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7-AZA BICYCLIC HETERQCARYL DERIVATIVES AS ECTONUCLEQOTIDE
PYROPHOSPHATASE PHOSPHODIESTERASE 1 INHIBITORS

{ROSS-REFERENCES TO RELATED APPLICATIONS

{6001} This application claims the benefit of priority under 35 US.C § 119} 1o U S,
Provisional Application No. 63/603,79¢ filed November 29, 2023, the contents of which is

herein incorporated by reference in its entirety for all purposes.

FIELD OF THE BISCLOSURE
{60021 The present disclosure provides certain 7-aza bicyclic heteroary! cornpounds that
inhibit ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENFPP1) enzymatic activity and
are therefore useful for the treatrent of diseases treatable by inhibition of ENPPL. Also
provided are pharruaceutical compositions containing such compounds and processes for

preparing such compounds.

BACKGROUND
{8003} ENPPI enzyme is present in a wide range of tissues and cell types, such as
Iymphocvtes, macrophages, liver, brain, heart. Kidnev, vascular smooth muscle cells, and
chondrocytes. ENPP1 hvdrolyzes ATP and other nucleoside triphosphates and releases AMP
or other nuclecside monophosphates as well as pyrophosphate (PPi) (Kato K et al. 2012
PNAS 109.16876-16881; Hessle L et al. 2002 PNAS 99:9445-9449). The enzyme can also
hydrolyze other nucleoside monophosphate esters (Kato K et al. 2012 PNAS 109:16876-
168815 ENPPI has been identified as the domunant 27°-3"-cGAMP hydrolase in cultured
catls, tissue extracts and blood (L1 L et al. 2014 Nat Chem Biol 10:1043-1048}). Tissues and
blood from ENPPI knockout moice tack 2°-3"-cGAMP hydrolase activity. Elevated levels of
ENPP1 have been associated with calcific aortic valve disease (CAVD) and calcium
pyrophosphate dihydrate (CPPD) disease, an inflammatory disease resulting {rom calcium
pyrophosphate dihvdrate crvstal deposits in the joint and surrounding tissues {Cote N et al.
2012 Eur J Pharmacol 689:139-146; Johnson K et al, 2001 Arthritis Rhewm 441071 ).
ENPP1 expression is upregulated in certain hepatocellular carcinomas, giioblastomas,
melanomas, testicular, pancreatic and thyroid and breast cancers and has been associated with
resistance to chemotherapy (see Lau WM et al. 2013 PLoS One 8:5; Bagenitz J et al. 2014
Mol Cell Oncology 1:3; Bageritz J et al. 2014 Cell Death, Differentiation 21:929-940; Umar
A et al. 2009 Mol Cell Proteormics 8:1278-1294). ENPPI upregulation and vanants of

ENPPL are also associated with insulin resistance and type 2 diabetes (Meyre D et al, 2003
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Nat Genet 37:863-867. Maddux BA et al. 1995 Nature 373:448-451; Rev D etal. 2012 Mol
Biol Rep 39:7687-7693) and enzyme activity of ENPP1 was reported to be required for the

mhibition of nsulin receptor signaling (Chun ON et al. 2009 Hur J Pharmacol 606:17-24).

[6004] Cyclic GMP-AMP synthase (¢GAS) is a pattern recognition receptor that

A

svnthesizes the endogenous messenger molecule cGAMP from ATP and GTP in response {o
the presence of DNA derived from viruses, bactena, damaged nmitochondria, or cancer cells.
The cGAMP molecuie then binds to the stimulator of interferon genes (STING; protein,
which initiates a signaling response that activates innate immunity and resuits in the
production of tvpe [ interferon, anfiviral and immune-stimulatory cvtokines (Sun L et al.

10 2013 Science 339:.786-791; Wu F et al. 2013 Science 339:826-830; Gao D et al. 2013 Science
341:903-906; Lt X et al. 2013 Science 341:1390-1394; Schoggins JW et al. 2014 Nature
505:691-695, Wassermann R et al. 2015 Cell Host Microbe 17:799-81{; Watson RO et al.
2015 Cel Host Microbe 17:811-819; Collins A et al. 2015 Cell Host Microbe 17:820-828;
West A etal. 2015 Nature 520:533-557; Woo SR et al. 2014 Inimunity 41:830-842; Deng L
et al. 2014 Immunity 41:843-852; Chen Q et al. 2016 Nat Immunol 17:1142-1148). The

oy
W

CGAS enzyme, cGAMP messenger and STING is also involved in host defense against RNA
viruses and the wuune control of tumor development (Aguirre 8 et al. 2012 PL0oS Pathog &:
ei1002934; Barber GN 2015 Nat Rev Immunol 15:760-770). ENPP1 has been identified as
the enzyme that naturally hydrolyvzes ¢GAMP and therefore counteracts the innate immune
20 response against mfectious agents. damaged cells, and cancer cells (Lt L et al. 2014 Nat
Chem Biol 10:1043-1048). The efficacy of non-hvdrolyzable cGAMP analogs 1n inducing
functional immune responses is higher than that of natural, hvdrolysable cGAMP (Lt L et al.
2014 Nat Chem Biol 10:1043-1048; Corrales L et al. 2015 Cell Rep 11:1018-1030). Virus
infection has been demonstrated to be [acilitated by ENPP1 overexpression and 1s atlenualed

25 by silencing of ENPP1 (Wang J et al. 2018 Mol fmnunol 95:56-63).

[B00S]  Inhibitors of cGAMP hydrolvsis, inchuding by inhibition of ENPPL. mav therefore
be used to increase the effectiveness of immune responses againgt cancer cells and fumors
and agamnst infections by BNA or DNA viruses or bacteria. Inhibitors of ENPP1 and of
cGAMP or nucleoside triphosphate hydrolysis may alsc be used for the treatment of

30 inflanmmatory diseases that are associated with elevated nuclectidase levels, reduced
nucleoside triphosphate, reduced cGAMP or reduced nucleoside monophosphate ester levels
or diseases associated with elevated nucleoside or nucleoside monophosphate levels. For

these reasons, ENPP1 is an attractive therapeutic target for the treatment of diseases.
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[8006] The present disclosure addresses these needs and provides related advantages as

well.

SUMMARY

{30071  In a first aspect, provided is a compound of Formula {{):

whereirn:

X is N, CH, or C when attached to R*;

Rijg alkyl, alkoxy, halo, halealkyl, haloalkoxy, amine, alkyvlamino, dialkviamino,
hydroxyatkyl, alkoxyalkyl, hydroxyalkoxy, atkoxyatkoxy, hydroxyalkvlamine,
alkoxyalkylamino, aminoalkyl, amincalkoxy, aminoalkvlamine, dianunoalkyl,
diaminoaikony, diamincalkvlamino, or cvano:

R? and R are independently absent, alkvi, hvdroxy, altkoxy. halo, haloalkyl,
haloatkoxy, cyano, amino, alkylamino, diatkvlamine, aminocarbonyl, alkviamimocarbonyvl,
dialkylaminocarbonyl, hydroxvalkyl, alkoxyalkyl, hydroxvalkoxy, alkoxvatkoxy,
hydroxyalkylamino, alkoxyalkylamino, aminoalkyvl, aminoalkoxy, ammoalkylamino,
heterocyelvl, heterocychvloxy, heterccychvlarine (wherein heterocyclyl either alone or part
of heterocvelvioxy and heterocyclylaming is optionally substituted with one, two, or three
substituents mdependently selected from alkyl, halo, hydroxy, alkoxy, hydroxyalkyl,
alkoxyalkyl, and amunoalkyl), heterocyclvlalkyl, heterocyclvialkylony,
heterocvcivialkylamino {wherein the heterocyclyl ring in heterocvelylalkvl,
heterocycivialkvloxy, and heterocvclylalkylaming is optionally substituted with one. two, or
three substituents independently selected from alkyl, halo, hydroxy, alkoxy, hydroxyalkyl,
alkoxyalkyl, and aminoalkyh), cycloalkyioxy, phenyloxy, or hetercaryloxy {where phenyl in
phenvioxy and heteroarvi in heteroarvioxy are optionally substituiied with one, two, or three
substituents independently selected from alkyl, hydroxy, alkoxy, halo, haloalkyl, haloatkoxy,
and cvanc)

Z 15 cyclylaminylene, spiro cyclylaminylene, fused cyclvlanunyviene, NH, N{alkyt), O.
8. 80, or SOy, wherein:

{a) when £ is cychvlaminylene, spiro cyclvlamunviene, or fused cvelvliaminylene, then

Q is —{(alk)s-W. wherein each 7 motety of (a) is substituted with R* and R®, and
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R* and R’ are each independently absent, alkyl, alkoxy, halo, haloalizl,
haloalkoxy, hydroxy, or eyano; and
(b} when Z ts NH, N{alkv]). 0. S, 8O. or 50, then G 15 —(alk’ },-Ar-W. wherein Aris
arylene or 5 or 6-membered heteroarviene, each Ar is substituted with B and R,
and R® and R7 are independently absent, alkyl, alkoxy, halo, haloatkyl,
haloalkoxy, hydroxy. or cyang,
alk and all’ are independently alkyviene optionally substituted with one, two, or three
halo:
m and n are ndependently 0 or 1; and
W is a group consisting of formula () or (i)
Q ge QA rs
\\/S; 9 S
N-R" (1) or ' H (i)
each RY and R” are independently hydrogen, alkvl, substituted alky!, haloalkyl,
substituted haloalkyvl, evcloalkyl. substituted cycloalkyl, cveloalkylalkyl, heterocyelyl, or
substituted heterocvelvl; or

a pharmaceutically acceptable salt thereof.

[G008] In some embodiments, provided are compounds of Formuda (Id):

Q
|
R i
RO E-\\E \j(
P
MUONT ad)
wherein:
X 1s:

(a) CH or CR% or
(YN
R'is alkyl, alkoxy, halo, haloalkyl. haloalkoxy, amino, alkyiamino, diatkviamino,
hydroxyalkyl, alkoxyvalkyl, hydroxyalkoxy, atkoxyalkoxy, hvdroxvatkylamino,
alkoxyalkyvlamine, aminoatkyi, aminoalkoxy, aminoalkyviamino, diaminoalkyl,
diaminocalkoxy, diaminoatkvianminoe, or cvano,
R? and R’ are independently absent, alky1, hydroxy, alkoxy, halo, haloalkyl,
haloatkoxy, cvano, amino, alkviamino, diatkviamino, aminocarbonyvl, alkylaminocarbonyvi,
dialkylaminocarbonyl, hyvdroxyvatkvi, alkoxvalkyl, hvdroxvaltkoxy, atkoxyatkoxy,

hydroxyatkyvlaming, alkoxyalkvianmino. aminecatkyi, aminoalkoxy. amincalkyviaminoe,
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heterocyclyl, heterocyclyloxy, heterocyclylamine (wherein heterocvelvi either alone or part
of heterocyclvioxy and heterocyclylamino is optionally substituted with one, two, or three
substituents independently selected from atkyl, halo, hydroxy, alkoxy, hvdroxvalkyl,
atkoxyalkyl, and anminoalkyl), heterocvelyiatkyl, heterocyelvlalkyloxy,
heterocyclyialkyvlamino (wherein the heterocyelyi ring in heterocyclylalkyl,
heterocycivlalkyloxy, and heterocvelvlalkyviamino is optionally substituted with one, two, or
three substituents independently selected from alkvl, halo, hvdroxy, alkoxy. hvdroxyvalkyi.
alkoxyalkyl, and aminoalkvl), cveloalkvioxy, phenvioxy, or heteroarvioxy (where phenvi in
phenvioxy and heteroaryl in heteroarvioxy are optionally substituted with one, two, or three
substituents mdependently selected {from atkyl, hydroxy, alkoxy, halo, haloalkyl, haloalkoxy,
and cyano);
£ i3 cyclyvlanminviene, spiro cyclviaminvlene, fused cyclviaminviene, NH, N{alkst), G,
S, 80, or SOz, wherein:
{a) when Z is cyclylaminylene. spiro cyvclylaminylene, fused cyclylaminylene, then Q
is ~(alk)m-W, wherein each Z moiety of {3} is substituted with R* and R, and R
and R are independently absent. alkvi, alkoxy, halo, haloalkyvl, haloalkoxy,
hvdroxy, or cvano; or
(b} when Z is NH, N{alky1), O, §, SO, or SOz, then @ is ~{alk’}o-Ar-W, wherein Ar is
arylene or 5 or 6-membered heteroarylene, each Ar is substituted with R® and R,
and R® and R are independently absent, alkvl. alkoxv. halo. hatoalkyl, haloatkoxy,
hydroxy, or eyano,
alk and aik! are independently alkylene optionally substituted with one, two, or three
hale;
m and n are independently 0 or 1 and
W is a group consisting of formula (1) or (i)
C‘E‘{RG Q _R®
XN ) or HY s Gi):
each R® and R® are independently hydrogen, alkvl, substituted alkyl, haloalkvl,
substituted haloalkyl, cycloalkyl, substituted cvcloalkyvl, cveloalkyiatkyl, heterocyelvl, or
substituted heterocvelyl; or

a pharmaceutically acceptable salt thereof.

(3
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[600%] In asecond aspect, provided 15 a pharmaceutical composition comprising a
compound of (I} {or any of the embodiments thereof described herein) or a pharmaceutically

acceplable salt thereof and a pharmaceutically accepiable excipient.

[3019]  In a third aspect, provided are methods of treating a disease or condition treatable by

A

inhibition of ENPP1 in a patient. preferably in a patient recognized as needing such a
treatment, comprising admnistering to the patient a compound of Formula (I} {or any of the
embodiments thereof described herein} or a pharmaceutically acceptable sali thereof ina
therapeutically effective amount. In one embodiment, the disease is cancer. In a second
embodiment, the disease s cancer selecied from hepatocellalar carcinomas, glioblastomas,
10 melanomas, testicular cancer, pancreatic cancer, thyroid cancer, cervical cancer, ovanan
cancer, bladder cancer, colon cancer. lung cancer, breast cancer, multiple myeloma, acute
Ivmphocytic leukemia. acute myveloid leukemia. chromce lvmphocviic leukemia, chronic
myeloid leubemia, hairy cell leukemia, large granular lvmphocytic leskemia, T-cell

protymphocytic leukemia, prolymphocytic leukemia, Hodgkin lymphoma, non-Hodgkin

oy
W

lymphoma, diffuse large B cell lymphoma, low grade glioma, colorectal cancer, gastric and
eastrointestinal cancer, esophageal cancer, anal cancer, cancer of the appendix. kidney
cangcer. skin cauncer, uterine cancer, brain cancer, adrenal cancer, bile duct cancer, boue
cancer, fallopian tube cancer, sarcomas. germ cell tumors, head and neck cancer,
neuroblastoma. pheochromocytoma and paraganglioma, cholangiocarcinoma, peritoneal

20 cancer, retinoblastoma, liver cancer, thvmoma, urethral cancer, prostate cancer, uveal
melanora, adenoid cystic carcinoma, and vaginal and vulvar cancer. In a third embodiment,
the disease is cancer selected from hepatocellular carcinomas, glioblastomas, melanomas,
testicudar cancer, pancreatic cancer, thyroid cancer, cervical cancer, ovarian cancer, bladder

cancer, colon cancer, and lung cancer.

\.]
v

{8011} In another embodiment, the disease 1s an inflammatory disease e.g., calcific aortic
valve disease, osteoarthritis, and calcium pyrophosphate dihydraie disease. In vet another
embodiment the disease metabolic disease e.g., type 2 diabetes, or a viral infection such as
DNA virus infections, HIV, Herpes virus infections, Papilloma virus infections, RNA viras
infections, and HBV.

30 [6012] Inafourth aspect, provided is a compound of Formula (I} {or any embodimenis
thereot described heregin) or a pharmaceutically acceptable salt thereof for use as a

meadicament, In one embodiment, the medicament s for use n the treatment of cancer. Ina
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second embodiment, the disease is cancer selected from hepatocellnlar carcinomas,
elioblastomas, melanomas, lesticular cancer, pancreatic cancer, thyroid cancer, cervical
cancer, ovanan cancer, bladder cancer, colon cancer, lung cancer, breast cancer, muitiple
myeloma, acute lvmiphocvtic leukenua, acute mvelotd feukemia, chronic lymphocytic

5 leukemua, chronic myeloid leukenua, hairy cell leukemia, large granular by mphoey tic
leukerua, T-cell prolymphocytic leukernia, prolymphocyiic leukemia, Hodgkin lymphoma,
non-Hodgkin lymphoma. diffuse large B cell lymphoma, low grade glioma, colorectal cancer,
eastric and gastrointestinal cancer, esophageal cancer, anal cancer, cancer of the appendix,
kidney cancer, skin cancer, uterine cancer, brain cancer, adrenal cancer, bile duct cancer,

10 bone cancer, fallopian tube cancer, sarcornas, germ cell tumors, head and neck cancer,
neuroblastoma, pheochromocytoma and paraganglioma, cholangiocarcinoma, peritoneal
cancer, retinoblastoma, liver cancer, thvmoma, urethral cancer, prosiate cancer, uveal
melanoma, adenod cystic carcinoma, and vaginal and vulvar cancer. In a third embodiment,

the disease is cancer selected from hepatocellular carcinomas, glioblastomas, melanomas,

Jmsd
W

testicular cancer, pancreatic cancer, thyroid cancer, cervical cancer, ovarian cancer, bladder

cancer, colon cancer, and hung cancer,

{60137 In another embodiment, the disease 15 an inflamumatory disease e.g., calcific aorhic

valve disease, osteoarthritis, and calcium pyrophosphate dihydrate disease. In yet ancther

embodiment the disease metabolic disease e.g., type 2 diabetes, or a viral infection such as
20 DNA vurus infections, BIV, Herpes virus infections, Papilloma virus infections, RNA virus

infections, and HBV.

[6014] In a fifth aspect provided is use of a compound of Formula (I} or a pharmaceutically

accepiable salt thereof (and any embodiments thereof disclosed herein) in the manufacture of

a medicament for trealing a disease in a patient in which the activity of ENPPI contributes to

\.]
v

the pathology and/or svmptoms of the disease. In one embodiment. the disease is cancer.

{6018}  In a second embodiment, the disease is cancer selected from hepatocetiular
carcinomas, ghoblastomas, melanomas, testicular cancer, pancreatic cancer, thyroid cancer,
cervical cancer, ovarian cancer, bladder cancer, colon cancer, lung cancer, breast cancer,
multiple myeloma, acute lymphocytic leukemia, acute myeloid leukemia, chronic

30 lvmphocvtic feukemia, chronic myeloid leukemia, hairy cell leukemia, large granular
Ivmphocyiic leakemia, T-cell prolvmphocyiic teukemia, prolvmphocytic leakemia, Hodgkin

Iymphoma, non-Hodgkin lviphorma, diffuse large B cell lymphoma, low grade ghioma,
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colorectal cancer, gastiic and gastromtestinal cancer, esophageal cancer, anal cancer, cancer
of the appendix, kidney cancer, skin cancer, uterine cancer, brain cancer, adrenal cancer, bile
duct cancer, boue cancer, fallopan tube cancer, sarcomas, germ cell tumors, head and neck
cancer. neuroblastoma, pheochromocyvtoma and paraganglioma, cholangiocarcinoma.
peritoneal cancer, refinoblastoma, liver cancer, thymoma, urethral cancer, prostate cancer,
uveal melanoma, adenoid cystic carcinoma, and vaginal and vulvar cancer. o a third
embodiment, the disease is cancer selected from hepatocellular carcinomas, glioblastomas,
melanomas. testicular cancer, pancreatic, thvroid cancer, cervical cancer, ovarian cancer,

bladder cancer, colon cancer, and lung cancer.

[6016]  In another embodiment, the disease 1s an inflammmatory disease e.g., calcific aortic
valve disease, osteoarthritis, and calcium pyrophosphate dihydrate disease. In yet another

embodiment the disease metabolic disease e.g., type 2 diabetes, or a viral infection such as
DNA virgs infections, HIV, Herpes virus infections, Papilloma virus infections, RNA virus

infactions, and HBV.

{8017} 1In asixth aspect, provided is a method of increasing the activity of an tmumune cell
comprising contacting the immune cell with a compound of Formula (I} ora

pharmaceutically acceptable salt thereof {(and any embodiments thereof disclosed herein).

[6018]  In a seventh aspect. provided is a method of increasing the activity of an vmnune
cell in a subject comprising administering 1o a subject in need thereof a therapeunically
effective amount of a compound of Formuda (I} or a pharmaceutically acceptable salt thereof
(and any erbodiments thereof disclosed herein). In one erobodiment of the seventh aspect,
the activity of the immune cell is increased in a subject suffering from cancer or a viral

disease.

{6019} In asecond embodiment, the disease is cancer selected from hepatoceliular
carcinomas, glioblastomas, melanomas, testicular cancer, pancreatic cancer, thvroid cancer,
cervical cancer, ovartan cancer, bladder cancer, colon cancer, lung cancer, breast cancer,
multiple myetoma. acute lvmphocviic leukenua, acute myeloid leulienmia, chronic
tymphoeytic leukemia, chronic myeloid teukemia, hatry cell lenkemia, large granular
tymphoeytic leukenua, T-cell prolvrophocytic leukermia, prolymphocytic leukerma, Hodglin
tymphoma, non-Hodgkin lymphoma, diffuse large B cell lymphoma, low grade glioma,
colorectal cancer, gastric and gastrowntestinal cancer, esophageal cancer, anal cancer, cancer

of the appendix, kidney cancer. skin cancer, uterine cancer, brain cancer, adrenal cancer, bile
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duct cancer, bone cancer, fallopian tube cancer, sarcomas, germ cell tumors, head and neck
cancer, neuroblastoma, pheochromocytoma and paraganglioma, cholangiocarcinoma,
perttoneal cancer, retinoblastoma, hver cancer, thymoma, urethral cancer, prostate cancer,
uveal melanoma. adenoid cystic carcinoma, and vaginal and vulvar cancer. In a third
embodiment, the disease is cancer selected from hepatocellular carcinomas, glioblastomas,
melanomas, testicular cancer, pancreatic cancer. thyroid cancer, cervical cancer, ovarian

cancer, bladder cancer. colon cancer, and lung cancer.

[8020] In vet another embodiment the disease is a viral infection such as DNA virus
infections, HIV, Herpes virus infections, Papilloma virus infections, RINA virus infections,

and HBY.

{60211 Inaneighth aspect, provided s a compound of Formula (I} or a pharmaceutically
acceptable salt thereof (and any embodiments thereof disclosed herein} for use in the
treatruent of

i cancer,

2. an inflanunatory disease;

. a metabolic disease; or

|95

4. a vival diseass.

{60221 Ina first embodiment, the disease is cancer. In a second embodiment, the disease is
cancer selected from hepatocellular carcinomas, glioblastomas, melanomas, testicular cancer,
pancreatic cancer, thyroid cancer, cervical cancer, ovarian cancer, bladder cancer, colon
cancer, lung cancer, breast cancer, multiple roveloma, acute lvmphocyuc leukenuia, acute
myeloid feukemia. chronic lymphocyiic teukemia, chronic mveloid leukemia, hairy cell
leukeniia, large granalar lymphocytic leukemia, T-cell prolymphocytic leukemia,
prolymphocytic leakemia, Hodgkin lvruphoma, non-Hodgkin lvmphoma, diffuse large B cell
Iymphoma, low grade glioma, colorectal cancer, gastric and gastrointestinal cancer,
esophageal cancer, anal cancer. cancer of the appendix, kidney cancer, skin cancer, uterine
cancer, brain cancer, adrenal cancer, bile duct cancer, bone cancer, falloptan tube cancer,
sarcornas, germ cell tumors, head and veck cancer, neuroblastoma, pheochromocytoma and
paraganglioma. cholangiocarcinoma, peritoneal cancer, retinoblastoma, liver cancer,
thymoma, urethral cancer, prostate cancer, uveal melanoma, adenoid cvstic carcinoma, and
vaginal and vulvar cancer. In a thivd embodiment, the disease is cancer selecled from

hepatocellular carcinomas, glioblastomas, melanomas, testicular cancer, pancreatic cancer,

9
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thyroid cancer, cervical cancer, ovarian cancer, bladder cancer, colon cancer, and lung

CaANCer.

60237 In another embodiment, the disease 1s an inflamunatory disease e.g., calcific aortic

valve disease. osteoarthritis, and calcium pyrophosphate dihvdrate disease. In vet another

A

embodiment the disease metabolic disease e.g., type 2 diabetes, or a viral infection such as
DNA vires infections, FITV, Herpes virus infections, Papilloma virus infections, RNA virus

infections, and HBVY.

[6024] In any of the aforementioned aspects nvolving the treatmaent of cancer, are further
embodiments comprising administering the compound of Formula (I} or a pharmaceutically

10 accepiable salt thereof (or any embodiments thereof disclosed herein) in combination with at
least one additional anticancer. When combination therapy s used. the agenis can be

administered simultaneously or sequentially.

DETAILED DESCRIPTION

Definitions:

oy
wr

{8025} Unless otherwise stated, the following terms used in the specification and claims are

defined for the purposes of this Application and have the following meaning:

[8026] “Alkyl” means alinear or branched saturated monovalent hyvdrocarbon radical of
one 1o six carbon atoms, ¢ g., methyl, ethyl, propyl, 2-propyl. butvl, pentvl. and the like.
{60271 “Alkviene” means a linear saturated divalent hvdrocarbon radical of one to six
20 carbon atoms or a branched saturated divalent hvdrocarbon radical of three to six carbon
atoms unless otherwise stated e.g., methvlene, ethviene, propylene, 1-methylpropylene, 2-

methylpropylene, bulvlene, peniylene, and the like.
[BO28] “Anuno” means a —NHz.

{8029}  “Alkvlamino™ means a —NHR radical where R i5 alky! as defined abave, e.g..

[
st

methvianmino. ethylamino, propylamino, or Z-propylaminoe, and the like.

[6030] “Aminoalkyl” means a linear monovalent hyvdrocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbon radical of three o six carbons substituted with
~NR'R” where R7and R are independently hvdrogen or alkyl as defined above, e g.,

aminomethyl, aminoethyl, methviaminometbyl, and the hike.
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[8031] “Amunoalkylamine” means a ~-NRR radical where Ris hydrogen or allyl and R is
aminoalkyl as defined above, e.g., aminoethylamino, dimethylaminoethvlamino,
diethviaminoeethvliamino, dimethwlaminopropvlamino, disthvlaminopropvianuno, and the
like.

A

[0832] “Aminoatkvioxy™ or “aminocalkoxy” means a ~OR radical where R is aminoalky] as
defined above, e.g., aminocthyvioxy, dimethylaminoethyloxy, diethylaminoethyioxy,

dimethylaminopropyloxy, diethylaminopropyloxy. and the like.
{6033] “Anmuinocarbonyi” means ~-CONH; radical.

{6034] “Alkyviaminocarbonvl™ means -CONHR where R is alkvl as defined above radical,

10 eg., methylaminocarbonyl, propvlaminocarbonyl.

[60358] “Alkoxy” means a ~-OR radical where R 15 alkyl as defined above, e.g., methoxy,

ethoxy, propoxy, or 2-propoxy, fii~, i3o-, of fert-butoxy, and the like.

{00367 “Alkoxyalkyl” means a linear monovalent hydrocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbon radical of three to six carbons substituted with
-

15 atleasione alkoxy group, such as one or two alkoxy groups, as defined above, e.g., 2-

methoxyethvl, 1-, 2-. or 3-methoxypropvl, 2-ethoxyethvl, and the like.

[0037] “Alkoxvalkyloxy™ or “alkoxyalkoxy™ means a ~O-R radical where R is alkoxyalkyi

as defined above, e.g., methoxyethoxy, ethoxyethoxy. and the like.

[8038] “Allonyalbylammo™ means a ~-NRR’ radical where R is hydrogen or alkyl and R7 18
20 alkoxyalkyl as defined above, e.g.. methoxvethwlanuno, ethoxyethviamivoe.

propoxypropviamino, ethoxvpropylamine, and the like.

{80397 “Alkoxvcarbonvl” means a -C{O}OR radical where R is alky! as defined above,

e.g., methoxyearbonyl, ethoxycarbonly, propoxycarbonyl, and the ike.

{00401  “Arvl” means a monovalent monocy clic or bicychic aromatic hydrocarbon radical

2
N

of 6 to 10 ring atoms .g., phenyi or naphthyvl

j8041] “Arviene” means a divalent monocychic or bicyclic aromatic hydrocarbon radical of

610 10 ning atoms e.g.. 1.3- or 1 4-phenylene or 1 4-naphthyiens, and the like.
[6042] “Phenvioxy”™ means a DR radical where R is phenvl.

[6043] “Phenvlalkyl” means a —(alkyviens}-R radical where R is phenyl eg., bensyl.

11
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[6044] “Cycloakyl” means a cvclic saturated monovalent hydrocarbon radical of three to

ten carbon atoms, e.g., eyclopropyl, cyclobutyvl, evclopentyl, or cvelohexyl, and the like.

60457  “Cycloalkyvialkyl” means a —(alkylene)-R radical where R 1s cycloalkyl as defined

above e g, cvclopropyimethvl. and the like.

2

{60461 “Cycloalkyioxy™ means a ~OR radical where R is cycloalkyl {including specific

cycloalkyl rings) as defined above e.g., cyclopropvioxy, and the like.
[6047] “Carboxy” means ~COOH.

[0048] “Cyclvlanunyl” means a saturated monovalent monocyclic ring of 4 1o 8 ning atoms
in which one ring atom is nitrogen. an additional ring atom can be nitrogen, O, or 3{Om

10 (wherenis 0, 1 or 2), and the remaining ring atoms are C. Representative examples of
cyelviaminy] include, but is not linted to, piperidinyl, piperazinyl, azetidinyl, morpholinyl,

and the like.

{00497 “Cyclviaminylene” means a saturated divalent monocyclic ring of 4 to 8 ring atoms
in which one ring atom is nitrogen, an additional ring atom can be nitrogen, G, or S(Om

15 {wherenis 0, 1 or 2), and the remaining ring atoms are €. Representative examples of
cvelviaminylene include. but is not lirmited to, 1.3~ or 1 4-pipenidindiyi, 1,4-piperazindiyl,

i.3-azetidindivl, 1,3-morpholindivl, and the like.

[8050] “Dnalkviamino™ means a -NRR radical where R and R’ are alkyl as defined above,

e.g., dimethyvlamino, methviethylamino, and the like.

20 090511 “Dialkviaminocarbonyl” means -CONRR where R and R are alky! as defined

above radical. e g, dimethvlaminocarbonyl, disthviaminocarbonyl.

{00521 “Diammoalky!” means a linear monovalent hy drocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbon radical of three to six carbons substituled with

two -NR'R” where R and R” are independently hydrogen or alkyl as defined above, e.g.,

]
AN

diaminoethyl, 1.3-diaminopropyl. 2-amine-3-methylaminopropyl, and the like.

[0853] “Diaminoalkviaminoc” means a -NR*R" radical where R*is hvdrogen or alkyl and R®

is diaminoalkyl as defined above, e.g., diamincethylamine, 1,3-diaminopropylamino, 2

amino-3-methvlaminopropylamivo, and the hike.

12
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[8054] “Draminoalkyloxy” means a ~DR® radical where R?is diaminealky! as defined
above, e.g.. 2-diaminoethyvioxy, 1,3-diaminopropyloxy, Z-amino-3-methyiaminopropyloxy,

and the like.

{80551 “Fused cvelylanmunviene™ means a fused divalent bicychic ring in which a first ring is

A

a saturated ring having 4 to 8 ring atoms in which one ring atom is nitrogen, an additional
ring atom can be nitrogen, G, or S(Om (where n 15 0, 1 or 2}, and the remaimng ring atoms
are C. Two adjacent ring atoms of the first ring are fused fo two adjacent ring atoms of a
phenvi or a five or six membered heteroarvi, each as defined herein. Any two suitable ring
atoms of the fused cycleylaminyiene can be points of attachment. Non limiting examples of

10 the fused evclylaminyiene include indolin-2-one-1-vl, indolinyl, isoindolinyl, and the hke.
{60561 “Halo” means fluoro, chloro, bromo, or wodo, preferably fluoro or chloro.

{00571 “Haloalkvl” means alkyl radical as defined above, which is substituted with one or
more halogen atoms, such as one to five halogen atoms, such as fluorine or chlorine,

mcluding those substituted with different halogens, e.g., -CH:Cl, -CFz, -CHF,, -CH.CF3, -

oy
wr

CF(Fs, -CF(CHs ), and the like. When the alkyl is substituted with only fluoro, it can be

referred to in this Application as fluoroalkyl.

{6058} “Haloalkoxy™ means a—OR radical where R is haloalkyl as defined above e.g., -
OCF;, ~OCHF,, and the like. When R is halcalkyl where the alkylis substituted with only

fluoro, it 1s referred to in this Application as fluoroalkovy

20 [80%9] “Hydroxyalkvl” means a linear monovalent hydrocarbon radical of one to six
carbon atoms or a branched monovalent hydrocarbon radical of three {o six carbons
subsiituted with one or two hydroxy groups. provided that i two hydroxy groups are present
they are not both on the same carbon aiom. Representative exaroples include, but are not

limited to, hvdroxymethvi, 2-hvdroxy-ethyvl, 2-hvdroxypropyl, 3-hvdroxvpropyl, 1-

D
(1

(hyvdroxymethyl}-2-methylpropyl, 2-hydroxvbutyl, 3-hvdroxybutvl, 4-hydroxybutyl, 2.3~
dihyvdroxypropyl, I-thydroxymethvi}-2-hydroxyethyl, 2,3-dihvdroxybutyl, 3,4-
dibvdroxvbutyl and 2-(hydroxymethyl}-3-hvdroxypropyl, preferably 2-hydroxvethyl, 2,3~

dihydroxvpropyl. and 1-(hvdroxymethyl-2-hyvdroxvethyl

{88661 “Hydroxyalkylamino” means a -NRR radical where Rig hydrogen or alkvl and R is

30 hydroxvatky! as defined above, e.g., hvdrovvethylamino, hy droxypropylamine, and the like.
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[6061] ‘“Hydroxyalkvloxy™ or “hydroxyalkoxy™ means a ~OR radical where Ris

hydroxyvoalkyvl as defined above, e.g., hydroxyethyvloxy, hvdroxypropyloxy, and the hke.

{60621  “Heterocvelvl” means a saturated or unsaturated monovalent monocyclic group of 4
1o & ring atoms in which one or two ring atoms are heteroatom selected from N, O, or S{O)a,
where nt is an integer from O to 2, the remaining ring atoms being €. Additionally, one or two
ring carbon atoms in the heterocyelyl ring can optionally be replaced by a ~CO- group. More
speciticaily the term heterocvely! includes, but is not limited to, pyrrolidine, piperidino,
homopiperiding, 2-oxopyrrolidinvl, 2-oxopiperidinyl, morpholinoe, piperazine, tetrahydro-
pyranyl, thiomorpholing, and the ike. When the heterocvelyl ring is unsaturated it can
contain one or two ring double bonds provided that the ring 1s not aromatic. When the
heterocyclvl group contains at least one nitrogen atom, it is also referred to herein as

heterocycloaming and is a subset of the heterocyclyl group.

{88631 “Heteroovelvialkyl” or “heterocvcloalkvl” means a —{alkvlene}-R radical where R is
heterocvelyi ring Gncluding specific heterocyclvl rings) as defined above e g,

tetraydrofuranyimethyl, piperazinyimethyl, morpholinviethyl. and the like.

{6064} “Heteroovelylamino” means a -NRR' radical where R is hydrogen or alkyl and R’ is

heterocyclvi (including specific heterocvclvl rings} as defined above.

[8065] “Heterocvelvlalkylamino™ or “heterocvcloalkylamine”™ means a -NRR radical
where R is bydrogen or alkyl and R 15 heterocyelylalkyi ring Gucluding specific heterocyvelyl
rings) as defined above e g, tetraydrofuranvimethylamino, piperazinylethyiamino,

morpholinylethylamino, piperidinylmethylamino, and the like.

{80661 “Helerocvelvioxy™ means a -OR radical where R is heterocvelyl (including specific

heterocyclvl rings) as defined above.

{8067} ~Heterocvclylalkyloxy™ or “heterocvcloalkyloxy” means a -OR radical where Ris
heterocyclyialkyl ring (including specific heterocvclyl rings}) as defined above e g .

tetray drofuranylmethyloxy, piperaznylethyvioxy, morpholinviethyloxy,
piperidinvimethyloxy, and the like.

{0068} “Heteroarvl” means a monovalent monocychic or bicyclic aromatic radical of 5 to
14 ring atoms, unless otherwise stated, where one or more, {in one embodiment, one, two, or
three), ring atoms are heteroatom selected from N, O, or 8, the remaming ring atoms being

carbon. Representative examples include, but are not limited to, pyrrolyl, thienyl, thiazolyl,

i4
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imidazolvl, furanyl, indelyl, isoindolvl, oxazolvl, isoxazolyl, benzothiazolyl, benzoxazolyl,
quinolinyl, isoquinolinyl, pyridinyl, pyvrinudinyi, pyrazinvl, pyridazioyl, triazolyl, tetrazolvl,
and the like. As defined heremn, the terms “heteroaryl” and “ary!” are mutually exclusive.
When the heterocarvi ring contains 3- or 6 ring atoms it 15 also referred to herein as 5-or 6-

membered heteroaryl.

{00697 “Heteroarviene” means a divalent monocyche or fused bicyclic aromatic radical of
5 to 10 ning atoms. uniess otherwise stated. where one or more, {(in one embodiment, one,
two. or three). ring atoms are heteroatom selected from N, O, or 8, the remaining ring atoms
being carbon. Representative examples include, bot are not limited to, pyrroldiyl, thiendivl,
tharoldivl, imidazoldivl, mdoldivl, oxazoldivl, gunohndivi, pyadindivi, pyomidindivi,
pyrazindivl, pyridazindiyl, and the like. When the heteroarylene ring contains 5- or 6 ring

atoms it is also referred 1o herein as 5-or 6-membered hetercarviene.

[3876] “Hetercarviony”™ means a -OR radical where R is heteroarvl (including speaific

heteroaryi rings) as defined above.

{8071} The present disclosure also includes protected derivatives of compounds of the
present disclosure (1), For example, when compounds of the present disclosure contain
groups such as hydroxy, carboxy, thiol or any group containing a nitrogen atom(s), these
groups can be protected with a suitable protecting groups. A comprehensive hst of suitable
protective groups can be found in TW. Greene, Proteciive Groups in Organic Synthesis,
John Wiley & Sons, Inc. {1999}, the disclosure of which is incorporated herein by reference
i its entirety. The protected denvatives of compounds of the present disclosure can be

prepared by methods well known in the art.

{6072} The present disclosure also includes polymorphic forms and dewterated forms of the

compound of the present disclosure and/or a pharmaceutically acceptable salt thereof.

{60731 A “pharmmaceutically acceptable salt” of a compound means a salt that is
pharmaceutically acceptable and that possesses the desired pharmacological activity of the
parent compound. Such salts include: acid addition saits, formed with inorganic acids such as
hydrochloric acid, hvdrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the hike;
ot formed with organic acids such as fornue acid, acetic acid, propionic acid, hexanoic acid,
cyclopentanepropiomc acid, ghveolic acid, pyruvic acid, lactic acid, malonic acid, succinic
acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid. 3-(4-

hydroxvbenzovibenzoic acid. cinmamic acid, mandehic acid, methanesulfonic acid,

(oo
v
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ethanesulfonic acid, 1,2-ethanedisuifonic acid, 2-hyvdroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-
toluenesulfonic acid. camphorsulfonic acid, glucoheptonic acid, 4.4 ~-methyvlienebis-(3-
hyvdroxy-2-ene-1-carboxvlic acid). 3-phenvipropionic acid, trimethylacetic acid, tertiary
5 bubylacetic acid, lauryl sulfwric acid, glucome acid, glutamic acid, hydroxvnaphthoic acid,

salicvlic acid, stearic acid, mucomce aad, and the like; or salts forroed when an acidic proton
present m the parent compound etther is replaced by a metal ion, ... an alkali metal 1on. an
alkaline earth ion, or an alumimem ion; or coordinates with an organic base such as
ethanolamine, diethanolamune, tricthanolamine, tromethamine, N-methylglocamine, and the

10 like. It is undersiood that the pharmaceutically acceptable salts are non-toxic. Additional
information on suitable pharmaceutically acceptable salts can be found in Remungion 's
Fharmaceutical Sciences, 1Tth ed., Mack Publishing Company, Easton, PA, 1985, which is

incorporated heremn by reference in its entirety,

{6074} The compounds of the present disclosure may have asymumetric centers.

fomnd
W

Compounds of the present disclosure contaming an asymmetrically substituted atom may be
isolated 1 optically active or vacemic forms. Tt is well known in the art how to prepare
optically active forms, such as bv resolution of matenials. All chual. diastereomenic, all
mixtures of chiral or diasteromeric forms, and racemic forms are within the scope of this
disclosure, unless the specific stereochemistry or isomeric form is specifically indicated. It
20 will also be understood by a person of ordinary skill in the art that when a compound is
denoted as (R) stereoisomer, it mav comtain: the corresponding {8) sterecisomer as an
impurity i.e., the (8) stersoisomer int less than about 5%. preferably 2% by wt and then it is
denoted as a mixture of R and 5 isomers, the amounts of R or § isomer in the muaxture 1s

greater than about 5%, preferably 2% wiw.

\.]
v

{60757 Certain compounds of the present disclosure can exist as tawtomers and/or
geometric isomers. All possible tavtomers and cis and rans 1somers, as individual forms and
mixtures thereof are within the scope of this disclosure. Additionally, as used herein the term
alkvl mcludes all the possible isomeric forms of sad alkyi group atbeit only a few examples
are set forth. Furthermore. when the cyclic groups such as arvi, heteroarvl, heterocyelvi are
30 substituied, they include all the positional isomers albeit only a few examples are set forth.
Furthermore, all hydrates of a compound of the present disclosure are within the scope of this

disclosure.

16
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[8076] The compounds of the present disclosure may also contain unnatural amounts of
isotopes at one or more of the atoms that constitute such compounds. Unnatural amounts of
an isotope may be defined as ranging from the amount found in nature to au amount 100% of
the atom 1n question. that differ only in the presence of one or more 1sotopically enriched
atoms. Exemplary isotopes that can be incorporated into compounds of the present invention,
such as a compound of Formula (1) {and any embodiment thereof disclosed herein including
specitic compounds) include isotopes of hydrogen, carbon, nitrogen, oxygen. phosphorus,
sulfur, fluorine, chlorine, and iodine, such as 7H, “H, "¢, BC, M, N, PN, PO, V0. B,
32p Fp_ G 8F 38CY 12 and 121, respectively. Tsotopically labeled compounds {e.o., those
fabeled with “H and 1) can be useful in compound or substrate fissue distribution assays.
Tritiated {i.e., “H) and carbon-14 {i.e., () isotopes can be useful for their ease of preparation
and detectability. Further, substitotion with heavier isotopes such as deoteriom (e, “H) may
afford certain therapeutic advantages resulting from greater metabolic stability (e g,
increased in vivo half-life or reduced dosage requirements). In some embodiments. in
compounds disclosed herein, including in Table 1 below one or more hydrogen atoms are
replaced by 2H or “H, or one or more carbon ators are replaced by PC- or "C-enriched
carbon. Positron emitting isotopes such as PO, "N, 'C, and PF are useful for positron
emission tomography (PET) studies {o examine substrate receptor occupancy. Isotopically
labeled compounds can generally be prepared by following procedures analogous 1o those
disclosed 1n the Schemes or in the Examples herein. by subsiituting an isotopically labeled

reagent for a non-isotopically labeled reagent.
[8077] “Oxo0” or “carbonvl” means ={(3) group.

{8078} “Optional” or “optionally”™ means that the subsequently described event or
cucumstance may but need not cocwr, and that the deseription includes instances where the
event or circumstance occurs and instances in which it does not. For example, “heterocyclyl
group optionally substituted with an alkyl group™ means that the alkyi may but need not be
present, and the description inchudes situations where the heterocvelyl group is substituted

with an alkyl group and situations where the heterocyclvl group is not substituted with alkyl

{60791 A “phamaceutically acceptable carrier or excipient” means a carrier or an excipient
that is useful in preparing a pharmacsutical composition that is generaily safe, non-toxic and
neither brologically nor otherwise undesirable, and includes a carrier or an excipient that 1s

acceptable for veterinary use as well as human pharmaceutical use. “A pharmaceutically

17
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acceptable carrier/excipient” as used in the specification and claims includes both one and

more than one such excipient.

{60807 “Spivo cvelviaminviene” means a saturaied bicyclic divalent ring having 6 10 10 ving

atoms in which one ring atom is N and an additional ring atom can be a heteroatom selected

A

from N, §, and S{(O)n, where n is an integer selected from O to 2, the remaining ring atoms
being € and the rings are connected through only one atom, the connecting aton s also
called the spiroatom, mwost often a quatemary carbon {“spiro carbon™). Spiro cyelylanunviene
is optionallv substituted with one or two substituents independently selected from alkyl, halo,

alkoxy, hvdroxy, and cyano, unless stated otherwise. Representative examples include, but

r'--N>\ /{:N ’“{N A
2 4By
s \N’/ f N ’ N/3 ’ \N)
b wdoe b wda.

b

10 are not hmited to, b ), and the like.

[0O81]  “Substituted alkyl” means alkyl as defined above, that is substituted with one or two
substituenis mdependently selected from hvdroxy. alkoxy. eyano. amine, alkylanuno. and
diatkviamino, each as defined herein.

[6082] “Substituted cycloalkyl™ means cycloatkyl as defined above, that is substituted with
15 one or two substituents independently selected from alkyl, hydroxy, alkoxy, halo, evano, and

haloalkyl, each as defined beren.

{00831 “Substituted haloalkyl” means haloalkyl as defined above, that 1s substituted with
one or two substituents independently selected from hvdroxy, alkoxy. cvano, amino,

atkviamino, and dialkylamino, each as defined heremn.

20 [08084]  “Substituted heterocvelyl” means heterocyelyl as defined above, that 15 substituted
with one, two, or three substituents independently selected from hydroxy, alkoxy, cyans,
aming, alkviamino, diatkviamino, -COR (where R 1s alkyl}. alkoxycarbonyvl, each as defined

herein.

(60881 Certain structures provided herein are drawn with one or more floating substituents,

[
v g

Unless provided otherwise or otherwise clear from the context {(see, compounds in Table 1),
the substituent{s} may be present on any atom of the nng through which the substituent is

drawn, where chemically feasible and valency rules permitting. Therefore, based on the
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teachings of this application, including the specific compounds of Compound Table 1, in the

G
|
R2 = 2
&_ e ‘Q,X
3b 1
RN N/)L R
straciure: " ,RY and R are absent when the *C are denoted as CH.

{6086} The term “about.” as used herein, 18 intended 1o qualify the numerical values which
it modifies, denoting such a vahue as variable within a margin of error. When no particular

5 margin of error, such as a standard deviation to a mean value given in a chart or table of data,
is recited, the term “about” should be understood to mean that range which would encompass

+ 10%, preferably & 3%, the recited value and the range is included.

{8087 The term “disease™ as used herein is intended to be generally synonymous, and is

used interchangeably with, the terms “disorder,” “svndrome,” and “condition” {as in medical
10 condition), in that all reflect an abnormal condition of the human or animal body or of one of

ity paris that impairs normal functioning, 1s typically manifested by distinguishing signs and

svimptoms. and causes the human or amamal to have a reduced duration or quality of hife.

{6088]  The terro “patient” s generallv svnonymous with the term “subject” and includes all
mammals including humans. Examples of patients include humans, livestock such as cows,
15 goats, sheep, pigs, and rabbits, and companion animals such as dogs, cats, and horses.

Freferably, the patient is a human.

{6089} The terms "inhibiting” and "reducing," or any vanation of these terms in relation of
ENPPI, includes any measurable decrease or complete inhibition to achieve a desired result.
For example, there mav be a decrease of about, at most about, or at least about 5%, 10%,

200 15%, 20%, 25%, 30%, 35%, 40%., 45%, 50%, 35%, 60%, 65%, T0%, 75%, 80%, 85%, 0%,
5%, 99%, or more, or any range derivable therein, reduction of ENPP1 activity compared to

normal.

{80907  “Treating” or “treatment” of a disease mclades:

(1) preventing the disease, 1.e. causing the clinical svroptors of the disease not to

]
W

develop in a mammal that may be exposed to or predisposed to the disease but does
not yet expertence or display symptoms of the disease;
{2} inhubiting the disease, Le., arresting or reducing (stabilizing) the development of

the disease or 115 chinical symptoms; or

i9
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{3} relieving the disease, 1.e., causing regression of the disease or its clinical

A “therapeutically effective amount” means the amount of a compound of the

present disclosure and/or a pharmaceutically acceptable salt thereof that, when administered

1o a patient for {reating a disease, is sufficient to effect such treatment for the disease. The

“therapeutically effective amount” will vary depending on the compound, the disease and its

severity and the age, weight, etc.. of the mammal 1o be treated.

{8092} Representative compound of Formula (1) are disclosed in Table 1 below:
Cpd Structure Mame
Ne.
i HN Intno(methy )| {2-(1,7-naphthyridin-4-y -2~
Sz
/ < azaspiro{3. 3theptan-6-ylfmethyl]-lambdat-suifanone
g
N
OO
N.# N,;»‘
2a L Iminof{2-{8-methoxypyrido]3,4-d]pyrimidin-4-y13-2-
® azaspiro] 3. 3theptan-6-ymethy I methy1)- lambdat-
sulfanone
N
r/\%:/l‘}N
N A
)
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S
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Cpd Structure Name
Ne.
3 a, P Tmino(3-(1 «(8-methoxy-1,7-naphthyridin-4-yazetidin-
S
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tetrahy dro-isoguinolin-7-y13-1,7-naphthyridine
6 ~d 8-Methoxy -4-(2-(S-methylsulfonimidoyi)-1,2,3 .4~
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7
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0
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Cpd Structure Name
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Cpd
Ng,

Structure

MName

{(4-Hydroxv-1~(1,7-naphthvndin-4-vpiperidin-4-

vhmethyD-(imino}methy!-lambdas-saifanone

2-(1-(1,7-Naphthyridin-d-yDpiperidin-4-

vhethy D{imino}(methyD-lambdat-sulfanone

14

Imino{(4-{{{8-methoxy-1,7-naphthyridin-4-

vhoxy)methyl)-phenvi)methyi)-lambda6-sulfanone

,_‘
v

Cyclopropyl{inmino}(4-({({8-methoxy-1,7-naphthyridin-

4-vhoxy methyvphenvi}-lambdas-sulfanone

16

Cyclopropyl{imino)(3-({{8-methoxypyrido{3.4-
dipyrimidin-4-y DoxyymethyDiphenyl)-lambdac-

sulfanone
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Cpd Structure Name
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Hg\{\ ke vhpiperidin-4-yipmethy(imino}{methvl)-Jambda6-
k /] sulfanone
N
i
N “;;j\N/
26 N, Iminof( 1 -{8-methoxy-1,7-naphthyridin-4-vpiperidin-
o8
L‘o 4-yhmethvl}-(methv-tambdat-sulfanone,
\N/J
B -~
N\f" N(?'
el
3 M '?_ AR N - ./.'.' s
27 D=$E‘>=NH Imino(2-(1-(&-methoxy-1,7-naphthyridin-4
r’j vDpiperidin-4-vlethy]-(methyl}-lambdat-sulfanone
N
= Ji\
e
Nz~ \N-/
0
2 HN, /\ Cvclopropyl{iminoX{(1-(8-methoxy-~1,7-naphthvridin-
.S e . o
%“O 4-yDipiperidin-4d-vhmethyl)-lambdat-sulfanone
\
O~
N\// N7
P
29 Q Imino{3-(((8-methoxy-1,7-naphthyridin-4-
B
()f NH vhoxyymethy}-pheny(methyl}-lambda6-sulfanone
o
N\f;*\Nc’f
0\

26
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Cpd Structure Name
Ns.
30 o /A Cyclopropyl{3-{{{8-ethoxv-1,7-naphthyridin-4-
~ S5
i\ it vBhoxyymethvD-phenyvB(imino)-lambdat-sulfanone
o~
i Ry SR
N o~ N/
M
31 o Imino(3-{{{8-methoxypvrido]3 4-d]pyrimidin-4-
PN
Eﬁ/ N vhoxy ymethyl}-pheny(methvi)-lambdad-sulfanone
S
O,/
(\\\r’%«
N ,/I e
N
32 HN, /{ﬁ; {4-((} 7 -Naphthyridin-4-
-y .
J/\j ‘o vhoxy jphenyijcyclopropyl imimo)-lambda6-
o RN .
sulfanone
2 T
f
N\;f‘ N&
33 Q, . | 4-[4-{Touno{methyhoxo-lambdat-sulfanyljphenoxy]-8-
- '\\.,/S) L. L
/M: NH | roethoxy~1, 7-naphthytidine-3-carbonitrile
o
XA /:,‘N
PP
N
N
34 Q. S/ 2-(S-Methylsulfonimidoyl)-8-(1, 7-naphthyridin-4-yi)-
NN 2 R-diazaspiro[4.5|decane
%
.,
Ry
|
o
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Cpd Structure Name
Ns.
38 4-2-(S-Methylsoifoninudoyly-1,2,3,4~
tetrahy droisoquinolin-7-v13-1,7-naphthyridine
36 N 6-Methoxy~-4-{2-(S~-methy lsalfonimidoy}y-2 8-
HN” \N—\ diazaspiro[4. S]decan-8-yhpvndof3,4-djpyrimidine
N
/O\ﬁf\ opg
N, 2
37 OQS, 8-Methoxy -4-(2-(S-methyisulfonimidoyl)-2, 8-
T NH diazaspiro{4.5{decan-8-vhpyrido| 3. 4-djpyvrimidine
'>/
e
e
LS
O\
3% Ooi 8-(8-Methoxy-1,7-naphthyridin-4-y1)}-2-(S-
N N y L
% methylsulformmidoyi)2,8-diazaspirof4 Sidecane
N
o0
N\f/ N
Q\
39 - NH 2-{8-Methoxy-1,7-naphthytidin-d-y1}-8-(5-
S N 5 .
<"i 2 methyisulfonimidovi)-2 8-diazaspiro|4. Sjdecane
N
N 2,7
0
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Cpd Structure Name
Ns.
44 NH 8-Methoxy-4-(7-(S-methvisulfonimidovi}-2, 7-
Swn” . L .
& N 7 drazaspiro{4.4nonan-2-y1)-1,7-naphthyridine
N
e
M /\Nf
(/O
41 Cvclopropyl(3-({{&-(fluoromethoxy)-1, 7-naphthyndin-
4-yhoxy methyDpheny D y(mino)-lambdas-sulfanone
42 {(R)-Cyclopropy{3-({{¢-(fluoromethoxy)}-1.7-
$
| . = naphthyridin-4-yhoxy lmethy DphenyD(mino)-
_
lambdat-sulfanone
O/
50
N\f/\Nr/
f"c
EF
43 HN, D {(S)3-Cyclopropvi(3-{{{8-(fluoromethoxy}-1.7-
Xy \"S\\ [N po .
E ](S) ¢ naphthyrnidin-d-voxy }-methvhphenyvi(imino)-
O/i lambdat-sulfanone
- X
0
&
0
F
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Cpd Structure Name
Ns.
44 N NH 3-Methoxy-4-(2-(S-methvisulfonimidovi}-2, 6~
o \?21:7 drazaspiro]3.4joctan-6-vi)}-1, 7-naphthyriding
N
7SS
N\{%\Nf’
e
43 ‘\S{,NH 8-Methoxy ~4-(6-(S-methyisulforimidoyl}-2,6-
© }N diazaspire{3.4]octan-2-v1}-1,7-naphthyridine
~,
<N
SR Y
0
- G
46 HN, {{1-{8-Ethoxy-1,7-naphthyridin~4~y1j-d-
-8 L e
HO % hvdroxypiperidin-d-v}-methyH(imino X methy])-
g lambdat-sulfanone
I\N
(0
NI\T/?;\N/
o
47 MM {{1-(8-(Fluoromethoxy }-1.7-naphthvridin-4-yi}-4-
S/‘
o I B hydroxypiperidin-4-yDimethy X imino)(methv)-
{iﬂj fambdat-sulfanone
N
Na? @
F. O
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Cpd Structure Name
Ns.
43 HN, - {(Ry-{{1-8-(Flugromethoxy)-1, 7-naphthyridin-4~-yi-4-
HO\ER)\E) hydroxy-piperidin-4-y Dmethy D{imino}(methy{)-
[ ] lambdat-suifanone
N
N\{/ W
-
F
49 HN, (SI-{(1-(8~(Fluoromethoxy }-1,7-naphthyridin-4-vi}-4-
HO. [isiD hydroxy-piperidin-4-yDmethyD{imino }methvi)-
[/\H lambdatG-sulfanone
N
fT N
N = N/
=/()
F
50 - Inuno(4-({8-methoxy-1,7-naphthyvridin-4-
\\,/ N vhoxyiphenyl}-(methvi}-lambdat-sulfanone
O/ ~FF
Ry
(L)
51 Lj " Tmino(3-((8-methoxy-1,7-naphthyridin-4-
/ vhoxy ypheny Y{methyD-lambdaG-sulfanone
V’I J

43
[l
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Cpd Structure Name
Ns.
s2 HN, {(1-(8-Cvclopropoxy -1, 7-naphthyridin-4-v13-4-
8
ol © hydroxy piperidin-4-yDmethy DB{imino}{(methy 1)-
[ {ambdat-sulfanone
N
7T
N. .~ \N*I
vl
33 }S—,N - {{2-{8-Methoxy-1,7-naphthyridin-4-y{}-2.8-
O“ AN
{'q:x diazaspiro{4. S]decan-8-yDi{methy Doxo-lambdas-
A
7:-\ sulfanylidene)(methyljaming
N/
7y ’\]
N\fy\N-;
0
54 "N {{7-(8-Methoxy-1,7-naphthyridin-4-vi}-2,7-
E?‘N\’A diazaspiro(4 4 monan-2-y ¥ methvDoxo-lambda6-
L\) sulfanylidene) methyDamine
N
Ry R
N /f/:\N{f
58 q‘\s; /A Cyvclopropvl{3-{{({8-methoxy-1,7-naphthyridin-4-
cd j’ N— | vhoxymethyD-pheny{methylunino)-lambdat-
S
sulfanone
o/
S
N~ N/
‘3\

43
[




WO 2025/117697

PCT/US2024/057687

Cpd Structure
Ns.
56 o, /A Cyclopropy{3-{{{8-methoxypyridof 3 4-dlpynmidin-4-
87 . L .
r 7 N | vhoxy)-methyDphenyl{methylinino)-lambdat-
\ H
N sulfanone
O/
B
LS
/"‘G
57 A {{4-hydroxy-1-(8-methoxy-1,7-naphthyridin-4-
HO. N vhpipendin-4-vD-methy D{methyD{meibylimino)-
E lambdat-sutfanone
‘N
. S
I N
Nz~ \N’/’]
»‘/O
It S L {{2-(8-Methoxy-1,7-naphthyridin-4-vi}-2-
o8
|5} azaspiro{3.3theptan-6-
} vhmethy{methy(methylinuno}- lambdat-sulfanone
<N
R &\
N Nci
_0
59 HN, AN\ | Cyclopropyl{4-flucro-3-(((8-methoxy-1,7-
S/
ad T PS) naphthyridin-d-vhoxy }-methvhphenviinuno)-
Ay
F j lambdat-sulfanone
O
e
N\f/ W
0

43
3



WO 2025/117697

PCT/US2024/057687

Cpd Structure Name
Ns.
60 o, /A (3-(((8~-Cyclopropoxy-1,7-naphthyridin-4-
K\J’ N vBhoxyymethvi)-phenyv)evclopropyB(imine)-lambdat-
. :
T sulfanone
O/
e
N\r/ N{’
O\v
61 Q AN | CyclopropylGmino)(3-({{(8-isopropoxy-1,7-
-
Z Ne naphthyridin-4-vhoxy Fmethvhphenyh-lambdao-
Ny
sulfanone
o}
f’*\\fﬁ
N\T,%N/
O\T/
62 0, /N Cyclopropyl(imino)(3-{{{8-propoxy-1,7-naphthyridin-
3 8 . . . - .
[ | “NH 4-vDoxy lmethyDphenyl-lambdas-sulfanone
Xy :[/
0/
7Y
N ?
OL
G | 2-{1-{8-(Fluoromethoxy }-1,7-ne rridin-4-yii-4-
63 HN=8=0 2-{1-(8-(Fluoromethoxy }-1,7-naphthy ridin-4-y13-4
J hydroxy piperidin-4-yDethyDiirnino Y(methy-lambda6-
HO
sulfanone
N
e
N _# NJ
)
F

43
N
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Cpd Structure Name
Ns.
64 HN—S‘;-O Tmino(2-(1 «(8-methoxypyridol3,4-dipyrimidin-4-
p vhpiperidin-4-yiethy] ¥methyl}-lambdat-sulfanone
0
P Ay
LS
0\
63 3 2-(1-(8-(Fluoromethoxy}-1,7- rridin-4-
6 P {2-(1-(8-(Fluoromethoxy }-1, 7-naphthyridin-4
rj vhptpendin-4-vh-ethyvD{imino)(methy -lambda6-
i\/ ] sulfanone
N
e
N, 2
\r N
o
F
66 un A\ | Cydlopropyl(3-fuoro-5-({(8-methoxy-1,7-
N s
V?I( ke naphthyridin-4-vhoxy }roethvhphenvD(ming)-
Ry
j lambdat-sulfanone
o
SN
Y
N\f’ N{
P
7 Noo {S)-Cyclopropyl(3-fluoro-5-({{8-methoxy-~1.7-
4, feron
g7 (S) - o : e
HN!;S e F naphthyridin-4-voxy pmethyhphenyDimino)-
lambdat-sulfanone
o
; Ry
N\;f;i\rf
/‘O

43
(¥
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Cpd Structure Name
Ne.
68 /\ o {(R}-Cyclopropyl(3-fluoro-S-(({(8-methoxy-1,7~
ENGR ke o .
HN' f RN naphthyndin-4-vhoxy }-methvDphenvi{imino}-
'j/ lambdat-suifanone
Q
;( Xy S
N\{’/’E\N{
e
&9 HA A\ | Cyclopropyl{3-flusro-5-{{{8-(fluoromethoxy}-1,7-
PN - o L
\OJ/ 0 naphthyrndin-d-vioxy yuethyBphenviXimino)-
X
{ambdat-sulfanone
o~
9t S
N
°
F
70 (R)-{3-Fluore-5-({{(8-methoxy-1,7-naphthyridin-4-
vhoxy Imethy -phenvB(iminomethyvi)- lambdat-
sulfanone
71 (-(3-Fluoro-5-({(8-methoxy-1,7-naphthy ridin-4-
vhoxyimethy-phenyDimino{methyh-lambdas-
sulfanone

43
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Cpd Structure Name
Ns.
72 HN 3-Fluoro-5-{{{8-{fluoromethoxy }-1,7-naphthyridin-4-
F 57
o | % vBhoxyymethvD-pheny B(imine(methvi)-lambdas-
X
sulfanone
73 Cyvclopropyl{imino¥4-{({8-methoxy-1.7-naphthvridin-
4-vDoxy lmethyDphenyl-lambdas-sulfanone
O
74 HN k, {SY-rert-Butyanmino} 3-{{{R-methoxy-1,7-naphthynidin-
@\;{?)\5 N 4-yhoxy FmethyDphenyl}-lambda6-sulfanone
//
0”5
e
N\,(’ N¢;5
e
78 HN O L SHmino(3-(((8-methoxy-1,7-napbthy ridin-4-
N .
! A o | yhoxyimethyl)-phenyli(methyl)-lambdat-sulfanone
oz
o
oo
N\.«/ N;"
o

43
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Cpd Structure Name
Ne.
76 HN, f< (R)-tert-Butvi(immno}3-{{(8-methoxy-1,7-
P
H \: RO naphthynidin-4-vhoxy }methvDphenvi}-lambda6-
T sulfanone
o
Ef Ry X
N!\’}\N‘{
o)
77 q {3-{{(8~(Fluoromethoxv)-1_ 7-naphthvridin-4-
S o ;
({ /ij/ NH vhoxy ymethyl}-phenyBiming)(methyl)-lambdas-
) sulfanone
o
g;’ﬁ\ﬁ/&“\:
P
N A, 2
N
T
{
FT
78 HN - {(R)-(3-({{@-{Fluoromethoxy }-1, 7-naphthyv ridin-4-
8, TR
! = RO vhoxy ymethy)-pherv D(imino {ioethyl)-lambdat-
sulfanone
o
”/\ X
N // P
f'é
F
79 HN | S3G-({(8-(Fluoromethoxy)-1.7-naphthyridin-4-
[/\ﬁ‘zg;“ vhoxy ymethy -phemvD(imino{methvl)-lambdas-
& sulfanone
O
o0
N\Y/ N,/
0
F

43
o
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Cpd Structure Name
Ne.
30 {(Ry-cyclopropyl(3-flaoro-S-({({(8-{(fluororuethoxy)~1,7-
naphthynidin-4-vhoxy ymeihy Dphenyvi)imino}-
{ambdat-sulfanone
31 (S)-cyclopropyi(3-fluore-3-{{{8-{fluoromethoxy)-1.7-
naphihyvridin-d-vioxy yuethyv DphenyviXimino}-
lambdat-sulfanone
:I S A
Y \:// N/’
:'/G
F
82 {R}-(3-fluoro-3-{{{(&-{fluoromethoxy)-1,7-naphthvridin-
4-viioxy pnethy DphenvD{imino (methy-lambda6-
sulfanone
F
83 . ,%) {S)-(3-fluoro-5-(({8-(fluocromethoxv }-1,7-naphthyridin-
B F , o .
HN ”’[ = 4-vhoxy ymethvDphenvi{imino¥methvi)-lambdas-
& N
sulfanone
O
; "{\\:/ e
N\E//f\N/
[/(')
F
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Cpd Structure Name
Ne.
34 HN L\ (Sr-minolisopropyHG3-(((8-methoxy-1,7-naphthyridin-

W

@\“S\\ 4-vhoxy ymethy Dphenvh-lambdas-sulfanone

(S0

S

MH+=37215

Emboediments:
Embodiment A
[8093] In embodiment A, the compounds of Formula () or a pharmaceutically acceptable

5 calt thereof is as defined in the Summary above.

Embodiment B
{6094} (B} In embodiment B, the compounds of embodiment A, or a pharmaceutically
accepiable salt thereof, are where Z is evclylaminyvleng, spivo cvclviaminylene, or fused

cvelvlaminylene, each # motety is substituted with R and R,

10 (00951 (B Inembodiment (Bi), the compounds of embodiments Aand B. ora
pharmaceutically acceptable salt thereof, are wherein Z is cyclylaminylene substituted with

RYand R°.

(80967 (Bi) Tno embodiment (Bit) of embodiment B, the compounds of embodiments A and
B, or a pharmaceutically acceptable salt thereofll are wherein Z is spiro cvclvliamanyiene

15 substituted with R* and B°.

{6097} (Biit) In embodiment (Biii) of embodiment B, the compounds of embodiments A
and B, or a pharmacentically acceptable salt thereof, are wherein Z is {used cyclvlaminylene

substituted with R and B®.

{00981  (Biv) In embodiment {(Biv) of embodiment B, the compounds of embodiments A,

20 B, (Bi). (Bi), or (B}, or a pharmaceutically acceptable salt thereof, are wherein the

40



o

10

W

20

WO 2025/117697 PCT/US2024/057687

RZ
_><\\ AN X
3 1
| | | R N
cvelviaminylene and spiro cvclvlaminviene are attached to N via nitrogen

ring atom, wherein the wavy line is the point of attachment.

{60997 (Bv) In embodiment (Bv} of embodiment B, the compounds of embodiments A, B,
(B1), (Bir), (Bui), or (Biv), or a pharmaceutically acceptable salt thereof, are wherein the

cyclvlaminylene, spiro cyclyvlaminvlene, or fused cyclylanunviene of 7 are selected from:

) o, K ‘ '
® ,l"MN' N F\w) f{N‘“'\ f{\ ;QN’
’ f,><3 Q / !\f/> x
I8 8 8 39y %
: ; i i P
N S W \N/ ! N , \N , \N’ ' and
e e L de - b .
wherein each ring substituted with R* and R® and wherein ;ﬁ "7 isthe point of attachment
PN
R:*‘ﬁ(\i X Rt
N Za

. P . /
to ~{alk}=~-W and :‘;»‘ is the attachment to N
Embodiment C

{01007 () In embodiment C, the compounds of embodiments A, or a pharmaceutically

acceptable salt thereof, are those wherein £ 15 O, N{alky1), or NH.

{8101} (Cy Io embodiment {Ci), the compounds of embodiments A and C, or a

pharmaceutically acceptable salt thereof, are where 7 is O,

i8102] {(Cu) In embodiment ({ii}. the compounds of embodiments A and C. ora

pharmacentically acceptable salt thereof, are wherein Z 15 NH or N{alkvl), preferably NH
Embodiment D

[6103]  In embodiment D, the compounds of Embodiment A, or a pharmaceutically

acceptable salt thereof, are wherein Z 1s S or SO».
Embodiment E

{31047 In embodiment E, the compounds of any one of embodiments A, B, (Bi), (Bii},
(B, (Biv), (Bv), C.{Ci). {Cin), and D, or a pharmaceuticallv acceptable salt thereof, are

wherein X is N
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Embediment F

[8103]  In embodiment F, the compound of any one of embodimenis, A, B, (Bi), (Bn),
(B, (Biv), (Bv), C (€, (Ci1), and D, or a pharmaceutically acceptable salt thereof, are
wherein X is CH or CRL

[6106] Itis understood that embodiment F. defining X is CH or CR!, specifies that the R!
moiety is at the X position and the carbon adjacent to X is CH. As such, the resulting
chemical structure of the compound of embodiment F, or a pharmaceutically acceptable salt

thereof, 1s according to Formula (Id}
Q
!
R2 i
N
‘_/\)\X

Ra—f\\i
M., 2
~UNT (1d).

4

{6107} (Fi} In embodiment (Fi), the compound of Formula (Id} of embodiment F, ora
pharmaceutically acceoptable salt thereof, is wherein:
R'is cyano:
R?is absent, alkoxy, hvdroxy, cvcloalkoxy, or haloatkoxy:
R*is absent or alkoxy;
# is cvelylaminviene. spiro cyclylaminylene, fused cyvelylaminvlene, NH, or O,
wherein:
(a) when Z is evclylaminylene, spiro evelylaminvlene, fused cvelylaminyviene, then Q
is —{alk)a-W, wherein each 7 moiety of (a) is substituted with R and R® where
R*is absent and R is absent or hydroxy; and
(b} when Z is NH or O, then Q is ~(alk’),-Ar-W, wherein Ar is aryiene substituted R®
and R7, wherein R7 ts absent; and R® 1s absent or halo;
alk and alk! are independently alkylene:
m and n are independently 0 or 1,

W is forrmda (i)

R® s hvdrogen, atkvl, or eycloalkyl; and

RY is hydrogen or alkyl.
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[6108] (Fy) In embodimert (Fi1), the compound of Formula (Id) of embodiment F and Fi,
or a pharmaceutically acceptable salt thereof, is wherein 1s wherein X is CH.

{8109  (Fiiy) In embodument {Fiui). the compound of Formula (1d) of embodiment F, Fi and
Fi1. or a pharmaceutically acceptable salt thereof. is wherein X 1s CRL

[3119]  (Fiv) In embodiment (Fiv), the compound of Formula (Id) of embodiment ¥, F1. Fii,
and Fui, or a pharmaceutically accepiable salt thereof, 1s wherein the compound of Formula

(1d) 1s according to Formula (1d1)

F

N
Uf“'w

o

Rﬁ

R? (1d1).
{6111} (Fv) In embodiment {(Fv), the compound of Formula {Id) of embodiment F, F1, Fii,
and Fiii, or a pharmaceutically acceptable salt thereof, is wherein the compound of Formula

(Id) 15 according to Formula (1d2)

R? (1d2).
Embodiment

[6112] Inembodiment G, the compounds of any one of embodiments A, B, (Bi), (Bii),
(B, (Biv), (Byy, C, (G}, (Gi), D, E, F, Fi). (Fit), and {Fiit), or a pharmaceutically

acceptable salt thereof, are wherein mis O and nis O
Fmbodiment H

[0113] In embodiment H, the compounds of any one of embodiments A, B, {(Bi), (Bii),
(Biit), (Biv), (Bv), C, {Cn), (Cuy, D, B, ¥, (F1), {Fiiy, and (Fiu), or a pharmacentically

acceptable salt thereof, are wherein mis  andnis 1
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Embodiment §

[6114] (I} In embodument (I}, the compounds of any one of Embodiments, A, B, (Bi},
{(Bi), (B, (Biv), (Bv), C, (Cy. (G, DL EF, (F), (Fi). (Fin), and H. or a pharmaceutically
acceptable salt thereof, are wherein alk and alk' are independently methylene, ethvlene. or

propylene.

[0118]  (Ju) 7o embodiment (i), the compounds of any one of Embodiments, A, B, (BY),
(Bu), (Bub), (Biv), (By), C.{CH. (Cu), D, E F, (F). (Fu), (Fui), H, and (It), or a

pharmaceutically acceptable salt thereof, are wherein alk and alk’ are methylene.
Embediment J

[6116] In embodiment I, the compounds of anv one of embodiments, A, C, {Ci), (Cii), D,
E, F, (Fi), (Fu}, (Fiu), G, H, (Iiy and {Iit), or a pharmaceutically acceptable salt thereof, are

wherein Ar is phenylene or 5~ or G-membered hetercarylene substituted with R® and R7.

1177 (). In embodiment (i}, the compounds of any one of embodiments, A, C, (C1),
(Ciiy, D, E,F, (Fi), (Fit), (Fib), G, H, (1), (11}, and (3}, or a pharmaceutically acceptable salt

thersof, are wherein Ar is phenvlene substituted with R® and R,

[3118) (i) To embodiment (Jir), the compounds of any one of emabodiments, A, C, (1),
(Ci), D, E. F_ (Fi), (Fu), (Fui), (Fiv). G, H, (Ir), (lir), (3). and (31}, or a pharmaceutically
acceptable salt thereof] are wherein Ar is phenylene and W is attached to carbon of the
phenvlens ring that is meta to the carbon of the phenylene ring that is attached to —(alk' k- of

~Z—{alk .

{3119 (Jun I embodiment (Jiit), the compounds of anv one of embodiments, A,
C(Ci), (Ci), DL E,F, (Fiy, (Fii), (Fiit), (Fiv), G H, (1), (1), (J), and (Ji}, or a
pharmaceutically acceptable salt thereof, are wherein Aris phenylene and W is attached to
carbon of the phenvlene ring that 1s para to the carbon of the phenylene ring that is attached

10 ~(alk a- of Z-(alk -

(61201  (Jiv). In embodiment (Jiv), the compounds of anv one of embodiments, A, C, (C1),
(i}, D, E, F, (Fu), (R, G, H, (I, (i), and {J), or a pharmaceutically acceptable salt

thereof, are wherem Ar is heteroaryviene,

{01211 (Jv). In embodiment (§v), the compounds of any cne of embodiments, A. C, (i),
(Ciiy, D, B F, (Fin. (Fin, G, H, (i, (i, 3, and (01v), or a pharmaceutically acceptable salt
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thereof, are wherein are wherein the 5- or 6-membered heteroarylene of Ar is selected from
divalent pyridinyl, pvrimiding], pyridazinyi, thienyl, furanyl, thiazolyl, oxazolvl, isoxazolyvi,

pyrazolvl, tniazolyl, oxadiazolvi, and ymidazolvl

{31221 (Jvi). In embodiment (Jvi), the compounds of any one of embodiments, A. C, ({1},
(Ciy, D, B, F, (Fin), (Fun), G, H, i, (i), (), Qivy, and (Jv), or a pharmaceutically
acceptable salt thereof, are wherein are wherein the heteroarylene of Ar i3 a 6-mermbered ring
such as divalent pyridinyl, pynimidinvi, or pyridaziny! whergin W is attached to carbon on the
divalent pyridinvi, pyvrimidinyl. or pyridazinyl ring that is meta to the carbon attaching the

divalent pyridinyl, pyrinidinyl, or pyridarinyl ring to—(alk!y,- of -Z—{alk -,

{61237 {Jvii) Inn erobodiment (Jvii), the compounds of any one of embodiments, A,
C, {C). {Ci), DB, F, (Fih), (Fit), G, H, (1), Q). (), Jiv), and (Jv), or a pharmaceutically
acceptable salt thereof. are wherein are wherein the heteroarylene of Ar is a 6~-membered ring
such as divalent pyridinyl, pyrimidinv, or pyridaninyl wherein W is atiached o carbon on the
divatent pynidinyl, pyrimidinyl, or pyridazinyl ning that i1s para to the carbon attaching the

divalent pyridiny], pyrimidinyl, or pyridazinyl ring to —{alk’ - of -Z—{alk’ Ju-.
Embodiment K

{8124} (K1) In embodiment K, the compounds of any one of embodiments A, B. (Bi),
(B}, (un, Ghw), (v, (dviy, and (Jvit), or a pharmaceutically acceptable salt thereof, are
wheretn W is:
e &
'S
NH

{31251  In a first subembodiment, of embodiment (K1), W is:

Q g8

I

A

NH
[0126] In a second subembodiment, of embodiment (Ki), W is:

QLR

5
Y

.
n
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{8127} (Ku) In embodimernt K, the compounds of any one of embodiments A, B, (Bi),
(Bil), (Biti), (Biv), (Bv}, C, (Ci), (Ci), D, B, F, (Fi), (Fii}), F(v), G, H, (1), (i), (1), i),
(B, (hivy, (vy, Qv and (i, or a pharmaceutically acceptable salt thereof, are wheren
W is:

O
\ RS
8

, F

{6128] In a firsi subembodiment, of embodiment (Kii), W is:

? SR8
5 S

N e

{81291 TIn asecond subembodiment, of embodiment (K}, W is:

(?é WSR2
%‘ﬁv NH
10 Embodiment L

[8130] (Li) In embodiment (Li), the compounds of anv one of embodiments A, B, (Bi),
(Bi), (Biin), (Biv), (Bv), C.(Ci), (Cit), B, E, F, (Fuu), G, H, (), (), (., (G, (Jiwg), {(Jiv),
{Fvy, (Fviy, (Jvil), (Ki) and (K1), or a pharmaceutically acceptable thereof, are wherein R! is
alkyvl, halo, haloalkyl, haloalkoxy, or cyano. Reference of Ki and Kii here and embodiments

below include subembodiments thereof.

[
(941

81311 (L) In embodiment (Lity, the compounds of any one of embodiments A, B, (Bi).
(Bi1), (B, (Biv), (Bv), C(CH, (Cu), D, EF, (Funy, G, H, (), i, (), (3, i)y, (v,
(Jv), (Fvi), (Jvid), (K1) and (Ki1), or a pharmaceutically acceptable thereof, are wherein R' is
methvl, ethyl, isopropyl, cvano, fluoro, chlore, diftuoromethyl, trifluoromethyl,

20 diftuoromethoxy, or triflucromethoxy.

0132) (Luy In erobodiroent (Lau). the corapounds of any one of embodiments A, B,
(B}, (Bin), (Buyy, (Biv), (Bv), C, (C1), (Cu), D, E_F. (Fun), G, H, (). (i), (31, (Ju), (Jiin),
(hv), {(vy, (i), Qvi, (K3) and (K1), or a pharmaceutically acceptable thereof, are wherein

Rlis amino, alkylamino, or diatkylamine, or R! is amino, methylamine or dimethylamino.

25 1331 (Liv) In embodiment (Liv), the compounds of any one of embodimenis A, B,

(Bi), (Bii), (Biii), (Biv), (Bv), €. (Ci). (Cily. D. B F, (Fiii). G. HL (). (5i), (0, Uity, (i),
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{dvy, vy, v, (Bviey, (K1), and (Ka1}, or a pharmaceutically acceptabie thereof, are wherein
Rlis hydroxyalkyl, alkoxyalkyvl, hydroxvalkoxy, alkoxvalkosy, hvdroxyalkylamino,
atkoxyalkvlamivo. aminoeatkyl, aninoalkoxy, aminoalkylanino, digrunoalkyl,

dianunoalkoxy, or diaminoalkylanuno.

A

81347 (Lv) In embodiment (Lv), the compounds of any one of embodiments A, B,
(Bi}, (B, By, Biv), Bv), C,(CY), (Cu), B, E, F, (Fuy, G, H, Qiy, (uy, Qi (i, (Ji,
vy, (v, (v, (dvit), (Ki), and (Ka1). or a pharmaceutically acceptable thereof, are wherein

Rlis cyano.

Embodiment M

10 [6138] In embodiment M, the compounds of anv one of embodiments A, B, (By), (Bn),
(Biiiy, Bivy, (Bv), C, (Ci), (Ci1), B, B, F, (7, (Fiy, (Fu, (Fivy, FOv), G, 1, 8). o), (),
(B, i), QGivy, Qv (Fvy (viy, (il (Kiy, (KD, (L), (Lit) (Laid), (Liv), and (Lv) ora
pharmaceutically acceptable thereof, are wherain RY, R® R®, and R7 are independently absent,
methyl, ethyl, methoxy, fluore, tnfluororsethyl, tnfluoromethoxy, hvdroxy, or cyano; or (a)

15 R*and R’ and R®, and R’ are independently absent, methyl, ethyl, hydroxy. fluoro, or chloro,
unless stated otherwise. In a subembodiment of embodiment M, R* and R® and RS, and R”
are independently absent or fluoro unless stated otherwise. In a subembodiment of
embodiment M, RY and R® and RS, and R” are independently absent or hydroxy unless stated

otherwise. In a subembodiment of embodiment M, R* and R’ and R®, and R” are absent.

20 Embodbnent N
[B136] (N1) To embodiment (Ni), the compounds of anv one of embodiments A, B, (Bi).
(B, (B, (Bivy, (Bv). C(Ciy (Cu), D, ELFL(Fu). (Fin, (Fuiy, (Fiv), FQwv), G H. (), (lug
(Jiy, (3, (hin), (hivy, (v), (v, (Ovil), (Kay, (K1), (L), (L), (Lin), (Liv), and (M), or a
pharmaceutically acceptable thereof, are wherein R? is absent, alkyl, hvdroxy, alkoxy, halo,
25 halealkyvl, haloalkoxy, cyane, aminocarbounyl, atkvlaminocarbouyl, or dialkylaminocarbonyl

uniess stated otherwise.

(8137} (N} In subembodiment {Nii}, the compounds of any one of embodiments A, B,
(Bi}, (Bu), (Biii), (Biv), (Bv), C, (C1), (i), D, B, F, {F1), (Fit), (Fuii), Fiv), Fliv), G H, (&),
(i), (31, (), (Jigy, (3iv), (B, (), (v, (R0), (Ka), (L, (L), (Lag), (Lav), (M), and (N),
30 ora pharmaceutically acceptable salt thereof. are wherein R? is absent, methy], hydroxy,
methoxy, ethoxy, fluoro. chloro. wrifluoromethyl, cyano, riffuoromethyi, aminocarbonyl,

methviaminecarbonyl, or dimethyvlaminocarbonyl unless stated otherwise,
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[8138] (Nuy In subembodiment (Niti), the compounds of any one of embodiments
A, B, (Bi), (Bii), (Biit), {(Biv), (Bv), C, (T, (Cii), D, E, F, (Fy), {(Fuiy, Fiuy, (Fiv), FGv), G H,
(R}, i, (U, (Qu, G, (i), (v, (v, (v, (Ra), (K, (L, (L, (L, (Lavy, (MO,
(1), and (Nii}, or a pharmaceuntically acceptable salt thereof, wherein R? is absent, methoxy,
ethoxy, aminocarbonyl, or cvano unless staied otherwise, preferably methoxy. In a further

subembodiment of embodiment (Nii), R? is absent, methoxy, or ethoxy.

{81397 (Niv) In subembodiment (Niv). the compounds of any one of embodiments
A, B, (Bi), (Bui), (Biit), (Biv), (Bv), C, {Ci), (Ciiy, D, E, F, (F), (Fity, (Fiu), (Fiv), Fiv), G, H,
(), (1), (h), (B, (Juy, (Biv), (v, (B, (Bvialy, (R, €Kiy, (L, (Lad), (i), (Liv), and (M3,
or a pharmoaceutically acceptable salt thereof, are wherein R” is absent, alkosy, haloalkoxy, or

>

cycloalkyloxy.

(6140} (Nv} In subembodiment (Nv), the compounds of any one of embodiments A, B,

(Bi}, (B, (Bit), (Biv), (Bv). C.(CU. (Ci). D, B, F, (Fi), (Fi), (Fuit), (Fivy, F{iv), G, H. (5.
(T, (B), (hny, (Bin), (3iv), Oy, (v, v, (Ra), (K, (L, (LA, (i), (Lav), and (M), ora
pharmaceutically acceptable salt thereof, are wherein R? is absent, methoxy, fluoromethoxy,
cthoxy. isopropyloxy, n-propvloxy, aminocarbonyl, cvano, or cyclopropyloxy, unless stated

otherwise.

{63411  (Nvi) In erabodiment (Nvi), the coropounds of anv one of embodiments A, B, (Bu).
(Biiy, (Bui), (Biv), (Bv), C.(Ciy, (Ciiy. D, B, F, {(F1), (Fii}, (Fiit). (Fiv), Fiv), G, H, (), (hii),
(38, (i), (Gainy, (Fivy, (v, (v, (v, (B, (i), (Lo, (L), (L), (Livy, and (M), ora
pharmaceutically acceptable thereof, are wherein R? is absent, methoxy, flucromethoxy,

ethoxy. 1sopropyloxy. n-propyloxy. or cyvclopropvioxy.

[6142] (Nviy) In subembodiment (Nvii), the compounds of any one of embodiments
A, B, (Bi), (Bui), (Biit), (Biv), (Bv), C, (Ci), (Ciiy, D, E, F, (Fy), (Fiiy, (Fiiry, G, H, (5, (Hiiy,
iy, Gy, (i, vy, Ay, vy, @i, (Ko, (K, (L), (Li), L), vy, V), (N1, {(Nii),
and (Niii}, or a pharmaceutically acceptable sali thereof, are wherein the compound of

Formula (1) is a compound of Formula (1a), (b}, or (ibi):

Q
@ y
r2 Z 7 J‘\QX
RO—I- o \_)-E.R1 N
N, 2
N (fa) b1},
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where R, R*, Z, Q, and R are as defined therein.

[6143] (Nwvii) In subembodiment (Nviit), the compounds of any one of embodimenis
AL B, (Bi) (Bu). (B, (Biv), (Bv), C{G)L (Cuy. D, ECF (R (F), (P, FOvYL FVL GUH,
(). (. (0, (), Chan), (ivy, (v, (v, (wat), (K, (Kan), (L, (La), (Ling), (Livy, (M),
(N1}, (Nai), (Naiy, (Niv), (Nv), (Nvi), and (Nvii), or a pharmaceutically acceptable salt

thereof, are wherein R is absent.

[8144] (N In embodiment (Nix}, the compounds of any one of embodiments A, B, (Bi),
(Bi1). (Biit), (Biv), (Bv). C, (C1). (Cit), D, E_F, (Fi). (Fu), (Frii), Favy F(v). G, H. (18, (T,
(Jiy, (i), (hin), {Bivy, vy, (v, (v, (K, (Kb, (L), (L, (i), (Lav), €M), N(vit), and
N{viii}, or a pharmaceutically acceptable thereof, are wherein R? is absent, halealkoxy, or

cycloalkyloxy.

{01457 (Nx) In embodiment (Nx), the compounds of any one of embodiments A, B, (B},
(Bii), (Biit), {Bivy, (Bv), C, {Ci), (City, D, E, F, (Fi). (Fuy, (Fiii), F@v)y, Fv), G HL (i, (i,
N(viii). and (Nix), or a pharmaceutically acceptable thereof. are wherein R” is absent,

fluoromethoxy, difluoromethoxy, or cycloalkyloxy.

Embediment O

[8i46] (O In embodiment (1), the compounds of any one of embodiments A, B, (Bi}.
(B, By, (Bw), (By), C(CO (G, B, EF, (F, (Fig, (Fiiv), FG), Fivy, G H, (o, di,
(31, ity (Qainy, vy, (v, (B, (v, (K3, (Kai), (Lo, (L), (L), (Liv), and (M), or a
pharmaceutically acceptable thereof, are wherein R® and R are independently absent, alkyvl,

alkoxy. hvdroxy, hale, haloalkvl, or haloalkoxy unless stated otherwise.

[B147] (O In embodiment (011}, the compounds of any one of embodiments A. B,
(B1), (Buy, (Biil), (Biv), (Bv), C. (Ciy, (City, D E) F, (F1), (Fi1), (Finy, FGv), F(v), G, H. (1),
CED), (0, Qi) (Hiid), Giv), (), Qvid, (i), (Ki, (Kit), (Li), (Lit), (Liii), (Liv), (M), and (OF)
are those wherein R? and R are independently, alkoxy or halo, preferably R? and R are

independently methoxy, ethoxy, fluoro, and chloro unless stated otherwise.

(01487 (Oni). In embodiment ({Hii), the compounds of any one of embodiments A,
B (Bi), (Biy, (Binh), (Biv), (Bv), C(C, (Cu), O, B F, (Fiy, (Fa), (Fai), Flivy, Fvy, G, H,
(), (), (i), Quy, i, vy, (v, (v, G, (Kag, (Ka, (L), (L), (Radi), (Lav), and (M),

or a pharmaceutically acceptable thereof, are wherein:
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R? is absent, alkyl, alkoxy, hvdroxy, halo, haloalkyvi, or haloalkoxy; and

R* is hydroxyatkyl. alkoxyalkyl, hydroxyalkoxy, alkoxyalkoxy, hydroxyalkylamine,
alkoxyatkylamino, aminostkvl, anmunoalkoxy, aminoatkylanino, heterocyclyi.
heterocycivioxy, heterocyelvliamine (wherein heteracycelyl either alone or part of

5 heterocyelyloxy and heterocyclylaming is optionally substituted with one, two, or three
substituents independently selected from alkyl, halo, hydroxy, alkoxy, hydrosyalkyl
alkoxvalkyl, and aminoalkvi), heterocyeivialkyl. heterocyclvlalkvloxy,
heterocyclylalkylamino (wherein the heterocyclyi ring in heterocvelylalkyvi,
heterooy clvlatkyloxy, and heterocvelylalkvlamino is optionally substituted with one, two, or
10 three substituents independently selected from alkyl, halo, hydroxy, alkoxy, bydroxyalkyl,

atkoxyalkyl, and aminoalkyl}, cycloalkyloxy, phenvloxy, or heteroarvioxy (where phenyl in
phenyioxy and hetercaryl in heteroarvioxy are optionally substituted with one, two, or three
substituents where two of the optional substituents are independently selected from alkyl,

hydroxy, alkoxy, halo, haloalkyl, haloalkoxy, and cyvano) unless stated otherwise,

oy
W

{8149} (Owv} In embodiment {Oiv}. the compounds of any one of embodiments A,
B, (B), (Bit), (Biii}, (Biv), (Bv}, C, (Ci), (Cii), D, E, F, (F1), (Fii), (Fiii), FQv), F(v), G, H,
(), (i, (. Qud, Ui, (i), (), O, v vy, (e (K, (L, (L, (L), vy, (M,
and {(i}. or a pharmaceutically acceptable salt thereof is wherein R? is absent, methoxy,
ethoxy, or hvdroxy, preferably R? is methoxy or ethoxy; and R* is 2-hvdroxvethvloxy, 3-

20 hydroxypropyloxy. 2-nethosyethyloxy, 2-ethoxyethylosy, 3-methoxypropyloxy, 3-
ethoxypropyioxy, 2-amunoethyloxy, 2-methylaminoethvioxy, 2-dimethylaminoethvioxy. 2-
disthviaminoethyloxv, 3-aminopropyvloxy, 3-methylaminopropyloxy, 3-
dimethvlaminopropylosy, 3-diethylaminopropyloxy, pyrrolidinvloxy, pipendinyloxy,
pyrrolidinyimethyloxy, pipendmyimethyloxy. pyrrolidinylethvloxy, piperidinylethyloxy, 2-

25  hydroxyethyvlamine, 3-hvdroxvpropvianino, 2-methoxvethviamino. 2-ethoxyethylamino, 3-
methoxypropvlamine, 3-ethoxy propviaminoe, Z-aminoethyiamino, 2-methylaminoethylamino,
2-dimethvlarninecethylamino, 2-diethylanunoethylamino, 3-amunopropylamine, 3~
methylaninopropylamino, 3-dimethylaminopropylamine, 3-diethylaminopropylaming,
pyrrolidinylamino, piperidinylamino, pyrrolidinvimethylamino, piperidinyimethviamino,

30 pyreolidinvlethylaminoe, or piperidinylethviamine (wherein pyvrrolidinyl and piperidingt in

each of aforementioned groups, alone or part of another group 1s ophionally substituted with

one or two substituents independenily selected from methyl, fluoro. hydroxy, or methoxy)

uniess stated otherwise.

i
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{8150 (Ov). In embodiment {(Ov), the compounds of any one of embodiments A, B,
(Bi). (Bii). (Biii), (Biv). (Bv), C. (Ci). (Cii). D, E, F. (Fi), (Fii). (Fii). FGQv), FOv). G H, (1),
(hy, (0, @i, Qun, (Jivy, vy, v, (vin, (K, (Ka), (L) oy, (Ran, Giivi. and (M ora
pharmaceutically acceptable thereof are those wherein R? and R are independently
hydroxyalkyl, alkoxvalkyl, hydroxyalkoxy, alkoxyalkoxy, hyvdroxyalkylamino,
alkoxyalkylarmine, aminoalkyvl, arninoalkoxy, aminoalkylaminoe, heterocyelyi,
heterocyelvloxy. heterocyclvlaming (wherein heterocvelvl either alone or part of
heterocyclyloxy and heterocvelyvlamino is optionally substituted with one, two, or three
substituents mdependently selected from alky], hale, hydroxy, alkoxy, hydroxyalkyl,
alkoxyalkyl, and anunoalkyl), heterocyclvialkyl, heterocyclvialkyloxy,
heterocvelvialkvlamino (whearein the heterocvelyi ring in heterocycivialkyl,
heterocvelyiatkvloxy, and heterocy clvlalkviamine is optionally substituted with one, two, or
three substituents independently selected from alkyl, halo, hydroxy. alkoxy, hvdroxyalkyl,
alkoxyalkyl, and aminoalkyl). cycloalkyioxy, phenyloxy, or heteroarvioxy (where phenvi of
phenvioxy and heteroaryl of heteroaryloxy are optionally substituted with one, two, or three
substituents independently selected from alkyl, hydroxy, alkoxy, halo, haloalkyl, haloalkoxy,

and cyano) unless stated otherwise

[6151] In a first subembodiment of embodiment {Ov), R? and RY are independently 2-
hydroxyethyloxy, 3-hydroxypropvloxy, 2-methoxyvethyioxy, 2-ethoxy ethyloxy, 3-

methoxy propyloxy, 3-ethoxypropyvioxy, Z-aminoethylovy, 2-methylaminoethyloxy, 2-
dimethylaminoethvioxy, 2-diethviaminoethvloxy, 3-aminopropvioxy, 3-
methviaminopropyloxy, 3-dimethylaminopropyloxy, 3-diethylaminopropyloxy,
pyrrolidinyloxy, piperidinyloxy, pyrrohdinyimethyloxy, pipendinyimethyloxy,
pyrrolidinyviethvloxy, pipendinylethyloxy, 2-hydroxyethylamino, 3-hydroxypropylamino, 2-
methoxyethylaming, 2-ethoxyethylamino. 3-methoxypropylamino, 3-ethoxypropylamino, 2-
amnoethylamino, 2-methylamincethylamino, 2-dimethylaminoethvlamino, 2-
diethvlaninoethviamine, 3-aminopropylamine, 3-methylaminopropylamino, 3-
dimethylaminopropylanino, 3-diethylaminopropylamino, pyrrolidinylamino,
piperidinylamino, pyrrolidinyimethylamino, piperidinvimethylamino,
pyrrolidinylethylamine, or piperidinylethviamine (wherein pyvrrolidiny and piperidingt in
each of aforementioned groups, alone or part of another group 1s ophionally substituted with

one or two substituents independently selected from methyl, fluoro, hydroxy, or methoxy).

i
[
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{8152 (Ovi} In subembodiment (Ovi), the compounds of any one of embodiments
A, B, (Bi), (Bii), (Biit), (Biv), (Bv), C, {Ch, (Cii). D, E, F(F1), (Fii), (Fii, (Fiv), G H, (),
(hay, (34, Qi Juny. Qo) Avy, Oy, dva, Q) (K, (K, Gun, (Lag, (uad), (Lav), (M),
{01}, (O11), (Oniy, {Oiv), and (Ov), or a pharmaceuticallv acceptable salt thereof, are wherein

5 the compound of Formuda (I} is a compound of Formuda {Ic) or (Icl):

(0] Q
i ]
R a A L
B - X R r2—{- A X
Nz ch NN
R {Icy or R? {Tct).

Embodiment P

(61531 (Pi) In subembodiment (Pi). the compounds of any one of embodimenis 4, B, (Bi),
(Bii), (Baii), (Bivy, (Bv), C,(Ciy, (Cii). D, E, F, (Fi), (Fin, (Fit), (Fiv), F(v), G, H. (1), (1),

16 (B, (Hby, (Jidey, (Fiv)y, (v, (Bvi), (viiy, (K, (Kb, (L), (Lid), (Liit), (Liv), (M), (O, (Oii),
(iin), (Otv), (Ov), and (Oviy, or a pharmaceutically aceeptable sall thereof, are wherein each
R3 15 alkvl. substifuted alkvi, haloalkyl. substituted haloalkvl. cvcloalkyvl, substituted

cveloalkyl, or cyeloalkvialiyl.

[6184] (Pu) In subembodiment (Pi1), the compounds of any one of embodiments A, B,

15 (Bi), (Ba), (Bui), (Biv), (Bv), C. (C1), (Cui), D, E, FL(Fy), (Figy, (Fiii), (Fiv), FOL G HL (I,
(B, (4, @i, (Jun), {Jivy, Qv), (i), Uviy, (Kay, (K, (L, (L, (Run, GLiv), VD, (O,
(O}, (Guud, (Oivy, (Ov), (Ovi), and (P1). or a pharmaceutically acceptable salt thereof, are
wherein each R® is methyvl, ethyl. isopropyl, cvelopropyl, cvelobutyl, cyelopentvl, eyclohexyl,

cyclopropyimethyl, or evclobutyimethyl

20 [BIS8) (Pun) In subembodiment (Pit), the compounds of any one of embodiments
A, B. (Biy, (Biiy, (Bii), (Biv), (Bv), C. (Ciy, (Cii), D, E, F, (F1), (Fity, (Fiut), (Fiv), F(v), G. H.
(), (I, (hy, (., (Juy, (Biv), (v, (v, (i), (R9), €K, (L, (La), (R, (Livy, (M),
{01}, (On1), (G, {Oiv)y, (Ov), (Ov1). and (P, or a pharmaceutically acceptable salt thereof,

are wherein R® is alkyl or cycloalkyl.

N
s

{61561 (P1v) In subembodiment (Piv}, the compounds of any one of embodiments
A, B, (B, (Bi1), (Bi), (Biv), (Byy, C, (C1), (Gil), D, B, F, {Fiy, (Fit), (Fiiy), {Fiv}, F(v), G, H,
(B, (), (i), Qg (. (v, vy, Qv Qg (Kag, (K, (L), (Lad), (B, (Lav), VD,



A

15

20

[3e]
L

30

WO 2025/117697 PCT/US2024/057687

{01}, (Oi1), {Oni1), (O}, (Ov), (Ovi), (P, (Pu), and (Piit}, or a pharmaceutically acceptable

salt thereof, are wherein R® is methyi or cydiopropyl.

{8157 (Pv) In subembodiment (Pv), the coropounds of anv one of embodimenis A, B,

(B}, (B, (Bii), (Biv), By, C(C), (Ci), D, E, F_(Fy), (Fii), (Fui), (Fiv). F(v). G, H, (1),
(i), (J), iy, @i, (Jivy, Qvy, (Gvd), (vity, (Li, (Lid), (L), Liv), (M), (OB, (Oi), (Gii),
(Ov), {Ov), {Oviy, (PL), (P11}, {(Piny), (Piv} or a pharmaceutically acceptable salt thereof, are

wherein R is hydrogen.

Embeodiment
[6158] In embodiment {§3), the compounds of Formula (I} are selected from Table { ora

pharmaceuntically acceptable salt thereof.
GENERAL SYNTHETIC SCHEME

{61891  Compounds of this disclosure can be made by the methods depicted in the reaction

schemes shown below.

{01697 The starting materials and reagenis used in preparing these compounds are either
avalable from commercial suppliers such as Aldrich Chemical Co., {Milwaukee, Wis.),
Bachem {Torrance. Calif). or Sigma (St. Lows, Mo} ot are prepared by methods known fo
those skilled in the art following procedures set forth in references such as Fieser and Fieser’s
Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991}, Rodd’s
Chemistry of Carbon Compounds. Volames 1-5 and Supplementals (Elsevier Science
Publishers, 1989); Organic Reactions, Volumes [-40 (John Wilev and Sons, 1991), March’s
Advanced Organic Chemistry, (John Wilev and Sons, 4th Edition) and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989). These schemes are
merely Hlustrative of some methods by which the corapounds of this disclosure can be
svnthesized, and various modifications to these schemes can be made and will be suggested
to one skilled in the art reading this disclosure. The starting materials and the intermediates,
and the final products of the reaction may be 1solated and purtfied if desired using
conventional technigues, including but not limited to {iltration, distillation, crystailization,
chromatography and the lilke. Such materials may be characterized using conventional means,

including physical constants and spectral data.

{3161} Unless specified to the contrary, the reactions described herein take place at

atmospheric pressure over a temperature range from about —78 °C 1o about 150 °C, such as

>
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from about 0°C to about 125 °C and further such as at about room {or ambient} temperature,

e.g.. about 20°C.

{8162} Compounds of Formula (I) or (1d) where 715 cychvlaminvlene, spiro

cvclviaminviene, or fused cyvclviaminylene attached to core ring via ring mitrogen atom, (3 is

5 {alk)u-W where W is a group consisting of formula (i), and other groups are as defined in
compound of Formula (I} or (Id} in the Summary can be prepasred as Hlustrated and described
in Scheme { below {for sake of convenience only Formula (I} is depicted).

Scheme 1
RrE
7
(a”{)m
. hal HZ—{alk),—5—R®
R 2
E = /L\\X " \ R1
R\i ....N.I. ; {j_ Rt j
N step 1
1 3
RE o
HN:\:‘:;:"
{alk)
!
PhI{OAC),, NH,COONH, 2 i
MaOH ” jfr S
slep 2 N~ Nf»"‘
10 ®

{31631 Reaction of a compound of fornula 1 where hal is halo such as chloro, X1s CH. N,
R R* R’ and R® as defined in the Summary, with a compound of the formula 2 where Z is |
cyclylaminviens, spire eyclylaminviene, or fused cyelviaminyviene attached to ring 1 via ring
nitrogen atom and (alk k., and R? are as defined in the Sunwnary provides a sulfide of

13 compound of formula 3. The reaction is carried out under using an organic base such as
DIEA, TEA, and the like, or an inorganic base, in aprotic organic solvents such as NMP, 1,3~
dioxolane, TOU ((2.5.7. 1 O-tetracxaundecane), BMSQO, DMPU, HMA., 1.4~ dioxane,
tetrahvdrofuran {THF), dimethyHormamide (DMF) and the like, either at room temperature
or heating. Compounds of formula 1 such as 4-chloro-1,7-naphthyridine or 4-chloro-8-

20 methoxypyrido{3,4-d]pyrinudine are commercially available. Compounds of formula 1 may

also be oblained by treating a hydrovy compound such as 8-rethoxy- 1, 7-naphihvnidin-4-ol

with a chlorinating agent such as P{O)Cl: in aprotic solvenis with an organic aprotic base

54



WO 2025/117697 PCT/US2024/057687

etther with heating or room temperature. Compound of formulda 3 s converted inio a
compound of Formula (I} by treatment with ammonium carbamate and

{dracetoxviodojbenzene 1o methanol.

{3164}  Compounds of Formula (I} or (Id) where Z is NH. N{alky1). 0. §, SO, or 802 Qis ~

(alk}),-Ar-W, wherein W is a group consisting of formuta (i), and other groups are as defined

A

in Formula (1) or (Id) in the Summary can be prepared as lhustrated and described in Scheme

2 below {for sake of convenience only Formula (1} is depicted}..

Scheme 2
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PhI{OAS);, NH,OOONH, o] oYy ,
RN A AR
MeGH Pt

i step 2 Formuia (1)

[6165] Proceeding as described in Scheme 1 above but replacing compound 2 with
compound 4. provides a compound of Formuda (1) where Z 1s NH, N{alkvi), 0. 8, 88, or 80,

€ 15 —(alkn-Ar-W where W is a group consisting of Formada (3).
< & pel

{8166} Compounds of Formuda {I) or (Id) where where Z i3 evclylaminylene, spiro

15 cvelylaminylene, or fused cyclylaminylene attached to core ring via ring nitrogen atom, Q¥ is
—{alkn-W where W is a group consisiing of formula {11}, and other groups are as defined in
Formugda (1) or (Id) the Summary can be prepared as illustrated and described in Scheme 3

below (for sake of convenience onlv Formula (1) 1s depicted)..

>
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Scheme 3
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[8167] Treatment of a compound of formula 1 with a compound of formula 6, wherg Z 15,
cvelviaminylene, spiro evelviaminylene. or fused eyclylaminviens aftached to ring 1 via ring
5 witrogen atom and {(alk)w 15 as defined i the Summary, and PG 1s a suitable amino protecting
group, in the presence of a base such as DIEA. CsCOs, or TEA in a suitable organic solvent
such as DMF or DMP, either at room temperature or elevated temperature provides a
compound of fornmda 7. Treatment of compound 7 with a mineral or Lewis acid such as
TMSOTE HCL or TFA in a suitable organic solvent provides an amino compound of formula
10 8. Compounds of a formutla & are {reated with a preparation of a compound of formula 9 that
has been treated with {diphenylphosphorvibenzene and oxaly] chloride and DIEA or another
suitable organic base such as THA, to provide a cormapound formula 10, Treatruent of

compound 10 with TFA or other suitable acid provides compounds of Formula (1),

{01681 Chiral sulfoximine compounds of Formula (I} or {Id) where Z 1s NH, N(atkvl), G. 8,
15 80, or SOz (or an embodiment thereof); Q is ~{alk))-Ar-W, where W is a group consisting of

formula (1); X 15 CH: and other groups are as defined in Formula (1) ot (1d) the Summmary

respectively {or an embodiment thereof) can be prepared as tHustrated and described in

Scheme 4 below (for sake of convenience only Formula (Id} is depicted in Scheme 4).

8
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[0169] Treatment of a compound of formula 4-1 where R? and RY are as defined in the

Summary {or an embodiment thereof) with 2,2-dimethvl-1,3-dioxane-4,6-dione in the

W

presence of trimethoxymethane provides a compound of formula 4-2. Compound 4-2 is
cvehized in dipheny! ether at high temperatures such as about 220 °C to provide a compound

of formula 4-3.

{31791 Treatment of (8)-2-methvipropane-2-sulfinamide, compound 4-4, with pivalic
anhydride, followed by treatment with a compound of formula R%-halide where R% is as

10 defined n the Summary (ot an embodiment thereof) 1n the presence of a deprotonating base
such as sodium hydride, followed by treatment with an acid such as irifluoroacetic acid,

provides a compound of formula 4-5.

{6171} Treatment of a boronic acid of compound 4-6, where Ar is as defined in the

summary {or an embodiment thereof), Z is NH, N{atkvi}, G, 8, SO, or SOz {or an

hanst
o4

embodiment thereof), and PG is a suitable anuno or oxygen protecting group with a
compound of formulda 4-5 in the presence of copper triflate in a suitable organic solvent such
as toluene provides a compound of formuda 4-7. Removal of the pivalov] and the PG group
by methods know 1 the art provides a benzyimethanol compound of formula 4-8. For
example, when the pivaloyl group can be removed upon treatment of compound 4-7 with an
20 inorganic base such as sodium hydroxide, potassium hydroxide, and the like in ap organic

alcobol solvent such as methanol, ethanol, and the ike. For example. if the protecting group

4
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is tetrabutyldimethyl silvl, it can be removed by treatment of an acid such as TBAF in a

suitable organic solvent such as tetrahvdrofuran.

61721 Coupling of a compound of formula 4-8 with a compound of formula 4-3 under
Mitsunobu reaction conditions than provides a S sulfoximine compound of Formula (Id). It
will be apparent to a person skilled m the art that R-sulfoximine of Formuda (Id} can be
prepared by using {R}-Z-methyipropane-2-sulfinamide instead of (§)-2-methvipropane-2-

sulfinamide.

Testing
{6173} The ENPPI inhibitorv activity of the compounds of the present disclosure can be

tested using the in vitro and in vivo assavs described in Biological Examples 1 and 2 below.

Administration and Pharmaceatical Composition
[6174] In general, the compounds of this disclosure will be administered in a
therapeutically effective amount by any of the accepted modes of administration for agents
that serve sinular ulilities. Therapeutically effective arsounts of compouands this disclosure
may range from about 0.01 to about 500 mg per kg patient body weight per day, which can be
administered in single or multiple doses. A suitable dosage level may be from about 0.1 to
about 250 mg/kg per day, about 0.5 to about 100 mg/kg per day. A suitable dosage level may
he about 0.01 to about 250 mg/kg per dav, about 0.05 to about 100 mg/kg per day. or about
.1 to about 50 mg/ke per day. Within this range the dosage can be about 0.05 to about 0.5,
about .5 to about 5 or about 5 to about 50 mg/ke per day. For oral adnunistration, the
compositions can be provided in the form of tablets containing about 1.0 to about 1000
miliigrams of the active ingredient, particularly about 1, 3, 16, 15, 20, 25, 50, 75, 100, 150,
200, 250, 300, 400, 500, 600 750, 800, 900, and 1000 milligrams of the active ingredient.
The actual amount of the compound of this disclosure, 1.¢., the active ingredient, will depend
upon numerous factors such as the severity of the disease to be treated, the age and relative
health of the patient, the potency of the compound being utilized, the route and form of

admanistration, and other factors.

[3178)  In general, compounds of this disclosure will be admimistered as pharmaceutical
composttions by any ove of the following routes: oral, systenue {e.g., transdermal, intranasal
or by suppository), or parenteral {e.g., inframuscular, intravenous or subcutaneous}
administration. The preferred manner of adnvinistration is oral using a convenient daily

dosage regimen, which can be adjusted according to the degree of affliction. Corapositions

4
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can take the form of tablats, pills, capsules, semisolids, powders, sustained release

formulations, solutions, suspensions, elixirs, aerosols, or any other appropriate compositions.

[8176] The choice of formulation depends on various factors such as the mode of drug
administration (e.g., for oral adnunistration, formulations in the form of tablets. pills or
capsules, including enteric coated or delayed release tablets, pills or capsules are preferred)
and the bioavalability of the drug substance. Recently, pharmaceutical formulations have
been developed especially for drugs that show poor bicavailability based upon the principle
that bioavailability can be increased by increasing the surface area t.e, decreasing particle
size, For exarople, ULS. Pal. No. 4,107,288 describes a pharmaceutical formulation having
particles in the size range from 10 to 1,000 nm in which the active material is supported on a
cross-linked matrix of macromolecules. U.S. Pat. No. 5,145,684 describes the production of a
pharmaceutical formulation in which the drug subsiance is pulverized to nanoparticles
{average particle size of 400 nm} in the presence of a surface modifier and then dispersed im a
liquid medium to give a pharmaceutical formulation that exhibits remarkably high

bicavailability.

[6177] The compositions are comprised of in general, a compound of this disciosure in
combination with ai least one pharmacsutically acceptable excipient. Accepiable excipients
are non-toxic. aid adnunistration, and do not adversely affect the therapeutic benefit of the
compound of this disclosure. Such excipient may be any solid, liquid, semi-solid or, int the
case of an aerosol composition, gaseous exciptent that is generally available to one of skill in

the art.

{6178] Sohid pharmaceutical excipients include starch, cellulose, talc. glucose, lactose.
sucrose, gelatin, malt, rice_ flour. chalk, silica gel, magnesium stearate, sodium stearate,
glveerol monostearate, sodium chlonde, dried skim milk and the like. Liquid and semusolid
exciptents may be selected from glveerol, propylene glyeol, water, ethanol and various oils,
including those of petroleum, animal, vegetable or svnthetic origin, e.g., peanut oil, soybean
oil, mineral oil, sesame otl, etc. Preferred liquid carriers, particalarly for injectable solutions,

neclude water, saline, aqueous dexirose, and glycols,

(0179} Comypressed gases may be used to disperse a compound of this disclosure in aerosol

form. Inert gases suitable for this purpose are nitrogen, carbon dioxide, etc.
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{8180} Other suitable pharmaceutical excipients and their formulations are described in
Remington’s Pharmaceuntical Sciences, edited by E. W. Martin (Mack Publishing Company,

20th ed ., 2000).

{3181} 'The level of the compound in a formulation can vary within the full range emploved
by those skilled in the art. Typically, the formulation will contain, on a weight percent (wt.
%) basis, from about 0.01-99.99 wi. % of a compound of this disclosure based on the total
formulation, with the balance being one or more suitable pharmaceutical excipients. For

example, the compound is present at a level of about 1-80 wt. %.

{6182} The compounds of this disclosure may be used in combination with one or more
other drugs in the treatment of diseases or conditions for which compounds of this disclosure
or the other drugs may have utility. Such other drug{s) may be admimstered, by a route and in
an amount commonly used therefore, contemporaneously or sequentially with a compound of
the present disclosure, When a compound of this disclosure is used contemporaneoushy with
one or rore other drugs, a pharmaceutical coraposition v urat dosage form containing such
other drugs and the compound of the present disclosure 1s preferred. However, the
combination therapy may also include therapies in which the compound of this disclosure and
one or more other drugs are admuinistered on different overlapping schedules. It 1¢ also
contemplated that when used in combination with one or more other active ingredients, the
compounds of the present disclosure and the other active ingredients may be used in lower
doses than when each is used singly. Accordingly, the pharmaceutical compositions of the
present disclosure also include those that contain one or more other drugs, inaddition o a

compound of the present disclosure.

[6183] The above combmations include combinations of a compound of this disclosure not
only with one other drug, but also with two or more other active drugs. Likewise, a
compound of this disclosure roay be used in combination with other drugs that are used 1n the
prevention, treatment, control, amelioration. or reduction of risk of the diseases or conditions
for which a compound of this disclosure 1s useful. Such other drugs may be administered, by
a route and in an amount commonly used therefore, conternporaneously or sequentially with a
compound of the present disclosure. When a compound of this disclosure 15 used
contemporaneousiy with one or more other drugs. a pharmaceutical compostiion containing
such other drugs in addition o the compound of this disclosure can be used. Accordingly, the

pharmaceutical compositions of the present disclosure also nclude those that also contain one
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or more other active ingredients, in addition to a compound of this disclosure. The weight
ratio of the cornpound of this disclosure 1o the second active ingredient may be varied and
will depend upon the etfective dose of each ingredient. Generally, an elfective dose of each

will be used.

{01847 Where the subject in need is suffering from or at risk of suffering from cancer, the
subject can be treated with a compound of this disclosure i any combination with one or
more other anii-cancer agenis. i some embodiments, one or more of the anti-cancer agents
are proapoptotic agents. Examples of anti-cancer agents include, but are not Himited to, any of
the following: gossyphol, genasense, polyphenol E, Chlorofusin, all trang-retinoic acid
{ATRA), bryostatin, turnor necrosis factor-related apoptosis-inducing hgand {TRATL), 3-aza-
2’-deoxycytidine, all trans retincic acid, doxorubicin, vincristing, etoposide, gemcitabine,
imatinib (Gleevec™, geldanamyein, 17-N-Allylamino-17-Bemethoxygeldanamyein (17-
AAG), flavopinidol, LY 294002, bortezorib, frastunumab, BAY 11-7082, PKC412, or
PI3184352, Taxol™, also referred to as “paclitaxel”, which is a well-known anti-cancer drug
which acts by enhancing and stabilizing microtubule formation, and analogs of Taxol™
such as Taxotere™. Compouonds that have the basic taxane skeleton as a common structure
feature, have also been shown to have the alility 1o arvest cells in the G2-M phases due 1o
stabilized microtubules and may be useful for treating cancer it combination with the

compounds described herein.

[0185]  Further examples of anti-cancer agents for use m combination with a compound of
this disclosure include inhubutors of rottogen-activaied protein kinase signaling, e.g., UD126,
PDO80SY, PDI84352 PDO3Z5901, ARRY 142886, SB239063. SP6U0G12S5, BAY 43-9006,
wortmannin, or LY294002; Svk inhubitors: antibodies {e.g., rituxan}, MET mmhibitor such as
foretimb, carbozantinib, or crizotinib, VEGFR inhibitor such as sunitinib, sorafenib,
regorafinib, lenvatinib. vandetantb, carbozantinib, axttinib; EGFR mhibitor such as afatinib,
brivanib, carboratinib, erlotinib, gefitinib, neratinib, lapatinib; PI3K inhibitor such as XL 147,
X1.765, BKM 20 (buparhiaib), GDC-0941, BYL719, IPI145, BAYR0-6946. BEX235
{dactohisib), CAL 101 (idelalisib), GSK2636771, TGL0G-115; MTOR inhibitor such as
rapamyein (sirolimus), temsirolimus, everchimus, XL388, X1.765, AZD2013, PF04691502,
PKI-387, BEZ235, GD( (349, MEK inhibitor such as AZD6244. trametinib, PD1 84352,
pimasertinib, GDC-0973, AZDE330; and proteasome inhibitor such as carfilzonub,

MLN9708, delanzomib, or bortezonib.
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[8186] Other anti-cancer agents that can be emploved in combination with a compound of
this disclosure include Adriamycin, Dactinomycin, Bleomycin, Vinblastine, Cisplatin,
acivicin: aclarubicing acodazole hvdrochlonde: acromne: adozelesin: aldesleukin;
altretamine; ambomy¢in: ametantrone acetate; aminoglutethinude; amsacring; anastrozole;
anthramyein; asparaginase; asperling azacitidine; azetepa; azotoruycin; batimastal;
benzodepa: bicalutanude; bisantrene hvdrochloride; bisnafide dimesyiate; bizelesin;
bleomvein sulfate: brequinar sodiwny, bropirimine; busulfan: cactinomwvein: calusterong;
caracemide; carbetimer; carboplatin: carmustine; carubicin hvdrochloride; carzelesin;
edefingol; chlorambucil; cirolemycin; cladribine; crisnatol mesylate: eyclophospharnide;
cytarabine; dacarbazine; daunorubicin hydrochionide; decitabine: dexormaplating
dezaguanine: dezaguanine mesylate: diaziquone: doxorubicin; doxorubicin hydrochloride;
droloxifene; droloxifene citrate; dromostanolone propionate; duaromycin; edatrexate;
eflornithine hydrochloride; elsamitrucin: enloplating enpromate; epipropidine; epirubicin
hydrochloride; erbulozole; esorubicin hydrochloride; estramustine; estramustine phosphate
sodium; etanidazole; etoposide; etoposide phosphate; etoprine; fadrozole hydrochloride;
fazarabime: fenretimide; floxamdineg; Qudarabine phosphate: fuorouracit; Qurocitabine:
fosquidone: fostriecin sodium; gemcitabine; geracitabine hvdrochloride; hydroxvurea;
idarubicin hvdrochloride; ifosfamide; ilmofosine; interteukin I (including recombinant
mtedeukin TE or Ril2), interferon alfa-2a; inlerleron alfa-2b; interferon alfa-nl; interleron
alfa-n3: nterferon beta-la: interferon gamma-1 b: iproplatin; irinotecan hydrochloride;
lanrestide acetate; letrorole; leuprolide acstate; harozole hvdrochloride; lometrexol sodium;
lomustineg; losoxantrone hydrochloride; masoprocol; maytansine; mechlorethamine
hydrochlonde; megestrol acetate; melengesirol acetate; melphalan; menoganl;
mercaptopurine; methotrexate; methotrexate sodium; metoprine; meturedepa, mitindonude;
mitocarcin, mitooromin; mitogillin, mitomalcin; mitomycin, mitosper, mitotane;
mitoxantrone hydrochloride; mycophenolic acid; nocodazole; nogalamycin; ormaplatin;
oxisuran; pegaspargase; peliomycin; pentamustine; peplomycin sulfate; perfosfamide;
pipobroman; piposulfan; piroxanirone hydrochlonide; plicamycin; plomestane; porfimer
sodinm: porfiromycin: prednimusiine; procarbazine hydrochloride: puroryein: puromycin
hydrochlonde; pyrazofurin; riboprine; rogletimide; safingol: safingol hvdrochionide;
semustine; simirazene; sparfosate sodiumy; sparsomycin; spirogermanium hydrochloride;
spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin; tecogalan
sodium; tegafur: teloxantrone hvdrochlonide: temoporfin, teniposide; teroxirone; testolacione;

thianuprine; thioguanine: thiotepa; tiazofurin: tirapazanune; toremflene citrate; trestolone
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acetate; triciribine phosphate, trimetrexate; trimetrexate gluncuronate; triptorelin; tubulozole
hydrochlonde; aracil mustard; uredepa: vapreotide; verteporfin, vinblastine sulfate;
vineristine sulfate; vindesine: vindesine sulfate; vinepidine sulfate; vinglvemate sulfate;
vinleurosine sulfate; vinorelbine tartrate: vinrosidine sulfate; vinzolidine sulfate; vorozole:

zeniplaling zinostatin, zorubicin hydrochioride.

{0187} Other anti~cancer agents that can be employved in combination with a compound of
the disclosure such as 8-(3-(4-acryloyipiperazin-1-ylpropyl)-6-(2,6-dichloro-3.5-
dimethoxyphenvl}-2-(methvlamine}pyrido{2, 3-d)pyvrimidin-7{(&H}-one used to determine the
anti-tumor activity in HGS and RT4 tumor models (Example 4 below: In HGS model, vebicle
dosed group reached tumor size 645dosing at day 42 after moculation whereas for animals
treated with 20/ke of compound. the fumor size was 55mm3 showing significant antitumor
activity and induced tumor regression), include: 20-epi-1. 25 dibhvdroxyvitamin D3; 5-
ethvnyloracil: abiraterone; aclarubicin; acvifolvene; adecvpenol, adozelesin; aldesleukin:
ALL-TK antagorusts; altretanine; ambamustine, amidox; amifostine; anunolevulinic acid;
amrubicin; amsacrine; anagrelide; anastrozole; andrographolide; angiogenesis inhibitors:
antagonist D antagounist G; antarelix; anti-dossalizing morphogengtic protein-1;
antiandrogen, prostalic carcinoma; antiestrogen; antineoplaston: antisense ohgonucleotides;
aphidicohin glycinate; apoptosis gene modulators; apoptosis regulators; apurinic acid; ara-
CDP-DL-PTBA. arginine deaminase; asulacring; atamestane; atrimustine; axinastatin 1,
axinastatin 2: axinastatin 3; azasetron; azatoxin: azatyrosing; baccatin I derivatives: balanol;
batimastat; BCR/ABL antagonists; benzochlonns; benzovistaurosporine: beta lactam
derivatives, bela-alething; betaclamvcin B: betulinic acid; Bfgf inhibitor; bicalutamide;
bisanirene; bisaziridinylspermine; bisnafide; bistratene A: bizelesin breflate; bropirimine;
budotitane: buthionine sulfoximine; calcipotriol; calphostin C; campiothecin denvatives:
canarypox IL-2: capecitabine; carboxamide-amino-triazole; carboxyvanudotriazole: CaRest
M3 CARN 700; cartilage derived inhibitor; carrelesin; casein kinase inhibitors (CO8),
castanosperruine: cecropin B; cetrorelix; chlortns; chloroquinoxaline sutfonamide; cicaprost;
cis-porphyrin; cladribine; clomifene analogues: clotrimazole; collismyvcin A; collismycin B;
combretastatin Ad: combretastatin analogue: conagenin, crambescidin 816 crisnatol;
cryplophvein 8: crvptophyein A derivatives: curacin A cyclopentanthraguinones:
cvcloplatam; cypemycin, evtarabine ocfosfate; cvtolytic factor; evtostating dachximab;
decitabine; dehydrodidemnin B; deslorelin; dexamethasone; dexifosfamide; dexraroxane;

dexverapamil; dlaziquone; didennin B; didox: diethvinorsperming: dihydro-3-azacytidine: 9-
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dioxamycin; diphenyl spironmstine; docosanol; dolasetron; doxifluridine; droloxifene;
dronabinol:. duocarmycin SA; ebselen: ecomustine; edelfosine; edrecolomab: eflomithine;
eleroene; enutefur; epirubicin; epristeride; esiramustine analogue; estrogen agowists; estrogen
antagonists; etanidazole; etoposide phosphate: exemestane; fadrozole; fararabine; fenretinide;
filgrastim; fmasteride; Havopiridol; Hezelastine; fluasterone; fudarabine; Suorodasnorunicin
hydrochlonide: forferumex; formestane; fostriecin; fotemusiine; gadolimium texaphyrin;
gallium nitrate: galociiabine; ganirelix; gelatinase inhibitors: gemcitabine; glutathione
inhibitors; hepsulfam; heregulin; hexamethylene bisacetamide; hypericin; ibandronic acid;
idarubicin; idoxifene; idramantone; ilmofosine; itomastat, imidaroacnidones; imiguimod,
immunostinulant peptides; sulin-like growth factor-1 receptor inhibitor; interferon
agonists; interferons: interleukins; tobenguane; iododoxorubicin; ipomeanol, 4-; iroplact;
irsogladine: 1sobengazole; ischomohalicondrin B, itasetron; jasplakinolide; kahalalide F:
lamellarin~-N nacetate: lanreotide; leinamyvan; lenograstim, lentinan sulfate; leptolstating
letrozole: leukemia inhibiting factor; leukocyte alpha interferon;
leuproliderestrogentprogesterone; leuprorelin; levamisole; liarozole: linear polyamine
analogue; lipophilic disacchande peptide: lipophilic platinum compounds; hssoclinamide 7;
{obaplatin; lombricine; lometrexol; lonidamine; losoxantrone; fovastatin; loxoribine;
lurtotecan; lutetium texaphyrin; lysofyliine; Iviic peptides, maitansine; mannostatin A;
martmastal, masoprocol; maspin; matrilysin inhibiiors; matrix metalloproteinase inhibitors;
menogant. merbarone: metereling roethioninase: metoclopramide: MIF inhibitor;
mifepristone; miltefosing; mirimostim; nismatched double stranded RINA; mitoguazone;
mitolactol; mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-saporin;
muoxanirone; mofarolene; molgramostim; monoclonal antibody, human chorionic
gonadotrophin: monophosphoryl lipid A. diethyistiibesterol; mopidamol: nmdtiple drug
resistance gene inhibitor; mudtiple tmor suppressor 1-based therapy, mustard anticancer
agent, mycaperoxide B; mveobacterial cell wall extract; myriaporone; N-acetyldinaline; N-
substituted berzanudes; nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin;
nartograstim: nedaplatin; nemorubicin; neridronic acid; neutral endopeptidase; mbitanide;
nisamy cin; nitric oxide modulators; nitroxide antioxidant: nitrullyn, G6-benzylguaning;
octreotide; okicenone; oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oval
cytokine inducer: ormaplating osaterone; oxaliplating oxaunomycin; palauanune;
palmitoyirhizoxin; pamidronic acid; panaxytriol, panomifene; parabactin; pazelliptine;
pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin: penirozole: perflubron:

perfosfarnide: periliyl alcohol: phenazinomyem: phenviacetate; phosphatase inhibitors,
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picibanil; pilocarpine hydrochlonide; pirarubicin; pirttrexim; placetin A; placetin B;
plasminogen activator inhibitor; platinum complex; platinum compounds; platinum-triamine
complex: porfimer sodiuny, porfiromycein prednisone; propyl bis-acridone; prostaglandin J2;
proteasome inhubitors; proteinn A-based immune modulator; protein kinase C intubitors,
microaigal; protein fyrosine phosphatase inhibitors; purine nucleoside phosphorylase
nhibitors; purpurins; pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylernie
conjugate; raf antagonists: raltitrexed: ramosetron; ras farnesvi protein transferase inhibitors:
ras inhibitors: ras-GAP inhibitor: reteliiptine demethvlated; rhenium Re 186 stidronate;
rhizoxin; ribozvmes; R.sub. 11 retinamide; rogletimide; rohitukine; romurtide; roguinimes;
rubiginone B1; ruboxyl; safingol; samtopin; SarCNU; sarcophytol A; sargramosting 8di 1
mimetics; semustine; senascence derived 1; sense oligonucleotides: signal transduction
inhibitors; signal transduction modulators; single chain antigen-binding protein; sizofuran,
sobuzoxang; sodium borocaptate; sodium phenviacetate; solverol, somatomedin binding
protein; sonermin; sparfosic acid; spicamycin D, spiromustine; splenopentin; spongistatin 1;
squalamine; stem cell inhibitor; stem-cell division inhibitors; stipiamide; stromelysin
inhibitors: sulfinosine:; superactive vasoactive intestinal peptide antagonisi; suradista;
suramin; swainsonine; synthetic glycosaminoglycans; tallimustine; tamoxifen methiodide;
tauromusting; fazarctene; tecogalan sodium; tegatur, tellurapyrylium, telomerase inhibitors;
temoporfin; temozolomide; teniposide; tetrachiorodecaoxide; tetrazomne; thaliblastine;
thiocoraline; thrombopoieting thrombopoictin mimetic; thvmallasing thymopoietin receplor
agonist thymotrinan: thyroid stimulating hormone; tin ethyl etiopurpurin; tirapazamine;
titanocene bichioride; topsentin; toremifene; totipotent stem cell factor; transiation inhibitors;
tretinoin; fnacetyluridine; nciribine; trimetrexate; triptoreling tropisetron; turosteride;
tyrosine kinase inhibitors; tyrphostins; UBC indubitors; ubenimex; urogenital sinus-derived
growth inhibitory factor; urokinase receptor antagonists: vapreotide: variokin B: vector
svatem, ervihrocyie gene therapy; velaresol; veramine; verding; verteporfin vinorelbine;

vinxaltine; vitaxin: vorozole, zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer.

{0188} Yet other anticancer agents that can be emploved in combination with a compound
of this disclosure inciude alkvlating agents, antimstabolites, natural producis, or hormones,
e.g., nifrogen mustards {e.g., mechlorogthamine, cvclophosphamide, chiorambucil, etc),
atkyl sulfonates {e.g., busulfan}, nitrosoureas {e.g., carmustine, lomusiine, etc ), or triarzenes

{decarbazine, etc.). Examples of antimetabolites include but are not limited to folic acid
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analog {e.g., methotrexate), or pyrimidine analogs {e.g., cytarabine), purine analogs {e.g.,

mercaptopurine, thioguanine, peniostating.

{0189 Examples of natural products uselul in combination with a coropound of this
disclosure mclude but are not limited fo vinca alkaloids (e g, vincristine),
epipodophyliotoxins {e.g., etoposide), antibiotics {e.g., daunorubicin, doxorubicin,
bleomycin), enzymes {e.g., L-asparaginase), or biological response modifiers (e.g., interferon

alpha}.

[6190] FExampies of alkvlating agents that can be employed in combination a compound of
this disclosure} include, but are not limited to, nitrogen mustards (e g.. mechloroethanune,
cvclophosphamide, chlorambucil, melphalan, etc.), sthylenimine and methylmelamines {e.g.,
hexamethivmelamine, thiotepa), alkyl sulfonates {e.g., busulfan), nitrosourecas (e.g.,
carmustine, lomusiine, semustine, strepiozocin, efc.}, or triazenes {decarbazine, etc. ).
Examples of antimetabolites include, but are not limited to folic acid analog (e g.,
methotrexate), or pyrimidine analogs {e.g., luorouracil, Joxunidine, cytarabine), purine

analogs {e.g.. mercaptopurine, thioguanine, pentostatin,

{6191} Examples of hormones and antagonists useful in combination a compound of this
disclosure include, but are not himited {o, adrenocorticosteroids (e.g., prednisone), progesting
{e.g.. hvdroxyprogesterone caproale, megestrol acetate, medroxvprogesterone acetaie),
estrogens (e.g., diethvistilbestrol, ethinyl estradiol), antiestrogen {e.g., tamoxifen), androgens
(e.g., testosterone propionate, fluoxymesterone), antiandrogen {e.g., flutamide}, gonadotropin

releasing hormone analog (e.g., teuprolide). Other agents that can be used in the methods and

compostiions described herein for the treatiment or prevention of cancer include platinum
coordination complexes (e g., cisplatin, carboblatin), anthracenedione (e.g.. mitoxantrone),
substituted urea {e.g., hvdroxyurea), methyl hvdrazine derivative (e.g., procarbazine),

adrenocortical suppressant {(e.g., nutotane, anynoglutethimide).

{01921  Examples of anti-cancer agents which act by arresting cells in the (32-M phases due
to stabilized microtubules and which can be used 1n combination with an irreversible Btk
inhibitor compound include withowt imitation the following marketed drugs and drugs in
development: Erbulozole (also known as R-55104), Dolastatin 10 {also known as DES-10
and NSC-376128), Mivobulin isethionate {also known as CI1-980), Vincristine, NSC-639829,
Discodermolide {also known as NVP-XX-A-296). ABT-751 (Abbott, also known as E-7010),

Altothyriing (such as Altorhvitin A and Altorhvrtin C), Spongistating (such as Spongistann 1,
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Spongistatin 2, Spongistatin 3, Spongistatin 4, Spongistatin 5, Spongistatin 6, Spongistatin 7,
Spongistatin 8, and Spongistatin 9}, Cemadotin hyvdrochloride {also known as LU-103793
and NSC-D-669356), Epothilones (such as Epothilone A, Epothilone B, Epottulone € (also
known as desoxyepathilone A or dEpoA}. Epothilone D {also referred to as KOS-862,
dEpoB, and desoxyepothilone B), Epothilone E, Epothilone F, Epothilone B N-oxide,
Epothilone A N-oxide, 16-aza-epothilone B, 21-amincepothilone B (also known as BMS-
310705), 21-hvdroxyvepothilone D {(also known as Desoxvepothiione F and dEpoF), 26-
fluoroepothilone), Auristatin PE (also known as NSC-654663), Soblidotin (also known as
TZT-1027), L5-4559-P (Pharmacia, also known as L8-45773, LS-4578 (Pharmacia, also
known as LS-477-P), LS-4477 (Pharmacia), L5-4559 (Pharmacia), RPR-112378 (Aventis),
Vincristine sulfate, DZ-3358 (Daiichi), FR-182877 (Fujisawa, also known as WS-9885B}),
(G8-164 {Takeda), GS-198 {Takeda), KAR-2 (Hungarian Academy of Sciences), BSF-223651
{(BASF, also known as TLX-651 and LU-223651), SAH-49950 (Lilly/Novartis), SDDZ-268970
(Lilly/Novartis), AM-97 (Armad/Kyowa Hakko), AM-132 (Armad), AM-138
{Armad/Kyowa Hakko}, IDN-5005 (Indena), Cryptophvein 52 (also known as LY-355703),
AC-7739 {Ajinomoto, also known as AVE-8063A and C8-39.HCH, AC-7700 (Ajinomgto,
also known as AVE-8062, AVE-8062A, CS8-39-L-Ser HC, and RPR-2580624),
Vitilevaamide, Tubulysin A, Canadensol, Centaureidin (also known as NSC-106969), T-
138067 (Tularik, alse known as T-67, TL-138067 and TI-138067), COBRA-~1 (Parker
Hughes Institute. also known as DDE-261 and WHI-Z6 1), H10 (Kansas State University),
H16 (Kansas State University ). Oncocidin A1 (also known as BT(-956 and DIME), DDE-
313 {Parker Hughes Institute), Fijianolide B. Laulimalide, SPA-2 (Parker Hughes Institute),
SPA-1 {(Parker Hughes Institute, also known as SPIKET-P), 3-IAABU (Cyvioskeleton/Mt.
Sinat School of Medicine, also known as MF-569), Narcosine {also known as NSC-5366),
Nascapine, D-24851 { Asta Medica), A-105972 {Abboit), Hemiasterlin, 3-BAABU
{Cytoskeleton/Mi Sinat School of Medicine, also known as MF-191), TMPN (Arnzona State
Umiversity), Vanadocene acetylacetonate, T-138026 (Tularik), Monsatrol, Inanocine (also
known as NSC-628666). 3-1AABE (Cytoskeleton/Mt. Sinai School of Medicine), A-204197
{Abbott), T-607 (Twarik, also known as T-900607), RPR-115781 {Aventis). Eleutherobins
(such as Desmethvieleutherobin, Desaetvleleutherobin, lsoeleutherobin A, and Z-
Fleutherobin), Caribaeoside, Caribaechn, Halichondrin B, D-64131 (Asta Medica}, D-68144
{Asta Medica), Diazonamide A, A-29362C (Abbott), NPI-2350 (Nereus), Taccalonolide A,
TUB-245 {(Aventis), A-259754 {Abbott), Dhorostatin. (-)-Phenviahistin (also known as
NECL-26F(37), D-68838 (Asta Medica), D-68836 (Asta Medica), Mvoseverin B, [3-43411
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{Zentaris, also known as D-81862), A-289099 {Abbott), A-318315 (Abbott), HT1-286 (also
known as SPA-110, trifluoroacetate salty {Wyeth), D-82317 {Zentaris), D-82318 (Zeuntaris),
SC-12983 (NCH). Resverastatin phosphate sodivm, BPR-OY-007 (National Health Research
Institutes), and SSR-250411 {Sanofi}.

[0193] Further examples of anti-cancer agents for use in combination with a compound of
this disclosure include immune checkpoint inhibiiors. Exemplary smmune checkpoint
inhibitors include inhibitors (smack molecules or biologics) against inumune checkpoint
molecules such as CD27. CD28, CD40, CD122. CDOG, CD73. CD39. CD47. OX40, GITR.
CHFIR, JAK, PI3K deita, PI3K gamma, TAM Kinase, arginase, CD137 (also kuown as 4~
1BB), ICOS, AZAR, A2BR, HIF-2g, B7-H3, B7-H4, BTLA, CTLA-4, LAG3, TIM3,
VISTA, CD96, TIGIT, PD-1, PD-L1 and PD-L2. In some embodiments, the immune
checkpoint molecule is a stimudatory checkpoint molecule selected from CD27, CD28. CD40,
ICOS, 0X40, GITR, CD37 and STING. In some embodiments, the immume checkpoint
maolecule is an inhibitory checkpoint molecule selected from B7-H3, B7-H4, BTLA, CTLA-
4, ID0O, TDO, Arginase, KIR, LAGS, PR-1, TIMS3, CDY6, TIGIT and VISTA. In some
embodiments, the immune checkpoint moleculde is an inhibitory checkpoint molecule selected
frovo CTLA-4. Tn some embodiments, the compounds provided herein can be used 10
combination with one or more agents selected from KIR inhibitors, TIGIT intubitors, LAIR]

inhibitors, CD160 inhibitors. 2B4 inhibitors and TGFR beta inhibitors.

[6194]  In some embodiments, the inhibitor of an immune checkpoint molecule i3 an
inhibitor of PD-1, e.g.. an anti-PD-1 movoclonal antibody. In some embodiments, the anti-
PD3-1 monoclonal antibody is nivolumab, pembrolizumab (also known as MK-3475).
piditizamab, SHR-1210, PDROOGE, or AMP-224. In some embodiments, the anti-PD-1
monoclonal antibody i3 mvolumab, or pembrolizamab or PDRO0T. In some embodiments, the

anti-PD1 anuibody is pembrolizumab.

{3195)  In some embodimenis, the inhibitor of an immune checkpoint molecule is an
mhibttor of PD-L1, e.g., an anti-PD-L1 moncclonal antibody. In some embodiments, the anti-
PD-L1 monocional antibody 15 BMS-935559, MEDI4736, MPDBL3280A {also known as
RG7446), or MSBOO10718C. In some embodiments, the anti-PD-L1 monoclonal antibody is
MPEL328CA {atezolizamab} or MEDI4736 {(durvalumab).

{8196} In some embodiments, the inhibitor of an immune checkpoint molecuie is an

inhibitor of CTLA-4, e.g., an anti-CTLA-4 antibody. Tn some embhodiments, the anti-CTLA-4
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antibody is iptlinmumab or tremelimumab. In some embodiments, the inhibitor of an inumune
checkpoint molecule is an inhibitor of LAG3, e.g., an anti-LAG3 antibody. In some
embodiments, the anti-LAG3 antibody 15 BMS-986016 or LAGS2S. o some embodiments,
the inhibitor of an immune checkpoint molecule is an inhibitor of GITR, e g.. an anti-GITR
antibody. In some embodiments, the anti~GITR antibody 1s TRXS13 or, MK-4166,
INCAGNOIR76 or MK-1248. In some ernbodimments, the inhibitor of an inunune checkpoint
molecule is an inhibitor of OX40, e.2., an anti-0X40 antibody or OX40L fusion profein. In
some embodiments, the anti~-OX40 antibody is MEDIO362 or, INCAGN01949,
GSK2831781, GSK-3174995, MOXR-0916, PF-04518600 or LAGS25. In some
embodiments, the OX40L fusion protein is MEDI6383General Methods

{31977 Al solvents used were commercially available and were used without further
purification. Reactions were typically run using anhvdrous solvents under an inert

atmosphere of nitrogen.

[0198] 'H spectra were recorded at 400 MHz or 300 MHz for proton on a Bruker 400 NMR
Specirometer equipped with a Bruker 400 BBGO probe or Bruker BBFO
ULTRASHIELD™3006 AVANCE I, respectivelv. All deuterated solvents contained
typically 0.03% to 0.05% v/v tetramethyisilane, which was used as the reference signal {set at

d 0.00 for both 'H and ¥C).

{61997  LCMS analyses were performed on a SHIMADRZU LCMS consisting of an UFLC
20-Al and LCMS 2020 MS detector. The Diode Array Detector was scanned from 190-400
nm. The mass spectrometer was equipped with an electrospray ion source {EST operated ma
positive or negative mode. The mass spectrometer was scanned between m/z 90-900 with a

scan time from 0.5 10 3.0 5.

{82007 HPLC analvses were performed on a SHIMADZU UFLC with two LC2Z0 AD pump
and a SPD-M20A Photodiiode Array Deteclor. The column used was an XBridge C18, 3.5
um, 4.6 7 100 rom. A linear gradient was apphied, starting at 90 % A (A1 0.05% TFA
water) and ending at 5% B (B: 0.05% TFA in MeCN} over 10 mun with a total run time of
15 min. The cohumn temperature was at 40 °C with the flow rate of 1.5 mL/min. The Diode

Array Detector was scanned from 200-400 nm.

{8201} Thin laver chromatography (TLC) was performed on Alugram® (Silica gel 60

F254) from Manchereyv-Nagel and UV was typically used to visualize the spots. Additional
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visualization methods were also employed in some cases. In these cases, the TLC plate was
developed with iodine (generated by adding approximately 1 g of T> 1o 10 g silica gel and
thoroughly muxing), anhydrin {available conwuercially from Aldrich), or Magic Stain
{generated by thoroughly mixing 25 g (NHs)eMo7024 4H20. 5 g (NHRCe(IV HNG2)s 10 450
mL water and 30 mL concentrated HaSO4) to visualize the compound. Flash chromatography
was performed using 40-63 wrn (230-400 mmesh) silica gel from Silicycle following analogous
techniques to those disclosed in Still. W.C.: Kahn. M . and Mitra. M. Journal of Organic
Chemistry, 1978, 43, 2923, Tvpical solvents used for flash chromatography or thin layer
chromatography were mixtures of chloroform/methanol, dichloromethane/methanol, ethvl

acetate/moethanol and hexanes/ethyl acetate.
Synthetic Examples

Example {
Synthesis of imino{methy){{2-(1,7-naphthyridin-4-y1)-2-azaspiro[3 3 heptan-6-vijmethyl]-

tambdas-sulfanone

Step 1: fer-Butyl 6-{(methanesulfonyloxy imethyi]-2-azaspire{3.3 lheptane-2-carboxyiate

N
Ma

{8202] To astirred solution of feri-buiyl 6-{hydroxvmethyvi}-2-azaspirof3.3 theptane-2-
carboxylate (1.00 g, 4 39 mmol, 1 equiv)in BUM (12 mL) was added TEA (83%0 mg, 8 79

Boc.,

mamol, 2 equiv) and MsCl (604 mg, 5.27 mimol. 1.2 equivy at 0 °C. After stirring at room
temperature for 2 h, the resolting mixture was diluted with DCM and washed with water and
brine. The organic laver was dried over anhvdrous sodium sulfate, filtered and concentrated
under reduced pressure to give fert-buiyl 6-[(methanesulfonviovy ymethyl]-2-

azaspiro{3.3theptane-2-carboxylate (1.34 g, 99%) as a yellow solid.

Step 2: terd-Butyl 6-{(methylsulfanyDmethyil-2-azaspire|3.3}heptane-2-carboxylate
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[6203] To astirred solution of fert-butyl 6-f(methanesul fonyloxy ymethy1}-2-
azaspiro|3.3theptane-2-carboxylate (1.34 ¢, 4.38 wmumol. T equiv) in BtOH (10 mL} was added

sodiununethanethiolate {(6.68 mL, 20% 10 H2O) at room temperature. After stirning for 2 h.

Ln

the reaction mixture was concentrated under reduced pressure and purified by silica gel
column chromatography, eluted with EA/PE (18:82) 1o afford serr-buty] 6-
{{rethylsulfanyDmethy-2-azaspiro{3. 3theptane-2-carboxviate (894 myg, 79%) as a yellow
sohid.

Step 3: 6-{{ Methylsulfanyhmethyl|-2-azaspire{3.3]heptane

"Ca
10 S

{62041 To asolution of ferr-butyl 6-[(methyisulfanyymethyli-2-azaspiro|3 3 theptane-2-
carboxvlate (300 mg, 1.16 mmol, { equiv) in DCM ( 10 mL) was added 2,6-utidine (012 g,
E16 mumol, T equiv) and TMSOTT(0.78 g, 3 498 mmol, 3 equiv) at room temperature. After

stirring for 2 b, the reaction mixture was concentrated under reduced pressure 1o give 6-

Yoned
W

{(methvisulfanvlymethvii-2-azaspiro] 3. 3theptane (380 mg, crude) as a light- yellow o1,

which was used for next step directly without further punfication.

Step 41 4-[6-[(MethylsulfanyDmethyl]-2-azaspire[3.3lheptan-2-yl]-1,7-naphthyridine

XA z<><>"""\m__

B

Nugt
{8205}  To asolution of 4-chloro-1, 7-naphthyridine (100 mg, 0.608 mmol, 1 equivy in NMP

20 (4 mL) was added DIEA (314 mg, 2.43 mmol, 4 equiv) and 6-{(methvisulfanymethy1i-2-
azaspiro]3.3heplane (191 mg, crude). The resuliing mixture was stirred ai 110°C {or 3 h
After cooling to room temperature, the crude product was purified by reversed phase
CombiFlash, eluting with ACN/HYO (45:55) 1o afford 4-[6-{(methyisulfany Dmethyli-2-

araspiro] 3.3 fheptan-2-vij-1,7-naphthyridine (68 mg, 39%) as a brown solid.

25 Step 5: Imino(methyD{[2-(1,7-vaphthyridin-4-yI)-Z-azaspiro[3.3}hepian-6-yHmethyl]-

tambdat-suifanone

71



WO 2025/117697 PCT/US2024/057687

N
8206} To asolution of 4-[6-[{methvisulfanvhmethyl]-2-azaspire{3. 3theptan-2-vi}-1.7-
naphthyridine {53 mg, 0.186 mmol, 1 equiv) in MeOH (3 mL) was added
{acetvioxy ¥ phenylj-lambda3-iodanyi acetate (179 my, 0.558 mmol, 3 equiv) and ammonium
5 carbamate (58 yog. 0.744 nmwmol, 4 equiv). The resuliing roixiure was stirred at room
temperature for 1 h and then concentrated under reduce pressure and purified by prep-HPLC
with the following conditions (Column: XBridge Prep OBD €18 Column, 30*150 mm, Spemy
Mobile Phase A: Water(10nmol/L NH4FCQO;), Mobile Phase B. ACN; Flow rate; 50
mb/min; Gradient: 2% B 10 24% B in 10 min: Wave Length: 254nnv220nm nm: RTH{min}:
10 9.07) to afford imino{methyD{2-(1, 7-naphthvridin-4-vi}-2-azaspire|3 3 jheptan-6-v1jmethvi]-
lambdat-sulfanone (20.3 mg, 32%}) as an off-white sohid. MS {(ESI, pos. ton) w/z: 317 .1
(M E). T NMR (300 Mz DMSO-ds + 13,0, ppm) 8 9.08 (s, 1H), 843 (d, J= 5.4 Hz. 11),
834 (d, J=58Hz 1H) 783(d,J=59Hz 1H), 638 (d, /=34 Hz 1H} 443 (5. 2H), 428
(s. ZH}. 321 (d, /=72 Hz, 2H), 2.85 (s, 3H}, 2.70-2.62 {m, 1H}, 2.50-2.41 (m, 2H), 2.18&-
18 2.10{m, ZH)
Example 2
Synthesis of imino{{2-(8-methoxyvpyrido|3.4-dipyvrinudin-4-vl}-2-azaspiro{ 3. 3}heptan-6-
yhmethyl}{(methyl}- lambdaé-sulfanone (2a) and {({2-(8-hvdroxypyrido}3.4-d]pynmidin-4-
vi}-2-azaspiro]3.3lheptan-6-vDmethy D(imino}{methvl)- lambdat-sulfanone (2b)

HN, P

HN,
% g
and

R
Ry NN e
N, N

Y

H

20 A

"z

R
P
N

Step 1: 2-{8-Methoxypyrido[3.4-d] pyrimidin-4-yi |-6- [(methyvisalfanymethyl}-2-

azaspire|3.3]beptane
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{62077 The title coropound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-chloro-8-methoxypyride[3,4-djpyvrimidine (100 mg, 0.51 mmol)
was used and stirred at 90 °C for 2 h. 2-[8-Methoxypyrido}3,4-djpyrimidin-4-yi}-6-
{{methylsulfanylimethyl]-Z-azaspiro{3. 3theptane (1035 mg, 64%) was obtained as a brown
solid.

Step 2: Fmino{(2-(8-methoxypyrido3.4-dipyrimidin-4-yi)-2-azaspire}3.3}heptan-6-
yhmethyli(methyl-lambdat-suifanone and (2-{8-hydroxypyrido|3.4-d]pyrimidin-4-yI}-

Z-azaspire|3.3theptan-6~-yhmethylimino)(methyl}- lambdaé-sulfanone

HN\\/ HN%/
S% \b
and
N N
; ey NN l Ry NN
N, .z N.f’ N oz N/
P H

[6208] The title compounds were synthesized by proceeding analogously as described in
Example 1. Step 5 except 2-[8-methoxypynido[3.4-d]pyvrimdin-4-vi}-6-
{{methylsulfanylmethyli-2-azaspiro{3.3 theptane (95 mg, 0.30 mmol) was used. The crude
product was purified by prep-HPLC with the following conditions: (Column: YMC-Actus
Triart C18 ExRS Columm, 30™ 1500w, Sum; Mobile Phase A: Water (1 0mmol/L NH4HCO3),
Mobile Phase B: ACN; Flow rate; 60 mL/nun; Gradient: 3% B 10 28% B it 8 mun;, Wave
Length: 254nnmV/220nm nm; RTi(min} 7.12). The fractions containing the desired product
were combined and lyophilized to afford:

{62097 Fraction 1; mno{{2-(8-methoxypyrido3 4-dipyrimidin-4-y1)-2-

azaspiro] 3. 3fheptan-6-yhmethyli(methy1)- lambda6-sulfanone (2a, 21.1 mg, 20%) as a white

solid. MS (ES1, pos. ion} nvz: 34&.1 (M+1). *H NMR (400 MHz, DMSO-ds, ppm) 5 8.50 (s,
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TH), 8.01 (&, J= 5.8 Hz, 1H), 7.30 {d. J = 5.9 Hz, 1FL), 4.45 (s, 4H), 3.99 (s, 3H), 3.56 (s,
1H), 3.24-3.12 (m, 2H), 2.85 (s, 3H), 2.69-2.63 (m, 1H), 2.48-2.45 (m 1F). 2.15 (q, J = 11.4,
10.9 Hz, 2H),

{62191  Fraction 2: {((Z-(&-Hydroxypvrido[3,4-d}pyrimidin-d-vi)-2-azaspiro| 3. 3 theptan-6-
yDmethv i ¥imino}methv1)- lambdat-sulfanone (2b, 12.6 mg, 12%} as a white solid. MS
(ESI, pos. iow) mv/z: 334.2 (M+1). TH NMR (300 MHz, DMSO-ds, ppm) 8 11.65 (s, 11, 8.46
(s, IH). 717(d. J=7.2 Hz, 1H). 6.44(d. /=73 Hz, 1H). 4.47 (s. 2H). 4.31 (. 2H), 3.55 (s,
TH), 3.21-3.14 (m. 2H). 2.84 (s, 3H). 2.67-2.63 (m, 1H), 2.48-2.43 (m. 2H). 2.12 (q./ = 10.7
Hz, 2H).

Example 3

Synthesis of imine(3-(1-(8-methoxy-1, 7-naphthyridin-d-yDazetidin-3-vDpropvii(methvi)-

fambda6-sulfanone

Q-

S\.

A

NH
N
/i R
N pre
T

e

Step 1: fert-Butyl 3-G-((methylbulfenyDoxyipropyijazetidine-1-carboxylate

Boca
NQ\//\/OMS

{02111  The title compound was synthesized byproceeding analogously as descnibed in
Example 1, Step 1 except teri~buivl 3-(3-hydroxypropyDazetdine- | -carboxviate (1.00 g, 4.64
mmol) was used. ferr-butyl 3-(3-({methyisulfonyioxy)propvijazetidine-1-carboxylate (1.40
2. crude} was obtainad as a light vellow oil, which was used in the next step diractly without

further purification.

Step 2: fert-Butyl 3-3-(methylsulfanylpropyljazetidine-1-carboxylate

Boca

[8212] The title compound was synthesized by proceeding analogously as described in

Example 1, Step 2 except ter-butyl 3-G-({(methyisulfonyhoxvipropyhazetidine-1-
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carboxylate (1.40 g, 4.77 mmol) was used. rerr-butyl 3-[3-{methvisulfanvljpropyljazetidine-

I-carboxylate (1.00 g, 83%) was obtained as a colorless oil.

Step 3 3-(3-(Methyithio)propyhazetidine

HN‘Q\/\/S‘

{8213} The title compound was synthesized by proceeding analogously as described in
Example 1, Step 3 except fers-buty] 3+ 3-(methvisulfanyDpropvliazetidine- 1~carboxvlate (450
mg. |43 nunol} was used. 3-(3-(Methvithioypropyhazetidine (0.80 g, crude} was obtained as

a colorless oil.

Step 4: 4-Chilore-3-methoxy-1,7-naphthyridine

¢

[6214] To astirred solution of 8-methoxy-1,7-naphthvridin-4-of (1.60 g, 9.08 mmol, 1
equiv) in toluene (32 ml) was added DIEA (2.35 g, 18.16 mmwol, 2 equiv) and POCH (1.67 g,
1089 syumol, 1.2 equivy at room temperature. After stirring overnight at 70 °C, the resulting
mixture was concentrated under reduced pressure. The crude product was purified by
reversed phase flash eluted with ACN/H>O (35:65) to give 4-chloro-8-methoxy-1,7-

naphthyridine {1.11 g, 629} as a vellow sohd.

Step S: 8-Methoxy-4-[3-{3-(methylsulfanylpropyljazetidin- 1-yi|-1,7-naphthyridine

[6218] 'The title compound was synthesized by proceeding analogously as descnibed in

~

Example 1, Step 4 except 4-chloro-8-methoxy -1, 7-naphthyridine (150 mg

p=2]

0.77 mmol} and 3-
{3~{methvisulfanyD-propyijazetidine (1.03 g, crude) were used and stirred for 2 hoat 130 °C.
§-Methovy -4-[3-[3-(methvisulfanvDpropvliazetidin- {-v1]-1,7-naphthyridine (42 mg, 18%)

was obtained as an off-white solid.

~3
(v
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Step 6: Imino(3-(1-(8-methoxy-1,7-naphthyridin-4d-yijazetidin-3-yDpropyi{methyl}-

Lonbdas-suifanone

W
NH

{32161 The title compound was synthesized by proceeding analogously as described in

(v

Example 1, Step 5 except 8-methoxy-4-{3-[3-(methvisulfanvypropvijazetidin-1-vi]-1,7~
naphthyridine (32 mg, 0.10 munol} was used. The crude product was purified by prep-HPLC
with the following conditions: {Column: XBridge Prep OBD C18 Columm, 30%150 num, Sum;
Mobile Phase A: Water (10nmol/ENHHCO:), Mobile Phase B: ACN; Flow rate: 60 mL/min
mi./min; Gradient: 2% B 10 27% B in 10 min. Wavelength: 254nmy/220nm nim; RT H{min}:

10 8.9). The fractions containing the desired product were combined and lvophilized to afford
imino(3-{1 (8-methoxy -1, 7-naphthyridin-4-yDazetidin-3-yDpropyhi(methyl}- lamnbdas-
sulfanone (4.1 mg, 10%) as a brown solid. MS (ESI, pos. ion) m/z; 335.2 (M+1). 'TH NMR
{400 My, DMSO-dy, ppm) 5 8.414{d, J =52 e, 1H), 7.87(d, J=6.0He, 1H), 7.39¢(d, J =
6.1 Hz 1H}, 6.434{d, /=53 Hz 1H}) 445, /=82 Hz, ZH)}. 3.99 (s, 5H}. 3.64 (s, 1H}. 3.07
(t,.7=7.5 Hz 2H), 2.90 (. 3H), 2.8(0-2.78 {m. 1H). 1.82-1.66 (m. 4H).

-
W

Example 4

Svathesis of cyclopropvi{({d-hvdroxy-1-{8-methoxy-1, 7-naphthvridin-4d-vDpiperidin-4-vi3-

methyi}imino}-lambda6-sulfanone

LNFAY
3

H%%
N

i\'\
o
Nf"N

Ow

20 Step 1: fert-Butyl 4-hydroxy-4-(sulfanyimethyDpiperidine-I-carboxylate
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[3217] A mixture of sodium sulfide nonahydrate (5.63 g, 23 44 mmol, 2.5 equiv) and
sodium sulfide nonahydrate (5.63 g, 23.44 mumol, 2.5 equuv)) in MeOH (80 mL} was siirred at
G °C for 15 min wnder N7 atmosphere. rerr-Batyl 1-oxa-G-azaspiro{ 2. Sloctane-G-carboxnylate
(2.00 g 937 mmol, | equiv)in MeOH (80 mL) was added and the mixture was stirred for 1 h
at 0 °C under Nz atmosphere, then warmed to room temperature over 1 h. Saturated sodium
bicarbonate solution was then added slowly at 0 °C. The resulting mixture was concentrated
to remove MeOH, then extracled with EtOAc. The combined organic layers were washed
with water and brine, dried over anhvdrous sodium sulfate and filiered. The filtrate was
concentrated under reduced pressure. The residue was purified by silica gel colurmn
chromatography, eluted with EtOAc/ PE (1:8) to give rerf-butyl 4-hydroxy-4-

(sulfanyimethyDpipenidine-1-carboxylate (1.50 g, 64%) as a colorless oil.

Step 2: tert-Butyl 4-{{cyclopropylsulfanylmethyl]-4-hydroxypiperidine- I-carboxylate

N
Boc

[6218] To a mixture of ferr-buty! 4-hydroxy-4-(sulfanylmethyl)piperidine-1-carboxvlate
(600 mg, 2.42 mmol, 1 equiv) and bromocyclopropane (293 mg, 2.42 mmol, 1 equiv)in
DMSO (6 mL) was added potassium tert-butoxide (816 mg, 7.27 ramol, 3 equiv). The
resubting mixture was stitred overnight at 120 °C under an No atmosphere. After cooling to
room temperature, the reaction muixture was guenched with water and extracted with
dichloromethane. The combined organic layers were washed with water and brine, dried over
avhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography. eluted with EA/PE (1.9} to0
give reri-butvl 4-{{cyclopropylsulfany Dmethyl}-d-hvdroxy pipendine-1-carboxylate (410 mg,

38%;) as 4 colosrless oil.

Step 3¢ 4-((Cycloprepylithis)methyl)piperidin-4-ol hydrochloride
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H%g
N Ha
{82197 A solution of rert-butyl 4-[{cvclopropyisulfany Dimethvii-4-hy droxypiperidine-1-
carbosviate (410 mg, 142 mmol) n 3 mL HCI (g, 4 M ip dioxane) was stisred for { hoat
rooro temperature. The resultiing misture was concentrated under reduced pressure to afford
4-({cvclopropyithioymethylpiperidin-4-ol hydrochloride (380 mg crude), which was used in

the next step direcily withowt fusther purification.

Step 4: 4-{{CyclopropylsulfanyDmethyl]- 1-(8-methoxy-1,7-naphthyridin-4-yhpiperidin-

4-of
S N\
! N

N

Hégg
S\v

16228] The title compound was synthesized by proceeding analogously as described in

Example 1, Step 4 except 4-chioro-8-methoxy-1,7-naphthyridine {125 mg, 0.64 mumol) and 4~

{{cyclopropylthioymethy Dpiperidin-4-of hydrochloride (359 mg, 1.60 mmol) were used and

stirred overnight at 130 °C. 4-[{cyclopropylsulfanymethyl}~-1-(8-methoxy-1.7-naphthyndin-

4-yiypiperidin-4-ol {165 mg. 74%) was oblained as a brown yelow solid.

Step 8: Cyclopropyl({4-hydroxy-1-{8-methoxy-1.7-naphthyridin-4-yhpiperidin-4-

yhmethyl)(imino)-lambd aé-suifanone

78
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{8221} The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 4-[{cvclopropvisulfanyiimethyl]-1-(8-methoxy-1,7-naphthyridin-4-
yhpipendin-4-ol (150 rog. 0.43 mmol) was used. The crude product was purilied by prep-
HPLC with the following conditions: {Colummn: XBridge Prep OBD C18 Column, 307150
o, Sum; Mobile Phase A: Water {10nmol/L NFLHCO3), Mobile Phase B: ACN, Flow rate:
60 mi/min Gradient: 9% B to 36% B in 20 min; Wavelength: 254nnv220nm RT Hmin);
19.65). The fractions containing the desired product were combined and lvophulized to afford
cvelopropyi{{4-hvdroxy-1-(&-methoxy-1,7-naphthyridin-4-vhpiperidin-d-vmethy H{imino)-
lambdat-sulfanone (68.3 mg, 41%}) ac an off-white solid. MS {ESI, pos. ion) m/z: 3772
(M+1). TH NMR (400 MHz, DMSO-ds, ppnyd 8.67(d. J=30Hz 1H), 802(d, J=59Hz,
1H), 7.34 (4. J = 6.0 Hz, 1H), 7.18(d, J = 5.0 Hz. 1H), 5.89 (5, 1H), 4.03 (5, 3H). 3.99 (1, J =
27 He, 1H), 340 (d, J= 141 He, 1H), 334 (d, J= 1.7 He, 1H), 331 {5, 2H), 3.24-3 13 (m,
2H), 2.77-2.74 (m, 1TH), 2.20-2.06 {m, 2H), 2.06-1.96 (m, 1H), 1.90 (d, 7= 13.3 Hz, 1H).
1.17-1.04 (m, 1H), 1.02-0.85 {(m. 3H).

Example S
Svnthesis of (4-(({1, 7-naphthynidin-4-vhoxy ymethy Bphenvh{imino methyi-lambdaé -

sulfanone

HNxéﬂO

JJ

Step 1: 1,7-Naphthyridine-2.4-disl

{6222} o asolution of methyl 3-anunopyvridine-4-carboxylate (50.00 g, 328.62 mmol, 1
equivy in ethyl acetate (400 mbL) was added potassium tert-butoxide {77.44 g, 690.10 mmol,
2.1 equivy under mitrogen atmosphere. The reaction mixture was heated to 75 °C and stirred
overnight under nitrogen atmosphere. The reaction mixture was cooled 1o room femperature
and water was added. The organic phase was separated and the aquecus phase was extracted

with EtOAc and tert-butyl methy! ether. The aqueous phase was acidified with 2 N HCI o
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pH=06. The resulting precipitate was collected by filtration, washed with water and dried

ander vacoum to afford 1, 7-naphthyridine-2 4-diol (15.00 g, 28%} as a brown solid.

Step 2: 24-Dichiore-1,7-naphthyridine

Ny
E//
i

Wa

62231 A solution of 1,7-naphthyridine-2,4-diol (3.80 g, 23.44 mwmol, 1 equiv} in POCH
{40 mL) was stirred at 110 °C for 40 minutes. The resulting mixture was cooled to room
temperature and concentrated under reduced pressure. The residue was diluted with saturated
sodium bicarbonate solution, extracted with EtOAc (and brine. The organic laver was dried
over anhivdrous sodium sulfate, filtered and concentrated under reduced pressure. The residue
10 was purified by stlica gel columm chromatography, ehuted with MeQH / DCM (12/88) 10 2,4~
dichloro-1, 7-naphthvridine (2.80 g, 60%;) and concenirated under reduced pressure to give a

vellow solid which was used without further puntfication.

Step 3t 4-Chlere-1,7-naphthyridine

i

o
W

[6224] To astirred solution of 2,4-dichioro-1,7-naphthvridine (3.30 g, 41.70 mmol, 1
equivy in DMF (120 mL) and HoO (60 mb) was added propyl formate (18.37 g, 208 .51
mmol, 3 equivy and PACL{PPhs), (585 mg, 0.83 mmol, 0.02 equiv) at room temperature.
After stirnng for 3 days at 8¢ °C under nitrogen aimosphere, the resulting mixture was cooled
to room temperature. Water was added and extracted with Ef(0Ac and washed with brine. The
206 organie layer was dried over anhydrous sedium sulfate, Sltered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography . eluted with

EA/ PE{28/72) to give 4-chloro-1,7-naphthvridine {2.66 g, 38%;) as a yvellow solid.
Step 4: 4-{{4-(MethylsulfanyDphenyljmethoxy]-1,7-paphthyridine

N\N\
E/'f’

O,

R0
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[6225] To asolution of {4-(methylsuifanyl}phenylimethanol (365 mg, 2.37 mumol, 1.5
equiv} in DMF (4 mL) was added NaH (126 mg, 3.16 mmol, 2 equiv, 60%) at 0 °C. After
sitrring for 20 man at 0 °C, 4-chioro-1.7-naphttonidine (260 mg, 1.58 mmol. 1 equiv) was
added. The resulting mixture was stirred at 80 °C for 2 h, After cooling to 0 °C, water was
added, then extracied with EtQAc and washed with brine. The organic laver was dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography, eluted with EA / PE (87/13) to afford 4-[[4-

(methvisulfanviphenviimethoxy]-1,7-naphthyridine {120 mg. 24%;} as an orange solid.

Step S0 -(((1,7-Naphthyridin-4-yDoxyimeihyDphenyh{imino)(methyl)-lambdaé-

sulfanone

H N:é:O

o)
N
o0
N

{62261 The title compound was synthesized by proceeding analgously as described in

Example 1, Step 5 except 4-f[4-(methylsulfanyDphenvlimethoxy]-1,7-naphthyridine (100
mg, 0.33 mmol) was used. The crude product was purified by prep-HPLC with the following
conditions: {Column: XBridge Prep OBD C18 Column, 30% 150 mm, Sum; Mobile Phase A:
Water{10nmol/L NHHCO:), Mobile Phase B: ACN; Flow rate: 60 mL/min; Gradient: 2% B
16 28 % B in 10 min; Wave Length: 234/ 220nm; RT1{min}: 8 5). The fractions containing
the desired product were combined and lyophilized to afford (4-(({1,7-naphthynidin-4-

vhoxy JmethyDpheny!)-(imino ){methy-lambda6-sulfanone (38.3 mg, 33%}) as a white solid.
MS (ESL pos. ion) mv/z: 314.1 (M+1). "H NMR (400 MHz, DMSO-ds ppm) § 9.35 (d, J = 1.0
Heo 1H)YL. 891 {d. /=32 Hz TH) 862(d. J=5.6Hz 1H), 8.09-8.03 (m. 1H). 8.03-7.97 {(m,
2HY, TR3I-TI6(m, 2H), 736 (d, /=52 Hz 1H), 587 {5, ZH). 426 {s, 1H}. 3.09(d, .7=028

Hz, 3H)
Example 6
Synthesis of (3-{{{1,7-naphthyvridin-4-ylJoxy dmethyvDphenvD{cy clopropyl{imino}-lambdat-

sulfanone

81
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Step 1: 4-{{3-{Cyclopropylsulfanylphenylmethoxy|-1,7-naphthyridine

Z

-
LN

{62271 The title compound was svnthesized by proceeding analogously as described in
FExample 5, Step 4 except |3-(cvclopropvisulfanyliphenylimethanol (98 myg, 0.55 mmol) was
used. 4-[{3-(cyclopropyisutfanyhphenyljmethoxy|-1,7-naphthyvridine (133 mg, 65%) was

oblained as a vellow oil.

Step 2: G-({({1,7-Naphthyridin-4-yloxymethyl)phenylj{cyclopropyl{imine -lambda 6-
suffanone

O
i
35,

NH
o
s
Nt 7

{6228] The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 4-1[3-{cyclopropylsuifanylyphenyiimethoxy{-1.7-naphthyridine
{110 mg, 0.36 mmol} was used. The crude product was purified by prep-HPLC with the
following conditions: (Coluron: XBridge Prep OBD C18 Column, 307150 mun, Spny Mobile
Phase A: Water {10 nmol/L NHLHCG;), Mobile Phase B ACN; Flow rate: 60 mL/min;
Gradient: 5% B 10 35 % B in 10 min; Wavelength: 254/220nm; RT1{mun): & 5). The fractions
contaning the desired product were combined and vophilized to afford (3-({((1,7-
naphthyridin-4-yhoxy ymethyDphenyh-{cyclopropy Dimino}-lambda6-sulfanone (44 7 mg,
36%) as a white solid. MS (ESL pos. ion) m/z: 3402 (M+1). T NMR (400 Mz, DMSO-ds,
ppny 5 9.354(d, . J=10Hz 1HL892(d, J=52Hz IH), 862¢d. J=56Hz 1H), 8.12-8.07
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(m, 1H). 8.05-7.99 (m, 1H), 7.95-7.83 {m. 2H}. 7.72-7.64 (m, 1H), 7.38 (d, J = 5.2 Hz, 1H),
5.57 (5. 2F1), 4.29 (s, 1FD), 2.74-2.62 (m, 1H), 1.19-1.06 (m, 1H), 1.04-0.75 {m, 3H).

Example 7

Synthesis of (3-(((1.7-naphthyridin-4-vDoxymethvljpheny Di{imino ¥ methyi)-lambda6-

A

sulfanone

o
i~

83
>

“ i NH
O

Step 1: [3-(Methybulfanylphenylmethanod
HO.

N
[8229] To asolution of 3-(methvisulfanyl}benzoic acid (4.00 g, 23.78 mmol, 1

10 equiv) in THF (40 mL) was slowly added LIAIH. (342 mL, 2 M m THF) at 0
°C under nitrogen atmosphere. After stivring at room temperature for 2 b, the mixture was
guenched by addition of saturated ammorium chioride solution {100 mb) and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography,

cluted with EtQOAc/ PE (43:57) to afford [3-(methyvisulfanyhphenylimethanol (3.08 g,

[y
w

84%; as a colorless oil.

Step 2: 4-{{3-(Methylsnifanyljphenyljmethoxy]-1.7-naphthyridine
NS N\
A

{82301 The title compound was synthesized by proceeding analogously as described in
Example S Step 4 except [3-(methylsulfany Dphenyljmethanol (187 mg, 1.215 mmol) was
20 used. 4-[[3-GuethylsulfanyDphenylimethoxy]-1.7-naphttvndine (300 mg, 87%) was obtained

as avellow oil.
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Step 3: 3-(((1,7-Maphthyridin-4-yhoxymethylphenvl)(mine}(methyl)-lambdas-

suifanone

E
N

?j}o_Q

[8231] The title compound was synthesized by proceeding analogously as described in
5 Example 1, Step § except 4-[[3-(methvisulfanyDphenvifmethoxy -1, 7-naphthynidine (150

mg, 4.531 mmol} was used. The crude product was purified by prep-HPLC with the
following conditions. (Column XselectCSH Prep OBD C18 Column, 30150 mam, S um;
Mobile Phase A: Water((. 1% FA), Mobile Phase B: ACN; Flow rate: 60 mL/min; Gradient:
2% B 10 25% B in 8 min: Wavelength: 254/220mm ; RT{min}: 7.65). The fractions

10 contaming the desired product were combined and Ivophilired to afford 3-(({1,7-
naphthyridin-4-yDosy ymethyl)}-phenyEmino X methyl-lambdat-sulfanone (17.5 mg, 10%)
as a white solid. MS (ESI, pos. ton} m/z 3141 (M+1), 'H NMR (400 MHz, DMSO-ds, ppim)
$935(. 1H)Y, 892(d.J=532Hz 1H), 861 {d.J=56Hz 1H), 8.15{(d. /=19 Hz 1H}.
803 (d, J=36Hz 1H). 796(d, J=78Hz 1H), 787({d. J=T76Hz, 1H}, 769{(. J=77

15 Hz, H), 739, /=52Hz 1H), 536 (s, ZH), 4.30 (5, 1H}, 3.10 (5, 3H).

Example 8
Synthests of ({(1-(1,7-naphthyridin-4-vijpiperidin-4-ymethyh{imino¥methyi)-lambdas-
sulfanone

%

f%m

N
oy

P
N/N

20 BSeep §: (3-(3,7-Naphthyridin-4-ylypiperidin-4-yDmethanel

84
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N\N\

AR £

jad
{02321 A mixture of 4-chloro-1, 7-naphthyridine (480 mg, 2.93 mmol, 1 equiv), piperidin-4-
vimethanol (336 mg, 2.92 ramol, 1.50 equiv), X-Phos (279 mg, 0.58 mmeol, 0.2

equiv), Pda(dbaj (268 mg. 0.29 mmol, 0.1 equiv} and Cs:C0: (286 g. 8.7 mmol, 3

W

equivy in 1 4-dioxane (10 mi) was stirred at 100 °C for 2 h under nitrogen atmosphere. After
cooling to room temperature, the resulting mixture was diluted with BOCM and washed with
water and brine. The organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by reverse phase flash
chromatography chromatography, eluted with ACN/H0 (60:40} to afford (11,7~

10 naphthvridin-d-vUpiperidin-d-yDmethanol (180 mg, 22%) as a vellow sold.

Step 2: (1-(1,7-MNaphthyridin-4-yl)piperidin-4-yhimethyl methanesulfonate
N7 N\
L Az

N

N

o)
oz%z@

{82331 To a mixture of (1-(1,7-naphthvndin-4-vDpiperidin-d-vhmethanol (160 mg, 6.57

mmol, 1 equiv) and TEA (174 mg, 1.72 numol, 3 equiv) in BCM (10 mL) was added MsCl

Yoard
(]

(78.7 mg, 0.69 mmol, 1.2 equiv) al { °C. The resulting mixture was stirred for 1 h at room
temperature. The reaction mikiure was concentrated under reduced pressure. The residue was
purtfied by reverse phase flash chromatography, eluted with ACN/H=0 (70:30) to afford {1-
(1,7-naphthyridin-4-vpiperidin-4-yBmethyl methanesulfonate (300 mg, 54%) as a vellow

solid.

20 Step 3: 4-(d-({Methylthioymethylpiperidin-1-yD)-1,7-naphthyridine
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{6234] To asolution of (1-(1,7-naphthyridin-4-yhpiperidin-4-viimethyl methanesulfonate
{90 mg, 0.28 mmol, 1 equiv) in EtOH (3 mL} was added 20% WaSMe in water (590 mg, 1.68
mamol, 6 equiv) at 0 °C. The resulting solution was stitred for another 4 h at room temperature
and then concentrated under reduced pressure. The residue was purified by reverse phase
flash chromatography. eluted with ACN/HO (45/55}. The fractions were concentrated to
afford 4-{4-{{(methyvlthio)methy Dpipenidin-1vi}-1, 7-naphthvridine (23 mg, 30%) as a white
solid.

Step 4: (1-(1,7-MNaphthyridin-4-yi)piperidin-4-yDmethyD(imine}{methyl)-lambd as-

sulfanone

N ofh, 2

[8235] The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 4-{4-({methyhthioymethvDpiperidin-1-yl)-1,7-naphthvridine (23 mg,
0.08 munol) was used. The crude product was punified by prep-HPLC with the following
conditions: {Column: XBridge Prep Phenyl OBD C18 Columu, 307150 mm, Spra; Mobile
Phase A: Water (10 nmol/L NHHCG:). Mobile Phase B: ACN: Flow rate: 60 mL/mn;
Gradient: 2% B to 24% B in 13 min; Wavelength: 254/220 nm). The fractions containing the
desired product were combined and iyvophilized to afford ((1-(3,7-naphthyvridin-4-
yvUpiperidin-4-y DmethyDiiimimo)(methy]-lambdat-sulfanone (3.1 mg, 12%) as ayeliow
solid. M8 (ES1, pos. ion} m/7: 305.0 (M+1). 'H NMR (400 MHz, DMSO-ds, ppm) & 2.2% (s,
TH). 8.78 (4, J=5.0Hz 1H), 8.54 (d.J =58 Hz, 1H), 7.80(d. J=58 Hz, 1H), 7.14 (d, /=
S Hy, 1D, 374 (s, 1H), 3.59(d, J= 123 Hy, 2H}, 3,15 (d, J= 6.3 Hz, 2H)}, 2.97 (s, 3H),
2.94-291 (m, 2H). 223 (d, J=12.6 Hz, 1H), 2.13-2.01 (m, 2H), 1.70-1.61 (m, 2ZH).

Example 9

86
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Synthesis of (4-(¢¢1,7-naphthvridin-4-vDoxy ymethviphenvi}cvclopropyi}{inuno}-lambdas-

sulfanone

HN=S=G

{ Ny N
hY <
3 N

Step 1: 4-{Cyclopropylsulfanyi}benzoic acid

HO 20

v

{02361 To astirred solution of 4-mercaptobenzoic acid (2.00 g, 12.97 mmol, 1 equuvy in
DMSO (20 mL) was added potassium lert-butoxide (3.64 g, 32.43 mmol, 2.5 equivy and
bromocyelopropane (1.6 ral.}y af room temperature. After shrring overmght at 120 °C. the
resulting nuxture was dissolved in water and acidified to pH=5 with 1 M HCl {aq). The
preciptiated solids were collected by filtration, washed with water (150 mL) and dried wnder

reduced pressure {o give 4-(cyclopropylsulfanylbensoic acid (1.69 g, 67%) as a white solid.

Step 2: 4-(Cyclopropykulfanyhphenyljmethanol

{62377 The title compound was synthesized by proceeding analogously as described in
Example 7, Step 1 except 4-(evclopropylsulfanybibenzoic acid (500 mg, 2.57 ramol) was
used. [4-{cvelopropyisulfanyllphenyiimethanol (292 mg, 62%) was obtained as a colorless

ol

Step 3: 4-{(4-{Cyclopropylthio)benzyhoxy}-1,7-naphthyridine

87



W

10

[
s

20

WO 2025/117697 PCT/US2024/057687

[0238] The title compound was synthesized by proceeding analogously as described in
Example S Step 4 except [4~(cyclopropvlsulfany Dphenylimethanol (246 mg, 1.36 mmol) was
used. 4-{{4-(cyclopropvlthiojbenzvilouy}-1, 7-naphthyridine {198 mg. 70%) was obtained as a

yellow solid.

Step 4 (4-(((1,7-Naphthyridin-4-yDoxymethyhphenyl){eyclopropyl{imino)-lambd aé-

suifanone

{82391 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 4-{(4-{cvclopropylthioybenzyoxy -1, 7-naphthyrdine (178 mg,
0.57 munol} was used. The crude product was purified by prep-HPLC with the following
conditions: (Colamn: XselectCSH Prep OBD C1R Colummn, 30% 150 mm, § pm, Mobile Phase
A Water {0.1% FA), Mobile Phase B: ACN; Flow rate: 60 ml/min; Gradient: 5% B t0 35%
B in 8 min; Wavelength: 254/220nm; RT1{(min}: 6.97). The fractions containing the desired
product were combined and lyophilized to afford (4-{{{1,7-naphthyridin-4-

vhoxy ynethyvphenvi-(cvelopropy}{immo-tarnbdas-sulfanone {70.4 mg, 35%) as a white
solid. MS (EST, pos. ton) m/z: 3401 (M+ 1), TH NMR (400 MHz, DMSO-de, pom) § 9.36 (5,
TH), 8.92(d,J=5.1Hz 1H), 8.62(d.J =57 Hz, 1H), 8.07 (d. J = 5.6 Hz, 1H}, 8.00-7.93
(m, 2H), 7.794d, J = 8.1 Hz, 2H), 7.37 (d, J = 5.2 Hz, 1H}, $.57 (s, 2H}, 4.25 (8, 1H}, 2.70-
2.67 (. 1H). 1.18-1 08 (m, 1H), 1.03-0.85 (. 3H)

Example 16

83
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Synthesis of ({4-hydroxy-1-(1,7-naphthyridin-4-vhpiperidin-d-yDmethyl{imino}methvi}-
lambdat-sulfanone

HN,

W
2]
/

{82407 The titde compound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-{{methyithioymethvlipiperidin-4-ol hydrochioride (551 mg, 2.80
mmol} was used and stirred overnight at 90 °C. 4-{{methylthioymethy{}-1-(1,7-naphthyridin-

4 Dipiperidin-d-ol {320 mg, 70%) was obtained as a vellow sohd.

10 Step 2: ({(4-Hydvoxy-1-(1,7-naphihyridin-4-yhpiperidin-4-yhmethy{imino}{methyl)-
lambdaé-suifanone

N

N

Ry

P
N/‘N

62411 'The title compound was synthesized by proceeding analogously as described in
Example 1. Step 5 except 4-((methylthioymethyi)-1-(1, 7-naphthyridin-4-ypiperidin-4-ol

15 (220 mg, 0.76 mmol) was used. The crude product was purified by prep-HPLC with the
following conditions: (Coluron: XBridge Prep OBD C18 Colunw, 19250 mam, Spr; Mobile
Phase A Water {10mmol/L NHHCG;). Mobile Phase B: MEQH; Flow rate: 25 mi/min;
Gradient: 3% B 10 33% B in 15 min, Wavelength: 254/220nm : RTl{min): 14.42} The
fractions contaming the destred product were combined and lyophilized (o afford ({(4-

20 hydroxy-1-(1,7-naphthyridin-4-yDpiperidin-4-vDmethy pimino){methyl)-lambdat-sulfanone
(23.4 mg, 10%) as a brown semi-solid. MS (ESL pos. ion) m/z: 321.2 (M+1), 'H NMER (400

89
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MHz, DMSO-ds, ppm) § 9.28 (s, 1H), 8.82(d, J = 4.8 Hz, 1H), 8.52 (d, /= 5.6 Hz 1H), 7.81
(d,.J= 5.6z, 1H), 7.15(d, J = 4.8 Hz, 1H), 5.64 (s, [T, 4.03 (s, [H). 3.47-3.43 (m, 2H),
3.39-3.32 (m. 2H). 3 25-3.19 (m, 2H), 3.06 (5, 3R). 2.08-1.99 (m, 4H),

Example 11

A

Synthesis of (2-(1-(1,7-naphthyndin-4-vipiperidin-4-y{ethy {imino ¥ methy)-lambdat-

sulfanone

HN*$=O

Pt
\ ¢
o

Step 1 2-(3-(1,7-Naphthyridin-4-yDpiperidin-4-ylethan-1-of

=
N4

ety

H

10 [0242] To astured solution of 4-chloro-1,7-naphthyridine {300 mg, 3.03 rmmoi, |
equiv) o DMF {15 ;b)) was added Cs:C0: (2.97 ¢, 9.11 mmol, 3 equiv), 4-piperidiveethanol
(588 myg, 4.55 mmol, 1.5 equiv), PHOAc) (136 mg, 0.61 mmol, 0.2 equiv) and Xantphos
(351 mg, 0.61 mmol, 0.2 equiv) at room temperaturs wnder nitrogen atmosphere. After
sitrring for 2 h at 80 °C, the resulting mixiure was dibuted DCM and washed with HxO and

15 brne The organic laver was dried over avhvdrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography,
ehited with MeOH/DCM (10:90) and concentrated under reduced pressure to give 2-(1-(1,7-

naphthyvrdio-4-yDpiperidin-4-yDethan-1-0l (302 mg, 38%) as a yellow solid.

Step 2: 2-(3-(1,7-MNaphthyridin-4-yl)piperidin-4-yDethyl methanesulfenate

S0
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A

[0243] To astirred solution of 2-(1-(1,7-naphthyridin-4-vDpiperidin-4-ylethan-1-of (280
mg, 108 mmol, | equiv) in DCM (6 mL) was added TEA (202 mg, 2.17 mmol, 0.1 equiv)
methanesutfonyvl methanesuifonate {284 mg, 1.63 mmol, 1.5 equivy and DMAP (13 mg, 0.11
mmol. 0.1 equiv) at 0 °C. After stirring for 1 h at room temperature, the resulting mixtie was
diluted with DCM and washed with water and brine. The organic layer was dried over
anhydrous sodium sulfate, filtered and concenirated under reduced pressure. The residue was
purified by silica gel column chromatography. eluted with MeOH/DCM (6:94) to afford 2-(1-
{1, 7-naphthyvridin-4-vDpiperidin-4-vyDethyi methanesulfonate (200 mg, 54%3) as a vellow

sohid.

Step 3: 4-{4-[2-(methylsuifanylethyl] piperidin-1-yi}-1,7-naphthyridine
A
LN@
]
{3244} The title compound was synthesized by proceeding analogously as described
Example 1, Step 2 except 2-(1-(1.7-naphthyridin-4-vipiperidin-4-vyiethy! methanesulfonate

{180 mg, 0.537 mmol) was uvsed. 4-[4-[2-(methylsulfanylethyipiperidin-1-y1}-1,7-

naphthyridine {111 mg, 72%) was obtained as a vellow sohd.

Step 4: (2-(3-(1,7-Naphthyridin-4-vhpiperidin-é-yhethyH{imino}methyl)-lambd a6-

suifanone
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HN=S=0

3
Ao\

{02458] The title compound was synthesized by proceeding analogously as described in
Example 1, Step S except 4-[4-[2-(methylsalfanyDethyvlipiperidin- 1-v1}-1,7-naphthyridine (95
mg, (.33 mmol} was used. The crude product was punified by prep-HPLC with the following

conditions: (Column: XBndge Prep OBD C1E Column, 307150 mm, § um; Mobhile Phase A

W

Water (10omol/L NHAHCO;), Mobile Phase B: ACN; Flow rate: 60 mL/min; Gradient: 2% B
10 30% B in 10 nun; Wavelength 254/220nmy; RT1{nun): 8.38). The fractions containing the
desired product were combined and lyvophilized 1o afford (2-{1-(1,7-naphthyridin-4-
vipiperidin-4-yhethyB{imino)methvi}-lambdas-sulfanone (29.4 mg. 27%;) as a vellow semi-

10 solid. MS (ESI, pos. jon) m/z: 3191 (M+1). 'H NMR (400 MRz, DMSO-ds, ppr) 5 9.28 {5,
TH). 8.77 (d, 7= 5.0 Hz, 1H), 8.53 (d.J = 5.8 Hz, 1H), 7.81-7.78 (m. 1H), 7.13 (d. J=5.1
Hz, 1H), 3.61 {d, /= 12.6 Hz, 3H), 3.16-3.08 (m, ZH}, 2.91 (s, 3H), 2.86-2.83 {m, 2H), 1.89-
F.&6 (m, ZH), 1.83-1.71 {m, 2H), 1.64-1.61 (m, 1H}), 1.53-1.50 (m, 2H}.

Example 12
13 Svnthesis of imino{(4-({(8-methoxy-1,7-naphthvridin-d-yDoxy ymethy Dphenvi¥methvi)-

fambda6-sulfanone

HN

Step 12 3-({((2-Methoxypyridin-3-yDaminepmethylene)-2.2-dimethyl-1,3-dioxane-4,6-
dione

~0 (ST

H
N@,N e 3
30 =
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[6246] A solution of Z-methoxypyridin-3-amune (3.00 g, 24.2 mmol, 1 equiv}, 2,2~
dimethyl-13-dioxane-4,6-dione (4.50 g, 31.46 mamol, 1.3 equiv) and wrimethoxymethane
{3.60 g, 33 B nunol, 1.4 equiv) in acctontinile (30 ml) was stirred at 80 °C for 2 h under
nitrogen atmosphere. After cooling to room temiperature, the resulting solution was

5 concentraied under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with EA/ PE (25:75). The fractions containing the desired product
were combined and concentrated under reduced pressure to afford 5-(({2-methoxvpyridin-3-

yljaminoymethviene)-2, 2-dimethyl-1 3-dioxane-4 6-dione (6.50 g, 97% ) as a yellow solid.

Step 20 8-Methoxy-1,7-naphthyridin-4~ol

A

N
E/

x\/z

10
[6247] A nmuxtwre of S-(((Z-methoxypyridin-3-y Jamino)methylene}-2,2-dimethyl-1,3-
dioxane-4,6-dione (1.50 g, 5.4 ramol} in dipheny! ether (38 mL) was stirred at 225 °C for 1.5
h. After cooling 1o room temperature, 100 mit PE was poured into the reaction nuxture, the
precipitated solids were collected by filtration and washed with PE (100 mL}. The cruds

18 product was purified by reverse phase {lash chromatography, ehuted with ACNAG (23:77)

to afford 8-methoxy-1,7-naphthyridin-4-ol {600 mg, 63%) as a white solid.

Step 3: 8-Methoxy-4-({(4-(methylthio)benzylloxy -1, 7-naphthyridine

{8248} To a mivture of 8-methoxy-1,7-naphthyridin-d-ol (550 mg, 2.96 mmol, 1 equiv) in
20 toluene (8 mL) was added (d-(methylthio)pheny Dmethanol (912 mg, 5.92 nunol, 2 equiv} and
2-(iributyiphosphanvlidenejacetontirile (1.40 g, 5.92 mmol. 2 equiv). The resuliing mixture
was stirred at 130 °C for 2 h. Afier cooling 1o room temperature, the resulting misiure was
concentrated under reduced pressure. The residue was purified by silica gel chromatography.

ehited with MeQOH/ DCM {9:91) to give 650 mg crude product which was purified by
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reversedphase flash, eluted with ACN/AL0 (45:55) to afford 8-methoxy-4-((4-

{methylthioybenzyljoxy -1, 7-naphthyridine (470 mg, 44%) as a white solid.

Step 4: Imino(4-({(8-wethoxy-1,7-raphthyridin-4-yioxy inethylphenyi{methyh-

{ambdat-sulfanone

{62491  The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 8-methoxy-4-{{4-{methvihio}benzyDoxy 3- 1. 7-naphthyridine (110
mg, .35 mmol) was used. The crude product was purified by prep-HPLC with the following
conditions: (Colunm: XBridge Prep OBD C18 Colurmn, 30*150 mm, Sum; Mobile Phase A:
Water (10 nmol/L NHHCO;:), Mobile Phase B: ACN; Flow rate: 60 mL/min; Gradient: 10%
B o 40% B v 10 min: Wavelength: 254/2200m; RT1(min): 8.6). The fractions containing the
desired product were combined and lyophuilized to afford imino{(4-{((§-methoxy-1,7-
naphthvridin-4-vijoxy ymethyhphenyi{(methvi}-lambdat-sulfanone (75.4 mg, 62%; as a white
solid. MS (EST, pos. ion} m/z: 344.0 (M+1). 'H NMR (400 MHz, DMSO-ds, ppmm) 8 878 (d, J
=52Hz 1H), 808(d J=06Hz 1H), 800(d. J=84Hz ZH), 7.77(d. /=84 Hz, ZH), 7.538
(d.J=60Hz 1H), 736(d. J=52Hz 1H) 553 (s, ZH} 4.26(s. 1H), 4 05 {s, 3H), 3.09 (s,
3H).

Example 13
Svnthesis of cvelopropyl{imino {4-({({8-methosy-1,7-naphthyridin-4-yDoxy ymethyDphenyl)-

lambdac-sulfanone

94
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Step 1: 4-((4-(Cyclopropyithio)benzylloxy)-8-methoxy-1,7-naphthyridine

S
LN
o

{8250}  The title compound was synthesized by proceeding analogously as described in

Example 3, Step 4 except 4-chloro-8-methoxy-1,7-naphthyridine (200 mg, 1.02 nunol} and

5 [4-{cyclopropylsulfanyliphenylimethanol (370 mg, 2.05 mmol} were used. 4-({4-
{cyclopropvithiopbenzyDoxy )-8-methoxy -1, 7-naphthyridine (121 mg, 34%;} was obtained as a
vellow solid.

Step 2: Cyclopropylimine }{(4-(((8-methoxy-1,7-naphthyridin-4-yhoxy methyhphenyi)-
lambda6-sulfanone
HN=S=0
5
N,z
10 A

[6251] The title compound was synthesized by proceeding analogously as described in
Example 1. Step 5 except 4-{(4-{cyclopropvlthiojbenzvlyoxv)-8-methoxy-1,7-naphthvridine
{100 mg, 0.295 mmol} was used. The crude product was purified by prep-HPLC with the
following conditions: {Colurmmn: XBridge Prep Shield RP C18 Column, 30%150 mm, S wm;
15 Mobie Phase A: Water {1 0mmol/L NH4ECO:). Mobile Phase B: ACN: Flow rate: 60
mb/nun © Gradient: 14% B 10 35% B in 7 nun; Wavelength: 254/220nm : RT1{min): 7). The
fractions containing the desired product were combined and lyophilized o afford
cvclopropyi{imino{4-({{8-methoxy-1,7-naphthyridin-4-y Doxy ymethy Dpheny D-lambdas-
sulfanone {42.0 mg. 38%) as a white solid. MS {(ESL, pos. ion} m/z: 370.1 (M+1). 'H NMR
20 (400 MHz, DMSO-ds, ppm3 3 8.79{d. J =52 Hz, 1H), 8.09{d, J =58 Hz, 1H), 7.96(d, J =

o
o
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8.2 Hz 2H). 7.77(d, J = 8.1 Hz, 21T}, 7.59 (d, J= 5.8 Hz, 1), 7.37 (d. 7= 5.3 Hz, 1), 5.53
(s, 2F1). 4.26 (s, 1H), 4.05 (5. 3H), 2.69-2.66 (m, 1H) 1. 14-1.11 (m, 1H), 1.03-0.84 (m, 3H).

Example 14

Synthesis of cvclopropvi(imine)(3-{((8-methoxypvrido|3.4-d|pyvrimudin-4-vhoxy ymethyi}-

A

phenyl}-lambdat-suifanone

Step 1 3-(Cyclopropylsulfanylibenzoie acid
HO. GO

{62521  The title compound was synthesized by proceeding analogously as described in
10 Example 9, Step 1 except 3-sulfanyibenzoic acid (5.00 g, 30.80 mmol} was used. 3-

(ey clopropvisulfanyDbenzoic acid (3.99 g, 61%0) was obtained as a colorless oil.

Step 2: B-{Cyclopropylsulfanyliphenyl}methansl
HOL
g

{8253} The title compound was synthesized by proceeding analogously as described
15 Example 7, Step 1 except 3-{cvclopropyisulfanybenzoic actd (24.00 g, 117.37 mmol} was
used. [3-{cvclopropylsut{anyiphenyiimethanol (20.00 g, 86%) was obtained as a vellow oil.
Step 3 8-Methoxy-3H-pyride[3,4-d]pyrimidin-4-one
0/

N
N =yp™ =
ee!

G

96
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{8254} To astirred sohution of 3-amino-2-methoxypyridine-4-carboxylic acid (4.84 ¢,
28.783 mumol, | equiv) in 2-methoxvethan-1-0l (20 ml) was added formamidine acetate
{5.99 g, 57 .56 munol, 2 equiv) at room temperature. After stirmmg at 120 °C {or 24 h, the
resulting mixture was cooled to room temperature and poured into water. The precipitated
solids were collected by filtration, washed with water, and dried under reduced pressure to
give 8-muethoxy-3H-pynidef3,4-dipyrimudin-4-one (4.60 g, 90%]} as a grey solid.

Step 4: 4-Chloro-8-methoxypyride|3,4-d]pyrimidine

O/

N N\*e!

Lot
Ci

[8255] To astirred solution of 8-methoxy -3H-pynido{3,4-d|pyrimidin-d-one (200 g, 11.28

mmol, 1 equiv) in toluene (40 ml) was added DIEA (2.92 g, 22.57 nunol, 2

equiv) and POCE (8.65 g, 56.44 mumol, 5 equiv) at G °C. After stirring overnight at 90°C, the

resulfing vrixture was cooled to room temperature, concentrated under reduced pressure,

diluted with EtOAc and washed with H20 and brine. The organic laver was dried over

anhydrous sodium sulfate, filtered and concenirated under reduced pressure 1o give 4-chloro-

8-methoxypyrido]3 4-dipyrimidine {2.08 g, 94%; as a yellow solid.

Step 8: 4-{[3-(Cydopropyisulfanylphenylimethoxy}-8-methoxypyrido]3.4-d | pyrimiding

O.f"
RSy N‘\.

PN

{82861 To astirred solution of 4-chloro-8-methoxypyridof3 4-djpyrimidine (300 mg, 1.53
mmwol, 1 equiv) in DMF (3 ml) was added CsoC0Os (999 myg, 3.06 mamol, 2 equiv) and [3-
{cyclopropyl-sulfanylphenylimethancl (331 mg. 1.84 mumol, 1.2 equiv) at room femperature.
After stirring at 80 °C for 2 h, the resniting mixture was cooled to room temperature, diluted
with BCMand washed with H2O and bring. The organic layer was dried over anhvdrous
sodium sulfate, filtered and concentrated under reduced pressure. The crude product was

purified by silica gel columm chromatography, eluted with EA/PE (44:56) to afford 4-{]3-



10

[owy
¥

WO 2025/117697 PCT/US2024/057687

{cyclopropyisulfanylphenylimethoxy i-8-methoxypyridof 3. 4-djpyrinudine (261 mg, 50%) as
ayellow solid.

Step 6 Cyclopropyl(imine )(3-({({8-methoxypyrido|3.4-d |pyrimidin-4-

yvhexymethyl)phenyli-lambd at-suifanone

Q
E\\
N A, 2

4

-
{62577 The title corapound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 4-[[3-{cvelopropyisulfanyl}phenviimethoxy ]-&-methoxypynido{3,4-
dipvrimidine (241 mg, 0.71 mmol} was used. The crade product was purified by prep-HPLC
with the following conditions: {Column: XBridge Prep OBD C18 Column, 30%150 mm,
Sumy;, Mobile Phase A: Water(1 Ommol/L NHHCG:), Mobile Phase B: ACN, Flow rate: 60
mb/nun ; Gradient: 13% B 1038 % B in 10 min, Wavelength: 254/220nm . RTi{min); .68).
The fractions containing the desired product were combined and lyvoplulized to afford
cvelopropyi(imino}(3-({({&-methoxy pyridof 3,4-dipyrimidin-d-y Doxy ymethyvpheny -
fambda6-sulfanone (87.7 mg, 33%) as a white solid. MS (ESL, pos. ion) mv/z: 371.2 (M+1). 'H
INMR (400 MHe, DMSO-de, ppmi} 8 8.93 (s, 1H), 824 (d.J=57Hez, 1H), 808, J=18
Hz, 1H), 7.93-7.86 (m, 1H), 7.45-7.79 (m, 1H), 7.65{t, =77 Hz, 1H), 7.53 {(d, /=57 Hz,
FHD, 576 (s, 2H), 4.27 €5, 1H), 4.07 (s, 3H), 2.82-2.63 (m, 1H), 1.17-1.06 {m, 1H)}, 1.03-0.82
{m, 3H).

Example 13
Synthesis of cvelopropyl(imino }3-(({8-methoxy-1.7-naphthy ridin-4-yoxy ymethyphenyl)-
lambda6-sulfanone

A

N

98
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Step 1: 4-((3-(Cyclopropyithio)benzylloxy)-8-methoxy-1,7-naphthyridine

o/

A,

A

{02581 The title compound was synthesized by proceeding analogously as desciibed in
Example 12, Step 3 except (3-(cyclopropylthioiphenylimethanol (511 mg, 2.84 mmol) was
5§ used. 4-{(3~{cyclopropyithiohenzy hoxy-8-methoxy -1, 7-naphthyridine {169 mg, 35%) was

obtained as a yellow solid.

Step 2: Cyclopropyl(imine ) 3-{{{8-methoxy-1,7-naphthyridin-4-yDoxyinethylphenyl)-

fambdas-suifanone

10 (028591 The ntle compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 4-{(3-{cvclopropylthioybenzyljoxy j-8-methoxy-1.7-naphthyndine
{154 mg, 0.46 mmol) was used. The crude product was purified by prep-HPLC with the
following conditions: (Column: XBridge Prep OBD C18 Column, 307150 mum, Spm; Mobile
Phase A: Water (10nmol/L. NHHCO;), Mobile Phase B: ACN; Flow rate: 60 mi/min ;
Gradient: 10% B to 40% B in 10 min; Wave Length: 254/220mm ; RT1{min}. 8.6). The

[
A

fractions containing the desired product were combined and lvophilized to afford
cyclopropyi{imino}3-{{({8-moethoxv~1.7-naphthyridin-4-voxy yoethy DphenyD-lambda6-
sulfanone {74.4 mg, 44%) as a white solid. MS {ES1, pos. ion) nvz: 370.1 (M+1). 'TH NMR
(400 MHz, DMSO-d6, ppm) 6 8.7 (d, /= 3.2 Hz, 1H). 8.09-8.07 {m, 2H), 7.91 {d, J = 8 Hz,

20 1H), 7.84 (d.J= 7.6 He, 1H), 7.70-7.67 (m. 1HD), 7.55 (4, J = 5.6 Hz, 1H), 7.37(d. J= 5.2
Hz. 1H), 5.53 {s. 2H), 4.29 (s, 1H}, 4.05 (s, 3H}, 2.69-2.66 {m. 1H). 1.15-1.09 {(m. 1H}. 1.01-
{197 {(m, 3H).
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[6260] Additional racemic cyclopropyl{imine }(3-(({8-methoxy-1,7-naphthyridin-4-

yhoxy ymethyDphenyl-lambdat-sulfanone was prepared following the procedures in the
above paragraphs and purified by prep-chiral-HPLC under following condiions {Column:
CHIRALPAK IH 3%25 cm, S5um; Mobile Phase A: (0o, Mobile Phase B IPA{1%-2M-NH:-
IPAY; Flow rate: 90 L/min; Gradient: 1socratic 46% B; Column Temperature (°C); 35; Back
Pressuretbar): 100; Wave Length: 220 mm; Sample Solvent: MEOH: Injection YVolume: 4
mb; Number Of Runs: 45} to afford (R}-cvclopropyl(imino ) 3-(({8-methoxv-1.7-
naphthyridin-4-vijoxy)methyiphenvij-fambda6-suifanone as an off-white solid (RT1: 7.03
min} and (Sy-eyclopropyiimino}(3-(({(8-methoxy-1, 7-naphthyridin-d-ylosv yuethy pheny -

lambdaG-sulfanone as an off-white solid (RT2: 10.23 nun).

{0261] Fraction 1 (R}-cvclopropyl(imine)(3-{{({8-methoxy-1,7-naphthvridin-4-

yhoxy imethvl)phenvi)-lambda6-sulfanone. MS (ESL pos. ion) nvz: 370.0 (M+1). 'H NMR
(400 MHz, DMSO-ds, prm) 'H NMR (400 MHz, DMSO-ds) 8 8.79 (d, J= 5.2 Hz, 1), .09
-8.07 (m, 2H), 7.92 - 7.82 {m, 2H), 7.68 (1, = 7.6 Hz, 1H), 7.55(d, J= 5.8 Hz, 1H), 7.3% (d.
J=53 Hz, 1H), 5.53 (s, 2H), 4.28 (s, 1H}, 4.05 (s, 3H},2.70 - 2.64 (m, 1H), 1.253 - 1.11 {m,
TH), 1.09 - 0.85 (m, 3H).

[82627  Fraction 2: {(S)}cvclopropyi{imino)3-({(8-methoxy-1, 7-naphthyridin-4-

vhoxy ymethyDpheny}-lambda6-sulfanone. MS (ESL pos. ion) mvz: 370.0 (M+1). 1H NMR
(400 MHz, DMSO-ds} 5 8.79 (d. J = 5.2 Hz, 1H), 8.09 - 8.07 (m, 2H), 7.92 - 7.82 {m, 2H),
708, J=T76He 1H), 7.55{d, J=5 8 He, 1H), 7.38(d, J =53 Hz, 1H), 553 (s, 2F), 4.28
(s, 1H), 4.05 (s, 3H), 270 - 2,64 (m. TH), 123~ 111 Omy TH), 1.09-0.83 (. 3H).

Example 16
Synthesis of imino{4-({{8-methoxy pyrido{3,4-d]pyrimidin-d-vioxy ymathv Dphenv Y methyi)-
lambda6-sulfanone
o=denn
N

Step 1: 8-Methoxy-4-{[4-{methylsulfanylphenylinethoxypyride|3.4-d]pyrimidine
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!
{8263} The title compound was synthesized by proceeding analogously as described in
Example 14, Step 5 except [4-(methvisulfanyvi)phenviimethanol {283 mg, 1.84 nunol) was
used. &-methoxy-4-{{4-Cmethylsulfany Dphenvlimethoxy pyrido{3,4-d}pvrimidine (261 mg,

54%}) was obtained as a whiie oil.

Step 2: Imino(4-({(8-methoxypyride3,4-d]pyrimidin-4-yDoxyymethyDphenyD(methyl)-

tambdaé-sulfanone

{8264} The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except &-methoxy-4d-[{4-(methyisulfanvliphenylmethoxy |-pyridof3 .4~
dipyrimidine (180 mg, 0.574 mymol) was used. The crude product was purified by filtration,
washed with MeUN and lvophilized to afford imine{4-{({8-methoxyvpyvrido| 3.4-djpyrinudin-
4-yloxy imethyDiphenyvimethy )-lambda6-sulfanone (76.5 mg. 38%) as a white solid. MS
(ESL pos. ion) mvz: 345.2 (M+1). 'H NMR (400 MHz, DMSO-ds, ppm) § 8.91 (s, 1H), 8.24
{(d.J=57Hs, IH,LT797(d, J=81Hz 2H), 777 (d. /=81 He, 2H). 757 {d, /=57 Hz,
TH), 5.75 (s, 2H). 4.25 (s, 1H), 4.07 (s, 3H), 3.08 (s, 3H).

Example 17
Synthesis of cvelopropyl{imine}(4-(({8~-methoxypyrido|3.4-d]pyrirnidin-d-

vhoxymethyvphenvih-lambdat-sulfanone
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Step b 4-((4-(Cyclopropyithio)benzyDoxy)-8-methoxypyridof3.4-dpyrimidine

NS

8265} The title compound was synthesized by proceeding analogously as described in
Example 14, Step 5 except {4-{cvclopropvisulfanyDphenyvlimethanol (332 mg, 1.8 mmol, 1.2
equiv) was used. 4-((4-{cyclopropylthioybensvboxry }-8-methoxypyrido]3 4-dlpyrimidine (60

mg. 11%) was obtained as a vellow ail.

Step 2: Cyclopropylimine }{4-(((8-methoxypyrido}3,4-d jpyrimidin-4-
yhexy ymethylphenyl-lambdaé-sulfanone

[8266] The utle compound was synthesized by proceeding analogously as described
Example 1, Step 5 except 4-{{(4-{cvclopropylthio)benzyyoxy }-8-methoxy pyrido{3,4-d}-
pyrimidine (50 mg, 0.15 mmol) was used. The crude prodoct was pwrified by prep-HPLC
with the following conditions: (Column: YMUC-Actus Triart C18 ExRS Coluron, 30%1 50mm,

5 um; Mobile Phase A: Water (10mmol/L NHHCO:), Mobile Phase B: ACN; Flow rate: 60
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mb/min | Gradient: 7% B 10 37% B in 7 min; Wavelength: 234/220nm ; RTI(min}. 6.82).
The fractions containing the desired product were combined and lyophilized to afford
cvclopropvi(imimo}{4-(({(8-methoxypyndof 3,4-djpyrimidin-4-vjoxy yoethy Uphenvi}-
lanbdat-suifanone (21.4 mg, 39%:} as a white solid. MS (ESI, pos. ion) m/z: 371.1 {M+1}.'H

5 NMR (400 MHz, DMSO-ds, ppm) 5 .68 (s, 1H), 8. 21-8.17 {m, 1H}, 7.80-7.82 (m, 2H), 7.57-
7.49 {m, 3H), 3.31 (s, 2H). 4.19 (s, 1H}, 4.02 {s, 3H}, 2.66-2.59 (m, 1H), 1.11-1.05 (m, 1H},
0.99-0.79 (m, 3H).

Example 18
Syrnthesis of cyelopropyi{imine(3-({({6~-methoxypyrido{3,4-djpyrimidin-d-

10 vhoxyimethy Dphenvi)-lambda6-suifanone

Step 11 4-{{3-{Cyclopropyithio)benzyoxy-6-methoxypyrido|3.4-d|pyrimidine

N
NN R
o, E/ ":El
19

{8267} The title compound was synthesized by proceeding analogously as described in
15 Example 14, Step 5 except 4-chloro-G-methoxypyndo]3 4-d}pyrimidine (300 mg, 1.53 mmol)
was used. 4-{(3-{cyclopropylthio}benzy oy }-6-methoxypyrido{3.4-dipyrimidine (314 mg,

6(%) was obtained as a vellow oil.

Step 2: Cyelopropyliming }(3-({((6-methoxypyridof3 4-dipyrimidin-4-
yhoxymethyl)phenyl}-lambdat-suifanone
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fO R

(82681 The title compound was synthesized by proceeding analogously as descrbed in
Example 1, Step 5 except 4-{(3-{cyclopropylthio}benzyloxy j-6-methoxypyrido{ 3,4~
dipyrimidine {294 mg. 0.87 mumol} was used. The crude product was purified by prep-HPLC
5 with the following conditions: (Colomm: XBridge Prep OBD C18 Cohumn, 30%150 mm, 5
ut, Mobile Phase A: Water (10mmol/L NHHCO;), Mobile Phase B: ACN, Flow rater 60
mE/min ; Gradient: 15% B 10 45% B in 10 min; Wavelength: 254/220nm | RT1{min}: €.6}.
The fractions containing the desired product were combined and tyophilized to
afford cyclopropyHimino }3-({({(6-methoxypyrido] 3. 4-dlpvrimedin-4-vioxv methy Dphenyi)-
10 lambdat-sulfanone (131.8 mg, 40%) as a white solid. MS (ESI pos. ion} mv/z 3711 (M+1).
'H NMR (400 MHz, DMSO-ds, ppm) § 9.12 (s, 1H), £.79 (s, 1H), 8.15-8.06 (m, 1H), 7.90-
7.83 (m, 2H), 7.67-7 61 {m, 1H}, 7.29-7.28 (m, 1H), 5.77 {5, 2H), 4.27 {s, 1H), 400 ¢, 3H),
2.70-2.64 {m. 1H) 1.17-1.06 {m, 1H}, 1.03-0.82 (m, 3H).

Example 19

o
A

Synthesis of imino{4-{{{6-methoxvpyrido[3.4-d|py rimidin-4-y1 joxv)methyphenyl (methyl)-

tarabdat-sulfanone

0=§:NH

Step 1 6-Methoxy-4-((4-(methylthio)benzyloxy)pyride|3.4-d | pyrimidine

Do
\0 AN
Q.
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[8269] The title compound was synthesized by proceeding analogously as described in
Example 14, Step 5 except 4-chloro-6-methoxvpyrido[3,4-dipyrimidine (200 mg, 1.02 mmol)
and [4-(methyisulfanvi)phenviimethanol (189 mg, 1.23 romol) were used. 6-methoxy ~4-~({(4-

(methylthioYbenzyloxy)pyrido[3,4-dipyvrimidine (184 mg, 37 %) was obtained white sohd.

Step 2: Iming(4-{({6-methoxypyrido{3,4-d]pyrimidin-4-yDoxyimethypheny{methyi}-

tambdaé-suifanone

/‘O A Y]
N
N

{82707 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 6-methoxy-4-{{4-{methyvithio)benzyoxy pyndof3.4-dpyrimidine
(160 mg, 0.51 mmol} was used. The crude product was purified by prep-HPLC with the
tollowing conditions” (Colurm: XBridge Prep OBD C18 Colurnn, 30% 150 wvm, 5 poy Mobile
Phase A: Water {10mmol/L NHHCG:), Mobile Phase B: ACN: Flow rate: 60 mL/min ;
Gradient: 10% B 0 40% B in 7 min; Wave Length: 254/220nm ; RT1{min): 6.65). The
fractions containing the destred product were combined and lyophilized to afford imino(4-
{{{6-methoxypvridof 3 4-dlpvnimidin-4-vhoxyymethy DphenyD{ methyD-lambdac-sulfanone
{28.1 mg. 15%) as a white solid. MS (ESL pos. ion) m/z 345.1 (M+1}. 'H NMR (400 MHz,
DMSRO-ds, ppm} 6912 (d, J= 1LOHz, 1H), 877 {5, 1H), 80 {d, J=T 96 Hz, 2H), 7.78 (d, J =
SOHz 2H), 733(d. J=10H«, 1H)., 377 (5, ZH). 424 {5, 1H). 400 {s, 3H). 3.07 {d, /= 1.1
Hz. 3H).

Example 26
Synthesis of {(4-hvdroxy-1-{8-methoxvpyrido|3.4-d |pyrimidin-4-vpiperidin-4-vDmethy 13-
{imino}methyl}-lambdat-sulfanone

Hf\i\sf

H {E%\b

105



WO 2025/117697 PCT/US2024/057687

Step I: 1-(8-Methoxypyrido|3 4-d]pyrimidin-4-yi}-4-((methyithisjmethyl)piperidin-4-ol

~o

7

S\
{8271]  The title compound was synthesized by proceeding analogously as described 1n
Example 1, Step 4 except 4-chioro-8-methoxypvrido|3.4-d]pvrinudine (300 mg, 1.53 mmol}

and 4-{(methylsulfanyDimethvijpipendin-4-ol hydrochioride (364 mg, 1.84 mmol) were used

and stirred at 90 °C for 2 b 1-(8-methoxypyrido|3,4-d}py rimidin-4-y1}-4-
{{rethvlituo)methyvDpipendin-4-ol (366 mg, 74%) was obtained white solid.
Step 2: ({(4-Hydroxy-1-(§-methoxypyride|3.4-dlpyrimidin-4-yl)piperidin-4-yhmethyl}-
(imino(methyi)- Iambdaé-sulfanone
HN
\\S:»‘
H%S\O
N
Py N
Nog
10 -0

{8272} The title compound was synthesized by proceeding analogously as described in
Example {, Step 5 except 1-@-methoxypyride|3.4-d|pyrimidin-4-y13-4-
{{methylthio)methypipenidin-4-ol {200 mg. 0.62 numol} was used. The crude product was
purified by prep-HPLC with the following conditions: (Column: XBridge Prep OBD C18
15 Column, 30%150 mum, 5 wm, Mobile Phase A: Water (10mmol/L NHHCG;), Mobile Phase
B ACN: Flow rate: 60 mL/min . Gradient: 3% B 10 23% B in 7 mun; Wave Length
254/220nm ; RTH{min}): 6.03). The fractions containing the desired product were combined
and lvophilized to give ((4-hydroxy-1-(8-methoxy pyrido|3,4-dipvrimidin-4-vpiperidin-4-
v hmethyD-Gimino X methy D-larobdad-sulfanone (130.1 mg, 58%6) as a white solid. MS (ESI,
20 pos. ion) nvz: 352.1 (M+1}. "H NMR (400 MHz, DMSO-ds, ppm) & 8.64 (s, 1H). 8.05(d, J=
6.0Hz 1H}, 734{(d. J=56Hz, 1H), 605 {s, 1H), 4.09{d. J = 13.6 Hz, 2H), 4.02 (s, 4H}.
3.58-3.52 (m, 2H), 3.42-3.38 (mr, 1H), 3.29-3.25(m, 1H), 3.02 (s, 3H), 2.02-1.80 (m, 4FD).

Fxample 21
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Synthesis of 4-{(3-(cvclopropanesulforimidovi}benzyboxy }-8-methoxy-1,7-naphthvridine-3-
carbonitrile

o)

o

¢ N
N d
N 2~ Nf

~

Step 1: Methyl 3-[{E)-[{dimethylamine imethylidene]lamine}-2-methoxypyridine-4-

wr

carboxylate

{82731 A solution of methyl 3-amino-2-methoxypyrnidine-4-carboxviate (2,10 g, 11.52
mmol, 1.0 equiv) in DMEF-DMA (137 g 11.52 mmol. 1.0 equiv) was stirred at 110 °C for 12
h. The reaction muxture was cogled {o room temperature and concentrated under reduced

10 pressure to afford methyl 3-[{E)-{(dimethviaminoymeathyiidenejamino}-2-methoxypy ridine-4-

carboxvlate (1.80 g, 65.8%) as a light-vellow oil.

Step 2: 4-Hydroxy-S-methexy-1,7-naphthyridine-3-carbonitrile

GH,;’N
i\\
N
/N/

[8274] Toasolution of MeCN (1.11 g, 26.97 nupol, 2.0 equiv) in THF (30 mL) was added

15 p-Buli (10.7 mL, 26.97 mymol. 2.0 equiv, 2.5 M in n-hexane} slowly at ~70°C under nitrogen
atmosphere. After stirring at -70°C for 0.3 h, methy] 3-{{(E}-
{{dimethylaminoymethyhdenejamino]-2-methoxy pyridine-4-carboxylaie (3.20 g, 13.48
mmol, L0 equiv) in THF (30 L) was added to the reaction mixiure and stirred at -70°C for
another 1.5 h. AcOH (2.4 mL) was added and the reaction nuxture was poured into water.

20 The resulting mixtare was extracted with FtQAc and the combined organic layer was washed
with brine , dried over anhwdrous sodium sulfate, filtered, and concentrated under reduced
pressure. The crude product was purified by revearse phase flash chromatography. eluted with
ACN/HL (10:90) to afford 4-hydroxy-8-methoxy-1,7-naphthyridine-3-carbomirte (1.80 g,

66%) as a light vellow solid.
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Step 3: 4-113-(Cyclopropylsulfanyl)phenyiimethoxy]-8-methoxy-1,7-naphthyridine-3-

G,
<

{8275] The title compound was synthesized by proceeding analogously as described in

carbonitrile

5§ Example 12, Step 3 except 4-hydroxy-8-methoxy-1,7-naphthvridine-3-carbonitnile (400 mg,
1.98 mumnol} and [3-(cyclopropylsulfanyphenyl}methanol {716 mg, 3.97 mmol) were used. 4-
{13-(cyclopropvisulfany iphenylmethoxy |-8-methoxy-1,7-naphthyridine-3-carbonitrile (38

mg, 5%) was obtained as a brown sohid.

Step 4t 4-(G-(eyclopropanesulfonimidoyhbenzyhoxy -&-methoxy-1,7-naphthyridine-3-

10 carbeonitrile

A

%}’*‘NH

N

o]

X
L

s
D%
Y

N
{8276} The title compound was synthesized by proceeding analogousiy as described in
Example {, Step 5 except 4-[[3-{cvelopropyisuifanyDphenviimethoxy ]-8-methoxy-1,7~

naphthvridine-3-carbonitriie (35 mg, 0.096 mmol) was used. The crude product was purified

i
A

by prep-HPLC with the following conditions: { Colummn: XBridge Prep Shield RP {18
Column, 30%130 mum, Spum; Mobile Phase A Water (10mmol/L NH4HCO:), Mobile Phase B!
ACN; Flow rate: 60 mb/min mb/man: Gradient: 19% B to 40% B in 7 min: Wavelength:
254nm/220nm nmy; RTH(nun): 6.57 to afford 4-{({3~{cvclopropanesulfonimidovibenzylioxy)-
8-methoxy-1,7-naphthvridine-3-carbonitrile (12.8 mg, 31%;) as an off-white solid. MS (ESI,
20 pos. fom) myz: 395.1 (M+13 'H NMR (400 MHz, DMSO-ds, pore) §9.03 (d. /= 1.6 Hz 1H),
824 -817{(m, 1Hy, 811 (d,/=20Hz 1H), 795(d,/J=76Hz IH) 787, /=76Hz
THG, 7.74 -7.66 (m, TH), 7.53-7.51 (m, 1H), 5.99 (s, 2H), 4.29 (s, 1H), 4.08 (s, 3H), 1.15-0.90
{m, SH).

Fxample 22

108



10

WO 2025/117697

Synthesis of imino{{2-(8-methoxy-1, 7-naphthyndin-4-yi}-2-azaspiro{3.3 heptan-6-
yhimethyD(methy!lambdad-salfanone

HN
W
D

s}

X3

4
\/%‘”\m

!
N
e
Step 1: 8-Methoxy-4-[6-{(methylsulfanylimethyi}-2-azaspire|3.3 {heptan-2-yi]-1,7-

naphthyridine

c}/

el

Y/
<

4

A
=4

e

{62777 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-chloro-8-methoxy -1, 7-naphthyridine {139 mg, 0.66 mmol} and 6-
{{methylsulfanylimethyl]-2-azaspiro[3.3theptane (315 mg, 2.00 mumol) weres used. 8-
methoxy-4-{6-[(methyisulfanyl pocthy -2-azaspiro[3 3theptan-2-yii-1,7-naphthyridine (120

mg, 56%;) was obtaimed as a brown vellow solid.

Step 2: Imino{(2-(B-methoxy-1,7-naphthyridin-4-yi)-2-azaspire{3.3  heptan-6-yhmethyl)-

{methyl}- lambdat-suifancne

{6278} The ntle compound was svnthesized by proceeding analogously as described in
Example 1, Step 5 except &-methoxy-4-[6-[(methyisulfanvlimethyi{-2-azaspiro{3 3theptan-2-
yv1}-1, 7-naphthyridine (100 myg, 6.31 mmol) was used. The erude product was parified by
prep-HPLC with the following conditions: {Column: XBridge Prep OBD €18 Column,
50%250 num, [0wm; Mobile Phase A: Water(iOnmol/L NH4HCG;), Motile Phase B! ACN;
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Flow rate: 60 mb/min ; Gradient: 7% B to 33% B in 20 nun;, Wavelength: 254/220nm |
RTHmin): 20.77}3. The fractions containing the desired product were combined and
lyophilized to afford wino{{2-(8-methoxy-1,7-naphthyndin-4-v1}-2-azaspiro{3. 3 theptan-6-
vlmethyY{methylj-lambdat-sulfanone (42.3 mg, 36%) as a light yellow semi-solid. MS

3 (ESI, pos. ion) myz; 347 1 (M+1). TH NMR (400 MHz, DMSO-ds pom) 6 8.40 (d, J= 52 Hz,
1H), 7.87 (4. J=6.0Hz 1H), 735 (. J=6.0Hz, IH), 6.41 {d. J=52 Hz, 1H) 438 {5, 2H),
423 (s, 2H), 3.98 (5, 3H), 3.57 (3, TH), 3.19-3.18 {m, 2H), 2.84 (s, 3H)}, 2.68-2.64 (m, 1H),
2.46-2.43 {ro, 2H), 2.17-2.09 (m, 2H).

Example 23
10 Synthesis of ({4-hydroxy-1-(&-methoxy-1,7-naphthyridin-4-ypiperidin-d-vimethyl)-

mino)YmethvD-lambdad-sulfanone

o~
Step b 1-(8-Methoxy-1,7-naphthyridin-4-yh)-4- [(methybuifanyDmethyl] piperidin-4-ol
~

2

BNTORyT R
l//

N
ng
S,

{8279} The title compound was synthesized by proceeding analogously as described in

>~

M
W

Example 1, Step 4 except 4-chloro-8-methoxy-1,7-naphthyridine {150 mg, 0.77 mmol) and 4-
{{roethylsulfanyDmethypiperidin-4-ol hydrochionde (457 mg, 2.31 mmol) were used and
stirred overnight at 130 °C. 1-(8-methoxy-1.7-naphthynidin-4-y1}-4-

{methylsulfanylymethyl piperidin-4-ol {161 mg, 65%) was obtained as a brown oil.

20 Step 2: ((4-Hydroxy~1-(8-methoxy-1,7-naphthyridin-d-yhpiperidin-4-yhmethyD(imine)-

{methyi}-lambdat-sulfancne
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pre]
{02891 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 1-(8-methoxy-1,7-naphthyridin-4-v1}-4-
{{methylsulfanylymethylipiperidin-4-ol {140 mg, 0.44 mmol) was used. The crude product
was purified by prep-HPLC with the following conditions: (Coluron: Xbridge Prep OBD (18
Column, 19%250 mm, 5 um; Mobile Phase A: Water(i Ommol/L NHaHCO:), Mobile Phase B:
MEQH: Flow rate: 25 mL/min ; Gradient: 13% B 10 33% B in 13.5 mun, Wave Length:
254/220nm; RT1(miny: 12.53) to afford ((4-hvdroxy-1-(8-methoxy-1, 7-naphthyridin-4-
vhpiperidin-4d-vmethwhD(imino{methy-lambdat-sulfanone (50.7 mg, 32%) as a white
solid. MS (ESI, pos. ion) nv/z: 351.1 {M+1). 'H NMR (400 MHz, DMSO-ds, ppm) § 8.66 (d, J
=52Hz 1H), 802(d, J=60Hz, 1H),733{d,J=56Hz, 1H),717{d, /=32 Hz, 1H),
S61¢s. IH)L402(d. /=44 Hz 4H), 344(d. J=144Hz H), 333, 1H),332(d.J=
14,6 Hz, 2H), 3.22-3.11 (m, 2H), 3.05 (s, 3H), 2.09-1.88 {m, 4H).

Example 24
Syuthesis of immo((1-(8~methoxy- 1, T-naphthyridin-4-y Dpipendin-4-yDmethy D meths D-
lambda6-sulfanone

HN

By

/
)
N

f\\
o
N/N

-
Step §s [1-(B-Metheoxy-1,7-naphthyridin-4-yl}piperidin-4-yljmethanol
e
N7 N\
L bz
N

e

OH
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[8281] The title compound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-chloro-&methoxy-1,7-napbthyridine (300 mg, 1.54 munol) and
piperidin-4-yvimethano! (355 mg, 3.08) were used and stured at 130 °C for 2 h. [1-(8-
methoxy-1.7-naphthyridin-4-vhpiperidin-d-vijmethanol (272 mg, 45%) was obtained as a

vellow solid.

Step 2: [1-(8-Methoxy-1,7-naphthyvidin-4-yDpiperidin-4-yljmethyl methanesulfonate

Ohs
[¢282] To astirred solution of { 1-(8-methoxy-1,7-naphthvridin-4-yi}piperidin-4-
vljmethanol (400 mg, 1.46 ramol, | equiv) in DCM (8 ml) was added TEA (296 mg, 2.926
mmol. 2 equiv), DMAP {17 mg, 0.14 mmol, 0.1 equiv) and methanesulfonv!
methanesutfonate (382 mg, 2.19 mmeol, 1.5 equiv) at 0 °C. After stirring af room temperature
for 2 b, the reaction misture was concentrated under reduced pressure and purified by silica
gel coluran chromatography. eluted with MeOR/DCM (12:88) to afford [1-(8~-methoxy-1,7-

naphthvnidin-4-ypiperidin-d-vi}jmethyvl methanesulfonate (1.10 g. crude} as a vellow solid.

Step 3: 8- Methoxy-4-[4-{{methylsuifanyDmethylpiperidin-1-yi}-1,7-naphthyridine
g

N
i

2

o
AN

:

{62837 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 2 except {1-(8-methoxy-1,7-naphthynidin-4-vI)piperidin-4-yljmethyl
methanesutfonate (1.00 g, 2.84 nmunol) was used. §-methoxy-4-{4-{(methylsulfanyly-

methyllpiperidin-1-vii-1, 7-naphthyridine (323 mg, 37%) was obtained as a vellow solid.

Step 4: Imine((1-(8-methoxy-1,7-naphthyridin-4-ypiperidin-4-yUmethy ¥ methyl)-

fambda6-suifanone
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{02841 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except 8-methoxy-4-[4-](methyisulfanvlmethyi{piperidin-1-v1{-1.7-
naphthyridine (150 mg, 0.42 mmol) was used. The crude product was purified by prep-HPLC
with the following conditions: {(Colunn XBridge Prep OBD €18 Coluwmm, 30%130 mm, §
wm; Mobile Phase A: Water{10nmol/L NHiHC (), Mobile Phase B: ACN; Flow rate: 60
mE/min | Gradient: 2% B 10 27% B in 10 mun; Wavelength: 254/220nm ; RT1(min): 8.83} to
afford mino{{1~(&-methoxv-1,7-naphthyridin-4d-yDpipenidin-d-vlmethvh{methyD-lambdan-
sulfanone (36.3 mg. 399%) as a vellow solid. MS (BSI, pos. ion} m/z: 335 1(M+1). 'H NMR
(400 MHyz, DMSO-ds, ppm) 6 8.67{d, J=50Hz, 1H), 802{d, J =59 Hz, 1H}), 7.32¢(d, J=
6O Hz 11, 715(d, J=50He, 1H), 403 {5, 3H), 3.73 {5, 1H), 3.52 (d, J = 12.1 Hz, 2H),
314(d, J=63Hz 2H). 297 (s, 3H), 288-2.85 (m, 2H), 221 (d, /=109 Hzr 1H). 208 -
2.05 (m, 2H), 1.64-1.61 {m, 2H}.

Example 28
Synthesis of umino(2-(1-(8~-methoxy-1,7-naphthyridin-4-vhpipendin-4-y Dethy D{methvl)-
lambda6-sulfanone}

O=§WH

b
}\\
N/N/
e

Step 12 2-{1-(8-Methoxy-1,7T-naphthyridin-4-yDpiperidin-4-yljethanol
g

N\N\

!//
N
%H
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[8285] The title compound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-chioro-&methoxy-1,7-naphthyridine (350 mg, 1.79 mumol) and 4-
piperidinecthanol (697 mg. 5.39 mwol) were used. 2-[ 1-(8~-methoxy-1,7-naphthvridin-4-~

yhpiperidin-4d-ylethanol (350 mg. 67%) was obtained as a brown solid.

Step 2: 2-{1-(8-Methoxy-1,7-naphthyridin-4-yDpiperidin-4-yljethyl methanesulfonate
s

N\N'-.
{//
N

OMs
[6286] The ntle compound was svnthesized by proceeding analogously as described in
Example 24, Step 2 except 2-[1-(B-methoxy-1, T-naphthvndin-4d-vDpipendin-4-vijethanol
{330 mg, 1.14 mmol) was used. 2-{1-(8-methoxy-1,7-naphthyridin-4-yDiptperidin-4-yiiethyl
methanesulfonate (300 mg, 71%) was obtained as a brown oil.
Step 3: 8-Methoxy-4-[4-{2-(methylsulfanylethyl|piperidin-1-yi{-1,7-naphthyridine
>,
o

N2
l/

Z\[Z

~
{82871 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 2 except 2-[ 1-{8-methoxy-1,7-naphthyridin-d-yHpiperidin-4-yiiethyl
methanesulfonate (280 mg, .76 mmaol) was used. 8-methoxy-4-[4-[2-(methyisulfanyi)-

cthylpipendin-1-yi}-1,7-naphthyridine (200 mg, §2) was oblained as an off-whiie sohid.
Step 4: Imino(2-(1--methoxy-1,7-naphthyridin-d-yhpiperidin-4-ylethy{methyl)-
iambdat-suifancene

!
=GN

N R
W/
%, g
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[8288] The title compound was synthesized by proceeding analogously as described in
Example 1 Step 5 except 8-methoxy-4-[4-[2-(methyisulfanvDethvljpipendin-1-y1}-1,7-
naphthvridine (180 mg, 0.56 mmol) was used. The crude product was purified by prep-HPLC
with the following conditions: (Column: YMC-Actus Triart C12 ExRS Column, 30%150mm,
Sum; Mobile Phase A: Waler {1 0mmol/L NHiHCG;), Mobile Phase B: ACN; Flow rate: 60
mb/min; Gradient: 7% B 1o 28% B in 7 min; Wave Length: 234/2200m . RT1{min): 7.07) 10
afford imomo(2-(1-(8-methoxy-1,7-naphthvridin-4-vpiperidin-4-yhethv {methy 1 }-lambda6-
sulfanone {20.5 mg, 45%) as a light vellow solid. MS (ESL pos. ion) m/z 349.1 (M+1). 'H
NMR (400 MHz, BMSQ-ds ppn) 8 8.66 (4, J = 5.2 Hz, 1H), 8.01 {(d, /= 6.0Hz, 1H), 731
(d,J=6.0Hz 1H), 7.14 (d, J = 4.8 Hz 1H). 4.03 (s, 3H). 3.63 (s, 1H), 3.54-3.51 (m, 2H),
3.13-3.09 (m, 2H). 2.92 (5. 3H), 2.84-2.76 {m, 2H), 1.87-1.84 (m, 2H), 1.78-1.72 {m, 2H),
P65-1.56 (o, TH), 1.51-1.49 {m, 2H}.

Fxample 26
Synthesis of cyclopropyl(imino (1 -(8-methoxy-1,7-naphthyvridin-4-yipipendin-4-

vhmethyi)-lambdas-suifanone

Hi\i‘é{zﬁ‘_\
ke

o

N

Ry
N = Nf
P

Step 1: fer-Butyl 4-[{cyclopropylsaifanylmethyl]piperidine-I-carboxylate

Bog
N

e

S

v

[0289] The ntle compound was synthesized by proceeding analogously as described m
Example 9, Step 1 except reri-buivl 4-(sulfanvimethvlpipendine- I -carboxviate {200 mg,
0.86 mimol) was used and stirred at 120 °C for 3 days. ferr-butyl 4-
{cyclopropyisulfanylymethylpiperidine- T-carboxylate (163 mg, 69%;) was obtained as

vellow oil.

Step 2: 4-{CyclopropylsulfanyDmethyl| piperidine hydrochioride
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(82907 A solution of rert-butyl 4-[{cyclopropyvisulfany Dimethviipmperidine- i -carboxylate
{163 mg, 0.60 myuol) in 4 M HCY in 1 4-diosane (2 ml} was stirred at room temperature for |
h. The resulting nuxture was concentrated under reduced pressure to afford 4-

{{cyclopropyisulfanyl}-methylpiperidine hydrochlonide {140 mg, crude) as a white solid.

Step 3: 4-4-[{Cyclopropyisulfanylmethylipiperidin-1-yl]-8-methoxy-1,7-naphthyridine

o

2

N =
l//

s~

Y

{62911 The title compound was synthesized by proceeding analogously as descnibed in

Example 1, Step 4 except 4-[{cy clopropylsulfany Dimethy Hpiperidine hydrochloride (344 mg,
1.65 mmol} and 4-chloro-8-methoxy-1, 7-naphthyridine (100 mg, 0.51 numol) were used and
stirred for 130 °C for 2 b, 4-{4-H{cvclopropyisulfanyDmethyjpipendin-1-vi}-8-methoxy-1,7-

naphthyridine (73 g, 43%) was obtained as a vellow solid

Step 4: Cyclopropyl(iming }{(1-(8-methoxy-1,7-naphthyridin-4d-yhpiperidin-4-yhHmethyi)-

iambdaé-sulfanone

{82921 The title compound was synthesized by proceeding analogously as described in
Example 1, Step S except 4-[4-[{cyclopropyisulfanyDmethyHpipendin-1-yij-1.7-
naphihvridioe (63 mg, 0.21 nwool) was used. The crude product was purnilied by prep-HPLC
with the following conditions: (Column: XBridge Prep Shield RP C18 Columm, 307150 mm,

Sum; Mobile Phase A: Water (1 0mmol/L NFLHCO:), Mobile Phase B: ACN; Flow rate: 60
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mb/min | Gradient: 8% B 15 29% B in 8 min; Wavelength: 234/220nm ; RT1(min}. 8} to
afford cvclopropyi(imino}{(1-(8-methoxy-~1, 7-naphthyridim-4-vlpiperidin-4-y methyl}-
lambdat-suifanone (28.1 mg, 36%) as a vellow solid. MS (ESL pos. ion) m/z: 3611 (M1}
H NMR (400 MHz, DMSO-ds, ppm) 8 8.67 (d, /= 5.0 Hz. 1H), 8.02 (d, J= 5.9 Hz, 1H),
7.324d, J=6.0Hz, 1), 716 (d, J = 5.1 Hz, 1H), 403 (s, 3H), 3.54-3.50 (m, 3H), 3.11 {4, J
=63Hz ZH), 287, J=12.0Hz, 2H). 2.69-2.60 (m, 1H). 2.27 (s, 1H). 2.16-2.10 (m, 2H),
P65 (g, /=123 Hz 2H), 1.13-0.76 {m, 4H}.

<

Example 27
Svuthesis of imino{3-({{R-methoxy-1,7-naphthy ridin-4-y Doxy ymethyDphenyi{methyl)-

lambda6-sulfanone

Step 1: 8-Methoxy-4-| | 3-(methyisulfanyDphenyljmethoxy|-1,7-naphthyridine

NN
‘/

Wi

i s -

8293} The title compound was synthesized by proceeding analogously as described in
Example 11, Step 3 except 8-methoxy -1, 7-naphthyridin-4-0f (300 mg, 1.70 mmwol) and [3-
{methylsulfanyDpheoylmethanol (525 mg, 3.41 mmol) were used. A mixture of §-methoxy-
4-{{3-(methyisulfanyhphenyljmethoxyi-1. 7-naphthvridine and 8-methoxy-1-(3-
{methylthiobenzy -1, T-naphthvndin-4{(1H)-one (102 mg, 19 %) was obtained as a vellow

sohid.

Step 2: Imine(3-({(8-methoxy-1.7-naphthyridin-4-yhoxy methyphenyD(methyl)-

iambdaé-sulfanone
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o)

/

{62941 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except mixture of 8-methoxy-4-{{3-{methvisulfanvi}-phenvifmethoxy}-
|, 7-naphthvrdine and 8-methoxy~-1-3-{methvithio}bensy 1)-1, 7-naphthyridin-4(1H)-one (90
3 mg, 9.29 mmol) was used. The crude product was purified by prep-HPLC with the following
conditions: {Column: YMC-Actus Triart C18 ExRS Column, 30%150mm, 5 pny; Mobile
Phase A: Water(10mmol/L NHaHCG:), Mobile Phase B: ACN; Flow rate: 60 ml/min ;
Gradient: 8% B 1o 38% B in 7 min; Wavelength: 234/2200m . RT{mm): 5 4%, 6.63) The
fractions containing the desired product were combined and lyophulized to afford: Imino(3-
10 ({(§-methoxy-1,7-naphthy ridin-4-y Boxy ymethy DphenyD{methyl-lambda6-sultfanone (29.8
mg, 30%) as a white solid. MS (ESIL pos. ion) m/z; 344.1 (M+1). 'HT NMR (400 MHz,
DMSO-ds. pprm} 3879 (d, J=52Hz 1H). 813 (d, /=18 Hz 1H) 8.08 (d. /=356 Hz, IH),
7.99-7.92 (m, 1H), 7.88-7.81 (m, 1H), 7.73-7.64 (m, 1H), 7.55 (d, /= 5.8 Hz. 1H), 7.38 (d, J
=82 He, 1H), 5.52 s, 2H), 429 (s, 1H), 405 €5, 3H), 3.10(d, J = 1.1 Hz, 3H}.

13 Example 28
Synthesis of cycdopropy3-({{8-ethoxy-1,7-naphthyridin~4-y Doxy ymethyDphenv] {imino}-

lambdat-sulfanone

Step 1 5-{{(2-Ethoxypyridin-3-yhaminejmethylidene]-2,2-dimethyl- 1.3-dioxane-4,6-

20 dione
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L, ago
2 u
NS N 2
g &
{62951 The title compound was synthesized by proceeding analogously as described in
Example 12, Step 1 except 2-ethoxvpyvridin-3-amine (2.00 g, 14.47 mmol} was used. 3-[[{2-

ethoxypyridin-3-vhamino jmethvhidene]-2 2-dimethvl-1 3-diovane-4 6-dione (4. 20 g, 99%)

was obtamed as a black solid.

Step 2: 8-Ethoxy-1,7-naphthyridin-4-ol

N

o
N
i

W

R

e
OH

[6296] The title compound was synthesized by proceeding analogously as descrnibed in

Example 12, Step 2 except 5-{[(Z-cthoxypyridin-3-yDaminomethylidenc}-2,2-dimethyl-1,3-

dioxane-4 6-dione (4.10 g, 14.03 mmol} was used. 8-athoxy-1,7-naphthyridin-4-of (332 mg,

2%y was obtained as a brown solid.

Step 3: 4-Chlore-8-c¢thoxy~1,7-naphthyridine

.
NI =X N\
NG
Ci
{6297} 'The utle compound was synthesized by proceeding analogously as described m
Example 3, Step 4 except &-ethoxy-1,7-naphthyridin-4-of (200 mg, 1.05 mmol) was used. 4-

chloro-8-cthoxy-1,7-naphthy ridine {160 mg, 45%) was obtained as a vellow solid.

Step 4: 4-{{3-{Cyclopropylcuifanyllphenylimethoxy]-8-ethoxy-1,7-naphthyridine

1%
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[8298] The title compound was synthesized by proceeding analogously as described in
Example 3 Step 4 except [3-(cvclopropylsalfanyDiphenylimethanol (98 mg, 0.55 mmol) and
4-chioro-8-ethoxy-1,7-naphthynidine (80 mg, 0.42 mamol) were used. 4-[i3-
{cvclopropvisuifanyliphenvlimethoxyi-8-ethoxy-1, 7-naphthyridine (78 mg. 52 %) was

oblained as a brown oil.

Step 5: Cyclopropyl(3-({({§-ethoxy-1,7-naphthyridin~4-yhoxy)methylphenyh{imine)-

fambdat-suifanone

{82991 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 3 except 4-[3-(cvclopropylsuitany Dphenyl jmethoxy |-8-cthoxy-1,7-
naphthvridine {68 mg. 0.19 nunol) was used. The crude product was purified by prep-HPLC
with the following conditions: (Column: XBridge Prep OBD C18 Column, 30*150 mm, 5
wm, Mobile Phase A: Water (10mmol/L NHAHCOs), Mobile Phase B: ACN, Flow rate: 60
ml/min . Gradient: 20% B t0 41% B i 7 man; Wave Lengthe 254/220nm ; RT1{man): 6.27)
to afford cvclopropyl(3-{({8-cthoxy-1.7-naphthvridin-4-yyoxy ymethyDiphenylimino -
lambdat-sulfanone (30.6 mg, 40%) as a white solid. MS (ESL pos. ton) m/z: 384.1 (M+1). 'H
NMR (400 MHz, DMSO-ds, ppmy 5 879 {d, J =52 He, 1H), 8. 10-8.03 {m, ZH}, 7.94-7.87
(m, 1H), 7.84 (d. /= 7.6 Hz, 1H), 7.72-7.64 (m, 1H), 7.53 (d. /=58 Hz, 1H), 737 (d./ =
53 Hr, 1H}, 5.53¢s, ZH), 4.56-4 46 (my, 2H), 4.28 {5, 1H), 2.72-2.61 {m, 1H)}, 1.47-1.39 (m,
3H), 1.16-1.06 (u, TH), 1.03-0.82 (m, 3H).

Example 29
Synthesis of imino{3-({{8-methoxvpyride|3 4-djpyrinudin-4-vhoxvymethyDphenyl X methyi)-

fambda6G-sulfanone
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Step 1 8-Methoxy-4-{{3-(methyisuifanylphenylimethoxylpyrido|3,4-dpyrimidine
o
N
(OO
o

[6300] The title compound was synthesized by proceeding analogously as described in

Example 14, Step 5 except [3-(methylsulfanylphenylimethanol (300 mg. 1.94 mmol) and 4-

(v

chioro-8-methoxypyridof 3, 4-dipvrimidine (570 mg. 2.91 mmol} were used. 8-methoxy-4-[f3-
{methylsalfanyDphenyijmethoxyipyrido{3.4-d]pyrimidine (250 mg, 41%) was obtained as an

off-white solid.

Step 2: Imine(3-({(8-methoxypyride{3.4-d|pyrimidin-4-yDoxy)methylphenyl}(methyi)-

10 lambdas-suifasone

[#301] The title compound was synthesized by proceeding analogously as described in
Example 1 Step 5 except 8-methoxy-4-f[ 3-(methylsulfanyDphenyl]-methoxy jpyrido{3.4-
dipvrimidine (230 rog, 0.73 nunol) was used. The crude product was punified by prep-RPLC

15 with the following conditions: {Colun XBridge Prep Shield RP C18 Column, 30%150 mim,
Sum; Mobile Phase A: Water (10mmol/L NH:HCO:), Mobile Phase B: ACN: Flow rate: 60
m/roin; Gradient: 11% B to 32% B in 7 min; Wave Length: 254/220mm ; RT1{(min), 6.95) to
afford imino{3-(((8~-methoxypvrido|3,4-djpyrimidin-4-vhoxy ymethy hpheny D {methy 13-

lambdat-suifanone {(115.0 mg, 45%:) as an off-white solid. MS (ES], pos. ton} myz; 345.1
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(M+1). "H NMR (400 Mz, DMSO-ds, ppm) 5 8.94 (s, 1H), 8.25 (d. J= 5.6 Hz, 1H), 8.12(d,
J= 1.6 He 1H), 7.94 (dt. J= 8.0, 1.6 He, 1H), 785 (A, J= 7.6, L2 Ha 1H), 7.67 (1L J=T7.6
Hz, 1H), 7.55 (4. J=5.6 Hz, TH), 5.76 (s, ZH), 4.28 (5, 1H), 4.08 (s, 3H). 3.09(d, .J = 1.2 Hz.
3H),

A

Example 36

Syuthesis of (4-((1, 7-naphthyridin-4d-yDoxy ypheny ey clopropy D{imino)-lambdat-sulfanone

My, A

10 [8302}] o asolution of 4-chloro-1,7-naphthvridine (100 mg, .61 mmol. I equiv)
n DMSO (2 mb) was added 4-{cyclopropyisulfanylphenol (151 mg, 0.91 romol, 1.5 equiv)
and Cs2C05 (297 mg, 0.91 mmol, 1.5 equiv). The resulting mixture was stirred at 100 °C for
2 h. After cooling to room temperature, the resulting mixture was diluted with HoO (S0 mbL)
and extracted with EtOAc. The combined orgamic laver was washed with brine, dried over
15 NapSOs and concentrated under reduced pressure to afford 4-[4-

{cyclopropvisulfanylphenoxy]-1,7-naphthyridine (208 mg. 90%;} as a grey sohd.
Step 2: (4-({1,7-Naphthyridin-d-yl)oxy)phenyi}{cyelopropyD{imins}-iambdas-suifancne

LAY
o S‘

DA

[8303] The title compound was synthesized by proceeding analogously as described in
20 Example 1, Step 5 except 4-[d-(cyclopropylsulfanyijphenoxy|-1, 7-naphthyridine (188 mg.
(.64 mmol} was used. The crude product was purified by prep-HPLC with the following

conditions: {Column: XselectCSH Prep OBD C18 Column, 30%150 mm, 5 pm; Mobile Phase
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A Water(0.1% FA}, Mobile Phase B: ACN, Flow rate: 60 mi/min ; Gradient: 13% B t0 43%
B in § min; Wave Length: 254/220nm; RTH(min): 7.7} (o afford (4-{(1,7-naphthyridin-4-
yvhoxyiphenvD{cvclopropyiroinoe ;-lambdac-sulfanone (59.2 mg, 28%) as g brown solid.
MS (ES1, pos. ton) m/z: 326.2 (M+1). TH NMR (400 MHz, DMSO-ds, ppm) & 9.46 (&, J =09

5 He 1H), 893 {d, J=52Hz, 1H}, 8.70(d, J = 5.6 Hz, 1H), 5.14-8.11 (m, 1H), 807-7.99 {m,
2HY, 7.57-7.49{(m, 2H), 7.06 (d, /=32 Hz, 1TH), 4.31 {5, 1H), 2.78-2.67 (m, 1H}, 1.20-1.10
{m, 1H), 1.06-0.87 (mm. 3H).

Example 31
Syntheas of 4-{4-fimino{methvioxo-lambdat-sulfanvi]phevoxy|-8-methoxy-1,7-
10 naphthyridine-3-carbortirile
g H
N

E‘\ s ‘;d
N g

e

Step 1t 8-Methoxy-4-[4-(methylsulfanyhphenoxyl-1,7-naphihyridine-3-carbonitrile

=
WY
Wa
£

i
[3304] The title compound was synthesized by proceeding analogously as described in
18 Example 30, Step | except 4-chloro-8-methoxy-1,7-naphthyridme-3-carbonitriie (300 mg,
.36 mmol) and 4-(methyithio)-phenol (287 mg, 2.04 mmot) were used and stirred at 80 °C
for 3 h. 8-methoxy-4-{4-(methy!sulfanyi)phenoxv}-1,7-naphthvridine-3-carbonitrile {100

mg, 22%;) was oblained as a light-vellow solid.

Step 2; 4-{4-[Imino{methylhoso-lambdad-sulfanyliphenoxy | -8-methoxy-1,7-

20 naphthyridine-3-carbonitrile

L0

N
o
oTF H
{/N
E\\
P
N/N
o
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[8305] The title compound was synthesized by proceeding analogously as described in
Example 1, Step 5 except &-methoxy-4-[4-(methylsulfanyDphenoxy}-1,7-naphthyridine-3-
carborutrile (80 mg. 0.24 nwool) was used. The crude product was purtfied by prep-HPLC
with the following conditions: (Column: Xselect CSH Prep C18 €18 Column, 307150 nun,
Sum; Mobile Phase A: Water(D. 1%TF A), Mobile Phase B: ACN; Flow rate: 60 mL/mun;
Gradient: 10% B 1033 % B in 10 min; Wavelength: 254/220nm; RY 1{min}: 8.68) to afford 4-
{4-{imino{methyloxo-lambdaé-sulfanyljphenoxy |-8-methoxv- 1, 7-naphthy ridine-3-
carbonitrile (9.4 mg, 10.64%) as an off-white solid. MS (ESI, pos. fon} m/z: 355.0 (M+1). 'H
NMR (400 MHz, BMSO-ds ppn) § 9.28 (s, 1H}, 823 (. J=359Hz, 1H), 797, /=80
Hz, 7H), 7.39-9.35 (ro, 3H), 4.29 (s, 1H), 4.13 (s, 3H). 3.08 (s, 3H).

Example 32

i

Synthesis of 2-{S-methylsolfommidovl)-8-( 1. 7-naphthvridin-4-vl}-2.8-diazaspiro{4. 5]decans

N

Nf \"N H

]

R
N

Step 1: zert-Butyl 8-(1,7-naphthyridin-4-vi)-2.8-diazaspiro[4.5]decane-2-carboxylate
YIRS N\
LAz

N

NBoc
[8306] The title compound was synthesized by proceeding analogously as described in
Example 8, Step 1 except 4-chloro-1, 7-naphthyridine (450 mg, 2.73 mmol) and feri-buiyvl
2.8~diazaspiro[4.Sldecane-2-carboxyiate (1.31 g, 5.47 nunol} were used. feri-butyl 8-(1,7-
naphthvridin-4-yi}-2.8-diazaspiro{4.5 |decane-2-carboxyvliate {836 mg, 72%) was obtained as

an orange sohd.

Step 2: 8-(1,7-Naphthyridin-4-yi}-2,8-diazaspire{4.5]decane hydrochloride

124



10

[
(V4]

20

WO 2025/117697 PCT/US2024/057687

N\.N\

!w"/

HCI

NH
{33071 A solution of rert-butyl 8-(1,7-naphthyridin-4-yi)-2,8-diazaspirol4. S{decane-2-
carboxylate (800 mg, 2.17 mmol} in 14 mL HC1 { g, 4 M in EtOAc) was stirred at room
temperature for | b Then the mikture was concentrated under reduced pressure to afford 8-
(1, 7-naphthvaudin-4-v1}-2, 8-diazaspiro{d. Sidecane hydrochloride (1.00 g, crude) as a vellow
solid.

Step 3¢ 2-(N-(tert-ButyldimethyisilyD-S-methylsolfonimidoyl}-8-(1,7-naphthyridin-4-yI3-

2. 8-diazaspiro[4.5]decane

N Na
TS
lo AN

[B308] To a mixture of (diphenylphosphorvlibenzene (2.46 g, 8.86 romol, 3 equivy in DCM
{24 mL) was added oxalic dichlonde (1.20 g, 9.45 mmol, 3.2 equiv) under Nz at 0 °C. After
stirring for 30 min at 0°C, DIEA (3.82 g, 29.53 mmol, 10 equiv) was added and stirred for 13
min ai the sare temperature. N-{tert-ButyvldimethvilsiivDmethanesolfonamide (927 mg, 4.43
mmel, 1.5 equiv) was added and the resulting roixture was stirred at 0 °C for 20 moin before
being added to a solution of &-(1,7-naphthyridin-d-y1}-2, 8-diazaspiro{4.Sldecane
hyvdrochloride (900 mg, 2.95 mmol, 1 equiv) and DIEA ¢1.14 2, 8.86 mmol, 3 equiv} in DCM
(10 vab). After sturing at O °C for 30 vy under Nz atroosphere, the resulting maxtore was
concentrated under reduced pressure. The residue was purified by reversed phase
chromatography, eluted with ACN/HO (84:16) to afford 2-(N-(fert-butyldimethyisily -S-
methvisulfonimidovi}-8-(1, 7-naphthyridin-4-y13-2 8-diazaspirof4.5|decane (454 mg, 25%) a3

a brown oil.

Step 4: 2-(S-Methylsulfonimidoyl}-8-(1,7-naphthyridin-4-y1)-2,8-diazaspiro[4.5 |decane
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63091 A solution of 2-(N-{(fert-butyldimethylsilyl)-S-methvisul fonimidovi}-8-(1,7-
naphthvnidin-4-vi}-2.8-diazaspiro{4.5]decane (165 mg, 0.36 mmol} in DMF {2 mL) was
added 25% formic acid (1.4 mL, v/v). The resulting mixture was stirred for 10 min at room
S temperature. The resulting mxiure was concentrated under reduced pressure. The crude
product was purtfied by prep-HPLC with the following conditions {Column: Xselect CSH
Prep Fluoro-Phenyl Column, 19%2350 mm. Spum: Mobile Phase A: Water (10mmol/L
NHHCG:), Mobile Phase B ACN,; Flow rate: 25 wl/mun; Gradient: 11% Bio 32% Bin 8
min; Wavelength: 254/220nm; RT 1{man}: 12.57) to afford 2-(S-methvisulforimidov)-8-(1,7-
10 naphthvridin-4-v1}-2.8-diazaspiro{4.5|decane (54.4 mg, 43%) as a white solid. MS (ESI, pos.
ion) mVz: 346.2 (M+1). 'H NMR (400 MHz, DMSO-ds.ppm) § 9.29 {d, J = 0.7 Hz, 1H), 8.79
(d, /=48 Hz, 1H), 854 (d, J=506Hz tH), 7.85-7.78 {m, 1H), 7.16¢d, J = 5.2 Hz, 1H),
363 (s, TH), 3.43-3.29 (m, 3H), 3.28-3.19 (m. 3H), 3.14 (4, 7= 4.3 Hz, 2H), 2.81 (s, 3H),
1.91-1.73 {m, 6H).

15 Example 33
Svnthesis of 4-(2-(S-methyisulfonimidovi)-1,2,3 4-tetrabvdroisoquinotin-7-v1}-1,7-
naphthyridine
20
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[6318] To a mixtore of 4-chloro-1,7-naphthyridine (570 mg, 3.5 mmol, 1 equiv)in 1.4-
dioxane {15 mL} and water {3 mL} was added rert-butyl 7-(4.4.5, 3~tetramethyl-1,3,2-
dioxaborolan-2-vi)-3.4-dthvdroisoguinoline-2(  H}-carboxyiate (1.85 g, 4.94 myool, 1.3
equiv}), Pd{dppHCle. CH:Cl (284 mg, 0.35 mmol, 0.1 equiv) and KpCO0s3 (1.45 g, 10.5 mmol.

5 3 equiv). The mixture was stirred at 80 °C for 2 b under mitrogen atmosphere. After cooling 1o
room temperature, the resulting muixture was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography, eluted with EA/ PE {50:50). The
fractions containing the desired product were combined and concentrated under raduced
pressure to give rerf-butyl 7-(1,7-naphthyridin-4-v1}-3,4-dihy droisoquinoline-2(1H)-

10 carboxviate (910 mg. 73%) as a vellow solid.

Step 2: 4-(1,2,3.4-Tetrahydroisoquinolin-7-yi)-1,7-naphthyridine hydrochlioride

{63111 A wixture fert-butyl 7-(1, 7-naphthyridin-d-v1)-3 4-diby droisoquinoline-2( 1 H)~

carboxylate (890 mg, 2.47 mmol, I equiv)in 14 mb HC (g, 4 M in EtOAc) was stirred at
15 roomtemperaiure for 2 h. Then the resulting mixiure was concentrated under reduced

pressure 1o alford 4-(1.2.3 . 4-tetrahy drotsoquinolin-7-v)- 1, 7-naphthvridine hydrochlonide

(1.02 g_crude) as a yellow solid.

Step 3: 4-(2-(N-(fers-Butyldimethyleilyl)}-S-methylsulfonimideoyl)-1,2,3,4-tetrahydroiso-

guinokin-7-y1)-1,7-naphthyridine

20
{83121  The tide compound was synthesized by proceeding analogously as described in
Example 32, Step 3 except 4-(1,2,3 d-tetrahy droisoquinolin-7-vi)-1,7-naphthysidine

hvdrochloride (902 mg, crude) was used. 4-(2-(N-{rerr-butyldimethyisilyl)-S-
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methvisulfonimidovi}-1,2,3 4-tetrahy droisoquinolin-7-yi}-1,7-naphthvridine (200 myg, 18% of
two steps) was obtained as a yellow sohid.
Step 4 4-2-(S-methybsulfonimidoyi)-1,2.3,4-tetrahydroisoguinelin-7-yl)-1,7-

naphthyridine

v 3

[6313] The title compound was synthesized by proceeding analogously as descnibed in
Example 34 Step 4 except 4-(2-(N-(tert-butvidimethylisilyl}-S-methylsulfonimidoyi}-1.2.3 4-
tetrahy drotsoquinolin-7-y1j-1, 7-naphthvridine (180 mg, .40 mmol} was used. The crude
product was purified by prep-HPLC with the following conditions: (Column: XB ridge Prep
10 OBD C18 Columm, 30%150 mm, 5 um: Mobile Phase A: Water {0.1% FA), Mohile Phase B:
ACN; Flow rate: 60 mL/min; Gradient: 10% B to 40% B 10 mun; Wave.ength: 254/220 nm.
The fractions containing the desired product was concentrated under reduced pressure and
Iyophilized to afford 4-(2-(S-methyisuiforumidoyi}-1,.2.3, 4-tetraby droisoquinolin-7-v13-1,7-

naphthvnidine (67.1 mg. 50%} as an off-white solid. MS (ESL pos. ion) nv/z: 339.2 (M+1). 'H

15 NMR €400 MHz, DMSO-dg ppmi) 8 947 {3, 1H), 910 {d, J=4 4 Hz 1H), 861 {d, /=56
Hez, 1H), 7.80{d, J=6Hz, 1H), 7.73(d, /=44 Hz, 1H), 742 (d. J= 6.4 Hz, 3H}, 446 (s,
2H3, 3.79(s, 1H}, 3.57-3.51 (ny, 2H), 3.03-3.00 {m, 2H}. 2.84 (s, 3H).

Exanple 34
Svnthesis of ¢-methoxy-4-(2-(S-methyvisulfonimidovi}-2. &-diazaspiro{4.5]{decan-8-
20 vhpyridof[3. 4-djpyrimidine
HN 'y

N

f’O oy NN
N @
N

Step 1: 6-Methoxypyrido[3.4-d|{pyrimidin-4(3H}-one
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{8314] The title compound was synthesized by proceeding analogously as described in
Example 14, Step 3 except S-anuno-2-methoxyvpyridine-4-carboxvhic acid {5.00 g, 2974
mmol) was used. 6-methoxypyndol3,4-dipyrimidin-4(3H)-one (5.00 g, 95%) was obtained as
5 awhite solid
step 20 4-Chlore-6-methexypyrido[3.4-d]pyrimidine
Ny
N | PN
G
[6315] The title cornpound was synthesized by proceeding analogously as described in
Example 14, Step 4 except 6-methoxypyrdo[3,4-djpyrimidin-4(3H)-one (200 g, 11.28
10 mmol) in CHCI; (30 mL) was used and stirred overnight at 80 °C. 4-chloro-6-
methoxy pyrido3,4-dipyrimidine (2.00 g, 85%) as ayellow solid.

Step 3: fert-Butyl 8-{6-methoxy pyrido]34-dipyvimidin-4-yi}-2.8-diazaspive|4.S|decane-

AN
o, E/ =N
Q

N

,N
Boc

2-carboxylate

1§ [8316] The ntle compound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-chloro-6-methoxvpyrido]3.4-djpvrinudine (500 mg, 2.56 mmol)
and fert-butyl 2.8-diazaspiro[4 Sidecane-2-carboxylate (1.23 g, 5.11 nunol) were used and
stirred at 100 °C for 2 h. sert-Butyl 8-[6-methoxypynidof3,4-dipyrimidin-4-y1}-2,8-

diazaspirof4.5]decane-2-carboxyiate (1.00 g, 95%) was obtained as a yellow solid.

20 Step 4 6-Methoxy-4-(Z,8-diazaspire[4.5decan-8-yDpyrido{3,4-d|pyrimidine
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{83177 A solation of fert-butvl 8-[6-methoxypyrido{3 4-djpyrumdin-4-v1}-2,8-diaza-
spirof4.5]decane-2-carboxylate (1 00 g, 2.50 mmol)in 15 mL HC (g, 4 M in EtOAC) was
stirred at room teraperature for 1 h The mixture was concentrated by reduced pressure. The
residue was purified by reverse phase flash chromatography with the following conditions:
colamm, CI8 silica gel. mobile phase, water of NHMHCG: in ACN, 5% to 40% gradient in 20
min; detector, UV 254/220 nim. The fractions containing the desired product were
concentrated under reduced pressure to afford 6-methoxy-4-(2,8-diazaspirof4. Sidecan-8-

yUpyrido]3,4-dipyrimidine (271 mg, 32 %) as a yellow solid.

Step §: 4-(2~(N~{(fert-Butyldimethylcily-S-methylsuifontmidoyi)-2,8-

diazaspiro{4.5|decan-8-yi)-6-methoxypyride|3,4-d{pyrimidine

\U P N

N

N, N
T8 N
0&

[3318] 'The title compound was synthesized by proceeding analogously as described in
Example 32, Step 3 except 6-methoxy-4-{2, 8-diazaspiro|[4.Sidecan-8-vi}pyrido{3,4-
dipyrivmidine (217 mg, 0.72 mmol) was used. 4-(2-(N-{fert-butyldimethylsity}-S-
methvisulfonumdovhy-2,8-diazaspirof4. 5 ]decan-8-y }-6-methoxypyndo3,4-d]pyrimidine

-

{122 mg, 34%) was obtained as a vellow oil.

Step 6: 6-Methoxy-4-(2-(S-methyisulfonimidoy-2,8-diazaspiroe[4.5]decan-8-
yhpyride[3,4-dipyrimidine
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[6319] The title compound was synthesized by proceeding analogously as described in
Example 32, Step 4 except 4-2-(N-(fert-butyldimethyisilyl)-S-methyisulfonimidoyi)-2,8-

diazaspirof4. Sldecan-8-yv1}-6-roethoxypyridof 3, 4-djpynomudine (112 mg, 0.23 mmol} wag

whn

used. The crude product was purified by prep-HPLC with the following conditions: {(Colunmm:
XBridge Prep OBD C138 Cohumn, 30% 150 mun, Spum; Mobile Phase A Water(3 Onmol/L
NHLHCO;), Mobile Phase B: ACN,; Flow rate: 60 mL/min;, Gradient: 5% B0 35% B in 10
min; Wave Leongth 254/220nm; RT H{min): 8.82) to afford 6-methoxy-4-{2-(5-
methylsulfonimidoyi}-2,8-diazaspirof4.5{decan-8-y jpyrido{ 3 4-d{pyrimidine (29.3 mg,

10 33%) as a white solid. MS (ESL pos. ton) m/z 377.3 (M+1). TH NMR (400 MHz, DMSO-db,
pppiy 5 8.93 (5, 1H), 8.53 (5, TH), 7.10 (s, 1H). 3.97 (s, 3H). 3.85-3.71 (m, 4H), 3.63 (s, 1H),
332-3.23 (m, ZH), 3.18-3.07 {m, 2H), 280 (d, J= 1.2 Hz, 3H), 1.90-1.80 {m, 2H), 1 .80-1.64
{m, 4H).

Example 38
15 Svnthesis of R-Methoxv-4~(2-(8-methvisulfonimidovi}-2, 8-diazaspirof4. Sidecan-§-

vhpyridof3.4-d|pyrimidine

O\\S,:N H

N
oy
Noz N/
~
Step I: fert-Butyl 8-(8-methoxypyrido{3.4-d]pyrimidin-4-y1)-2,8-diazaspire]4.5]decane-

2-carboxylate
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{83201 The title compound was synthesized by proceeding analogously as described in
Example 30, Step | except 4-chloro-8-methoxvpyrido] 3.4-d|pyrindine (300 mg, 2.56 mmol}
and tert-butyl 2, 8-diazaspiro{d. S{decane-2-carboxylate (123 2, 5.11 mmol) in BMF (5§ mL)
were used and stivred at 80 °C for 2 h. rert-butyl 8-[8-methoxypyrido|3,4-d]pyrimidin-4-y1j-
2.8-diazaspirold. Sidecane-2-carboxylate (759 mg. 74%) as an off-white solid.
Step 2: 8-Methoxy-4-(2,8-diazaspire(4.Sldecan-8-yDpyride{3,4-d]pyrimidine
O.o"‘
N
N <X
P ,:;I

N

N+
{83211  To asohution of fere-butyl 8-[8-methoxypyiidof3,4-dipynmidin-4-y1}-2 8-
diazaspirofd Sldecane-2-carboxylate (200 mg, 0.50 mmol. | equiv) in dichloromethane (2
mL) was added 2 4-dimethylpyridine (53 mg. 0.50 mmol, 1 equiv) and trimethylsilyl
wrifluoromethanesulfonate (333 mg, 1.50 mmol, 3 equiv). The resulting mixture was stirred
at room teraperature for | h. The solution was concentrated under reduced pressure to afford
R-methoxy~-4~(2,8-diazaspirof4. 5ldecan-8-ypyrido[3.4-d]pyrinudine {493 mg, crude) was

obiained as a white solid.

Step 3: 4-(2-(MN-{fert-Butyldimethylsilyl}-S-methylsuifonimidoyl}-2 8-
diazaspirefd.Sjdecan-8-y-8-methoxypyride[3.4-dipyrimidine

O/

N
L
%

N
s
o\
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8322} The title compound was synthesized by proceeding analogously as described in
Example 32, Step 3 except &-methoxy-4-(2,8-diazaspirof4. S{decan-8-yDpyrido]3 4-
dipvrimidine {459 mg, crude} was used. 4-(2-(N-{rert-butvidimethylsilvl)-8-
methvisulfonimidovi}-2, 8-diazaspirof4.5]decan-8-y1}-8-methoxypyrido{3,4-d]pyrimidine

(174 mg, 23%} was obtained as a yellow oil.

Step 4: 8-Methoxy-4-(2-(S-methybulfonimidoyl)-2,8-diazaspire[4.5]decan-8-
yhpyrido[3,4-d]pyrimidine

RN
Ny, 2

e
{8323} The title compound was synthesized by proceeding analogously as described in
Example 32, Step 4 except 4-(2-(N-{tert-butyldumethylsidy D-S-methyl-sulfoninudoyl}-2,8-
diazaspirof4. Sjdecan-8-y1}-8-methoxypyiidof3,4-dipyrimidine (140 mg. 0.28 nunol} was
used. The crude product was purified by prep-HPLC with the following conditions: (Colamm:
KXBridge Prep Shield RP C18 Column, 30* 150 yam, Sum; Mobile Phase A: Water (10mmol/L
NH4HCO3), Mobile Phase B: ACN; Flow rate: 60 mb/mun: Gradient: 4% Bto 34% Bin 7
min; Wave Length: 254/220mm; RTi{min): 6.62} to afford 8-methoxy-4-(2-(S-
methvisulfonimidovi}-2, 8-diazaspirof 4.5 {decan-8-v}pyride{3,4-d{pyrimidine (30.9 mg, 28%}
as a white solid. MS (ESL, pos. jon) mv'z: 377.2 (M+1). 'H NMR (400 MHBz, DMSG-ds, pom)
8§ 8.65 (s, 1H), 8.05 (d, /J=6.0Hz 1H). 732 (d, /= 6.0Hz, 1H), 4.02 (s, 3H), 3.82-3.68 {m,
4HY, 3.63 {s, 1H), 3.35-3.21 (m, 2H), 3.18-3.07 {m, ZH}, 2.80 (s, 3H). 1.88-1 80 (m, 2H),
1.80-1.64 (m, 4H}.

¥xample 36
Synthesis of 8-(8-methoxy-1.7-naphthyndin-4-y1}-2-(S-methyisulfoninudoyi)-2 8-

diazaspiro{4.5{decane
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Step 1t fert-Butyl 8-(8-methoxy-1,7-naphthyridin-4-v)-2.8-diazaspire]4.Sldecane-2-

carboxylate

=z
N

NBoc
S [8324] The ntle compound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-chloro-8-methoxy-1.7-naphthyridine (400 mg. 2.053 numol, 1
equiv) was used and stirred at 130 °C for 2 h. fert-butyl &-{&-methoxy-1,7-naphthyridin-4-y1}-

2,8-diazaspirol4. Sldecane-2-carboxylate (692 mg, §4%) was obtained as a yellow solid.
Step 2: 8-(8-Methexy-1,7-naphthyridin-4-yl}-2.8-diazaspive|4.5]decane
o~
N

s
! r

10 NH
{83251 The title compound was synthesized by proceeding analogously as described in
Example 35, Step 2 except tert-butyl 8-(R-methoxy~ | T-naphttondin-4-v1)-2, 8-
diazaspirol4.5]idecane-2-carboxylate {200 mg, 0.50 mmol) was used. &-(&-methoxy-1,7-

naphthyridin-4-yi}-2, 8-diazaspiro{4.5 {decane (285 mg, crude) was obtained as a colorless oil.

15 Step & (fert-Butyldimethylsilyl{([[8-(8-methoxy-1,7-naphthyridin-4-y1}-2,8-diazaspire-

4.5 ldecan-2-ylj(methyhoxo-lambdaé-sulfanylideneJamine
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{83261 The title compound was synthesized by proceeding analogously as described in
Example 32, Step 3 except 8-(8-methoxy-1, 7-naphthyridin-4-y1}-2,8-diazaspivo[4. Sldecane

(149 mg, crude) was used. {ferr-butyldimethy Isilyl}{{[8-(&-methoxy-1,7-naphthyridin-4-y1)-

W

2.8-diazaspiro}4 Sjdecan-2-vlj(methy oxo-lambdad-sulfanviidene]jamine (83 mg, 37%) as a

yvellow solid.

Step 4: 8-(8-Methoxy-1,7-naphthyridin-4-y13-2-(S-methylsulfonimidoy))-2.8-diaza-

spire{4.5ldecane

N/Nf

0\

10 [0327} The utle compound was synthesized by proceeding analogously as described in
Example 32, Step 4 except (feri-butyldimethyisiivi}({{8-{8-methoxy-1,7-naphthy ridin-4-y i)~
2 8-diazaspirol4. S}decan-2-v1{methyDoxo-2S-sulfanylidensJamine (73 mg, 0.149 mmol)
was used. The crude product was purified by prep-HPLC with the following conditions:
{Columa: XBridge Prep Shield RP €18 Column, 30%150 nun, 5 pm; Mobile Phase A

15 Water(10mmol/L NHMHCO:}, Mobile Phase B: ACN: Flow rate: 60 mL/min,; Gradient: 10%
B to 31% B in 7 mun: Wavelength: 254/220nm; RT 1{mun): 6.35). The fractions containing the
desired product were combined and lyophilized to give 8-(8-methoxy-1,7-naphthyrdin-4-y1{}-
2-(8-methyisufonimidovi}-2, 8-diazaspiro{4 5{decane (20.2 mg, 36%) as a white solid. M8
(ESI, pos. ton) vz 376 1 (M1, 'THENMR (400 Mz, DMSO-de, ppm) 6 8.68 (d, J= 5.0 Hy,

20 FHY, 8.03{d. /=539 Hz 1H). 735(d../J=39Hz 1H), 7.18{d. J=51Hz [H) 403 (s, 3H).
3.63 (s, 1H), 3.29 (t.J = 7.0 Hz, 2H). 3.17-3.14 (m. 6H), 2.81 (d. 7= 1.6 Hz, 3H). 1.84-1.81
{(m, 6H).
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Example 37
Svuthesis of 2-(8-methoxy-~1, 7-naphthyridin-4-y1}-8~(S-methvisutfonimidoyi)-2,8-
drazaspiro{4.5jdecane

N NH
o

Y/ Z
/ Z

;
N
A

iy
Za

Step [ tert-butyl 2-(8-methoxy-1,7-naphthyridin-4-yi}-2,8-diazaspire{4.5]decane-8-

carboxylate

g

N
i/

N
Bfmi\!5

[6328] The title cornpound was synthesized by proceeding analogously as described in

Wa

Example 1. Step 4 except 4~chioro-8-methoxy-1,7-naphthyridine (230 mg, 1.18 mmol) and
ert-butyl 2.8-diazaspiro{4.5]decane-8-carboxviate (568 mg, 2.36 mmol} were used and
stirred at 130 °C for 2 h. tes#-Butyl 2-(8-methoxy -1, 7-naphthy ridin-4-y1)-2,8-

diazaspirof4.Sidecane-8-carboxylate (486 mg, 90%) was obtained as a vellow solid.

Step 2: 2-(8-Methoxy-1,7-naphthyridin-4-y1)-2,8-diazaspire[4.5]decane
\
1§

N
E/

N
HNf

{8329} The title compound was synthesized by proceeding analogously as described in

Wi

Example 35, Step 2 except feri-buty] 2-(8-methoxy-1, 7-naphthvndin-4-y13-2,8-
diazaspirof4.51decane-8-carboxylate (240 mg. 0.60 mmaol) was used. 2-(8-Methoxv-1.7-

naphthvndin-4-yi}-2 8-diazaspiro{4.5]decane (527 mg, crude) was obtained as a brown oil.
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Step 3: 8-(N-(fert-Butyldinmethylsilyl)-S-methyisnlfonimid ovl}-2-(8-methoxy-1,7-
naphthyridin-4-yi)-2.8-diazaspire[4.5|decane
o

NS
/

2

¥
E =5

SN

N
Ca ¢
/SQNITBS

{83301  The title compound was synthesized by proceeding analogously as described in

W

Example 32, Step 3 except 2-{8-methoxyv-1,7-naphthyridin-4-vi}-2 8-diazaspiro{4. S{decans
{527 mg, 1.76 myuol) was used. 8-(N-{sers-butvidimethyisilvi}-S-methylsulfonimidoy!)-2-(8-
methovy -1, 7-naphthvnidin-4-vi}-2.8-diazaspirof 4 5]decane (168 mg, 19%) was obtained as a

brown solid.

Step 4: 2-(8-Methoxy-1,7-naphthyridin-4-y)-8-(S-methylsulfonimidoyi)-2.8-diaza-

10 spiro{4.8|decane

1Y

g
=
x

e
4

Y

S
Nz
A2
{83311 The title compound was synthesized by proceeding analogously as descrnibed in
Example 32, Step 4 except 8-(N-{fert-butyldimethy sy D-S-methylsulforamidoyl}-2-(8-
methoxy-1.7-naphthyridin-4-y1}-2.8-diaraspirof4.5]decane (168 mg, 0.34 nunol} was used.

1§ The crude product was purified by prep-HPLC with the following conditions: (Column:
XBridge Prep Shield RP C18 Column, 30%150 mm, 5 um; Mobile Phase A: Water(10mumol/LL
MNHHCO:), Mobile Phase B: ACN; Flow rate; 60 mL/min; Gradient: 61% Bt 31% Bin7
min, Wave Length: 254/220nm; RT 1{min): 7.17} to afford 2-(8-methoxy-1,7-naphthyridin-4-
y1}8-(S-methyl-salfonimidoyl-2,8-diazaspirof4. S{decane (44.7 my, 33%) as a white sohd.

20 MS{ESL pos. ton) m/z 376.2 (M+1). 'H NMR (400 MHz, DMSO-ds, pom} 8 8.42(8. /=52
Hz, 1H), 787(d. J=64Hz 1H),7.69(d. /=64 Hz, 1H),6.71{d, /=52 Hr, 1H), 4.00 (s,
3H), 3.79-3.71 (m, 2H), 3531 (d. J= 108 Hz, 3H), 3.27-3.07 {m, 4H), 2.75 (d, /= 1.6 Hz,
3HD, 1.95-1.87 (o, ZH), 1.73-1.60 (m, 4H).
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Example 38
Synthesis of 8-methoxy-4-{ 7-(S-methylsulfonimidoyD-2,7-diazaspiro[4. 4 {nonan-2-y1)-1,7-
naphthyvridine
NH

1
\S'\

&

%

/ =
\/zi:g)

j
N

Z

)

(3]

Step 1: fers-butyl 8-(8-methoxy-1,7-naphthyridin-4-yi)-2,8-diazaspire[4.5ldecane-2-

carboxylate

-
V/
P

%
Y

N

BocN
{8332 The title compound was synthesized by proceeding analogously as described in
Example 1, Step 4 except 4-chloro-8-methoxy-1,7-naphthyridine (250 mg, 1.285 mmol}
10 and tert-butyl 2,7-diazaspirof4.4jnonane-2-carboxylate (436 mg, 1.92 mmol} were used and
stirred avemight at 130 °C. ferf-Buiyl 7-(8-methoxy-1, 7-naphthyridin-4-y1)-2.7-

diazaspirof4.4 jnonane-2-carboxviate {423 mg. 85%) was obtained as a vellow oil.

Step 2: 4-12,7-Biazaspiro{4.4|nonan-2-yi-8-methoxy-1,7-naphthyridine

{83331 The title compound was synthesized by proceeding analogously as described in

[
(94

Example 35, Step 2 except fert-butyl 7-(8-methoxy-1,7-naphthyridin-4-y1)-2.7-
diazaspirof4.4nonane-2-carboxvlate (220 mg. 0.57 mumol) was used. 4-{2,7-
diaraspirol4.4inonan-2-vi}-8-methoxy-1,7-naphthyridine (380 mg, crude} was obtained as a

yvellow solid.
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Step 3¢ (fert-butyldimethylsilyD(({8-(8-methoxy-1,7-naphthyridin-4-yi}-2,3-diazaspiro-
[4.5ldecan-2-yll(methyDoxo-lambdaé-sulfanylidene)lamine
0
N N\
N

[6334] The title compound was synthesized by proceeding analogously as described in

5 Example 32, Step 3 except 4-[2,7-diazaspirol4 4jnonan-2-y1]-8-methoxy-1, 7-naphthyridine
{135 mg, 0.545 mumol) was used. {tferi-butyidimethyistiy{{{7-(8-methoxv-1,7-naphthyridin-
4-913-2,7-diazaspiro{4 4 Joonan-2-vij{methyoxo-lambdad-suifany hideneamine (82 mg,

319} was obtained as a vellow solid.

Step 4: B-Methoxy-4-(7-(S-methyisulfonimideyl)-2,7-diazaspire|4.4]nonan-2-yi}-1.7-
10 naphthyridine

o

{8335]  The title compound was synthesized by proceeding analogously as described in
Example 32, Step 4 except {tert-butvidimethyisilvi){] 7-(8-methoxy-1, 7-naphthvridin-d-vi)-
2.7-dtazaspiro{4.4jnonan-2-y1j{methyljoxo-lambdat-sulfany lideneJamine (77 mg, 0.16

15 mmo) was used. The crude product was purified by prep-HPLC with the following
conditions: {Coluran: YMC-Actus Triart C18 ExRS Columm, 30%130num, 5 pm; Mobile
Phase A: Water{10mmol/L NH4HCOs), Mobile Phase B: ACN: Flow rate: 60 mL/min;
Gradient: 3% B t0 33% B in 7 min; Wavelength: 254/220nm; RTH{min): 6.97). The fractions
containing the desired product were combined and lvophilized to give §-methoxy-4-(7-(S-

20 methvisulfoninudoyi}-2,7-diazaspirof4.4 nonan-2-y13-1, 7-naphthyridine (22.1 mg, 37%) as a
white solid. MS (ESL, pos. ton)y m/z: 362.1 (M+1). 'H NMR (400 MHz, DMSG-ds, ppm} §
843(d, J=534Hz 1), 7.87(d, J=61He, 1H), 767{dd, J=63, 25 Hz, 1H}),671(d, /=
5.5 Hz, 1H), 4.00 (s, 3H), 3.79-3.60 (m, 5H), 3.29-3 16 (m, 4H), 2.81 {(d. /=1 6 Hz, 3H),
2.11-1.89 (im, 4H).
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Example 39
Svnthesis of 8-methoxy-4-{2-(S-methylsulfonimidoy)-1,2,3 4-tetrahy droisoquinohin-7-y1)-

{,7-naphthvridine

5 Step I tert-Butyl 7-(8-methoxy-1,7-naphthyridin-4-yi}-3,4-dihydro-1 H-isoguinoline-2-

carboxylate

{83361 The title compound was synthesized by proceeding analogously as descobed in

Example 33, Step | except 4-chloro-8-methoxy-1,7-naphthyridine (300 mg, 1.54 mmol) and
10 tert-butyl 7-{4,4.3, S-tetramethyvi-1,3, 2-dioxaborolan-2-y1}-3 4-dihy dro-1 H-isoquinoling-2-

carboxviate (664 mg, 1.85 mmol) were used. ferr-Butvl 7-(8-methoxy-1,7-naphthyridin-4-vi)-

3 4-dihwdro- i H-soquinoline-2-carboxylate (793 mg, crude) was obtained as a vellow ail.

Step 2: 8-Methoxy-4-(1,2,3 4-tetrshydroisoguinolin-7-yl}-1,7-naphthyridine

[
¥4

{6337} The title compound was synthesized by proceeding analogously as described in
Example 35, Step 2 except feri-butyl 7-(&8methoxy -1, 7-naphthyridin-4-y1}-3 4-dihvdro-1H-
isoquinoline-2-carboxylate (760 mg, crude} was used. &-Methoxy-4-(1,2,3.4-

tetrahydrotsoquinalin-7-yi)-1.7-naphthyridine (1.69 g, crude} was obtained as a yellow oil.

140



o

10

WO 2025/117697 PCT/US2024/057687

Step 3¢ 4-2-(N-{fere-Buiyldimethylsilyl)-5-methylsulfonimidoyi}-1,2,3,4-tetrabydro-
isoguinolin-7-y)-8-methoxy-1,7-naphthyridine

{63381 The title compound was synthesized by proceeding analogously as described in
Example 32, Step 3 except 8-methoxy-4-(1.2,3 4-tetrahvdroisoquinolin-7-v}-1,7-
naphthvridine (1.59 g, crude) was used. 4-(2-(N-{ferf-butyldimethylsilyi}-S-
methvisolfonimdoyly-1.2,3 4-tetraby droisoquinolin-7-y1}-8-methoxy-1, 7-naphthvridine (422

mg, 16%) was obtamed as a brown solid.

Step 4: 8-Methoxy-4-(2-(S-methylsulfenimideoyl}-1,2,3 4-tetrahydroisoquinelin-7-yi)-1,7-
naphthyridine

{83391 The title compound was synthesized by proceeding analogously as described in
Example 32, Step 4 except 4-(2-(N-(tert-butyldunethyisilyD-S-methyl-sulfonimidovi)-

1.2.3.4-tetrahy drotsoquinehin~7-yI-8-methoxy -1, 7-naphthyridine (150 mg, 0.31 mmeol) was

used. The crude product was purified by prep-HPLC with the following conditions: {Columm:
YMC-Actus Triart £18 ExRS Column, 30*150mm, 5 um; Mobile Phase A: Water(10mmol/L
NHHCO;:), Mobile Phase B ACN; Flow rate: 60 mi/min, Gradient: 18% B0 39% Bin 7
min; Wavelength: 254/220nm; RT1{min}: 6.6) to afford &-methoxy-4-(2-(8-
methylsulfonimdoyiy-1,2,3 4-tetrahy droisoquinolin-7-yi}-1, 7-naphthyridine (38.7 mg,

33%) as a while solid. MS (ESI, pos. ion) m/«; 365 1 (M+1). "H NMR. (400 MHz, DMS30-ds,
prmy 6898 {(d..J=4.4Hz {H). 812-8.05 (m, 1H), 7.72-7.66 {m, 1H). 7.41-7.35 (m. 38).
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731¢d, J=0.1Hz 1H) 446(d J=24Hz 2H), 410 (s, 3H), 3.77 {(d, /= 1.9 Hz, 1H), 3.59-
342 (m, 2H), 3.05-2.97 {m, 2H), 2.84 (. J = 1.6 Hyz, 3H).

Example 40
Svnthesis of 8-methoxy-4-{2-{S-methyisulfonimidov])-1.2 3 4-tetrahy droisoguinohin-7-y1)-

pyridof3.4-djpyrnmidine

A

“~
é}i;m .

Step 1 tert-Butyl 7-[B-methoxypyride3,4-dlpyrimidin-4-yi}-3,4-dihydro- 18-

isoguinsline-2-carboxylate

10 [6340] The title compound was synthesized by proceeding analogousty as described in
Example 33, Step 1 except 4-chloro-8-methoxy pyrido[3,4-dpyrimdine (300 mg, 1.53 nunol)
and fert-butyl 7-(4,4.3 5-tetramethyi-1,3,2-dioxaborolan-2-vi)-3,4-dihv dro- | H-isoquinoline-
2-carboxviate (664 mg, 1.85 mmol) were used. rert-Butyl 7-[8-methoxypyrido{3.4-
dipyvrnimidin-4-yi}-3,4-dihydro-1 H-isoquinoline-2-carboxylate (407 mg, 67%) was obtained as

13 ayellowsohid.

Step 2: 7-{8-Methoxypyrido[3.4-d]pyrimidin-4-yi}-1,.2,3,4-tetrahydroisoquinaiine

{6341} The title compound was synthesized by proceeding analogously as described in

Example 35, Step 2 except tert-butyl 7-{8~-methoxypyrido[3,4-dfpy rimidin-4-v1i-3.4-dihvdro-~
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I H-isoguinoline-2-carboxylate (387 mg, $.98 mmol) was used. 7-{8-Methoxypyrido{3,4-
dipyrimidin-4-yii-1,2.3,4-tetrahy drowsoquinoline {1.00 g, crude} was obtained as a yellow

sohd.

Step 3: (ferr-ButyldimethylsilyD}l(7-18-methoxypyrida]3,4-d lpyrimidin-4-yi|-3.4-dihydro-

1 H-isoguinolin-2-y{methyljoxo-lambdas-sulfanylidenejamine

[0342] The title compound was synthesized by proceeding analogously as described in
Example 32, Step 3 except 7-{8-methoxvpvrido|3.4-d|py rimidin-4-y1}-1,2,3 4~
tetrabydrotsoquinoling (500 mg. crude} was used. {fer-ButvidimethvisilyH{{7-|8-methoxy-
pyrido]3.4-djpyrimidin-d-v1]-3,4-dihvdro- I H-soquinohn-2-y D(methvDoxo-lambdad-

sulfanylidenejamine (79 mg. 9%} was obtained as a yellow selid.

Step 4: 8-Methoxy-4-(2-(S-methybsalfonimidoyl}-1,2,3 4-tetrahydroisoquinolin-7-yi}-
pyride[3,4-dipyrimidine

{8343} The title compound was synthesized by proceeding analogously as descrbed in
Example 32, Step 4 excepi (feri-butyldimethy sty }[(7-{ 8-methoxypvridof3,4-d|-py rimudin-
4-y1}-3.4-dihy dro- 1 H-isoquinolin-2-vI{methvDoxo-25-sul fany hidene jamine (69 mg, 0.143
mmol) was used. The crude product was purified by prep-HPLC with the following
conditions: {Column: XBridge Prep Shield RP €18 Column, 30156 nun, 5 ym: Mobile
Phase A: Water (10mmol/L NH.HCG:), Mobile Phase B: ACN; Flow rate: 60 mb/mun;
Gradient: 9% B 10 39% B n 7 man; Wavelength: 254/220mm: RT1H{min): 6.7). The fractions

containung the desired product were combined and vophilized to give §-methoxy-4-(2-(S-
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methvisulfoninmidovi}-1,2,3 4-tetrahy droisoquinolin-7-y Dpyridof 3 4-dlpyrimidine (46.4 mg,

85%) as a white solid. MS (ESI, pos. ion) mvz: 370.1 (M+1). 'H NMR (400 MHz, DMSG-ds,

ppm)d 945 (s, TH), 824 (d. J=6.0Hz 1H), 7.68-7.61 (. 2H), 7.52(d, /= 6.0 Hz, 1H),

743(d, /=84 Hz 1H) 449¢d, /=21 Hz 2H) 413 (s.3H). 378 (d, /= 1.8 Hz. IH), 3.5%
5 ~342(m, 2H), 3.04 (1, =60 Hz 2H), 2.85(d, .J= 1.7 He, 3H}.

Example 41, 42 and 43
Synthesis of evclopropyl(3-{{{8-(fluoromethoxy)-1,7-naphthy ndin-4~y Hoxy ymethy Dpheny -
{imino)-lambdat-sulfanone and (R)-cvclopropyi(3-({{(8-(fluoromethoxy -1, 7-naphthy ridin-4-
vioxy ymethyliphenyl}(iming }-lambdat-sulfanone and (8)-cvclopropyi(3-{({{8-

10 (fluoromethoxy 31, 7-naphthyridin-d-yoxyymethy Dpheny Dinino j-lambdatd-sulfanone

Step 1: 3-{Cydlopropylsuifanylibenzoic acid
HO._.0

B¢
L
§
AN
[8344] To amixture of 3-sulfanylbenzorc acid (20.90 g, 129.72 mamol, 1.0 equiv) in DMSO
15 {200 ml) were added and bromocyclopropane (23.54 g, 194 57 nunol, 1.5 equiv) and
potassium feri-butoxide (36.39 g, 32429 numol, 2.5 equiv). The reaction mixture was stirred
at 830 °C for 24 h. After cooling down to room temperature, the reaction mixture was difutad
with water, adjusted the pH o 5 with | N HCI {aq} and extracted with EtOAc. The combined
organic lavers were washed with brine, dried over anhydrous sodium sulfaie and filtered. The
20 filirate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluted with EiQAc / PE (40.60) to afford 3~

{cyclopropvisulfanvhbenzoic acid (20.00 g, 69%) as a colorless ail.

Step 2: (3-(Cyclopropyisulfanylphenyimethanol
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[8345]  To asolution of 3-(eyclopropylsulfanylibenzorc acid (24.0 g, 117.37 mumol. 1

equiv} in THF (250 mi) was added lithium alununum hydride (110 mL, 2 equuiv. 2 M in

THE) at 0 °C. The resulting mixture was stirred overnight at room

(]

temperature under nitrogen atrmosphere. The reaction mixture was quenched with saturated
ammonium bicarbonate solution ai 0 °C and extracted with EtOAc. The combined organic
lavers were washed with brine. dried over anhydrous sodium sulfate and filtered. The filtrate
was concentrated wnder reduced presswure. The residue was purified by silica gel colunn
chromatography, eluted with EtOAc/ PE (10:90) to afford (3-(cyclopropyisulfanyi)-

10 phenvhmethanol (20.0 g. 86%) as a yellow oil.
Step 3: 2-(Fluoromethoxy)-3-nitropyridine

L

.

o
N/;\\ NGO,

J

[8346] To asolution of 3-nitropyridin-2-of (65.00 g, 463 96 mumol, 1.0 equiv) in DIMF (650

mb) were added DIEA (242 mL, 1.39 mol, 3.0 equiv} and bromofluoromethane (104 40 g,

oy
W

927.92 mmol, 2.0 equiv). The resulting mixiure was stirred at 80 °C {or 16 h. After cooling
down to room texnperature, the reaction mixture was diloied with EtQAc and filtered. The
filtrate was washed with H2O and brine. The organic layer was dried over anhvdrous sodium
sulfate and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluted with EtOAc / PE (1:4) to afford 2-(fluoromethoxy 33~

20 nitropyridine (1631 g. 16%) as avellow oil.
Step 4: 2-(Fluoromethexy jpyridin-3-amine

F

N

Q

S N2

L
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~

{8347} To asolution of 2-(fluoromethoxy )-3-nitropyridine (16.31 g, 92.96 mmol, 1.0
equivy in MeOH (200 mL) was added Pd/C (4.20 ¢, 11,15 ramol, 0.2 equiv). Afler stirring
overnight at room teraperature under hvdrogen atrnosphere by using a hvdrogen baltoon, the
reaction mivture was filterad through a Celite pad and concentrated under reduced pressure o
afford 2-{flucromethoxy ypyridin-3-amine (12.30 g, crude) as a yellow oil, which was used in

the next step directly without further purification.

Step 3¢ S-{{2-(Fluoromethoxypyridin-3-vi)amine methylidene)-2,2-dimethyl-1.3-

£
. o ,0\%‘
N)\\\./;E\’j\r'o
T

[0348] To asolution of 2~(fluoromethoxy)pyridin-3-amine (12.00 g, 84.42 mwol, 1.0

dioxane-4,6-dicne

equiv} in ACN (150 mL} were added 2.2-dimethy}-1.3-dioxane-4.6-dione (15.82 ¢, 109.75
mmol, 1.3 equiv) and fnimethoxymethane {12.54 g, 118.20 mmol, 1.4 equiv}. The reaction
mxture was stirred ai 80 °C for 2 h. Afier cooling down to room temperature, the resulting
mixture was diluted with PE. The precipitate was collected by filtration and washed with PE
to afford 3-{{{2-{fluoromethoxy ¥pyridin-3-vhaminoymethviidene)-2 2-dimethyi-1,3-dioxane-

4 6~dione (22.21 g, 87%) as a brown solid
Step 6: 8-(Fluovemethoxy)-1,7-naphthyridin-4-ol

F

o
N =X ’N\
ii\*‘/ \4;
ox

{33491 A mixture of 5-({(2-(flucromethoxy jpvridin-3-vhaminoymethvhidene)-2.2-dimethy!-
I, 3-dioxane-4,6-dione (22.00 g, 54.01 mmol, 1.0 equiv} in diphenyl ether (200 mb) was
stirred at 225 °C for 1.5 h. After cooling down 1o romm temperature, the reaction mixture was
diluted with PE. The precipitate was collected by filtration, washed with PE and purified by
silica gel column chromatography, eluted with MeOH / BDCM (7:93) lo afford &-

{(fluoromethoxy -1, 7-naphthvridin-4-ol {1.81 g, 17 %} as a brown solid.
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Step 7t 4-(3-(Cydlopropylsulfanyl)phenylmethexy)-8-(fluoremethoxy)-1,7-
naphthyridine

[6356] To a solution of 8-{fluoremethoxy)-1,7-naphthynidin-4-0l (1.00 g, 5.15 nwool, 1.0
equiv) in toluene (10 mb) were added 2-(tnbutyl-lambdas-phosphanevlidene)acetorutirile
{(2.49 g, 10.30 mmol, 2.0 equivy and (3-{cyclopropylsuifanyliphenylymethanol (1.39 g, 7.72
mmol, 1.5 equuv). The resulfing mixture was stitred at 130 °C for 2 b under No atrosphere.
After cooling down 1o room temperature, the reaction mixture was concentrated under
reduced pressure and purified by silica gel column chromatography, eluted with EtOGAC/PE
{53:47) to afford a crude product, which was further purified by reversed-phase CombiFlash,
eluted with ACN/HL0 (67:33) to afford 4-((3-~(cvclopropylsulfanylphenyDimethoxy )-8~

{fluoromethoxy)-1,7-naphthvridine (350 mg, 29%}) as a vellow sohid.

Step 8: Cyclopropyl(3-{{{8-(flusromethoxy)-1,7-naphthyridin-4-yhoxy methylphenyi)-

(iminolambdas-selfanene

gA

-

/\irs‘;‘?NH
%

-

o
oY
Nz N'/
¢N
]
F
{8351} To asolution of 4-{(3-{cyclopropylsulfanyiphenyiimethoxy)-8-(fluoromethoxy -
1. 7-naphthyridine (5350 mg, 1.53 mmol, 1.0 equiv) in MeOH (10 mL} were added

{acetvloxy(phenyl}-lambda3-iodanyl acetate (1.49 g, 4,62 mmol, 3.0 equiv) and ammonium

carbamate (481 rg, 6.17 numol, 4.0 equiv). After stirring at room temperature for 2 b, the
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resulting mixture was concentrated under reduced pressure. The residue was purified by
reverse phase flash, eluted with ACN/HO (43:57) o afford cyclopropyi{3-({{8-
{(fluoromethoxy)-1,7-naphthyridin-4-vhoxy)methy Dpheny Dinmunoj-lambdaG-sul fanone (450
mg. 75%?} as a brown solid. MS (ESI, pos. ton) m/z; 388.1 (M+1); 'H NMR (400 MHz,
DMSO-ds, ppm) 6 8.88 (d,.J=52Hz, 1H), 816 {d, =56 He, 1H), 809 (s, 1H), 7.92{d, J =
ToHz 1H)L786(d, J=76Hz, 1H)., 7.76 (4, 7=56Hz [H), 769, /=76Hz, IH), 745
(d. J=52Hz, 1H), 638 (s, 1H}). 6.25 (s, 1H}. 5.57 (s. 2H}. 4.29 (s, 1H}, 2.73 - 2.63 (m. [H),
P15 - 1.03 (m, 1H), 1.04 - 0.83 (m, 3H).

[0352] °F NMR (376 MHz DMSO-ds, ppmm) §-155.95 (s, 1 F).

Step 90 (R)3-Cyclopropyi3-(((8-{fluersmethoxy)-1,7-naphthyridin-4-yhoxy ymethyl-
phenyhi(imino)-lambdat-sulfanone and (8)-cyclopropyi(3-({(8-(usromethoxy)-1,7-

naphthyridin-4-yiexymethyhphenyi)iming-lambdaé-sulfanone

1Y AN
,/‘\\\\’VS /‘;\\ ‘S
| Twio | @
2 -
[¢] )
N\%N/’ N\(f;)\Nf

{83831 The raceric evclopropviG-({({8-(fluoromethoxy -1, 7-naphthyndin-4-
yhoxymethylj-phenylimino-lambdad-sulfanvione (498 mg, 1 28 mmol}y was purified by
chiral SFC with the following conditions {Column: CHIRAL ART Amylose-C NEQ 3*25
cm, Sum: Mobile Phase A: €02, Mobile Phase B IPA(1%-2M-NH;-MeOH); Flow rate: 100
mb/roi; Gradient: 1socratic 48% B: Coluwron Temperature(°C): 35: Back Pressure(bar)y, 100;

Wave Length: 220 nm; Sample Solvent: MeOH: Injection Volume: 3 mL) to afford two

fractions.

[0384] Fraction 11 (R)-cyvelopropyl{3-{(({(8-(fluoromethoxy)-1,7-naphthyridin-4-

vlosy wnethy-phenyh(imino-larnbdad-sulfanone (180 mg, 35%) as an off-white solid.
RTL: 7.12 min, M8 (ESL pos. ton) n/z: 388.1 (M~+1). 'H NMR (400 MHz. DMSO-ds, ppm) &
88&(d, J=52Hz 1H), 816(d J=56Hz 1H), 809 (s, 1H), 792 {d, J=T7.6 He, 1H), 7.86
(d,J=76He, 1HLT7.76{d, J=56Hx 1H), 769, J=76Hz, 1H.L743(d, /=52 Hzx
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1H), 6.38 (s, 1H), 6.25 (s, 1H), 5.57 (s, 2H), 4.29 (s, 1H), 2.73 - 2.63 (m, 11D, 1.15 - 1.03 (m,
TH), 1.04 - 0.83 (m, 3H).

[0355]  F NMR (377 MHz DMSO-ds, ppm) 6 -155.94 (s, 1 F).

{6356]  Fraction 2: (S)-cyclopropy(3-{{{8-(fluoromethoxy -1 . 7-naphthvridin-4-

2

yhoxvimethyl}-phenyli{inuno)-lambda6-sulfanone (178 mg, 35%) as a yellow solid. RT2:
1018 min, MS (ESI, pos. ion) m/z: 388 1 {M+1). 'H NMR {400 MHz, DMSO-ds, ppim) &

$ 88 (d,J=S2Hz 1H). 8§16 (4. J = 5.6 Hz, 1H), 8.09 (s. 1H), 792 (d. /=7 6 Hz, 1H), 7.86
(d.J=76Hz, 1H),776{(d, J=56Hz IH), 7695 J=76Hz IH), 745 (d, /=52 Hz,
TH), 638 (s, 1H), 625 (s, 1H), 5.57 (s, 2H), 4.29 (5, 1H), 2.73 - 2.63 {m, 1H}, 1.15 - 1.03 (m,
10 1TH), 1.04 - 0.83 {m, 3H).

[0357]  1F NMR (377 MHz, DMSO-ds, pp) 6 -155.95 5, 1 F).

Example 44
Svnthesis of &-methoxy-4-{2-(S-methylsulfonimidoy]}-2 6-diazaspire(3.4joctan-6-v1)-1,7-

naphthyridine

Step 1: fert-buiyl 6-(8-Methoxy-1,7-naphthyridin-4-yi)-2,6-diazaspire(3.4)octane-2-

carboxylate

{33581 To asohion of 4-chloro-8methoxy-1,7-naphthyridine (250 me, 1.28 mmol. 1.0
20 equiv ) in NMP (8 ml) were added DIEA (498 mg, 3 85 munol, 3.0 equiv) and feri-butvl 2.6~

diazaspiro-{3 4)octane-2-carboxylate (409 mg, 1.92 mmol, 1.5 squiv). The reaction mixture
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was stirred at 130 °C for 2 h. After cooling down 1o room temperature, the resulting mixture
was purified by reverse phase column chromatography, elated with ACN/FL0 (45:535) to
afford rerf-butyl 6-(8-methoxy-1,7-napbthyridin-4-v1)-2.6-diazaspiro(3.4yoctane-2-

,

carboxvlate (420 mg, 88%;) as a brown solid.

Step 2t 4-(2,6-Diazaspiroe(3.4)octan-6-yi}-8-methoxy-1,7-naphthyridine

o

N /L\

Ny

N
{33591 To asolution of fers-buty! 6-(8-methoxy-1,7-naphthyridin-4-v1)-2.6-
diazaspiro(3.4Joctane-2-carboxylate (400 mg, 1.08 mmol, 1.0 equav}) in DCM (10 mL) were
added lutidine (115 mg, 1.08 omol, 1.0 equiv) and TMSOTE (719 mg, 3.24 mmol. 3.0 equav}.
After stirring at room temperature for 1 h. the resulting muxture was concentrated under
reduced pressure to afford 4-(2.6-diazaspiro(3 4joctan-6-y1)-8-methoxy -1, 7-naphthyriding
{400 mg, crude) as a brown solid, which was used in the next step directly without further

purification.

Step 3: (ferr-buiyl DimethylsilyD({(6-(8-methaxy-1,7-naphthyridin-4-y1)-2,6-
diazaspiro(G4i-octan-2-yhiimethyhoxe-lmnbdas-suifanviidene ) amine

o

N/J{yN\,
(,N
o
o, N

S -T8S
{83601 To asolution of Ph:PO (926 mg, 3.33 mmol. 3.0 equiv) in BCM (10 mL) was added
(COCH (450 mg, 3.55 mmol, 3.2 equiv). The reaction mixtwre was stirred at 0 °C for 0.5 h
under nitrogen atmosphere. DIEA (1.43 g. 11.10 mumol, 10.0 equiv) was added, the resulting
mixture was stirred at ¢ °C for 10 min. N-(ferr-butyl Dimethyisilvlimethanesulfonamide (348
mg, 166 mmol, 1.5 equivy was added and the mixture was stirred at © °C for 20 min before

being added to a mixture of 4-(2,6-diazaspito(3 4)octan-6-y1}-8-roethony -1, 7-naphthvridine
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(300 mg, 1.11 mmol, 1.0 equiv) and DIEA (1.43 mg, 11.10 mumol, 10.0 eguivy in DCM (10

mL) at 0 °C under nitrogen atmosphere. After stirnng for 0.5 h at room temperature under

nitrogen atmosphere, the resulting mixture was concendrated under reduced pressure. The

residue was purified by reversed phase flash, eluted with ACN/H20 (72:28) to afford (rert-
5 bulyldimethylsilyD((6-(8-methoxy-1,7-naphthy ridin-4-y1)}-2 6-diazaspiro{3. 4 yoctan-2-

v methvDoxo-lambdat-sulfanylideneyanune (350 mg, 40%) as a brown oil.

Step 4: 8-Methoxy-4-(2-(S-methyisulfonimidoyl)-2,6-diazaspire(34Joctan-6-yij-1,7-
naphthyridine

10 [8361] To asolution of (fers-buty ldimethyisilvD{{(6-(8~-methoxy-1, 7-naphthyridin-4-yi)-
2,6-diazaspiro3.4joctan-2-vHi{methy Doxo-lambdat-sulfanylidene yjamine (300 mg, 0.39
mmol, 1.0 equiv) in DMF (5 mL} was added formic acid (0.2 mL, 25% (v/v}). After stirring
at room ternperature for 10 min, the resulting mixture was concentrated under reduced
pressure to afford crude product, which was further purified by prep-HPLC with the

1§ following conditions (Columm: YMC-Actus Triart C18 ExRS Column, 307130 rom, Sy
Mobile Phase A: Water (10 mmol/L NHHCO3), Mobile Phase B: ACN; Flow rate: 60
mb/nun: Gradient: 3% B 10 26% B in 7 nun. Wave Length: 254 nm / 226 nm; RT: 6.95 nun}
to afford 8-methoxy-4-(2-{8-methylsulfonimidoyi}-2 6-diazaspiro(3 4)octan-6-yh-1,7-
naphthyridine {50 mg, 37%) as an off-white solid. MS (ESL, pos. ion) m/z; 3481 (M+1).'H

20 NMR {400 MHz, DMSO—@’@,ppm) 6843(d F=36Hz 1H)L782(d J=60Hz IH). 765
(d, /= 6.4, TH). 6.73 - 6.67 (m, 1H), 400 (s, 3H). 3.91 - 3.80 (m, 4H). 3.75 - 3.71 (m, 2H),
366{s, 2HY, 38744, J=2.0Hz, 1H), 28%(d, J= 1.6 Hz, 3H}, 2.21 (t, J= 6.7 Hz, 2H).

¥xample 43

Synthesis of 8-methoxy-4-(6-(S-methvisuiforimidovl}-2,6-diazaspiro(3 4)octan-2-vi)-1,7-

o
W

naphthyridine
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Step 1 tert-butyl 2-(8-Methoxy-1,7-aaphthyridin-4-yi)-2,6-diazaspiro(3.4joct ane-6-
carboxylate

~o

N NS N\\ﬁ
i |
S

N
BooN
{83621 To asolution of 4-chloro-&methoxy-1,7-naphthyridine (250 me, 1.28 yumol, 1.0
equiv} in NMP (5 mL) were added DIEA (498 mg, 3.85 mmol, 3.0 equiv) and rert-butyl 2.6-
diazaspiro(3.4)octane-6-carboxylate (409 mg, 1.92 mmwol, 1.5 equiv}. The reaction mixture
was stirred at 130 °C for 2 h. After cocling down to room temperature, the resulting mixture
was concentrated under reduced pressure. The residue was purified by reverse phase flash.
elited with ACN/HO (60:40) to afford rers-buty! 2-(R-methoxy-1,7-naphthyridin-4-y13-2,6-

diazaspiro(3.4Joctane-6-carboxylate (400 mg, 34%;) as a brown sohid.

Step 2: 8-Methoxy-4-(2,6-diazaspire(3.4)octan-2-yh-1,7-naphthyridine

{6363} To asolution of eri-butyl 2-(8-methoxy-1,7-naphthyridin-4-y13-2,6-
diazaspiro{3.4)octane-6~-carboxylate (400 mg, 1.08 mmol, 1.0 equiv) in BOCM (10 mL) wers
added Lutidine (115 mg, 1.08 mmol, 1.0 equivy and TMSOTE(720 mg, 3.24 mwol, 3.0
equiv). After stirning at room {temperature for 1 h, the resulting mixture was concentrated

under reduced pressure to afford 8-methosy-4-(2,6-diazaspiro(3.4)octan-2-y1)-1,7-
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naphthyridine {350 mg, crude}, which was used in the next step directly without further

purification.

Step 3 (fert-butyl DimethyisilyD{(Z-(8-methoxy-1,7-naphthyridin-4-yi)-1,6-

diazaspiro(3.4}-octan-6-yl{methyloxo-lambdat-sulfanvlidene))amine
~

(8]
LN
L\J}J
&

o N

i ~T88

A

[6364] To asolution of Ph:-PO (926 mg, 3.33 mmol, 3.0 equiv} in DCM {5 ml) was added
{(COC, (450 mg, 3.55 mumol, 3.2 equiv} at 0 °C under mirogen atmosphere. The reaction
mixture was stirred at § °C for 30 min. DIEA (1 43 mg, 11.10 mmol, 10.0 equiv} was added
and the resulting maxture was stirred at 0 °C for 15 min. N-{ferr-

10 butyldimethyisilvDmethanesulfonamide (348 mg, 1.66 mmol, 1.5 equiv) was added and the
mixture was stirred at 0 °C for 20 min before being added to a mixture of 8-methoxy-4-{2,6~
diazaspiro{3.4)octan-2-y1}-1. 7-naphilvridine (300 mg, 1.11 mmol, 1.0 equiv) and DIEA (1.43
g, 1110 mmol, 10.0 equivy in BDCM (5 mb) at 0 °C under nitrogen atmosphere. After stirring
for 30 min at room temperature under nitrogen atmosphere, the resulting mixture was

18§ concentrated under reduced pressure and the residue was punified by reversed phase flash,
chuted with ACN/H0 (65:35) to afford (rerr-butyldimethvsily I{{{2-(8-methoxy-1.7-
naphthvridin-d-vi}-2 6-diazaspiro(3 4)octan-6-vY{methvijoxo-lambdat-sulfanyiidenehanune

(350 mp, 4%} as a brown oil.

Step 4: 8-Methoxy-4-(6-(S-methylsulfonimidoy}-2,6-diazaspire(3.4)octan-2-y1)-1,7-

20 naphthyridine
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[8365] To asolution of err-butyldimethyisilyH{{(2-(8-methoxy-1,7-naphthvridin-4-y1)-
2.6-diazaspiro(3. dyoctan-6-yH{methvloso-lambdat-sulfanviidene)jamine (300 mg, 0.65
mmol, L0 equiv) o DMF (5 mb) was added formuc acid (0.2 mb, 25%(v/v)) After sturong at
room temperature for 10 min, the resulting mixture was concentrated under reduced pressure
5 to afford erude product, which was further purified by prep-HPLC with the following
conditions: {Colunn XBndge Prep OBD C18 Column, 50%250 nun, 10um; Mobile Phase A
Water (10 mmol/L NHHCO3), Mobile Phase B: ACN: Flow rate: 60 mL/min: Gradient: 8%
B 10 32% B in 20 min; Wave Length: 254 nm / 220 nm; RT: 2033 min} to afford 8-methoxy-
4-(65-(S-methylsulfon-imidovi)-2,6-diazaspiro(3 4)octan-2-yi}- 1, 7-naphthyridine (96 mg,

10 42%) as an off-white solid. MS (ESL pos. ion) m/z: 3481 (M+1). H NMR {400 MHz,
DMSO-ds, ppm) 6 8.44 (d, =52 Hz, 1H), 788 (d, /= 6.0 Hz, 1H), 738 (d, /= 6.0 Hz, 1H),
647 {d, J=S2Ha, 1, 435432 (m, 2H), 427 (d. /= 8.0 He, ZH), 4.00 (s, 3H). 3.66 {5,
PHD, 3.50 - 342 (on, 2H), 332 - 320 (. 2H), 2 82(d. J= 1.6 Hz, 3H), 220 (1, J= 6.8 Hz,
2H).

W

Example 46
Synthesis of {({1-(8-ethoxy-1,7-naphthyridin-4-y}-4-hydroxy piperidin-4-y Dmethy D (imine -
(methyi)- lambdat-sulfanone

HN

N

Step 1 tert-butyl 4-Hydroxy-d-((methybulfanyDmethylpiperidine-1-carboxylate

/
HEG, /8

)
20 Boc
[8366] To asolution of ferr-butyl 1-oxa-6-azaspirof2. S)octane-6-carboxyiate (5.56 g, 24 49
mmol, L0 equiv) in EtOH (50 mL) was added sodiummethanethiolate (85 84 g, 24499

mmol, 10.0 equiv, 20%p at 0 °C. Afier stirting at room temperature for 2 I, the resulting
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solution was concentrated wnder reduced pressure. The residue was purified by silica gel
column chromatography, eluted with EtOAc / PE (25:75) to afford rerr-butvl 4-hvdroxy-4-

{{methylsulfaovDmethvhpipendine- | -carboxylate {(6.47 g, 93%) as colorless ol

Step 2: 4-{(MethylsulfanyDmethyl)piperidin-4-of hydrochloride

4

o,

o)

N e

(9

[6367] A solution of rert-butyl 4-hy droxy-4-((methylsulfanyhmethyUpiperidine-1-
carboxvlate (24,00 g. 91.82 mmol, 1.0 equiv) in 4 M HCl in 1 4-dioxane (200 mbL} was
stirred at room temperature for 2 h and was concentrated under reduced pressure {o give 4-
{({methylsulfany)-methypiperidin-4-ol hydrochloride (19.00 g, crude) as a white solid. 'H

10 NMR (400 MHz, DMSO-ds, ppmi} 6 3.12 - 2.94 (m, 4H), 2.60 (s, ZH), 2.12 (s, 3H), 1.83 -
1.65 (m, 4H).

Step 3o 5-(((2-Ethoxypyridin-3-yiaminomethylidene}-2.2-dimethyl-1,3-disxane-4,6-

k 0s.,0./
1

i N, O
N ~ d
!

N

[#368] A solution of 2-ethoxypyridin-3-amine {2.00 g, 14.47 mmol, 1 equiv), 2.2-dimethyl-

dione

[
(4

I.3-dioxane~-4, 6-dione (2.7 g, 18.82 mmol, 1.3 equiv) and trimethoxymethane (2.15 g, 20.26
mmol, 1.4 equivyin ACN (30 mL) was stitved at 80 °C for 2 h under N; atmosphere. After
cooling down to room temperature, the mixture was diluted with PE. The resulting precipitate
was filtered and washed with PE to afford 5-{{{2-ethoxy pyridin-3-yljamino)methviidene)-

20 22-dimethvi-1,3-dioxane-~4,6-dione (4.20 g. 99%;) as a black solid.

Step 4: 8-Ethexy-1,7-naphihyridin-4-ol
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[6369] A solution of 5-({{2-ethoxypyridin-3-ylamino)methylidene)-2, 2-dimethyi-1,3-
dioxane-4,6-dione (4.10 g, 14.03 mmol} in dipheny] ether (40 mL) was stisred at 225 °C for
1.5 b After cooling down 1o room temperature, the mixture was dituted with PE. The
precipitate was collected by filiration, washed with PE (200 mL) and purified by reversed
phase flash, eluted with ACNMHO (32:68) 1o afford 8-ethoxy-1,7-naphthvridin-4-ol {552 mg,

20%) as a brown solid.

Step 8¢ 4-Chlore-8-ethoxy-1,7-naphthyridine

J
NS Ny
&
{83701 To asolution of &-ethoxy~1, 7-naphthyridin-d-ol (200 mg, 1.05 mmol, 1.0 equiv) in
toluene {5 mL) were added DIEA (271 mg, 2.10 mmol, 2.0 equiv) and POCI: (241 .83 mg,
1.57 mumnol, 1.5 equiv) dropwise. The resulting mixture was stirred at 70 °C for 2 h. After
cooling down to room temperature, the mixture was concentrated under reduced pressure.
The residue was purified by reversed phase {Tash, ehuted with ACN/H20 (41:59) to afford 4-

chloro-8-ethoxv-1,7-naphthyridine (160 mg, 45%) as a yellow solid.

Step &: 1-(8-Ethoxy-1.7-naphthyridin-4d-yi}-4-({(methylsulfanymethylpiperidin-4-ol

Y
S\

{8371}  To astured solution of 4-chloro-8-ethoxy-1,7-naphthyridine (200 mg, 0.95 mmol,
1.0 equiv) in NMP (4 mL) were added DIEA (247 mg, 1.91 mumol, 2.0 equiv) and 4-{{methyl-
sulfanylymethylpiperidin-4-ol hydrochloride (284 myg, 1.43 mmol, 1.5 equiv, from step 2) at
room temperature. The reaction mixture was stired overnight at 130°C. After cooling down
1o room femperature, the resulting mixture was punified by reversed phase flash, eluted with
ACN/H20 (3:2) to give [-(8-gthoxy-1,7-naphthynidin-4-yi)-4-

{{methvisalfanylmethylipiperidin-4-ol {180 mg, 56%} as a white solid.

PCT/US2024/057687
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Step 7: ((1-(8-Ethoxy-1,7-naphthyridin-4-yij}-4-hydroxypiperidin-4-yDmethyl(imino)-

{methyl)- lambdat-suifanoene

[6372} To astirred solution of 1-(8-ethoxy-1,7-naphthyridin-4-y1}-4-{({methyisulfanyi)-

Wi

methypiperidin-4-ol (160 mg, 0.48 mmol, 1.0 equiv) in MeOH (3 mL} were added
{acetvioxyi{(phenyl)-lambda3-iodanyi acetate (463 myg, 1.44 nuvol, 3.0 equiv) and ammonmum
carbamate (149 rug. 1.92 mwnol, 4.0 equiv) at room teroperature. After stirring at the same
temperature for 2 h, the resulting mixture was concentrated under reduced pressure and
purified by prep-HPLC (UV 254 nm / 220 nm Xbridge Prep OBD €18 Column, 19*250 mm,
16 Sum Water (10 momol/L NHLHCGO:) MeOH 23 mL/min 20% B to 40% B in 13 min, Wave
Length: 254 nm / 220 rum; RT: 12.3 min). The fractions containing the desired product were
combined and lyophilized to give (1-(8-ethoxy-1,7-naphthyridin-4-y1}-4-hydroxypiperidin-4-
yhmethyimino} methy D-lambdas-salfanone {54.1 mg, 30%) as a yellow solid. MS (EST,
pos. fon) nyz: 3651 (M+1), 'H NMR (400 MHz, DMSO-ds, ppra) 8 8.67 {d, J = 5.2 Hz, 1H),
800(d, J=60Hz 1H) 731 (d,J=060Hz 1H).7.17(d, /=52 Hz [H). 562 (. 1H), 453
- 4.44 (m, 2H), 4.03 (5, 1H), 3.46 - 3.43 {m, 1H}. 3.35-3.25 (m, 3H),3.22 - 3.11 {m. ZH},
305(s, 3H), 208 - 196 (m, 4H), 142 (t, /=72 Hz, 3H}.

[y
A

Examples 47, 48 and 49
Synthests of (1-(8-(fluoromethoxy)-1,7-naphthvridin-4-vi)-4-hyvdroxvpiperidin-4-
20 yhimethviYinuno{methyi}-lambdab-sulfanone and (FO-((3-(8-(flucromethoxy)-1,7-
naphthvndin-d-vij-4-hy droxypipentdin-4-vhmethy Dimmno)methy }-ambdat-sulfanone and
{(-((1-(B8-(Rooromethovy -1, 7-naphthyndin-4-vij~4-hy drosypipendin-4-

vhmethyiMimino)(methyvil-lambdat-sulfanone
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Step 1 4-Chiore-8-(flusromethoxy)-1,7-naphthyridine

Fo
Ny
LA

Ci
{83731 To asolution of 8-{fluoromethoxy)-1.7-naphthyridin-4-01 (2.20 g. 11.33 nunol. 1.0
equiv} in toluene (10 mL) were added DIEA {2.93 g, 22.66 mimol, 2.0 equiv) and POCL: (2.08
2. 13.59 mmol, 1.2 equiv) dropwise. The resulting suxture was stirred at 70 °C for 2 h. Afier
cooling down to room temperature, the reaction nuxture was concentraied under reduced
pressure and purified by silica gel column chromatography, eluted with EtOAc/ PE (18:82)

to afford 4-chloro-8-(Huoromethoxy 1,7 -naphthyvridine (900 mg, 35%) as a brown solid.

Step 2: 1-(8-(Fuoromethoxy)-1.7-naphthyridin-4-yD-4-((methylsulfanyDmethyl)-
piperidin-d-of

[6374] To asolution of 4-chloro-8-(fluoromethoxy}-1, 7-naphthvridine (900 mg, 4.23
ramol, L0 equiv) in NMP (10 mL) were added DIEA (1.09 g, § 46 nwool, 2.9 equiv) and 4-
{{methylthio)-methypiperidin-4-ol hydrochioride (1.02 g, 6.34 mmol, 1.5 equiv). The
resuliing mixture was stirred at 130 °C for 2 h. After cooling dovwn to room temperature, the

reaction mixiure was purified by reversed phase flash. eluted with ACN/H0 (65:35) to

[y
N
<
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afford 1-(8-(fluoromethoxy)-1, 7-naphthyvridin-4-v1}-4-({methvisulfany hmethy Dpiperidin-4-ol

{1.02 g, 63%} as brown solid.

Step 3 ((-8-(fluoremethoxy)-1,7-naphthyridin-4-yh-4-hyvdroxypiperidin-4-vlmethyl)-

(imine)(methyh-lambdat-sulfanone

Nz~ N/

Fui O
{8375}  To asolution of [-(8-(flucromethoxy }- 1, 7-naphthvridin-4-yD-4-((methvisulfanvi)-
methvDpiperidin-4-of (1.00 g, 2.96 mumol, 1.0 equiv) in MeGH (10 mL) were added
{(acetvlioxy ¥ phenyl)-lambda3-iodanyi acetate (2.86 g, .89 mmol. 3.0 equiv) and ammonium
carbamate (0.93 g, 11.85 rameol, 4.0 equiv). After stimming at room temperature for 2 h, the
resulting mixture was concenirated under reduced pressure. The crude product was purified
by reversed phase flash, ehuted with ACN/H2(O {35:65) to afford (1-(8-(fuoromeathoxy)-1,7-
naphthvridin-4-y1}-4-hvdroxypiperidin-4-vhmethy D{imino}methvi)-lambdas-sud fanone (8300
mg, 73%) as a brown solid. MS (E8I, pos. ion) nv/'z: 369.1 (M+1}. 'H NMR (400 MHz,
DMSQ-ds, ppiny 8 873 (d, J =352 Hz, 1H), 8.09(d, /=56 Hz, 1H), 7.54 (d, =56 Hz, 1H),
7.22(d.J= 5.2 Hz, 1H), 6.36 (s, 1H), 6.23 (s, 1H), 5.63 s, 1H), 4.03 (5, 1H). 3.45 - 3.46 (m.
FH)Y, 345 -3.41 (m. 2H). 334 ~331 (m, 1H), 3.26 -3.14 (m, 2H), 3.06(s, 3H), 210~ 2.02
(m. 2H), 2.02 - 1.92 (m, ZH). "F NMR (376 MHz, DMSO-ds, ppm) & -155.74 (s. 1 F).

Step 4: (B)-{{(1-(8-(fluoromethoxy}-1,7-naphthyridin-4-y)-4-hydroxypiperidin-4-
yhmethyh-(imino)methyD-lambdad-salfanone and (~((1-8-(fluoromethoxy)-1,7-
naphthyridin-4-yi)-4-hydroxy piperidin-4-yDmethyD(imine j(methyl)-lambd aé-sulfanone
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[#376] The racemic {{1-(8-(fluoromethoxy}-1, 7-naphthyridin-4-y }-4-hydroxypiperidin-4-
yDmethvDimino}methvi-lambda6-sulfancne (800 mg, 2.17 mnol) was purified by Chrial-
SFC with the following conditions (Column: Lux Sum Celiulose-4 30%250 mm, 5.0 um;
Mobile Phase A: CO», Mobile Phase B: MeOH{(1 Y%-2M-NH3-MeQGH): Flow rate: 90 m/min;
Gradient: isocratic 44% B; Column Temperature(°CY: 35, Back Pressurs(bary 100; Wave
Length: 220 nm; Sample Solvent: MEOH: Injection Volume: 3 mi.; Number Of Runs: 10} to

afford two fractions.

{83777  Fraction 1. ()-{((1-(8-(Hluoromethoxy -1, 7-naphthyridin-4-y1)-4-hy droxy piperidin-
4eyipnethyDimino(methv-lambdat-sulfanone (335.1 mg, 40%}) as an off-white solid. RTL:
947 min, MS (ESE, pos. ton} m/e: 3691 {M+1). 'H NMR {400 MHe. DMSO-ds. pom) § 8.73
(d.J=52Hz, 1H), 809(d J=36Hz 1H), 7534 (d, /=56Hz 1H}). 722{d, /=52 Hz,
1H), 636 (5, 1H)Y, 6.23 (5, 1H), 5.63 (s, 1H), 4.03 (5, 1H)}, 3.48 - 3.46 {m, 1H}, 3.45-3.41 (m,
2R, 334 - 331 (m, 13), 3.26 - 3,14 (m, 2H), 3.06 (5, 3H), 2.10 - 2.02 (m, 2H), 202~ 1.92
{m. 2H).

(83781 °F NMR (376 MHz, DMSO-ds, ppm) 6 -1585.74 (s, 1 F).

{63791  Fraction 2 (O)-({(1-{8-{fluoromethoxy}-1.7-naphthyridin-4-y1}-d-hydroxy piperidin-
4-yDmethy Dimino)(methyl}-lambda6-sulfanone (360.5 mg, 43%) as an off-white solid. RT2:
12.08 min, MS (ESL, pos. ion) vz 369.1 (M+1). 'H NMR. {400 MHz, DMSO-ds, ppm) §
873 (d.J=52Hz IH), 809(d J=56Hz, IH), 754 (d. J=5.6 Hz, 1H), 7.22(d. J= 52
Hr. 1H) 636 (s, 1H). 6.23 (5. 1H}. 5.63 (s, 1H). 4.03 (s, 1H), 348 - 3.46 (m, 1H), 3.45-3.41
(m, 2H), 3.34 - 331 {(m, 1H), 3.26 - 3.14 {m, 2H), 3.06 (s, 34y, 2.10 - 2.02 (m, 2H), 2.02 -
1.92 {m, 2H).

[0386] °F NMR (377 MHz, DMSO-ds, ppm) & -155.74 (s, 1 F).
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Example 3¢

Syuthesis of imino(4-{({&methoxy-1, 7-naphthy ridin-4-y Doxy)phenvi ¥methy1)-farabdas-

sulfanone
[\
R A
| NH
o~
ey X
N\//f/\N;’
O

S Step {: §-Methoxy-4-(4-{methylthio)phenoxy)- 1. 7-naphthyridine

O/

Y
2¢

{63811 To asolution of 4-chloro-8-methoxy-1,7-naphthyridine (150 mg, 0.77 mmol, 1.0
equiv}) in DMSO (3 miL} were added CsoCOs (5302 mg, 1.54 mmol, 2.0 equiv) and 4-
{methylthio}-phenol (216 mg, 1.54 nmunol, 2.0 equiv). The resulting mixture was stirred at 100
10 °C for 3 h. After cooling to roow temperature, the reaction mixture was diluied with H0
{100 mbL) and extracted with EtOAc. The combined organic layers were washed with brine,
dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography, eluied with

EtOACPE (3:7) to afford 8-methoxy-4-{4-{methylthiojphenoxy }- 1. 7-naphthyridine (200 mg,

pnt
L

86%) as a light-vellow sohd.

Step 2: Imino(4-({8-methoxy-1,7-naphthyridin-4-yloxy)phenyl}(methyl}-lambd ac-

suifanone
G
X S\\
| NH
o7
N\?//\N/

O\
{8382} To asolution of 8-methoxy-4-{(4-(methyithicjphenoxy)-1,7-naphthyridine (180 mg,

20 0.60 mmol, 1.0 equiv) in MeQH (3 mL) were added (acetyloxy phenyl)-lambda3-iodanyl
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acetate (582 myg, 1.80 mmol, 3.0 equiv) and ammontum carbamate (188 mg, 2.41 mmol, 4.0
equiv}. The reaction mixhwe was stirred at room temperature for 2 h. The resulting mixture
was concentrated undert reduced pressure. The crude product was purtfied by prep-HPLC
with the following conditions {{olunm: XBridge Prep OBD C18 Column, 50%250 mm,
FOumy; Mobile Phase A: Waier (10 mmol/LNHHCO:), Mobile Phase B: ACN; Flow raie: 60
mb/min; Gradient: 12% B t0 42% B in 20 min; Wave Length: 254 om/ 220 wro; RT: 21.07
min} to afford imino{4-{{8-methoxy-1,7-naphthvridin-4-voxyyphenviy(methvi)-lambdas-
sulfanone {85.8 mg, 43%) as an off-white solid. MS (BESI, pos. ion) m/z: 330.1 (M~+1}. 'H
NMR (400 MHz, BMSG-ds, ppm} 8 881 {d, J= 5.2 Hyz, 1H}, 8,16 (d, /= 5.6 Hz, 1H), 8.09 -
R01 (o, 2H), 7601 {d, J=06.0Hz, TH). 7.53-745(m, 2H), 708 (d. /=52 Hz, 1H), 430 5,
EH), .09 (s, 3H), 3.12(d, /= 1.2 Hz, 3H}.

Example 81
Synthesis of imno{3-((8-methoxy-1, 7-naphthyridin-4-yoxy ypheny{methyl)-lambda6-

sulfanone

Step 1: 3-(Methylthio}phenol

[8383] To asolution of I-methoxy-3-(methyisulfanviibenzene (5300 mg, 3.24 mmol, 1.0
equivy in DCM (10 mL) was added BBr; (873 mL, 9.72 mmol, 3.0 equiv, 1M in DCM} at ¢
“C. After sitrring at room temperature for 1 h, the resulting mixture was concentrated under
reduced pressure. The residue was guenched with H2Q (100 mbL) and extracted with EtQAc.
The combined organic {ayers were washed with brine, dried over anhydrous sodium sulfate
and filtered. The filirate was concentrated under reduced pressure to afford 3-

{methylthiophenol (400 mg, 88%) as a green oil,

Step 2: 8-Methoxy-4-(3-(methylthio)phenoxy)-1.7-naphthyridine
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o
N’J‘\/QN\
L
Q.
[}
[8384] To asolution of 3-{methvithio)phenol (108 mg, .77 mmol, 1.0 gquiv) iz DMSO 3
mb} were added CsoC35 (502 mg, 1.54 mmol. 2.0 equiv} and 4-chloro-8-methoxy-1,7-

naphthvridine (150 mg, 0.77 mimwol, 1.0 equiv). The reaction mixiure was stirred at 100 =C for

(v

3 h. After cooling down to room temperature, the reaction mixture was diluted with H:O and
extracted with EtOQAc. The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate and filtered The filtrate was concentrated ander reduced pressure.
The residue was purifiad by silica gel colunmm chromatography, ehuted with EtOA¢/PE
{44:56) to afford 8-methoxy-4-(3-(methvithio)phenoxy)-1,7-naphthvridine (200 mg, 86%) as

10 abrown solid.

Step 3 Imino(3-((8-methoxy-1,7-naphthyridin-4-yloxyphenyli(methyl}-lambd as-

’\
A AN

sulfanone

Sa
/0
A

)

N

{

N
Mo

o-—-<\

~

{6385} To asolution of 8-methoxy-4-{3-(methvithiophenoxy)-1,7-naphthyridine {200 mg,

LW

0.67 mmol, 1.0 equiv) in MeOH (5 mL) were added {acetvioxy)(pheny-lambda3-iodanyl
acetate {647 mg, 2.01 mmol, 3.0 equiv) and ammonium carbanate (209 mg, 2.68 mmol, 4.0
equiv). After stirring at room {emperaiure for 2 h, the resulting mixture was concentrated
under reduced pressure o afford crude product, which was purified by prep-HPLC with the
following conditions{Column: XBridge Prep Shield RP C18 Colunm, 36130 rom, Sum;

20 Mobile Phase A: Water (10 mmol/L WH4HC Os3), Mobile Phase B: ACN; Flow rate: 60
mb/min; Gradient: 7% B t0 32% B in 7 min;, Wave Length: 254 nm / 220 nm; RT: 7.0 min)
to atford imino(3~{{8-methoxy-1,7-napbthyridin~-4-vDoxy JphenvB{methy)-lambdad-
sulfanone (82.0 mg. 37%) as an off-white solid. M8 (ESI. pos. ion} m/z: 330.1 (M+1). 'H
NMR €400 MHz, DMSO-ds, ppmiy 6 878 (d, J= 52 Hz, 1H), 818 (d. J=5.6 Hz, 1H) 7.95 -
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7.8% (m, 1H), 7.83 - 7.75 {m, 2H), 7.68 (d. J = 5.6 Hz, 1H), 7.65 - 7.59 (m, 1H), 6.99 (d, J =
5.2 Hr, 1H), 4.37 (s, 1FD). 4.10 €s, 3F). 3.17 - 3.12 (m, 3H).

Example 52

Synthesis of {{1-(8-cyclopropoxy-1,7-naphthyndin-4-y1)-4-hy droxy piperidin-4-

(94

yhmethylimino }methyl}-lambdat-sulfanone

o

E
NJ
N 2

] N
Step 1: 2-Cyclopropoxy-3-nitropyridine
q@
N/l\

TNOZ
I P

[6386] To a cooled solution of cvelopropanol (3.07 g, 5278 mmiol, 1.5 equiv) in THF (50

o

V

10 mb) was added NaH (2.11 g, 52.78 mmol. 1.5 equiv, 60%), followed by addition of 2-flucro-
3-nitropyridine (5.00 g, 35.18 mmol, 1.0 equiv}) at 0 °C. The resulting mixture was stirred at
room {emperature for 2 h. After completion of reaction, the reaction mixture was guenched
with iee water and extracted with EtQOAc. The combined organic layers were washed with

brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under

Jomed
W

reduced pressure. The residue was purified by silica gel column chromatography, eluted with

EtOAC/PE (8:92) 1o give Z-¢cvclopropoxy-3-mitropyridine (5.50 g, 86%) as a colodess ol

Step 2; 2-Cyclopropexypyridin-3-amine

N AMH,
! P

[B387] To asolution of 2-cvclopropoxy-3-nitropyridine (5.20 g, 28 86 mmol, 1.0 equiv) in
20 MeOH (80 ml) was added Pd/C (3.07 g, 2.88 romol, 0.1 equiv. 10%) under nitrogen

atmosphere. The mixture was stirred overnight at room temperature under hydrogen
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atmosphere by using a hydrogen balloon, then filtered through a celite pad and concentrated

under reduced pressure 1o afford Z-cyclopropoxy pysidin-3-amine (3.80 g, 87%) as a grey oil,

Step 3 5-(((2-Cydclopropexypyridin-3-yhamino)methylidene)-2,2-dimethyl-1, 3-dioxane-

4,6-dione

‘A\o y o\\\\}(,e\’[’“
A NN O
Y

Qe

{33881 To astirred muxture of 2-cyclopropoxypyridin-3-amine {3.80 g, 2530 mmol, 1.0

(3

equiv) it ACN (50 mL) were added 2,2-dimethyl-1 3-dioxane-4,6-dione (5.11 g, 35.42 mmol,
1.4 equiv) and trimethoxy methane (3.76 g, 35.42 mmol, 1.4 equiv) al room temperature.
After stirring at 80 °C for 2 h, the resulting mixture was cooled to § °C. The precipitate was

10 collected by filiration and washed with PE (30 mL) to afford 5-{({{Z-cvclopropoxypyridin-3-
ylhanunoymethvlidene)-2, 2-dimethyl-1 3-dioxane-4.6-dione (6.10 g, 79%} as an off-white
solid.

Step 4: 8-Cyclopropoxy~1,7-paphthyridin-4-ol

O
N N\]
”!\\jf 7
QH

15 [0389] A solution of S-{{(Z-cvclopropoxry pynidin-3-yDaminoymethviidene}-2, 2-dimethyi-
I.3-dioxane~-4.6-dione (3.50 g, 11.50 mmol. 1.0 equiv} in diphenyl ether (35 mL.} was stirred
at 225 °C for 1.5 h under nitrogen atmosphere. After cooling down o room temperature, PE
was poured into the reaction naxture. The precipitate was coliected by filiration, washed with
PE and purified by reversed phase flash, eluted with ACN/H20 (23:77) {o afford 8-

20 cyclopropoxy-1,7-naphthyridin-4-ol (400 mg. 17%) as a white solid.

Step 8: 4-Chilore-3-cyelopropoxy-1.7-naphthyridine
AN
o
N Na
Q\/ £
Cl
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[639¢] To astirred solution of &-cyclopropoxy-1,7-naphthyridin-4-ol (380 mg, 1.87 mmol,
1.0 equivy in toluene {8 mL} were added DIEA (485 mg, 3.75 mumol, 2.0 equiv) and POCH
{432 mg, 2.81 nwuool. 1.5 equiv} at room temperature. After surting at 70 °C for 2 b, the
resulting mixture was cooled to room temperature and concentrated under reduced pressure.
The residue was purified by reversed phase flash, eluted with ACN/H0 (42:58) to give 4~

chloro-8-cyclopropoxy-1,7-naphthynidine {280 myg, 67%) as a vellow sohid.
Y CLORTOpON) POy g , 3

Step 6: 1-(8-Cyclopropexy-1.7-naphthyridin-4-yi}-4-((methylrulfanyimethyDpiperidin-
4-gl

{8391} o astirred solution of 4-chloro-8-cyclopropoxy -1, 7-naphthyridine (260 mg, 1.17
mmol, 1.0 equiv} in NMP (5 mL}) were added DIEA (304 mg, 2.35 mumol, 2.0 equiv) and 4-
{{mvethylsulfanyDmethyDpiperidin-4-ol hydrochioride (349 mg, 1.76 mmol, 1.5 equiv,
prepared as described 1n Example 46 Steps | and 2) al room feraperature. Afler sturing
overnight at 130 °C, the resulting solution was purified by reversed phase flash, eluted with
ACNH:0 (51:49) to give t-(B-cyclopropoxy-1,7-naphthyridin-4-y1)-4-

{{methylsulfanyDmethvDpipenidin-4-ol (301 mg, 73%) as a vellow sohd.

Step 7: ((1-(8-Cyclopropsxy-1,7-naphthyridin-4-yi}-4-hydroxypiperidin-4-

yhmethyli(imino-(methyl)-lambdad-sulfanone

_\>
¢
//;)——Z

NS
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[6392] To astirred solution of 1-(8-cvclopropoxy-1,7-naphthyridin-4-vi}-4-
{{methyisulfanyl)-methyDpiperidin-4-ol {130 mg, 0.43 mmol, 1.0 equiv) in MeGQH (3 mL)
were added {acetvioxy }{phenvl}-lambda3-iodanyl acetate (419 mg, 1.30 mmol. 3.0 equiv} and
ammontum carbamate {133 mg, 1.73 nunol, 4.0 equiv) at room temperature. After stirnng at
the same termperature for 2 h, the resulting mixture was concentrated under reduced presswre.
The residue was purified by prep-HPLC (Colunur XBridge Prep OBD C18 Column, 50%25¢
mm, 10um: Mobile Phase A Water (10 munol/L NH4HCO»), Mobile Phase B: ACN: Flow
rate: 60 mbL/min; Gradient: 9% B 1o 34% B in 20 min; Wave Length: 254 nm / 220 nmy, RT:
21.17 min). The fractions containing the desired product were combined and vophilized to
give (1-(8~cyclopropoxy -1, 7-naphthyridin-4-yl}-4-hvdroxy pipendin-4-

vmethy D{imino¥{methvi-lambdas-sudfanone (72.7 mg, 42%) as a white solid. MS (ESL
pos. ton) wiz: 3772 (M+1). 'H NMR (400 MHz, DMSO-ds. ppm) § 8.64 (d, F= 5.2 Hz, 1H),
8O05(d, J=60Hz 1H), 736¢(d. J=60Hz, 1H), 717(d. /=32 Hz 1H)}, 5.61 (5, 1H), 451
442 (m, TH), 402 (s, 1H). 344 (d, /J=12.0Hz 1H). 332-327 (m, 3H), 3.24 - 3.13 {(m.
2H), 3.05 (3, 3H), 2.10 -1.92 (m, 4H), 0.88 - 0.81 (m, 2H}, 0.79 - 0.73 {m, 2H).

Example 83
Synthesis of ((2-(8-methoxy-1,7-naphthyridin-4-y1)-2.8-diazaspiro{4. 5 Jdecan-8-

viymethvioxo-lambdat-sulfanvlidene)(methyamine

{63931  To asolution of 2-(8-methoxy-1,7-naphthyridin-4-y1)}-&-(S-methy Isulfonumdovl)-

2 8-cazaspiro(4. Sxdecane (80 mg, 0.21 mmol, 1.0 equiv.) m DMF (2 mL) was added NaH
(42 mg. 1.06 mmol, 3.0 equiv, 60%} at 0 °C. After stirring at  °C for 0.5 h, Mel (60 mg. 0.42
mmol, 2.0 equiv) was added. After stirring at room temperature for 1 b, the resulting mixture
was quenched with HoO and extracted with EtOAc. The combined organic lavers were
washed with brine, dried over anhydrous sodium sulfate and filtered. The filirate was
concentrated under reduced pressure. The residue was purified by Frep-HPLC with the

following conditions (Column: XBridge Prep OBD €18 Column, 30%130 mm, Sum; Mobile
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Phase A: Water {10 mmol/L NHLHCO:), Mobile Phase B: ACK; Flow rate: 60 mL/min;
Gradient: 7% B 10 37 % B i 10 min; Wave Length: 254 nm/ 220 n; RT: 9.1 min} to afford
{(2-(8-methoxy-1,7-naphthyridin-4-v1)-2 8-diazaspiro(4. S)decan-8-vDi{mmethyDoxo-lambda6-
sulfanylidene)methyDamine (22.0 mg, 26%) as an off-white solid. MS (ESL pos. ion) m/z:
390.2 (M+1). TH NMR (400 MHz, DMSO-ds, ppm) 6 8.42 (4, J =52 Hz, 1H), 7.87 (4, 7=
64Hz 1H)L7.69(d, J=64Hz 1H)L G671 (d, J=56Hzr [H), 399, 3H),379-371 {m,
2H). 3.53 (s, 2H). 3.17 - 3.03 {m. 4H). 2.77 (5. 3H). 2.46 {s. 3H), 1.96 - 1.88 (my, 2H), 1.71 -
1.67 (m, 4H).

Example 84
Synthesis of ((7-{8-methoxy-1,7-naphthviidin-4-vi)}-2, 7-diazaspiro{d 4 monan-2-

vl}{methvloxo-lambda6-sulfanvlidene}(methyliamine

[#8394] To astirred solution of 8-methoxy-4-{7-{S-methylsulfonimidoyl)-2,7-

diazaspiro{(4.4 }-nonan-2-y -1, 7-naphthyndine (42 mg, 0.11 mamol, 1.0 equiv.} in DMF (2
mb) was added NaH {8 mg, 0.34 munol, 3.0 equiv} at 0 °C. After stirring for 30 min, Mel (32
mg, .23 mmol. 2.0 equiv) was added and the nuxture was stirred for | h at room
temperature. The resulting misture was quenched with water and extracted with EtQAc. The
combined organic lavers were washed with bring, dried over anhydrous sodium sulfate and
filtered. The filtrate was concenirated under reduced pressure. The residue was purtfied by
prep-HPLC with the following conditions: {Cohumn: XBridge Prep RP OBD C18 Column,
30150 mm, Sprn; Mobile Phase A: Water (10 mmol/L NHHC O3}, Mobile Phase B ACN;
Flow rate: 60 mb/min; Gradient: 2% B 10 32% B in 10min; Wave Length: 254 oo / 220 nmy
RT: 8.9 min). The fractions containing the desired product were combined and lyophilized to
atford ((7-(8-methoxy-1.7-naphthyridin-4-v1)-2.7-diazaspiro{4. 4 nonan-2-vH(methy oxo-
lambda6-sulfanylidene){methy Damine (3.9 mg, 8%) as a white solid. MS (ESI. pos. ion) /=
376.2 (M+1). "H NMR (400 MHz, DMSO-ds, ppm) 8 842 (d. J=352Hz 1H), 786 (d. J=
6.0 Hz 1H), 7.66 {(d. J=60Hz 1H)}, 6.71 {d, J= 5.6 He, 1H), 3.99¢s, 3H), 3.75 {s, 2H),
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o]

72 - 3.59 (m, 211, 3.31 - 3.25 (m, 3H), 3.19 (s, 2H), 2.83 (&, J = 2.0 Hz, 3H), 2.50 (s, 1H),
& (5. 1H), 2.11 - 1.90 (m, 4H),

Example 88

Svathesis of cvclopropy(3-{((8-methoxy-1, 7-naphthyridin-4-v hoxyymethvphenyi)-

(94

{methylimino}-lambda6-sulfanone

CYJYAN
S A

ff“i N
o

QO

63951 To asolution of cyclopropvl{imino)(3-{({{8-methoxy-1,7-naphthyridin-4-y1joxy }-

methyviphenvij-lambdaé-sulfanone (120 mg. 0.32 mmol. 1.0 equiv.} in DMF {5 mL) was

added NaH (19 mg, 0.48 mmol, 1.5 equiv, 60%) at (°C and then the mixture was stirred at O
16 °C for 30 min. Mel {92 mg, 0.65 mmol, 2.0 equuv) was added. After stiming ai room
temperature for 1 b, the reaction mixture was quenched with water and extracted with DCM.
The combined organic lavers were washed with brine, dried over anhvdrous sodium sulfate
and filtered. The filtrate was concentrated under reduced pressure to afford crude product,
which was purified by Prep-HPLC with the following conditions (Column: XBridge Prep
OBD C18 Column, 30150 mum, Sum: Mobile Phase A: Water (10 munol/E NH.HCOs),

Mobile Phase B: ACN: Flow rate; 60 mL/min; Gradient: 13% B 1043 % B in 10 min, Wave

[
s

Length: 234 nm / 220 o ; RT: 8.5 nun) {o afford cyclopropyl(3-({({8-methoxy-1,7-

naphthvrdio-4-vDoxy ymethvDphenyD{methyliminoj-lambdaG-sul fanone (63.2 mg, 50%) as

an off-white solid. MS (ESL, pos. ion) m/z: 384.1 (M+1). "H NMR (400 MHz, DMSO-ds,
20 ppm) & 8.80 (s, 1H), 8.10 (d,J = 5.6 Hz, 1H), 7.97 (&, 7= 1.6 Hz, 1H), 7.90 - 7.84 (o, 1H),
84777 Go, IHYL 7.76 - 7.67 (o, LHD), 756 (. /=56 Hz, 1H). 7.38(d, /=52 Hz, 1H)L
55 (s, 2H). 4.06 (s, 3H), 2.79 - 2.68 {m., 1H), 2.53 (5. 3H), 1.26 - 1.13 {m, 1H}, 1.12- 1.00
{(m, 1H), 0.97 - 0.78 {m, 2H).

~3

Example 56

2
N

Synthesis of cyclopropyl(3-<(({8-methoxypyrido[3.4-d]pyrimidin-d-yDoxyymethy phenyl}-

{methylimino)-larabdas-sulfanone
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{63967 To astirred solution of eyclopropyl{imano}(3-({{B-methoxvpyridof 3. 4-djpyrimidmn-
4-yhoxy imethylphenyi}-lambdat-sulfanone (100 mg, 0.27 mmol, 1.0 equiv.) m DMFE (2
mb} were added Cs2COs (175 mg. 0.54 mumnol, 2.0 equiv) and Mel (76 mg, 0.54 mmol, 2.0

5 equiv) at room teroperature. The reaction mixture was stirred at 80 °C for 2 h. After cooling
down to room temperature, the resulting mivture was quenched with water at 0 °C and
extracted with EtOAc. The combined organic lavers were washed with brine, dried over
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure.
The residue was purified by prep-HPLC (Column: XBudge Prep RP OBD C18 Column,

10 307150 num, Spm; Mobile Phase A: Water (10 mmol/L NH4HCOz), Mobile Phase B: ACN;
Flow rate: 60 mL/min; Gradient: 20% B to 50% B i 7min; Wave Length: 254 nm / 220 nmy;
RTIH{min}. 6.4). The fractions contaning the desired product were combined and lyophilized
to give cvclopropyl(3-{{{8-methoxypyrido| 3.4-d]pyrinudin-4-

yvloxy ymethyDphenvlmethyimine-lambda6-sulfanone (1.6 mg, 1%]) as a white solid. MS

15 (ESL pos. ton) wy'z: 3852 (M+1), 'H NMR (400 MHz, DMSO-ds, ppm) § 8.92 (s, 1HD, 3.24
(d,.J=5.6He, 1H), 7.96(d,.J= 1.6 Hz, 1H), 7.86 (d, J= 7.6 Hz, 1F), 7.81 - 7.77 (m, 1H),
7.69{(t, J=76Hz, 1H), 7.55 - 7.51 (m, 1H}. 376 (5. 2H}. 4.07 (5. 3H), 275 - 2.68 (m, 1H),
2.51{s. 3H), 1.25 - 1.13 (m, 1H), 1.10 - 10O (m, 1H). 0.96 - 0.77 (m. 2H).

Fxample 87
20 Synthesis of ((4-hvdroxy-1-(8-methoxy-1, 7-naphthyridin-d-v ypiperidin-4-

vimethyi)methy-{methylimino}-lambdat-sulfanone
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{6397} To astirred solution of {{4-hy droxy-1-(8-methoxy-1, 7-naphthyridin-4-vyptperidin-
4-yDmethyBi(imino}methyD-lambdas-sulfanone {175 mg, 0.49 mmol, 1 equiv.} in DMF (S
ml} was added NaH (30 mg, 0.74 mamol, 1.5 equiv. 60%;) at 0 °C. The resulting nuxiure was
stirred at O °C for 30 min. Then Mel {77 mg. 0.54 mmol, 1.5 equiv) was added. After stirred
at room temperature for 1 h, the reaction mixture was quenched with waler at 0 °C and
extracted with EtOAc. The combined organic layers were washed with brine (2 x 50 ml},
dried over anhvdrous sodium sulfate and filtered. The filtrate was concentrated under reduced
pressure. The residue was purified by prep-HPLL with the following conditions: (Colums:
YMEC-Actus Triart C18ExRs, 30% 150 mm, Sum;, Mobile Phase A Water (10 mmol/L
NHHCO;), Mobile Phase B: ACN; Flow rate: 60 rol/onin mL/min; Gradient: 13% B to 23%
Bin 10 min; Wave Length: 254 nm/ 220 nam: RT: .6 min}. The fractions containing the
desired product were combined and lvophilized to afford ((4-hydroxy-1-(8-methoxy-1,7-
naphthvridin-d-ypiperidin-4-yDimethy D-(methv{methy limino}-lambdaté-sulfanone (32 g,
17%) as an off-white solid. MS (ESL pos. ion) m/z; 365.1 (M+1). 'H NMR (400 MHz,
DMSO-ds, ppm) 3 8.66(d, J =52 Hz, 1H}, 83.02(d. J=6.0Hz, 1H), 733 (d. J=6.0Hz, 1H),
TA7(d, J=52Hz 1), 576 (3, 1H}, 4.03 (5. 3H), 3.55 - 3.5 {m, 1M}, 332-328 (m, 1H).
320-3.18 (m, 2H), 317 - 312 (m, 2H), 3.07 (s, 3H), 2.66 (s, 3H), 2.03 - 1.95 (m, 4H).

Example 58
Synthesis of ((2-{8-methoxy-1.7-naphthvridin-4-vi}-2-azaspiro{3. 3 theptan-6-yDimethvi-
methymethyvlimino)- lambdad-sulfanone

|
N

N

0
N S \N’/"
O

[6398] To asolution of imino{(2-(&-methoxy-1_7-naphthyridin-4-y13-2-araspiro(3 3 heptan-
6=y Dmethy D{methyl}-lambdat-sulfanone (120 mg, 0.34 mmol, 1.0 equiv.} in DMF (2 ml})
was added NaH (41 mg, 1.03 mwnol, 3.0 equiv, 60%) at 0 “C. Afler stirring at 0 °C for 30 muin,
Mel {98 mg, .69 mmol. 2.0 equiv} was added. The resulting mixture was stirred at room

temperature for 1 b, then quenched with water (50 mi} at 0 °C and extracted with EtQA¢
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The combined organic lavers were washed with brine, dried over anhvdrous sodium sulfate
and filtered. The filtrate was concentrated under redaced pressure. The residue was purified
by prep-HPLC with the following conditions (Coluron: YMOC-Actus Triart CL8ExRs, 30150
mm, Sum; Mohile Phase A: Water (10 mmol/L NH4HCO:). Mobile Phase B: ACN; Flow
rate: 60 mL/min Gradient: 14% B to 24% B in 10min; Wave Length: 254 nm / 220 nm RT:
8.9 mun} to afford ((2-(8-methoxy-1,7-naphthvridin-4-y13-2-azaspire(3. 3 theptan-G-
ylmethyl¥methy {methvhimino)-lambdat-sulfanone (26.9 mg. 21.41%) as an off-white
solid. MS (ESL pos. ion) vz 361.1 (M+1). 'H NMR (400 MHz. DMSO-ds_ppin) § 8.41 (d, J
=86 He, 1H), 787 (d J=6.0Hz, 1), 735 (d, J= 6.0 Hz, 1H), 641 (d, /=32 Hy, 1H),
439 (s, ZH), 4.23 (5, 2H), 3.98 (5, 3H)}, 3.32 - 3.17 (m, 2H), 2.84 (5. 3H), 2.69 - 2.62 (m, 1H),
2.60 (s, 3H}, 2.50 - 2.40 (m, 2H), 2.18 - 2.07 (m, 2H).

Example 89
Synthesis of cyclopropy i{d-fluoro-3-({((B-methoxy -1, 7-naphthy ridin-4-sToxy ymethy1)-
phenvh(inino)-lambdat-sulfanone
LANGVAY
Jea
"J

R Ny

L

P

Q

Y

Step e 5-(Chlorosulfonyl)-2-fluorobenzeic acid

6399} To 2-fluorobenzoic acid (1.00 g, 1.43 mmol, 1.0 equiv) was added chlorosulfonic
(4.29 g, 7.37 mmol, 5.0 equiv} dropwise over 5 min. The reaction nuxture was stirred at room
temperature for 30 min and then heated to 90 °C for 4.5 h. After cooling down to room
temperature, the resuliing mixiure was guenched with water. The precipitaie was collected by
filtration, washed with water and dried under vacuum to afford S-(chlorosulfonyi)-2-

fluorobenzoic actd (1.10 g, 65%;) as an off-white solid.

Step 2: 2-Fluoro-S-sulfanyibenzaic acid
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[6400] To asolution of S-{chlorosulfonyi}-2-fluorcbenzoic acid {1.10 g, 4.61 mmol, 1.0

HO

equiv} in con. HOL (10 mL) was added SnCl.2Hx0 (3.15 g, 13.83 mmwl, 3.0 equav). The
reaction nuxture was stirred at 100 °C for 3 h. After cooling down to room temperature, the
reaction mixture was diluted water and basified with saturated sodium bicarbonate. The
inorganic material was filtered off and {iltrate was acidified with 1N HCI and extracted with
dichtoromethane. The combined organic layvers were washed with brine, dried over
anhydrous sedium sulfate and filtered. The filirate was concentrated under reduced pressure

1o afford 2-fluore-S-sulfanyibenzoic acid (S50 mg, 699%) as a light vellow oil.

Step 3 5-(Cydlepropylsulfanyly-2-fluorebenzoic acid

i
HO™ s
AN
{6401} To asolution of 2-fluoro-5-sultanvibenzoic acid (550 mg, 3.1% mmol, L0 equiviin
DMSO (10 mL) were added bromocvclopropane (579 mg. 4 79 nmumol, 1.5 equiv) and
potassium ferd~butoxide (716 mg, 6.39 mmol, 2.0 equiv). The reaction mixture was stirred
overnight at 80 °C under mirogen atmosphere. After cocling to room temperature, the
resulting mixture was diluted water (100 mbL} and acidified to pH 4-5 with 1 N HCL The
resulting mixture was exiracted with EiOAc. The combined organic lavers were washed with
brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by reversed phase flash, eluted with ACN/H0
{45:55) 1o afford 5-{cyclopropyisuifanyi)-2-fluorobensoic acid (460 my, 54%) as a light

vellow solid.
Step 4 (S-(Cycloprepybulfanyi)-2-fAuorephenylimethansl
HO™
7’%»&
F N\ \V
[6402] To a solution of 5-{cyclopropyisulfanyl}-2-flucrobenzoic acid (440 mg, 2.07 mmol,
1.0 equiv) in THF (10 mL} was added LiAIH: (2.1 mb, 4. 14 mmol, 2.0 equiv, 2 M in THF)

dropwise at 0 °C. After stirring overnight at room temperature under nitrogen atmosphere, the

reaction mxiure was quenched with water and extracted with DCM. The combined organic

1

~3

3
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layers were washed with biine, dried over anhiydrous sodium sulfate and filtered. The filirate
was concenirated onder reduced pressure. The residue was purified by silica gel column
chromatography. eluted with MeOH/DCM (14:86) 1o atlord (5-(cyclopropylsutlanyi}-2~

fluorophenylimethanol (210 mg. 51%) as a brown oil.

Step St 4-{{(8-{Cyclopropyisulfanyl)-2-Buorophenyimethoxy)-8-methoxy-1,7-

naphthyridine

{6403] o asolution of (5-(cyclopropvisulfanyl}-2-flucrophenyimethanol (190 mg, 0.95
mmol, 1.0 equiv) in DMF (5 mL) were added C's2C0: (624 me, 1.91 mmol, 2.0 equiv) and 4-
chloro-8-methoxy-1,7-naphthyridine (279 mg, 1.43 mmol, 1.5 equiv.). The reaction muxiore
was stired at 100 °C for 2 b After cooling down to roor temperature, the reaction mmixture
was quenched with water and extracted with DCM. The combined organic lavers were
washed with brine, dried over anhydrous sodium sulfate and filtered. The filirate was
concenirated under reduced pressure. The residue was purified by silica gel colunm
chromatography, eluted with EtOAC/PE (80:20} to afford 4-({5-(cyclopropylsulfanyi)-2-

fluorophenvmethoxy }-8-methoxy-1, 7-naphthyridine (150 mg, 43%]) as a light-vellow solid.

Step 6: Cydoprepyi(d-Huore-3-(({(8-metheory-1,7-naphthyridin-d-yijoxy imethyhphenyi)-
{imino)-Jambdaé-sulfanone
. A
¥
|
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[6404] To asolution of 4-((3-(cyclopropylsuifanyl)-2-flaorophenylymethoxy }-8-methoxy-
1, 7-naphthyridine (130 mg, 0.36 mmol, 1.0 equiv) in MeOH (3 mL) were added
{acetvioxy ¥ phenyD-lambda3-1odanyi acetate (352 yag. 1.09 muyvol, 3.0 equiv) and aromoraum
carbamate (113 mg, 1.46 numol, 4.0 equiv). The reaction mivture was stirred at room

5 temperature for 2 b and then concentrated under reduced pressure. The residue was pusified
by prep-HPLC with the following conditions (Colunwt XBridge Prep RP OBD CI8 Colunwm,
30%150 mm, Spm: Mobile Phase A: Water (10 mmol/L NHHCO3), Mobile Phase B: ACN;
Flow rate: 60 mL/min; Gradient: 10% B 10 40% B in 10 min; Wave Length: 254 nm/ 220
am: RT: 9.3 miny to afford eyclopropyl{4-fluoro-3-(((8-methoxy-1,7-naphthyridin-4-

10 yhoxymethyDphenyl)inuno)-lambdat-sulfanone (7.1 mg, 40%) as an off-white solid. MS
(ESI, pos. ion) m/z: 388.0 (M+1). 'TH NMR (400 MHz, DMSO-ds, ppm) § 8.82(d, /= 5.2 Hz.
IHD, 8.22¢d, J=6.8 Hz, 1H), 808 (d, /=56 Hz, 1H), 8.08 -8.040 (m, 1H), 7.60 - 7.51 (m,
PHD, 747 (d, J =68, 2H), 356 (s, 2H). 438 (5, 1H), 4.06 (5. 3H). 271 (d, J=R.6 Hz, 1H),
117 - 1.07 (m, 1H), 1.04 - 0.76 {m. 3H).

oy
W

[6405] °F NMR (376 MHz, DMSO-ds, ppm) §-111.88 (s, 1 F}.

Example 60
Syuthesis of 3-(((B-cyclopropoxy -1, 7-naphthy ridin-4-y Doxy)methy Dpheny -

{cvclopropyDimino -lambdaG-sulfanone

W
NiH
0/
i‘E Ny N
Nz N/
5N

20 Step b 8-Cyclopropoxy-d-({3-{cyclopropylsulfanyl)phenymethoxy}-1.7-naphthyridine
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{8406} To astirred sohution of (3-{cvclopropvisulfanyvphenvimethanol (114 mg, 0.63
mmol, 1.0 equiv) in DMF (3 mL) was added Nak (45 mg, 1.90 mmol, 3.0 equiv) at 6 °C.
After stirred for 10 mun, 4-chloro-8-cyclopropoxy-1,7-naphthyridine (140 mg, 0.63 nunol, 1.0
equiv) was added. The reaction mixture was stirred at 80 °C for 2 h. After cooling down to
room temperature, the resulting mixture was quenched with water at & °C and extracted with
DCM. The combined organic layers were washed with brine, dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated. The residue was purified by reversed phase
flash, eluted with ACN/HL0 (45:35) 1o afford 8-cyclopropoxy-4-{(G-{cyclopropyl-

sulfanyiphenyDimethoxy -1, 7-naphthvridine (58 mg, 259%) as a vellow solid.

Step 2: G-({8-Cyclopropoxy-1,7-naphithyridin-d-yhoxy)methylphenyl){cyclopropyi)-

(imino}-lammbdat-sulfanone

JAN

N

o
» J\j
N 2
X
0 o,
{84071  To astirred solution of B-cyclopropoxy~4-((3-
{cyclopropyisulfanyDphenvDmethoxy -1, 7-naphthyridine (48 mg, 0.13 mmol, L0 equiv) in
MeQOH (2 mL) were added (acetyloxy){phenvii-lambda3-iodanyl acetate (127 mg, .39
mmol, 3.0 equiv) and ammonium carbamate (41 mg, 0.52 mmeol, 4.0 equiv}) at room
temperature. The resulting mixture was stirred at room temperature for 2 h, then concentrated

under reduced pressure. The residue was purified by prep-HPLC (Columu: Xbridge Prep

OBD C18 Column, 307150 mm, Spm: Mobile Phase A Water {10 mmol/L NH4HCG:),
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Mobile Phase B: ACN; Flow rate: 60 mb/nun; Gradient: 13% B 10 43 % B in 10 nun;, Wave
Length: 254 nm/ 220 no; RT: 8.68 min). The fractions containing the desired product were
combined and lvophulized to give (3-({{8-cvclopropoxy-1, 7-naphthyvridin-4-
vhoxy imethyDpheny D cvclopropy D{inuno-lambda6-sulfanone (26 8 mg, 50%) as a white

3 solid. MS (ESI, pos. ion} nvz: 396.2 (M+1). "FENMR {400 MHz, DMSO-ds, ppnt) 6 8.77 (d.
J=32Hz, 1H), 812(d. J=56Hz, 1H), 808 {t, J=16Hz 1H), 7.94 - 7.88 (m, 1H), 7.87 -
782 (m, 1H), 768 (1.J=72Hz IH).759{.J=506Hz, 1H), 7.37{(d. /=52 Hz, 1H}. 5.54
(s, 2H), 454 - 4 45 {m_ 1H), 4.29(s, 1HY, 272 -2.64 (m, 1H), 1.16 - 1.07 {m, 1H)}, 1.02 -
(.83 (m, SH), 0.82 - 0.75 {m, 2H}.

10 Example 61
Synthesis of cyclopropyvi{(imino)3-{{(8-isopropoxy-1 7-naphthyridin-4-

vhoxy ymethvphenvi}-lambdat-sulfanone

PN
M
2
&)
ﬁ/‘\\ =
N N

{6408} To asolution of isopropyl alcohol (17 mL) in THF (50 mL) was added Nalf (2.52 ¢,
63.07 ramol, 2.0 equey, 60%) at 0 °C. After stirring at ¢ °C for 30 min, 2-chloro-3-
nitropyridine {5.00 g, 31.54 mywol. 1.0 equiv) was added. Afler stitring al room {emperature
for 2 h, the reaction mixture was guenched by the addition of water at 0 °C and extracted with

20 DCM. The combined organic layers were washed with brine, dried over ashydrous sodium
sulfate and filtered. The filtrate was concentrated. The vesidue was purified by silica gel
column chromatography ., eluted with EtOAc / PE (10:90} to atford 2-isopropoxy-3-

nitropyridine {3 .43 g 66%) as an orange oil.

Step 2: 2-Isopropoxypyridin-3-amine
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64091 To asolution of Z-isopropoxy-3-nitropyridine {3.83 g, 21.02 mmol, 1.0 equav) in
MeOH (100 mL) was added Pd/C (220 mg, 2.10 mmol. .1 equiv). The resuiting mixture was
stirred at room temperature for 2 h under H» atmosphere. The reaction mixture was filtered
through a celite pad and the filter cake was washed with MeOH. The filtrate was concentrated

under reduced pressure to afford 2-isoproposypyrnidin-3-amine (3.12 g, 92%}) as a yellow oil.

Step 3: 5-(((2-Isoprepoxypyridin-3-yhamino)methylidene)-2,2-dimethyl-1,3-dioxane-4,6-

digne

oy, ? Q\Ié‘
N %N oz G
A 0
[{6419] To asolution of 2-1sopropoxypyridin-3-amine (3.00 g, 1971 munol, 1.0 equiv) in
ACN (30 mL} were added 2.2-dimethyvl-1.3-dioxane-4,6-dione (3.69 g, 25.62 mmol, 1.3
equivy and trimethoxymethane {2.93 g, 27.59 mmol, 1.4 equiv). The resulting mixture was
stirred at 80 °C for 2 h under N atmosphere. After cooling down to room temperature, the
mixture was concentrated under reduced pressure and filtered, the filter cake was washed
with water and dried under vacuum to afford 5-({({2-isopropoxypyridin-3-

yhaminoymethvlidene}-2, 2-dimethyl-{, 3-dioxane-~4.6-dlone {6.02 g, 99%) as a green sohd

Step 4: 8-1sopropoxy-§,7-naphthyridin-4-o}

[8411} To asolution of 5~(({(Z-isopropoxypytidin-3~yDaninoymethyhidene)-2,2-dimethy}-
I.3-dioxane-4,6-dione (3.00 g, 9.79 mmol. 1.0 equiv} diphenyi ether (30 mL}. The resulting
mixture was stirred at 225 °C for 1.5 h. After cooling down to room temperature, the resulting
mixture was {iltered and the filter calie was washed with PE. The crude product was purified
by reverse phase flash, eluted with ACN/H0 (63:37) to afford 8-isoproposy-1,7-
naphthvridin-4-ol (518 mg, 25%) as a white solid. MS (ESE, pos. ion) nv/z: 205.1 (M+1}.
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Step 3t 4-Chlore-8-isopropoxy-1,7-naphthyridine

N
N7y N\
S
Cl
[6412] o asolution of 8-isopropoxy-1,7-naphthyrnidin-4-of (478 mg, 2.34 mmol, 1.0
equiv) in toluene {6 mL} were added DIEA (605 mg, 4.68 mmol, 2.0 equiv) and POC; (430
mg, 2.81 mmol, 1.2 equiv). The resolting mixture was stirred overnight at 70 °C. After
cooling down to room temperature, the reaction mixture was concentrated under reduced
pressure and purified by reversed phase flash, ehited with ACN/H0 (31:69) to afford 4-

chloro-8-isopropoxy-1,7-naphthyridine {352 mg, 67 %} as an off-white solid.

Step 6: 4-{(3-{Cyclopropyithio)benzyijoxy -8-isopropoxy-1,7-naphthyridine

)

ol i

{8413} To asolution of (-(cyclopropyisulfanylphenylymethanol (267 mg, 1.48 mmol, 1.0
equiv) in DMF (5 mL) was added NaH (118 mg, 2.96 munol, 2.0 equiv, 60%) at 0 °C. After
stirring at 0 °C for 10 min, 4-chloro-8-1sopropoxy-1,7-naphthyridine (330 mg, 1.48 amol, 1.0
equivy was added. The resuliing mixture was stirred at 80 °C for 2 h. After cooling down to
roors temperature, the reaction mixture was guenched by addition of water at  °C and
extracted with DCM. The combined organic layers were washed with brine, dried over
anhydrous sodwm sulfate and fltered. The filtrate was concentrated. The residue was
purified by reversed phase flash, eluted with ACN/HO (100:0) to afford 4-({3-
{cyclopropvithio}benzyljoxy }-8-isopropoxy-1.7-naphthvridine (472 mg, 84%} as colorless

oil.

Step 70 Cyclopropyl(imine)(3-{({(8-isopropoxy-1,7-naphthyridin-4-

yihoxy methyDphenyi)-lambdas-suifanone
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[8414] To asolution of 4-((3-{cyclopropylthioibenryoxy }-8-isopropoxy-1,7-
naphthyndine (200 mg, 0.54 mumol, 1.0 equav) in MeOH (3 mL} were added

{acetvloxy)(phenyl-lambda3-odanyt acetate (527 mg, 1.64 numol, 3.0 equiv) and ammonium

v

carbamate (170 mg. 2.18 numol, 4.0 equiv). After stirnng at room temperature for 1 h, the
resulting nixture was concenirated under reduced pressure and the residue was purified by
prep-HPLC with the following conditions (Column: XBnidge Prep OBD C18 Column,
S0*250 mm, 10pm; Mobile Phase A: Water (10 mmol/ENHLHCO3), Mobile Phase B: ACN;
Flow rate: 60 mL/min Gradient: 29% B 10 59% B in 20 min; Wave Length: 254 nm/ 220 nm;
10 RT: 1817 min) to aftord cyclopropvi(imino}(3-¢{{8-isopropoxv- 1, 7-naphthvridin-4-
yhoxy )methyDphenyD-lambdas-sulfanone (78 2 mg, 35%;} as a white solid. MS (EST, pos.
ion) my'z: 398.2 (M+1). '"H NMR (400 MHz, DMSO-ifs, oy §877{(d, J=352Hz, 1H), 8.10
~8.02 (m, 2H), 7.94 - 7.87 {m, 1H), 786~ 7.79 (m, 1H), 7.71 - 7.63 {m, 1H}, 7.56(d, /= 6.0
Hz 1H). 7.36 (d, =52 Hz, [H), 5.59 - 5.46 (m, 3H), 4.28 (s, 1H}. 2.72 - 2.61 (m. 1H), 1.40
15 (d.J=64Hz 6H). 1.16 - 1.06 m. 1H). 1 03 - 0.83 (m, 3H).

Example 62
Synthesis of cyclopropy l{imino)3-({{8-propoxy-1, 7-naphthvridin-4-yloxy ymethyphenvi)-

Jambda6-sulfanone

20 Step &: 3-Nitro-2-propoxypyridine

180
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{8415} To asolution of propanol {16.¢ mL, 222 97 nunol, 7.0 equiv) in THF (100 mL) was
added NaH (2.27 g, 94.61 mmol, 3.0 equiv) at 0 °C. Afler stirring at 0 °C for 0.5 h, 2-chloyo-
3-nitropyridine {5.00 g, 31.53 mmol, 1.0 equiv} was added. After stiring at room temperafure
for 2 h, the reaction mixture was quenched by the addition of water at 0 °C and extracted with
EtOAc. The combined organic layers were washed with brine, dried over anhydrous sodinm
sutfate and fltered The [ilirate was concentrated. The residue was purified by silica gel
column chromatography, eluied with EtOAc / PE (12:88) to afford 3-nitro-2-propoxvpyridine

{5.22 g, 90%; as a brown oil.

Step 2: 2-Propoxypyridin.3-amine

e

J

O
N,J\\]/NHZ
L
{8416} To asolution of 3-miiro-2-propoxypyridine {3.20 g, 28 54 mumol, 1.0 equiv) in
MeOH (80 mL) was added PA/C (2.61 g, 24 54 mmol}. The mixture was stirred at room
temperature for 2 h under hydrogen atmosphere by using a hydrogen balloon and then filtered

through a Celite pad. The filtrate was concentrated under reduced pressure to afford 2-
propoxy pyridin-3-amine (5,10 g, crude) as a brown oil,
Step 3: 2,2-Dimethyl-5-((C-prepoxypyridia-3-yDaminelmethylidene)-1,3-dioxane-4,6-

dione

™~

E\Q . 0.0/
N/’:‘\\j/N\{//’ f0
L~ o

64171 To asolution of Z-propoxypyridin-3-amine {5.00 g, 32.85 mmol, 1.0 equiv) in ACN
{50 mL) were added 2.2-dimethyi-1.3-dioxane-4,6-dione (6.16 g, 42.70 mmol, 1.3 equivy and
trimethoxymethane {(4.88 g, 45.99 mmol. 1.4 equiv) under nitrogen atmosphere. The reaction

mixture was stirred at 80 °C for 16 h. After cooling down to room temperature, the reaction

181
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mixture was diluted with PE. The precipitate was collected by filiration and washed with PE
to afford 2.2-dimethyl-5-(((Z-propoxypyridin-3-yhamino)methyhdene)-1,3-dioxane-4,6-

dione (7.00 g, 69%}) as a tight yellow solid.

Step 4: 8-Propoxy-1,7-naphthyridin-4-o}

]

[6418] A modture of 2. 2-dimethyl-53-({(2-propoxypyndin-3-yDaminoymethylidene)-1,3-
dioxane-4,6-dione {3.50 ¢, 11.42 mumol, 1.0 equuiv) in diphenvi ether (50 mL) was stirred at
228 °C for 1.5 h. After cooling to room temperature, the resulting mixture was diloted with
PE. The precipitate was collected by fltration and washed with PE. The crude product was
10 purified by reversed phase flash, eluted with ACN/ H20 (60:40) 1o afford &-propoxy-1.7-

naphthvridin-4-of (570 mg, 24%} as avellow solid,

Step 50 4-(G-(CyclopropybulfanyhphenyDmethoxy)-8-propoxy-1,7-naphihyridine

{6419} To asolution of 8-propoxy-1, 7-naphthvridin-d-ol (300 mg, 1 46 mmol, 1.0 equiv) in

W

toluene (8 mL) were added (S~(cyelopropylsulfanyliphenvimethanol (397 mg, 2.20 mmol,
1.5 equiv) and 2-(tributyl-lambda3-phosphanylidene}acetonitrile (709 mg, 2.93 mmol, 2.0
equiv). The reaction mixture was stirred at 130 °C for 2 h under nitrogen atmosphere. After
cooling down to room temperature, the resulting mishure was concentrated under reduced
pressure. The residue was purified by reversed phase flash, eluted with ACN/ Hz0 (70:30) to
20 afford 4-((3~(cyclopropylsuifanylyphenyDimethoxy )-8-propoxy-1,7-naphthyridine (300 mg,

55%} as a brown solid.

182
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Step 6: Cyclopropyl(imine}{3-({((B-propoxy-1,7-naphthyridin-4-vhoxy methylphenyl)-

Lonbdas-suifanone

[6420] To asolution of 4-((3-(cyclopropylsulfany Dphenymethoxy }-8-propoxy-1,7-
naphthvridine (180 mg. 0.42 mmol, 1.0 equiv) in MeOH (4 mL) were added
{acetvioxvi{(phenyl)-lambda3-iodany! acetate (474 yug, 147 munol, 3.0 equiv) and ammornium
carbamate (153 mg, 1.96 mmol, 4.0 squiv). After stirring at room temperature for 2 h, the
resulting mixture was concentrated under reduced pressure. The residue was purified by
prep-HPLC with the following conditions (Column: XBridge Prep OBD C18 Column,
57250 mm, 10w Mobile Phase A: Water (10 mmol/L NH4HCG:), Mobile Phase B: ACKN;
Flow rate: 60 mL/mun; Gradient: 31% B to 61% B in 20 miny Wave Length: 254 nm/ 220
am; RT: 17.65 min) to afford cyclopropyl{immo}(3-({(8-propoxy-1,7-naphthvridin-4-

ylyoxy ymethyDphenyly-lambdat-sulfanone {70.3 mg, 35%} as an offwhite solid. MS (ES],
pos. jon) vz 398.1 (M+1}. 'H NMR (400 MHz, DMSO-ds, ppm) 6 880 (d, /= 5.2 Hz, 1H),
B10-8.03(m 2H) 794-787 (m, 1H), 784 (d. /=76 Hz 1H) 7.68{(d, /=76 Hz H)
7.53(d, J=56Hz 1H), 7.38(d, J=52Hz 1H)} 553 (s, 2H), 4.43 - 439 (m, 2H}, 428 (5,
§HD), 2.69 - 266 {m, TH), 1.91 - 1.78 {m. 2H), 1.19 - 1.07 {(m, 1H), 1.06 - 1.00 {m, 3H), 1.00 -
(.95 (n, 1H), 0.95 - .82 {m, 2H}.

Fxample 63
Synthests of 2-(1-{8-{fluoromethoxy)-1,7-naphthy ridin-4-y)-4-hydroxy piperidin-4-

yhethvD-{imino}(methyvi}-lambdaé-sulfanone

183
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{8421} To asolution of 2-(1-(ferr-butoxycarbonyi}-4-hvdroxypipendin-4-yljacetic acid

L

(5.00 g, 19.28 mmol, 1.0 equiv} in THF (50 mL) was added borane-tetrahvdrofuran complex
(771 mL, 77.13 mmol, 4.0 equiv, 1.0 M in THF) dropwise under nitrogen atmosphere at 0
“C. After stivning at room temperature for 16 h, the reaction nuxture was quenched with
water, then concentrated under reduced pressure. The residue was pwrified by silica gel
column chromatography, eluted with EiQAc / PE (60:40) 1o atford rert-butyl 4-hydroxy-4-(2-

10 hvdroxyethvDpiperidine-1-carboxylate (3.12 g, crude) as a colorless o1l
Step 2 tert-butyl 4-Hydroxy-4-(2-(methanesuifonyloxy Jethylpiperidine- 1-carboxylate

OMs

{64221 o asolution of feri-butyl 4-hydroxy-4-(2-hvdroxyethylpiperidine-1-carboxvlate

(3.10 g, 12.63 mumol, 1.0 equiv) and E&:N (2.56 g, 25.27 mmel, 2.0 equiv) in BCM (30 mL)
15 was added MsCl (1.60 g, 13.90 mumol, 1.1 equiv} dropwise at 0 °C. After stiring at 0 °C for

19 vown, the reaction mixture was allowed {o warm {o room temperature and stirred for 2 h

The resulting nuxture was concentrated under reduced pressure. The residue was purified by
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stlica gel column chromatography, eluted with EtOA¢/PE (56:44) to afford fers-butyl 4-
hydroxy-4-€ 2-{methanesulfonvioxy Jethylpiperidine-1-carboxvlate (3.30 g, crude) as a hght

yellow oil.

Step 3: fert-butyl 4-Hydroxy-4-(2-(methyisulfanyhethylpiperidine-1-carboxylate

fos -

L

"~
O

N
!

Boo

{64231 To asolution of ferr-butyl 4-hydroxy-4-(2-(methanesulfonyloxy)ethypiperidine-1 -
carboxylate (3.30 g, 10.20 mumol, 1.0 equuiv) in EtOH (30 mL) was added
sodiummethanethiolate (17.81 g, 51.02 mmol, 5.0 equiv, 20%). Afler stirring at room
temperature for 2 h, the reaction mixture was concentrated under reduced pressure. The
residue was purified by stlica gel column chromatography, eluted with EtQA¢/PE (28:72) to
afford rerr-butyl 4-hy droxy -4-(2-(methyisulfanyDethy Dptperidine- I -carboxyiate {960 mg,

25%) as a brown oil.
Step 4: 4-(2-(MethyithicjethyDpiperidin-4-o} hydrochleride

i
5 Ho

\

_OH
(N
H
{34241 A solution of rert-butyl d-hy droxy-4-(2-(methylsulfanvethvpiperidine-1-
carboxvlate (900 mg, 3.26 mmol, 1.0 equiviin 4 M HCI (g} in 1, 4-dioxane {10 mL) was
stirred at room teroperature for 1 k. The resulting mixtore was concentrated under reduced
pressure to afford 4-(2-(methylthio)ethylpiperidin-4-ol hvdrochloride (1.03 g. crude} as an

off-white solid.

Step 8 1-(8-(Fluoromethoxy)-1,7-naphthyridin-4-y1)-4-(2-
(methylsulfanylethyDpiperidin-4-ol
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6425} To asolution of 4-chloro-8-(fluoromethoxy)-1, 7-naphthyridine (250 my, 1.17
mmol, 1.0 equv) in NMP (5 mL) were added 4-(2-(methvithio)ethyi)piperidin-4-ol
hydrochloride (298 mg, 1 41 mmol, 1.2 equiv) and DIEA (759 mg, 5.88 mmol, 5.0 equiv).
The reaction mixture was stirred at 130 °C for 3 h. After cooling down (o room temperaturs,
the reaction solulion was purified by reversed phase flash, cluted with ACNMHO (47:53) 10
afford 1-(8-{fluoromethoxy)-1, 7-naphthvridin-4-y1)-4-(2-(methvisulfanvlethypiperidin-4-ol
(300 mg. 72%; as a hight vellow solid.

Step 6 4-(d-((rert-butyl DimethylsilyDoxy )4~ 2-(methylsulfanyDethyDpiperidin-1.y1}-8-

(fluoromethoexy)-1,7-naphihyridine

£

O/

N

5

{84261 To asohdion of 1-&-{fluoromethoxy }-1,7-naphthyridin-4-y13-4-(2-

added 2,6-lutidine (128 mg, | 19 nunol, 1.5 equiv} and rert-butyldimethylsifyl
trifluoromethanesutfonate (421 mg, 1.59 mmol, 2.0 equiv). After stirring overnight at room
temperature, the resulting mixdure was concentrated wnder reduced pressure. The residae was

purified by silica gel columm chromatography. eluted with MeOH/DCM (6:94) to afford 4-(4-
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{{tert-butyldimethy Isily Doxy )-4-{ 2-{methyisuifany -ethyhpipertdin-1-91)-8-(fluoromethoxy )-
1, 7-naphthyridine (200 mg, 53%) as a brown semi-solid.
Step 7: Z-(4-{(fer&-butyl hmethylsilyhoxy - IH8-(Fuoremethoxy -1, 7-naphthyridin-4-

yipiperidin-4-ylethyl iminemethyl}-lambdat-sulfanone

HN=8=0

{84277  To asolution of 4-{4-({terr-butvidimethvisityhoxy }-4-(2-
(methylsulfanyDethyDpiperidin-1-y1)-8-(fluoromethoxy)-1,7-naphthyridine (150 mg, 0.32
mumol, 1.0 equiv) in ACN (& mL) was added ammonium hydroxide (225 mg, 25% (v/v)) at -
15 °C. The reaction mixture was stirred at -15 °C for | h. Terr-butyl hypochlorite (174 mg,
1.61 mmeol, 5.0 equiv) was added and then the reacfion nyixture was stirred at -15 °C for
another 1 h. Additional ammonium hyvdroxide (225 mg, 25% (v/v}) was added. The reaction
mixture was stirred overnight at room temperature. The resulting mixture was concentrated
under reduced pressure and purified by silica gel column chromatography, eluted with
MeOH/DCM (18:82) to afford (2-{4-{{tert-butyidimethvisily hoxy }- I -(8-(fluoromethoxy)-1,7-
naphthyndin-d-vDpiperidin-d-yijethyl }methyl}-lambda6-sulfanediimine (50 mg, 31%;) as an
off-white solid MS (ESI, pos. ion} m/z: 496.1 (M+1) and (2-(4-({tert-butyldimethyisilyDoxy)-
-(8-(fluoromethoxy -1, 7-naphthyndin-4-vhptpendin-<-yDethyD(imano}methy D-lambdat-

sulfanone (20 mg, 20%;) as an off-white sohid. MS (ESL pos. ton) mv/z: 497.1 (M+1}.

Step 8: (2-(1-(8-(Fluoromethoxy)-1,7-naphthyridin-4-y)-4-hydroxypiperidin-4-vlethyl)-

{imino)(methyllambdas-suifanone
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F
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[6428] o a solution of (2-(4-{{tert-butyldimethyisityDoxy}-1-(8-(fluoromethosy )-1,7-
naphthvridin-4-yipiperidin-4-v DethvD{imino¥methv|)-lambdat-sulfanone (20 mg, .04
mmol, 1.0 equiv) in THF {1 mL) was added TBAF (0.1 mL, (.10 mmol, 2.5 equiv, 1.0 M in
THEF). After stirnng at room temperature for 1 b, the resulting mixture was concentrated
under reduced pressure. The residue was purified by prep-TLC, eluted with MeOH/DCM
{5:95} 1o afford a crude product, which was re-purified by prep-HPLC with the following
conditions {Column: Xbridge Prep OBD C18 Colummn, 30%150 ymm, Sum; Mobile Phase A:
Water (10 munol/L NHAHCQ:), Mobile Phase B: ACN; Flow rate: 60 mL/mun; Gradient: 2%
Bto 29 % B in 10 min; Wave Length: 254 nm / 220 nuo; RT : 8.68 nuin) to afford (2-1-(8-
{(fluoromethoxy)-1,7-naphthvridin-4-yi}-4-hyvdroxvpiperidin-d-vi)ethv himino y(methyl -
lambdado-sulfanone (3.8 g, 24%) as an off-white solid. MS (ESL pos. 1on) mv/z; 383.2
(M+1). "H NMR (400 MHz, DMSO-ds, ppm) § 8.73 (d, /= 5.2 Hz. 1H). 8.08 (4, J= 5.6 Hz.
1H), 7.54 (4, /= 6.0 Hz, 1H), 7.23 (d, J =52 Hez, 1H), 6.36 (5, 1TH}, 6.23 (5, 1H), 4.64 (s,
TH), 3.66 (3, 1H), 3.35 (s, 2H), 3.24 - 3.11 {m, 4H), 2.93 (s, 3H), 1.99 - 1.89 (m, 2H), 1.89 -
F78 (m, 2H), 1,71 {(d, /=116 Hz, 2H}.

[0429] °F NMR (376 MHz, DMSO-ds, ppm) 6 -155.73 (5. 1 F).

Example 64
Synthesis of imino(2-(1-{8-methoxyvpyrido|3.4-d|pyrimidin-4-y Dpiperidin-4-

vhethvhimethyl}- lambdas-sulfanone
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i
HN=8=0
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{8430} To asolution of 4-chloro-8-methoxvpvnde[3.4-dipyrimidine (300 wog, .53 nunol, 1

equiv} in NMP (6 mL) were added DIEA (991 mg, 7.67 mmol. 5 equiv) and 4-{2-

(13

(methvisulfanyDethylipiperidine hydrochioride (450 mg, 2.30 mmol, 1.5 equiv). The
resuliing maxture was stirred at 100 °C for 2 b After cooled to room temperature, the crude
product was puritied by reverse phase flash. eluted with ACN/H2ZO {(60:40) to afford 1-(8-
methoxypyridof 3, 4-djpvrimidim-4-vi}-4-{ 2-(methvisulfanvi}ethvlipiperidine {330 mg,

10 67%) as ayellow solid. MS (ESI, pos. 1on) m/z: 3191 €M+13

Step 2: Imine(2-(1-(8-methoxypyrido]3,4-d|pyrimidin-4-yl)piperidin-4-

yhethyl}methyi)- iambdat-suifancne

|
HN=§=0
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{8431} To a mixture of 1-(8-methoxvpyrido]3,4-d{pyrimidin-4-y13-4-(2-(methy lsalfanyl)-
ethyDpipendine (280 mg, 0.87 mmol, 1.0 equiv) in ACN (8 mL} was added ammonium
hydroxide (1.19 g, 25% (v/v)) under N- atmoosphere at -15 °C and the muxiure was stirred at -
15°C for 1 h. Tert-butvl hvpochlorite (477 mg, 4.39 mmol, 5.0 equiv) was added and the
mixture was stirred at -15 °C for 1 h. Additional ammonium hydroxide (1.19 g, 25% (v/v))
was added at ~15 °C and the mixture was stitred overmight at room temperature. The resulting
mixture was concentrated under reduced pressure. The residue was purified by reversed
phase flash, eluted with ACN/H2O (20:80) and was concentrated under reduced pressure. The
crude product was re~-purified by prep-HPLC (Column: Xbridge Prep OBD C18 Column,

30% 150 mum, Spm; Mobile Phase A Water (10 munol/L NH4HCO3), Mobile Phase B: ACN;
Flow rate: 60 mL/min; Gradient: 2% B 10 29 % B in 10 min; Wave Length: 254 am / 220 nm;
RT: 8.68 min}. The fractions containing the desired product were combined and lvophiiized
to give imino{2-(1-{§~-methoxypyrido3,4-djpyrimdin-4-yUpiperidin~-d-yDethy D methy D-
lambdat-sutfanone (17.0 mg, 5%) as vellow solid. MS$ (ESI, pos. ion) nv/z: 350.1 (M+1). 'H
NMR (400 MHz, DMSQO-ds, ppim) & 8.64 (s, 1HYL 8.05 (d./=6.0Hz 1H), 731 (. =60
Hz, 1HL 434 -431 (o, 2H), 4.02 (s, 3H), 361 (s, 1H). 321 - 3.05 (m. 4H), 2.89 (s, 3H},
184 (d =120 Hz, 2H), 1.75 - 1.64 (m, 3H). 144 - 1.26 (m. 2H).

Example 65
Synthesis of (2-(1-(8-¢{luoromethoxny)-1, 7-naphthyndin-4-vDpiperidin-4-y1ethvi}-

imino}methyl)-lambdat-sulfanone

|
HN=S=0

S

\1

F
Step §: ter-butyl 4-(2-{{Methylsulfonyhoxyethylpiperidine- 1-carboxylate

{f)Ms
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[6432] To asolution of ferr-butyl 4-(2-hydroxyethylpiperidine-1-carboxylate (2.00 g,
3924 vamol, 1 equivy in DCM (150 mL) were added TEA {11.91 g, 117.73 mimol, 3 equiv),
DMAP (0,48 g, 3.925 momol, 0.1 equiv) and methanesul{onic anhvdrnide (20.51 g, 117.74
mmel, 3 equiv) at 0 °C. After stirring at room temperature for 2 b, the reaction mixture was
5 diluted with water (300 L) and extracted with DCM. The combined organic layers were
washed with brine, dried over anhyvdrous sodium sulfate and filtered. The Oltrate was
concentrated under reduced pressure to afford reri-butyl 4-{2-
(methanesulfonyloxy yethyl]piperidine-1-carboxylate {10.00 g_ crude) as a light yellow oil,

which was used for next step directly without further purification.

10 Step 2: fert-butyl 4-[2-(Methylsulfanylethyl]piperidine- I-carboxylate

Boc
LKP
)

S

!

[6433] To asolution of fert-butyl 4-[2-¢methanesulfonyioxyjethylpiperidine- T-carboxviate
(10.00 g, 32.53 muuol, 1 equiv) in EtOH (150 mL) was added sodium methanethiolate
{113.98 g, 325 30 mumol, 10 equiv, 20% aq). After stirring at room temperature for 2 h, the

15 resulting mixture was concentrated under reduced presswwe. The residue was diluted with
waler and extracted with EtOAc. The combined orgaruc layers were washed with brine, dried
over anlrydrous sodium suifate and filtered. The filtrate was concentrated under reduced
pressure and purified by silica gel column chromatography, eluted with EA/PE {20:30) to
afford rert-butyl 4-12-(methy isulfanyDethviipiperidine-T-carboxylate (7.00 g, 69% for two

20 steps) as a colorless sl

Step 3: 4-(2-(MethyithiejethyDpiperidine hydrachloride

HOENL_

A
8

[0434] A solution of rerr-butyl 4-(2-(methylsulfanyljethyDpiperidine-1-carboxylate (851

mg, 3.28 mmol) i HCI {106 mL, gas, 4 M in 4-dioxane} was stitred at room temperature for |
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h. The resulting mixture was concenirated under reduced pressure to afford 4-{2-

{methylthioyethyl)-piperidine hydrochloride (716 mg, crude) as a white solid

Step 4: 8-(Flueromethoxy }-4-(4-(2-(methylsulfanyljethylpiperidin-1-y1}-1,7-
naphthyridine

N
&

64351 To astirred mixture of 4-chloro-§-(Huororethoxy)-1. 7-naphthyridine (200 mg, 0.94
mmol, 1.0 equiv) and 4-{2-(methylthio)ethyDmpenidine hvdrochloride (320 mg. 1.63 mmof,
17 equiv.y in NMP (4 mb) was added DIEA (600 mg, 4.64 mmol, 4.9 equiv.). The resulting
ouxture was stirred at 130 °C for 4 b Afler cooling down to room temperature, the reaction
solution was purified by reverse phase flash, eluted with ACN/HG (57:33) to afford 8-
(fluoromethoxy 3-4-{(4-(2-(methylsulfanyDethy Dpiperidin- 1 -v1}- 1 7-naphthyridine (220 mg,

69%3 as a brown solid. MS

Step S0 3-(3-(8-(Fluoromethoxy)-1,7-naphthyridin-4-yhpiperidin-4-
yihethyD{imins }{methyl-lmnbdat-sulfanone

1
HN=S=0

.
éﬁ

F
{84361 A solution of &-(fluoromsthoxy 3-4-(4-(2-{methylsulfanyDethy Dpiperidin- [ -v13-1,7-
naphthvrdine (220 mg, 0.66 numol, 1.0 equiv) in ACN (8 mL) was treated with ammontum
hydroxide (880 mg. 25% (v/v})) at -15 °C for 1 h under nitrogen atmosphere followed by the
addition of reri-butvl hvpochlorite (356 myg, 3.28 mmel, 5.0 equiv) dropwise at -15 °C for 1

h. To the above maxture was added ammouniom hydroxide (880 mg, 25% (v/v}) dropwise at -
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15 °C for 1 h. The resulting mixture was stirred overnight at room temperature. The resulting
mixture was concentrated under reduced pressure. The restdue was punified by reversed
phase flash. eluted with ACN/H20 (24:76) to afford crude product, which was purified by
Prep-HPLC with the followig conditions {Column: XBridge Prep phenyvl OBD Ci8
Column, 30%150 mum, Spm;, Mobile Phase A: Water (10 mumol/L NFHLGHCG;), Mobile Phase
B ACN; Flow rate: 60 mob/moirg Gradient: 10% B 1o 25% B in 12 min; Wave Length: 254 mm
/ 220 nm; ). The fractions containing the desired product were combined and lvophilized to
give {2-(1-(8-(Hluoromethoxy -1, 7-naphthvridin-d-vhpipertdin-4-yethy D{imino){methy )~
lambda6-sulfanone (29.0 mg, 12%}) as a white sohd. RT2: 9.87 min, MS (EST, pos. ion} vz
367.2 (M+1) 'H NMR (400 MHz, DMSO-ds, ppr) 3 8.71{d, J=4.0Hz, 1H), 808 (d. J =
4.0 Hz, 1H), 7.52 (4. J=8.0 Hz, 1H). 7.19(d, /= 4.0 Hz, 1H), 633 (s, 1H), 6.20 (s, 1H). 3.62
~3.36(m, 2H), 3.15 - 3.09 {m, 2H), 2.91 (s, 3H), 2.87 - 2.81 {m, 2ZH), 1.89 - 1.86 {m, 2},
F79-1.69 (m, 2H), 168 - 1.56 (m, tH). 1 35~ 1.41 (m, 2H})

[0437] '°F NMR (376 MHz, DMSC-ds, ppm} § -155.77 (s, 1 F}.

Examples 66, 67 and 68
Synthesis of cyclopropvi(3-fluoro-5-{{{8-methoxy-1,7-naphthyvridin-d-vhoxy)methyi)-
phenyh{imino)-tambda6-sulfanone and (Sy-cyclopropyl(3-fluore-S-{{((8-methoxy -1,7~
naphthyridm-4-vDoxy ymethyvDphenyh(imine}- lambdat-sulfanone and (R)-cvclopropyl(3-

fluoro-5-({{8-methoxy -1, 7-naphthvridin-4-yhoxy ymethvphenvi}inino}- lambdas-sulfanone

HN
W
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[6438] Thionyl chioride (80.4 mL, 27.71 mmol, 4.3 equiv} was added slowly to HzO (500
mL) and cooled to 5 °C, maintaiming the temperature between 4 and 7 °C (the addition took
about 1.5 h}. The solution was then kept stirting overrught while the teroperature was allowed
to slowly reach room temperature. CuCl (255 mg, 2.57 mmol. 0.01 equiv) was then added to
the solution and 1t was cooled to ~15 °C (dry ice/acetone bath), (resulting in solution A). In
another flask cooled to 0 °C, HCH (260 mL) was added dropwise 1o 3-amino-S-fluorobenzoic
acid (40.00 g, 257 85 mmol, 1.00 equiv). keeping the temperature below 20 °C. This slurry
was cooled to -10 °C (dry tce/acetone bath) and a solution of sodium nitrite (19.21 g, 278.48
mmol, 1.08 equiv}) in HoO (80 mL) was added very slowly (1 drop/S sec) to the sharry,
keeping the teruperature below -5 °C. After addition, the orange mixture was allowed 1o
warm to -2 °C for 5 miun before cooling back 1o -15 °C (solution B). Solution B was then
added portionwise {plastic pipette} fo solution A, cooled 0 ~10 °C. After addition {(~30 min},
the reaction mixture was stirred at 0 °C for 2 h. The regulting orange solid was filtered and
rinsed with water to afford 3-{chiorosulfonvi)-3-flucrobenzoic acid {(45.00 g, crude) as an

orange solid.

Step 2: 3-Fluoro-S-sulfanyibenzoic acid

HO

v

M,

{84391 To astirred sobution of 3-(chiorosulfony}-5-fluorobenzoic acid (44.00 g, 184.40
mmel, 1.0 equiv) 1o con HCT {400 mL) was added SnCl; (104 89 g, 553.20 mmol, 3.0 equav)
at room temperature. After stirred at 100 °C for 3 h, the resulting mixture was diluied with
waler and basified 1o 6.0 -7.0 with NaxCOs. The resulting mixture was extracted with DCM.
The combined organic layers were washed with brine, dried over anhvdrous sodium sulfate
and filtered. The filtrate was concentrated under reduced pressure to give 3-fluoro-5-

sulfanyibenzoic acid (28.00 g, crude) as a vellow solid.

Step 3: 3-(Cyclopropyithio)-S-fluorobenzaic acid
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{8440} To astirred sohution of 3-fluoro-5-sulfanylbenzoic acid (28.00 g, 162.63 mmol, 1.0
equivy in DMSO (560 mL) were added (-BuOK (54.75 g, 487.89 munol, 3.0 equiv) and
bromo-cvelopropane (39,02 g, 487 .89 mmol. 3.0 equav) at room temperature. The reaction
mixture was stirred overnight at 80 °C. After cooling down to room temperature, the reaction
5 mixture was quenched with H0 and extracted with EtQAc. The combined organic avers
were washed with brine, dried over anhvdrous sodium sulfate and filtered. The fltrate was
concentrated under reduced pressure. The residue was purified bv silica gel colunmn
chromatography, eluted with MeOH/DUM (9:91) to give 3-(cyclopropyithio-5-fluorcbenzoic

acid {16.00 g, 29% for three steps) as a yellow solid.

Potiiad

10 Step 4: O~-(Cyclopropyisulfany)-S-fluorephenylmethanol
HO-
o
O
F

[0441] To astirred solution of 3~{cvclopropvlthio)-S-fluorchenzoic acid (16.00 g, 73.38
mmol, 1.0 equiv) in THF (160 mL} was added Lithiom aleminum hydride (75.4 mL, 15¢.77
mmol, 2.0 equiv. 2 M i THF) at 0 °C. After stirred at room temperature for 2 b, the resuliing
15 rowture was quenched with water (30 mi) at 0 °C, then concentrated under reduced pressure.
The residue was purified by silica gel column chromatography, ehuted with EtOAC/PE
{44:56} to afford {3-{cvelopropylsulfany)-S-fluorophenyDmethanol (12.00 g, 80%3as a

vellow ail.

Step 5: 4-((3-(Cyclepropylsulfanyl)-S-flusrephenylimethoxy)-8-methoxy-1,7-
20 naphthyridine
o

9

{84421 To astirred solution of 4-chloro~-8-methoxy -1, 7-naphthyridine {400 mg, 2.05 mmol,
1.0 equivy in DMF (8 wol.) were added Cs2COs (2.00 g, 6.16 nwmol, 3.0 equiv), (3-

{cyclopropvi-sulfanyi)-3-fluorophenylimethanol (488 mg. 2.46 mmol, 1.2 equivy and KF {11
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mg, (.20 mmel, 0.1 equiv} at room temperature. The reaction mixture was stirred at 100 °C
for 3 b After cooling down 1o room temperature, the resulting mixture was diluted with H:0
and extracied with EtOAc. The combined organc lavers were washed with brine, dned over
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography, eluted with EiOAC/PE
(56:44) to give 4-((3-(cyclopropylsulfany D-5-fuorophenyDimethoxy }-8-methoxy-1.7-

naphthvrdine {490 mg. 66%) as a white solid.

Step 6 Cyclopropyl(3-flusre-5-({{8-methoxy-1,7-naphthyridin-4-yhoxy)methyl)-

phenyli{imino)-lambdat-suifanone

{8443} To asolution of 4-{(3-{cyclopropylsulfanyl}-3-fluorophenvlimethoxy }-8-methoxy-
I, 7-naphthyridine ¢3.00 g, 8.41 mmol, 1.0 equiv) in MeQH (60 mb} were added
{acetvioxy ¥ phenyl)-lambda3-iodany] acetate (8.13 g, 25.25 mmol, 3.0 equiv) and ammonium
carbamate (2.63 g, 33.66 mamel, 4.0 equiv} at room temperature. After stirred for 2 h. the
resulting mixture was concenirated under reduced pressure and the residue was triturated with
ACN. The precipitate was collecied by {iitration, washed with ACN and dried under vacuum
to give evclopropyl{3-fluoro-3-{{{8-methoxy-1, 7-naphthyrnidin-4-
vhoxymethyUphenylimino)-lambdas-sulfanone (1.80 ¢, 35%) as a white sohid. MS (ESI,
pos. fon) myz 388.3 (M+1). 'H NMR (400 MHz, DMSO-ds. ppm) & 8.80 (d. 7= 5.2 Hz, 1H).
810(d, J=306Hz 1H), 793{d, J=16Hz, 1H), 7.76-7.68 {m, 2H}, 7.59(d, J= 5.6 Hz,
VH), 7.37(d.J = 52 Hz, TH), 5.54 (5, 2H), 4.49 (5, 1H). 4.05 (5, 3H). 2.78 - 2.71 (m. 1H),
118 -1.08 {m, 1H), 1.05 - 0.85 (m, 3H).

[3444] 'F NMR (376 Mz, DMSO-ds, ppm) 6 -110.61 (5, 1 F).

Step 7: (5)-Cyclopropyl(3-Huers-5-(((§-methoxy-1.7-naphthyridin-4-yhoxy)methyl)-
phenyh{imine-lambdat-sulfanone and (£)-Cyclepropyl(3-fluere-5-(((8-methoxy-1,7-

paphthyridin-4-yhoxy methyljphenyi)(imino)-lambdat-suifanone
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{445] The racemic cvclopropvl(3-fluore-5-({{¥-methoxy-1 7-naphthyridin-4-
voxy imethyypheny{imino}-tambdat-salfanone {1.80 g, 4.65 mmol) was separated by
chiral SFC with the following conduions {Column: CHIRAL ART Arylose-C NEQ 3*25

5 cm, Sum: Mobile Phase A CO;. Mobile Phase B IPA{1%-2M-NH;-IPA); Flow rate: 90
mb./min; Gradient: isocratic 44% B; Column Temperature(®C): 35; Back Pregsurafbary. 100
Wave Length: 220 nm; Sample Solvent: MeOH: Injection Volume: 10 mL: Number Of Runs:

10} to afford two fractions.

[3446] Fraction 1. (8)-cyclopropyl(3-fluoro-5-({{8-methoxy-1.7-naphthyridin-4-

10 yhoxymethvl)-phenyi}imino-lambdat-sulfanone (751.6 mg, 23%) as a white solid. RT1:
6.57 nuin, MS (ES1, pos. ion) mvz: 388.2 (M+1) 1R NMR (400 MHz, DMSO-ds, pom3 8 8 80
(d.J=52Hz, 1H), 810 (d. J=5.6 Hz, 1H). 7.93(d, J = 1.6 Hz, 1H). 7.76 - 7.68 (m, 2H),
7.59(d, f=5.6Hz, 1H), 737 (d, J= 52 Hz, 1H), 5.54 (s, 2H), 4.49 (s, 1H), 4.05 {5, 3H},
278-2.71 (o, 1H), 118~ 1.08 (m, 1H), 1.05 - 0.85 {m, 3H).

15 [8447] F NMR (377 MHz, DMSG-ds, pom) & -110.60 {5, 1 F).

[6448] Fraction 2 (R)y-cvclopropyl(3-fluoro-S-{{({8-methoxy -1, 7-naphthyridin-4-

vDoxy imethvi}-phenyil(inunoj-lambdat-sulfanone (770.0 mg, 23%) as a white solid. RT2:

10.97 min, MS (ESL pos. ton) m/z: 388.1 (M+1). 'H NMR (400 MHz, DMSO-dq, ppm) §

§80(d, J=52Hx, H), 810l J=56Hz H), 793(d. J=1.6Hz, 1H}, 776 - 7.68 (in,
200 2HD, 7.59¢d, J=56Hz 1H), 7.37¢d, /=32 Hz, TH), 334 (5, ZH), 449 (5, 1H), 4.05 (s,

3H). 276 -2.71 {m. 1H), 118 - 108 (m. 1H}. 1.05 - 0.85 {m, 3H).

[0449] F NMR (377 MHy, DMSQO-ds, ppm) §-110.58 (5, 1 F).

Example 69

Synthesis of evclopropvi(3-fluoro-3-({(8-{Huoromethoxy -1, 7-naphthyridin-4-vDoxy)-

N
L

methyliphenvii(imino)-lambdat-sulfanone
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Step 1: 4-{(3-{Cyclopropylsulfanyl)-3-flusrophenylimethoxy)-8-(Huoromethoxy)-1,7~
naphthyridine

3 j0450] Yo astirred solution of &-(fluoromethoxv)-1,7-naphthyridin-4-ol (300 mg, 1.54
mmol, 1.0 equiv) in toluene (6 mLl) were added (3~{cvclopropyisulfanyi)-S-
fluorophenvhmethanol (367 mg, 1.85 munol, 1.2 equiv) and 2-(ributyl-lambdas-
phosphanevhidene}acetonitrile (745 mg, 3.09 mmeol. 2.0 equiv} at room temperature. After
stirred at 130 °C for 2 h, the reaction mixture was cooled to room temperature and

10 concentrated under reduced pressure. The residue was purified by silica gel columu
chromatography. eluted with EtOAC/PE (891 1) to afford 4-((3-(cyclopropyisulfanyi}-5-
fluorophenvimethoxy}-3-(fluoromethoxv)-1,7-naphthyridine (400 mg, 699} as ayellow

solid.

Step 2: Ceoydopropyi(3-Huore-S-(((8-(flueromethoxy)-1,7-naphthyridin-4-

[y
¥

yhexymethyh-phenyhi(imine)-lambdat-sulfanone
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{8451} To asolution of 4-((3-{cvclopropyvisulfanyl}-S-fluorophenviimethoxy 3-8-
{fluoromethoxy}-1.7-naphthyvridine (30 mg, 6.13 mmol, 1.0 equiv) in MeCQH (2 mL) were
added (acetviony){phenyl)-lambda3-iodany] acetate {129 mg, 0.402 mmol, 3.0 equiv) and
5 ammonium carbamate (41 mg, 0.53 mmol, 4.0 equiv). After stirring at room temperature for
2 h. reaction mixture was concentrated under reduced pressure and the residue was purified
by prep-HPLC with the following conditions (Column: Xselect CSH Prep Ci8 OBD
Column, 30*150 mm, Spm; Mobile Phase A: Water {6.1% FA), Mobile Phase B: ACN; Flow
rate: 60 ml/min, Gradient: 1% B to 40% B 10 10 nun; Wave Length: 254 om / 220 nm; RT
10 9.67 mun) to afford cvelopropvl{(3-fluore-3-{{{&-(flucromethoxy }- 1. 7-naphthyridin-4-
yhoxymethyiphenyD(imino)-tambdad-sulfanone (20.8 mg, 37%}) as a white solid. MS (ESL,
pos. fon) myz: 406.0 (M+1). 'TH NMR (400 Mz, DMSO-ds. ppm) & §.88 {d, J= 5.2 Hz, 1H),
R.17(d.J=5.6Hz, 1H), 7.94 (s, 1H), 7.82 - 7.67 {m, 3H), 7.42 (d. J = 5.2 Hz, 1H)}, 6.37 (s,
FHY, 6.24 (s, 1H), 5.57 (s, 2H}, 4.49 (s, 1H}, 2.81 - 2.68 (m, 1H), 1.19- 1.08 (m, 1H}, 1.05 -

18 087 {m, 3H)
[0432]  °F NMR (376 MUz, DMSO-ds. ppne) 6 -110.58 (5. 1 F), 155.96(s, 1 F).
Examnples 70 and 71
Svuthesis of (R)-(3-fluoro-3-({(8~-methoxy-1,7-naphthyridin-4-yDoxyymethy Dpheny -

(imino¥methy)- lambdas-sulfanone and {$)-{3-fluoro-3-{{{8~-methoxy-1.7-naphthyvridin-4-

20 vhoxy methylphenvhyimino {methvli-lambdad-sulfanone
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Step 1: [3-Fluore-S-(imethylsuifanyl)phenyl{methanol

HO
B\
F :\,f/” g

[8453] To asolution of (3,3-diftuorophenyvDmethanol (3.00 ¢, 34.69 mmol, 1.0
5 equivyin DMF (50 mL) was added sodiummethanetbiolate (3.16 g, 4510 mynol, 1.3 equiv).
The reaction mixture was stirred at 110 °C for 2 h. After cooling down to room temperature,
the resulting mixture was diluted with DCM and washed with Hx(. The organic layer was
washed with brine and dried over anhvdrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purtfied by silica gel column chromatography. eluted with
10 EtDAc/ PE {(18:82) to afford |3-fluore-S-(methvisulfanviiphenvlimethanol (4.50 g, 75%} as

a colorless o1l

Step 2: 4-((3-Fluoro-S-(methylsulfanyDphenyDmeihoxy -8-methoxy-1,7-naphthyridine

o
N" \. N“\\E
LA
O
P
E N

{84541  To astirred solution of (3-fluore-S-(methvisulfanyphenyDmethanol {600 mg, 3.48

mmol, 1.0 equiv.} in DMF (12 mL) were added CsxCO: (3.41 g, 10.45 mmol, 3.0 equiv}, 4-

o
W

chloro-8-methoxy-1,7-naphthynidine (1.02 g, 5.22 mmol, 1.5 equiv) and KF {20 mg, 0.34
mmol, 0.1 equiv) at room temperature. The reaction mixture was stivred at 100 °C for 3 h.
After cooling down to room temperature. the resulting nuxture was difuted with H2O and

extracted with EtOGAc. The combined organic layers were washed with brine, dried over
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anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure.
The residue was purified by silica gel cohumnn chromatography, eluted with MeGH/DCM
-3

{9:91} 1o atlord 4-((3-Huoro-S-(methylsulfanvhiphenvhmethoxy )-8-methoxy-1,7-

naphthvnidine (620 me, 33%) as a vellow sohid.
g r=k} o

A

Step 3: 3-Fluore-5-({(8-methoxy-1,7-naphthyridin-4-yDoxy)methyDphenyl}-

(imino)(methyl-lambdas-suifancne

{8455}  To asolution of 4-((3-fluoro-3-(methyisultanyl}phenviimethoxy}-8-methoxy-1.7-
naphthyridine (1.00 g, 3.02 mmeol, 1.0 equiv) in MeOH (20 mL) were addad

10 (acetvioxy(phenyl-lambda3-iodanyl acetate (2.92 g, 9.08 mumol, 3.0 equiv) and ammonium
carbamate (945 mg, 12.10 mmol, 4.0 equiv). The resulting muxiure was concentraied under
reduced pressure. The residue was iriturated with ACN, The precipitate was collected by
filtration, washed with ACN and dned under vacuum 1o give (3-fluoro-3-{{{8-methoxy-1,7-
naphthyvndin-4-yDhosyymethvhphenyl-(minoYmethvl-lambdat-sulfanone (0.60 g, 54%) as

13 a white solid.

Step 4: (R3-(3-Fluore-5-({{8-methexy-1,7-naphthyridin-4-yloxy methylphenyl}-
{(imino)}methyl)- lambdas-suifancne and (8p-(G-fuers-5-(((&-methoxy-1,7-naphtbyridin-

4-yhoxymethyDphenyh(imino )X wethyl-lambdas-sulfanene

”(()Q;
S5 _F

alts

N

20 J0456]  The racemic (3-fluoro-3~(({&-methoxy-1,7-naphthyndin-4-yDoxy methyDphenyi)-

{imino}¥methvi)-lambdat-sulfanone {0.60 g, 1.66 munol} was separated by chiral SFC with
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the following conditions (Column: CHIRAL ART Amylose-C NEQO 3%25 cm, Sum; Mobile
Phase A CO2, Mobile Phase B IPA(1%6-2M-NH;:-IPA); Flow rate: 90 mL/min; Gradient:
socratic 44% B: Colunw Temperature{°C): 35; Back Pressure(bar), 100; Wave Length: 220
am: RT1(miny: 6.57; RT2(minY 10.97; Sample Solvent: MeOH; Injection Volume: 10 mi;
Number Of Runs: 10} to afford two fractions. {S)-(3-fuoro-5-({({8-methoxy -1, 7-naphthyridin-
4-yhoxy ymethyDpheny-(minoXmethyl)-larnbdaG-sulfanone {195.5 1og. 32%) as a white

solid.

[6457} Fraction 1. {(R)-(3-fluore-5-{({(8-methoxy-1.7-naphthvridin-4-

v lyoxy ymethy Dpheny D(imimo)(methv}- lambdaG-sutfanone (189.2 myg, 3196) as a white sohid.
RTL: 6.57 min, MS (ESI, pos. jon) mz: 362.0 (M+1). 'H NMR (400 MHz, DMSG-ds, ppm) &
880{d. J=32Hz 1H), 809(d, J=60Hz 1H}, 798 (t./=16Hz 1H), 7.81 -7.70 {m,
2HY. 7.584{d. J=56Hr iH, 737(d. J=52Hz IH) 532 (s, ZH}, 449 -4 44 {m, 1H). 405
(s, 3H), 3.15 (s, 3H).

[0458]  °F NMR (376 MHz, DMSO-ds. pom) §-110.62 (5, L F)

{8459}  Fraction 2 {S)-(3-fluoro-5-({{8-methoxy-1,7-naphthyridin-4-

y1joxy imethypheny(imino)-{methyl}-lambda6-sulfanone (195.5 mg, 32%;) as a white solid.
RT2: 10.97 min, MS (ESL pos. fon) m/z: 362.1 (M+1). 'H NMR (400 MHz, DMSO-ds, ppm)
O880 (. J=52Hz 1HL 809 {d.J=060Hz IH). 798, J=16Hz [H)L781-770(m,
ZH), 7.58{d, J=56Hz 1H), 737({d, /=532 Hz 1H), 552 (s, 2H)}, 449 - 4 44 (m, 1H), 4.05
(s, 3H}, 3.15 (s, 3H).

[0460] I°F NMR (376 Mz, DMSO-ds, ppm) § -110.62 (s, 1 F).

Example 72
Synthesis of (3-fuore-3-(((8-(fluoromethoxy }-1, 7-naphthyridiv-4-y Doxy ymethylpheoy 1}-
{inuno¥methyD-lambdad-sulfanone
s-!N\é/
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Step 1: 4-((3-Fluero-5-(methyithin)benzylioxy)-8-(fluoromethoxy)-1,7-naphthyridine
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{8461} To asolution of 8~({luoromethoxy)-1,7-naphthyridin-4-01 {300 mg, 2.57 romol, 1.0

S

equiv} in toluene (10 mL) were added (3-fluoro-3-(methyisulfanyphenvlimethanol (665 mg,
3.86 mumol, 1.5 equivy and 2-(iributyl-lambda3-phosphaneylidene)acetontirite (1.24 g, 515
5 mmol, 2.0 equiv). The reaction mixture was stured at 130 °C for 2 b After cooling down (o
roorn temperature, the resulting mixture was diluted E4OA¢ {130 ml) and washed with HO
and brine. The organic layver was dried over anhvdrous sodium sulfate and filtered. The
filtrate was concentrated under reduced pressure, The residue was purified by silica gel
column chromatography, eluted with EtOAc / PE (88:12) to afford 4-((3-fluoro-8-
10 {(methylthioybenzylloxy}-8~-(flucromethoxy)-1,7-naphthyvridine (350 mg, 55%j) as a vellow
solid.
Step 20 S-fluore-8-(((8-Fluoromethoxy -1, T-naphthyridin-4-yhoxy)methyDphenyl}-

(imino){methyi}-lambdaé-suifanone

[\

Foosn

N

%
W/

e
O

-

15 [8462] To asohution of 4<¢(3-fuoro-5-(methylthioybenzyhoxy}-8-(fluoromethoxy3-1,7-
naphthvridive (80 mg, 0.23 mmol, 1.0 equiv) in MeOH (2 mL) were added
{acetvioxv y{phenyl}-lambda3-iodanyvl acetate (221 mg, .69 mmol. 3.0 equiv) and ammonium
carbamate (71 mg, 0.92 mmol, 4.0 equiv). The reaction mixture was stirred at room
temperature for 2 h. The precipitate was coliected by filtration and washed with ACN (2 x5
20 mL) to afford (3-fluoro-5-(((8-(fluoromethoxy)-1,7-naphthyvridin-4-
vhoxy imethvDphenyD{immo methvi}-lambdat-sulfanone (40 mg, 43%:) as an off-white

solid. M8 (EST, pos. ton} m/z: 380.0 (M+1). TH NMR (400 MHz, DMSO-ds, ppm) & 8.88 (4,7
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=32 Hez, 1H), .17 (d, J = 5.6 Hz, 111), 8.00 (d, J = 1.6 Hz, 1H). 7.80 (d, ./ = 6.0 Hz, 111},
778 - 7.74 (. 2H). 7.43 {d, J = 5.2 He, 1HD, 6.38 (s, 1HD. 6.25 (s, 1H). 5.56 (s, ZF). 4.47 (s.
TH), 3.15 (s, 3H).

[0463]  °F NMR (376 MHz, DMSO-ds, ppm) 8 -110.60 (5, 1 F), § -155.96 (s. 1 F).

Example 73
Synihesis of cyclopropyl(imino}{4-{({(8-methoxy-1,7-naphthvridin-d-yljoxy ymethv Dphenvi)-

larobdad-sulfanone

Step 1 4-(CydepropylsulfanyDbenzoic acid
HO .0

[6464] To astirred solution of 4-mercaptobenzoic actd {2.00 g 12.97 mmol, 1 equiv) in
DMSQC (20 mL) were added potassium feri-butoxide (3.64 g, 32,43 mmol, 2.5 equiv) and
bromocyclopropane (1.6 mL} at room temperature. The resulting muxture was stirred
overnight at 120 °C. After cooling down to room temperature, the reaction muxture was
dissolved in water and acidified to pH=5 with 1 M HCI (aq) The precipiiate was collected by
filtration, washed with water and dried under vacuum {o give 4-(cyclopropylsulfanylbenzoic

acid {1.69 g, 67%;) as a white solid.

Step 2: (4-(CydopropylsalfanyDphenylimethanol

)4

P
gJ
S

-

vf

HO
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[8465] To astirred sohution of 4-(eyclopropyvisulfanvhbenzoic acid (1.10 g, 5.66 mmol, 1.0
equivy in THF (22 mL) was added LiATH: (8.5 wml, 11.00 mmol, 2.0 equiv, 2 M in THF)
dropwise at 0 “C. After stirning for 2 h at room {emperature, the resulling muxiure was
quenched by addition of saturated ammonium chioride solution and concentrated under
reduced pressure. The residue was purified by silica gel cobumn chromatography, eluted with

MeOH/DCM (9:91) 10 afford (4-(cyclopropyvisulfanyhiphenyimethano] (393 mg, 58%) as a

colorless ol

Step 3 4-((4-(Cyclopropylsulfanyl)phenylnethoxy-8-methoxy-1,7-naphthyridine

{6466} To astirred solution of (4-{cvclopropyisulfanvDphenvimethano! (370 mg, 2.05
minol, 2.0 equiv}) in DMF (4 mL} was added NaH (74 mg, 3.08 mmol, 3.0 equiviat 0 °C.
After stirring for 10 min, 4-chloro-8-methoxy-1, 7-naphthvndine (200 mg, 1.03 mmol, 1.0
equiv) was added and the muxiure was stirred at 80 °C for 2 b, the resulling mixiure was
quenched with water and extracted with EtOAc. The combined oreanic lavers were washed
with brine, dried over anhydrous sodivum sulfate and filtered. The filtrate was concentrated
under reduced pressure. The residue was purified by silica gel colurn chromatography,
cluted with EtOAC/PE (36:64) to afford 4-({4-(cyclopropyisuifanyphenyhmethoxy}-8-

methoxy-1,7-naphthvridine (121 mg, 34%) as a vellow solid.

Step 4: Cyclopropyl(imine {4-{{8-methaxy-1,7-naphthyridin-4-yoxymethyl)phenyi)-

fambdas-saifanene

HN=8=0

W
.

N
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{8467} To astirred sohution of 4-({4-{cvclopropylsulfanyDphenymethoxy }-8-methoxy -

1, 7-naphthyridine (100 mg, 0.29 mmol, 1.0 equiv) in MeOH (3 mL) was added

{acetvioxv ipheny-larobda3-1odanyl acetate (285 yog. 0.88 nyuol, 3.0 equiv) and aromoraum
carbamate (92 mg, 1.18 mmol, 4.0 equiv) at room temperature. After stirring for 1 h, the
resulting mixture was concentrated under reduced pressure. The residue was purified by
prep-HPLC (Columm: XBnidge Prep Shucld RP C18 Column, 30*150 mum, Spmy, Mobile
Phase A: Water(10mmol/L NHsHCO»). Mobile Phase B: ACN: Flow rate: 60 mL/nun.
Gradient: 14% B 10 35% B in 7 min; Wave Length: 254nm/220nm; RT: 7.0 min}. The
fractions containing the desired product were combined and lvophilized o afford
cyclopropyi{imino}{4-(((8-methoxy-1,7-naphthyridin-4-y Doxy }-methyDpheny)-larobdad-
sulfanone (42.0 mg, 38%) as a white solid. MS (ESL pos. ion) m/z: 370.1 (M+1). 'H NMR
(400 MHz, DMSO-ds, ppr3 6 879 (d, J=S2Hz, THYL 8.09{d, J =56 Hx, IH). 796{d, /=
§O0Hz 20), 777 (d, J=80Hz 2H), 759{d, J=56Hz IH), 7.37{(d, J=52Hz 1H), 553
(s, 2H). 4.26 (s, 1H), 4.05 (s, 3H), 2.69 - 2.66 (m, 1H) 1.14 - 1.11 (m, 1H), 1.03 - 0.84 (m,
3H).

Example 74
Synihests of (S)-fert-buty l{imuno}(3-({{8-methoxy- 1. T-naphtbyrnidin-4-yDoxy puethy Dpheny -

fambdaé-sulfanone

HN k
FNNIRSN

5
Cisio
7
o
O
Ny
1

-~

Step L S-{{((2-Methoxypyridin-3-vhamino)methylene)-2,2-dimethyi-1 3-diosane-4,6-

f

-
2y

N/)\TN

U~ o

[0468] A solution of 2-methoxypynidin-3-anune {3.00 g, 24.2 nimol, 1 equivy, 2,2~

dione

dimethyi-1,3-dioxane-4,6-dione {4.50 g, 31 46 mmol, 1.3 equiv} and trimethoxymethane

(3.60 g, 33.8 mmol, § 4 equiv) in acetonifrile (30 mL) was stirred at 80 °C for 2 h under
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nitrogen atmosphere. After cooling down to room temperature, the resulting solution was
concentrated under reduced pressure. The residue was purified by silica gel cohumn
chromatography, eluted with EA/ PE (25:75). The fractions condaiming the desired product
were combined and concentrated under reduced pressure to afford 5-{{{2-methoxypyridin-3-

~

5 ylamino)methylene)-2,2-dimethyi-1,3-dioxane-4,6-dione (6.50 g, 97% } as a vellow solid.

Step 2: 8-Methoxy-1,7-naphthyridin-4-ol
a0~
N N

oy
LAz
OH
{34631 A nuxture of 5-(({(2-methoxypynidin-3-yaminoymethylene)-2, 2-dimethvl~1.3-
dioxane-4,6-dione (1.50 g, 5.4 mumol, | equiv} in phenoxvbenzene (38 mL} was stirred at 225
10 °C for 1.5 h. After cooling down to room temperature, PE was added to the reaction mixture.
The preapitated solid was collected by filtration, washed with PE (30 mi x 3) and then
purified by reverse phase flash, eluted with ACN/H:0 (26:74) to afford 8-methoxy-1,7~

naphthyridin-4-ol (600 mg, 63%:} as a white solid.

Step 3t ((3-BromobenzyDoxy)(fest-butylidimethylsilane
TBSO

{84781 To asolution of fere-butyl{chloro)dimethyisiane (9.67 g, 64.16 mmol, 1.2 equiv),
TEA(7.57 g, 74.85 mmol, 1.4 equiv) and DMAP (65 mg, 0.53 mmol. 0.01 equavy in DCM
{230 mL) was added (3-bromopheny!ymethanol {10.00 g, 53 46 mmoi, 1.0 equiv) in BCM
{50 mb)at 0 °C. After stirring for 16 b at room temperature, the reaction mixture was

20 acidified to PH 4-5 with 3% HCI, diluted with water and then extracted with
dichloromethane. The combined organic layers were washed with water and bring, dried over
anhydrous sodium sulfate and filtered. The filtraie was concentraied under reduced pressure.
The residue was purified by silica gel colamn chromatography, ehuted with EtQAc/ PE

(28:72) to afford ({3-bromobenzy Dosy Y(tert-buty Ddimethyisilane (14.50 g, 90%;) as an off-

]
AN

white oil.

Step 4: 3-({((fers-butyl Dimethylsiivhoxy)methyliphenyl)boronic acid
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TBSO.
¢ ]
OH
A g.
OH

{8471} To asolution of ((3-bromobenzy oxy Jreri-butylydimethylsilane (13.50 g, 44.81%
mmol, 1.0 equiv) in THF (150 mbL) was added n-Buli (21.5 mi., 53.77 mmol, 1.2 equiv)
dropwise under N2 at -78 °C. The resulting mixture was stirved a1 =78 °C for | h. Tri-terr-

5 butvl borate (12.38 g, 33.76 rumol, 1.2 equiv) was added and then the muxture was stured
overnight at room temperature. After cooling down to & °C, the reaction mixture was
actdified to PH 4-5 with 5% Hi;POu, diluted with waler and extracied with EtQAc. The
combined organic lavers were washed with water and brine, dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under reduced pressure to afford (3-(({rerr-

10 butyldimethylsilvloxy ymethyl}-phenyDboronic actd (15.00 g, crude) as an off-white solid.

Step 50 (Ry-N-(fert-Butylsulfinyl)pivalamide

i
\)f's"N'pN

~1 F H
[6472] To asolution of (R)-Z-methylpropane-2-sulfinarnide (10.41 g, 85 89 mmol, 1.0
equiv} in THF (300 mb) was added NaH {8.59 g, 214.7 munol, 2.5 equiv, 60%) in portions

under -3°C. The reaction mixture was stirred at -5 °C for 0.3 h. A solution of trimethylacetic

Jomed
W

avhydride (17.60 g. 94 .48 mpol, 1.1 equivy in THF (200 mL) was added dropwise over 8.5 h
at -8°C. After stirred at room teroperature for 2 h, the reaction mixture was quenched with
MeOH, followed by saturated aqueous NH4{'1 The aqueous layer was extracted with Et0Ac,
The combined organic fayers were washed with saturated aqueous NaHCGO: and brine, dried

20 over anhwvdrous sodium suifate and filtered. The filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography, eluted with EtGAc/
PE (4852} 1o afford (R)-N-(ferr-butylsulfimyDpivalamide (17.00 g, 96%;) as an oft-white

sohid.

Step 6 (8)-N-{fert-ButylG-({(fert-butyldimethybsilyloxy ymethyphenyl{oxoj-lambd at-

(3]
A

suifaneylidene)pivalamide

o\\s,,{j

Piv
g S,
AT @] Y\OTB‘S
2
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[6473] To asolution of (R)-N-(rert-butyisulfinylpivalanude {500 mg, 2.43 mmol, 1.0
equivy and 4 A M5 (2.50 g} in toluene (10 mL) were added G-(({rere-

buty ldimethyisilyDoxy ymethyvl-pheny Uborome acid (1,30 g, 4.87 mumol, 2.0 equiv),
Copper(1l) trifluoroacetate hydrate (141 mg, 0.48 mmol, 0.2 equiv} and 2-(fert-butyiperoxy)-
2-methylpropane {1.07 g, 7.31 mmwol, 3.0 equiv). The reaction mixture was stirred at 100 *C
for 3 h under nitrogen atroosphere, After cooling down to room temperature, the reaction
mixture was quenched with H-O and extracted with EtQAc. The combined organic favers
were washed with saturated sodium chleride solution, dried over anhydrous sodium sulfate
and filtered. The filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography, eluted with EtQOAc/ PE (21:79) 1o afford {(§)-N-{teri-
buty 1(3-({(tert-butyldimethylisilyyoxy ymethyv hphenvi)oxo)-lambda6-

sulfaneviidene)pivalamide (R00 mg, 77%) as an off-while solid,

Step 7 (8)-fert-Butyl(3-thydroxymethyDphenyDimino)-lambdat-sulfanone
HO

N /Ef, /iNH

’(sgfs"»ﬁ
{8474] To asolution of (Y-N-(fer-buvl(3-({{tert-

butyldimethyisilvhoxy ymethviipheny ¥ oxo-lambdab-sulfaney lidene)pivalamide (750 mg,
1.76 mmol, 1.0 equiv) in THF (5 ml) and methanol (5 mL) was added 50% KOH (10 mL).
The resulting mixture was stirred for 16 h at 50 °C. After cooling down to room temperature,
the reaction mixture was concentrated under reduced pressure. The residue was purified by
silica gel columm chromatography, eluted with MeOH / DCM (8:92) to aftord (S)-rers-

butyI(3-thydroxymethyvlphenvD{iroinoy-lambdaG-sulfanone (250 myg, 62%) as a brown solid.

Step 8: (S)-fert-Buiyl(iming)3-(((8-methoxy-1,7-naphthyridin-4-yhoxy)methylphenyl)-

iambdas-suifanone
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[8475}  To asolution of (S)-fert-butyi(3-thydroxymethy pheny Dimmo larmbdad-
sulfanone {150 mg, 0.66 mumol, 1.0 equiv) in toluene (5 mE} were added 8-methoxv-1,7-
naphthyrdin-4-ol (139 mg. 0.79 mmol, 1.2 equiv ) and 2-(iributyl-lambdaSs-
phosphanevhdenejacetontrile (330 mg, 1.32 vomol. 2.0 equiv). The resulting mixture was
stitred at 130 °C for 2 h. After cooling down to room temperature, the reaction mixture was
concentrated under reduced pressure. The crude product was purified by reversed phase
CombiFlash, eluted with ACNALO (45:55) to afford 100 mg (crude} (S)-ferr-butvi(imine}(3-

({(8-methoxy-1,7-naphthvridin-4-yDoxy ymethy Dphenvi)-lambdas-sulfanone.

{8476} The 100 mg {crude) (S)-rer-butyIimino}3-(({8-methoxy-1,7-naphthyridin-4-
yyoxy ymethylyphenyl-lambdat-sulfanone was further purified by prep-HPLC with the
following conditions (Cohurnn: XBridge Prep RP OBD C18 Column, 30%150 mum, Sum;
Mobile Phase A: Water (10 mumol/L NH4HCO3), Mobile Phase B: ACN: Flow rate: 60
mE/min; Gradient (B%): 153% B to 30% B in 10min; Wave Length: 254 nm /220 nm;
RT(min): 10.82) 1o afford (Sy-fert-buty l(imino}(3-{{{8-methoxy-1,7-naphthyvn din-4-

vhosy wnethyDphenyl-lambdat-sulfavone (51.8 mg, 20%) as an off~white sold. MS (ES],
pos. ton) m/z: 330.1 (M+1-56). 'H NMR (400 MHz, DMSO-ds. ppm) 8 8.78 {d.J = 5.2 Hz,
TH), 8.09 (4, J=56Hz 1H), 802 (7= 1.8 Hz, 1H). 7.91 - 7.82 (m. 2H). 769 (L J=T7.6
Hz, IH), 754 (d, J= 6.0z, 1H), 736 (d, /=52 Hz, 1H), 5.57 (3, 2H), 4. 15 (5, 1H), 4.05 (5,
3H). 1.19 (s, 9H).

Example 78
Synthests of (Sk-imino(3-({{8-methoxy-1,7-naphthynidin-4-v Doxy ymethyphenyi(methy1)-

larmnbdas-sulfanone

210



10

[ow
v 3

WO 2025/117697 PCT/US2024/057687

Step 1 (8)-No{fers-ButybsulfinyDpivalamide

{S‘? O
{7
S,

{6477} To asolution of (S)-2-methylipropane-2-sulfinamude (17 90 g, 147.65 mmol, 1.1
equiv} in THF {750 mL) was added NaH (17.93 g, 448.32 yamol, 3.3 equiv, 60%) i portions
below -5 °C. The reaction mixture was stirred at -5 °C for 0.5 h. A solution of trimethylacetic
anhydrnide (25.00 g, 134.22 mumol, 1.0 equiv) in THF (350 mL} was added dropwise over 0.5
hat -5 °C. After stirring for 2 h at room temperature, the reaction mixture was quenched with
MeOH (20 mL) and followed by saturated agueous NHa{L The aqueous layer was exiracied
with BtOAc. The organic layers were combined and washed with saturated agqueous NaHCO:
and brine. dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated
under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with EtOAc/ PE (35:65) to afford (S)-N-(rers-butylsulfinyDpivalarnide (22.00 g, 79%)

as an off-white solid.

Step 2: (3)-N-(fert-Butyi{methyl}(oxo)-lambd aé-sulfaneylidene) pivalamide

{34781 To asolution of (N)-N-{teri-butvisulfinvhpivalamide (5.00 g, 24.35 mmol, 1.0
equiv) in dioxane {50 mL) were added 1,4,7,10.13-pentaoxacyclopentadecane (6.44 g, 29.22
numol, 1.2 equiv) and NaH (1.95 g, 48.70 nunol, 2.0 equiv, 60%) in portions at room
temperature. The reaction mixtore was stirred at room temperature for 1 h. Mel (518 g, 36.52
mmol, 1.5 equiv) was added and then the resolting mixture was stirved at S0 °C for 24 b
After cooling down to room temperature, the reaction mixture was guenched with NH«Cl and

extracted with EtOAc. The combined organic layers were washed with brine, dried over
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anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure.
The residue was purified by silica gel colurmn chromatography, eluted with EtQAc/ PE
{38:62) to afford (S)-N-{fert-butyl{methv{oxo)-lamnbdad-sulfanevlidene)pivalanude (2.75 g,

51%) as an off-white solid.

Step 3: (B)-NV-(Methylsulfinylipivalamide

9
{64791  To asolution of {(8)-N-(iert-butvl{methvl}{oxo)-lambdat-sulfaneviidenepivalamide
(2.75 ¢, 12.53 mmol, 1.0 equiv) in DCM (30 mL) was added tritfiuoroacetic acid (5 mL, 65.29
mmol, 5.2 equiv). After stirring at room temperature for 2 b, the reaction mixiure was
quenched with saturated aqueous NaHCO; and extracted with DCM. The combined organic
layers were washed with saturated sodiuom chloride solution, dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under reduced pressure. The residue was
purified by silica gel columw chromatography. eluted with EtOAc/ PE (18:82) to afford (R)-
N-{methylsulfinylypivalamide (1.35 g, 65%) as an off-white solid.

Step 4: ()-N-{G-{((fert-ButyldimethylsilyDoxy puethyphenylimethyl oxo)-lambdas-

sulfaneylidene)pivalamide

O ’N“PEV
&,
EY s N
¢_J ‘omss
St

{64801 To asolution of (R)-N-{(methylsulfinyDpivalamide (1.30 g, 7.96 mumol, 1.0 equiv)
and (3-(({rert-butvidimethvisilyhoxyymethyDphenylyboronic acid (4. 24 g, 15.93 mmol, 2.0
equiv} in toluene (20 mL.) were added Copper(3l) trifluoroacetale hydrate (0.49 g, 1.59 mmol,
0.2 equiv), 4A MS (2.5 @) and 2-{rert-butylperoxy -2-methyipropane (3.49 g, 23 89 mumol,
3.0 equv). The reaction nuxture was stirred at 100 °C for 4 h. After cooling down to room
temperature, the reaction mixture was quenched with water and extracted with EtOAc. The
combined organic lavers were washed with brineg, dried over anhyvdrous sodium sulfate and
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography, eluted with EtOAc/ PE (48:52} 1o afford (8)-N-{(3-({(rerr-
buly ldimethylsilyD-oxymethyDpbenymethy{oxo)-lambdat-sulfaneylidenepivalamide

(2.55 g, 81%) as an off-white solid.

Step 5: ($)-{3-(Hydroxymethyliphenyli{imino)(methyl)-lambdaé-sulfanene

212
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HO

]
\j; f,NH

o (8
/,ls"’f

0481} To asolution of (SyN-{((3-{{{tert-

butyldimethyisilvloxy ymethyvphenyl{methyv [} oxo)-lambdat-sulfansylidene)pivalamide
(2.50 g, 6.51 nuynol, 1.0 equivy in THF (10 mL) and methanol (10 mL) was added 50% KOH
{10 mL). The reaction mixture was stured at 50 °C for 16 b After cooled to room
temperature, the resulting mixture was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography. eluted with MeOH / DICM (8:92) to afford {(8)-

(3~thydroxyioethyDphenyDimino Yanethyl}-lambda6-sulfanone (670 mg, 55%) as a white oil.

Step 62 (S)-Dmino{3-(((8-methoxy-1,7-naphthyridin-4-yhoxy)methylphenyD(snethyl)-

fambdat-suifanone

[6482] 'To asolution of (S)-(3-(hydroxymethyDphenyl imimnolmethv-lambdat-sulfanone
(380 mg, 2.05 mmol, 1.0 equiv) in toluene (10 mL) were added 8-methoxy-1,7-naphthyridin-
4-0l (469 mg, 2.66 mmol, 1.3 equiv, refer to steps 1 and 2 in example §3) and 2-(ibutyl-
lambdaS-phosphanyviidenelacetonitrile (990 mg, 4.10 omol, 2.0 equiv). The resulting mixiure
was stirred at 130 °C for 3 h. After cooling down to room temperature, the resulting nuxture
was concentrated under reduced pressure. The crude product was purified by reverse phase
Combiflash, eluted with ACN/ALO (56:44) 1o afford crude product. The residue was further
purified by trituration with ACN (10 mL x 3} to afford {S)-inuno(3-{{{8-methoxy-1,7-
naphthvridin-4-viloxv ymethyi}-phenyl¥methvij-lambdas-sutfanone (200.3 mg, 27%j as a
light vellow solid. M8 (ESL pos. ion) m/z: 344.1 (M-+1). H NMR (400 MHz, DMSO-ds,
ppmyd 8794{d, J=82H= 1H), 813(,J=20Hz IH), 808, J=56Hz 1H),795-792
(m, 1H). 7.88 - 7.81 (m. [H). 7.69 (1, J=7.6 He. 1H). 7.56 (4.7 = 6.0 Hz 1H), 739 (4. J =
S22 Hr. 1H), 5.52 (s. 2H). 4.29 (s, 11, 4.05 (s. 3H). 3.10 (s, 3H).
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Example 76
Svuthesis of (R)}-fert-butyl1(imino ) 3-({(8-methoxy- 1, T-naphthvridin-4-

vhoxvimethyvhphenvh-lambdat-sulfanone

5 Step I No{{(Ryfert-Butyl(3-({((fert-butyldimethybibyDoxy inethylphenyloxo-lambdas-

suifanylidene}-2,2-dimethylpropanamide

LPiv

o
A RS

A l OTBS
P

{8483} To astirred sohwtion of 2,2-dimethyl-N-({(3}-2-methylpropane-2-
sulfinyDpropanamide (500 mg, 2.44 munol, 1.6 equiv) in toluene (5 ml) were added (G-

10 ({(terr-butyldimethylsilyl}-oxy ymethyUphenyijboronie acid (1.30 g 4.88 muool, 2.0 equiv), 2-
{teri-butviperoxy 3-2-methvipropane {1.07 g, 7.38 mumol. 3.0 equiv}), Copper(il}
trifluoroacetate hvdrate (141 mg, 0.48 mmol, 0.2 equiv) and 4 A MS (1.0 g) at room
ternperature under mitrogen atmosphere. The resulting mixture was stirted at 1060 °C for 12 h.

After cooling down Yo room temperature, the reaction mixture was quenched with H2O and

-
W

extracted with EtOAc. The combined organic lavers were washed with saturated sodium
chloride solution, dried over anhydrous sodiumm sulfate and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by silica gel coluron
chromatography, eluted with EtQAS/PE (27:73) to afford N-((R)~fert-buty i 3-{{{tert-
butyldimethyisiiyDoxyymethylipheny Doxo-lambdas-sulfanylidene)-2, 2~

20 dimethvipropananude (720 mg, 45%;} as a white solid.

Step 2: (R)-fert-Butyl(3-(hydroxymethyl jphenylj(imino)-lambdat-sulfancne
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[8484] To astirred solution of N-({R}-fert-butyH3-(((tert-bulyldimethy istiyDoxy)methy )~
phenvioxo-tambdas-sulfanviidene)-2,2-dimethylpropanamide (700 mg, [.64 mmol, 1.0
equiv} in methanol (3.5 mbL) and THF (3.5 mL) was added 30% KOH (7 mL) at room
temperature. The resuiting mixture was stirred at 70 °C for 6 h. After cooling down to room
temperature, the reaction misture was concentrated under reduced pressure and pusified by
stlica gel columm chromatography. eluted with MeOH/DCM (8:92) to afford (K)-rert-butyl(3-

(hvdroxymethvl)-phenyl(imino)}-lambdat-sulfanone (315 mg. 84%) as a veliow oil.

Step 3¢ (Ri-fert-Butylimine }{3-(((8-methoxy-1,7-naphthyridin-4d-yiexyimethyhphenyi)-

fambdas-suifanone

;‘/‘ﬁ \\(=\‘)'$\\
b

{04851 To astirred solution of (Ry-feri-buty I{(3-(hvdroxymethyhphenvi{imino)-lambdat-
sulfanone (150 mg, ¢.66 mmol, 1.0 equiv} in toluene (2 L} were added &-methoxy-1.7-
naphthyvridin-4-ol (116 mg, 0.66 mmol, 1.0 equiv, refer to sieps 1 and 2 1n example 83) and 2~
(tributyl-lambdas-phosphanevlidenelacetonitrile (318 mg, 1.32 mmol. 2.0 equiv} at room
temperature. The reaction nuxture was stirred at 130 °C for 2 h. After cooling down to room
temperature, the resulling mixiure was concentraled under reduce pressure and purified by
reverse phase Combiflash, eluted with ACN/HG (45:55) 1o afford 30 mg (crude) (B)-fere-
butyl(iminoe){3-(({(8-methoxy-1,7-naphthyridin-4-yhoxy Imethvphenvi}-lambda6-sulfanone
as avellow solid.

[3486] The 50 mg (crude) (B)-fers-buty limino Y} 3-({(B-methoxy-1, T-naphthyridin-4-
vloxy ymethylphenyl}-lambda6-sulfanone was further purified by prep-HPLC with the
following conditions: {Coluron: Xbridge Prep OBD C18 Column. 30* 150 mum, 5pan: Mobile

Phase A: Water{ 10 mmol/L NHsHC ), Mobile Phase B: ACN: Flow rate: 60 mb/min;
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Gradient (B%3Y 17% B to 38 % B in 10 min; Wave Length: 254 nm / 220 nm; RTH{min):
8.31). The fractions containing desived product were concentrated under reduced pressure and
Ivophilized to give (R)-ferr-buvl{imino ) 3~(({8-methoxy-1, 7-naphthyridin-4-
vhoxy imethyDpheny)-lambdas-sulfanone (29.5 mg. 11%) as a white solid. MS (ESI, pos.

3 don) mvz: 38G.0 (M1} TH NMR (400 MHz, DMSO-ds, ppit) 8 8.77 (d, J = 5.2 Hz, 1H), 8.08
{(d, J=506Hz 1H}, 801 (d,J=16Hz 1H), 790-781 {(m, 2H). 768 (i, /=7 6 Hz, 1H),
753 J=60Hz 1H), 7.36{d. J=52Hz 1H), 556 (s, 2H), 4. 14 (s, 1H), 4.05 (s, 3H),
.19 (s, OH).

Examples 77, 78, and 79
10 Synthesis of (3-{({8-(fluoromethoxy }-1,7-naphthvridin-4-
vioxyymethvhphenyv{imino)methyi)-lambda6-suifanone and (R)-(3-({{(#-{fluoromethoxv)-
1.7-naphthyridin-4-yBoxy ymethyDphenyD(imino }methy D-lambdad-sulfanone and {$)-(3-

{{{8-{fluoromethoxy }-1,7-naphthyridin-4-yDoxyymethy DiphenyD(imino X methy D-larmbdas-

sulfanone

Step 1: §-(Flusromethoxy)-4-((3-(methylsulfanyl)phenyhmethoxy)}-1,7-naphihyridine
£

~o

N \f""\]
SN

{3487}  To a mixture of 4-chioro-8-(fluoromethoxy)-1.7-naphthyvridine (640 rug, 3.0 nuool,
1.0 equiv.) and Cs2C0: (1.96 ¢, 6.02 mmol, 2.0 equiv) in DMF (10 mL) were added KF (17

20 mg, 0.30 mmol, 0.1 equivy) and (3-(methyisulfanyDphenymethanol (696 mg, 4.52 mmol, 1.5



10

[
94

20

WO 2025/117697 PCT/US2024/057687

equiv.}. The reaction mixture was stirred at 80 °C for 3 h. After cooling down fo room
temperature, the resulting wisture was dituted DCM and washed with Ho0O and brine. The
organic laver was dned over anhivdrous sodwum sulfate, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography, eluted with
EiQAc/ PE (38:62) to afford 8-(Buoromethony }-4~((3-(methylsulfanyDphenylmethoxy )-1,7-

naphthyvridine (300 mg, 30%;) as an off-white solid.

Step 2: (3-(((8-(Finoromethoxy)-1.7-naphthyridin-4-

viioxymethyphenyl(imino}{methyl)-lambdas-suifanone

Q

[B488] To a stured solution of 8-{fluoromethoxy 3-4-({3-(methyIsulfanyDphenyDmethoxy)-
1. 7-naphthvridine 300 mge, 0.91 mumnol, 1.0 equiv) in MeQOH {5 mL) were added
(acetvloxy ¥ phenyl}-lambda3-iodany! acetate (877 mg, 2.72 mmol, 3.0 equiv} and ammonium
carbamate (283 mg, 3.63 mmol, 4.0 equiv) at room teraperature. The resulting nuxture was
stirred at room lemperature for 2 h, then purified by reverse-phase CombiFlash, eluled with
ACNH:0 (33:67} to afford (3-({(8-(flucromethoxy 3~ 1, 7-naphthynidin-4-

voxy imethviypheny D{immo)(methyi}-lambdaé-sulfanone (285 mg, 70%)} as a white solid.
MS (BSL pos. ion) mvz: 362.3 (M+1). 'H NMR (400 MHz, DMSO-ds. ppm) 8 8.88 (d.J =52
Hz. 1H), 8.19 - 8.12 (m, ZH), 8.00 - 7.93 (m. 1H), 7.93 - 7.83 (m, 1H), 7.77 (d. /= 5.6 Hz.
TH), 7.70 (4, = 7.6 Hz, TH), 7.45 (d.J = 5.2 Hz, TH), 6.38 (5, 1H), 6.25 (s, 1H), 3.56 (5, 2H),
430 (s, 1H), 311 (s, 36D,

[6489]  OF NMR (376 MH7, DMSO-ds) 6-15595 (5, t F)

Step 3 (R)-(3-{{{8-{flueromethoxy)-1,7-naphthyridin-4-yhoxymethyl)phenyh{imino)-
(methyl-lambdas-sulfanene and {(8)-(3-({{(8-(huoromethoxy)-1,7-naphthyridin-4-
yhoxymethylphenyhi(imino)methyl)-lambdaé-sulfanone
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{84901 The racemate of B-{{(B-(fluoromethoxv)-1,7-naphthyridin-4-
vDoxy ymetbyDpheny D-Gomino Ymethy-lambdaG-sulfanone (285 mg, 0.79 romol) was

purified by SFC with following conditions {Column: CHIRALPAK H, 2%25 cm, 5 pum;
Mobile Phase A: Hex{(0.5% 2ZM NHx-MeOH)--HPLC, Mobile Phase B: MeOH: DCM=1: 1~

W

HPLC, Flow rate: 20 mE/min; Gradient (B%;): isocratic 306, Wave Length: 254/220 nim;
Sample Solvent: BtOH--HPLC; Injection Volume: 0.3 mlL; Number Of Runs: 24) to afford

two fractions.

{24911 Fraction 1! RT1{min): 6.595: (R)}-(3-{({{8-{flucromethoxry}-1,7-naphthyridin-4-

10 yhoxyrmethylphenyi(iminomethyl-lambdat-sulfanone (100.5 mg, 35%, assumed
absolute stereochemistry) as an off-white solid. MS (BSE, pos. ion) nvz: 362.1 (M+1). 'H
MNMR (400 MHz, DMSO-ds, ppm) 6 8.88 (d, /= 5.2 Hz, 1H), 8.19- 8.12 (m, 2H), 800 - 7.93
(m, 1H), 7.93 - 783 (m, 1H), 7.77 (4, J =536 He, 1H), 770 (. /=76 Hz, 1H), 745 (4, J =
5.2 Hz 1H), 6.38 (s, 1H), 6.25 (s, 1H), $.56(s, 2H). 4.30 (s, 1H). 311 (s, 3H)

15 (6492] PFNMR (376 MHz DMSO-ds) 6 -135.95(5, t F)

{34931  Fraction 2: RT2{(min): 7.992: {8)-(3-({{(#-{fluoromethoxy)-1,7-naphthvridin-4-
vioxy p-methylphenyi(imino Y(methyli-lambdat-sulfanone (94.3 mg, 33%, assumed absolute
sterevchemistry ) as an of f-white sohid. MS (ESL pos. ion) m/z: 362.0 (M+1). 'H NMR (400
WMHz, DMSO-ds, ppn) S 8.88 (d. /=52 Hz, 1H), 819 -§.12 {im, ZH), 8.00 - 7.93 (m, 1H),

20 793-7R83{(m, 1H)L777(d J=56Hz 1H).7.70 J=76Hz IH), 745{d, /=52 Hz,
TH), 6.38 (5, TH). 6.25 (s, 1H), 5.56 (5, 2H), 4.30 (s, 1H), 3.11 (5, 3H).

[6494] PF NMR (376 MHz, DMSO-ds) 8 -15595(5, 1 F)
Biological Examples

Example 1

218
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Measurment of pNP-TMP hydrolysis by ENPP1

[0495]  p-Nitrophenyl thymidine S-monophosphate (pNP-TMP) i3 a synthesized substrate
for ENPP1. The ENPPI enwvie activity assay with pNP-TMP substrate was conducted as

follows:

8496} First, in a 60 @l reaction, 7.5 ng puified ENPPI was mixed with 1.2 wl compounds
of Formuala () {test compound) ranging from 13.7 nM to 10 gM . Incubation of ENPP1 with
compounds was set at 28 °C for 10 nun. Reactions with DMSO only (with ENPFPL but no
compound) gave the fastest reaction (MAX Activity). For each compound dilwtion, wells
with assay buffer (30 wM Tris-HCL, pHE 8, 250 mM NaCl, 6. Img/ml BSA) and test
compounds but no ENPP1 were included as controls for the subtraction of test compound

derived absorbance at 405 nm.

{8497} Second, after 10 minutes incubation of ENPPT and tfest compound, the assay was
inttiated by transferring S0 ul of the above mentioned ENPP Viest compound reaction wnio 50
ul of 1mM pNP-TMP in assay buffer results in a 100 @l total reaction i non-hinding surface
clear bottom 96 well plates. Absorbance at 405 nm was recorded immediately n kinetic

mode by PerkinElmer 2300 Enspire multimode plate reader.

{34981 For each inhibitor, the specific ENPPT activity was calculated using the following
equation: ENPPT activity (pmol/min/pg) = Adjusted Vmax (OD403nm/min) X conversion
factor {(pmol/OD405nmyamount of enzvme (Ug)

[0499] Adjusted Vmax = Vo X (Kim + (S3y/(8). In this assay, Km =232 uM, (8) = 500 uM.
Adjusted Vmax = 1 464 X V.

(85007 V= (0D405Snm with ENPPI - OD405 nm ENPPI blank)yminuies. OD405 nm was

plotied. with blank subtracted, against fime {minutes). the initial linear rate is V.
{65011 Blank subtracted, against time (minutes}), the mitial linear rate is V.

{83021 The conversion factor {pmol/OD405nm), was determined by plotting the amount of
standard, 4-Nitrophenol {(Sigma-Aldrich, Catalog # 2413263, against absorbance at 405nm.
The slope is the conversion factor. The percent ENPP L activity {or each sample was

calculated using the following equation:

% enzyme activity = sample enzyme activity/MAX Activity X 100%.

218
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[8503] To deternune the ICs for each compound, compound concentration values and
percent enzyme activity values were inserted into GraphPad Prisyn (GraphPad Prism version

vhnad.com, and

9.0 for Windows, GraphPad Software, L.a Jolla California USA, wivw,

Prism's Transform analysis was used to convert the x-axis values {(compound concentration)
to logarithms. A sigmoidal variable sfope nonlinear regression analy sis was performed using
the following equation: Y = Bottom + (Top-Botiom)/ (1 +10M(LoglCse X)*HillSiope)).
{8504} K values for each compound were calculated from the observed ICso from
GraphPad analvsis using the Cheng-Prusoff equation: Ki = ICso/{1 H{SYKns). (8) hera is 500
UM and Karis determined to be 232 pM.

[6505] Ki for a representative compound of Formuda (I) in Compound Table 1 above 13

provided in Table 2 below:

Fable 2

Ki (pNP-TMP)
Group A (< 10nM) Group B (1 nM o< | Group C (100 oM to

Cpd # from Cpd 160 nM) < 10uM) Cpd #
Table | Cpd # trom Cpd from Cpd Tabie {
Tablel
1,2a,3,4,8 9 12, 14, 12b,7 10,13, 174,20, {5,6, 15,19, 21,27,
16, 17b, 22,24, 26,28, | 23,26,32,33, 34,42, |35, 51, 53,54, 55,
29,30, 41, 36,37, 38, 152,63,70,78, 76, 86, 38, 60, 61, 62

39, 40, 43, 44, 45, 46,
49,50, 57, 59. 65. 67,
68, 69, 71, 73,75, 77,
74.75.79, 84

Example 2

Measurement of 273 -¢cGAMP hydrolysis by ENPPI

[6506] ENPPI catalyzes the hydrolysis of 273 -cGAMBP inio 5°-AMP and 57-GMP, and
hence the ENPP1 enzvme activity with 2°37-cGAMP as substrate was monitored by
measurement of the product 5°-AMP. The AMP-Glo assav kit from Promega {catalog mumber

V5012) was used for measurement of 57-AMP production.

{85077 First, an ENPPI and test compound incabation was set up in assay buffer (30mM
Tris-HCL, pHE.8, 250mM NaCl, 0 Img/mi BSA) with following conditions: ENPPI
concentraiion: 1.25 nM; test compound concentration ranging from 137 pM to 100 oM. The

incubation was carried out at 25°C for 10 min.
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[8508] Second, after the 10-minute incubation of ENPPI and test compound, preparg ona
separate plate, 15 ul of the subsirate 273 -cGAMP at 200 uM i assay baffer. Then, 15 pl of
the ENPPI/Compound incubation was translerred 1o the 200 pM 2737 -cGAMP solution t©
inttiate the reaction. The 30 pd mixture was incubated for 30 min at 25°C. In all these assavs a
DMSO control withou! compound was included which gave the maximum 5 -AMP
production (MAX RLU). After 30 min the reaction was stopped by heating at 90 °C for 3

min,

[850%] Third, the Promega AMP-Glo kit was used to detect 5°-AMP production as a
measurement of ENPPI enzyme activity. Briefly, 10 pd of the above mentioned 30 ul total
reaction per sample was transferred into 384 well white solid assay plate for measurerent of
5'-AMP production. For each well, 10 pd of AMP-Glo Reagent I was added, mixed well,
and incubated for 1 hour at 23°C. At this time AMP detection solution was prepared and 20
ul was added per well, and the resuliing solution was incubated for 1 hir at 25°C. Duplicates
were run for each inhibitor concentration. Luminescence signal (relative luminescence units,

RLLJ} was recorded using a PerkinElmer 2300 Enspire multimode plate reader.

[0519] The % inhibition was calcuiated using the following equation: % inhibition = (MAX
RLL ~ sample REIMAX RLU X 100%.

{65111 ICso values of compounds were determined by loading compound concentration data

and percent inhibition values into GraphPad Prism (GraphPad Prism version 7.0 for

Windows, GraphPad Software, La Jolla California US A, www grap nn) and conducted

a Sigmoidal vantable slope nonlivear regression fiting.

{85121 K values for each compound were calculated from the observed 1Cs0 from
GraphPad analvsis using the Cheng-Prusoff equation: Ki = [Cso/{1HSYKwm). (S) here is 100
oM and Ky is 32 pM.

[6513] Ki for arepresentative compound of Formuda (I) in Compound Table 1 above i3

provided in Table 3 below:

Fable 3

Ki {23-cGAMP)
Group A (< 1aM) | Group B (1 oM to < 5nM}
Cpd # from Cpd Cpd # from Cpd Table |
Table |
2a. 8. 16,17, 17b, |9
18,22, 24,25 29,
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41,43, 47, 49, 66,
67,69, 71,72, 77.
79

Formulation Examples
[3514] The following are representative pharmaceutical formulations containing a

compound of the present disclosure.

3 Tablet Formulation

[8515] The following ingredients are mixed intimately and pressed into single scored

tablets.
Ingredient Quantity per tablet
g
10
compound of this disclosure 400
comstarch 50
crascarmellose sodium 25
lactose 120
{5 magnesium stearate s
Capsule Formulation
{6516 'The following ingredients are muxed intimately and loaded into a hard-shell gelatin
capsule.
Ingredient Quantity per capsule
20 mg
compound of this disclosure 200
lactose spray dried 143
magnesium stearate 2
23 injectable Formulation

{35171  Compound of the disclosure (e.g.. compound 1} in 2% HPMC, 1% Tween 80 in DI

waler, pH 2.2 with MSA, ¢.5. o at least 20 mg/mi.

Inhalation Composition

222



A

10

WO 2025/117697

[6518] To prepare a pharmaceutical composition for inhalation delivery, 20 mg of a
compound disclosed herein i mixed with 50 mg of anhydrous ciiric acid and 100 mb of
0.9% sodium chloride solution. The mixture 15 incorporated mto an mthalation delivery unit,

such as a nebulizer. which is suitable for inhalation admunistration.

Topical Gel Composition
{05191 To prepare a pharmaceutical toprcal gel composition, 100 mg of a compound
disclosed herein 1s nuxed with 1.75 g of hydroxypropyi cellulose. 10 mL of propyiene glveol,
10 mb of isopropy] mvristate and 100 mL of purified alcohol USP. The resulting gel mixture
ig then incorporated mto containers, such as tubes, which are suitable for {opical

adoumstration.

Ophthalmic Solution Composition
[#520] To prepare a pharmaceutical ophthalmic solution composition, 100 mg of a
compound disclosed herein is mixed with 0.9 g of NaCl in 100 wmL of purified water and
filtered using a 0.2 mcrou filter. The resulting isotonic solution s then meorporated mto
ophthalmic delivery units, such as eve drop containers, which are suttable for ophthalmic
administration.

Nasal spray sohdion

{65211  To prepare a pharmaceutical nasal sprav solution, 10 g of a compound disclosed
herein 1s mived with 30 mL of a 0.05M phosphate buffer solution (pH 4.4). The solution is

placed in a nasal administrator designed to deliver 160 ul of spray for each application.
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What is Claimed:

I A compound of Formula (1d):
O
!
R? i
AN
W—N ¥
N A, &
N ),
wherein:
X is:

(&) CHor CRY or
(byN:

R’ is alkyl, alkoxy, halo, haloalkyl, haloalkoxy, amino, alkylamino, dialkylamine,
hydroxvalkyvl, alkoxvalkyl, hydroxyalkoxy, alkoxyalkoxy, hydroxyatkylamino,
atkoxyatkylamino. aminoatkyl, aminocalkoxy, anunoealkylamine, diaminoalkyl,
diannnoalkoxy, diaminoalkyvlamine, or cyano:

R? and R? are independently absent, alkyi, hvdroxy, alkoxy, halo, haloalkyl.
haloalkoxy, cyano, amino, alkyvlamimo, dislkylamino, aminocarbonyl, alkvilaminocarbonyl,
dialkviaminocarbonvl, hydroxvalkyl, alkoxvalkyl, hydroxvalkoxy, alkoxyalkoxy,
hydroxvalkviamino. alkoxyalkvlamine, aminoalkvl, amincalkoxy, aminoalkylamine,
heterocyclyl, heterocyclyloxy, heterceyclylaming (wherein heterocvelvi either alone or part
of heterocyclyloxy and heterocyclylanuno 13 optionally substituted with one, two, or three
substituents independently selected from alkyl, halo, hydroxy, alkoxy, hydroxyalkvi,
atkoxyalthyvl, and anunoalkyl), heterocvelviatkyvl, heterocyelvialkyloxy,
heterocvelyiatkyvlamine (wheretn the heterocvelvl ring in heteroevelyvialkyl,
heterocycivlalkyloxy, and heterocvelylalkviamino is optionally substituted with one, two, or
three substituents independently selected from alkyvi, halo, hvdroxy. alkoxy, hvdroxyalkyl,
atkoxyalkyl, and aminoalkyl), cvcloalkvioxy, phenvioxy. or heteroarvioxy (where phenvlin
phenvioxy and heteroarvl m beteroarvioxy are optionally substituted with one, two, or three
substituents independently selected from alkyl, hydroxy, alkoxy, halo, haloalkyl, haloalkoxy,
and cyano);

£ is cvelvlaminylene, spiro evelvlaminylene, fused cyclviaminviene, NH, N{alky!), O,
S. 8O, or SO», whersin

{a} when ¥ 1s cyclvlaminylene. spiro cyclylaminylene. fused cyvelylaminylene, then Q

is —(alky,-W, wharein each Z moiety of {a) is substituted with R* and RS, and R*
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halo:

and R are independently absent, atkyvi, alkoxy, halo, haloalkyl, haloalkoxy,
hydroxy, or cyano; and

(b} when Z ts NH, N{alkv]). 0. S, 8O. or 50, then G 15 —(alk’ },-Ar-W. wherein Aris
arylene or 5 or 6-membered heteroarviene, each Ar is substituted with B and R,
and RS and R7 are independently absent, alkyl, alkoxy, halo, haloalkyl, haloalkoxy,
hydroxy, or cyano;

alk and alk’ are independently aikylene optionally substituied with one, two, or three

m and n are ndependently G or 1; and

W is a group consisting of formula () or (i)
Q &}
3 ,Ra n_RE

s §— .
W NS g
h¢ N-RT () or ' H O NTRT Gy

each RY and R” are independently hydrogen, alkvl, substituted alky!, haloalkyl,

substituted haloalkyvl, evcloalkyl. substituted cycloalkyl, cveloalkylalkyl, heterocyelyl, or

substituted heterocvelvl; or

a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, or a pharmaceutically acceptable salt

thereof, wherein X is CH or CRY

3. The compound of claim 1 or 2, or a pharmaceuticallv acceptable salt

thereof, wherein X 1s CH.

4, The compound of claim 1 or 2, or a pharmaceutically acceptable salt

thereof. wherein X is CRY

3. The compound of claim 1, or a pharmacewtically accepiable sale

thereof, wherein X is N

~

6. The compound of any one of claims 1 10 4, or a pharmaceutically

acceptable salt thereof, where 2 1 cyclylaminyiene, spiro cvelylaminylene, or fused

cyclylaminylene, wherein each Z moiety is substituted with R* and R®.

7. The compound of anv one of clatms 1 to 6, or a pharmaceutically

accepiable salt thereof, wherein Z is cyclylaminylene substituted with R* and R°,
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& The compound of any one of claims 1 1o 6, or a pharmaceutically

acceplable salt thereof, wherein Z is spiro ¢yclylaminylene substituted with R* and R®.

9. The compound of any one of claims 1 10 8, or a pharmaceutically

acceptable salt thereof, wheremn the eyclvlaminylene or spire cyclylaminylene is attached 1o
RZ
P - N
EX
N.# N

10. The compound of any one of claims 1 t0 9, or a pharmaceutically

via a nitrogen ring atom, wherein the wavy loe ts the point of attachment.

acceptable salt thereof. wherein the cvelviaminylene, spiro cvelyiaminylene, or fused

cyclylaminviene of Z are selected from:

153 IR Q
> Lo L[ .

/" and =
Lo oL a LA hd

10 each ring being substituted with R* and & and where 7\ " s the point of attachment to —

R?
\ N
{alk)n-W and is the attachment (o
11, The compound of any one of clams 1 10 4, or a pharmaceutically

acceptable salt thereof, wherein Z is O, N{atkyl), or NH.

12, The compound of any one of claims 1 1o 4 or 11, or a pharmaceutically

15 accepiable salt thereof, where Z 15 O.

13, The compound of any one of claims 1 to 4 or 11, or a pharmaceutically

acceptable salt thereof. wherein Z 15 NH or N{alky]).

14, The compound of any one of claims 1 to 13, or a pharmaceutically

acceptable salt thereof, wherein mis O and nis 0.

20 15 The compound of any one of claims 1 10 13, or a pharmaceutically

acceptable salt thereof, whergin mis Landnis 1.
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16, The compound of any one of claims 1 to 15, a pharmaceutically
acceplable salt thereof, wherein alk and alk! are independently methvlene, ethylene, or

propvlene.

17. The compound of any one of claims 1 {0 16, or a pharmaceutically

accepiabla salt thereof. wherein alk and alk’ are methylene.

18, Thecompound of any one of claims 1 todand 1110 17, ora
pharmaceutically acceptable sali thereof, wherein Ar is phenviene or 5- or 6~membered

heteroarylene substituied with R® and R,

19, The compound of any one of claims 1 tod and 11 to 18, or g

pharmaceutically acceptable salt thereof, whearein Ar is phenylene substifuted with R® and R,

20. The compound of any one of claims 1 todand 11 t0 19, 0ra
pharmaceuntically acceptable salt thereof, wherein Ar is phenylene and W is attached to
carbon of the phenylene ring that i3 para to the carbon of the phenylene ring that is attached

{0 (Z},ﬂ\’*)ﬁ_ Of __;{}:___({;ﬂkl}n"~

21, Thecompound of any one of claims ltodand 1110 19, 0ra
pharmaceutically acceptable sali thereof, whersin At is phenviene and W is attached to
carbon of the phenvlene ring that 1s mets o the carbon of the phenylene ring that 1s attached

to ~(alk - of ~Z-{alk )o-.

22 The compound of any one of claims 1 to 21, or a pharmaceutically

acceptable salt thereof, wherein W is:

Q a8
W UR
S
W
NH
23 The compound of any one of claims 1 10 22, or a pharmaceutically
accepiable salt thereof, wherein W is:
QRS
» 0
NH

24, The compound of anv one of claims 1 t0 22, or a pharmaceutically

accepiable salt thereof, wherein Wig:
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QR
A}
NH
25, The compound of any one of clatms 1 to 24, or a pharmaceutically

accepiable thereof, wherein R is alkyl, halo, halcalkyl, haloalkoxy, or eyane.

26. The compound of any one of claims 1, 2, and 4 10 24, or a

W

pharmaceutically acceptable thereof, wherein R! is methyl, ethyl, isopropyl, cyano, fluoro,

chlore, difluororsethyl, tnfluoromethyl, diftuoromethoxy, or trifluoromethoxy.

27. The compound of any one of claimis 1, 2, and 4 10 24, or a

pharmaceutically acceptable thereof, are wherein R’ is amino, alkylanino, or dialkylamino.

28. The compound of any one of claims 1, 2, and 41024, or a

10 pharmaceutically acceptable thereof, wherein R'is ¢vano.

29, The compound of any one of claims 1 (o 28, or a pharmaceutically
accepiable thereof, wherein RY, R® R®, and R7 are independently absent, methyl, ethyl,

hydroxy. fluore. or chioro.

30.  The compound of any one of claims 1 to 28, or a pharmaceutically
15 acceptable thereof, wherein R¥, R, R®, and R7 are independentily absent or fluoro.
31 The compound of any one of clatmge 1 to 28, or a pharmaceutically
acceplable thereof, wherein R%, R, R®, and R are independertly absent or hydroxy.
32. The compound of any one of claims 1,2, 3, 11, 12, 1510 19, 22 10 24,
and 29 to 31, or a pharmaceutically accepiable salt thereof, having the Formmda (Id1 )
N
REQW
Y
o
N \[//‘\ N[/
20 R (d1).
33 The compound of anv one of clatms 1, 2, 3, 11, 12, 1510 19, 22 to0 24,

and 29 to 31, or a pharmaceuticallv accepiable salt thereof, having the Formula (Id2):
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{342}

34, The compound of any one of clatms 1 10 33, or a pharmaceutically
acceptable thereof, wherein R” is absent, alkyl, hydroxy, alkowy, halo, haloalkyl, haloalkoxy,

cvano, aminocarbonvl, alkylaminocarbonvi, or diatkylaminocarbonyl.

[

35 The compound of any one of claims 1 to 33, or a pharmaceutically

acceplable thereof, wherein R” is absent, alkoxy, haloatkoxy, or eycloalkyioxy.

36.  The compound of any one of claims 1 to 33, or a pharmaceutically
acceptable salt thereof. wherein R is absent, methyl, hydroxy. methoxy, ethoxy, fluoro,
chloro, triftuoromethvl, cyano, trifluoromethyl, aminocarbonyi, methylaminocarbonyl, or

10 dunethviaminocasbonyl.

37 The compound of any one of clatms 1 {0 33, or a pharmaceutically
acceptable salt thereof, wherein R” is absent, methoxy, fluoromethoxy, ethoxy, isopropyloxy,

n-propvioxy. aminocarbonvl, cyano, or cyclopropyloxy.

38. The compound of any one of claims 1 to 33, or a pharmaceutically
15 accepiable salt thereof, wherein R? is absent, methoxy, ucromethoxy, ethoxy, isopropyloxy,

n-propvioxy, or eyclopropyioxy,

39, The compound of any one of claims 1 to 33, or a pharmaceutically

accepiable salt thereof, wherein R” is absent, methoxy, or ethoxy.

40, The compound of any one of claims 1 10 39, or a pharmaceutically

20 acceptable sali thereof, wherein R* is absent.

41, The compound of any one of claxms 1 1o 40, or a pharmaceutically
accepiable sali thereof, wherein R® is alkvl, substituted alkyl, haloalkvl. substituted haloalkyl,

cveloalkyl, substituted cvcloalkyl. or cycloalkylalksi
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42, The compound of any one of claims 1 to 40, or a pharmaceutically
acceptable salt thereof. wherein R® is independently methyl, ethyl. isopropyl, cyclopropyl,

cvelobutyl, cvelopentyl, cvelohexyl, cvclopropylmethvl, or cvelobuivimethyl.

43, The compound of any one of clairas 1 to 40, or a pharmaceutically

accepiabla salt thereof. wherein R? is alkyi or cycloalkvl.

44, The compound of any one of claims 1 to 40, or a pharmaceutically

acceptable salt thereof, wherein R® is methy! or cyclopropyl.

45, The compound of any one of claims 11021 and 2510 44, or a

pharmaceutically acceptable salt thereof, wherein R” is hydrogen.

46, The compound of claim 1, or a pharmaceutically acceptable salt

thereot, selected from Table 1.

47, A pharmacewtical composition comprising a compound any one of
claims 1 1o 46, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

accepiable excipient.

48. A method of treating a disease or condition modulated at least in part
by ENPPI in a patient comprising administering {0 the patient a compound of any one of
claims 1 to 46, or a pharmaceutically accepiable salt thereof, or a pharmaceutical composition

of clatm 47.

49, The method of claim 48, wherein the disease or condition 15 a cancer,

an inflammatory disease, a metabolic disease. or a viral disease.

R

0. The method claim 49, wherein the disease or condition is a cancer.

W

1. The method claim 49 or 50, wherein the disease or conditionis a
selected from hepatocelhdar carcinomas, glioblasiomas, melanomas, testicudar cancer,
pancreatic cancer, thyroid cancer, cervical cancer, ovarian cancer, bladder cancer, colon
cancer, lung cancer, breast cancer, multiple myeloma. acute lymphocytic leukemia, acute
myeloid levkemia, chronic lvmphocylic teukemia, chronic myveloid leukeria, hairy cell
leukemna, large granular lyrophocytic leukernia, T-cell prolvmphocytic leukemia,

protymphocytic leukemia, Hodgkin lymphoma, non-Hodgkin lvmphoma, diffuse large B cell
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Ivmphoma, low grade glioma, colorectal cancer, gastric and gastrointestinal cancer,
esophageal cancer, anal cancer, cancer of the appendix, kidney cancer, skin cancer, utering
cancer, brain cancer, adrenal cancer, bile duct cancer. bone cancer, {allopian tube cancer,
sarcomas, germ cell tumors, head and neck cancer, neuroblastoma, pheachromocytoma and
paraganglioma, cholangicearcinoma, peritoneal cancer, retinoblastoma, hver cancer,
thymoma, urethral cancer, prostate cancer, uveal melanoma, adenowd cystic carcinoma. and

vaginal and vulvar cancer.

52. The method of any one of claims 48 to 51, further comprising

administering an additional anticancer agent.

53. The method of claim 52, wherein the additional anticancer agent is an

immune checkpoint inhibitor,

54, The method of claim 53, wheretn the omune checkpoint inhubtior
targets an immune checkpoint molecule selected from the group consisting of CD27, CD28,
CP4AG, CD122, CD96, CD73, CD39, (D47, OX40, GITR, CSFIR, JAK, PI3K delia, PI3K
gamma, TAM Kinase, arginase, CD137 {also known as 4-1BB). ICOS, AZAR, A2BR, HIF-
2aq. B7-H3. B7-H4. BTLA, CTLA-4, LAG3, TIM3. VISTA, CD96, TIGIT, PD-1. PD-L1 and
PD-L2.
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