cycloalkyl, and saturated or unsaturated C5-Ce cycloalkoxyl.
{1281 in some embodiments R’ in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
Ci-Cs alkyl substituted with 0-2 substituents independently selected from -OH, Ci-Ce
hydroxyaikyl, and -S(ORN(RR®™), wherein
cach R™ and R™ are independently selected from H, and C1-Cs alkyl.
[129] in some embodiments R! in formula XI, XI-A, XI-A-1, Xi-A-2, or XI-A-1-ais
optionally substituted C;-Cs hydroxyalkyl.
{136 In some embodiments R in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
a 5-10 membered heteroaryl containing 1-4 heteroatom ring vertices selected from N, O, and
S,
the 5-10 membered bicyclic hetercaryl is substituted with 0 to 3 moieties selected
from halo, -OH,-COOH, -NH», -CN, C1-Cs alkyl, Ci-Cs alkenyt, Ci-Ce
hydroxyalkyl, C1-C¢ haloalkyl, C1-Cs aminecalkyl, Ci-Cg atkoxyl, 3-7
membered heterocyclyl containing 1-2 heteroatom ring vertices selected from
N, G, and S, saturated or unsaturated C3-Cs cycloalkyl, saturated or
unsaturated Cs-Cs cycloalkoxyl, -CHR™R®™, .OR™ -OC(O}R™), -C(O} R™),
SCEOWN(RTPR®), -CUOYOR™), -S(O)NRR®Y and -N(R7PR™), wherein
each R7 and R*™ are independently selected from H, C1-Cs alkyl, C1-Ce
alkenyl, Ci-Cs hydroxyalkyl, Ci~Ce haloalkyl, C1-Ces aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C5-Cs cycloalkyl, and saturated or
unsaturated C3-Ce cycloalkoxyl.
{131] In some embodiments R' in formula X1, XI-A, XI-A-1, XI-A-2, or Xi-A-1-ais
pyridivi substituted with 0 to 3 moieties selected from halo, -OH,-COOH, -NHa, -CN, Ci-Cs
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alkyl, Ci-Ce altkenyl, 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
selected from N, O, and 8, wherein
the 3-7 membered heterocyclyl is substituted with -3 substituents selected
from halo, -OH, -COOH, -NH-, -CN, C:-Cg alkyl, C1-Cs alkenyl, Ci-
s haloalkyl.
[132] In some cmbodiments R! in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
a saturated or unsatarated 7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, wherein
the 7-8 membered bridged heterocyelyl is substituted with 0-3 moieties selected from
halo, -OH, -COOH, -NH;, =0, -CN, C-Cs alkyl, Ci-Cs alkenyl, C1-Cs
hydroxyalkyl, C1-Cs haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated C5-Cy cycloalkoxyl, -
CHRR®™, .OR™, -OC(O} R®), -C(O} R™), -C{OINRR®™), -C(OYOR), -
S{ORN(R™R®™) and -N(R°R®), wherein
each R7 and R*™ are independently selected from H, C1-Cs alkyl, C1-Ce
alkenyl, C;-Cs hydroxyalkyl, Cy-Ce haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C5-Cs cycloalkyl, and saturated or
unsaturated C3-Cs cycloalkoxyl.
{133] In some embodiments R' in formula XL, XJ-A, XI-A-1, XI-A-2, or Xi-A-1-ais
a saturated or unsaturated 7-11 membered spircheterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, wherein
the 7-11 membered spiroheterocyclyl is sabstituted with 0-3 moictics selected from
halo, -OH, -COOH, -NH», =0, -CN, C;-Cs alkyl, C1-Cs alkenyl, Ci-Cg
hydroxyalkyl, C1-Cs haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated Cs~-Cg cycloalkoxyl, -
CHRR®™, OR", -OC(O} R7®), -C{OY R"), -C{ON(RPR™), -.C(O)OR™), -
S{ORN(R™R®™) and -N(R°R®), wherein
each R7 and R*™ are independently selected from H, C1-Cs alkyl, C1-Ce
alkenyl, Ci-Cs hydroxyalkyl, Ci~Ce haloalkyl, C1-Ces aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated Cs5-Cs cycloalkyl, and saturated or
unsaturated C3-Ce cycloalkoxyl.
{134] In some embodiments, R’ in formula X1, XI-A, X{-A-1, XI-A-2, or XI-A-1-a
is aryl substituted with 0-3 substituents selected from halo, a 3-7 membered heterocyciyl

containing 1-2 heteroatom ring vertices selected from N, O, and S; a 7-8 membered bridged
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heterocyelyl containing 1-2 heteroatom ring vertices selected from N, O, and S; and a
saturated or unsaturated 7-11 membered spiroheierocyclyl containing 1-2 heteroatoru ring
vertices selected from N, O, and S, wherein
the 3-7 membered heterocycelyl, the 7-8 membered bridged heterocyelyl, and the 7-11
membered spiroheterocyclyl are substituted with from 0 to 3 moieties selected
from halo, -OH, -COOH, -NH», =0, -CN, C;-Cs alkyl, C1-Cs alkenyl, C1-Cs
hydroxyalkyl, C1-Cs haloalkyl, Ci-Cg aminoalkoyl, Ci-Cs alkoxyl, saturated or
unsaturated Ca-Cs cycloalkyl, saturated or unsaturated Cs-Ce cycloalkoxyl, -
CHRR®™, -OR™, -OC(OUR™), ~-C{OWR), -C(OMN(RRY), -C(OYOR), -
S{ORR®, -S(ORNRPRY) and -NRR™), wherein
each R and R™ are independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, C1-Cs hydroxyalkyl, Ci-C¢ haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C5-Cs cycloalkyl, and saturated or
unsaturated C3-Cs cycloalkoxyl
[135] In some cmbodiments R! in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
aryt substituted with -3 moieties selected from halo -OH,-COOH, -NH», =0, -CN, C1-Cs
alkyl, C1-Ce alkenyl, C1-Ce hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, C1-Cs alkoxyl,
and a 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O,
and S,
the 3-7 membered heterocyclyl is substituted with 0-3 roieties selected from halo, -
OH, -COCH, -NH», =0, -CN, C;-Cs alkyl, C;1-Cs alkenyl, C1-Cs hydroxyalkyl,
(1~-Cs haloalkyl, C1-Cy aminoalkyl, C1-Cs alkoxyl, saturated or unsaturated Cs-
Cs cycloalkyl, saturated or unsaturated C3-Ce cycloalkoxyl, -CHR™R®, -OR™,
SOC(OMR™), -CLONR®), -CIOIN(RR™), -C{OYO(RTY), -S(O)N(RTPR
and -N{R7*R®™), wherein
cach R and R™ are independently selected from H, Ci-Cs alkyl, C1-Cs
alkenyl, Cy-Cg hydroxyalkyl, C1-Ce haloalkyl, Ci~Ce aminoalkyl, Ci1-Ce
alkoxyl, saturated or unsaturated C:-Cs cycloalkyl, and saturated or
unsatarated Ca-Cy eycloalkoxyl.
{136} in some embodiments R’ in formula X1, XI-A, XI-A-1, XI-A-2, or XI-A-1-ais
aryl substituted with 0-3 moieties selected from halo and a 3-7 mmembered heterocycelyl
containing 1-2 hetercatom ring vertices selected from N, O, and 8, wherein
the 3-7 membered heterocyclyl is further substituted with 0-3 moieties selected from -

OH,-COOH, -NHz, =0, -CN, and -C;-Cs alkyl.
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{137] In some embodiments, the compound of formula X1 is represented by the
compound of Formula XI-B and/or a stercoisomer, a stable isotope, or a pharmaceutically

acceptable salt thereof,

2 R
F"‘GM /22‘; { \ s
/
R@S"(Efﬂg ﬁ X~ TR®

Formula XI-B
wherein X, p, R?, R?, R* and R’ are as defined above; and
Dis CR™orN;
Eis CR™ or N;
Fis CRZ or N;
Gis CRM or N;
provided that no more than three of D, E, F, and G are N;
R RY R RY and R™, when present, are each independently selected from H, halo, -OH,

-COOH, -NH, =0, -CN, C1-Cs alkyl, Ci-Ce alkenyl, Ci-Cs hydroxyalkyl, Ci1-Cs
haloalkyl, C;-Cs aminoalkyl, C1-Cs alkoxyl, C1-Cghaloalkoxyl, -R7, -X-R"8 X1.0-

XLR™ -CHR™R®™, -OR™, -0-X'-R78, -QC(OX R7%), -O-X1-C(OYR®), -C(OXRY), -
C(OIN(RR™), -C(OYO(R™), S(ORR, -S{ORN(RRM™), 2N(R7*R), saturated or
unsaturated C3-Ce cycloalkyl, saturated or unsaturated C3-Cs cycloalkoxyl, saturated
or unsaturated 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
selected from N, O, and 5; mono or bicyclic aryl, a 9-10 membered bicyclic
heteroaryl containing 1-4 heteroatom ring vertices selected from N, O, and 5;
saturated or unsaturated 7-8 membered bridged heterocyelyl containing 1-2
heteroatom ring vertices selected from N, O, and S; and saturated or unsaturated 7-11
membered spircheterocyclyl containing 1-2 heteroatom ring vertices selected from N,
0, and S; 6-11 membered bicyclic heterocyelyl containing 1-2 heteroatom ring
vertices selected from N, O, and §; wherein
cach X' is independently Ci.s alkylene;
each R’ and R* are independently selected from H, C1-Cs alkyl, Ci-Cs alkenyl, Cy-
Ce hydroxyalkyl, Ci-Ce haloalkyl, C1-Cs aminoalkyl, Ci-Ce alkoxyl, satorated
or unsaturated C3-Cs cycloalkyl, and saturated or unsaturated C3-Ce

cycloalkoxyl; and
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the 3-7 membered heterocyelyl, the mono or bicyclic aryl, the 9-10 membered

bicyclic heteroaryl, the 7-8 membered bridged heterocyeliyl, the 7-11

membered spiroheterocycly, and the 6-11 membered bicyclic heterocycelyl are

cach independently substituted with 0 to 2 moietics selected from halo, -OH, -

COOH, -NHz, =0, -CN, Ci-Cs alkyl, C1-Cs alkenyl, C-Ce hydroxyalkyl, Ci-

Ce haloalkyl, C:i-Cs aminoalkyl, C1-Cs alkoxyl, saturated or unsaturated C3-Ce

cycloalkyl, saturated or unsaturated (3-Cs cycloalkoxyl, -CHR#R® -OR'8, -

OC(O) RE), -C(OY R7%), -C(OIN(RER), -NR7S(COWR, -C(O)OR), -

S(ORN(RTER™) and -N(R'2R5), wherein

each R7¢ and R* are each independently selected from H, C1-Cs alkyl, C1-Ce
alkenyl, Ci-Cs hydroxyalkyl, Ci~Ce haloalkyl, C1-Ces aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C5-Cs cycloalkyl, and saturated or
unsaturated (3-Cs cycloalkoxyl;

{138] In some embodiments, D, E, F and G in Formula XI-B are CR'Y, CRY, CR'?,

and CRY, respectively.

{139] In some embodiments, F and G in Formula XI-B are CR' and CRYY,
respectively, Eis N or CR' and D is N or CR'.
{140 In some embodiments, RY and R'! in Formula XI-B are each H, R and R™

are each independently selected from halo, -OH, -COOH, -NH, =0, -CN, (-Cs alkyl, Ci-Ce
alkenyl, C-Cs hydroxyalkyl, Ci-Ce haloalkyl, C;-Cs aminealkyl, Ci-Ce alkoxyl, saturated or
unsatarated C3-Cs cycloalkyl, saturated or unsaturated C3-Cs cycloalkoxyl, -CHRR®, .
OR™, -OC(OX R™), -CON R, -CLOMN(RTR™), -C(OYO(R™), -S(ORN(RPR) and -
N(RTR™), wherein R7" and R™ are each independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, C-Cs hydroxyalkyl, Ci-Ce haloalkyl, C;-Cs aminealkyl, Ci-Ce alkoxyl, saturated or
unsaturated C3-Cs cycloalkyl, and saturated or unsaturated C3-Cs cycloalkoxyl; RY s 3-7
membered heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O, and S,
saturated or unsaturated 7-8 membered bridged heterocyclyl containing 1-2 heterocatom ring
vertices selected from N, O, and S, saturated or unsaturated 7-11 membered spiroheterocyclyl
containing 1-2 heteroator ring vertices selected frora N, O, and S, wherein the 3-7
membered heterocycelyl, the 7-8 membered bridged heterocyelyl, and the 7-11 membered
spircheterocyclyl are optionally substituted with 0-2 moieties independently selected from
halo, -OH, -COCH, -NH», =0, -CN, C-Cs alkyl, Ci-Cs alkenyl, C1-Cg hydroxyalkyl, C1-Cs
haloalkyl, C1-Cs aminoalkyl, C1-Ce alkoxyl, saturated or unsaturated Cs-Cs cycloalkyl,

saturated or unsaturated C5-Cs cycloalkoxyl.
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{141] In some embodiments, R'* and R in Formula Xi-B are H, R’ and R'! are
each independently selected from halo, -OH, ~-COOH, -NH», =0, -CN, C:-Cs alkyl, Ci-Cs
alkenyl, C-Cs hydroxyalkyl, Ci-Cs haloalioyl, C-Cs aminoalkyl, C1-Cs allkoxyl, saturated or
unsaturated Cs-Cg cycloalkyl, saturated or unsaturated Cs-Cs cycloalkoxyl, -CHRR™, -
OR™, -OC(ON R, -COW R®Y, -CLOMNRTIR®), -C(OYORT), -S(ORN(RPR™) and -
N(RR™), wherein R and R® are each independently selected from H, Ci-Ce alkyl, C1-Cs
alkenyl, C-Cs hydroxyalkyl, Ci-Cs haloalioyl, C-Cs aminoalkyl, C1-Cs allkoxyl, saturated or
unsaturated Cs-Cs cycloalkyl, and saturated or unsaturated Cs-Cs cycloalkoxyl; R is 3-7
membered heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O, and S,
saturated or unsaturated 7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, saturated or unsaturated 7-11 ruembered spiroheterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and S, wherein the 3-7
membered heterocyelyl, the 7-8 membered bridged heterocyelyl, and the 7-11 membered
spirsheterocyclyl are optionally substituted with (-2 moieties independently selected from
halo, -OH, -COOGH, -NH», =0, -CN, C;-Cs alkyl, C1-Cs alkenyl, C1-Ce hydroxyalkyl, C1-Cs
haloalkyl, Ci-Cs aminoaliyl, Ci-Cs alkoxyl, saturated or unsaturated Cs3-Cs cycloalkyl,
saturated or unsatarated Cs-Cs cycloatkoxyl.

1142] In some embodiments, R, RY R¥ and R in Formula XI-B are all H; RY is
saturated or unsaturated C:-Cs cycloalkyl, 3-7 membered heterocyclyl containing 1-2
heteroatom ring vertices selected from N, O, and S, saturated or unsaturated 7-8 membered
bridged heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O, and S,
saturated or unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and 8, wherein the 3-7 membered heterocyclyl, the 7-8
membered bridged heterocyclyl, and the 7-11 membered spiroheterocyclyl are optionally
substituted with -2 moieties independently selected from halo, ~-OH, -COOH, -NH;, =3, -
CN, C1-Cs alkyl, C1-Cs alkenyl, Ci-Cs hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-
(e alkoxyl, saturated or unsaturated (s-Cs cycloalkyl, saturated or unsaturated C3-Cs
cycloalkoxyl

1143] In some embodiments, R'®, R RY and R in Formula XI-B are cach H; R"
is 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O,
and 5 w substituted with 0-2 moieties independently selected from halo, -OH, -COOH, -NH»,
=0}, -CN, (-Cs alkyl, C1-Cs alkenyl, C1-Cs hydroxyalkyl, C-Cs haloalkyl, Ci-Cs
aminoalkyl, Ci-Cq alkoxyl, saturated or unsaturated Cs-Cy cycloalkyl, and satorated or

unsaturated Cs-Cg cycloalkoxyl.
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1144] In some embodiments, R, RY', R" and R'*in Formula XI-B are each H; RV
is optionally substitated saturated or unsaturated 7-8 membered bridged heterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and S substituted with 0-2
substituents selected from -OH,-COOH, -NH,, =0, -CN, and-C-Cs alkyl.

{145] In some embodiments, the compound of Formula XI-B is represented by the
compound of Formula XI-B-1 or XI-B-2, and/or a stercoisormer, a stable isotope, ora

pharmaceutically acceptable salt thercof

2 RB

R15/ij Rﬂs
Formula X1-B-1
R3
2
N \

X~ TR

Formula XI-B-2.
{146} in some embodiments, the compound of Formula XI-B-lor XI-B-2 is
represented by the compound of formula XI-B-1-a, XI-B-2-a and/or a stereoisomer, a stable

isotope, or a pharmaceutically acceptable salt thereof,

2 R
N- Y
!
' N 5
N S R
H
R"iﬁ/N\’,Jl R%’
Formula Xi-B-1-a
R.?;
2
R TMRYp
N \ \ 2
' 7
N//\s RS

Formula Xi-B-2-a
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wherein p, R?, R®, R* and R® are as defined above; and

R and R'7 are cach independently selected from halo and C1-Ce alkyl;

R'%is selected from -OH, C1-Cs alkyl, C1-Cs alkenyl, Ci-Ce hydroxyalkyl, Ci-Cs haloalkyl,
(1-Cs aminoalkyl, Ci-Cs alkoxyl, Ci-Cs haloalkoxyl, saturated or unsaturated C3-Cs
cycloalkyl, saturated or unsaturated C3-Cg cycloalkoxyl, -CHRR™, -C{O)} R™), -
COOMNRTR®™), -C(OOR™), -S(0)2 R™ and -8(0) N(RPR®), wherein
each R7” and R™ are independently selected from H, C1-Cs alkyl, C1-Ce alkenyl, Ci-

(e hydroxyalkyl, Ci-Ce haloalkyl, C1-Cs aminoalkyl, C1-Ce alkoxyl, saturated
or unsaturated Cs-Cs cycloalkyl, and saturated or unsaturated Cs~Ce
cycloalkoxyl.

{147} In some embodiments, R'® in Formula XI-B-1 or XI-B-2 is selected from C;-

Ce alkyl, C1-Cs alkenyl, C:i-Cs hydroxyalkyl, C1-Cs haloalkyl, Ci-Ce aminoalkyl, C1-Cs

alkoxyl, C1-Cs haloalkoxyl; saturated or unsaturated C3-Cs cycloalkyl, satarated or

ansaturated C3-Cg cycloalkoxyl, -CHRR®, wherein
cach R and R® are independently selected from H, C1-Cs alkyl, C1-Ce alkenyl, Ci-
Ce hydroxyalkyl, Ci-Ce haloalkyl, Ci~Ce aminoalkyl, C1-Ce alkoxyl, saturated

or unsaturated (3-Cs cycloalkyl, and saturated or unsaturated C3-Ce

cycloalkoxyl.
1148] In some embodiments, R'° in fornmula XI-B-1 or XI-B-2 is ;-Cs alkyl.
{149] In some embodiments, both R? and R in formula XI-B-1 or XI-B-2 are methyl
groups.
{158] In some embodiments, RZ and R in fornula X3-B-1 or XI-B-2are each

independently a methyl or an ethynyl group.
{151} In some embodiments, XI-B-~1-a is represented by Formula XI-B-1-a-1, and

X1-B-2-a is represented by Formula XI-B-2-a-1

Qw
R ﬁ
R \/’ (X1-B-1-a-1)
17 Rz RB o
R . ;Q Nn-{@wi
i
Y O ﬁ/{s RS
/N\_//'
15
R R'6 (XI-B-2-a-1)
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or a pharmaceutically acceptable salt thereof, wherein R? is halo.
{152] In some embodiments, XI-B-~1-a is represented by Formula XI-B-1-a-11, and

X1-B-2-a is represented by Formula XI-B-2-a-11

(XI-B-1-a-)

R (XI-B-2-a-1h)
or a pharmaceutically acceptable salt thereof.
{153] In some embodiments, XI-B-1-a is represented by Formmla XI-B-1-a-1i, and

XI-B-2-a is represented by Formula X1-B-2-a-1H

)l
17

/C;j{) n A
[ /J\w o R®

P 8
N (X1-B-1-a-111)

J// 7
R'i? 8] \QM 4
;N \ R
~ LY
r \N ﬁ —"(\Sg\Rs
—~N /
LN
R R (XI-B-2-a-111)
or a pharmaceutically acceptable salt thereof.
1154} In some embodiments, XI-B-1-a is represented by Formula XI-B-1-a-1V, and

X1-B-2-a is represented by Formula X1-B-2-a-1V

(X1-B-1-a-1V)
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Q/OG
)A N”i\s)\RS
R’ia”"’N\/ﬂJ
(X1-B-2-a-1V})
or a pharmaceutically acceptable salt thereof.
{155] In some embodiments, R° in formula XI-B-1 or XI-B-2 is H or methyl.
{156] The present invention discloses novel heterocyclic compounds as inhibitors of

ALPK1. The compounds are represented by fornmla XI-C

R3
z2
o R mﬂLRé')p
AL
i

Formula Xi-C
Wherein X, R%, R’, R* and R” are as defined above formula XI; and
m 1s an integer from (-6;
R'¥ is selected from H, halo, -OH, -COOH, -NHa, -CN, C-Cs alkenyl, C1-Cs
hydroxyallkyl, C1-Cs haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl, Ci1-Ce

haloalkoxyl, -R7, -X!-R7* CHR™ R%, .OR", -0-X'-R™ X'-0-X!-R", -

OCONR™), -O-X-C{OYR™, -C(OWRT™), -CIOMNRR®™), -NR™COR™, -
C(OYO(R™), S(ORR™, -S(ORN(RR®), -N(R*R), saturated or unsaturated
s~ cycloalkyl, saturated or unsaturated (5-Cs cycloalkoxyl, saturated or
unsaturated 3-7 membered heterocyelyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, mono or bicyclic aryl, 9-10 membered
bicyclic heteroaryl containing 1-4 heteroatom ring vertices selected from N, O,
and S, saturated or unsaturated 7-8 membered bridged heterocyclyl containing
I-2 heteroatom ring vertices selected from N, O, and S, saturated or
unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, and 6-11 membered bicyclic heterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and 5; wherein
each X! is independently Ci.¢ alkylene;

each R™ and R™ are independently selected from H, Ci-Ce alkyl, saturated or

unsatarated Ci-Cy eycloalkyl, saturated or unsaturated C5-Ce
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cycloabkoxyl, Ci-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Cg haloalkyl, Ci-
Ces aminoalkyl, Ci-Ce alkoxyl, Ci-Ce haloalkoxyl, satorated or
unsatarated C3-Cy cycloalkyl, saturated or unsaturated Cs-Cs
cycloalkoxyl, aryl, saturated or unsaturated C3-Cs cycloalkyl,
saturated or unsaturated Cs3-Cs cycloatkoxyl, saturated or unsaturated
3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
selected from N, G, and S, wherein the aryl and 3-7 membered
heterocyelyl groups are substituted with 0-3 substituents selected from
halo, ~OH, -COOH, -NH,, =0, -CN, C-Cs alkyl, C1-Ce alkenyl, C1-Cs
hydroxyalkyl, Ci-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl,
saturated or unsaturated C3-Cs cycloalkyl, and saturated or unsaturated
C5-Cs cycloalkoxyl; and
the C3-Cs cycloalkyl, C3-Cs cycloalkoxyl, 3-7 membered heterocyelyl, the

mono or bicyclic aryl, the 9-10 membered bicyclic heteroary], the
saturated or unsaturated 7-8 membered bridged heterocyelyl, the
saturated or unsaturated 7-11 membered spiroheterocycly, and the 6-11
membered bicyelic heterocyelyl are each independently substituted
with 0 to 3 moieties selected from halo, -OH, -COOH, -NH;, =0, -CN,
C1-Cs alkyl, C1-Cs alkenyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-
(e aminoalkyl, Ci~-Ce alkoxyl, saturated or unsatarated Cs-Cs
cycloalkyl, satarated or unsaturated (3-Ce cycloalkoxyl, saturated or
unsaturated 3-7 membered heterocycelyl containing 1-2 heteroatom ting
vertices selected from N, O, and 8, -CHRR®, -OR™, -OC(O)} R™), -
C(OY R®), -C{OMNRTR™), .NR™(COIR®, -C(OWR), -3(0O)
N{R7’R*®) and -N(R'°R®), wherein each R7" and R are independently
selected from H, Ci-Ce alkyl, C1-Cp alkenyl, C1-Ce hydroxyalkyl, Ci-
s haloalkyl, C1-Cs aminoalkyl, Ci~Ce alkoxyl, saturated or
unsaturated C3-Cy cycloalkyl, and saturated or unsaturated Cs-Ce
cycloalkoxyl.

11571 in some embodiments, the compound of formula XI-C is represented by the

compound of formula XI-C-1, and/or a stercoisomer, a stable isotope, or a pharmaceutically

acceptable salt thereof,
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Formula X§-C-1
wherein R?, R, R* and R are as defined above formula I; and
m 1s an integer from 0-6;
RS is selected from H, halo, -OH, ~-COOH, -NH,, -CN, C;-Cs alkenyl, C-Cs
hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, Ci-Cs

haloalkoxyl, -R7, -X'.R7 CHR™ R, .OR", -0-X'-R™ X1.0-X'-R", -

OC(ONR™, -O-X -C{OURTY), -C{ONR™), -C(OIN(RR™), -NR™(COR™, -
C(OYD(R™), S(ORR™, -S(O)N(R7R™), -N(R“R™), satarated or unsaturated
C3-Cs cycloalkyl, saturated or unsaturated (5-Cs cycloalkoxyl, saturated or
unsaturated 3-7 membered heterocyclyl containing 1-2 heteroatorn ring
vertices selected from N, O, and 8, mono or bicyclic aryl, 9-10 membered
bicyclic hetercaryl containing -4 heteroatom ring vertices selected from N, O,
and S, saturated or unsaturated 7-8 membered bridged heterocyciyl containing
1-2 heteroatom ring vertices selected from N, O, and S, saturated or
unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroaton ring
vertices selected from N, O, and 8, and 6-11 membered bicyclic heterocycelyl
containing 1-2 heteroatom ring vertices selected from N, O, and S; wherein
each X! is independently C1.6 alkylene;
cach R7 and R™ are independently selected from H, C-Cs alkyl, saturated or
unsaturated C3-Ce cycloalkyl, saturated or unsaturated Cs-Cs
cycloalkoxyl, Ci-Cs alkenyl, C1-Ce hydroxyalkyl, Ci-Ce haloalkyl, Cy-
Cs aminoalkyl, C1-Cs alkoxyl, C1-Cs haloalkoxyl, saturated or
unsatarated Ci-Cy eycloalkyl, saturated or unsaturated C5-Ce
cycloalkoxyl, aryl, saturated or unsaturated C3-Cs cycloalkyl,
saturated or unsaturated Cs3-Cs cycloalkoxyl, saturated or unsaturated
3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
sclected from N, O, and S, wherein the aryl and 3-7 membered
heterocyelyl groups are substituted with -3 substituents selected from

halo, -OH, -COOH, -NH,, =0, -CN, C1-Cs alkyl, C1-Ce alkenyl, Ci-Cs
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hydroxyalkyl, Ci-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl,
saturated or unsaturated C3-Cs cycloalkyl, and saturated or unsaturated

Cs-Cs cycloatkoxyl; and

the C3-Cs cycloalkyl, C3-Cs cycloalkoxyl, 3-7 membered heterocyelyl, the

mono or bicyclic aryl, the 9-10 membered bicyclic heteroary], the
saturated or unsaturated 7-8 membered bridged heterocyelyl, the
saturated or unsaturated 7-11 membered spiroheterocycly, and the 6-11
membered bicyelic heterocyelyl are each independently substituted
with 0 to 3 moietics selected from halo, -OH, ~-COOH, -NH;, =0, -CN,
C1-Cs alkyl, C1-Cs alkenyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-
(e aminoalkyl, Ci~-Ce alkoxyl, saturated or unsatarated Cs-Cs
cycloalkyl, satarated or unsaturated (3-Ce cycloalkoxyl, saturated or
unsaturated 3-7 membered heterocyelyl containing 1-2 heteroatom ring
vertices selected from N, O, and 8, -CHRR®, -OR™", -OC(O) R™), -
C(OY R, -C{OMN(RTPR™™), -NR(COIR®, -C{OYR™), -3(O)
N{R7’R*®) and -N(R'°R®), wherein each R7" and R are independently
selected from H, Ci-Ce alkyl, C1-Cp alkenyl, C1-Ce hydroxyalkyl, Ci-
s haloalkyl, C1-Cs aminoalkyl, Ci~Ce alkoxyl, saturated or

unsaturated C3-Cs cycloalkyl, and saturated or unsaturated Cs-Cs

cycloalkoxyl;
{1581 In some embodiments, m in formula XI-C or XI-C-1 is 1.
{159] In some embodiments, R in formula XI-C or XI-C-1 is H.
{1601 In some embodiments, R* and R in each of the formnlas described herein are

both Ci-Cs alkyl groups;

{161} In some embodiments, R? is methyl and R? is CH.OMe in each of the formulas

described hercin.

{162] In some embodiments, R” and R® are each methyl in each of the formulas
described herein.
{163} In some embodiments, R? is methyl and R is ethynyl in each of the formulas

described herein.

{164} In some embodiments, R” is methyl and R” is C5-Cs cycloalkyl.,
{165] In some embodiments, R? is methyl, and R’ is phenyl.
{166] In some embodiments, in each of the formulas described herein, the subscript

pis 1, and R* is attached to the phenyl ring as shown below:
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o

wherein the wavy loe represents the point of attachment to the remainder of the formula,
{167] in some embodiments, in each of the formulas described herein, the subseript

pis 1, and R* is halo attached to the phenyl ring as shown below:
;\< }\mﬂ-ﬁi
wherein the wavy line represents the point of attachment to the remainder of the formula.

{1681 in some embodiments, in each of the formulas described herein, the subscript

pis 1, and R is chloro attached to the phenyl ring as shown below:
F \ Cl
2
wherein the wavy loe represents the point of attachment to the remainder of the formula,

{169] in some embodiments, in each of the formulas described herein, the subscript

pis 1, and R* is methoxy atlached to the phenyl ring as shown below:

wherein the wavy line represents the point of attachment to the remainder of the formula.

11761 in some embodiments, R® in each of the formulas described herein is H.
{171} In some embodiments, R in each of the formulas described herein is
deuterium.

{1721 In some embodiments, R in cach of the formulas described herein is Ci-Ce

deuteroalkyl. In some embodiments, R° in each of the formulas described herein is selected
from the group consisintg of -CHD, -CHD,, and -CDs,

{173] In some embodiments, the carbon atom attached to R? and R in each of the
formulas described herein is chiral. In such ecmbodiments, it is understood that R? and R® are
not the same. In some embodiments, the carbon atom attached to R? and R? in each of the
formulas described herein is the S isomer, referring to the absolute stercochemistry at this
carbon atom. In some embodiments, the carbon atom attached to R? and R? in cach of the
fornmulas described herein is the R isomer, referring to the absolute stereochemistry at this
carbon atom. In some embodirnents, R? is methyl and R? is ethynyl. In some embodiments,
R” is methyl and R? is C3-Cs cycloalkyl. In some embodiments, R? is methyl, and R’ is
phenyl. In some embodiments, R? is methyl and R? is ethynyl. In some embodiments, R’ is

methyl and R? is C3-Ce cycloalkyl. In some embodiments, R? is methyl, and R” is phenyl.
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{174] in some embodiments, the compound of Formula 1 is selected from

44



WO 2022/063152 PCT/CN2021/119801

%

, and
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Preparation of Compounds of Formula | and Exemplary Compounds

11771

ANALYTICAL DETAILS
NMR: Measurements were performed on a Bruker Ultrashicld T™M 400 (400

MHz} spectrometer using or not tetramethylsilane (TMS) as an internal standard. Chemical

shifts (&) are reported ppm downfield from TMS, spectra splitting pattern are designated as

single (s), doublet (d), triplet(t), quartet (q), multiplet, unresolved or overlapping signals (m),

broad signal (br). Deuterated solvent are given in parentheses and have a chemical shifts of

dimethyl sulfoxide (62.50 ppm), chloroform (8 7.26 ppm), methanol (83.31 ppm), or other

solvent as indicated in NMR spectral data.

{178]

LC-MS: Shimadzu20A-2010MS

Detection: SPD-M20A

Column: MERCK, RP-18¢ 25-2mm;
Wavelength: UV 220nm, 254nm

Column temperature: 50°C; MS ionization: EST

Mobile Phase: 1.SML/4LTFA in water (solvent A) and 0.75ML/4LTFA in

acetonitrile (solvent B, using the elution gradient 5%6-93% {(solvent B) over 0.7 minutes and
; & }

holding at 95% for 0.4 minutes at a flow rate of 1.5 ml/roin;

{179}

Flash Column Chromatosranhv Svstem
System: CombiFlash Rf+

Column: Santat Technologies, Inc, SEPAFLASH ®

Samples were typically adsorbed on isolute
HPLC separation conditions

System : TRILUTION LC 4.0

Detection: Gilson 1539 UV-VIS

Condition 1: Column: Phenomenex Gemini-NX 80%40mm™*3um
Eluent A: water (0.053%NH3H20+10mM NH4AHCO3)

Eluent B: CH3CN

Begin B: 20-453%, End B: 80-20%, Gradient Time (min}): 8
Condition 2: Columu: Xtimate CI8 10y 250 mm *50mim;
Eluent A water (0.04%NH3H20+10mM NH4HCO3).

Ehaent B: CH3CN 50%-80%; Gradient Time (min); &

SEC Chiral Seperation Conditions

Mobile phase: [0 1%NH:H20 ETOH]: B%: 30%-30%, 35%-35% or 45-45%
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Column: DAICEL CHIRALCEL OJ-H(250mm*30mm,5um};

Mobile phase: [0.1%NH:H,O ETOH];B%: 30%-30%, 40%-40%;

Column: DAICEL CHIRALPAK AD (250mm™*30mm, 1 Gum);

Mobile phase: [0. 1% NH3;H20 ETOH]; B%: 35%-35%:;

Column: DAICEL CHIRALPAK AS (250mm*30mm, 1 Gum);

Mobile phase: [0.1%NH3H20 ETOH]; B%: 35%-35%
[180] All starting materials, building blocks, reagents, acids, bases, dehydrating
agents, solvents, and catalysts utilized to synthesis the compounds of the present invention
are either commercially available or can be produced by organic synthesis methods known to

one of ordinary skill in the art.

{181} Below is the abbrivation table for chemistry:

Ac Acetyl

ACN Acetonitrile

bz Benzoxycarbonyl

CDY NN-Carbonyldiimidazole

Com. Compound

DCM Dichloromethane

DIEA N, N-Diisopropylethylaming

DMAP 4-Dimcthylaminopyridine

DMF NN-Dimethylformamide

DMP Dess-Martin Periodinane

DMSO Dimethyl sulfoxide

EA Ethvl Acetate

EDCH 1-Ethyl-3-(3-dimethylaminopropybcarbodiimide

EST Electron Spray fonization

Et Ethyl

HATU 2-(7-Azabenzotriazol-1-y1)-N,N,N' N'-tetramethyluronium
hexafluorophosphate

HBTU O-Benzotriazole-N, N, N', N'-tetramethyl-uronium-
hexafluorophosphate

HOBt 1-Hydroxybenzotriazole

HPLC High Performance Liguid Chromatography

Int Intermediate

LCMS Liquid Chromatography-Mass Spectrometry

LiHMDS Bis(trimethylsilyhaminge lithium salt

Me Methyl

M3 Mass Spectrometry

Ms Methanesulfonyl

NMR Nuclear Magnetic Resonance

Pda(dba)n Tris{dibenzylideneacetong)dipalladium

PE Petroleum Ether

PyBOP Benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate
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RT Room Teraperature

TBAF Tetrabutylammonium fluoride
TBDPS t-butyldiphenylsilyl

TBME tert-Butyl Methyl Ether

t-Bu tert-butyl

TEA Triethylamine

TFA Trifluoroacetic Acid

THF Tetrahydrofuran

TLC Thin Layer Chromatography
™S Tetramethylsilane

Ts p-Toluenesulfonyl

X-phos (2-(2,4 6-triisopropyiphenethyliphenyl dicyclohexyiphosphine

Reaction Scheme 1:

Xy ) ) Xy Grignard
R(i/‘\\\ O Acid chioride rE- Q We;nrab ;am:de R—r{/:ji Q o reaction .
i | e Do S -
WO formation 2 g ormaton W\N ™~

Ry Ry RiRy RiR, |
M M2 M3
RiRy
Rl =y ¢ Brominalion . ﬁ Q Cyclization B i N‘*}—ﬂNH
o W\/Br R
Ry Kz Ry Ry
M4 M5 M6
{182} Appropriately substituted compound M1 wherein R are suitable 1-3 groups

like halo or C1-Cs alkyl, etc, and Ry and Ry are suitable groups like independently selected
from H, C1-Cs alkyl and C2-Cs alkynyl, converted to acid chloride with SOCL or (COCI)p
under heating or room temperature. Weinreb amide was formed by the reaction of N,O-
dimethylhydroxylamine hydrochloride with the acid chloride at 0°C. Grignard reagent in THF
was added to the Weinreb amide at 0°C to give the ketone, which was converted to MS by
bromination. The cyclization with thiourea under basic condition gave the intermediate M6.

Example 1: Preparation of 4-(2-(4-bromeophenvhipropan-2-viithiazol-2-amine

{Intermediate 1)

| N‘}’“NHZ
—3

Br
{183] Step 1. Preparation of compound 2-(4-bromophenyl)-2-methylpropanoyl
chloride
H
S0CkH
O refiux, 2h A
Br Br
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{184] Compound 2-(4-bromophenyl}-2-methylpropanoic acid (100 g, 411 mmol, 1.0
eq) in SOCHL (175 mL, 6 eq) was warmed to reflax for 2 h. Then the solution was cooled to
RT, the mixture was concentrated under reduced pressure to get dry acid chloride (vellow otl)
which was used in next step without further purification.

{185] Step 2. Preparation of compound 2-{(4-bromophenyl}-N-methoxy-N,2-

dimethylpropanamide

Q MG |
O~ . _ Cl 7 \O/ O - N.\D/
Br G TEA, DCM Br 1 O

0 °C-rt, 18 h

{186] The solution of compound N,O-dimethylhydroxylamine HCI salt (48.2 g, 49
mmol, 1.2 eq) in DCM (300 mL) was cooled to 0 °C. Then to the mixtare was added crude
acid chloride obtained from step 1 above (1.0 eq) in DCM (200 ;L) and TEA (114 mi, 2
eq), and the mixture was stirred at RT overnight. The reaction mixture was quenched with
H>0 (200 mL). The mixture was extracted with DCM (200 mL x 3), the combined organic
layers were washed with water (200 mL x 3), brine (200 mL x 3}, dried over NaxSQy, filtered
and concentrated to give a residue. The desired compound (108 g, pure) was obtained as a
pale yellow oil which was used in next step without further purification.

{187} "H NMR (400 MHz, CDCl) 6 7.42 (d, J= 8.8 Hz, 2H), 7.12(d, /= 8.8 Hz,
ZH), 3.08 (s, 3H), 2.71 (5, 3H), 1.49 (s, 6H).

{188] Step 3. Preparation of compound 3-(4-bromophenyl)-3-methylbutan-2-one

0 °C-rt, 18 h ar

{189] The sohution of compound obtained from step 2 above (54 g, 189 mmol, 1 eq)
in dry THF (500 mL) was cooled to 0°C. CH:MgBr (3 M in THF, 253 mL, 757.8 mmol, 4 eq)
was added dropwise. The mixture was stirred at RT overnight. The reaction mixiure was
quenched with sat. NH4Cl (200 mL) and extracted with EA (300 mL x 2). The combined
organic layers were washed with brine (300 mL x 2), dried over Na:SOy, filtered and
concentrated to give a residue. The desired compound (90.4 g, pure) was obtained as a pale
yellow oil which was used into the next step without further purification.

{198] "H NMR (400 MHz, CDCh) 6745 (d, J= 8.4 Hz, 2H), 7.11(d, /= 8.4 Hz,
2H), 1.90 (s, 3H), 1.44 (s, 6H).

{191} Step 4. Preparation of compound 1-bromo-3-(4-bromophenyl)-3-methyltbutan-

2-0ne
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Bf?_ By
— DCM/EIOH ¢ O
11921 To the solution of compound obtained from step 3 above (46 g, 191 mmol, 1

eq) in DCM/ELOH (250 mL/250 miL) was added Bry (14.7 mL, 286 mimol, 1.5 eq) dropwise.
The mixture was stirred at RT for 3.5 h. The reaction mixture was guenched with sar. NaxSOs
{150 mL). The mixture was extracted with DCM (300 mL x 2) and the combined organic
layers were washed with brine (300 mL x 2), dried over Na:SOy, filtered and concentrated to
give a residue. The desired compound (118.8 g, crude) was obtained as a white solid which
was used into the next step without further purification.

193] "H NMR (400 MHz, CDCls) § 7.43 (d, J= 8.4 Hz, 2H), 7.11 (d, J= 8.4 Hz,
2H), 3.82 (s, 2H), 1.52 (s, 6H).

11941 Step 5. Preparation of 4-(2-(4-bromophenyl)propan-2-ylithiazol-2-amine
S
I 8r szkNHz
Br NaHCO,; MeOH g,
50°C,1.8h
{195] To the solution of corapound obtained from step 4 above (50 g, 156 mmel, 1

eq) in MeOH (500 mL) was added thiourea (14.3 g, 188 mmol, 1.2 eq}. The mixture was
stitred at 30°C for 1.5 h. The mixture was concentrated under reduced pressure. The mixture
was extracted with EA (300 mL x 2}, the combined organic layers were washed with brine
(300 mL x 2), dried over NaySQq, filtered and concentrated to give a residue, the residue was
purified by PE/EA=1(: 1 on silica gel chromatography to give pure desired compound (34 g,
white solid).

{196] "H NMR (400 MHz, DMSO-de) 8 7.39 (d, J=8.0 Hz, 2H), 7.14 (d, /=8.0 Hz,
2H), 6.78 (s, 2H), 6.22 (s, 1H), 1.50 (s, 6H). MS (EST) m/z (M+H)™=297.0,

Exarmple 2:

4-{1-(d-bromophenviicvelopentviithiazol-Z-amine (Intermediate 2)

11971 Step 1. Preparation of compound cthyl 1-(4-bromophenylicyclopentane-1-

carboxylate
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NG N NaH

{198] To a solution of compound ethyl 2-(4-bromophenylacetate (10 g, 41.3 mmol)
in DMF (50 mL}, NaH (8.3 g, 207 mmol) was added slowly at 0°C and then the reaction was

Br

stirred at RT for 30 min. 1,4-dibromobutane (8.8 g, 41.3 mimol) was added slowly at RT. The
mixture was stirred at RT overnight. The reaction mixture was concentrated to give a residue.
The residue was purified by flash silica gel chromatography (PE: EA = 1: 6 to 5: 1). The title
compound (7.8 g, vield: 63.8%) was obtained.

MS (ESI) m/z (M+H)'=297.0

{199} Step 2. Preparation of compound I-(4-bromophenyl)cvclopentane-1 -

carboxylic acid

o Br |
5 LIOH
{208} To a solution of compound ethyl I-(4-bromophenylyeyclopentane-1-

carboxylate (7.8 g, 26.3 mmol) in THF (25 mL) were added NaOH (3.2 g,79 mmol) and H,O
{5 mL) and the reaction was stirred at 40 °C overnight. After cooling down, the PH value of
the reaction solution was adjusted to 6. The reaction mixture was concentrated to give a
residue. The residuc was purified by flash silica gel chromatography (PE: EA=1: 0 to 1: 2},
The desired compoand (5.6 g, vield: 79.4%) was obtained.

MS (ESD) m/z (M+H)"=269.0

The synthesis of following steps was similar as described in intermediate 1.

Example 3:

4-(2-(5-bromopyridin-2-vhpropan-2-vithiazol-2-amine (Intermediate 3}

N
= R
NH
DR ba
Br
201} Step 1. Preparation of compound methyl 2-(5-bromopyridin-2-yi)-2-

methylpropanote
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{202} To a sohution of 3-(5-bromopyridin-2-yl}-2-oxopropanoic acid (2 g, 9.26
mmol, 1.0 eq) in DMF (20 mL) was added NaH (1.3 g, 32.4 mmol, 3.5¢q) at 0°C. The
resulting mixture was stirred for 20 min at 0°C. The mixture was added CH:I1 (2 mL, 3.5 eq)
at 0°C and stirred for 6 h. The reaction mixture was quenched with water (50 mL), extracted
with EA (25 mL x 2} and washed with brine (10 mL x 2}, then dried over NaxSQa, filtered
and evaporated to dryness. The resulting residue was puritied by column chromatography on
a stlica gel to obtain the desired compound {(1.95 g, vield: 93 %).

203} Step 2. Preparation of compound 2-(S-bromopyridin-2-yl}-2-methylpropanoic

acid

§204] A mixture of 2-(5-bromopyridin-2-y1)-2-methylpropanoate (1.95 g, 7.56
mmol, 1.0eq) and KOH (1.9 mL, 2M in H2O, 3.0cq) was heated to reflux for | h. The
reaction was cooled to RT and quenched with 0.1M HCI Jextracted with EA, washed by
brine, dried over NaxSOa, filtered and evaporated to dryness to obtain the desired compound
(1.82 g, yield: 98 %).

{205] The next few steps are similar as described for intermediate 1.
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Reaction Scheme 2:

. 40
/T P A Br/\'f'o
7Y o Aosiyl substitution (’\ 22 pliy substitution { Ry,  Brominaton PR
R LM J --------------------- B S 2 “R 2
S o RE 7T R{ i
& O, F 12N
M7 e M3 W10
H
HaN 8 M8 PG
Ny 7 PG Y }7
Cyclization R Ry Arnine protection M= R. Reduction 7y Oxidat fon
------------------------- o N el e i Ay Kfﬁ e g o
Ri- & Rl ) Ry o
N ~ Z ~
BT M1z BM13
H . — R
& = SN
<les N T\ Seyterth-Gitbert Homologation ) “3"’ = N »“Ag’ =
N _( ) )e—p'nfectxcn HoN~ TR —
Ly 3 AR
S~ 6
814 M16 15
{208} Appropriately substituted compound M7 wherein R was suitable 1-3 groups like halo

or C;-Cs alkyl, etc, was acetylated with lithium base at lower than -60°C condition. M9 was obtained
by alkyl substitution like C1-C6 alky! group, of ME under base condition at 50-70°C. After
bromination, M 10 was obtained. The cyclization of M10 with thiourea under base condition gave the
thiazole intermediate M11. An appropriate protection group was introduced to protect amine. The
reduction of ester into alcohol was performed by LiBH, at 0°C yielding M 13, which was oxidized to
the corresponding aldehyde by using Dess-Martin Periodinane {BMP) reagent. The alkynylthiazole
amine intermediate M 15 was obtained by Seyferth-Gilbert Homologation with treating M14 with 1-
diazo- 1 -dimethoxyphosphoryl-propan-2-one under base condition at RT. The final de-protection gave
the intermediate M 16,

Example 4:
Preparation of 4-{2-{4d-chlorophenviibut-3-vn-2~-viithiazol-2-amine {Intermediate 27}

PR
ZN/’L\\}

Cl

1209] Step 1. Preparation of compound methyl 2-(4-chlorophenyl}-3-oxobutanoate

LIHMDS/AC,O
THE

{218] To a solution of compound methyl 2-(4-chlorophenyllacetate (10g, 54.2 mmol, .77
ml} in THF (80 mL} was added dropwise LiHMDS (1M, 65.0 mL} at -78°C. The mixture was stirved
at -78°C for 20 mun. Then acetyl acetate (5.53 g, 54.17 mmol, 5.07 mL) was added at -78°C. The

mixture was warmed to 0°C and stitred for 2 b at 0°C. The mixture was quenched with saz. NHCl
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(200 mL) and extracted with EA {100 mL x 3). The combined organic layers were washed with brine
(200 mL), dried over anhydrous Na,S04, filtered and concentrated to give a residue. The residue was
purified by flash silica gel chromatography (PE: EA = 1: 0 to 5: 1). The destred compound (7.47 g,

vield: 60.9%) was obtained as a pale yellow oil.

211} MS (ESEH m/z (M+H)=227.1.
212} Step 2. Preparation of compound methyl 2-(4-chlorophenyl)-2-methyl-3-
oxcbutanoate

CHIC0,
ci aceione cl
{213} To a solution of compound obtained from step 1 above (7.47 g, 33.0 mmol) and

KoCO5 (22,8 g, 165 mmol) in acetone (60 ml) was added 1odomethane (13.10 g, 92.28 ramol, 5.74
ml.}). The nuxture was stirred at 70 °C for 16 h. The nuxture was filtered and the filirate was
concentrated to give a residue. The desired compound (7.79 g, vield: 98.2%) was obtained as a pale

yvellow oil which was used into the next step without further purification.

1214] MS (ESI) m/z (MHH)™=241.1.
{215] Step 3. Preparation of compound methyl 4-bromo-2-(4-chlorophenyl}-2-methyl-3-
oxobutanoate

Bry/CHCl,

{216] To a solution of compound obtaimed from step 2 above (7.79 g, 32.4 mmol} in CHCl;
{80 mL) was added Br (4.66 g, 29.1 mmol, 1.50 mL}. The mixture was stirred at 75 °C for 16 h. The
reaction mixture was adjust to PH = 6-7 with NaOH (1 N), and then washed with H,O (100 mi),
brined (100 mL), dried over anhydrous Na.S0u, filtered and concentrated to give a residue. The
desired compound (9.91 g, vield: 95.8%) was obtained as a pale brown oil, which was used into the
next step without further purification.

217} MS (ESE m/z (M+H) =319.0.

{218] Step 4. Preparation of compound methyl 2-(2-aminothiazol-4-y1)-2-(4-

chlorophenyl)propancate

HoNT NH,
NaHCOLMeOH
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{219] To a solution of compound obtained from step 3 above (9.91 g, 31.0 mumol) and
thiourea (2.83 g, 37.2 mumol) in MeOH (60 mL} was added NaH{CO3 (3,13 g, 37.2 mmol, 1.45 mb).
The mixture was stirred at 50 °C for 1 h. The reaction nyixture was concentrated to give a residue. The
precipitate was triturated in HoO (100 mL) and collected by filtration. The desired compound (849 g,
yield: 92.3%} was obtained as a brown solid.

{220} MS (ESE m/z (M+H)=297.0.

{221} Step 5. Preparation of compound methyl 2-(2-acctamidothiazol-4-yh-2-(4-

chlorophenylpropanocate

HaN._-3
Y
N CH;COCH
R
0 TEA, DCM
. 0
cr ™~
{222} To a solution of compound obtained from step 4 above (3 g, 10.1 mmol) and TEA

(1.53 g, 15.2 mumol, 2.11 mb) in DCM (60 mL) was added acetyl chlonide (794 mg, 10.11 romol, 721
ub} at § °C. The mixture was stirred at 25 °C for 1.5 h. The second batch of acetyl chloride (794 mg,
10.1 mmol, 721 uly and TEA (1.53 g, 15.2 mumol, 2.11 ml) was added at 0°C, the mixture was stirred
at 25 °C for 1 h. The third batch of acetyl chloride (793.5 mg, 10.11 mmol, 721.38 uly and TEA (1.53
g, 15.16 mmol, 2.11 mL) was added at 0°C, the mixture was stirred at 25 °C for 1.5 h. The reaction
mixture was quenched with H:O (3 L) and then added anhydrous Na:SO4, filtered and concentrated
to give a residue. The residue was purified by flash silica gel chromatography (PE: EA=1:0t0 2: 1}

The desired compound (1.4 g, yield: 32.6%) was obtamed as a pale yellow sohid.

o

223} MS (ESH m/z (M+H)™=339.1.
{224} Step 6. Preparation of compound N-{4-(2-{4-chiorophenyl}-1-hydroxypropan-2-

vhithiazol-2-yliacetamide

{225] To a solution of compound obtained from step 5 above (1.4 ¢, 4.13 mmol) in THF (50
mb.} was added partly LiBH. (450 mg, 20.66 amol). The nuxture was stirred at 25 °C for 16 h. The
reaction mixture was quenched with sar. NHLCl (40 mL) and then extracted with EA (30 mL x 3), the
combined organic layer was washed with brine (60 mbL}, dried over anhydrous Na,SO,, filtered and
concentrated to give a residue. The residue was purified by flash silica gel chromatography (PE: BA =

1: 0 to 2: 3). The desired compound (970 mg, yield: 73.4%;) was obtained as a pale yellow sohid.
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{226] MS (ESE mo/z (M+H)=311.1.
{227} Step 7. Preparation of compound N-{4-(2-{4-chiorophenyl}-1-oxopropan-2-yljthiazol-

Z2-yhacetamide

H
8
Y
i N DMP
DCM
OH
Cl
{228] To a solution of compound obtained from step 6 above (970 mg, 3.12 mmol) m DCM

(30 mL) was added partly DMP (1.72 g, 4.06 mol} in DCM (20 mL). The mixtore was stirred at 25
°C for 2 h. BMP (1.72 g, 4.06 wmol} in DCM (20 mL) was added and the mixture was stirred at 25
°C for 1 h. DMP (1.06 g, 2.5¢ wmol} in BCM (20 mL) was added and the mixture was stirred at 25
°C for 2 h. The reaction mixture was diluted with DCM (40 mL), quenched with sar. Na>5:03/ sar.
NaHCO; (1/ 1, 200 mL), the organic layer was separated and the aqueous layer was extracted with
DCM (60 ml), the combmed organic layers were washed with sar. NapS:0/ sar. NaHCG: (171, 100
L}, water {200 mL x 2}, brine (2060 mL x 2}, dried over anhydrous Na,S(., filtered and concentrated
to give a residue. The desired compound (1.03 g, crude) was obtained as a yeilow solid which was
used mto the next step without further purification.

{229] Step &. Preparation of compound N-(4-(2-(4-chlorophenylibut-3-yn-2-yhithiazol-2-

vhacetamide

O 0
N s N o TN

A
\ N ~HN N
- 74 N
KaCO5, MeOH —
G
o Cl
{236} To a solution of compound obtained from step 7 above (1.03 g, 3.34 munol) and 1-

diazo-1-dimethoxyphosphoryl-propan-2-one (961 mg, 5.00 mmol} in McOH (40 ml.) was added
K203 (922 mg, 6.67 ramol). The mixture was stirred at 25 °C for 12 h. The reaction mixture was
concentrated to give a residae. The residue was purified by flash silica gel chromatography (PE: EA =
1: 0 to 1: 1}. The residue was puritied by prep-HPLC {column: Venusil ASB Phenyl 150 x 30 mm x5
umy; mobile phase: [water (0.05% HCH-ACN]; B%: 55%-85%, 9 min). The desired compound (219
mg, yield: 21.54%;) was obtained as a white sclid.

231§ 'H NMR (400Mitz, CDCE) 8 9.98 (brs, 11, 7.45 (d, /= 8.5 Hz, 2H), 7.30 (4, J =
8.5 Hz, 2H), 6.88 (s, 1H)}, 2.63 (s, 1H), 2.25 (s, 3H}, 1.99 (s, 3H). MS (ESI) m/z (M+H)"=3035.1.

{232} Step 9. Preparation of compound 4-(2-{4-chlorophenyhibut-3-yn-2-vijthiazol-2 -amine
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7N
o
MeSOzH, MeOH  H,N™ N
r-mm"-“-%~
{233} To a solution of compound obiained from step 8 above (180 mg, 391 umol) in MeOH

(10 mL) was added methanesulfonic acid (284 mg, 2.95 mmol, 210 uL). The mixture was stirred at 80
°C for 16 h. The reaction mixture was adjusted pH = 9-10 with sohid NaHC(s and concentrated to
give a residue. The residue was purified by flash silica gel chromatography (PE: EA=1: 010 2: 1)
The desired compound (137 mg, vicld: 88.354) was obtained as a pale yellow solid.

{234] "H NMR (400MHz, CDCE) 8 7.39 - 7.32 (m, 2H), 7.20 - 7.16 (m, 2H), 6.35 (s, 1H},
4.90 (br s, 2H), 2.46 (s, 1), 1.82 (s, 3H). MS (ESE) m/z (M+11)=263.0.
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Example S;

4-2-{4-bromophenvii-i-methoxvpropan-2-vi) thiarol-2-amine (Intermediate 33)

{237] Step 1. Preparation of compound N-{(4-(2-(4-bromophenyh-1-methoxypropan -2-

vhthiazol-2-yhacetamide

NS v M5
Oy Ny ,&*\t/,\j 04
\T ;‘L—’» Ny J 7 \f/ \g: 4
...................... b,
Mo, OBF,, DCM @
Br On Br” o O\
§238] To a solution of N-{4-(2-(4-bromophenyl}-1-hydroxypropan-2-yhthiazel-2-yl1)

acetamide {200 mg, 563 umol, synthesized in the similar method described in intermediate 46} and
NT,N1,N8 NE-tetramethylnaphthalene-1,8 -diamine (603 mg, 2.81 mmol) in DCM (10 mkL) was
added trimethyloxomuntetrathioroborate (416 mg, 2.8 mmol} at 0°C. The nuxture was stirred at 25
°( for 16 h. The reaction mixture was diluted with DCM (10 mL), quenched with NEH HO0 (10 mb),
washed with H.O (30 mb)y, HCH(I N, 20 mbL)}, sa¢. NabHCO3 (20 ml) and brine (40 mL), dried over
anhydrous Na,S04, filtered and concentrated to give a residue. The residue was purified by flash silica
gel chromatography (PE: EA =1: 0 to 1: 1). The desired compound (41 mg, vield: 19.72%) was
obtained as a white solid.

{239} "H NMR (400 MHz, CDCI3) 0 8.69 (brs, 1H), 7.39(d, /= 8.5 Hz, 2H), 7.10 (d, J =
8.5 Hz, 2H), 6.69 (5, 1H}, 3.80 (s, 2H), 3.34 (s, 3H), 2.20 (s, 3H), 1.68 (s, 3H). MS (ESDH m/z
(M+Hy=371.0.

{244 Step 2. Preparation of compound 4-(2-(4-bromophenyl)-1-methoxypropan-2-y1)

thiazol-Z-amine

H
o) N\{/S
Ry MeSOzHMeOH
PN MesUgniMel "
Br O
241} The synthesis is similar as described in intermediate 44. The desired compound (20

mg, yield: 90.3%)} was obtained as a white solid.
{242} 'H NMR {400 MHz, CDCLY 6 7.42 - 7.36 (m, 2H), 7.18 - 7.13 (m, 2H), 6.22 (s, 1H},
4.83 (brs, 2H), 3.84 - 3.73 (m, 2H), 3.34 (s, 3H), 1.65 (s, 3H). MS (ESD m/z (M+H) = 327.0.
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Example 6:
1-{2-aminothiazol-4-vi}-1-{d-bromophenvhethan-1-0] (Intermediate 38)

{245} Step 1. Preparation of compound 1-(4-bromophenyhpropane-1,2-dione
G
560,,110°C D/u\(
8r : © dioxane Br Q
§246] To a solution of compound 1-(4-bromophenyljpropan-2-one (2.0 g, 9.4 mmol,

1.0 eq) in dioxane (20 mL) was added 5¢0 (3.12 g, 28.1 mmol, 3.0 ¢q). The mixture was
stirred at 110 °C for 4 h. After cooling down, the reaction mixture was concentrated to give a
residue. The residue was purified by flash silica gel chromatography (PE: EA =96%: 4%).

The desired compound (960 mg, yield: 45%) was obtained as a yellow oil.

§247] Step 2. Preparation of compound 3-bromo-1-(4-bromophenyl)propane-1,2-
dione
O O
Bry,60 °C r
B > O CHCIAGOH 5 0
{248} To a solution of compound obtained from step 1 above (960 mg, 4.23

mmok 1.0 eq) in CH3Cl (20 mL) was added Br2 (1.05 g, 6.34 mmol, 1.5 eq) and AcOH (3
drops). The mixtare was stirred at 60°C for 16 h. The reaction mixture was quenched by

sat. NapSOs (aq) (20 mL), extracted with DCM (20 mL x 2) and washed with brine (15 mL),
then dried over NaxSQOa, filtered and evaporated to dryness. The residue was purified by flash
silica gel chromatography (PE: EA =94%: 6%). The desired compound (800 mg, vield: 74%)
was obtained as a yellow oil.

{249] Step 3. Preparation of compound (2-aminothiazol-4-yi}(4-

bromophenylymethanone

i Br N
y—NH,
Cry LY
Br !
{258] To a solution of compound obtained from step 2 above (800 mg, 2.62

mmol 1.0 eq) in MeOH (8 mL) was added thiourea (200 mg, 2.62 mmol, 1.0 eg) and
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NaHCO: The mixture was stirred at 50 °C for 1.5 h. The mixture was concentrated under
reduced pressure, extracted with EA (15 mL x 2), the combined orgaunic layers were washed
with brine (10 mL x 2}, dried over Na»SOy, filtered and concentrated to give a residue, which
was purificd by flash silica gel chromatography (PE: EA=3: 1) to get the desired group (680
mg, vield: 90%).

{251} Step 4 Preparation of compound | -(Z-aminothiazol-4-y1-1-(4-

bromophenyljethan-1-ol

o HO
N MgBr— Sy N\
Bl S
By -8 40C-rt, THFE By "8
{252} The solution of compound (Z-aminothiazol-4-yh{4-bromophenyl)methanone

(200 mg, 0.71 mmel, 1.0 eq) in dry THF (4 mL) was cooled to 0°C, and was added CH-MgBr
(3 M in THF, 1.6 mL, 4.9 mimol, 7.0 eq) dropwise. The mixture was stirred at RT overnight.
The reaction mixture was quenched with sar. NH4Cl (200 mL), The mixture was cxtracted
with BEA (20 mL x 2), the combined organic layers were washed with brine (10 mL x 2), dried
over NaxS0y, filtered and concentrated to give a residue. The resulting residuc was purified

by Prep-TLC to give the desired compound (40 mg, yield: 20%).

1253] JH NMR (400 MHz, DMSO) 8 7.45 — 7.38 (m, 2H), 7.22 (t, T = 7.5 Hz, 2H),
712 (4,3 = 7.3 Hz, 1H), 6.77 (s, 2H), 6.30 (s, 1H), 5.37 (s, 1H), 1.67 (s, 3H).
[254] MS (EST) m/z (M+H)=221.0

Example 7:4-(2~(4-chlorophenylybui-3-yn-2-yhthiazol-5-d-2-amine

§255] Step 1. Preparation of compound N-(5-bromo-4-(2-(4-chlorophenyl}but-3-yn-

2-yhthiazol-2-yhacetamide

{256] The mixture of N-[4-[ 1 -(4-chlorophenyl)-1-methyl-prop-2-ynylithiazol-2-
yllacetamide (1 g, 3.28 mmol ) and NBS (700.74 mg, 3.94 mumol) in DMF (10 mL) was
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stirred at 50 °C for 2 h. The reaction was cooled to room temperature and then diluted with
HoO (50 mL), extracted with EtOAc (30 mL x 3), the organic phase was combined and
washed with brine (50 mL x 3}, concentrated to give a residue. The residue was purified by
flash silica gel chromatography (PE: EA = 1: 0 to 3:1). The desired compound (800 mg,
yield: 52.6 %) was obtained as a yellow solid.

{257} "H NMR (400MHz, CDC1:) 8 8.89 (br. s, 1H), 7.33-7.41 (m, 2H), 7.24-7.32
(m, 2H), 2.61 (s, 1H), 2.29 (s, 3H), 2.00 (s, 3H). MS (ESD m/z (M+H) = 384.8,

{258} Step 2. Preparation of compound 4-{ 1-(4-chlorophenyh-1-methyl-prop-2-

ynyl}-5-deuterio-thiazol-2-amine

Br
e
P MsOH

-
=
o

7\ cpop
ot
12591 The mixture of compound obtained from step 1 above (600 mg, 1.56 mmol}

and MsOH (751.43 mg, 7.82 mmol) in CD3:0D (8 mL) was stirred at 80 °C for 16 h. The
reaction was adjusted to pH = 8-9 with sat. NaHCO3 agueous, and then extracted with EtOAc
{30 mL x 3), the organic phase was combined and washed with brine (30 mL), concentrated
to give a residue. The residue was purified by silica gel chromatography (PE: EA=1:0t0 3:1)
to give the products, which was re-purified by Pre-TLC (PE: EA=3:1). The desired
compound {100 mg, vield: 20.8 %) was obtained as a yellow oil.

{260} "H NMR (400MHz, CDC1:) 8 8.89 (br. s, 1H), 7.33-7.41 (m, 2H), 7.24-7.32
(o, 2H), 2.61 (s, 1H), 2.29 (s, 3H), 2.00 (s, 3H). MS (ESD m/z (M+H) = 263.8.

{261} At the same time, the byproduct 5-bromo-4-[1-(4-chlorophenyl)-1-methyl-
prop-2-ynylithiazol-2-amine (300 mg, yield: 52.2%) was obtained as a yellow solid.

[262] MS (EST) m/z (M+H) = 343.1.

General Method 1

§263] To a solution of thiazole amines (1 eq) and in appropriate organic solvent like
DMF was added NaH (1.2-1.5 eqgiv.) at 0-10°C, the resulting mixture was stirred for 5-30
mins. The mixture was added activated amine by CDI and stirred for 4-16 hours. Once the
reaction was completed, the resulting suspension was diluted with organic solvent and
washed with brine and then dried. After filtration and evaporation, the resulting residuc was

purified by trituration/Prep-TLL /chromatography/Prep-HPLC to give the product.
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Example 8: Preparation of tert-butvi 4-{4-((3-(4-{2-{4d-chloro-3-flucronhenvipropan-2-

o
~ /U\ l/ a
>/{ (f N ﬁ’\@w/\l o % ’2 c
/(;" ““} _NEBoc /@”\ A /‘\3
HaN y

M.
Bog” ™~

viithiazol-2-vhureidolmethyDphenvhpiperazine-1-carboxviate

{264} To a sohution of 4-(2-(4-chloro-3-fluorophenyl)propan-2-yljthiazol-2-amine
{40 mg, 0.15mmol, 1 e¢q) and in DMF (5 mL) was added NaH (7 mg, 0.3mmol, 2 ¢q) at 10°C.
The resulting mixture was stirred for Smin. The mixture was added tert-butyl 4-(4-((1H-
imidazole-1-carboxamido)methyliphenyl)piperazine- 1 -carboxylate (58 mg, 0.15 mmol, leq),
and stirred overnight. The reaction was quenched with water, extracted with EA and
combined organic layers were washed with brine then dried (NaxS04), filtered and
evaporated to dryness. The resulting residue was purified by Prep-TLC (PE: EA=3: 1) to give
the title compound 35 mg (.66 mmol} with the vield 40%. MS (ESI) m/z (M+H)™=588.2
General Method I

{265] To a sohation of amine fragment (1 eq) and pyridine in appropriate solvent like
dry DCM was added phenyl carbonochloridate (2 eq) below 20°C slowly. The mixture was
stirred at RT for 4-6 h. Once the reaction was completed, the resulting reaction was diluted
with organic solvent and washed with brine and then dried. After filtration and evaporation,
the resulting residue was purified by trituration/Prep-TLC/chromatography/Prep-HPLC to
give the product.

Example ©: Preparation of tert-butvl 4-{5-{{3-(4-{2-{4-bromophenviipropan~2-

viithiazol-2-vh) ureidoimethyvDpvrimidin-Z-viipiperazine-1-carboxviate

e o 71 Ay >
- L Ny o N
/j,\“f‘ o o '?‘f\TAN”}L‘O s T e
/\ A /'\.qf"\N’/' """"""""""""" e g ,JLM,;J HoH
pyridine/CHACN & DMAF DCE i b
Bas” \'/ Bog” LN
{266] Phenyl carbonochloridate (336mg, 2.2 mmol, 269.0 ull) was added to the

mixture of tert-butyl 4-(5-(aminomethylpyrimidin-2-yl)piperazine-1-carboxyvlate (600 mg,
2.1 mmol}, pyridine (194 mg, 2.5 mmol, 198uL) in CHaCN (15 mL) at - 20°C. After
addition, the mixture was aliowed to warm to 25 °C and stirred at 25 °C for .25 h, The
solvent was removed under vacuum, The residue was friturated with ice water (15 mL).
White solid was precipitated from the mixture. The mixture was filtered and the solid was

collected, dried under vacoum. Tert-butyl 4-(5-(({(phenoxycarbonyljamino}methyl}pyrimidin-
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Z-yhpiperazine-1-carboxylate (420 mg, vield: 38.2%) was obtained as a white solid. MS
(ESD m/z (M+H) = 414.2.

1267] To the mixture of tert-butyl 4-(5-
{{{(phenoxycarbonyhaminoymethyhpyrimidin-2-yl) piperazine- i -carboxylate (139 mg, 336
umol) and 4-(2-(4-bromophenyl) propan-2-yhthiazol-2-amine (50 mg, 168 uymol) in DCE
(10 mL) was added DMAP (41.0 mg, 337.0 umol, 2 ¢q). The mixtare was stirred at 85°C
for 16 h. The mixture was concentrated under vacuam. The residue was purified by prep-TLC
(S102, DCM: MeOH = 13: 1) and further purified by prep-TLC (5102, DCM: McOH = 12:
1}). The desired compound (60 mg, yield: 57.7%) was obtained as a white solid.

{268] MS (EST) m/z (M+H)=616.2.

General Methed 111

§269] To a solution of substituted thiazol-2-amine and hunig base or pyridine in
appropriate solvent like DCM or CHaCON, or DCM/water was added phenyl
carbonochloridate (2 eq) at 0°C-RT slowly. The mixture was stirred 2-4 h at RT and the
resulting reaction was diluted with organic solvent and washed with brine and then dried.
After filtration and evaporation, the resulting residue was puritied by chromatography to give
the substituted thiazol-2-amine carbamate.

{2761 The mixture of the substituted thiazol-2-amine carbamate, amine and DMAP
in appropriate solvent like THF was heated to reflux for 1-2 h. After cooling down, the
resulting reaction evaporated and diluted with appropriate organic solvent like EA and
washed with brine and then dried. After filtration and evaporation, the resulting residue was
purified by trituration/Prep-TLC/chromatography/Prep-HPLC to give the product.

Example 1G: Preparation of 1-{4-{4-{{teri-butvidimethvisilvlioxviniperidin-1-viibenzvi-

3 {d-(2-{d-methoxvphenviinropan-2-viithiazol-2-viiurea

\'/\ N,B@c .~

\
Br By ] o &

® ol — e/\*’N /[//AT/\NJLN*\N”T’”/\

5 el G NP U & Pl i S

Nhay TEADCH,RT \0,« ,J\N T~ DMAR, THF A0°C ,NVL\ A

Bae

27N,

N
{271] To a solution of 4-(2-(4-bromophenyl)propan-2-ylithiazol-2-amine (1060 mg,
0.34 mmol, 1 eq) and tricthylamine in dry DCM (5 mL) was added phenyl carbonochloridate
(106 mg, 0.68 mmol, 2 eq) at 0°C-RT slowly and the mixture was stirred for 4 h at RT.
Quenched by brine, extracted with EA, the combined organic layers were washed with brine,

dried over Nax50y, filtered and concentrated to give a residue, which was purified by columu
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chromatography on a silica gel to afford phenyl (4-(2-(4-bromophenylipropan-2-yithiazol-2-
ylcarbamate (112 mg).

{2721 The mixture of phenyl (4-(2-{4-bromophenyljpropan-2-yhithiazol-2-
ylycarbamate (112 mg, 0.27 mmol, 1 eq), tert-butyl ((1-(4-(aminomethylyphenyl)piperidin-4-
yhmethylcarbamate (24 wog, 0.27 mmol, 1 eq) and DMAP (52 mg, 0.4 mamol, 1.5 eq) in THF
{5 mL) was heated to reflux for 1 hour. Cooled down to RT, the reaction mixture was
participated between H2O (15 mL) and EA (10 mL x 2}, the combined organic layers were
washed with brine (10 mL), dried over NaxS0s, filtered and concentrated. The residue was
purified by column chromatography on a silica gel to afford tert-butyl ((1-(4-((3~(4-(2-(4-
bromophenyl}propan-2-yljthiazol-2-yhureido)methylphenylpiperidin-4-
yhmethylycarbamate (42 mg) as a while powder.

General Method 1V

273] The mixture of amine and isocyanate-alkanes in THF was stirred at RT
overnight. Unce the reaction was completed, the resulting suspension was diluted with
organic solvent and washed with brine and then dried. After filtration and evaporation, the
resulting residue was purified by trituration/Prep-TLC/Prep-HPLC to give the product.
Example 11: Preparation of 1-ethvl-3-(4-(2-(4-methoxyphenviipropan-2-vijthiazol-2-

viurea

O,,.-

/ O
O
/O

7N

NN N 7

+ /*\N"C """""""""""""""""""" > S \r \\{;ﬂ
o s-4 i

{274] To a sohution of 4-(2-(4-methoxyphenyl)propan-2-yljthiophen-2-amine (200

P
/!\S

HaN

mg, .67 mmol) in THF (5 mL), was added isocyanatoethane (48 mg, 0.67 mmol) and TEA
(136 mg, 1.34 mmol)}. The resulting mixture was stirred at RT overnight. The mixture was
concentrated at 45°C with reduce pressure to remove THF, The resulting suspension was
diluted with Et(0Ac and washed with brine and then dried (N2:804), filtered and evaporated
to dryness. The resulting residue was purtfied by Prep-TLC to give the desired compound
(164 mg, yield: 65.4%) as a pale yellow solid. MS (EST) m/z (M+H) ™ = 367.1.

{275] De-BOC General Method

{276} The Boc compounds were dissolved in HCI/MeOH, the reaction mixture was
stitred for 1-2 h at RT. The solution was concentraied to dryness to give the final compound.
Example 12: Preparation of compound 1-(4-(2-(4-bromophenyljpropan-2-ylhithiazol-2-
yi)-3-({6-(piperazin-I-vi)pyridin-3-vlimethylurea hydrochloride
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.\%4{:-\\%—-8!' -N#C}-Br
N N)J\N/E‘s HCH/ methanol N N"U\N’J\S
i H H 3o | H H
1/\N/" = N P
HN
BOC/N\) \\)
12771 To a solution of tert-butyl 4-(5-((3-(4-(2-(4-bromophenylpropan-2-vijthiazol-

2-yhureidoymethyDpyridin-2-yhpiperazine-1-carboxylate (70.0 mg, 113.71 pmol) in MeOH
{2 mL} was added HCI/MeOH (4 M, 2 mL}. The mixtare was stirred at 25 °C for 1 hr. The
mixture was concentrated in vacuum, The desired compound (47.0 mg, yield: 74.1%, HCH
was obtained as a white solid.

i278] "H NMR (400MHz, DMSO-ds) § 10.90 (br s, 1H), 9.66 (br s, 2H), 8.05 - 7.92
{m, 2H), 748 - 7.28 (m, 4H), 7.21 - 7.10 {m, 2H}, 6.75 (s, 1H)}, 4.30 - 4.20 (m, 2H), 4.04 -
3.92 (m, 4H), 3.24 (brs, 4H), 1.57 (s, 6H). MS (ESD m/z (M+H)Y = 517.2.

{279} The following examples were synthesized analogous to the procedure of
example 8, 9, 10, 11 and 12 using the appropriate intermediates and the corresponding

{ragments:
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Example 13: Preparation of tert-butvl 4-{4-{{3-(4-{i-{d-bromophenvhethviithiazol-2-

vhureidoimethyvDphenvhipiperazine-1-carboxviate

\,—{\//l\ﬂ-’%’”ar /4 NyBr
o Bffg = o N% (—)
e |} ¥ H MeOH 1.t —~ QH H
= N
BocN._~ BacN\/«i
{281] To a solution of tert-butyl 4-(4-((3-(4-(1-(4-bromophenylvinyl thiazol-2-

yvhurcidoymethyhphenylpiperazine- 1 -carboxylate (120 mg) in MeOH (5 mL) was added
PA/C (12 myg), the mixture was stirred overnight at RT under hydrogen pressure. After
filtration and evaporation, the obtained residue was purified by column chromatography on a
stlica gel to afford tert-butyl 4-(4-((3-(4-(1-(4-bromophenyljethyl jthiazol-2-
yhureidoymethyliphenyl)piperazine- 1 -carboxylate (73 mg).

Example 14: Preparation of tert-butvl 4-(5-((3-(4-(2-(4-bromophenviipropan-2-

viithiazol-2-vhureidoymethv-3-fluoropvridin-2-viipinerazine-1-carboxviate

O

S“‘>

é ; X-phos,Pd; (dba)y FWN '
e jﬁ/\ /C>* -BuONa, tcaue?\ N/ij\N J

Cl N BOC/Nwl

{282} A suspension of 1-(4-(2-(4-bromophenyl)propan-2-vijthiazol-2-y1}-3-({ 6~
chloro-3-flucropyridin-3-yhmethylyurca (174 mg, 0.4 mmol), tert-butyl piperazine-1-
carboxylate (82 mg, 0.44 mmol}, X-phos (39 mg, 0.08 mmol), Pdy (dba) : (36.6 mg, 0.04
mmol) and t-BuONa (46.1 mg, 0.48 mumol) in toluene (5 mL) was stirred at 90 °C under N»
atmosphere overnight. The reaction mixture was cooled to RT and filtered off the solid, the
residue was dissolved in ethyl acetate (100 mL) and washed with brine. The organic phase
was dried over MgSOy, filtered, concentrated i vacoum to give the crude product, which was

purified by flashed column to give the desired product (67 mg, yield 25%).
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Example 15: Preparation of 5-{{3-(4-(2-{4-methoxvphenvhpropan-2-viithiazol-2-

vhureido ymethvD-2-{3-methviniperazin-1-viibenzamide

N N
H H
N
HNT) 7 NH,
{283] Step T Preparation of 2-(4-(tert-butoxycarbonyl)-3-methyipiperazin-1-y1)-5-

((3-(4-(2-{(4-methoxyphenylipropan-2-yithiazol-2-yljureidoimethyhbenzoic acid

S
N KOH
o i E{OH E’"\r}a
oo BOCNY 70K

{284] A mixture of tert-butyl 4-2-{methoxycarbonyl}-4-((3-(4-(2-(4-

o

B

¢
o] S R =
ﬁ)i\ﬁka}{

methoxyphenylypropan-2-ylithiazol-2-vhureido)ymethylphenyl)-2-methylpiperazine-1-
carboxylate (270 mg, 0.42 mmol, 1 eq) and KOH (23.5 mg, 0.42 mmol, | eq), was heated to
reflux for 0.5 h. After cooling, the reaction was quenched with sat, NH4(Cl (aq), extracted
with EA, washed with brine, dried over NaxSOq, filtered and evaporated to dryness. The

resulting residue was purified by Prep-TLC to give the desired compound (215 mg).

{285] Step 2: Preparation of terl-butyl 4-(2-carbamoyl-4-((3~(4-(2-(4-
methoxyphenyl)propan-2-ylithiazol-2-yhureidoymethylphenyl)-2-methylpiperazine-1-
carboxylate
fo
< o
LI PV
i'/\i}i NH,CLHOBT,EDCI f/mw)f HoOH
BocN._ 4

Y 0% oM DIEA,DMF aec”N\i/J '

{286] A mixture of 2-(4-{tert-batoxycarbonyl)-3-methylpiperazin-1-y1)-5-((3-(4-(2-

(4-methoxyphenylipropan-2-yljthiazol-2-ylureidoymethyl}benzoic acid (215 mg, 6.34 mmol,
T eqg), EDCI (132 mg, 0.69 mmol, 2 eq), HOBL (93 mg, 0.69 mmol, 2 eq) and DIEA (133 mg,
1.03 mmol, 3 eq) were dissolved in THF (0.1 M) and stirred for 15 min at RT. NH4(1 (36.9
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mg, 0.69 mmol, 2 eq) was then added in one portion and the reaction was stirred at RT. Once
judged complete by TLC analysis, the resulting suspension was diluted with EtOAc and
washed with brine and then dried (NaxS04), filtered and evaporated to dryness. The resulting
residue was purified by trituration or Prep-TLC to give the desired product (201 mg).

Example 16; Preparation of 1-{(6-({Z-hvdroxvethvhaminoipyvridin-3-vhimethvi-3-{4-{2~

{4-methoxvphenvipropan-2-vhithiazoel-2-vhurea

N ( %»GMe \;r‘{}'w&
= 0

=z HG,/\/NHE : N’\g
ji j > " N/MN’J‘I\N/U\S
U EtOH,85'C [ | H H
BN Hc\/«xﬁi\//f
{287} A mixture of 1-{({6-fluoropyridin-3-yDmethyl}-3-(4-(2-(4-

methoxyphenylipropan-2-yhthiazol-2-yhurea (50 g, 0.13 mmol, 1.0 eq) and Z-aminocthanol
(11.9 mg, 0.19 mmol, 1.5 eq) in BtOH was heated to 90°C for 14 h. After the reaction was
cooled down to RT, concentrated to give a residue, which was purified by column
chromatography on a silica gel to afford 1-((6~((2-hydroxyethylamino)pyridin-3-yDmethyl)-
3-(4-(2-(4-methoxyphenylipropan-2-yhthiazol-Z-yhurea (21 mg).

Example 17: Preparation of 1-(4-(2-{4-methoxvphenvhbut-3-yn-2-vhithiazol-2-v1}-3-(1-

{d-{pinerazin-1-viiphenvhethvhurea

V4
O f!S A
N/U\N/&:}x

N —
H H 72\
OMe
{288] Step 1. Preparation of methyl 2-(4-methoxyphenyljacctate
8]
- O
H.S0,
MeaOH, 85°C 12h
OMe Oie
{289] A mixture of 2-(4-methoxyphenylacetic acid (20.0 g, 120.4 mmol) in MeOH

(100 mL) was added HoS804 (1.2 g, 12.0 mmol, 642 ul) at 15 °C. The mixture was stirred for
12 h at 85°C. The mixture was diluted with EA (400 mL), washed with sat, NaHCO» ag (100
mb}, brine (10 mL), dried over anhydrous NaxS04, filtered and concentrated in vacuum to
give a residue. The residue was purified by silica column (ethyl acetate in petroleum ether

={3-15%}. The desired product (21.6 g, yield: 99.7%) was obtained as vellow oil.

o
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{290} "H NMR (400 MHz, CDC) 6 7.21 (d, /= 8.8 Hz, 2 H) 6.87 (d, /= 8.8 Hz, 2
H),3.80(s,3H),3.69(s,3H),358(.2H)
281} Step 2. Preparation of compound methyl 2-(4-methoxyphenyl}-3-oxobutanoate
QO
/ o)
G v d
AGOf LIHMDS VN
\ ~78°C0°C, 2h =
12921 OMe Ohle
{293} To a solution of compound obtained from step | above (23.8 g, 132.2 mmol)

in THF (200 mL) was added LiHMDS (1 M, 159 mL} at -78°C. The mixture was stirred for
20 min at -78°C. Acetyl acetate (13.5 g, 132.2 mimol) was added to the sohution. Theu the
mixture was warmed to (°C and stirred for 2 h at 0°C. The mixture was guenched with sat
NH4Cl ag. (50 mL) and extracted with EA (3 x 50 mL). The combined organic layers were
washed with brine (10 mL), dried over ashydrous NaxSOy, filtered and concentrated in
vacuum. The residue was puritied on silica gel chromatography (ethyl acetate in petroleum
ether =0-15%) to give the desired compound (14.23 g, yield: 48.4%) as a yvellow oil.

{294] "H NMR (400 MHz, CDCls) 6 12.97 (s, 1 H), 7.25 - 7.23 (m, 1.5 H), 7.07 -
7.03(m, 2 H), 6.87 -6.85(m, 2 H),4.63(5,05H),380(,3H),3.78¢s, 1.5H), 3.73(s, 1.5
H), 3.67(s,3 H),2.15¢s, 1.5 H), 1.83 (5, 3 H). MS (ESI) m/z (M + H) =223.1

{295} Step 3. Preparation of compound methyl 2-(4-methoxyphenyl)-2-methyl-3-

oxobutanoate

CH3IK,CO4
Acetone, 70°C
OMe 12h OMe
[296] To a mixture of compound obtained from step 2 above (14.5 g, 65.4 mmol)

and KoCOs (45.2 g, 326.9 mmoly in ACETONE (100 mL) was added CHsl (26.0 g, 183.3
mmol) at 15°C. The mixture was stirred at 70°C for 12 h. The mixture was filtered and the
filtrate was concentrated in vacuum to give a residue. The residue was purified by silica
column (ethyl acetate in petroleum ether =0-15%). The desired compound (9.76 g, vield:
63.2%) was obtained as a colorless oil.

{297} 'H NMR (400 MHz, CDCls) 6 7.25 - 7.19 (m, 2 H), 6.95 - 6.86 (m, 2 H), 3.82
(3, 3H),3.79(s,3H), 2.10 (5,3 H), 1.77 (s, 3 H)
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{298] Step 4. Preparation of compound methyl 4-bromo-2-(4-methoxyphenyl)-2-

methyl-3-oxobutanocate

Br, {CHCI Br
21 3 o

73C, 12h
Olle OMe

{299} To a sohution of compound obtained from step 3 above (1 g, 4.2 mmol) in
CHCl: (20 mL) was added Brz (676 mg, 4.2 mmol) at 15 °C, The mixtare was stirred at 73°C
for 12 h. The mixture was washed with H2O (20 mL), brine (10 mL)}, dried over anhydrous
NazS0;4, filtered and concentrated in vacuum to give a residue. The desired product (1.03 g,
crade) was obtained as a colorless oil, The crude product was directly used for the next step
without further purification.

{300] MS (EST) m/z (M+H)=315.1

{3011 Step 5. Preparation of compound methyl 2-(Z-aminothiazol-4-yh)-2-(4-

methoxyphenylpropanoate

SN
O O 8
Br HQNJ\NHZ
e B
NaHCO/MeOH
OMe  B50°C,1h OMe
{302} A mixtare of compound obtained from step 4 above (1.03 g, 3.3 mmol},

THIOUREA (299 mg, 3.9 mmol) and NaHCO3 (329 mg, 3.9 mmol) in MeOH (15 m L) was
stirred at 50 °C for 1 h. The mixture was concentrated in vacuum directly. The residue was
triturated with HoO (20 mL) at 15 °C for 10 min., filtered and the cake was concentrated in
vacuum to give a residue. The desired product (0.79 g, vield: 82.68%) was obtained as a
yvellow solid

303} "H NMR (400 MHz, CDCl3) § 7.20 - 7.18 {m, 2 H), 6.97 - 6.92 (1n, 2 H), 6.88
- 6.86 (m, 2 H), 5.95(s, 1 H), 3.73 (s, 3 H), 3.61 (s, 3 H), 1.77 (5, 3 H).

{304] Step 6. Preparation of compound methyl 2-(4-methoxyphenyl)-2-(2-

{{phenoxycarbonyllamino)thiazol-4-ylipropanoate

(&)
2 o
Ci7 o N 9]
()L I AT )
PY/CHLON S v ﬁ
0-15°C,3h
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{305] To a mixture of compound obtained from step 5 above (300 mg, 1.03 mmol))
and PYRIDINE (97.4 mg, 1.23 mmol) in CH:CN (3 mL) was added phenyl
carbonochloridate (169 mg, 1.08 mmol} at 0 °C. The mixture was stirred at 15°C for 3 h. The
mixture was concentrated in vacuum directly. The residue was purified by silica column
{ethyl acetate in petrolenm ether =0-30%) to give the desired compound (330 mg, yield:

77.97%) which was obtained as a yellow oil.

{306} MS (BST) sz (M+HY=413.0
1367} Step 7. Preparation of compound tert-butyl 4-(4-(1-(3-(4-(1-methoxy-2-{4-

methoxyphenyl)-1-oxopropan-2-yhithiazol-2-yhurcido)ethylphenylpiperazine-1-carboxylate

o)
4
g 8- o]
O e \/LNJLNANM}
[:/{ H H %;-.\

Do
S

THF, MW 100°C , 1 h N ,
e BocN. ] OMe

308} To a mixture of compound obtained from step 6 above (330 mg, 800

umol} and tert-butyl 4-[4-(1-aminoethylphenylipiperazine-1-carboxylate (269 mg, 880
pmol) in THF (2 mL) was stirred at 100°C for 1 h under Microwave. The mixtare was
directly concentrated in vacuum to give a residue. The residue was purified by silica colunmmn
{(cthyl acetate in petroleum cther =0-80%). The desired compound (441 mg, yield: 88.37%)

was obtained as a yellow oil.

13091 MS (EST) m/z (M+H) = 646.2
{316} Step 8. Preparation of compound tert-butyl 4-(4-(1-(3~(4-(1-hydroxy-2~(4-~
methoxyphenyl)propan-2-ylithiazol-2-yhureidojethyhphenyl jpiperazine- 1 -carboxylate
) e s OH
o NPt
S , SN NN .
B 3 LiBH/THE /@ H H %’ )
NN } 15°C , 12 h (\"“ =
BocN\/J Dhis BocN._~ OMe
1311} To a solution of compound obtained from step 7 above (370 mg, 593 umol) in

THF (10 mL) was added LiBH4 (26 mg, 1.2 mmol) at 15°C. The mixture was stirred for 12 h
at 15°C. The mixture was diluted with saz. NH4Cl (15 mL) and extracted with EA (3 x 15
mL). The organic layers were washed with brine (10 mL), dried over anhydrous NaxSOy,
filtered and concentrated in vacuum. The residue was purified by silica column (cthyl acetate
in petroleum cther = 0-100%) to give the desired compound (307 mg, yicld: §7.0%) which
was obtained as a yellow solid.

{312} "H NMR (400 MHz, CDCl) 6 7.17(d, J= 8.4 Hz, 2 H), 7.09 - 7.06 (m, 2 H),
6.86-680(m,4H) 645(s, 1 H),4.94-491(m, 1 H),4.05-4.00 (m, 1 H), 3.81-3.77 (m, 4
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H), 3.56-354(m, 4H)3.09-307(m,4H),1.56(d,J=1.6Hz 3H), 1.49(s, 9 H), 1.46(d,
J=68Hz 3 H).

{313] Step 9. Preparation of compound 1-(4-(1-hydroxy-2-(4-
methoxyphenylypropan-2-yhithiazol-2-v-3-(1-(4-(piperazin-1-ylphenylethylurea

hydrochloride
o s\ T
»J 1\/J SRR \"}“JZ/W
| LHOHEDAS A \
(N j\y” <_> pemsec, 12n [ jj -:-2
HooN._ H~ Obe
~ owe
{314] To a solution of compound obtained from step 8 above (50 mg, 83.93 umol) in

DCM (2 mL) was added HCVELOAc (4 M, 2 mL) at 15 °C, The mixtare was stirred for 12 h
at 15°C. The mixture was concentrated in vacuum to give the desired compound (34 mg,
yield: 76.1%) was obtained as a yellow solid.

{315] 'H NMR (400 MHz, BDMSO) 8 10.47 (brs, 1 H), 9.11 (brs, 2 H), 7.36 - 7.23
(m, 1 H), 7.19(d, /=88 Hz, 2 H), 7.10(d, /=88 Hz, 2H), 6.95(d, /=88 Hz, 2 H), 6.75
(d, /=80Hz 2H), 669 (s, 1 H},4.77-473(m, 1 H},3.80-3.76(m, 1 H),3.70(s, 3 H}
334-331(m,4H),324-3.16{(m, 4 H),2.07 (s, L H), 1.55(s,3H), 1.33(d, /~6.8 Hz, 3
Hy. MS (ESI) m/z (M+H)Y = 4962

{316] Step 10, Preparation of compound tert-butyl 4-(4-(1-(3-(4-(2-(4-

methoxyphenyl)-1 —oxopmpan—}yl)thi azol-2-yhureido)ethyl )phenjy'})piperazme—I -carboxylate

o) @ ST\ S
\ /L /Lb /’\N M /kN
/(\ j/ >\ \ _oumsoncoc, N I\J %: \2
BOGN “‘“ QMSDCM -78- 15°C BooN,_J “‘OME
{317] To a solution of oxalyl dichloride (68. 2 mg, 537.14 pumo)} in DCM (2 mL} was

added DMSO {66 mg, 839 umol) at -78°C. After 10 min, compound obtained from step 9
above (100 mg, 168 pmol) in DCM (2 mL) was added and stirred for T b at -78°C, EtN (170
mg, 1.68 mmol} was added and stirred for 10 more min then warmed to 15°C and stirred for
another 1 h. The mixture was diluted with HxO (20 mL), extracted with DCM (3 x 20 mL).
The organic layers were washed with brine (10 mL), dried over anhydrous Na)SOq, filtered
and concentrated in vacuum to give a residue, The desired product (120 mg, crude) was
obtained as a yellow oil. The erude product was directly used for the next step without further
purtfication.

{318] Step 11. Preparation of compound tert-butyl 4-(4-(1-(3-(4-(2-(4-
methoxyphenylhbut-3-yn-2-yhthiazol-2-yDurcido)ethylyphenyl)piperazine- -carboxylate
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. - 25\ 4
7 . 0— PINPN
o ‘\~ w i = N7 N7 N
Ny I 72 N— N - e N \(T‘
N e Ko COaMeOH o e
i Q [ OC]
BocN. A e 18°C, 12h e OMe A

mixtrue of compound obtained from step 10 above (100 mg, 168 umol), dimethyl (1-diazo-
Z-oxopropyl)phosphonate (49 mg, 252.6 pmol) and KoCOs (47 mg, 337 ol in MeOH (5
ml} was stirred for 1 h at 15°C. The reaction was directly concentrated in vacuum. The
residue was purified by prep. HPLC (column: Venusil ASB Phenyl 150%30mro*Sunymobile
phase:; [water{((.05%HCH-ACNLBY%: 65%-95%, 10min) to give the desired compound (50
mg, vield: 50.34%) was obtained as a yellow oil,

{319} MS (EST m/z (M+H)™=590.3

{320} Step 12. Preparation of compound 1-(4-(2-(4-methoxyphenyl)but-3-yn-2-
yhithiazol-2-y13-3-(1 ~(4—(piperazin~i ~-yhphenylethylurea

A\ P9 BTN
/©/L /L\/> _HGIMeOH /\\Y’L\N’JLN'ANP -
A ( \ TG n ) "o 7

BocN.__J S hd =

N DMe
321} The desired compound (39 mg, yield: 87.4%) was obtained as a yellow solid
using De-BOC method.
{322} 'H NMR (400 MHz, DMSO-ds) 6 10.50 (brs, 1 H), 922 (brs, 2 H), 7.31 (d, J

= 8.8 Hz, 2 H), 7.19(d, J = 8.4 Hz, 3 H), 6.95 (d, /= 8.4 Hz, 2 H), 6.85 (dd, J=8.4, 1.2 Hz, 2
H), 6.81-6.79 (m, 1 H), 4.76 - 4.73 (m, 1 H), 3.71 (5, 3 H), 3.39 (s, 1 H), 3.35 - 3.32(m, 4 H)
324 -3.16 (m, 4 1), 1.82(d, /= 2.4 Hz, 3 H), 1.33 (d, J=6.8 Hz, 3 H).

[323] MS (ES) m/z (M+Na)™=512.3

Example 18: Preparation of 1-{4-(2-{4d-cvclopropviphenviipropan-2-viithiazol-2-vi}-3-{4-

O

{piperazin-i-viibenzvihurea

N
Ay
N
N,
{324] Step 1: Preparation of tert-butyl 4-(4-((3-(4-(2-(4-cyclopropylphenyl)propan-

2-yhithiazol-2-yhureido)ymethyDphenylpiperazine- 1 -carboxylate
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FO +O
g N’\ ] N"\\
8o HG, , J S
N . . ‘5] . PiduaCly KOAC NN
~ i #H H HO 1,4-dioxane:Hx0=4:1, 115 °C N s " oH
BooN._./ BooN._J
{325] To a solution of compound obtained from step 1 above (81 mg, 0.13 mmol) in

I 4-dioxane (4 mL) and Ho(3 (1 mL) was added cyclopropylboronic acid (14 mg, $.16 mmol),
Pd{dppHCh (10 mg, 0.013 mmol}, KOAc (25 mg, 0.26 mmol). The reaction mixture was
stirred at 115 °C overnight under N» atmosphere. The reaction progress was monitored by
TLC, After the completion of the reaction, the mixiure was filtered through a pad of celite,
washed with EA The filtrate was removed under reduced pressure and the residue was
purified by column chromatography on silica gel (PE/EA = 2:1) to give the desired
compound {45 mg, vield: 60.2%) as a white solid.
{326] Step 2. Preparation of compound 1-{(4-(2-(4-cyclopropylphenylipropan-2-
yiithiazol-2-v1)-3-(4-(piperazin-1-ylbenzyl urea
Gy Nl
Pt Jh'fz _HGlin e 20
vy T IywweE
E/\N Z NN

Bncﬁ\//’ H?:E\./

L

{3271 The desired compound was obtained as a white solid (40 mg, HCI salt, yield:
100%) with the procedure described in example 9. MS (EST) nv/z (M+H)" = 476.2.
Example 19; 1-(4-(2-{4-chlorophenvDbut-3-yn-2-vDithiazel-2-v-3-(2-hydroxvethyl-2,2-
d2)urea

{328] Step 1. Preparation of compound tert-butyl N-(2,2-dideuterio-2-hydroxy-

cthyljcarbarnate

QY“‘NHQQ LIAID,, THE HO\?)\NHB oc
O B
{329 To a solution of methyl 2-({tert-butoxycarbonyl)aminec)acetate (1 g, 5.29
mmol) in THF (20 mL) was added LiAlD4 (364.8 mg, 7.93 mmol) at § °C and then the
mixture was stirred at 80 °C for 3 h. EA (20 mL) was added dropwise and the HoO (5 mL),

and then extracted with EA (100 mL x 3). The combined organic phase was washed with
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brine (20 mL x 3}, dried over anhydrous NaxSQOq, filtered and concentrated to give a residue.
The desired compound (610 mg, yield: 70.7%) was obtained as yellow oil, which was used
into the next step without further purification.
1330} "H NMR (400MHz, CDCl3) 6 5.17 (brs, 1H), 3.24 (d, /= 5.6 Hz, 2H), 3.08
{brs, 1H), 1.42 (s, 9H).
[331] Step 2. Preparation of compound 2-amino-1,1-dideuterio-cthanol

Ho\‘if o pimog | HOUMsOH Hﬁ\?'/\NHz

b y |

o
{332} A mixture of compound obtained from step 1 above (610 mg, 3.74 nunol) in
HCUMeOH (4 M, 5 mL) was stirred at 25 °C for 3 h. The reaction mixture was concentrated.
The desired compound (520 mg, crude, HC1) was obtained as yeHow oil, which was used into
the next step without farther purification.
{333] 'H NMR (400MHz, DMSO-ds) 6 2.80 (g, J = 5.7 Hz, ZH).
{334] Step 3. Preparation of compound phenyl N-{4-[1-{(4-chlorophenyl)-1-methyl-

prop-2-ynyljthiazol-2-ylicarbamate

Y V4
A, gl o -
N -~ ii chﬁxm £ o ?‘I‘{"’%
it R Ry @O/’”\N/}LS C
H

Gt Py.CHCN
HZNJ\S

{335] To a sohution of 4-{1-{4-chlorophenyl)-1-methyl-prop-2-ynylithiazol-2-amine
(500 mg, 1.90 mmol) and pyridine (752.60 mg, 9.51 mmol) in MeCN (20 mL) was added
phenyl carbonochloridate (327.7 mg, 2.09 mmol) at § °C and then the mixtare was stirred at {0
°C for 1 h. The residue was poured into water (30 mL). The aqueous phase was extracted
with ethyl acetate (80 ml. x 3). The combined organic phase was washed with brine (10 mL

« 2}, dried with anhydrous Na>SOq, filtered and concentrated in vacuum. The desired
compound (830 mg, crude) was obtained as yellow oil, which was used into the next step
without further purification.

{336] MS (EST) m/z (M+H)=383.0

{337] Step 4. Preparation of compound 1-{4-[1-(4-chlorophenyl)-T-methyl-prop-2-

ynyljthiazol-2-y1}-3-(2,2-dideunterio-2-hydroxy-cthylurca

V4 D
HOL~
i gt Cl
N Q,ll\ﬁ)\s DMAP.DCE  HO~
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{338] A mixture of compound obtained from step 3 above (400 mg, 1.04 mmol),
compound obtained from step 2 above (98.9 mg, 1.57 mmol) and DMAP (12.8 mg, 104.48
umol) in DCE (20 mL) was stirred at 80 °C for 5 h. The reaction mixture was concentrated.
The residue was puritied by prep-HPLC (column: Xtimate C18 150*40mm™*Sum; mobile
phase: [water (HCH-ACN]T; B%: 28%-58%,10min). The desired compound (90 mg, yield:
24.5%) was obtained as a white solid,
§339] MS (BST) sz (M+H)Y™=352.1.
{346] SFC: Column: ChiralPak IG-3 100>x4.6mm LD, 3um Mobile phase: A: CO;
B:Ethanol (0.05% DEA) Gradient: from 5% to 40% of B in 5.5min and hold 40% for 3 min,
then 5% of B for 1.5 min Flow rate: 2.5mL/min Column temperature:40 C, (P1: Rf = 4.159
min, P2: Rf = 4.831 min).
{341} Step 5. Preparation of compound 1-{4-[1-(4-chlorophenyl)-1-methyl-prop-2-
ynyljthiazol-2-y1}-3-(2,2-dideuterio-2-hydroxy-cthylyurea

s N U U sy ¥

Ho\if\ﬁ,l\a,&s HO. :’;/ Ag TN
{342] The compound obtained from step 4 above ((90 mg, 255.79 umol) was
separated by SFC (column: DAICEL CHIRALPAK IG (250mm*30mm, 10um); mobile
phase: [0.19%NH3H20 ETOH];B%: 40%-40%,min). Chiral isomers 1 (26.85 mg, yield:
29.8%) was obtained as a white solid.
{343} TH NMR (400MHz, CDCL) 6 7.34-7.28 (m, 2H), 7.22 - 7.19 {(m, 2H), 6.69 (s,
1H), 3.23(d, /= 5.5 Hz, 2H), 2.48 (s, 1H), 1.84 (s, 3H). MS (ESI) m/z (M+H)'=351.9, SFC
Rf=4.151 min.

{344} Chiral isomers 2 (27.90 mg, yield: 31.0%) was obtained as a white solid,
1345 TH NMR (400MHz, CDCL) 8 7.43 - 7.35 (m, 2H), 7.31 - 7.27 (m, 2H), 6.76

(s, 1H), 3.31 (d, J= 5.5 Hz, 2H), 2.55 (s, 1H), 1.92 (s, 3H). MS (ESD m/z (M+H)=351.9,
SFC: Rf= 4815 min.

General Method A

§346] Carboxylic acids (1 equiv), EDCI (2-2.5 equiv), with or without HOBt (2
equivy and DIEA (3 equivy/pyridine/DMAP were dissolved in THF/DMF and stirred for 15-
30 min at RT. Amine (1 equiv) was then added in one portion and the reaction was stirred at
RT to 70°C for 2-16 hours, Once the reaction was completed, the resulting suspension was

diluted with organic solvent and washed with brine and then dried. After filtration and
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evaporation, the resulting residue was purified by trituration/Prep-
TLC/chromatography/Prep-HPLC to give the product.

Example 26: Prenaration of comnound 4-{(2-hvdroyvethviamino-R~{4-{2-(4~

methoxvphenviipropan-2-vithiazol-2-vi)benzamide
ﬁﬂ@m@iﬂe

N 1 “:>~0Me

yi N \_4

D — 2,5

HOL -~ = EDCH, Py ﬁ 8
HO\//’\N
H

o

H

{347} To a solution of 4-((2-hydroxyethyhamino}benzoic acid (200 mg, 1.10 mmol)
and 4-[ 1-(4-methoxyphenyl)-1-ructhyl-ethyljthiazol-2-amine (261.98 mg, 919.85 umol, HCH
in Py (8 mL)y was added EDCI (440.84 mg, 2.30 mmol). The mixture was stirred at 706 °C for
16 hr. The reaction mixture was concentrated to give a residue. The residue was purified by
prep-HPLC (column: Agela ASB 150 x 25mm x Sum; mobile phase: {water (0.05% HCl)-
ACN]; B%: 48%-78%, 10min). The desired compound (52 mg, yield: 13.57%) was obtained
as a pale yellow solid.

{348] "H NMR (400MHz, DMSO-ds) § 12.06 (br s, 1H), 7.87 (d, J= 8.8 Hz, ZH),
7.12(d, J=8.8 Hz, 2H), 6.86 (s, 1H), 6.82 {d, /= 8.8 Hz, 2H), 6.62 {d, /= 8.8 Hz, 2H), 3.70
(s, 3H), 3.54 (1, /=59 Hz, 2H), 3.16 (t, /= 5.9 Hz, ZH), 1.62 (5, 6H). M5 (EST) m/z
(M+H)=412.5.

General Method B

{349] The acid chloride was obtained by using SOCh in appropriate solvent like
DCM. To the acis chloride solution TEA or pyridine (3 equiv) a and mine (1 equiv) in DCM
were added slowly at 0 °C under Ny, and further stirred for 0.5-2 h at RT. Once the reaction
was completed, it was quenched with HxO, extracted by EA and washed with brine then dried
{(Na:S04), filtered and evaporated to dryness. The resulting residue was purified by
trituration/Prep-TLC/chromatography/Prep-HPLC to give the product.

Example 21

R

S’\\ . %&—I@-CN—BOG I!!'f!
L W =

7N
- g”\\\/ﬁ,w \ N N-Boec
o i AR
@ 1) SOCH,DCM - iS\>-NH )

\r 2) Py, DCM N
G

{356] To a solution of 4-(4-tert-butoxycarbounyipiperazin-1-y1)-2,6-difluoro-benzoic

acid (150 mg, 438.16 umol) in DCM (6 mL) was added SOCL (31.8 ul, 438.16 umol}. The
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mixture was stirred at 25 °C for 1 hr. The Py (176.74 uL, 2.19 mmol) was added and the
reaction was stirred at 25 °C for 5 min , then 4-[1-(4-chlorophenyl)-1-methyl-prop-2-
ynylithiazol-2-amine (115.07 mg, 437.94 umol) was added and the mixtare was stirred at 25
°C for 16 hr. The reaction mixture was concentrated to give a residue. The residuc was
purified by flash silica gel chromatography (PE: EA=1:0 to 1:1). The desired compound (152
mg, vicld: 54.4%) was obtained as a colorless oil.

{351 MS (EST) sz (M+H) = 587.1.

Example 22:Preparation of compound N-{4-(2-{4d-chlorophenviibut-3-vn-2-yi}-1H-

imidazol-2-vi-2.6-difluoro-4-{pinerazin-i-viibenzamide

{352]
{353] tep 1. Preparation of compound methyl 2-{(4-chloropheny!}-2-(imidazof1,2-
/\{5"0 fi m
Br ; P S
A0 N M \EE; {
O EtOH, reflux ' O
o ~ '
afpyrimidin-2-ypropanoate Gl ™~

{354] A mixture of pyrimidin-2Z-amine (1.0 g, 10.5 mmol) and methyl 4-bromo-2-(4-
chlorophenyl)-2-methyl-3-oxo-butanoate (3.36 g, 10.5 mmol) in BtOH (20 mL) was stirred at
8Q °C for 16h. The reaction was concentrated under reduced pressure and diluted with CHxCh
{40 mL) and sat. ag NaHCOs (20 mL}, and the water phase was extracted with CHCh (3 x 30
mL). The combined organic layers were washed with sat. ag NaHCO3 (2 x 20 ml), dried over
NazSQ0;4, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (510, Petroleum ether/Ethyl acetate=1/8 to 0/1) to afford methyl 2-(4-
chlorophenyl)-2-imidazof 1, 2-alpyrimidin-2-yl-propanoate (1.48 g, yield: 40.1%) as a white
solid.

[355] MS (EST) m/z (M+H)"=316.0.

175



WO 2022/063152 PCT/CN2021/119801

{356] Step 2. Preparation of corapound methyl 2-(2-amino- I H-imidazol-4-y1)-2-(4-

NHoNHy H,0 N4

-5

dioxane

chlorophenylipropanoate G

{3571 To a solution ofmethyl 2-{(4-chlorophenyl)-2-imidazoll,2-ajpyrimidin-2-yl-
propanoate (600 mg, 1.90 mmol) in dioxane (5 mL) was added NHoNHH20 (650 mg, 11.04
mmol, 85% purity). After addition, the reaction mixture was stirred at 80 °C for 16h. The
reaction mixture was concentrated in vacuum. The residue was purified by column
chromatography (Si0:z, BCM: MeOH = [100/1-10/1) to afford mcthyl 2-(Z-amino-1H-
imidazol-4-y1}-2-(4-chlorophenyl)propanoate (60 mg, yield: 33.9%;} as white solid.

{358] MS (EST) m/z (M+H) ™= 280.1.

{359] "H NMR (400MHz, CDs0D) § 7.29 (d, J = 8.4 Hz, 2H), 7.20 (d, /= 8.4 Hz, 2H),
6.32 (s, 1H), 3.72 (s, 3H), 1.79 (s, 3H).

{368} Step 3. Preparation of corapound tert-butyl 4-(4-((4-(2-(4-chlorophenyl)-1-

methoxy-1-oxopropan-2-yl}-1H-imidazol-2-yljcarbamovl)-3,5-difluorophenyl)piperazine-1-

carboxylate
i361] SOCL (92 mg, 772 wumol) was added toa solution of 4-(4-tert-
butoxycarbonylpiperazin-1-yl)-2,6-diflnoro-benzoic acid (220 mg, 644 amol} in DCM (10
mL}, then DMF (13 mg, 172 umol) was added and the reaction mixiure was stirred at 25 °C
for 1 h, followed by Py (204 mg, 2.57 mmol} was added into the reaction mixture and stirred
at 25 °C for 10 min, then methyl 2-(Z-amino-1H-midazol-4-yD)-2-(4-chlorophenylpropanocate
(120 mg, 429 umol) was added into the reaction mixture and stirred at 25 °C for 16 h. The
reaction mixture was washed with sat. NaHCO: (5 mL), brine (5 mL), dried over NaxSOq,

filtered and coucentrated in vacuum. The residue was purified by column chroratography
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(8107, Petrolenm ether/Ethyl acetate=18/1 to 2/1) to afford tert-butyl 4-[4-{[4-[1-(4-
chlorophenyl)-2-methoxy-1-methyl-2-oxo-cthyl}-1H-imidazol-2-ylicarbamoyl]-3,5-difluoro-
phenyl]piperazine-1-carboxylate (120 mg, vield: 38.9% yield, 84% purity) as colorless gum.
i362] MS (EST) m/z (M+H) ™= 604.1.

{363} Step 4, Preparation of compound tert-butyl 4-(4-((4-(2-(4-chlorophenyl)-1-

hydroxypropan-2-yt}-1H-imidazol-2-yhcarbamoyl}-3,5-difluorophenyl)piperazine-1-

N
carboxylate Bf’c@
{364] To a solution of tert-butyl 4-[4-[[4-{ 1-(4-chlorophenyl}-2-methoxy-1-methyl-2-0x o~
ethyl}-1H-imidazol-2-yllcarbamoyl]-3,5-difluoro-phenylpiperazine-1-carboxylate (120 mg,
199 umol) in THF (R mL) was added LiBH4 (4 M, 248 uLl) at 0 °C. After addition, the reaction
mixture was stirred at 25 °C for 16h. The reaction mixture was poured into 5 mL of sat. NH4(l
and extracted with EtOAc (8 mL x 2}, the extracts was washed with water (8 mL x 3}, brine (8
mbL), dried over NaxSOy, filtered and concentrated in vacoum to afford tert-butyl 4-[4-[[4-[1-
{(4-chlorophenyl)-2-hydroxy-1-methyl-ethyl}-1H-imidazol-2-yl]carbamoyl}-3,5-diftuoro-
phenyllpiperazine-1-carboxylate (110 mg, crude) as hight brown gum which was used in next
step without any purification.

{365] MS (EST) m/z (M+HY™= 576.1.
{366} Step 3. Preparation of comopound tert-butyl 4-(4-({(4-(2-(4-chlorophenyl)-1-

oxopropan-2-yl)- 1 H-imidazol-2-yhcarbamoyl)-3,5-difluorophenyl)piperazine- [ -carboxylate

HNR \ /O HN-Y /O
=N N -
HN HN
E DMP, DM B /N
M@ e Sy O ==
| Ci ! ot
= Pr-
E\{i/l\V/l\r \/\*‘ﬁ/L F
Eoc?‘si\/’ BocN._~

{367} To a solution of tert-butyl 4-[4-[{4-[1-(4-chlorophenyl)-2-hydroxy- 1 -methyl-cthyl]-
IH-imidazol-2-ytcarbamoyl]-3,5-difluoro-phenyl]piperazine-1-carboxylate (176 mg, 295
umol} in DCM (16 ml) was added DMP (500 mg, 1.18 mmol)}, after addition, the reaction

mixture was stirred at 25 °C for 4h. The reaction mixture was diluted with DCM (10 mL),
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washed with sat. NaHCOs / sat. NaxS:0: (10 mL / 10 mL) for 3 times, then washed with brine
(10 mL), dried over Na)SOq, filtered and concentrated in vacuum to afford tert-butyl 4-[4-[[4-
[ 1-{4-chiorophenyl}-1-methyl-2-ox0-cthyl}- 1 H-imidazol-2-yl]carbamoyl]-3,5-diflnoro-
phenylipiperazine-1-carboxylate (150 mg, crude) as light brown gum which was used in next
step without any purification.

{368] Step 6. Preparation of compound tert-butyl 4-(4-({(4-(2-(4-chiorophenylibut-3-yn-2-

yh-1H-tmidazol-2-yhcarbamoyl)-3,S-difluorophenylpiperazine-1-carboxylate

o

{369] To a solution of tert-butyl 4-[4-[T4-[ 1 -(4-chlorophenyl)-1-methyl-2-oxo-ethyl - 1H-
imidazol-2-ylicarbamoyl]}-3,5-difluoro-phenylipiperazine-1-carboxylate (150  mg, 261
umol) and I-diazo-1-dimethoxyphosphoryl-propan-2-one (75.3 mg, 392 umol} in MeOH (8
mL) was added KoCGOs5 (72.2 mg, 522.63 umol), After addition, the reaction mixiure was
stirred 25 °C for 16h. The reaction mixture was concentrated in vacuum and the residue was
difuted with 10 mL of water and extracted with EtOAc (10 mL x 2}, the combined extracts was
washed with brine (10 mL), dried over Na>SQ04, filtered and concentrated in vacuum. The
residue was purified by prep-HPLC (FA cendition) to afford tert-butyl 4-{4-[{4-[1-(4-
chlorophenyl)-1-methyi-prop-2-ynylj-1 H-imidazol-2-yljcarbamoyl]-3,5-difluoro-
phenylpiperazine-i-carboxylate (12 mg, yield: 8.1%) as off-white solid.

{376] Step 7. Preparation of compound N-(4-(2-(4-chlorophenyl ybut-3-yn-2-yi)-1H-

imidazol-2-y1)-2,6-difluoro-4-(piperazin- 1-yhbenzamide

FHK 7\ HCldioxane > A D=
| e % N N H
(\\\1 O pC=== - CE/UKE \>—NH \ / \_/}\i
/\N)‘\.«/’” ~F i £

{371} To a solution of tert-butyl 4-[4-[{4-[1-(4-chlorophenyl)-1-methyl-prop-2-ynylj-1H-

imidazol-2-yllcarbamoyl]-3,5~-difluoro-phenylipiperazine-1-carboxylate (12 mg, 21.05
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umol) in MeOH (8.3 mL} was added HCl/dioxane (4 M, 900 ul.). After addition, the reaction
mixture was stirred at 25°C for 1h. The reaction mixture was concentrated in vacuum. The
restdue was purified by prep-HPLC (T¥FA condition) to afford N-{4-[1-(4-chlorophenyl}-1-
methyl-prop-2~-yoyi}-1H-imidazol-2-yl}-2, 6-difluoro-4-piperazin-1-yl-benzarside (5 mg,
vield: 40.2% yield, 2HCI salt) as light brown solid.

1372} MS (EST) m/z (M+Na) ™= 4923,

{373} 'H NMR (400MHz, CD3OD) § 7.52 (br d, J = 8.4 Hz, 2H), 740 (br d, /= 8.4 Hz,
2H), 7.22 (s, 1H), 6.76 (br d, /= 12.4 Hz, 2H), 3.65 - 3.59 (m, 4H), 3.39 - 3.32 (m, 4H), 3.20

{s, TH), 1.97 (s, 3H).

Example 23: Prenaration of N-(4-{2-(4-chiorophenvDbut-3-vn-2-viioxazoel-2-vi}-2.6-

gifluoro-4-{piperazin-1-vhbenzamide

{374} Step 1. Preparation of compound
methyl 2-(2-aminooxazol-4-yl)-2-(4-chlorophenylpropanocate
0 HN._O
HoNT TNH, N-4
EtOH '
i o~
{375} To a solution of methyl 4-bromo-2-(4-chlorophenyl)-2-methyl-3-oxobutancate

(1.00 g, 3.13 mmol) in EtOH (30 mL) was added urea (282 mg, 4.69 mmol) and the mixtore
was stirred at 80 °C for 20 h. The reaction mixture was concentrated under reduced pressure,
The residue was purified by column chromatography (5102, Petroleum ether/Ethyl
acetate=1/0 to 3/1) to afford methyl 2-(2-aminooxazol-4-y1}-2-(4-chlorophenyl)propanoate
{50.0 mg, vield: 4.2%) as a yellow solid.

[376] MS (EST) m/z (M+H)=281.1,

[377] 'H NMR (400MHz, CD:0D)} § 7.31 (s, 4H), 6.98 (s, 1H), 3.71 (s, 3H), 1.85 - 1.79 (m,
3H).
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{378] Step 2. Preparation of compound tert-butyl 4-(4-((4-(2~(4-chlorophenyl}-1-methoxy-

I-oxopropan-2-yhoxazol-2-ylcarbamoyl)-3,5-difluorophenyl)piperazine- 1 -carboxylate

N
i\/:]NEac -

SOCHL, DMF, Py, DCM

N
Be:-cN(\_\)
{379] SOCL (380 mg, 321 umol} was added toa solation of4-(4-tert-
butoxycarbonylpiperazin-1-y1}-2,6-diflucro-benzoic acid {91.0 mg, 267 umol) in DCM (5
mbL). DMF (5.0 mg, 71.3 umol) was added and the reaction mixture was stirred at 25 °C for 1
h. Then Py (85.0 mg, 1.07 mmol} was added to the above reaction mixture and stirred at 25 °C
for 10 mn, then methyl 2-(2-aminooxazol-4-y1)-2~-(4-chlorophenyDpropancate (50.0 mg, 178
umol) was added into the reaction mixture and stirred at 25 °C for 16 h. The reaction mixture
was washed with sat. NaHCOs (3 ml), brine (3 mL), dried over NaxS(Q, filtered and
concentrated in vacaum. The residue was purified by column chromatography (5i0s,
Petrolenm ether/Ethyl acetate=104/1 to 2/1) to afford tert-butyl 4-[4-[[4-[1-{4-chlorophenyl)-
2-methoxy-t-methyl-2-oxo-cthyljoxazol-2-yijcarbamoyi]-3,5-difluoro-phenylipiperazine-1-
carboxylate (42.0 mg, vield: 30%) as colorless gum.
{380] MS (ESI) m/z (M+H)=605.1.
{381] Step 3. Preparation of compound tert-butyl 4-(4-{({(4-(2-(4-chlorophenyi}-1-

hydroxypropan-2-yhoxazol-2-yhcarbamoyl)-3,5-difluorophenyl)piperazine-1-carboxylate

i
N
BGGF}«E\)

{3821 To asolution of LiBH4 (4 M, 83 uL} in THF (3 mL) was added a solution of tert-butyl

4-{4-[{4-[1-(4-chlorophenyl)-2-methoxy-1-methyl-2-oxo-ethyljoxazol-2-yljcarbamoyl]-3,5-
diftuoro-phenylipiperazine-1-carboxylate (40.0 mg) in THF (2 mi} at 0 °C under Na

atmosphere. After addition, the reaction mixture was stirred at 25 °C for Zh. The rcaction
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mixtare was poured into 5 mL of sat. NHaCl and extracted with EtOAc¢ (8 mL x 2}, the extracts
was washed with water (8 mL x 3), brine (8 mL), dried over NaxSQ,, filtered and concentrated
in vacuum to afford tert-butyl 4-[4-[[4-[1-(4-chlorophenyi}-2-hydroxy-1-methyl-ethylioxazol-
2-yljcarbamoyl}-3,5-diftucro-phenylipiperazine-1-carboxylate (28.0 mg, crude) as white solid
which was used in next step without any purification.

{383] Step 4. Preparation of compound tert-butyl 4-(4-({(4-(2~{(4~chlorophenyl)-1-

oxopropan-2-yhoxazol-2-yhcarbamoyl)-3,5-difluorophenyl)piperazine-1-carboxylate

{384] To a solution of tert-butyl 4-[4-[{4-[1-(4-chloropheny]}-2-hydroxy-1-methyl-
cthyljoxazol-2-yljcarbamoyl]-3,5-difluoro-phenyl Ipiperazine-1-carbox ylate (28.0 mg,
crude) in DCM (5 mL) was added DMP (41.0 mg, 97.05 umol), after addition, the reaction
mixture was stirred at 25 °C for 3h. The reaction mixtare was diluted with DCM (10 mL),
washed with sat. NaHCO3 / NapS:0: (10 mL / 10 mL) for 3 times, then brine (10 mL), dried
over Nax5Q04, filtered and concentrated in vacuum to afford tert-butyl 4-[4-[[4-[1-(4-
chlorophenyl)-1-methyl-2-oxo-ethyljoxazol-2-yijcarbamoyl]-3,5-difluoro-phenylipiperazine-
I-carboxylate (30.0 mg, crude) as light brown solid which was used in next step without any
purtfication.

[385] MS (EST) m/z (M+H)y=375.1,

i386] Step 3. Preparation of compound tert-butyl 4-(4-({(4-(2-{4-chlorophenyl}but-3-yn-2-

vhoxazol-2-yhcarbamoyvl)-3,5-difluorophenyl)piperazine-1-carboxylate

N 305
{ K004 MeOH e S0 N\
\N/\\//’l\g: Gi 2G0s, Me (/\N)\\/)\F
BGCN\/ Bect‘:d\ \)
1387] To a solution of tert-butyl 4-[4-[[4-[1-(4-chlorophenyl)-1-methyl-2-oxo-ethylJoxazol-

2-yljcarbamoyl}-3,5-difluoro-phenyl|piperazine-1-carboxylate (30.0 mg, crude) and 1-diazo-

I-dimethoxyphosphoryl-propan-2-one (15.0 mg, 78.3 umol} in McOH (4 ml) was added
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KU {14.0 mg, 104 amol). After addition, the reaction mixture was stirred 25 °C for 16h.
The reaction mixture was concentrated in vacuum, the residue was diluted with HoO (5 mL),
extracted with EtOAc (5 mL x 3), the combined extracts was washed with brine (5 mL)}, dried
over Nax5Q04, filtered and concentrated in vacuum to afford tert-butyl 4-[4-[[4-[1-(4-
chlorophenyl}-1-methyl-prop-2-ynvljoxazol-2-vljcarbamoyl}-3,5-difluoro-phenylipiperazine-
I-carboxylate (28.0 mg, crude) as light brown gum.

[388] MS (ESD m/z (M+H)™=571.1.

{389] Step 6. Preparation of compound N-(4-(2-(4-chlorophenyl)but-3-yn-2-yhoxazol-2-yi})-

2,6~difluoro-4~(piperazin-1-yl)benzamide

H

i
it K
TEA, DM /\/K’ o@ -
—_——— 3 " \ N N IH
i i \ /NS
g;;/L\Q !\C;‘}W NH F

{390] To a solution of tert-butyl 4-[4-{{4-[ 1-(4-chlorophenyl}-1-methyl-prop-2-ynyljoxazol-
2-yllcarbamoyl}-3,5-diflucro-phenylipiperazine-1-carboxylate (25.0 mg, crude) in DCM (2
mb) was added TFA (2 mL). After addition, the reaction mixture was stirred at 25 °C for 1h
The reaction mixture was concentrated in vacuum. The residue was purified by prep-HPLC
(FA condition) to afford N-[4-[1-(4-chlorophenyl}-1-methyl-prop-2-ynvljoxazol-2-yi}-2,6-
diftuoro-4-piperazin-1-yl-benzamide (7.5 mg, yield: 28.7%, TFA salt) as light brown solid.
391] MS (ESD m/z (M+HY=471.3,

13921 'H NMR (400MHz, CD:0D) 67.64 (s, 11D, 7.58 (brd, / = 8.0 Hz, 2H), 7.39 - 7.29 (m,
2H), 6.72 (brd, = 11.8 Hz, ZH), 3.65 - 3.54 (m, 4H), 3.42 - 3.35 (m, 4H), 2.98 (s, 1H), 1.90

(s, 3H).
General Method C
{393] Carboxylic acids {1 equiv), HATU (1.2 equiv) or HBTU or PyBOP, and TEA

or DIEA (3 equiv.) were dissolved in appropriate organic solvent, like THF or DMF and
stirred for 15-30 min at RT. Amine {1-1.5 equiv.) was then added in one portion and the
reaction was stirred at RT-100°C for 4-16 hours. Onee the reaction was completed, the

resulting suspension was diluted with organic solvent and washed with brine and then dried.

182



WO 2022/063152 PCT/CN2021/119801

After filtration and evaporation, the resulting residue was purified by trituration/Prep-
TLC/chromatography/Prep-HPLC to give the product.

Example 24: Prenaration of compound methvl N-{4-(2-{4d-bromophenvhibut-I-vn-2-

viithiazol-2-v1-3-{{tert-butvidiphenvisilviloxvicvclobutane-1-carboxamide

TBOPSO PyBOPR, DIPEA,DOM

{384] To a solution of 3-{tert-butyl{diphenyl)silyljoxveyclobutanecarboxylic acid
(1.36 g, 3.84 mmol}, in DCM (10 mL} was added PyBOP (2.00 g, 3.84 mmol) at 25°C,
After stirred for 10 min, methyl 2-(2-aminothiazol-4-yl}-2-(4-bromophenyl)propanoate
{523.61 mg, 1.53 mmol) and DIPEA (594.97 mg, 4.60 mmol} was added at 25°C and the
mixtare was stirred for 12 h at 25 °C. The mixtare was diluted with BCM (30 mL), washed
with H2O (10 mL}, brine (10 mL)}, dired over anhydrous Na2804, filtered and concentrated
in vacuum, The obtained residue was purified by silica colomn (ethyl acetate 1n petroleurn
ether =0-25%. The desired compound (1.4 g, crude) was obtained as yellow oil. MS (ESI)

m/z (MAH)Y =643, 1

183



PCT/CN2021/119801

WO 2022/063152

oproepymdoin((4
Z61 | Oyt Tl £00d
~z-medord(jAuondomworg v :
“PrT PN
O ZH G =PI LY
{HI 8699 c‘,: $)89°¢
(HT W) 1L~ STL YT vt
MW mv w Lo Mﬂm Mw SPHEEXOGIED
- L am | ooes e e o | EOIOPUIHE(A T ozRIn (8
SRR R B i, Amw 2198 | o ghuatdomorg z00d
= 14 HI TR
98 = £ PP SLL (L) PrON
CTR (HI ) zpg ¢ (1DaD
FHIN 00F) WIAN T
(H
Gy 7L H W) Zh g
“ppe (H b W) 90y - 80y \égﬁﬁﬁ c [
if ‘ oy © 1 hd " x 2= N
B . 1»,3 M mw wwm QWM EN - j-umizeaodid)-p-(jA-Z-jozerg(jA s m /\_w N~
¢L0 X4 iy omﬁm. %N m . m M ) M.m m ,n,aﬁmoam%sos&.?o%vﬁ m g /d\,/\ 1o0d
SECLH T W YL - v L T BN == —N ¢
(H L) ors-svrg (H ; ' . /vﬁ
[ W) pLg- $L8 ¢ (a0eaD
ZETN 00%) YIAIN 11,
W W -
e o
\Mwmw mﬁw RIsSSAE) HINNH SN ERGSIEEN (I 'Wo
VAN | oseury BN

srendosdde oy Sursn g pue 17 ‘g7 odwexd Jo ampasoid oyl 01 snoSo[euR POzZisoIuAs ojom sajdmiexs FUimolo] o4 ‘¢ JjquL

wowidesy Supuodsalion oyl PUR SOTBIPORLIOINL

Isech

184



PCT/CN2021/119801

—
R

T~

oprpzuag{jA-Z-10ze (A
-z-tedord{jAuogdAxomow
PFD)-7)N
-{jA- 1-urzexodid([Am0Axoip Ay
“Trhe

LO0Y

N

u

OPIIEZURH IA-7-T0ZeI{JA
~z-uedord(iAuogdAxomow
PITyN
-(1A- 1-wzerodid(jAqiodxoipAy
“Urbry

900d

aproreziog(Ameuni
-1-uizezodid)- ¢ -(JA-g-1ozerm(14
-z-uedord{jAuoydAxoyom
PITPIN

c00d

i

(]

opIuBZuag(jA
-1-uzeaodid)- ¢-(JA-7-ozeEgI(JA
-z-uedoxd{jAuogdAxomowa
PPN

PO0d

WO 2022/063152

185




PCT/CN2021/119801

WO 2022/063152

o
&
<

8El

g icy

opIuBZuag(jA
- [-uzerodidAgiom
-y ([8-g-fozenp(is
~z-uedord(jAuoydAxogion
PrTrPN

crod

P9l

G¢T

0'60¢

oprIIBZUAg(AX0ING(JA
-1-mzerodid)
-p)-g-(jA-g-fozerp(iA
~z-uedord(jAuoydAxogion
3TN

7,

N M

{10d

P80

L81

099y

oprmeunoon jA-7-10zen{jA
~z-uedord(jAuoydAxogion
VIOpNA(A
-T-mpioAd{ ourme Ao )
“£)9

010d

-
e
o

OPIIEZURH IA-7-10ZeTI{JA
-z-uedoxd{jAuogdAxomowa
3T vN
-(JA- -uprrondAxoIpAy- ¢ -+

6004

LeH

I~

0 ily

oprouszusg(jA
- -umizewodid)-p-(jA-Z-jozerg(iA
-z-tedord{jAuogdAxomow
)T} N-0I0TYo-7

80049

186



PCT/CN2021/119801

WO 2022/063152

O
rs.

81

opraszusg(jAsw(iA
- [~uzerdidiAgion
¥ -(1A-Z-[ozRIg(jA
~z-uedord{1AuogdAxomow
P TyN

Ligtes

L10Y

09

%14

oprouszusg(jA
- j-umizeaodid)-p-(jA-Z-jozerg(jA
~z-medord(jAuondomworg
TITPIN

910d

L9y

-
O
ot

ety

OPIIRYOQIB0-§-omprnIAd(1A
-1-mzeradid)-7-(1A-7-10zem{(IA
-z-uedoxd{jAuogdAxomowa
PITYIN

Stod

G0t

g icy

STRIAXOGIRD
--owmzerodidiAqiow
-¢-{Auoyd(iLowrqies{j
-Tr1ozerqA
-z-uedosd{jAuogdAxompow
IO yI-p)-b fAange

yiod

N
\-—":
et

—
—
—

69y

OPIIBZUIG{ATIOW]A
- (-uizesadid)-p-(jA-7-jozerp (A
-z-uedosd{jAuogdAxompow
b)) N-0I0nE-7

c1od

187



PCT/CN2021/119801

oprpzuag{jA-Z-10ze (A
-z-tedord{jAuogdAxomow

VD7)
-(Axomo{ CUTURIAIOWIP)-7 -1

Ko

G
<t

£8 Fovp

OPILRZUDG{IA-7- {028 A
~z-uedord(jAuoydAxogion
0L1 196y ¥ T b)-N-AAxo(A
-p-urprodid(1AmodxoIpiy
Oy

0704

opruezuaq(jAqIatiA
-1-mzesodid)
~Drp-(IA-grpozerp (s
-7-uedoxd{jAuoydowoig
0PN

oy
=t
ys

LT 86 83 610d

WO 2022/063152

opruszusg(jA-z-1ozenp(jA
-r-uedord{jAuogdAxomow

o'l [ ¥ 0)-v)N-(Agau(4 . j%u 81049
-1-mzerodid{ [AmoAxoIpAY 'ad
0

sN,\Em..\.VYm Y \ﬂ\x/;\«ll

~
[oa)
-

188




PCT/CN2021/119801

WO 2022/063152

190

LTl

(reov

oprarezuoq(JAGIOnH A
-1-uzerodidjAgiow
Oy (A-g1ozerp(A
-z-uedord{iAuoydAxoyiow
PD)-7)N

970d

86¢

Loey

oprryoqme-7-omzeild(jA
-1-uizerodid)-¢-(jA-Z-jozeEn(iA
-z-uedord{iAuoydAxoyiow
PrTrvN

57204

6l

911

oprmezuag Lxomo(jA
-1-mzerodid)
- p-(JA-g-fozegm(A
~z-uedord(jAuoydAxogion
P»TrPN

e

/.\ZI

P04

g
—
]

jo—
Yy
—

eor

opruaszudg{Axodoxd(jA
-1-mzerdid)
“¢ - (A-zozerm(is
-z-uedord{iAuoydAxoyiow
IOIN

0./ J, k,o 7

dv\\2m¢

%o/\/V/ \Ar-?

.\/\

R

(xzx

£0d

4T

opruezuag{Axodord(l£
-1-mzesodid)
~C ) p-{JA-7-Tozerm(jA
-z-uedosd{jAuogdAxompow

P vN

N

189



PCT/CN2021/119801

WO 2022/063152

087

0y

opruszusg{jA-7-10zeni{jA

-z-uedosd{jAuogdAxompow
TrT)v)

-N-(curue(fApeAxoIpiy-7 ) -t

14

7604

™~
o

o1y

aprwezosq(iA
-z-1ozRrq{jA-z-uedoad(i4os
@2 ) N-(A- -ugzesedid)-p

1¢0d

)
W
et

geer

sprueregdoroi(jA
-p-urpradidiAgions
-FN-(A-g-fozBrp(i4
-z-tedord{jAuogdAxomow
)TN

gc0d

-
3

IS
o0

OPIIEZURH IA-7-10ZeTI{JA
-z-uedoxd{jAuogdAxomowa
PITOYIN
-(Axomof{ ouuR{AYIOWID -7 )+

6204

8¢z

0oy

OPIEZUOG{ OUIIB([A
~p-urprodidifmom
I (j4-g-fozegi(iA
-z-uedord{jAuoydAxoyom
V)T PN

8704

8Lt

617

<9

OPIIEZURH IA-7-10ZeTI{JA
-z-uedoxd{jAuogdAxomowa
PrvIN(iA
-1-mpronAd{ounueiAgonnp)
Riaz

190



Blegy (HZZH R 6 =1

woan{jAzusq(jA

PCT/CN2021/119801

WO 2022/063152

D)
-N-{(oumme{jAgIsounue-7 -

%?@u .

) 3N
. P69 (HT Sy L (T - [rugzeiodid)-p-010n1p ¢ L_ Ne”
€T fenapy] | ZHBE=/ P ITL(HT ~C* ¢ g-(JA-Z-j0ze(jA Syt LE0"
e wn op'L - pSL 2 (A0LaD -g-uedod(jfuoydowoiq e
THNOOY) SN H, )71 =\ T
(19 '8} v9'1 (HY
w gre - 17e Gy v N
G66C- C1P (HI S 0L | 9pLUEROGIED-¢ 8@&%& EN M NA
‘ on (U W) 2L - 614 (HE | - 1-ttzessdid)-g-(i&-g-jozergi(A 5 N //_zﬂ 9
0Ll Figy W L - 68 L (HT 'S a.m-ﬁmac.hc\»fuﬂ@mo&cz A/ ,m\ 9t0d
00'6 “(HZ 'S 19) 37'6 ‘(111 AR OEN - ;e
S 34) 1°71 ¢ (P-OSING wA g
ﬁmEaei WIAN H;
(H 9 °s)
€91 (H v W ?.m LTS
(Hp ‘w1 98¢ - 86°¢ (H (" hH
mé %.mnﬁm 1) 03°9 OpIuIEunooT(fA 2 N
. . £8'9(H L Y069 (1 | -1-uzeiedid)-g-(4-z-jozenn(ik o N
L cosy m u Ym@ c L T un -z-tedord{jAucrdowoig <l I $e0d
FL-SULCH W) 008 BTN \v\
- g mﬁ £°19) 7576 hm\ha\ N
151Q) 6771 ¢ A,%,cmza
ZHIN (0%) AN H,
opIurRZUOg{IA-7-10Z8I{JA P
~z-vedoxd{jAuoydAxoyiow s H \M;H\/zf\\ﬂ N
i 0S6 “p )7 )-N-(IAgau(j4 Cr Y o ye0d
-1-mizeradid(jAUIeAxaIpAYy o o&A VT*I
Dy '
oprRzusg{jA-Z-1ozen(A N
N . -z-uedord{iAuoydAxoyiow @ w
¢ Lyz IRty ) ceod

191




PCT/CN2021/119801

140

€6

'8} L€ (18 5 39) 56°¢
(W) pey - 66y (1T
ZH98 =PI 189 (11

$) 860 (HZ ZH 98 =7"P)

UL ZH T8 =P Y)
QUL ZH TS =1 P)
IR (I ZH &L =0 "D )
658 (H1 'S49) 196 (H1
‘sag) L9771 ¢ (p-OSINA
ZINOOY) SN T,

oprezuog{fAqIowgA
~1-uzeradid)-p-{1A-7-fozern (A
~z-uedord(iAuogdAxomow
PITYIN

4

orod

L6'T

el

Loy

(119 °S)
€91y s 78Ty s
1) 86'C (HE sy ol ¢ (e
Sy eRC T ZH 88 =1 D)

789 (HZ ‘U 189 - £6'9
M ZH 88 =P TTL
‘(H7 8} 59°L ¢ Op-OSWA

ZHNOOY) AN Hy

oprouszusg(jA
-1-uizeaodid)--(j4- Z-jozergi(jA
-z-uedord{iAuoydAxoyiow
)T - N-AXOYIUE-¢

604

g1z

(o]
Ty
Wy
<

(H9s) €Ll
(¥ 20 v1s= P 1p'e
Wy ZH y1US=I P IY) 67°¢
(M gsroLe (1172
08°8={ P} L8 (FI1'8)
LOLTH WY LT L-6TL
(T ZHERT LSCI=f
PP 8LL T EH 987 8=(
P ag) o8, ¢ (QOLAD
ZHIN 00) WIAIN 1,

oprezuag{A
~1-uzeradid)-p-{1A-7-fozern (A
~z-uedord(iAuogdAxomow
“Y)T)6)N-os0ng-¢

ge0d

WO 2022/063152

(H9 °S)
L0y v 7ee - 9¢¢
iy wn) Log - ¢p'e (e

192




PCT/CN2021/119801

WO 2022/063152

W) g8'c - 76’ (HI w)
26°¢- 80V (HZ 2ZH 88 =1
PY789 (H1 '8 96'9 (g
W90, - 917 L ((HT ZH

opruenooTu{{A-7-10zeri{(jA
-z-tedord{jAuogdAxomow

L L O R Y R PFTb) trod
19) €98 ({1 Sy o8 (1 | -N-(4-1-uipgonidounue-¢ -9
5199971 ¢ (P-OSING
ZIINOOY) WINN H;
(Ho's)eL'T
Wy s epre (e
oL'¢ ‘(Hy s 607 (H -~
z wm 08'8=1 D) L89 ‘(1 uwﬂ%ﬂw@mm&% Ly m(\wﬁ
e e 1) oL (17 ZH 08°8=f | -1-urzendid)-9-(j4-g-jozergy(jA SN l
£99°0 o8 (4134 Pyl (H 1 EH 6T 6=1 -7-vedoxd{jAuoydAxoyiow ﬁ\m‘\ J%\Lﬂ,\z od
‘PIg) peL (1 ZH DY TN o|© .....
TR L= P b8 (1 1T fo=
1L7=( P) L8 ¢ (QOEAD
FHIN 00F) WIAN T
(19 '8} 99°1 {11
w) ey - 0T (Y W)
€CT-THT (HT ") 8¢S
- 8%'¢ (HT ™) $5°¢ - 79°€ W
(HE ,@%wm (HI W) 06'€ @an@m%%N_mﬁﬁaﬁ a® ant
. . . -COy (HZ ZHSg=7"P) -z-uedoad(jAuoydAxogons . :
vot 0% PEET L 09 (11 *9) 6479 (T W) YIT-p) , O \wxi/ ) trod

089 -$8°9 (HZ W ¢1°4
0L T ZH 06 =P
10°8 “(HE '8 39) 97°8 ‘(11
39} 6L'11 ¢ (P-OSINA
ZHWNO0Y) N H,

-N-(A-T-mpyouddounae-¢ -

(119 ) v9°1
‘Iz wn op'e - op¢ (g

193



PCT/CN2021/119801

WO 2022/063152

.ﬁ
gyt HESI6TT WM

£ 10°C A 8'8.1q) y9'¢ N NN
W1Z°S) LS (H1 1 S) 80°L _ opumwzaqUA S
7o | sz Copp | Mz orL-prL Gy | ¢ ommliApandoad(igoy o~ 9r0d
- @) 917 - O£ (H 2 “2H x&‘@-ﬁ,z,@ﬁwaﬁ @/\m //\w_\ ,
1E8=1'P) £8° m (172 ruzenddifgny))-y M o
LO'8=1P) 218 ¢ (JOLAD 4 E/
ZHW 00%) YN H,
(H9™S) €91
MMy s
oI¢ (v s) e8¢ (1 ¢ NH
€20 0¢ T ) A -z-jozenp{jA-z-undoad(jA{o S Moy g N SHod
L L7 9761 P9 | IR — QI X
78 (H 1 ZH & 1=f P) F P N-(A- T-uzeredid)-o N N O
€88 °(H T $10) 87°6 (1 - \MYX
‘S19) €71 ¢ Op-OSINd
ZHW 00%) YN H,
{9 sy cory (ap
‘W) 91°¢ - 8T (HY ‘w
m@.m - 69°¢ “(HE JW 0L°¢ R
HE 21 88=r Jw €89 oprureurjoord(jA [
| EIO WSS | Sy R e s 8™
981 €1z '8¢y =£'PIorL(HI ZH 98 Coror W yrid

=/ P) oS L (HT ZH 88
=Py 0’8 “(F11 Ei -
-~ pp'g (HT S 19) 6876 (1T
SRR @.0@5
ZHWNO0Y) N H,

-z-uedord{iAuoydAxoyiow
PrTrvN

(H9 sy 9t ‘(7 ‘v 617
- 197 (Y ) oL¢ (TIg

194



PCT/CN2021/119801

WO 2022/063152

oW gre-19¢
8oL (T ZH 7881

D) 889 “(H [ W) §0°L B SOrh S [
. : - - ST (H T 2H 7881 PprarezaqUA-Z ozl s 8 O™ o
LEQ 65t TISY D) €71 (H T ZH 09-8=F ~g-usdord{jAusydAxogiou < /:\/L arod
D) €L°L (11 T 2 $€°8= N WA VEE
Pa oo elosay | TUIPHAGARORATTIY A
ZHN 00) dIAN 1
{H9 's)
191 (41 ZH 001 '8'S =
£PPAQ) €87 (HT W) 78T R
b (b ZH 68 ‘61 = [ ~z-uedord( m%ﬂuﬁm%woﬁoﬁ W m )
LLO €L QOSE | e S D -0 1)-N(8 Sy gp0d
PP 089 (HL S} L8O (HT | o qanry 1 -elojokowgquzenp W
W LQL- ST (HT PH SR T Elmaoanent ~ 7 °
88 = P)¥0'8 “(HIT 5 1q) yery NS
C'8(HI s 39 66'6 “(HI
'$39) 81°C1 ¢ (P-OSINA
"ZHNOOY) FIAN Hy
el
(F T ZH 3¢ €= B} p6'1
(Hzaeog-srz
ZHCUTIT ) €0E W N
W) 60°¢ - €776 (H T W) %E%%%E %Eﬁ%ﬁﬁ WJ\»(&%
o SPe-9¢c WeeLe | -prupuedid)-p-(j8-g-fozeigi(jA s M. ] \
&0 scl CoEy CH T ZH p8'9=] P 19) -7-vedoxd{jAuoydAxoyiow { .ﬂz\ /.m\f/,\ Lyod

99 (H 1 W $oL-¢1'L
WzworL-9vL (0T
ZH 19°9=1 P IQ) 8L (H
w9674 - 80°8 ¢ (OLAD

ZHW 00%) YN H,

YT N

195



PCT/CN2021/119801

WO 2022/063152

(119 83 08°1 (1€
SheLe (HI 'S 199 (HT
ZH RS =/ P 889 (1T

W 1L - £TL (HE un

oproreanosta{jA-7-1ozeiqi(j4
-z-uedosd{jAuogdAxompow

£L1 128! T96h STL-08L (L ‘) 7oL 3T N-(Ape(4 7s0d
ST HIZH T8 =Py | - [-uizessdid{jAgieAxoipAy
91') “(FI1 ‘W) 95°8 - 69'8 “TFE))-0
(11 'sag) s o (DA
CHNOOY) SN H,
(H
98y 69 L (H 0T 'u) L97
- 617 (0 T ZH 90°9=f
Y Nww,w .ﬁwm‘mwmm v oprmrpunonu{JAgIour(jA 7 N
‘ B %Mmm ﬁw MMW\ mmanm !‘M.;Emﬁo%mﬁbpw.@mxo%? m/\m N _z m/\m,_/ o )
<0 19 ovs ot DY £es YT T O ))-9-(14-g-1ozenp(jA b6 1504
mmxm, ,3 mm.h w.m ! nNE -z-uedoid(jAusydomwoxg =N N
O1'8={ Py SO L (H T ZH ) TIbN s T
CHT9Tg= PP ey (H :
[0 00'6 - 80°6 (H 1 21
9L T=f ‘P) S0'6 ¢ (QOLAD
ZHIN 00Y) YN H,
(1 m
9 pL T (H ) T8¢ (H o,
1°999°9 Q17 ZH 08'8=f |  opiezuaqg(jA-z-1ozer{jA 5 H J\\\J
120 LL 6079 | 'P)069 (T ZI08'8=( ‘P) | -7-vedod{jAveydixoyaur-y) § e f\f 0504
7L T QU] - €18 | ~ThH)-N-OpOIp-C'¢-AX0IpAY-T NG
(11 1 519 878 ¢ (100D \o

ZHIN 00F) WAN H;

1o
SYpL T (7 ZH 68 1=
PP eI (H T M) €TT
-9C T I T W CCE - OF'E

196



PCT/CN2021/119801

WO 2022/063152

(H9's) g9 (HT W 61T
- 17y ) oLg e
W) 08¢ - 76¢ (HI u)

A Pl SPIURLEIONL H
wn@v xam Amm,, A1 m 3 nma uf omme( Ao ourmeAyiounp) v P z!\/v_m\
90°¢ <71 T06% mwéww ) ﬁ%\ www wm “Zh-9-(JA-g-fozer(A A/m/ﬂz e s50d
IV L T L AR A -z-uedoxd(jfuoydowoig SR S
€01 =7 P) Oy'8 “(HE S TP w1
1Q) €9°8 (1T sy 5478 (1T e o
519} 99°71 ¢ (P-0OSING
,Nmzc%v YWN H;
(119 s34} €91 “(JiT
W) 6£°7 - vy (HE W
LY - L6¢ (HS S I9) 79°¢
(7 W) 8¢y - v<p (HE aprueunou(jA o ek
“ur) £8'9- 689 (HL s ag) -1-uzeedid(jApeAxorp Ay o \/:\z{\_
w1 | 69T FTes | 869 (LT ZH 6'L= P I9) ~Tr)9-(A-Z-1ozerp (A J\z?z yeod
91°L (HZ ZH ¥ 8=/ P 39} ,m,%naiﬁ?ummaﬁuoﬁ . YN O
Sp'L (HZ ‘W) S0'8 - 178 ) TrYN s, WJ
(HI 819) 6L'8 ({1 ‘ur)
€T 1871 ¢ (P-OSWA
CHNOOY) YN T,
oS 91' Mz
LRS=0 D Le Ty W)
650 -L9¢ Gnm 9 ") Mm\@ ¢ oprmeunoNu{jA-7-10ze1(I4
CELEH € v.m.\! 2 Q.m -z-uedoxd{jAuogdAxomow
(61 | pol T8y ES) Lo "(H € ) 8L B3 TPIN csnd
- . ) - 589 ﬁ “ZH 08 8=f . I

PYLULE T ZH ST
‘LT 6=( n@é 08 (H 1 ZH
S I=f P) 1L8 ¢ (QOLaD

ZHW 00%) YN H,

-(1A- 1-wzeredid(fAgiodxoipAy
Trr)9

197



PCT/CN2021/119801

WO 2022/063152

(119

OH
‘SpLT (HE ) 08T (HT f
w) €'¢ - 06°¢ (HY ) opruezuag(lA Y
CSE-S8 e HT S 6Sy | -giommp(h-g-uedord(jfios ()
190 89 6Ly | (HI'S) 807 (HT W) T1L -7 v)-N-( A4 N 8504
“PUL QT W 8T L-0TL | - 1-uzesedid(Ayedxorphy e 4 O
(T ) €8°L - €8 (HT Ty T
wyzrg-prge proswa | \/v ce
ZHNOOY) AN Hy
(Ho's)
€91 (Hy S ere(H
m ) e (H ¢ W) 8y'e - N
b Le s a9 0Ty AE ¢ SPLIOJUIOIPAY SpIUIZUag(jA P N
- ‘m 9¢'8=1 P Q) TEYHH I ‘M-&Nﬁu%%&wwm%.&m!mo“mmwﬁ‘ H J\ﬁ |
. e rre Q) 7 T nﬂ‘«.:zuu ¢ s N, PN Ny J ¢
160 | g0l TS mwm @..;M I m B=0P |, edoid(iSuoudixoqous-y) w\/zw Y o Ls0g
w m%m\ﬁ nmﬁm ‘.M mwm.mw..w -2 b - N-(Axogradxoyow-7 )¢ 5 \AKU\V\ J\/
~6LLHT I e (H /
809 €p'T1 ¢ (P-OSNa
ZHIW 007) YN I
(H9 Shog't "(He
) 6L°¢ (HI ) 199 (HE
ZHE=7P)880 (HT | sprurennosta(A-g-jozeig(A PN PN
Wy 81) - €7/ (17 ) -z-uedord{iAuoydAxoyiow S m “ _z w,_”_
0Lo | 0Tl 70y STL-0€L(HT W) 7oL 2PN o4 9504
“TLLHL T I =1p) | -(ounue(Agio(outnmiAypoalp) N
91'8 (1 W) 95° - 6978 29 o T

CHIL 'S Se11 ¢ G1DaD
ZHINOOY) SIAN H;

198



PCT/CN2021/119801

WO 2022/063152

e et Hy's
S (S S ) RS e ¢ 1
v W) £6°¢ - 66°¢ (1 T 21

8= "PI60oL (F11"8)
QUL Gy W QL - SyL

oproasunootu(jA- | -uzeiodud)

8L°0 | L91 FTSY | Gy 1 ey o S gt -9-(I&-g-1ozRIgu(iA-Z-ub-¢ — N 1904
Mmmmm wnmmwmnm ‘mm% -mgtpAuaydoryo-p)-2l-p N | 9 v\ - ©
€88 (H 7539 196 (0 W
1'839) 9¢°71 ¢ (P-OSIWA
ZHIN 00F) SN 1,
{119 's) 79°1
T ZHES =1V 9T¢
‘MZZHES =L DHS¢
(HE ) 0L € (HT 21 88 IPHIRZUBGL{A-Z-[0ZBI{JA
- . - = P)7o9{HT ZH '] = -z-uedoxd{jAuogdAxomowa N
ECT | 08T CTIY |y raeg (111 %) 98°9 (1T ) 090d
ZH 88 = PITiL (T | -N-(oumme(fAyeAxoIpAy-g )i+
2 88 = [ P) L§L U P
'$aq) 00'71 ¢ (P-OSING
ZHWNO0Y) N H,
(19 syel1 (e
W) RS - €971 (HI un HO
81T - 97T (1Y W) 8¢7 \_
S SPTHI W) 6CE - po°E aprarBnoom((A N
mmvm \m.,ww.\”m Hm mw m WMW ~z-10zeTp{1A- 7-vedoid(jA1oy MZU
BUT | 65T | €08y pLess i -A-2)-p)-N-(Agon(4 J 650¢

oL - 90°L ((FIE W) g0°L
SCTL(HT W) LS.
(HEZH 8 =7r'PIQ) 5L7L
(HT ‘W) 87°8 - ££°8 (11
W $O°6 - 60°6 ¢ CIOAD
ZHNOOY) SN T,

- 1-uzeedid( JAIoAxoIpAY
Kiale’

199



PCT/CN2021/119801

WO 2022/063152

oprouszusg(jA
~1-mzeadid)-p-orong

Y w1 ©
oyT | SIT | U'69% e (hrpoze(ipuie | NN < ZWL/\ 5908
-yg(Auogdolo|go-y)-7)-p)-N i S
OPIUEZUSGAXOIOW-{ ~CIONF I
LES s -9°T-(1A--jozenp((A-z-uh-¢ $o08
-mgliAuoydorono-¢)- 2t - N
e
ZH 9 =P P11 (HY ®)
£9°1 (HE '8) 0L¢ T 21
O = 1§ P)8g e (1w o ax\ﬁ%
€6°C-66°C (HTZH 88 = | APIuBZUIQ(A-T-10ZPIR{IA-T o M Q
01 S 44 LTy 0PI T8 (AT ) 16'9 (He | -uedoxd(jluoydAxoyient-)-g) s £90d
THO6 =PI I0L(HT | -p)N-{(AxodordAxoiphy-7)-p = ;N °
ZH R =PI VLT \oxﬁ J
TH 06 =P SO'8 (HL
519} 9071 @ (P-OSING
ZHINOOY) SIAN H,
(HE 's) 1671 (Y
53 81°¢ iy ‘w) 66°¢ .
"85 ¢ (HC 2H 161 wd spratezusq(j4- | -wzesodid) s. B N
: . e pO L (HT8) p1°L "y W) BT S N A .
1071 1 [isy ) ar s (rgor trT £oG p-{{A-g-[ozergi(jA-7-uk-¢ e Yoy J 904
Ly L5VL :Lw ZH 68~ gAY doIofo-f)-7 )4 N _uif\/”!vff ©
P) 108 {HT 8 19) €76 , ‘ w7 \
(HLS) 9271 ¢ CP-OSING _

‘ZHINOOY) GIAN H;

200



PCT/CN2021/119801

(HE W) 68°9 - 689 UL
T L'8= 1) 669 (T
ZH RS T PP)SYL

oprouszusgf4d
-1-mzexdid(Ayemdxoipiy)

960 07 0’59 ot it foa iy o7 AR AN 69051
RQMWM Mm M%MMV Mwwﬁw -z-1ozen{jAuk-z-doid-1Ayou
ZHW00) NN F, | L AEHAeenE N
HES 6T W
p Sy 61¢ (H ¢ W o9¢
-ECC(HTZHBL =
FPYLHTS UL | opruezuag(jA-1-uizesadid) — w0
oIy | 0€S OISy | v oyL-9e L (T ~p-(A-g-jozenpA-z-uk-¢ Iz,[\z...©....%o no AN 8904

8L'8 =7 P) | -ig(jAuagdoio|qo-p)-2)-p N i

s T s Wele (1
L) o871 ¢ CP-OSNG
ZHWN 00%) NN H;

(Hes 61 (H
ZH LY =PI 6TE
(H S w) 69¢ - 67°¢ (H
TZHRLS = PO L (B oprmezuoq(fA- 1 -tzeiodid) — N ] \\J\G
€51 06 RIS S AV S S A N y-{IA-g-[ozer(jA-g-uh-¢ xzf,l\z...@....% qu\f\__ L90"
SELHTZHRLY =0 "P) | -nq(AuoudoIond-1)-T)-p)-N S
8 (HT S 1¢6(H
1919) 9¢°21 ¢ (P-OSING

ZITN 007 AN 1,

WO 2022/063152

{s "HEIRR'1
8 By LT (s 1Y)

107 (8 “HID) 16°¢ “(5 “He) aprarezuog(jA oo . o
: . : €8°¢ (P ZH 7' L=f "HD) ~1-uizeadid)-p-Axotow - HN—( w/\ O
0T | ¥l U8 gors D ot g | e-(kpiozmmizuke | NN (N \Ff\“ 990€
Ce L1y L (P 21 §'8=f - g Auagdolo|go-y -4 - N »

T 99°L ¢ CP-OSNA
ZETN 00%) MIAIN 11,

201




PCT/CN2021/119801

WO 2022/063152

(HEL s ag) 08¢ (71 s 3g)
PO ¢ (HT S 19) 8L°¢ (1
S I19) 79y ‘(g W) €9
$g (HT Ui €9 - 0$°9

sprmezuogfjA
- [ ~mzerodid (JAMomAX0IpAY)

) 0°59 Us v AR e 9t RARAI 1081
o v e . CﬂF E.v xw o wo m m,m.‘m am,BNE&r.mmmw%m&@a%mﬁoﬁ o
SIQHLOLUHT S oCL | ([Kuogdosony-p)-1]-p]-
W15 19) 296 0 (oarn | IATHEOTE RN
ZHWNO0Y) dIAN H;
THE S) 6’1 (HI S pST
UL ZH LU =)
16°C “(FHI ZH 0'Cl= P 19)
60°¢C (HI ZH §6=/ P 1q)
O1'¢ ‘(HI ZH TTI=L P 19) apiuezuaq[i
coe Ty ¢ L e At
MWM MW _.m\wfm !owmm . MWM -1 ,Emm.ﬁ%gﬁTmﬁwﬂ,ﬁ.\mmo%%ﬁ
LOT 691 0’597 7 A ARSI 0L0d

W R - pete (T )
F6°¢C - 007 “(HE W) 08’9
- 989 (117 ZH 9°8= 1)
€69 (HZ Uy 6¢'L - ¢V L
(HZZH6' 8= P vLL
(H1's39) €06 ¢ (100D
ZHNOOY) SN H,

-z-10zemp[1AuA-7-doxd-fAqoun
-1-(jAuoydorong-)-1]-p-N

(HT W) €6'1 - 20°7 (HE
‘SyLe1 (LS 6s 7 (T
THLILTY=C W) 96'T
(HL W) 80°¢-917¢ (1Y
ZH 1= P v17¢ (HI
ZH 1= P I 07°¢ (HT
ZH L 1=0"pag) epe (HL
W oy - £67¢ (T w)
y6E - 99°¢ (T U 68°¢
-86°¢ (HI W) 86°¢C - ¥0'y

9

202



PCT/CN2021/119801

WO 2022/063152

A:

€861 (e s Ire
(T 18y ¢g¢ a? N:

89 =191, ‘(F 7w

apruezuog(jL
-1-uizezodid)- ¢ -(JA-g-1ozerm(14

657 168 1LY bo'l - 76 L (H £ W) £p -z-uk- gmg(jRusydosonyy €04
Sev LTSI LT A: P3P NCOIONp-9°7
18y o0ret ¢ Op-OSId
ZHIN 00Y) YN H,
(HE S) g6’ 1 (L 'S)
9S 7 (T 2l L7107 "¢ p=r
wyee T G ZH 8T =
PIOTC G FH P =S
Paq) L1 (HT ZH 8 [ 1=
P oye (HI W) epe opruezuagffA
-05°¢ L W) gpe - pye | -1-mzemedid(jAyewdxoipAg) -
CLy 097 0$or (MW} 16¢ - L5 (e AR I 74 LS
‘W GRC - 96°¢C (HT wy | -p-jozenp{jAuA-z-dord-fAmnwm
96°C - 70'F "(HE T vm; -1-(jAueydoonfi-y)-11-41-N \m\\

~06'9 (HT ZH 8'8= v
£6'9 (HZ ‘W) OY'L - S¥'L
(HZ 21 6'8=" D) @; N
(H1'$39) 9776 ¢ (100D
“ZHNOOY) YN 1,

(H¢
SHYOLT(HTSIQ) LT
(HT W) 987 - 00°¢ Em
‘S10) £7°¢ (HT S 19) 9¢°¢

203



PCT/CN2021/119801

WO 2022/063152

Wy /97 - 9Lz (U] W)
6T~ 10°¢ (HI a0 9¢'¢
SR AR S S KX S € 14
u) 0L°¢ - §8°¢ (H s ag)

€

apruezuog(jL
- [ ~mzerodid (JAMomAX0IpAY)

mn. 4 . v"nw nNM v,uuu n/w o . P N\
S I B %%mmm,, L | e ommApatg LLod
e bl (Hr o g | P A(ARAdOIONOp) Tl p)N
=P 6L ¢ CP-OSNG
ZHINOOT) AN H,
; (HeS1 061 '(H
817z e (0 18 o5e ——Ts
DR IWAFA WG KA oradid)c
) . i - = ) -1-uizeredid}- ¢-ozongip )
9 { #3% L- Lok ) oL Ry SRRy Sy SL0Y
S A nmwwmhmwwaw L srgirommairue | i o8
Us) soret o (posig | smdoomn- g | (T !
3 rn N £ . 3 HN
ZHIN 007) dINN H,
, - (H
€506 1 (H8STTC M N
1890 e (€ ZHY g = SprurEzuag(jA
: - rysrL-sriTw - puizesodid)-¢-osongip
R il CTL-TEL Wy W LEL | -9 (h-T1ozenp(id-g-ubg o
"% L TS H9) 906 UL | -Ing(iAunydosopyo-y)-7)-y N
'8} 50°el ¢ OP-OSNa
ZHIN 007) dINN H;
(Mesze T W sITre
(H1'8) 6c¢ (H € '2H SpIeZuOg(A
. B8 =L DYULTY | adidye4-g- oz .
90 96 (VA7 PUL-1CL H T W Ty L - hec - L0

S6Y LT ) €T
178} L0°¢1 ¢ CP-OSING
ZITN 00Y) YN 1,

-7-uA-g-mnagtiAunydorony
P3P N-OI00Ip-9°7

204



PCT/CN2021/119801

WO 2022/063152

66

(31

S} L9911 ¢ Cp-OSNA
ZHNOLE) WINN d;

(g 'sh 16’1 (it

W 7ET - byT (HE W)
€97~ 087 (HI W ¢a'T
~p0°¢ (HT W) LEE - 1Y€
(HI )61 (HZ W) ¢o'¢
=78 Y a9y oLy (g
W) §8°9 - 507 (1T 2l
68 =D UL (g U
OV L-15°L(HT ZH 8'8
=P} LE'L ¢ P-OSWA
CHNOOY) SN H,

apruezuog(jL
-1-mzerdid(JAmemAxoIpAy)
~Erp-(iA-g-fozengi(iA-g-ud-g
-ng(jAuagdooyo-y)-2)-p)-N

o
—

o

691

{(FIE ) 1677 (111

ZHO 1= D v (e
W 97 - 9477 ((HT un)
$6'7 - 10°¢ “(HT ‘0 9¢°¢

- 0¥ E (T S s
ZH 8= P L (T EH
71l =P 6L ¢ “(FHT s 1q)
697 (HZ ZH 68 =1 P)
€60 (1L 'Sy 1L 1y W)
LEL-6¥ L (T ZH 6'8
=[P} L6 L ¢ CP-OSIA
“ZHNOOY) YN 1,

oprouszusg(jA
-1-mzemdid(AmewAxopiy)
~E)-p-(14-7-1ozer(iA-g-uA-g
-ngjAuaydoiofyo-y)-2)-y)-N

v

pragn
o)
[l

it
AT

\ (e 's) 161
‘(T w) 8¢ - Ly (g

205



PCT/CN2021/119801

(11
8)op'911- ¢ (OP-OSINd
ZHINGLE) mEzﬂma
He
‘$) 761 (Y 9 €T Ty ? W/ NH
By 6T ¢ (HT ') ¢6°¢ (| opruspupydosi(jA- -urzesodid) }z/L
96°0 701 T8LY W e - 0L ((HT W) ~p-{{A-g-fozenn(jA-g-uk-¢ i 2 1804
Ty L-0SL(HT '8 19°L | -nqAueydorongi-p)-7)-#)- TN f\ z}z §
“(HT°S) 882 “GIL ‘W) £0°8 y s o 0
~CTgHIZHO T =1 'P) 7
TS (HT s 1) Ths (1
'819) 65771 ¢ CP-OSINA
‘ZHNOOY) YWN T

WO 2022/063152

(41

') 167911- ¢ OP-OSHWa

‘ZHIWNGLE) dIAN g

(e S 161

(1 W) gy'z - 67T (HE

WO ELT T8 G opruswzIo([4 3 [
) 66T 50 Aﬁm w) \Tw ¢ -1 -tz did(JATIoWAXCIPAY) A

0e's 98¢ 59 P WHTS IS EMHT | ol frhm i
W) pLog - pE (HL S 1) Qﬁww wﬁwwﬁé SN
oy Iz ZH 06— opy | PA(AuRRdODOr)-T)pN |,

$6'9 “(H1 '8} 01°L (0T ‘211
g =71 ¢ (1w
9¢°L - 61" L (T ZH 8°8

=1'P)86’L ¢ OP-OSNG
‘ZHNOOY) YN 1,

0804

2T
o={
7\
=
}%

206




PCT/CN2021/119801

-

(12

S)CITII- ¢ OP-OSINd
ZHWGLE) WIAN dgr

{(HE¢ 8) 06'1 (g "un)

677 - LY'T (HE W) €977
S8 HY W 6T - 00
(HT '8) v$7¢ “(FIT ‘i) €9°¢
LT ZHTS =1
ROy (HZ ZH O 7L =P
€99 (F11 '8) 912 ‘(71 W)
9L - 78°L ¢ Cp-OSNA
ZHNOOY) WIAN H;

opruezuog(jA
-1 -mzesodid(AmewAxop i)
-¢ }-4-0I00IP
-9°T-(A-Tjozerp(jA-g-uk-¢
-1 {JAnaqdoio|go-y)-7)-p N

£80d

108

(a1

SECoTT- (AT W LT
-- €L ¢ OP-OSINd
ZITINGLE) YN dg
{(F1¢ ) 06'1 "(T17 "w)
L6'7-91°¢ (1 W) OT¢ -
0 ¢ (H ) pog (g ‘un
£9°¢ - LLE (HT 2 LS1=
V86 T ZH 071
=Py 6L 9 (FLSY 89
M1 wyerL - oL {mn
WAL 6L (T W)
WL- 8P LHL W 1y6
19°6 "(HI W v96 - 18°6
(HI8) Loz ¢ P-OSIWA
ZINOOY) MIWN H,

opruezuog(jA
-1 -mzesodid(AmewAxop i)
~g)-p-(JA-7-[ozerp(j4
-7-uA-¢-ngiiAuoydoronyy
“p )T )-N-0I0NIp-9°7

OH

|m (% il

2804

WO 2022/063152

207




PCT/CN2021/119801

3

e}

Pa

:ﬁ
N

(He”
061 (HI W 60’7 - 91T
Eiaémm-ﬁm 5]
W) 7ee - 8 (H 1 W)
L€ - 7S¢ (HT 8)65°¢
‘11 W) ¢ge-79¢ Il
SIG) L6 T M) 679 -
LEO TS 6T L ‘(H p W)
LEL-9F L “(FIE '8 1) 67°8
(HT'SY $9°T1 ¢ COp-OSING
CHN 00F) WIAN H;

3
L

OpILIPZUSGOION{IIP
-§7-{JA-7-1ozeT{JA-7-uk

-¢-ng(jAeoydosono-p -7 )1
-NA14-1 ‘Eﬁmot\mmoﬁﬁm; )

s

WO 2022/063152

(az
BYGL 1T ¢ COp-OSING
ZHNSLEY WIAN Ay
(H¢ ') 88°1 “(FIT né

66T - F1°¢ (g W) £
- 78 (HT ) 9p'€ @
w) % ¢ - 89°¢ (11 "un)
QLC-SLCMHT P 16l =

L6 HT ZH 0TI

PYeLg (HT ZH 88
={PYLEY Qﬁ ) ZUL
(HZ W) 0¢°L - $€°L (HI

ZHO01=""un ::m 196
EM W Y6 - 596 (I
S Ig) pL7L ¢ CP-OSING

ZINOOY) MIWN H,

oprezuog(JA-7-1ozen{jA
-7-uA-g-ngjAuoydAxoyow
P4

- [ ~urzedid(jAgowA xo%\nﬁ

- ¢)-H-0IONJIP-9

OH

{ 2 S
Hi~—, Q/AN J_\o/
o N Dl NN A s
, £ Ko

(

208




PCT/CN2021/119801

WO 2022/063152

I W97 T- L7
7wy zee - 8¢ G 1 W)

. - -~ nm. a nm mﬁ: ) ; mu .
. mﬂm mww nmmmmom ﬁmm SPLUBZUIGOIONIP WH/ 4 mvizf
s ; P -0 g-{JA-Z-jozenp{jA-g-uk \ ey .
260 s ‘s 19} 96°¢ “(H T W) (€9 - , N g H 8R0¢
’ 18t ¢-mq(jAuoydoIoiys-4 -7 ) N, N X PV
WL8Y 1 oo (u1 ) 61 (4 b ) AUSHECIOMO- 7L )y —{ T ¥
L - gb L IIC S 1) 97°8 .7.:% [-urpronAdourme-¢ - / L Nd & 4
(H11 '8} 59771 0 Op-OSING
ZHIN 00t} dNN 1,
REETE))
06'1 " ) mo,m -91'C
I W97 7- L7 (0
7w - g€ ;ﬁ ) .
¢ :.WWNMM Mbr AMMMWHWW.% wﬂmﬂmmmNﬂuﬂo.ucﬁﬂmﬁ .
T g¢ nmm.%ﬁm ,‘ml o¢ (1 -0°7-(JA-7-1ozerqi(JA-7-uk 1808
pLgy | ol SO TR -£-0q(£u0ydoofd-p)-7)-p) S
810) L6 (T ) ¢ AN s
e (11 ) 611 (1 b ) -N-{1A- 1 -uprjonfdouie- -4
LEL -9 L (HE 5 59 8T8
(HI S poTl ¢ CP-OSING
ZHIN 00¥) WIAN H;
; (HE 's)
061 (HY WSz -917
e erg-Le7
P -~ - wegn kY N i _U
~ MENM. €-gt L M\. mb dmﬂﬂmmﬁga@mﬁ% j - / ey
e Tee SIS g 7-(A-7-Jozerg({A-7- () de_~ N
LST 937 rL8h (I 1 W) 6cg-79°¢ @ (g oo qo-p)-7 J.V S . 9804
SV s esc ez m ee- | ; Y
- . b N-(1A- [-upouidourue-¢i-p & J%\.“ L
S€'9 (HL ') 61°L (W b w) /A

LEL -9 L (HE S 9} 6278
(K1 '8) €971 ¢ (P-OSWG
ZITN 00Y) YN 1,

209



PCT/CN2021/119801

WO 2022/063152

L8]

0 ily

e sy 161

(11 W) Loz -9 (T
U 97T - 68T (F T W)
e e (T W sy
16°¢ ([ S pse (1 ug
CC e - 197 (1T s gl 98¢
117 W) 089 - 0p°9 (Tie
WL - 0T L (T T W)
Ot L 05", “(TIE 5 1) 678
(HT'SY $9°T1 ¢ COp-OSING
THW 00F) WINN H;

)1

oprpzuag{jA-Z-10ze (A
-7-uA-¢-ngi{iAuogdoronyy
POy N-OIOIRIP-9°Y

-{JA- T-wprouAdounue-¢ -4

0604

LLT

139

0'€6h=
NSS!

(HES) 16T

(HT W) 20T - 5177 (0L
EUNIAART A FAL)
CCC-IPE LBy Shg -
e ece (i w
§6°¢ - 19°¢ (TI1 5 1) 96'¢
‘17w 0g'9 - 099 (g
WY OLL- 0T H T W)
0L 0670 “(FE 'S 39) 8T8
(HT '8} 99771 ¢ Op-OSING
ZHIN 00Y) YN H,

apruezudg(jA-7-10Zenp{jA
-7-uA-¢-ngijAuogdoronyy
-y 0P )-N-0IONIP-9°7

-{JA- T-mpronAdowme-¢ -4

6804

B o HE'S)
061 (1T W) 60T -91°C

210



PCT/CN2021/119801

WO 2022/063152

850

ovy

(FIE S v8°T “(HIp ")
SCe-Th e (HI 'S 0S¢
1w LC7¢ - €9°¢ ‘(T
TH ST Sy (LS
1) 879 “(HT 31 069 “(HL
TH 98P 9¢L (HT
ZH 9'8= Py S L (11

'S 3} 9¢01 ¢ (p-OSING
ZHWOOY) WINN H;

oprorezuoq(fA- 1 -tzesodid)
y-{1&--10zerp(A-g-ub-¢
-G Ao o7 - T N

£o0d

617

Ipey

(g s}
v8° 1 {(Hy W) CCC - 7pE
(HT '8y 0S¢ “(FIT ZH 1'8

b= PP 19} 09°¢ (HL
S I s VRV § € S
1) 87°9 ‘(171 '8) 06'9 ‘(11T
TH 98P 9¢L (HT
ZH 98 =P oS L (T
S L$°01 ¢ Cp-OSNA
ZHWOOY) WINN H,

oprzusg(jA- 1 -uzriodid)
~-([A-7-10zerp{(I&-T-uh-¢
-ng(iAuogdoronyyo-¢ -2 - N

mw/
J IZ‘A/W
HN N N~

e/ o

7604

O 1Ly

(HE 'S) 16'1

(HT W) ST - vz (Ht
Wy erT- s T W)
[£¢-68¢(H 1B Shg-
1S (HT Sy eoe (1w
§6°¢ - 19°¢ (TI1 5 1) 96'¢
‘17w 0g'9 - 099 (g
WY OLL- 0T H T W)

O L -0%7L (HE S 19) €778
(HI "8 99°71 ¢ Op-OSA
ZHIN 00Y) YN H,

OPIIEZURH IA-7-10ZeTI{JA
-7-uA-¢-ngijAuogdoronyy
P I N-0I00[IP-9°7

~-(A- [-urprjonAdourae-¢ -4

160d

211



PCT/CN2021/119801

6l

OLie

PG STE T W) €TE

- €¢°¢ (M1 'S 19) 9p ¢ “(HT
5IG) 67°¢ (T S 1) LS°E
“(FI1 '839) R5°¢ (111 'S 49)
09°¢ (HL 'saq) oL ¢ (11
S ey (U 2H ST
PYILO LS 0T L

(Fp o) L€°L - v L (HT
‘S 7L8 ((HT S I9) L6
(HY s} zLz1 ¢ Op-OSING
CTHNOOY) SN H,

opruszusgf[A
-1-mzexodid(JAyswAxoIpAy)
~hprowonp-o g4
-z-1ozenp{jAuA-z-doxd-[Aqnswm
-1-(1Aueydosofyo-y)- 1 -4 ]-N

L6049

<=
N
et
ys

opruezuog(jA
- p-urzexodid)-p-(1A-z-rozemn(i4
~z-uh-g-ng{fAnegdororygn
“¥)-Th i) N-OIO[OIp-9°7

960d

"{HE 'S} 88°1 (HY

S} LR LS ToE 1Y
S}1S0¢ UHE ) €87 (T
THOR =/ PIT69 (HI
S}STL Y ZH 0T =1
W91y L T ZH 8%
= PY99°L ¢ (P-OSINA
ZHW 007) NN H;

opruBzusg{[A
--uzeasdid)-p-Axoyom
-¢-(14-Z-jozer(jA-Z-ub-¢
~Jng{AueydoIo o) 7)1 )-N

co0d

+

N

WO 2022/063152

—
o
T

69y

oprouszusg(jA
~1-mzeadid)-p-orong
-Z-(18-g-jozenp(jA-Z-ud-¢
~Jng{AueydoIo o) 7)1 )-N

P60d

212




PCT/CN2021/119801

‘M1 ZH T P19 89T
(T W) 18T - 687 (Ut
W) 06'C - 967 (HI ZH
CTI=CP A T (HY 2l

T D 1G) 9 ¢ (I 'S aprarezuog[iA HO
i c)“.. m, p mv ap m, (H1 .:v -1-uizesdid(JAgowAx0pay) b 4 s 4
. e 76¢ (HZ W) 69°¢ - 9L°¢ Tt 1102 oo 7 HN w/ e e
790 0¢ 010/ CHT S 30 14t (4L 7H tly-lid-gjozenpliAui-g w el S NN A 6604
, ’ v A -doxd-Amen- 1 -(JAueydoiong Ml e 0 !

U¢T="P 1) £$°9 (¢ W)
OUL-07L (T 21 8'8
o= PP vyL ((HT W)
VL -8y L e (p-OSING
ZHINOOY) WINN H,

-7} 11-p1-N-osongip-9°7

(HE ) 06'1 (1 2l
€0T=f"P ) TO¢ “(FIT ‘W)
80°¢ - 07 ¢ (H W re -
PE¢ (HT ZH 0°C 1=/ P 3Q)
LyE (Y 8 660¢ (T w)

9¢°¢-79¢ (HT ZH 11
L=l PP g pLE (HT
TH YIS P I €8¢ T
SIQ) CTY (T ZH S 7=
‘Pag) 129 ({1 S 0TL
(ay W) gL - 08, (an
‘s 1g) $8'8 (11 'S 3g) 1576
(HY S} T4z ¢ Op-OSING
“ZHNOOY) YN 1,

apraszuogfid
-1-mzerdid(JAmemAxoIpAy)
-g}-p-osongip-°g-14
-Z-1ozemp[jAus-7-doxd-fAgioun
-1-(JAasydoropio-y)- 1 1-F1-N

8609

fand
r~
=t
ys

Tt 07

3 (e
o6l (HT FH CTT=r
Py co¢ (T ZH '8

WO 2022/063152

213




N

PCT/CN2021/119801
=3

—

6O'L - €8 L (HT ‘) gy L

opruBzusg{[A
-z-tozengp(j4-z-uk
-¢-1ng([Aueydoronyy-y)-2)-p)

et ~1STLHL ') L97L "(HT | -N-osongIp-9°Z-(14-p-jozeiAd
‘S 1) 8671 ¢ (9P-QSINQ | H IIAWRw- [-oule-C)-p
ZHN 00v) MAN H;
OPITIRZUSGOISNIIP
-9‘7-(1&-1~mzuiodidiAye
0L Is -Uy-(1A-7-1ozerp(iA
-7-uA-g-mg{jAuogdorono
PITEN
- (HE'S)
8871 (HI ZH 1°01= P 1q)
10°¢ (HL S 9 €1°¢ (1Y .
w) re - 7ee (HT W) optuezusqfjA
Iye-6p'e (11w 9¢g - -z-jozeiqfjAud-g-doid
aeie 19°¢ My sh gL e (He zH | -Aypw-1-(AusydAxoyom
[¥ L

v TI= P A 1409 ‘(7T W)
$8'9 - 069 (HI S} 11°L
(7 W) oL - seL (an
s} 288 (F1 ' Ig) £6°6
(HY S} 1421 ¢ Op-OSING
“ZHNOOY) YN 1,

- pl-NTA
-1-mzerdid(JAmemAxoIpAy)
~Ti-p-010nIp-9°'7

WO 2022/063152

(HE'S) 0671 (L ") $5°7
S 19T (I W) 1977997

214




PCT/CN2021/119801

WO 2022/063152

1€°8 - LE'8 “(H1 W) 6£°8
- 608 ‘(HE ZH £°6=D

OPIUBXOGIBD
-¢-0[0ZRPRIIZUSQ-H | -[[4

cLov ) 29°TI (HL FEV 0.2l -z-1ozenp{jAuA-z-doxd-[Aqnswm 901
S06°TL @ OP-OSING | (1 tuaydoropyo-p)-T-v 1w _%___
ZHINOOY) WAN H,
(HE ) zo't "(H1
Yoo e (HI S LTL
(HT W) 8¢L - Ty’ (HT IPHUEXOGIED L o
“w LT oS ~C-BIOZEDIaIZuSa-1Y 1 -[14 .../ m =y
Loy 1q) Nv%w mmm ﬂm%wws ,m‘wwﬁwimﬁa,m,mﬁm@maﬁa oK %\«....Y% s , P018
(7 W) oc'e - 08 (17 | - 1-(Kueydoropyap -1 1y -y i
S (9T ¢ OP-OSING
ZHWO0Y) NN H,
HEW 261 - $0T
(HI S)66'7 (HT S)
Py (HT M 6'9-90L | opruezuag(A-z-jozugi(jA A - M
- . o (U1 Y91/ (-7 W) -z-uk-c-mng(jAusydozong N SN T ]
I A B R T R AR 9 or ﬂﬁoﬁwiqwm% Ly R roig
= n@v ¥6'1 pﬁ.ww nmw 18°¢ ampﬂmmﬁ.~>mm AU EEOEWQEYWVEV \7% o 4
‘(HT 's) 87°6 ¢ (AOSAD
ZHIN 00F) 9N H;
(HE
YL (HL ) L6'T
‘(1 S) co'c (HT ZH opraszasg(] \m;f“
. ) . 9'8=/"139) 10°L “(H1 “1ozRIRd 17 [-0IpAIp-£g-0%0 .
176 | 6¢1¢ 08y ~g- AU 7 ) p-(A-Z-[ozet(A co1d

‘s) :.,\l
Hb ‘01 1S4 - 09°L “(HI
:a LE'L® ﬁ@ D
ZHIN 007 WAIN H,

- m..drm_. ¢-ng{jAuoudoronyy
P)-TIp)-N-oIONgIp-97

215



PCT/CN2021/119801

WO 2022/063152

(HE S) £6'1 “(H1

8} $SC(HI ZH O T=

3 WM

Ly'L

‘(11

YRUL(HT ‘w) geL
P L (HZ W L -
(HT W 6SL -l L
THYPL S8 P i=f
‘PPP) v6'L (H1 W)

216



PCT/CN2021/119801

WO 2022/063152

(rea
TL='P)SST I b 'S g) 4 mJ
O1°¢ (0§ W) pS¢ - po'¢ -
‘ ) SpIXEZUaa{ A~ 7N HN—, _
H 70T = a3 6L ..ENM&%&.%MQME% HN N~ & A IAZ\J\
. o ceop | HTTHOT =1 Pa) ok ozs e/ A== g 000
" S 6L9NH IS Le9 (g | 2o Y P t00.
et e 1oy | R(Ape(jAusydolopyo j
2T 67L (T W) L TDIN {
SLEL TS ) eve (1 R )
1°839) 2971 ¢ (P-OSWA 1o
ZHIN 00%) ¥IAN H,
(e
ZH L= P} 91 (Hy W)
2SE- 79 (Hy ' aq) o'y opruezuaq(jA 3 8
4 ) CHZ ZH O 1=t D) 6L - 1-urzeradidy-p-( A SN 4T HN— | =3
€30 ip very | JHTEHOTISIP LY ) -ruzmedidp () wN N—C N Q 7000
(H178) €6'9(HS W) 117, | -g-iozenp{fApajbuayd Nl N % ]
SGeLHTSIQ L6 (HT | 1P N-CIONIp-97 4
'$3G) 7971 ¢ (P-OSINa
ZHINOOP) YN H
R A R —
WM ‘m‘ nﬂ > B . e -1-uzemadid) i
(HZ2ZH 0T =P Ig) -OIONIP-0°T
65°0 Lt L8y 8L'9 ,ﬁ,w Jw R.,w ﬁﬁwa {{h-7-jozer (A7 0k 100D
%wr .\ww\r,mmﬁm?w@ e 6| -cangfuaydosopys
1178 LL°T1 ¢ OP-OSING p.w\wsmwzﬁvnz
“ZEHIN 00%) YN 1T .
WU 0621 e
00y
Kpsse %mme WWMW - SES A MIANF QUEBR] QIRIONIG (If 'wo)y
AN ]SO

oy Fuisn 7 pus £7°77 17°07 oduwexa o ompascxd oy 03 snofojeue pozisoyiuls cuom sojdurexd Suimoljo] oYL (9 JjquL

wowiSeyy fuipuodsornios oyy pue sorerpaundiul Meudosdde

l96¢]

217



PCT/CN2021/119801

WO 2022/063152

(HE®06T
P W) 64°C amﬂﬁ
LSy p<e (1 v W) gg

oprmrezuog(f£~
-1-mzexodid)

. - 09°¢ (H18)9L9 ?: ‘s) ~H-OlONEP-9°'7 7N o
ore o1 VIS o a1 ) 07 L a pw) | -(ih-grozenp(i-g-ak | TN L0809
SCL-SY LTSI Ire im-uém?oaﬁo%
(160712 p-OSNA FrT N
ZHW 00) SN 1,
(11 ¢
verEIwwTEy SPIIEZUBG([A-|
VT Wy VoL y | -mzeedd)ip-on0ngp L Yy "
£¢7 52 A% vere gz (i1 | -9 7-(A-gozenn(ifn N j 900D
oL TP LT | edopis(jAusydowosg
Pyl ¢ Cp-OSING Pl 1PN
ZHIN 00%) YN H,
(H9 8} 291 ‘(v W) 2r¢
-07'¢ ‘(1 vy W) z8¢ sprurezuag({A
~85C I P oo A, M -uizezadid) 4
. _ X S} 6L T W POL - ~p-({A-Z-10zenp{14- TN T .
89°0 9 [ 1 MM o @4 Evrc vwo iTLY AMQM%M%SEM%OM@W Z/ ..... \Z\A«H/ 5000
ﬁmis 6 (118597l 4} Y
¢ Op-OSING ~TI - N-0I0NHIP-6'Y
ZHIN 00F) YIAN 1,
o HES T
(HT'S) v8's (T a‘v@\.., y -Lurzeidid) .
: : e y -p-(A-g-Tozerqi(i4 /T HN \
99°0 7 TELY | -6L'S E 3 86’0 (HT av ~z-uedosdiAuoyd IZ/I\zO ..... { 700D
Z - g1 ({7 W) o <
~T-AXOIOH Y

8L @: S) 9v'6 :ﬁ
1)yl ¢ (P-OSINA
ZHN 00%) WIAIN T

~1)b)-N-OIONFIp-9'7

218



PCT/CN2021/119801

WO 2022/063152

(Hesioe 1 (Hewoly

-8 7 T W) 10 - €1¢
Tz wore-o0ee (1
U oY 6P T T 5)

oprmRzuag(fA
-1-mzeradrdidyiow

)
. . RS 7 W) 00’y - 60 - OIONIP-9°7 7N o
or'l 9% . (18609 (0 19 289 | -(A-c-ozmpQigul | A 010
1108 ‘Wisrize e wees | -gmg{ilosydorop
-y L T ) 9670 PN
(F 1) 64771 ¢ Op-OSING
Nm;“ 83 NN H
(HE S 06T “(FIE B vL'T
iy w) f.mg.m Hz %@m@mmﬁ
W TG E-TH s (HI S vee -1-mzexodidiAyiow PN 10
0L'0 L (HT W) 99°€-9¢"¢ (HE ~i)-p-0IONIP-9°7 VARV xz[A/z\ \/\U\ 6000
Froe | FHTTI=CPIYSLOHL | -GAiozemA-g-ad N = B 1
- SYOUL MY ) iy opes | -gomgljAuagdosogs d I
(1T sY oL 7 0 Op-OSING T PN
FHW 00F) WIAN T
(resiesl
e wyre-61¢ (M apruzusq(j4
1'8)$¢¢ ﬁ W) CSE - - [-urzerodid) A 8 D
[4RY S L8y @mim 119909 (1Y) : ~0I0011p-9°C TR leA/z\m Q 8000
- . LG T v YL H p ) | -(jA-z-jozenp(jA-7-uk S N\ D 7 .
9¢'L - 9p L (H TS I9) [pe | -c-mg(jhuogdosopys E i

W 1syeLzy e Cp-osSNa
ZHN 00%) WIAIN T

GFO I N(S)

219



PCT/CN2021/119801

HES 7T
My Dolg(Hprgre

e eresige

oprmpzusg(jA-1
-wmzeisdid - p-oIongp
9 (A-gpozenp(4

WO 2022/063152

Ll nfm, 5 39) 20'

‘WiseLgie eﬁcﬁza

ZHN 00%) WIAIN T

NS

611 £l . e Mv PL(HT S w €L | 7 umdordAxoyeu 7100
U1 | UITPILOL W TP 8L | 1 ocdoong
(F1°5) 0871 ¢ (p-OSINA T bIN
ZEN 00T ) NN « -
(HE 8 €91 \
: . opraszusg(js
%Ew LU NWBQ? 8) <€ T~ - i-mzerodidpAgiom
ey gee oy’ J m, ~p)-p-010ng
. A i P} p-OIONGIp e
o'l t6 (T ) 03°¢ 1z ‘2 71 = RS S €102
e (D) 999 “(HIT ) 63°0 (s 9 7-(JA-7-1ozRIp(]
i w:: p M /- wm‘.‘ ; mv, ?@w@@& mw -z-medozdiAusyd
SLLTVOL S VEUBIA 7-EXOTI0- 1)1 )1
“ZETIN 00%) WIAN I, CAXOWSLTIN
(HE'S) 10T (HE
Sypor iy D gLy opruEZusq(jA-
VYU {HT W) 0PI e -wmzeisdid - p-oIongp
Chl 8/ (1T .3 CREMHTZH T = | -9 7-(A-7-Tozerp(fA 710D
L8y EP 199 HISI 689 (HS | -z-uedoadjduoyd
W RULCTLY PrOSWG | T AXORS- [-p)N
i:z %i HIAN 1,
(Hesioet(HewoLz
"T8THT W) 10 - €1g )
(017w 07°¢ - 266 Gl spruezueg(jA
W) b€ -6b¢ (1 1) -pruzeredidilypow
o ‘ 95 ¢ HZ W o0y - 60y ~)- - OIONFIP-9°7 o
2} ¢ e
i i 1108 (H1° X L9 H 1SRG | -(ATozegii-guk Hoo
Tl HIIWCLHy W n: -¢-ng(jAuoydorop il

220




PCT/CN2021/119801

{(FIS
©) 191 {1y W) 90'¢ - TTE
(HE sy oz ¢ “(HYy "u) pi'g
- 06°¢ (T 9 pRe (T

oprmrezuog(f£~
-1-mzexodid)
-~ (14-g-1ozenp(A

WO 2022/063152

TH =PI OTLHT ZH
8={PIZrL e P-OSNA
ZITIAL 00%) YN T,

odopoAo(jAusydotucig
Pl DN

o W ZL9- 69 (LS 8o | -pruedosdifuoyd B
ISLy S W L - 1TL T ~7-AXOYIOU- | }
U €TL - 67 L ¢ CP-OSING | v N-oIon[Ip-9°7-(S)
ZHW 00F) YN H,
{(HE ') L9'T O
. e . opraszusg(js
ST | it
3¢ 9 (T pR's (W) 0979 mmm%mmwww%w L102
PR | e ot e oo | SO0
N 000 AN L, | PN 9T (D)
(H € '8) 691 (1 p )
cre-sle {H AR SpIRZIRG([A- |
qu M: mw m) ,%M wm MM M %C ~uizesodid)-p-orongip
91 PP a0 (1) 6o | 9 TUST T 9100
AT ~z-urdordLxoyiowt A
Fros | LMWerL-TrLie -1-(1&usydoopyo
60L-vEL(HT®) 686 TN
(H 1) v9°71 ¢ Op-OSING s
FHN 00F) AN H,
{Hy ZH
§={P)zo 1 Hy S 10T apruzusq(j4
(HE ™) 21Ty sy see -1-uizezedidiAyiow
997 p ™SI (HTZHTL = | ~p)-p-030npIp 100
” 195 £P)s99 (HT S} €0l (e | -9 T-(A--ozemgi(il i

221




PCT/CN2021/119801

WO 2022/063152

(H 681 (HT W ‘
I RE m né we opturezHag((4-{-u
—gscH IS Y ese (™ exodid(jApeixorpiy

LU Yy - 1S P H T W | -DFp)-p-010n)ip-9'7 /N e
88l )€9°9- 199 H T 8IL | (A iozemp(i-z-uk e
,;3 w) 65°L- 7L (1 -g-ng{jAuoydoropy
8 °19) 89°Z1 ¢ (P-0SA Y0 7-N-(8)
ZHIN 00F) SN H)
oprIBZUIg([A
-{-mizexodid)
. -t~ (18- g-jozerg(jA-g-u o
60 vy edoxd{jAuaydAxoyew - 10
- -7-KXouIow
“1 ) N-0I0N1p-9°7
(H€'s) vo'l aprouzusg(jA
Ry 519) 61°¢ (1 ¥ ‘o) 'WE&EMMW
L5E-79e(H 1) €9°¢ e
. . B -P-CIORIIP-97 | N
83 we -y | TOTEYE a “ 0700
% M Mw M M ﬁ MMOW Nvm\mm -emg(iluoydosopgo-p) | _,_
-7 p-010ru0-C NS
ZHIN 00%) WIAN H; T 0106 NAS)
HESIpe'l o
spraezuog(iA
My'sere My mw -W:Na@%mv
mm% wwwwmw \» m Mww p-010n1p-9'T /4 105
e R Vel= ¢ -(J&-7-1ozenp{jA-7-uk 210
(H 5 S) 1bL (0 2 9) 916 (1A-Z-1ozerp(jA-g —

WS LosLe CPOSNa

ZHN 00%) WIAIN T

-¢-mg(fAusgdoioyo-}
o106 N-(Cd)

222



PCT/CN2021/119801

WO 2022/063152

(H¢'s)
wfrﬁﬁéﬂ.\ ?
(1€ 'syors (v wos
-6 C (M T W) 9L7g - &m
WIT2HOT =1 é 819
M1)660° mc 188
=P Tr (H 7 ZH '8
=r'prees mém
(H 1) vy Nm m (p-OSING

TN 00V) WIAIN T

9

opruszusg(jA-|
-wmzeisdid - p-oIongp
-9'7-(A-g-fozerp(i4
-z-wedordAxomam
-1-(jAuoydororgs
VT NAS)

ST

gel

(1
€S)e9 T (Hpy W ere -
07g ,:m m £ 97°¢ (41 v )
$5°¢ c(rgwgL¢
- L8'C Em IHOZI =P
2.9 (1 1Sy 669 (1T T 21
8 =P T L {07 ZH¥']
= PCCLT S Y6
‘U118 9721 ¢ Op-OSNA
FHW 00F) WIAN T

oprmpzusg(jA-1
-wmzeisdid - p-oIongp
-9"7-(1A-g-[ozeryi(jA
~z-uedoxdAxompom
-1-(jAuoydororgs
-0 p)-N-(0)

Yo

09

0 1es

Hesios 1
9 ‘un) 07 - ¢ (b )
STE-see (IS Ece
(HI s "1 09y ‘([ 7w
Y799-¢L9 (H IS 6L
(1w oy L- 05°L ({1
s “ag) 89°71 ¢ (P-OSING
FHW 00F) WIAN T

opraezusg{jA-1-u
1zexodid{fApaAxoIpAy
L) - 0I0NYIP-9°7
~(JA-Z-1ozerp(jA-7-uk
-¢-myg{jduoydoioiys
YIOPINAS)

\ N (N AT

HE—

A4S,

223



PCT/CN2021/119801

OpIOIRZUOG(jA-1
-uzezodid)-p-crongip
-9 C-(A-g-[ozeip(A

WO 2022/063152

505 8¢l L ~z-urdordLxoyiowt 620
-1-(jAuagdorore
VIO PIN
opruszusg(A
- -mizesodid)
s . -p-(JA- [0z JA-Z-u o
$6°0 88C ¢ edoad(jAuoyd xomom 820
b -7~ AXOTIT
“1 ) N-0I0N1p-9°7
- {HE')
COTHY S TUC(HES) apruezasg(j4-1
o7 ¢ v '9) 19¢ (¢ w) | -mzesedid)-p-omonyp
. ‘ LUE=SEC TP PLY | -9 T-(QA-gjozenp(ia oy
ot ool €168 | W89 (T ALey | -g-uedordixopan e
=rPIvlLHTZHSS -1-(jueydowoig
=Py yyL e (P-OSWA “BFTN
‘ZHW 60F) SN H,
(Hy w791
(H 1107 Eﬂm w0 —
(H 18} ep'z*(H ,Ew?,um&.v, -OJONT
P W) 9T (P WS | TR
£5°C LEY . L ) -9 7-(JA-C-1ozer( 1410 9Z00

72268 =rpPive
HISIPL T Wl
‘M7 Wy zy L ¢ Op-OSIWa

CHW 00F) AN 1,

odoroAo{1Aucydowicag
Yr PN

224




PCT/CN2021/119801

WO 2022/063152

SPIRZUGA-]
~mzesodid)-p-o1ongmp

-9 7-(JA-g-1ozenp(i&

HrE e Pels -g-uk-g-ng(jAa £e0d
syd{Axoqiomoionip)
FITHEIN
(g *s)
v 1 “(1IE ) L1°7 (HY W) sprurezuag({A
LETOVT Qe Sy oT e (1Y | - -uzendididyiou
: . SYRTECHT S I T | vrp-(is-zrozen(iA o
S0l L6¢ I8y | THOTI =1 P) 999 (G ~z-uedoadjAuoyd €00
8} 689 ‘(IS ZH 095 =1 -g-Axoyens
WY CLLLTL e P-OSING | - T p)-NFoIongp-o'g
ZHIN 00%) YN H,
(HE
THOT =Y S0 (HE
) vo1 (P8 LTy SPIEZUG([A- |
S} LTEHT ZH 091 = -urzexodid)-4-o1ongp
99°¢ o sigp | I DTEETS v HT | -9T-(0ATozenn(A 1€00
=e ZHOTL =PI 99 (HI -g-uedoxdjfuayd
SYepg (S ZH oRY =1 -L-AXOGIR- 1y N
W 7T LPT L @ OP-OSING
FHW 00F) WIAN T
(Hy 8) 1971
Wy ) 707 He ) L17 apruzusq(j4
(Hy 9 9¢'T “(Hip 8 9T'¢ -1-uizezedidiAyiow
., M ZH QT =P 999 ~§ } - OIOTIIP e
002t OLLY U196 | (U9 0L (T ZH 08 | -9'7-(A-g-oreng(ifu 000

=P CTL T TH 08

=Py L e CP-OSING
ZHN 00%) WIAIN T

odopoAo(jAusydotucig
Pl DN

225



PCT/CN2021/119801

WO 2022/063152

(FIg 8y 881 1y s
Wy ere (g sy iye
W) zee - 98t e S 7LE
HZ ZH 1TI=L P 6L'9

opIUIRZISg
~1A-1-uzezodid
-p-[14-7-tozenp1Auk

81T LY s (HZ 21 06 P} L8'Y S 9¢0
B R LA L S IR o s SR
PITELIHT WD 88 | 111 osonpip-o '
(1 's) £ E% OSNG : :
ZHINGOY) AN H;
WES 061
My saQPsre(HLe
o N ww A3 oprmrezuog(f£~
Wrwoe e U eaaey | ] P
650 61 L T LR L epomaarus | v ) LN cE00)
Uiy H £ WIeTL - 60 m mw -¢-mg{fAusydorong-1) N/ G m_
6V L- 661 (TS ,émm..,m T PrN-OIONGIP9T ; i
M 18971 ¢ BpOSNa
ZHIN 00t SN H;
{6
CS oo Ty s ore
GL L) £6°¢ (1 b ') 29°¢ apruzusq(j4
P e HT ZHCOTL =1 -1-wzeradid)-y 7\
17T Ot - PIQY LG W OTL - | (AT ozerp(jA-7-uk xzxi\z $E0D

60'L (HTZHOP'S ‘168 =

PP L (H 28 39) 8T'6

M 18971 ¢ BpOSNa
FHW 00F) WIAN T

-¢-ng{jAuoydorong-y)
TP N-0I0NGIP-9°C

226



PCT/CN2021/119801

WO 2022/063152

(HE ™s)
L8771 (S ) 681 ‘(b1 )
01°¢ - ¢7°¢ ‘(1Y W 76§
-C9¢ (HZ TH £21= @

sprarezusg(j£
-1 xﬁmﬁm%&
-H-CIONIP-9°7

9¢ - 849 (] LY 00
8T ¢ T 7109 Kmm‘.w\ Axwmw \.\vﬁ‘mmﬁﬁwﬁm -(j4-7-10zerqiJA-7-uk 6£00
SULTUFL WHC IOV L e ad(Aucydosop
- SF'L (HT '8 39) 6 (HI TN
‘s 1) 9£°71 ¢ (OP-OSNG ¢
‘ZHWNO0Y) SN H;
RGH
€SITOT Hp S LTE
Hy W) esc-€6¢{H aprarezuag((A
1) 19¢ (HT ZH SOl o '
PP LYWL | vﬂmﬂmwmw
zLo Ll osos | %M wawm mmﬂmm RMMAW - fozEr (- g-uk 3E0C
PP THL U L ZH 918 o aondoson
el Mg | EORMOPROPIN
L ML
(a1 9071 ¢ P08
ZHIN 00%) YN
(H
€916 My s Lie
Wy w0 o9e-087¢ (1 apruEzusq(A
SYzoc (HTZH 91T = A
‘ -1-mzesodid
P 6L9(N L) ETL M| mom%@%ww
R T ‘ —_— e ) ,\«.C P
€T (sl 0°c0¢ UZHIET OV 8 =0 PP} | oo ozpnn(ih--uk L€0D

8T L (H 1 "ZH 17 5801
=PRI LT TH LTS
="V 95L nf [ERCIEYA
E 1Y LLTY ¢ OP-OSING
FHN %3 m27 5

-¢-mgpAasydosonyy
~COIO[I YT PN

227



PCT/CN2021/119801

WO 2022/063152

o

(HE 's)
06'1 “(Tiy S19) $1°¢ (P
‘Sag) RSC (HI B 9Ty
(HTZH 121= P LLY

OPIUEZUIG-1A-]
~mZeIodid- p-oIongp
-g'7-[1A--ozenpf [ AuA

190 101 LAy S L Y W) 1L -g-doad-gAgpou cvo.J
- Ly L T S ) 7806 T -1-(jAusydjuiyzo
819} 9,71 ¢ (P-OSING 1PN
ZHNGOY) WIAN H,
REETE))
981 (1S ') 97 ‘(i ) opIreZuog
SLT-8LT(H9 W) £1°¢ -{&-1-urzesodid
N -p7 e (LS ope (1T ~p-{1A-g-1ozenpffAul .
o0 L 0'LoY ZH 9 7I=P) b9°0 (Hig ~z-dosd(3y0) 1700
WL - €1 T Tl -d)- [-idpow
1'8=4"P) gL ¢ CP-OSING | -1]-pl-N-0os0nIp-9°g
ZHINOOY) WIAN H;
(e 8)
8877 (HE 9 e Uy oprUBZuSg
63T Qw.m “(Fp “u) w? .mm.e.awe@ﬁ
" : ~6¢°¢ (HI 's) Ly (HT -p-{14-7-[ozenpfjAul .
Lt 6 0LOv | ZH pTI=r P Q) 14°9 (1ig ~z-dosd(3y0) 0v0

W) LO'L-91L T Y
8=/ P)OEL ¢ (P-OSNA
ZINOOY) MIAIN

-d¥1-1Amowm
-tlpl-N-osonpp-9g

228



PCT/CN2021/119801

WO 2022/063152

GERSEIRY
170 1 W20 - 670
T W Zro-6v'0 (1 M
W iCe -85 (e Ty
1w 9b'1 -¢671 Am

<

opruszusg(A
-1-wzexeddy-4

ML ; 5 0
o'l - pUSIQ) O1'E (b W) 6p'e | -oonuIp9T-(5-Tio | |/ ran it Q .
7 oS L -9CHTTH Y = 1P | zerp(Aefidordopodo R o Mw\ T
L9 IS prL e | -1-(Lueydoloryo
B8 =7 ProzL (H T W) PN
6T L - ﬁ. LHXHT819) 976
(M 17919721 ¢ CP-OSWA
THIN 00%) HIAN H,
(1
€856 (Hy 919 81°¢ R
Gy wese-seearry | et O%
09°¢ (1T 71 yT1=1 D) o OIONI-0T N
Sl €T NS w\ﬂ@ wm M m“ i \L @M z° v |Am\mxNumONw:WQ\m:ngm P00
[EL-8CL(H 1 2H 8'8= e
\»Mm Q AE 1 _,, @ b1 W ~c-mgiAusydosong 1
G119 oL 71 e Cposwg | TOTPITIN
ZHIN 00v) AN H,
e s)po]
) 811 .
Mm m\ mm\ MZM : cww mw.ﬁ,v oprwezuag(j~
M c W o NJ, ‘0 é -1-uizexdud)
g/ gy . -{-0I00{IP-97
Ly 687 c0s L@ ﬁm Mv Mw \M mm w wa (A-g-jozag(A-z-uk £r0D

V9L HTSI9I816
nE M $Y¢Lzy e Op-OSNa
ZHN 00%) WIAIN T

~¢-1og(jAuoydoionyy
~7-0I0[YO-#)- )7 )N

229



PCT/CN2021/119801

WO 2022/063152

(g s}
88'1 “(Tiy 531G} LO'C - 91°¢
(1 s} ov'¢ (HY W) 7¢°¢
- g9'e (g e 1L¢ (W)

opraszusg(js
~1-mzeradd-+

1w gL ST E b )

QTL-LELHTSIG 16

W 180071 ¢ BprOSNa
FHW 00F) WIAN T

-1-(jAuagdorore
PN

o o e o -(A-g-1ozep(A-7-uk N .y
ivo 91 ) MM\W AMWN« anﬂwmwhnr‘mww}w\w& ..M.wﬁﬂﬂ%ﬂ@ﬂ&%%&ﬂyuﬂm IZ/ ..... .\Z PO
t8b LTL-TEL (T S 3) 56°6 A
(HI'S) SL'TT ¢ Cp-OSINa B2 R
ZHWO0P) N H,
(A7 8) LL'1TT- ¢ Op-OSINA
ZHNGLE) AN dg:
“(FE W) 18°0 - 88°0
(L) pie-¢7z Hi sprarezuoq(jA
‘W oS T-0v T HY S LS -1 -wizezodid)
e (Hy 1) £5°¢ - %m“ﬁ:q -~ OIONJIP-9°7 e
9L el 1108 $) 19°¢ ‘T ZHOTL = | -(4-g-1ozenp(A-¢-uk Lv0.J
£pygLe s 1L e | -1 wed(jAusydororys
w) @ms ~ L (HT ;5 Pl PN
€yl -6t L (T S €7
(1 .& r, ie %Qm?a
ZHINOOY) WIAN H,
E ¢ é
e LLE ﬂ,wmw %vwmm :3 M% rowonp T 9v00
- = THES S -z-1ozerp{jAysiAnsyd >

230



PCT/CN2021/119801

(HE "s) 06’1 "(HI ) 86T
(HY w60 - 2y (HY
W) s - $9°¢ (HT ZH
QI =7,"PIQ L9 (HT

aprurezuag(jA
-1-uizeaodud)
~-0I0T{JIP-9°7-([&

WO 2022/063152

6L 0 €Ly W67 L- 68 L (HT ZH | -7-1ozexo(jA-z-uk 10
08=7"PIYRSL (HI | -¢-mq(jlucydaropyo
) 9L ¢ (Op- AOEAD PPN
ZHIN 00%) 4N H|
(H
ES)pa 1 (HY s Ev 61 aprioszusg(j&
Hyw)Lee-79¢(H M -1-urzesodid)
S)E9eHT gm = ~{-OIONIP-9°7 0500
I'res PIg) 89 Wy ) 1pL | ISz1ozenph-z-ul -
“HzsI)eze (11 -¢-myg{jduoydoioiys
SIQ) LOEL e OP-OSING | O ORMSN
ZHIN 00F) dIAN 11
(HeS)po'L (H ¥ s 1) .
mmm “Am .W uav hmm - N@m vﬁwEﬁMGuﬂQ}
N i -1-mzemdid)
(H['S¢9¢(HT7H p-orOnIp-g°
rize | PTE=CPIERSTHY S | oo enhpuk 6700

1L (HT S 916 (H
[ '8} LO°€1 ¢ OP-OSING
ZHN 00%) WIAIN T

-¢-mng{jAuoydosofyo
“PI T prOI0IB-C N

231




PCT/CN2021/119801

WO 2022/063152

el

147

¢OLY

{(HE
S} L6°1 (HT SYOTE (Y
W 7EC - 6¢°¢ (HY u)
65°¢C-$9¢ (HZZH VT
=P Ig) 9.9 (HI &)
LCLHT ZH Y8 =1"P
QoL (HT ZH Y8 =7
PG TS L e Cp- AOKAD
“CHIN 00F) AN H

aprarezueg(jA
-p-wizesodud)
-p-0JOnjIp
-9"Z-(JA-7-1ozepi
Hi-(4-ul
-g-mg(jAuegdoroiyo
PrOPIN

H
A N o)
HN— | = /ﬂ\
HN z\? N A M
4 i

860

232



PCT/CN2021/119801

WO 2022/063152

£81

(H¢

)76 HE S 0T
HT W) p6g - 86°¢
I D90 - 60°L
M ZH S 6= [
Py L (T ZH 'R
= {1 6S°L (FI1 ‘8
y1 Tl ¢ CP-OSWa
THW 00F) YINN H|

sprweise([S-g-fozenp(A
-7-BA-g-ng{fAunydorony
-{-0WoIG-)-T )1 N

£00d

961

iog

(HES)CRT
e
IS)epe (e
1L T ZH 8
={PIog oIl 19
669 {HZZHY'S
={PIog LTS
$1'71 ¢ CP-OSWQ
ZHIN 00%) SN H

apragieor(jA-z-jozern(i4
~7-uA-¢-ng{jAnsydAxomsw
VI PN

200d

107

06ct

{9 ) L8] (HIS
W TOTHL ) L879
HrzHsa=r
Prive (U zH 98
= PYoyL (HTS)
0071 ¢ (OP-0OSING
THIN Q0P WIAN 1

opruagiode(jA-7-1ozer(j4s
-z-uedoad{jAuoydowiosg
YITPIN

1000

Wu
119911
Arsse

HAAN

AL
0sI
Apsse
SSEUEY

-
JH D
ST

HdWNH

QueN

aInmponag

di "oy

oreudoxdde oyp uisn 7 pue 17 ojdwexs Jo ampodord oy 0] SNCS0[BUE POZISoYIUAS oxom sojdurexs Surmof[o] 04x L S[qel

1o ey Surpucdsaiiog S puUR SOIBIPOULISIN]

Leg]

233



PCT/CN2021/119801

WO 2022/063152

L (H T W) @mw . o
n ) mm mw (311 '5) | wexoqueooue)nqe[oAsAxeiphy | { N
OO | SS L 0S0T i piposina | e S TompATus | o O Lood
ZHN 00V) WIAN H, | -mg(iAusydowsosg-p)-2)-v)-N Nk(.f
HesIsrT
T TeT-veT
WS- v T (H
i ﬁﬂv CCT - 687 nmm‘w Dﬁﬁﬁmxcﬂ.mw
1) 847 (H 128 | ooummgopRo(jiypamAxompiy) | S
80 i 061y 9L=t NI T “e{iArozemp(A | Ny o 9000
ZH Y= P)S9E -g-uk-grng(ilueydowotg | o oY w\r
H )16 (H PP NS¢ s 1 )-onl
P U 9¢7L - 8L (L
1°'8)87°¢t ¢ (F1DaD
“ZHIN 007} AN H
111 eyt Ul
m ') <6’ (FE T
27607 (T W
m T ShT He A QpIUIEXOQIE
mcu 9¢°C Mﬁw nmﬁ soumngoAo(AqIawAXoIpAy) LWH/
€9°0 86 ey (0PI AT A pozem(h | Ny g o <00d
9" €= P 1G) OLE(H -z-uk-gng([Auoyd S
. Ve [AUSHAOWIOH | N~ ¥ I
Ll D069 T POPNGEpoe |
W REL-YEL (HT
W CEL -y LA T
B AG) L8 ¢ (SDAD
THN 00F) AN H,
(1i¢
) 661 E. ‘8) @m.m o
THI sy co7 (E .
CL0 81 0°50¢€ ma o/ A a1 ) ,mé@ﬁﬁﬁé?m A NNy ¥00d
Py oy (yp | aGARGoOILO)Tr PN / N5 O

‘s Ev 86'6 ¢ (100D
ZHINOOY) WINN T,

234



PCT/CN2021/119801

WO 2022/063152

(HES) g6'1 "(HE
Sy 177 (H1 9 8¢T
(H1 9 06'0 “(HT

spreieor(jA-z-jozergi(jL

8¢9 701 6'05¢ WL - 0F'L (T -7-uk-¢-ng(fAuoydotuog 010
w gb L - 180 “$3 TP N-C)
SIQ) 748 ¢ (1OAD
ZHINGOY) NN I
{He sy o1 (e
S} o77 (I ) 88T 8
(H1 é cme 1z oprurezaoe(jA R
960 91 605¢ o 1eL - 68 L ((HT -g-1ozerp(iA-g- N 6000
W) 6€L - ﬁ LI -ng(Aueydooig-y)-2)-p)-N 3 Mg
Sag) 608 ¢ (DAD s N
ZIINOOY) YIAN 1,
HeZHL=1D
£6°0 nwm Py
] W My ij mm._mww ow‘nﬁwwoumﬁm
1z vl 0'¢9¢ EPC AT S L -g-lozenp{fA-¢-uh-1 8000

1°8}66'9 m, 1y
W QL - sy L (H
1SYLLRE Sumu
ZHIN 00%) SN H

-jed{ fAusydoworg-H)-¢ - N

esogt (e
YT pe I (H T
W ieT-67T
“EV 10797 (1
§ éimfa s

(H I W} [0y - 06
(F1 1 "ZH €0°L=f P,
GIC(HT ) 60°L
(H7%H £5°8=f

e o ey

R

235



PCT/CN2021/119801

WO 2022/063152

[o.0]

(s8]

{HE 8 s6'1 (g
8} 17T QI S 88T

(H1 '8) 06'9 “(112
Wy OLL - 68°L T
UE) 0L - By L (FIT
519} 848 ¢ (1DUD
ZHINOOY) NN H,

apragieor(jA-z-jozern(i4

~7-uk-¢-mgi{fAucydomwong

VI Tr)-NAS)

11od

236



WO 2022/063152 PCT/CN2021/119801

Fxample 25 6-((Z2-{dimethviaminelethvDaming)-N-{4-2-(d-methoyvphenvhpropan-2-

viithiazol-2-vhnicotinamide

N0
/g N
O E}w; N
l
N/\\%/U\ /J\S
{ H
NWNW
H
{398} Step 1. Preparation of compound 6-chloro-N-(4-(2-(4-methoxyphenyl}propan-

2-yhthiazol-2-yhnicotinamide

\
0
e +Or
i | HaM S::;\\>m Q Nfz -

N7 OH f
L N NS
Ci EDCL, Py, 80 °C i H
F
i
{399} A mixtare of compound 4-(2-(4-methoxyphenyljpropan-2-yljthiazol-2-amine

(100 mg, 0.35 mmol, HCI salt), compound 6-chloronicotinic acid (83.0 mg, 0.53 mmol) and
EDCE (135 mg, .70 mmol} in pyridine (3 mL} was stirred at 80 °C for 2 h. The reaction
mixture was concentrated, The residue was purified by silica gel chromatography (PE:
EA=2:1}. Desired compound (63 mg, 46.26% yield) was obtained as yellow oil.

MS (ESI) m/z (M+H)=388.0

{1400] Step 2. Preparation of compound 6~((2-(dimethylarino)ethylyamino }-N-(4-(2-

{(4-methoxyphenylipropan-2-ylithiazol-2-ylinicotinamide

- \"/\NHQ

|

4

Ny N/L“S - /N\//\N £
| H DHEA, DMF, 85 °C H

i

{461} A mixture of compound obtained from step 1 above (63 mg, .16 mmol), N,N-
dimethylethane-1,2-diamine (43.0 mg, 0.49 mmol) and DIEA (84.0 mg, 0.65 mmol) in DMF

A= ~
”{1} O\ | o ?}‘i Y
ﬁ\ N N \H/\

{5 mL} was stirred at 65°C for 16 h. The reaction mixture was concentrated. The residue was
purified prep-HPLC (water (0.05%HCH-ACNY). The desired compound (25.01 mg, 35.0%
yield) was obtained as a yellow solid.

1402} "H NMR (400MHz, MeOD) § 8.43 - 832 (m, 1H), 8.18 - 8.11 {m, 1H), 7.35
(s, ITH), 7.23 - 7.14 (m, 3H), 6.83 (d, /= 8.8 Hz, 2H), 6.79 (s, 1H}, 3.76 (m, 4H), 1.70 (s, 6H).
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(403} MS (EST) m/z (M+H) =440.2

Example 26: Preparation of compound 6-((4-(2-hvdroxvethvlipinerazin-1-viimethvl}-M-

{8-{2-{n-tolvhipropan~-2~-viithiazol-Z-vhinicotinamide

1”(#\>H o N @ """"
i ?\;‘%’ - oH E‘?Mﬁ’ﬁ\s
N/\HLN/L‘S Bre ’/v
H B i

HE\/ CHLCN, 80 °C f/ /\{
N

,/N] t

N /

H HO

{404 To a solution of compound 6-(piperazin--ylmethyl)-N-(4-(2-(p-tolyl)propan-

2-yhithiazol-2-yhuoicotinamide (0.03 g, 69 ymol, 1 eg) in CH3ON (10 mL) was added 2-
bromoethanol (9.47 mg, 76 umol, 5 ul, 1.1 eg) and KoCO3 (19 mg, 137.8umol, 2 eg). Then
the reaction mixture was stirred at 80°C for 16 hr. The reaction was concentrated under
reduced pressure to afford a residue. The residue was purified by prep-HPLC (water
(0.225%FAY-ACNY; B%: 13%-45%, 7.5min). Compound (2.3 mg, yield: 6.9%) was obtained
as a white solid.

405] "H NMR (400MHz, CDCL) § 9.09 - 9.05 (m, 1H), 8.33 - 8.28 (m, 1H), 7.75
(brd,./=8&8 Hz, 3H), 7.45 - 7.41 (m, 1H), 7.13 - 7.08 (m, 3H}, 7.06 - 7.02 (m, 1H), 6.61 -
6.57 (m, 1H), 3.83 - 3.77 (m, 3H), 3.64 - 3.55 (m, 1H), 2.45 - 2.38 (m, 8H), 2.26 - 2.18 (1,
1H), 1.63 - 1.58 (m, 3H), 1.19 (s, 6H). MS (ESH m/z (M+H)=480.3,

Example 27: (1r.3r}-N-{4-(2-(4-bromophenvlibut-3-vn-2-vijthiazel-2-vl}-3-

vdroxyvmethyvhevelobutane-1-carboxamide

{406] Step 1. Preparation of compound methyl 3-(({tert-

butyldiphenylsityDoxyymethyl) eyclobutanccarboxylate

0 o
HO DOM, 28°C, 12 1B0PS0
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{407} To a solation of methyl 3-(thydroxymethylicyclobutanecarboxylate (200 mg,
1.39 mmol) and imidazole (189 mg, 2.77 mmol) in DCM (5 mL) was added TBDPSCI (458
mg, 1.66 mmol, 427 ul.) at 25°C. The solution was stirred for 12 h at 25°C. The mixture was
diluted with DCM (30 mL), washed with HoO (3 x 10 mL), brine (10 mL), dried over
anhydrous Na;SOs, filtered and concenirated in vacuum to give a residue. The residue was
purified by silica column (ethyl acetate in petroleum ether =0-20%). The desired compound

(420 mg, yield: 79.1%) was obtained as a yellow oil.
\ g ] ;

{408] MS (EST) m/z (M+ H)y™=383.1
{409} Step 2. Preparation of compound 3-(({tert-butyldiphenylsilyhoxyymethyl)
cyclobutanecarboxylic acid
) 0
TBDPSO THF/MeOM/H20 . TBDPSO
0-25°C, 3 h
{410] To mixture of compound obtained from step 1 above (412 mg, 1.08 mumol} in

THF (1.5 mLYMeOH (0.5 mL) /HoO (0.5 mL) was added LiOH. H20 (90.6 mg, 2.16 mmol)
at (°C. The mixtare was stirred for 3 h at 25°C. The mixture was diluted with Ho(3 (15 mL},
adjusted pH=6-7, extracted with EA (15 mL x 3). The combined organic layers were washed
with brine (10 mL), dried over anhydrous NaxS04, filiered and concentrated in vacuum to
give a residue. The desired compound (413 mg, crude) was obtained as a yellow solid. The
crude product was directly used for next step without further purification

411} MS (EST) m/z (M+ Na)y™=391.1

412} Step 3. Preparation of compound methyl 2-(4-bromopheny)}-2-(2-((/ R, IR}-3-

{({(tert-butyldiphenyisilyloxy)methylicyclobutanecarboxamidoythiazol-4-ylipropancate

>
o
e \? ' 9 5 7
7/U\ /"7“"J N/%N/H o NT”!L NAN N o
" oH af T8OPsO, A H 7 H )
TEDFSD - e - TBOPSO. A /;h\>
=
Br

PyBOP/DIPEA/DCM "“1)
20°C, 12h Br

{413] To solution of compound obtained from step 2 above (410 mg, 1.11 mmol)
and DIPEA (173 mg, 1.34 mumol, 233 uL) in DCM (5 mL) was stirred for 10 min at 20°C.
Methyl 2-(2-aminothiazol-4-y1)-2-(4-bromophenyl)propancate (152 mg, 446 umol) and
PyBOP (580 mg, 1.11 mmol) was added at 20 °C. The mixtare was stirred for 12 h at 20°C.
The mixture was diluted with DCM (30 mL), washed with H2O (10 mL), brine (10 mL},
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dried over anhydrous NaxSOas, filtered and concentrated in vacuam to give a residue. The
residue was purificd by silica column (ethyl acetate in petroleum ether=0-20%). The desired
compound A (194 mg, crude) was obtained as a yellow oil. The other desired compound B
(186 mg, crude) obtained as a yellow oil. The crade product was directly used for next step
without further purification. The chiral of the prodacts were confirmed in the final step.
{414] Step 4. Preparation of compound (/R, IR)-N-(4-(2-(4-bromophenyi)-1-
hydroxypropan-2-yhthiazol-2-y1)-3-({{tert-

butyldiphenylsilyloxyymethyhicyclobutanecarboxamide
) OH
. O
LIBH/THF R
A [y NS ON —
20°C, 12 h TBDPSG\¢,&\] H /mg>

415} To a solution of compound obtained from step 3 above (194 mg, 280.4 pmol)

TBDPSO\¢1£:7

in THF (5 ml) was added LiBH4 (31 mg, 1.40 mmol) at 20 °C. The mixture was stirred at 20
°C for 12 h. The mixture was quenched with sat. NH4Cl ag (10 mL), diluted with HO (20
ml.} and extracted with EA (20 mL x 3}, The organic layer was washed with brine (10 mL},
dried over anhydrous NaxSOs, filtered and concentrated in vacuum to give a residue. The
residue was purified by silica column (ethyl acetate in petroleum ether =0-30%). The desired
compound {77 mg, yield: 41.4%} was obtained as a yellow oil.

i416] MS (EST) m/z (M+H) =663.1

417] Step 5. Preparation of compound (/R, FR-N-(4-(2-(4-bromophenyl)-1-
oxopropan-2-yithiazol-2-v1)-3~(({tert-

butyldiphenylsilyloxyymethyhicyclobutanecarboxamide

S N
LY > \J
TROPSO \’/L\:] H Dess-Martin 2 TBDPSQ {
DOM, 20°C, 3 h
{418} To a mixture of Dess-Martin (73 mg, 171.2 pmol, 53 pL) in DCM (2 mL) was

added the solution of compound obtained from step 4 above (77 mg, 132 umol} in DCM (2
mb} at 20 °C, The mixtare was stirred for 3 h at 20 °C. The mixtare was quenched with sat,
NaHCOs (10 mb)Y/sat NaS:04 (10 mb), extracted with DUM (15 mL x 3). The combined

organic layers were washed with brine (10 mL), dried over anhydrous NaxSOa, filtered and
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concentrated in vacuum to give a residue. The desired compound (77 mg, crude) was
obtained as a yellow solid. The crude product was directly used for next step without turther
purification,
{419 Step 6. Preparation of compound (/R, 3R)-N-(4-(2-(4-bromophenylbut-3-yn-
2-yhithiazol-2-yh)-3-(({tert-butyldiphenylsilyhoxyymethyljcyclobutanecarboxamide

o o |

w0
O /U\fp\

\“EJ.\»
TBDPSO\/D / \
K?CO'JM&QH

Br 20°C, 12 h

4201 To a solution of compound obtained from step S above (77 mg, 116 umel), 1-
diazo-1-dimcthoxyphosphoryl-propan-2-one (34 mg, 174.5 umol) and K2CO3 (32 mg, 232.7
umol) in MeOH (2 mL) was stirred for 12h at 20°C. The mixture was concentrated in vacuam
to give a residue. The residue was purified by silica column (ethyl acctate in petroleum ether
={}-15%]). The desired compound (37 mg, vield: 48.3%) was obtained as a yellow oil.

{421} MS (EST) m/z (M+H)=657.1

{422} Step 7. Preparation of compound (/ R, IR-N-(4-(2-(4-bromophenylYbut-3-yn-

2-yhjthiazol-2-y1)-3-(hydroxymethyl)cyclobutanecarboxamide

o 5 - 0 5 N =
‘ﬂxEJ\N/L\\N \( \(D“\\\N/L\;} _
TBDPSO\/LJ H { “} TBAF/THF _ HO H 7 >

20°C, 12 h o
Br Br

423} To a solation of compound obtained from step 6 above (37 mg, 56.3 urol) in
THF (2 mL) was added TBAF (1 M, 0.1 mL) at 20 °C. The mixture was stirred for 12 h at 20
°C. The mixture was diluted with EA (50 mL),washed with H>O (10 mL X 3}, brine (10 mL),
dried over anhydrous NaxSOa, filtered and concentrated in vacuam to give a residue The
residue was purified by silica column (ethyl acetate in petroleum ether =0-15%). The desired
compound (12.61 mg, yield: 53.5%) was obtained as a yellow solid.

{424} "H NMR (400MHz, CDCl3) 8 13.28 (brs, 1 H), 7.56 - 7.48 (m, 4 H), 6.91 (s, 1
Hy, 3.65(d,/=44Hz 2H),334-330(m, 1 H),2.77(s, 1 H), 2.63-2.61 {m, 1 H), 2.52 -
243 (m, 2 H),2.34-2.32(m, 2 H), 2.15 (s, 3 H). MS (ESD m/z (M+H)™=419.0.

{425] The other isomer was synthesized usign the similar procedure above.
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Fxample 28: 4-({4-(2-hvdroxvethvDniperazin-1-vhmethyD-N-{4-{2-{4-

methoyvphenvhpropan-2-viithiazel-2-viYbenzamide

N
- ( N—ome HNT Y 2 Mg
o N'f = L\/N\/\OH \..QL ﬁ
P \
| S NaBHyCN,HOAC /EN"" R 4
Ov 2 H HO~ ‘\-\/N
{426] To a solation of compound 4-formyl-N-(4-(2-(4-methoxyphenylpropan-2-

yhithiazol-2-yhbenzamide (120 mg, 0.32 mmol) and 2-{piperazin-1-yhethan-1-ol (42 mg,
0.32 mmol} in BCM (5 mL) was added NaBH3CN (59 mg, 0.95 mmol) and HOAc (2 drops).
The mixture was stitred at 1.t overnight. The reaction mixture was concentrated to give a
residue. The residue was purified by flash silica gel chromatography (DCM: MeOH = 1: 0 to
10: 1}, The desired compound (80 mg, yield: 51.4%) was obtained as a white solid.

427} MS (ESH m/z (M+H) = 4952

Methods of Use

{428] ALPKT is an intracytoplasmic serine threonine protein kinase that plays an
important role in activating the innate tmumune response. ALPK 1 binds to the bacterial
pathogen-associated molecular pattern metabolite (PAMP), ADP-D-glycero-beta-D-manno-
heptose (ADP-heptose). ALPK1-ADP-heptose binding occurs through direct interaction at
the ALPK1 N-terminal domain. This interaction stimulates the kinase activity of ALPK1T and
its phosphorylation and activation of TRAF-interacting protein with forkhead-associated
domain (TIFA)}. In turn, TIFA activation triggers proinflammatory NFkB signaling, including
prointflammatory cytokine and chemokine expression and/or secretion. Accordingly, the
compounds disclosed herein are generally useful as inhibitors of ALPK1 kinase activity and

downstream activation of NFkB proinflammatory signaling.

{429] The disclosure provides for the use of a compound of Formula I, or a
subembodiment thereof as described herein, for inhibiting ALPK1 kinase activity and
reducing nflammation in a target tissue, The methods also encompass the use of a compound
of Formula 1, or a subembodiment thereof as described herein, for treating a disease, disorder,

or condition characterized by excessive or inappropriate ALPK1-dependent proinflammatory
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signaling, In embodiments, the disease, disorder, or condition is selected from sepsis, cancer,
spiroandenoma, spiroandenocarcinoma, “Retinal dystrophy, Optic nerve edema,
Splenomegaly, Anhidrosis and migraine Headache” (“ROSAH”) syndrome, and “Pertodic
Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis” (“PFAPA”) syndrome. In
embodiments, the cancer 13 selected from hung cancer, colon cancer, and oral squamous

cancer. In embodiments, the cancer is oral squamous cancer,

{430] In embodiments, the disclosure provides methods for inhibiting ATPK1 kinase
activity in a mammalian cell or target tissue by contacting the cell or target tissue with a
compound of Formula I, or a subembodiment described herein, In embodiments, the methods
comprise administering a pharmaceutical composition comprising a compound of Formula |,
or a subembodiment described herein, to a subject in an amount effective to inhibit ALPK1
kinase activity in a target cell or tissue of the subject. In embodiments, the methods comprise
reducing inflammation in a target tissue of a subject in need of such therapy by administering
to the subject a compound of Formula I, or a subembodiment described herein, or a

pharmaceutical composition comprising same.

{431} In embodiments, the disclosure provides methods of treating a subject having
a disease or disorder characterized by excessive or inappropriate activation of ALPK]T kinase
activity, the methods comprising administering to the subject a compound of Formula I, or a
subembodiment described herein. In embodiments, the discase or disorder is selected from
sepsis, cancer, spircandenoma, spircandenocarcinoma, ROSAH syndrome, and PFAPA

syndrome,

{4321 In embodiments, the disease or disorder is spiradenoma or
spiroandenocarcinoma, and the methods comprise administering a compound of Formula |, or
a subembodiment described herein, to a subject in need of such treatment. In embodiments,
the subject in need of treatment is one diagnosed with spiradenoma or spiroandenocarcinoma
and carrving one or more genetic mutations in ALPK 1. In embodiments, at least one of the
genetic mutations is an activating mutation. In embodiments, the genetic mutation in ALPK1

is p. V10924, as described in Rashid er al,, Nature Communications (2019).

{433] In embodiments, the disease or disorder is ROSAH, and the methods comprise
administering a compound of Fornmula I, or a subembodiment described herein, to a subject in

need of sach treatment. Tn embodiments, the subject in need of treatment is one diagnosed
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with ROSAH and carrying one or more genetic mutations in ALPK 1. In embodiments, at
lcast one of the genetic mutations is an activating mutation. In embodiments, the genetic
mutation in the ALPK1 gene is ¢.710C>T, p. T237M, as described in Williams et al., Genetics

in Medicine 21:2103-2115 (2019).

{4341 In embodiments, the disease or disorder is PFAPA, and the methods comprise
administering a compound of Formula |, or a subembodiment described herein, to a subject in
need of such treatment. In embodiments, the subject in need of freatment is one diagnosed
with or having clinical symptoms of PFAPA and carrying one or more genetic mutations in
ALPKI, In embodiments, at least one of the genetic mutations is an activating mutation. In
embodiments, the genetic mutation in the ALPK1 gene is 2770T>C, p.(8924P), as described

in Sangiorgi ef al. Eur. J. Human Genetics (Z019).

{435] In embodiments, the disease or disorder 1s a cancer selected from lung cancer,
colon cancer, and oral squamous cancer. In embodiments, the cancer is oral squamous cancer.
In emnbodiments, the subject in need of treatment is one diagnosed with a cancer, whercin the
cancer cells carry at least one activating mutation in ALPK1, or wherein the cancer cells
express ALPK T mRNA or protein at elevated levels compared to non-cancer cclls of the

subject,

{436] In embodiments, the disclosure further provides methods of identifying a
disease, disorder, or condition for treatment with a compound of Formula 1, or a
subembodiment described herein, the methods comprising assaying a biological sample from
a subject diagnosed with the disease, disorder, or condition for one or more of an activating
mutation in ALPK1, and overexpression of ALPK1 mRNA or protein in cells or tissues
involved in the disecase, disorder, or condition, as compared to cells or tissues of a reference
not involved in the disease, disorder, or condition. In embodiments, the activating mutation in

ALPK1 is 2770T>C, p.(8924P).

1437} In the context of the methods described here, the term “treating” may refer to
the amelioration or stabilization of one or more symptoms associated with the disease,
disorder or condition being treated. The term “treating” may also encompass the
management of disease, disorder or condition, referring to the beneficial effects that a sabject
derives from a therapy but which does not result in a cure of the underlying disease, disorder,

or condiion.
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{438} ln embodiments where a therapeutically effective amount of a compound
described herein is administered to a subject, the therapeutically effective amount is the
amount sufficient to achieve a desired therapeutic outcome, for example the amelioration or

stabilization of one or more symptoms of the disease, disorder or condition being treated.

{4391 In embodiments, a therapeutically effective amount is the amount required to
achieve at least an equivalent therapeutic effect compared to a standard therapy. An example
of a standard therapy is an FDA-approved drug indicated for treating the same disease,

disorder or condition.

§446] In the context of any of the methods described here, the subject is preferably a
human but may be a non-human mammal, preferably a non-human primate. Tn other
embodiments, the non-human mammal may be, for example, a dog, cat, a rodent (e.g., a

mouse, a rat, a rabbit), a horse, a cow, a sheep, a goat, or any other non-human mammal,

{441] In embodiments, the human sabject is selected from an adult human, a pediatric
human, or a geriatric human, as those terms are understood by the medical practitioner, for

example as defined by the U.S. Food and Drug Administration.

Pharmaceutical Comnpositions

{442} ln embodiments, the disclosure provides pharmaceutical compositions
comprising a compound of Formula 1, or a subembodiment thercof, as described herein, and
one or more carriers or excipients, preferably pharmaceutically acceptable carriers or
excipients, As used herein, the phrase “pharmaceutically acceptable” refers to those
compounds, materials, compositions, carriers, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissucs of human beings
and animals without excessive toxicity, trritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio. Excipients for preparing a
pharmaceutical coruposition are generally those that are known to be safe and non-toxic when
administered to a human or animal body. Examples of pharmaceutically acceptable
excipients include, without limitation, sterile lquids, water, buffered saline, ethanol, polyol
{(for example, glycerel, propylene glycol, liquid polyethylene glycol and the like), oils,
detergents, suspending agents, carbohydrates {e.g., glucose, lactose, sucrose or dexiran),
antioxidants (e.g., ascorbic acid or glutathione), chelating agents, low molecular weight

proteins, and suitable mixtures of any of the foregoing. The particular excipients uitlized ina
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composition will depend upon various factors, including chemical stability and solubility of

the compound being formulated and the intended route of administration.

{443} A pharmaceutical composition can be provided in bulk or unit dosage form. It
is especially advantageous to formulate pharmaceutical compositions in unit dosage form for
case of administration and uniformity of dosage. The term “unit dosage form” refers to
physically discrete units suited as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of an active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. A unit dosage form
can be an ampoule, a vial, a suppository, a dragee, a tablet, a capsule, an IV bag, or a single

pump on an acrosol inhaler.

{444} ln therapeutic applications, dose may vary depending on the chemical and
physical properties of the active compound as well as clinical characteristics of the subject,
inclading e.g., age, weight, and co-morbidities. Generally, the dose should be a
therapeutically effective amount. An effective amount of a pharmaceutical composition is
that which provides an objectively identifiable improvement as noted by the clinician or other

qualificd observer. For example, alleviating a symptom of a disorder, discasc or condition.

{445] A pharmaccutical composition as described hercin may take any suitable form
{e.g. ligunids, acrosols, solutions, inhalants, mists, sprays; or solids, powders, ointments,
pastes, creams, lotions, gels, patches and the like) for administration by any desired route
{e.g. palmonary, inhalation, intranasal, oral, buceal, sublingual, parenteral, subcutaneous,
intravenous, intramuscular, intraperitoneal, intrapleural, intrathecal, transdermal,
transmucosal, rectal, and the like). In embodiments, the pharmaceutical composition is in the
form of an orally acceptable dosage form including, but not limited to, capsules, tablets,
buccal forms, troches, lozenges, and oral liguids in the form of emulsions, aqueous
suspensions, dispersions or solutions. Capsules may contain excipients such as inert fillers
and/or diluents including starches (e.g., corn, potato or tapioca starch), sugars, artificial
sweetening agents, powdered celluloses, such as crystalline and microcrystalline celluloses,
flours, gelatins, gumns, efe.  In the case of tablets for oral use, carriers which are commonly
used include lactose and corn starch. Lubricating agents, such as magnesium stearate, can

also be added.
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{446} ln embodiments, the pharmaceutical composition is in the form of a tablet.
The tablet can comprise a unit dose of a compound desecribed here together with an inert
diluent or carrier such as a sugar or sugar alcohol, for example lactose, sucrose, sorbitol or
mannitol. The tablet can further comprise a non-sugar derived diluent such as sodinm
carbonate, calcium phosphate, calcium carbonate, or a cellalose or derivative thereof such as
methyl cellulose, ethyl cellulose, hydroxypropyl methyl cellulose, and starches such as comn
starch. The tablet can further comprise binding and granulating agenis such as
polyvinylpyrrolidone, disintegrants {e.g. swellable crosslinked polymers such as crosslinked
carboxymethylcellulose), lubricating agents (e.g. siearales), preservatives {e.g. parabens),
antioxidants (e.g. butylated hydroxytoluene}, buffering agents {e.g. phosphate or citrate
buffers), and effervescent agents such as citrate/bicarbonate mixtures. The tablet may be a
coated tablet. The coating can be a protective film coating (e.g. 8 wax or varnishj or a
coating designed to control the release of the active compound, for example a delayed release
{release of the active after a predetermined lag time following ingestion} or release at a
particular location in the gastrointestinal tract. The latter can be achicved, for example, using

enteric {ilm coatings such as those sold under the brand name Budragit®.

{4471 Tablet formulations may be made by conventional compression, wet
granulation or dry granulation methods and utilize pharmaccutically acceptable diluents,
binding agents, lubricants, disintegrants, surface modifying agents {including surfactants),
suspending or stabilizing agents, including, but not limited to, magnesium stearate, stearic
acid, tale, sodium lauryl sulfate, microcrystalline cellulose, carboxymethylcellulose calcium,
polyvinylpyrrolidone, gelatin, alginic acid, acacia gum, xanthan gum, sodium citrate,
complex silicates, calcium carbonate, glycine, dextrin, sucrose, sorbitol, dicalciom phosphate,
calcium sulfate, lactose, kaolin, mannitol, sodium chloride, tale, dry starches and powdered
sugar. Preferred surface modifying agents include nonionic and antonic surface modifying
agents. Representative examples of surface modifying agents include, but are not limited to,
poloxamer 188, benzalkonium chloride, calcium stearate, cetostearyl alcohol, cetomacrogol
emmulsifying wax, sorbitan esters, colloidal silicon dioxide, phosphates, sodium dodecyl

sulfate, magnesium aluminum stlicate, and tricthanolamine.

{4438] In embodiments, the pharmaceuntical composition is in the form of a hard or
soft gelatin capsule. In accordance with this formulation, the compound of the present

invention may be in a solid, semi-solid, or hquid form,
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{449} ln embodiments, the pharmaceutical composition is in the form of a sterile
aqueous solution or dispersion suitable for parenteral administration. The term parcnteral as
used herein includes subcutaneous, intracutaneous, intravenous, intramuscular, intra-articular,
intraarterial, intrasynovial, intrasternal, intrathecal, intralesional and intracranial injection or

infasion techniques.

{450} ln embodiments, the pharmaceutical composition is in the form of a sterile
aqueous solution or dispersion suitable for administration by either direct injection or by
addition to sterile infusion fluids for intravenous infusion, and comprises a solvent or
dispersion medium containing, water, ethanol, a polyol (e.g., glycerol, propylene glycol and
liguid polyethylene glycol), suitable mixtures thereof, or one or more vegetable oils.
Solutions or suspensions can be prepared in water with the aid of co-solvent or a surfactant.
Examples of suitable surfactants include polyethylene ghycol (PEG)-fatty acids and PEG-fatty
acid mono and diesters, PEG glycerol esters, alcohol-oil transesterification products,
polyglyceryl fatty acids, propylene glycol fatly acid esters, sterol and sterol derivatives,
polyethylene glycol sorbitan fatty acid esters, polyethylene glycol alkyl ethers, sugar and its
derivatives, polyethylene glycol alkyl phenols, polyoxyethylene-polyoxypropylene (POE-
POP) block copolymers, sorbitan fatty acid esters, ionic surfactants, fat-soluble vitamins and
their salts, water-soluble vitamins and their amphiphilic derivatives, amino acids and their
salts, and organic acids and their esters and anhydrides. Dispersions can also be prepared,

for cxample, in glycerol, liquid polyethylene glycols and mixtures of the same in otls.

4511 The present disclosure also provides packaging and kils comprising
pharmaccutical compositions for use in the methods described here. The kit can comprise one
or more containers selected from the group consisting of a bottle, a vial, an ampoule, a blister
pack, and a syringe. The kit can further include one or more of instructions for use, one or
more syringes, one or more applicators, or a sterile solution suitable for reconstituting a

compound or composition described here.

{4521 All percentages and ratios used herein, unless otherwise indicated, are by
weight,
{453} The invention is further described and exemplified by the following non-

limiting examples.
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EXAMPLES

{4541 In embodiments, a compound of Formmula I, or a subembodiment described
herein, 1s an inhibitor of ALPK1 as measured, for example, in an 7n vifro Kinase assay, or an
assay designed to measure the activation of downstream targets of ALPK1 pathway
activation, for example NFkB transcriptional activation and the secretion of proinflammatory
cytokines and chemokines, such as IL-8, which is also referred to as CXCL-8. In general, the
computer program XL fit was used for data analysis, including non-linear regression analysis.
The half maximal inhibitory concentration (IC50) was used as the measure of a compound’s
effectiveness in the assays. IC50 values were determined using the following logistic
equation Y=min+ {(max-min)/ {1+(X/IC50"-hillslpoe}, where Y is the value at the compound
concentration, X. The concentration response curve fitting was conducted using GraphPad

Prism version 6.00 software.

ALPEKI in vitro Kinase Assay

j455] ALPK1 kinase activity was measured in an in vifro assay using ADP-Heptose
as the ALPK1 ligand and activator of its kinase activity and TIFA protein as the ALPK1
phosphorylation substrate. Since phosphorylated TIFA proteins oligomerize, Homogeneous
Time-Resolved Fluorescence (HTRF) was used to measure protein:protein interaction

between HA-tagged TIFA proteins as an indicator of TIFA phosphorylation.

4561 In brief, dose-response studies were performed with HEKZ293 cells cultured in
Dulbecco’s Modified Hagle Medium (DMEM) supplemented 10% fetal bovine serum (FBS,
Hyclone™} containing antibiotics (pen/strep, G418} in 384-well assay plates. Each well
contained 0.1 mg TIFA, ALPK1 (2 nM final concentration in reaction mixture ) and kinase
buffer (100 mM of HEPES pH 7.4, 4mM DTT, 40mM MgCh, 20 mM of #-Glycerol
phosphate disodium salt, 0.4 mM of Na:VOy, 0.16 mg/mL). Titrations of the test compounds
were prepared in dimethylsulphoxide (DMSO). The reaction was initiated by addition of ATP

and ADP-Heptose.

4571 For HTRF, samples were incubated with a Th cryplate-labeled anti-HA
antibody for capturing HA-tagged proteins according to the manufacturer’s instructions
(PerkinElmer™, CisBio™) and the fluorescence signal was guantified (Tecan Infinite F
NANO+), HTRF signals were calculated as the HTRF ratio (ratio of fluorescence measured

at 665 nm and 620 nm) x 104 (thereby using the signal at 620 nm as an internal standard).
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{458] All compounds exhibited a dose~-dependent decrease in TIFA phosphorylation
in this assay. HC50 values were determined using 3- or 4- parameter logistic equation using
GraphPad Prism version 6.00. The reference compound, A(27, was used as a positive control

for cach plate. This compound has an IC50 of ~50 nanomolar (nM) in this assay. IC50 values

NF«B Gene Reporter Alkaline Phosphatase Assay

P

{459] An alkaline phosphatase reporter assay system was used to measure inhibition
of ALPK 1-dependent NFxB reporier gene activation. Briefly, HEK293 cells stably
expressing an NF-kB reporter (referred to herein as “G9 cells”} were maintained in DMEM
as described above. For the assay, cells were seeded into 96~well plates at a density of 10,000
cells/well in Freestyle™ 293 Expression Mediam {ThermoFisher), and allowed to attach
overnight. Cells were pretreated with serially diluted compounds for 30 min and then
stimulated with D-glycero-Di-manno-6-fluoro-heptose-13-S-ADP. This compound is an
analog of ADP-heptose that shows increased stability in vifro along with a similar ability to
activate ALPK1 kinase activity. NFkB gene activation was detected using the chromogenic
substrate, para-nitrophenyl phosphate (pNPP) according to the manufacturer’s protocols
{(pINPP Phosphatase Assay, Beyotime Biotechnology). All compounds exhibited a dose-
dependent decrease in NFkB promoter-driven gene expression in this assay. 1C50 values

ranged from 1-10 micromolar (uM) and are shown in Tables 4-7.
Inhibition of activated ALPK]1

{4601 Activating mutations in ALPK1 are associated with diseases and disorders
such as cancer, spiroandenoma, spircandenocarcinoma, ROSAH syndrome, and PFAPA
syndrome. We conducted further experiments to evaluate the ability of representative
compounds to inhibit ALPK1 in the context of two activating mutations, T237M and
VI1092A. In preliminary experiments we determined that 1L-8 protein secretion was elevated
in cells transiently transfected with human ALPK1 expression vectors containing cach of
these activating mutations. Accordingly, we used 11.-8 secretion as an indicator of activated

ALPK1 inhibition in cells expressing these mutations.

{461} First, in preliminary experiments, we established that 1L-8 secretion was
significantly increased in cells transiently expressing either of the two activating mutations,

T237M or V1092A. HEK?293 cclls were cultured as described above prior to transient
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transfection with either empty vector or an expression vector encoding (i) human ALPK1
(hALPK1), (1) hALPK with the T237M activating nmtation (hALPKI-T237M) (iit)
hALPK1 with the V1{(92 A activating mustation (hALPK1- VI092A), or (iv) a kinase dead
ALPKI mutant (hALPK1-T237M-D11948). Transfection was performed according to
manufacturer’s protocols (Lipofectamine™ 3000, ThermoFisher). Transfected cells were
selected, seeded onto 96-well plates and treated with serial dilutions of the test compounds
for 6.5 hr. Following treatment, cell viability was determived using a luminescent cell
viability assay (Cell Counting-Lite Assay or “CCL Assay” from Vazyme Biotech Co., Ltd.)
and cell free supernatants were collected and avalyzed for 1L-8 protein by 1L-8 ELISA as
described above. Figure 1 shows 1L-8 secretion for each of the test groups. As shown in the
figure, very little IL-§ was detectable in cells transfected with any of the empty vector,
hALPK]1, or the kinase dead hALPK 1 mutant. In contrast, both of the activating mutations in

hALPK I induced significant [L-8 secretion.

{462} Next, we tested a representative set of compounds for inhibition of [L-8
secretion in cells expressing each of the activating ALPK 1 mutants, T237M and VI1092A.
Table 8 shows inhibition of IL-8 secretion in cells transfected with the T237M and Table 9
shows inhibition of IL-8 secretion in cells transfected with the V1092A mutant. For the
T237M mutant study, we produced an HEK 293 cell line (A2”) stably expressing the T237M
hALPK I mutant. A2 cells were cultured in the presence of test compound for 40 hours total.
Fresh medium and compound were added at 24 hours, Cell viability and IL-8 secretion were
determined 16 hours after the second addition of compound, using the CCL assay and 11.-8
ELISA as described above. Table 8 shows half maximal inhibitory concentration (EC50) of
IL-8 secretion in A2 cells, relative to IL-8 secretion from wild-type HEK293 celis, such that

knockdown to the level of IL-8 from wild-type cells was considered to be 100% inhibition.
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{463] Table 8. Half maximal inhibitory concentration (J]C50) of IL-8 secretion in cells

expressing T237M mutant:

Compd, ID IC50 (uM)
Al175 1.880
AlT76 0.110
A251 4.454
A252 (.419
AZ45 0.304
AZ249 3.191
A292 (.261
A261 0.133

276 0.499
AZ81 $.237
A309 (.130
A310 0.850
A3 (.155
A312 1.406
A313 1.721
A3l4 0.765
A315 (.942
A3ls 5.372
A317 0.593
A318 0.699
A319 1.178
A2RY $.129
A244 1.548
BO67 (.195
B0O6Y 0.941
BO99 (.144
B10G $.129
BO74 (4.120
BO76 0.066
B102 3.125
C043 6.018
€034 0.073
C03s (.049
C039 0.056
Co37 {3,885
€038 $.070
Ci46 2.812
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041 .545
C040 (.131
o4z 0.153
CO08 (4.030
C002 0.925
Cole 0.666
CU138 0.476
Co11 0.353

PCT/CN2021/119801

i464] For the V1092A mutant study shown in Table 9, HEK293 cells were transiently

transfected with hALPK1-V1092A or hALPK1 (wildtype) expression vectors and then

treated with test compounds for 24 hours. Fresh medium and compound were added at 18

hours. Cell viability and IL-8 secrction were determined 6 hours after the sccond addition

of compound, using the CCL assay and 1L-8 ELISA as described above. Table 9 shows

half maximal inhibitory concentration {IC50) of IL-§ secretion relative to wild-type

HEK?293 cells.

{465] Table 9. Half maximal inhibitory concentration (IC50) of 11-8 secretion in cells

expressing V1092 A mutant

(’O;;pd' 1C50(uM)
Al75 4025
Al76 1.546
A251 0.892
A252 0.723
AZ45 0.304
A249 11.690
A292 0.547
A261 0.573
AZ76 1.650
A2E1 0.486
A310 1.907
A311 1.156
A312 16.020
A313 10.170
A314 3.996
A31S 2.769
A316 16.450
A317 1.930
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A319 7.860
AZBY 0.439
AZ44 4.787
BO67 0.215
BO68 27.090
BO99 0.427
B100 0.429
BO74 0.264
BO75 12.990
BO76 0.128
C048 5.572
034 0.277
CO35 0.067
039 0.959
037 8.297
€038 $.352
C046 4.447
Co41 0.954
€040 0.068
€042 0.225
€008 0.048
002 3.369
016 1.585
018 1917
CO11 0.353

Inhibition of activated ALPKI in kidney

{466] To test the effects of the ALPK inhibitors on the expression of innate immunity
genes activated upon ALPK1 activation, SI rats were orally administered ALPK 1 inhibitors
followed by activation of innate immunity genes by intraperitoneal administration of an
ALPK 1 agouist, D-glycero-D-manuno-6-fluoro-heptose-1p-S-ADP. Kiduey tissue was
harvested and assayed for gene expression. Briefly, Twenty male Sprague-Dawley (8D} rats
were randomly divided into five groups. The normal group was given vehiele (0.5% MC)
orally. After 2 hours, PBS was given by ip injection. The control group was given vehicle
{0.5% MC) orally. After 2 hours, D-glycero-D-manno-6-fluoro-heptose-18-S-ADP (50 upk)
was given by ip injection. The other 3 groups were given the ALPK inhibitor AG176 (4, 10
and 25mpk) orally. After 2 hours, D-glycero-D-manno-6-fluoro-heptose-15-S-ADP (50upk)

was given by ip injection. The kidney from each group were collected after 3 hours of ip
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injection of D-glycero-D~-manno-6-fluoro-heptose~-15-S-ADP (50upk). Samples were
isolated for the RT-PCR to identify MCP-1 (CCL-2), CCL-7, CXCL-1, CXCL-10, IL-15, 1L-
6 mRINA expression levels. Total RNA was extracted from kidney following the protocol of
the Rucasy Mini Kit(QIAGEN, Germany). Messenger RNA was reverse transcribed to cDNA
using HiScript Q RT SuperMix {or gPCR Kit (Vazyme, Nanjing, China). Quantilative PCR
was conducted using AceQ gPCR SYBR Green Master Mix Kit (Vazyme, Nanjing, China)
on the QuaniStadio 5 applied biosystems {Thermo scientific, USA), The relative mRNA
levels were calculated using the 2—AACT method, and HPR'T was used as a reference for
gene expression normalization. Data were presented as the gene fold change. As shown in
FIG. 2, A0176 showed a dose-dependent inhibition of gene expression levels for a number of
innate imnmunity genes including MCP-1 (CCL-2), CCL-7, CXCL-1, CXCL-10, IL-1j, and
6.

Efficacy study in sepsis induced acute kidney injury animal medel

i467] Polymicrobial sepsis induced by cecal ligation and punciure (CLP) is the most
frequently used model because it closely resembles the progression and characteristics of
human sepsis. We used a rat CLP model to cvaluate the effects of compounds described here
on sepsis. Briefly, the rat cecum was ligated with sterile silk thread, and then cecum was
punctured twice with a needle, gently squeczed to express a small amount of fecal material,
then the abdominal incision was closed. Compounds C008 and AG176 (20 mg/kg) were dosed
2 hours prior to surgery, and survival was recorded over the next 24 hours, In addition, at 24
hours post-surgery, the kidoeys were collected for gene expression analysis by Q-PCR and
plasma was collected for measurement of plasma MCP-1 concentrations by ELISA. The
results are shown in Figures 3, 4, and S. Briefly, the ALPK1 inhibitors improved the animals’
survival (FIG. 3); decreased kidney proinflammatory genes expression (FIG. 4); and

improved plasma MCP-1 levels (FIG. S).

{468] Those skilled in the art will recognize or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention as
described herein. Such equivalents are intended to be encompassed by the following claims.
{469] All references cited herein are incorporated herein by reference in their entirety and

for all purposes to the same extent as if cach individual publication or patent or patent
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application was specifically and individually indicated to be incorporated by reference in its

entirety for all purposes.

{470] The present invention is not to be limited in scope by the specific ernbodiruents
described herein. Indeed, various modifications of the invention in addition to those
described hercin will become apparent to those skilled in the art from the foregoing
description and accompanying figures. Such modifications are intended to fall within the

scope of the appended claims.
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What is claimed is;

1. A compound of Formula XI

R =Rty
RE‘A/{ /ZIZE \ \/
HooxX7R®

Formula XI
or a pharmaceutically acceptable salt thereof, wherein
X is selected from 8-, -0O-, -NR*, ~CH=N-, and -CH=CH-, wherecin

R*1s H, or C-Cs alkyl;

A is selected from a bond, azetidinyl, -O-, -N(R%)-, ~CHo-N(R®)-, -CHR"-N{R®)-, wherein

R® is selected from H, D, -OH, optionally substituted C;-Ce alkyl, optionally
substitated C;-Cs haloalkyl, optionally substituted C;-Cs alkenyl, optionally
substituted C1-Ce hydroxyalkyl, optionally substituted C1-Cs aminoalkyl,
optionally substituted C1-Cs alkoxyl, optionally substituted saturated or
unsaturated Cz-Cs cycloalkyl, and optionally substituted saturated or
unsaturated Cs-Cs cycloalkoxyl, wherein
the optionally substituted R® moieties comprise (-3 substituents independently

selected from -D, halo, -OH, -COOH, -NH,, =0, -CN, C:i-Cq alkyl, C-
Cs alkenyl, C-Cs hydroxyalkyl, Ci~-Cs hydroxy-duterated alkyl, Ci-Cs
halealkyl, Ci-Cs aminoalkyl, and C1~Cs alkoxyl;

R’ is selected from optionally substituted C;-Cs alkyl, C1-Cs haloalkyt, optionally
substituted saturated or unsaturated Cs:-Cs cycloalkyl, ptionally substituted
saturated or unsaturated C3-Cs eyeloalkoxyl, wherein
optionally substituted R? moictics comprise 0-2 substituents independently

selected from halo, -OH, -COOH, -NH;, =0, -CN, (-Cs alkyl, Ci-Cs
alkenyl, Ci-Cs hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, Ci-Ce haloalkoxyl, saturated or unsaturated Cx-Cs cycloabioyl,
saturated or unsaturated (3-Cq cycloalkoxyl, -CHR™R¥, -.OR”', -
OC{OWR™Y, -CIOXR™Y, -CIONRRY, -C(OYOR™, -S(OR(R™, -
S(OYON(RRY) and -N(R"RY) wherein
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each R’ and R¥ are independently selected from H, Ci-Cs alkeyl, Ci-Cs
alkenyl, C1-Cs hydroxyalkyl, Ci-Cs haloalkyl, C1-Cs
aminoalkyl, Ci-Cs alkoxyl, Ci-Cs haloalkoxyl, saturated or
unsaturated Cs3-Ce cycloalkyl, and saturated or unsaturated Cs-
(e cycloalkoxy;

R’ is selected from H, optionally substituted C;-Cs alkyl, optionally substituted C-Cs
alkenyl, optionally substituted C-Ce hydroxyalkyl, optionally substitated C1-Ce
hydroxy duterated alkyl, optionally substituted Ci-Cs haloalkyl, optionally substituted
C1-Ce haloalkoxyl, optionally substituted C1-Ce aminoalkyl, optionally substituted Ci-
Cs alkoxyl, optionally substituted saturated or unsaturated C3-Cs cycloalkyl,
optionally substituted saturated or unsaturated Cs:-Cs cycloalkoxyl, optionally
substituted mono or bicyclic aryl, optionally substituted 5-10 membered heteroaryl
containing 1-4 heteroatom ring vertices selected from N, O, and S; optionally
substituted saturated or unsaturated 3-7 membered heterocyelyl containing 1-2
hetercatom ring vertices selected tfrom N, O, and 8; optionally substituted saturated or
unsaturated 7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and §; optionally substituted satarated or unsaturated 7-
11 membered spircheterocyclyl containing 1-2 heleroatom ring vertices selected from
N, O, and §; and optionally substituted saturated or unsaturated 6-11 membered
bicyclic heterocycelyl containing 1-2 heteroatom ring vertices selected from N, O, and
5;
wherein optionally substituted R' moicties comprise 0-4 substituents independently

selected from -D, halo, -OH, -COOH, -NH;, =0, -CN, C-Cs alkyl, Ci-Cs
alkenyl, C1-Cs hydroxyalkyl, Ci-Cs hydroxy-duterated allkyl, C1-Cs haloalkyl,
C-Cg aminoalkyl, C1-Co alkoxyl, Ci-Cs haloalkoxyl, -R7, -X'-R7 CHR R®,
-OR™, -0-X1-R™, -X1-0-X-R7 -OC(OURT®), -O-X-C(OYR™), -C(OHR™), -
CEOMNRTR®) NRTYCOIRM, -COIOR), S(ORR", -S(O»N(RRYY, -
N(R7*R™), saturated or unsaturated C3-Cs cycloalkyl, saturated or unsaturated
(3-Cs cycloalkoxyl, saturated or unsaturated 3-7 membered heterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and S, mono or
bicyclic aryl, 5-10 membered heteroaryl containing 1-4 hetercatom ring

vertices selected from N, O, and 8, saturated or unsaturated 7-8 membered
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bridged heterocyclyl containing 1-2 heteroatom ring vertices selected from N,

0, and S, saturated or unsaturated 7-11 membered spircheterocyelyl

containing 1-2 hetercatom ring vertices selected from N, O, and S, and 6-11

membered bicyclic heterocyelyl containing 1-2 heteroatom ring vertices

selected from N, O, and 5; wherein

each X' is independently Ci.¢ alkylene;

cach R™ and R® are independently selected from H, Ci-Cs alkyl, saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated C3-Cs
cycloalkoxyl, Ci~Cs alkenyl, Ci-Cs hydroxyalkyl, Cy-Ce haloalkyl, Ci-
Cs aminoalkyl, C1-Cs alkoxyl, C1-Cs haloalkoxyl, saturated or
unsaturated Cs3-Cs cycloalkyl, saturated or unsaturated C3-Ce
cycloalkoxyl, aryl, saturated or unsaturated C3-Cs cycloalkyl,
saturated or unsaturated C5-Cs cycloalkoxyl, saturated or unsaturated
3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
selected from N, O, and S, wherein the aryl and 3-7 membered
heterocyclyl groups are substituted with 0-3 substituents selected from
halg, -OH, -COQOH, -NH;, =0, -CN, (;-Cs alkyl, C1-Ce alkenyl, Ci-Cs
hydroxyalkyl, Ci-Cs haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl,
saturated or unsaturated Cs-Cs cycloalkyl, and saturated or unsaturated
(C3~Ce cycloalkoxyl; and

the C3-Cs cyeloalkyl, C3-Cs cyeloalkoxyl, 3-7 membered heterocyelyl, the
mono or bicyclic aryl, the 5-10 membered heteroaryl, the saturated or
unsatirated 7-8 membered bridged heterocyclyl, the saturated or
unsaturated 7-11 membered spiroheterocyely, and the 6-11 membered
bicyclic heterocyclyl are each independently substituted with 0 to 3
moieties selected from halo, -OH, -COQOH, -NH;, =0, -CN, Ci-Cs
alkvl, Cy~Cg alkenyl, Ci1-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-Cs
arninoalkyl, C1-Cs alkoxyl, saturated or unsaturated Cs-Cs cycloalkyl,
saturated or unsaturated Cs-Ce cycloalkoxyl, saturated or unsaturated
3-7 membered heterocyclyl containing 1-2 hetercatom ring vertices

selected from N, O, and 8, -CHR"R®, -OR™, -OC(O)} R™), -C(O)
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R7%y, -CLOMN(RTPR®), -NRTCOIR, -COYR™), -S5Oy N(R7'R™)
and -N(R"°R®), wherein
each R and R™ are independently selected from H, C1-Cs alkyl, Cs-
Cs alkenyl, C1-Cs hydroxyalkyl, C1-Cs haloalkyl, C1-Cs
aminoalkyl, Ci-Cs alkoxyl, saturated or unsaturated Cs-Cs
cycloalkyl, and saturated or unsaturated Cs-Ce cycloalkoxyl; or
R! and R® combine to form a 3-6 membered heterocycloalkyl substituted with 0-3 moieties
independently selected from the group consisting of hale, -OH,-COOH, -NH;, =0, -
CN, Cy-Cs alkyl, C1-Ce alkenyl, Ci-Cs hydroxyalkyl, Ci-Ce haloalkyl, C1~-Cs
aminoalkyl, and Cy-Cs alkoxyl;
R is selected from H, deuterium, halo, C1-Cs alkyl, C:-Ce deuteroalkyl, and C;-Cs haloalkyl;
R? and R’ are cach independently selected from H, OH, Ci-Cs alkyl, Co-Ce alkynyl, C3-Cs
cycloalkyl, and the mono or bicyelic aryl, wherein Ci-Cs alkyl,Co-Ce alkynyl, C3-Ce
cycloalkyl, and the mono or bicyclic aryl are each substituted with -3 moieties
independently selected from halo, -OH, Ci-Ce alkyl, C1-Cs alkenyl, Ci-Cs
hydroxvalkyl, Ci-Cs haloalkyl, Ci-Ce aminoalkyl, Ci-Cs alkoxyl, saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated C3-Ce cycloalkoxyl, -
OC(OYR), -C{OX R7%), CLOYDIR), S(O)N(RR®), and N(R“R™), wherein
each R’ and R are independently selected from H, C1-Cs alkyl, C1-Cy alkenyl, C-Co
hydroxyalkyl, C1-Ce haloalkyl, C1~Cs aminoalkyl, Ci1-Ce alkoxyl, C1-Ce
haloalkoxy, saturated or unsaturated Cs-Cs cycloalkyl, and saturated or
unsaturated Cs-Cs cycloalkoxyl;
provided that R? and R? are not both H; or
R? and R* combine to form a C3-Cs cycloalkyl ring or a 3-7 membered heterocyelyl
containing 1-2 heteroatom ring vertices independently selected from N, O, and §,
wherein the ring formed can be optionally substituted with 1-2 substituents
independently selected from C1-Cs alkyl, Cy-Cg alkenyl, Ci-Cs hydroxyalkyl, €-Cs
haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, halo, -OH , =0, -CN, OC(O) R4, -
C(OY R™Y, CLOYO(R™, S(ORN{RTRY) and N(R7‘R™), wherein
each R’ and R™ are independently selected from H, C1-Cs alkyl, C1-Ce alkenyl, C-
Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Ce alkoxyl, saturated
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or unsaturated Cs3-Cs cycloalkyl, and saturated or unsaturated Cs-Ce
cyveloalkoxyl
each R* is independently selected from halo, -OH, -NHz, CN, Ci-Cs alkyl, €1-Cs alkenyi, C)-
Cs hydroxyalkyl, C1-Cs haloalkyl, Ci-Cs aminoalkyl, C1-Cs alkoxyl, saturated or
unsaturated Cs-Cs cycloalkyl, saturated or unsaturated C3-Ce cycloatkoxyl, CHR7R®,
OR’%, OC{OW R™), CLOY R, CLOINRRY), COYRT®), S(O)NRR™) and
N{R*R®*) wherein
cach R’® and R are independently selected from H, C1-Cs alkyl, C1-Cs
alkenyl, Ci-Ce hydroxyalkyl, C1-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Cs
alkoxyl, saturated or unsaturated C3-Cs cycloalkyl, saturated or
unsaturated C3-Cs cycloalkoxyl, and

the subscript pis (,1, 2 or 3.

2. The compound of claim 1, X is —S-.

s

The compound of claim 1, X is ~0O-.

4. The compound of claim 1, X is -NH-.

5. The compound of any one of claims 1 to 4, wherein A is a bond.

6. The compound of any one of claims 1 to 4, wherein A is azetidinyl.

7. The compound of any one of claims 1 to 4, wherein A is -0~

3. The compound of any one of claims 1 to 4, wherein A is -N{R)-.

9. The compound of any one of claims 1 to 4, wherein A is ~CHz-N(R®)-,

10. The compound of any one of claims 1 to 4, A is -CHRP-N(R®)-.

1. The compound of claim 1, having Formula XI-A
RQ

Rfﬁ

“F =

~. *fﬁim\@ P
X~ RS

O
-ana\g//‘{g @
R1/§‘i{ R{ﬁ ﬁ j\

Formula XI-A
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or a pharmaceutically acceptable salt thereof.

12.  The compound of claim 1, having Formula XI-A-1

N~f< (ﬂ {?\C/} AL

Formula XL-A-§

or a pharmaceutically acceptable salt thereof.

13. The compound of claim 1, having Fornmla XI-A-2
Lo
Ha \
oA ol o

Lo
Formula XI-A-2
or a pharmaceutically acceptable salt thereof.

14, The compound of claim I, having Formula XI-A-1-a

=y /(R4) 0

/

o
. @y @
de N 87w

Formula Xi-A-1-a, or

a pharmaceutically acceptable salt thereof.

15.  The compound of any one of claims 1 to 14, where R® is selected from H, C1-Cs

alkyl, Ci-Ce hydroxyalkyl and C1-Ce hydroxy-duterated alkyl.

16. The compound of any one of claims 1 to 11, where R” is selected from CHz and
CHCH.

17.  The compound of any one of claims 1 to 11, where R’ is saturated C3-Cs cycloalkyl.
18.  The compound of any one of claims 1 to 17, wherein R! is selected from H and

optionally substituted Ci-Cs alkyl, wherein
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optionally substitated C1-Cs alkyl comprises (-4 substituents independently selected

from halo, -OH,-COOH, -NH», =0, -CN, C-Cs alkenyl, Ci-Cs hydroxyalkyl,

(y-Cy alkoxyl, C-Cs haloalkoxyl, saturated or unsaturated C3-Cs cycloalkyl,

saturated or unsaturated C3-Cs cycloalkoxyl, -CHR"R®, -OR", -OC(O}R"),

-CCOMR™, -C{OIN(RR™), -C{OMO(R™), -S(O)R ", -S(ORN(R™R*) and -

N{R*R®), wherein

cach R™ and R™ are independently selected from H, C1-Cs alkyl, C1-Ce
alkenyl, C1-Cs hydroxyalkyl, C1-Cg haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, C;-Cy haloalkoxyl, saturated or unsaturated C3-Ce cycloalkyl,

and saturated or unsaturated C3-Cs cycloalkoxyl.

19.  The compound of any one of claims 1 to 17, wherein R! is optionally substituted
saturated or unsaturated C3-Ce cycloalkyl, wherein
optionally substituted C3-Cs cycloalkyl comprises 0-4 substituents
independently selected from halo, -OH,-COOH, -NH,, =0, -CN, (1-Cs

alkenyl, C-Cs hydroxyalkyl, Ci1-Cs alkoxyl, and C;-Cs haloalkoxyl.

20, The compound of any one of claims 1 to 17, wherein R! combines with R® to form a
3-6 membered heterocycloalkyl substituted with -3 moieties independently selected from the
group consisting of halo, -OH,-COOH, -NHs, =0, -CN, C;-Cq allkyl, C1-Cs alkenyl, Ci-Cs
hydroxyalkyl, C1-C¢ haloalkyl, C1-Cs aminoalkyl, and Ci-Cs alkoxyl.

21, The compound of any one of claims 1 to 17, wherein R' is Ci-Cealkyl substituted
with 0-4 substituents independently selected trom -OH, C:i-Cs hydroxyalkyl, C1-Ce alkoxyl, -
OC(OX R, -S(ORN(RR™) and -N(R7*R®), wherein
each R’ and R™ are independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, C1-Cs hydroxyalkyl, C;-Cs haloalkyl, Ci-Cs arninoalkyl, C1~-Cs
alkoxyl, saturated or unsaturated (3-Cs cycloalkyl, and saturated or

unsaturated Cs~-Cs cycloalkoxyl.
22, The compound of any one of claims 1 to 17, wherein R’ is Ci-Ce alkyl substituted

with 0-2 substitoents independently selected from -OH, Ci-Cs hydroxyalkyl, and -

S(O)RN(RRY), wherein
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cach R™ and R™ are independently selected from H, and C-Cs alkyl

23, The compound of any one of claims 1 to 17, wherein R} is optionally substituted C-
(e hydroxyalkyl.
24.  The compound of any one of claims 1 to 17, wherein R} is a 5-10 membered

heteroaryl containing 1-4 heteroatom ring vertices selected from N, O, and S,
the 5-10 membered bicyclic heteroaryl is substituted with O to 3 moieties
selected from halo, -OH,-COOH, -NHa, -CN, C;-Cs alkyl, C:i-Cs alkenyl, Ci-
Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Cy alkoxyl, 3-7
membered heterocyelyl containing 1-2 hetercatom ring vertices selected from
N, O, and S, saturated or unsaturated C3-Ce cycloalkyl, saturated or
unsaturated C3-Cs cycloalkoxyl, -CHRPR™, .OR™, -OC(OYR®), -C(ON R™,
-C{OIN(RPR®), -C(OHOR), -S(ORNRPR®) and -N(R'R™), wherein
each R’” and R™ are independently selected from H, C1-Cs alkyl, Ci-
Cs alkenyl, Ci-Cy hydroxyalkyl, Ci-Cs haloalkyl, C1-Cs aminoalkyl,
Cy-Ce alkoxyl, satarated or unsaturated Cs-Cg cycloalkyl, and saturated

or unsaturated C3-Ce cycloalkoxyl.

23, The compound of any one of claims 1 to 17, wherein R} is pyridiyl substituted with 0
to 3 moieties selected from halo, -OH,-COOH, -NH», -CN, C-Cs alkeyl, C;-Cs alkenyl, 3-7
membered heterocyelyl containing 1-2 heteroatom ring vertices sclected from N, O, and S,
wherein

the 3-7 membered heterocyclyl is substituted with 0-3 substituents sclected from halo,

-OH, -COOCH, -NHo, -CN, Ci-Cs altkyl, Cy~Cs alkenyl, C1-Cs haloalkyl.

26.  The compound of any one of claims 1 to 17, wherein R! is a saturated or unsaturated
7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring vertices selected from N,
0O, and S, wherein
the 7-8 membered bridged heterocyelyl is substituted with 0-3 moietics selected from
halo, -OH, -COOH, -NH,, =0, -CN, (-Cs alkyl, Ci-Cs alkenyl, Ci-Cs
hydroxyalkyl, C1-Cg haloalkyl, C1-Cs aminoalkyl, Ci-Cg alkoxyl, satarated or

ansaturated C3-Cs cycloalkyl, saturated or unsaturated Cs-Cg cycloalkoxyl, -
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CHRPR® LORP, -OC(OW R7P), -CEOY R, -C{OWN(RTPRY, -COYOR), -

S{ORN(RPR®) and -N(R"R®), wherein

each R7® and R™ are independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, Ci-Cs hydroxyalkyl, C1-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C3-Ce cycloalkyl, and saturated or

unsaturated C3-Ce cycloalkoxyl.

27. The compound of any one of claims 1 to 17, wherein R' is a saturated or unsaturated
7-11 membered spiroheterocyclyl containing 1-2 heteroatom ring vertices selected from N,
0, and S, wherein
the 7-11 membered spiroheterocyclyl is sabstituted with 0-3 moicties selected from
halo, -OH, -COOH, -NHa, =0, -CN, C-Cs alkyl, Ci-Cs altkenyl, Ci-Ce
hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Ce alkoxyl, satarated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated Cs-Cg cycloalkoxyl, -
CHR°R™, OR™, -OC(O)} R™®), -C(OY} R™), -CLONRR™), -C(OYOR™), -
S{ORN(R7PR™) and -N(RR®"), wherein
each R’ and R™ are independently selected from H, C1-Ce alkyl, Ci-Ce
alkenyl, Ci-Cs hydroxyalkyl, Ci-Ce haloaloyl, Ci-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated Cs-C¢ cycloalkyl, and saturated or

unsaturated C3-Cs cycloalkoxyl.

28, The compound of any one of claims 1 to 17, wherein R} is aryl substituted with 0-3
substituents selected from halo, a 3-7 membered heterocyclyl containing 1-2 hetercatom ring
vertices selected from N, O, and S; a 7-8 membered bridged heterocyelyl containing 1-2
heteroatom ring vertices selected from N, O, and S; and a saturated or unsaturated 7-11
membered spircheterocycelyl containing 1-2 heteroatom ring vertices selected from N, O, and
S, wherein
the 3-7 membered heterocyelyl, the 7-8 membered bridged heterocyelyl, and the 7-11

membered spiroheterocyclyl are substituted with from 0 to 3 moieties selected

from halo, -OH, -COOH, -NH», =0, -CN, C-Cs alkyl, C1-Ce alkenyl, C1-Cs

hydroxyalkyl, C1-Cs haloalkyl, C1-Ce aminoalkyl, Ci-Cs alkoxyl, saturated or

unsatarated C3-Cg cycloalkyl, saturated or unsaturated C3-Cs cycloalkoxyl, -
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CHRPR®, LORP, -OC(OUR™), ~CIONR™), -C{OINRRY), -C(OHYOR™), -

S{ORR™, -8(0)N(RR®®) and -N(R"R®™), wherein

each R7® and R™ are independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, Ci-Cs hydroxyalkyl, C1-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C3-Ce cycloalkyl, and saturated or

unsaturated C3-Ce cycloalkoxyl.

29.  The compound of any one of claims 1 to 17, wherein R' is aryl substituted with 0-3
moieties selected from halo -OH,-COOH, -NH;, =0, -CN, C-Ce alkyl, C-Cs alkenyl, Ci-Cs
hydroxyalkyl, C1-C¢ haloalkyl, C1-Cs aminecalkyl, Ci-Cs alkoxyl, and a 3-7 membered
heterocyelyl countaining 1-2 heteroatom ring vertices selected from N, O, and S,
the 3-7 membered heterocyelyl is substituted with (-3 moieties selected from halo, -
OH, -COOH, -NH-, =0, -CN, C1-Cs alkyl, Ci-Ce alkenyl, C1-Cs hydroxyalkyl,
{y-Cs haloalkyl, Ci-Ce aminoalkyl, Cy-Cs alkoxyl, saturated or unsaturated Cs-
Ce cycloalkyl, saturated or unsaturated C3-Ce cycloalkoxyl, -CHRPR®, .OR™,
-OC(ONR™), -CLOUR™), -CIOIN(RTPR™Y, -C(OYR™), -S(O)RNRRY)
and -N{R7°R*), wherein
each R7® and R™ are independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, C1-Cs hydroxyalkyl, C1-Cg haloalkyl, C1-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated C3-Ce cycloalkyl, and saturated or

unsaturated C3-Ce cycloalkoxyl.

30.  The compound of any one of claims 1 to 17, whercin R is aryl substituted with -3
moicties sclected from halo and a 3-7 membered heterocyclyl containing 1-2 heteroatom ring
vertices selected from N, (3, and S, wherein

the 3-7 membered heterocyelyl is further substitated with 0-3 moieties selected from -

OH,-COOH, -NH», =0, -CN, and -C1-Cs alkyl.

31, The compound of claim 1, having Formula XI-B
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Formula XI-B
or a pharmaceutically acceptable salt thereof, wherein
DisCRYorN;
Eis CR"Yor N;
Fis CRY or N;
Gis CRM or Ng
provided that no more than three of D, E, F, and G are N;
R R R R™ and RY, when present, are each independently selected from H, halo, -OH,

~COOH, -NH,, =0, -CN, C;-Cs alkyl, Ci-Cs alkenyl, C1-Ce hydroxyalkyl, Ci-Cs
haloalkyl, C;-Cs aminoalkyl, C;-Cs alkoxyl, C1-Cg haloalkoxyl, -R7, -X!-R", X'.0-

R CHRR™, JOR7, -O-X1-R7, -OC{OY} R™®), -0-X1-C{O}R™), -C{OHR™, -
COMNRT*R, -C{OWOR), S{ORR, -S(O)N(RR™), -N(R7*R™), saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated Cs-Cs cycloalkoxyl, saturated
ot unsaturated 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
sclected from N, O, and S; mono or bicyelic aryl, a 9-10 membered bicyclic
heteroaryl containing 1-4 heteroatom ring vertices selected from N, O, and S;
saturated or unsaturated 7-8 membered bridged heterocycelyl containing 1-2
heteroatom ring vertices selected from N, O, and S; and saturated or unsaturated 7-11
membered spiroheterocyclyl containing 1-2 heteroatom ring vertices selected from N,
O, and S; 6-11 membered bicyclic heterocyelyl containing 1-2 heteroatom ring
vertices selected from N, O, and S; wherein
cach X! is independently Ci.6 alkylene;
each R7* and R are independently selected from H, C1-Cg alkyl, C1-Cs alkenyl, Ci-
Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Ce alkoxyl, saturated
or unsaturated Cs3-Cs cycloalkyl, and saturated or unsaturated Cs-Ce
cycloalkoxyl; and
the 3-7 membered heterocyclyl, the mono or bicyclic aryl, the 9-10 membered
bicyclic heteroaryl, the 7-8 membered bridged heterocyelyl, the 7-11
membered spiroheterocycly, and the 6-11 membered bicyclic heterocyclyl are
each independently substituted with 0 to 2 moieties selected from halo, -OH, -
COOH, -NH;z, =0, ~CN, C;-Cs alkyl, Cy-Cs alkenyl, C1-Cs hydroxyalkyl, €~

(s haloalkyl, C1-Cs aminoalkyl, Ci1-Cs alkoxyl, saturated or unsaturated Cs-Cs
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cycloalkyl, saturated or unsaturated Cs-Cs cycloalkoxyl, -CHR7ER, -ORE, -

OC(OX R'8), -C{O} R®), -C{ON(R7ER®E), -NR'¥(CO)R®, -C(O)YO(R®), -

S(O)N(R7ER®) and -N(R#R"®), wherein

cach R7¢ and R® are cach independently selected from H, C1-Ce alkyl, C1-Cs
alkenyl, Ci-Ce hydroxyalkyl, C1-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Cs
alkoxyl, saturated or unsaturated C3-Cs cycloalkyl, and saturated or

unsaturated Cs-Cs cycloalkoxyl.

32, The compound of claim 31, wherein D, B, F and G are CR'Y, CR™, CR!?, and CRY,

respectively.

33.  The compound of claim 31, F and G are CR'* and CR", respectively, B is N or CR'

and D N or CR,

34, The compound of any one of claims 31 to 33, wherein

R and RY are cach H;

R and R" are each independently selected from halo, -OH, -COOH, -NH,, =0, -CN, C1-Cs
alkvl, Cy~Ce atkenyl, Ci~Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-Cs aminoalkvi, C-Ce
alkoxyl, saturated or unsaturated C:-Cs cycloalkyl, saturated or unsaturated Cs5-Cs
eycloatkoxyl, ~-CHRPR® QR -OC(O)} R™®), -C(O)Y R, -C{OIN(RTPR®®), -
COMORY, -SO)RN(RPR™®) and -N{R7"R®), wherein
R and R™ are each independently selected from H, C1-Ce alkyl, C1-Cs alkenyl, C-

(s hydroxyalkyl, C1-Cs haloalkyl, Ci-Cs aminoalkyl, C1-Cs alkoxyl, saturated
or unsaturated C3~-Cs cycloalkyl, and saturated or unsaturated Cs-Ce
cycloalkoxyl; and

R is selected from 3-7 membered heterocyelyl containing 1-2 heteroatom ring vertices
selected from N, 3, and §, saturated or unsaturated 7-8 membered bridged
heterocyclyl containing 1-2 heteroatom ring vertices selected from N, O, and 5, and
saturated or unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroatom
ring vertices selected from N, O, and S, wherein

the 3-7 membered heterocyclyl, the 7-8 membered bridged heterocyelyl, and
the 7-11 membered spircheterocyclyl are optionally substituted with -

2 moieties independently selected from halo, -OH, -COOH, -NH», =0,
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-CN, C1-Cs atkyl, Ci-Cs alkenyl, C1-Cs hydroxyalkyl, C-C haloalkyl,
C1-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or unsaturated Cs-Ce

cycloalkyl, and saturated or unsaturated C3-C cycloalkoxyl.

35. The compound of any one of claims 31 to 33, wherein

R' and R are H;

R!% and R!! are each independently selected from halo, -OH, -COOH, -NHa, =0, -CN, C1-Cs
alkyl, C1-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Cs haloalkyl, C1-Cs aminoalkyl, C1-Cs
alkoxyl, saturated or unsaturated C3-Cs cycloalkyl, saturated or unsaturated Cs-Cs
cycloalkoxyl, -CHRPR®, .OR"®, -.OC{O¥ R™), -C(OW R, -C{ON(RTPR™), -
C(OYO(RT), -S(O)NRR®Y and -N(RPR™), wherein
R and R® are each independently selected from H, Ci-Cs alkyl, C;-Cs alkenyl, C:-

Cs hydroxyalkyl, Ci-Ce haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl, saturated
or unsaturated C3-Cs cycloalkyl, and satarated or unsatarated C3-Cs
cycloalkoxyl; and

R is selected from 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
sclected from N, O, and 5, saturated or unsaturaied 7-8 membered bridged
heterocyelyl containing 1-2 heteroatom ring vertices selected frora N, O, and S, and
saturated or unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroatom
ring vertices selected from N, O, and 5, wherein
the 3-7 membered heterocyelyl, the 7-8 membered bridged heterocyelyl, and the 7-11

membered spiroheterocyclyl are optionally substituted with 0-2 moieties
independently selected from halo, -OH, -COOH, -NH, =0, -CN, Ci-Cg alkyl,
(1-Cs alkenyl, Ci-Ce hydroxyalkyl, Ci-Cs haloalkyl, Ci-Cs aminoalkyl, Ci-Ce
alkoxyl, saturated or unsaturated Cs-Ce cycloalkyl, and saturated or

unsaturated C3-Ce cycloalkoxyl.

36. The compound of any one of claims 31 to 33, wherein

RY R R!?and R, when present, are each H; and

R" is selected from saturated or unsaturated Cz-C cycloalkyl, 3-7 membered heterocyelyl
containing 1-2 heteroatom ring vertices selected from N, O, and S, saturated or
unsaturated 7-8 membered bridged heterocyclyl containing 1-2 heteroatom ring

vertices selected from N, O, and 8, saturated or unsaturated 7-11 membered
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spiroheterocyclyl containing 1-2 heteroatom ring vertices selected from N, O, and S,

wherein

the 3-7 membered heterocyclyl, the 7-8 membered bridged heterocyelyl, and the 7-11
membered spiroheterocyclyl are optionally substituted with 0-2 moietics
mdependently selected from halo, -OH, -COOH, -NH», =0, -CN, C:-Cs alkyl,
C1-Cs abkenyl, C1-Cs hydroxyalkyl, Ci-Cs haloalkyl, Ci-Cs aminoalkyl, C1-Cs
alkoxyl, saturated or unsaturated Cs-Cs cycloalkyl, and saturated or

unsaturated C3-Cs cycloalkoxyl.

37.  The compound of any one of claims 31 to 33, wherein
R RY R12 and RM™, when present, are each H; and
R is a 3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices selected
from N, O, and 5 substituted with 0-2 moicties independently selected from
halo, -OH, ~-COOH, -NH», =0, -CN, Ci-Cs allyl, Ci-Cs alkenyl, Ci-Ce
hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, saturated or

unsaturated Cs-Cg cycloalkyl, and saturated or unsaturated Cs-Cs cycloalkoxyl.

38, The compound of any one of claims 31 to 33, wherein

R RM R*™ and R'*, when present, are each H; and
R is optionally substituted saturated or unsaturated 7-8 membered bridged heterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and S substituted with (-2

substituents selected from -OH,-COOH, -NH,, =0, -CN, and-C1-Cs alkyl,

39.  The compound of ¢claim 31, having Formula XI-B or XI-B-2

Formula XE-B-1

Formula XE-B-2
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or a pharmaceutically acceptable salt thereof, wherein
R¥is selected from -OH, Ci-Ce alkyl, C1-Cs alkenyl, C1-Cs hydroxyalkyl, Ci-Cs haloalkyl,
-Co aminoalkyl, C1-Cs alkoxyl, C1-Ce haloalkoxyl, saturated or unsaturated Cs-Ce
cycloalkyl, saturated or unsaturated Cs-Cs cycloalkoxyl, -CHRPR®, .C(O}R™), -
C(OIN(RPR®), -C(OYHR™), -5(0n R and -S(0O) N(RPR®), wherein
each R’ and R™ are independently selected from H, C1-Cs alkyl, C;-Ce alkenyl, C:-
Ce hydroxyalkyl, Ci-Cs haloalkyl, Ci-Ce aminoalkyl, Ci-Cs alkoxyl, saturated
or unsaturated (3-Cs cycloalkyl, and saturated or unsaturated C3-Ce

cycloalkoxyl.

44, The compound of claim 39, wherein R*® and RY are cach independently selecied from
b

halo and C-Cs alkyl.

41.  The compound of claim 39 or 40, wherein R'” is selected from C1-Ce alkyl, C1-Cs
alkenyl, Ci-Cs hydroxyalkyl, C1-Cs haloalkyl, Ci1-Cs aminoalkyl, C1-Cs alkoxyl, C1-Cs
haloalkoxyl; saturated or unsaturated Cs-Cs cycloalkyl, saturated or unsaturated Cs-Cs
cycloalkoxyl, -CHR™R®™, wherein
each R7” and R®™ are independently selected from H, Ci-Cs atkyl, C1-Cs
alkenyl, Ci-Cs hydroxyalkyl, C1-Cs haloalkyl, Ci-Cs aminoalkyl, C1-Ce
alkoxyl, saturated or unsaturated C3-Cs cycloalkyl, and saturated or

unsaturated C3-Cs cycloalkoxyl.
42, The compound of claim 39 or 40, wherein R" is selected from C-Ce alkyl.

43, The compound of claim 39 or 40, wherein X is —8-, having formula XI-B-1-a or

formula XI-B-2-a

N
NS
WY

Formula Xi-B-1-a
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R17 { R4)p
/ AN
Nf/\N -
RIE N\ 16

Formula XL-B-2-a.

44,  The compound of any one of claims 39 to 43, having Formula XI-B-1-a-1 or Formula

iB-2-a-1

(X1-B-1-a-T)

N~ R
B

e /\N"zf,} ﬁ/}\s RS

5 "‘j R'EG

1
RE ™ (X1-B-2-a-T)

or a pharmaceutically acceptable salt thercof, wherein R is halo.

45.  The compound of any one of claims 39 to 43, having Formula XI-B-1-a-11 or Formula

Xi-B-2-a-H

(X1-B-1-a-11)

(XI-B-2-a-11)

or a pharmaceutically acceptable salt thereof,
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46, The aompound of any one of claius 39 to 43, having Formula XI-B-~1-a-1lfor Formula

J
A

{ XI-B-1-a-H1l)

17 o
R . N \ /R

(X1-B-2-a-TIT)

or a pharmaceutically acceptable salt thereof,

47. The compound of any one of claims 39 to 43, having Formula X1-B-1-a-1V, or

Formula IB-2-a-1V

(XI-B-1-a-1V)

(X1-B-2-a-1V}

or a pharmaceutically acceptable salt thereof.

48.  The compound of claim 1, having Formula XI-C

Formula X1-C
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or a pharmaceutically acceptable salt thereof, wherein
m is an integer from 0-6;
RS is selected from H, halo, -OH, -COOH, -NH,, -CN, C-Cs alkenyl, C1-Cs
hydroxyalkyl, C1-Cs haloalkyl, C1-Cs aminoalkyl, Ci-Cs alkoxyl, C1-Ce

haloalkoxyl, -R7, -X.R7 CHR™ R®, .OR™, -0-X.R™ X1-0-X'.R", -

OC(OHR™, -O-X-COUR™), -CLONR™™), -C{OMN(R*R™), NR'YCOR™, -
COYBR™), S(ORR, -S(O)RN(R7AR™), -N(R7*R*), saturated or unsaturated
C3-Cs cycloalkyl, saturated or unsaturated Cs-Cs cycloalkoxyl, saturated or
onsaturated 3-7 membered heterocyclyl containing 1-2 heteroatorn ring
vertices selected from N, O, and S, mono or bicyclic aryl, 9-10 membered
bicyclic heteroaryl containing 1-4 heteroatom ring vertices selected from N, O,
and S, saturated or unsaturated 7-8 membered bridged heterocyclyl containing
1-2 heteroatom ring vertices selected from N, O, and S, saturated or
unsaturated 7-11 membered spiroheterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and S, and 6-11 membered bicyclic heterocyclyl
containing 1-2 heteroatom ring vertices selected from N, O, and §; wherein
cach X' is independently Ci.6 alkylene;
cach R™ and R are independently selected from H, C;-Cs alkyl, saturated or
unsaturated C3-Cs cycloalkyl, saturated or unsaturated C3-Cs
cycloalkoxyl, Ci~Cs alkenyl, Ci-Cs hydroxyalkyl, Cy-Ce haloalkyl, Ci-
Cs aminoalkyl, C1-Cs alkoxyl, C1-Cs haloalkoxyl, saturated or
unsatorated Cs-Cy cycloalkyl, saturated or unsaturated C3-Ce
cycloalkoxyl, aryl, saturated or unsaturated C3-Cs cycloalkyl,
saturated or unsaturated C5-Ce cycloalkoxyl, saturated or unsaturated
3-7 membered heterocyclyl containing 1-2 heteroatom ring vertices
selected from N, O, and S, wherein the aryl and 3-7 membered
heterocyclyl groups are substituted with 0-3 substituents selected from
halo, -OH, -COOH, -NHz, =0, -CN, C1-Cs alleyl, C1-Ce alkenyl, C1-Cs
hydroxvalkyl, Ci-Cs haloalkyl, Ci-Cs aminoalkyl, Ci-Cs alkoxyl,
saturated or unsaturated Cs-Cs cycloalkyl, and saturated or unsaturated

Cs-C cycloalkoxyl; and
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the C3-Ce cycloalkvl, Us-Cs eycloalkoxyl, 3-7 membered heterocyclyl, the
mono or bicyclic aryl, the 9-10 membered bicyclic heteroaryl, the
saturated or unsaturated 7-8 membered bridged heterocyelyl, the
saturated or unsaturated 7-11 membered spiroheterocyely, and the 6-11
membered bicyclic heterocyelyl are each independently substituted
with 0 to 3 moieties selected from halo, -OH, -COOH, -NH», =0, -CN,
Cy~Ce alkyl, C1-Cs alkenyl, C;-Cy hydroxyalkyl, Ci~-Cs haloalkyl, Cs-
Cs aminoalkyl, Ci-Cs alkoxyl, saturated or unsaturated C5-Cs
cycloalkyl, saturated or unsaturated Cs-Cs cycloalkoxyl, saturated or
unsaturated 3-7 membered heterocyclyl containing 1-2 heteroatom ring
vertices selected from N, O, and 8, -CHRPR®®, -OR"®, -OC(OX R®), -
C{OYW R, -CLOM(RTR), -NRTCOR®, -C(OWHR), -5(0On
N(R°R®) and -N(R*R™), wherein each R’ and R*® are independently
selected from H, C-Ce alkyl, C-Cs alkenyl, Ci-Ce hydroxyallyl, Ci-
(s haloalkyl, C1-Cs aminoalkyl, C1-Ce alkoxyl, saturated or

unsaturated C3-Cs eycloalkyl, and saturated or unsaturated C3-Cs

cycloalkoxyl.
49, The compound of claim 1, having Formula XI-C-1
R3
Rg A
R 3p
AL
/
m N/Z\ R5
H
Formula X3-C-1.
50.  The compound of claim 48 or 49, wherein mis 1.
51 The compound of claim 48 or 49, wherein R'® is H,
52.  The compound of any one of claims 1 to 51, wherein R? and R” are both C-Cg alkyl.
53, The compound of any one of claims 1 to 51, wherein R? and R” are both methyl.
54, The compound of any one of claims 1 to 51, wherein R? is methyl and R? is ethynyl.
55, The compound of any one of claims 1 to 51, wherein R” is methyl and R’ is CHOMe.
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56. The compound of any one of claims 1 to 43, or 48 to 55, wherein the subscript pis 1,

and R* is attached to the phenyl ring as shown below:

wherein the wavy line represents the point of attachment to the remainder of the

formula.

57. The compound of any one of claims 1 to 43, or 48 to 55, wherein the subscript pis 1,

and R* is halo attached to the phenyl ring as shown below:

e

wherein the wavy line represents the point of attachment to the reroainder of the

formula,

58.  The compound of any one of claims 1 to 43, or 48 to 55, wherein the subscript p is 1,

and R* is chloro attached to the phenyl ring as shown below:

2
wherein the wavy line represents the point of attachiment to the remainder of the

formula.

59. The compound of any one of claims 1 to 43, or 4% to 55, wherein the subscript pis 1,

and R* is methoxy attached to the phenyl ring as shown below:

/-\@*'GME

wherein the wavy line represents the point of attachment to the reroainder of the

formula.
60, The componnd of any one of clairus 1 to 9, wherein R® is H or methyl,
! : y
61.  The compound of any one of claims 1 to 9, wherein R® is H.
62.  The compound of any one of claims 1 to 9, wherein R® is deuterium.
63.  The compound of any one of claims 1 to 9, wherein R is Ci-Cs deuteroalkyl.

276



WO 2022/063152 PCT/CN2021/119801

64, The compound of any one of clairns 1 to 9, wherein R® is selected from the group

consisting of ~-CH>D, -CHD:, and -CDs.

65.  The compound of any one of claims 1 to 64, wherein the carbon atom attached to R”

and R” is the S isomer.

66, The compound of any one of claims 1 to 64, wherein the carbon atom attached to R?

and R” is the R isomer.

67.  The compound of claim 1, wherein the compound of Formula X1 is selected from
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68.  The compound of claim 1, wherein the compound of Fornmla X1 is selected from
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69.  The compound of claim 1, selected from a Table or example disclosed herein.

76, A pharmaceutical composition comprising a compound of any one of claims 1 to 69,

and a pharmaceutically acceptable carrier or excipient.

71. A method for inhibiting ALPK 1 kinasc activity in a ccll or tissuc of a subject in need
of such therapy, the method comprising administering to the subject a compound of any one

of ¢laims 1 to 69.

72. A method for inhibiting or reducing inflammation in a target tissue of a subject in
need of such treatment, the method comprising administering to the subject a compound of

any onc of claims 1 to 69.

73. A method for treating a disease, disorder, or condition characterized by excessive or

inappropriate ALPK [-dependent proinflammatory signaling in a subject in need of such
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therapy, the method comprising administering to the subject a compound of any one of

claims 1 to 69.

74, The method of claim 73, wherein the discase, disorder, or condition is selecied from
sepsis, cancer, spircandenoma, spircandenocarcinoma, “Retinal dystrophy, Optic nerve
edema, Splenomegaly, Anhidrosis and migraine Headache” (“ROSAH”) syndrome, and

“Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis” (“PFAPA”) syndrome.

75, The method of claim 73, wherein the cancer 1s selected from lung cancer, colon

cancer, and oral squamous cancer.

76, The method of claim 73, wherein the discase or disorder is ROSAH,
77, The method of claim 73, wherein the discase or disorder is PFAPA.

78.  The method of claim 73, wherein the disease or disorder is spiradenoma or

sp iroandenocarcinoma.

79.  The method of clairn 73, wherein the disease or disorder is sepsis,
80.  The method of any one of claims 76 to 79, wherein the subject in need of such therapy

is a subject carrying one or more genctic mutations in ALPK 1.
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